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DAMPING OF MECHANICAL DRIVE TRAIN

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to European Patent
Application No. 22425027.4 filed Jun. 22, 2022, the entire
contents of which is incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure is concerned with providing
damping in a mechanical drive train such as for a variable
frequency starter generator, VFSG.

BACKGROUND

[0003] Power transmission devices are used in many
applications e.g. in vehicles or aircraft to transmit torque
from a motor to a load to be driven. Torque from the motor
is transferred to the load via shafts and, generally, via
gearing. In some applications, additional generators are
provided to provide power beyond the normal operating
range of the main motor. In aircraft, for example, power is
also generated by rotation of the aircraft rotors and this can
be harnessed by generators which produce electrical energy
to power on-board electrical systems and other loads on the
aircraft e.g. the environmental control system. Commonly,
variable frequency generators are used which can act as a
starter (or motor) to start rotation of the gas turbine engine
and can, during rotation, also operate as a generator using
the power from the rotation to generate electrical energy.
The frequency of the generated electrical power varies
depending on the speed of rotation of the rotor. These are
known as Variable frequency starter generators (VFSGs). In
atypical assembly, the turbine engine includes a rotor which,
as it rotates, drives a shaft which is connected to a gear box.
The gear box translates the rotation to a drive shaft con-
nected to a variable frequency generator. This is connected
to motor controllers and/or other loads via a power bus.
When operating as a starter, on start-up of the rotor, the
VFSG works together with the main motor to start the
rotation of the turbine engine.

[0004] The VFSG typically includes an input shaft that is
connected to an engine accessory gearbox for the torque
transfer. More recently, VFSGs have been designed to
include a drive shaft coupled to the input shaft, where the
coupling is detachable. This enables the VFSG to be
decoupled from the transmission in the event of a fault in the
VFSG. In some of these systems, there has been a problem
that in certain conditions, when a change in power is needed,
excessive voltage modulations and mechanical torque oscil-
lations occur which are outside of desired tolerance ranges.
It transpired that these problems may be arising due to
inadequate damping of the drive train between the gear box
and the VFSG—i.e. in the input shaft sub-assembly of the
system. There is, therefore, a need to create the necessary
damping in the system. At the same time, though, it is
desired to retain the decoupling feature between the input
shaft and the drive shaft, for safety.

SUMMARY

[0005] The present disclosure provides a damping mecha-
nism for providing vibration damping between coaxially
mounted first, outer, shaft and second, inner, shaft of a drive
train, the damping mechanism comprising a friction disk, a
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Belleville spring and an adjustment shim arranged to be
mounted under a pre-load force within the first shaft exerting
a force against the second shaft, the damping mechanism
arranged to be secured in the first shaft by a locking nut.
[0006] A shaft sub-assembly, a VFSG and a method of
damping are also provided.

BRIEF DESCRIPTION

[0007] Examples according to the disclosure will now be
described with reference to the drawings. It should be noted
that these are examples only, and that variations are possible
within the scope of the claims.

[0008] FIG. 1 shows, in cross-section, an input shaft
sub-assembly of a variable frequency starter generator,
VESG.

[0009] FIG. 2 is an exploded view of the input shaft
sub-assembly modified according to this disclosure.

[0010] FIG. 3 is a cross-sectional view of a sub-assembly
as shown in FIG. 2.

DETAILED DESCRIPTION

[0011] Referring first to FIG. 1, the input shaft sub-
assembly of a VFSG is shown. This sub-assembly is typi-
cally provided between the VFSG and the engine transmis-
sion or the accessory gearbox of a power transmission
system, and is composed of interconnected coaxial shafts so
that it is possible to disengage the generator (VFSG) from
the engine gearbox input. The figure shows, in particular, the
input shaft 1 which, in use, is connected to the VFSG. The
drive from the aircraft engine gearbox is applied to the input
shaft 1. Then, the input shaft transmits the drive to the
disconnect shaft 3 that in turns transmits it to the rotor shaft
2. The drive goes in the opposite way when the VFSG is
operated as a starter of the aircraft engine. The rotor shaft 2
is the mechanical part that starts rotation of the rotor
windings of the VFSG. A bearing 4 is provided for rotation
of the rotor shaft. The input shaft 1 is connected to a
disconnect shaft 3, which is arranged coaxially inside the
rotor shaft 2 and connected to it via a coupling (not shown).
In normal operation, rotation of the input shaft causes
rotation of the disconnect shaft which, in turn, causes
rotation of the rotor shaft. If it is necessary to disengage the
input shaft from the rotor shaft e.g. in the event of failure of
the VFSG, or for maintenance, the bearing operates to
disconnect the input shaft from the disconnect shaft. Rota-
tion of the input shaft, then no longer causes rotation of the
rotor shaft. When the engine is driving the VFSG, as a
generator, rotation of the rotor shaft causes rotation of the
disconnect shaft which rotates the input shaft. The discon-
nection, via the bearing, prevents rotation of the rotor being
transferred to rotation of the input shaft.

