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PROTECTION FROM HAND-ARM TRANSMITTED VIBRATION
USING ANTIVIBRATON GLOVES
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Abstract

There are various ways of reducing the health-hazards of hand-transmitted vibration. One of the possible
protective measures is the use of the anti-vibration gloves, but their effectiveness is still subject to
discussion and many experts are questioning it. The procedure for measurement and evaluation of the
vibration transmissibility of the anti-vibration gloves is given in ISO 10819-1996 and EN ISO 10819-
1996 as well as in the National Standard HRN ISO 10819-2000. Due to the numerous objections on the
testing procedure recommended by the above standards many researchers prefer field- testing. In order to
assess the effectiveness of anti-vibration gloves of five different manufactures the Faculty of Forestry —
University of Zagreb in co-operation with the public enterprise Hrvatske Sume Ltd. carried out a field-
testing. The paper reports on the testing results.
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1. Introduction

Exposure to vibration of higher intensity over a longer period of time often causes
permanent health damages. Occupational deseases play an important role in many activities in
forestry, too. One of the numerous protective measures taken against excessive exposure to
hand-arm transmitted vibration is the use of anti-vibration gloves. The assessment of their
effectiveness is a complex procedure which doesn’t always yeald expected results. As there is a
number of anti-vibration gloves available on the market, it is a very responsible task to make the
right choice. According to the official statistics of the Croatian State Health Institute vibration
accounted for 11.4 % of the overall number of occupational deseases between 1990 and 1997
(Kocian, 1999). In order to assess the effectiveness of anti-vibration gloves of five different
manufacturers the Faculty of Forestry, University of Zagreb, in co-operation with the public
enterprise Hrvatske sume Ltd. carried out a field—testing.

2. Sensitivity of the hand-arm system to vibration

It is very well known that parts of the human organism have different natural frequences.
Exposure to vibration the frequency characteristics of which are in resonance with a part of
human body can multiply the consequences, especially in the case of the hand-arm system where
vibration is directly transmitted to the body. It is also a known fact that maximum sensitivity of
the hand-arm system lies in the frequency range from 6.3 to 16 Hz (Goglia, 1997). Beside
frequency characteristics there are two more parameters that are important in predicting the
hazard rate of exposure to vibration:

- vibration level or intensity, and

- time of exposure.

The real vibration intensity should be weighted simultaneosly taking into account
frequency characteristics as well as vibration level. According to the ISO 5343-12001
recommendations the vibration level in all three co-ordinate axes schould bi noted in the
vibration measurement report. The weighted accelerations should be counted in accordance with
the Annex A of the same standard using the following equation:
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where: W, is the weighting factor for the i-th one-third-octave band, and
ani 2is the r.m.s. acceleration measured int the i-th one-third-octave band,
m/s”.

The evaluation of the total exposure to vibration transmitted to the hand-arm system is
defined as the root-sum-of-square of the three component values:

2 2 2
a‘hv = \/ahwx + ahwy + a‘hwz

The daily vibration exposure is expressed in terms of the eight-hour energy-equivalent
frequency-weighted total vibration value, A(8), as shown in the following equation:

T
A(S) = ahv ) \/%

where: T is total daily duration of exposure to the vibration a,, and
To is the refernce duration of 8 hours (28800 s).

If the total daly exposure to vibration consists of several operations with different vibration
magnitude, the daily vibration exposure, A (8), shall be obtained using the equation:

where: apy; is total vibration value fot the i-th operation;
n are number of individual vibration exposures, and
T; is duration of the i-th operation.

3. Reduction of the daily exposure to hand-arm transmitted vibration

The above equations show clearly that there are three possibilities to reduce operator's
daily exposure to hand-arm transmitted vibration:
a) by organizing the work-site as to combine the different activities during the work day,
b) by reducing the exposure time,
c) by damping the vibration, particularly in the frequency range in which the hand-arm
system is most sensitive.

All three possibilities are used in practice. This article discusses the possibility of reducing
the exposure to the hand-arm transmitted vibration by damping. The use of anti-vibration gloves
is suggested to operators exposed to higher levels of vibration, but it has to be pointed out that
many researchers and scientists are sceptical towards the their effectiveness (Koton, 2002). What
type of gloves shoulod be used has been discussed for years. The choice of the best anti-vibration
gloves is not easy. There are many manufacturers who offer anti-vibration gloves made of
various materials for vibration damping, which makes the damping efficiency of anti-vibration
gloves necessary. In our opinion, the best way to define the damping characteristics of the anti-
vibration gloves is to test them in real work-site conditions.

4. Measuring method and measuring equipment

The vibration level was at first measured on the operator’s grip handle of the motor chain
saw in all three directions at 3 different working conditions:
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- atidling,

- atfull load, and

- at maximum rotational frequency.

