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This iInvention relates to a power transmission
device capable of connecting a driving shaft to
a driven shaft with a variable speed ratio.

An object of my Invention 1g to provide a power
transmission device comprising oniy constant
mesh gearings, the speed ratio whereof may as-
sume any value within a certain range; and
wherein the passage from anhy value of the speed
ratlo to any other takes place gradually with-
out any discontinulty or steps.

Another object of my invention is to provide a
device of the kind described which operates
automatically withln a certaln range, so that
whenever the ratio of the resisting torque to the
driving torque wvarles the speed ratlo automati-
cally changes and an optimum value thereof
corresponding to the new torque ratio 1s im-
medlately attalned; and the operation whereof,
however, can be concurrently controlled and
modtfied at will by an operator.

Other objects and advantages of my inven-
tlon will become apparent as the description pro-
ceeds.

According to the general principle of my Inven-
tion, the driving power 13 decomposed in two parts
by means of eplcyclic gear trains with two de-
grees of kinematic freedom; these two separate
parts of the driving power are then conveyed
onto the driven shaft by means of other epicyclic
gear trains; and between two or more cohven-
iently connected epicyclic gear traing there Is
arranged a device comprising two members which
revolve at different speeds, sald device permit-
ting to control at will and gradually the speed
ratlo of the transmisslon.

For this purpose I may employ purely me-
chanical means, such as a friction cluich where-
in g certain amount of slippage is permitted; or
electro-mechanical means, such as an electrie
motor having a revolving armature and a re-
volving inductor. I wlll use thereafter the ge-
neric expression “slip device” to denote any de-
vice of such kind.

In order that the spirit of my invention may
be better understood, the following description
will comprise & brief theoretical discussion of
the interrelationship of the speeds of the three
members of & generle epicyclic gearlng. .

In the drawings:

Figs. 1 to 5 are generic speed diagrams of epi-
cyclic trains, to be used In the aforesald theoreti-
cal discussion. The speeds are denoted by the
letter 7. c

Fig. 8 1s a longitudinal section of a mechani-
cal embodiment of my invention and Fig. 7 is the
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gpeed dlagram relating thereto, wherein the
speeds are denoted by the letter V.

Figs. 8 and 10 are longttudinal sections of
electro-mechanical emhodiments of my invention
and Figs. 9 and 11 respectively are the speed
diagrams relating thereto. The speeds are de-
noted by the letier w in Fig. 8 and by the letter
v in Fig. 11, .

The velocities of the three members of an epi-
cyclic train may be plotted In a system of rec-
tangular axes In such a way that they will be
represented by three stralght llnes having one
point In common. In the appended diagrams
all the speeds are plotted versus the ratio of two
of them taken as abscissa, so that:

=12
- ﬂ"

In Fig. 1, 71 remains constant, nz varies from ¢
to 1 (the latter being the point common to all
of the three lines); then ns will be represented
by & straight line passing through the point where
the first two {lhes meet. The work furnished to
the first member of the train is transmitted to
the other two members proportionally to the
speeds thereof.

g, 2 shows how the work Li furnished to the
member having the speed 7n1 is apportioned
among the two members having the speeds n2
and nia. The sum of the three works is always
zero, that is the equation: Li4-La4-I3=—0 always
holds; and L1, Le, Iy may be the work of three
motors having respectively the speeds ni, ns, ns.

If by means of an ordinary gearing the speed
71 1s reduced to n:* (see Fig. 3), speed of a mem-
ber of another epicyclic gear train, and if the
speed of the second member of this other train
is: n2’=n3, the speed of the third member will
be represented by the line na’ passing through
the point where 7.’ and n2’ meet.

Inversely, 73 and 7y’ may represent the speeds
of a variable speed source of power, which may
be connected through a third eplcyclic gear train
to the driving or the driven shaft, by means of
an ordinary or an electromechanical transmis-
slon. These two cases have been represented in
Pigs. 4 and 5.

