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ABSTRACT

A method of balancing a gas turbine engine rotor, including axisymmetrically removing
an annular portion of the balancing flange exceeding that required to provide the
unbalance correction, and creating the unbalance correction by non-axisymmetrically
removing material from the balancing flange. In one embodiment, the configuration of a
theoretical notch in the balancing flange that would create the unbalance correction is
determined. The unbalance correction is created by removing material from the
balancing flange to create a protuberance protruding radially from a remainder of the
balancing flange, the protuberance having a height corresponding to the depth of the
theoretical notch, a circumferential width corresponding to the arc angle of the
theoretical notch, and a circumferential position diametrically opposed to the
circumferential position of the theoretical notch. A gas turbine engine rotor is also
discussed.
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METHOD OF BALANCING A GAS TURBINE ENGINE ROTOR

TECHNICAL FIELD

The application relates generally to gas turbine engines and, more particularly, to the

balancing of rotors.

BACKGROUND OF THE ART

Gas turbine engine rotofs, such as fan, compressor and turbine rotors, can be balanced
by removal of material. The material removal process usually involves milling a groove
into a surface of the rotor to correct the unbalance. These grooves may create high
stress areas in the rotor. In addition, the portion of the rotor in which the groove is
formed must typically be over dimensioned to ensure sufficient depth of material can be

removed in forming the groove, which may add significant weight to the rotor.

The rotors can also be balanced through the addition of rings having a fixed geometry
including eccentricities which are detachably engaged to the rotor by varying the
relative angle between the rings depending on the unbalance to be corrected, or
through the addition of balancing weights attached to the rotor. Both methods may also
add significant weight to the rotor.

SUMMARY

In one aspect, there is provided a method of balancing a gas turbine engine rotor, the
method comprising: providing a rotor having a disc and a circumferential array of blades
extending radially outwardly from the disc, the disc having a balancing flange integrally
connected thereto, the balancing flange being annular; measuring an unbalance of the
rotor; determining a corresponding unbalance correction necessary to correct at least
part of the unbalance; determining a configuration of a theoretical notch in the balancing
flange that would create the unbalance correction, the configuration of the theoretical
notch including a depth of the theoretical notch defined along the radial direction, an arc
angle spanning a circumferential width of the theoretical notch, and a circumferential
position of the theoretical notch; and creating the unbalance correction by removing
material from the balancing flange to create a protuberance protruding radially relative

to a remainder of the balancing flange, the protuberance having a height defined along
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the radial direction, the height corresponding to the depth of the theoretical notch, the
protuberance having a circumferential width spanned by the arc angle of the theoretical
notch, the protuberance having a circumferential position diametrically opposed to the

circumferential position of the theoretical notch.

In another aspect, there is provided a method of balancing a gas turbine engine rotor,
the method comprising: providing a rotor with a balancing flange integrally connected to
a disc of the rotor, the balancing flange being annular; measuring an unbalance of the
rotor; determining a corresponding unbalance correction necessary to correct at least
part of the unbalance; axisymmetrically removing an annular portion of the balancing
flange exceeding that required to provide the unbalance correction; and creating the
unbalance correction by non-axisymmetrically removing material from the balancing

flange.

In a further aspect, there is provided a gas turbine engine rotor comprising a disc
adapted to be mounted for rotation about an axis, the disc including an annular
balancing flange integrally connected thereto, the balancing flange having a first radial
dimension around a first arc angle and a second radial dimension greater than the first
radial dimension around a second arc angle, the second arc angle corresponding to
360 minus the first arc angle, the second arc angle being lower than 180 degrees, the
balancing flange around the second arc angle defining a protuberance, the
protuberance being defined through machining of the balancing flange, the
protuberance compensating for an unbalance of the rotor measured prior to machining

of the balancing flange.
DESCRIPTION OF THE DRAWINGS
Reference is now made to the accompanying figures in which:

Fig. 1 is a schematic cross-sectional view of a gas turbine engine;

Fig. 2 is a schematic tridimensional view of a fan rotor in accordance with a particular
embodiment, which can be used in a gas turbine engine such as shown in Fig. 1;

Fig. 3a is a schematic front view of a balancing flange of the rotor of Fig. 2 in

accordance with a particular embodiment, prior to machining;
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Fig. 3b is a schematic front view of the balancing flange of Fig. 3a, after machining in

accordance with a particular embodiment;