After that, the vibration level on operator’s hand was measured in all three axes
simultaneously at the same three working codnitions. The anti-vibration gloves were placed
between the grip handle and the operator’s hand. The damping characteristics of the anti-
vibration gloves can be expressed in verious ways:

1) By the ratio between the weighted acceleration sum measured on the grip handle and the
ones measured directly on the operator’s hand:

WAS,
a. =
P WAS,

where: a,, is damping factor expected to be < 1;
WAS; is weighted acceleratiion sum on the grip handle, m/s?, and
WAS, is weighted acceleratiion sum on the operator’s hand, m/s

2) The damping can be axpressed also by the ratio between the weighted accelerations in
different directions on the grip handle and the operator's has as follows:

_ a'hwx,y,22

ax,y,z

a‘hwx,y,zl

where: oy is damping factors in the particular directions expected to be < 1;
anwxy,z1 1S Weighted acceleration in specific direction ont he grip handle, m/s?;
ahwey.22 1S the same on the operator's hand, m/s?.

3) For detailed damping characteristics ot the particular anti-vibration gloves the frequency
characteristics of the vibration level on the grip handle and the operator’s hand can be
calculated.

A special holder for the threeaxial accelerometer has been designed for these
measurements. The threeaxial accelerometer with holder is shown in Fig. 1. As it was mentioned
before, the measurements were first carried out on the grip handle in all three co-ordinate axes
simultaneously and at three operating conditions.

Figure 1: Threeaxial accelerometer with the holder
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The same was then repeated on the operator’s hand. The threeaxial accelerometer was
positioned in accordance with the 1ISO 8725 — 1985 recommendations. A measuring chain as
shown in Fig. 2 was used for the measurements. For each working codition several samples were
used. The averaging times during analysis ware taken in accordance with the above
recommendations.

DAQ device with integrated
signal conditioning

triaxial accelerometer

notebook with NI LabVIEW
software

Figure 2: Shematic representation of the measuring chain

5. Measurement and measurement results

In accordance with the ISO 7505 a fresh beech-prism was cut for the measurement. For
each of the three axes in all three working conditions the values of weighted accelerations were
calculated. Then the WAS-values (weighted acceleration sum) were calculated. The velaues for
all three axes as well asWAS-values are graphically represented in diagrams in Fig. 3 — 6.

From Fig. 3 it is clear that during idling only one type of anti-vibration gloves have shown
relatively good damping characteristics, two types have shown negligible damping
characteristics and the last two tested types have shown unexpected characteristics: the vibration
levels were increased. The tested gloves have shown similar characteristics in WAS-values as
well as in particular axes.
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Figure 3: Graphical representation of the weighted acceleration in all three single axis and the

WAS values at idling
Sorce: own

At maximum rotational frequency the anti-vibration gloves have shown significantly better
damping characteristics. The WAS-value is shown in Fig. 4. From the five tested types of anti-
vibration gloves four have shown good damping characteristics. These results correspond to the
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results obtained in some independent researches of this problem. It has been known already that
the most anti-vibration gloves show good damping characteristics at higher frequencies only.
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Figure 4: Graphical representation of the weighted acceleration in all three single axis and the

WAS values at full load
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Fig. 5 shows the weighted vibration level in all three co-ordinate axes as well as the WAS-
value at cutting. It is evident that only one type of the tested anti-vibration gloves has shown
good damping characteristics. Two types have shown weak and two types negligible damping
characteristics.
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Figure 5: Graphical representation of the weighted acceleration in all three single axis and the

WAS values at cutting
Sorce: own

The cumulative representation of the WAS-values for all three cutting conditions is shown
in Fig. 6. It shows clearly that compared to the vibration level obtained by measurements on the
grip handle, the use of anti-vibration gloves makes a negligible difference. The differences are so
small, that they might as well be the consequence of the measuring error. On the other hand, the
same figure shows also that during maximum rotational frequency all types of the anti-vibration
gloves tested show good damping characteristics. One type of anti-vibration gloves has shown
particularly good damping characteristics. It has to be pointed out that two types of anti-vibration
gloves have shown totally unexpected damping characteristics at idling. Their damping factors
were greater than 1, which means that the vibration level increases at idling when using these
types of anti-vibration gloves.
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Figure 6: Cummulative representation of the WAS values
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6. Conclusion

The measurement have shown that there are significant diferences in damping
charecteristics between deferent tzpes of anti-vibration gloves. At idling some of anti-vibration
gloves have shown completely unexpected charecteristics. During idling only one type of anti-
vibration gloves have shown relatively good damping characteristics, two types have shown
negligible damping characteristics and the last two tested types have shown unexpected
characteristics: the vibration levels were increased. The tested gloves have shown similar
characteristics in WAS-values as well as in particular axes. At maximum rotational frequency
the anti-vibration gloves have shown significantly better damping characteristics. From the five
tested types of anti-vibration gloves four have shown good damping characteristics. At cutting it
is evident that only one type of the tested anti-vibration gloves has shown good damping
characteristics. Two types have shown weak and two types negligible damping characteristics.
These results correspond to the results obtained in some independent researches of this problem.
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