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1
TORQUE TRANSMISSION FOR AN
AIRCRAFT ENGINE

ing the first unidirectional torque-transmission
engagement;
and generating a driving torque with the running engine and
automatically creating a second unidirectional torque-transmission engagement by which at least some of the driving
torque is transmitted between the two parts in a direction
opposite that of the starting torque.
Further details of these and other aspects will be apparent
from the detailed description and figures included below.

TECHNICAL FIELD
The field of invention generally relates to a torque transmission arrangement and to a method of providing a speed
reduction between a starter-generator and an aircraft engine.

BACKGROUND OF THE ART

10

DESCRIPTION OF THE FIGURES

When starting an aircraft engine such as a gas turbine
Reference is now made to the accompanying figures, in
which:
engine, it is desirable to use an electric starter operating at the
FIG. 1 schematically shows a generic gas turbine engine to
highest optimum speed since the starter motor can then have
a smaller and a lighter construction compared to a motor 16 illustrate an example of a general environment in which the
operating at a lower rotation speed. However, when the
improved torque-transmission
system and method can be
engine is running, the operating speed of the engine can be
used;
FIG. 2 is a schematic cross-sectional view of an example of
many times the starting speed and a smaller-sized starter may
need to be disconnected from the engine to prevent it from
a torque transmission device as improved; and
20
FIG. 3 is a block diagram showing a torque-transmission
overspeeding. If the electrical machine remains continuously
connected to the engine spool shaft, concessions in machine
system in which the transmission ratio is variable.
design need to be made in order to allow a sufficiently robust
DETAILED DESCRIPTION OF THE PREFERRED
machine to operate in both starting and generating conditions,
EMBODIMENTS
which results in associated weight penalties. Room for
26
improvement thus exists.
FIG. 1 illustrates an example of a gas turbine engine 10
SUMMARY
generally comprising in serial flow communication a fan 12
through which ambient air is propelled, a multistage comIn one aspect, the present concept provides an aircraft
pressor 14 for pressurizing the air, a combustor 16 in which
engine comprising a starter-generator drivingly connected to 30 the compressed air is mixed with fuel and ignited for genera drive shaft through a transmission, the transmission having
ating an annular stream of hot combustion gases, and a turbine
a first speed reducing transmission ratio when driven by the
section 1S for extracting energy from the combustion gases. A
starter-generator and having a second speed reducing transhigh pressure compressor-turbine shaft 25 is connected by a
mission ratio when driven by the drive shaft.
transmission 20 (presented rather schematically in FIG. I) to
In another aspect, the present concept provides a bi-direc- 36 an electric starter-generator 23, located in this example on an
tional torque transmission system for use in an aircraft
accessory gearbox 19. This figure only illustrates one
engine, the system comprising: a first input/output
shaft; a
example of a suitable environment in which the present syssecond input/output shaft; a first set of continuously-meshed
tem and method may be used.
FIG. 2 shows an example of a torque transmission system
gears interposed between the first and the second input/output
shaft; a second set of continuously-meshed
gears interposed 40 20 as improved. This system 20 is designed to be used in the
between the first and the second input/output
shaft; a first
gas turbine engine 10. It comprises a first input/output shaft
one-way clutch associated with the first gear set, the first
22 and a second input/output shaft 24. Both shafts 22, 24 are
one-way clutch drivingly connecting together the first input/
parallel and juxtaposed in this example, other configurations
output shaft, the first gear set and the second input/output
being also possible. Each shaft 22, 24 is supported by a
shaft upon trans fer o f a torque from the first input/output shaft 46 corresponding set of bearings 26, 2S, 30, 32. The first input/
to the second input/output shaft; and a second one-way clutch
output shaft 22 can be connected to the starter-generator 23 of
associated with the second gear set, the second one-way
the engine, while the second input/output
shaft 24 can be
clutch drivingly connecting together the second input/output
connected to a drive shaft, for instance the engine spool shaft
25. These connections can be direct or indirect, using for
shaft, the second gear set and the first input/output shaft upon
transfer of a torque from the second input/output shaft to the 60 instance including a tower shaft or other kinds of mechanical
