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Abstract:

Hybrid drive snowmobile comprising an IC engine (3), a variable speed drive (4) comprising a first
pulley (9) connected to a drive shaft (8) of the IC engine (3), a second pulley (10) and a belt (11)
coupled to the first and second pulleys (9, 10), an intermediate shaft (20) connected to the second
pulley (10) of the variable speed drive (4), an output shaft (30) connected to the intermediate shaft
(20) by a transmission (21, 22, 23) and a drive wheel (31) of a motor track (7) of the snowmobile (1)
connected to the output shaft (30) and a reversible electrical machine (5) connected to the
intermediate shaft (20).
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“HYBRID DRIVE SNOWMOBILE AND HYBRIDIZATION KIT FOR A

SNOWMOBILE"”

Cross—Reference to Related Applications

This Patent Application c¢laims priority from Italian
Patent Application No. 102021000010769 filed on April 28,
2021, the entire disclosure of which is incorporated herein
by reference.

Technical field of the Invention

The present invention relates to a hybrid drive
snowmobile and to a hybridization kit for a snowmobile.

State of the Art

As is known, the need to reduce consumption and emissions
has led to an increasingly greater diffusion of the hybrid
drive in the automotive field.

In the field of snowmobiles, the hybrid drive is not vyet
widespread, therefore the known snownobiles are either
provided with an IC engine only or are purely electrical.

The use of snowmobiles provided only with the IC engine,
besides entailing high consumption, 1is forbidden 1in some
protected areas due to environmental and acoustic pollution
issues.

On the other hand, the purely electrical snowncbiles
have a very hcavy battery pack, high wcight and pricc,
limited autonomy and dynamic performance.

1
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Therefore, the need is felt to integrate an IC engine
and an electrical machine so as to allow various driving
modes with optimal perfcrmance and safety conditions.

Subject and Summary of the Invention

63}

The object of the present invention is to manufacture a
hybrid drive snowmobile, which allows solving the
aforementioned problems.

Such object is achieved by a hybrid drive snowmocbile
according to claim 1.

10 The present invention further relates to a hybridization
kit for a snowmobile according to claim 10.

Brief Description of the Drawings

In order to better understand the present invention, a
preferred embodiment is described in the following, by way
15 of a non-limiting example and with reference to the
accompanying drawings, wherein:
- Figure 1 1is a perspective view of a snowmobile
according to the present invention:
- Figure 2 is a perspective view of a detail of a driving
20 unit of the snowmobile of Figure 1;
- Figure 3 1is a perspective view of a different detail
of the driving unit cf Figure 2; and
- Figure 4 is a block diagram of the control of an
electrical machine of the snowmobile of Figure 1.

25 Detajled Description of Preferred Embodiments of the

2
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Invention
Figure 1 illustrates a hybrid drive snowmobile 1
manufactured according to the present invention.

The snowmobile 1 comprises a fairing inside which there

63}

is a powerplant 2 comprising an IC engine 3, a variable speed
drive 4, and a reversible electrical machine 5. The
snowmobile 1 is further provided with skids 6 at the front
and with a motor track 7 at the back.
The IC engine 3 is provided with a drive shaft 8 having
10 an axis A thereof perpendicular to a median longitudinal
rlane of the vehicle, and to which the wvariable speed drive
4 is connected at the output.
The wvariable speed drive 4 (Figure 2) comprises a first
rulley 9, a second pulley 10 and a belt 11 with a trapezoidal
15 section wound on the pulleys.
The first pulley 9 comprises two conical half-pulleys 12, 13
facing each other and rotationally coupled to the drive shaft
8 of the IC engine 3. The pulley 2 has a variable transmission
ratio, since the half-pulleys 12, 13 have a variable relative
20 distance in an axial direction as a function of the speed
of the drive shaft 8, in a manner known per se. In particular,
the lower the speed of the drive shaft 8, the greater the
relative distance in the axial direction between the half-
pulleys 12, 13.
25 The first pulley 9 gives the motion to the second pulley

