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Powered hand tools reduce the time spent on tasks; however, they generate vibrations which may pose significant
risk to operators’ health. In this study, the impact of power hand tools on users was considered. Five basic power
hand tools were identified and the impact of vibration was assessed on users. Digital vibration meter was used to
measure the vibration produced on five operators while operating the identified power tools. Values obtained from
each operator were imputed to the hand-arm vibration calculator to determine daily exposure limit and total expo-
sure point for each of them. Results obtained indicate daily exposure limit of 4.08, 11.64, 21.06, 46.96 and 62.36
m/s?; and average total exposure point of 261, 2242, 7107, 35436, and 63781; for hand milling machine, hand drilling
machine, grinding machine, hand mower, and lawn mower respectively. Among the power tools examined, it is only
the exposure vibration from hand milling machine that was within the recommended acceptable daily exposure limit
of 5 m/s? and total exposure point of 400. Measures were suggested to lessen the exposure time and vibration mag-
nitude the operators are exposed to so as to reduce the probability of hand-arm vibration syndrome (HAVS) among

the operators.
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INTRODUCTION

The world is advancing and developing in science and
technology, and the need to meet environmental de-
mands is increasing very fast. Also, the competitive na-
ture of today’s market lead companies to the adoption
of equipment, instruments, and tools that do not only
ensure that customers demand are met but also ensure
reduction in operation time, increase product quality and
enhance mass production. Manual processes are being
replaced by mechanical or automated processes and
power driven manual tools. Job shop operations, con-
struction, agricultural, environmental activities among
others which usually require the use of manual hand
tools may now be carried out with different types of pow-
ered tools that suit the work. Hand tool is any tool that is
powered by the efforts of the users rather than engine.
During the usage of the hand held tools, it has been ob-
served that the characteristics of surface in contact with
human hand have direct effect on the comfort and dis-
comfort of the user [1]. Until the advent of powered tools,
manual hand tools have been the principal source of as-
sistance to man in carrying out different tasks. The place
of hand tools in the workshop is important, however, to
provide more professional results through jobs done in a
much easier way and saving time, power tools become
inevitable.

Macarthur [2] observed that “a powered tool is a tool that
is actuated by an additional power source and mecha-
nism other than the solely manual labour used with hand
tools”. Fredrick [3] observed that powered hand tools re-
duce tasks completion time, aid carrying out difficult task
easily, and have obvious advantages of speed and are
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more efficient. In industrial work situations, the powered
hand tools are the most common hand held industrial
products found. The non-powered hand tools also have
their usefulness in industries and daily life situations [4,
5]. The usage of powered hand tools by operators cause
two major risk factors for hand/wrist injuries. Unnatural
postures and repetitive forceful exertions are the major
risks and can be reduced through ergonomic design /
redesign of such products [6].

The hand-arm vibration (HAV) prevalence among work-
ers that use powered hand tools or hand guided tools
is reported to range from 6 to 100%, with an average
of approximately 50% [7]. However, HAV depends on
many interacting factors such as vibration exposure from
prolonged and regular work with hand-guided power ma-
chinery or processes. These can have adverse effects
on the hands and arms of users. Without effective con-
trols, workers using such equipment may suffer various
forms of damage, collectively known as hand-arm vibra-
tion syndrome (HAVS). South [8] defined vibration as a
pendulum displacement about an equilibrium point of an
object in which frequency, transportation domain and
time period are the characteristics of it. Fredrick [3] de-
fined hand-arm vibration (HAV) as vibration that occurs
during the usage of vibrating hand-held power tools. The
vibration is transmitted to the worker’s hands and arms.
This can happen when operating any hand-held power
tools, hand-guided equipment, or by holding materials
being processed by machines.

Previous researches on hand-arm vibration indicated
that the level and duration of vibration of vibrating hand
devices have effects on the users [9]. One of the effects
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is the Raynaud's phenomenon. Vibration may cause
blood supply repression to the hands and fingers, which
leads to numbness and tingling of the hands and fingers.
Hand-arm vibration (HAV) is a potential risk for users that
use hand-guided hardware or feed work by hand to a
machine in that their hands and arms are exposed to
elevated amounts of vibration. It may be noted that jobs
that require continuous and regular vibrating tools and
equipment are on the increase [10, 11]. Prolonged and
regular exposure to extreme levels HAV can influence
the user's wellbeing and particularly causing Hand-Arm
Vibration Syndrome (HAVS) [12].

In view of the fact that prolonged and regular exposure
to excessive vibration may lead to Hand-Arm vibration
Syndrome [13]; this study considers vibration measure-
ment and evaluation of five selected hand power tools
and their effect on users due to vibration transmitted to
the arms of operators during operations. The research
was carried out on workers who make use of powered
hand tools to perform some daily tasks in a public Uni-
versity in south western Nigeria by determining the total
daily exposure value of workers and evaluate the impact
of this vibration on them.

