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This book is dedicated to Ted in the
hope that miners in future will not
suffer the same consequences as a
result of their working lives.
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Pre_face

In 1991 a National Occupational Health and Safety Commission (Worksafe
Australia) Industry Development Grant was awarded to the Victorian Institute
of Occupational Safety and Health, Ballarat University College, to undertake
a project titled: A Databank of Noise Control Solutions for the Australian
Mining and Mineral Processing Industry. - :

The aims of this project were to: - Lo T

i Coliect and document fifty simple, cost-effective noise control
solutions that have been applied to Australian mining and miner;\l
‘processing operations; - ' ;. -

ii.  Develop and maintain a databank of mining and mineral process-
ing noise control solutions; and,

iii. Investigate and evaluate the opportunities for members of the
mining and mineral processing industry to access the databank
- once established via electronic media.. o o

: Thxs publication follows the compietion of the pro_]ect and documents not only
the target 50 solutions collected, but also includes an additional twenty-five
noise control solutions. It was the expressed intention of Worksafe Australia
and the Victorian Institute of Occupational Safety and Health that the outcomes
of the project be developed into an informative.text to assist the mining and
mineral processing industry to reduce the level of noise exposure experienced
by their workers. As a result, this text has been produced to provide practical
ideas for people in the mining and minerals processing industry who are charged
with the responsibility of managing noise exposure.

The book is presented in four parts: Noise Exposure in Mining and Mineral
Processing; Noise Control Principles; Noise Managemcnt Strategy; and Noise
Control Solution Examples. : : :

The ﬁrst section titled Noise Exposure in Mining and Mineral Processing
presents an overview of the noise exposure experienced by these sectors of
industry in Australia. The prevalence of noise induced hearing loss (NIHL) is
discussed and the financial implications of the disease relating to the Australian
mining industry are examined. The section critically reviews past legislative
attempts to manage noise exposure of mining and mineral processing employ-
ees. Noise level monitoring, audiometric testing and hearing protéction
programs are identified as prescriptive requirements of legislation goveming
mining and mineral processing operations.




Important

Information:

Preliminary
reading
(if required)

The second section, Noise Control Principles, guides the reader through some
basic concepts centred on the source of the noise, the nature of the noise
transmission pathway and the manner in which the recipient is exposed. The
measures for controlling noise associated with mining and mineral processing
equipment are described and the terms "safe place” and "“safe person” are
explained in relation to methods for reducing noise exposure. Examples are
given to demonstrate the application of the noise control principles in mining
and mineral processing equipment applications.

The third section, Noise Management Strategy, outlines an approach that can
be used by mining and mineral processing companies to develop and implement
a program to reduce noise exposure levels.

The final section, Noise Control Solution Examples, is a collection of
seventy-five noise control solutions taken from the databank maintained by the
Victorian Institute of Occupational Safety and Health.

It should be noted that the solutions are catalytic in nature. That is to say that
the solutions are intended to provide the reader with ideas that demonstrate how
various miningand mineral processing operators have managed to control noise
exposure problems, While the solutions documented have been shown to
reduce noise in the cxrcumstances and situations described, variations- in
operating procedures, equipment and work environment conditions may pro-
duce different results to those documented in the solutions. Therefore, the
application of any noise control strategy should only be undertaken once the
noise problem has been adequately quantified in terms of intensity and
frequency by a competent person using approved procedures and equipment.
Persons charged with the responsibility of selecting, implementing and moni-
toring noise control measures are recommended to either gain a suitable
qualification or obtain professional assistance to ensure that the most cost-
effective noise control measures are used.

As this book focuses specifically on noise control management, the authors
assume that the intended readership understands the fundamentals and termi-
nology of acoustics. For persons who feel they may require some preparatory
reading, it is recommended that they consult texts such as: "Noise Management
at Work: Control Guide" (Worksafe Australia, 1990); “Noise Control: Princi-
ples and Practice” (Bruel and Kjaer, 1986); "Noise Control: A Worker's
Manual" (UAW Social Security Department, 1978) or, "AS1269-1989 Acous-
tics-Heéring Conservation (Standards Australia, 1989). Noise control practi-
tioners may also benefit from consulting "Engineering Noise Control" (Bies
and Hansen, 1988) for a more extensive explanation of acoustic fundamentals
and noise control principles.




References are given in this guidebook to several textbooks, reports and
scientific papers to assist the reader to source more literature on the subject if
required. Research for the preparation of this book has been extensive, but by .
no means can it be claimed to be exhaustive. Omission of any reference
therefore is not intended to reflect on its quality, scholarship or usefulness.

The authors have taken steps to eliminate all errors from the text of this
guidebook, however notification of any remaining typographical errors will be
greatly appreciated.
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8ise Exposure in Mining and Mineral Processin

1.1 Introduction

Noise is a significant occupational health and safety issue impacting on a large
proportion of the Australian work force. Exposure to high levels of noise has
been found to reduce the ability of workers to concentrate and results in reduced
productivity (Worksafe Australia, 1990a). High noise levels can also interfere
with communication and may inhibit the perception of warning signals thus
increasing the risk of injury. More significanly, prolonged, constant exposure
tohighnoise levels increases the likelihood of an employee suffering permanent
impairment, commonly referred to as noise induced hearing loss (NTHL)
(Health and Safety Executive, 1981). Noise induced hearing loss is a debilitat-

ing disease. Besides influencing work performance, it frequently has a

detrimental effect on the individual's ability to interact socially.

1.2 Noise Induced Hearing Loss

The risk of noise induced hearing loss is exposure dependent. Research into the
risk of hearing loss undertaken by the Health and Safety Executive (U.K.)
(1981) indicates that exposure to high noise levels for the duration of an
employee's work life will increase the likelihood of noise induced hearing loss.
The research also shows significantly higher levels of risk of hearing loss as
noise exposure levels increase. -

The summary of findings of the Health and Safety Executive (1981), shown in
Table 1., suggests that approximately 11% of employees may suffer a binaural
hearing loss of 50 dB(A) following exposure to continuous noise equivalent to
90 dB(A) during their work life. The same research also indicates that of the
11% of employees at risk of suffering a hearing loss, almost half will suffer the
loss within a period of only ten years.

Number of employees per 100 likely to suffer hearing loss

Level of Exbosure .
dBA)L ., Lifetime Exposure Ten YearsExposure
100 32 17
90 11 5
80 3 1
Table 1. Risk of suffering noise induced hearing loss referenced to iifetime and

ten year noise exposures (After Health and Safety Executive, 1981).

In Australia, 10, 000 claims for noise induced hearing loss are made annually.
This costs the nation $35 million dollars in compensation payments alone
(Worksafe, 1990a).

More than 10%
of workers )
exposed to 90
oB for their
working life will
suffer
considerable
hearing loss.

Many miners
use equipment
capable of prod-
uging noise
levels greater
than 90 dB.

NIHL costs the
nation approx-
imately $35
million per year.
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The actual cost
of NIHL is
probably twice
the compens-
ation cost.

80 dB LAeq(8hr)
is an
abbreviation for
an average
continuous
noise exposure
equivalent to
90dB for an
eight hour
penod.

Noise exposure
standards are
now being
reduced...20
years after
being
recommended.

NIHL is indiv-
idual, situation
specific and not
visible.

Noise has often
been accepted
as a by-product
of the mining
procsss.
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Bennett (1981) estimates the actual cost to the nation to be at least twice the
compensation cost owing to the additional cost of factors such as lost produc-
tivity, staff replacement costs and workers' compensation claim administration.

In the past, recognition of the extent of the problem in monetary terms has not
always resulted in initiatives which reduced the financial and social impact of
noise induced hearing loss. '

Almost twenty years ago, the National Health and Medical Research Council
(NH&MRC) recommended that employers should ensure that the noise expo-
surelevel for Australianemployees should notexceed 90 dB LAcq(8hs) (NH&MRC,
1974). In the same document, the NH&MRC optimistically recommended that
the maximum noise exposure level for any employee during an eight hour day
should be reduced to 85 dB Laeqang DY 1979. In recent years, the lower noise
exposure standard has finally been legislated in many States, however national
conformity for noise and hearing conservation legislation in Australia in

relation to this issue is still being pursued.

1.3 Noise and the Mining and Mineral
Processing Industry

More than four hundred years ago, Paracelsus (circa. 1550) reported on a
negligent acceptance by mining operators of the risks associated with the
recovery of minerals. Walton (1971) quotes this sixteenth century scholar as
having expressed the sentiment:

i we wish to have these [minerals], we must risk both life and limb.

Although time has modified community attitude towards the acceptance of the
risk of injury or ill health in industry, Martin (1990) notes that the same cannot
be said for the preservation of the hearing of employees. Unlike traumatic
injury, the nature of the effects of hearing impairment are individual, situation
specific and not visible. For these reasons, Martin (1990) suggests that it is still
common for employers and workers to place little value on the conservation of
hearing. ‘This has been particularly evident in the mining and mineral
processing industry.

The data compiled in Table 2 have been obtained from the various State
Workers' Compensation Authorities. At the time of publication of this paper,

no noise induced hearing loss claims data were available for the mining sectors

of Western Australia and Northem Territory. Limited data were available for
Tasmania, however due to current adjustments to the noise induced compensa-
tion criteria in that State, these data are not presented.




State No. of New Claims Total Compensation Paid
South Australia 4?2 $ 444 680
Queensland 235 $ 596358

New South Wales* 463 $1 250 000
Victoria : 31 $ 221133

Total -1 $2512171

* Coal Mining Sector Only

Table 2, Compensation costs of noise induced hearing loss for the Australian

Mining and Mineral Processing Industry (1988/89).

The data in Table 2. relate to the prevalence and cost of noise induced hearing
loss in the workforce of the Australian mining and mineral processing sector
during the fiscal year, 1988/89. An ever increasing consumer demand for
products made from minerals has resulted in a rapid expansion in the industry
in recent years. This in tum has resulted in more workers being employed in
mining and mineral processing activities and consequently more workers are
being exposed to potentially damaging noise levels while operating equipment.

Concurrently, larger, fastcr and more productive equipment is being introduced -

to recover and process mineral ore. Sanders and Peay (1988), in their research

-into the development 6f human factors in mining, forecast that noise levels will
increase as mining and mineral processing equipment becomes more powerful
and capable of handling greater volumes. Hillier (1975), Bartholomae and
Parker (1983), Sanders and Peay (1988) and Gecchele, et. al. (1987), have
reported that employees operating mining equipment or working in mineral
processing plants can experience noise exposure levels in excess of 90 dB LAcq(8he'
Unfortunately, such high noise levels have often been accepted as a by-product
of advanced mining processes. Presently it is common for miners to operate
equipment for prolonged periods at noise levels that expose them to significant
risk of hearing impairment and it is likely that the noise levels will increase in
the future,

To address the issue of occupational exposure to noise, various attempts have
been made to limit noise exposure by legislative means.

1.4 Mining Regulations and Noi's_e
Management

In addition to problems with establishing a uniform noise exposure standard,
most State legislation covering the mining and mineral processing industry has
been drafted in a prescriptive style. In such legislation, it is often the sole
responsibility of the registered mine manager to ensure that (i) noise levels are
monitored, (i) audiometric tests are conducted and (1ii) hearing protection is
provided to employees working in noisy areas of the mine or processing plant.
Prescriptive legislation centred on these three issues has several shortcomings.

NSW has the

largest NIHL

dlaims exper-

Mining and
mineral
processing
operations are
using larger,
faster and
noisier
equipment.

Prescriptive
legisiation has
several short-
comings.




Monitoring afone
does not control
the noise.

Audiometry is
not the answer.

The effective-
ness of hearing
protection is
questioned.
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1.4.1 Noise Monitoring

Noiselevelmeasurement inthe mine orprocessing plant is important, but
probably only quantifies the noise problems already identified by em-
ployees and management. To obtain benefit from a noise monitoring
program the information should be collected and analysed forthe purpose
of either determining effective methods of minimising noise exposure
levels or checking to ensure that implemented noise control initiatives
remain effective.

1.4.2 Audiometry

Audiometric testing is used to verify the amount of hearing loss suffered
by mine workers. Audiometric testing therefore, is little more than a
technique for identifying a breakdown of management Systems for
controlling noise exposure levels at the mining or mineral processing
operation.

1.4.3 Hearing Protection

Hearing protection is a short term or "quick fix" method for controlling

‘the exposure of employees to noise. Mining companies individually
‘spenid many tens of thousands of doliars annually providing hearing

protection devices to workers. A study titted "The Real World' Attenu-
ation of Hearing Protectors” (Hempstock and Hill, 1990) provides
sufficient evidence to raise questions about the cost-effectiveness of this
form of noise exposure control.

Hempstock and Hill (1990) compared the assumed attenuation of ear-
muffs, earplugs and helmet mounted muffs with the actual attenuation
being provided by the devices as they are fitted and used in real life. The

study showed that the level of attenuation achieved by hearing protectors

when wom by employees at their worksite was si gnificantly lower than
the assumed attenuation achieved during controlled laboratory based
tests.

Hempstock and Hill (1990) concluded that earmuffs and helmetmounted
earmuffs in the 'real world' gave an overall attenuation of approximately
5 dB(A) less than the assumed attenuation data collected during labora-
tory tests. Earplugs gave between 7-15 dB(A) less attenuation in practice
than in laboratory tests.

Hempstock and Hill (1990) also assessed the effectiveness of carplugs
shortly after wearers had been trained and then again after a period of six
months. The study participants were initially provided with considerable
information and training on how to fit and use the earplugs. Figure 1.

- shows that the provision of training and information to users initially

plays an important role in ensuring that earplugs meet their performance

 expectations. In fact it appears that the participants effected better

attenuation by the earplugs during initial field trials than achieved during
the laboratory tests. :




ATTENUATION dB

The study showed, however, that much of the instruction about correct
fit and use of the earplugs was either forgottenorignoredovera sixmonth
period. Hempstock and Hill concluded thatthe informationretained after
hearing protection training programs will decrease overa relatively short
period of time. This finding is consistent with Mitchell's (1992)
evaluation of occupational health and safety training programs for
imparting information.

P S—
ASSUMED
25 h

) Y =
.w /‘%/

-/

=

6 MONTH

wn

o

—S T T T T T T T
: 125 250 500 1000 2000 4000 BOOO

FREQUENCY Hz‘

The infiuence of ime on the effectiveness of earplug attenuation
from measursments at initial issue and six months later (Prepared
from data presented In Hempstock and Hill, 1990).

Figure 1.

In addition to the provision of information and frequent training forusers,
Else (1985) suggested that successful hearing protection programs
require proper selection procedures, maintenance and replacement of
hearing protectors, hygiene systems, extensive supervision and ongoing
monitoring procedures. Else (1985) also wams that even if these issues
have been addressed, the anticipated protection provided by hearing
protectors will not be achieved if the device is not worn at all times when
the employee is exposed to high noise levels. Therefore at high noise
levels it is important that hearing protection must be worn at all exposure
times.

Hearing protectors therefore, may be useful as a short term noise
exposure control strategy, but only while a.more appropriate noise
control measure is being developed and implemented.

Much inform-
ation presented -
during training
programs is lost
months.

Hearing
protectors do
not provide the
assumed atten-
uation in “real
world” work
environments.

The overall
protection
provided by
hearing protect-
ors will be
ineffective if not
worn at all times
when exposed
to high levels of
noise.
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Noise Cantrol Principles

2.1 Noise Generation, Transmission
and Reception

An understanding of the basis of any noise problem is essential before steps can
be taken to develop and implement an effective solution. Therefore persons
with the responsibility for managing noise in the mining or mineral processing
environment should answer the following questions before investigating op-
tions for solving a problem:

i. Where does the noise come from?

Three basic
questions need ;
1o be asked. ii. How is the noise conveyed to the receiver?
ili.  Who are the receivers and why are they being exposed?
Therefore the problem should be analysed in terms of:
i The SOURCE of the noise;
ii.  The PATHWAY via which the noise is transmitted; and,
iii. The RECEIVER/S exposed.
2.1.1 Source
In assessing a noise problem associated with mining equipment, it is
Control at

source is most important to consider carefully the source of the noise, i.e. where the
effective. noise originates. Frequently, asingle piece of mining or mineral process-

) - ing equipment can incorporate several individual sources of noise. A
sizing screen, for example, generates noise when the mineral ore is
vibrated over the screen deck surface. This is usually the predominant
source. However sizing screens also produce gear noise, motor noise,
material handling noise, and perhaps air-exhaust noise.

2.1.2 Pathways

Noise from individual sources may reach the receiver via two different

’”‘mg”"’"{?’ iz’: pathways. Using the previous example, the impact noise from the mineral
-’,::av,-,y’;,, ore passing over the sizing screen will reach the operator directly as noise
empioyees to transmitted through the air. Atthe same time, some vibration energy will
be eflective. travel through the sizing screen frame as structure bome mechanical

vibration and will eventually reach the floor, walls, control panel surfaces ;
and other structures from which it may radiate as noise. The noise then o
reaches the receiver via the airbome pathway.

[ R




2.1.3 Receiver

Noise is received in two forms, either airborne travelling directlyto the -

ear or as vibration passing through the body. Airbome noise may travel

directly to the receiver from a noise source or radiate from a source then -

* be reflected by objects or surfaces before reaching the receiver. Structure
borne vibration may be transmitted to an object or surface remote to the
source from which it may be released as noise. It is also possible for
structure borne vibration to pass directly to the receiver from a vibrating
surface as either hand-arm or whole body vibration. The cumulative
damage effect of noise exposure to the human ear is both intensity and
time related. Repeated exposure to high noise levels for prolonged
periods of time will produce immeversible hearing loss.

2.2 The Hazard Control Measure
Hierarchy

" The hierarchy of hazard control measures has been developed to guide health .. |.

and safety practitioners towards selecting "safe place" methods in preference to
-+ "safe person” approaches to hazard management. The term "safe place” refers

" to a hazard control measure that requires little or no ongoing input by workers

for it to be effective. A “safe person” control measure relies primarily on the
employee for it to be effective. The hazard control measure hierarchy
recommended by Worksafe Australia (1990b) is outlined in Figure 2.

Eliminate/Substitute the Equipment Substance or Process SAFE PLACE
Use Engineering Methods to Reduce the Risk
Implement Administrative Controls to Reduce the Risk

Introduce a Personal Protective Equipment Program " SAFE PERSON

Figure 2. Hierarchy of Hazard Control Measuraes (After Worksafe Australia, 1990b).

The following sections review various noise control methods focusing prima-
rily on elimination, substitution or engineering principles (i.e. "safe place”
controls). Noise exposure control methods centred on administrative systems
and hearing protection programs (i.e. “safe person” controls) are discussed and
some guidance is provided to enhance the integrity of these type of options
should they be used. -

"Safe Place”
control meas-
ures are more
effective than
*Safe Person”
methods.
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Many noise
problems are
purchased with
new equipment.

It is easier and
cheaper to
controf noise
during manur-
acture of
equipment than
to retro-fit.

2.3 Purchasing Quiet Equipment

Noise control can be categorised into four general methods of intervention.
These are:

i Management systems to purchase quieter equipment;
ii. Modifying the source to reduce its noise output;
iii. Altering or controlling the transmission pathway and the environment

to reduce the noise level reaching the listener;

iv. Providing the receiver with personal protective equipment
(but only if the noise source or path cannot be controlled).

Noise control can be achieved by using any of these intervention methods
individually or in some circumstances a combination of methods may be
necessary to achieve the desired reduction in the level of noise exposure.

In many instances, manufacturers of plant and equipment are not members of
the industry to which they are supplying their product. As a result, manufac-
turers tend to design their products to satisfy the expectations of the purchasing

‘engineer with little regard to the needs of the ultimate end user of the product, -

i.e., the equipment operator.

It remains relatively common today for equipment tender documents and
purchase specifications to have a task or purpose focus that gives little or no
consideration to the human or environmental noise exposure problems that the

proposed equipment are likely to introduce. This approach to equipment .

purchase may cause organisations to introduce unnecessary additional noise
problems to the workplace.

It is recognised that equipment manufacturers can reduce the noise level
produced by equipment more cheaply and more effectively during manufacture
than the purchaser can afterwards (Worksafe Australia, 1991). Galaitsis and
Bobick (1983) in their applied research focusing on noise control of an
underground mine personnel carrier reported attenuation treatments to increase
the cost of a new personnel carrier by 4.3%. Anecdotal information from mine
operators and equipment manufacturers support this claim in suggesting that
noise control modifications introduced during the manufacture of equipment
may add less than 3 to 5% to the total delivery cost (see Figure 3.).

Purchasing procedures, commonly referred to as "Buy Quiet” policies, are
intended to outline the management systems for incorporating noise exposure
specifications in tender and purchase information forprospective manufactur-
ers and suppliers of plant and equipment. A "Buy Quiet" policy demonstrates
the commitment of the purchaser to obtain plant and equipment with low
operating noise levels. ‘




 Section 2- Noise Control Principle
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Figure 3. Estimated d&ﬁv&ry price for mining equipment including noise control
during manufacture at an additional cost of 5% of

(extrapolated from anecdotal Information).

In its most simple form, the "Buy Quiet” policy aims to ensure that:

i. Invitations to tender for the supply of new plant and equipment specify the
maximum noise exposure level for operators of the equipment under
normal operating conditions;

) . More " Buy-
. If plant is purchased without tender, then noise emission data for the Quiet” .

equipment to be purchased must be provided by potential suppliers; information in
: Appendix A.

iii. Acceptance of delivery of the equipment 10 site is conditional on
verification of the noise cxposure assessment provided by the equipment

supplier. -

Guidance notes for preparing a "Buy Quiet" Purchasing Policy appear in
Appendix A.

2.4 Noise Control Measure Options

This book so far has-identified four general methods for controlling noise and
discussed the benefits of developing and implementing "Buy-Quiet" purchas-
ing policies to ensure that new mining and mineral processing equipment isnot
likely to expose wWorkers to excessive noise levels (see Section 2.3).
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Slower operating
speeds usually
means quieter
operation.
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. Insituations where operators of existing equipment are exposed to noise, retro-
fit noise control solutions may need to be investigated. The following sections
describe some of the general retro-fit noise control methods available to reduce
noise originating as either mechanical vibration or air turbulence.

For noise generated by mechanical vibration the types of noise control
measures that are effective are:

i Control at source
ii. Isolation

ii. Damping

iv. Insulation

v. Absorption

For noise generated by turbulence in the air the appropriate control measures
to use include:

i. Control at source

ii. Silencers
iii. Insulation
iv. Absorption

2.4.1 Mechanical Vibration

(i) NoiseOriginating as Mechanical Vibration - Control at Source

The best way to achieve effective noise reduction is to control the problem at
its source. The best way of controlling noise at its source is to select quiet
equipment or appliances initially. The purchaser should look for words such as
“slower” and “lower” as they apply to the operation of the equipment. The speed

of moving parts, fluid flow velocities or pressure differentials and power ratings

all affect noise output. By looking for equipment displaying “slower” and
“lower” operation characteristics the purchaser can be assured of relatively
quieter operations. For example, large slow-speed ore crushers generally are
substantially quieter than small high-speed crushers for processing a given

* throughput.

In order to effect control at the source there is a need to modify the factors
generating the noise. This can be achieved by concentrating on various parts.and
processes of the machine, such as:

(2) Impact

(b) Out of balance forces
(c) Frictional forces, and
(d) Cutting forces.

i o o HAVARK e LA o b A

£

e e SABIORLA i o




 Section 2 - Noise Control Principles

(a) Reduce Impact.
Reduction at source would aim to reduce the amount of noisc encrgy
generated in the first place. _

Example:

If the height through which a product falls is halved, it can be expected that the
energy released on impact will be reduced and hemce the noise reduced.

Many items of equipment are designed with parts that strike forcefully
against other parts and as a result produce noisec. The first control option
should be to review the process to establish whether the impact can be
eliminated. Where it is not practical to eliminate the impactby changing
the process, one of the impact surfaces should be made of non-metallic
material to reduce "resonance” or “"ringing” of the contact surface.
Substitution of a large impact force over a short pesiod of time with a
small impact force over along period of time will achieve the same result.

Additional control at source remedies to reduce impacts include:

) Smooth out acceleration of moving parts by applying accclerating forces
gradually;. . '

O Avoid high-p_éak acf:clcration or jerky motion;

o Minimise overshoot, backlash, loose play in cams, followers, gears, lilkagcs,
etc. ) L

Further noise control at source can be achieved by reducmg the opera- -

tional speed of the machine, better adjustment, orby using spring-loaded
restraints or guides. Machines that are well made, with partsmachined to.
close tolerances generally produce a minimum of impact noise.

(b) Out of Balance Forces ;

One of the main sources of machinery noise is structural vibration caused
by the rotation of poorly balanced parts such as fans, fly wheels, pulleys,
" cams, shafts, etc. Measures used to correct this condition involve the
addition of counter weights to the rotating unit or the removal of some
weight from the unit.

Example:

In the domestic environment it is common for noise problems to resuit from
imbalance in the high-speed spin cycleof washing machines. The imbalance results
from clothes not being distributed evenly in the tub. By redistributing the clothes,
balance is achieved and the noise ceases.

This same principle (balance) can be applied to cooling fans on earth
moving equipment and other common SQurces of such noises. On some
cooling systems driven by a single belt, an unbalanced load may be
applied if the fan pulley can move out of direct ali gnment with the motor
pulley; ifthe load is applied symmetrically through a pairof belts driving
pulleys oneither side of the fan and the motor shafts, both shafts will tend
to stay centred and the pulleys aligned, resulting in less noisy operation
and reduced wear.

T:y;tihmnt

impact events
over Sme.
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(© Frictional Forces

Reducing friction between rotating, sliding or moving parts in mechani-
cal systems frequently results in smoother operation and lower machine
noise output. In most cases, applying any one or a combination of the
following corrective measures should provide a noticeable reduction in
noise output:

Lubricate: All rotating, moving, sliding, meshing or contacting parts
should be lubricated for quieter operation.

Align: Proper alignment of all rotating, moving or contacting parts
results in less noise output. Maintain good axial and directional align-
ment in pulley systems, gear trains, shaft couplings, power transmission
systems, bearing and axle alignments, etc.

Polish: Highly polished and smooth surfaces between sliding, meshing
Or contacting parts are required for quiet operation, particularly where
bearings, gears, cams, rails, and guides are used.

Balance: Static and dynamic balancing of rotating parts reduces fric-
tional resistance and vibration, resulting in lower noise output.

Avoid eccentricity or out of roundness: Eccentricity or off-centring of
rotating parts such as pulleys, gears, rotors, shafts and bearings causes

vibration and noise. Likewise, out-of-roundness of wheels, rollers and
gears causes uneven wear, resulting in flat spots which generate vibration
and noise. o

(d) Cutting Forces
The noise from alathe could be reduced by changing the angle of the tool,
sharpening it, or changing the speed of the cut; all three modifications
would constitute control at source. '

(i) Noise Originating as Mechanical Vibration - Isolation

Mechanical vibrations tend to pass easily through rigid structures. Vibration
isolators reduce noise by acting as breaks in the vibration transmission pathway
which prevent structural vibrations reaching efficient noise radiating surfaces.
To achieve vibration isolation, the vibrating unit must be isolated from the
support frame, the machine housing, or any connective structures. Forexample:

mj Between a connecting wall, flooror ceiling and the vibration source;
o Between parts of the machine or process;

] Between other machines or equipment and the vibration source.