3
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10 by means of the belt 11. In particular, the belt 11
engages between the pulleys 12, 13 working by friction on
the sides. The greater the relative distance in the axial

direction between the pulleys 12, 13, the smaller the

63}

diameter of the first pulley 9, and thus the smaller the
transmission ratio intended as the ratio between the angular
velocity of the second pulley 10 and that of the first pulley
9.
The second pulley 10 is angularly coupled to one end of
10 an intermediate shaft 20, having an axis B thereof parallel
to the axis A.
The intermediate shaft 20 integrally carries, at an
opposite end thereof, a pulley 21 which gives the motion to
a pulley 22 keyed on an output shaft 30, having an axis C
15 thereof parallel to the axis B by means of, for example, a
toothed belt 23.
On the output shaft 30 a drive wheel 31 is keyed which
meshes with the drive track 7 of the snowmobile 1.
The electrical machine 5 (Figure 3) 1s permanently or
20 selectively connected to the intermediate shaft 20, on the
side of the pulley 10 or of the pulley 21. The electrical
machine 5 1s preferably an axial Iflux permanent magnet
electrical machine, with external rotor 35, and is arranged
with an axis thereof parallel to axis B.
25 According to a first embodiment of the invention, the

4
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electrical machine 5 1is permanently connected to the
intermediate shaft 20, on the side of the pulley 10 or of
the pulley 21. In particular, the electrical machine 5 is

rotationally coupled to the intermediate shaft 20.

63}

Preferably, the rotor 35 cf the electrical machine is rigidly
coupled to the pulley 10 or to the pulley 21, and the axis
of the electrical machine 5 coincides with the axis B.
According to an embodiment wvariation (not illustrated)
0of the present invention, a decoupler assembly is further
10 provided, configured to selectively connect the electrical
machine 5 to the intermediate shaft 20.
Figure 4 illustrates a block diagram of the control of
the electrical machine.
A microprocessor control unit 40 receives input signals
15 from a plurality of on-board sensors, among which - with
reference to the functions of interest herein - a position
sensor 41 of the snowmobile 1 (preferably a GPS tracker), an
inclination or rearing sensor 42, an angular velocity sensor
43 of the drive wheel 31 of the motor track 7, and an
20 acceleration sensor 44 of the snowmobile 1.
The control unit 40 sends control signals to an inverter
45 assocliated with the electrical machine 5, which 1is
connected to a battery pack 46 provided with a management
system (BMS) 47 which communicates with the control unit 40.
25 Conveniently, the 1inverter 45 1is inside the fairing and

5
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housed between the powerplant 2 and the battery pack 46,
which 1s conveniently fixed 1n the rear part of the
snowmobile 1, preferably behind the saddle 48.

The operation of the hybrid drive system of the
snowmobile 1 is as follows.

1. IC mode

By turning off the electrical machine 5, the snowmcbile
1 is dragged in a conventional way by the IC engine 3 only.
If the decoupler assembly is present, the electrical machine
5 is excluded from the kinematic chain.

2. Electrical mode

By turning off the IC engine 3, the snowmcbile 1 is
dragged by the electrical machine 5 only. Since the speed of
the drive shaft 8 is equal to zero, the relative distance in
the axial direction between the half-pulleys 12, 13 1is
maximum and such that they do not press axially on the sides
of the belt 11, and are not dragged by the latter. Therefore,
the IC engine 3 1s isolated and does not introduce any
inertia to the undesired rotation. When braking, the
electrical machine is used as a regenerative brake for
recharging the battery pack 46.

3. Hybrid mode

In this mode, both the IC engine 3 and the electrical
machine 5 are used simultaneously, thus making it possible
to obtain the sum of the driving powers (“boost”) or of the

6
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braking powers. The control unit 40 divides the torqgue
between the IC engine 3 and the electrical machine 5 on the
basis of stored maps as a function of the input signals, and

in particular of the speed, of the power regquest and of the

63}

load. Also 1in this case, the electrical machine 5 can be
used as a regenerative brake for recharging the battery pack
16.

