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(57) ABSTRACT

A propeller-type propulsion system for aircraft comprising a
propeller, a plurality of electric motors and a gearbox. The
gearbox has an output shaft onto which the propeller is
mechanically coupled, and has an input shaft onto which the
plurality of electric motors is mechanically coupled, the
input shaft being off-center with respect to the output shaft.
All of the electric motors are mechanically coupled one after
the other along the input shaft such that the electric motors
are at least partially integrated into a space, on the opposite
side of the gearbox from the propeller, that is left free owing
to the input shaft and the output shaft being off-center with
respect to one another. As a result, the diameter of the
propulsion system, in a plane perpendicular to the axis of
rotation of the propeller, is reduced. This improves the
aerodynamics and the fuel consumption of the aircraft.
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PROPELLER-TYPE PROPULSION SYSTEM
FOR AN AIRCRAFT

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims the benefit of the French
patent application No. 2107763 filed on Jul. 19, 2021, the
entire disclosures of which are incorporated herein by way
of reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a propeller-type
propulsion system for an aircraft, which comprises a plu-
rality of electric motors that together turn the propeller.

BACKGROUND OF THE INVENTION

[0003] Electric motors can be used to drive in rotation a
propeller of a propulsion system, and thus move an aircraft
both on the ground and in flight.

[0004] Since commercial aircraft are relatively heavy
vehicles, significant propulsion energy is needed to move
them. Thus, aircraft typically have multiple propulsion sys-
tems, that is to say multiple propeller-type engines. In spite
of'this, each propulsion system must typically have multiple
electric motors which act together to turn the propeller.
[0005] A gearbox is used for that purpose. Since each
electric motor has an output shaft (driveshaft), the gearbox
provides mechanical coupling between the output shafts of
these electric motors and an output shaft of the gearbox,
which is secured to the propeller. Thus, the gearbox has the
same number of input shafts as there are electric motors
arranged in parallel. One drawback of this arrangement is
that, since the motors are mounted in parallel, the propulsion
system is bulky both in terms of height and in terms of
width. In other words, the diameter of the propulsion system,
in a plane perpendicular to the axis of rotation of the
propeller, is large. This impairs the aerodynamics of the
aircraft and increases its fuel (e.g., hydrogen) consumption.
[0006] It is therefore desirable to provide a solution by
which it is possible to improve the acrodynamics and fuel
consumption of the aircraft.

SUMMARY OF THE INVENTION

[0007] The present invention therefore proposes a propel-
ler-type propulsion system for an aircraft, comprising: a
propeller; a plurality of electric motors; a gearbox having an
output shaft onto which the propeller is mechanically
coupled, and having an input shaft onto which the plurality
of electric motors is mechanically coupled, the input shaft
being off-center with respect to the output shaft. Moreover,
all of the electric motors of the plurality of electric motors
are mechanically coupled one after the other along the input
shaft in such a way that the electric motors are at least
partially integrated into a space, on the opposite side of the
gearbox from the propeller, that is left free owing to the
input shaft and the output shaft being off-center with respect
to one another. As a result, the electric motors are not
mounted in parallel and the diameter of the propulsion
system, in a plane perpendicular to the axis of rotation of the
propeller, is reduced. This improves the aerodynamics and
the fuel consumption of the aircraft.

[0008] According to one particular embodiment, each
electric motor comprises an output shaft that is parallel to the
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input shaft and comprises a first gearwheel mechanically
coupled to a second gearwheel on the input shaft, the first
gearwheel and the second gearwheel being coplanar.
[0009] According to one particular embodiment, each
electric motor comprises an output shaft that is perpendicu-
lar to the input shaft and comprises a first conical gearwheel
mechanically coupled to a second conical gearwheel on the
input shaft, the first conical gearwheel and the second
conical gearwheel therefore being in perpendicular respec-
tive planes.

[0010] According to one particular embodiment, the elec-
tric motors are arranged in a line.

[0011] According to one particular embodiment, the elec-
tric motors are arranged on either side of a vertical plane
passing through the axis of rotation of the input shaft.
[0012] According to one particular embodiment, the elec-
tric motors are mechanically coupled in a freewheel arrange-
ment with the input shaft.

[0013] According to one particular embodiment, the input
shaft is mechanically coupled in a freewheel arrangement
with the output shaft.

[0014] According to one particular embodiment, the pro-
peller-type propulsion system further comprises a housing
for controlling the orientation of the propeller blades, this
housing being placed in continuation of the output shaft, on
the opposite side of the gearbox from the propeller.

[0015] According to one particular embodiment, the elec-
tric motors are powered by fuel cells.