‘Section 2 - Noise Contral Principles

The types of vibration isolators that can be applied include:

(a) Resilient matting
(b) Spring mounts
© Flexible mounts
(d)  Wall and ceiling mounts T

(a) Resilient Matting
Materials can be used to reduce the transmission of vibration. They can

consist of materials such as rubber, felt, plastic, or fibrous blankets. ¥

. ' Ensure that the
(b) Spring Mounts ' ;7"’;22” as"st‘l’,’:"”
Various types of springs can be used to prevent vibrational energy from mass of the vib-
being passed on to other surfaces. They can be used to isolate the ration source :
component parts of the machines as well as to support complete ma- ﬂ :}:e,s
chines. Figure 4. demonstrates an underground mining application of |  frequency

profile,

this form of vibration isolation.

Figure 4, Vibration isolation sxample . (Consult Section 4 - Solution Number
N93-32 for more Information).

(c) Flexible Mounts

The most effective vibration isolation can be made totally ineffective if Ensure all
the vibration is transmitted by connections such as pipes, electrical ;’;fzg;s are
conduits, supply ducts, etc. These must be flexible or contain flexible isolated.
sections to avoid vibration transmission along the length of the pipe or

duct. SN . '
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(d) Wall and Ceiling Mounts

It is also important to consider isolating the vibrational energy that can
be transmitted from pipes and components of the machinery through
contact between the vibrating surface and a connecting wall or ceiling.
Structure-bome vibration in a pipe for example, has little opportunity to
develop airborne sound due to the small area of the pipe. Fixing the pipe
to a larger surface such as a wall or panel enables the vibration to excite
the large object, therefore radiating noise from a larger surface.

Example:
The circulation pump of a central heating system causes the pipe-work to vibrate,
but little noise is radiated to the air until a large panel in the form of a radiator is
connected; radiatirig not only heat, but noise as well.

Pipe-work must be properly mounted and isolated from the wall orpanels
so thatthey do not permit the transmission of vibration. This may be done
using one of a number of different types of isolator employing springs,
rubber strips, foam rubber washers, etc. Figure 5. provides an example
of this control method in an underground mining application.

Figure 5. Flexible vibration isolation example for ceiling application.
(Consult Section 4 - Solution Number N93-40 for more
information),




The correct selection of the isolators is very important. Incorrect selec-
tion can result in vibration being amplified rather than reduced.

To select the correct isolator it is necessary to know the frequency of the
vibration source and the mass of the machine or part that has to be
isolated. Vibration isolator suppliers should be able to complete the
necessary calculations and advise on the most effective isolators for a
given job.

(iii) Noise Originating as Mechanical Vibration - Dam;iing

Since a vibrating body or surface radiates noise, the application of any material
which reduces or restrains the vibrational motion of that body will decrease its
noise output. Damping reduces the amplitude of vibration, particularly at
resonance, and this in turn reduces the intensity of the radiated sound.

Damping can be applied to structures using:
o Materials with greater inherent damping than the original . material. For
cxample, rubber has more damping than steel (see Section 4 - Solution N93-34

for an example);

External spray-on or stick-on rﬁatcriélsmﬁavin’g sufficient mass to damp the
surface it is applied to (see Section 4 - Solution N93-49);

o o Internal lamination to producca .;veartcsistam steel surface with high noise
damping qualities (see Section 4 - Solution N93-02).

oy,

Figure 6. Damping example for transfer chute application in mineral
processing operations. (Consult Section 4 - Solution Number
N93-44 for more information).

Use robust
damping
materials in
harsh environ-
ments.
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insulation is not
to be confused
with absorption.
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joise Cantrol Principles

Figure 6. illustrates an innovative application of the damping principle where
fine ore build-up inside aninclined transfer chute isused as the primary damping
medium. Damping is provided through the rubberriser-bars contacting the steel
plate surface and additional stiffening is applied through the boltson the transfer
chute's impact surface. ’ 4 o :

‘(i\f) Noise Originating as Mecliariical Vibration -_Insuiation

Insulation acts to control the noise reaching the receiver by interrupting the
airborne pathway using a barrier or an enclosure.

Using insulation to interrupt the noise pathway can be an effective way of
reducing airbome noise transmission. In producing effective insulation, the
following points need to be considered:

m| That the insulation is sufficicnt to enclose either the noise source or the operator
to prevent airborne noise from reaching the operator;

0 That the degree of noise reduction (transmission loss) is related to the density
of insulation material used. The effectiveness of the insulation treatment is also
dependent on the frequency spectrum of the noise source, i.e., insulation is
generally more effective on noise problems with predominant high frequency
properties; RS

O That potential pathways are climinated by ensuring that (a) adequate vibration
- .. isolation is used to prevent transmission of vibration into the insulation
e treatment; and (b) all air gaps are scaled to prevent airbomne transmission

" outside the insulation treatment.

Thus good insulating partitions involve heavy, impervious, well-damped
materials - without air gaps. The noise reduction (transmission loss) that is
theoretically available from an insulating material will only be realised in
practice if there are no holes or gaps through which sound can leak. Often a
factor which seriously limits the noise reduction achieved by an enclosure or
partition are small gaps or regions of low transmission loss (e.g. poor seals
around windows and doors).

Partial enclosures may involve barriers being placed around the machine or

_enclosing parts of the machine, leaving access for the operator. This method

however provides only limited potential for noise attenuation and often must be
supported by a secondary noise control initiative (e.g., hearing protection).
Figure 7. shows acut-away view of a coal preparation plant control room where
double glazing has been used as an insulation technique to reduce noise
transmission to the control room operator.

(v) Noise Originating as Mechanical Vibration - Absorption

An absorbing material is one that does not reflect sound. After sound energy
passes into the material it is often dissipated as heat due to friction between the
fibres constituting the absorption media. '




7
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Figure 7. insulation of a processing plant control room. Note the variation in
the insulative quality of different glass panel configurations
(Consult Section 4 - Solution Number N93-74 for more
information).

Absorption materials are usually porous (e.g. carpets, ceiling tiles, open cell
foam or plastics, mineral wool or fibreglass wadding, etc.), although it is
possible to obtain absorption materials covered with a thin impervious film
where fluids, such as oil or grease, would otherwise clog the pores.

The use of large areas of polyurethane foam plastics as absorbers is not
recommended in mining applications because of the fire danger and their
potential to produce toxic fumes. Even the fire retardant varieties have been
shown to bum when sufficient heat is applied.

Double Glazing

is an effective
insulation
treatment.

Absorption
treatments in
mining
environments
have only a
very short life -
maintain
regularly.
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‘Absorption is also important as ameasure to reduce the build up of reverberant
sound within insulation (i.e. where insulation has been applied). Figure 8.
demonstrates how this method was applied to the insulation surrounding alarge

COompressor unit.

INNER SURFACE
ABSORPSO mmIlON MATERIAL
%UTER SURFACE
NOT PERFORATED)

(Inside Surface)

Figure 8. Absorption material applied to the inside of a compressor room.
(Consult Section 4 - Solution Number N93-73 tor more »
information).

Absorption applied to room surfaces will only reduce the level of reverberant
(reflected) sound reaching the ears of workers in the faror reverberant fields (see
Figure 9.). Direct sound will not be reduced for workers in the near field,

People working close to machines are predominantly exposed to direct noise
and absorption may do little to help them. However, if people are working long
distances from the noise source absorption may help to cut down their noise
exposure by reducing the volume of reflected sound.




{ Note: No change 1o the operator’s noise exposure level)

Figure 9.

Definition of direct- field and 1@

verberant- field;

reflection; and sbsorption.
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air turbulence
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for long-term
cost-
effactiveness.
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Noise transmitted through ducts, pipe chases, or electrical channels can be
reduced by lining the inside surfaces with sound absorbent materials, Thisisa
more effective method when controlling noises with a predominant high
frequency component. '

2.4.2 Air Turbulence
(®  Noise Origihating as Air Turbulence - Control at Source

Reducing flow resistance in gas, steam and liquid distribution systems results
in less noise production. The key to effective noise control in such systems is
to ‘streamline the flow’. This holds true regardless of whether one is concerned
with air flow in ducts or vacuum cleaners or water flow in plumbing systems.
Streamline flow is simply smooth, non-turbulent, low-friction flow, but it is
essential for quiet operation of any type of flow system. '

The most important factor which determines whether flow will be streamline or
turbulent is fluid flow velocity which for a given volume is determined by the
cross-sectional area of the path - that is, the pipe diameter. The rule of thumb
for quiet operation is to use a low-velocity, large-diameter pipe system to meet
a specified flow capacity requirement. ' :

Duct and pipe systems however, can inadvertently generate noise if ’ae'rod')""-
namic design features are overlooked or ignored. A system designed for quiet
operation will employ the following features:

(@) Low fluid flow velocities

Low velocities avoid turbulence. For quiet operation, fluid velocities in
office or control room ventilation systems and plumbing systems should
be set as low as possible.

(b) Smooth boundary surfaces
Duct or pipe systems with smooth interior walls, edges, and joints

generate less turbulence and noise than systems with rough or jagged

walls or joints.

(¢) Simple layout

A well-designed duct or pipe system with a minimum of branches, tumns,
fittings and connectors is substantially less noisy than a complicated
layout.

(d) Long-radius turns

Changes in flow direction should be made gradually and smoothly. It has
been suggested that turns should be made with a curve radius equal to
about five times the pipe diameter or major cross sectional dimensions
of the duct. .




a coal haulage truck.

Figure 10. The application of long radius bends to reduce air urbulence in
haul truck exhaust. (Consuit Section 4 - Solution Number N93-64
tor more information).

(e) Flared sections

tends to reduce fluid velocities at these locations, often with substantial
reductions in noise output.

()  Streamline transition in flow path

Changes in dimensions or cross-sectional areas should be made gradu-
ally and smoothly with tapered or flared transition sections to avoid
turbulence. A good rule of thumbisto keep the cross-sectional area ofthe
flow path as large and as uniform as possible throughout the system.

(g Remove unnecessary obstacles

The greater the number of obstacles in the flow path, the more turbulent
and hence the noisier the flow. Only essential devices such as structural
supports, deflectors, and control dampers should remain in the path and
these should be made as small and as streamlined as possible.

In other cases, parts with perforations, slots or other openings permit air
leakage through or around the part as it moves, thus eliminating air
pressure buildup, the chief cause of flexing and pulsation. Such action
when there is no air leakage gives a popping sound - like the noise
produced when squirting oil from an oil can. '

i) Noise Originating as Air Turbulence - Silencers

Considerable air turbulence will be created when compressed air or steam is
being vented rapidly to astill ambient atmosphere. As aresult the airturbulence

Flaring of intake and exhaust openings, particulérly in a duct system, |

Check with the
equipment
designer or
manufacturer
before modify-
ing the exhaust
system.
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+ be planned
around lsaming
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will produce high levels of noise in the vicinity.

It should be noted that venting of high pressure steam or compressed air is not
an efficient energy management practice. Therefore, where practical, solutions
from higher on the control measure hierarchy should be investigated and
implemented. If such solutions are not practical itmay be useful to fix a silencer
to the air or steam exhaust port to dissipate the vented exhaust over a greater
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surface area. An example of this method is shown in Figure 11.

Figure 11, Before and after drawings of a steam exhaust stack treated with a
silencer to reduce noise levels. (Consult Section 4 - Solution
Number N93-36 for more information).

2.5 Training

Training is animportant management system that should complement any noise
control initiative that is to be, or has been introduced.

The aim of training is to provide managers, engineers, purchasing officers,
supervisors, employees and manufacturers of equipment with the information
and skills necessary to implement noise control measures in the workplace.
Secondly, training initiatives should provide the training program participants
with an appreciation of the risks associated with excessive noise and the effects
of noise induced hearing loss.

An example of the outcomes to be expected from noise training programs are
recommended in the Code of Practice for Noise Control (Victoria, 1992). This
document recommends that on completion of any noise training program,
participants should have an ability to demonstrate an understanding of certain
noise principles. ‘




These include:

[m] The effects of noise on hearing;

o The reasons for and nature of any general noise control mecasures that are
in use or planned; '

o The nature and location of noise hazards in the workplace;

0 The specific noise control measures that are applicable to each
employee’s job;

o The arrangements for reporting defects likely to cause
excessive noise;

o When and how usc hearing protectors provided; and

a. The responsibilities of employers and employees under the regulations

“and code of practice.

Training initiatives should not be perceived as a one-off means of informing
employees. Instead, acomprehensive training program should be developed to
ensure that participants receive follow-up noise management information
sessions at a frequency of not less than six monthly intervals.

~ 2.6HEARING PROTECTION

(i) Hearing Protection Programs o

The commitment of management at all levels is a vital ingredient for a
successful hearing protection program (Else, 1985). Hearing protection pro-
grams should be implemented only when engineering and administrative noise
control measures do not reduce employee noise exposure to the exposure

standard or below.

In selecting an appropriate hearing protector consideration should be given to
several factors. These include:

Size

Weight

Clamp Force

Fit/Comfort

Design

Performance Characteristics

Type and appropriateness to the job/environment
Cost

pooaoaada

The performance characteristics of hearing protectors available in Australia

have been documented in the National Acoustic Laboratory (NAL) booklet -

«Attenuation of Hearing Protectors (NAL, 1989) (see also AS1269, Standards
Australia, 1989). These references describes two methods commonly used 0

determine the suitability of hearing protectors: The Octave Band Method; and,

The SLC80 Method.

Refresher
training will be
needed at six
monthly
intervals.

Ensure that the
appropriate
hearing
protectors are
selected.

For more
assistance with
Hearing
Protaction
Programs: See
Appendix B.
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Effsctive hearing
protection
programs require
considerable
management
input.

Consult with
employess

before design- |

ating hearing
protection
areas.

Designation of
hearing
protaction areas
in ftself, is not a
control method.
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It is recommended that the wearing of hearing protectors should not mask
sounds that should be heard. For example, in situations where a hearing
protector prevents an audible alarm being heard by the wearer then alternative
alarm strategies should be investigated and implemented. This is based on the
assumption that hearing protection has been implemented as the primary noise
control measure after unsuccessful attempts to use engineering and administra-
tive methods.

Systems must be established for the inspection, maintenance and replacement
of hearing protectors. Employees must also be trained to inspect and detect
damage or deterioration of the hearing protection devices they wear,

Adequate provision should be made for cleaning and storage of reusable
protectors, and disposal of non-reusable protectors.

Finally, a self test is provided in Appendix B to assist with reviewing the
operating performance of hearing protection programs (developed from Else,
1985).

(i) Signposting and Labelling

In work areas where the nature of work is likely to cause an unprotected
employee to have a noise exposure level in excess of the noise exposure
standard and control measures other than hearing protection are not in place,

- then steps must be taken to clearly -identify the need for employees to wear

hearing protectors.

This can be achieved by using signs, labelling of machines and any other
appropriate method. The designation of a hearing protection area should be
done in conjunction with an appropriate noise management training program for
all exposed workers.

A method of sign-posting found to be effective in providing information to
workers (thus encouraging greater use of hearing protection) has been to
indicate the noise levels likely to be experienced in the designated noisy
environment (see Figure 12).

2.7 Audiometry

Audiometry is a common element of hearing conservation programs operated
at most mining and mineral processing sites. It is a reactive practice that only
verifies the symptoms of the problem and it does not prevent workers being
exposed to noise.

Audiometry is a requirement of legislation governing mining and occupational
health and safety in-all Australian States, Typically such legislation requires
audiometric testing to be undertaken where hearing protection devices are
required to reduce noise exposure to the exposure standard or below.




Section 2 - Noise Control Principles

HEARING PROTECTION
- REQUIRED

Figure 12, Example of mandatory hearing protection sign lndicating

" Cumulatively the

possiblo noise leveis.

,mmg and occupational health and safety legxslanon have

several common requirements relating to audiometry mcludmg

it

iii.

iv.

All applicable employees must be tested if no previous test consistent
with the regulations has been conducted;

For new or transferring employees testing must be conducted within
a minimum period of time from when the employee starts work
(e.g. 3 months);

Established employees must be re-tested at a frequent interval
(e.g. 2 years);

Testing may be conducted at any time on reasonable request by an
employee, an inspector or a health and safety representative; and,

Testing be carried out by a competent person as defined by the
applicable legislation.

Formal audiometry programs offer mining companies an opportunity to inspect
(and where necessary), replace hearing protectors. Hearing protector users can
also be assessed to ensure that they fit and wear their device correctly. These
activities can be undertaken during the testing process thus improving the cost-
effectiveness of audiometric testing.

Because audiometry is expected to remain part of the legislative requirement for
mining and mineral processing operations, audiometric programs should be
operated in a manner that maintains minimal statutory compliance. Develop-
ment should be undertaken in an economical manner thus liberating human and
financial resources to develop and implement noise control initiatives.

It an audiometry
program is in
place, workers
should bring
their hearing
protection with
them so it can
be inspected.
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2.8 Conclusion

Noise induced hearing loss is an-avoidable occupational health and safety
problem costing the Australian mining and mineral processing industry mil-
lions of dollars annually. The problem results from prolonged exposure to
mining equipment producing excessive levels of noise.

The consequences of occupational noise exposure have been recognised for a
considerable period of time, however attempts to control noise exposure
through legislation have focused on "safe person" approaches such as noise
level monitoring, hearing protection and audiometry. These approaches have
done little to address the source of noise problems at mines and mineral
processing plants.

This section of the book has promoted the use of noise control measures centred
n "safe place" approaches to achieve cost-effective, long term control of noise
exposure in the industry.

Members of the mining and mineral processing industry must specify maxi-
mum noise exposure levels when purchasing new equipment. This can be
achieved by implementing a "Buy-Quiet” purchasing policy. Where noise
problems are present in existing equipment, control measures that control noise
at its source or interrupt the airborne or structure bome transmission pathways

- “must be developed and implemented as the preferred option.

The next section is presented to assist mining and mineral processing organi-
sations develop and implement a noise management strategy. The final section
demonstrates how noise control techniques discussed in Section Two have been
applied at operating mines and mineral processing plants.

s L WA RS




3.1 Introduction

Opportunities exist for implementing long term, cost-effective methods for
reducing the risk of noise induced hearing loss in the mining and mineral
processing industry. Initiatives that place more emphasis on implementing
noise control methods focused on improving mining equipment (i.e. "safe
place” controls) and less emphasis on hearing protection programs for indi-
vidual mine workers (i.e. "safe person” controls) will result in economical long
term benefits to the industry. : .

3.2 Managing Noise

A ten point noise management strategy for mining and mineral processing
operations has been developed from the hazard control measure hierarchy. This

ten step noise management strategy has been designed to assist management

and workers reduce noise exposure levels to meet statutory requirements or
even lower, self-imposed targets. Implementation and management of the
strategy shouldbe undertaken by either the site health and safety committee or

a specific task group. If a specific task group is established, its membership

should represent a suitable balance of management representatives, employees
with process knowledge and persons with engineering ‘sk‘ills.

Following is the noise management strategy:

I. Setanoiseexposure level target for the mine site around which a noise
management strategy can be developed (l.e. the noise exposure stand-
ard or lower). This process is best undertaken in consultation with
employee representatives, e.g., via the site health and safety commit-
tee.

li. Developandimplement "Buy - Qulet” purchasing proceduresto ensure
that noise probiems do not accompany new equipment on to the mine
site. If practical, the "Buy Quiet" policy should be extended to
contractors who will also operate on the site.

fil. Contract suitably competent persons to identify noise problems and
measure the noise exposure levels of employees at risk.

iv. Assess the noise exposure data collected to determine the priority for
noise control initiatives. Progressively investigate the cost/benefit
relation and practicability of various control options outiined In the
Worksafe Australia (1990b) hazard control hierarchy.

v. Salect and implement an appropriate noise control measure for the
noise problem with the highest priority (discussed in iv.).

[ Note: While most emphasis must be placed on ensuring jong term
"safe place” noise control measures, it may be necessary to introduce
hearing protection or administrative controls while the permanent
solution is being implemented.]

Plan a noise
management

strategy.

worker particip-
ation.

Ten sasy steps
for sffective
noise manage-
ment.
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vi. Re-assess the effectiveness of the control measure introduced. If
necessary, additional control measures may have to be introduced to
reduce noise exposures to the required level,

vil. Document and distribute Information aboutthe success or failure of the
control measure to the departments of the organisation, other organi-
sations within the industry group and the general mining and mineral
processing industry bodies including the peak employer organisations
and the trade unions.

vill.Progressively repeat steps [v]to [vii] until ali noise problems identified
are controlled.

Ix. Undertake an annual noise level survey and add any additional noise
problems identified duringthe annualsurveyto the priority list (see step.
[iv]). Information gathered during the survey should be made readily
avallableto staff and employees required to work in noisy areas to help
them to implement control measures to minimise noise exposure.

X. Conduct audiometric testing if it Is prescribed by legislation.




4.1 Introduction

The following section contains seventy-five cost-effective solutions to noise
problems in the mining industry. The solutions documented resulted from a
project sponsored by Worksafe Australia titled: A Databank of Noise Control
Solutions for the Australian Mining and Mineral Processing Industry.

The solutions are presentedto provide noise control practitioners, managers and
workers with ideas for controlling noise exposure problems associated with
mining and mineral processing equipment. Each solution describes a noise
problem case study and its solution. The benefits obtained are discussed in
relation to noise reduction, productivity enhancements and cost implications.
Each solution is reviewed with regard to factorslikely to limit the success of the
solution and recommended preventive action is advised. Where possible, the
cost of implementing the solution (representing 1992 values) is presented inthe
sumimary section of each solution page.

It should be noted that the solutions are catalytic in nature. That is to say
that they are intended to provide thereader withideas demonstrating how
various mining and mineral processing operators have managed to control
noise exposure problems. While the solutions documented have been
shown to reduce noise in the circumstances and situations described,
variations in operating procedures, equipment and work environmeént
conditions may produce different resuits to those documented in the
‘solutions. Therefore, the application of any nsise control strategy should
only be undertaken once the noise problem hasbeen adequately quantified
in terms of intensity and frequency by a competent person using approved
procedures and equipment. Persons charged with the responsibility of
selecting, implementin gand monitoring noise control measuresare recom-
mended to either gain suitable knowledge or obtain professional assistance
to ensure that the most cost-effective noise control measures are used.

" An index of solutions cross-referenced by control method, equipment type,
activity and mineral type appears at the back of this book. Further information
about any of the published solution can be obtained by contacting:

The Victorian Institute of Occupational Safety and Health,
Ballarat University College, '

PO Box 663,

BALLARAT, Victoria 3353

Australia.

Phone: 61-053-279150
Fax; 61-053-279151

IMPORTANT
Please Read

More
Information
needed ?
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Design modification to continuous miner
to reduce impact noise.

PROBLEM

Continuous miners are used extensively in
underground coal mining operations. Coal
is cutfromthe face by arotating cylindrical
cutting head at the front of the continuous
miner. Coal won from the face falls to the
floor in front of the continuous miner. As
the continuous miner advances into the
coal face, gathering arms at either side of
the feeder chute sweep broken coaltowards
the chain conveyor running through the
centre of the machine. The gathering arms
operate in an intermittent forward/
backward motion, sweeping coal from the
sides of the feeder chute back to the centre

of the gatheringpan. As the gathering arms

they impactagainst stop plates. The impact
creates a continual impulse noise. Noise of
this nature can be transmitted to the
operators position by both airborne and
structural paths.

SOLUTION

Some options available to control noise without changing the design of the continuous miner
include: :

Isolating the stop plates from the frame work of the gathering area;

Treating the stop plates with material to absorb the impacts of the gathering arms;
Applying damping materials to the steel plate structure capable of radiating the impulse
noise to the operator’s position; or,

Reducing the speed of the gathering arms while maintaining the force required to gather

the fallen coal.

An alternative noise control method adopted at one mine was t0 change the design of the
gathering arms to completely eliminate impact against steel stop plates completely. This
engineering solution involved replacing the forward/backward gathering arms witha rotatin{j:ﬁ

arm system on each side of the feeder chute.
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The rotating gathering arms have - .
three curved spokes that rake the
fallen coal from the floor to the i
conveyor entrance in a continuous

circular motion. -

BENEFITS OF THE NOISE
CONTROL SOLUTION

Impact noise due to the gathering
arms striking the stop plates has been
eliminated. The overall nojse
generated around the front of the
continuous miner has been reduced.

THE STAR GATHERING ARMS _.. |
ERATE IN A CIRCULAR MOTION -
AND ELIMINATE IMPACT NOISE

Maintaining or replacing damaged and worn stop plates is no longer required. The rotating
action of the new gatherin garmssystem increases the loading capacity of the continuous miner.

FACTORS LIMITING THE SUCCESS OF SOLUTION
None identified.
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Damping conveyor chute panels reduces transmission of
chain vibration and reduces noise on continuous miners.

PROBLEM

Coal won from the face by a continuous
miner is gathered from the floor as the
machine advances. The coal is directed
into a central chain conveyor chute to be
loaded into a waiting shuttle car or onto a
bridging conveyor. Coalis transferred along
the chute by a chain conveyor. The chain
conveyor is a chain loop with steel plate
cross members which drag the broken coal
along the conveyor channel. The chain
conveyor scrapes and impacts on the pan
(floor of the conveyor channel) causing
high noise level at the operators position.
The noise generated by the action of the
" conveyor is transmitted through bot}

HraLT DAMPING -

operator. The location of the operator’s
cab beside the conveyor channel results in
considerable noise exposure for the operator
when the chain conveyor operates.

SOLUTION

During its preventive maintenance service, the continuous miner was disassembled to enable
the conveyor channel to be removed. All steel plate sections of the conveyor channel were
replaced with a composite section consisting of a wafer of 15mm neoprene with 10mm steel
backing. The composite damping plates were bonded to the inside of the conventional side
panels in high wear areas, e.g. inside walls and the decks of chain conveyor channel. Low wear
areas such as the top and outside of the side wall of the conveyor channel were also treated.

BENEFITS OF THE NOISE CONTROL SOLUTION

Noise created by chain conveyor scraping and impacting the decks of the conveyor was reduced
by approximately 5 - 8 dB(A). Transmission of structure borne vibration was also impeded.
The noise resonating from the hollow side wall sections of the chain conveyor channel was also
reduced. -

WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH

AlQ/n9

airborne and structare borne paths to the__.



FACTORS LIMITING THE SUCCESS OF SOLUTION

Damping materials are only bonded to the surfaces of the conveyor channel. Deterioration of
the bonding material may over time result in a reduction in the effectiveness of the control
measure and this may lead to loose panels being removed by operations personnel and then not
being repaired/replaced. ‘ '

_ & mm STEEL PLATE
N 10 mm Neoree
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A simple modification reduces structure borne vibration
at the chain conveyor of a continuous miner.