In this mode, complex control strategies can be
implemented in particular operational situations which are
10 identified on the basis of the input signals, such as the

following:

a. Anti-rearing control
The condition of incipient rearing can be detected as a
sudden variation of the inclination signal generated by the
15 sensor 42. In particular, the condition can be detected by
comparing the derivative with respect to the time of the
value of such signal with a predetermined threshold wvalue,
at the exceeding of which the electrical machine 5 is made
to operate as a regenerative brake for reducing the power
20 discharged on the motor track 7. The electrical machine 5
can return delivering driving torgque when an inclination
reduction condition is detected. This function can thus be
carried out in a simple way without intervening on the
control maps of the IC engine 3.

25 b. Anti-spinning control

CA 03216930 2023-10-26



WO 2022/229897 PCT/1B2022/053953

The condition of spinning, i.e. of loss of adhesion of
The motor track 7, can be detected by comparing the signal
generated by the angular velccity sensor 43 with that
obtained by prccessing the signals of the position sensor 41

and of the acceleration sensor 44 of the snowmobile 1. In

63}

particular, tThe instantaneous speed of the motor track 7 is
obtained from the angular velocity sensor 43, whereas the
instantaneous speed of the snowmokile 1 is obtained by adding
the contribution of the average speed, cbtained by sampling
10 the position through the position sensor 41, and the
contribution due to any instantaneocus acceleration, measured
by the acceleration sensor 44. If the instantaneous speed of
the motor track 7 exceeds that of the snowmobile 1 by a
predetermined amount, the electrical machine 5 is used as a
15 regenerative brake for reducing the speed of the motor track
7 and bringing it back into adhesion conditions. The
electrical machine 5 can return delivering driving torque
when the difference between the instantaneous speed of the
motor track 7 and that <¢f the snowmobile 1 is less than the
20 predetermined amount.
From an examinaticon of the features of the snowmobile 1,
the advantages of the present invention are evident.
In particular, the presence of the variable speed drive
4, together with the fact that the electrical machine 5 is
25 connected to the intermediate shaft 20, allows completely

8
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excluding the IC engine 3 in purely electrical driving mode
by simply switching off the IC engine 3. In fact, 1in this
situation the variable speed drive 4 decouples the IC engine

3 from the electrical machine 5, avoiding the use of a

63}

decoupling clutch.

Such arrangement further allows entrusting the
electrical machine 5 with active anti-rearing or anti-
spinning control functicns by exerting a braking torque and
at the same time recharging the battery without having to
10 intervene on the control of the IC engine 3.

According to an embodiment of the i1nvention, the
electrical machine 5 can be selectively connectable to the
intermediate shaft 20. In this way, in IC mode it is possible
to completely exclude the electrical machine 5 avoiding the

15 dragging of relevant masses.

Thanks to its features, when compared with aconventional
snowmobile provided with only the IC engine with the same
rerformances, The hybrid drive snowmobile 1 entails lower
consumption, which is reflected in a reduction in emissions.

20 At the same time, the snowmobile 1 does not have the
aforementioned disadvantages typical of the purely
electrical snowmobiles, in particular limited autonomy and
dynamic performance.

Finally, it is clear that modifications and wvariations

25 may be made to the snowmobile 1 without departing from the

9
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scope of protection defined by the claims.
The electrical machine 5 and the relative control and
power supply means (control unit 40, inverter 45 and battery

pack 46) can also be supplied separately as a hybridization

63}

kit applicable to a conventional snowmobile provided with
the IC engine only.

Conveniently, the kit can comprise a voltage converter
of the DC-DC type, and an additional water pump.

The voltage converter 1is used to manage the different
10 voltage levels necessary for the operation of the hybrid

system.

The additional water pump i1is used for cooling the
electrical machine and the inverter. In fact, since the
electrical machine can operate independently of the IC

15 engine, it must be cooled by its own cooling circuit.

Due to the modifications to be made for the hybridization
of a conventional snowmcbile provided with the IC engine
only, a new faliring may be necessary which replaces the one
normally present.

20 Finally, the features of the snowmobile described in
combination with each other can be used independently, and

according to different combinations.

