CHAPTER II.

TO ALTER THE VELOCITY RATIO BY
DETERMINATE CHANGES.

459. Lzt there be two axes 4, B, whose position in
the machine is fixed ; and let it be required to connect these
by toothed wheels in such a manner that the velocity ratio
may assume any one of a given set of values. The simplest
method is to provide as many pairs of wheels as there are to
be values, and let the sum of the pitch-radii of each pair
equal the distance 4B of the centers. Then to obtain any
one of the required ratios, we have only to screw the proper
pair of wheels to the ends of the axes. Sets of wheels for
this purpose are commonly termed Change-wheels. It is
generally convenient that all the change-wheels should be of
the same pitch, and the numbers may be calculated as in the
following example. Let the given set of values for the

velocity ratio or the change-ratios be TR TbL Then,

since the pitch and distance of the centers are the same
in every pair, the sum of their numbers of teeth must be the
same ; and this sum must also be divisible by the sum of
the mumerator and denominator of each of the above
fractions, or by 2,8,4,5,9. The number required is there-
fore a multiple of 2°.38°.5 = 180, and if 180 be taken as the
least possible number, we have the following pairs of wheels,
which manifestly fulfil the conditions :
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460. To save the trouble of screwing and unscrewing
the wheels, the entire set may remain fixed upon their re-
spective axes, if arranged upon the principle of fig. 238.
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Mm, Nn are the two axes; 4,a.B,b.C,c. &c.; the re-
spective pairs of change-wheels and the sum of the radii of
every such pair being equal to the distance of the axes, the
teeth of any pair that are set opposite to each other will
work. For this purpose the upper axis is capable of sliding
endlong, and is retained in any required position by a bolt &,
which enters into a groove m turned upon the axis. In the
figure 4 and @ are shewn in action, but if any other pair, as
D, d, are required to work together, the bolt & must be
removed, and the axis shifted endlong until D and d come
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into geer. The same motion will bring the groove n
opposite to the bolt by which the shaft may be secured in
this new position, and similarly for any other pair of wheels.

The wheels must be, however, so placed upon the shafts,
that only one pair will come opposite to each other at the
same time. 'To effect this, the wheels are arranged in the
order of their magnitudes, placing the smallest at each end
of the upper group, and the others in alternate order with
the largest in the middle, and the wheels of the lower shaft
in the reverse order, for a reason which will presently appear.

Let m be a quantity rather greater than the thickness of
each wheel. Then, 4 and a being in contact, let the lateral
distance of B from b = m, that from C toc¢ = 2m, from D
to d = 3m...... and that from the n™ wheel to its fellow
=(n-—1).m.

But as every successive wheel B or C is too great to be
pushed past the previous wheel @ or b of the lower group,
these upper wheels, to make the axis as short as possible,
must each lie close to the previous wheel when the upper

group is in its extreme position to the left; and therefore

the smallest distance between the wheels of the upper
set will be from 4 to B =0, from B to C =m, from C to
D =2m, and so on; between the lowest set from a to
b=m, fromb to ¢=2m... and so on; and if the wheels
were each arranged in one conical group, as from 4 to D,
and from a to d, the length of shaft required for n wheels
would be the sum of the thickness of all the wheels + their
distances, which, for the upper shaft, is equal to

[n+ {0+ 1+2+...(n-—2)}]m={(n —1).%@+n}m

and for the lower shaft equal to,

[+ §1+2+8+...(n -1} |m=——.nm.
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By arranging the wheels in two conical groups, as in
the figure, they occupy a much shorter length upon the
shafts ; for the central wheel D can be pushed past its own
wheel d, and the same reasoning will then be true for the
conical group DEFG and defg.

Thus the length of shaft required for n wheels in two

groups nf’-;- each, will be for the lower shaft,
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which is much less than the former, and similarly for the
upper shaft.

In our example, the wheels on the upper and lower
shafts occupy spaces of 13m and 19m respectively, and if
they had been arranged each in one conical group would
have occupied spaces equal to 22m and 28m.

Similar arrangements to this are adopted in cranes for
raising weights, in which the choice of three or four velo-
city ratios is required between the handle and chain-

barrel.

461. But it is often inconvenient to make the sum of
the radii of change—-wheels equal to the distance of the centers,
and requires, moreover, as many different pairs of change-
wheels as there are to be changes in the velocity ratio, unless
indeed some of these ratios be merely the inverse of others.
The more usual method therefore is, to screw a pair of
wheels of the proper numbers to the end of the axes, without
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regard to their radii, and afterwards to connect them by
an idle-wheel. Art. 223.

Thus let @ and b, fig. 239, be the axes upon which a
pair of change-wheels 4 and B have been fitted.

C is the idle-wheel which may revolve upon a pin or stud
fitted to the end of a piece Ce¢, which has a long slit at its
extremity. A slit Dd in the transverse direction is formed
in the frame of the machine, and the piece C'c which carries
the idle-wheel is fixed in its place by a bolt passing through
the two slits at their intersection.

By this method of fixing the idle-wheel it admits of
being shifted about so as to be put in geer with the two
change-wheels whatever be their diameters.

There are various other methods of shifting and fixing
the variable center of the idle-wheel, but the effect is the
same in all. If it be required also to have the power of
changing the directional relation, another piece like C'c must
be provided, upon which two idle-wheels in geer are
mounted, and this piece must be brought into such a posi-
tion that one of these wheels shall geer with B and the
other with 4; 4 and B will therefore turn in opposite
directions, whereas in fig. 239 they turn in the same di-
rection.
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The number of change-wheels is greatly reduced in
this manner, because they admit of being combined in any

pairs ; thus, in the example (Art. 459), six change-wheels will
be sufficient instead of twelve, thus:

Ratios.

ejon wofoe M= OO BD M

462. On Speed Pullies. Let there be two parallel
axes Aa, Bb, fig. 240, upon each of which is fixed a group
of pullies adapted for belts or bands,
and of different diameters. A ready
mode is thus provided of changing
the angular velocity ratio of the
shafts by merely shifting the belt
from one pair of pullies to another.
Such groups of pullies are termed
Speed Pullies. 'The diameters of
every pair of opposite pullies ought
to be so adjusted that the belt shall
be equally tight upon any pair. If the belt be crossed,
it is easy to shew that this object will be attained by
making the sum of the diameters of every pair of oppo-
site pullies the same throughout the set. For let DK, FG
be the radil of any pair, make GK a common tangent to the

pullies, draw FE parallel to GK and describe a circle
with radius DFE = DK + FQG.