Fig. 4 is a graph of the unbalance correction as a function of the non-dimensional
weight of the balancing flange after machining, for a balancing flange machined such as
in Fig. 3b and for a balancing flange machined in accordance with a prior method;

Fig. 5a is a schematic cross-sectional view of part of a balancing flange of the rotor of

Fig. 2 in accordance with another particular embodiment, prior to machining;

Fig. 5b is a schematic cross-sectional view of the part of the balancing flange of Fig. 5a,

after a step of axisymmetric machining in accordance with a particular embodiment;

Fig. 5¢ is a schematic cross-sectional view of the part of the balancing flange of Fig. 5b,
after a further step of non-axisymmetric machining in accordance with a particular

embodiment;

Fig. 6 is a graph of the unbalance correction as a function of the non-dimensional
weight of the balancing flange after machining, for a balancing flange machined such as
in Fig. 5b-5¢ and for a balancing flange machined in accordance with the prior method;

and

Figs. 7a-7b are schematic cross-sectional views of part of a balancing flange of the
rotor of Fig. 2, showing different configurations of axisymmetric and non-axisymmetric

machining in accordance with different embodiments.

DETAILED DESCRIPTION

Fig. 1 illustrates a gas turbine engine 10 of a type preferably provided for use in
subsonic flight, generally comprising in serial flow communication a fan 12 through
which ambient air is propelled, a compressor section 14 for pressurizing the air, a
combustor 16 in which the compressed air is mixed with fuel and ignited for generating
an annular stream of hot combustion gases, and a turbine section 18 for extracting

energy from the combustion gases.

The fan 12, the compressor section 14 and the turbine section 18 each have rotary

components which need to be balanced. While the present balancing method will be
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hereinafter described in connection with a fan rotor, it is understood that the present

balancing approach is also applicable to compressor and turbine rotors.

Fig. 2 illustrates part of a fan rotor 20 generally comprising a disc 22 having an
axisymmetric peripheral annular rim 24, and a set of circumferentially spaced-apart
blades 26 projecting radially outwardly from a radially outer surface of the rim 24,
According to the illustrated embodiment, the blades 26 and the disc 22 are integrally
connected to form a one-piece component. In a particular embodiment, the rotor 20 is
manufactured from a forged blank of high strength material, such as titanium, and is
then suitably machined (or other material removal process) to its final dimensions by
appropriate means, such as a high precision multi-axis milling machine. Alternatively,
the blades 26 may be welded or otherwise attached to the disc 22. The blades 26 may
alternately be detachably connected to the disc 22, for example detachably mounted in
slots defined in the rim 24. The disc 22 has a web 30 extending radially inwardly from
the rim 24 to an inner hub 32 defining a central bore 34 for receiving a shaft in order to
mount the disc 22 for rotation about the centerline axis 11 of the engine 10. An axial
length of the rim 24 is selected to offer support to the blades 26 from the leading to the
trailing edges thereof.

The rotor 20 includes an annular arm 36 extending from the disk 22, for example having
a first annular section 38 extending radially inwardly from the rim 24, and a second
annular section 40 extending axially forwardly from the first annular section 38, such
that the annular arm 36 has an “L” shaped cross section. Other configurations are also
possible. The free end of the second annular section 40 includes a plurality of
circumferentially spaced apart connection members 42, for example tabs each having a
fastener-receiving hole defined therethrough, for connection with a nosecone 8 (Fig. 1)

of the engine 10.

In the embodiment shown, the second annular section 40 of the arm 36 defines an
annular balancing flange 44 of the engine 10 (shown in Fig. 2 after machining for
balancing, as will be described below). In a particular embodiment, the annular arm 36
for nosecone attachment is a low area of stress well suited for the position of the
balancing flange 44. Alternately, the balancing flange 44 may be defined as part of
another member of the rotor 20, for example on an inner surface of the rim 24, or as a

separate element connected to the rotor disc. 22 The balancing flange 44 is integrally

4
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connected to the disc 22, either by being formed therewith in a monolithic manner (e.g.
machining, forming, casting) or by being attached thereto in a non-removable manner,
for example by welding or brazing. Accordingly, the balancing flange 44 has a fixed

circumferential position with respect to the elements of the rotor 20.