[0012] The aim of this disclosure is to provide adequate
mechanical damping to the system but in a part of the system
that still enables the disconnect function. The mechanical
damping assembly, as will be described further below, is
provided internal to the shaft sub-assembly 10, so does not
add to the envelope of the system, and is provided inside the
generator between the input shaft and the disconnect shaft.
[0013] The mechanical damping according to the disclo-
sure is provided by means of a friction disk element which
is pressed against the mating surface between the disconnect
shaft and the input shaft by means of a Belleville spring that
can be adjusted to provide the necessary compression force
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to damp vibrations. The damping mechanism damps vibra-
tions between the shafts and so avoids such vibrations being
transferred from the disconnect shaft to the input shaft when
engaged.

[0014] The Belleville spring is adjusted by means of shims
interposed between the Belleville spring and a locking nut.
[0015] The reaction torque developed by the friction disk
is grounded to the rotor shaft via slots machined into the
rotor shaft, as will be described further below.

[0016] These features will be further described with ref-
erence to FIG. 2 which shows the rotor shaft 12, which is
located within the VFSG (not shown). The rotor shaft 12
accepts the disconnect shaft 14 arranged coaxially within it
and rotatable relative to the rotor shaft 12. Similarly to the
sub-assembly shown in FIG. 1, the input shaft 20 is con-
nected to a disconnect shaft 14 which, in normal operation,
provides torque transmitting engagement between the rotor
shaft 12 and the input shaft 20.

[0017] The damping mechanism of this disclosure is
mounted between the input shaft 20 and the disconnect shaft
14, where the two shafts are connected, with the components
fitted inside the connecting end 11 of the rotor shaft 12. The
damping mechanism 30 comprises a friction disk 32, a
Belleville spring 34 (which is a flat, annular resilient disk)
and a shim or adjustment washer 36. These are mounted
coaxially inside the end 11 of the rotor shaft 12 with the
friction disk 32 being located innermost, followed by the
Belleville spring 34 and then the adjustment shim 36. These
are all annular, ring parts and are secured in place within the
rotor shaft 12 by means of grooves 16 on the inner surface
of the end 11 of the rotor shaft 12. A nut 40 is attached to the
end 11 of the rotor shaft to retain the damping mechanism
components in place at their chosen settings.

[0018] Because the damping mechanism components are
all fitted and secured in the end of the rotor shaft, the
disconnection is still possible but, even if the disconnect
function is activated, these components remain in position
and retain their damping force settings.

[0019] The damping mechanism provides a damping force
operating on the relative rotation between the disconnect
shaft 14 and the rotor shaft 12 as will be explained further
below.

[0020] The friction disk 32 is an annular ring provided
with engagement lugs 33 around the outer periphery to
connect the friction disk to the rotor shaft so that it cannot
rotate relative thereto. The friction disk is made of a friction
material having the required friction coefficients. Any oscil-
lations are prevailing (as far as angular rotations are con-
cerned) in the disconnect shaft 14 because this is the part that
has the greater compliance due to its length and reduced
thickness. The input shaft 20 and the rotor shaft 12 are quite
stiff, the former due to its compact design and the latter due
to the windings that it supports. Therefore, when the oscil-
lations are in place, it is convenient to damp them in the
disconnect shaft. For this reason, the friction disk 32 is
pressed against the disconnect shaft, so that when the shaft
oscillates tangential forces (thus a resulting torque) are
generated, by effect of the friction, opposing the relative
rotation. However, the tangential forces (hence torque) need
to be grounded. The slots 16 in the rotor shaft have the
function to ground those forces by being engaged by cor-
responding lugs 33 of the friction disk.

