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(54) DRIVE WHEEL WITH EPICYCLIC GEAR

(57) Described is a propulsion apparatus (1) com-
prising an epicyclic gear train (2), a drive shaft (4) and
an output shaft (5) and an electric motor (3).

The epicyclic gear train (2) comprises at least one
sun gear (6), at least one gear wheel (7) and at least one
satellite gear (8), interposed between said at least one
sun gear (6) and said at least one gear wheel (7).

The epicyclic gear train 2 is configured to adopt at

least two different configurations corresponding to differ-
ent transmission ratios between the drive shaft (4), to
which the electric motor (3) supplies mechanical power,
and the output shaft (5).

The propulsion apparatus (1) comprises an actua-
tion system, acting on the epicyclic gear train (2) and
configured in such a way as to switch the epicyclic gear
train (2) between the at least two configurations.
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Description

[0001] This invention relates to a propulsion apparatus
and a vehicle fitted with this propulsion apparatus.
[0002] It is extremely important in the transport sector
to guarantee the maximum efficiency of the vehicle, and
in particular of the propulsion apparatus, in order to re-
duce consumption and pollution.
[0003] Moreover, it is equally important to guarantee
constructional simplicity of the apparatuses of which a
vehicle is composed in such a way as to minimise con-
struction and maintenance costs.
[0004] Over recent years, the environmental impact
and the development of technology have pushed the
transport sector to more actively look towards alternative
solutions to traditional fossil fuel engines.
[0005] Amongst the electric vehicles typically used,
there is, for example, the use of drive wheels mounted
on lightweight vehicles, typically with two wheels, such
as mopeds or electric bicycles and pedal assist bikes.
[0006] The expression "drive wheel" means, in this de-
scription, a propulsion apparatus comprising an electric
motor coupled to an epicyclic gear train for reducing or
multiplying motor revolutions, housed inside the wheel
rim of the vehicle.
[0007] This solution has several advantages such as,
for example, the simplification of layout, constructional
compactness and the performances which significantly
reduce the production costs and, consequently, facilitate
entry on the market.
[0008] However, in order to fully exploit the potential
of the electric motors it is necessary to take into account
the characteristic operating curve and the context in
which they are used.
[0009] In fact, the efficiency of an electric motor de-
pends mainly on parameters such as the rotation speed
and the delivered torque. In particular, the electric motor
operates at low efficiency values for low rotation speeds
and for low torque values delivered.
[0010] In other words, the electric motor operates at
maximum efficiency in a small operating range for opti-
mum values of these parameters.
[0011] If we consider, for example, the highway appli-
cation, it is evident how the electric motor, mounted, for
example, on a aerostatic, will work, for most of the time,
far from these optimum values.
[0012] For this purpose, the introduction of at least a
second transmission ratio is known for widening the op-
erating field in which the motor operates at high efficien-
cy.
[0013] However, this solution has made the propulsion
apparatus, and in particular an epicyclic gear train con-
tained therein, more complex, increasing the number of
components and, consequently, the production cost.
[0014] Moreover, the transmission ratio, in these solu-
tions, is typically obtained by means of manually operat-
ed clutches which make its by the user more complicated
and complex.

[0015] For example, considering a moped, one of the
main advantages is precisely to have a single transmis-
sion ratio without the presence of gears. A strongly felt
need is therefore to develop propulsion apparatuses, and
in particular drive wheel, which are able to operate in a
very efficient manner without losing the structural sim-
plicity which limits the construction costs.
[0016] The aim of the invention is to satisfy the above-
mentioned needs.
[0017] In particular, the aim of the invention is to pro-
vide a propulsion apparatus and a vehicle fitted with the
propulsion apparatus which operate in an efficient man-
ner, in particular operating in a large operating window.
[0018] A further aim of the invention is to provide a
propulsion apparatus and a vehicle fitted with this pro-
pulsion system characterised by a greater constructional
simplicity.
[0019] A further aim of the invention is to provide a
propulsion apparatus and a vehicle fitted with this pro-
pulsion system which is able to make the driving simple
and not complicated.
[0020] The technical purpose indicated and the aims
specified are substantially achieved by a propulsion ap-
paratus and a vehicle fitted with the propulsion system
which is able to operate with at least two possible trans-
mission ratios.
[0021] Further features and advantages of the inven-
tion are more apparent in the non-limiting description
which follows of a preferred embodiment of a propulsion
apparatus and a vehicle fitted with the propulsion appa-
ratus. The description is set out below with reference to
the accompanying drawings which are provided solely
for purposes of illustration without restricting the scope
of the invention and in which:

- Figure 1 is a side view cross-section of an embodi-
ment of the propulsion apparatus according to the
description;

- Figure 2 is a transversal cross-section of the propul-
sion apparatus of Figure 1 according to the descrip-
tion;

- Figure 3 is a rear view of the propulsion apparatus
of Figure 1 according to the description;

- Figure 4 is a detail of the side view cross-section of
the embodiment of the propulsion apparatus of Fig-
ure 1 according to the description;

- Figure 5 is a top view cross-section of the propulsion
apparatus of Figure 1 according to the description;

- Figure 6 is a side view cross-section of a further em-
bodiment of the propulsion apparatus according to
the description;

- Figure 7 is a detail of the side view cross-section of
the embodiment of the propulsion apparatus of Fig-
ure 6 according to the description;

- Figure 8 is a side view of a detail of a vehicle fitted
with an embodiment of a propulsion apparatus ac-
cording to the description;

- Figure 9 is a rear view cross-section of vehicle fitted
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with an embodiment of a propulsion apparatus ac-
cording to the description.

- Figure 10 shows a form of realization of a propulsion
apparatus in accordance with this description, in a
schematic section view;

- Figure 11 shows a detail of a form of realization of a
propulsion apparatus in accordance with this de-
scription, in a schematic section view.

[0022] With reference to the accompanying drawings,
the numeral 1 denotes in its entirety a propulsion appa-
ratus according to the invention.
[0023] Mainly, the propulsion apparatus 1 comprises
an epicyclic gear train 2, an electric motor 3 with respec-
tive drive shaft 4, an output shaft 5 and an actuation sys-
tem 100.
[0024] The propulsion apparatus 1 preferably compris-
es a containment body "C" in which are housed, at least
partly, the epicyclic gear train 2, the electric motor 3, the
drive shaft 4 and the output shaft 5.
[0025] The electric motor 3 transforms the input elec-
trical power, provided preferably by a battery (not illus-
trated in the drawings), into mechanical power made
available to the drive shaft 4 which is rotationally con-
strained about an axis of rotation "X".
[0026] The drive shaft 4 is coupled to the epicyclic gear
train 2, which is interposed between the drive shaft 4 and
the output shaft 5.
[0027] The epicyclic gear train 2 comprises at least one
sun gear 6, at least one gear wheel 7 and at least one
satellite gear 8, interposed between at least one sun gear
6 and at least one gear wheel 7.
[0028] The epicyclic gear train 2 is configured to adopt
at least two different configurations corresponding to dif-
ferent transmission ratios between the drive shaft 4 and
the output shaft 5.
[0029] In other words, the epicyclic gear train 2 makes
it possible to obtain at least two different ratios between
the speed of rotation of the drive shaft 4 and the speed
of rotation of the output shaft 5, substantially transferring
the same mechanical power.
[0030] The epicyclic gear train 2 can switch between
these at least two configurations by the action of the ac-
tuation system 100.
[0031] In particular, the actuation system 100 compris-
es a switching unit 101, slidable along the axis of rotation
"X" of the drive shaft 4 between a first and at least a
second position corresponding, respectively, to the at
least a first and a second configuration of the epicyclic
gear train 2. Still more specifically, the switching unit 101
comprises an engagement portion 102 configured for en-
gaging respective portions of the epicyclic gear train 2
as a function of the at least a first and a second position
in which the switching unit 101 is located.
[0032] In other words, depending on the position
adopted by the switching unit 101, it can be selectively
engaged in a reversible fashion with coaxial rotatable
units 9 forming part of the epicyclic gear train 2.