PROBLEM

Coal recovered from the face by a
continuous mining machine is transferred
by a chain conveyor along a channel at the
centre of the machine. The conveyor feeds
onto a delivery chute at the rear of the
continuous miner. The delivery chute loads
the coal onto either a shuttle car or haulage
conveyor for transportation from the mine
face to the next processing stage. The
delivery chute can pivot through an arc of
90° to enable loading when the continuous
miner is operating in awkward locations.
The: travel arc of the delivery chute is
‘Timited by a swing stop fitted to each side;
“of the delivery chute. The swing stop is é =
-~ single'section of steel plate with aretaining o
pin through its centre, secured to the
delivery chute by a single bolt. Given the
frequency of movement of the delivery
chute, the swing stops tend to wear around

the retaining pin. This results in the swing
stops becoming loose and rattling as the
chain conveyor passes along the delivery
chute. Because it is located close to the
operator's cabin, noise from the rattling
swing stop can significantly increase the
continuous miner operator’s total noise
exposure.

.r,;,_.{,,,_a‘,uMme gl ‘

SOLUTION

Operators of the continuous miner, noticing the noise generated from the worn swing Stops
brought the problem to the attention of the mine mechanical department. Close inspection of
the swing stops revealed that the main securing bolt still secured one end of the swing stops
firmly, but the worn retaining pin allowed the other end of the swing stop to rattie. The solution
arrived at was to drill and tap a hoie in the swing stops between the securing bolt and ti=
retaining pin. An adjustment bolt was fitted to this hole enabling the swing stop tobe stabilis \
by the operators whenever they noticed it rattling. .,

e’
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-BENEFITS OF THE NOISE CONTROL SOLUTION

eliminated. While nonoise assessment was possible at the time of investigation, the continuous

miner operator did suggest that the modification had produced a noticeable reduction to the
noise levels within the operator's compartment.

| FACTORS LIMITING THE SUCCESS OF SOLUTION

The solution does require some active input by the operators of the continuous miner to be

successful. All operators must be informed about the modification and trained to make the
adjustments when required.

nwanted noise due to rattling swing stops on the pivot of the distribution chute has been
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ABSORPTION

Absorption treatment applied to personnel transport
vehicle reduces noise exposure for driver and employees.

PROBLEM

Mine workers at some underground

operations are transported to the coal face

by track mounted: personnel transport

vehicles. The personnel transport vehicle

is powered by 2 diesel engine, with the

exhaust from the engine passing througha

scrubber tank to remove unwanted smoke

and fume particles prior to being vented to

the underground environment. The de sign

of the scrubber tank provides little

attenuation for air turbulence;:noise

generated by emission gases. Exhaust and
_engine noise are the predominant noise.
.. sources o this piece of equipment..

Generally, most mine workers being transported are only exposed to the noise generated from

these sources during the start and finish of the shift. The driver of the personnel transport

vehicle will have higher noise exposure levels because the driver may spend a considerable

amount of timein the vehicle if required to make several trips t0 and from the coal face during
a shift.

SOLUTION

To reduce some of the noise within the vehicle, the operator’s cabin has been lined with a
composite absorption material. The absorption treatment consists of an inner layer of 1.5m& ™
(approx.) perforated steel, 30mm of fibreglass wool and an outer layer of 1.5mm (approx,

rforated steel. The material also lines ail internal panels of the passenger compartment. -
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The absorption treatment reduces some unwanted noise radiating from the wall and ceiling
surfaces inside the cabin. This noise control technique also provides some absorption fornoise
energy entering the cabins through side access openings..

BENEFITS OF THE NOISE CONTROL SOLUTION

Some reduction of noise resonating from the stcclﬂpanicl sides of the personnel transport vehicle
has been achieved. The materials used will probably give a good level of serviceability and are
not likely to introduce any further risks. ‘

FACTORS LIMITING THE SUCCESS OF SOLUTION

The success of this method alone to reduce the noise exposure of the occupants of the vehicle
will be limited by the fact that noise from outside the cabin must pass by the occupants before
itcan be absorbed by the treatment. The side access openings of the personnel transport vehicle
provide a significant airborne pathway for engine noise reverberating from the mine walls
when the vehicle is operating. Methods for totally insultaing the cabin (i.e. fitting doors to the
“openings) should be investigated to enhance the effectiveness of this type of solution.
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Absorption material applied to the engine cowl to reduce
engine noise transmission to Ramcar operator.

SOLUTION

PROBLEM

The Ramcar operator sits in an open cabin
located in close proximity to the diesel
engine of the vehicle. The engine
compartment is covered by a cowl
manufactured from 4mm (approx.) steel
plate supported by a steel section frame.
Engine noise is transmitted to the cowl,
from which it radiates to the operator.
Othernoise sources include structure borne
noise from the engine and the drive train.
Air turbulence noise is also generated by
the Ramcar's coolmg systcm and the

- scrubber umt

The engine cowl of one make of Ramcar has been treated with a commercial absorption/
insulation material to enhance the insulation performance provided by the cowl to reduce noise
exposure to the operator. A composite product was used consisting of a 3mm layer acoustic
foam, 0.5mm layer of lead, 10mm layer of acoustic foam and an outer layer of mylar film for
heat protection. The lead sheet in the material has a density of 6.5kg/m? It therefore provides .

some insulation characteristics as well as absorption properties. The material was bonded to .~

mostinternal surfaces of the engine compartment. Areas notcovered by the insulation material

include the air vents at the side of the engine compartment and the fire wall area above the drive it

train.
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BENEFITS OF THE NOISE CONTROL SOLUTION

Some absorption of airbome noise generated from the diésel engine has been achieved. The
treatments also provide a barrier between the operator and the noise sources previously
discussed.

- FACTORS LIMITING THE SUCCESS OF SOLUTION

Allnoise sources and pathways need to be addressed to ensure the effectiveness of noise control
treatments. Structure borne noise radiating from metal surfaces sometimes remains a
possibility when insulation and absorption treatments are applied to mining equipment. In
addition, the air vents to the engine compartment of mining equipment need to be designed to
provide air circulation around the engine, while reducing the transmissibility of airborne noise
from the engine. This issue can be a particular problem if the vents face directly towards the
operator's cabin. Additionally, all the joins in the insulation/absorption material need to be.
sufficiently sealed as moisture, oils and coal dust can lead to deterioration of the material.
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Electric motor substitution reduces noise levels at
mineral processing operation.

PROBLEM

Electric motors arc used extensively by
the mining industry. Mostelectric motors
are cooled by a fan located inside the
casing at the rear of the electric motor.
The electric motor casing has heat
dissipation fins protruding from its side.
The fan circulates air over the fins and
conducts heat from the motor. The air
turbulence created by the action of the fan
blades is the major source of noise from
most electric motors. Further air
turbulence is created by the moving air
e guard openings

SOLUTION

On recognising the noise problem, the
engineering department sought methods
for reducing the noise created by the fan.
One control method identified was 1o
completely remove the fan in situations
where electric motors only operated for
shortperiods of time atinfrequentintery als.
“In the situation beinginvestigated, electric
motors neededtobe continuously operated.

. Therefore, the previous control option was
unsuitable.

The supplier of the electric motor was contacted to investigate any other methods of silencing
the fan noise. As a result, parts that are now standard in Pope electric motors Were obtained
and fitted to the older fan system configuration.

"\»_/-1/
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BENEFITS OF THE NOISE CONTROL SOLUTION

A 4 dB(A) reduction has been achieved in the noise generated by the fans of the Pope electric
motors. _

FACTORS LIMITING THE SUCCESS OF SOLUTION
The extent of the possible noise reduction attributable to these changes has not yet been fully

Hd
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realised and, consequently, the measurement of the noise reductions are unclear. The solution
provider is continuing to work on improvements.
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~ SILENCER

Silencer fitted to blower exhaust in coal preparation
plant to reduce noise levels.

PROBLEM

Vacuum filtration units are used to de-
water fine coal product after the froth
flotation process. Water is extracted from

the fine coal slurry by the action of a series -

of vacuumcells (ora vacuumdrum) passing
through the slurry. The fine coal attaches
to the side of the vacuum cell and the water
is filtered by the vacuum cells. The water
is then cleaned and reused . The fine coal
attached to the vacuum cells is deposited
onto a conveyor where it is finally mixed
with the coarse productcoal. A by-product
of the vacuum process is a large volume of

airthatmustbe dis,chargc:d fromthe vacuum
system. This airis commonly vented outside

the coal preparation plant via a simple
exhaust pipe. Constant, highlevels of noise
are generated by blower exhausts. As well
as creating potential health and safety
problems for the workers within the coal
preparation plant, blower noise may also
contravene environmental noise standards
stipulated in the industrial environmental
impact agreement.

SOLUTION

This particular problem was recognised

when a new coal preparation plant was

being designed. Early recognition of the
problem enabled plant management to
specify noise levels to contractors
constructing and commissioning the coal
preparation plant.
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As aresult, silencer units were deésigned and fitted to the vacuum blower discharge points, A
silencer unit consists of an expansion chamber to enable dissipation of much of the low
frequency noise produced froin the air turbulence created by the discharging air. The moving
air, after passing through the expansion chamber, is vented via side ports in the top section of
the silencer. Some noise reachin g the venting area is reflected back into the expansion chamber
by the top plate of the silencer to cancel some of the noise energy within the silencer.
Condensation (water) captured by the silencer is drained from an opening at the bottom of the
unit,

BENEFITS OF THE NOISE CONTROL SOLUTION

Sound pressure levels of 82 to 85 dB(A) were achieved by fitting the silencer. Condensation
from the blower exhaust is drained from beneath the silencer thus preventing slippery
pedestrian conditions and premature rusting of wall section around the outlet.

FACTORS LIMITING THE SUCCESS OF SOLUTION

Some corrosion of the silencer was identified. This should not be a significant problem as long
as a periodic maintenance program for the silencers can be developed and implemented.
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Pneumatic silencer fitted to clam shell gates on reject bin
reduces worker and environmental noise exposure.

PROBLEM

Reject material, that is parting, shale and
other unwanted materials from the coal
preparation process is stored in hoppers
before transportation by truck to either
backfill or dump areas. Most reject hopper
arrangements provide for haul trucks to
load the reject material from beneath the
hopper. The loading process is normally
accomplished by the driver positioning the
haul truck and then reaching out of the

- window to pull acord to activate a ““clam-
shell” gate at the bottom of the hopper. The
clam-shell gate is controlled by two
~pneumatic rams attached to eachhalf of the
gate. During both the opening and closing
. phases, compressed airmustbedischargec.
“from the ram. The pressure -of the air, -
combined with the aperture of the air -
exhaust vent creates a high velocity jet of
air each time the gate is activated. The
noise created is transmitted to the truck
driver via direct pathways through the
open window of the vehicle.

SOLUTION

A combination of environmental concerns
about the noise leaving the coal preparatior
plant lease, and noise exposures to reject
material truck drivers led engineering staff
toseek a suitable noise control measure for
the pneumatic ram discharge vents. The
solution attained was to fit a commercial
silencer to each air discharge vent. The
silencers reduce the velocity of the air
beingexhausted by distributing the exhaust
air over a larger area. The silencers 2~ =
readily available and require little time &
effort to fit. =
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BENEFITS OF THE NOISE CONTROL SOLUTION

Employee noise exposure has been reduced, and the organisation also ensures that noise
generated from the reject load-out areas does not create problems for local residents.

FACTORS LIMITING THE SUCCESS OF SOLUTION

Silencer units of this type are known to deteriorate over a one to three year period. To ensure
effectiveness of this control measure, a periodic maintenance/replacement system will have
to be established.
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Enclosure reduces noise generated from

an air compressor unit.

PROBLEM

Compressed air is essential to coal
preparation operations. Specific activities
such as froth flotation processes consume
large volumes of compressed air. Process
control equipment used extensively
throughout mineral processing plants also
commonly operates on compressed air.
Large air compressor units are used to
provide air to service the needs of the
mineral processing plants. At a coal
preparation plant, two air compressor units
were located on the ground floor of the
facility. Atotherplants itis not uncommon
for plant operators to be directly expose:

tonoise generated fro the compressor foi-....

periods of up to two hours duration while
they hose down the ground floor area.
Maintenance employees who occasionally
repair and service equipment in the area,
could also be exposed to the noise from the
compressor units. In addition, noise

‘generated from the compressor units also

contributes to the cumulative noise
produced by the coal preparation plant.
Besides affecting employees, noise from
the plantmay also have a significantimpact
upon the surrounding environment.

SOLUTION

During the design stage of the coal
preparation plant, noise problems
associated with the air compressor units
were recognised. Specific noise sources

associated with the compressors includr

the compressor pump and the elect.

motor.
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In addition to the noise problem consideration was also given to the wet and dirty environment
in which the compressors would be located. As a result, a decision was taken to fully insulate
(enclose) the air compressor units.

The compressors are enclosed in a steel cabinet lined with a 30mm layer of acoustic foam
absorption to control airborne sound. In addition, the compressjpr units are isolated to reduce
transmission of structure borne vibration. ‘ '

BENEFITS OF THE NOISE CONTROL SOLUTION

The combined noise control measures manage to achieve a reduction in sound pressure level
around the compressors from 95 to 89dB(A). Control of noise generated from the compressor
units reduces noise exposure levels for employees and the surrounding environment.

FACTORS LIMITING THE SUCCESS OF SOLUTION

The wet environment may contribute to the corrosion of the cabinet, particularly the hinges
of the doors. Absorption material linings may also contribute to premature deterioration due
to corrosion by retaining moisture. These should be checked and repaired on a periodic basis
to ensure the effectiveness of the enclosure system. Adequate circulation of cooling air to the
. compressor was provided by baffled air vents in the door panels. Additional cooling has been
provided by the introduction of an oil cooling system for each compressor unit. Door seals must
be checked regularly to ensure a high level of efficiency of the insulation system.
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SILENCER

Silencer on pneumatic starter motors reduces

peak level noise exp

osure for fitters
PROBLEM

At an open cut coal mining operation,
Dresser 830E rear dump haul trucks are
used to transport coal, parting and reject
material. The repair and servicing of these
trucks is mostly conducted in the mine's
mechanical workshop. A noise problem
associated with the trucks was brought to
the attention of the safety department by
mechanical department employees. The
complaint was that the air starter units on
the trucks generated a very loud noise
when the trucks were started inthe confines
of theworkshop.lnvestigaﬁonby the mine's
safety department attributed the noise t0
compressed air being discharged from the
15mm diameter exhaust port of the starter
motor 16cated under the truck. A sourd
pressure level measurementduring thestart
up process gave peak exposure readings in
excess of 115 dB at the location where
mechanical employees were working

around the truck.

SOLUTION

Recognising the problem, the mechanical
department sought and found a suitable
silencer for the exhaust port of the starter
motor. The silencer unit is commercially
available and is easily fitted to the throatof
the exhaust port. After fitting the silencer
to the truck, peak noise levels ranging from
81to 85dB were measured at ground level
in locations where mechanical employees
would normaily be working.
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BENEFITS OF THE NOISE CONTROL SOLUTION

Peak noise levels have been reduced to an acceptable standard. The silencer units fitted to the
starter motors are constructed from aluminium alloy material thus making them reasonably
robust and free from corrosion. -

FACTORS LIMITING THE SUCCESS OF SOLUTION

Minimal maintenance of the silencer unit is required, however the silencer should be inspected
for damage whenever the truck is returned to the workshop for maintenance and servicing.

WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH




NOlE CNTR[ % ABSORPTION
NMNNG

INSULATION
Insulation and absorption treatments to operator's
| cabins of coal haulers.

PROBLEM

120 tonne Euclid haulage trucks are used
extensively :at open cut coal mining
‘operations. The truck operator’s cabin is
situated on the prime mover unit of the
truck, above and to the left of the engine
compartment. The operator’s cabin has a
steel frame construction covered with a 2-
3mm steel outer surface. Windshields and
window ports are Smm glass and both left
and righthand side windows can be opened.
Noise sources on Euclid 120 tonne belly
‘dump trucks include engine, transmission,
exhaust and wheel/road noise. Noise from
these, sources can be transmitted to th
cperator via either the truck's framework...
or through openings in the cabin.: =~

SOLUTION

The cabins of all the Euclid coal haul units
at the mine were progressively stripped
and refitted with a combination of acoustic
insulation and absorption materials. The
existing floor mats were replaced with a
laminated floor mat material comprised of
a 1.5mm closed cell polystyrene base
(impervious to water), a layer of 0.5mm
lead (5kg/m* mass), a Smm open cell
polyurethane foam subsurface layer,
covered by a 2.5mm wear resistant outer
surface.

Cabin walls and door linings were also treated with a laminated insulation/absorption product
comprising a layer of Smm open cell polyurethane foam, a layer of 0.5mm lead and a Smm
embossed polyurethane foam surface. The embossed outer layer maintains much the sar N
acoustic performance as normal open cell foam, but has the added benefit of preventing . __~
entry of coal dust that may contribute to premature deterioration of the foam product. A 10mm
layer of impervious polyurethane open cell foam was applied to the ceilings of the cabins.
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. Theleadlined laminated products combine with the cabin struc)tﬁr"é to providc_parﬁé.l igsﬁlétion
etween the operator and the noise sources previously discussed. Any noise entering the cabin
1s absorbed by the treatments thus reducing reverberation within the cabin. : :
BENEFITS OF THE NOISE CONTROL SOLUTION

A 4 dB(A) reduction was achieved by the implementation of this method. Lower operating
- noise levels inside the cabins were also found to prompt operators to reduce the volume of
radios inside the cabin (a major contributor to the total noise problem).

FACTORS LIMITING THE SUCCESS OF SOLUTION

Wear spots have been noted on the floor mat where the operator’s heel rests. The bonding of -

acoustic foam material may deteriorate after approximately 2 years and open cell polyurethane
foam may deteriorate due to friction from coal dust particles if permitted.
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SUBSTITUTION

Exhaust substitution controls noise at source for
120 tonne coal haul trucks.

PROBLEM

Euclid 120 tonne Belly dump coal haulage
trucks are in common use at open cutcoal
mining operations. The coal haulers create
_ considerable noise from several sources
including the engine, transmission and
exhaust systems’. Numerous noise
attenuation treatments can be applied to
the operators cabin of the equipment, but
the extent to which this form of noise
control will be effective is dependant on
the ambient operating noise levels created
by the machine. Recognising this point,
the mine health and safety, and mechanical
departments atan open cutcoal minesought
to identify ways that” noisé could be
controlled at its source thereby reducing
the cost of insulation and “absorption
material treatments forthe operator’s cabin.
Because of the proximity t0 the operator’s
cabin;to the exhaust system of the prime
mover, the exhaust was targeted as a noise
source with potential for control at source.
The standard engine exhaust system fitted
tothe Euclid coal haul trucks ventedengine
gases through 2 single, straight stack
(150mm diameter) withits opening located
outside the cabin at approximately the
same heightasthe operator's head position.

SOLUTION

Several single exhaust system substitutions were tested on the haul trucks by the mechanical
department. While some noise reduction was achieved, it was only when a twin exhaust stack
arrangement was tested that a significant noise reduction was achieved. This process involved
the standard Euclid exhaust system being substituted by 2 Caterpillar twin stack system (ex
D9G dozer). A noise survey with the Caterpillar twin exhaust system fitted showed thatan 8
dB(A) noise reduction had been achieved compared to the standard Euclid exhaust system. ...

Octave band analysis illustrated that this new exhaust arrangement also provided a substanti¢
reduction at lower frequency ranges. ’ S
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BENEFITS OF THE NOISE CONTROL SOLUTION

An 8 dB(A) reduction has been achieved. As well as reducing sound levels outside the
operator's cabin, this improvement will also enhance the performance of insulation and

absorption treatments that had been applied to the operators cabin (see INSULATION/
ABSORPTION solutions category).

FACTORS LIMITING THE SUCCESS OF SOLUTION

Modification to exhaust systems may?affedt the performance characteristics of equipment. For
other types of equipment, some form of sacrifice may be necessary

wishing to implement this type of solution should seek further advice and consult with the
manufactures of the equipment.
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Three stage a.pproach to controlling noise exposure for
120 tonne Wabco Haul Truck operators.

PROBLEM

Noise surveys of mining equipment at a
Central Queensland mine site identified
that operators of Wabco 120 tonne haul
trucks were being exposed to high noise
levels. Inspection of the trucks identified
the major sources of noise as being the
engine, transmission and exhaust system.
Noise generated from these sources made
its way to the operator inside the cabin via
structure borne and airborne pathways.
Engine noise originates as vibration of
motor components, air turbulence created
by cooling fans and turbulence created by

stack outlet. On the Wabco trucks the
exhaustoutletis located behind the cabinat
approximately the same height as the
operator's head position. This means much

of the noise produced by the exhaustsystem

is transmitted to the operator. Engine and
transmission vibration is transmitted to the
steel plate sections such as the engine cowl,
fire walls and operators cabin floor.
Reverberating surfaces within the cabin,
such as walls, are also able to transmit
noise to the operator. '

SOLUTION

The exhaust systems of the Wabco 120
tonne haul truck units were modified by
the addition of a further 850mm of pipe to
each exhaust stack. This extension placcs
the exhaust outlets and the associated 2

turbulence noise ata height well above th

~ operator's cabin.
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The last section of the exhaust stacks were also tilted at 45° away from the operator’s cabin.

A composite insulation/absorption material comprising a layer of 1.5mm lead sheeting and

25mm polyurethane open cell foam was bonded to the inside of the engine cowl and under the
floor of the operators cabin of each truck. The material was coated with a PVC based sealant
to stop contamination and possible deterioration by dust, oils, etc. In addition to the under floor
treatment, a hessian reinforced loaded viny! floormat (Smm) with a ribbed, hard wearin g
surface was used to line the floor of the cabins. Existing interior lining of the cabin was stripped
and replaced with composite damping and absorption treatments. The new cabin linin g was
comprised of a 2mm semi-flexible rubberised bitumen sheeting, a 12.5mm layer of open cell
polyurethane foam and covered by a Imm perforated vinyl sheet.

BENEFITS OF THE NOISE CONTROL SOLUTION

The exhaust extension achieved a 2 -dB(A) reduction in noise levels inside the cabin.
Modifications to the engine compartment increased the reduction to 7 dB(A) and the cabin
treatment further improved the noise reduction to 9 dB(A).

FACTORS LIMITING THE SUCCESS OF SOLUTION

Even though the polyurethane foam treatments lining the engine were painted with a PVC
sealant, the effects of time, heat, friction and moisture will deteriorate this type of material.
Under floor treatments may be susceptible to condensation problems and may contribute to
premature corrosion of the surfaces to which they are bonded. ' ‘

b s B O R
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= N0SE CONTROL [
IN MINING - ABsggngon

ldentlfylng and controlling noise transmlsswn paths
ina front end loader.

PROBLEM

Front end loaders of various makes and
sizes are used extensively in mining and
quarrying operations. At one mining
operation, the cabin noise level of a
Michigan 457 Loader was assessed and
found to be 95 dB(A). In an attempt to
reduce noise exposures for personnel
operating the loader, the organisation
contracted to have assorted insulation and
absorption materials fitted to line the cabin.
The work however was undertaken by the
contractor without fully investigating the
nature of.the noise problem associated
with the front end loader. Asaresultnot all
nmsc transmlssmn pathways were
ior to the contractor's solution
being determined. '

SOLUTION

The cabin of the loader was stripped bare
and the following noise control treatments
were applied. A laminate of two layers of
25mm open cell polyurethane foam
absorption material was bonded to the
ceiling of the cabin. The material was
supplied with a sealed outer surface to
restrict the penetration of coal dust. The
back and side wall panels of the cabin were
fitted with a composite insulation/
absorption material. The composite
material consisted of layers of Smm open
cell foam, 0.5mm lead sheet (density Skg/
m?), and a 25mm surface layer of open cell
polyurethane foam with an embossed outer
surface to protect against coal dust. -
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The fire wall and floor areas of the cabin were fitted with a laminated insulation product
consisting of a 2mm layer of closed cell polystyrene foam, a layer of 0.5mm lead sheet (density
Skg/m?), a subsurface layer of Smm open cell polyurethane foam and a 2mm wear resistant
rubberised PVC surface layer. The front wall of the cabin was treated with a 25mm layer of
opencell foam, coated with PVC paint. Door seals were replaced where necessary. Soundlevel
assessments taken inside the cabin of the Michigan loaders before the treatment averaged to
95 dB(A). After treatment, the sound pressure levels within the cabin were shown to have been
reduced by 3-5 dB(A). Even after the modifications were introduced, noise levels within the
cabin were still in excess of 90 dB(A).

NOISE ATTENUATION TREATMENTS
cam-momwsasosmcmmm

mu-mosmomca;m,omm
SHEET, 25mm OUTER LAYER OF OPEN CELL
. POLYURETHANE FOAM

m-mmmmmm,
0.5mm LEAD SHEET, 2mm HEAVY DUTY PVC MAT

Octave band frequency analysis taken both inside and outside the cabin indicated that the
insulation and absorption measures introduced were not effective in the lower frequency
ranges (31.5, 63 and 125 Hz). Further investigation attributed this particular noise problem
to vibration fromasteel plate panel in the roll over protection structure (ROPS) located directly
above the operator's seat transmitting noise into the cabin.

BENEFITS OF THE NOISE CONTROL SOLUTION
An initial noise reduction of 3 - 5 dB(A) has been achieved inside the cabin.

FACTORS LIMITING THE SUCCESS OF SOLUTION

Any noise control initiative will have only limited success if all noise sources and pathway are
not identified, assessed and controlled.
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Assorted control measures to reduce noise exposure for
haul truck operators.

PROBLEM

An open cut coal mining operation with a
well established industrial hygiene
monitoring program periodically conduct-
ed noise exposure assessment for all
operators of site mining equipment. Using
theresults of the noise monitoring program,
120 tonne Euclid coal hauler units were
identified as having potential to expose
employees to noise levels greater than the
recommended standard. To only rely on N
sound pressure level measurements would
provide little insight as to the sources and
transmission paths of the noise creatmgth :
~problem. To provide more accurate

ocations both inside and outside the cab
Measurement taken inside the cabin were
obtained from the approximate position of
the operator’s ear. These data provided
information about noise being transmitted
from the front, back and sides of the cabin.
An additional reading was taken from the -
floor of the cabin. Measurements were
obtained outside the cabin doorina forward
and backward direction to determine the
proportion of engine and exhaust noise
contributing to the overall problem. A
series of vibration measurements were also
undertaken to identify structural noise
transmission paths.