[0016] The present document also proposes an aircraft
comprising at least one propeller-type propulsion system as
mentioned hereinabove in any one of its embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The features of the invention mentioned above,
along with others, will become more clearly apparent on
reading the following description of at least one exemplary
embodiment, the description being given with reference to
the appended drawings, in which:

[0018] FIG. 1 shows, schematically and in perspective, an
aircraft equipped with at least one propeller-type propulsion
system,

[0019] FIG. 2 shows, schematically and in simplified
section, an arrangement of such a propeller-type propulsion
system,

[0020] FIG. 3 shows, schematically and in simplified
section, another arrangement of such a propeller-type pro-
pulsion system; and

[0021] FIG. 4 shows, schematically and in perspective, a
particular embodiment of the arrangement of FIG. 3.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0022] FIG. 1 shows, schematically and in perspective, an
aircraft 100 equipped with at least one propeller-type pro-
pulsion system 101. By way of illustration, the aircraft 100
of FIG. 1 comprises two propeller-type propulsion systems
101 respectively mounted on each of the wings of the
aircraft 100. The aircraft 100 may comprise a different
number of propeller-type propulsion systems 101.

[0023] When used here, the term “length” refers to a
horizontal dimension when the aircraft 100 is on the ground,
and the term “height” refers to a vertical dimension when the
aircraft 100 is on the ground.
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[0024] FIG. 2 shows, schematically and in simplified
section, an arrangement of such a propeller-type propulsion
system 101.

[0025] The propeller-type propulsion system 101 com-
prises a propeller 201 and a gearbox 202. The propeller may
be a turboprop propeller, as depicted schematically in FIG.
2. However, other propeller configurations may be contem-
plated without departing from the scope of the invention.
Thus, the propeller may correspond to a faired propeller (or
“ducted fan”), for example. The gearbox 202 comprises an
output shaft 221 to which the propeller 201 is mechanically
coupled. As shown in FIG. 2, the propeller 201 is typically
mounted at the end of the output shaft 221 so that its axis of
rotation is the axis of revolution 205 of the output shaft 221.
[0026] The propeller-type propulsion system 101 com-
prises a plurality of electric motors 203 whose purpose is to
turn the propeller 201 via the gearbox 202. For example,
each electric motor 203 is powered by one or more fuel cells
such as hydrogen cells.

[0027] Each electric motor 203 comprises an output shaft
228 that is mechanically coupled to a common input shaft
224 of the gearbox 202. Thus, the plurality of electric motors
203 is mechanically coupled to a single shaft and the electric
motors 203 therefore together drive the common input shaft
224.

[0028] The common input shaft 224 is parallel to the
output shaft 221 and is off-center with respect to the output
shaft 221. The common input shaft 224 enters the gearbox
202 on the opposite side from the side from which the output
shaft 221 emerges. The gearbox 202 comprises a set of
gearwheels 222, 223 that are arranged so as to provide a
reduction in rotational speed and so as to bring about the
off-center arrangement between the common input shaft 224
and the output shaft 221.

[0029] All of the electric motors 203 of the plurality of
electric motors 203 are installed, at least in part, in a space
behind the gearbox 202 (that is to say, on the other side of
the gearbox 202 from the propeller 201) which is left free
owing to the common input shaft 224 and the output shaft
221 being off-center with respect to one another. Thus, the
plurality of electric motors 203 is at least partially housed in
this space that is left free owing to the common input shaft
224 and the output shaft 221 being off-center with respect to
one another. The electric motors 203 are mechanically
coupled to the common input shaft 224 one after the other
along the common input shaft 224. Proceeding in this
manner reduces the bulk (in terms of height) of the propel-
ler-type propulsion system 101, which improves the aero-
dynamics of the aircraft 100. In one particular embodiment,
all of the electric motors 203 of the plurality of electric
motors 203 are installed entirely in the space behind the
gearbox 202.

[0030] In the arrangement of FIG. 2, the electric motors
203 are arranged in such a way that their output shafts 228
are parallel to the common input shaft 224. Each output shaft
228 comprises a gearwheel 227 that is mechanically coupled
to a gearwheel 226 on the common input shaft 224, the
gearwheels 226 and 227 being coplanar.

[0031] The electric motors 203 are preferably mechani-
cally coupled in a freewheel arrangement with the common
input shaft 224. For example, a freewheel arrangement
(which engages in just one direction of rotation) 229 is
established where each gearwheel 226 is mounted on the
common input shaft 224. According to another example, a
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freewheel arrangement is established where each gearwheel
227 is mounted on the output shaft 228 of each electric
motor 203.

