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(57) Abstract: Propulsion unit (8) for an electric, pedal-assisted bicycle comprising an electric machine (12) having a stator (14) and
a rotor (16), rotatable about a motor axis (M-M), said rotor (16) being operatively connected to a crank pin (18), defining a crank
axis (X-X), mechanically connected to pedals (20), and coaxial with the motor axis (M-M), wherein the rotor (16) is coaxial and ex -
ternal with respect to the stator (14) so -as radially enclose the rotor (16). The propulsion unit (8) comprises at least one electronic
unit (32) for operating and controlling the functioning of the electric machine (12), and at least a pair of housings (24, 26) that define
a containment space (28) which houses the electric machine (12) and at least partially the crank pin (18). The propulsion unit (8)
comprises transmission means (36) of. the movement from the rotor (16) to the crank pin (18), said transmission means (36) being
arranged in an asymmetrical position overall and decentralised from the crank axis (X-X) so as to be outside the projection of the ro -
tor on a projection plane perpendicular to the crank axis (X-X).
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DESCRIPTION
"Propulsion unit for an electric pedal-assisted cycle and
pedal-assisted cycle thereof"

FIELD OF APPLICATION

[0001] This invention relates to a propulsion unit for a
pedal-assisted cycle, called "EPAC" (Electric Pedal
Assisted Cycle) and a. related pedal-assisted cyéle
compfising said propulsion unit.

[0002] In particular, it relates to a «cycle having a

propulsion unit that provides, according to appropriate

control schemes, assistance to the pedal stroke that the

rider generates 'in the use of the means through the
pedals.

STATE OF THE ART

[0003] As is known, the key success factors for this type
of bicycle solutions are compactness, lightness,
practicality of wuse, attractive appearance and, not
least, reasonable cost.

PRESENTATION OF THE INVENTION

[0004] To solve the @ above-mentioned problems, several
solutions have been adopted in the art bicycles equipped
with a propulsion unit arranged in the vicinity of ‘the
craﬁk axis, so as to provide torque to aid the user, when

needed.

 [0005] However, such solutions of the known art involve
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some disadvantages.

[0006] In fact, the known solutions are rather bulky and
heavy since the propulsion unit includes various
components including the motor unit provided with stator
and rotor, the battery‘pack and the means of transmission
of the movement of the motor unit to the crank axis.
[0007] It is clear that one must fund the right compromise
between the need for drive torque/motor autonomy, which
would involve the adoption of a larger motor unit and
heavier battery packs, and light weight, compactness,
streamlining and low cost that users expect from this

type of pedal-assisted vehicle.

[0008] There are solutions in the art of motor units that

adopt even sophisticated transmission solutions such as,
for example, planetary gearé that connect the motor to
the crank, in order to 1limit as much as possible the
overall dimensions of the propulsion unit.

[0009] These solutions, although sophisticated and. not
bulky, are rather expensive and heavy.

[mHO]Therefore, there is a need to solve the drawbacks
and limitations mentioned in reference to the prior art.
[0011] This need is met by a rear propulsion unit according
to claim 1.

DESCRIPTION OF THE DRAWINGS

[0012] Further characteristics and advantages of this
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invention will be more understandable from the following
description of its preferred and non-limiting examples of
embodiments, wherein;

[0013] Figure 1 1s a perspective view of a propulsion unit
according to an embodiment of this invention;
[MH4]Figures 2-4 are section views, from different
angles, of the propulsion unit of Figure 1;

[0015] Figure 5 is a side view of a propulsion unit in
which a side cover or housing has been removed;

[0016] Figure 6 is a perspective view of a propulsion unit
in which a side cover has been removed;

[0017] Figure 7 is a front view from the side of the
propulsion unit df Figure 6, from the side of the arrow
VII of Figuré 6;

[0018] Figure 8 1is a perspective view 1in section of a
prdpulsion unit according to the invention, in which
several elements are omitted;

[0019] Figure 9 is a perspective view of a propulsion unit,
partially assembled, of this invention;

[0020] Figures 10-12 are perspective views of components of
the propulsion unit according to this invention;

[0021] Figure 13 is a schematic view of the kinematic
transmission of the propulsion unit according to this

invention, applied to a bicycle.