Octave band analysis was undertaken while the coal hauler unit was operating to determine
whether the noise characteristics changed under operating conditions. The measurement
program identified three primary noise sources: the engine, the transmission and the exhaust.
Transmission paths identified included the engine cowl, air circulation vents in the cowl, the .
floor and fire wall, the open window on the engine side and rear cabin window, and the -
windscreen. No significant difference was noted between the mcasurcmcnts obtained while
stationary and those taken while the truck was in operation.
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SOLUTION

Of the three noise sources it was only practical to substitute the exhaust system with a quieter
system, thereby controlling part of the noise problematsource. A number of other noise control
measures were initiated to control noise transmission through the pathways. These included:
(i) The air circulation vent in the engine cowl which faced towards the cabin was relocated.
(ii) The cabin was raised 240mm and under floor cavity was filled with fibreglass wool
absorption material. (iii) A composite barrier floor mat, 2mm closed cell polystyrene foam,
0.5mm lead sheet (5kg/m?), Smm open cell foam, 2mm wearrresistant surface was used tocover
the floor inside the cabin. This material extended up the fire wall to below the dash. @iv) the ;
Smm front windscreen was replaced with 9mm triplex glass. (v) Rear and engine side slide.
windows were replaced with fixed glass panels (9mm glass). In addition the cabin of the Euclid
CH120 units were lined with absorption materials including: (i) Three layers of 25mm open
cell polyurethane foam with a perforated vinyl outer surface in the door cavity on the inboard
(engine) side of the cabin. (i) One layer of 25mm open cell polyurethane foam with perforated
vinyl surface on the door lining on the outboard side of the cabin. (iii) Two layers of 25mm
open cell foam with perforated vinyl surface on the ceilin g. (iv) Two layers of 25mm open cell
foam with perforated vinyl surface on the back wall panel. (v) Two layers of medium density
10x20mm strips of closed cell rubber around door seals. While these changes were being made
additional human factor issues were also addressed such as improving seating, visibility and
reach for instruments and controls.

BENEFITS OF THE NOISE CONTROL SOLUTION |

' Noi,sg: exposure for employees operatin g 120 tonne Euclid coal haulers h been reduced from

as high as 96 dB(A) to 83 dB(A) by a systematic approach to identifyin d assessing noise
problems then implementing control measures which are effective. o
“'FACTORS LIMITING THE SUCCESS OF SOLUTION
Overa3-5 year period condensation in the underfloor treatment has resulted in considerable
corrosion and as a result, the fibreglass material used has since been removed. Wear on cabin
linings associated with frequent contact by the operator, specifically around the window

- winder and where the operator’s footrests on the floor matare also common and require regular
inspection and maintenance.

1. ENGINE VENTS MODIFIED

3. LEAD LOADED FLOOR MAT

4, WINDOWS REPLACED WITH
FDED GLASS

5 ABSORPTION MATERIAL
LINING CABIN :

6. DOOR SEAL MPROVED
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Implementation of noise control measures during the
pre-commission stage proves more cost-effective.

PROBLEM

Bulldozers of many makes and models are
used extensively throughout the mining
and quarrying industry. Bulldozers are
essentially designed around a purpose: to
move as much material (dirt, ore, etc.) as
efficiently as possible overalmostany type
of terrain. To achieve this aim bulldozers
are generally fitted with powerful diesel
engines, robusttransmission and steel tracks
for mobility. These three features of dozers,
plus the exhaust system are major sources
of noise. Noise levels for employees
.operating this type of equipmentmay range
from 95 to 105dB(A). Noise is transmitted
to the operator from:these sources either
directly as airborne noise, orindirectly as

structure borne noise. i D

Huwrs | "BUY QUIET”
‘@. PURCHASE

SOLUTION

Recognising the sources and pathways of
noise, one mine operator has produced
equipment tender documentation that o
includes specification for operator noise
exposure levels. This system was used
when a Komatsu D375A dozer was
purchased.

P 3,
P VR U < IR

'Asaresult, the dozerarrived on site with the following modification already provided to ensure
that the operator noise exposure is kept to the desired level. Modifications include:

(i)  Fully enclosed, air conditioned operator's cabin.
(i) 9mm glass in the windscreen and all windows.
@ii) Floor matting which extends up the fire wall comprised of a 15mm medium density,
closed cell polyurethane foam, bonded to a Smm wear resistant rubber mat surface.
(iv) Wallshaveamoulded section of medium density polyurethane foam cover with aPVC
surface. . '
(v)  The ceiling is a moulded section of 50mm open cell, polyurethane foam- with a :
perforated vinyl surface. ”
(vi) The cabin isisolated from the frame by vibration isolation mounts to reduce vibration
and structure borne noise transmission to the operator.

WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH



AR CONDITIONED KOMATSU DOZER
OPERATORS CABIN :
WITH VIBRATION ISOLATION

DETAIL - ABSORPTION MATERIAL (WALLS)

DETALL - ABSORPTION MATERIAL (FLOOR)

% S AR TR AR

BENEFITS OF THE NOISE CONTROL SOLUTION

Sound prcssure levels of 86 dB(A) while in transit and 85 dB(A) while ripping have been
reported. Equivalent 8 hour exposures of 85 dBLAeq(S) have also been recorded. Little input was
required by mine engineering staff to achieve the required sound exposure levels.

FACTORS LIMITING THE SUCCESS OF SOLUTION

None identified, but there remains a need to monitor and maintain noise control measures
provided. -
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"BUY QUIET"
PURCHASE

"Buy Quiet" Purchasing Policy reduces noise level
and the number of exposed employees.

PROBLEM

Traditionally, coal and parting material at
open cut coal mining operations is loaded
onto haul trucks in the pits by electric face
shovels. "B.E.", "Marion" and "P & H" are
three makes of electric face shovels in
common use in open cutmining operations.
The average sound pressure levels for these
types of shovels have been recorded to be
in the ranges of 85 - 88 dB(A) for shovel
operators and 89 - 102 dB(A) for oilers.
The majornoise sources of the electricface
shovels are the electric motorsand winding
gear. Noise exposure for operators of face
shovelsislimitedby the insulation provided

by the operator's cabin however the oiler is

required toperiodically inspectand service
various'components of the electric shovel

thereby increasing the individual's noise
exposure dramatically.
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SOLUTION

As coal seams get deeper, increased interest is being given to diesel-hydraulic excavators as
a substitute for electric face shovels. The excavators have better mobility and performance
characteristics which are at least equal to those of electric face shovels. By implementing a
“Buy Quiet” purchasing policy, any new excavator can have all necessary noise control
measures introduced before the machine is commissioned on site. Implementation of this
purchasing process is exemplified in the case of an O&K shovel introduced at a mine site for
coal and parting removal purposes. By making specific references to noise level criteria in
equipment tender and purchasing documentation, the O&K shovel arrived on site with the
following noise control treatment applied to the operators cabin: (i) Ceiling of cabin treated
with 25mm open cell polyurethane foam with 1mm perforated vinyl surface. (ii) 25mm open
cell polyurethane foam with 1mm perforated vinyl surface is bonded to all walls. (iii) 9mm
glass panels are fitted to all windows and the windshield. (iv) The cabin is isolated from the
excavators frame by vibration mounts located at each corner of the cabin.

BENEFITS OF THE NOISE CONTROL SOLUTION

- Potential noise exposure levels of as high as 102 dB(A) have been reduced to 78 dB(A) by
substituting quieter diesel excavators for electric shovel operations. The need for an oiler has
been eliminated thus also eliminating a high noise exposure work task.

FACTORS LIMITING THE SUCCESS OF SOLUTION _
ensure the integrity of noise control

Monitoring of employee exposures will be required:
measures over time. _
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Novel procedure assists with determining airborne noise
transmission paths to truck cabins.

PROBLEM

Many types of earth moving equipment
used in mining operations are capable of
generating noise levels greater than 90
dB(A). As part of their noise control
strategy, rhany mines choose to have this
type of equipment supplied with, or fit
operator cabins to the equipment1o insulate
employees from noise and other
environmental problems. Even with such
cabins fitted, considerable noise may be
transmitted through poor joints in the cabin
surface, windows or door seals and holes
cut in the floor or walls to duct hydraulic
lines or electrical cables.

SOLUTION |
The panel beater in charge of fitting noise
attenuation treatment to equipment at an
open cut mining operation has come up
with a novel solution to identify potential
airborne noise transmission paths. The
employee uses 2 (non-toxic) smoke
generator unit placedinthe closed cabin of

the vehicle.

To prepare for the test, the air conditioning vents and any other obvious holes are blocked off.
The smoke generator is operated until the cabin fills with smoke. Observation of the outside
of the cabin identifies air gaps in the cabin. After the smoke has settled, inspection of the door
and window seals may indicate how effective the seals are by the pattern of the smoke residue
left on the seals. Once the potential paths for airborne transmission of noise have been
identified, necessary steps may be taken to seal them.

BENEFITS OF THE NOISE CONTROL SOLUTION

Airborne paths for noise transmission are more easily identified. Identification and controlof _
the air leaks in the cabin also reduces dustentering the cabin and improves performance oft
air conditioning unit. - '

\«.,/
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FACTORS LIMITING THE SUCCESS OF SOLUTION

Careful screening of smoke generation products should ensure that only non-toxic, non-
corrosive products are selected and used.

WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH
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NOISE CONTROL ] E—
IN MINING ey AABsggngN‘ :

Modification to coal drill unit reduces noisé :
in the operator’s cabin. ;

PROBLEM

Truck mounted coal drills are used
extensively at open cut coal mining
operations. It is common practice for two
employees to operate each rig. One ;
employee remainsin the cabin of the vehicle
and manoeuvres the truck to the desired '
drilling position. The second employee
operates the drill rig from a position at the
rear of the truck. The drilling rigs commonly
outlast the life of the vehicles that transport
them and consequently new truck bases are
purchased and the drill rigs are transferred
to them. During one such replacement, an
=W truck base was introduced. It was the
oplmon of the drivers that the cabins were 3
very. noisy. An instantaneous sound level S
measurement supported this.-claim,
Inspection of the RFW truck identified the -
exhaustoutletsituated immediately behind
the driver, and the engine located below
the cabin, as the primary noise sources. b

T R

SOLUTION

To control noise being transmitted from
the engine to the cabin, the underside of the
cabin was treated with a composite
insulation/absorption material consisting

of a Smm layer of polyurethane open cell
foam, a layer of 0.5mm lead sheet (5kg/
m?),a 10mmlayer of open cell polyurethane
foam and an mylar outer surface to protect

the foam from deterioration by heat and
lubricants. The exhaust system was
modified by replacing it with a longer
length of exhaust pipe thus enabling the ™
exhaust gas and associated noise to be
vented well above and away from the
driver’s compartment of the vehicle.
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BENEFITS OF THE NOISE CONTROL SOLUTION

Two simple modifications have enhanced noise attenuation within the cabins of the coal drill
trucks.

FACTORS LIMITING THE SUCCESS OF SOLUTION

The insulation/absorption materials bonded to the underside of the cabin will be exposed to
considerable amounts of dust, oil, grease and water. These contaminants may deteriorate the
absorption material therefore the condition of the materials will need to be monitored and
receive regular maintenance.
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NOI ECON RO ABSORPTION
INMINING

Perforated steel cladding reduces reverberant noise
in coal preparation plant.

PROBLEM

Moderm coal preparation plants are multi-
level complexes. Depending on their
location, the plants may be built as either
open sided or enclosed structures. Coal
preparation plants contain a variety of
processing equipment that may generate
considerable noise levels. Steel cladding
orcorrugated iron are materials commonly
used to enclose coal preparation plants.
This method is intended to reduce noise to
neighbouring properties. While reducing
the opportunities for noise transmission
through the airto the external environment,
the cladding material itself may-become
excited and produce reverberant noise

- problems within its confines. Employces

" workingin the preparation plantare exposed
to a composite noise problem generated
from the original processing equipment as
well as reverberant noise from the walls of
the plant.

'. ,‘ 3
%

SOLUTION

The design specifications of a coal
preparation plant required total enclosure
to prevent transmission of noise and coal
dust toneighbouring properties. Perceiving
thatthe steel cladding would probably create
reverberation problems, the design
engineers sought to firstquieten production
equipment as much as possible and then
attempt to prevent the generation of
reverberant noise. The latter of these aims

was achieved by lining the internal walls ..
with absorption panels. \
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- The panels contain approximately 50 mm
of fibre glass wool and have a perforated
steel external surface. The panels stand
vertically and are approximately 250 mm
wide separated by a 30 mm “V-Shaped”
recess.  Concrete floors throughout the
plantalso stiffen the structure to reduce the
transmission of structure borne vibration.

BENEFITS OF THE NOISE
CONTROL SOLUTION

A simple in-situ comparison was made of
the effectiveness of the absorption material
and ordinary corragated iron surfaces. A
sound level meter situated at 300 mm from
each wall surface gave readings of 89.9
dB(A) for the wall lined with perforated
steel absorption material and 92.3 dB(A)
for the corrugated iron surface.

FACTORS LIMITING THE SUCCESS OF SOLUTION
- The fibreglass wobl:ma

S WOC y'tl;'ziﬁ':coal dust and moisture contrib !
- material and support structure. A periodic inspection of the ci
wool and the wall cladding panels may identify the need for early intervention.
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Reinforced, double polyurethane vibrating screeh decks
reduce Run of Mine (ROM) crusher area noise.

PROBLEM

Raw coal from the pit must be crushed to
a manageable size and parting (unwanted
shale) is removed prior to further
processing. These activities are commonly
undertaken in the Run of Mine (ROM)
crusher area. Aftercrushing, raw coal passes
over a vibrating screen to separate the '
undersize coal from large parting material
as the parting does not break down as
readily as the coal. The oversize parting
material may be reprocessed or rejected at
this stage of the operation. The undersize
coal, (i.e. coal passing through the screen !
openings) is: conveyed to the coal
preparation plant for further proccssing.'
During the screen separation process, the
screen s vibrated through a vertical motion
as theraw coal passes over it. The vibrating
action causes the raw coal to impact with
the steel screen deck surface resulting in
typical noise levels in the vicinity of 98
dB(A)

X
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SOLUTION

The steel screen decks for the raw coal
sizing plant were replaced with double
reinforced polyurethane decks. The
cumulative modification to the vibrating
screen reduced the noise level produced by |
the vibrating screen to 88 dB(A).

Some organisations have also achieved further success by treating the feed box, under panand .- .
discharge box with rubber lining to further reduce noise generated by coal impacting on metaj;
surfaces. ‘ ’

oo
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BENEFITS OF THE NOISE CONTROL SOLUTION

A productivity enhancement has accompanied the reduction of noise. Test using 19mm
aperture reinforced polyurethane screens have shown an 85% efficiency in sizing raw coal
compared with an efficiency of only 65% for the original steel deck !. The polyurethane linings
reduce the wear thereby extending the life of metal surfaces where impact occurs.

FACTORS LIMITING THE SUCCESS OF SOLUTION

Rubber and polyurethane treated surfaces may pose a fire hazard during maintenance
operations involving hot work (e. 8. welding, grinding). If a two part polyurethane application
is used, caution must be exercised to avoid employee exposure to vapour from the compound.

Footnote:

1.LeahyJC and Ridge RJ(1981). The Application of Resilient Materials and the Reduction of Noise in Coal Preparation
Plants. P'roceedings of the First Australian Coal Preparation Conference. Newcastle.
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Drop boxes in feed chutes reduce impact noise
in coal preparation plant.

PROBLEM

In typical coal preparation plants, raw coal
isconveyed to the top floor of the plantand
then distributed to various processes by
gravity fed chutes. Larger coal particles
being transferred in this mannermay impact
with the side of the chute creating noise.
Reports suggest noise created by this
- process may be in the order of 98 dB(A) for
chutes from underpans' and as high as 100
- 105 dB(A)>. This problem is particularly
evident in many situations within the coal
preparation.plant where the feed chute is
not located dn'cctly above the equipment.
To, ovcrcomc such problems, the delivery

theintended machme The junction creates
a high impact zone within the chute which
- will produce noise and increased wear.

SOLUTION

On recognising this problem the operator
of a NSW coal preparation plant removed
all of the standard angled junction points in
the feed chutes and replaced them with
drop boxes. The drop box is a vertical
section which is closed off at the base. The
angled feed chute section to divert the flow
of material is fitted to the drop box
approximately 100mm from the bottom of
the box. This design causes falling coal to
build up in the base of the drop box. Coal

- passing down the drop box impacts on the
built up layer of coal then flows through
the angled diversion chuté. The drop boxes
have been found to be anextremelyeffective
method to reduce both impact noise and
wear at this part of the feed chute.
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Accurate sound level measurements could not be obtained at the time of the investigation but
the application of this method has been reported? to produce as much as 10 dB(A) reduction.

BENEFITS OF THE NOISE CONTROL SOLUTION

Noise levels are reduced and premature wear of delivery chutes due toimpacting coal have been
minimised. '

FACTORS LIMITING THE SUCCESS OF SOLUTION

The nature of the coal may cause blockages in the base of the drop box. Inspection doors or
automatic systems will be needed to enable easy clearance should this occur.

FALLNG COAL
IMPACTS ON
BUILD UP AT
BOTTOM OF
~CHUE

COAL
BUILD UP L

NOL-22DETAL

Footnote:

1.LeahyJC and Ridge RJ(1981). The Appilication of Resilient Materials and the Reduction of Noise in Coal Preparation
Plants. Proceedings of the First Australian Coal Preparation Conference. Newcastle.

2. Bartholomae RC and Parker RP (1983) Mining Machinery Noise Controi Guidelines, United States Department of the
Interiors.
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Process review results in equipment modification
to reduce noise.

PROBLEM

Raw coal delivered directly from the mine
to the coal processing plant may contain a
variety of foreign materials which unless
removed are capable of damaging
processing equipment. Foreign objects
may include props, metal fittings, roof
bolts/plates, ragsetc. Toremove these, the
raw coal is usually passed over a series of
coarse vibrating screens. These are referred
to as wood waste screens. The screens
were observed to have a very fast idle o
speed, but only have a low volume of
product passing over them.
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Sound pressure levels taken at one metre from the operating screen produced a readin g of
99dB(A). While some of this noise was due to the vibration of loose screen decks, most of the
noise was found to be due to the electric drive motor, the excitation unit and material bouncing
over the screen decks. ‘

SOLUTION

Given the low volume of material that passes over the wood waste screens, the necessity to have
the screens operate at such high speed was questioned. It was determined that the drive motor
speed could be reduced and still have sufficient vibration to screen the volume of material, but
at a slower and quieter rate.

BENEFITS OF THE NOISE CONTROL SOLUTION

Noise levels from the wood waste screens could be significantly reduced and screen decks are
less likely to shake loose requiring frequent maintenance. '

FACTORS LIMITING THE SUCCESS OF SOLUTION
None identified.
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Alternative communication system reduces cabin noise
for operators of haulage trucks.

" PROBLEM

Modem coal haulage trucks are commonly
fitted with air-conditioned cabins thathave
various acoustic treatments fitted to reduce
noise from the engine, transmission and
exhaust system from being transmitted to
the operator. In addition to the outside
noise sources, commercial and two way
radios withinthe cabin have been identified
as contributing greatly to the daily noise
exposure for truck drivers. Frequently
truck operators will have the volume of the
commercial radio set atleast approximately
3dB(A) above background noise levels
‘within the truck cabin. Consequently, ¢
ensure incoming messages are received,
operators usually set the two way-radio =
slightly higher again to compensate forthe
increased background noise levels within
the cabin including additional noise from
the commercial radio. Atmany mine sites
aconsiderable amount of “radio chatter”is
initiated by supervisors dispatching truck
drivers to various locations at the mine.
While the message is usually only intended
for one operator, it is heard in the cabin of
all vehicles fitted with a two-way radio.

As aresult, the cumulative effect of all two-way radio conversations and existing cabin noise
may produce equivalent daily noise exposures in excess of 90dBLAeq(8).

SOLUTION

The answer to the noise problem was found through the introduction of new communicatior:
technology. On board dispatch computers (similar to those used by taxi services) wereinstalled
in the cabin of each haul truck in the fleet. Directions.for each truck driver are transmitted
throughout the mine and when received, they are printed out on a small video display scree™
mounted in the ceiling of the cabin. While the haul truck driver is dumping a load, the scre
can be scanned to establish where the next load will come from. Two-way radio units are stifi™”
fitted in the haul trucks however they are used relatively infrequently when compared to the
previous arrangements for co-ordinating the movements of the haul truck fleet.
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SE CONTROL SOLUTION *~
The'_.total noise exposure for truck drivers has been reduced due to Icss'!‘ftwo-way chatter” and
reduced commercial radio volume settin gsbytheoperators. Truck operators are able toreceive
dispatch information while they are stationary instead of having use the two-way radio while

driving.
' FACTORS LIMITING THE SUCCESS OF SOLUTION
None identified. .

’
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Acoustic attenuation treatment of cabin reduces noise
exposure for haul truck operators.

PROBLEM

Rear dump haul trucks are the popular
selections of several mine sites for coal,
parting and reject transportation activities.
The operator’'s ¢tabin is located above and
to the left of the engine compartment.
Noise is generated as vibration from the
engine and transmission systems and from
the air turbulence created by the exhaust
and cooling systems. Noise from these
sources may be transmitted to the truck
operator as vibration through the cabin
frame and panels. Airbome noise may
enter the cabin through openings such as
open windows and cable ports. Airbome "
noise also'excites thin glass panels (e.g. "
rear and side windows) sufficiently to
permeate to the inside of the cabin. Once

the noise is inside the cabin, metal wall
panels may reverberate, adding to the noise
problem.

SOLUTION

To overcome these problems a mine
operatorrecognized the benefits of ensuring
that employee noise exposure was
minimised by purchasing quietequipment.

DRESSER 510E
REAR DUMP

In its tender document a specification required that the noise levels within the cabin should not
contribute to a daily noise exposure exceeding the equivalent to 85dB |, . under normal
operating conditions. As a result, the mine obtained a fleet of Dresser 5 10% rear dump haul
trucks with a variety of noise control treatments fitted to the operator cabin. For example, to
overcome structure borne vibration generated from the engine and transmission, the operator's
cabins have been isolated using vibration pads. The cabins are completely air conditionedand __
side and rear windows have been doubled glazed.
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The thickness of glass in the windshield has been increased to 9 . Allwall and ceiling panels
- of the cabin have been lined with 50mm polyurethane open cell foamcovered with a perforated
vinyl surface.. The standard floormat of the trucks is a 10mm op
2mm vinyl outer surface To reduce wear or. thls floor mat mate
rubber has been used as well.

rial

BENEFITS OF THE NOISE CONTROL SOLUTION

Noise exposure levels for truck operators have been reduced by the implementation of a “Buy
Quiet” policy.

FACTORS LIMITING THE SUCCESS OF SOLUTION

Cabin will require periodic inspection and maintenance to ensure that integrity of the noise
control treatments.
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IN MINING ;@; ABSORPTION )

Absorption panels for exhaust system of
rear dump coal haul trucks.

PROBLEM

High noise levels may be generated from
several sources on rear dump coal haulage
trucks. The obvious sources include
structure borne vibration stemming from
the engine and transmission and air
turbulence noise created by the cooling
and exhaust systems. In addition to these
the flow of exhaust gases through the
exhaust system may create resonant noise
which when combined with noise from
other sources can create a significant noise
problem for the truck operator.

SOLUTION

When the drivers andmechanicalengineer, =
- recognised the problem with the resonating "
exhaust systems, they sought a solution.
The solution was obtained by applying a
series of commercial sound absorption
panels to shroud the body of exhaust
systems. The absorption panels are easily
installed and can be readily removed for
maintenance purposes. The absorption
panels also provides thermal insulation
therefore affording some protection to
maintenance employees who may have to
work around the exhaust system while the
truck is operating.

BENEFITS OF THE NOISE CONTROL SOLUTION

Noise produced from resonating exhaust system is reduced. A side benefit resulting from the
solution is a reduced risk of burn injuries to employees working around the exhaust.
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FACTORS LIMITING THE .
SUCCESS OF SOLUTION ' |
- The absorption panels are reasonably |
robust, however periodic inspection and
maintenance is recommended to

guarantee the integrity of the control
method.
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NOI ECONTRO A CONTROL -
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A combined approach to reducing noise exposure for
operators of mining equipment.

PROBLEM

The Wirtgen Strip Mineris used fornarrow
seam coal and parting extraction. The
Wirtgen operates along similar principles
in open cut mining operations as a
continuous miner does in underground
operations. As the machine advances a
rotating cutting head cuts a layer of coal/
parting and conveys it into a truck at its

ar. The operator is positioned in a cabin
- which is located directly above the cutter.
two diesel engines which
gh hcad and conveyor, and
c,hm _'The engines are in an
i n,;_immcdiately behind the

opcrator»"s” cab:

Due to the location of the cabin close to the open engine compartment, the cooling systems of
the engines were found to make a significant contribution to thc total noise being transmitted
to the Wirtgen operator.

S @ ol B N ST
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SOLUTION

Initially, work was undertaken to line the cabin with various acoustic absorption treatments.
These included applying a 25mm layer of open cell polyurethane foam with aperforated vinyl
surface to the walls and ceiling, and a 7.5mm high density rubber floor mat with a 10mm
backing of open cell polyurethane foam to cover the floor of the operator’s cabin. Secondly,
areview was undertaken of the cooling system to determine whether modifications could be
made to reduce the noise levels of the cooling fans. The control options available came down

to substituting the fans with a quieter model (e.g. different blade pitch) or modifying the speed -
of rotation of the cooling fans. Consultation with the suppliers of the engines supported that

there was scope forreduction in fan speed and that this approach would still maintain sufficient

cooling air to the engine even at peak operations. With the introduction of these control -

measures the daily noise exposure for the operator of the Wirtgen Strip Miner was reduced to
an acceptable level. ’

BENEFITS OF THE NOISE CONTROL SOLUTION

The daily noise exposure of the machine operator has been reduced to an acceptable level. The
benefit of noise control at the source has been demonstrated by areduction of 6 dB(A) due to
the adjustment of the fan speed.

FACTORS LIMITING THE SUCCESS OF SOLUTION

Periodic inspection and maintenance of the cabin treatments will be necessary to ensure their

it’system must be developed to ensure that if the
d must be readjusted at the same time.

effectiveness is maintained. A manageme
cooling system is replaced, then the fan s

i
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Coal preparation plant control room refitted to reduce
noise exposure to employees.

ACCESS
TO CPP

ACCESS AWAY
ROM CPP
CONTROL
ROOM
"NOISE
LOCK

CONTROL ROOM
FLOOR PLAN

. in the processing areas of many CPP at

- the air and the building structure to the
controlroomoperator. Doors and windows

PROBLEM

- Coal Preparation Plants (CPP) contain a

range of processing equipment which
produces censiderable noise. The
equipment and processes of the plant are
usually monitored and co-ordinated froma
central control room. The CPP control
room operators must spend a full shift at
their workstation monitoring, interpreting
and controlling the production performance:
aspects of the plant. To performeffectively
it is imperative that the operator’s work
station is as comfortable as possible. Noise
levels of 90 - 100 dB(A) are not uncomm

this noise may be transmitted through b

often offer little resistance to the
transmission of unwanted noise.

