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INTRODUCTION

The ocourrence of hand-artm injuries due to the use of certain vibrating
powered hand-tools is well documented |1), [Z]. The most reported cases have
involved the use of a) chaln saws, b) grinders and other rotary tools,

¢) percussive metal working tools and d) prneumatic hammers and drille used in

the mining industry. Several types of injury are associated with long-term
exposures to hand-arm vibration, viz, ‘ ' :

Circulatory disorders - e.g. vibration white finger (VWF)
Jone and joint disorders - e.g. bone cysts

Neurologlical disorders - e.g. merve conduction veloocity
Muscle disorder -~ e.g. atrophy

Other general (whole body) eymptoms

The best observed and most widely investigated of theme is white finger (or
Raynaud's Phenomenon); there are many causes of this complaint, one of which is
due to occupational vibration exposure i.e. vibration white finger., Symptoms
initially include tingling and mumbnees of the finger tips, followed by
blanching. JAttacks typically last for half an hour and are followed by
hyperaemia and assoolated pain. The atiacke seem to be precipitated during
cold, damp conditiona, such as would be encountered in a slaughterhouse.

Prom enquiries made, it would appear that there were no reported investigations
into the degree of vibration transmitted from a beef-splitting saw to the hand-
armm system of the operative. Furthermore, incidences of vibration white finger
due to this activity are not covered by the industrial injuries provisions of
the Soclal Security Act 1975 and, therefore, bensfit is not payable.

DESCRIPTION OF THE OPERATION :

The subject of the test was & Kentmaster Model 203 Beef-Splitter which is
typloal of the type of ingtrument used in a slaughterhouse, The saw is used to
split the carcasse longitudinally through the vertobral column whilet the body
1s suspended from the.ceiling. The angle of attack of the paw varies :
coneiderably during the sawing procesa which results in the operative moving
his hands frequently over the handle in order to maintain grip and axert .the
necessary foroe. The blade of th# saw desoribes an elliptical pattern,
although most of the movement is along the longitudinal axis.

STANDARDS FOR THE EVALUATION OF EAKD-ARM VIBRATION

There are no regulations or codes of practice governing vibration exposure
limits to the hand-arm eystem in this country. However both the British
Standards Inatitution and the International Standards Organisation have
produced guidelins standards [3), [4], although the former remains in draft
form. The investigation was. en acoording to IBQ 5349:1986 owing to
the more dimorete analysis availabls due to the use of 4 octave bands as
agalnst ootave banda and following the guidance of Griffitha [5] whose work
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suggested it adopted a more stringent standard than that proposed by the
British Standards Institution when the work was undertaken.

Unlike the documents immediately proceeding it, IS0 5349 derives a dose-
responge relationship for likely occurrence of vibration white finger as
against guideline exposure levels. Because a dose-response relationship is
derived, a daily exposure level needs to be calculated, based on a 4~-hour
period, and this is expressed in terms of a frequency-weighted. acceleration
magnituds, ap,y- Thie is calculated from the equation

(1)

where,

Ky = welghting factor for the yth 4 cotave band
ap,j = acceleration meagured in the yth # octave band
n = mmber of 4 cctave bands used

For & total dally dose other than 4 hours, the energy-equivalent acgeleration
is determined using equation {2) '

T\
(3n,w)eq(4) = (T:) (ah,w)eq(T)
vhare,
(_aha“)w = energy equivalent asceleration for a 4-bouxr period

@'&J)eq(‘r) = frequency-welghted energy equivalent acceleration for
a period of T houre : .

T4 = 4 hours

As can ba aeen, the preferred unit of vibration is acceleration,with this
being oxpressed as an r.w.s. value rather than peak.

EXPERTMENTAL WORE

The cholce of equipment is vital to ensure any signal being recorded is due to
the vibration received by the transducer rather than arising from nolse in

the monitoring system, The methedology desoribed in IS0 5349 waas, therefore,
olosely followed with gpecial attention being paid to the design parameters
of the hand-arm sdaptor {see Figure 1). The triarxial accelercmeter mounting
block on top of the adapior emabled the vibration received to be measured in
three planes,in accordance with the co-ordinate system desoribed in the
standard (Figure 2), in order to establieh in which exis the main amplitude of
the vibration was being transmitted.

The equipment set-up was as shown in Figure 3, with the tape subsequently
boing analyged using a B & K Type 2131 real time analyser and Hewlett Packard
EPB5 hard copier. It became clear that the greatest amplituds of vibration
was being transmitted in the Z-direction and all measurements were therefore
taken in this plane.
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Sevural problems were ann?tmtmd during the monitoring:

. a) the accelerameter becams loose on the hand-arm adaptor - this wag .
overcome using bees wax. .
"b) the accelerometer cable became loose, requiring tightening after
sach splitting operation, .
¢) the hostile slaughterhouse envirorment - water, blood, fat and bone
- particles. ' ) fes _ .
. 3 BESULTS
The gplitting time for each carcamse of the average daily total of
approximately 70 lasted for typically 80-90 eeconds but, because of hand
movements to adjust the grip on the gaw, a 32 second Leq was all that could
be obtained frem the 30 samples recorded in order to avoid periods of mystem
overload. This meant, however, that the analyois was carried out on different
" parts of the splitting operation, . . : : :
. The greatest magnitude of acceleration was found in the 25Hs # octave band,
~the derived mean ard maximun enargy-aquivalent accelerations normalised for a
4-11@;: period being shown in Table 1., : :

Table 1. Calculsted ensrgy-oquivalent accelerations, normalised Lte o
" 4 hours, for the mean ard maximum acceleration levels in -
‘the 25Hz % octave band . . :

y Acc‘elﬂg E (m-z) 8, w (ah,v)aq(q,) ’-‘l .

Amax | 8.94 |56 | - 2.8

I s .40 | . 170

Using the graph reproduced in Figure 4, the exposure times for certain
percantages of the population to exhibit blapohing were caloulated; theae are
shown in Table 2. oo L

" ‘Table 2. Caloulation of .d;ose-naponse relationship

Exposure time (m for % of e:‘;n-:aea population
( , to exhibit white finger)
1\ 84
TR T e | sk | ek | oK
2.82 10.6 15 18.5 21,3 | 23.8
1.70 17.7 25 R 25 25

"Similar caloulaticns using centre frequencies other than 25Hs falled to show
any likelihood of aymptome developing within 25 yoars using the method
described., } ) .-
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CONCLUSIONS

Although serious difficulties were experienced in measuring the total dose
rocelved, there iz a clear indication that vibration white finger can be
experienced within the normal working life span of a slaughterman using this
type of saw and that as much of a problem may exist with this type of operation
as with those classically associated with the injury. More work needs to be
carried out in an attempt to properly qu.entify the problem by minimising the
sampling errors encountared.
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In this position. the hand adoprs a
standardised grip on a c_w:uul
bar, rediuvs 2co.

Figure 2. The co-ordinate systym according to IS05349
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a) side slevation ' - b) top alsvation
Figure 1. Hand-arm adaptor -
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PN input

NAGRA 4-SJ Tape Recorder

*

AC output

B &K 2511
Vibration Weter

B & K 4332/4371 Accelerometer,

I’ \'\
. / )
R
B & K 4291 Calibrator Hand-Arm Adaptor

Figure 3. Equipment set-up
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Figure 4. Exposure time for different percentiles of a population

group exposed to vibrations in three co-ordinate axes

Proc..O.A. Vol 8 Part3 (1987)

50




Proceedings of The Institute of Acoustics

Proc.l.O.A. Vol 9 Part 3 (1987)