After having been machined to its final dimensions, the rotor 20 may be subject to a
surface inspection and to a surface treatment operation. For instance, the rotor 20,

including the balancing flange, may be blue etch inspected and peened.

The rotor 20 in its final dimensions (in particular embodiment, after surface inspection
and/or surface treatment operation(s)) is tested to measure its unbalance. The
balancing flange 44 is then machined to create an unbalance correction correcting at
least part of the measured unbalance. In a particular embodiment, the measured
unbalance is a static unbalance of the rotor 20, for example an unbalance measured in
a stationary assembly assessing weight distribution around the circumference without
consideration of the weight distribution along the axial direction. In another particular
embodiment, the measured unbalance is a dynamic unbalance, for example an
unbalance measured in a rotational assembly assessing the relative position and
orientation of the inertia axis (center of mass axis) and the rotational axis (geometrical

axis) of the rotor.

According to a prior method, the unbalance correction necessary to correct part of the
unbalance (when used in combination with one or more other balancing element(s)) or
the unbalance correction necessary to correct the entire unbalance (when used as the
sole unbalance correction) was determined, and then a notch was machined in the
balancing flange, typically spanning an arc angle of 150 degrees or less, to provide for
this unbalance correction. Variations in potential unbalance corrections that may be
required between different rotors having the same nominal dimensions necessitated for
a relatively large balancing flange to be provided, to ensure that the balancing flange
included sufficient material to be able to machine the required balancing notch for at
least a majority of the rotors. Rotors with a small unbalance thus suffered from a weight
penalty due to the presence of the oversized balancing flange. Maximum flange
dimensions had to be determined based on an acceptable weight penalty for rotors

having a small unbalance. Accordingly, in some instances rotors having an unbalance
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that would require a greater notch than possible in the maximum flange dimensions

could not be corrected through this method.

By contrast, in a particular embodiment, the unbalance of the rotor 20 is corrected in
accordance with the following. The unbalance (static or dynamic) is measured, and the
unbalance correction necessary to correct at least part of the unbalance is determined.
In a particular embodiment, this unbalance correction is determined such as to correct
the entirety of the measured unbalance. In another embodiment, for example with the
measured unbalance being a dynamic unbalance, this unbalance correction is
determined to correct a part of the measured unbalance in the plane of the balancing
flange 44, in consideration that other balancing element(s) will be provided on a second
plane parallel to the plane of the balancing flange 44 (e.g. on the other side of the
blades 26) to provide a complementary unbalance correction allowing the machined
balancing flange 44 and the other balancing element(s) to together correct the
measured unbalance. The other balancing element(s) may include a second balancing
flange also machined as per the present method or as per any other adequate method
(e.g. prior method of machining a notch described above), one or more balancing

weights added in the second plane, etc.

Then, the configuration of a theoretical notch that would create the unbalance
correction to be provided by the balancing flange 44, if it was machined into the
balancing flange 44, is determined. This theoretical notch corresponds to the notch in
the above described prior method. The notch is however not machined in the balancing

flange in the present method.

Referring to Fig. 3a, where the balancing flange 44 is shown in isolation for improved
clarity with the understanding that it remains integrally connected to the disc 22 which is
not shown, it can be seen that the configuration of the theoretical notch 50 includes its
depth d, defined along the radial direction; its arc angle 6 spanning its circumferential
width; and its circumferential position, for example defined by an angle ay between a
predetermined reference point R and the mid-point My of the circumferential width.
Other positional markers may alternately be used for the circumferential position; the
circumferential position may for example be defined as a clock position of the mid-point
My relative to the predetermined reference point R. In the example of Fig. 3a, the

theoretical notch spans an arc angle 6 of approximately 90 degrees, and has a
6



10

15

20

25

30

CA 02905140 2015-09-18

circumferential position defined by an angle ay of approximately 90 degrees from the
reference point R as measured in a counter-clockwise direction (+90 degrees). Taking
the reference point R as the 12 o’clock position, the circumferential position of the
example theoretical notch of Fig. 3a can alternately be described as corresponding

approximately to the 9 o’clock position.