MATERIALS AND METHOD

Five workers operating five different power hand ma-
chines were selected for study. The methods adopted in
this research include the personal inspection of power
hand tools to be used in ascertaining being in good con-
dition; observation of the worker posture when operating
the machine; the usage of hand-arm vibrator and oral
interviews with the operators.

Inspection of tools and observation of worker posture

Factors such as tool condition, state of tool maintenance,
grip forces (how hard the operator grips the tool), and
grip handle material and compatibility influence the effect
of hand-arm vibration. An on-site inspection of tools is
therefore required before measurement were taken. The
tools were inspected to ensure they were in acceptable
working conditions before measurements were com-
menced. Tool wears were also checked to ensure proper
values are read on the vibration meter. Only skilled oper-
ators were considered for measurement.

Measurement of transmitted vibration

The 1SO benchmarks for human vibration estimation ne-
cessitate that acceleration should be the parameter to
be used to determine vibration levels. Digital VM-6360
vibration meter manufactured by M and A Instruments
Inc. (Fig. 1) was used to measure the vibration released
by the powered hand tools in accordance with ISO 2954
standard [14]. The meter was used to measure the in-
stantaneous acceleration values at a particular time
called peak value. Hand-arm vibration was evaluated
using peak value and root means square (RMS) values
of the acceleration produced by the rotating power tools
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to evaluate risk. The peak value was measured directly
from the vibration meter but the RMS value was calculat-
ed through Eqg. 1 as given by [15]:

Peak Value L
V2

Measurements were taken thrice in this experiment to
ensure accuracy and reliability and the average of the
values obtained were used as the vibration value for
each tool. Root mean square was used in hand-arm vi-
bration calculator to determine the hand-arm exposure.

Root mean square, RMS =

3-10-
3-11

3-2 3-12 3-6 3-5 3-9
Figure 1: Vibration meters

Key: 3-1 Accelerometer; 3-2 Display; 3-3 Input Connec-
tor; 3-4 Hold key; 3-5 Power Key; 3-6 Metric/Imperial
conversion key; 3-7 Function key; 3-8 Filter key; 3-9
Sound key; 3-10 Jack for the headphone; 3-11 Jack for
RS232C interface and 3-12 Battery cover/compartment.

Hand-arm calculator

The Hand-Arm Vibration (HAV) Exposure calculator is an
effective tool for the objective evaluation of HAV in the
workplace. The pictureof the hard-arm vibration expo-
sure calculator is shown in Fig. 2.

Measurement of vibration magnitude

The measure in-use method was utilised and vibration
meter was used in determining acceleration. To obtain
the vibration magnitude, the RMS value was calculated
and inputted into the HAV calculator.

Determining the exposure time

The evaluated exposure time for each hand device was
obtained by utilising a stop watch and estimation of a
sample period of typical work. A stopwatch was utilised
to determine the mean duration or the trigger time re-
quired to carrying out each task when the machine user
was utilizing the device being evaluated.

The total exposure time was calculated by multiplying
the trigger time by the number of repetition of task per
day within 8 hour working shift as given in Eq. (2).

ET = TT XNy (2)

where E, = Total daily exposure time; T, = trigger time
and n_= number of times task was repeated in a day.
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Figure 2: Hand-arm vibration calculator Interface [16]

Total daily vibration contact time or trigger time for each
tool / process is inputted as exposure duration in the
HAV calculator.

The extent of vibration effects can be calculated at the
end of the experiment using Eq. 3. This is referred to as
crest factor.

Peak value (3)

Crest factor = RMS value

Based on the focus of this study, five most commonly
used hand tools for carrying out various tasks within
the campus of the University considered as case study
were selected. The five identified tools are hand milling
machine, hand drilling machine, hand mower, grinding
machine and lawn mower. The operating conditions of
the tools were examined to ensure the minimum accept-
able working conditions in line with the manufacturers’
standard were met before measurement of vibration.
For complete evaluation of exposure to vibration, vibra-
tion acceleration measurement in meters per second
squared (m/s?) was carried out. Vibration frequencies
and duration (trigger time) of exposure were also deter-
mined.

RESULTS AND DISCUSSION
Vibration readings

Five operators of each tool randomly selected within the
work environment had their transmitting vibrator level
taken while tasks were being performed. Tables 1, 2, 3,
4 and 5 show the readings measured on hand milling
machine, hand drilling machine, hand mower, grinding
machine and lawn mower respectively.

Determination of exposure duration

The total exposure time was obtained by multiplying the
number of times the task was repeated by the trigger
time (i.e. actual exposure time). Table 6 shows the expo-
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sure time for each tool based on the number of repetition
in 8 hours working shift for operator 1.

