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TABLE 7

TEN WORKERS WHO WORKED WITH A LIGHT HIGH-SPEED
TOOL WITHOUT VASCULAR DISTURBANCES

Employed with

Worker No. Age this tool for—

1 (male) - 31 years S years

2 (female) 23, 4,

3 ” 38 ” 4 ”»

4 ’ 21 2 3 ’

5 ”” 26 ”” 3 t2d

6 21, 2% ,,

7 2] 25 ”9 2 "

8 »» 26 ” 1 year

9 ” 21 ”» 2

10 ' 36 ,, 9 months

an attempt should be made to reduce the vibration
from light high-speed tools, our experiments suggest
that a sleeve -of sorbo sponge rubber or respirator
tubing would probably be the most effective, because
it is high frequency vibration of small amplitude
which has to be combated.

Practical Applications

The following generalizations and suggestions for
reducing harmful vibrations now seem to be justified.

1. Grinding, machining, and hammering pro-
cesses should be as fully mechanized as possible.

2. Since portable tools are in many circum-
stances indispensable, the manufacturers of those
tools should be urged to concentrate on modifica-
tions of design which will lessen vibration. They
have in some cases shown themselves very willing
to do so.

3. Vibrating tools should not be used on
operations which are heavier than those for which
they were designed.

4. The heavier a portable tool is in relation to
the work in hand, the less it will vibrate.

Concerning Pneumatic Drills, Picks, Hammers, and

5. Methods might be. sought for reducing the
backwards thrust by bracing the tools against solid
objects, or by mounting them on adjustable rigid
beams. An adjustable portable stand is already
made on which the weight of drilling tools can be
taken for horizontal boring. )

6. The weight of the tool might in some cases

be taken by a suspended counterbalance weight..

In some repetitive work this practice is already
followed, as in locomotive boiler stay drilling and

tapping,
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7. The thrust might be divided to be taken on
to both hands, or on to the thigh muscles, by extra
handles. :

8. Absorbent materials are not likely to be of
much value.

Concerning Methods of Grinding

9. Light-weight tools with a flexible drive seem,
on medical grounds, to be -best avoided except for
very - light operations. There must be many con-
ditions, however, in which their use is necessary.

10. The grinding method of choice, apart from
any in which neither the work nor the tool is touched
by hand, is that of holding castings against grind-
stones on fixed mountings, but this is true only for
larger castings. Failing this method, the heavier
the portable grinding equipment the better.

11. If tools with a flexible drive have to be -
used, they should be of heavier pattern than those
at present manufactured, the spindle should be
thick and rigid, and should run true on first-class
bearings. The operator should be taught to correct
a spindle which is not properly centred, and should
be given the necessary tools to do this. He might
with advantage alternate periods of heavy grinding
with lighter polishing work.

12. Absorbent materials on the handpieces of
tools with a flexible drive may be expected to have
limited value only ; if they- are used, those which -
absorb low frequencies will probably be most
effective (vide supra).

13. For light, high-speed tools, absorbent
materials which reduce the higher frequencies should
be the most effective (vide supra).

“Much of this work suggests, in conclusion, that the
incidence of vascular disturbances does not depend
solely on the character of the vibration. Grip
is another likely factor in the production of local
arterial spasm, but it could not be investigated by
the present method. The most likely combination
of provocative circumstances is vibration of fairly
low frequency and large amplitude, coupled with
the need to use an excessive grip over long periods.
Further work on this aspect of the &tiology would
be welcome.

Summary
Two clinical pictures which result from the use
of vibrating tools are reviewed, with particular
reference to the speeds of the tools, and the vibra-
tion frequencies which have hitherto been considered
harmful.
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In the first clinical picture, Raynaud’s phenom-
enon has been the predominant disorder, and it has
arisen after the use of pneumatic hammers, from
portable rotary grinding tools, and from grinding
small metal parts by hand. In the second, the
features are pain, numbness, stiffness, and swelling
of the fingers, and the portable tool involved is used
for light metal polishing and rotates at a high speed.

The complexity of vibrations from tools is
discussed. Electrical methods of analysis of these,
in terms of frequency and amplitude of the har-
monics, have been used to take records from tools
working under different conditions. Such records
were taken from the following piston-operated
tools : road rippers, pneumatic chisels (chipping
hammers), coal picks, rock drills, riveting hammers,
and scaling hammers. Others were made of the
vibration set up in the use of a portable grinding
tool driven by flexible drive. The effect of the work
on right and left hands, the effect of various cutting
and grinding ‘ heads,” degrees of out of truth,
degrees of wear in the flexible drivé, and of absorbent
protective materials were determined. Three
alternative methods for doing the same piece of
grinding work were compared. The special
characteristics of vibration from high-speed rotary
tools responsible for the second clinical picture
were demonstrated. Finally, a study was made
of the transmission of vibrations up the arm.

By comparison with clinical data it appears
probable that vibrations of large amplitude between
the frequencies of about 40 and 125 cycles per second
are concerned in producing Raynaud’s phenomenon,
and that tools which show none below 600 cycles are
not likely to produce it. The lower limit may be
below this, but the clinical evidence is still too scanty
to allow of closer delineation. With rotary tools
of the type with a flexible drive, the left hand is
subjected to most vibration, toothed metal cutters
cause most disturbance, and the vibration is greater
the more out-of-true the heads are set. A worn
flexible cable appears to have little aggravating effect.
Of the absorbent materials tested, felt is probably
the most effective for such a tool, though none has
a very pronounced usefulness.

When the three alternative grinding methods are
compared, that of holding castings against a grind-
stone mounted on a bench is likely to be harmless,
provided that the castings are relatively large.

Very high-speed rotary tools produce a different
type of vibration, namely, of relatively small ampli-
tude and of high frequency, none being _present
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below 160 cycles per second. This may account
for the differences in clinical findings which have
been observed from the use of such tools. A small
series of ten workers is discussed, who complained
of no symptoms whatever after they had used this
type of tool for an appreciable time ; this conflicts
with the experience of other writers.

Piston-operated tools all seem to produce similar
vibration spectra, and it is probable that patho-
logical effects bear more relation to the type,
arduousness, and uninterrupted nature of the work
done than they do to a definite range of supposedly
hazardous tool speeds. A number of suggestions
is put forward for reducing harmful vibrations.
The possible relationship between vascular lesions
and the strength of the grip could not be studied by
the methods used in these experiments.
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