[0033] The epicyclic gear train 2 comprises coaxial ro-
tatable units 9 which, selectively engaged by the actua-
tion system 100, allow the epicyclic gear train 2 to vary
configuration and corresponding transmission ratio be-
tween the drive shaft 4 and the output shaft 5.
[0034] The coaxial rotatable units 9 are adjacent to
each other and have meshing surfaces 10 having differ-
ent diameters for making the different transmission ra-
tios.
[0035] In other words, at the same angular speed
transmitted by the drive shaft 4, the selection of the co-
axial rotatable units 9 allows the speed of the outlet shaft
5 to be varied because the coaxial rotatable units 9 have
different tangential speeds due to the fact that they have
different diameters.
[0036] In this way, the epicyclic gear train 2 modifies
the ratio between the rotation revolutions of the drive
shaft 4 and the rotation revolutions of the outlet shaft 5
to which the epicyclic gear train 2 is interposed.
[0037] In particular, the switching unit 101 is interposed
between the coaxial rotatable units 9 and one between
the drive shaft 4 and the outlet shaft 5, as a function of
the embodiment used, as described below.
[0038] The coupling between the switching unit 101
and the coaxial rotatable units 9 occurs by means of the
engagement portion 102, included in the switching unit
101, and a corresponding receiving outline 11, made on
each of the coaxial rotatable units 9 and shaped to match
the engagement portion 102.
[0039] In particular, the coupling is such as to constrain
the rotation of the engagement portion 102 and the co-
axial rotatable element 9 selected, making them integral.
[0040] The coupling occurs by moving the switching
unit 101 along the axis of rotation "X" between the re-
spective positions until engaging the selected coaxial ro-
tatable unit 9.
[0041] In fact, the switching unit 101 has a guide portion
103, integral with the engagement portion 102, housed
at least partly inside the drive shaft 4 or the outlet shaft 5.
[0042] The coupling between the switching unit 101
and one between the drive shaft 4 and the outlet shaft 5
is such as to constrain them in rotation allowing the sliding
in a longitudinal direction thanks to the presence of
grooves (not shown in the drawings).
[0043] In other words, once engaged, the switching
unit 101 is rotationally constrained both to the selected
coaxial rotatable unit 9 and to one between the drive shaft
4 and the output shaft 5, thus establishing mechanical
continuity between these elements.
[0044] The guide portion 103 and the engagement por-
tion 102 may be made in an integral fashion (as a single
body) or the engagement portion 102 may be applied
stably to the guide portion 103, and in particular to a rel-
ative end coming out from the drive shaft 4 or from the
outlet shaft 5 to which it is coupled, by means of, for
example, keying, screwing, fastening with ring nut.
[0045] The engagement portion 102 is axially outside
the drive shaft 4 or the outlet shaft 5 to which it is coupled
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in such a way as to be able to selectively engage the
receiving portion of the coaxial rotatable units 9 in which
it is, after engaging, at least partly housed.
[0046] With regard to the coaxial rotatable units 9, their
meshing surfaces 10 are engaged, preferably in a per-
manent fashion, with respective meshing surfaces 10 of
the at least one satellite gear 8.
[0047] In effect, the at least one satellite gear 8 has a
plurality of meshing surfaces 10 having different diame-
ters. The number of meshing surfaces 10 of the at least
one satellite gear 8 corresponds to the number of coaxial
rotatable units 9 and, therefore, to the number of trans-
mission ratios provided by the epicyclic gear train 2.
[0048] In particular, the meshing surfaces 10 of the sat-
ellite gear 8 are rotationally integral with each other and
preferably the satellite gear 8 is made of a monolithic
body.
[0049] In order to improve the stability of the positions
adopted by the switching unit 101 relative to the coaxial
rotatable units 9, the propulsion apparatus 1 has stabil-
ising means 12 configured to stabilise the axial position
of the switching unit 101 at the at least a first and a second
position.
[0050] Preferably, the stabilising means 12, made in a
portion of the containment body "C", comprise one or
more stop members 13 kept radially pressed against an
outer surface of the switching unit 101 and engageable
in respective sockets 104 of the switching unit 101.
[0051] As shown in detail in Figure 5 the stop elements
104 are preferably associated with springs 14, housed
in respective seats, which push them preferably in a radial
direction towards the axis of rotation "X".
[0052] The sockets 104 are positioned in such a way
as to engage the stop elements 13 when the switching
unit 101 reaches the at least a first and a second position.
[0053] Preferably, the sockets 104 have ramps posi-
tioned specularly and configured to radially move the stop
elements 13, overcoming the elastic force of the springs
14, during the translation of the switching unit 101 be-
tween the at least two positions.
[0054] Advantageously, thanks to the stabilising
means 12, the switching unit 101 adopts a stable axial
position, considerably reducing slipping due to the vibra-
tions which occur in the normal operation of the propul-
sion apparatus 1.
[0055] According to an embodiment the switching unit
101, and in general the electro-mechanical actuator, are
positioned partly outside the containment body "C" of the
propulsion apparatus 1 to allow a switching action acti-
vated from the outside of the containment body "C".
[0056] The actuation system 100 is, in effect, controlled
by a control unit "U", configured to operate automatically
as a function of at least one operating parameter of the
propulsion apparatus 1 calculated by the control unit "U"
starting from measurements carried out by respective
sensors, wherein the measurements are continuously re-
corded by the control unit "U". Based on these data and
a mapping which takes into account the characteristics