Determination of acceptable exposure duration
using hand-arm calculator

To determine the acceptable exposure duration value
for a daily 8hours working shift, time to reach exposure
action value (EAV), exposure limit value (ELV) and total
exposure point on each tool, the vibration magnitude for
each operator (RMS value) were inputed into the HAV
calculator. Figures 3 - 6 show the results obtained from
the HAV calculator when operator 1 was operating the
hand milling machine, hand drilling machine, lawn mow-
er and grinding machine respectively. For limitation of
space, figures for other operators could not be shown,
but complete results for all the operators on the exam-
ined machines are summarised in Table 7.

Hand milling machine

The results in Table 7 indicate the exposure action value
were reached at 3 minutes for operators 1, 2 and 3 but 2
minutes for operators 4 and 5 while exposure limit value
were reached at 12 minutes for operator 1, 13 minutes
for operators 2 and 4, 11 minutes for operator 3 and 9
minutes for operator 5.

Exposure point of 225, 230, 271, 237, 343 for operators
1 to 5 and daily exposure of 4.0, 3.8, 4.1, 3.9 and 4.6 m/s?
respectively were obtained when hand milling was being
operated. These results indicate that the vibration the
workers were exposed to while using this power hand
tool is within the safe limit. It also indicates that operator
2 is least exposed and operator 5 is most exposed.

Hand drilling machine

The vibration evaluation of powered hand drilling ma-
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Table 1: Hand milling machine acceleration
readings at 10 Hz — 1 kHz

»

Table 4: Powered hand mower acceleration
readings at 10 Hz — 1 kHz

Operator A"eragf’mrjggk value | pvs (mis?) Operator Averagf’meggk value | pms (mis?)
1 45.1 31.9 1 145.5 102.9
2 42.8 30.3 2 145.2 102.7
3 46.6 32.9 3 138.5 97.91
4 43.6 30.8 4 142.6 100.8
5 52.4 37 5 133.4 94.3
Avera%/zli)serator 26.1 326 Averag\(jaluoeperator 1411 99.7

Table 2: Hand drilling machine acceleration
readings at 10 Hz — 1 kHz

Table 5: Lawn mower acceleration
readings at 10 Hz — 1 kHz

Operator Averagzamp;ggk value RMS (m/s?) Operator Averag(emp;:gk value RMS (m/s?)
1 99.1 70.1 1 152.8 108
2 86.1 60.9 2 211.4 149.5
3 109.8 77.6 3 223.3 157.9
4 117.8 83.2 4 220.7 156
5 114.6 81 5 209.5 148.1
Averag\/eall?eperator 105.5 74.6 Averag\e/all%perator 203.54 1439

Table 3: Grinding machine acceleration
readings at 10 Hz — 1 kHz

Table 6: Exposure duration for operator
1 on all the machines

Average peak value 5
Operator (m/s?) RMS (m/s) Observed I\:zr;et;ﬁiror?f Total
1 145.5 102.9 Tool trigger withing | &xposure
time (min) .| time (min)
2 145.2 102.7 hours shift
3 138.5 97.91 He:::crrr]?rllléng 15 5 75
4 142.6 100.8
Hand drilling
5 133.4 94.3 machine 25 4 10
Average Operator -
Value 1411 99.7 Grmd!ng > 11 29
machine
ghlng fr'om.the HAV calcqlator reveals the exposure ac- Hand mower 5 14 70
tion limit will be reached in 1 minute for operators 1 and
2; and zero for other operators. It also indicates 2 min- Lawn mower 3 30 90

utes as time to reach exposure limit value for all opera-
tors except operator 2 with 3 minutes. The total exposure
point and daily exposure value for all operators indicate
that the safe points have been surpassed and users of
the tool are at risk of having HAVS. Controls should be
executed promptly to decrease the exposure to vibration
magnitude.

Grinding machine

Results indicate 1 minute as time taken to reach ex-
posure limit value and zero minutes to reach exposure
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action value. This means high significant risk of HAVS
in a short time. The high total exposure point and high
daily exposure with least value on operator 5 implies that
daily exposure to the tool should be avoided. It is recom-
mended that if possible other alternatives of doing the
job should be employed.

Hand mower

Results indicate 1 minute as time taken to reach ex-
posure limit value, zero minute for all operators to
reach exposure action value, daily exposure of 46.0 to

287



Kolawole Adekunle, et al. - Effects of the Vibrations of Powered Hand Tools on Users: A Case Study

=

47.4 m/s?, and 33908 to 37962 total exposure point
indicate that the tool generally produce high vibration.
The users are highly exposed to hand arm vibration syn-
drome (HAVS) in a very short time. It further means the
tool should be avoided if possible or other alternative(s)
of doing the job should be emplored.

Lawn mower

With high daily exposure and very high total exposure
point, this power tool poses very high significant risk
of HAVS in a very short time to all operators. The tool
should be avoided or reduction on the usage should
be encouraged. Possible alternatives of doing the job
should be employed.