Referring to Fig. 3b, instead of machining the balancing flange 44 to produce the
theoretical notch 50, the balancing flange 44 is machined to create an opposed
protuberance 52 which will produce an unbalance correction equivalent to that which
would have been provided by the theoretical notch 50. Material is thus removed from
the balancing flange 44 to create this protuberance 52, which protruding radially relative
to the remainder of the balancing flange 44. The height h of the protuberance 52,
defined along the radial direction between the outer surface of the protuberance 52 and
the outer surface of the balancing flange 44 adjacent the protuberance 52, has the
same value as the depth d of the theoretical notch 50. The arc angle 6 spanning the
circumferential width of the protuberance 52 has the same value as the arc angle 6 of
the theoretical notch 50. The circumferential position of the protuberance 52 is
diametrically opposed to that of the theoretical notch 50, i.e. the mid-point Mp of the
circumferential width of the protuberance 52 is diametrically opposed to the mid-point
My of the circumferential width of the theoretical notch 50. As such, there is a difference
of 180 degrees between the angle ay of the circumferential position of the theoretical
notch 50 and the angle ap of the circumferential position of the protuberance 52
(defined between the reference point R and the mid-point Mg). In the example shown in
Fig. 3b corresponding to the example of theoretical notch 50 of Fig. 3a, the
protuberance 52 thus spans an arc angle © of approximately 90 degrees, and has a
circumferential position defined by an angle ap of approximately 270 degrees from the
reference point R (or -90 degrees as measured in the counter-clockwise direction). The
example protuberance 52 of Fig. 3b can alternately be described as being positioned
approximately at 3 o'clock. The height h, arc angle 6 and circumferential position angle
ap of the protuberance 52 are thus parameters which will vary between different rotors
20 made to the same nominal dimensions, providing a customized unbalance correction

to each rotor 20 depending on its measured unbalance.
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The balancing flange 44 is thus machined to remove material at least around an angle
of 360 degrees minus the arc angle 6 instead of only around the arc angle 6 as per the
prior method of machining a notch. The arc angle 8 is lower than 180 degrees, and as
such the angular portion of the balancing flange 44 removed in creating the
protuberance 52 is larger than the angular portion that would have been removed to
create the theoretical notch 50, allowing for a smaller weight penalty for a same

unbalance correction.

In a particular embodiment, the arc angle is at most 150 degrees. In a particular
embodiment, the arc angle 8 is at least 15 degrees and at most 150 degrees. In a

particular embodiment, the arc angle 6 is at most 120 degrees.

In a particular embodiment, the balancing flange 44 is machined only along its angular
portion outside of the protuberance 52, i.e. the balancing flange 44 is not machined in
its angular portion defining the protuberance 52. In another particular embodiment, the
balancing flange 44 is machined around its entire circumference to axisymmetrically
remove an annular portion exceeding that required to define the protuberance 52 before
creating the protuberance 52. The annular portion of material removed during the
axisymmetric machining step may represent all or a part of the excess material. The
balancing flange 44 is then further machined to non-axisymmetrically remove material
in the angular portion outside of the protuberance 52, until the protuberance 52 is
defined at its height h. In a particular embodiment, the balancing flange 44 is machined
such that the element incorporating the balancing flange 44 (here, the arm 36 for
connection to the nosecone 8) has a radial dimension outside of the protuberance 52
corresponding to its minimum radial dimension, the minimum radial dimension being
determined taking into account for example structural characteristics of that element.
The minimum radial dimension may include a provision for further balancing

corrections, for example following repairs.

In a particular embodiment, the rotor unbalance may be measured again after
machining of the balancing flange 44, and corrections may be applied if required
through further machining.

The balancing flange 44 can thus be provided with dimensions large enough to

accommodate even the rotors having the worst unbalance without additional weight
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penalty for the rotors requiring only a small unbalance correction, since the extra
material allotted for the rotors with the worst unbalance may be removed for the rotors
with smaller unbalances. Accordingly, in a particular embodiment, a larger balancing
flange 44 can be provided as compared to the prior method of machining a notch, which
in a particular embodiment reduces the number of rotors having an unbalance too large

to be corrected.

Fig. 4 shows an example of a comparison between possible unbalance corrections with
the prior method of machining a notch and with the present method of machining a
protuberance, for a particular rotor, considering a same maximum arc angle 6 for both
methods, and according to a particular embodiment. The curves show the unbalance
correction as a function of the non-dimensional weight of the balancing flange after
machining.

