Chapter 4

Ratios

Calculation of development in meters

Each contest should be undertaken with
a ratio suited to the orographical develop-
ment of the race, namely, to the particular
characteristics of the course and the phy-
sico-constitutional quality of the athlete.
The choice of the ratio should therefore take
account of whether the course is level,
hilly, moderately mountainous, in the high
mountain or mixed, if the roads are wide,
medium or narrow, with many or few bends,
asphalted (in better or less good conditions),
unsurfaced or in paving-stone.

The choice of the ratios to be adopted in
a race therefore depends on all these fac-
tors. What is a ratio?

The ratio is the development in meters
of the distance which the bicycle is made
to cover in one complete turn of the pedal
group. The ratio varies in relation to the
number of teeth of the cog-wheel and the
sprocket-wheel and to the diameter of the
back wheel (the diameter of the front wheel,
whatever it may be, does not affect the
distance covered in one complete turn of
the pedal group).

The mechanical and technical progress
of the various parts which make up the bi-
cycle places at the cyclist’s disposal as many
as eighteen ratios which can be formed
by making use of the various possibilities
offered by three cog-wheels and six sproc-
ket-wheels. In order to avoid duplication in
the ratios themselves (which simply implies
an increase in the weight of the bicycle and
of the relative frictions without serving any
practical purpose) it is indispensable to
know the development in meters of all the
ratios available. .

Increasing by one tooth the cog-wheel
or the sprocket-wheel logically means pro-
ducing a variation in the metrical develop-
ment. As a general rule, for the medium
ratios used by a road cyclist (14/18 in the
sprocket and 42/54 in the cog-wheel), the
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variation produced by one tooth more or
less in the sprocket-wheel is roughly equi-
valent to that produced by three teeth more
or less in the cog-wheel. As the cog-wheel
gets smaller (42/44 teeth) and as the sprock-
et becomes larger (29/31 as, for example,
for cross-country or for particular extreme-
ly steep hills, such as the « wall » of Sor-
mano), this proportion of three to one va-
ries and, theoretically speaking, would even
out in the case of the cog-wheel and the
sprocket having the same number of teeth.

In fact, the proportion of 3 to 1 obtained
by dividing the number of teeth of the cog-
wheel by the number of teeth of the sproc-
ket-wheel (48 : 16 = 3, 51 : 17T = 3.54
54 : 18 = 3) would become 1 to 1 in the case
of there being an equal number of teeth
in the cog-wheel and the sprocket-wheel.
But between the 3 to 1 and even more
(in the staying races, for example, this pro-
portion is 5 to 1, since cog-wheels with 60
teeth and sprockets with 12 teeth are used)
to 1 to 1 of the theoretical ratio between the
equal number of teeth of the cog-wheel and
the sprocket, there exists a whole range of
intermediate values equivalent to as many
ratios.

Certain of these intermediate ratios are
duplicates as, for example the 16/48, which
has an equal metrical development as the
18/54 or the 17/51; in fact in all three ra-
tios, the proportion is 1 to 3. Thus two of
the three can be done away with, and in
this way it is possible to eliminate all the
duplicates included in the case of the possi-
bilities offered by the various combinations
which can be made with the sprockets and
cog-wheels available.

More particularly the 14/42, the 16/48,
the 17/51, the 18/54 and all the other ratios
which have an identical proportion between
the number of teeth of the cog-wheel and
the number of teeth of the sprocket have
the same metrical development, provided
the diameter of the back wheel remains the



same. The choice of one or the other will
depend on considerations which involve coef-
ficients of weight, friction and distribu-
tion of the load on the teeth (stress), be-
sides the alignment of the chain.

As compared to the 16/48, the 18/54 is
logically heavier and will produce greater
friction; however, offsetting this, the distri-
bution of the load (stress) on the teeth is
more balanced. For example, a thrust (stro-
ke of the pedal) of 10 kg., if produced on
a cog-wheel having 18 teeth, will have a di-
rect effect on the four teeth and will thus
be distributed over the relative arc of chain
and sprocket. The same thrust of 10 kg. pro-
duced on a sprocket of 14 teeth will affect
two and a half teeth, and thus a shorter arc
both of chain and of the sprocket itself.,

These considerations explain the choice
of the 14/42 or the 18/54 and all the diffe-
rent combinations which produce the same
metrical development and which therefore
in practice constitute the same ratio. One
or the other will be adopted according to
the spegial features of the race for which
the ratio is intended. Above all, if the con-
test requires the «spurt» to be produced
promptly and to take immediate effect, one
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will tend to prefer a combination which fo-
resees both the sprocket-wheel and the cog- -
wheel smaller; this is required especially in
sprint races. If the race requires the stress
to be distributed more regularly and conti-
nuously, then one will tend to prefer a com-
bination which foresees both sprocket and
cog-wheel bigger; this is the case with mid-
dle-distance, pursuit races and generally
speaking, all races in which the immediate
and sudden spurt is not decisive for the
purposes of achieving the desired result.

Accordingly, a sport manager should be
in the position of knowing the metrical de-
velopment of all the ratios which his athie-
te may use, first of all in order to avoid
duplicates (and thus weight and friction),
and also to supply the athlete himself with
all the possibilities which the mechanical
means offers him. Tables exist in which a
calculation has already been made of the
distance developed by each ratio; hereafter
we give three tables calculated for wheels
of three different sizes, namely, for a dia-
meter of 670 mm, of 680 mm, and of 690 mm.

In the same way, we provide the mathe-
matical formula by means of which the cal-
culation of the ratio is obtained.

= x 2.1038
S

= x 2.1352
S

= x 2.1666
S

co-efficients obtained on the basis
of the circumference of the wheel

S = number of teeth of sprocket 2.1038 (ie. multiplying the diameter of the
2.1352 ]
21666 wheel by the fixed number 3.14).

Example for a wheel of
680 mm : 3.14 x 0.680 = 2.1352
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