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Advice for employers
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Noise: Advice for employers

Includes employers' responsibilities, legal duties, managing noise risks and
protecting workers.

Overview

Loud noise at work can damage your hearing. This usually happens gradually

and it may only be when the damage caused by noise combines with hearing
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loss due to ageing that people realise how impaired their hearing has become.

This guidance will help you understand what you may need to do as an
employer to protect your employees from noise, particularly if your business
involves using:

e noisy powered tools or machinery

e explosive sources such as cartridge operated tools or detonators, or

guns
e noise from impacts such as hammering, drop forging, pneumatic
impact tools

Why dealing with noise is important
Noise at work can cause temporary or permanent hearing damage that is
disabling. This can be:

e gradual, from exposure to noise over time

e caused by sudden, extremely loud noises
People often experience temporary deafness after leaving a noisy place.
Although hearing recovers within a few hours, this should not be ignored. It
is a sign that if they continue to be exposed to the noise, their hearing could
be permanently damaged.
The damage is disabling in that it can stop people being able to understand
speech, keep up with conversations or use the telephone.
Hearing loss is not the only problem. People may develop tinnitus (ringing,
whistling, buzzing or humming in the ears), a distressing condition which can
lead to disturbed sleep.

Noise at work can interfere with communications and make warnings harder

oL EZDH, N2 IR EORHREEN ENIZEICR ST T 50 b L
NEHA, LT, BEFICELDDX AT LEEILIC L D2HENHE > T, Ax
FEEER CO X I L TR I 72O ERB#ET L2000 Ll A,
ZOHAX AR, WERELZRENORET H-DICHEHE & LTa T~
ENEIRT HOICEN DL ET, RS, EEDUTOMENEZE L5

- BRSO S VEE) T E IR
KA T E, EIBEE, e ot H 50
ConNve—, TG, ZERUTEER Y — VEEOEBE ) D DR

BEOWNPEERER

Wk COBRE L, —RERTEAM R EE 20 S E Z T RetEnd o . £
TUIHIREEIZ > TWET, ZRHIEE D& TT,

- R ORI & & HIZ, X< B DRI R E I,

C FHBROIEF IR EREERFICL > TH & - S D HERFEEC,

A2 X UIX LIEEE 2 LWIGET A BEAL 722 10— R e IR PR S A B L £ 37, Bl
RIXBEERIUINICEE L E 328, ZAUXEGE L TIIWiT A, 2, #5%
MEET IS b SNk 57 51, WMEORER N KANHBET 5 TREER H 5 &
V9 JkfE T,

FEHEEIE, AxDEELZEMLIZY, 2555 1To70 0 IXERFEMHEH> 2 &
NTERL DD LW E N ) A TREEIZZR>TVET,

SRS S ETIEH 0 FHA, AXITHED (BEH, HRE s, BE ULHE
S0 ) ZRIET D AREMEN B U | TAVUTHEIRFEE IS SN 5 /REER H Y £
¥

W5 COBREIISFEEZ T, BE2ME I T2 RERH Y £3, Fiu




to hear. It can also reduce a person's awareness of his or her surroundings.
These factors can lead to safety risks — putting people at risk of injury or

death.

Young people can be damaged as easily as the old.
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Identify if you have a noise problem
This will depend on how loud the noise is and how long people are exposed to
it. You will probably need to do something about the noise if any of the
following apply:
e the noise is intrusive-like a busy street, a vacuum cleaner or a crowded
restaurant, or worse than intrusive, for most of the working day
e your employees have to raise their voices to have a normal
conversation when about 2 metres apart for at least part of the day
e your employees use noisy powered tools or machinery for more than
half an hour a day
e your sector is one known to have noisy tasks, for example:
e construction
¢ demolition
e road repair
e woodworking
e plastics processing
e engineering
e textile manufacture
e general fabrication
e forging or stamping

e paper or board making
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e canning or bottling
e foundries
e waste and recycling
e there are noises due to impacts such as:
e hammering
e drop forging
e pneumatic impact tools
e there are noises from explosive sources such as:
e cartridge-operated tools
e detonators
e guns
Situations where you will need to consider safety issues in relation to noise
include where:
e you use warning sounds to avoid or alert to dangerous situations
e working practices rely on verbal communications
e there is work around mobile machinery or traffic

More on assessing the risks

If your workers use hand-held tools these may also transmit vibration into

their hands and arms. Find out about preventing harm from vibration.
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How you can control noise

As an employer, you must assess and identify measures to eliminate or reduce
risks from exposure to noise so that you can protect the hearing of your
employees.

Where the risks are low, the actions you take may be simple and inexpensive,

but where the risks are high, you should manage them using a prioritised
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noise-control action plan.
Where required, ensure that:
e hearing protection is provided and used
e any other controls are properly used
e you provide information, training and health surveillance
Review what you are doing if anything changes that may affect the noise

exposures where you work.
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How noise is measured

Noise is measured in decibels (dB). An 'A-weighting' sometimes written as
'dB(A), is used to measure average noise levels, and a 'C-weighting' or 'dB(C)',
to measure peak, impact or explosive noises. You might just notice a 3 dB
change in noise level, because of the way our ears work. Yet every 3 dB doubles
the noise, so what might seem like small differences in the numbers can be

quite significant.
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The law
The Control of Noise at Work Regulations 2005 require employers to take
action to prevent or reduce risks to health and safety from noise at work.

More on the regulations
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Examples

il

Machine operator

A risk assessment revealed that the noise level at the operator's position of a
metal cutting guillotine was very high, at 92 decibels (dB).

How was the problem tackled?

After taking technical advice, the employers ensured the guillotine was fully

serviced and its hydraulics overhauled. In addition, a collecting tray was fitted
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with rollers and covered with carpet, to reduce the impact of falling offcut
metal.
As a result, the noise level at the operator's position was reduced by 8 dB to
84 dB.
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Textile industry worker
A woman working in the textiles industry only realised something needed to
be done about her hearing loss when, at the age of 40, she couldn't hear the

phone ringing any more.

What should have happened?

Such hearing loss could have been prevented in the short term with hearing

protection. In the longer term, other ways of reducing exposure included
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quieter machines, maintenance, and changing job patterns ECD
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Sound solutions

Includes reducing noise in gravel chutes, lower alternative for compressed air
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drying, quieter by design - air knives and flexible acoustic screening material.
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Reducing noise in gravel chutes

The problem
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A major noise source in quarrying and mineral workings is from
materials dropping onto steel chutes or into hoppers. One sand and
gravel company was faced with both high noise levels and a high

plant wear rate on chutes at the end of a screening plant.
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The solution DR

The chute was lined with a 25 mm thick, abrasion-resistant 10 B 26mm EOMEEFENE T LA TEITHL SN TWET, MEHX, AvhéRn
rubber. The material was attached to the steel surfaces of the RBOT vy —%HLTHEYBEOMEEICE A6 E L,

chute using bolts and large diameter washers.

The cost #H

#2300 K> K(1995)
About £2300. (1995)

y
The result EES
A noise reduction of 10 dB. Wear rates of the chute components 10dB OEEEHA, B B OBEFER G T L E L7,

were also reduced.

Source R

Trellex Limited 232475 & i
Information supplied by Trellex Limited.




A lower noise alternative for

compressed air drying

The problem

Component worker

Compressed air jets, widely used in industry for drying, can emit
excessive levels of noise from the high jet discharge. One
manufacturer measured A-weighted noise levels of 96 dB at
operator positions coming from a bank of plain-ended, 6 mm
diameter copper pipes being used to dry small components

emerging from a washer on a conveyor line.
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The solution

Primary jet

Primary air flow - \

\
Induced secondary
air flow

Noise reduction was achieved by replacing the plain jets with
induced-flow type air knives. This followed the aerodynamic
principle, known as the 'Coanda Effect', by which an air stream
discharged at high velocity immediately next to a surface attaches

itself to that surface and follows its contour.

In this case the contour was a rounded corner of a metal block. The
effect of discharging the jet along one face was to produce a high
velocity air flow along the other face at right angles to it. The air
then left the second face to become a high-velocity free-stream flow

directed at the washer conveyor line.
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The primary flow was drawn along with a secondary flow from the
still air through which it passed, so reducing the noise-generated
turbulence. Primary air consumption was also reduced, resulting

from the more efficient movement of secondary air.

The cost

About £900, plus installation. (1995)

The result

A noise reduction of 9 dB. The company has since reported a four
week cost recovery on the installation and overall annual savings

of some £6000 on the cost of compressed air production.

Source

Report supplied by Meech Exair.
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Quieter by design - air knives

The problem

Many manufacturing processes use air 'curtains' for drying, film
control and product wiping. The air knife, for example, consists of a
tubular plenum chamber stretching across the width of the product
line, with a slot along its length. Air is supplied to the plenum at
high pressure and leaves the slot as a high velocity 'blade' of air

directed to strike the product line passing below.

A-weighted noise levels of between 90 and 95 dB can be generated
by a conventional multi-jet system supplied with air from belt-

driven, single-stage blowers.

The solution

The use of a long continuous single jet rather than multiple
individual jets can decrease velocity, thus reducing noise output

from the jet itself. Jet noise can be further reduced if the air supply
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plenum is designed to have an aerodynamically smooth approach
to the blade nozzle entry.

One manufacturer of this type of dryer used two direct-drive,
multi-stage, centrifugal blowers for the air source to produce a flow
of some 112 litres per second and a static pressure of up to 16
kilopascals (KPa).

Cross-section of an air knife

Plenurm chamber

Smoath
flotw to slot

orifice

Liguad film greasly magnified

=

Direction of rravel Residual film dissurbed

Wet

Dry

Use of single jet
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Dry, clean area Washable fiiter element

free from stains Supply from centrifugal

or streaks blower pack

Conveyor belt

Blade of high velocity air

The cost

About £2000. (1995)

The result

A noise reduction of about 15 dB at 3 m.

Source
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Equipment supplied by Air Control Installations (Chard) Limited.

Air Control Installations (Chard) Limited 732k~ % 125

Flexible acoustic screening material

The problem

In mining and similar industries, high noise levels can be emitted from
equipment such as pumps, local ventilation fans or hand-operated tools.
Noise reduction can be complicated as these types of equipment have to be
quickly relocated as work moves. In addition, conventional rigid acoustic

enclosures may not fit into the confined work space.

The solution

In such cases, the only practicable alternative is to surround the source
(and the operator of hand-held tools) with an acoustic screen. The
material used for the screening has to be:

e heavy enough to provide a reasonable transmission loss;
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o flexible enough to mould itself to the contours of any confined
space;

e portable;

e capable of meeting underground safety requirements such as anti-
static and fire retardancy;

e reasonably robust.

One material developed for this purpose consists of a 5 kg/m2thin lead
sheet, bonded to a 25 mm thick glass fibre mat and encased in a heavy-
duty, quilted plastic cover. The material can be made up as individual
curtains with metal reinforced eyelets along the top edge and industrial
grade 'Velcro' strips along the side edges. The acoustic screen can then be
made up by hanging the curtains on the wire hooks on a pre-strung cable

or free-standing frame, and sealing them together with the edge strips.

Acoustic screen
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Eyelets for hanging Ipnne! roof
Heavy cloth
cover ¢
| Acoustic curtain
| hung from roof
I'I , Vegﬁlab’on\\
D onmmem i N
£ Y 2 /
25mm fibreglass \ 1/
quilt 0.5mm - 1.0mm lead sheet Working and ™ 2
transit area =
~
The cost
£45 per square metre for the material. (1995) FEMOIZDDEFA— VY=Y 45 R K, (1995)
The result
y
TS

A noise reduction of 10 dB. 10dB DEEE WA
Source
Information supplied by The Noise Control Centre. BEEHte ¥ —NREET 51FHR
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Reducing impact noise from
aluminium casks

The problem

Noise levels, typically A-weighted levels of 93 dB, were being generated at a
brewery by dropping aluminium casks onto the concrete surface of its

distribution yard.

The obvious solution was to allow the casks to drop onto a resilient material,

but this posed a number of practical problems. Individual movable mats
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were unsuitable, as 'drops' could take place anywhere in the yard and the

mats would be difficult to move around. An entire covering of the yard with
this resilient material, while possible, was discounted because the material
would not be strong enough to withstand the punishing regime of repeated

heavy blows, often with the sharp edges of the cask.

The chosen covering would have to resist being moved by road vehicles and
site fork and pallet trucks, and be weather resistant. Fixing the material
directly to the concrete with conventional adhesives was therefore

impractical.