~ [0022] The members, or parts of members, in common between
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the embodiments described below will be indicated with
the same reference numbers.

DETAILED DESCRIPTION

[0023) with reference to the above figures, reference
number 4 globally indicates an overall schematic view of
a bicycle comprising a propulsion unit 8 according to
this invention.

[0024]Thisi invention relates 1in particular to a pedal-
assisted cycle, commonly called "EPAC" (Electric Pedal
Assisted Cycle).

[0025] For the purposes of this invention, the type of

bicycle frame 1is irrelevant, meaning also cycles with

'more than two wheels, both front and rear.

[0026] The propulsion unit 8 comprises an electric machine
12 having a stator 14 and a rotor 16, rotatable about a
motor axis M-M, said rotor 16 being operatively connected.
to a crénk pin 18, defining a crank axis X;X mechanically
connected to pedals 20.

[0027] The crank axis X-X is coaxial with the motor axis M-
M.

[0028] The rotor 16 is coaxial and external to the stator
14 so as to radially enclose the rotor 16; radial
direction means a direction perpendicular to the aXis of

the crank X-X and incident with it.

[0029] In this way the rotor 16 encloses and radially
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surrounds the stator 14.

[0030] The propulsion unit 8 comprises at least one pailr of
housings 24,26 defining a containment space 28 which
houses the electric machine 12 and at' least partially the
crank axis X-X.

[0031] Preferably, the housingé 24,26 are made bf a
thermally conductive material, such as metal.

[0032] The propulsion wunit 8 comprises at least one
electronic wunit 32 for operating and controlling the
functioning of the electric machine 12. The unit 32 is
for example resting on a corresponding support plate 34.
[0033] The propulsion unit 8 also comprises transmission
means 36 of the movement from the rotor 16 to the crank
axis X-X, said transmission means 36 being arranged in an
asymmetrical position overall and decentralised from the
crank axis X-¥X, so as to be outside the projection of the
rotor 16 on a projection plane perpendicular to the crank
axis X-X.

[0034] The electronic unit 32 is contained and is supported
inside said containment space 28.

[0035] Preferably, the electronic unit 32 is positioned so
as to fall inside the projection of the rotor 16 on a
projection plane perpendicular to the crank axis X-X.
[0036] According to an embodiment, the electronic unit 32

is positioned on the opposite side to the drive means 36
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overall, in relation to the crank axis X-X.

[0037] For example, the electronic unit 32 is generally
"C"-shaped and is arranged around the crank axis X-X.
[0038] According to an embodiment, the propulsion unit 8
comprises an 1intermediate support element 40, of the
fixed type, which rotatably supports said rotor 16 and
which supports the electronic unit 32 in a fixed manner;
the intermediate support element 40 1is also contained
within the containment space 28.

[0039] For example, the rotor 16 and the electronic unit 32
are positioned on axially opposite sides in relation to
said intermediate support element 40, along the crank
axis X-X.

[0040] In this way, the intermediate Vsupport element 40
realises an element not only of support but also of axial
separation between the rotor 16 and the stator 14 of the
electric machine 12, on the one hand, and the electronic
unit 32 on the other.

[0041]Said intermediate support element 40 is- arranged
around the crank axis X-X and fixed in relation thereto.
[0042] Preferably, the intermediate support element 40
receives and conveys the heat generated by both the
electric machine 12 and the electronic unit. This heat
received in a substantially axial direction by the

intermediate support element 40 1is, by the 1latter,
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radially dissipated outwards, i.e., away from the crank
axis X-X.

