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Introduction

The South African Safety in Mines Research
Advisory Committee (SIMRAC) identified
noise-induced hearing loss (NIHL) as a major
occupational health risk in the South African
mining industry1. The number of compen-
sation payments and the associated compen-
sation amount for NIHL has increased
substantially over the past few years. During
2002, 14457 workers were awarded R102

million in compensation for NIHL. It should be
noted that these numbers may under represent
the true extent of NIHL because SIMRAC is still
in the process of introducing improved
diagnostic techniques and associated
interventions. 

Another indicator of the severity of the
problem is the data obtained from medical
records submitted by South African mines to
the Chief Inspector of Mines for the period
1/10/1999 to 30/9/2000, as reflected in 
Table I2. From this data, hearing loss ranks
with tuberculosis as the largest occupational
health risks in terms of number of workers
affected.

Pneumatic percussion drill noise is a major
contributor to noise-induced hearing
impairment in South African mines. This is so
because drilling and blasting is the primary
method of rock breaking. Some 20000 drills
out of a total inventory of some 50000 are
used on a daily basis. From this it was
estimated that some 40000 workers were
adversely affected by daily exposure to rock
drill noise3. 

The compulsory use of personal hearing
protection devices has also not had the
required effect as evidenced by the figures on
NIHL mentioned above. It is generally accepted
that these devices provide approximately 15
dBA noise attenuation, which is insufficient
given the noise levels generated by rock
drilling, as is detailed below. Many factors
influence and limit the attenuation offered by
these devices4. In discussions with mining
personnel it was also pointed out that hearing
protection devices suffer from several
disadvantages that limit their acceptance. They
are particularly uncomfortable to wear in hot
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Synopsis

A low noise blast hole drilling system was developed to limit the
risk of noise-induced hearing impairment in mining operations.
Noise- induced hearing loss has been identified as a major occupa-
tional health risk in SA mines. The noise generated by pneumatic
percussion drills is a major contributor to such noise-induced
hearing loss. This motivated the South African Safety in Mines
Research Advisory Committee (SIMRAC) to commission the
development of a low noise rock drill system. 

The system had to be designed, manufactured, tested and
demonstrated in a simulated underground mining environment. The
specification required noise levels below 90 dBA. Other important
design considerations were ease of manual transport, setting up and
operation. 

The primary design concept was to encapsulate a standard Seco
S215 pneumatic rock drill in a composite material tube. The tube is
pushed onto the rock face by a pneumatic cylinder and is sealed at
the rock face by an elastic seal. The drill is pulled towards the rock
face by a rope and pulley mechanism fitted inside the tube. This
mechanism is powered by a second pneumatic cylinder. The actions
of moving and setting the drill require two persons. However, the
team can carry out the drilling function itself on several drills
simultaneously because of the self-thrusting design. The drill is
supported by two camlocks. The exhaust (air containing dust,
water, rock debris, oil and grease) is removed from the encapsu-
lating tubes via an exhaust tube to the end of the stope. In this way
exhaust noise and air pollutants are disposed of away from
personnel.

Tests were conducted in a test stope. Noise levels of under 90
dBA were achieved, thereby attaining the primary design specifi-
cation. This was achieved without materially compromising ease of
handling. Penetration rate was somewhat improved compared to
that of the standard drill, so that productivity could be maintained. 
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and humid conditions as encountered in underground
mining, and were even found to increase the incidence of ear
infections as a result of these conditions. They also impair
perception by hearing of other safety hazards such as
approach of mobile machinery.  Because of such consider-
ations, it is recommended that personal hearing protection be
regarded as a last resort, and that all other means of
protection should first be exhausted5.

Legislation introduced already in 1989 requires
management of South African mines to take steps to reduce
noise levels to below 85 dBA in the workplace6. Exhaust
noise is the predominant source of pneumatic drill noise, as
discussed further below. Harper and Scanlon5 reported in
1997 that to introduce drills with exhaust silencers had met
with operator resistance, because of perceived reduction and
minor actual reduction in penetration rate. 

