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A car having two front wheels; two rear drive wheels; a
supercharged internal combustion engine which is provided
with a plurality of cylinders with which respective pistons
slide and a drive shaft connected to the pistons; a compressor
configured to compress air suited to be sucked by the
supercharged internal combustion engine; a transmission
which 1s interposed between the internal combustion engine
and the rear drive wheels and has: a drum which 1s brought
into rotation by the drive shaftt, at least one clutch contained
in the drum to receive the motion from the drum, and a
primary shait connected to the clutch; and an actuating
system which connects the drum of the transmission to the
first compressor so as to recerve the motion from the drum
of the transmission to cause the rotation of the first com-
Pressor.
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CAR PROVIDED WITH A SUPERCHARGED
INTERNAL COMBUSTION ENGINE

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

[0001] This patent application claims priority from Italian
patent application no. 102022000017580 filed on Aug. 25,
2022, the entire disclosure of which 1s incorporated herein
by reference.

FIELD OF THE ART

[0002] The present invention relates to a car provided with
a supercharged internal combustion engine.

PRIOR ART

[0003] For many years, it has been known to use super-
charging 1n internal combustion engines (i1.e., the forced
introduction of air into the cylinders at a pressure higher than
atmospheric pressure) to 1ncrease the volumetric efliciency
of the cylinders and thus provide the internal combustion
engine with more power and torque for the same displace-
ment. In other words, a compressor 1s arranged along the
intake duct which compress the sucked air to increase the
pressure (and thus the flow rate) of the sucked air and 1s
driven by a turbine caused to rotate by the exhaust gases (in
the case of a turbocharger), by the drive shaft or (in more
recent applications) by an electric motor.

[0004] However, the use of a turbocharger can be com-
plex, as 1t 1s necessary to obtain an area wherein the itake
duct along which the compressor 1s mounted 1s arranged side
by side with the exhaust duct along which the turbine driving
the compressor 1s mounted; 1.e., the need to obtain an area
wherein the intake duct 1s arranged side by side with the
exhaust duct may force the intake and exhaust ducts to
follow a particularly unfavourable geometry in terms of
dimensions and pressure drop.

[0005] To avoid these drawbacks, 1t could be possible to
drive the compressor by drawing motion from the drive
shaft; however, this solution forces the compressor to be
positioned near the drive shaft and thus often forces the
intake duct to follow a particularly untavourable geometry
in terms of dimensions and pressure drop.

[0006] Lastly, to avoid these drawbacks, 1t could be pos-
sible to drive the compressor by means of a dedicated
clectric motor; however, this solution (although it allows the
intake duct to follow an optimal geometry) entails an
increase 1 weight and cost (due to the additional presence
of the electric motor) and above all requires the continuous
availability of significant electrical power to power the
clectric motor.

[0007] Patent DE1177873B describes an internal combus-
tion engine which 1s supercharged by means of a compressor
indirectly driven by a drive shait of the internal combustion
engine; 1n particular, there 1s a planetary gear comprising: a
sun gear which 1s mtegral with the drive shaift of the internal
combustion engine, a planetary carrier gear which 1s integral
with a drive shait which transmits the motion towards the
rear drive wheels, and a crown gear from which the motion
which drives the compressor 1s drawn.

DISCLOSURE OF THE INVENTION

[0008] The aim of the present invention 1s to provide a car
provided with a supercharged internal combustion engine

Feb. 29, 2024

which 1s free of the drawbacks described above and in
particular allows to optimise the exhaust and intake duct
paths without having to use an electric motor dedicated to
the compressor.

[0009] According to the present invention, a car provided
with a supercharged internal combustion engine 1s provided
in accordance with the appended claims.

[0010] The claims describe preferred embodiments of the
present invention forming an integral part of the present
description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The present invention will now be described with
reference to the accompanying drawings, showing some
non-limiting embodiments thereof, wherein:

[0012] FIG. 1 1s a perspective view of a car provided with
an internal combustion engine;

[0013] FIGS. 2 and 3 are respectively a top and a bottom
view of the car of FIG. 1;

[0014] FIG. 4 1s a schematic plan view of the car of FIG.
1;

[0015] FIG. 5 1s a schematic view of the internal combus-
tion engine of the car of FIG. 1;

[0016] FIG. 6 1s a perspective view with parts removed for
clarity of a chassis of the car of FIG. 1;

[0017] FIGS. 7 and 8 are respectively a perspective and
side view of an aerodynamic diffuser of the car of FIG. 1;

[0018] FIGS. 9-12 are respectively two different perspec-
tive views, a top view and a rear view of the internal
combustion engine;

[0019] FIGS. 13 and 14 are respectively a perspective and
side view of a transmission system of the car of FIG. 1;

[0020] FIG. 15 1s a schematic view of the transmission
system of FIGS. 13 and 14;

[0021] FIG. 16 1s a perspective view ol a compressor unit
of the mternal combustion engine of the car of FIG. 1;

[0022] FIG. 17 1s a perspective view of a turbine unit of
the 1internal combustion engine of the car of FIG. 1;

[0023] FIGS. 18-21 are respectively two different perspec-
tive views, a top and a bottom view of an alternative
embodiment of the internal combustion engine;

[0024] FIGS. 22 and 23 are respectively a perspective
view and a rear view of a transmission system and a
compressor unit coupled to the internal combustion engine

of FIGS. 18-21;

[0025] FIGS. 24 and 25 are two diflerent perspective
views ol the compressor unit of FIGS. 22 and 23 and a
corresponding actuating system;

[0026] FIG. 26 1s a schematic view of part of the actuating
system of FIGS. 24 and 25; and

[0027] FIGS. 27 and 28 are respectively a perspective and
schematic view of two camshaifts of the internal combustion
engine with the arrangement of lubrication pumps and a
cooling pump highlighted.

PREFERRED EMBODIMENTS OF TH.
INVENTION

L1l

[0028] In FIG. 1, the number 1 overall indicates a hybnd

car (1.e., with hybrnid propulsion) provided with two front
drive wheels 2 receiving drive torque from (at least) one
clectric machine 3 (illustrated schematically 1n FIG. 4) and
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two rear drive wheels 4 recerving drive torque from an
internal combustion engine 3 (illustrated schematically 1n
FIG. 4).

[0029] As 1llustrated 1n FIG. 4, the electric machine 3 1s

connected to the two front drive wheels 2 by means of a
transmission system (of known type and not illustrated)
provided with a front differential; similarly, the internal
combustion engine 35 1s also connected to the two rear drive
wheels 4 by means of a transmission system 6 provided with
a transmission 7 and a rear diflerential 8 (1llustrated sche-
matically i FIG. 15).

[0030] Preferably, the electric machine 3 is reversible (i.e.,
it can operate either as an electric motor by absorbing
clectrical energy and generating a mechanical drive torque,
or as an electric generator by absorbing mechanical energy
and generating electrical energy); according to other
embodiments not 1llustrated, the electric machine 3 1s not
provided.

[0031] As illustrated in FIGS. 1 and 2, the car 1 comprises
a passenger compartment 9 which 1s arranged between the
two front wheels 2 and the two rear wheels 4 and contains
driver’s station 10 therein (schematically illustrated 1in FIG.
4) which 1s arranged on the left side (alternatively 1t could
also be arranged on the right side). As 1llustrated 1n FIG. 4,
the driver’s station 10 comprises a steering wheel 11, a
driver’s seat (not 1llustrated) and a number of other (known
and not 1llustrated) driver-operated controls (including, for
example, an accelerator pedal, a brake pedal and at least one
lever for selecting gears).