The solution

Abrasion-resistant
rubber bonded
{o steel plate

Steel fixing
plate |

Post installation

plug Concrete slab

The solution was found by using a different type of resilient material and

fixing it in place to cover the whole distribution yard. The material used was
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Abrasion-resistan|

rubber bonded =5
to steel plate

1. ==2
Steel fixing FGRE D EMR
plate |

a7 VY—rBRlDORTT
REBEHDOSTF S

C—oncrele slab

Post installatior;
plug
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an abrasion-resistant rubber, pre-bonded to steel sheets that could be

attached to the concrete using conventional masonry fixings.

The cost

About £50 000. (1995)

The result

Peak noise levels were reduced by 10 dB. An additional benefit was
improved maintenance and repair costs for the concrete, now

protected from mechanical and chemical damage.
The material has been installed successfully in other industries, eg

in premises handling gas cylinders and steel drums and in health

clubs where weight training takes place.

Source

Information supplied by Trellex Ltd. Photograph courtesy of Bass
Mitchells and Butlers
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Removing impactive strike RO Y BR<

The problem )5

Identification marking during the manufacture and refurbishment of beer B — /U O RLE K OSUE TR TA 2 i & . A FrHEBR S L1 A 105dB 12
barrels can result in A-weighted noise levels of 105dB. During marking, B AREMENH Y E3, FIRIPIC, T, IrEEEREEL. &Ny FORAE

21




barrels are imprinted with a series of numbers and letters naming the

owners and indicating the type and serial number of each batch.

Modern methods now use machines for large batches. Early designs used
pneumatic impact cylinders to make an impression on the empty barrels.
Acoustic screens limited noise radiation to neighbouring workers but did not

reduce the exposure of the operators.

The solution

The new machinery combines pneumatics and hydraulics to control the
impactive strike. The pneumatics accelerate the die towards the barrels but

stop it short of the actual point of impact. The hydraulic compression
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finishes the impression stroke by applying a force of 15 tonnes over the last

3 mm of the die movement.

The cost

About £3000 per machine. (1995)

The result

A noise reduction of about 20 dB. An additional benefit has been an

improvement in the quality of definition in the lettering and numbering.

Source

The photograph was supplied by Alumasc-Grundy Limited.
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Reducing noise from a sugar beet
cleaner loader

T YA 2R - RO BRE DRI
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The problem

Old web arrangement

In the agricultural sector, cleaner loaders raise the vegetable crop to a
suitable height for loading on to a trailer, removing excess earth as the

product is lifted.

In one company, sugar beet was carried on a conveyor web of metal bars,
about 10 mm in diameter with 50 mm spacing between the bars. The ends of
the bars were bent round to form a catch which linked to the next bar,
resulting in a loosely linked steel chain. As the web rotated, the slackening
and tightening of the different parts of the chain emitted A-weighted noise
levels of 103 dB at the operating position.

Noise from an air-cooled 8 horsepower (hp) engine was also a problem, with
an A-weighted level of 95 dB while idling.
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The solution

New web arrangement

The new design for the cleaner loader used the same rods, but with the ends
embedded in a continuous rubber loop. This eliminated the impact of steel

on steel in the web and at the driving gear.

Engine noise was reduced by replacing the old air-cooled machines with ones

run by water-cooled 50 hp engines.

The cost

No extra cost for the new web arrangement. Negligible difference between

costs of the engines. (1995)

The result
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Sugar beet cleaner loader

A noise reduction of 9 dB after the installation of the rubber web and a 7 dB

reduction in engine idling noise. Further reductions could be achieved by
upgrading the engine silencer, or by using a power take-off drive from a

tractor at low engine revs some distance from the operating position.

Source

Equipment designed and manufactured by Jones Engineering.
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Removing impactive strike

The problem
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Identification marking during the manufacture and refurbishment of beer
barrels can result in A-weighted noise levels of 105dB. During marking,
barrels are imprinted with a series of numbers and letters naming the

owners and indicating the type and serial number of each batch.

Modern methods now use machines for large batches. Early designs used
pneumatic impact cylinders to make an impression on the empty barrels.
Acoustic screens limited noise radiation to neighbouring workers but did not

reduce the exposure of the operators.
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The solution

The new machinery combines pneumatics and hydraulics to control the
impactive strike. The pneumatics accelerate the die towards the barrels but
stop it short of the actual point of impact. The hydraulic compression
finishes the impression stroke by applying a force of 15 tonnes over the last

3 mm of the die movement.

The cost

About £3000 per machine. (1995)

The result
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A noise reduction of about 20 dB. An additional benefit has been an

improvement in the quality of definition in the lettering and numbering.

Source

The photograph was supplied by Alumasc-Grundy Limited.
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Reducing noise from a sugar beet

cleaner loader

The problem

Old web arrangement
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In the agricultural sector, cleaner loaders raise the vegetable crop to a
suitable height for loading on to a trailer, removing excess earth as the

product is lifted.

In one company, sugar beet was carried on a conveyor web of metal bars,
about 10 mm in diameter with 50 mm spacing between the bars. The ends of
the bars were bent round to form a catch which linked to the next bar,
resulting in a loosely linked steel chain. As the web rotated, the slackening
and tightening of the different parts of the chain emitted A-weighted noise
levels of 103 dB at the operating position.

Noise from an air-cooled 8 horsepower (hp) engine was also a problem, with

an A-weighted level of 95 dB while idling.

The solution

New web arrangement
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The new design for the cleaner loader used the same rods, but with the ends
embedded in a continuous rubber loop. This eliminated the impact of steel

on steel in the web and at the driving gear.

Engine noise was reduced by replacing the old air-cooled machines with ones

run by water-cooled 50 hp engines.

The cost

No extra cost for the new web arrangement. Negligible difference between

costs of the engines. (1995)

The result

Sugar beet cleaner loader

A noise reduction of 9 dB after the installation of the rubber web and a 7 dB

reduction in engine idling noise. Further reductions could be achieved by
upgrading the engine silencer, or by using a power take-off drive from a

tractor at low engine revs some distance from the operating position.
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Source

Equipment designed and manufactured by Jones Engineering.
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Reducing noise from a sugar beet
cleaner loader

The problem

Old web arrangement
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In the agricultural sector, cleaner loaders raise the vegetable crop
to a suitable height for loading on to a trailer, removing excess
earth as the product is lifted.

In one company, sugar beet was carried on a conveyor web of metal
bars, about 10 mm in diameter with 50 mm spacing between the
bars. The ends of the bars were bent round to form a catch which
linked to the next bar, resulting in a loosely linked steel chain. As
the web rotated, the slackening and tightening of the different
parts of the chain emitted A-weighted noise levels of 103 dB at the

operating position.

Noise from an air-cooled 8 horsepower (hp) engine was also a
problem, with an A-weighted level of 95 dB while idling.

The solution

New web arrangement
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The new design for the cleaner loader used the same rods, but with
the ends embedded in a continuous rubber loop. This eliminated
the impact of steel on steel in the web and at the driving gear.

Engine noise was reduced by replacing the old air-cooled machines
with ones run by water-cooled 50 hp engines.

The cost

No extra cost for the new web arrangement. Negligible difference
between costs of the engines. (1995)

The result

Sugar beet cleaner loader

A noise reduction of 9 dB after the installation of the rubber web
and a 7 dB reduction in engine idling noise. Further reductions

could be achieved by upgrading the engine silencer, or by using a
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power take-off drive from a tractor at low engine revs some

distance from the operating position.

Source

Equipment designed and manufactured by Jones Engineering.
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Reducing bottling line noise

The problem

Bottling lines are a common source of high noise levels, posing
particular problems for noise reduction. Noise is generated as the
glass bottles strike against one other along the conveyors.
Assuming that plastic bottles cannot be substituted for the glass,
the only means of reducing the noise at source is to space the
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bottles to prevent collisions. Although possible along straight runs,
most bottling lines require the marshalling of bottles at entrances
to, or exits from, particular parts of the line such as washers,

inspection tables or craters.

The only effective way to control the noise is to contain it within
the line by acoustic enclosure or screening, which must be hygienic

and allow immediate access to any section of the line.

The main bottling hall of a major food manufacturer was a highly
reverberant area approximately 20 m long x 6 m wide x 5 m high,
containing a total conveyor length of some 30 m, with A-weighted

noise levels above 85 dB.

The solution

é{;ﬂi’r y ™
i

—

To reduce noise levels, an enclosure was erected over the conveyor.

The roof was a polypropylene plastic sheet with an absorptive

VIGALTIR, Uy —, BT, BEEEVEDOT A U DOEED
W ~DOAD OIIH O TR MBI ZNEE LET,

B & il 2 ME— DR 72 X, BEREW (BE) XIA 7 V) —=27
ko TIAVvRNICEDDHZ LT, ZhEfEAERNTRTER LT, 714
DIEEDECHIEEIZSE D AND XY T H2HERH Y £,

RKEBIHA—D—DAAL AR RY 7R —UE, K 20m O S XIEX 5 & X5n

DEFREL T, 2 X7 O2EITIH 30m, A OBRE L~ULiE 85dB Z#H % T\
F L7,

FRIR R

BE LA TITFA7-0I12, 270 RCHORREINNE L, BRIZAR
V7L B8lo7r I AF v 7 — T, WINMEOEMNH Y, HNT T AF

36




lining, faced with a thin plastic membrane to enable easy cleaning.
The vertical side panels were in a transparent acrylic sheet, 13 mm
thick, hinged at their top edges to allow operators rapid access.
The side panels extended down to a few centimetres below the
conveyor itself, but the area below was left open to enable excess

conveyor lubricant to drain away.

The cost

£500 per metre of conveyor (1988). (1995)

The result

A noise reduction of about 5 dB. It was estimated that this could be
increased to 10 dB by extending the side panels to the floor with
acoustic strip curtaining, thus containing downward radiated noise

from the conveyor bed.

Source

Photographs courtesy of SmithKline Beecham Consumer
Healthcare.
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Improvements to a bumping
machine

The problem

A manufacturer of artificial limbs was concerned with noise levels
produced by a small bumping machine used for hand-forming sheet
metal components of complex shapes. Unformed sheets were held
over a steel ball and then pressed into a curve by an elastic pad on
the end of an arm. The arm was repeatedly and rapidly raised and
lowered by a mechanical drive, resulting in A-weighted noise levels
in the range 91 to 93 dB.
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The noise generating mechanisms were identified as the rigidly-
mounted drive assembly, badly worn bearings, excessive
clearances and the drive-belt guard.

The solution

The following modifications were made to the machine:

replacing the sheet metal drive-belt guard with wire mesh;
using bobbin mounts to isolate the drive motor bed plate
from the main casting;

cutting holes in the bed plate to reduce its area and hence
noise radiation;

pre-loading the drive mechanism to reduce rattle;

replacing plain bronze bearings with accurately loaded taper
roller bearings;

reforming the steel anvil ball socket for a tighter fit.

The cost

About £800.
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The result FER

A noise reduction of between 16 and 21 dB, depending on whether | #2371 RV 77 V@M K- Tid, 16~21dB DOEEEKR, 1B
the machine was idling or in full operation. An additional benefit MOFNFIX, XT VT DFMmEZ6r ANOIFEETEITT Z L TL, (1995)
was to extend the life of the bearings from six months to three
years. (1995)

Source R
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Enclosing a can filler HxET 5B OEAL

The problem Gl
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Cow filliwg rmcleswrr

A soft drinks can filling line, operated by a large food KRFPEIMA—D—DERTHFET A T, BHERERO 3 HOME, Hx
manufacturer, contained three closely-spaced machines, a can iR, =7 b —vara=y FROBREGZM LD OFEEAGEN T ENT
filler, an aeration unit and a lid seamer for closing the filled can. WE Lz, TToMMIE, 99dB @ A 45T L~UL 2 JIE U BRIk
The machines were all situated in a reverberant room where A- BEINE L,

weighted noise levels of 99 dB were measured.

The solution fER R
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Noise reduction was achieved by fitting the seamer with an
acoustic enclosure, specifically designed to meet hygiene and

access criteria.

The basic panel work of the enclosure consisted of polypropylene
and 13 mm thick ME grade Perspex sheet (ie suitable for
enclosures and guards), chosen for their durability under repeated
chemical cleaning. Where visual inspection was unnecessary, the
panels were lined with 25 mm, acoustically absorptive foam,
wrapped in an impervious film to stop oil and moisture getting in.
All doors were provided with safety interlocks to prevent access

while the seamer was in operation.

It was necessary to leave infeed and discharge areas of the
enclosure open, for example to clean the seamer and to clear jams.
This inevitably reduced overall enclosure performance. However,
the directional high-frequency character of the noise could be

blocked from the main source areas.

The cost

About £5000 (1988).
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The result

A noise reduction from the seamer of 17 dB.