In the light of the above considerations, SIMRAC had
identified the development of a low noise rock drill system as
a priority. The initial project referred to above3 served to
survey previous work and led to the development of one
concept to an experimental evaluation phase7. SIMRAC then
commissioned the current project. SIMRAC required that the
development approach be changed to greater emphasis on
needs analysis, functional analysis and the application of
extensive machine design experience. 

Noise level specification for the drill 

According to the relevant government regulation8 the
maximum noise a worker should be exposed to is a sound
pressure level of 85 dBA for a maximum period of 8 hours.
This translates to the maximum exposure values for shorter
exposure periods as shown in Table II.

It is important to note that these are cumulative values
for exposure. Thus, if a worker has been exposed to a sound
pressure level of 91 dBA for two hours then for the rest of
the working day (6 hours) he or she should be
accommodated in an environment below 75 dBA. 

An important consequence of the logarithmic scale of
noise level measurement is that if one rock drill operating in
a stope generates noise to the level of 85 dBA, then adding a
similar rock drill in the same general area will increase the
overall noise level only to 88 dBA. Four drills will result in
the noise level reaching 91 dBA.

Taking the above factors into consideration, setting a
single value as a design specification for a single low noise
rock drill is more involved than might be immediately
apparent.

In the work of SIMRAC report GEN 5039 it was found that
the average time operators are drilling blast holes per shift is
2 hours. During this time a particular operator’s machine will
only be drilling for about half of that time (one hour). If the
following is therefore assumed:

➤ There are four drills per stope
➤ The average drilling time per shift is 2 hours
➤ At any given time only two drills are operating.

it is possible to set a maximum sound pressure level of 91
dBA for the two hours of drilling with two drills in operation
at any given time. This results in the maximum level allowed
for a single drill, measured in the stope, of 88 dBA.

As the sound pressure level LP caused by the rock drill
will depend on the environment in which the machine is
operating, it is more sensible to specify a maximum allowable
sound power level LW. As there is very little absorption in a
stope (hard rock faces) the room constant will be very low,
less than 50. Using the following equation [10], where r is
the distance between source and operator (m): 

[1]

the typical sound pressure level can only be expected to be 2
dB less than the sound power level. Therefore, the
appropriate design level for the sound power level for the low
noise rock drill is 90 dBA.

Noise sources in a rock drill

According to measurements7 the primary noise sources on a
rock drill are distributed as detailed in Table III.

Even though the exhaust seems to cause the most noise,
this component is predominantly in the lower frequency
range. Drill steel vibration is also an important contributor,
but is in a completely different frequency range. Both sources
therefore should be accounted for in designing a low noise
system.

Design

Design specification 

A functional analysis was carried out according to standard
design practice11. A comprehensive range of factors affecting
the performance of the drill was taken into account. From the
functional analysis a product specification was compiled.
Main design parameters for the design and development of
the low noise rock drill system are listed in Table IV.
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Table I

Medical records submitted by 189 South African
mines to the Chief Inspector of Mines for the period
1/10/1999 to 30/9/20002

Disease Number of cases reported

Tuberculosis 3737
Hearing loss 3506
Silicosis 1769
Obstructive airway disease 161
Asbestosis and pneumoconiosis 131

Table II

Permissible time exposed to various noise levels

Noise Level Maximum exposure Maximum exposure 
(dBA) per day (hours) per week (hours)

85 8 40
88 4 20
91 2 10
94 1 5
97 0.5 2.5
100 15 minutes 75 minutes



Selected concept

Different concepts were generated and evaluated. These
concepts addressed the following aspects:

➤ The reduction of the sound power level
➤ The propulsion of the drill steel into the rock
➤ The support of the drill 
➤ The removal of rock debris and water.

A solid model of the selected concept is shown in 
Figure 1. The design uses a standard Seco S215 pneumatic
rock drill (A) encapsulated in a fibreglass reinforced plastic
tube (B) of triangular arced cross-section. The tube wall has
a layered construction as detailed below. The drill is propelled
forward by means of a pneumatic cylinder (C) located inside
the tube, which propels the drill via a Kevlar rope and pulley
system (D). The air enters the drill from the rear and is
controlled at the main control valve (E). The operation of the
drill is controlled with two shuttle valves, one in the front (F)
and one in the rear (G). The action of these valves is to
automatically reverse the penetration run of the drill when
the hole is completed and then to stop it at the zero position
at the rear. For low maintenance these valves were
manufactured from Acetal. This material was selected
because it does not absorb water. It allows close tolerances of
the valve assembly although the valves operate in a high
humidity environment.