[0032] As illustrated in FIGS. 1 and 2, the car 1 comprises
a body 12 which delimits (among other things) the passenger
compartment 9 and has two sides wherein at least two doors
13 are obtained. The door 13 on the left provides direct
access to the driver’s station 10.

[0033] As illustrated 1n FIG. 3, the car 1 comprises a
bottom 14 which forms the lowest part of the car 1 and 1n use
1s facing a road surface on which the car 1 moves.

[0034] According to a possible embodiment, the internal
combustion engine 3 1s powered by hydrogen (or also
another gaseous fuel). According to a different embodiment,
the internal combustion engine 3 1s powered by petrol (or
also another liquid fuel).

[0035] As illustrated 1n FI1G. 4, the mternal combustion
engine 5 1s powered by hydrogen, which 1s stored at high
pressure (e.g., with a maximum pressure ol around 700 bar)
in four different tanks 15 and 16: the two tanks 15 have a
spherical shape and have the same size, while the two tanks
16 have a cylindrical shape and have different sizes (1.e., one

tank 16 1s larger than the other tank 16).

[0036] The two tanks 15 (spherical 1n shape) are arranged
next to a cylinder block of the imnternal combustion engine 3
at the two opposite sides of the mternal combustion engine
5, 1.e., one tank 15 1s arranged to the right of the cylinder
block of the internal combustion engine 5 while the other
tank 15 1s arranged to the left of the cylinder block of the
internal combustion engine 5. In other words, the two tanks
15 (spherical 1n shape) are arranged at the same vertical
height, are arranged at the same longitudinal height and are
separated from each other transversely (with the iterposi-
tion of the cylinder block of the internal combustion engine
5), 1.e., they are only transversely spaced from each other.

[0037] The two tanks 16 (cylindrical i shape) are
arranged above the imternal combustion engine 5 one 1n front

of the other. In other words, the two tanks 16 (cylindrical 1n
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shape) are arranged (roughly) at the same vertical height, are
arranged at the same transverse height and are separated
from each other longitudinally, 1.e., they are only longitu-
dinally spaced from each other (1.¢., one 1s arranged 1n front
of the other). In particular, both tanks 16 (cylindrical 1n
shape) are oriented transversely, 1.e., their central axes of
symmetry are oriented transversely. In the embodiment
illustrated 1n FI1G. 4, the tank 16 arranged 1n front (1.e., closer
to the front) 1s larger than the tank 16 arranged behind (1.e.,
closer to the rear).

[0038] As 1llustrated 1n FIG. 5, the internal combustion
engine 3 comprises a crankcase 17 with which a plurality of
cylinders 18 (only one of which 1s illustrated 1n FIG. §) 1s
obtained. Preferably (but not compulsorily), the cylinders 18
are arranged 1n line, as this solution allows to reduce the
transverse dimensions of the internal combustion engine 5
and thus, among other things, allows to leave more space for
the tanks 15. In the embodiment illustrated 1n the accom-
panying drawings, six cylinders 18 are provided in line, but
obviously the number and arrangement of the cylinders 18
could be diflerent.

[0039] FEach cylinder 18 has a respective combustion
chamber and a respective piston 19 mechanically connected
to a drive shaft 20 (by means of a respective connecting rod)
to transmit the force generated by the combustion to the
drive shait 20. Coupled (connected) to the crankcase 17 1s a
cylinder head 21 which forms the crown of the cylinders 18
(1.e., the upper closure of the cylinders 18 with what 1s
known as the “tflame plate”). In the case of an in-line
arrangement of the cylinders 18, a single cylinder head 21 1s
provided, while 1 the case of a *“V” arrangement of the

cylinders 18, twin cylinder heads 21 are provided for the two
banks of cylinders 18.

[0040] The combination of the crankcase 17 and the
cylinder head 21 constitutes the cylinder block of the
internal combustion engine 5.

[0041] Inthe embodiment i1llustrated 1in the accompanying
drawings, the internal combustion engine 5 1s arranged
(oriented) longitudinally, 1.e., the drive shait 20 1s arranged
(oriented) longitudinally, as this solution allows to reduce
the transverse dimension of the internal combustion engine
5 and thus, among other things, leave more space for the
tanks 15. According to other embodiments not 1llustrated,
the internal combustion engine 5 1s arranged (oriented)
transversely.

[0042] In the embodiment illustrated in the appended
figures, the internal combustion engine 5 1s arranged 1n a
central or rear position, 1.¢., the internal combustion engine
5 1s arranged behind the passenger compartment 9 and 1s
located between the front wheels 2 and the rear wheels 4
(central arrangement as illustrated 1n the accompanying
drawings) or 1s located beyond the rear wheels 4 (rear
arrangement not 1llustrated).

[0043] Each cylinder 18 comprises two itake valves 22
controlled by a camshait 23 which receives motion from the
drive shatt 20 by means of a belt drive 24 (illustrated 1n FIG.
26); alternatively to the belt drive 24, a chain drive or a gear
drive could be used. Furthermore, each cylinder 18 com-
prises two exhaust valves 235 controlled by a camshait 26
which recerves motion from the drive shaft 20 by means of
the belt drive 24 (illustrated in FIG. 26). The intake valves
22, exhaust valves 25 and the corresponding control means
(1.e., the return springs and camshaits 23 and 26) are housed
in the cylinder head 21.
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[0044] Fach cylinder 18 further comprises (at least) one
tuel ijector 27 which injects fuel into the cylinder 18
cyclically; FIG. 5 illustrates a direct fuel 1injection nto the
cylinder 18 but the fuel injection mto the cylinder 18 could
also be (partially or fully) indirect. Each cylinder 18 com-
prises (at least) one spark plug 28 which 1s cyclically
activated to 1gnite the mixture of air (oxidiser) and fuel
present 1n the combustion chamber at the end of the com-
pression phase.

[0045] As illustrated in the accompanying drawings, the
internal combustion engine 5 1s oriented vertically with the
drive shaft 20 arranged higher than the cylinders 18. In other
words, the internal combustion engine 3 1s arranged “upside
down” relative to the traditional arrangement where the
cylinders 18 are at the top and the drive shaft 20 1s at the
bottom. As a result, the cylinder head 21 which forms the
crown of the cylinders 18 1s arranged below the crankcase 17
and represents the lowest part of the internal combustion
engine 5.

[0046] The internal combustion engine 5 comprises an
intake system 29 which draws air from the outside environ-
ment to convey the air into the cylinders 18 (the intake of air
into the cylinders 18 1s regulated by the intake valves 22).
Among other things, the intake system 29 comprises an
intake manifold 30 which 1s directly connected to all the
cylinders 18; the intake of air into the intake manifold 30 1s
regulated by a throttle valve 31.

[0047] The internal combustion engine 5 comprises an
exhaust system 32 which releases the exhaust gases from the
cylinders 18 into the external environment. Among other
things, the intake system 29 comprises (at least) one exhaust
gas treatment device 33 (typically a catalytic converter).

[0048] As illustrated in FIGS. 9-12, the intake system 29
comprises twin, separate intake ducts 34 which are arranged
on the two sides of the car 1 (1.e., one intake duct 34 1is
arranged on the right side and the other intake duct 34 is
arranged on the left side) and oniginates from respective air
inlets 35 obtained through the body 12. An air filter 36 1s
arranged along each intake duct 34 near the respective air
inlet 35. Each intake duct 34 terminates in a compressor unit
37 which increases the air pressure to increase the volumet-
ric efliciency of the cylinders 18. A sole (single) intake duct
38 orniginates from the compressor unit 37, which terminates
in the mtake manifold 30 after passing through two inter-
coolers 39 and 40 arranged in series. That 1s, an 1nitial
section of the intake duct 38 connects the compressor unit 37
to the intercooler 39, then an intermediate section of the
intake duct 38 connects the mtercooler 39 to the intercooler
40, and lastly a final section of the intake duct 38 connects
the 1ntercooler 40 to the intake manifold 30.