Source

Information supplied by SmithKline Beecham Consumer
Healthcare.
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Acoustic refuges

The problem
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Where it is impossible to separate workers from noisy equipment,
but their hearing needs to be protected, an alternative approach is
to use noise refuges. For example, a firm that manufactured
cardboard containers installed a noise refuge to provide an
effective working area close to the main production lines where A-

welghted noise levels approaching 97 dB had been measured.

The solution

The firm had a fully air-conditioned enclosure installed, consisting
of double-skin acoustic panels that incorporated acoustic glazing to
give good all round visibility into the production areas. Internally,
the refuge was finished to office standards - tiled floors and

acoustically absorbent ceiling and walls.
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The cost

No costs available. (1995)

The result

The example shown produced a difference between outside and
inside noise levels of some 30 dB.

Source

Refuge manufactured and supplied by Noise Reduction Limited.
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Active noise control - pneumatic
transport system
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The problem

_-Centrifugal fan

Input microphene

Industrial

Cancelation -
active oonirloller

loudspeakers

Filler room Error microphone

protected area

Air nozzles for transport of beverage cans

Centrifugal fans are often used to convey material around
production lines. In one drinks canning plant, a six-bladed radial
fan in the filler room, delivering 3 m3/s of air, supplied air to move
cans along lines. The fan produced a tone at about 300 Hz with an

A-weighted noise level of over 90 dB.

The solution

It was decided to adopt an active noise control solution. This
consisted of a digital signal processing controller producing a
digital model of the noise. A signal microphone fed information to
the controller which then produced an inverse sound wave from
the loudspeaker. This 180 out-of-phase wave combined with the

noise, cancelling it by destructive interference. A second
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microphone analysed the operation of the system and adapted it

continuously to take account of system changes.

The cost

£6500. (1995)

The result

A reduction in the tonal noise by 22 dB. There was no interference

with the work process, such as might occur with an enclosure

Source

Equipment manufactured by Digisonix Inc, USA.
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Reducing noise from a glass
tempering line

The problem

_

Glass tempering is achieved by heating glass and then quickly

cooling it at a controlled rate to align the molecules in one 3/s.13/s.
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Traditionally, cooler fans are mounted outside the factory to reduce
the impact of the fan noise on the workers. However, in this plant,
the fans had to be mounted internally. With fan A-weighted sound
power levels in excess of 126 dB, the effective acoustic enclosure of

the fans was essential.

The solution

To minimise costs, a masonry enclosure, rather than one with
conventional metal acoustic panels, was constructed. The enclosure
consisted of 225 mm thick, heavy-density blockwork (2400 kg/ms3)
walls and a 250 mm deep timber joist roof. The space between the
joists was packed with 100 kg/m3mineral wool. A 50 mm thickness
of plaster board was fixed to the top and bottom, with staggered
and taped joints. Access to the fan room was via two large double

door sets (3 m wide x 3 m high).

The very high volume of intake air was brought in through
vertically-mounted rectangular duct attenuators (1.2 m wide x 2 m
high x 2.4 m long). The thickness of the silencers within the
attenuators was tuned specifically to give enhanced low-frequency

attenuation without adding excessive pressure drop to the fans.
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The cost

About £15 000. The cost of the project was thought to offer a 50%

saving over an all-steel acoustic enclosure. (1995)

The result

A noise reduction of about 45 dB.

Source

Information supplied by Preedy Glass Limited. Tempering Line
supplied by EFCO Limited
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Enclosing cold heading machines

The problem
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The factory floor of one shoe manufacturer contained a
considerable number of similar cold heading machines, with A-
welghted noise levels measured at around 104 dB.

The solution
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The company approached an acoustic consultant to help design a
custom-made enclosure. This included features required by the
operators, such as an easy to raise hood and profiled corners for
easy access. The design was first built in plywood to check on its
acceptability. Once approved, tenders were sought for a steel

version.

After receiving quotations, the company realised that it could
achieve a significant saving by building the units in-house, in
conjunction with the acoustic consultant. The enclosure was built

using standard acoustic panels of 50 mm thick mineral wool
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between skins of plain and perforated steel sheet. The panels also
included a Melinex wrapping to protect the mineral wool from oil

and an anti-drumming sheet to limit panel vibration.

The enclosures had three openings - the wire feed at the front that
passed through a tube surrounded by a brush strip; the product
discharge chute; and a drive belt fed through a PVC plate with two

slots cut into it.

The cost

About £400 per enclosure. (1995)

The result

A noise reduction of 19 dB. As a result of reducing the noise levels,
the company was able to reorganise the production area to improve
work flow and response times. Machines were positioned in a
manufacturing cell arrangement together with equipment for
subsequent processing operations, inspection and packing. The
benefits of the reorganisation meant that the costs of the noise

control programme were recouped after only three years.
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Source

Photographs courtesy of British United Shoe Machinery Ltd.
Acoustic consultants were RS Allsopp and Associates.
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Removing jet noise

The problem

Fitting to compressed Solid core

air hose Y

Primary jet flow <
Induced saoondary air flow

During its production process, a health care company immersed its
pharmaceutical containers in a rinsing bath. Afterwards, to dry off
excess moisture, employees placed the containers on a draining
bench and blew them dry using a hand-held compressed air hose.
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The solution

The plain air hose nozzle was replaced by an induced flow type, the
principle being to link a secondary air flow with the primary jet
flow and so reduce the strength of the noise-generating turbulence

produced in the main jet air flow.

The cost

About £25 per unit. (1995)

The result

FRIR IR

FL— T R— R ) R)VTEEE A
DT AHFET, ERDOY = v FERR
w5,

£

1l 2= FY7= 9256 R K (1995)

RER

WCEEHZ DL, R E — IR EREOY
TRAT HREERELMOBEZILT S

55




A noise reduction of 7 dB during the drying cycle, while still

maintaining an effective velocity for moisture removal.

Source

Information supplied by 3M Health Care. Photographs courtesy of
Meech Exair. Equipment supplied by Meech Exair.
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Reducing noise from a plastic
mould cleaning gun

The problem
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1/8 in BSP fitting

118 in bore copper pipe

o

Approximately 10 in

ut 7 xo4ddy

-

=1

1/8 in BSP fitting

Venturi nozzle air inlet holes
Four pairs at 90° intervals 1/8 in diameter

/4 in bore copper pipe

—— e =

-

Reinforcing collar

- Approximately 10 in

ur 7 xosddy

‘ 3

Venturi inlet holes
at 909 around main nozzle tube

High pressure air line

Main nozzle

Reinforcing collar

Venturi orifice

A company engaged in hydraulically moulding thermosetting
plastic components used a compressed air gun to clear flash and
powder deposits from the die moulds. Before it was redesigned, the
gun consisted of a plain steel tube, with an internal diameter of

approximately 1/8 in, screwed into the end of a compressed air
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hose and directed at the appropriate area. The interaction of the
high-velocity jet and the surface of the moulds produced A-
weighted noise levels reaching 105 dB.

The solution

The plain nozzle was replaced by one generating an induced
secondary air flow through an aspirated venturi. The primary flow
was passed through a venturi nozzle inside a tube, drilled in its
sides to allow outside, secondary air to pass through the wall and
mix with the primary jet at the venturi discharge. The effect was
two-fold: the mix of primary and secondary flows within the tube
reduced the amount of turbulence and hence the sound generated
at the primary nozzle; the larger diameter of the tube itself
reduced air speed onto the mould dies, even allowing for the
increased volume of the discharge air, and hence reduced noise
generation at the die mould surfaces.

The cost

About £40 per nozzle. (1995)

FRIRIR

=2 A, WEIRCF 2 (LIFVE) 2BL THEINTE IRER
DMNELERTHHDICEEIHBZIONE L, YI7A4~)T7a—X, Ta2—7
NORLF 2 ) A, ZOMEIC Y AZ0T, SMUIlo ZRZERD
BEZ@IB L, XU T a2 VBRI 74~ Vey NERATDHEIICLEL
oo Fa—T7HNO—RIEE ZRIEE DIREGIZED, GLIRENED L, Ok
B, & AVTRETIENMD LELE, Fa—T7HEKOERNKEL 2
D& @MAOZEZOREN D L, BEZEROENEINT 2 2 & S A AR
D, @REE TOREHEENED LE L,

EH

1 7 XM 7- 0D #7540 8 > K (1995)

58




The result

A noise reduction of up to 10 dB. Another benefit was increased
mechanical strength of the tube which allowed the occasional flash
or powder deposit on the die to be removed by tapping or scraping
with the tube edge.

Source

Information supplied by Industrial Noise Services Limited.
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Reducing noise from screw
compressors

The problem
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Screw compressors providing an air supply for the aeration tanks

in the blower house of a sewage treatment works were exposing

maintenance engineers to A-weighted noise levels of about 100 dB.

Although acoustic enclosures over each of the three blowers were
effectively containing casing and drive noise, the air intake was
being piped in from a filter outside the enclosure. Therefore noise
generated inside the blower itself was passing into the inlet

pipework and then escaping into the blower house.

The noise had a strong tonal content appearing with a peak at the
lower end of the frequency range, in this case in the 63 Hz octave
band.

The solution

As conventional absorptive silencers were inefficient at these
frequencies and disproportionately large, the solution was to fit a

reactive silencer into each air intake pipe. The strong noise
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components in the 63 and 125 Hz octave band, indicating strong
harmonic content, meant that a twin-chamber design was

required.
The chambers were arranged in series with the first designed to
resonate, giving maximum attenuation at the fundamental

frequency. The second was designed to reduce energy at the

principal harmonic frequencies.

The cost

£900 per silencer. (1995)

The result

There was an overall reduction in the noise level of 20 dB; a 37 dB
reduction in the 63 Hz frequency band; and a 30 dB reduction in
the 125 Hz frequency band.
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Treating low-frequency
compressor noise

The problem

Large reciprocating air compressors producing high noise levels at low
frequencies can be found in a wide range of manufacturing plants. In one
company, two compressors operating at 370 rpm (revs per minute) drew air
from the roof where the intake filters and other items of equipment needed
regular attention. The A-weighted noise level near the air intakes was found
to be 88 dB, determined almost entirely by energy in the 63 and 125 Hz
frequency bands.

Absorptive silencing was discounted as inefficient at these frequencies. It
would also have been impractical as the size of silencer necessary would have

meant a need for additional roof support.
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The solution

The solution was to install an intake silencer that could combine adequate
low-frequency attenuation with low resistance to the air flow.

A combined reactive and absorptive silencer was selected for each compressor.
The silencers consisted of an all-welded outer tube with a cross-sectional area
at least 15 times greater than that of the system side pipework. This change
in cross-sectional area resulted in a loss of sound energy due to wave reflection
and cancellation. An acoustically absorptive lining within the enlarged

silencer casing further reduced the noise level.

The cost
About £2500 each. (1995)

The result

The attenuation achieved in this example with a 200 mm diameter intake pipe
and an 800 mm outside diameter silencer casing with an overall length of 3000
mm was sufficient to render the compressor noise effectively inaudible above
other sources in the working area. The residual noise of adjacent equipment
masked the full performance of the attenuator at the higher frequencies.

The sound pressure levels are shown in the table, along with the actual octave
Overall there was a 17 dB reduction and an
attenuation of 35 dB at 31.5 Hz.

band sound reduction levels.
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Noise reduction (dB) for A-weighted and octave band centre frequency noise
A-weighted
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Noise reduction (dB) for A-weighted and octave band centre frequency noise

A- Band Band Band Band Band Band Band Band
weighted centre centre centre centre centre centre centre centre
63Hz 125Hz 250Hz 500Hz 1000Hz 2000Hz 4000Hz 8000Hz

Before 100 120 114 99 88 83 74 69 67

treatment

After 80 83 84 84 74 71 70 68 62

treatment

Attenuation 20 37 30 15 14 12 4 1 )
Source asliil
Photographs courtesy of Thames Water Utilities Ltd. Equipment BEIIT LA U —F—2—7 4 U7 4=t 0 24k, Basoikst - it
designed and supplied by lan Sharland Limited. feIA T s vy =T FHIZ X D,
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Sound pressure level at 1 m from the compressor intake: a7y =R AN 1 m ODMEICEITHEELL

Sound pressure level at T m from the compressor intake:

Noise reduction (dB) for A-weighted and octave band centre frequency noise

A- Band Band Band Band Band Band Band Band
weighted centre centre centre cenire centre centre centre centre
31.5Hz 63Hz 125Hz 250Hz 500Hz 1000Hz 2000Hz 4000Hz

Before 88 115 111 98 77 77 73 69 66
treatment
After 71 80 80 76 66 68 65 58 56
treatment

Attenuation 17 35 31 22 11 9 8 11 10
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Enclosing ammonia compressors
in seafood freezing

The problem

Acoustic enclosure of refrigerant compressor
Refrigerant compressors are a common source of noise in the food
processing industry. Sometimes they have to be located close to the

production facility served, occasionally in occupied areas.
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A major seafood producer installing freezing lines had to site four
250 kW liquid ammonia compressors in a product transfer area
regularly used by production personnel. Modifying the compressor
to control the noise at source was not possible, leaving acoustic
enclosure of the installation as the only practicable alternative.