SOLUTION

Recognising that noise problems existed in
their control room, the management of one.
coal preparation plant sought to reduce
noise to an acceptable level. The control
room was lined with cavity brick walls
creating an air gap, a suspended ceiling
was introduced and a noise/air lock was
installed at the doorway to the processing
area. To enter the control room from the
process area, employees pass through an
external self closing door that has been
lined with lead sheet (5kg/m?). Once inside
the noise/air lock, a second self closing
dooris opened to gain access to the contro: -
room. ‘
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Diagram showing an example of attenuation freatments

commonly used in control rooms,

INEFITS OF THE NOISE CONTROL SOLUTION

Besides providing a significantly lower. noise level inside the control room than that
experienced in the processing areas, the noise/air lock entry section provides an area for
removing wet gear and for cleanin g boots to maintain good housekeeping within the control

. room.

FACTORS LIMITING THE SUCCESS OF SOLUTION

Failure of the self closing mechanism and insufficient air circulation may lead to the doors
being propped open. This may limit the effectiveness of the measures for controlling noise
levels within the control room.
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DAMPING

Impact noise reduction in raw coal surge bins
at coal preparation plant.

PROBLEM

To ensure continuity of the processing
operation, a coal preparation plant has
been fitted with two surge bins forraw coal
storage. Coal is conveyed from the main
coal storage area (stockpile or hopper) to
the surge bins from where aregular flow of
raw coal can be maintained to the plant.
Raw coal, made up of particle sizes up to
50mm diameter flows off the conveyor
belt and impact against the sides of the
hoppers. The coal impact area was found to
be both a source of considerable noise and
prone to premature wear.

1 soLuron

A two stage approach was taken to solve the noise problem associated with coal impacting
_ against the sides of the surge bins. First, the primary and secondary impact surfaces were
: covered with a commercial rubber lining. This is essentially to reduce noise levels when the
bin is initially filled. Secondly, an ultrasonic bin level monitorin g device with a computerised
production flow control system was installed. The monitoring and flow control systems
maintain surge bin levels at between 19% and 55% capacity. As a result of the modification
the raw coal falling into the surge bins impacts on the stored coal instead of the side of the bin.

BENEFITS OF THE NOISE CONTROL SOLUTION

A significant reduction in the noise levels from surge bins was achieved. The bins now require
fewer repairs. Continuity of coal flow is maintained to processing equipment.

FACTORS LIMITING THE SUCCESS OF SOLUTION

Periodic maintenance and replacement of the rubber lining will be required.
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Diagram showing the modified surge binsystem toreduce impact noise. Noise reduced by maintaining product level
in surge bin to provide a damping effect, ’
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CONTROL
AT SOURCE

Drive motor modification for dual vubratlon screens

reduces overall noise and vibration levels.

E to the extent that the vxbratlon could be

PROBLEM

Twolarge vibrating screen deck units were
introduced at a coal preparation plant to
process raw coal. The screen deck units
were larger .than those previously used.
When operated at the same time the screen
decks were found to produce a considerable
noise and vibration problem. Both screen
decks were directly driven by electric
motors operating at the same speed. As a

" resultit wasfound that the screendecksran

in phases for conslderablc periods and
large amplitude vib: ations were transmitted
‘through the coalprcp j}aﬁonplantstructure

three levels below ;
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9 SOLUTION

\ After investigation of the problem a
85 ' - consulting engineer provided advice to
BEFORE reduce the vibration generated from the.

process. The solution was to modify the

s \/\ drive speed of one of the vibrating screen

deck units. This was achieved by
removing the belt drive arrangement
from one of the units and replacing it
with a direct drive mechanism geared at
a slightly different speed. The
modificationresulted in the two vibration
screen decks operating out of phase for

55 \
\\ the majority of the time. A further control
] !

AFTER

SOUND LEVEL (dB)

measure was implemented to reduce the
ability for the vibration to be transmitted
through the structure. The modification
wastoreplace the steelplate floor sections -
n front of the screen decks. with grid
_mesh sections. The gtid mess sections’

i ] I I I |
31.5 125 500 2000 8000
63 250 1000 4000

* FREQUENCY () .

e T

+ Sound'evels in control room before and after modification

“energy than the steel plate ‘floo

r thus

reducing vibration transmission.

BENEFITS OF THE NOISE CONTROL SOLUTION

| Opcrating the new vibrating screens a different speed has significantly decrease the level
structural vibration being transmitted throughout the plant. As a result noise levels in the
control room have also reduced by 9 dB(A). '

FACTORS LIMITING THE SUCCESS OF SOLUTION

Solutions must be developed in conjunction with vibration engineering consultants. Periodic
monitoring will be required to ensure the control méasure remains effective. Precautions must
be taken to inform engineering personnel of the control method to ensure the geared drive
system is not replaced with another belt drive unit should a breakdown occur.
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NOISE CONTROL Hia . VI‘BRATION

' IN MINING ISOLATION

Vibration isolation mounts reduce noise created by the
haulage ropes of underground transport vehicle.

&
29

PROBLEM

Personnel transport to underground coal
mining operations may be provided by a
variety of methods. The method of
transportation at the mine is most often
dependent on the geology of the area and
the distance between the coal face and the
surface. At one mine, a drift shaft has been
mined to follow the sloping coal seam. As
-aresult, a cable car ("dolly train") system
was used to transport personnel and
equipment to the coal face. The winch
operator and the winding gear for the cable
were located in a shed approximately 1
. metres from the loading station and port.
orthe drift. The cable is suspended between
ie loading station and the winding house
on a series of gantry frames that run past
the mine’s training centre.
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The action of the cable passing over the idlers (rollers) on the gantries produced considerable
structural vibration which was transmitted to the steel framework of the gantry producing noise
levels that were annoying to the winch operator and were capable of interrupting the training
classes. It wasreported that participants in the training room were notable to clearly understand
what was being said by the instructor at the front of the class room. The mechanical engineering
department of the mine was able to establish that the noise was being produced by the cable
as it passed over the idlers causing them to vibrate. This vibration was transmitted through the
idler roller to the mounting bracket and radiated as noise from the gantry frame.

SOLUTION

To overcome this problem vibration isolation pads were manufactured and fitted by mine
employees. The pads consist of a block of polyurethane with securing plates top and bottom.
The idler axle is mounted on the top securing plate, and the bottom plate is fixed to the gantry
frame. The isolation pads were made at a cost of approximately $30.00 per set and installed
during a non-production period so no down time was incurred. '

BENEFITS OF THE NOISE CONTROL SOLUTION

Significantreduction in noise levels were achieved around the cable support towers. As aresult
the annoyin g noise levels in the winch operator's shed have been reduced and training activities
can be conducted in the training centre without distraction. | R

FACTORS LIMITING THE SUCCESS OF SOLUTION |
None identified in this case study, however precautions should be taken to ensure that the
securing plates are attached in a manner that will not provide a path for vibration transmission.
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Alternative suspension system reduces noise
transmission to personnel transport vehicles.

PROBLEM

A rail mounted rope-haul personnel
transport vehicle with a carrying capacity
of twenty passengers was used to transport
employees from the surface to the face of a
New South Wales coal mining operation. A
noise survey conducted on the vehicle
indicated that sound levels could reach as
high as 97 - 98 dB(A) while the vehicle was
in operation. Much of the noise was found
to be transmitted to the occupants of the
vehicle from the wheels of the vehicle as it
passed over pitted tracks. The vibration
travelled along the chassis to the personnel
ins were it radiated from the steel plate
inner walls, floor and roof of the cabin.

'SOLUTION i
Durin g ascheduled preventive mnaintenance
service, the under carriage of the vehicle
was modified to provide better isolation
from the vibrations being transmitted from

the wheels. The existing suspension system
was replaced with a Roster Tension Unit
(see diagram over page) on each wheel
assembly set.

: »5
4

WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH
N93/32

e

bt

G e ik

&g A



. In addition to the modification of the vehicle's suspension systcm, the railway line‘.‘;yvzis_"' o

‘as the vehicle travelled over joints between sections of the line. By replacing or repackin gthe
sleepers this problem was also overcome. '

BENEFITS OF THE NOISE CONTROL SOLUTION

A more comfortable and less noisy ride has been prdduced at minimum cost with no
unscheduled downtime. Control measures introduced achieved a 12 - 13 dB(A) reduction in
noise levels within the vehicle.

FACTORS LIMITING THE SUCCESS OF SOLUTION

Periodic track inspections should be undertaken to ensure the railway line is maintainedin good
condition. Likewise, during periodic maintenance services the Roster Tension Unit should be
inspected and maintained as required.
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-inspected and sections with signific tareas.of piiting were replaced, During the inspection,”
_some areas of the lirie were found to have sagged thus creating severe impact noise problems:
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Modifications to roof bolter unit reduces noise
exposure for operators.

PROBLEM

Hand held pneumatic rotary drills are used
in roof bolting activities for ground
stabilisation in underground mines. These
types of drills are capable of producing
sound pressure levels in excess of 100
dB(A). Noise during operation of the drill
is produced from four primary sources:

i. Air turbulence from the exhaust;

ii. Radiated noise from the machine case;
iii. Radiated noise from the gear box; and,
iv. Noise generated at the drilled surface.

i i i o A S i

" The latter of thcse sources was fo _y,nd to
vary congiderably depending on the
pcnctrated depth of the drill bit. Prolon ged i
éxposure to, noise of this mtcnsxty by
unprotccted miners using this type of
equipment may resultin permanenthearing
impairment. ’

SOLUTION
As a first initiative to reduce the noise
Y:;OMBAT ROOFBOLTER NO_'SE CONTROL emitted from the drill unit, a dissipative
NG muffler was introduced to unit's exhaust.
UNTREATED This control measure alone produced a 10
s 8 dB(A) reduction in the noise being
N | generated by the unit in the form of air -
% turbulence. Further modification of the
5 BT \/ drill with the addition of an acoustic shroud
that covered the pneumatic motor and gear
. . /\ box produced another2-4dB‘(A)reduction.
/ DRALL WITH DESPATIVE MUFFLER Additionally, by insulating the muffler an
TRATIET AND AN ACCUSTC extra 2 dB(A) reduction was achieved.
0 e B e
: 55 T T T T T T T .
3 1B 50 500 ygge 2 so00 2°%° oy
: FREQUENCY (M)
WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH

AQ2 M2




BENEFITS OF THE NOISE CONT ROL SOLUTION

In total, a 17 dB(A) reduction in the noise level has been achieved by the implementation of
several simple, cost-effective control measures to the pneumatic rotary drill.

FACTORS LIMITING THE SUCCESS OF SOLUTION

The muffler units typically add a mass of approximately 2.2 kg to the weight of the drill. The
acoustic shroud adds a further 1.8 kg to the mass. The combined treatments represent an
increase of approximately 10% of the roof bolter's mass. While 4.1 kg increase in weight may
not seem significant, this piece of equipment has to be manually handled in an inhospitable
work énvironment and this factor may influence the level of worker acceptance of the
modification.
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DAMPING

Recycled conveyor belt provides a novel solution to
noise and vibration problems.

PROBLEM

The Baldwin rail mounted personnel
transport vehicles used in underground
coal mining operations have a centrally
positioned engine compartment. The
‘vehicle driver and personnel being
transported may sit in either of two cabins
which are located at the front and rear of
the vehicle. To provide access to theengine
compartment for maintenance purposes
steel plate doors have been fitted to the
vehicle's roof. The doors (one on each
side) of the vehicle are hinged from the
centre at the roof. In operation, the diesel
_engine of the vehicle produces considerable
~ noise that-caused -the doors to resonate
- from their light gauge steel plate surfaces.
When the vehicle was.in motion, these
covers rattled which causing considerable
annoyance to the driver and passengers
inside the cabins.

R e T T

4

e srrugy

I ey
o dvanliild o v, e

SOLUTION

A simple solution was found by replacing the metal covers with 12mm thick rubber flaps. The

i flaps were cut from a section of used conveyor belt and they can be rolled back easily when
access to the engine is required. The rubber covers: provide some damping for structure borne
vibration to reduce engine noise from being radiated. The rubber flaps do not create additional
unwanted noise as they do not vibrate against the engine housing frame when the vehicle is in
transit. -

i
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BENEFITS OF THE NOISE CONTROL SOLUTION

While noise level measurements could not be taken at the time of documenting this solution,
a noticeable reduction (3 - 5 dB(A)) was perceived when two identical vehicles (one treated

in this manner, the other not) were operated. The cover flaps require little maintenance and
are relatively inexpensive to replace.

FACTORS LIMITING THE SUCCESS OF SOLUTION

Open sides on the engine enclosure enable noise to be transmitted to the immediate
environment. The open sides of the personnel compartment will enable free transmission of
airborne noise to the occupants.

WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH
N93/34




RS AT R

ad {L&E}Wﬁ?":‘“" "
A

R

N
H

3

AR

8 T R

VIBRATION

e TN .

Modified seat reduces vibration transmission in
personnel transport vehicles.

PROBLEM-

A Baldwin 18A Diesel Underground
Transport Vehicle has a personnel
transportation cabin at each end and a
diesel motor located in the centre of the
vehicle. The motor, whilst being mounted
on vibration isolators, produces a
considerable amount of noise and vibration
which can be transmitted to the occupants
of the vehicle. The steel carriage wheels
travelling the rails are another source of
structure borne vibration that contribute to
the level of vibration experienced by
employees seated inside the vehicle while
it is in motion. The seats.inside the cabins
wereeach constructed fromasingle section
 of 18mm plywood thathad been moulded
to forma seat shape ani ted to the steel
frame. This arrangement, besides providing

an excellent pathway for transmitting
vibration tothe employees, was reported to
be extremely uncomfortable because it is
inflexible. '

SOLUTION

A simple solution was developed that is both robust and inexpensive. The plywood seats and
the square section tube seat frame were removed from the cabin. In substitution, a large
diameter (50mm) circular tube seat frame was manufactured and installed. A12mm length of
rubber conveyor belt was slung over this frame and securely fixed to the frame's top crossbar.
When used, the seat moulds to fit the back of the seated persons. Besides the vibration isolation
capability of the sling seat, its flexible design eliminates the need to relocate equipment wOrn

on the belts of miners such as the cap lamp battery and self rescuer.
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BENEFITS OF THE NOISE CONTROL SOLUTION

Structure borne vibration is reduced by substituting the rigid plywood seats with an alternative
material. ‘

-
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FACTORS LIMITING THE SUCCESS OF SOLUTION

The material is inexpensive and has a high degree of serviceability. Comfort for some
individuals may be reduced should the sag in the rubber seat be too deep. This issue however
is presently being reviewed by the mining company using this idea. It is planned to provide
seat adjustment byway of a rotating support beam at the front of the seat. The rotating beam
will allow the amount of slackness in the seat to be varied depending on the size of personnel
using the seat therefore affording more comfort.
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SILENCER

Silencer on exhaust stack reduces noise from an
auxiliary boiler.

PROBLEM

A large copper smelter has two auxiliary
boilers toprovide steam to meetany shortfall
in steam supplied from the smelter's waste
heat boiler. These auxiliary boilers are
automatic, low pressure water tube boilers
rated at 12.73 tonnes per hour of steam at
1050 kPa. In normal operation, one of the
units will run, and the other will be on
stand-by. Both boilers are linked to the
plantsteam supply system. Steam pressure
isregulated by a pressure valve. This valve
vents to atmosphere via an exhaust stack
whenever the preset pressure limit is
_exceeded. The exhaust stack outlet is

"-\j"t@q}’&‘; EEREIIIC B YIS e Iyt e

walkw
- personnel accessto areas of the plant. The
velocity 'of the exhaust steam from the
stack was approximately 100 metres per
second. The measured noise level at the
nearest position on the walkway was found
tobe 104dB(A). Sound level measurements
taken at ground level were 96 dB(A) under
the exhaust stack, 93 dB(A) atadistance of
10 metres and 87 dB(A) at 30 metres. The
cause of the high noise level was aresult of
the high pressure, high velocity exhaust
stearn making contact with the open air.
Given the frequent access to this area
required by many employees, these noise
levels could easily give pedestrians an
equivalent daily noise exposure of greater
than 90dB(A), , o®" It is the policy of the
mine that hcanng protective devices must
be worn at noise levels above 90 dB(A) to
minimise the possibility of noise-induced

exposure minimisation is very difficult to
maintain.
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- SOLUTION -

To overcome the problem a reasonably
simple and inexpensive solution was
implemented. It was suggested that if the
velocity of the exhausted steam could be
reduced, then the noise level at the outlet of
the stack would be significantly reduced.
To do this, a silencer was installed on top
of the stack. The silencer provides a larger
surface area for contact with the open air
via the multiple exhaust holes, to reduce
the speed of the exhausted steam.

BENEFITS OF NOISE CONTROL
SOLUTION

After fitting the silencer the noise level at
the nearest position on the walkway was
reduced to 83 dB(A). Sound pressure
measurements also taken at ground level
were 79 dB(A) under the exhaust tack, 74
dB(A) at a distance of 10 ]
_dB(A) a1 30 metres. Asar
solution,employees who fr
this area are no longer req
hearing protection. -

FACTORS LIMITING THE SUCCESS OF SOLUTION ;

" Materials to manufacture the silencer unit from must be carefully selected to ensure they will
be sufficiently robust to withstand the environment in which they are used. Thesilencer should
be inspected periodically for early identification of deterioration of materials. Noise
assessment may be a useful method for early detection of internal failure of the silencer unit.

WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH

Na2MR




CONTROL

VIBRATION

‘N N“NlNG ' lSOLAjoN

Substitution of floor panels reduces noise and vibration
around sizing screens. |

PROBLEM

Vibrating screens are used extensively in
many mineral processing operations. The
vibrating screens shake mineral ore asitis
passed over the screen deck surface The
holes in the screen deck separate the
required size fractions of the ore to enable

it to be processed. At a coal preparation
plant two large vibrating screen decks were
used to separate parting (shale) material
from the raw coal as it arrives at the plant.
These two sizing screens were situated on
the top floor of the coal preparation plant

to enable gravity to be used to transport the
coal jous treatment Processes.
Even though some vibration. isolation - -
sprin been fitted to the screens
vibration ‘was still transmitied to the.
surrounding floor surface, where it could . -
be radiated as noise from the checker plate
steel panels on the floor.
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SOLUTION

Consulting engineers verified that the
checker plate panels on the floor
surrounding the raw coal vibrating screen
decks were increasing the noise problem
in the area. The consultants found that the
mechanical vibration from the raw coal
vibrating screens was being transmitted to
floor panels via the screen deck frames and

the floor supports.
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On reaching the checker plate panels (1800 x 1200mm) some of the vibration cancels around

the joining edges of the steel plate however most of the structure borne vibration was radiated
as airborne noise in other areas of the plant. To overcome this problemthe checker plate panels

-

around the screens were removed and substituted with open grid mesh sections.
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The design of the grid mesh sections increases the surface area available from which noise can
be radiated. Consequently, noise cancellation occurs due to equalisation of sound pressure
around the grid mesh cross members. o

BENEFITS OF THE NOISE CONTROL SOLUTION |
Anoticeable reduction in noise levels has been achieved around the I rge raw coal vibrating
screen decks. Less vibration in the preparation control room, several floors below the screen
decks, was reported following the implementation of this solution.

FACTORS LIMITING THE SUCCESS OF SOLUTION

If the grid mesh sections are not secured adequately, the vibration may produce some rattling
and increase noise levels for the area. '

’
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Substitution o_f starter motors on
personnel transport vehicles.

PROBLEM

Diesel powered personnel transport
vehicles are used to convey personnel and
equipment from the surface to the workings
of underground mining operations.
Personnel being transported only spend
around one to two hours per day on board
the vehicle, however, the driver of the
personnel vehicle will frequently spend six
to eight hours operating the vehicle. While
there are several noise problems associated
with the diesel personnel vehicle, high
noise levels have been recorded when the
machine is started. These peak nois cVels
are attributed to the compress t
mo_tqr-bmng ( _a_cnvatcd i

-Noise levels higher than 100 dB L, have been recorded at the operators ear pritibﬁ’és the

starter motor is engaged and compressed air from the starter is vented. The air turbulence
created by the rotation of the starter motor combined with the compressed air exhausthave been
identified as being the main contributors to the high peak noise levels.

SOLUTION

The engineering department of an underground coal mining operation in New South Wales
have successfully substituted the pneumatic starter units with similar starter motors operated
by hydraulic power. The hydraulic fluid in the starter motor eliminates air turbulence noise that
isinherent in the operation of the compressed air starter motors. Being a closed circuit system,
there is no noise produced by the medium being vented after it has been used. Anothcr
alternative to the pneumatic starter motor is a spring starter motor. =
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The spring starter motor operates on the stored mechanical energy from a spring mechanism.

While being generally quieter than the pneumatic system, the maintenance and replacement

costof the spring starter motors is inhibitive and as aresult the use of these type of starter motors
is gradually being phased out.

BENEFITS OF THE NOISE CONTROL SOLUTION

Peak noise levels during start up of the diesel personnel vehicles have been reduced
significantly. Dust previously created by the air flow from the starter motor has also been
eliminated. With regular maintenance the hydraulic starter motor is capable of performing
equally to, if not better than, the pneumatic units.

FACTORS LIMITING THE SUCCESS OF SOLUTION

None identified if a regular maintenance program is introduced.
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Vibration isolation reduces cabin noise in
underground personnel carriers.

PROBLEM

Much of the noise conveyed to the driver
and occupants of rail mounted underground
personnel transport vehicles originates
from mechanical vibration caused by the

* diesel engine. During operation the motor
transmits vibration to the chassis of the
vehicle via its engine mounts. Once
transmitted the structure borne vibration
may excite steel panels lining the vehicle
cabin. As a result, noise can radiate from
the panelsand be transmitted to the vehicles'
occupants.

SOLUTION

To overcome the cabin noise problem -
caused by engine vibration, one New South-
Wales coal mining operation has arrived at
a novel solution that uses recycled parts.
: After assessing the problem, the mine’s engineering department recognised that much of the
i cabin noise could be significantly reduced by mounting the vibration source (the engine) on
: flexible engine mounts instead of fixing it directly to the chassis. During the search for a

9 ey
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suitable method of vibration isolation, a set of automobile engine mounts was found to be
effective, easy to obtain and less expensive to obtain than commercial products.

Y " BENEFITS OF THE NOISE CONTROL SOLUTION

: Engineering department employees have found a cost-effective solution to a noise problem

produced by mechanical vibration originating at the diesel engine.
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FACTORS LIMITING THE SUCCESS OF SOLUTION

Steps should be taken to ensure that the vibration isolation mounts are matched to resonant
frequency characteristics and mass of the engine. Any routine maintenance program should

also include checking for deterioration or damage of vibration isolators. Periodic noise surveys
within the cabin may also identify any reduction in the effectiveness of the isolators.

WORKSAFE AUSTRALIA - VICT ORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH
N93/39




VIBRATION
ISOLATION

Alternative suspension method for mine ventilation fans
reduces structure borne vibration.

PROBLEM

The need for fresh air exchange in
underground mining operations has
resulted in extensive use of suspended
ventllatlon ducts in many areas of the mine
workings. To ensure that the desired fresh

air exchange volume is achieved, blower
fans are commonly placed at regular
intervals throughout the duct system to
maintain the desired air velocity and volume
rates along the ducts. The blower fans are
commonly suspended from the mine roof '
by a “D” shackle hung from an “eye bolt”
anchorcd into the roof. While operating,

§' considerable levels of
mechanical vibration. This is produced =
and trapsmitted from the fan housing - -
through'the s spension systern to the “eye
bolt” and the roof surrounding it. On
reaching the roof the vibrations radiate as
noise from the roof.

SOLUTION

On identifying this noise and vibration
problem, the engineering department of a
large underground mining operation in
Queensland sought to obtain a suitable
vibration isolator. Several different
methods of suspending the blower fan
units were investigated, but only resulting
in limited success. Finally a suspension
system was obtained that provided an
effective isolation of structure borne
vibration between the blower fan and the
“eye bolt”. The system consists of 2250mm
neoprene loop (12 mm thickness) that is
folded to form a double loop. This loop is
then secured to the “eye bolt” and the fan
by a*“D shackle” ateach end of the loop to
mount it on the mine roof.
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- continued monitoring "of

BENEFITS OF THE NOISE
CONTROL SOLUTION

A 3 dB(A) reduction has been
achieved by this innovative
method of vibration isolation.
The neoprene loop is available
in several thicknesses and can be
custom produced to the design
specified by the mine operator.

FACTORS LIMITING THE
SUCCESS OF SOLUTION

Failure of the neoprene ring may

- result in damage to the fan or

injury to personnel. To reduce
the risk of this type of accident,
aloose wire rope sling is passed
through each “D shackle” as a

" backup measure.

The solution provideradvises that

operating environment; in ordeér
to check and maintain solution
performance, is prudent even
though noise reduction has been
implemented. Where the solution
does not reduce noise levels

~ below the relevant occupational

standard, appropriate hearing
protection is recommended.
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Cabin treatments for underground haul trucks
reduce operator noise exposure.

PROBLEM

Caterpillar 400D underground haulage
trucks are used to transport ore from the
stope arca being mined to the dump station.
From the dump station the ore is conveyed
to the surface for processing. The haulage
trucks are capable of producing high noise
levels during normal operation. Atidle the
truck produces 88 dB(A), at 1800 rpm, 96
dB(A) and at a peak engine speed of 2500
rpm the truck produces 101 dB(A). Given
that the majority of the truck driver's shift
is spent operating the vehicle at 1800 rpm,
it would be easy for an unprotected truck
operator to have a daily noise dose in:
 excess of the recommended level (e.g.'8

/ -ﬂ(lf))’

ON
The Caterpillar 400D haulage trucks at a

3 _ ' large underground hard rock mining

- operation have been fitted with air
conditioned operator's cabins. Besides
providing a relatively clean and cool work
environment, the cabins also insulate the
operators from the noise created by the
prime mover. The cabins have been lined
with 25mm open cell polyurethane foam
absorption material, covered with a
perforated PVC outer surface for durability.
The absorption material has been used on
both the walls and the ceiling of the cabin.
The floor of the cabin is lined with a 3mm
high density PVC mat backed with 10mm
of closed cell polyurethane foam. 6 mm
glass panels have been used for the
windscreen and windows of the cabin.

e e
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As a result of these initiatives, the sound pressure levels inside the cabins have been reduced
to75dB(A) atidle, 82 dB(A) at 1800 rpmand 91 dB(A) atmaximum engine speed (2500 rpm).

BENEFITS OF THE NOIS
CONTROL SOLUTION
g 100 N The possible risk of an unprotected
N . .
bl NN operator's noise exposure exceeding a
95 N\ recommended level of 85dB, . has
N , .. eq(8)
E % N N\ been reduced significantly.
W \\ R \\ -
g, 85 \\ §§\ \\\
g a— N FACTORS TO LIMIT THE
2 N D \\ SUCCESS OF SOLUTION
75 NN
AN 3§\ N Theintegrity of the noise control method
7 . ; = — | usedinthecabin will only be maintained
IDLE 1800 2500 if windows are kept closed and the
. . m cabin structure and noise attenuation

treatments are maintained. It should be
recognised that continuous operation at maximum engine speed (i.e. above 2500 RPM) for a
period of more than one and a half hours could give an unprotected truck operator a daily noise
exposure of more than 85 dBMeq(s) . The solution provider advises that continued monitoring
of the operating environment, in order to check and maintain solution performance, is prudent
even though noise reduction has been implemented. Where the solution does not reduce noise
levels below the relevant occupational standard, appropriate hearing protection is recommended.
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Attempts to reduce noise emitted from
an underground utility forklift.