[0049] According to a preferred embodiment, the inter-
cooler 39 1s of the air/air type and the itercooler 40 1s also
of the air/air type. According to a preferred embodiment, the
intercooler 39 has a larger volume relative to a volume of the
intercooler 40; 1n this regard, it 1s important to note that the
intercooler 39 is at a disadvantage relative to the intercooler
40, since 1t 1s arranged farther from the corresponding air
inlet and compensates this disadvantage both by having a
larger volume, and by having to cool air with a higher inlet
temperature (since the itercooler 39 recerves the air directly
from the compressor unit 37 while the intercooler 40, being
arranged 1n series with the intercooler 39, receives the air
which has already been partially cooled by the intercooler

39).
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[0050] As illustrated in FIGS. 9-12, the exhaust system 32
comprises twin, separate exhaust ducts 41 which receive
exhaust gases from the respective cylinders 18 to which they
are individually connected; in particular, each exhaust duct
41 1s connected to three cylinders 18 by means of respective
channels which originate from the three cylinders 18 and
terminate in an inlet of the exhaust duct 41 (from another
viewpoint, each exhaust duct 41 1s initially divided into three
parts to connect with the respective three cylinders 18). A
corresponding exhaust gas treatment device 33 (typically a
catalytic converter) 1s arranged along each exhaust duct 41;
thus altogether, the exhaust system 32 comprises two twin,
separate exhaust gas treatment devices 33.

[0051] A turbine unit 42 1s arranged along the exhaust
ducts 41, provided with twin turbines 43 (better illustrated 1n
FIG. 17), each of which 1s coupled to a corresponding
exhaust duct 41. That 1s, each exhaust duct 41 passes
through a respective turbine 43 and the two turbines 43 are
arranged side by side to form the turbine unit 42. In other
words, a turbine 43 1s provided which 1s connected along
cach exhaust duct 41 and 1s arranged alongside the cylinder
block (consisting of the crankcase 17 and the cylinder head
21) of the internal combustion engine 5.

[0052] The two exhaust ducts 41 terminate 1 a single
common silencer 44 which receives the exhaust gases from
both exhaust ducts 41. According to other embodiments not
illustrated, twin, separate silencers 44 are provided, each of
which receives exhaust gases only from a respective exhaust

duct 41.

[0053] In the preferred embodiment illustrated in the
accompanying drawings, the silencer 44 has a single final
exhaust pipe 45 which opens 1nto an outlet opening 46;
according to other embodiments not illustrated, the silencer
44 has two or more final pipes 43, each of which opens into
a corresponding outlet opening 46.

[0054] As illustrated 1n FIG. 16, the compressor unit 37
(intended for use 1n the supercharged internal combustion
engine 5) comprises a single shaft 47 mounted rotatably
about a rotation axis 48. In the embodiment illustrated 1n the
accompanying drawings, the shaft 47 (thus the rotation axis
48) 1s oriented transversely; according to a different embodi-
ment not 1llustrated, the shaft 47 (thus the rotation axis 48)
1s oriented longitudinally or 1s inclined (non-parallel) both
relative to the longitudinal direction and relative to the
transverse direction.

[0055] The compressor unit 37 comprises twin (1dentical)
compressors 49, each of which 1s integral with the shait 47
to rotate together with the shait 47 and i1s configured to
compress air intended to be sucked 1n by the supercharged
internal combustion engine 5; 1n particular, each compressor
49 receives air from a respective intake duct 34 (i.e., each
intake duct 34 terminates 1 a corresponding compressor
49).

[0056] The compressor unit 37 comprises a single com-
mon electric motor 50 which i1s integral with the shait 47 to
bring the shaft 47 into rotation (and thus to bring both
compressors 49 mounted on the shaft 47 into rotation). In the
embodiment illustrated 1n the appended figures, the electric
motor 30 1s arranged between the two compressors 49 and
1s perfectly equidistant from the two compressors 49;
according to a different embodiment not 1illustrated, the
clectric motor 50 1s arranged on one side with respect to both
compressors 49 (1.e., 1t 1s closer to one compressor 49 and
1s farther from the other compressor 49).
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[0057] As mentioned above, the two compressors 49 are
identical and are of the centrifugal type. In particular, each
compressor 49 comprises an axial inlet 51 arranged on the
opposite side of the shait 47 and connected to a respective
intake duct 34 and a radial outlet 52. According to a
preferred embodiment, the compressor umt 37 comprises a
jommng duct 53 (illustrated in FIGS. 9-12) which 1s con-
nected to both outlets 52 of the two compressors 49 to
receive and join the compressed air from both compressors
49; the joining duct 53 terminates 1n the intake duct 38, 1.e.,
the intake duct 38 starts from the jomning duct 33 to receive
and join the compressed air from both compressors 49.

[0058] In the embodiment illustrated in the appended
figures, the joining duct 53 1s oriented transversely; accord-
ing to a different embodiment not 1llustrated, the joining duct
53 1s oriented longitudinally or i1s inclined (non-parallel)
both relative to the longitudinal direction and relative to the
transverse direction.

[0059] In the embodiment illustrated in the appended
figures, the joining duct 53 1s oriented parallel to the shait 47
(thus to the rotation axis 48); according to a different
embodiment not illustrated, the joining duct 53 1s not

oriented parallel to the shait 47, thus to the rotation axis 48).

[0060] As illustrated in FIG. 17, the turbine unit 42
comprises two twin (1dentical) turbines 43 which drive the
same electric generator 54 together. In particular, the two
turbines 43 are arranged side by side and have two respec-
tive rotation axes 35 which are parallel to each other and
spaced apart. The turbine unit 42 comprises a transmission
device 56 which connects both turbines 43 to the same
clectric generator 34. The transmission device 36 comprises
two toothed gears, each of which is integral with the shatt of
a corresponding turbine 43 to receive the rotary motion from
the turbine 43, and a connecting element (a toothed belt, a
chain, a cascade of gearings) which connects the two toothed
gears together i such a way as to make both toothed gears
rotate together and at the same speed. According to a
possible embodiment, a toothed gear of the two toothed
gears of the transmission device 56 1s directly coupled to a
shaft of the electric generator 54 so that the electric genera-
tor 54 rotates at the same rotation speed as the two turbines
43; alternatively, a toothed gear of the two toothed gears of
the transmission device 56 1s connected to the shaft of the
clectric generator 54 by means of the imnterposition of a speed
reducer (typically with gearings) such that the electric
generator 54 rotates at a lower rotation speed than the
rotation speed of the two turbines 43.

[0061] According to a preferred embodiment 1llustrated 1n
the accompanying drawings, the electric generator 54 1s
coaxial to a turbine 43; 1.e., one turbine 43 and the electric
generator 54 rotate about the same first rotation axis 535
while the other turbine 43 rotates about a second rotation
axis 55 which 1s parallel to, and spaced from, the first
rotation axis 55.

[0062] The two turbines 43 are identical and are of the
centrifugal type. In particular, each turbine 43 comprises a
radial inlet 57 connected to one side of the respective
exhaust duct 41 and an axial outlet 52 arranged on the
opposite side of the transmission device 56 and connected to
another side (which opens into the silencer 44) of the
respective exhaust duct 41.