The drill is supported in a wheeled carriage (H) that rolls
on tubular ribs provided in the encapsulating tube primarily
for stiffness. (See Figure 4.) The wheels are cast from
polyurethane to dampen the vibrations generated by the drill.

At the rear of the encapsulating tube a spiking cylinder
(I) is mounted. The function of this cylinder is to thrust the
drill assembly against the stope face. The force exerted by
this cylinder is 3000 N. The encapsulating tube is sealed
against the rockface by means of a polyurethane seal (J),
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Figure 1—Low noise rock drill assembly
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Table III

Primary noise sources on a rock drill

Source Level

Valve 101.5 dBA
Exhaust 122.5 dBA
Percussion 109 dBA
Penetration 114.5 dBA
Pawls 82.5 dBA
Mounting 113.5 dBA
Rifle bar 109.5 dBA
Total 123.7 dBA

Table IV

Summary of design parameters for
low noise rock drill

Design parameter Value

Drilling speed (40 mm drill bit) > 370 mm/min 

Maximum air consumption, 60 l/sec
drill and peripherals

Supplied air pressure
Maximum 500 kPa
Minimum 300 kPa

Maximum water consumption 11 l/min

Water pressure > 300 kPa

Maximum sound power level 90 dBA

Percussion rate 40 Hz

Thrust needed for drilling 1570 N

Drill steel length 1.2 – 1.8 m

Maximum mass of system 60 kg

Maximum diameter of system 240 mm

Colour Bright 

Robust Drop 1 m onto 50 mm diameter steel 
rod – drill must still be functional
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which is compressed by the action of the spiking cylinder.
The force is reacted by a camlock (L), an adjustable length
roof support strut that is widely used in underground mining
operations. The arrangement is shown schematically in
Figure 2.

The exhaust stream (air containing rock dust particles,
water, rock debris, oil and grease) is removed from the
encapsulating tube via exhaust tubes (K) to the end of the
stope. These exhaust tubes are connected at the front and the
rear ends of the encapsulating tube as shown in Figure 2. 

Near the forward end the encapsulating tube is attached
to a mechanism that allows its height to be adjusted to suit
the required blast hole height. The mechanism is attached to
a modified camlock (L). At the rear the spiking cylinder
hooks into an adjustable length plate (M) attached to the rear
camlock referred to previously. A lock washer with a hook
for the drill to latch on is placed around the tubular strut of
the camlock. The drill is placed into the hook on the camlock
positioned behind the drill. When the air supply valve to the
spiking cylinder at the rear of the encapsulating tube is
opened, this cylinder thrusts the encapsulating tube against
the rock face. The drill is kept in position as shown in 
Figure 3.

Encapsulating tube detail

The selected design’s primary concept consists of a fibreglass
reinforced plastic tube encapsulating a standard rock drill.

The tube is of triangular arced cross-section. The arced shells
are stiffened with tubular ribs, as detailed in Figure 4, to
inhibit diaphragm mode vibration of the arced panels; this
was identified as a significant potential mode of noise
transmission. Apart from the stiffening effect provided by
these tubular ribs, they are also used as ducts to convey air
for the drill system’s pneumatic equipment inside the
encapsulating tube. Their walls’ outer surfaces also serve as
guide rails for the drill carriage, as described above.

To further increase the natural frequency of the encapsu-
lating tubes’ panels, yet another design feature for increase
in stiffness was introduced through using a sandwich
construction for the tube walls. The sandwich construction
offered the advantage of stiffening the encapsulating tube,
while at the same time limiting the mass required to achieve
the additional stiffness. A 3 mm thick core-mat was used
with 1.5 mm bi-directional woven roving glass on the outside
and 1 mm bi-directional woven roving glass on the inside.
The outer skin was designed to be slightly thicker to increase
its impact and abrasion resistance.

The manufacturability of the tube was improved by
assembling it from 3 symmetrical sections, each with the
same construction. These sections are bonded together to
complete the triangular arced shape. The joint positions are
indicated in Figure 4.