In Fig. 4 the composition of the speeds 73 and
n3’ 1s accomplished by a third traln oné of the
members whereof has the speed n1”* proportional
to the speed m1 of the motor. In Plg. 5 one of
the members of the third train, instead of hav-
ing the speed na, has a speed na’’ represented by
a parallel to na, so that it 1s; na’"—ns=constant.

We may suppose that n: and ns’” represent
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the absolute speeds of two members capable of
having a slip with respect to one another, such
as for Instance the armature and the inductor of
a motor; then a certian amount of power will
be transmitted from na’’ to na, if the motor is
fed by means of the current furnished by a con-
stant speed generator.

By way of example, Fig. 6 shows a variable
speed transmission constructed according to my
invention and comprising three epicyclic gear
trains., Referring to Fig. 6, the numeral 1 de-
notes the driving shaft to whmh is fastened the
bevel gear 2 of the first epicyclic train. The ve-
locity of said shaft and bevel gear is represented
by Vi and is supposed to be constant (and equal
to 1) in the diagram of Fig. 7. This supposition
should never be construed as a limitation, as all
the embodiments of my invention can be ap-
plied equally well to variable speed motors, such
as internal combustion engines. In this case, to
every value of the speed of the driving shaft
there correspond an jinfinity of values of the
speed of the driven shaft; and the variations of
the driving veloclty are superimposed on the va-
riations of the transmission’s speed ratio.

The frame 3 of the first gear train is fastened
to the driven shaft, the speed whereof is repre-
sented by V2 which varles together with

:1:=T,—1

Said frame 3 carries the planetary gears § at
the same speed Va,

These planetary gears mesh with the binions
6 and 1 which turn loosely on the driven shaft
4 and carry the gear 6 and the sprocket 15 fas-
tened thereto. The frame 3 also encloses the
bevel gear 19 which runs freely on the shaft |
and is keyed to the shaft (8. On the same
shaft | turns loosely the pinion 22 which is fas-
tened to the bell 23 of a conical friction clutch;
the cone 24 of said clutch is keyed to the shaft
I by means of a slidable key; thus by operat-
ing the lever 25 the cone elutch can be thrown
in and out of engagement and the slip hetween
23 and 24 may be controlled.

The pinion 22, driven by the bell 23, trans-
mits the power to the frame 8 of another epi-
cyclic gear train through the gear 21, fastened
to the fraine and ghaft 8. The frame 8, by means
of the planetary gears 8, carries the bevel gears
10 and 11 in revolution; and these latter, in turn,
are fastened to the sprockets I3 and 16, the
speed whereof is represented in the diagrams of
Fig. T by the straight lines Va and V.

As the bevel gear 18 and the sprocket (8 fas-
tened to each other also revolve at the speed Vs,
they may be coupled throueh the chain 171 with
the bevel gear §l and the sprocket I8, with a
speed ratio of 1/1. Bimllarly, as the pinion T
and the sprocket 15 fastened to each other re-
volve at the speed V2’, they may be connected
through the hollow shaft 12 and the chain 14
to the bevel gear 10, with a speed ratio of 1/1.
In turn, as the frame B revolves at the speed Vi’
and the rigldly coupled gears 6 and 6’ revolve
at the speed V', and since the speeds Vi’ and
V1’ are equal in magnitude and opposite in di-
rection, sald case 8 may be connected to said
gears 6, 6’ through the gear coupling 6’'-—8’, the
gear B’ belng fastened to the frame 8.

The device operates as follows: When the mo-
tor runs and the driven shaft does not turn, there
is o slippage between the two members of the
cone clutch 23—24. This slip is represented in
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Fig. 7 by V1 minus (—V1"’.5), because in the de-
scribed assemblage the gear ratio of the coupling
21—22 Iz ¥%; the gear ratios have been chosen
in such a way that V1”’ is not parallel to the axis
of the absclssae, but very sliehtly divergent.

As the cone 24 is pressed against the bell 23,
the driving shaft transmits to the frame 8 a part
of the driving power, while the rest of the power
is transmitted directly through the bevel gear 2
to the frame 3, that is to the driven shaft which
is fastened thereto.