[0043] In fact, the intermediate support element 40 is in
contact with at least one of said housings 24,26 so as,
through these, to dissipate the heat radially outwards
from the propulsion unit 8.

[0044] Preferably, the intermediate support element 40 1is
made of a thermally conductive material, such as metal.
[0045] According to an embodiment, the propulsion unit. 8
comprises at least one cylindrical element 44 which
mechanically connects said 1intermediate support element
40 to the electronic unit 32, said cylindrical element 44
being a thermal conductor Which makes it possible to
extract the héat from the electronic unit 36 to the
intermediate support element 40 and from the latter to
the outside of the housings 24,26.

[0046] According to an embodiment, at least one of said
cylindrical elements 44 is provided with an oval cross-
section with respect to a cross-section plane
perpendicular to a main extension axis of said
cylindrical element.

[0047] The oval cross-section is the one that, for equal
o&erall dimensions, ensures a greater heat exchange
capacity if, for example; compared to a circular section.

[0048] According to an embodiment, the electronic unit 32
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is provided with at least an electric cable 48 and at
least one related conduit 52; the conduit 52 is fixed to
the electronic unit 32 by means of at least one
aftachment means 56, such as a screw.

[0049] The conduit 52 and/or attachment fixing means 56 are
thermal conductors for dissipating the heat from the
electronic unit itself.

[0050] As mentioned above, the propulsion unit 8 comprises

transmission means 36 to transmit the movement from the

rotor 1€ to the crank pin 18.

[mﬁl]According to an embodiment, theé transmission means
36 comprise a first transmission stage 60 having a first
input gear 64, integral in rotation with the rotor 16 and
coaxiali thereto, and a first output gear 68 rotatable
about a first axis Y-Y parallel and offset in relation to
fhe rotation axis X-X. The first input and output gears
64, 68 mesh wiﬁh’each other.

[0052] According to an embodiment, the first input gear 64
is rotatably supported by the intermediate support
element.

[0053] For example, the intermediate support element 40

hcomprisés and delimits a hole 70 which houses a bearing

72; the bearing 72 comprises a first ring 73 fixed and
fitted onto the wall of the intermediate support element

40 that delimits the hole 70 and a second ring 74 movable
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and integral in rotation with a portion of said first
input gear 64. In this way, thanks to the interposition
of the bearing 72, the intermediate support element 40
rotatably supports the intermediate support element 40;
mdrebver, according to an embodiment, the first input
gear 64 is integral in rotation toc the rotor 16, thanks
to a cup element 76. For example, the cup element 76
comprises a ring on which is planted with interference
the second ring 74 of the bearing 72.

|DOS4iThe' propulsion - unit 8 cdmprises a second
transmission stage 80 having a second input gear B84,
integral in rotation with the first output gear 68 and
coaxial therewith, and a second output gear 88, which
meshes with the second input gear 84 and is rotatable
integrally with a seconq shaft 92 defining a second axis
or axis of reference W-W offset and parallel to the
rotétion axis X-X and to the first axis Y-Y.

[0055] For example, the second input gear 84 is connected
coaxially to the first output gear 68 of the first
transmission stage 60 by means of a grooved profile.

[0056] For example, the housings 24,26 define seats 98
which house the support bearings 100 for said second
shaft 92 (Figure 3).

[0057] The propulsion unit 8 comprises a third transmission

stage 104 having a third input gear 106, integral in
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rotation with the second output gear 88 and coaxial
therewith, and a third output gear 108 which meshes with
the third input gear 106 and which transmits the power

onto the rotation axis X-X realising the pedal-assist.

[0058] The propulsion unit 8 comprises a first free wheel

112 mounted between the third output gear 108 and the
crank pin 18, coaxially to the crank axis X-X, so as to
prevent the dragging of the propulsion wunit 8 when
placing the crank 1in counter rotation (push thruét
contraiy with respect to the direction of travel) or when
the vehicle is moving in a direction opposite to the
forward direction.