[0032] Preferably, the common input shaft 224 is
mechanically coupled in a freewheel arrangement with the
output shaft 221. For example, a freewheel arrangement is
established where the gearwheel 223 is mounted on the
common input shaft 224.

[0033] In one embodiment, the common input shaft 224
and the sets of gearwheels 226, 227 are arranged in a single
casing 204 that is fixed with respect to the gearbox 202. Ball
bearings 225, for example, allow the common input shaft
224 to rotate in the casing 204. This simplifies lubrication of
these various elements.

[0034] This makes it possible to ensure a loading path,
with a first anchor point on the gearbox 202 and a second
anchor point on a part of the casing 204 that is remote from
the gearbox 202, for example a part of the casing 204 that
encloses the mechanical coupling of the very last electric
motor 203 (with respect to the gearbox 202) to the common
input shaft 224, that is to say, the gearwheels 226, 227 of this
very last electric motor 203. In other words, the loading path
can be ensured with a first anchor point on the gearbox 202
and a second anchor point on a part of the casing 204 that
is located between the two electric motors that are furthest
from the gearbox 202, as illustrated by arrows A and B in
FIG. 2. This limits cantilevering.

[0035] The propeller-type propulsion system 101 is pref-
erably self-contained, so as to simplify installation and
maintenance thereof, as described in patent document
FR3097202A1 or patent document US 2021/0078719 Al,
the disclosures of both of which are incorporated herein by
reference.

[0036] FIG. 3 shows, schematically and in simplified
section, an alternative arrangement of the propeller-type
propulsion system 101.

[0037] The electric motors 203 are positioned in such a
way that their output shafts 228 are perpendicular to the
common input shaft 224. Each output shaft 228 comprises a
conical gearwheel 305 that is mechanically coupled to a
conical gearwheel 304 on the common input shaft 224, the
conical gearwheels 304 and 305 therefore being in perpen-
dicular planes.

[0038] In one embodiment, the common input shaft 224
and the sets of gearwheels 304, 305 are arranged in a single
casing 301.

[0039] Furthermore, conical roller bearings 303 can be
used in addition to ball bearings 302 so as to react axial and
radial loads and allow the common input shaft 224 to rotate
in the casing 301.

[0040] As in the arrangement of FIG. 2, the loading path
can be ensured with a first anchor point on the gearbox 202
and a second anchor point on a part of the casing 204 that
is located between the two electric motors that are furthest
from the gearbox 202.

[0041] In the arrangement of FIG. 3, the electric motors
203 are positioned in a line. A different arrangement, in
which the electric motors 203 are positioned on either side
of a vertical plane passing through the axis of rotation 206
of the common input shaft 224 can be implemented, result-
ing in a non-zero angle between the axes of the output shafts
228 of a first set of electric motors 203 and a second set of
electric motors 203. Preferably, the electric motors 203 are
successively on either side of the vertical plane, as depicted
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schematically in FIG. 4. Depending on the dimensions of the
electric motors 203, this makes it possible to reduce the bulk
(in terms of length) of the propeller-type propulsion system
101. This particular arrangement also applies as a variant of
the arrangement of FIG. 2 (output shafts 228 of the electric
motors 203 parallel to the common input shaft 224).
[0042] In one particular embodiment, the propeller-type
propulsion system 101 comprises a housing 401 for con-
trolling the orientation (“pitch control”) of the blades of the
propeller 201. Preferably, the housing 401 is placed in
continuation of the output shaft 221, on the opposite side of
the gearbox 202 from the propeller 201. If, owing to the
arrangement of the very first electric motor 203 behind the
gearbox 202, it is impossible to position the housing 401 in
this manner, then the housing 401 is positioned so as to
minimize as far as possible the offset between the housing
401 and the axis 205 of rotation of the propeller 201.
[0043] While at least one exemplary embodiment of the
present invention(s) is disclosed herein, it should be under-
stood that modifications, substitutions and alternatives may
be apparent to one of ordinary skill in the art and can be
made without departing from the scope of this disclosure.
This disclosure is intended to cover any adaptations or
variations of the exemplary embodiment(s). In addition, in
this disclosure, the terms “comprise” or “comprising” do not
exclude other elements or steps, the terms “a” or “one” do
not exclude a plural number, and the term “or” means either
or both. Furthermore, characteristics or steps which have
been described may also be used in combination with other
characteristics or steps and in any order unless the disclosure
or context suggests otherwise. This disclosure hereby incor-
porates by reference the complete disclosure of any patent or
application from which it claims benefit or priority.