The design of the enclosure had to provide rapid access to the
compressors for maintenance. In addition, because of the nature
and size of the machines, a continuous throughput of air was vital
to remove the heat radiated from the compressors and their drive
motors, and to prevent the build-up of any leaked ammonia gas

inside the enclosure.

The solution

The enclosure was constructed in acoustic panelling made up of a
plain sheet steel outer skin and a perforated steel inner skin.
Mineral wool slabs were inserted into the 75 mm wide space
between the skins. The outer skins were formed in plastic coated
steel to meet hygiene requirements that demanded a corrosion-
free, easy-to-clean external surface. The panels were supported on
a separate structural frame, free of the enclosed machinery to

minimise any reduction of acoustic performance due to machine
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induced vibration. The overall size of the enclosure was 11 m long
x 5.5 m wide x 4.5 m high.

The cooling air supply was provided by four fans each moving some
6 m3/s of air through the enclosure, two drawing in fresh air via an
attenuated inlet duct, and two extracting air from the enclosure
through a similarly treated discharge duct.

The cost

£45 000 installed. (1995)

The result

A noise reduction of at least 24 dB.

Source

Information supplied by Lyons Seafoods Limited. Equipment

manufactured and installed by Ian Sharland Limited.
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Acoustic lagging for a pneumatic
conveylng system

The problem

End cap r

:' Internall shel

in perforated
sheot stoel

Seoling Ba
(one end )

External shell in |
plain sheet steel i
I Quick-release

| foggle catches

Sealing flan
{one end )

Conveying solid particle products through rigid pipe systems is an
inherently noisy process as the particles hit the undamped metal

pipe walls.

Few available materials exist that can cushion the impacts by
incorporating internal 'soft' linings. Many need to withstand the
effects of long-term abrasion; others have to meet strict hygiene
requirements. There are also engineering difficulties when fixing

linings to often intricate runs of small diameter piping.
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The solution

One flour mill reduced noise levels by applying acoustic lagging to
the external surface of the pipe run. It was also necessary to
ensure rapid access to a number of inspection panels built into the

pipe runs and for the lagging to be removable for pipe cleaning.

Soft thermal-type lagging was discounted on mechanical grounds

and because it was difficult to handle. Instead the lagging was pre-

fabricated in a series of split semi-circular sections. Each section
consisted of a half cylinder of plain sheet steel lined with 50 mm
thick semi-rigid mineral wool slab, retained in the half cylinder by
perforated sheet steel. The inner diameter of the section was equal

to the outer diameter of the conveying pipe concerned.

Two matching sections were placed on opposite sides of the pipe
and held in place by over-centre, quick-release toggle clamps. In
some cases it was acoustically acceptable to leave one access door
in the pipe unlagged. However, where a door was radiating
significant noise, the internal perforated sheet and mineral wool
infill were omitted from the lagging section and a corresponding

hinged access door was provided in the external lagging shell.
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The cost

About £150 per metre lagged. (1995)

The result

A noise reduction of about 10 to 15 dB. This system of pipe lagging
was found to be easily adapted to even complex pipe runs including

bends and junctions.

Source

Information supplied by Ian Sharland Limited.

2H

1 A— b7 0 OWFERM Z L I12H 150 R 2 K (1995)

R

% 10~15dB DOERERA. Z O FOWBED T 2T M, TS 25T
MR T OFITIC OB T D2 ENbn £ L,

Ian Sharland Limited (2 & » T S 72 1EEH

Modifying an edge trimming
machine
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The problem

In shoe manufacture, sole forming leaves excess material at the
edges which must be removed by holding each shoe against a high-
speed rotating blade.

Machines traditionally designed for this purpose consist of a
cutting head located inside a five-sided metal box. Operators get at
the blades through an open sixth side, with the off-cut flashings

either falling to the floor or being removed by a dust extraction
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system at the rear. The open front of the machine gives little
acoustic protection for the operators and A-weighted noise levels
can exceed 90 dB. The main source is thought to be the central
spindle rotating at high speeds, generating a high-frequency tone.

The solution

One company fitted a simple system to each of their edge trimming
machines by lining the inside of the machine casing with a 50 mm
thick foam slab. This absorption restricted the build-up of

reverberant sound energy inside the machine.

Each machine was also fitted with a 'half-height' clear
polycarbonate plastic screen at the front, hinged along the top edge
to enable it to be lifted clear, giving full access to the space inside.
During operation, the screen could be lowered to give partial cover
at the front, leaving a gap for the operator to reach in with the
shoe. The treatment has proved to be a good compromise between
screening direct sound radiation and maintaining efficient and safe

operation.

The cost
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About £50 per machine. (1995)

The result

A noise reduction of about 5 dB.

Source

Photographs courtesy of Clarks International.

1 E47- 9% 50 R F(1995)

R

# 5dB D BE E AR,

Rz

G E#ME: Clarks International.

Active control of low-frequency,
pure-tone noise

The problem
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Schematic anti-noise layout inside a passenger compartment
Sound pressure can be reduced in some cases by active noise
control, sometimes known as 'anti-noise'. This technique uses the
principle of sound cancellation. The characteristics of a sound field
in a given environment are measured and then reproduced by
means of an artificial source such as an array of loudspeakers. The
reproduced sound is generated in such a way that the new sound
field produces a wave of, for example, positive pressure in exactly
the same position and at exactly the same time as a negative
pressure wave produced in the original sound field. The original

sound wave is thus cancelled out or at least significantly reduced.

In practice, effective noise reduction by this technique is possible
only for low-frequency pure tones occurring within well-defined
enclosed spaces. Most attention has so far been devoted to the
active control of noise in ducted systems carrying noise from such
sources as fans and engine exhausts, resulting in some successful

solutions.
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The solution

More recently, attention has turned to the possibility of active
noise control in larger spaces subjected to low-frequency, pure-tone
noise. One example was the suppression of engine-induced 'boom'
inside cars. Since this type of noise is primarily low frequency,
conventional methods of acoustic insulation, besides adding both
cost and weight to the vehicle, are not very effective. However,
active noise control can provide a viable solution. By sampling the
engine-generated sound field at a number of positions inside the
vehicle, and by reproducing the field with the appropriate phase
shifts using the vehicle's own loudspeaker system, noise reductions

can be achieved at some positions in the vehicle.

The cost

£2000 for equipment, plus project-specific development and
programming costs. (1995)

The result
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Reductions of up to 10 dB in individual frequency bands and 5 dB
overall. There may be similar benefits for operators of commercial

vehicles and industrial site and construction vehicles.

Low-frequency, pure-tone noise generated in small production
areas by, for example, vibratory machinery or reciprocating air
compressors may have characteristics appropriate for active noise

reduction measures.

Source

Report reproduced courtesy of Dr P Nelson and Dr S Elliott, ISVR,

University of Southampton.

& 2 O JE B HeIR TRk 10dB, (KT 5dB OHIE, A TR, dak
Bl OIEEEIZ S FREROFE DR H 5000 LLEE A

RN BRSO PO 22 S AR SR . /N AR PE S i TR AR D AREIR Ol S B
(3. REENRY e BRI RIS L 2Rtk 2 R B a0 H v 197,

HEET, YOV RURFOISVR O P LY Uit S 4y MMt
OERMNMFTHEINE LT,

Reducing noise in a dump truck

The problem
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Damping sheet on roof and doors

Damping sheet and sound barrier %
mat on engine bulkhead .

Acoust ial/{ Y
absorptive

o treatment to all

oab interior

A e

Sound barrier mat on floor panels

Dump truck

The cabs of large dump trucks operating on mineral working and

construction sites were found to have A-weighted noise levels of about
95 dB.

The cabs were situated immediately beside the engine compartments
and separated from them by plain sheet steel bulkheads. The vehicle

construction itself was one of an all-welded, undamped steel plate that
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resulted in noise and mechanical vibration emissions from the engine

and gearbox.

The solution

A three-fold approach to noise reduction was taken: the large surface
areas of the cab, roof, bulkhead and door panels were treated by the
application of 10 mm thick bitumastic damping pads to reduce
resonant vibration; a proprietary sound barrier mat consisting of a
lead/fibreglass laminate was applied to the floor and engine bulkhead;
an acoustically absorptive foam was applied to all available surfaces

inside the cab to reduce reverberant sound build-up.

The cost

About £1500 (a new vehicle can cost over £200 000). (1995)

The result

A noise reduction of up to 11 dB.
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Source

Information supplied by EMD Services.
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Reducing noise in a drag-line cab

The problem
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A company using tracked drag-lines in quarrying found that
drivers were being exposed to A-weighted noise levels of 96 to 100
dB.

The particular problem was that the main drive engine, in this
case a 220 hp diesel, was located in the same all steel 'box',
separated from the driver's cab only by a sheet steel bulkhead
containing a door. Engine noise was being transmitted through the
cab bulkheads and floor panelling. Mechanical vibration from the
engine and drag-line drives also travelled easily through the steel

structure to add to noise levels in the driver's compartment.

The solution

The first stage in the noise reduction programme was to reduce the
mechanical vibration. This was achieved by applying pads of a
proprietary damping compound to all available sheet steel surfaces

in the engine compartment and driver's cab.

Noise transmissions through the cab bulkhead and floor were then
reduced by applying a lead/fibreglass laminate to both faces of the
bulkhead and to the underside of the cab floor.
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Finally, reverberation in the driver's cab was reduced by applying
PVC-faced acoustic foam to the roof panels and other available

internal surfaces.

The cost

About £1500. (1995)

The result

A noise reduction of up to 10 dB. The treatment can be applied to
similar site plant such as shovels, bulldozers and scrapers.

Source

Information supplied by EMD Services.
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Reducing noise in crew cab road
vehicles

The problem

Noise levels in crew-carrying road vehicles can be high enough to
cause concern. In some untrimmed vehicles such as refuse
collectors, A-weighted levels have been measured as high as 103 to
105 dB. One local authority operating a fleet of such vehicles

commissioned a noise reduction exercise to determine whether it

L] D B 2 IR

i)

R ENESERER OB L LL, BEEFIEE T am0nEa s
HVET, V7 XavL s Z—50—HOFEI VTRV TIX, A FiEL
~ULA 103~105dB OFE S THIE SN TWET, 2O K5 edmo—#E % EH
LTWaHHG BIEIRIE, Bl OERMEZHEZR 5 2 & 7 < RiE 22 A2 £
D2 ENEEANCERAMNZRONE S D E IR 572010, BRFHIR SR % %

84




would be reasonably practicable to effect a significant reduction

without compromising the vehicle's road worthiness.

The primary source of noise came from the engine. However, the
cabin was also subjected to noise from the transmission and
hydraulic power pack coming through the relatively lightweight
sheet steel floor and toe plates and the rear bulkhead.

The solution

This secondary noise was reduced by securing a lead/fibreglass
laminate sheet to the underside of all floor, toe and bulkhead

surfaces. Reverberation was also reduced by lining the roof and all
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available internal surfaces of the doors and the front and rear
bulkheads with an expanded acoustic polyurethane foam faced
with a washable porous PVC film.

The cost

About £1300. (1995)

The result

A noise reduction of 4 to 9 dB. Similar reductions have since been
achieved on other types of crewed vehicles such as fire and

maintenance tenders.

Source

Information supplied by EMD Services.
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Isolating a hydraulic guillotine |{HESIKHEEZ 3BET 5,

The problem )5

The hydraulic power pack of a 250 tonne billet hydraulic guillotine | 250 > @Ot Ly MEECSIWHEEOME T —/3y 71X, 90~95dB & A Frikhg
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pipework to the remainder of the machine) and impacts from the
valve bank. An acoustic enclosure was unsuitable because its Big L, BlEREE 2 LTCIRBN OB I K > TEORMMERHIR S iz 7
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effectiveness would have been limited by the transmission of
vibration through the pipework.

The solution

p Y S

It was decided to reduce the noise by isolating the noise sources
from the guillotine. This solution was considerably cheaper than

an enclosure and did not affect access.

The motor and pump units were mounted on a rigid frame, isolated
from the machine. The rigid pipework was interspersed with
flexible couplings. The valve bank was isolated from the machine

frame using a cork-rubber composite.

The cost
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£1500. (1995)

The result

A noise reduction of at least 17 dB.