HMSQ]In this way, it is avoided that the user encounters
resistance, due. to the drag of the propulsion unit 8,
both in counter thrusts and in phases of manual movement,
in reverse, of the bicycle."

[006Q]Preferébly, the propulsion unit 8 comprises a second
free wheel 116 mounted between the second shaft 92 and
the second output gear 88, so as to release the torque
transmission to the second output gear 88 to prevent the
user from dragging the mechanisms of the propﬁlsion unit
8 in rotation when this does not provide pedal-assist.
[0061] For example, said second free wheel 116 1is
configured so as to make the second output gear 88

integral with the second shaft 92 when the speed of
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rotation of the third stage transmission 104 is greater
than or equal to that of the second shaft 92.

[0062] For example, the second free wheel 116 is configured
so that, if the‘speed of rotation of the second shaft 92
is higher than that of the second output gear 88, the

second free wheel 116 makes it possible to advance,

thanks to the disengagement of the cylinders, thus

.preventing the rider from having to also place the

propulsion unit in rotation.

[0063] As seen, the propulsion unit 8 according to this
invention is mounted on a bicycle 4; the crank pin 18 is
kinematically connected to a drive wheel 120 of the
bicycle 4, for example through a chain transmission.

[0064] Moreover, 'a direction of advancement F of the
bicycle 4 having been defined, the propulsion unit 8 is
asséciated and oriented in relation to a bicycle frame so
that the electronic wunit 32 is positioned at least
partially on the side of the direction of advancement F.
[0065] In this way, the portion of housing 24,26 that
surrounds the electronic unit is directly and completely
invested by the frontal air flow that meets the vehicle"
in motion, optimising the cooling of the electronic unit
32 and thus of the propulsion unit 8.

[0066] We will now describe the operation of the propﬁlsion

unit for cycle according to this invention.
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[0067] In particular, the electronic unit'32, based on the
logic provided, detecting the boundary conditions,
activates the electric machine 12 so as to provide the
power assistance which is added to that generated by the
rider. The control logic that manages the pedal-assist
depends, without going into the details, on operating
variables from time to time detected by special sensors
deployed on the EPAC, such as, for example; the slope,
the speed, the torque required, etc.) and any regulatory
restrictions that apply to the category of the vehicle
(normally they may regard the maximum speed beyond which
the assistance must cease and the maximum assistance
power of the electric motor).

[0068] When the intervention conditions are reached, the
electric machine is activated, i.e., also in this case
without going into detail, according to a suitable logic,
a certain current is passed through the stator windings
14.

[0069] Following the passage of current in the stator 14,
the rotor 16 enters in rotation providing the pedal-
assist, i.el, applying forque and thus power on the crank
pin 18. The elecfricity required to operate the entire
syséem is contained in the form of chemical energy in a
battery pack, mounted on-board the vehicle.

[0070] Going into more detail of its mechanical operation,
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in its motion, the rotor 16 places in rotation the first
input gear 64 fitted to it which, together witﬁ the first
output gear‘ 68, constitutes the pair of gears of the
first transmission stage 60.

[0071] The second input gear 84, connected coaxially to the
first output gear 68 for example by means of a grooved
profile, transmits the motion to the second output gear
88.

[0072] The second input gear 84 and the first output gear

-wheel rotate integrally around the first axis Y-Y

paraliel and axially offset with respect to the axis of
rotation X-X or crank axis. |

[0073] The second output gear 88 is fitted on the second
shaft 92 which consequently enters the rotation.

[0074] The second shaft 92 places in rotation‘ the third
input gear 106 of the third transmission stage 104 which
together with the third output gear 108 form the pair of
the third t?ansmission stage 104.

[0075] The tﬁird output gear 108 ultimately transmits the
power of the crank axis ¥X-X realising the pedai—assist.
[0076] In the propulsion unit 8 are present has two free
wheels 112,116.