first input/output shaft.
links to carry the rotational movement.
In a further aspect, the present concept provides a system
The illustrated system 20 comprises a first set 34 of confor transferring torque in a gas turbine engine between a
tinuously-meshed gears interposed between the first and the
starter-generator and an engine spool shaft between which the
second input/output shaft 22, 24. This first gear set 34 has two
system is connected, the system comprising a first speed- 66 gears 36, 3S of different diameters. The smaller one is coaxireduction transmission mode in which torque is transmitted
shaft 22 and the
ally mounted around the first input/output
from the starter-generator to the engine spool shaft, and a
larger one is coaxially mounted around the second input/
second speed-reduction torque transmission mode in which
output shaft 24. It also comprises a second set 40 of continuously-meshed gears interposed between the first and the sectorque is transmitted from the engine spool shaft to the startergenerator.
60 ond input/output
shaft 22, 24. This second gear set 40 has two
In a further aspect, the present concept provides a method
gears 42, 44 of different diameters. The smallest one is coaxiof providing a constant speed reduction between two rotating
ally mounted around the second input/output shaft 24 and the
parts in an aircraft engine, the method comprising: generating
larger one is coaxially mounted around the first input/output
a starting torque during engine start and automatically creatshaft 22.
66
A first one-way clutch 50, associated with the first gear set
engagement
ing a first unidirectional torque-transmission
between the two parts; once the engine runs on its own,
34, is provided for drivingly connecting together the first
shaft 22, the first gear set 34 and the second
interrupting the starting torque and automatically disengaginput/output
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shaft 24 upon transfer of a torque from the first
shaft 22 toward the second input/output shaft 24.
A second one-way clutch 52, associated with the second gear
set 40, is provided for drivingly connecting together the second input/output shaft 24, the second gear set 40 and the first
input/output shaft 22 upon transfer of a torque from the second input/output shaft 24 toward the first input/output shaft
22. Thus, one of the one-way clutches 50, 52 works in the
clockwise direction and the other works in the counter-clockwise direction. One-way clutches 50, 52 are activated by a
torque provided in one direction from the input side to the
output side thereof. They offer no or very little resistance in
the opposite direction.
The first one-way clutch 50 and the second one-way clutch
52 can each include a sprag. In the illustrated example, the
sprag clutch 50 associated with the first gear set 34 is coaxially mounted between the first gear 36 and the first input/
output shaft 22. Likewise, the sprag clutch 52 associated with
the second gear set 40 is coaxially mounted between the
second gear 42 and the first input/output shaft 22. Mounting
one of the sprag clutches 50, 52 or even both of them on the
second input/output shaft 24 would have also been possible.
As can be appreciated, the system 20 provides a bi-directionally transmission of the torque between the starter-generator 23 to which the first input/output shaft 22 of the system
20 is mechanically connected, and the drive shaft 25 to which
the second input/output shaft 27 of the system 20 is mechanically connected. Thus, the system 20 has a first transmission
mode in which torque is transmitted at a constant first speed
reducing ratio from the first input/output shaft 22 to the second input/output shaft 24, and a second torque transmission
mode in which torque is transmitted at a constant second
speed reducing ratio from the second input/output shaft 24 to
the first input/output shaft 22. Torque is transmitted in the first
transmission mode using the first one-way clutch 50 and the
second transmission mode uses the second one-way clutch 52
to transmit the torque in the other direction. The first and the
second speed reducing ratio may be equal or different,
depending on the needs. However, using this system 20, a
speed reducing ratio is provided in both directions. With the
speed reducing ratio, the input shaft rotates faster than the
output shaft and the torque at the output shaft is proportionally increased.
In use, electrical power is sent to the starter-generator 23
during engine start. The starter-generator 23 then generates a
starting torque. This automatically creates a first unidirectional torque-transmission
engagement between the startergenerator 23 and the drive shaft 25 because of the first oneway clutch 50. The second one-way clutch 52 is inactive since
it is opposite the first one. Once the engine runs on its own, the