Curve 100 corresponds to the prior method of machining a notch. Rotors with the
smallest corrections have the highest final weight for the balancing flange, since only a
small portion of the balancing flange is removed to provide the unbalance correction.
The graph shows a maximum required unbalance correction that can be provided (i.e.
largest unbalance that can be corrected) as value “A’, which corresponds to the
machining of the largest possible notch in the balancing flange. Unbalance corrections
greater than this value “A” cannot be corrected through this method and accordingly the

curve 100 does not extend beyond the value “A”.

Curve 200 corresponds to the present method of machining the protuberance 52.
Rotors with the smallest corrections have the smallest final weight for the balancing
flange 44, because the protuberance 52 required to provide the unbalance correction is
small and accordingly most of the balancing flange 44 is removed. The final weight of
the balancing flange 44 remains smaller for the present method 200 when compared to
the prior method 100 for a same unbalance correction. At the limit value “A” of the prior
method 100, unbalance correction is still possible with the present method 200.
Correction is still possible up to a limit value “B”, which corresponds to the machining of
the largest possible protuberance 52 in the balancing flange 44. Value “B" is
significantly higher than value “A” because the balancing flange 44 before machining as
per the present method 200 can be significantly larger than the balancing flange before

machining as per the prior method 100, since the extra material is removed when not

9
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required to avoid unnecessary weight penalties. Accordingly, in a particular
embodiment, the present method 200 provides for additional balance capacity 202 as
compared with the prior method 100 of machining a notch without additional weight
penalty to the rotors having a small unbalance. In a particular embodiment, the
balancing flange 44 before machining as per the present method 200 has a radial
dimension (thickness) of up to 3 times that of the balancing flange before machining as

per the prior method 100 of machining a notch.

Referring to Fig. 5a-5¢, in another embodiment, the balancing flange 144 is machined
by machining the theoretical notch 50 such as that shown in Fig 3a, but only after an
axisymmetric machining of the balancing flange 144 has been performed such as to

minimize the weight penaity.

The unbalance of the rotor 20 is thus measured, and the unbalance correction
necessary to correct at least part of the unbalance is determined. In a particular
embodiment, this unbalance correction is determined such as to correct the entirety of
the measured unbalance. In another embodiment this unbalance correction is
determined to correct a part of the measured unbalance in the plane of the balancing
flange 144, in consideration that other balancing element(s) will be provided on a
second plane parallel to plane of the balancing flange to provide complementary

correction, as detailed above.

Referring to Fig. 5a, the portion E of the balancing flange 144 exceeding that required
to provide for the unbalance correction is determined (for example by determining the
depth d of the notch to be machined). Referring to Fig. 5b, the balancing flange 144 is
then machined to axisymmetrically remove part or this entire excess portion E, for
example through radial machining to remove an outer annular portion of the balancing
flange 144. Since the material is axisymmetrically removed, balance is not affected.
Referring to Fig. 5¢, the notch 50 having the characteristics of the theoretical notch is
then machined through non-axisymmetric material removal in the remaining portion of

the balancing flange 144, such as to create the unbalance correction.

In a particular embodiment, the balancing flange 144 is machined such that the element
incorporating the balancing flange 144 (here, the arm 36 for connection to the nosecone

8) has a radial dimension inside the notch 50 corresponding to its minimum radial

10
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dimension, the minimum radial dimension being determined taking into account for
example structural characteristics of that element. The minimum radial dimension may

include a provision for further balancing corrections, for example following repairs.

In a particular embodiment, the rotor unbalance may be measured again after
machining of the balancing flange 144, and corrections may be applied if required

through further machining.

Fig. 6 shows an example of a comparison between possible unbalance corrections with
the prior method of machining a notch and with the present method of axisymmetric
machining followed by machining the notch, for a particular rotor, considering a same
maximum arc angle 8 for both methods, and according to a particular embodiment. The
curves show the unbalance correction as a function of the non-dimensional weight of
the balancing flange after machining. Curve 100 is the same as that shown in Fig. 4 and

previously described and as such will not be further described herein.