PROBLEM

Getman forklifts are used by one large hard -
rock mining company to transport supplies
andconsumable materials to operating areas
of the mine from the underground stores
facilities. The forklift operator sits under
an open Falling Objects Protection
Structure (FOPS) cabin. The forklift is ;
driven from a side mounted control panel £
to provide better forward and aft visibility
for the operator. The Getman is an
articulated forklift with the vehicles diesel
engine and most hydraulic equipment :
oused:in the rear module of the vehicle.
Invcstlgatlons have found thatthe opcrator .

of. the vehicle was receiving h1gh n01sev_' "

6surc levels due to the open nature: of

¢ ‘cabin and the close pr '
operator's seat to the engine.
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SOLUTION

Once the engine compartment was identified as being a major source of noise, the engineering
department set about to reduce the amount of noise being transmitted to the operator. To
achieve this the engine compartment was enclosed with 2mm steel plate overa steel frame and
doors were fitted to the sides of the engine compartment to enable access durin g maintenance
and servicing activities. Due to insufficient investigation during the control process, the source
and nature of the noise were not fully understood. Asa result, the only noise attenuation work
undertaken was to apply absorption material inside the engine compartment in an attempt to
reduce airborne noise from being transmitted to the operator. To achieve this, 20mm medium
density polyurethane open celled foam was bonded to the inside wall panels of the engine
compartment. The absorption material was secured to the surfaces by a section of expanded
steel mesh welded to the internal frame of the engine cover. On completion of the project the
noise levels atthe operator’s ear has been reduced to 82 dB(A) atidle, butnoise levels remained
high at greater engine speeds: 93 dB(A) at 1000 rpm and 102 dB(A) at 2000 rpm (max. revs).

BENEFITS OF THE NOISE CONTROL SOLUTION

Some reduction in noise levels has been achieved by the application of absorbent material to
the engine compartment of the articulated forklift. The control measure is only effective when
the machine is operating at an en gine speed limited to a range between idle and slightly below
1000 rpm. Based on consultation with the forklift operators, low operating engine speeds are
the exception rather than the rle. when loading and transporting equipment/supplies. While
+;. this databagse, program aims | ocument and disseminate successful solutions to noise
‘ portant that "not as successful" attempts to control noise

FACTORS LIMITING THE SUCCESS OF SOLUTION

During normal conditions the forklift operates at engine speeds of 1000 rpm or above and
therefore it has the potential to expose the operator to levels in excess of the recommended noise
exposure standard. Additional noise level analysis indicated that a considerable amount of the
noise being generated is in the low frequency bands. Therefore the noise will be readily
transmitted as structure borne vibration. To overcome these problems the engine, transmission
and hydraulic systems need to be examined to establish whether suitable vibration isolation
treatments can be fitted. Additionally, it should be established whether the expanded steel mesh
is providing an additional noise transmission pathway. Damping materials applied to the steel
plate surfaces beneath the absorbent lining may reduce the propagation of structure borne noise
along the steel panels of the engine cover.

The solution provideradvises that continued monitorin g of the operating environment, in order
to check and maintain solution performance, is prudent even though noise reduction has been
implemented. Where the solution does not reduce noise levels below the relevant occupational
standard, appropriate hearing protection is recommended.
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Process substitution reduces noise levels for
mineral crushing plant workers.

PROBLEM

Prior to being refined, mineral ore must be
crushed toa manageable size. Traditionally
a bank of large cone crushers was used for
this purpose at the ore concentrator of a
large Queensland copper, lead, and zinc
refinery. The 2100mm ((7ft) cone crushers
are used to reduce the size of coarse ore to B
< 200mm before ball milling and further

processing. Typically ore cone crushers o
produce noise levels of 100 - 115 dB(A).
When all cone crushers were operating at
the plant, the noise level in the crushing
area rcached as hxgh as 12_ dB(A) ‘In 3

=
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rcsplratory ‘hazard to workcrs -

SOLUTION

During a review of the ore processing operation, a decision was made to replace the cone
crusher and ball mill network with a single mill. The autogenous mill uses gravity and the
kinetic energy of the ore to crush the ore. Coarse ore is conveyed into the rotating autogenous
mill where it is mixed with water. The speed of rotation of the 10 metre diameter mill carries
 the coarse ore almost to the top of the mill then drops it onto the ore in the lower section of the
rotating mill. This repetitive action causes the large ore pieces to fracture other ore inside the
mill. On completing the crushing cycle the slurry is drawn off and pumped to the next stage
of ore processing operation. The new autogenous milling process has reduced the noise level
in the general area of the mill to around 80 dB(A). The drive motors and transmission are the
: only major noise source identified in the autogenous mill. Measurements indicate that noise
2 levels of 90dB(A) may be present in these areas, but employees rarely spend more than a few
minutes in these areas while undértaking service work

BENEFITS OF THE NOISE CONTROL SOLUTION

Noise levels have been reduced by approximately 40 dB(A). Several other processes such as
the need for conveying dry ore and filtration processes have been eliminated thus reducing
noise and dust and reducing the cost of the milling process. Productivity has been increased
to 800 tonnes/hour doubling the production of the previous system and an environmental
b problem previously caused by water run off from the old cone crushing operation has been
1 eliminated.

L
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FACTORS LIMITING THE SUCCESS OF SOLUTION

The cost of the substitution, $35 million, may be inhibitive to some mining operators.
Secondly, autogenous milling is best suited to only selected ore types. These two issues can
be partly addressed by increased productivity giving a payback period of only three (3) years,
and secondly computer modelling has proved successful for providing information to
determine whether the ore in question is suitable for autogenous milling methods.

ORE AND WATER COARSE ORE

The solution provider advises that continued monitoring of the operating environment, in order
to check and maintain solution performance, is prudent even though noise reduction has been
implemented. Where the solution does not reduce noise levels below the relevant occupational
standard, appropriate hearing protection is recommended.
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Recycled materials used as noise control solution in
drop chutes and distribution boxes.

PROBLEM

Ore of various sizes must be conveyed to
processing equipment. Several times during
transportation the ore is off-loaded from

the conveyor belt or processing equipment

and falls to the next processing stage.
Chutes and distribution boxes of various
sizes and shapes are used for this purpose.
Within the chute, the ore impacts on a
chute wall opposite the conveyordischarge

and produces considerable noise. Ore
impacting on chutes, hoppers and
distribution boxes was capable of producing
noise levels in the order of 100 to 105
dB(A) atone metre fromthe chute. Because . ..
the ore‘tends to 1mpact on only a limited L
area, prematurc wear ‘may occur in this
area thus requirin frequent maintenance
resulting in reduced prodiction efficiency.

SOLUTION

LA e O Pkt

One mining operatorhasarrived atan inexpensive solution to noise produced by ore impacting
in chutes, hoppers and distribution boxes. In another area of the ore mill, steel balls (or rods)
are tumbled in a cylindrical mill to crush ore. The inside of the ball mill is lined with a series
of rubber lifter bars to assist the milling process by tumbling the balls and ore to create
secondary impacts inside the mill. Previously, the rubber lifter bars were removed and
discarded when they did not provide sufficient lift inside the mill. Instead of discarding the
worn lifter bars, the engineering department now cuts them to size and bolts them to the transfer !
chute surface at the impact zone. The bars were found to be effective in reducing noise and
extending the life of the transfer chutes. The only significant costs involved were for labour
during the installation and as much as a 10 dB(A) noise reduction has resulted.
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BENEFITS OF THE NOISE CONTROL SOLUTION

hoppers and distribution to boxes in ore processing mill.

COARSE ORE

S 4

FACTORS LIMITING THE SUCCESS OF SOLUTION

Monitoring and maintenance of the impact areas in the chutes will be required to ensure the
effectiveness of the control measure.
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A significant noise reduction has been produced at minimal expense to the organisation.
Productivity has been enhanced through reduced downtime for repairs to ore transfer chutes,
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Relocation of flotation blower units reduces ¢
noise exposure to nickel refinery workers.

PROBLEM

Froth flotation is a common process used :
to separate minerals from ore. Finely
ground ore is mixed into a slurry by the
addition of water and frothing agents.

Flotation cells aerate the slurry in the cell

causing small air bubbles to rise to the »
surface. As the bubblesrise, lighter mineral
particles are lifted to the surface and stick
to the bubble surface. A skimming
mechanism removes the bubbles. The
heavier non-mineral particles (gangue)
te at the bottom of the slurry
e -drawn off for further
arge. blower units are used to . "
fficient air to aerate the slurry.
‘lﬁncry the blower umts werc
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same level as the froth flotation cells.
Noiselevels of 95 - 100 dB(A) were typical
around the blower units and refinery
workers who were required to spend
considerable time during the shift
monitoring and adjusting the performance
of the flotation process could have been
exposed to excessive noise levels if they
were not wearing hearing protection. As
well as the noise being a problem in the
immediate surrounds of the froth flotation
cell, it was also found to reverberate from
the metal cladding wall surfaces of the
Plant and increase the overall noise levels
within the refinery.
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SOLUTION

After assessing the noise levels being generated by the bank of blower units, the question was
posed as to whether it was necessary to have the blowers located inside the refinery building.
Asaresult, it was found that there was no particular benefit gained and the bank of blower units

were relocated to ground level outside the plant. .

To ensure that the blowers did not produce additional noise problems for workshop employees

situated near the new location, silencers were fitted to the intake of each blowerunit. The intake
silencers measure approximately 1000mm in length and have a diameter of approximately
300mm. The walls of the silencer consist of 50mm of open cell foam covered with perforated
aluminium. The silencers have rediiced the noise from air turbulence at the air intake port to
the order of 5 - 10 dB(A). The elimination of the blowers from the froth flotation floor has

reduced noise in the area to a background level of around 80 - 85 dB(A).

BENEFITS OF THE NOISE CONTROL SOLUTION

Noise levels around the froth flotation area have been reduced by approximately 15dB(A). The
addition of silencers on the intake ports of the blower units have ensured thatan environmental
noise problem has not been created by the relocation of the bank of blower units outside the
processing plant. ' '

FACTORS LIMITING THE SUCCESS OF SOLUTION

A considerable amount of ducting was required to transport the air from the blowers to the
flotation cells. During the installation phase caution should be taken to isolate the duct work
to prevent it from becoming a pathway for transmitting noise from the blowers to the plant.
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Multi-jet nozzle reduces noise exposure in
mineral sample preparation laboratory.
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PROBLEM

High pressure airis used extensively in the
mining industry. In a mineral sample
analysis laboratory, hand held compressed
air nozzles are used to “dry clean” sample

I AT eI 9 TAAR SW

preparation equipment to avoid
contamination. Frequently high velocity
air nozzles are used that focus a single jet
of air onto the sample preparation
equipment being cleaned. High velocity
air movement from a single outlet was
found to produce noise levels of as high as
94 dB(A) when used at an operating air
pressure of 100p.s.i.. Noise levels as hig
as 108 dB(A) have been measured f - F
some types of smglc outlet nozzle desxgnsa

S()LUTION
To reduce the noise level, new multi jet air
nozzles were fitted to all air guns used in
the laboratory sample preparation area.
The multi-jet nozzles have an opening to
produce a central air jet for the cleaning
tasks. In addition to the central opening,
the new nozzles have a series of side
openings which bleed off some of the
delivered air and direct it towards the
edges of the central air stream. The side air
flow increases the speed of the air around
the central air stream thus reducing the
amount of air turbulence created by the
central air jet.

BENEFITS OF THE NOISE CONTROL SOLUTION

Using the new multi flow nozzles noise levels have been reduced to 77 dB(A) when operated

at 100 p.s.i.

WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH




FACTORS LIMITING THE SUCCESS OF SOLUTION

If the air jet is not suitable for the task being performed employees may remove the nozzle tip
thereby reducing the effectiveness of the solution. Ultimately work processes should be
reviewed to establish if high pressure dry air cleaning can be replaced with alternative methods
such as vacuum cleaning to reduce noise and dust problems created by the process.

CONSIDERABLE AIR TURBULENCE
IS CREATED AS THE FAST AIR FROM
THE NOZZIE JET MEETS SLOW AIR

SURROUNDING IT ‘

STRAIGHT JET ~
NOZZLE

MULTI FLOW

N91-E6A SIDE PORTS

, ONLY LITTLE TURBULENCE
' ‘ | RESULTS WHEN THE FAST
MOVING AIR STREAM MEETS
ANOTHER MOVING AIR STREAM
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Substitution of exhaust on underground
personnel transport vehicle.

PROBLEM

A medium sized truck has been modified
for use as an underground personnel
transport vehicle. The modification
involved fitting a cabin to the chassis of the
truck in which -mine workers could be
seated during transportation to various
locations in the mine. It was found that
employees seated inthe back of the vehicle
were exposed to high levels of noise from
the vehicle's exhaust. The exhaust system
for the truck passed up between the driver's
compartment and the personnel cabin and
was vented over the top of the rear of the

being transmitted to the cabin surface via
the support brackets of the exhaust system.

DI

o e e

- vehicle. The route:of the: exhaust system.
 between the two’ cabms resulted in
considerable nois bemg produced as thc*hf.
exhaust gases pass qd'thrbugh the exhaust '
system. Structure borne vibration was also
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SOLUTION

The existing exhaust system was removed and an extension was added so that the exhaust pipe
could be vented to the rear of the vehicle from underneath the chassis. The new location of the
exhaust pipe also provided for easier application of vibration isolation mounts to reduce the

BENEFITS OF THE NOISE CONTROL SOLUTiON

Noise levels entering both the driver’s and the personnel cabins have been significantly
reduced. Exhaust fumes from the vehicle are now vented well clear of the personnel cabin at
- the rear of the vehicle.

FACTORS LIMITING THE SUCCESS OF SOLUTION

Depending on the terrain the vehicle has to traverse some damage to the under carriage exhaust
pipe may occur. ’
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Cabins on air track drills reduce the
daily noise exposure for operators.

PROBLEM

Track mounted pneumatic percussion (“air
track™) drills typically produce noise levels
as high as 118 dB(A). Noise from the
equipmentis generated from several sources.
The predominant noise sources are the
pneumatic exhaust and the drill steel and the
drive mechanism for the drill. Noise is
transmitted from these sources through both
airborne and structure borne pathways. To
reduce noise exposures for drill operators,
hearing protection is often provided as the
sole control measure. The nature of work

\ tlronment of the drill

protectors uncomfortablc to wear.

Dirt and bacteria introduced to the ear while fitting ear plugs may also cause infections in
similar work situations. Comfort and hygiene are only two of many reasons why some
employees choose not to wear hearing protection even when working around noisy equipment
such asthis. Additionally there is considerable research literature to support thateven if hearing
protection is worn, there is a distinct possibility that it will not be worn correctly.

SOLUTION

On recognising the potential of the noise problem associated with the air track drill unit, one
West Australian hard rock mine operator has managed to reduce noise exposure levels to its
air track drill operators significantly. The mining company chose to “Buy Quiet” when
purchasing a new air track drill. As aresult, an LT.H. pneumatic percussion drill was delivered
to site already fitted with an enclosed operators cabin. The cabin effectively insulates the
operator from the airborne noise generated by the drill rig. Isolation pads fitted between the
cabin and the frame of the drill reduce the transmission of structure borne vibration. The-air
conditioned cabin provides a barrier to noise as well as providing a more comfortable and
healthier work environment for the drill operators.
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BENEFITS OF THE NOISE CONTROL SOLUTION

Noise levels inside the cabin have been reduced to an eight hour equivalent noise exposure of
below 85dB_ ,_, The air conditioned cabin also reduces employee exposure to heat and dust.
Hearing protection is used as a secondary noise control and is only required if an employee must
work outside the cabin.

FACTORS LIMITING THE SUCCESS OF SOLUTION

More effective control of noise may be achieved by targeting action closer to the source of the
noise. The continued effectiveness of the cabin will require ongoing maintenance. Openings
such as poordoor seals, cracked glass panels and service line openings will significantly reduce
the potential noise attenuation provided by the insulated cabin.
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Damping treatment reduces noise produced from |

hoppers and chutes at ore crushing operation.
PROBLEM
Ball mills are used extensively to crush ore
at mineral processing operations. During
the crushing process, steel balls
(approximately 75mm diameter) are
introduced to a large rotating cylindrical
mill. After the ore has passed through the
primary crushing process whereithas been
reduced to a manageable size (less than
200mm), ore isfed into the mill and crushed
by the impacting steel balls. At a West
Australian processing plant, balls are
received in bulk and raised to the top level
of the crushing plant. Atthe top of the plant
the balls are transferred to two holding
hoppcrs from which they are ‘drawn on an’
as nequued basis. The proccss of ]oadmg

~ the balls ifito the steel hoppers produced
intense noise levels. Furtherunwanted noise
occurred as the balls were delivered to the
mills via a 200mm diameter steel feeder

pipe.

SOLUTION

A review of the process resulted in three noise sources being identified in relation to the
operation. These were:

iﬂ R /

§ - (i) Theballs impacting against the sides of the holding hoppers when they were

unloaded;

,, (ii) Theballsimpacting with the delivery pipe as they were introduced into the dchvery

pipe; and,

3 (iii) The balls impacting on the inside of the delivery pipes as they were transportcd
through the pipe to the mills.

BT RN PN

The following initiatives were introduced to solve the noise problems. The holding hoppers
were lined with 12mm insertion rubber. A more robust rubber lining (15mm) was used to line
the bottom of the hoppers. At the outlet of the hopper; a sling manufactured from a piece of
used conveyor belt was suspended over the impact point inside the delivery point. As aresult
impact noise at this point of the operation has been virtually eliminated.

WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH
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To overcome the noise problem created by the balls rolling through the pipe a further section
of recycled conveyor belt has been fastened around the pipe to provide damping thereby
reducing the noise created by the balls rolling through the pipe.

BENEFITS OF THE NOISE CONTROL SOLUTION

Noise generated from the ball mill unloading and transfer process has beenreduced from more
*than 95 dB(A) to levels of 83 - 85 dB(A). The life of the hopper and feed chute has been
extended considerably due to reduced wear at impact points.

FACTORS LIMITING THE SUCCESS OF SOLUTION

Periodic maintenance of the hoppers and chutes will be necessary to ensure the effectiveness
of the solution. If the described control measure is not maintained loose pieces of rubber may
cause blockages that could interrupt production.
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Substitution of valves on steam dellvery line
reduces air turbulence noise.

. PROBLEM

An alumina processing plant uses excess
steam from the power station for heating
purposes in other areas of the plant. Steam
from the power station is fed to the alumina
processing plant via a 110 p.s.i. pipeline.
The delivery of the steam to the various
areas of the plant was regulated using a
standard valve. Theregulating valve set up
created aconsiderable amount of turbulence
as the steam passed over the sharp internal
edges of the valve face and around the
valve seat. As aresultnoise levels radiating
- from the valve assembly were measured at
1 14 dB(A) In addition, vibration
originating at the valve was transmitted -
along the dehvcry pipe to radlatc as n01se
in othcr areas of the plant. ’
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SOLUTION

On recognising the problem an alternative
valve was sought. Consultation with several
valve manufacturers and suppliersresulted
in a valve being obtained that reduced the
noise level at the valve by 12 dB(A). The
new valve systemis commercially available
and incorporates a purpose designed valve
seat configuration that directs a regulated
flow of steam through the valve. Steam
delivered to the valve passes to the valve
seat via an acrodynamic shaped inlet. The
direction of flow is diverted gradually
through 90° and passes through the seat
ring. From there the steam makes its way
through apertures around the valve seat
ring (cage) from where it flows to the

delivery pipe.
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Because tﬁe smooth contours of the inlet and outlet secﬁons of the valve, air turbulence is
reduced significantly and the opportunity for structure bomne vibration to be created and later

radiate as noise around the valve is also reduced.

BENEFITS OF THE NOISE CONTROL SOLUTION

Noise levels at the source are reduced significantly. The valve can be used to regulate other
gases as well as steam. Parts can be easily inspected and maintained without taking the valve
body out of the pipe line. -

FACTORS LIMITING THE SUCCESS OF SOLUTION

The valve seat cage may require periodic inspection and replacement to maintain the
effectiveness of this noise control solution.
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Alternative method of removing heat exchange rod
reduces noise exposure for alumina refinery workers.

PROBLEM

Heat exchange units are used in the final
stages of aluminarefining to assist with the
crystalisation process by regulating the
reduction of heat from the refined alumina
slurry. A typical heatexchange unitconsists
of a 12 metre vertical cylinder containing
aseries of tubes through which hotalumina
slurry is pumped. Cooling water contained
in the large cylinder circulates around the
tubes and reduces the temperature of the
slurry at a regulated rate. Periodically the
cooling tubes (50mm in diameter x 10min
length) must be replaced'"To ep ce the

level. Emp oyees then 1nserted a “‘dolly”
into the tube that was to be removed. The
exposed end of the tube was then turned
over using a pneumatic hammer to secure
the “dolly” inside the pipe. While in
operation, the pneumatic hammer produces
noise levels in the range from 100 to 120
dB(A). Once secured the tube was winched
partly out of the heat exchange cylinder.
The extraction process must be halted after
2-3 metres of the tube has been lifted as the
lifting cable reaches the full extent of its
travel and a new attachment to the tube
must be sought. Besides the noise problems
associated with the task, the risks
associated with the manual handling
involved in the process also
concerned employees and
management.

:
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SOLUTION

An alternative method of extracting the heat exchange tubes was introduced. The new method
involved designing and manufacturing a puller unit capable of extracting the tube in a
continuous motion. The puller consisted of a pneumatic motor fitted to a drive wheel opposite
a second retaining wheel. The new process employs a tapered and threaded rod that is inserted
into the tube to be extracted and then turned to lock the thread of the rod onto the inside of the
tube. The exposed threaded rod is then fed through the centre of the drive wheels that clamp
onto the sides of the rod. Once activated the motor rotates the wheels thereby pulling the tube
from the heat exchange unit. The tube is guided from the heat exchange unit until it is
completely extracted. Two employees then load the used pipe into the transportation rack for
disposal.

~ : T
TS \\\\\\ £

HEAT
© BEXCHANGER
(CAP REMOVED)

BENEFITS OF THE NOISE CONTROL SOLUTION

Impact noise created by pneumatic hammers has been eliminated. The amount of time required
to extract each tube has been more than halved. Manual handling risks have also been reduced.

FACTORS LIMITING THE SUCCESS OF SOLUTION

Using a pneumatic motor may generate considerable noise as air is exhausted from the

machine. Unless a silencer is fitted to the air exhaust of both the pneumatic wrench used for ,
fastening the rod and the hoist assembly motor, the effectiveness of the control measure may
be diminished significantly.

WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH




0

T —— 4

R A L .awzz:rfat:-\-:e} e TN e e ) -
; g R A T T TR

" gUBSTITUTION

Simple device to reduce noise exposure and increase
| quality in pipe joining tasks.
PROBLEM

Mining and mineral processing
operations use pipe systems extensively
to convey various fluids and gases to
and from areas of production. During
installation or replacement, steel pipes
have to be cutand welded to form bends
where the direction of the pipe must be
changed or obstructions must be
negotiated. While various “elbow”
jointsare available forbendsto standard
angles (e.g. 30° , 45° , 60° , 90°, etc.),
bends outside these specifications must
be fabricated by enginceringpersonnel.
Tocreate the desired bend, boilermakers
commonly use an oxy“ac_etylené torch

" to produce: the ¢
pipe. Frequentl: _
use of the angle grinder for prolonged
periods of time.

Angle grinders usually operate ata sound pressure level of 105 dB(A) or more depending on

- the material being ground. At these levels, an unprotected employee could exceed adaily noise

exposure standard of 85 dB, in approximately 5 minutes.

SOLUTION

Atalarge West Australian alumina processing operation the wearing of hearing protection had
Jong been arequirement for engineering staff using angle grinders. The organisation however,
wished to reduce noise levels throughout the entire workshop, not merely to reduce the

exposure for employees using angle grinders. In addition, the existing method of fabricating

pipe bends was considered time consuming, and resulted in a considerable'variation in the
quality of the pipe bends produced. It was reco gnised that the source of the noise problem (and
also the quality issue) could be found in the relatively inaccurate method of estimating the cut
angles for the pipe to be welded. A device, calleda «Curv-O-Mark” was obtained to proylde
a method of scribing more accurate cutting lines around the pipe. The instrument can scribe
arcs within one degree precision and can be used on pipe sections of various diameters.
WORKSAFE AUSTRAUA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH
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BENEFITS OF THE NOISE CONTROL SOLUTION

There has been approximately a four fold reduction in the amount of time spent using angle
grinders when fabricating bends in pipe work. As a result the time required to fabricate a bend
has been reduced, wastage minimised and the quality of work has been standardised.

FACTORS LIMITING THE SUCCESS OF SOLUTION
None identified.
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Innovative method of reducing noise generated by
pneumatic chiselling process.

PROBLEM

Atan alumina processing operation, control
valves used to regulate the flow of slurry
through the plant must be periodically
cleaned and inspected for wear. After
removal fromthe plant, the valve assembly
is washed down, then taken to the workshop
for descaling and inspection. The “scale” is
a calcium buildup that, if left unchecked,
will eventually inhibit the operation of the
valve. The scale is removed mechanically
using a pneumatic chisel. In operation, the
process was observed to produce noise
levels of 108dB(A). An unprotected worker
. in only two and a

By exposed to noise levels

activity was bcm gpcrformed Thedescaling
process was conducted on a steel bench
resulting in a considerable amount of
vibration from the valve being impacted by
the airchisel being transmitted to the bench.
This vibration radiated as airborne noise
and also contributed to the noise produced
by the pneumatic chisel. Investigation of
the process indicated thattwo noise exposure
problems were evident. The first noise
problemrelated to the employee performing
the descaling operation. In this situation the
operator was exposed to noise resulting
from the chisel striking the valve and from
-the exhaust port of the chisel. The second

problem related to the reflected noise from

the descaling process being transmitted to
-employees working in other areas of the
workshop.

WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH
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SOLUTION

At the time of documenting this solution, some control measures had been implemented to
overcome the noise exposure problem for the larger number of employees i.e. other
engineering staff in the workshop. To achieve this, the steel bench was repiaced by a trough-
type bench containing sand. Sandbags were also manufactured to drape over the valve being
worked on. This alteration achieved a 7 dB(A) reduction in the noise resulting from the
descaling process. While not reducing the noise level for the employee operating the chisel,
there was a significant reduction in the noise level exposure for all other employees working
inthearea. As a short term measure the employee performing the descaling task s still required
to wear hearing protection but investigations are being made to eliminate this requirement. It
isanticipated that the pneumatic chisel will be modified by damping the drill steel and silencing
the air exhaust of the drill. Work on the these two control measures is currently in progress.

BENEFITS OF THE NOISE CONTROL SOLUTION

The majority of employees working in the engineering workshop have had their noise exposure
levels reduced to an acceptable level by the implementation of this solution.