of the engine, the control unit "U" calculates the funda-
mental parameters and checks whether the conditions
correspond to those defined for changing the transmis-
sion ratio.
[0057] The parameters are selected between: motor
revolutions, absorbed current, battery voltage.
[0058] In this way, the control unit "U" sends the trans-
mission ratio change signal to the actuation system 100.
[0059] According to a preferred embodiment, the ac-
tuation system 100 comprises a control actuator 105 by
which the switching element 101 moves translationally
between the at least two positions, varying in effect the
configuration, and therefore the transmission ratio, of the
propulsion apparatus 1.
[0060] The control actuator 105 may be formed inside
or outside the containment body "C" of the propulsion
apparatus 1.
[0061] The control actuator 105 may be selected, for
example, between induction type actuators and pneu-
matic type actuators.
[0062] Different embodiments of the propulsion appa-
ratus 1 are discussed below.
[0063] Figure 1 shows a first embodiment of the pro-
pulsion apparatus 1.
[0064] According to this embodiment, the coaxial ro-
tatable units 9 are defined by at least a first gear wheel
7a and a second gear wheel 7b of the epicyclic gear train
2 and the switching unit 101 comprises an engagement
portion 102 rotationally integral in a permanent fashion
with the outlet shaft 5.
[0065] In other words, the drive shaft 4 is stably con-
nected or constructed integrally with a pinion correspond-
ing to the sun gear 6 of the epicyclic gear train 2 being
rotationally constrained and integral.
[0066] The sun gear 6 is engaged permanently with
three satellite gears 8 by meshing surfaces 10 shaped
to match made on the respective gears, as shown in Fig-
ure 2.
[0067] According to other embodiments, the number
of satellite gears 8 may be different from three.
[0068] The satellite gears 8 are rotationally con-
strained around respective pins 15 fixed to portions of
the containment body "C" of the propulsion apparatus 1
and have two meshing surfaces 10.
[0069] The three satellite gears 8, in a position diamet-
rically opposite that used for coupling with the sun gear
6, are permanently coupled to respective two inner mesh-
ing surfaces 10 respectively belonging to the first and
second gear wheels 7a and 7b, where the gear wheels
have different diameters.
[0070] The coupling between the first and second gear
wheels 7a and 7b and satellite gears 8 is permanent but
the transmission of the mechanical power only occurs at
the meshing surface 10 belonging to the gear wheel 7a
or 7b selected from the position of the switching unit 101.
[0071] In fact, in this configuration, the switching unit
101 is interposed between the gear wheels 7a and 7b
and the output shaft 5, and is used to establish mechan-
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ical continuity between the epicyclic gear train 2 and the
output shaft 5.
[0072] According to this embodiment, the gear wheels
7a and 7b are therefore keyed freely on the outlet shaft
5 and rotated about the axis of rotation "X". The switching
of the transmission ratio occurs with the slipping of the
switching unit 101 between a first position (shown in Fig-
ure 1) corresponding to the first configuration of the pro-
pulsion apparatus 1 and a second position (not illustrated
in Figure 1) corresponding to the second configuration
of the propulsion apparatus 1.
[0073] In these two positions, the switching unit 101,
and in particular the engagement portion 102, engage
selectively the receiving profiles 11 in such a way that in
the first position the engagement portion 102 engages
the receiving profile 11 of the first gear wheel 7a whilst
in the second position of the switching unit 101, the en-
gagement portion 102 engages the receiving profile 11
of the second gear wheel 7b, as shown in detail in Figure
4.
[0074] The different diameter of the two gear wheels
7a and 7b, at the same speed of rotation of the satellite
gears 8, makes it possible to obtain two different tangen-
tial speeds of the respective meshing surfaces 10 and
consequently two different speeds of rotation of the out-
put shaft 5 as a function of the gear wheel 7a or 7b se-
lected.
[0075] The switching unit 101 is housed at least partly
inside the outlet shaft 5 (in turn housed at least partly
inside the drive shaft 4) and has an end protruding from
the containment body "C" of the propulsion apparatus 1
on which the control actuator 105 is active (not shown in
Figure 1). According to other embodiments not illustrat-
ed, the propulsion apparatus 1 may comprise a number
of gear wheels 7 greater than two.
[0076] This translates into an increase in the transmis-
sion ratios of the propulsion apparatus 1.
[0077] The number of positions which can be adopted
by the switching unit 101 will be naturally proportional to
the number of transmission ratios, as will the number of
meshing surfaces 10 present on the at least one satellite
gear 8, configured to be permanently coupled with the
meshing surfaces 10 of the respective gear wheels 7.
[0078] Figure 6 shows a second embodiment of the
propulsion apparatus 1.
[0079] In this embodiment, the coaxial rotatable units
9 are defined by at least a first pinion and a second pinion
forming a first and a second sun gear 6a and 6b of the
epicyclic gear train 2 and wherein the switching unit 101
comprises an engagement portion 102 rotationally inte-
gral in a permanent fashion with the drive shaft 4.
[0080] In other words, the hollow drive shaft 4 houses
at least partly the switching unit 101, which is also hollow.
[0081] The switching unit 101 is rotationally integral
with the drive shaft 4 but has the possibility of translating
along the axis of rotation "X" thanks to a coupling by
grooves.
[0082] In the various positions adopted, the switching