Source

Photographs courtesy of Joseph Rhodes Limited. Acoustic

consultants were Industrial Noise and Vibration Centre.
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Pneumatic impact press noise reduction

The problem
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Lower end of

actuator ram f=d Lightweight air

exhaust silencer

Elastomer insert

Top of tool ram

Modification to internal
ram arrangement =

0

A bench-mounted pneumatic impact press used for riveting small
switch components was found to be generating excessive noise levels.
The main peak noise emissions were from the release of compressed
air at the actuator exhaust and from the impact of the metal actuator
ram as it struck the metal tool ram.
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The solution

The compressed air exhaust noise was reduced after a proprietary
lightweight silencer had been fitted. The flow was passed through a
porous polythene cap of the type indicated in the figure.

The impact noise was reduced by cushioning the contact between
metal surfaces with an insert of damping compound, again as
indicated in the diagram. The most effective acoustic performance
was by an insert of 8 mm thick nitride rubber. However, this showed
early signs of wear and some loss of force transmission to the
workpiece. The best compromise between impact force transmissions,
wear and noise reduction was obtained by 8 mm thick Betathene, a

proprietary urethane elastomer.

The cost

About £50. (1995)

The result

The compressed air exhaust silencer reduced peak noise levels at

each operating position by some 7 dB, with a corresponding reduction
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of some 5 dB over about five cycles of the machine during continuous

operations.

The cushioning of the impact noise gave a further reduction in peak
noise levels of 5 dB and about 4 dB while the machine was running
continuously.

Overall, there was a 9 dB reduction from the two modifications,

achieved with no significant effect on the overall working efficiency of

the machine.

Source

Information supplied by Lucas Industries Noise Centre.
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Using a pneumatic squeeze press | ZXERY 7LV A ZHEH Y5,

The problem
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One drawback of using bench-top, pneumatic impact presses is the
high noise resulting from the metal actuator striking the tool rams
to transmit sufficient force to the workpiece.

The solution

One way to avoid this is to use a squeeze press. With this, a
pneumatic actuator brings the ram onto the workpiece and then
applies the force required to perform the operation through a

second steady pressure, so avoiding any unwanted impact.

The squeeze press illustrated can exert a forming load of up to 2
tonnes. The pneumatic actuator assembly can be fitted

retrospectively to certain types of impact presses. It includes a
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safety feature preventing the full secondary working load from
being applied until the ram actually touches the workpiece.

Noise generated by compressed air exhaust flow can be dealt with
by fitting a standard proprietary air exhaust silencer.

The cost

About £1400 for a new press, and £500 to retrofit an existing press.

(1995)

The result

20 dB has been claimed compared with levels from similarly sized

impact presses.

Source

Information supplied by Fort Vale Engineering Limited.
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Machining alternator castings

The problem

Machining an alternator end casting was producing A-weighted
noise levels of 104 dB, principally in a high pitched 'squeal’
radiating from the casting. Overlapping hanging strips had been
fitted around each machine to form a partial acoustic screen.
However, these had been cut away at the operator position to

1Improve access.

The noise arose from resonant vibration of the casting, excited by
cutting forces, with evidence of chatter marks on some of the
machine surfaces. The mounted casting exhibited very low

damping characteristics during machining.
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The solution

The solution was to apply a simple damping treatment to reduce
the casting's vibration.

To test the method, an inexpensive rubber bungee was wrapped
around a casting during machining. Subsequently a pair of
damping straps were designed to provide a more durable solution.
These were easily fitted to the casting by the operator while the

preceding casting was being machined.

The cost

£40. (1995)

The result

An overall noise reduction of 16 dB with the 'squealing' component
being reduced by 30 dB. In addition, the quality of the cut

improved and the machining time for each cycle was reduced.
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Source

Photographs courtesy of Industrial Noise and Vibration Centre.

Consultants were Industrial Noise and Vibration Centre.

TR #IR

GERMLG EEMEIRE X —, ar P s NIEEMEEIEE L ¥ —TL
77

Reducing noise when loading
dump trucks

The problem

During quarrying, A-weighted noise levels of 96 dB can be
produced when the shovel or conveyor drops its first loads of
material onto the bare metal of the body of dump trucks.

The solution
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One company carrying out large-scale quarrying operations
reduced noise levels by lining the bodies of its 20-tonne dump
trucks with abrasion-resistant rubber. Sheets 50 mm thick were
used, and moulded so that a profiled section of 200 mm overall
depth was obtained. The sheets were then attached mechanically
to the body of the truck.

Trucks were loaded by emptying a series of large shovels, each

carrying up to 5 tonnes of material. The force of the impact,

previously borne by the bearings, was now absorbed by the lining.

The cost
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£26 000 per truck. In an industry where each vehicle can cost over
£250 000, any extension in service life is valuable. (1995)

The result

The lining reduced noise levels by 14 dB. The treatment also
significantly increased truck body life.

Source

Information supplied by Trellex Limited.
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Material change - block making
machine

The problem
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In a firm manufacturing paving blocks, the blocks were moved
along the line on wooden pallets. The pallets were propelled by a
series of metal catches underneath the machine frame, which rose
up to engage the pallet and to push it forward to the next stage of
the process. At the end of the stage, the catches fell to a horizontal
position and slid back along the line to the next pallet. They then

rose to engage the new pallet to repeat the process.

A-weighted noise levels of over 100 dB were generated when the

catches snapped back to the horizontal and fell onto the metal bar.

The solution
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The solution was to replace the metal catches with similarly
shaped components moulded from a tough polyurethane polymer.
The new catches also proved to be almost as durable as the original
steel components.

The cost

About £10 to £20 per catch. (1995)

The result

Noise levels were reduced by about 5 dB. Impactive peaks were
effectively removed.
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Source

Photographs courtesy of Redland Precast. Equipment supplied by
Hallam Polymer Engineering Limited.

TR #IR

Redland Precast D FH 5 H.,
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Hallam Polymer Engineering Limited 73 #&fit 9

Reducing impact noise from
cocoa beans

The problem

Many process machines radiate noise due to multiple impacts from
the components being handled. In some cases noise levels can be
reduced by lining hoppers, chutes and conveyors, but in others the
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ambient conditions do not allow such techniques. Alternative
approaches then have to be considered.

One such example was a machine used in processing cocoa beans.
The beans were transported along a vibrating tray beneath an
array of gas burners. Impacts between the hard bean cases and the
steel conveying tray produced A-weighted noise levels of between
88 and 90 dB. Resonance in the cavity between the vibrating bean

tray and the bed of the machine was also a contributory factor.

The conventional remedy of cushioning impacts from the beans by
providing a lining of rubber or similar material for the bean tray

could not be used here because of the high temperatures.

The solution

It was decided that the most effective way of reducing the amount
of vibratory energy reaching the external radiating surface of the
machine would be to reduce the response of the structure at the

point of impact, ie at the bean tray itself.

This was achieved by applying point-fixed damping to the tray in
the form of 2 mm thick steel plate, plug-welded to the underside of

the bean tray between its existing tubular steel stiffeners. Acoustic
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resonance in the void beneath the tray was reduced by filling it
with 96 to 128 kg/m3mineral wool slab.

The cost

About £2000. (1995)

The result

A noise reduction of 10 dB.

Source

Information supplied by Sound Research Laboratories Limited,

Sudbury. Photographs courtesy of Micronizing Company (UK) Ltd.
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Very high performance JER IR RO A E R BE
drywalling

The problem i}

//
//

Two layers 15 mm plasterboard
[fixed vertically

Studs at 600 mm centres \

19 mm plasterboard

100 mm thick dense
mineral wool insulation

= _//7 -

790 mm
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Many production areas create high noise levels. To reduce risks to
workers' hearing, it is often desirable to have acoustic separation

between the areas, for example to:

separate large process fans from workers;

provide sound havens;

allow noise testing;

concentrate high noise fabrication processes into one area.

The solution

A very high performance drywall partition has been developed to
give considerably higher sound transmission loss than a
traditionally rendered cavity brickwork wall but with less than

one-third of the superficial weight.

The drywalling is made of two independent wall structures with
metal studs 600 mm apart. One wall has two layers of 15 mm
plasterboard on the outside and a single layer of 19 mm
plasterboard on the inside. The cavity is partially filled with 100
mm of dense mineral wool insulation.

The secondary skin of the drywall is made up of two layers of 15
mm plasterboard on the outside of the studding and a further 100

mm of dense mineral wool insulation on the inside. The width of

% < OEESFTITEWVEE LIV 2 AR L ES, TEBEOIEIC ST 5 Y X
7 BT D720, BIZIFEUTO L SIS, SERE O FRSENAEE LWV
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the cavity and the absorption by the mineral wool insulation
within it provide good attenuation of transmitted sound energy.

The cost

Approximately 50% of the cost of conventional partitions. (1995)

The result

An average sound reduction index of 77 dB at one cinema complex.

The partition is claimed to be equally suitable for industrial areas.

Source

Designed by Vernon Cole Associates (Acoustic Consultants).
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Enclosing a nail sorting machine
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The problem

An engineering firm, manufacturing components for conveying
systems, has developed a batch collation system which takes in
nails from an adjacent washer and aligns them using a vibratory
feed system. The nails are first shaken up a spiral to the top of the
machine and then aligned into collation boxes along a vibrating
chute.

Although very effective, the machinery generated A-weighted noise
levels of over 100 dB mainly from the impact of the nails against

the steel spiral and collation boxes.
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The solution

.
= ¥

The solution was to enclose the entire feed system. Another idea -
to use alternative materials for the collation boxes, and so remove
the metal-on-metal impact - was rejected because it would have led
to unacceptable wear and the loss of accuracy in the batching

process.
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The enclosure was manufactured from standard acoustic panels
consisting of 30 mm and 50 mm thick mineral wool between a

plain and a perforated steel sheet.

The product entered the enclosure along a chute that enabled nails
to be poured from the adjacent washing machine into the feed
system. The design included ample provision for access, including
an ingenious arrangement on the corner where either portion of

the door could be opened as required.

The main access was above the collation boxes where glazed panels
were placed on hinges with handles for lifting clear. Other features
of the enclosure included a ventilation fan on the roof to prevent

overheating and the chamfering of one corner to allow operators to

get closer to the equipment.

The cost

About £2500. (1995)

The result

A noise reduction of 26 dB.
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Source FE8HIR

Photographs courtesy of Mato Industries Limited. Equipment FEfEft Mato Industries Limited.Euro Acoustics Limited & & - T&EFE &
designed and manufactured by Euro Acoustics Limited. OGS S - ER

Reducing combustion noise by T EHIENC X 5 BRGERR S DRI
flow control

The problem i)
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Typical A-weighted noise levels generated by a dryer oven, used in
malting grain, reached up to 95 dB. A low-frequency 'boom' at a
tone of 82 Hz dominated. As the boom occurred only at low firing,
it was diagnosed as flame instability that developed into an
oscillation at a resonant frequency of the combustion tube. The
precise cause of the instability was determined to be an excessively

weak ratio of fuel to air at low firing.

The solution

To overcome this problem, a motor-controlled valve, previously
used for controlling weld fume extraction, was adapted and fitted
to the combustion fan intake. Triggered by a micro-switch, the
valve was used to reduce the air flow at low loads and so improve

the combustion characteristics.

The cost

£100 per unit. (1995)

The result
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An overall noise reduction of about 8 dB with the low-frequency
tone being reduced by 21 dB. The bought-in units had no effect on
operations, could be retrofitted and satisfied hygiene requirements.

Source

Consultants were Industrial Noise and Vibration Centre.
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Quieter by design - paring
machine

The problem
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Shoe manufacture is a labour intensive process, involving

operators in semi-automatic tasks during most production stages.

Much of the machinery is based on well-established, efficient

technology. However, it is often likely to generate high noise levels.

The solution

A major shoe manufacturer has designed a new paring machine,

incorporating the following features:

o lining the outer casing of the machine with 50 mm thick,

absorbent foam to increase sound reduction across the
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panels and to dampen mechanical vibration of the outer

skin; C AT 2= A BAMUDHNASDIRINREZ B STedIl, By T 4 T~y
o installing the cutting head system on anti-vibration mounts | F¥ A7 AZPiR~ D > MIERY AT £T,

to prevent vibration transmission from the blade and shoe to

the outer casing; CAEZT VY AT DA OIMINCELE UE T, ZAUTEREE 2 B THL
e placing the dust extraction system on the outside of the BETEET,

machine. This can be positioned away from the operator.

M
The cost

FERS 72 0 9 150 AR R (1995)
About £150 per machine. (1995)
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The result

An early prototype provided a reduction of up to 5 dB. It is hoped
that subsequent design changes will further reduce noise levels.