Structural analysis of the encapsulating tube

Impact, modal and static analyses were carried out on the
encapsulating tube. 

Impact analysis was used to determine the thickness of
the shell of the sandwich construction that was strong
enough to meet the design parameter of the drill system
assembly falling onto a 50mm diameter round bar from a
height of 1 m and still be operational. The total mass of the
system was taken as 70 kg. The encapsulating tube was
supported at both ends, with the round bar impacting the
tube half way along the length. The analysis gave the skin
requirements already mentioned above of a 3 mm core-mat,
with 1.5 mm glass fibre on the outside and 1 mm glass fibre
on the inside. This geometry resulted in a deflection of 0.62
mm with a maximum stress of 15.2 MPa, which is well
within the limits of the material and operational
requirements. Inspection of a finite element analysis plot of
stress distribution in tube also shows that the maximum
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Figure 2—Low noise rock drill mounted in stope

Figure 3—Low noise rock drill positioned in stope
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stress of 15.2 MPa was highly localized at the area of contact
with the bar, as was to be expected from the large difference
in cross-sectional dimensions of the tube and the bar and the
relatively low structural stiffness of the tube to this loading
condition.

Modal analysis was used to determine if the skin
thickness obtained from the impact analysis resulted in the
required increase in natural frequencies. The model used
shell elements with layered non-linear capability, except for
the tubular rails along the length, where solid elements were
used. The model was constrained around the edge at the rear
end. The front end constraint simulated a fully extended drill.
The drill was modelled as a beam element fully constrained at
the tip where the drill bit enters the wall.

The results of the modal analysis are summarized in 
Table V. 

The diaphragm mode shapes 3 and 4, which were of
specific interest, had natural frequencies of almost two and a
half times the 40 Hz percussion frequency of the S215 drill.
The frequencies of the other mode shapes were also distinctly
removed from multiples of the drill’s percussion frequency. In
Figure 5 a modal plot of mode 3 is shown from which the
modal shape can be observed.

Static analysis was conducted to check the stress in the
encapsulating tube when reacting the drill propulsion and
face sealing forces. During operation, the tube is forced
against the rock face with a force of 3 kN, and the drill is
driven forward into the rock with a force of 1.5 kN. 

A model was created where the front face of the drill is
fully constrained, with a force of 3 kN distributed over all the
nodes on the face. The rear face is also constrained for
transverse displacement in the y (lateral) and z (vertical)
directions and in all three axes for rotation (x is the axial
direction). A force of 1.5 kN was then applied on the face of
one of the ribs simulating the drill thrusting force. This
analysis showed that the stresses in the tube under these
loading conditions would be negligible. The stiffness
requirements on the design resulted in a structure that
exceeded strength requirements by a substantial margin.

Detail design: propulsion mechanism

During operation the air pressure can vary from 300 kPa to
600 kPa (see design specification with maximum increased
to 600 kPa). With a standard pneumatic drill configuration
i.e. with an operator using a drill driven forward by an air
leg, the operator controls the flow of air to the air leg. This
control ensures that even at low air pressures the drill is not
pushed too hard against the rock face so that the drill does
not stall. According to the manufacturer’s specification the
maximum force exerted by the air leg at the maximum air
pressure of 600kPa is 1570 N. A number of tests was
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Figure 4—Cross-section of fibreglass tube
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Figure 5—Mode shape 3 as obtained from modal analysis of tube

Table V

Results of modal analysis

Mode shape Frequency [Hz]

1 23.37
2 23.40
3 108.13
4 108.14
5 145.00
6 146.25

MX
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conducted to establish the sensitivity of propulsion rate to air
pressure. It was established that at 300 kPa the drill was still
operational, but very slow. The propulsion cylinder of the low
noise rock drill was then sized to accommodate this variation
in air pressure. At 600 kPa the drill is propelled forward at
the maximum force of 1570 N. If the air pressure to the
system falls, the propulsion force is also reduced, ensuring
that the drill steel is not forced into the rock to the extent that
the drill is stalled.

Testing

Surface tests were conducted first in the open air and
repeated in the test stope of the University of Pretoria (shown
in Figure 6). The main aim of these tests was to evaluate the
sound emitted from the drill and to establish the penetration
rate.  Overall test methods and calibration information was
based on previous measurements on underground mining
machinery12. 