[0077] As seen, the first free wheel 112 mounted between
the third output gear 108 and the crank pin 18, coaxially

to the crank axis X-X, so as to prevent the dragging of
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the propulsion unit 8 when placing thé crank, or pedals
20, in counter rotation or when the vehicle is moving in
a direction opposite to the forward direction.

[0078] In this way, it is avoided that the user encounters
resistance, due to the drag of the propulsion unit 8,
both in‘counter thrusts and in phases of manual movement,
in reverse, of the bicycle.

[0079] The free-wheel function can be obtained by means of
various technical soluﬁions, for example through the use
of latches, and is preferably mounted coaxially to the
crank axis X-X. Due to the action of the latches, the
crank pin 18 may outstrip the third output gear 108 which
therefore remains disengaged: so, dragging the propulsion
unit 8 is prevented in the case of a counter thrustvor
movement of the bicycle in reverse.

[0080] Moreover, as seen, the propulsion unit 8 comprises a
second free wheel 116 mounted between the second shaft 92
and the second output gear 88, so as to release the
torqué transmission to the second output 'gear 88 to
prevent the user from dragging the mechanisms of the
propulsion unit 8 in rotation when this does not provide
pedal-assist.

[0081] For example, said second free wheel 116 1is
éonfigured so as toc make the second output Qear 88

integral with the second shaft 92 when the speed of
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rotation of the third stage transmission 104 is greater

than or equal to that of the second shaft 92..

[0082] For example, the second free wheel 116 is configured

so that, if the speed of rotation of the second shaft 92
is higher than that of the second output gear 88, the
second free wheel 116 makes it possible to advance,
thanks to the disengagement of Ithe cylinders, thus
preventing the rider from having to also piace the
propulsion unit in rotation.

[0083] In this way, 1if the action of the user in forward
travel is such as to énsure a speed of rotation of the
pedals higher than that imposed by the propulsion unit 8,
the second automatically free wheel 116 disengages the
propulsion unit 8 which otherwise would function as a
brake on the driving action imparted by the user. If,
instead, the action imposed on the pedals 20 by the user
is such as to generate a speed of rotation of the pedals
lower than that imposed by the propulsion unit 8, then
the second free wheel 116 allows the transmission of
toique from the propulsion unit 8 to the pedals. In this
situation, it is the user that supplies a lower
torque/power than that generated by the propulsion unit
8; in any case, the torque‘imparted by the user on the
pedals 20 is never disengaged but is always transmitted

to the crank pin 18 and by, for example, a chain
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transmissicon 122, to the drive wheel. In other words, the
torque action imparted by the user is added, on the crank
pin 18, to the torque action delivered by the propulsion
unit, whiéh functions as an element of assistance to the
action of the user.

[0084] The chain transmission 122 may comprise a crown 124
integral in rotation with the crank pin 18 and a pinion
126: the crown 124 and the pinion 126 are toothed sc as
to mesh appropriately with the chain links of the chain
transmission 122. | | |
[0085] Obviously the operation described above is, in turn,
subject to the operating/interventioﬁ logic of the
electric machine 12 implemented by the electronic unit 32
based on a plu;ality of operating parameters.

[0086] As can be appreciated from the description, the
propulsion unit according to the invention allows
overcoming the drawbacks presented in the prior art.

[0087] In pérticular, this invention, realised to provide

drive power (powertrain wunit) to the pedal-assisted

'bicycle (EPAC), is extremely compact, since its

implementation has been provided in the central hub or

crank axis.

'[0088] In fact, to obtain a high compactness in the radial

direction, unit was designed in such a way as to have the

axis of outgoing torque coaxial with the pedalling axis.
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[0089] The goal.of compactness was pursued by providing the:
minimum possible number of references to bring the torque
exercised by the propulsion unit on the crank axis. In
fact, always from the point of view of obtaining fhe most
compact solution possible in all directions, the layout
of the gears (triangle formed by thé axes of the toothed
wheels) Qas optimised.