FACTORS LIMITING THE SUCCESS OF SOLUTION

Noise levels produced from the descaling process remain high. The need to fro_équently
reposition the sand bags reduces the effectiveness:of the control measure, therefore alternative
_arrangementsshould be investigated. ' SF N s
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Insulated blower units reduce noise exposure levels
for mineral process workers.

PROBLEM

Employees working at an alumina
processing operation wereexposed to noise
levels as high as 105 dB(A) whenever
working in the vicinity of any of the eight
(8) large forced draft fan units used to
provide combustion air to the boilers. The
noise levels produced by the blower units
have potential to give unprotected
employees operating the units anequivalent
noise exposure of 85 dB |, . after just5
minutes. Most of the noise from the blowers

i KO SO

around the air intake region of the units.

“To rcd thcnmse thealrmwccrcglon

HYERIPRY

internal surfaces of the enclosure were
lined with absorption material. The
enclosure is constructed of zincalum
cladding material on the outside with an
internal lining consisting of 50mm open
cell, high-temperature fibreglass wool
blanketheldin place by sheets of perforated
zincalum. Access to the air intake region
for maintenance purposes is gained via a
doorlined with a similarabsorbent material,
with added insulation capacity provided
by a panel of lead sheet.

e

e

The design also includes a baffled section
to permit sufficient air flow to meet the
demand of the blower unit. At the same
time it reduces the ability of noise to be
transmitted from the intake region to areas
outside the enclosure.

was attributed to air turbulence originating

each blowcr unit was insulated and the

WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH
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Sound pressure level assessment of the insulated air intake demonstrated a reduction to 85
dB(A) at one metre from the air intake baffles of the enclosure.

BAFFLED
AR INTAKE

BENEFITS OF THE NOISE
CONTROL SOLUTION

Noise levels have been reduced
significantly foremployees working
in the immediate vicinity of the
blower units.

: 3

FACTORS LIMITING THE
SUCCESS OF SOLUTION

The access doorway and baffle
arrangement must be maintained
regularly to ensure the enclosure

remains effective in.containing the

air turbulence noise created at the

airintake.
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Insulation of backup compressor units achieves
a considerable reduction in noise levels.

PROBLEM

At an alumina refinery two compressor
units supply auxiliary plant airin the event
of the main air compressor system being
put out of action. The compressor units are
each powered by a 1300 kW electric motor.
Atany one time either or both compressors
can operate therefore it is possible that one
machine can be in use while the other
machine is available for maintenance or .
scrvicing At such times, employees may
spend as much as an entire shift repairing
1€ COMPressor unit while the other
ompressor operates nearby. Noise levels -

around 90 - 92 dB (A) have bcen

as uredatlocauons around ;
unit. As aresult, maintenance and_scrvxce :
personnel were required to wear hcarmg
protection whenever working on either of
these machines.

SOLUTION

The engineering department personnel recognised the potential noise hazard of the compressor
units prior to them being commissioned. Therefore a decision was made to investigate
alternative methods of noise control other than hearing protection for employees working in
the area. An assessment of the need to access the equipment showed that any control measure
should: (i) have the flexibility of controlling the noise produced by the operating compressor;
(ii) provide a quieter work environment for maintenance employees working on the non-
operating compressor unit; and (iii) still provide access (if required) to the operating
compressor. The solution arrived at was to enclose both compressors in a shed that was divided
by a central wall to separate each compressor. All walls and the ceiling of the building have
been lined with 50mm fibreglass absorption panels to reduce the reflection and transmission
of airborne noise from the operating compressor to the room beside it and reflected noise within
the operating unit's enclosure. A self closing door lined with lead sheet has been installed in
the central wall permitting access between compressors. As a result of these initiatives, the
sound level at the non-operating compressor has been reduced to 72 dB(A).
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BENEFITS OF THE NOISE CONTROL SOLUTION

An 18 - 20 dB(A) reduction has been achieved by using pro-active noise control measures
centred on insulation and absorption principles implemented before the COMpressors were

around the non-operating compressor therefore making it more comfortable for en gineering
staff working in the area.

FACTORS LIMITING THE SUCCESS OF SOLUTION

Occasions may arise when employees have to venture into the section where a COMPpressor is
operating. While some administration systems shave been developed, a periodic review of the
procedures may be necessary to ensure that all employees follow the procedures.

WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH
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Insulation in the form of an "air-lock” reduces the noise
level in a mine power plant control room.

PROBLEM

Atamine site power station, access between
the engine room and the control room was
gained by a single door. The control room
was located on a mezzanine above the
power plant operations area in order to
maximise space utilisation in the power
plant building and to enable the operators
to have a clear view of the operating
equipment. Employeesentering the control
room from the power plant area did so via
a set of stairs from the plant floor. This

introduced unwanted- distracting
noise when ever the door was opened.. The
controlroom had a back

) howev . door ‘was
elevel was incr asedto 95 dB(A).

SOLUTION

To reduce the transmission of engine room noise into the control room the landing at the top
of the stairs was enclosed and also fitted with a second door. The enclosed landing forms a
"noise lock" so thatemployees entering the control room must firstenter into the "noise lock”
and close the external door before opening the door to the control room. This control measure
maintains the noise level in the control room to 82 dB(A). A

BENEFITS OF THE NOISE CONTROL SOLUTION

A 13 dB(A) reduction has been achieved by implementing the noise control measure centred
on a form of insulation to control airborne noise transmission. In addition to controlling noise,
the insulation also may maintain the temperature thereby making it more comfortable for staff

working in the area.

WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH
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FACTORS LIMITING THE SUCCESS OF SOLUTION

Situations may arise where an employee may "chock" the outside door to provide a flow of fresh
air to the control room area. Forethought and an adequate ventilation system should overcome
this potential problem.

WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH
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Rear dump truck tray modification reduces operator
noise during loading and unloading.

PROBLEM

Rear dump trucks are used extensively in
mining operations to deliver ore from the
mine face to the processing plant. Trucks
used for this purpose usually range in
capacity from 50 tonne to as much as 300
tonne. The operator’s cabin for these
vehicles is usually located between the
engine and the tray. As aresult, considerable
noise can be transmitted to the truck driver
from the engine and transmission system
while the truck is operating. In conventional
tray configurations, steel plate lining is
~ welded to the steel frame-of the tray. On -
loading- and unloadmg, rocks impacting
against the tray panels roduce vibration::
and noise whic 50N her
sections of the fiay. The structure borne -
vibrationis also transmitted to the operator's
cabin. The loading and unloading of ore
into the steel tray has been found to produce
noise levels 90 dB(A) and higher in the
operator’s cabin.

"When this noise level is considered in relation to the number of times a rear dump truck may

be loaded and unloaded each shift, the noise from the loading process may have a significant
influence on the total noise exposure experience of the truck operator.

SOLUTION

To overcome this problem several hard rock mining and quarrying operators have replaced the
steel lined tray on their rear dump truck fleet with a rubber sling. The rubber slin gs substituted
for the conventional steel plate tray absorb the impact of the ore being loaded and also damp
non-impact surfaces making them less likely to resonate. The suppliers of the slings have data
to suggest that the noise reduction in the cabin may be as much as 10 dB(A)'. The performance
efficiency and life expectancy of the tray has also been extended. Previously, the exhaust
system was diverted through the tray frame to heat the tray thereby reducing “hang up” of wet
ore in the tray. This created considerable noise and reduced the life of the tray. As the flexible
rubber sling material is less likely to “hang up" the need to heat the tray has been eliminated.

WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH




BENEFITS OF THE NOISE
CONTROL SOLUTION

Operator’s cabin noise levels while
loading may be reduced from 90 to
80 dB(A). A 15 dB(A) reduction in
noise outside the truck has also been
documented. The rubber sling
configuration is 8 tonne lighter than’
conventional steel tray setups. This
-resultsin a considerablereduction in
fuel consumption due to less weight
being hauled. Not having to duct
heat through the tray has decreased
the likelihood of premature failure
of the tray frame due to rusting.

: -+ FACTORS LIMITING THE
STEEL PLATE SUCCESS OF SOLUTION
SLUNGS ARE
FATTEDTO . . . .
SUPPORT THE Periodic maintenance will be

required and precautions should be:.
 taken to ensure the engine exhau

1. Skega AB (1989) Skega dump body
promotional information. Skega
Vehicle - Truck Division, Ersmark,
Sweden. : :

RUBBER LINING
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Impact damping plates at conveyor transfer pdint.

s

PROBLEM

Bauxite mined at a site located
approximately 10km from an alumina -
processing facility is transported to the
stockpile area of the processing operation
by conveyor. As required, the bauxite is
reclaimed from the stockpiles and
transported to the alumina processing plant
by feeder conveyors that run between each
of the stockpiles. The feeder conveyors in
turn, off-load onto a single raw bauxite
conveyor for final delivery to the plant. At
the interchange between the conveyors, the
bauxite from the fecdcr conveyors was
foundtoproducc’ ipactnoiselevels greater
' / positions on the
transfer. chutg. In.
yroblems, high wear

mpactzoneof the

wre

R

alg

e

tes were report
transfer chutes.

et A i

MAIN
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SOLUTION

Initially, replaceable steel impact panels (25mm) were used to line the transfer chutes where
the bauxite was projected from the belt. This method was found to do little to reduce the noise
radiating from the walls of the transfer chute. Investigation of the noise pathway showed that
vibration generated from bauxite striking the impact panel was being transmitted to the wall
panels of the chute. To reduce the transmission of vibration from the impact panels, the
transmission pathway was interrupted. This was partly achieved by backing the impact panel
with a layer of insertion rubber (25mm). This treatment also had a damping effect on the wall
of the transfer chute in contact with the insertion rubber. The panel was furtherisolated through
the application of springs on the mounting bolts connecting the impact panel to the chute wall.

INSERTION
. RUBBER

¥

IMPACT
PLATES

MAIN /v

FEEDER
CONVEYOR

BENEFITS OF THE NOISE CONTROL SOLUTION

Noise radiated as a result of bauxite striking the conveyor transfer chute has been reduced by
5 to 7 dB(A). Occupational noise exposures for employees servicing drive motors or
maintaining other aspects of the conveyor around the transfer chute have been reduced to an
acceptable level. Environmental noise from the stockpile area has also been reduced.

"FACTORS LIMITING THE SUCCESS OF SOLUTION

Because the insertion rubber is adhered to the steel impact plate, airborne fume problems may
be created if the plates have to be cut or welded. The isolating springs on the mounting bolts
will need periodic inspection and replacement as they wear.
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Operator cabin design improvements reduce
noise and dust exposure.

PROBLEM |

Traditionally underground mining
equipment designers and manufacturers
have produced loaders with an open
operator compartment covered only by a
falling object protection structure (FOPS).
This design of operator compartment
provides little noise exposure control for
the operator. Noise exposures for
unprotected operators of diesel powered
underground loaders can range from 95
dB(A) to as high as approximately 100
dB(A) depending on the power rating, the
design of the machine and the mi
cnvnonment in whxch it opcratcs Mme

Should hcanng’ protecnon not 5
be worn, anemployee is atrisk of cxceedmg
a noise exposure standard of 85dB, , , in
only 5 minutes at the greater typical noise
level (i.e. calculated at a noise level of 105
dB(A)).

SOLUTION

Several designers and manufacturers of underground mining cqmpmcnt are striving to achieve

the “Buy-Quiet” specifications stipulated by mining companies purchasing new equipment.
“Buy-Quiet” specifications are a section of the equipment supply tender and supply contract
that stipulates the maximum acceptable noise exposure levels for equipment being supplied
to the mining operator. An example of how “Buy-Quiet” specifications have been achieved is
demonstrated by the design changes made to an Elphinstone R2800 underground loader. Noise
control treatments included:

(1) . Insulating the operator in an air conditioned FOPS cabin;
(ii) The application of absorption material to line the inside of the cabin; and
(iii) Vibration isolation of steel mudguards with 12mm multi-ply rubber pads.

These improvements have reduced operator noise exposure to below 85 dB, ,., @ Further noise
reductions have been achieved in the Elphinstone R1700 with the 1mplcmcntatxon of vibration
isolation mounts between the cabin and the loader frame thus reducing the transmission of
structure borne vibration to the operator.

WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH
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BENEFITS OF THE NOISE CONTROL SOLUTION

Operator noise exposure has been reduced as a result of the user stipulating a “Buy-Quiet”
specification. In addition the enclosed cabin reduces the operator’s exposure to dust and
improves thermal comfort. :

FACTORS LIMITING THE SUCCESS OF SOLUTION

Some loader operators who have only worked with open cabin machines may have some
hesitation towards using the enclosed cabin machines. This may be addressed by ensuring
consultation with all operators is undertaken prior to making a decision to purchase enclosed
~ cabin machines. Window and door seals, rubber mounted guards, windows and absorption
material of the cabin will all be prone to damage/deterioration in the unierground mining
‘environment. These should be checked and maintained periodically. '
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Redesign of hopper feed arrangement reduces impact
noise at source.

PROBLEM

Mined limestone that has been crushed to
less than 150mm is conveyed from the
truck unloading station to a holding hopper
above the lime kiln at a cement processing
plant. The hopperis approximately 6 metres
square with a depth of 10 metres. Because °
of the inertia developed from the limestone
being conveyed to the hopper, the coarse
limestone dispensed from the end of the
conveyor struck the adjacent wall of the
hopper. This produced a continuous
rumbling noise and as a result the kiln

peratorfounditvery hard tocommunicate
‘with other employees in the area. (No pre
control sound pressure level determination

/as. taken but the anecdotal information
supports noise levels being more than 90
dB(A) in the area).

”
B

SOLUTION

To overcome the noise problem, engineering and production workers found that the coarse
limestone could be redirected as it left the conveyor so that it fell onto already accumulated
limestone in the centre of thé hopper. This method absorbs most of the impact energy of the
falling ore thus reducing the amount of vibration to be transmitted to the walls of the hopper.
To divert the falling limestone ore to fall onto the accumulated ore, several large chains, backed
by a section of used rubber conveyor belting were suspended at the end of the delivery
conveyor. The chains and rubber section absorb the impact of the coarse ore thereby dissipating
the inertia it has developed while being conveyed. As a result the ore falls to the centre of the
hopper. '

BENEFITS OF THE NOISE CONTROL SOLUTION

Noise level at the hopper has been reduced to levels of 83 - 85 dB(A). Further benefits have
been attained through reduced wear and tear on the side of the hopper that previously had to
be frequently replaced. '
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HesLTn SILENCER

Silencers reduce air turbulence at intake

of blower u

' SOLUTION

nits.
PROBLEM

During the cement manufacturing process,

limestone combined with clay, sand and
iron are introduced into arotary kiln as a
slurry to produce clinker. Exhaust gases
from the kiln pass through an electrostatic
precipitater to remove airborne particles
prior to the remaining exhaust gas being
vented to the atmosphere via an exhaust
emission stack (to comply with
Environmental Protection Authority
specifications). To ventthe exhaust gases,
two blower units force airinto the stack to
draw the exhiaust gas fromthe kiln. Blower

units typically produce noise levels of 95
~-100dB o e

Noise created by air blower units normally
stems from either the vibration of the
structured resonance fan/motor or air
turbulence around the air inlet.
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The latter of these reasons was found to be the primary source of noise from the blowers. To A

reduce air turbulence noise at the intake a cylindrical silencer was fitted to the air inlet of each
unit. The silencer is lined with 50mm mineral fibre absorption material covered with a
perforated steel outer surface. The silencers are two metres in length and have an internal
diameter of 600mm. Sound pressure measurement at one metre from the blower indicated that
the silencer has attenuated the noise to 89 dB(A). As employees servicing equipment such as
the electrostatic precipitator generally spend no more than two hours in the vicinity of the
blowers, the control measure introduced should be effective to 85 dB LAeq(8).

BENEFITS OF THE NOISE CONTROL SOLUTION

The silencers fitted to the exhaust blowers have reduced noise levels sufficiently to maintain -

noise exposure for employees below an equivalent eighthour continuous noise exposure of 85
dB S

LAeq(8)’
FACTORS LIMITING THE SUCCESS OF SOLUTION
Over time mineral fibre absorption may compact. Dust drawn from the environment

surrounding the intake may block the perforations thus reducing the attenuation performance
of the silencers.
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2 Vibration isolators reduce transmission of impact noise
to conveyor support structures.

PROBLEM

Conveyor belt systems are used to transport -
coarse limestone ore from the delivery
station to either the stockpile or lime kiln
at a cement manufacturing plant. In the
system several conveyors are used.
Between each conveyor, the oreis dispensed
from one conveyor to the next through a
transfer chute. Considerable noise is
produced in the immediate surroundings
of the transfer chute due to the conveyed
limestone impacting on the chute. The ore
falling from the chute to the next conveyor
also produces vibration as a result of the:
conveyor belt stnkmg the supportmg‘“
_ conveyorldlers—'(mllers) ‘This vibration is
transmitted through the conveyor fra
until itis able to radiate as noise. Continual’
impacts on the rollers also may cause
premature bearing wear in the idlers
resulting in high frequency noise that
increases in intensity as the bearing
performance deteriorates.

SOLUTION

Impact noise at the transfer chute has been
reduced by applying rubber backedimpact
panels to the contact surface of the hopper.
In addition to damping the noise, the time
between maintenance of the chute hasbeen
extended. Vibration transmitted to the
conveyor support frame has been reduced
by the installation of vibration isolation

 padsto the underside of the conveyor belt.
In the drop zone of the chute, vibration
isolation pads absorb the force of any
downward movement of the conveyor belt
as the ore strikes it.

‘ WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH




Measurements at one metre from the drop zone at the base of the chute indicated noise levels
of 83 dB(A) to 88dB(A) after the modification. . '
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BENEFITS OF THE NOISE CONTROL SOLUTION

Noise from the transfer chute has been reduced to an acceptable level. Structural vibration has
beenreduced thus minimising conveyor support frame fati gue and wear on the conveyorrollers
under the impact zone. Environmental noise has also been reduced significantly. -

FACTORS LIMITING THE SUCCESS OF SOLUTION

Friction on the vibration isolators due to the moving belt will wear the isolators. A system of
regular inspections and replacements will be needed.

WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH
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SILENCER

Silencers reduce air-turbulence noise by in-mine
force air circulation fans.

PROBLEM

Airqualityis a priority occupational health
and safety issue relating to underground
mining. Forced air ventilation is the most
common method of maintaining a
respirable atmosphere at all levels of the
mine. Besides providing fresh airto various
parts of the underground mine workshops,
the forced air systemalso displaces oxygen-
depleted air and toxic gases from the mine
face to be vented to the surface atmosphere.
To achieve the desired air circulation fans
of various designs and sizes (760- 1500mm
_ yarepositionedatregularintervals
throughout the mine. Such fans typically .
produce noise levels of 90 - 110 dB(A) at.

ear position of anemployee
; the fan. Most of the noise

generated from the fans stems from air
turbulence at the intake.

SOLUTION

A large underground metalliferous mine
has fitted silencer units to fans in those
areas of the mine where employees may be
exposed to high noise levels. The silencer
units are fitted to the intake side of the fan

- where most air turbulence noise is
produced. The silencer is cylindrically
shaped with aninternal diameterequivalent
to the diameter of the air inlet. The inside
of the silencer is typically lined with 25 -
100 mm of absorption material (commonly
fibreglass wool or similar synthetic fibre)
held in place by a perforated steel or

- aluminium inner lining. Depending on the
make and model of the silencer, the
manufacturers of the units suggest an air
turbulence noise reduction of between 8 to
11 dB(A).
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FACTORS LIMITING THE SUCCESS OF SOLUTION
to air turbulence at the fans air intake, the fan
n with fan suppliers is recommended. Solution

NO93-40 describes reductions in noise and vibration achieved by modifying the suspension

Along with a reduction of the noise level due
performance may also be reduced. Consultatio

system.
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NOISE CONTROL } SUBSTITUTION

IN MINING

Exhaust pipe modification reduces
air turbulence noise on rear dump trucks.

PROBLEM

A fleet of Komatsu 80 tonne rear dump
trucks are used at an open cut coal mining
operation. The exhaust from the truck’s
diesel engine is vented through a silencer
and exhaust stack under the tray of the
truck on.the opposite side to the operator’s
cabin. To link the silencer to the engine
exhaust manifold, the exhaust pipe must
undertake several right angle turns. To
achieve these bends, several angular
sections of pipe are welded together until
the desired bend is achieved. This method
iscommonlyreferred to as a “lobster back”

noise. The turbulence was also found to
produce back pressure that led to

—

overheating in certain operating conditions.
SOLUTION

A simple solution was found to control the
overheating problem and as a result a
noticeable reduction in the noise level of
the exhaust system has been reported. The
solution was to remove the exhaust pipe
from the truck and then replace all of the
“lobster back™ bend sections with smooth

~radial bend sections from single pipe
segments.

The radial bend sections re,ducé friction loss within the exhaust pipe and significantly reduce
the amount of gas turbulence produced at the pipe bends. Consequently, excessive vibration
in the exhaust pipe is reduced and a quieter exhaust system now operates.

WORKSAFE AUSTRALIA - VICTORIAN INST MTUTE OF OCCUPATIONAL SAFETY AND HEALTH
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BENEFITS OF THE NOISE CONTROL SOLUTION

Noise levels within the operator’s cabin have been reduced by between 1 - 3 dB(A). The
overheating problem due to back pressure has been eliminated. Time taken to manufacture a
new exhaust pipe section has beem more than halved. The previous lobster back bend
fabricationmethod required considerable hand heldangle grinding that alsoexposed maintenance
employees to noise levels of approximately 105 dB(A). Grinding with the radial bend sections .
has been virtually eliminated.

FACTORS LIMITING THE SUCCESS OF SOLUTION

Caution should be taken to ensure that exhaust back pressure is not lost to the extent of the
engine performance deteriorating. Suppliers/manufacturers of the engine should be consulted
“prior to the exhaust pipe modifications being made. ' : ’

WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH
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INSULATION
AND
ABSORPTION

Insulation treatment of dozer cabin reduces operator
noise exposure.

PROBLEM

Caterpillar D1IN bulldozers are widely
used in open cut mining operations. Noise
while the dozer is operating originates
from four (4) sources:

(i) the diesel engine;

(ii) the transmission;

(iii) the exhaust system; and
(iv) track noise.

As a result of the design of the dozer, the
operator’s position is surrounded by these
‘noiseproducing components. In operation,
. combincd noise level typlcally ranging
: from 05 to 105 dB(A) can be produccd by

SOLUTION

Several mining companies now stipulate a “Buy Quiet” specification when purchasing new
plant and equipment. The mine in question had stipulated that employee noise exposure when
operating the supplied equipmentmustnotexceed 85dB(A), , LAcqi8 )mthcupurchasc specifications.
To achieve this aim, the supplier of the Cat D11N dozer has introduced several noise control
measures on the equipment.

WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH
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The noise control measures introduced include: ...

(1) Enclosed, air conditioned operators cabm ce

(i) . 9mm glass in all windows of the cabin and quahty door sea]s have been fitted;

(iii) Composite insulation/absorption material (Skg/m2 lead) lining the underfloor of
the cabin to control transmission noise;

(iv) 3mm PVC floor mat backed by 10mm open celled polyurethane foam;

(v) 25mm open celled polyurethane foam with perforated vinyl coating absorption
material to line the inside of the cabin; and,

(vi) Vibration isolators between the dozer frame and the cabin.

120 000 LEGEND -

PRIOCE INCREASE BASED ON 5% OF PURCHASE PRICRE

100 000

80 000

MMY PRICE INCLUDING
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(
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OF NEW ngmm

BENEFITS OF THE NOISE CONTROL SOLUTION

The “Buy Quiet” noise exposure specification stipulated in the company’s tender document
has been achieved. As a result noise control has been undertaken prior to delivery of the dozer
thus freeing engineering personnel to continue other mine equipment maintenance activities.
Research has indicated that noise control modifications introduced during the manufacture of
minin_g\cquipment will add only 3 to 5% to the total delivery cost (see graph above).

FACTORS LIMITING THE SUCCESS OF SOLUTION

Independent testing may be necessary to verify the effectiveness of the noise control measures
introduced by the supplier of mining plantand equipment. Insulation and absorption treatments -
will deteriorate with time, therefore periodic inspection and maintenance of the controls will
be required. '
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Cabin insulation and absorption treatments reduce noise
exposure for clean up loader operators.

PROBLEM

A Caterpillar 926E loader is used to clean
up spillage from conveyors and clear samp
traps at the breaker station of an open cut
coal mine. The operator’s positionislocated
immediately in front of the unit’s diesel
powered engine and the exhaust from the
engine vents at approximately the
operator’s head height behind the cabin.
The vehicle's transmission systemis located
beneath the operator and this also
contributes to the overall noise experience
of loader operators. While no pre-treatment

HriLza INSULATION

: @ AND

WERISARE ABSORPTION

dB(A).
SOLUTION

The Caterpillar 926E loaderis commonly fitted with a standard air-conditioned cabin, of which
the primary purpose is to maintain air quality and thermal comfort for the operator. While some
attenuation is afforded by the cabin, additional absorption material had to be incorporated to
meet a noise exposure standard of 85 dBueq(s) set down by the mining company. Within the
‘cabin, 25mm open cell polyurethane foam with a perforated vinyl outer skin was applied to
the side walls and extended from the floor to below the back windscreen on the rear wall. A
panel of similar absorption material was also fitted to the ceiling of the cabin. A high density
PVC floor mat (7mm approx.) backed by open celled foam (10mm) was alsointroduced. These

absorption treatments combined with the existing insulation treatment provided by the

standard cabin have managed to maintain loader operator noise exposure to below 85dB,, e

BENEFITS OF THE NOISE CONTROL SOLUTION

Worker noise exposure while operating the clean up loader has been maintained to below 85

dB, , . DY the application of the noise absorption treatments.

WORKSAFE AUSTRALA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH

noise level data was available for:the unit
‘inspected, information from,other sources .
suggest that noise levels at the operator’s -
_position may Tange between 95 and 102 .+
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FACTORS LIMITING THE SUCCESST-OF. SOLUTION .' - L ‘
terioration with time. Insulation providédby the cabin will
dow and door seals are maintained in good order.

Absorption materials are prone tode
only remain effective as long as win
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ADMINISTRATIVE
CONTROL

Remote controlled mining equipment as a
noise exposure control strategy.

Maximum Exposure Time

(Hours)

~ noise exposure standard of 85 By, 10
~ approximately fifteen minutes.