10
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CLAIMS

1. Hybrid drive snowmoblile comprising an IC engilne
(3), a variable speed drive (4) comprising a first pulley
(9) connected to a drive shaft (8) o¢of the IC engine (3), a
second pulley (10) and a belt (11) coupled to the first and
second pulleys (9, 10), an intermediate shaft (20) connected
to the second pulley (10) of the variable speed drive (4),
an output shaft (30) connected to the intermediate shaft
(20) by a transmission (21, 22, 23) and a drive wheel (31)
of a motor track (7) of the snowmobile (1) connected to the
output shaft (30) and a reversible electrical machine (5)
rotationally coupled to the intermediate shaft (20).

2. Snowmobile as claimed 1in claim 1, wherein the
electrical machine (5) comprises a rotor (35) rigidly coupled
to the intermediate shaft (20).

3. Snowmobile as c¢laimed in any of the preceding
claims, comprising a decoupler assembly configured to
selectively connect the electrical machine (5) to the
intermediate shaft (20).

4. Snowmobile as claimed in any of the preceding
claims, comprising an 1inverter (45) connected to the
electrical machine (5).

5. Snowmobile as c¢laimed in any of the preceding
claims, comprising a control unit (40) configured to wvary
both the driving and braking torque of the electrical machine

11
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(5) in response to input signals received from on-board

sensors (41, 42, 43, 44).

6. Snowmobile as claimed in claim 5, wherein the on-
board sensors comprise a position sensor (41) of the
5 snowmobile (1), an angular velocity sensor (43) of the motor

track (7), and an acceleration senscor (44) of the snowmobile
(1) .

7. Snowmobile as c¢laimed in claim 6, wherein said

control unit (40) is configured to perform an anti-spinning

10 control in which the electrical machine (5) generates a
braking torque when the instantaneous speed of the motor
track (7) exceeds the instantaneous speed of the snowmocbile
(1) by a predetermined amount, the instantaneous speed of
the moctor track (7) being calculated based on signals

15 received from the angular velocity sensor (43) of the motor
track (7), and the instantaneous speed of the snowmobile (1)
being calculated based on signals received from the position
sensor (41) and the acceleration sensor (44) of the
snowmobile (1).

20 8. Snowmobile as c¢laimed in c¢laim 5, comprising a
rearing angle sensor (42).

9. Snowmobile as claimed in c¢laim 8, wherein said
control unit (40) is configured to perform a rearing control
in which the electrical machine (5) generates a braking

25 torque as a function of the derivative of the rearing angle.

12
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10. Hybridization kit for a snowmobile comprising an
IC engine (3), a variable speed drive (4) comprising a first
pulley (9) connected to a drive shaft (8) of the IC engine

(3), a second pulley (10) and a belt (11) coupled to the

63}

first and second pulleys (9, 10), an intermediate shaft (20)
connected to the second pulley (10) of the wvariable speed
drive (4), an output shaft (30) connected to the intermediate
shaft (20) by a transmission (21, 22, 23) and a drive wheel
(31) of a motor track (7) of the snowmobile (1) connected to
10 the output shaft (30), the kit comprising an electrical
machine (5) configured to ke rotationally coupled to the
intermediate shaft (20) of the snowmobile, and means (40,
45, 46) for controlling and powering said electrical machine
(5) comprising:
15 - a control unit (40) configured to wvary both the
driving and braking torque of the electrical machine
(5) in response to 1input signals received from a
position sensor (41) of the snowmokile (1), a rearing
angle sensor (42), an angular velocity sensor (43) of
20 the motor track (7)), and an acceleration sensor (44)
of the snowmobile (1);
- a battery pack (46); and
- an inverter (45).
11. Kit as claimed in c¢laim 10, wherein sgaid control
25 unit (40) 1is configured to perform an anti-spinning control

13
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in which the electrical machine (5) generates a braking
Ttorque based on signals received from the angular velocity
sensor (43) of the motor track (7), the position sensor (41)

and the acceleration sensor (44) of the snowmobile (1).

63}

12. Kit as claimed in claim 10, wherein said control
unit (40) is configured to perform a rearing control in which
the electrical machine (5) generates a braking torque as a
function of a signal received from the rearing angle sensor
(42) .

10 13. Kit as claimed in any of claims from 10 to 12,
comprising a DC-DC voltage converter.

14. Kit as claimed in any of claims from 10 to 13,
comprising an additional water pump for cooling the

electrical machine (5).
15

14
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