Total sound pressure levels were recorded on a
geometrical grid as depicted in Figure 7. Two sound level
meters, a Rion NL-14 and a Rion NL-11 were used for these
measurements. Both meters were calibrated within a month
before the tests. The equivalent A-weighted sound pressure
levels LAeq were recorded with a measurement period of at
least 20 s.

The penetration rate achieved at 600 kPa was 400
mm/min, comparing well to the 370 mm/min of the standard
S215 rock drill. The increase in the feed rate can be attributed
to the fact that the propulsion is directly in line and not at an
angle as with the handheld drill. 

The results of the sound power levels, as measured, can
be seen in Figures 8 to 10. Figure 8 shows the results for the
standard Seco S215, Figure 9 the results for the muffled Seco
S215, and Figure 10 the results for the low noise rock drill.

To facilitate interpretation of the sound pressure levels,
representative sound pressure levels at positions 13, 25 and
27 as depicted in Figure 7 are tabulated in Table VI. These
measurements were taken just behind the operator, to the

operator’s right and further back to the operator’s right. The
operator position refers to the standard and muffled drills
only. The low noise drill system is operated from a stand-off
position.

The values at point 13 for the standard and muffled Seco
drills might be reduced due to shielding by the operator.
However, for the low noise rock drill these measurements
were taken without the operator being present in the
measurement area, this being representative of design
operational procedure and conditions.

Sound power levels could be calculated from Equation [1]
using the sound pressure data above. The test environment,
however, corresponded closely to the assumptions from
which the specification of 90 dBA sound power level was
calculated. From inspection of the sound pressure levels in
Figure 10 and Table VI, it can therefore be concluded that the
low noise drill system developed in this project meets the
noise specification of Table IV. 

Conclusion

The low noise rock drill developed in this project achieved the
noise level specification required to enable compliance with
the applicable legislation.
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Figure 6—Low noise rock drill in test stope

Figure 7—Geometrical test pattern



The design approach, which emphasised needs analysis,
functional analysis and the application of extensive machine
design experience proved to be an appropriate way to build
on previous work and learning. 

The primary design concept of a low mass but stiff
encapsulating tube delivered the required sound attenuation.
Meanwhile, it enabled the use of a standard Seco S215
pneumatic rock drill. This approach reduced the technological
risk and the cost of the proposed system. 

Integrated design of the encapsulating tube, combining
the primary function of sound attenuation with guiding of
the longitudinal motion of the drill and with piping of the air
supply, provided for reduced cost and enhanced structural
robustness of the secondary functions.

The design concept of piping away the exhaust air
together with its pollutants proved to be adequate, removing
the need for additional muffling. This again offered enhanced
robustness and reduction in system cost. 
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Figure 8—Sound pressure level for standard Seco S215

Figure 9—Sound pressure level for muffled Seco S215
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The self-thrusting feature of the design together with the
system mounting design offered multiple advantages. The
operator could be removed from the area of highest noise
levels. The operator could also be relieved from supporting a
vibrating machine, thereby removing the risk of vibration-
induced injury. The alignment of the reaction fitting with the
drilling direction enhanced penetration rate. 

Further work proposed includes:

➤ Design review to reduce the mass of the drilling system
and to improve manufacturability and ease of
maintenance

➤ Building of several prototypes
➤ Testing of prototypes for durability
➤ Operational evaluation in mines
➤ Design modifications as required by durability and

operational testing.

Industrialization is proposed only after all of the above
have been concluded with satisfactory test results.
Nevertheless, the results obtained so far hold the promise
that this low noise blast hole drilling system offers mines the
opportunity to comply with the regulations on noise in the
workplace while maintaining and even exceeding penetration
rates required by operators.
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Figure 10—Sound pressure level for low noise rock drill

Table VI

Rock drill representative noise levels

Configuration Laeq sound pressure levels

Measurement point 13 25 27

Seco S215—standard configuration 104.4 107.9 104.2
Seco S215—muffled configuration 100.5 103.8 101.1
Low noise drill with standard drill steel 88.7 84.9 82.9