Vibration effects

According to [5], one of the major causes of occupational
diseases and injuries at work is vibration. It is probably
one of the reasons behind subjective discomfort at work.
This study has considered the vibration effects of five
powered hand tools used by the operators, and four out
of the five powered hand tools emit vibrations that are
higher than the allowable limit. Vibration effect over a
long time on the operator will pose insensitivity to the
vibrated hand area due to repetitive forceful efforts re-
quired in operating the machine. The repetitiveness and
the high velocities of the powered hand tools are likely to
cause the high prevalence of discomfort in the hands of
the operators [17].

Possible control measures

Basically, there are two suggested ways by which HAVS
risk exposure can be reduced or eliminated. Lowering
the vibration value and decreasing exposure time could
reduce the risk posed on the operators. Vibration value

=13

HAND-ARM VIBRATION EXPOSURE CALCULATOR  version 3 June 2005

can be reduced by using modern tools or modern ma-
chining method as these tools emit very low vibration.
Exposure time on the other hand can be reduced by
changing the machining processing to a more efficient
process or by introducing job rotation. By introducing job
rotation, the daily exposure value for each operator can
be reduced. Moreover, in accordance with the study of
[11], anti-vibration gloves should be provided for the op-
erators. These anti vibration gloves are used to reduce
the vibration that can be transferred to the hands [18, 19].
Anti vibration gloves should be utilised as an alternative
means to lessen hand transmitted vibration exposure.

More so, occupational safety and health measures
should be put in place to reduce the number of occupa-
tional injuries and diseases, and work-related illnesses.
Therefore, to efficiently manage the occupational safety
and health system, a systematic and process approach
should be put in place to define, monitor and adjust the
performance indicators [20].

CONCLUSION

Usage of power hand tools may expose workers to vibra-
tions that may be beyond what they can cope with. This
may lead to permanent negative effect especially when
contacted on regular basis. In this study, the impact of
the vibrations that five power hand tools that are used for
environmental and workshop activities in a public Uni-
versity in Nigeria on users were examined. Among the
five tools investigated, only one appeared safe while the
remaining four tools pose threat to the well-being of the
workers as they transmit very high amount of vibration
that are beyound acceptable level thereby subjecting the
workers to high risk of acquiring HAVS disease with time.
In order to prevent this, it is suggested that the exposure
time should be reduced by job rotation and provision of
anti-vibration gloves for the workers.

Heﬂ?ﬁ%m Vibration Time to reach EAV | Time to reach ELV Exposure Partial Partial
Executive magnitude 2.5 mis® A(8) 5 mis® A(8) duration exposure exposure
m/s* r.m.s. hours | minutes hours | minutes hours |minutes mis® A(8) points

Tool or process 1

3.9

0 3 0 12 1.5

4.0 255

Tool or process 2

Tool or process 3

Tool or process 4

Tool or process 5

Instructions for use:
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to a different cell.

Figure 3: Hand milling machine HAV result for operator 1
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EE HAND-ARM VIBRATION EXPOSURE CALCULATOR  version 3 June 2005
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Figure 6: Grinding machine HAV result for operator 1
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Table 7: Results from HAV calculator for the different tools

Exposure Time to reach | Time to reach .
) .. | Daily exposure | Total exposure
Hand Tool points per exposure exposure limit 7 ) )
. . limit (m/s?) point
hour (min) value (min)
Operator 1 2035 3 12 4.0 225
Operator 2 1836 3 13 3.8 230
Hand milling oo ors | 2165 3 11 41 271
machine
Operator 4 1897 2 13 3.9 237
Operator 5 2738 2 9 4.6 343
Operator 1 9828 1 2 11.1 1967
Operator 2 7418 1 3 9.6 1485
Hand drilling Fo e mors | 12044 0 2 12.3 2411
machine
Operator 4 13844 0 2 13.2 2721
Operator 5 13122 0 2 12.0 2627
Operator 1 21177 0 1 21.7 7559
o Operator 2 21095 0 1 21.7 7530
Grinding ' ator 3 19173 0 1 20.7 6844
machine
Operator 4 20321 0 1 21.3 7254
Operator 5 1775 0 1 19.9 6348
Operator 1 29041 0 1 46.0 33908
Operator 2 29719 0 1 46.4 34473
Hand Mower | Operator 3 32513 0 1 48.3 37962
Operator 4 30802 0 1 474 35964
Operator 5 29866 0 1 46.7 34872
Operator 1 23328 0 1 46.8 38020
Operator 2 44701 0 1 64.8 67105
Lawn Mower | Operator 3 49865 0 0 68.4 74858
Operator 4 48672 0 0 67.6 73067
Operator 5 43807 0 1 64.2 65854
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