[0021] The Belleville spring 34 located axially adjacent
the friction disk 32 is provided to adjust the force transmitted
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to the friction disk by the damping mechanism and to adjust
friction due to relative motion of the friction disk and the
disconnect shaft. The spring design should satisfy any
relevant industry standards, and will have a given pre-load
force, a force that it exerts at maximum deflection and a
maximum stress.

[0022] The adjustment shim 36 is provided to press
against the Belleville spring—i.e. to act as a filler between
the locking nut 40 and the spring. The thickness of the shim
can be precisely selected to ensure the required force or
pre-load of the damping mechanism on the disconnect shaft.
Whilst the desired values and loads will depend on the
system, in one example, the torque to be applied by the
friction disk may be 40.38 inlb (4.6 Nm) and the minimum
axial load of the Belleville spring is 1731 N.

[0023] FIG. 3 shows a cross section view of the damping
mechanism assembled in the rotor shaft sub-assembly.

[0024] The friction torque is developed against the dis-
connect shaft 14 which engages with the input shaft 20.

[0025] This solution allows the mechanical damping to be
precisely adjusted based on the specific needs of each unit.
The damping mechanism components can be easily fitted
into an existing sub-assembly.

[0026] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the present disclosure. As used herein, the
singular forms “a”, “an” and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises” and/or “comprising,” when used in this speci-
fication, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, element components,
and/or groups thereof.

[0027] While the present disclosure has been described
with reference to an exemplary embodiment or embodi-
ments, it will be understood by those skilled in the art that
various changes may be made and equivalents may be
substituted for elements thereof without departing from the
scope of the present disclosure. In addition, many modifi-
cations may be made to adapt a particular situation or
material to the teachings of the present disclosure without
departing from the essential scope thereof. Therefore, it is
intended that the present disclosure not be limited to the
particular embodiment disclosed as the best mode contem-
plated for carrying out this present disclosure, but that the
present disclosure will include all embodiments falling
within the scope of the claims.

1. A damping mechanism for providing vibration damping
between coaxially mounted first, outer, shaft and second,
inner, shaft of a drive train, the damping mechanism com-
prising:

a friction disk;

a Belleville spring; and

an adjustment shim arranged to be mounted under a

pre-load force within the first shaft exerting a force
against the second shaft, the damping mechanism
arranged to be secured in the first shaft by a locking nut.

2. The damping mechanism of claim 1, wherein the
friction disk, the Belleville spring and the adjustment shim
are all annular parts assembled around a common axis.
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3. The damping mechanism of claim 1, wherein the
friction disk is provided with a plurality of lugs extending
radially outwards.

4. A shaft sub-assembly of a generator comprising:

a first, outer, shaft;

a coaxial second, inner shaft; and

a damping mechanism as claimed in claim 1, mounted

between and connecting a first end of the first, outer,
shaft and a first end of the second, inner shaft.

5. The shaft sub-assembly of claim 4, the first, outer shaft
having a second end rigidly connected to a second end of the
second, inner shaft.

6. The shaft sub-assembly of claim 4, wherein the first,
outer shaft has one or more grooves in an inner surface
thereof, to receive the friction disk.

7. The shaft sub-assembly of claim 4, further comprising:

the locking nut to secure the damping mechanism under

a pre-load within the first, outer, shaft.

8. The shaft sub-assembly of claim 4, further comprising
a third shaft connected to the first end of the second, inner
shaft.

9. The shaft sub-assembly of claim 8, wherein the third
shaft is connected to the second, inner, shaft via a bearing.
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10. The shaft sub-assembly of claim 9, wherein the
bearing is arranged to release to disconnect the third shaft
from the second, inner, shaft.

11. The shaft sub-assembly of claim 10, wherein the
bearing is arranged to release to disconnect the third shaft
from the second, inner, shaft without releasing the damping
mechanism from the first, outer, shaft.

12. A variable frequency starter generator (VFSG) com-
prising:

a shaft sub-assembly as claimed in claim 1,

wherein the first shaft comprising a rotor shaft, the second

shaft comprising a disconnect shaft, and the third shaft
comprising an input shaft.

13. A method of damping a shaft sub-assembly as claimed
in claim 4, the method comprising:

assembling the friction disk, the Bellville spring and the

adjustment shim within the first, outer, shaft between
the first end of the first, outer, shaft and the first end of
the second, inner shaft, under a predetermined pre-load;
and

securing the pre-loaded damping mechanism inside the

first, outer, shaft by means of the locking nut.
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