[0090] Furthermore, the use of the aforementioned pairs of
gears allows avoiding the adoption of expensive planetary
assemblies while still achieving the purpose of
compacthess for the transmission of motion from the motor
to the crank pin 18.

[0091] In addition, the architecture described, which
involves the insertion of the electronic unit inside the
housing of the motor unit allows for further compactness
as well as placing the unit itself in a safe and
protected position.

[0092] This compactness is further obtained thanks to the
"C" configuration ofvthe unit around the crank axis and
opposite the transmission: in this way, it is possible,
on the one hand, to house the electronic unit in a single
compact component, which falls within the projection of
the rotor on the projection plane perpendicular t;vthe
axis of the crank and, on the other, to have the

transmission arranged in a position that is still close
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té the crank axis. Moreover, as seen, the electronic unit
can be more efficiently cooled due to the flow of air
that invests the bicycle from the front during travel
and, on the other, the transmission means are arranged
directly on the side.of the rear wheel.

[0093] The electronic unit can advantageously be inéerted
in the projection of the rotor on the projection plane
perpendicular to the axis of the crank: in this way, one
achieves a significant compaction of the propulsion unit.

[0094] In addition, the rear and raised arrangement of the
transmission means contributes to:

[0095] - centralising the bicycle's centre of gravity,

improving dynamic behaviour and stability,

[0096] - increasing the so-called ground clearance of the
vehicle, ailowing for easier overcoming of obstacles such
as speed bumps.

[0097] The coaxiality between.the crank axis and motor axis

allows also optimising the layout of the rotor>and stator

elements of the electric machine.

[0098] In this case, we opted for a solution with external

rotor and internal stator. The use of a rotor external to-
the stator allows, for equal overall dimensions,

optimising the torque exerted by the propulsion unit

since it increases the arm exerted by the electromotive

force generated by the rotor.
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[0099] Sc, it also achieves the purpose of optimising the
drive torque with equal overall dimensions.

[00100] Furthermore, given a direction of advancement
of the bicycle, the propulsion unit 1is preferably
associated and oriented in relation to the bicycle frame
in such a way that the electronic unit is positioned at
least partially on the side of the direction of
advancement. In this way, 1t is possible to benefit from
the cooling due to the air that hits the houéings that
enclose the electronic unit itself during the advancement
motion.

[00101] The propulsion unit according to this invention
also employs techniques for a more efficient heat
dissipation: this requirement is due to the fact that if,
on the one hand, the arrangement of the electronic unit
inside the housing improves the compactness of the
propulsion unit, on the other hand, it increases the risk
of overheating the electronic unit because it is found in
an enclosed position and not subject to direct heat
exchange with the outside air. Moreover the extreme
compactness of the propulsion unit contributes to making
the dissipation of the heat of the rotor/stator unit more
critical.

[00102] For this reason, this invention provides

techniques at both the topological level and the level of
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mechanical fasteners in order to optimise the cooling not
only of the electronic unit but also of the motor.

[00103] In fact, at the topological level, the
preferential positioning of the unit requires that the
unit be oriented in the direction of travel so as to
benefit from cooling due to the air in front of the
bicycle.

[00104] Furthermore, the rotor isk radially external
wi£h respect to the stator so that the corresponding
portion of the housing that covers it, may be hit by an
increased flow of cooling air during the travel of the
bicycle.

[00105] Furthermore, as seen, the cylindrical elements
and related conduits are designed so as toc favour thermal
exchange in order to evacuate the heat produced by the
electronic unit.

[00106] In addition, the intermediate element, which is
fixed, is able to receive the heat flow coming from the
motor and convey it towards the .outside of the unit
through the;housings.