unit 101 intercepts and engages selectively and revers-
ibly with one of the two sun gears 6a or 6b. In particular,
the switching unit 101 is movable between a first position
in which the respective engagement portion 102 engages
the receiving outline 11 of the first sun gear 6a and a
second position in which the engagement portion 102
engages the receiving outline 11 of the second sun gear
6b.
[0083] Since they have different diameters they will
have a meshing surface 10 which at the same angular
speed will have different tangential speeds.
[0084] The meshing surfaces 10 of the two sun gears
6a and 6b are permanently coupled to the meshing sur-
faces 10 of three satellite gears 8.
[0085] Depending on the sun gear 6a or 6b selected,
a respective tangential speed corresponding to a specific
speed of rotation will be transmitted to the three satellite
gears 8.
[0086] The three satellite gears 8 are in effect con-
strained in rotation to respective pins 15 fixed to a crown
wheel 16 free to rotate about the axis of rotation "X" and
permanently keyed to the outlet shaft 5, to which it is
rotationally constrained and integral.
[0087] The gear wheel 7, on the other hand, is single
and connected to a fixed portion of the containment body
"C" of the propulsion apparatus 1.
[0088] In this way, as a function of the selected sun
gear 6a or 6b, the satellite gears 8 rotate about the re-
spective pins 15 at a specific speed. The rotation of the
satellite gears 8 is such as to move in rotation the crown
wheel 16 and consequently the outlet shaft 5 to which
the crown wheel 16 is constrained.
[0089] According to this embodiment, as already men-
tioned, the switching unit 101 is at least partly housed in
the drive shaft 4, as shown in detail in
[0090] Figure 7.
[0091] The control actuator 105 which moves the
switching unit 101 is preferably of the induction type, as
shown in Figure 6.
[0092] The 105 induction control actuator includes, for
example, a solenoid to which explicit reference is made
without loss of generality.
[0093] The switching unit 101 is made of ferromagnetic
material.
[0094] In use, the solenoid is powered to move the
switching unit.
[0095] Depending on the direction of the current, the
switching unit is moved in one direction or in the opposite
direction to the first.
[0096] When the control actuator 105 is powered, the
power supply to the electric motor 3 is suspended.
[0097] Preferably, the power supply to the electric mo-
tor 3, e.g. the stator of the motor 3, is suspended until
the movement of the switching unit 101 is completed.
[0098] Preferably, the power supply to electric motor
3, e.g. the stator of the motor, is suspended until the
power supply to actuator 105 is ended.
[0099] In one embodiment, illustrated for example in
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Figures 10 and 11, the drive shaft 4 is hollow and has
grooves, not illustrated, on its outer surface.
[0100] The switching unit 101 is placed inside motor
shaft 4 and engaged with splines so that it is integral to
motor shaft 4 in rotation but free to slide axially along it.
[0101] The switching unit 101 comprises the engage-
ment portion 102 configured to be integral, in rotation,
with the solar 6a or solar 6b to the motor shaft 4. The
switching element 101 is axially mobile according to the
X axis of rotation.
[0102] In the example illustrated, control actuator 105
comprises a command fork 107 moved by a 105 solenoid.
[0103] The fork 107 is fixed to a mobile unit 105a made
of ferromagnetic material moved by solenoid 105.
[0104] The command fork 107 is constrained to a pin
108.
[0105] The pin 108 is parallel to the X axis and fork 107
slides along it.
[0106] The fork 107, on the opposite side of the sole-
noid, is engaged with control 101 and moves it in the X
direction.
[0107] In an embodiment, pin 108 is twisted with re-
spect to the X axis of rotation and fork 107 is rotatable
around pin 108.
[0108] In an embodiment, not illustrated the satellite
gears 8 are rotationally constrained to respective pins 15
fixed to fixed portions of the containment body "C" of the
propulsion apparatus 1, whilst the gear wheel 7 is keyed
to the outlet shaft 5 being rotationally constrained about
the axis of rotation "X".
[0109] According to this embodiment it is the gear
wheel 7 which move the output shaft 5, transmitting to it
mechanical torque and speed of rotation.
[0110] According to other embodiments not illustrated,
the propulsion apparatus 1 may comprise a number of
sun gears 6 greater than two.
[0111] This translates into an increase in the transmis-
sion ratios of the propulsion apparatus 1.
[0112] The number of positions which can be adopted
by the switching unit 101 will be naturally proportional to
the number of transmission ratios, as will the number of
meshing surfaces 10 present on the at least one satellite
gear 8, configured to be permanently coupled with the
meshing surfaces 10 of the respective sun gears 8.
[0113] The invention achieves the preset aims by over-
coming the drawbacks of the prior art and providing a
propulsion apparatus which is able to operate with a high
efficiency in a large operating window whilst maintaining
a very low constructional complexity.
[0114] In fact, the propulsion apparatus provides var-
ious transmission ratios simply by multiplying a single
type of coaxial rotatable unit for the number of ratios to
be obtained (for example, the gear wheels in the embod-
iment of Figure 1 and the sun gears in the embodiment
of Figure 6).
[0115] Another aim achieved is to provide a propulsion
apparatus which is able to automate the process for
changing the transmission ratio without the need for ac-

