




















PORTABLE VIBRATING TOOLS

cycles are very high indeed. In all these columns
it appears that the right hand is receiving more
disturbance than the left. But many authors have
stated that the left hand is the most affected by these
tools. Hunter and others (1945) show that the left
hand is more than twice as often affected as the
right. This would appear to contradict the experi-
mental evidence presented, but for the fact that, as
has already been shown, the right hand receives a
large component of vibration to and fro along the
length of the to6l, while the left receives the same
component across the fingers, and also a secondary
component at right angles to the first. In a sense,
therefore, the left hand is receiving more than the
right. These conditions only apply for a tool
handled in the way in which riveting or chipping
hammers are handled.

In the paper last quoted there is evidence to
suggest that the greatest incidence of disease occurs
when tools of 2,000 to 3,000 strokes per minute are
used. We were unfortunatsly not in a position to
compare tools of this range with any at higher and
lower rates working on the same task. However,
the vibration appears to be of the same complexity
and about the same magnitude for all these tools,
and from the figures it is difficult to conceive that
their effects would be widely different in practice.
The larger riveting hammer at 1,050 b.p.m., when
used on hot rivets, seemed to produce a worse
disturbance than the smaller at 1,700 b.p.m. On
the other hand, the smallest chipping hammer at
6,000 b.p.m. caused much more vibration than the
medium one at 3,500 b.p.m., when they were both
used on the same piece of wo.rk. It appeared that
this small hammer was being made to do heavier
work than it was designed to do. As far as these
hammers are concerned, it appears likely that the
salient factor is not so much the tool speed as the
heaviness of the work, expressed in terms of speed
ofworking, exertion, and grip required. It may well
be that the heaviest and most sustained work
necessitates the use of tools at 2,000 to 3,000 b.p.m.
When hot rivets are compared with cold, the harder
,cold metal causes a slight increase of disturbance
for the right hand; but rivets of this size would
never be hammered in the cold.
The high-speed tool we examined (columns 44 and

.45) had a nominal speed of 60,000 r.p.m., which is
up to six times that of the tools described by Dart
(1946), but, in size, principle, and method of opera-
tion, they were similar. He states that such tools
operate at 10,000 to 50,000 r.p.m.; though ours was

even faster, the variations in speed during normal
working were striking. Our tool running at an
-estimaied working speed of 38,400 r.p.m. produced

D

an amplitude of 4 tu at the fundamental of 640 cycles
per second, and its highest amplitude was 21 I at
160 cycles. Dart writes of a vibration of 80 L at
12,000 per minute, or 200 cycles per second, though
whether this is the fundamental is not made clear.
If, instead, it represents the highest recorded
amplitude, his values are higher than ours but the
frequency is comparable. Such a tool does not
produce Raynaud's phenomenon, neither does it
produce any vibration below 160 cycles per second.
Dart states that of his total of 1,000 workers using
this tool, there were some 11 per cent. with symptoms
of the less objective type, namely, pain, numbness
and stiffness, and signs of swelling, erythema, or
cyanosis. There may, therefore, be some relation-
ship between such a distinct syndrome and this type
of vibration, for here in column 44 the rate for the
main arnplitudes is 160 cycles or above, with a
spectrum reaching alnost to the upper recordable
limit. There is not a similar set of figures relating
to the hand under normal working conditions any-
where else in our records. The vibration detected
while using method C is of high frequency, true
enough, but the amplitudes are all very small, and
no comparable clinical syndrome has yet been shown
to have resulted from using method C.
Dart lays some stress on the details of the grip of

the fingers. He shows that the " pencil grip " may
be the worst, and columns 44 and 45 demonstrate
the difference between the disturbance produced
while using the pencil grip and that while guiding
the tool from behind. In our experience of grinding
operations, an operator seemed often to change his
grip, and it would have been impossible to incrimi-
nate any one grip in particular.

Negative, Clinical Findingsfrom a High-speed Tool.
-An opportunity occurred at one stage in the work
to put direct questions to ten people using a tool of
the light, high-speed type. It had a nominal speed
of 30,000 r.p.m. All the operatives, nine women
and one man, denied any symptoms whatever that
they could have attributed to their work. The
relevant details are set out in Table 7.

The series was collected in the North of England,
in the spring of 1945. The average duration of
their employment at this work without symptoms
was 2 years 8 months. Dart, however, writes that
in a series of 109 cases with symptoms, the average
duration of employment had been only 8 months,
with a range of from 1 week to 30 months. Though
our series is small and concerns a young age
group, it is surprising that not a single case com-
parable with Dart's was discovered, especially as
the mean of the working periods was longer than
the longest working period he had recorded. Lf
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TABLE 7
TEN WORKERS WHO WORKED WITH A LIGHT HIGH-SPEED

TOOL WITHOUT VASCULAR DISTURBANCES

Worker No. Age Employed withthis tool for-

1 (male) 31 years 5 years
2 (female) 23 * 4
3 ,, 38 ,, 4
4 ,,21 ,,3
5 ,, 26 ,, 3
6 ,, 21 2,
7 ', 25 " 2
8 ,, 26 ,, lyear
9 ,, , 9,1
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
Chisels

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
mdde 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,

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 shoould
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 etiology 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 o,f 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 ofwear in the flexible drive, and ofabsorbent
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 ofabout 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, wh9 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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