[00107] In other words, the intermediate element is an
element that receives the heat coming from both the
electronic unit and the engine and transmits it outside
so as to dissipate it.

[00108] According to an embodiment, the intermediate



10

WO 2016/067199 PCT/IB2015/058279

21

element receives the heat coming axially, from opposite
sides, fespectively from the side of the electronic unit
and the side of the motor and sends it radially towards
the outside through said housings. |

[00109] A person skilled in the art, in order to
satisfy contingent and specific needs, may make numerous
modifications and variations to the propulsion unit
described above, all howevér contained within the scopé

of the invention as defined by the-following claims.
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Claims

1. Propulsion unit (8) for an electric pedal-assisted
cycle (EPAC) comprising

- an electric machine (12) haviné a stator (14) and a
rotor (16), rotatable about a motor axis (M-M), said
rotor (16) being operatively connected to a crank pin
(18), defining a crank axis (X-X) mechanicaliy connected
to pedals (20),

- said crank axis (X-X) being coaxial with the motor axis

(MM) ,

- Wwherein the rotor (16) is coaxial and external to the

stator (14) so as to radially enclose thé rotor (16),

- wherein the propulsion unit (8) comprises at least one
electronic unit (32) for operating and controllind the
functioning of the electric machine (12),

- wherein the propulsion unit (8) comprises at least a
pair of housings (24, 26) defining a containment space
(28) which houses the electric machine (12) and at least
partially the crank pin (18),

- wherein the propulsion unit (8) comprises fransmission

means (36) of the movement from the rotor (16) to the

crank pin (18), said transmission means (36) being

arranged 1n an asymmetrical position overall and
decentralised from the crank axis (X-X) so as to be

outside the projection of the rotor on a projection plane
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perpendicular to the crank axis (X-X).

2.Propulsion unit (8) according to claim 1, wherein the
electronic unit (32) is contained and is supported inside
said containment space (28).

3.Propulsion unit (8) according to claim 1 or 2, wherein
the electronic unit (32) 1s positioned so as to fall
inside the projection of the rotor (16) on a projection
plane perpendicular to the crank axis (X-X).

4,Propulsion unit (8) according to any of the previous
claims, wherein the electrbnic_unit (32) is positioned on
the opposite side to the drive means (36) Qverali, in
relation to the crank axis (¥X-X).

5. Propulsion unit (8) according to any of the claims 1
to 4, wherein the electronic unit (32) 1is generally
shaped as a 'C' around the crank axis (X-X).

6.Propulsion unit (8) acco;ding to any of the previous
claims, wherein the propulsion unit (8) comprises an
intermediate support element (40),' of the fixed type,
which rotatably supports said «rotor (16) and which
supports the electronic unit (32) in a fixed manner, the

intermediate support element (40) being contained within

the containment space (28).

7.Propulsion unit (8) according to claim 6, wherein the
rotor (16) and the electronic unit (32) are positioned on

axially opposite sides in relation to said intermediate
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support element (40), along the crank axis (X-X).

8. Propulsion unit (8) according to any of the claims
from 6 to 7, wherein the intermediate support element
(40) is arranged around the crank axis (X-X) and fixed in
relation thereto.

9.Propulsion unit (8) according tc any of the claims from
6 to 8, wherein the propulsion unit (8) comprises at
least one cylindrical element (44) which mechanically
connects the intermediate support element (40) to the
electronic unit (32), said cylindrical element (44) being
a thermal conductor which makes 1t possible to extract
the heat from the electronic unit (32) to the

intermediate support element (40) and from the latter to

‘the outside of the housing (24,26).

10. Propulsion‘unit (8) éccording to claim 9, wherein at
least one of said cylindrical elements (44) is provided
with an oval cross-section with respect to a cross-
section plane perpendicular to a main extension axis of
said cylindrical element.