tion by the user.
[0116] The user will not therefore be involved in the
action for changing the transmission ratio, thus simplify-
ing the use of the apparatus.
[0117] The invention also relates to a vehicle fitted with
the propulsion apparatus described above, wherein the
propulsion apparatus 1 is mounted at the hub of a wheel
of the vehicle.
[0118] The vehicle may be a motorcycle with two or
three wheels, a tricycle with a motor, an electric bicycle
or a pedal assist bike or lightweight four-wheeled vehi-
cles, such as, for example, quadricycles.
[0119] The propulsion apparatus 1, and in particular
an end of the outlet shaft 5, are connected to the wheel
"R" by an interface to the wheel hub 17 as shown in Fig-
ures 8 and 9.
[0120] The containment body "C" is anchored to the
chassis "T" of the vehicle, preferably by bolting.
[0121] Advantageously, the invention achieves the
preset aims by providing an vehicle fitted with a propul-
sion apparatus 1 which is able to operate close to the
maximum efficiency in a large operating field without ad-
versely affecting the simplicity of use of the vehicle.
[0122] In effect, there is a plurality of sensors on the
vehicle designed to measure a respective plurality of sig-
nals representing the operation of the vehicle.
[0123] In particular, part of these signals represents
the inputs of the user and the driving mode of the user.
Signals are sent to the control unit coming, for example,
from a sensor for measuring the opening of the acceler-
ator, a sensor for measuring the position of the brake
lever, a sensor for measuring the vehicle set-up (inertial
platform).
[0124] These sensors are able to send signals repre-
senting the driving mode of the user, such as, for exam-
ple, the duration and extent of the accelerations, the du-
ration and extent of the braking, the average and instan-
taneous speed of the vehicle.
[0125] Preferably, there are sensors for measuring the
operation of the electric motor 3, which send to the control
unit signals representing parameters such as motor rev-
olutions, absorbed current and voltage of the battery.
[0126] Based on this data, which is continuously re-
corded, and a mapping which takes into account the in-
trinsic characteristics of the engine, the control unit cal-
culates the basic vehicle operating parameters such as
the traction torque and the speed of forward movement
and checks whether the driving conditions correspond to
those defined for changing the transmission ratio.
[0127] If the driving conditions correspond to those de-
fined for changing the transmission ratio, the control unit
removes the power supply to the electric motor 3, zeroing
the torque, activates the control actuator switching the
position and, after engaging the drive, re-starts the elec-
tric motor 3 adjusting its operation to the new transmis-
sion ratio.
[0128] Advantageously, this management criterion
avoids the use of clutches, whilst maintaining a driving
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of the vehicle as smooth as possible and without com-
plexities.
[0129] The control unit is configured in such a way as
to guarantee a correct and optimised control of the vehi-
cle, and in particular of the change of the transmission
ratio.