[0063] According to a preferred embodiment better 1llus-
trated 1n FIGS. 11 and 12, the silencer 41 1s arranged next to
a cylinder block (consisting of the crankcase 17 and cylinder
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head 21) of the internal combustion engine 5 (on the exhaust
valve 25 side). The outlet opening 46 of the silencer 41 1s
obtained through a sidewall of the car 1 (as illustrated 1n
FIG. 1) or, according to an alternative embodiment, through

the bottom 14 of the car 1 (as illustrated 1n FIG. 3).

[0064] Inother words, the outlet opening 46 of the silencer
44 15 arranged asymmetrically at only one side of the car 1
and 1s located between a rear wheel 4 and a door 13.
According to a preferred embodiment, the outlet opening 46
of the silencer 44 1s arranged on the side where the driver’s
station 16 1s located, so that the driver sitting 1n the driver’s
station 16 1s near the outlet opening 46 of the silencer 44 and
1s thus in the best position to optimally hear the noise
diffused through the outlet opening 46 of the silencer 44.
[0065] In the embodiment illustrated 1n FIG. 1, the outlet
opening 46 of the silencer 44 1s obtained through a sidewall
of the body 12, while in the alternative embodiment 1llus-
trated in FIG. 3, the outlet opening 46 of the silencer 44 1s
obtained through the bottom 14.

[0066] Inthe embodiment illustrated 1in the accompanying
drawings, the silencer 44 comprises a single outlet opening
46; according to other embodiments not illustrated, the
silencer 44 comprises several outlet openings 46 which may
be more or less side-by-side (optionally 1t 1s also possible for
one outlet opening 46 of the silencer 44 to be obtained
through a sidewall of the body 12 while the other outlet
opening 46 of the silencer 44 1s obtained through the bottom
14).

[0067] According to a preferred embodiment better 1llus-
trated 1n FIGS. 11 and 12, the silencer 44 1s arranged on one
side of the car 1 alongside a cylinder block (consisting of the
crankcase 17 and cylinder head 21) of the internal combus-
tion engine 3 and 1n front of a rear drive wheel 4.

[0068] According to a preferred embodiment better 1llus-
trated 1n FIGS. 11 and 12, the turbine unit 42 1s arranged
alongside a cylinder block (consisting of the crankcase 17
and cylinder head 21) of the internal combustion engine 5
(on the exhaust valve 25 side). In particular, the turbine unit
42 1s arranged between the internal combustion engine 5
(1.e., between the cylinder block consisting of the crankcase
17 and cylinder head 21) and the silencer 44; thereby, the
exhaust ducts 41 are particularly short and relatively
untwisted.

[0069] In the embodiment illustrated 1n FIGS. 9-12, the
compressor unit 37 (comprising the twin compressors 49) 1s
connected between the two intake ducts 34 and 38, 1s
arranged behind the cylinder block (comprising the crank-
case 17 and cylinder head 21) of the internal combustion
engine 3, 1s arranged higher than the cylinder block of the

internal combustion engine 5, and i1s driven by the electric
motor 50.

[0070] As better illustrated 1n FIGS. 9-12, the compressor
umt 37 (comprising the two twin compressors 49) 1s
arranged at the rear behind the intercooler 39 (i1.e., the two
compressors 49 of the compressor unit 37 are arranged at the
rear behind the intercooler 39). The intercooler 39 1s hori-
zontally oriented and 1s arranged behind (at the rear) of the
cylinder block (consisting of the crankcase 17 and cylinder
head 21) of the internal combustion engine 5; 1n particular,
the 1intercooler 39 1s arranged higher than the cylinder block
of the internal combustion engine 5 and is located behind the
cylinder block of the internal combustion engine 3. Instead,
the itercooler 40 (connected 1n series to the intercooler 39
along the intake duct 38) 1s arranged on one side of the car
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1 next to the cylinder block (consisting of the crankcase 17
and cylinder head 21) of the internal combustion engine 3
and 1n front ol a rear drive wheel 4. In particular, the
intercooler 40 1s arranged on one side of the car 1 opposite
the silencer 44: 1.e., the intercooler 40 and the silencer 44 are
arranged on opposite sides of the car 1 separated from each
other by the cylinder block (consisting of the crankcase 17
and the cylinder head 21) of the internal combustion engine
5. In other words, the intercooler 40 and silencer 44 are
arranged on opposite sides of the cylinder block of the
internal combustion engine 5.

[0071] As illustrated 1n FIG. 28, the internal combustion
engine 5 comprises a dry sump lubrication circuit 59 which
circulates a lubricating o1l i all the moving parts of the
internal combustion engine 5. The lubrication circuit 59
comprises a delivery lubrication pump 60 configured to
circulate the lubricating oil; 1.e., the delivery lubrication
pump 60 draws lubricating o1l from an o1l tank to send the
lubricating o1l 1nside the cylinder block (consisting of the
crankcase 17 and cylinder head 21). The lubrication circuit
59 comprises two recovery lubrication pumps 61 configured
to circulate the lubricating oil; 1.e., each recovery pump 61
draws o1l from the cylinder block (consisting of the crank-
case 17 and cylinder head 21) and in particular from the
lowest part of the cylinder block and then from the cylinder
head 21 to send the lubricating o1l into the tank (which 1s
arranged higher than the cylinder head 21).

[0072] According to a preferred embodiment, the two
recovery lubrication pumps 61 are arranged on opposite
sides of the cylinder head 21, so that the lubricating o1l 1s
drawn from opposite areas of the cylinder head 21.

[0073] As 1llustrated 1n FIG. 28, the internal combustion
engine 5 comprises a cooling circuit 62 which circulates a

coolant (e.g., a mixture of water and glycol) 1n the cylinder
block (consisting of the crankcase 17 and cylinder head 21)

of the mternal combustion engine 5. The cooling circuit 62

comprises a cooling pump 63 configured to circulate the
coolant.

[0074] As 1llustrated 1n FIGS. 27 and 28, the camshait 23
axially exits from the cylinder head 21 on both sides: a
lubrication pump 61 1s arranged coaxially to the camshait 23
and 1s directly connected to the camshait 23 to be brought 1n
rotation by the camshait 23, and similarly the cooling pump
63 1s arranged coaxially to the camshaft 23 on the opposite
side of the lubrication pump 61 and 1s directly connected to

the camshait 23 to be brought 1n rotation by the camshatt 23.

[0075] As illustrated 1n FIGS. 27 and 28, the camshait 26
protrudes axially exits from the cylinder head 21 on both
sides: the other lubrication pump 61 (different from the
lubrication pump 61 connected to the camshaft 23) is
arranged coaxially to the camshatt 26 and 1s directly con-
nected to the camshaft 26 to be brought 1n rotation by the
camshaft 26, and similarly the lubrication pump 60 1is
arranged coaxially to the camshait 26 on the opposite side of
the lubrication pump 61 and is directly connected to the
camshaft 26 to be brought 1n rotation by the camshait 26.

[0076] Thereby, all four pumps 60, 61 and 63 are coaxial
to the respective camshatts 23 and 26 and are brought
directly 1n rotation by the respective camshatts 23 and 26.

[0077] According to other embodiments not illustrated,
the number of pumps 60, 61 and 63 1s diflerent (smaller)
because, for example, only a delivery lubrication pump 61
could be provided; 1n this case (at least) one camshaft 23 or
26 exits axially from the cylinder head 21 on one side only.
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[0078] According to other embodiments not illustrated,
the arrangement of the pumps 60, 61 and 63 could be
different, 1.e., they could vary: for example, the cooling
pump 63 could be connected to the camshait 26 or the
lubrication pump 60 could be connected to the camshatt 23.