FEHIR
Source

G E{EMt:Clarks International.
Photographs courtesy of Clarks International.
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Reducing foundry pipe spinning
noise

The problem

An automatic pipe spinning machine in a foundry was generating
A-weighted noise levels in excess of 90 dB. The pipe mould was
housed in a sheet steel cabinet with the pipe being spun at high
speed before molten metal was fed into the centre. The spinning
action forced the molten metal to the outside of the mould while
the cabinet was filled with water to cool the mould and solidify the

spun pipe.

The primary source of noise was mechanical vibration in the
hydraulic drive mechanism and main mould bearings being

radiated from the sheet steel surfaces of the water cabinet and the
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machine support structure. Noise also came from the cabinet roof,

steam vents and the hydraulic power pack.

Pipe spinning machine after modification

The solution

A number of modifications to the machine were made, including

the following:

stiffening the main bearing supports;

isolating the supports from the main machine chassis, and
the chassis from its supporting beams using proprietary
machine mounting pads:;

sand-filling the chassis support beams and isolating them
from the floor with similar pads;

1solating the water cabinet from the machine support
structure using the machine mounting pads;

using rubber-bushed hinges on the water cabinet roof panel;
fitting duct attenuators over steam vent outlets in the water
cabinet roof;

relocating the hydraulic power pack outside the shop.
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The cost

About £2000. (1995)

The result

An overall noise reduction in the mould shop of 6 to 7 dB.

Source

Photographs courtesy of Glynwed Foundries. Consultants' report
supplied by Sound Research Laboratories Limited, Wilmslow.
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Quieter by design - strand
pelletisers
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The problem

Strand pelletisers are used in the plastics industry to convert
continuous strands of plastic into small pellets for use in
subsequent manufacturing processes. The most important part of a
pelletiser is its cutting head where the plastic strands are fed by
rollers into the path of a high-speed, multi-bladed rotating head.

A-weighted noise levels from a pelletiser can exceed 90 dB. Noise is
generated by the impact of each blade against the strands and the
alternate compression and expansion of air as the moving knives

pass the fixed bed knife edge.

The solution
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A company manufacturing strand pelletisers has developed a
series of new machines which incorporate a number of important

noise reducing features.

On examining the cutting operation, it was revealed that the speed
of rotation could be reduced by increasing the number of blades
fixed into the cutting head. It was found that a helical blade, which
would pass progressively across the bed knife edge cutting one
strand at a time rather than all simultaneously, would further
reduce noise levels. Additional benefits of the helical cutter were

found to be reduced wear and a reduced need to sharpen blades.
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The machine casing was also redesigned, reducing both mechanical
and airborne noise radiation. Anti-vibration treatment was
adopted, with the cutting head installed on a base isolated from
the rest of the machine.

The cost

About £25 000 for a new pelletiser and about £11 000 to upgrade a

conventional pelletiser. (1995)

The result

A noise reduction of at least 10 dB.

Source

Photographs courtesy of John Brown Plastics Machinery Limited.
Equipment designed and manufacture by John Brown Plastics

Machinery Limited.
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Acoustic enclosure of small plant

The problem

A commonly encountered noise source in a process plant is the
high-pressure, low-volume centrifugal fan units used typically to
supply air for product conveying systems. The high-pressure
airflow in these fans can generate high levels of noise, usually with

strong tonal content.

A major chemical manufacturing company anticipated A-weighted
noise levels above 95 dB from a pneumatic conveying fan to be
installed in the centre of an occupied production floor. It opted to
control the noise by installing an acoustic enclosure. Other noise

control approaches, eg modifying the fan design or relocating the
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unit, were considered impracticable. Enclosure, however, did pose

its own design problems. The design had to:

o allow immediate access to the fan drive motor, belts and
pulleys;

e provide adequate airflow through the enclosure for cooling
the high-speed drive motor;

e allow the enclosure to be dismantled completely when the

fan or motor needed to be replaced.

The solution
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The enclosure was built up of 50 mm thick acoustic panels
consisting of a plain steel sheet outer skin, a perforated steel sheet
inner skin and an interleaving acoustically absorptive lining of
semi-rigid mineral wool slabs. The panels were mounted on a steel
frame with hinges and quick release toggle catches for access to
the fan drive, with bolted fixings where less frequent access was

required.

Cooling air was passed into and from the enclosure via two slots in
the acoustic panelling, each covered with an acoustically-lined
duct. One of the slots was positioned close to the internal motor

cooling fan so that it could draw air into the enclosure.

The cost

About £3000. (1995)

The result

A reduction in noise levels of about 20 dB.

Source
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Photographs courtesy of ICI Chemicals plc.
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Reducing noise from pneumatic
screwdrivers

The problem

Pneumatically-driven screwdrivers can produce high A-weighted
noise levels of over 80 dB, particularly when used in large numbers
and in confined spaces, eg on production lines. In general, there are

two noise generating mechanisms:

e exhaust air sound caused both by air flow variation as the
air flows past the motor and by aerodynamic sound
generation in the exhaust-air channel;
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o vibration-radiated sound from the surface of the machine
produced by the moving parts of the machine and by the flow
of air inside the machine.

The solution

To reduce the noise generated by exhaust air, a manufacturer of
pneumatic tools modified its range of screwdrivers to incorporate a
hose to pipe the air away from users. This also removed any oil fog
carried in the exhaust air.

As the exhaust noise was reduced, the vibration-induced noise
radiation became more significant. To overcome the problem, the
company investigated the precise mechanism of vibration driving,

which resulted in a major change of screwdriver design.

The rear section of the tool was screwed into an outer housing of
anodised aluminium. An inner housing containing the air motor
and gears was carried on axial and radial rubber elements to
isolate it from the outer casing. The motor rested on the axially
positioned elements but the radial O-rings prevented direct

metallic contact between casing and motor.
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Tool connection

Air in Outer housing

Air Out Axial isolators Motor and gears

Radial isolators

Cross-section of a screwdriver motor isolation

The cost

Negligible difference over traditional screwdrivers. (1995)

The result

In a controlled test on an individual machine, the treatment

resulted in noise levels being reduced by up to 7 dB.

Source

Photograph courtesy of Atlas Copco Tools Limited. Equipment
designed and manufactured by Atlas Copco Tools Limited.
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Reducing air exhaust noise in
vertical grinders

The problem

Shding valve

Cross-section of a grinder exhaust active value (Half open position)
Pneumatic tools can emit high noise levels, much of it from the
exhaust of the compressed air that drives the motor. Each time one
of the motor vanes passes an exhaust port, the air contained
between the vane and the next is emptied into the exhaust system.
The rotation of the vanes creates a series of pressure waves moving
through the exhaust pipe. Additionally, there is usually a degree of
aerodynamically generated noise caused by the velocity of air

passing through a narrow exhaust hole.
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Radial diffuser

Cross-section of a grinder exhaust active value (Fully open
position)

While conventional reactive silencers are effective at reducing
noise emission, they are not generally used because the back
pressure they impose on the air flow adversely affects the power

output and air consumption.

In one type of pneumatically-driven tool, a hand-held vertical
grinder, A-weighted noise levels of 85 dB can be reached during
machine idling, with peak values of over 90 dB during start up or

shut down.

The solution
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Grinder

One manufacturer of such tools has achieved good attenuation
without causing excessive back pressure by using a spring-loaded
valve in the exhaust. As the pressure of the exhaust air varies, the
valve opens or closes the exhaust opening in quick response, as
shown below. The mechanism keeps the back pressure in the motor
exhaust roughly constant and virtually independent of the air flow.

The high-frequency noise generated when air passes through the
radial holes is attenuated by means of a diffuser at the end of the
handle. The pattern of holes in the diffuser is designed to generate
a very small pressure drop and so the air speed in the outlet hole is

slow.

The solution also means that the valve automatically closes when
the machine is not in use. This protects the machine from

contaminants which could find their way in through the exhaust.

The cost

Negligible difference over traditional grinders. (1995)

The result
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A noise reduction of between 5 and 10 dB.

Source

Photographs courtesy of Atlas Copco Tools Limited. Equipment
designed and manufactured by Atlas Copco Tools Limited.

5~10dB P E% 5

Rz

Atlas Copco Tools Limited.Atlas Copco Tools Limited (& & - Ta%at &k OMiliE X
AT i ER

Dynamic absorption of power
press vibration

The problem
A strip-fed, 115 tonne power press, installed to stamp oil filter base

plates, generated A-weighted noise levels of 99 dB, principally in
'bell-like' tones radiated by the flywheel.

The solution
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The vibration response of the flywheel was checked to confirm that
its natural frequencies corresponded to the dominant tones in the
radiated noise. A small electrodynamic vibrator was used to excite
each resonant frequency of the flywheel to determine how the

system worked and where the maximum vibration could be found.

The level of acoustic radiation was determined from the
mechanical vibration in the flywheel. It was concluded that this
could be reduced by using dynamic vibration absorbers fixed to the
flywheel where the vibration was at its highest. The absorbers

consisted of mass on a spring, tuned to a specific frequency. When
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attached to the flywheel, it transferred its vibratory motion into

vibration of the small masses.

In this case, small mild steel discs and plates, mounted on rubber-

bonded cork, were used as absorbers. They were bolted on to the
flywheel at positions of maximum vibration and then tuned to the

resonant frequencies. The flywheel itself needed no modification.

The cost

£15 per absorber. (1995)

The result

An overall noise reduction of 10 dB and virtual elimination of the

flywheel tones.

Source

Consultants were Industrial Noise and Vibration Centre.
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Shielding a printing press

The problem

The dominant noise source from a printing press came from the
second print head air drum. Secondary noise sources included
drying fans and suction systems. Together these generated A-
weighted noise levels of up to 95 dB. Given the size of the press
(some 3 m x 8 m) and the access requirements, an acoustic

enclosure was ruled out.

The solution

As the majority of energy was high frequency, and therefore

directional, the solution was to shield the major noise sources with
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acoustically absorptive material, strategically positioned in the

direction of maximum noise radiation.

Plain polycarbonate sheet was used for the viewing panels and 20
mm acoustic foam was placed inside the existing guards to provide
absorption of the radiated noise. The cooling air passages to and
from the press were silenced by adding cowls lined with absorbent

material.

The cost

Up to £1000. (1995)

The result

A noise reduction of about 11 dB.

Source

Photographs courtesy of Medica Packaging Limited. Noise survey

conducted by Industrial Noise and Vibration Centre.
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Reducing pump noise by good
maintenance

The problem

While considering the implementation of a noise control
programme, a major soft drinks manufacturer was advised that a
pump used for transferring fruit juice concentrate from 200 litre
drums to the product mixing tanks was producing A-weighted
noise levels of 103 dB.

The solution
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A preliminary inspection showed mechanical deterioration of the TR RA Tl R T OB SIE R I, ERRBEHBLET LT,

pump which required a complete overhaul to include: - BREhE— 2 — O ke
C R —RT Y T DR
o rewinding the drive motor; IR T XTI T ORER L
o replacing the motor bearings; N DR B LUET,

e checking and cleaning the pump bearings;
e repacking the pump glands.

EH
A K 7 ORI D4 B # F (1995)

The cost

Nominal costs for staff time. (1995)

b5
The result

27dB DER
A noise reduction of 27 dB.

Source

Z OFEOFEMT., Wilmslow @ Sound Research Laboratories Limited 23 f&
Report details supplied by Sound Research Laboratories Limited, LTWET,

Wilmslow.
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Use of absorption in a noise
control programme

The problem

- Ul
\

A-weighted noise levels from high-speed presses operating in the
production area of a health care company manufacturing metered
dose aerosols were generally over 85 dB. Most of the operators'
exposure was due to direct radiation from the nearest presses, but

reflected noise also built up as reverberant sound energy.

The solution

As part of their overall noise control programme, the company

decided to install a network of absorbers suspended from the roof
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of the building. The absorbers had to be as low as possible for
maximum acoustic effect but could not interfere with the fire
alarm, power and sprinkler systems already placed in the ceiling.
Approximately 1400 absorbers were suspended from the eaves.
Each unit was 900 mm long x 600 mm wide x 50 mm thick with a

perforated steel case and plastic wrapping to prevent oil getting
into the absorbent material.

The cost

About £30 000 (1995)

The result

After installation, the reverberation time of the press shop fell and

overall there was a noise reduction of 4 dB.