11. Propulsion unit (8) accbrding to any of the previous
claims, wherein the electronic unit (32) is provided with»
at least one electric cable (48) and at least one
corresponding conduit (52), the conduit (52) being
attached to the electronic unit (32) by at least one

means of attachment (56), the conduit (52) - and/or
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attachment méans (56) being thermal conductors in order
to Qissipate the heat from said card (32).

12. Propulsion unit (8) according to any of the previous
claims, wherein the propulsion unit (8) comprises a first
transmission stage (60) having a first input gear (64),
integral in rotation with the rotor (16) and coaxial
thereto, and a first output gear (68) rotatable about a
first axis (Y-Y) parallelrand offset in relation to the
rotation axis (X-X).

13.Propulsion unit (8) according to claiﬁ 12 depending on
any of the claims from 6 to 11, wherein said first input
gear (64) 1is rotatably supported by the intermediate
support element (40).

14. Propulsion unit (8) according to any of the claims.
from 12 to 13, wherein the propulsion unit (8) comprises
a second transmission stage (80) having a second input
gear (84), integral in rotétion with the first output
géar (68) and coaxial therewith, and a second output gear
(88), which meshes‘with the second input gear (84) and is
integral in rotaticn with a second shaft (92) defining a
second axis (W-W) offset and parallel to the rotation
axis (X-X) and to the first axis (Y-Y).

15.Propulsion unit (8) according to claim 14, wherein the
second input gear (84) 1is connected coaxially to the

first output gear (68) of the first transmission stage
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(60) by means of a grooved profile.

16.Propulsion unit (8) according to any of the claims
from 14 to 15, wherein said housings (24, 26) define
seats (98) which house support bearings (100) for said
second shaft (92). ,
17.Propulsion unit (8) according to any of the claims
from 14 to 16, wherein the propulsion unit (8) comprises
a third transmission stage (104) having .a third input
gear (106), integral in rotation with the second output
gear (B88) and coaxial therewith, and a third output gear
(108) which meshes with the third input gear (106) and
which transmits the power onto the rotation axis (X-X) or
crahk axis (2) realising the pedal-assist.

18.Propulsion unit (8) according to claim 17, wherein the"
propulsion unit (8) comprises a first free wheel (112)
mounted between the third output gear (108) and the crank
pin (18), coaxially to the crank axis (X-X), so as to
prevent the dragging of the propulsion unit (8) when
placing the crank in_counter rotation or when the vehicle
is moving 1in a direction opposite to the forward
direction.

19.Propulsion unit (8) according to any of the claims
from 14 to 18, wherein the propulsion unit (8) comprises
a second free wheel (116) mounted Dbetween the second

shaft (92) and the second output gear (88), so as to
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release the torque transmission to the second output gear
(88) to prevent the user from dragging the mechani§ms of
the propulsion unit (8) in rotation when this dces not
provide pedal-assist.

20. Propulsion unit (8) according to claim 19, wherein
said second free wheel (116) is configured so as to make
the second output gear (88) integral with the second
shaft (92) when the speed of rotation of the third stage
transmission (104) 1is greater than or equal to that of
the second shaft (92).

21. Propulsion unit (8) according to ‘claim 19 or .20,

wherein said second free wheel (116) 1is configured so
that, if the speed of rotation of the second shaft (92)

is higher than that of the second output gear (88), the
second free wheel (116) makes it possible to advance,

thanks to the disengagement of the c¢ylinders, thus
preventing the rider from having to also piace the
electric machine (12) in rotation.

22. Bicycle (4) comprising a propulsion wunit (8)

according to‘any of the claims from 1 to 21, wherein the
crank pin (18) 1is kinematically connected to a drive
wheel (120) of the bicycle (4);

23. Bicycle (4) according to c¢laim 22, wherein a
direction of advancement of the bicycle having been

defined (4), the propulsion unit (8) is associated and
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oriented in relation to a bicycle frame (4) so that the
electronic unit (32) is positioned at least partially on

the side of the direction of advancement.
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