[0079] As illustrated i FIG. 15, the transmission 7 1s
directly connected to the drive shaft 20 of the internal
combustion engine 5, i1s aligned with the internal combus-
tion engine 3, and 1s arranged behind the internal combus-
tion engine 5. In particular, the transmission 7 1s vertically
aligned with an upper part of the cylinder block of the
internal combustion engine 5; 1.e., the transmission 7 1s
vertically aligned with the upper part of the crankcase 17.

[0080] The transmission 7 1s dual-clutch and 1s interposed
between the drive shaft 20 of the internal combustion engine
5 and the rear drive wheels 4. The transmission 7 comprises
a drum 64 which 1s brought 1n rotation by the drive shaft 20
and two clutches 65 contained one next to the other 1n the
drum 64 to receive motion from the drum 64. Furthermore,
the transmission 7 comprises two primary shaits 66 which
are coaxial with each other, are inserted one 1nside the other,
and are each connected to a corresponding clutch 635 to
receive motion from the corresponding clutch 65. Each
clutch 65 comprises driving discs which are integral with the
drum 64 (thus they always rotate together with the drive
shaft 20 to which the drum 64 1s constrained) and driving,
discs which are interspersed with the driving discs and are
integral with the corresponding primary shaits 66 (thus they
always rotate together with the corresponding primary shaftts
66).

[0081] The drum 64 of the transmission 7 with dual-clutch
65 1s arranged on the opposite side of the internal combus-
tion engine 5 (1.e., the drive shaft 20) relative to the two
primary shafts 66; furthermore, the transmission 7 with
dual-clutch 65 comprises a transmission shaft 67 which
connects the drive shaft 20 to the drum 64, 1s coaxial to the
two primary shatts 66, and 1s inserted within the two primary
shafts 66. In other words, the transmission shaft 67 termi-
nates at an end wall of the drum 64 and 1s constrained to the
end wall of the drum 64. In particular, a first primary shaft
66 1s arranged on the outside, the transmission shait 67 1s
arranged on the mside, and the other (second) primary shatt
66 1s arranged between the transmission shatt 67 and the first
primary shait 66. In other words, from the 1nside outwards,
there 1s the transmission shait 67 (which 1s 1n the centre) and
successively the two primary shafts 66 (which are inserted
one 1nside the other and both surround the transmission shaft
67).

[0082] According to a preferred embodiment 1llustrated 1n
the accompanying drawings, the primary shafts 66 and the
transmission shait 67 of the transmission 7 are coaxial with
the drive shait 20 of the internal combustion engine 5; 1.¢.,
the 1nternal combustion engine 5 1s aligned with the trans-
mission 7.

[0083] The transmission 7 with dual-clutch 65 comprises
a single secondary shaft 68 connected to the diflerential 8
which transmits motion to the rear drive wheels 4; according
to an alternative and equivalent embodiment, the dual-clutch
transmission 7 comprises two secondary shafts 68 both
connected to the differential 8. A pair of axle shafts 69, each

of which 1s integral with a rear drive wheel 4, depart from
the differential 8.

[0084] The transmission 7 has seven forward gears 1ndi-
cated with Roman numerals (first gear I, second gear 11, third
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gear III, fourth gear IV, fifth gear V, sixth gear VI and
seventh gear VII) and one reverse gear (indicated with the
letter R). Each primary shait 66 and secondary shaft 68 is
mechanically coupled to each other by means of a plurality
of gearings, each of which defines a respective gear and
comprises a primary toothed gear 70 mounted on the pri-
mary shaft 66 and a secondary toothed gear 71 mounted on
the secondary shatt 68. To allow the correct operation of the
transmission 7, all the odd gears (first gear I, third gear 111,
fifth gear V, seventh gear VII) are coupled to the same
primary shait 66, while all the even gears (second gear 11,
fourth gear IV, and sixth gear VI) are coupled to the other
primary shait 66.

[0085] FEach primary toothed gear 70 1s keyed to a respec-
tive primary shait 66 to always rotate integrally with the
primary shaft 66 and permanently meshes with the respec-
tive secondary toothed gear 71; instead, each secondary
toothed gear 71 1s mounted 1dle on the secondary shaft 68.
Furthermore, the transmission 7 comprises four dual syn-
chronisers 72, each of which 1s coaxially mounted on the
secondary shait 68, 1s arranged between two secondary
toothed gears 19, and 1s adapted to be actuated to alternately
engage the two respective secondary toothed gears 19 to the
secondary shaft 68 (1.c., to alternately make the two respec-
tive secondary toothed gears 19 angularly integral with the
secondary shaft 68). In other words, each synchroniser 72
can be moved 1n one direction to engage a secondary toothed
gear 71 to the secondary shaft 68, or 1t can be moved in the

other direction to engage the other secondary toothed gear
71 to the secondary shait 68.

[0086] According to what is illustrated in FIGS. 13 and 14,
the car 1 comprises a containing body 73 which (also)
contains the dual-clutch transmission 7 therein and has a
tapered shape towards the rear so that the height of the
contaiming body 73 progressively reduces from the front to
the rear. That 1s, a front wall of the containing body 73 has
a greater extension in height than a rear wall of the con-
taining body 73. In particular, the containing body 73 has a
bottom wall 74 at the bottom which 1s inclined relative to the
horizontal due to the tapered shape of the containing body

73.

[0087] The differential 8 (which receives motion from the
secondary shaft 68 of the transmission 7 and transmits the
motion to the two rear drive wheels 4 by means of the two
respective axle shalts 69) 1s arranged inside the contaiming,
body 73 at the front and below the transmission 7. The two
axle shaits 69 exit laterally from the containing body 73.

[0088] From the foregoing, we can summarise that the
transmission 7 1s directly connected to the drive shaft 20 of
the internal combustion engine 5, 1s aligned with the internal
combustion engine 35 (i1.e., the primary shafts 66 and the
transmission shait 67 of the transmission 7 are coaxial with
the drive shaft 20 of the internal combustion engine 3), and
1s arranged behind the internal combustion engine 5; fur-
thermore, the intercooler 39 i1s arranged horizontally above
the transmission 7 (1.e., above the containing body 37
wherein the transmission 7 1s located).

[0089] As illustrated mm FIGS. 3, 7 and 8, the car 1

comprises a rear acrodynamic diffuser 75 which faces the
road surface 14, starts at a rear wall of the cylinder block
(consisting of the crankcase 17 and cylinder head 21) of the
internal combustion engine 5 and 1s arranged below the
transmission 7 (1.e., below the containing body 73 wherein
the transmission 7 1s located).
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[0090] According to a preferred embodiment, the bottom
wall 74 of the containing body 73 (with which the trans-
mission 7 1s located) has the same inclination as the rear
acrodynamic diffuser 75; 1.e., the bottom wall 74 of the
containing body 73 reproduces the shape of the rear aero-
dynamic diffuser 75, having the same inclination thereof.
Thereby, the rear aerodynamic diffuser 75 exploits all the
available space below the transmission 7 (1.e., below the
containing body 73 wherein the transmission 7 1s located).
[0091] As illustrated in FIG. 6, the car 1 comprises a
chassis 76 (partially illustrated in FIG. 6). The rear part of
the chassis 76 comprises sidebars 77 which are arranged at
the spherical tanks 15 to protect the spherical tanks 15 from
lateral 1mpacts; the sidebars 77 form tetrahedrons to have
greater 1mpact resistance.

[0092] As illustrated 1in FIG. 6, an engine compartment 78
1s obtained 1nside the chassis 76, wherein the internal
combustion engine 3 1s arranged. As illustrated 1n FIG. 3, the
bottom 14 of the car 1 comprises an opening 79 which 1s
arranged at the engine compartment 78 and a removable
panel 80 which 1s removably fixed and closes the opening
79. The opening 79 has a dimension similar to the dimension
of the engine compartment 78; 1.e., the dimension of the
opening 79 1s approximately (as far as possible) equal to the
dimension of the engine compartment 78 so that there can be
complete access to the engine compartment 78 through the
opening 79.