1. A propeller-type propulsion system for aircraft, having:

a propeller;

a plurality of electric motors, each comprising an output
shaft;

a gearbox having an output shaft onto which the propeller
is mechanically coupled, and having an input shaft onto
which the plurality of electric motors is mechanically
coupled, the input shaft being off-center with respect to
the gearbox output shaft; and

wherein all of the electric motors are mechanically
coupled one after the other along the input shaft such
that the electric motors are entirely installed in a space,
on an opposite side of the gearbox from the propeller,
that is left free owing to the input shaft and the output
shaft being off-center with respect to one another, the
electric motors being moreover arranged in such a way
that:
output shafts of the electric motors are parallel to the

input shaft, each output shaft comprising a first
gearwheel mechanically coupled to a second gear-
wheel on the input shaft, the first gearwheel and the
second gearwheel being coplanar.

2. The propeller-type propulsion system according to

claim 1, wherein the electric motors are arranged in a line.

3. The propeller-type propulsion system according to

claim 1, wherein the electric motors are arranged on either
side of a vertical plane passing through an axis of rotation of
the input shaft.

4. The propeller-type propulsion system according to

claim 1, wherein the electric motors are mechanically
coupled in a freewheel arrangement with the input shaft.
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5. The propeller-type propulsion system according to
claim 1, wherein the input shaft is mechanically coupled in
a freewheel arrangement with the output shaft.

6. The propeller-type propulsion system according to
claim 1, further comprising a housing for controlling an
orientation of blades of the propeller, this housing being
placed in continuation of the output shaft, on the opposite
side of the gearbox from the propeller.

7. The propeller-type propulsion system according to
claim 1, wherein the electric motors are powered by fuel
cells.

8. An aircraft comprising at least one propeller-type
propulsion system according to claim 1.

9. A propeller-type propulsion system for aircraft, having:

a propeller;

a plurality of electric motors, each comprising an output
shaft;

a gearbox having an output shaft onto which the propeller
is mechanically coupled, and having an input shaft onto
which the plurality of electric motors is mechanically
coupled, the input shaft being off-center with respect to
the gearbox output shaft; and

wherein all of the electric motors are mechanically
coupled one after the other along the input shaft such
that the electric motors are entirely installed in a space,
on an opposite side of the gearbox from the propeller,
that is left free owing to the input shaft and the output
shaft being off-center with respect to one another, the
electric motors being moreover arranged in such a way
that:
output shafts of the electric motors are perpendicular to

the input shaft, each output shaft comprising a first
conical gearwheel mechanically coupled to a second
conical gearwheel on the input shaft, the first conical
gearwheel and the second conical gearwheel there-
fore being in perpendicular respective planes.

10. The propeller-type propulsion system according to
claim 9, wherein the electric motors are arranged in a line.

11. The propeller-type propulsion system according to
claim 9, wherein the electric motors are arranged on either
side of a vertical plane passing through an axis of rotation of
the input shaft.

12. The propeller-type propulsion system according to
claim 9, wherein the electric motors are mechanically
coupled in a freewheel arrangement with the input shaft.

13. The propeller-type propulsion system according to
claim 9, wherein the input shaft is mechanically coupled in
a freewheel arrangement with the output shaft.

14. The propeller-type propulsion system according to
claim 9, further comprising a housing for controlling an
orientation of blades of the propeller, this housing being
placed in continuation of the output shaft, on the opposite
side of the gearbox from the propeller.

15. The propeller-type propulsion system according to
claim 9, wherein the electric motors are powered by fuel
cells.

16. An aircraft comprising at least one propeller-type
propulsion system according to claim 9.

17. A propeller-type propulsion system for aircraft, hav-
ing:

a propeller;

a plurality of electric motors, each comprising an output

shaft;
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a gearbox having an output shaft onto which the propeller
is mechanically coupled, and having an input shaft onto
which the plurality of electric motors is mechanically
coupled, the input shaft being off-center with respect to
the gearbox output shaft; and
wherein all of the electric motors are mechanically
coupled one after the other along the input shaft such
that the electric motors are entirely installed in a space,
on an opposite side of the gearbox from the propeller,
that is left free owing to the input shaft and the output
shaft being off-center with respect to one another, the
electric motors being moreover arranged in such a way
that:
output shafts of the electric motors are parallel to the
input shaft, each output shaft comprising a first
gearwheel mechanically coupled to a second gear-
wheel on the input shaft, the first gearwheel and the
second gearwheel being coplanar, or

output shafts of the electric motors are perpendicular to
the input shaft, each output shaft comprising a first
conical gearwheel mechanically coupled to a second
conical gearwheel on the input shaft, the first conical
gearwheel and the second conical gearwheel there-
fore being in perpendicular respective planes.
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