Claims

1. A propulsion apparatus (1) comprising:

- an epicyclic gear train (2) comprising at least
one sun gear (6), at least one gear wheel (7)
and at least one satellite gear (8), interposed
between said at least one sun gear (6) and said
at least one gear wheel (7);
- an electric motor (3) comprising a drive shaft
(4) connected to said at least one sun gear (6)
for providing power to said epicyclic gear train
(2);
- an output shaft (5), coupled to said epicyclic
gear train (2) for actuating a mechanical load;

wherein said epicyclic gear train (2) is configured to
adopt at least two different configurations corre-
sponding to different transmission ratios between
the drive shaft (4) and the output shaft (5), and
wherein said apparatus (1) comprises an actuation
system (100), acting on said epicyclic gear train (2)
and configured in such a way as to switch said epi-
cyclic gear train (2) between said at least two con-
figurations.

2. The apparatus (1) according to claim 1, wherein the
actuation system (100) comprises a switching unit
(101) slidable along the axis of rotation (X) of said
drive shaft (4) between at least a first and a second
position corresponding, respectively, to said at least
a first and second configuration of the epicyclic gear
train (2).

3. The apparatus according to claim 2, wherein said
actuation system (100) comprises a control actuator
(105) associated with said switching unit (101) for
moving it between said first and said second position
corresponding, respectively, to said at least one first
and second configuration of the epicyclic gear train
(2).

4. The apparatus according to any one of the preceding
claims, wherein the actuation system (100) compris-
es a switching unit (101) movable between at least
a first and a second position corresponding, respec-
tively, to said at least a first and second configuration
of the epicyclic gear train (2), said switching unit
(101) comprising an engagement portion (102) con-
figured to engage respective portions of said epicy-

clic gear train (2) as a function of said at least a first
and second position.

5. The apparatus (1) according to claim 3, comprising
a control unit (U) configured for controlling said con-
trol actuator (105), as a function of at least one op-
erating parameter of the propulsion apparatus (1)
measured by a respective sensor, preferably said at
least one operating parameter being selected from:
motor revolutions, absorbed current, battery voltage.

6. The apparatus (1) according to any one of claims 2
to 5, wherein said switching unit (101) is selectively
engageable with coaxial rotatable elements (9), ad-
jacent to each other, of said epicyclic gear train (2),
said coaxial rotatable members (9) having meshing
surfaces (10) having different diameters for making
said different transmission ratios.