[0093] According to a preferred embodiment, the remov-
able panel 80 1s at least partially transparent; in particular,
the removable panel 80 has a transparent window 81 (e.g.,
glass) 1n the centre. The function of the transparent window
81 i1s essentially technical in that 1t allows the internal
combustion engine 5 to be visually inspected without having
to remove the removable panel 80.

[0094] According to a preferred embodiment, the body 12
has no opening bonnet (arranged above the engine compart-
ment 78) allowing access to the engine compartment 78; 1.¢.,
access to the engine compartment 78 1s only from below
through the opening 79, as the upper part of the engine
compartment 78 1s permanently closed by fixed, non-remov-
able panels of the body 12.

[0095] According to a preferred embodiment, the remov-
able panel 80 1s directly fixed to the chassis 76 by means of
a plurality of screws 82 (preferably quarter-turn screws 82).

[0096] The rear aerodynamic diffuser 75 faces the road
surface 14, 1s arranged to the rear of the removable panel 80
and borders the removable panel 80. That 1s, the rear
acrodynamic diffuser 73 starts where the removable panel 80
ends. The aerodynamic diffuser 75 1s also detachable to
allow easier access to the containing body 73 of the trans-
mission 7.

[0097] In the embodiment illustrated in FIGS. 9-12, the
turbine unit 42 1s provided, which generates electrical
energy by means of the electric generator 54 and the
compressor unit 37 drives the two compressors 49 by means
of the electric motor 50, which utilises (at least in part) the

clectrical energy generated by the electric generator 54 of
the turbine unit 42.

[0098] In the embodiment illustrated 1n FIGS. 18-21, the
turbine unit 42 1s not provided and the compressor unit 37
lacks the electric motor 50 since the two compressors 49 are

driven by the transmission 7, drawing motion from the drum
64 of the clutches 65 of the transmission 7 (as will be further
explained below). In other words, the two compressors 49
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are driven by the transmission shait 67 of the transmission
7 (which directly rotates the drum 64 of the clutches 65 and
1s directly connected to the drive shatt 20). This embodiment
1s energetically somewhat less eflicient (not recovering part
of the energy of the exhaust gases through the turbine unit
42) but 1s lighter, more compact and simpler, eliminating the
clectrical part altogether (in fact, neither the electric gen-
crator 54 of the turbine unit 42 nor the electric motor 50 of
the compressor unit 37 are present).

[0099] As illustrated 1n FIGS. 22-26, there 1s an actuating
system 83 which connects the drum 64 of the transmission
7 to the compressor unit 37 (1.e., to the two compressors 49
of the compressor unit 37) so as to receive motion from the
drum 64 of the transmission 7 to bring the two compressors
49 of the compressor unit 37 into rotation. By way of
example, the actuating system 83 increases the rotation
speed so that the two compressors 49 of the compressor unit
3’7 always rotate faster than the drum 64 of the transmission
7, for example, the two compressors 49 of the compressor
unit 37 could rotate 7-8 times faster than the drum 64 of the
transmission 7.

[0100] As illustrated in FIG. 15, the actuating system 83 is
connected to an end wall of the drum 64 of the transmission
7 on the opposite side of the transmission shait 67; that is,
the drum 64 of the transmission 7 has an end wall which 1s
connected to the transmission shatt 67 on one side and 1s
connected to the actuating system 83 on the opposite side.

[0101] According to a possible embodiment schematically
illustrated i FIG. 24, the actuating system 83 comprises a
varying device 84 which 1s iterposed between the drum 64
of the transmission 7 and the compressors 49 and has a
variable gear ratio. Preferably, the varying device 84 has a
centrifugal activation so as to autonomously change the gear
rat1o as a function of the rotation speed of the drum 64 of the
transmission 7; 1n particular, the varying device 84 1s con-
figured to decrease the gear ratio as the rotation speed of the
drum 64 of the transmission 7 increases. That 1s, when the
rotation speed of the drum 64 of the transmission 7 1s lower,
the gear ratio 1s larger and therefore (for the same rotation
speed of the drum 64) the compressors 49 run faster,
whereas when the rotation speed of the drum 64 of the
transmission 7 1s higher, the gear ratio 1s smaller and
therefore (for the same rotation speed of the drum 64) the
compressors 49 turn slower; thereby, the compressors 49 are
able to generate eflective compression even when the drum
64 of the transmission rotates slowly without “over-revving”
when the drum 64 of the transmission rotates fast.

[0102] According to a preferred embodiment, the varying
device 84 has only two diflerent gear ratios; by way of
example, the two gear ratios obtainable by means of the
varying device 84 could differ from each other by 30-40%.

[0103] According to a preferred embodiment, the varying
device 84 comprises a direct drive engaged by a centrifugal
clutch and a planetary gear which realises a lower gear ratio
from the direct drive:the centrifugal clutch 1s operated by the
centrifugal force which compresses the clutch discs by
engaging the direct drive when the rotation speed of the
drum 64 of transmission 7 exceeds a threshold value (thus
resulting 1 a reduction of the gear ratio when the rotation
speed of the drum 64 of the transmission 7 exceeds the
threshold value). According to a preferred embodiment, a
gear ratio of the varying device 84 could correspond to a
direct drive (1.e., a 1:1 gear ratio) while the other gear ratio
could be comprised between 1:1.3 and 1:1.4.
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[0104] According to a preferred embodiment, the varying
device 84 1s connected to the drum 64 of the transmission 7
on the opposite side of the primary shafts 66 and the
transmission shaft 67.

[0105] In the embodiment illustrated in FIGS. 22-26, the
two compressors 49 are arranged parallel to each other and
spaced apart so as to rotate about two rotation axes 83 which
are parallel to each other and spaced apart and are parallel
to a rotation axis 86 of the drum 64 of the transmission 7
(which 1s coaxial to the primary shaits 66, the transmission
shaft 67, and the drive shait 20). In particular, the rotation
axis 86 of the drum 64 of the transmission 7 1s arranged
between the rotation axes 85 of the two compressors 49; 1.¢.,
the two compressors 49 are arranged on opposite sides of the
rotation axis 86 of the drum 64 of the transmission 7.

[0106] According to a preferred embodiment 1llustrated 1n
FIG. 26, the actuating system 83 comprises an intermediate
shaft 87 which receives motion from the drum 64 of the
transmission 7 and rotates about a rotation axis 88 which 1s
parallel to and spaced from the rotation axis 86 of the drum
64 of the transmission 7. In particular, the varying device 84
1s between the drum 64 of the transmission 7 and the
intermediate shait 87. The actuating system 83 comprises a
central toothed gear 89 which receives motion from the
intermediate shatt 87 (1.e., 1s constrained to the intermediate
shaft 87) and two side toothed gears 90 which are arranged
on either side of the central toothed gear 89, engage with the
central toothed gear 89 and each transmit motion to a
corresponding compressor 49 (1.e., each side toothed gear 90
1s constrained to a shaft of a corresponding compressor 49).
A transmission 91 1s 1nterposed between each side toothed
gear 90 and the corresponding compressor 49, which
increases the rotation speed so that the compressor 49 can
rotate faster than the side toothed gear 90.

[0107] Overall, the compressors 49 rotate much faster than
the drive shait 20 (1.e., the drum 64 of the transmission 7):
the compressors 49 rotate about ten times faster than the
drive shatt 20 (i.e., the compressors 49 can reach 100,000
rpm while the drive shaft 20 can reach 10,000 rpm).