PROBLEM

Percussion uphole drilling is an
underground mining method used to
connectducted services between different
mine levels or the surface. Percussion
drilling is a noisy activity that also places
the drill operator at considerable risk of
being struck by dislodged sections of roof
around the drill hole. A sound pressure
measurement at one metre from the drill
indicated that an operator controlling the
drill from this position would be exposed
to 98.2 dB(A). In such situations an

. unprotected miner positipned at the drill _ i
for an eight hour shift would exceed the . B

Il.ll.llrll.v

0T

1}

85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100

Noise Exposure Level
dBLAeq(8)
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SOLUTION

As a precaution to prevent drill operators being struck by falling roof materials, most
percussion drill units have been converted for remote operation. Besides reducing the risk of
injury, this control measure also has potential to reduce noise exposure for the drill operator.
In non-reverberant conditions noise is attenuated as it passes through air at a rate of 6 dB for
each doubling of distance. Sound propagation in underground mine air attenuates atless than
this rate due to the reverberant nature of the drive that causes noise to be reflected from the
walls, floor and mine roof. While noise propagation in this manner will vary depending on the
environment, noise exposure can be reduced through distancing the control panel from the
 operating drill . If reverberation is low, placing the control panel at three metres from the drill,
the operator’s noise exposure may be reduced to below 85 dB(A). A simple sound level meter
could be used to determine the distance at which the control panel should be located.

3

Original Noise Source = 98 dB(A)

X
.20 \ g

SoundPressure Level

16

4 8
Distance From Source
. (Metres)

BENEFITS OF THE NOISE CONTROL SOLUTION

The percussion drill operator is exposed to less noise by operating the equipment at a distance
where the intensity of the machine noise has been absorbed by the air . Distance separation from
the drill hole will also reduce the risk of the operator being struck by falling roof sections.

FACTORS LIMITING THE SUCCESS OF SOLUTION

This solution is, essentially, an administrative control. Noise control measures focussing on
control at source through engineering modifications will have greater cost-effectiveness. In
addition, operators may require constant visual contact with the drill hole to gauge the progress
" of the drill but this may not always be possible for some drilling locations. Physical limitations
may be imposed by the length of the cables between the drill and the control panel. This control
method is heavily dependent on the reverberant nature of the environment and the noise level
produced by the drill. '
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Insulation/absorption treatment to cabins of
150 tonne belly dump coal hauler.

PROBLEM

A fleet of Terrex 150 tonne belly dump
trucks is operated by an open cut coal
mining company. Noise problems inside
the operator's cabin are generated from a
combination of four sources. These
include:

(1) The diesel engine;

(ii) The transmission;

(iii) The exhaust system; and,

Road noise due to the tyre tread

“sources can be
o ity .«the truck driver either
«directly via the

structure and released via radiating
surfaces (e.g. light gauge steel panels).

SOLUTION

During the commissioning of the fleet, the company chose to have noise control measures
introduced to the operator's cabins of the haul trucks to attenuate transmitted noise. Absorption

treatment to the cabins of the coal hauler is primarily 50mm fibre glass absorption panels on
+ the side and rear walls. Perforated steel sections protect and retain the fibre glass absorption

panels in place. A layer of 25mm open celled polyurethane foam covered with perforated PVC
has been applied to the ceiling of the cabin. 15mm medium density foam door seals have been
fitted to both doors. The cabin has also been isolated from the prime mover chassis to reduce
the transmission of structure borne vibration.

BENEFITS OF THE NOISE CONTROL SOLUTION

Average noise levels were reduced from 95 dBLAeq(S) to 90 dB, . e

WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH
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FACTORS LIMITING THE SUCCESS OF SOLUTION * _
The Terrex prime mover cabin has several glass panels in the door facing the engine. The units
inspected had 5Smm glass fitted in all windows and windshields. More effective insulation may
be provided if the amount of glass used is minimised, windows are double glazed, orreplaced

with thicker glass (e.g, 9mm).
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Workshop wall partition provides practical

solution to noise control.

PROBLEM

It is common for mine workshops to be
grouped together in order to avoid
duplication of facilities. At one mine site
the electric maintenance workshop was
housed in the same building as the
boilermakers' workshop. The two
workshops were separated by a block wall
but the wall only extended part way to the
roof to enable a gantry crane, shared by
both departments, to pass between
workshops. Besides hammering, welding
and grinding, air arc gouging was also
conducted in the boilermakers workshop.

Noise from these activities (e.g. 115dB(A) S
- for air arc gouging) was transmitted from ~ |
the boilermakers' workshops through the -

‘gap between the wall and the roof; to the

electrical department workers on the other
side. In extreme situations (e.g. when air
arc gouging continued all day) it was
possible for unprotected workers in the
electrical workshop to be exposed to noise
levels greater than 90 dBLAeq(s). Electrical
departmentemployees also found the noise
from the boilermaker's workshop very

distracting.

SOLUTION

As the gantry hoist was used infrequently
by electrical department staff, it was decided
to locate the gantry crane in the
boilermakers' workshop where it was
frequently required. This provided an
opportunity to insulate the electrical
workshop from the noise created in the
boilermakers' workshop by extending the
wall to the roof.
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There was, however, some requirement
for the gantry crane to be used in the
electrical department workshop. Therefore,
a permanent wall structure was not
practical. To overcome this problem the
engineering department designed a wall
- extension that was hinged from the roof.
Whenrequired, the wall sectionis winched
opento allow passage of the crane between
the workshops, then lowered to screen out
noise from being transmitted between the
workshops. :

BENEFITS OF THE NOISE
CONTROL SOLUTION

Employee noise exposure levels in the
electrical workshop have been reduced.
Buildings and facilities are used efficiently.

FACTORS LIMITING THE SUCCESS OF SOLUTION

-and winch systcms are able to fake thc load. Further cauuon needs to be- takcn to ensurc contact
cannot be made between the wall section and live bus bars of the gantry crane.
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Insulated cabin rebuild during periodic maintenance
program for 120 tonne coal haul trucks.

PROBLEM

The  attenuation  performance
characteristics of absorption materials and
composite absorption/insulation materials
deteriorate over time. The effect of
gravity, vibration, contact with coal dust,
contact with fuel oils, exposure to
ultraviolet light and friction from continual
contact by equipment operators (e.g.
elbowsrest, heelrestposition) will rapidly
advance the deterioration process. The
life expectancy for many materials used
to treatinsulated operator cabins of mining
- equipmentmay be only one to three years
‘Additionally,. maintenance employees -

xaizs | ADMINISTRATIVE
A SYSTEM

- may damage or not replace attenuati
 treatmentsafter work has been inde
on the cabin. For many insulation
absorption products, damage or
deterioration of even a small area of the
material may render the entire attenuation
treatment ineffective.

SOLUTION

The engineering department at an open cut mining operation have recognised the limitations
of attenuation treatments fitted to the operators' cabins of their fleet of Euclid 120 tonne coal
haul trucks. Initially arandom program of refitting the cabins was introduced. This system was
later changed to coincide with the periodic maintenance program for each truck (approx.every
10,000 hours operation). During this process the cabin is removed from the truck chassis,
stripped bare and thenrepainted. Bituminous damping material is sprayed onto any light gauge
steel plate surfaces and all wiring or pressure line service ducts are sealed with new grommets.
The walls and ceiling are lined with two layers of 25mm open cell polyurethane foam, the outer
layer has a perforated vinyl covering. Vibration.isolation mounts between the cabin and the
chassis are renewed and 50mm of rock wool absorption is inserted beneath the cabin’s floor
panel. Damaged glass and window and door seals are replaced. Once complete, the cabin is

refitted to the truck, and tested to ensure the operator’s noise exposure is not likely to exceed
85dB

LAcq(8)”
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BENEFITS OF THE NOISE CONTROL SOLUTION

The integrity of cabin attenuation treatments for the coal haul truck units is assured. Asa result,
the risk of truck operators exceedin g the recommended noise exposure limit is reduced and
operators suggest that the refitted truck cabins contribute significantly to a comfortable work
environment.

FACTORS LIMITING THE SUCCESS OF SOLUTION

'None recognised.

WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH
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IN MINING

CONTROL
AT
SOURCE

Remote operation eliminates the use of
pPneumatic hand held jack hammer.

PROBLEM

The primary ore crusheris a key item of
equipment at most mining operations.
Raw ore from the mine is either conveyed
or transported by truck to the primary
crusher where itisreduced toamanageable
size and in some- instances, coarse
impurities may be removed (e. g. parting
in the case of coal). In many situations a
Jaw crusher is used for the primary
crushing operations. Jaw crushers consist
of two panels of variegated steel sections
thatapply force to fracture the ore between

become lodged in the jaws resulting inan’

-

has been isolated from power and
adequately locked out and use hand held
pneumatic jack hammers to remove the
obstruction.

WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH
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Pneumatic jack hammers can produce noise levelsranging between 95 - 115dB(A). If operated
at the higher noise level, any unprotected employee using or working near the tool would
exceed their Daily Noise Dose (30 dB LAeq(8)) in amatter of minutes. The reverberant nature
of the crusher hopper means that the risk of hearing damage to employees is often increased.

SOLUTION

Several mining operators have recognised that the hand held jack hammer method of clearing
obstructions is extremely labour intensive, noisy and dangerous. Recognising these hazards,

some mining companies have chosen to introduce an alternative method of completing this
task. In such situations the team of employees using hand held pneumatic jack hammers is
replaced by a single employee using a remote controlled hydraulic hammer. The hydraulic
hammer is controlled from an acoustically insulated work station adjacent to the crusher
hopper. Should the need arise, the operator wearing hearing protection can control the
hydraulic hammer outside the enclosure using the unit's pendant control. :

BENEFITS OF THE NOISE CONTROL SOLUTION

The solution has transformed the operation from having several employees exposed to high
levels of noise, to a system where one employee has the ability to work at levels not likely to
exceed 90 dB The risk of entrapment, manual handling, and other health and safety

problems have alego been reduced by implementing this control.

CIN G THE SUCCESS OF SOLUTION

y still be niecessary when the hydrauhc hamme operated outsxd' e
tlon The work statxon wﬂlalso requne penodlcmamtenance to ensure
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Vibration isolators used to control structure borne
vibration in coal preparation plant.

PROBLEM

De-watering centrifuges are used during
the final stages of coal processing. In
operation, coarse coal wet from previous
~washing processes, falls into a rotating
centrifuge. The rotating action of the
centrifuge cage, combined with the belt
drive system, and the electric motor produce
significant levels of vibration. Vibration
from these sources could follow any
structural pathways of the support frame to

L, From the building frame, the structure
ibration has potential to radiate as .
noise from surfaces such as ‘checker plate

or panels, corrugated iron cladding on
alls, or other light gauge metal sur; aces.
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SOLUTION

To overcome this problem vibration isolation mounts have been introduced between the
centrifuge unitand its support frame. The vibration isolation mounts are attached ateach corner
of the centrifuge frame. Additional vibration isolation mounts have also been introduced under
the electric drive motor. Both the feed chutes and discharge chute of the centrifuge had rubber
sections added to isolate the drop chutes from the centrifuge to prevent transmission of
vibration.

BENEFITS OF THE NOISE CONTROL SOLUTION

Vibration isolation techniques implemented on all centrifuges have significantly reduced the
transmission of vibration and subsequent radiation of noise.

FACTORS LIMITING THE SUCCESS OF SOLUTION

- All vibration isolation mounts must be matched to the mass of the object/machine and the
vibration frequencies being controlled. After continual use the mounts may wear and their
vibration isolation capacity may diminish.
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Partial insulation treatment reduces noise exposure for

employees in a large workshop.

‘mostof the noise hadits source in either the
‘compressor head or the electric motor.

PROBLEM

At an alumina refinery, an engineering
workshop was located in the same building
as a large compressor unit supplying
compressed air to the surrounding industrial
area. The operating compressor was found
to produce a sound pressure level of 104
dB(A) when measured in the immediate
vicinty of the unit. Workers at the far end
of the building were being exposed to
sound pressure levels of 85 - 90 dB(A) as
a result of the operating compressor.
Inspection of the compressorrevealed that

To reduce the noise exposure experienced by all workers in the building the engineering
departmentinstalled a partition of prefabricated panels incorporating insulation with absorption.
Initially, it was intended to build a wall around the compressor to a height of three panels (each
panel being 1.2m in height). After a partition to the height of two rows of panels had been set
up around the compressor, noise levels were again surveyed. Inside the partitioned area the
noise level had been reduced to 98 dB(A) as a result of the attenuation provided by the
" absorption material in the wall segments.

_____———:_-——-"’-
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Tow of pariels a further sound level survey was undertaken. No change to the noise lévels was

observed outside the partition, however a reduced level of 95 dB(A) was measured inside the
partition. As a result the third layer of absorption panels was deemed not necessary and
removed.

BENEFITS OF THE NOISE CONTROL SOLUTION

Noise levels for all workers at their normal work stations in the building have been reduced
to 85 dB(A) or below. The cost of the attenuation treatment has been reduced by a third as a
result of not extending the partition to its originally intended height.

FACTORS LIMITING THE SUCCESS OF SOLUTION

Because the compressor has not been totally enclosed, some noise may be transmitted through
the air above the compressor to be reflected from the roof of the workshop. A self-closing
mechanism should be fitted to the access door to ensure the effectiveness of the noise control
measure.
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INSULATION

Double glazing in coal preparation control room prowdes
visual contact without noise.

PROBLEM

Coal preparation plants are traditionally
noisy. Conveyors transporting coal; coal
impacting the walls of transfer chutes;
vibrating screen decks; blower exhausts
and several other items of equipment
combine to produce a work environment
with noise levels ranging from 90 - 110
dB(A) during normal operation. Almost
all of the processing equipment in the coal
preparation plant is operated semi
automatically from a central control room.
Normally one employee has the
. respon51b1hty of co-ordinating several

crushing and stock piling facilities. A hi
level of concentration is essential so |
the operator is able to make corre
decisions to ensure productive operation
of the plant.

Noise from processing areas could interrupt concentration and contribute to operator stress.
Totally insulating the operator from the noise source may overcome this problem, however the
lack of visual contact with the “outside world” may be equally as stressful as the exposure to
noise.

SOLUTION

To provide visual stimulation and to enable the operator to monitor some of the coal preparation
plant processes, windows have been incorporated in the design of the control room. While
single glazed glass would afford some attenuation of noise from the plant, double glazed 6mm

window planes with a 50mm aircavity were installed to provide additional attenuation of noise. -

As aresult of installing the double glazed window panels the operator is able to work in the
control room with a comfortable background noise level of 71 dB(A). Should it be desired, the
attenuation provided by the double glazing technique would be furtherenhanced by using glass
panes and two different thicknesses (e.g. 6 and 8mm glass).

dlfferent processes on all of the six levels
of the coal preparation plant, as well as the”
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BENEFITS OF THE NOISE CONTROL SOLUTION

Background noise levels within the control room are 71 dB(A) comparcd with levels of 91 -
110 dB(A) in the processing area.
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FACTORS LIMITING THE SUQCESS OF SOLUTION

Deterioration of window seals. Noise finding other pathways to enter the control room (e.g.
via an air conditioning duct or an open door) will negate the cost-effectiveness of the solution.
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Operator cabin insulation/absorption treatment of
Komatsu belly dump haul truck.

PROBLEM

A fleet of Komatsu 120 tonne belly dump
trucks is operated by an open cut coal
mining company. The vehicle is operated
from an air conditioned cabin located
behind and to the left of the prime mover’s
diesel engine. The operating position is
alsodirectly above the units’ transmission
system and immediately in front of the
exhaust system. The prime mover has a
set of single front (steering) wheels and a
set of bogey (drive) wheels behind the
cabin. The prime moverhas beendesigned

b

toprovide a central location forthe drivers

sources mentioned above.

SOLUTION

To improve the attenuation capacity of the operator’s cabin several absorption material
treatments have been applied. The walls and ceiling have been lined with 25mm profile cut,
open cell polyurethane foam wedges. Surfaces likely to be contacted frequently by the

+ operator, such as the lower sections of door panels, have been lined with 25mm open cell .

polyurethane foam, covered by perforated steel plate. A composite floor mat material has been
installed comprising 3mm PVC upper surface; 10mm open cell foam; and, 5mm polystyrene
underlay. In addition, a pneumatic vibration isolated seat has been fitted.

BENEFITS OF THE NOISE
CONTROL SOLUTION

Noise levels within the operators cabin
have been reduced from 90 - 95 dB(A) to
83 - 88 dB(A) (depending on truck
_surveyed).

WORKSAFE AUSTRALIA - VICTORIAN INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH
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FACTORS LIMITING THE SUCCESS OF SOLUTION

Absorption materials will be prone to wear due to frequent contact and deterioration from
prolonged exposure various agents (e.g. ultraviolet light, dust, fuel, oil, etc.). Periodic
maintenance programs will be essential to ensure the effectiveness of noise control measures
of this type.
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Standards and Regulations

New South Wales

The NSW Occupational Health and Safety Act 1983 and the NSW Factories
Shops and Industries Act (Health and Safety and Hearing Conservation)
Regulations 1979 obtained from:

NSW Govemnment Information Centre and Bookshop
55 Hunter Street

SYDNEY N.S.W. 2000

(02) 228 8922 o

Victoria

The Health (Hearing Conservation) Regulations 1982, obtained from: -

Information Victoria
.. -+319 Little Bourke Street
‘MELBOURNE VIC 3000 )
03)6514100 = = .o

. Q’deensibnd

The Workplace Health and Safety Act 1 989, Workplace Health and Safety
Regulations and Hearing Conservation Rule (Rule 11) canbe obtained from:

Go-Print

P.O. Box 3664
WOOLLOONGABBA QLD 4102
(07) 896 33660

South Australia

The Occupational Health, Safety and Welfare (Industrial Safety) Regulations,
can be obtained from:

SA State Information Centre
25 Grenfell Street

Plaza Level

ADELAIDE S.A. 5159
(08) 226 0000




Western Australia

The Occupational Heaith, Safety and Welfare Regulations, 1988 can be
obtained from: ' '

WA Infolink '

Alexander Library Building

Perth Cultural Centre '

Francis Street

PERTH W.A. 6000

(09) 427 3111 .

Tasmania

The Industrial Safety, Health and Welfare (Administrative and General)
Regulations 1979, can be obtained from:

Government Bookshop

112 Liverpool Street

HOBART TAS 7001

(002) 303 499 or (008) 030 603.

Northern Territory

The Constru:btiii‘nbsdfezy Act, (reprint from 1975-1983) and Construction

Safety Rules, No. 19 of 1981 can be obtained from:

Government Publication Office
P.O. Box 1046

DARWIN N.T. 0801

(089) 897 152

Australian Capital Territory

The Noise Control Act 1988 can be obtained from:

AGPS Bookshops in all capital cities,

Australian Standards ca)z be obtained from: -

Standards Australia

2nd Floor

80 Arthur Street _ -

NORTH SYDNEY N.S.W. 2060
(02) 963 4111
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Relevant Australian Standards include:

E 3

AS1081 - 1990 Acoustics ; Measurement of Airbome Noise Emitted by
Rotating Electrical Machinery

AS1217 - 1985 Acoustics - Determination of Sound Power Levels of
Noise Sources

AS1259 - 1990 Acoustics - Sound Level Meters
AS1269 - 1989 Acoustics - Hearing Conservation
AS1270 - 1988 Acoustics - Hearing Protectors

AS1319 - Safety Signs for the Occupational Environment

- AS1469 - 1983 Acoustics - Methods of Determining Noise Rating

Numbers
AS1591 - 1987 Instmmentatlon for Audlometry

A81633 1985 Acoustxcs Glossary of Tcrms and Related Symbols

. AS2107 - 1987 Acoustics - Recommended Desngn Sound chels and -
Reverberatlon Times for Bulldmg Intenors —_

AS2399 1980 Personal Dosxmetcrs

AS2659 - 1988 Guide to Use of Sound Measuring Equipment

AS2670- 1990 Evaluation of HumanExposure to Whole Body Vibration

AS2775 - 1985 Vibration and Shock - Mechanical Mounting of
Accelerometsrs

AS2937 - 1987 Vibration and Shock - Human response vibration
measuring instrumentation

AS2972 - 1990 Vibration and Shock - Isolators

AS3657 - 1989 Acoustics - Expressxon of the Subjective Magnitude of
Sound/Noise

AS3663 - 1989 Acoustics and Mechanical Vibration - Definition of
fundamental qualities and their expression as levels

AS3781 - 1990 Acoustics-- Noise Labellmg of Machinery and
Equipment
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_ , iii. Purchasing Departlgent stnff.

Appendix A: "Buy-Quiet” Policy Guidelines
Preparing a “BUY QUIET” Policy

The “Buy Quiet” policy statement can be divided into three (3) parts:
I.  The statement of the organisation’s general noise management aim;

fi. Documentation of the procedures for operation of the policy including
allocation of roles and responsibilities to individuals within the organisation

fii. Documentation of procedures for monitoring the operation of the poliéy to
ensure the desired outcomes are being achieved by the individuals charged with

the responsibility as outlined in the procedure.

The policy preparation process should be conducted in consultation with key
employees involved in the plant and equipment procurement process. The
minimum representation involved in this consultative process should include:

. Management and employees representatives (often the health and safety
representative);

il Productio ind engineering staff; and,

Where a corporate “Buy Quiet” purchasing policy is being developed, represen-
tation on the policy development team by employees from a representative
sample of all sub-units of the organisation may be useful. Howeverconsultation
inperson will not be practical forevery organisation, so circulation for comment
of draft policy statements will provide an alternative consultative process.

The “Buy Quiet” Policy Statement

Apositivecommitmenttbnoiseexposux'eminimisationbymeorganisationwill
be indicated in the "Buy Quiet" policy statement by the inclusion of the
following points:

L. Clear identification of the organisatfon;

fl. Declaration by management of the organisation to provide equipment and
work conditions that are not likely to expose employees to potentially damag-
ing levels of noise;

iil. Clearstatementofcommitmentto maintaining management/employee consul-
tation in relation to noise management matters;

iv. Reference to the provision of information; establishment of monitoring
processes; the ability to obtain expert opinion; and systems for training.
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Procedures for Implementing the “Buy Quiet” Policy

The procedures under the “Buy Quiet” policy explain the functions of nomi-

‘nated individuals to achieve the aim of the policy. The procedures therefore

should:

i.  Outline theroles of key personnel involved in the procurement of new plant and
equipment to ensure maximum noise exposure levels are specified in all
tender and purchase documentation;

fi. Establish clear lines of communication between key personnel nvolved in the
procurement of plant and equipment for the organisation;

ili. Recognise that the uitimate responsibility for maintaining neise levels from
new plant and equipment to below the specified exposure standard rests with
the management of the organisation, but in practice these responsibilities will
be delegated;

iv. Acknowledge relevant regulations, standards, guidance notes and codes of
practice applicable to noise control for new plant and equipment’

v. Indicate the process to be followed to verify noise exposure data prowded by
the equlpment supplier; v g

: Vi Direct what action should be taken if the noise exposure specifi catlons are not_ »
i achieved when the plant or equlpment is delwered and, SRS Cor

‘ vii. Outline the dlspute resolutlon proeedure between the orgamsatlon and
supplier of the equipment should a dlspute arlse

Monitoring the “Buy Quiet”’ Policy

Finally, any “Buy Quiet” policy and supporting procedures should be moni-
tored to ensure that the desired intentions are being achieved. The monitoring
process will involve:

i.  Establishing performance indicators for the procedures supporting the “Buy-
Quiet” policy;

ii. Ensuring thatthe frequency and extent of the monitoring process relates to the
size and complexity of the organisation;

fif. Developing a check list to assist with the ﬁonitoring process.

iv. As with the general procedures, roles and mponsibilitieﬁ for the monitoring
process need to be clearly stated;

v. Data collected should be assessed and acted upon.

Should a point be reached in the monitoring process that indicates that the
suppliers of equipment are able to meet the noise exposure level specifications,
then an opportunity may exist to review and possibly lower the maximum noise
exposure standard stated in the policy.




Noise Control in Mini

Appendix B -Hearing Protection Program
Self Test

Is hearing protection used as the primary noise control measure in the
workplace?

Does a system exist to phase out the use of hearing protection by
the introduction of engineering or administrative control measures?

Have calculations been made by a competent person to demonstrate that
hearing protection in use will theoretically provide the desired attenua-
tion?

Is the hearing protection likely to provide the same degree of perform-
. ance in practice?

Have provisions been
maintenance?

made for. _repléé*emgr'n:t,j cleaning, storage and

- || Is training provided a:'llb'employee’s_ who aie requxredto wear hearing -
|| protection?. I N

Is thexe adequate designation, marking and signposting for any hearing
protection area? :

Are there written procedures to underpin the proéram?

Is there a system for periodic review of these processes?

If a "no" is obtained to any question then the hearing protection
program should be reviewed,
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CONTROL METHOD
Absorption
Administrative

Buy Quiet

Control at Source
Damping

Insulation

Multiple
Silencers
Substitution

Vibration Isolation

EQUIPMENT TYPE
~Blowers, Compressors, and
Ventilation Fans
Processing Equipment

Surface Mining Equipment
Underground Transport Vehicles
Underground Mining Equipment

MINING ACTIVITIES
Buildings and Maintenance
Activities

Mineral Processing

Surface Mining

Underground Mining

SOLUTION NUMBERS
Nil

18, 67,70

16,17

3,23, 24, 27, 30, 45, 71

2,21, 22,29, 34, 44, 49, 57, 58, 60
4,5,9, 11, 13, 14, 19, 20, 26, 28,
41, 42, 48, 54, 55, 56, 59, 65, 66,
68, 69, 73, 74, 75

15, 25, 33

7,8,10, 36, 61, 63

1,6, 12, 38, 43, 46, 47, 50, 51, 52,
53, 64

31, 32, 35, 37, 39, 40, 62, 72

SOLUTION NUMBERS

7,9, 36, 40, 45, 54, 62, 73
6,7, 8,9,20,21, 22, 23, 28, 29,

- 80, 36, 37, 43, 44,45, 46, 49, 50, -

-+51, 52, 53, 54, 55, 58, 58, 60, 61,
62, 63, 69, 72, 73, 74

64, 65, 66, 68, 71, 75

4,31, 32, 34, 35, 38, 39, 47

1,2,3,5,33,40,41,42,67, 71

SOLUTION NUMBERS
20, 28, 51, 52, 53, 56, 67, 74

6,7,8,9.20, 21, 22, 23, 28, 29,
30, 36, 37, 43, 44, 45, 48, 49, 50,
51, 82, 53, 54, 55, 56, 58, 60, 61,
62, 63, 64, 72, 73, 74

10, 11, 12, 13, 14, 15, 16, 17, 18,

19, 24, 25, 26, 27, 48, 57, 64, 65,

66, 68, 71, 75 :
1,2,3, 4,5, 31, 32, 33, 34, 35, 38,
39, 40, 41, 42, 47, 59, 71
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MINERAL TYPE
Bauxite
Coal

Copper/Lead/Silver/Zinc
Gold

Limestone

Nickel

Various

SOLUTION NUMBERS
50, 51, 52, 53, 54, 55, 58, 73

1,2,3,4,5,7,8,9, 10, 11, 12,

13, 14, 15, 16, 17, 18, 19, 20, 21,

22,23, 24, 25, 26, 27, 28, 29, 30,

31, 32, 33, 34, 35, 36, 37, 38, 39,
64, 65, 66, 68, 69, 70, 72, 74, 75
6, 40, 41, 42, 43, 67, 71

44, 56

60, 61, 62

45, 46, 47, 48, 49

57

T ey = e e Kt o