electrical power to the starter-generator 23 can be interrupted.
This automatically disengages the first unidirectional torquetransmission engagement. As the engine runs faster, it generates torque and at least a portion o f the torque generated by the
engine at the shaft 25 is sent to the starter-generator 23,
thereby automatically
creating a second unidirectional
torque-transmission engagement between the shaft 25 and the
starter-generator 23. Rotational direction of the parts remains
the same at all times.
Overall, the present system and method allow the startergenerator to be designed to rotate at a high rotation speed
when providing a starting torque while not overrunning when
receiving a driving torque from the running engine to generate electrical power.
The above description is meant to be exemplary only, and
one skilled in the art will recognize that certain changes may
be made to the embodiments described without departing
input/output
input/output
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from the scope of the appended claims. For example, the
system and the method are not limited for use with a turbofan
engine, and may be used with any suitable engine such as
other gas turbine engines and even piston engines. The
starter-generator may be located in the AGB as described, or
mounted concentrically with an engine spool shaft, or provided in any other suitable configuration. The concept is not
strictly limited to use with electric starter-generators, and any
suitable starter-generator device(s) may be used. In some
applications, the stator-generator can be substituted by a nonelectrical device, such as a pneumatic or hydraulic. Any suitable transmission may provided, and the above-described
example is merely one of a variety of possibilities available,
as will be apparent to those skilled in the art. The transmission
need not be mechanical, and may be hydraulic, pneumatic,
magnetic, or any suitable transmission. The speed-reduction
ratios of the transmission need not be constant, and a continuously variable transmission (CVT) (see 20'n FIG. 3) or other
suitable variable transmission may be used. The described
transmission is also subject to modification. For example,
each set of gears can have more than two gears. The first and
the second set of gears can have a different number of gears.
The sprag clutch is only one of the possible kinds of one-way
clutches and other kinds of one-way clutches can be used as
well. The first one-way clutch and the second one-way clutch
do not need to be identical. As aforesaid, mounting one of the
one-way clutches or even both of them on the second input/
output shaft instead of the first input/output shaft is possible.
Yet, using more than two one-way clutches in the same gear
set is possible. The input/output shafts can be coaxial. The
gear arrangement could then be configured as an epicyclical
gear arrangement, for instance. The expression "drive shaft"
must be construed in a broad sense. The link between the
system and the starter-generator and the shaft can be direct or
indirect. For instance, the drive shaft and the system can be
mechanically connected together using a tower shaft and a
plurality of external gears. Still other modification which fall
within the spirit of the present invention will be apparent to
those skilled in the art, in light of a review of this disclosure,
and such modification are intendedto fall within the scope of
the appended claims.
What is claimed is:
1. An aircraft engine comprising a starter-generator drivingly connected to a drive shaft through a transmission, the
transmission having a first speed reducing transmission ratio
when driven by the starter-generator and having a second
speed reducing transmission ratio when driven by the drive
shaft; the starter-generator being drivingly connected to the
drive shaft at the first ratio through a first unidirectional clutch
and the drive shaft being drivingly connected to the startergenerator at the second ratio through a second unidirectional
clutch; wherein at least one of the first ratio and the second
ratio is constant at all rotation speeds.
2. The engine as defined in claim 1, wherein the transmission includes a first set of meshed gears corresponding to the
first ratio, and a second set of meshed gears corresponding to
the second ratio.
3. The engine as defined in claim 2, wherein each of the first
and second clutches includes a sprag.
4. The engine as defined in claim 1, wherein the first ratio
is less than the second ratio, such that the second ratio reduces
an output speed of the transmission more than the first ratio.
5. The engine as defined in claim 2, wherein the other of the
first ratio and the second ratio is variable.
6. The engine as defined in claim 1, wherein the first ratio
and the second ratio are each constant at all rotation speeds.