[0108] As illustrated in FIGS. 22 and 25, each compressor
49 comprises an axial ilet 51 arranged on the opposite side
of the actuating system 83 and a radial outlet 52. As
described above, there 1s a joining duct 53 (not 1llustrated 1n
FIGS. 22-25) which 1s connected to both outlets 52 of the
two compressors 49 to receive and join the compressed air
from both compressors 49.

[0109] In the embodiment 1llustrated in FIGS. 9-12, there
are two exhaust ducts 41 which originate from the cylinders
18 and terminate in the silencer 44 and are completely
separate and independent from the cylinders 18 to the
silencer 44. Instead, 1n the embodiment i1llustrated in FIGS.
18-21, an exhaust duct 92 1s provided, mmto which both
exhaust ducts 41 flow and which terminates 1n the silencer
44; 1.¢., the exhaust ducts 41 join together upstream of the
silencer 44, flowing together 1n the exhaust duct 92, which
terminates 1n the silencer 44. In other words, the exhaust
system 32 comprises a single exhaust duct 92 which receives
exhaust gases from both exhaust ducts 41; 1.e., the two
exhaust ducts 41 join to converge towards the single exhaust
duct 92. The exhaust duct 92 starts at the junction of the two
exhaust ducts 41 and terminates 1n the silencer 44.

[0110] In the embodiment 1llustrated 1n the accompanying
drawings, the compressor unit 37 comprises two twin com-
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pressors 49; according to a diflerent embodiment not illus-
trated, the compressor unit 37 comprises a single compres-
sor 49.

[0111] In the embodiment illustrated in the accompanying
drawings, the turbine unit 42 (when present) comprises two
twin turbines 43; 1n a different embodiment not 1llustrated,
the turbine umit 42 (when present) comprises a single turbine
43.

[0112] The herein described embodiments can combine
one another without departing from the scope of protection
of the present invention.

[0113] 'The car1 as described above has many advantages.
[0114] Farstly, the car 1 described above allows to simul-
taneously combines a large hydrogen storage capacity (thus
being able to offer a satistactory range) with very high
dynamic performance thanks to an optimal wheelbase, over-
all weight, and weight distribution. These results are
achieved thanks to the particular shape and arrangement of
the internal combustion engine 5 and the transmission
system 6, which allow to create a large amount of {ree space
to house the hydrogen tanks 9 and 10 without penalising the
dynamic performance of the car 1.

[0115] The car 1 as described above allows the construc-
tion of an extremely large rear acrodynamic chute (diffuser),
thus enabling the generation of a very high aerodynamic
load without any penalisation of aerodynamic drag.

[0116] In the car 1 described above, 1t 1s possible to hear
inside the passenger compartment 15 (particularly 1n the
driver’s station 16 where the driver sits) an exhaust noise
with a sufliciently high intensity and a very good sound
quality; this result 1s obtained thanks to the fact that the
outlet opening 1s located very close to the passenger com-
partment 15 and on the side of the driver’s station 16, as this
solution allows to both “concentrate” the sound intensity
near the passenger compartment 15 and to have a very
natural exhaust noise (1.e., not artificially created or in any
case modified). That 1s, the exhaust noise 1s not artificially
“aimed” towards the passenger compartment 15 through
non-natural transmission channels but, on the contrary, the
exhaust noise only reaches the passenger compartment 15 by
passing through the exhaust system, 1.e., by following the
natural exit route of the exhaust noise.

[0117] In the car 1 described above, thanks 1n part to the

particular conformation of the dual-clutch transmission 7
wherein the drum 64 1s arranged on the opposite side of the
internal combustion engine, 1t 1s possible to achieve a
particularly favourable (1.e., compact while being very func-
tional) positioning of all the powertrain elements 1n order to
mimmise the length of the wheelbase (i1.e., the distance
between the front and rear axles).

[0118] In the car 1 described above, thanks 1n part to the
particular conformation of the compressor unit 37 wherein
the twin compressors 49 are arranged coaxially on opposite
sides of the electric motor 50, 1t 1s possible to obtain a
particularly favourable arrangement of all the elements of
the powertrain system (1.e., compact while being very func-
tional); at the same time, the presence of twin compressors
49 allows particularly high air flow rates to be compressed.

[0119] In the car 1 described above, also thanks to the
particular conformation of the turbine unit 42 wherein the
two twin turbines 42 are arranged side by side to operate a
common electric generator 34, it 1s possible to obtain a
particularly favourable arrangement of all the elements of
the powertrain system (1.e., compact while being very func-
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tional); at the same time the presence of two twin turbines
42 allows a high amount of energy to be recovered from the
exhaust gas.

[0120] In the car 1 described above (in particular in the
embodiment 1llustrated 1n FIGS. 18-26), the geometry of the
intake ducts 34 and 38 1s optimal in terms of both overall
dimensions and pressure drop without having to resort to an
clectric actuation of the compressor unit 37; this result 1s
obtained by drawing the motion necessary to bring the two
compressors 49 of the compressor unit 37 into rotation
directly from the drum 64 of the dual-clutch transmission 7,
which 1s 1n a very favourable position for the positioning of
the compressor umt 37.

[0121] In the car 1 described above, the particular confor-
mation and positioning of the two intercoolers 39 and 40
allow to maximise the cooling effectiveness and efliciency
of the compressed air without requiring overly severe con-
straints on the placement of all the other components of the
internal combustion engine 5.

[0122] In the car 1 as described above, the aerodynamic
diffuser 75 1s very large (thus allowing a high aerodynamic
load to be generated with a modest increase 1n drag) even 1f
the internal combustion engine 3 1s located 1n a central/rear
position (thus having an optimal distribution of masses
between the front and rear axle) and, at the same time, the
wheelbase 1s relatively short (i.e., the car 1 exhibits
extremely high-performance dynamic behaviour). This
result 1s obtained by placing the internal combustion engine
5 with the drive shait 20 arranged higher: thereby, also the
transmission 7 can be arranged higher, thus freeing up the
necessary space in the lower part of the rear of the car to
house the acrodynamic difluser 75 having a very large size.

[0123] In the car 1 described above, accessibility to all
areas ol the internal combustion engine 3 1s excellent and
complete; this 1s obtained thanks to the accessibility from
below which, once the car 1 has been lifted, always allows
a worker to position himself exactly below the component to
be worked on. That 1s, the accessibility to the internal
combustion engine 5 from below makes maintenance easy
and simple, since the workers are not restricted by the shape
of the car 1, but can easily move 1n all the areas of the
internal combustion engine 5, as the car 1 1s lifted.

[0124] In the car 1 described above, the fact that the
removable panel 1s at least partially transparent constitutes
not only an undoubted technical advantage as explained
above, but also an aesthetic innovation and makes the
removable panel also an aesthetic element; it 1s important to
note that thanks to the large aerodynamic diffuser 735, it 1s
relatively easy to see at least part of the mnternal combustion
engine 5 through the transparent part of the removable panel
without having to bend down excessively.

[0125] In the car 1 described above, the body 12 1s
particularly rigid and strong thanks to the complete absence
ol an opening for access to the engine compartment 78 (and
normally closed by a bonnet). Thereby, with the same
rigidity, the overall mass of the body 12 can be reduced.
Furthermore, the absence of an opening for access to the
engine compartment 78 also makes the body 12 completely
continuous (1.e., without interruptions), thus reducing the
acrodynamic penetration coeflicient. The possibility of
climinating an opening for access to the engine compartment
78 through the body 12 is given by the fact that the internal
combustion engine 5 does not require any maintenance in
the upper part (consisting of the crankcase 17) and conse-
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quently 1t 1s no longer necessary to access the engine
compartment 78 from above. In fact, all the main compo-
nents of the internal combustion engine 5 are located 1n the
lower part of the engine compartment 78 and are easily
accessible from the bottom 14 through the opening 79 closed
by the removable panel 80.

