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Abstract: Workers in the rock face stabilisation sector are exposed to high levels of vibration from
pneumatic rock drills, which can lead to vibration injuries. The work situation is also ergonomically
challenging since the work often is performed on steep cliffs with heavy equipment and a substantial
degree of dust exposure. To reduce exposure to vibrations, the equipment has been redesigned,
including the machine’s handle, feeding hoist and the implementation of a reciprocating mass
generating a counter force to reduce the vibrations. As a side project, a dust removal device was also
developed. It was shown that vibration and dust exposure can be substantially reduced.
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1. Introduction

Rock drills expose operators for high vibration levels, which can lead to vibration
injuries. These machines are frequently used for stabilising rock faces by drilling holes for
securing bolts and steel nets to prevent rocks from falling on people and infrastructure. For
operators in the rock face stabilising sector in Norway, pneumatic rock drills have been
identified as a major source of vibrations [1,2]. Their work situation is also ergonomically
challenging since the work is often performed on steep cliffs with heavy equipment and
a substantial degree of dust exposure [3]. Drilling is also further complicated since the
majority of holes are made horizontally into the rock for attaching fastening bolts and
securing steel nets. The vertical force from the weight of the machine is supported by
climbing ropes, and a horizontal feeding force of approximately 200 N to the drill is
produced by a lever hoist attached to a drill and via a steel chain to a bolt in the rock.
A common rock drill used for this work is Montabert T18. The operator is subjected to
high levels of vibration in both hands, while operating the hoist and controlling the drill
with the handle. During the ongoing project, improvements were made to the drill and
supporting equipment to reduce the exposure to vibrations. The drilling setup can be
seen in Figure 1. An important objective in this study is to show that there is a substantial
potential for improvements on these type of machines for encouraging increased demands
from operators and redesign activities from manufacturers.
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Figure 1. Laboratory setup to recreate drilling conditions with current equipment when operators
are horizontally drilling for the insertion of rock bolts. Prior to drilling the main hole, a smaller (8-10
mm), expanding bolt with an eye nut is placed to anchor the hoist chain. A lever hoist is used to
control the feed force during drilling.

2. Method

Initial measurements were performed in a laboratory and a granite quarry to establish
a baseline for the vibration level using standard equipment. Initial measurements of the
tool showed two problem areas (see Table 1). The first one, as expected, was the high level
of vibration of the handles. The second one was the high vibration level of the handle of the
hoist. During drilling, the operator must keep one hand on the lever hoist to increase the
feed force every few seconds. The problem with the current hoist is that the chain used is
almost inelastic, which results in lots of variations in the feed force, i.e., when the operator
uses the hoist, the feeding force rises sharply, but as soon as the drill is moved a few mm
into the rock, the feeding tension drops to be close to zero.

Table 1. Results from vibration measurements in the project. Hand-arm-weighted acceleration RMS
(ISO 5349-1:2001).

Handle Vibration  Hoist Lever Vibration

Tool (m/s?y,,,) (m/s2p,.,)

Original handle and hoist chain 34.6-40.8 25.4-40.9
Isolated handle and spring on hoist chain 15.7 5.4
ATVA, isolated handle and spring on hoist chain 11.6 54

The concept was split into three parts: spring—damper mechanism for lever hoist,
isolated handle and auto-tuning vibration absorber (ATVA) on the machine to counteract
the force from the impact mechanism. Since the overall objective of the project is to
improve the working environment, a device that uses exhaust air for dust removal was also
developed and is included in the new concept.

2.1. Spring—Damper Mechanism for Lever Hoist

A spring was added between the lever hoist and the machine. The spring has two
functions. The first one is to limit the variation in the feed force. The spring can be
stretched to its maximum length, and the operator does not have to use the hoist as often
to avoid slack in the chain. The second function is to protect the hoist from the movement
of the machine. By having the hoist fixed to the stationary rock wall and isolated from
the machine, the vibration of the hoist lever can be reduced. The spring is contained
in aluminium housing. The housing contains a small amount of oil for lubrication and
prevents the spring from pinching the operator. The spring can be seen in Figures 2 and 3.
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Figure 2. The combined concept for vibration reduction. A device for dust control was also developed
during the project. The device redirects the dust that escapes the drill hole into a hose and releases it
away from the operator.

Figure 3. The completed concept during laboratory testing.

2.2. Isolated Handle Solution

The vibration of the handle is determined by the drilling direction. The handle solution
consists of a baseplate that is attached to the machine and handles that are connected to the
machine with a lever arm. The lever arm is connected to the baseplate with two torsional
isolators. This design was chosen to maximize vibration attenuation in the drilling direction
without sacrificing controllability in the other two directions. Lever arm solutions have
successfully been developed for similar rock drills in the past [4].

2.3. Auto-Tuning Vibration Absorber (ATVA)

Vibrations in the drilling direction were further reduced by adding an ATVA to the
machine. The ATVA consists of 3 kg auxiliary mass with springs. The springs are not always
in contact with the machine due to a gap, which gives the system a non-linear character.
The springs’ stiffness and the gap are optimized as described in [5]. The combined concept
can be seen in Figure 2.
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3. Results

A picture of the current prototype with the combined solutions, the hoist spring,
isolated handle and ATVA, can be seen in Figure 3. The results from all the measurements
in the project can be seen in Table 1.

The prototypes are currently being field tested by rock securers at Mesta AS in Norway:.
The prototype that is intended for use in the field can be seen in Figure 4.

Figure 4. The prototype without ATVA being tested in the field in Norway with the dust
removal device.

4. Discussion and Conclusions

Initial measurements of the handle revealed extreme vibration levels of
34.6-40.8 m/s%pau- Combining an ATVA and isolated handle reduced the vibration level
to 11.6 m/s%p,,, which was measured during rock drilling. Implementing these solutions
for current tools could reduce the operator’s exposure to vibrations significantly. If these
solutions were implemented by the manufacturer, as a part of a revision of the rock drill,
the reduction could be even greater, and the weight of the machines could be reduced. The
added weigh of the prototype with all the modification is 5-6 kg, which was compared
with the original machine’s weight of 22.3 kg. Although the operators want machines with
a low weight, the benefits offset the added weight.

The hand-arm vibration level of the current hoist lever is 25-40.9 m/s2},,.- By isolating
the lever hoist from the machine, the vibration level of the lever was reduced to 5.4 m/s2.
This upgrade can be implemented without any modification of the rock drills; so, supplying
all workers with this upgrade is simple. The results clearly show that there is a considerable
potential for improving the very harsh working conditions for operators of these machines,
where very few aspects have been improved over the last five decades.
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