Source

Photographs courtesy of 3M Neotechnic Limited. Equipment
supplied and installed by Ash Peace Limited
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High speed press noise -
modifying safety guarding

The problem

A health care company manufacturing medical containers used a
process of multi-stage forming on high-speed, automatic, coil-feed
transfer presses. The presses consisted of a number of cam-driven,
mechanical hammers mounted on heavy steel base frames, factory
fitted with enclosures acting both as a safety guard and to reduce

some noise emission.
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It was impossible to change the noise generating mechanism of the
press, nor would increasing the acoustic absorption have resulted
in sufficient noise reduction. In addition, the shop ran on 24-hour
shifts, preventing any prolonged acoustic examination of a given

press running in isolation.

The solution

A sound intensity survey of each press was carried out, enabling
the acoustic energy output of any selected part of the machine to be

measured in isolation.

The survey identified those presses that were the major
contributors to overall shop noise and how that output was
distributed over the various panels of the machine. The noise

sources and resulting treatment were as follows:

o the press base-frame was clad with preformed acoustic
panels;

e acoustic covers were placed over the slots provided for
raising the access doors on the roof;

o lightweight polymer glazing on the access doors was
replaced by double-skin polycarbonate;

o the enclosure was isolated from its base by pads of anti-

vibration material;
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e hinged acoustic enclosures were fitted over the coil feed slot

The cost

About £2000 per press. (1995)

The result

A noise reduction of up to 11 dB per press.

Source

Photographs courtesy of 3M Neotechnic Limited. Noise control
survey conducted by Ian Sharland Limited.
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Anti-vibration treatment of high- | E#7 L X DF5iRAE
speed presses

The problem )5

High-speed, strip-fed punch presses are a common source of noise. | =@, FMFEHK N F 7L RTEEEF O — KRR TT, LTI, EX
In one company, a press used for stamping electrical trip-catch U TRy FEHMEFHIT OIS ND T LA, 5 271 A be
components caused A-weighted levels of 101 dB when running at — 7 CTHFETTH L EI2101dB O A RS L~ Lo gl ElZ LE LT,

271 strokes per minute.

The major noise radiating areas were the legs on which the press TS M ERIL, TV AT L— A0S TWEIT L7z, ERRFRAR

frame sat. As these were welded, they were prone to transmit E, TV AT L= Ao TWHHEI T L., 2R bITEEI LTV,
vibration with little or no damping. BREMTIELE, HLWVIFES RUWIRETIRBIZE LT WEAZAH Y E L
7=
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The solution

To reduce the transmission of mechanical vibration from the press
frame to its supporting legs, it was decided to insert 6 mm thick
composite pads between them. The area and arrangement of the
1solating material was selected to provide a resonant frequency of
65 Hz on both legs, below both the frequency of all major structural
resonance and the frequency of maximum acoustic radiation. Care
was taken to ensure that there was no mechanical link between

the press frame and legs.

Other work was carried out to reduce noise radiated by the press
manufacturer's acoustic guards which had been subjected to the
same vibration. This was achieved by applying a layer of self-

adhesive damping sheet to the sheet metal surfaces of the guards.

The cost

£50 for materials. (1995)

The result
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A noise reduction of about 9 dB. The treatment had no effect on

machine operation, access or maintenance.

Source

Consultants were Industrial Noise and Vibration Centre.
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Controlling noise in a press shop

The problem

Five overhead reciprocating presses with ratings ranging from 40
to 120 tonnes were located within a small batch production press
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shop measuring 15 m long x 10 m wide x 8 m high. The internal
surfaces were acoustically reflective, with a concrete floor,
blockwork walls and a steel clad roof. The A-weighted noise level
was found to be in excess of 90 dB.

The presses were used to produce quite small batch runs and so
had an unusually high down time. As a result, an operator's overall
noise exposure was strongly influenced by the noise from

neighbouring presses.

It was inappropriate to enclose the presses because of the need to
feed strips manually across the tool and to change the workpiece.
The reflective finishes within the shop resulted in a low rate
(approximately 3 dB) of reverberant fall off between one operating

press and an idle press on the other side of the shop.

The solution

The presses were positioned very close to the wall. Reflection of
sound from the wall acted as a major contributor to the
reverberant sound pressure level. As a result, the absorptive
treatment was concentrated on the walls. An acoustic lining
consisting of 50 mm thick 45 kg/m3mineral wool, retained behind a

galvanised perforated steel sheet, was fixed to the walls between 1
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and 4 m above the floor. The mineral wool was wrapped in plastic
film to keep oil mist out.

Three mobile acoustic screens, 2 m wide and 2.4 m high, were also
used to reduce direct line-of-sight radiation between presses. The

screens were faced with mineral wool retained behind perforated

sheet steel to prevent the reflection of sound energy.

The cost

£8000 for the absorptive lining and £2000 for the mobile screens.
(1995)

The result

The acoustic cladding to the walls increased the reverberant fall off
across the press shop from 3 to up to 11 dB and the mobile screen

gave approximately 3 dB additional protection.

Source
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Photographs courtesy of John Crane UK Limited. Equipment
manufactured by Ian Sharland Limited. Acoustic consultants were
Ajax Health and Safety Services.

Photographs courtesy of John Crane UK Limited.Ian Sharland Limited {Z &
o> TR I NS, g oo YL X 2 Mid Ajax Health and Safety Services
TL7.

Active/absorptive silencer for a
rotary blower

The problem

Error microphone

Input microphone

Air intake

Rnhn_‘r blower

Acoustic absorbent material Cancellation

loudspeakers
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Cross-section of a silencer

Rotary blowers often produce high levels of sound at discrete
frequencies, related to the rotational speed of the unit. If these
discrete frequencies are at the low end of the spectrum they may
be difficult to attenuate.

Traditional absorptive silencers work well at middle and high
frequencies but their performance drops off below 250 Hz. Reactive
silencers can be used but these can impart significant back
pressure on the process and so waste energy. In addition, reactive
silencers cannot follow changes in the frequency of the noise and
may also contain chambers in which unwanted material can

accumulate, which could affect the performance of the silencer.

The solution

Active and absorptive attenuation
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The introduction of a hybrid active silencer did not impede the air
flow and had absorptive packing for the high frequencies and
active attenuation for the lower frequencies. The aim of using both
methods together is to reduce noise levels from the whole spectrum
of frequencies.

The cost

From £3000. (1995)

The result

Discharge noise reduced by 42 dB. The attenuation - active and

absorptive - is shown in the graph

Source

Equipment manufactured by Digisonix Inc, USA
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Reducing stone cutting noise

The problem

Lasercuts
NVY VI,

&S

mewg

AN

Copper rivets

laser-cut blade

When using conventional steel saws in stonemasonry, A-weighted
noise levels of over 102 dB can be generated from the impact of
each blade segment on the stone and by the mechanical vibrations

exciting the blade as it rotates at high speed.

The solution
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| Segment brazed

onto periphery |

of blank

High-tensile
steel

Copper layer

Standard blade (left), laminated blade (right)

A number of alternative blades are available. One range includes a
laminated blade which absorbs much of the energy by damping the
mechanical resonance. The internal construction consists of a layer
of copper, sandwiched between two skins of high-tensile steel. The
laminated blades are not generally as strong as traditional solid

steel blades and are intended for step cutting only.

Another product uses a steel blade which has a series of S-shaped
cuts made by laser. These cuts are sealed by cold-rolling the blade.
Copper rivets may be added at the base of each gullet. This
treatment restricts the propagation of sound waves through the
surface of the blade. A laser-cut blade should last as long as a
standard blade and is sufficiently robust to be used for full-depth
cutting. Generally a 600 mm diameter laminated blade can only be
retipped once, whereas a laser-cut blade can be retipped almost as

many times as a conventional one.

HEAER) (f2) . 7 I3 — MH )
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Maintenance of both types of blade does not require any special
skills beyond those needed for traditional blades.

The cost

600 mm diameter: standard blade £55, laminate £115, laser-cut
£130. (1995)

The result

Stone cutting

WHFDEATDHNDRA LT AR, ERD MBI XXV 28 2 5 RER 72
AF NN LERE A,

2H

A 600mm:%EHER] 55 K K, 7 Ix— |k (FTAF v/ EH) 115 Rk, L
—HF—F v k130 R (1995)
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153




Measurements taken with these 'quiet blades' during the cutting of
similar stone samples show a reduction of between 10 to 12 dB on

conventional blade cutting.

Cutting dense sandstone on an ASM profile cutter - straight cut @
1200 rpm (37 m/s)

X, BERONEIMT 10712dB DD Z < L TWET,

ASM 7'm 77 ANy Z—TCERWaEZYWET5 - AL — MUy b@ 1200
rpm (37 m/s)

Blade type dB
Standard blade 102.3
Laminated blade 90.6
Laser-cut blade 92.0

Source

Photographs courtesy of Smiths Limestone Limited. Blad

ARAT dB

EER 102.3

SI4R—rH 90.6

L—H—hybH 92.0
B ERIR

HEIFIAIR - FALA =V - VITy FoRfticXzboTd, 770 F
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Reducing noise from extrusion
line cut-off saws

The problem

Although the process of extruding plastic sections does not
normally generate significant noise levels, terminal cut-off saws
operating for a few seconds every five minutes can emit very high

noise levels.

One company had up to 20 such saws operating in an open
production area with employees on the lines being regularly
exposed to A-weighted levels of 100 dB when all the lines were

working.

WHIA v Dhy T —0DDRE
% fEDRk
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The saws themselves were adequately protected by safety guards.
However, as these were all in open steel mesh, they offered no

attenuation of sound radiation from the saw blades.

The solution

The sound radiation was effectively impeded by replacing the mesh
guards with solid panels, lined on the saw side with acoustically
absorptive material. These were fitted both above and below the
saw bench. An acoustic strip curtain was hung along the product

out-feed, so achieving further attenuation.

The method has since been extended to cut-off saws on new lines,
incorporating an acoustically-lined hood to swing into place over a

solid base.
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The cost

About £650 per hood. (1995)

The result

A noise reduction of 15 dB without having either to alter the
machine itself or prevent access to the saw.

Source

Photographs courtesy of Caradon Duraplus Limited.

2H

7 — RN 7= 0 §1£650, (1995)

R

MM ARKRAELEE LD, 2D ~DOYAZHTFT-0F5 2L 72<, 15dB DB
1EIBL

Caradon Duraplus Limited @5 E#ft

Fitting silencers to steam trap
discharges

HEHR (A vy —, UTHELC, ) %
AR T v THHERCERY i 5,
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The problem

Diffusers

High-pressure steam is essential during the manufacture of
Styrene from its constituent hydrocarbons. Unwanted
condensation has to be discharged to the outside air through

specially-designed steam traps.

This high-temperature, high-pressure steam discharge at high
velocities presents a number of hazards to employees working near

the traps. A-weighted noise levels alone can reach 100 dB.
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R (T4 72— —, BUFRHLT, )
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The solution A

Typical steam discharge with silencer

A major petrochemical company reduced noise levels significantly | H&#s (A Lo —) (& OMBRG 22 K

by fitting diffuser-type silencers to each trap discharge. These RFAMEFESHIT, £ 87 v THIICIEBI OB ESR Z IRV HT 5 2 I &
silencers operated on the principle that by slowing the jet D, BELLEZRIBICEKBLE L, SUODOHEESRIL. Y=y MERE
discharge velocity, the noise output would be reduced. This ZRELSTLHZLETRHRELNZEET 2L WO FHETEFELE Lz, Z DER
reduction was achieved by passing the discharge flow into a short X, I AT U LAY A Y — U — /L Th DM 2 LT, IERELRD
pipe of enlarged diameter through a flow-resistive material, NSA I A i S5 Z Ll Ko TEl S hvE LT,

typically stainless steel wire wool. The back pressure spread the WX, BEETBEERELRZEEIEL 2, XM TDOX Y RERE
flow to the larger diameter of the pipe without generating the BN ZINTE T, b, B ZIEET 2 2 L T, R EZED S5

associated noise-producing turbulence. An added advantage was TENTELEWOFENRSHY E LT,
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that by diffusing the discharge it resulted in reduced ground
erosion.

The cost

£20. (1995)

The result

» ™ o . x - "
Uhtene boad v bmpuny Hio

Noise levels
The noise level decreased by 14 dB over a typical discharge cycle,

with greater reductions in the mid-to high-frequency bands.

Source

2H

20 AR K (1995)

R

fEE L~UL
BRI LU, R 7 0T 14dB IR T L. & Bk SHE oK T2
K720 FEL,

=

BHEAEULBP Chemicals Limited.Spirax-Sarco Limited (Z & - THLE &K OGS
ST AR
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Photographs courtesy of BP Chemicals Limited. Diffusers
manufactured and supplied by Spirax-Sarco Limited.