[0126] Inthe car 1 described above, the lubrication pumps
60 and 61 and the cooling pump 63 are optimally placed to
mimmise the number of components required to bring the
pumps 60, 61 and 63 1n rotation and, at the same time, keep
the pressure drops in the lubrication circuit 59 and the
cooling circuit 62 low. That 1s, the simultaneous grouping
and actuation by means of the two camshaits 23 and 26 of
the four pumps 60, 61 and 63 makes the solution cheaper,
lighter and more compact relative to the known solutions
currently on the market.

LIST OF REFERENCE NUMBERS OF TH.
FIGURES

T
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2 front wheels

3 electric machine

4 rear wheels
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7 transmission

8 rear differential
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[0165]
10166]
10167]
[0168]
10169]
[0170]

[0171]

11 steering wheel
12 body

13 doors

14 bottom
15 tank

16 tank

17 crankcase
18 cylinders
19 pistons

20 drive shaft

21 cylinder head
22 intake valves
23 camshaft

24 belt drive

25 exhaust valves
26 camshaft

27 tuel 1njector

28 spark plug

29 1ntake system
30 intake manifold
31 throttle valve
32 exhaust system
33 treatment device
34 intake ducts

35 air inlet

36 air filter

37 compressor unit
38 intake duct

39 intercooler

40 intercooler

41 exhaust ducts
42 turbine unit

43 turbines

44 silencer

45 end pipe

10172]
[0173]
[0174]
[0175]
[0176]
[0177]
[0178]
[0179]
[0180]
[0181]
[0182]
[0183]
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[0186]
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[0211]
10212]
[0213]
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46 outlet opening

47 shaftt

48 rotation axis

49 compressor

50 electric motor

51 axial inlet

52 radial outlet

53 joining duct

54 electric generator
55 rotation axes

56 transmission device
57 radial inlet

58 axial outlet

59 lubrication circuit
60 lubrication pump
61 lubrication pump
62 cooling circuit

63 cooling pump

64 drum

65 clutches

66 primary shafts

67 transmission shaft
68 secondary shaft

69 axle shafits

70 primary toothed gear
71 secondary toothed gear
72 synchronisers

73 containing body

74 bottom wall

75 acrodynamic diffuser
76 chassis

77 sidebars

78 engine compartment
79 opening

80 removable panel

81 transparent window
82 sCrews

83 actuating system

84 varying device

85 rotation axes

86 rotation axis

87 intermediate shaft
88 rotation axis

89 central toothed gear

90 side toothed gear
91 transmission
92 exhaust duct

1) A car (1) comprising:
two front wheels (2);
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two rear drive wheels (4);

a supercharged internal combustion engine (5), which 1s
provided with a plurality of cylinders (18), with which
respective pistons (19) slide, and with a drive shait (20)
connected to the pistons (19);

at least one first compressor (49) configured to compress
air suited to be sucked by the supercharged internal
combustion engine (5);

a transmission (7) which 1s interposed between the inter-
nal combustion engine (5) and the rear drive wheels (4),
1s configured to vary a gear ratio between the drive
shaft (20) and the rear drive wheels (4) by alternately
engaging a plurality of different gears, and comprises a
drum (64) which 1s brought into rotation by the drive
shaft (20), at least one clutch (65) contained 1n the drum
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(64) to take the motion from the drum (64), a primary
shaft (66) directly connected to the clutch (65), a
secondary shaft (68) which transmits the motion to the
rear drive wheels (4), and a plurality of gearings, each
of which defines a respective gear and 1s configured to
transmit the motion from the primary shaft (66) to the
secondary shatt (68); and

an actuating system (83) which connects a rotary part of

the transmission (7) to the first compressor (49) so as to
receive the motion from the transmission (7) 1n order to
cause the rotation of the first compressor (49).

2) The car (1) according to claim 1, wherein the actuating,
system (83) connects the drum (64) of the transmission (7)
to the first compressor (49) so as to recerve the motion from
the drum (64) of the transmission (7) 1in order to cause the
rotation of the first compressor (49).

3) The car (1) according to claim 1, wherein the actuating
system (83) comprises a varying device (84) which 1s
interposed between the transmission (7) and the first com-
pressor (49) and has a variable gear ratio.

4) The car (1) according to claim 3, wherein the varying
device (84) has a centrifugal activation so as to autono-
mously change the gear ratio depending on the rotation
speed of the transmission (7).

5) The car (1) according to claim 3, wherein the varying
device (84) 1s configured to decrease the gear ratio as the
rotation speed of the transmission (7) increases.

6) The car (1) according to claim 3, wherein the varying
device (84) has only two diflerent gear ratios.

7) The car (1) according to claim 3, wherein the varying
device (84) 1s connected to the drum (64) of the transmission
(7) on the opposite side of the primary shaft (66).

8) The car (1) according to claim 7, wherein:

the drum (64) of the transmission (7) 1s arranged on the

opposite side of the internal combustion engine (5)
relative to the primary shaft (66); and

the transmission (7) comprises a transmission shaft (67)

which connects the drive shait (20) to the drum (64), 1s
coaxial to the primary shatt (66), and 1s 1nserted 1nside
the primary shaitt (66).

9) The car (1) according to claim 8, wherein the primary
shaft (66) and the transmission shaft (67) of the transmission
(7) are coaxial to the drive shaft (20) of the internal
combustion engine (5).

10) The car (1) according to claim 1, wherein:

the drum (64) of the transmission (7) 1s arranged on the

opposite side of the internal combustion engine (5)
relative to the primary shaft (66); and

10
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the transmission (7) comprises a transmission shait (67)
which connects the drive shaft (20) to the drum (64), 1s
coaxial to the primary shaft (66), and 1s 1nserted 1nside
the primary shait (66).

11) The car (1) according to claim 1, wherein each gearing

defining a gear of the transmission (7) comprises a primary
toothed gear (70) mounted on the primary shaft (66) and a

secondary toothed gear (71) mounted on the secondary shait
(68).

12) The car (1) according to claim 1, wherein the clutch
(65) comprises driving discs which are integral with the
drum (64) and thus always rotate together with the drive
shaft (20) to which the drum (64) 1s constrained, and driven
discs which are interspersed with the driving discs and are
integral with the primary shaft (66) and thus always rotate
together with the primary shaft (66).

13) The car (1) according to claim 1 and comprising a
second compressor (49) which 1s mndependent and separate
from the first compressor (49), receives the motion from the
actuating system (83), and i1s configured to compress air
suited to be sucked by the supercharged internal combustion
engine (5).

14) The car (1) according to claim 13, wherein:

the two compressors (49) are arranged parallel to and
spaced apart from each other so as to rotate around two
rotation axes (83) which are parallel to and spaced apart

from each other and are parallel to a rotation axis (86)
of the drum (64) of the transmission (7); and

the rotation axis (86) of the drum (64) of the transmission
(7) 1s arranged between the rotation axes (85) of the two
compressors (49).

15) The car (1) according to claim 13, wherein the
actuating system (83) comprises:

an intermediate shatt (87) which recerves the motion from
the drum (64) of the transmission (7) and rotates around
a rotation axis (88) which 1s parallel to and spaced from
a rotation axis (86) of the drum (64) of the transmission
(7):

a central toothed gear (89) which receives the motion
from the intermediate shatt (87); and

two side toothed gears (90), which are arranged on either
side of the central toothed gear (89), mesh with the
central toothed gear (89) and each transmit motion to a
corresponding compressor (49).
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