As the pressure of 24 on 23 is increased, a
greater portion of the motor's power is transmit-
ted through the secondary shaft B, which, by
megns of the transmission arrangements §'—8’,
13—-14—15, and 16—11—18, transmits the power
received to the driven shaft through the epicyelic
gears located in the frame 8, with a low speed
retio.

If the pressure between 23 and 24 is increased,
the slip between these two elements decreases
and consequently the driven shaft accelerates
until a state of gquilibrium is reached between
the external resisting torque applied to the driven
shaft, the driving torque, and the torque trans-
mitted through the friction clutch due to the
pressure of 24 on 23.

If the resisting torgue, for any reason whatso-
ever, tends to increase, and if the pressure of 24
on 23 remains constent, the slip between 23 and
24 increases and the speed of the driven shaft di-
minishes until & new state of equllibrlu.m is at-
tained; and this action is substantially automatic
for wide enough variations, as the slip of the
friction cluteh is proportmnal with a sufficient
approximation to the pressure exerted by the
members 23 and 24 on each other.

In concluslon, the friction clutch operates as
an apportioner of the power among the direct
transmission through the shaft | and the bevel
gear 2 and the reduced speed transmission 8,
overloading this latter when the resisting torque
of the driven shaft increases. A manual non-
automatic control of the transmission 1s afforded
by the lever 25, and this manual control may be
superimposed on and coact with the automatic
speed control previously described. -

An electro-mechanical transmlission construct-
ed along the lines of the diagram of Fig. 5, will
operate in an analoggus manner. If between na
and na'’ (Fig. §) there is Inserted an asynchro-
nous rotating field motor with inductor and ar-
mature both revolving, and if the inductor is fed
with the current generated by a constant speed
alternator, a torque s transmitted between ni
and na’" which conveys the power to the mem-
bers n1"'—na'—~-n2"", to the driven shaft and to
the driving shaft. If the relative speed ns—mna’’
is not exactly constanf, but variable from 0 to
10%, the torgque transmltted from inductor to
armature increases automatlcally as the resist-
ance on the driven shaft increases. The driven
shaft has a tendency to slow down while the
driving shaft maintains its constant speed. How-
ever, durlng the period of the starting of the
driven shaft, it would suffice to control the ex-
citation of the aIternat.or which feeds the asyn-
chronous motor inserted between n3 and na’’,
whereby the torque transmitied from mductcr
to armature Is also controlled.

Fig. 8 shows one such electro-mechanical em-
bodiment of my invention. Therein, the driving
shaft, which is denoted by the numeral 26, re-
volves at the speed w1 which is conastant and has
been made equal to | In the diagram of Fig. 9.
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The driven shaft 27 has the variable speed wa.
An auxiliary shaft 28 turns at the speed w1’
which is a fraction of wi.

To the driving chaft 26 are fastencd the gear
29 and the supporting member or frame 30 which
carries the pinions 31; and on the same shaft
26 is also keyed the armature 32 of an alternator,
the stator whereof is denoted by the numeral
33; therefore the members 29, 31, 32 al] turn at
the speed . The planetary pinions 31 mesh
with the pinions 34 and 35. The armature 37 of
an electric motor is keyed to the shaft 2T and
therefore revolves at the speed wa.

The gear 34 and the sprocket 36, rigidly con-
nected {o each other, run freely on the shaft 27
at the speed w:. The shaft 2T also carries at the
speed w2 the armature 3T of an asynchronous
motor.

The inductor 38 or sald motor turns loosely on
the shaft 27 at the speed w2’. The gears 39 and
40 are fastened to the shaft 28 and revolve there-
fore at the speed w:’ which {s maintained in a
constant ratio to the speed wun of the shaft 26
by the gear coupling 2§—38. The pinion 40
meshes with the planetary pinion 41 which is
pivoled to the frame 42. This latter is fastened
to the sprocket 43 and turns loosely on the shaft
44 together with said sprocket.

The shaft 44 revolves with the speed w2’’ and
has the gears 46 and 46, which revolve therefore
at the same speed w2’’. The gear ratios of the
connection 40—46—41 have been chosen in such
a way as to glve to the frame 42 and the sprocket
43 the same speed w: of the gear 34. The gear

45 meshes with the gear 47 which {s rigidly con- .

nected to the inductor 38, and the sprockets 36
and 43 are coupled by means of a chain. The
speed ratios are such that 47 revolves at the speed
w2” while 36 revolves at the speed ws.