22026 E8 H6 H 11 K21 vz 2T

Silencing pressure vessel JESI 2D b DR D EEAL

discharges

The problem i)
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A firm producing fibre mouldings for the automotive industry
made use of a number of fibre pulp header tanks, pressurised to
ensure a constant flow to the pulp presses. As the level of pulp in a
tank was replenished, air pressure rose until a pre-set limit was
reached, at which point the pressurised air was released to the
atmosphere through a 50 mm port. This discharge contained
moisture and, occasionally, some pulp from the header tank.

The tanks were located in working areas of the factory, exposing
employees every 10 minutes to A-weighted noise levels of about
101 dB for about 3 to 4 seconds.

The solution

The solution was to install an absorptive jet discharge silencer,
approximately 2 m long, onto the pressure vessel discharge. This

had the following features:

straight-through format so that neither back pressure nor
the build up of solid particle carry-over could occur;
adequate length to absorb the energy;

a wrapping of thin plastic film to protect the absorbent

material from moisture and pulp carry-over;
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e removable end connections via a British Standard
Pipethread to enable periodic internal cleaning.

The cost

£400 per unit. (1995)

The result

Details of the measured noise reductions are shown in the table:

Sound pressure level at 1 m from the pressure vessel

2H

2=+ FY7=0 400 ;"> F(1995)

R

HIE SN BRI OFEMIL, RIRSILTWET,

FENREED S Im DFE L~

[BFHEKZETE - KDFRFNZH S [HGH T — HARZ WG 14, kot ED TT, ]

Noise reduction (dB) for A-weighted and octave band centre frequency
noise

AR OF 7 Z2—T R ROHRLBEBEEIZ OV TOREER

A- A Kyt

weighted

Band F 7 B =T N FORDLEEK, 250 ~VvY, LIT RS FEKZCS
WTIRBEARFERRZERB LE L,

centre

250Hz
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UNEAE]
Before o
treatment

BUNTER
After -
treatment

- P =AE

Attenuation
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Noise reduction (dB) for A-weighted and octave band centre frequency
noise

A- Band Band Band Band Band Band
weighted centre centre centre centre centre centre
250Hz 500Hz 1000Hz 2000Hz 4000Hz 8000HZz

Before 101 88 92 94 96 94 93
treatment

After 91.2 87 88 84 81 85 84
treatment

Attenuation 9.8 1 4 10 15 9 9

Source il
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Photographs courtesy of Marley Automotive Components Limited.
Equipment designed by lan Sharland Limited.

BEZFv—UV— +F—FrE—F 4T s alR -V U IFy FO#EMIZ X
BHDTY, BEIIIA Ty - ¥ —F U F-UITFTy RBRRHLELE

Modifying acoustically-treated
control booths

The problem

The manufacture of steel rod involves a continuous production line
to heat square steel billets in a furnace before passing them
through a series of about 25 forming stands. They are then coiled
and secured as finished wire ready for despatch. In one company,
the production line was 200 m long and A-weighted noise levels

PIELE S NTHIEHT —ADERE

A1

R ORLEIZIX, 25 OFRIEA Y > ROV ) — X &l T HE0Z, FNOES
e Ly hEMBT D00 @EHAEET A U BREENET, TNHIE, K
2, REDOHEFRTETVERRLETA Y —E LTEETbN, BEESH
£, HOSHETIL, BETA L OFEI1T 200m T, A KRS L~V
90dBTL7z, 77 hORE I LMWHEIL, ELBEELFEARAREICLE L,
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averaged about 90 dB. The size and nature of the plant rendered

acoustic treatment impracticable.

The solution

The company located a series of booths along the line, with each
containing the controls necessary for normal operation of that
particular section. The booths were either set back from the line or
located centrally above it, so that various stages of production
could be watched. Where more detailed inspection was required,

closed-circuit television was operated from within the booth.

The booths were made from standard acoustic panels with double-
glazed plastic windows which reduced the ambient A-weighted
noise levels to about 70 dB. The first design was further improved
by replacing the original doors with 100 mm thick steel acoustic
doors, ensuring good positioning and effective compression of the

seals when closed. The air-conditioning units - which emitted A-

FRIRIR

FfIEZ A > T—HO 7 —AZRE L, TNENRNEDOREDE Y > =
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va=y hEWVA L, KVEENRI=y FEZOLFTICHKE LE L,
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weighted noise levels of 80 dB when running on a fast setting -

were also removed, with quieter ones being installed in their place.

The cost

About £800 per door and £300 for the air-conditioning unit. (1995)

The result

A noise reduction of 8 dB from the new doors. Up to 20 dB from the

new air-conditioning unit.

Source

Information and photographs courtesy of Allied Steel Wire.
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Removing woodworking machine
noise by adjustment

The problem

View of timber planer-thicknessing machines after adjustment
This case study describes a way of setting up the machine which
can be dangerous is some situations. The method is not to be used
when the machine is used for planing when the timber is fed across
the top of the cutter.

Timber planer-thicknessing machines usually produce high noise
levels, characterised by strong tonal content. The tone was being
produced by air turbulence between the cutting head and the table.
In one such machine in a joinery shop, it was found that when the
machine table was slightly opened away from the cutting head, the

BRI L AARTHEDEREIRE

i)

IR DA R AT RO R IR

ZOFRFIFIE T, fERRGE D & DM O ETIEICOWTHIALES, =
DIFEE. KM T v 2 —0O B E Y] - TS Sz & S IS BN
AEhTnd LxiciflshEti,

AMBOBL FHITET , ROEFREGARLZFEE T om0 EE L V24
LET, BlMlE, Wy T 4T~y RET =TV EDOMDZERDENIZ L -
TATUTWE Lz, HESBEERED 1 SO TIx, T —7 A3 8ll~>
MO LN TRV TWD &, BEE LU RFENREIICEZ D Z ER DN
£l £, BHLAOHMIC L DBEE N EEN T L~V KRESHFET

169




noise level appeared to be quieter. It was also discovered that noise | 2 Z &R FERA I E LT,
from the extraction of dust was capable of making a significant

contribution to overall noise levels.

Tests were carried out to determine whether the machine could be | &E&&F L ~/L THEGRICEIMET 5 K 9 ITHB AR E TE D20 E 2 02+ 5
set to run continuously at a lower noise level. The findings of these | 72D 7T A F2MTohE L7z, T HDORBROMRITILUTORITIRINLTWE
tests are shown in the table below. 7,

[EEBHIRATE : KOEID (LB Or—HATRR) 12, KOEHY T, ]

Table position BEDALE
Closed P8

25 mm open 25mm f5]
Fully open 421
Air supply Ze TG
Full e
Restricted il FRAR B
Machine operation PR
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Cutting

Idling

BEE L~UL (T 0L)

Noise level (dB)
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Table position

Closed

25 mm open

Fully open

Air supply

Full

Restricted

Full

Machine operation

Cutting

Idling

Cutting

Idling

Idling

Noise level (dB)

97

101

90

88

90

The solution

PRI IR
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View of timber planer-thicknessing machines after adjustment TR DAKSFHI D R DFRIR

The table was set at a 25 mm clearance from the cutter, and T =TIy Z =5 25 mm OFRMICERE S, EROTILUTIEZ Y ZFRE
airflow was restricted to a volume just sufficient to clear the dust. | T2+ RABEICHIRSNE LI, Dy X —LT—TNELEDHDF v v
The productivity and quality of operation were not compromised by | Z¥EXLT 2 &2k o T, AN L BEREN RO EEATLE,

increasing the gap between the cutter and the table.

This way of setting up the machine can be unsafe in some Z OB AR ET D HEE, RRICE > TUELETIERWATRERH D £ -
situations - it is not to be used when the machine is used for ARKMEDI T > & —D LR > THHG STV D & EITHIEA TR kI &
planing when the timber is fed across the top of the cutter. TN E XIS NEE A,

The cost - di

None. (1995) 72 L. (1995)

The result
R
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A noise reduction of between 7 dB with the machine cutting and 13
dB with the machine idling.

Source

Information supplied by Sound Research Laboratories Limited,
Wilmslow

FEAR OIS D BEF I T 7dB, Z2isiEfish O R HEIE 13dB T,

Rz

Sound Research Laboratories Limited, Wilmslow 23#&HE3"2 15

Reducing noise in a high-speed
transfer press

The problem

=
i
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Lifter arm

Lifter rod

Original two-cam actuator

The manufacture of components in a multi-stage transfer press
begins with the formation of the first stage shape under the first
press tool. The tool is then lifted clear of the workpiece. The
component is transferred horizontally to the next stage tool where
the process is repeated. At each stage the tool ram is pressed down
by a cam on the main drive shaft and then lifted by a second cam

immediately adjacent on the same shaft.

In one machine design, the clearance between cam profiles and the
up and down ram lifting arms was as much as 100 mm, resulting
in a number of metal-on-metal impacts during each rotation of the
cam shaft. This produced high noise levels and limited machine

efficiency.
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ANEEWMY A LET, NEW BINTY) X, 72 ARB0IRINDKD A
T=UY = VICKEICEES R E T, FERET, Y — L RAL (BB, UL TR
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The solution

Roller gollower

oomblne}
pressure and 74 EN
lifting can &Y

02mm %
maximum
clearance

Tool ram

Modified single-cam actuator

The machine manufacturers replaced the two separate cams with a
single cam. This ran against the roller followers fixed on both the
lifting arm and pressure actuator plates. The combination of the
new cam profile and the double roller followers enabled operating
clearance to be reduced to below 1 mm as well as reduced impact

between the cam and rollers. Noise levels were also reduced.

A further modification was to replace the straight spur gears on

the main drive train with helical tooth gears.

The cost

FRIR IR
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Costs are not available. (1995)

The result

A noise reduction of about 10 dB. The press now has higher output.

Source

Information supplied by Platarg Engineering Limited

BRIFFATE ¥ A, (1995)
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Platarg Engineering Limited 232859 5 15 #

Rubber damping landing chutes

The problem
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Damped landing chute
Metal-on-metal impacts are a common and often
disproportionately significant source of noise in many metal

fabricating shops.

One major motor manufacturer recently installed a cropping
machine to automate the finishing of castings, previously carried

out by operators using hand-held pneumatic tools.

While the new equipment reduced noise exposure during the
process itself, noise was still being generated by the unloading
mechanism. A mechanical arm lifted the casting out of the
machine, rotated it clear and then dropped it from a height of
about 1 m onto a metal chute. The impact of the components onto
the chute created peak A-weighted levels of 100 dB.

The solution

A 5 mm layer of wear-resistant rubber matting was applied to the

inside surfaces of the chute.

The cost

b AERD &
EAEYIRN 1004 IE
BEEIR T,

%< OEJBRREFT TR T, LIXFLIERHFIIRE 2
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About £75 per square metre for material, plus installation. (1995)

The result

A noise reduction of about 15 dB. The treatment also protected the
casting and chute from impact damage.

Source

Information and photograph supplied by Ford Motor Company
Limited.

Ml 7T AL A R—= WO TR, A — VY7205 75 R R (1995)
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Damping compounds on heavy
plates

The problem

BEWEHR EOREMEBEI® S,
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A common source of high-level, short-duration noise in the
warehousing and distribution industries is caused by hard-wheeled
pallet trucks passing over decks of dock levelling plates and scissor

lifts during the loading and unloading of road vehicles.

These decks are usually manufactured in a heavy gauge undamped
material such as steel or aluminium, with chequered or similar top
surfaces for slip resistance. Peak A-weighted noise levels of up to
108 dB have been measured, arising from the impact between

pallet truck wheels and deck surface ridges.

Noise can be reduced by applying damping materials. However the

effectiveness of such treatments is limited because:

o the weight and thickness of typical deck plating requires a
heavy application of conventional materials;
e low resistance to damage would mean that the damping

material has to be applied to the underside of the deck
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where it is ineffective in reducing the amount of vibrational
energy generated in the plate;

e« most damping materials have poor weathering properties,
limiting their application to decks.

The solution

Recent advances have included the development of blended resin
compounds which effectively overcome all of these drawbacks. In
particular, one such compound can be applied to the top surface of
the deck to improve its anti-slip qualities. It also provides a

measure of impact 1solation between the truck wheel and the deck.
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The method could equally be applied to other instances of noise ZOFIEE, EOBEEOFBRAMIC X o TER S NS OFIC b [FIER

generated by impact loads on heavy plate structures. WM TE £,

The cost - di

The approximate cost for the materials to cover 8 square metres of |8 ¥ 5 A — DT v X &N N—F 2T DOMEOIBIBLZEDa A I 500 R
deck is £500. (1995) RFTd, (1995)

The result o

On controlled tests of the compound it was found that peak A- R OHIHABR TlX, SR ARFEOERE L~ Z 9T IR TE 5 Z L 23D
weighted noise levels could be reduced to 97 dB. mHFELI,
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