7. The apparatus (1) according to claim 4 or 6, wherein
said engagement portion (102) is rotationally integral
in a permanent fashion with one or other of said drive
shaft (4) and output shaft (5) and can be engaged,
selectively and reversibly, with one of said coaxial
rotatable elements (9), in particular by means of a
shape and/or toothed coupling with a corresponding
receiving shape (11) made on each of said coaxial
rotatable elements (9).

8. The apparatus (1) according to claim 4 or 6, wherein
said engagement portion (102) is coupled in an ax-
ially slidable manner with said drive shaft (4) or out-
put shaft (5), in particular by grooved coupling, pref-
erably said drive shaft (4) or output shaft (5) being
hollow and said switching unit (101) comprising a
guide portion (103), integral with the engagement
portion (102) and housed inside said drive shaft (4)
or output shaft (5), said engagement portion (102)
being axially outside said drive shaft (4) or output
shaft (5) and configured for the direct engagement
with the coaxial rotatable elements (9).

9. The apparatus (1) according to any one of claims 6
to 8, wherein said at least one satellite gear (8) has
a plurality of meshing surfaces (10) having different
diameters and engaged, preferably permanently,
with said meshing surfaces (10) of the coaxial rotat-
able elements (9), said meshing surfaces (10) of the
satellite gear (8) being rotationally integral with each
other and preferably said at least one satellite gear
(8) being made in a monolithic body.

10. The apparatus (1) according to any one of claims 6
to 9, wherein said coaxial rotatable elements (9) are
defined by at least a first crown (7a) and a second
crown (7b) of said epicyclic gear train (2) and wherein
said switching unit (101) comprises an engagement
portion (102) rotationally integral in a permanent
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fashion with said output shaft (5), preferably said ep-
icyclic gear train (2) comprising a single sun gear (6)
integral with said drive shaft (4), in particular en-
gaged permanently with one of the engagement sur-
faces (10) of said at least one satellite gear (8).

11. The apparatus (1) according to any one of claims 6
to 9, wherein said coaxial rotatable elements (9) are
defined by at least a first pinion and a second pinion
forming solar gears (6a and 6b) of said epicyclic gear
train (2) and wherein said switching unit (101) com-
prises an engagement portion (102) rotationally in-
tegral in a permanent fashion with said drive shaft
(4), preferably said epicyclic gear train (2) comprising
a single gear wheel (7), in particular said gear wheel
(7) being engaged permanently with one of the en-
gagement surfaces (10) of said at least one satellite
gear (8).

12. The apparatus (1) according to claim 11, wherein
the output shaft (5) is integral with a planet element
(16) rotatable about the axis of rotation (X) of the
drive shaft (4) and carrying said at least one satellite
gear (8), and wherein said gear wheel (7) is fixed.

13. The apparatus (1) according to claim 11, wherein
said output shaft (5) is integral said the gear wheel
(7) and wherein said epicyclic gear train (2) compris-
es a fixed plant element (16), positioned about the
axis of rotation (X) of the drive shaft (4) and carrying
said at least one satellite gear (8).

14. The apparatus (1) according to any one of claims 2
to 13, wherein said switching unit (101) has stabilis-
ing means (12) configured to stabilise the axial po-
sition of the switching unit (101) at said at least a first
and a second position, preferably said stabilising
means (12) comprising one or more stop members
(13) kept in radial thrust against an outer surface of
the switching unit (101) and engageable in respec-
tive sockets (104) of the switching unit (101), located
in a position such as to house said stop members
(13) when the switching unit (101) reaches said least
a first and a second position.

15. The apparatus (1) according to any one of the pre-
ceding claims, comprising a containment body (C)
in which are housed said electric motor (3), said ep-
icyclic gear train (2) and, at least partly, said actua-
tion system (100).

16. The apparatus according to any one of claims 2 to
14 and claim 15, wherein said switching unit (101)
is partly protruding from said containment body (C)
to allow a switching action activated from the outside
of said containment body (C).

17. A vehicle fitted with a propulsion apparatus (1) ac-

cording to any one of the preceding claims, wherein
the propulsion apparatus (1) is mounted at the hub
of a wheel (R) of said vehicle.
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