The device operates as follows,

The driving shaft 26 revolves at the constant
speed un and It carries the armature 82, If there
is no exclting current in the stator 33, no torque
{s transmitted to the driven shaft 27.

As the stator 33 is supplied with an exciting
current, the armature 32 furnishes an electric
current which is conveyed through a suitable line
to the Inductor 38: then a torque is transmitted
from 37 to 88. These two members however have

different speeds, as 8T turns at the speed w2 and ;

38 at the speed ws’. This means that in the in-
ductor 38 there is created a rotating or Ferraris
fleld, the absolute speed whereof is represented
by we; and that, because of this rotating field, the
armature 37 fastened to the shaft 2T revolves
under the action of a torque which will become
stronger with any Increase of the exciting cur-
rent in the stator 33.

‘While the shaft 26 carrles the armature 32,
it also carries the planetary pinions 3( which
mesh with 34 and 35 and transmit the driving
torque to the driven ghaft 27 and therefrom,
through the members 36 and 43, to the shaft 42,
Meanwhile, the driving shaft 26 through the gear
coupling 29—39 drives the shaft 28 into revolu-
tion at the constant speed wn’.
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As a consequence of the arrangement adopted,
the work transmitted to the shaft 28 1s divided
by the gear train 40—42—46 into two portions,
whereof one is transmitted to the shaft 44 and
therefrom through a direct coupling to the in-
ductor 38, and the other to the sprocket 43 and
therefrom through a direct coupling to the
sprocket 38.

The speed of the various members of the de-
vice will be such as is required to bring about the
equilibrium of all the external torques applied
thereto, that is: the reslsting torque on the shaft
27; the driving torque on the shaft 26; and the
braking torque between 32 and 33 due to the ex-
citation of the alternator,

If this last torque and the driving torque re-
main constant, the speed of the shaft 27 will as-
sume the value whereby the work of the resisting
torque bhecomes equal to that of the driving
torque, except for the amount of work lost in the
transmission.

My transmission can also be fed from an ex-
ternal line; in this case the alternator 32—33 will
operate as a synchronous motor, or wlll be re-
placed with an asynchronous motor of suitable
power. An embediment of this type is illustrated
in Pigs. 10 and 11.

The prime motor 48, fed from the main electric
line, drives the shaft 49 and the sun gear 68 at
the constant speed v1. The driven shaft §2 with
the planetary pinions §1 revolves at the varlable
speed vz, The sun gear 53, the hollow shaft 54,
and the armature 58 of the secondary motor, also
fed from the main line, revolve at the speed .
The inductor 86 of the secondary motor, the hol-
low shaft 59, and the sprocket 57 revolve at the
speed v3" differing from 3 by a constant amount.

The same speed v3’ Is transmitted in the ratlo
1/1 from the sprocket §7 through the chain 62,
the sprocket 58, and the hollow shaft 83, to the
frame 64 of a second eplcyellc gear train. 'The
sun pinion 65 of sald second train 1is fastened to
the shaft 87 and Is connected with a speed ratio
of —1/1 to the driven shaft §2 through the gear-
ing 60—61: it turns therefore at the speed
v3’=—1va, The other sun pinion 66 of the same
train s fastened to the shaft 68 connected to the
driving shaft through the gear coupling 69—70:
it revolves therefore at a constant speed ™’ pro-
portional to the speed ¢ of sald driving shaft.
The operation of the device Is similar to that pre-
vlously described.

In this last and in analogous forms, my device
can operate as the “controller” of electric trac-

. tion vehicles, such as trolley cars, electric loco-

motives, and even electric automobiles: and can
generally be useful in all the cases wherein a var-
lable speed and an easy start are desired, whether
the motor be an electric or a mechaniecal one,
The many advantages and possible applica-
tions of my invention will now be apparent to the
persons skilled in the art to which is appertains.

UMBERTO FINZI.