Curve 300 corresponds to the present method of axisymmetric machining followed by
machining the notch. Rotors with the smallest corrections have the smallest final weight
for the balancing flange 144, since most of the balancing flange 144 is removed prior to
machining the notch. The final weight of the balancing flange 144 remains smaller for
the present method 300 as compared to the prior method 100, for a same unbalance
correction. At the limit value “A” of the prior method 100, unbalance correction is still
possible with the present method 300. Correction is still possible up to a limit value “B”,
which corresponds to the machining of the largest possible notch 50 in the balancing
flange 144, i.e. with minimal or no prior axisymmetric machining. Value “B" is
significantly higher than value “A” because the balancing flange 144 before machining
as per the present method 300 can be significantly larger than the balancing flange
before machining of the prior method 100, since the extra material is removed when not
required to avoid unnecessary weight penalties. Accordingly, in a particular
embodiment, the present method 300 provides for additional balance capacity 302 as
compared with the prior method 100 of machining only the notch, while reducing the
weight penalty to the rotors having a small unbalance. In a particular embodiment, the
balancing flange 144 before machining as per the present method 300 has a radial
dimension (thickness) of up to 3 times that of the balancing flange before machining of
the prior method 100 of machining only the notch.

11
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Figs. 7a and 7b illustrate different examples of axisymmetric machining which can be
used in method 200 prior to machining the protuberance 52, or in method 300 prior to
machining the notch 50. Referring to Fig. 7a, the axisymmetric material removal may be
performed axially, removing a front or rear annular portion of the balancing flange 44,
144 along only part of the axial dimension a of the balancing flange. The balancing
flange after the axisymmetric material removal thus has a reduced axial dimension a’
while retaining its initial radial dimension r. The notch or protuberance 50, 52 is
machined in the remaining material, through further axial machining to further reduce
the axial dimension in the notch 50 or in the portion of the circumference not defining
the protuberance 52 (as shown in dotted lines), through radial machining to reduce the
radial dimension in the notch 50 or in the portion of the circumference not defining the
protuberance 52 (as shown for example in Fig. 5c), or through a combination of both,
for example defining a stepped profile in the remaining portions of the balancing flange
44 144,

Referring to Fig. 7b, the axisymmetric material removal may be performed radially,
removing an outer annular portion of the balancing flange 44, 144. The balancing flange
44, 144 after the axisymmetric material removal thus has a reduced radial dimension r’
while retaining its initial axial dimension a. The notch or protuberance 50, 52 is
machined in the remaining material, through axial machining to reduce the axial
dimension in the notch 50 or in the portion of the circumference not defining the
protuberance 52 (as shown in dotted lines), through radial machining to reduce the
radial dimension in the notch 50 or in the portion of the circumference not defining the
protuberance 52 (as shown for example in Fig. 5¢), or through a combination of both,
for example defining a stepped profile in the remaining portions of the balancing flange
44,144,

The above description is meant to be exemplary only, and one skilled in the art will
recognize that changes may be made to the embodiments described without departing
from the scope of the invention disclosed. For example, the method can be applied to
any other appropriate rotational component, including other rotors of the gas turbine
engine. Still other modifications which fall within the scope of the present invention will
be apparent to those skilled in the art, in light of a review of this disclosure, and such

modifications are intended to fall within the appended claims.

12



CLAIMS

A method of balancing a gas turbine engine rotor, the method comprising:

providing a rotor having a disc and a circumferential array of blades extending radially
outwardly from the disc, the disc having a balancing flange integrally connected
thereto, the balancing flange being annular;

measuring an unbalance of the rotor;

determining a corresponding unbalance correction necessary to correct at least part of
the unbalance;

determining a configuration of a theoretical notch in the balancing flange that would
create the unbalance correction, the configuration of the theoretical notch
including a depth of the theoretical notch defined along the radial direction, an arc
angle spanning a circumferential width of the theoretical notch, and a

circumferential position of the theoretical notch; and

creating the unbalance correction by removing material from the balancing flange to
create a protuberance protruding radially relative to a remainder of the balancing
flange, the protuberance having a height defined along the radial direction, the
height corresponding to the depth of the theoretical notch, the protuberance
having a circumferential width spanned by the arc angle of the theoretical notch,
the protuberance having a circumferential position diametrically opposed to the

circumferential position of the theoretical notch.

The method defined in claim 1, wherein providing the rotor comprises manufacturing

the disc with the balancing flange forming part of an annular arm of the disc.

The method as defined in claim 2, wherein the rotor is a fan rotor and manufacturing
the rotor disc includes manufacturing the annular arm with connection members for

engaging a nosecone of the engine.

The method defined in any one of claims 1 to 3, wherein removing the material from
the balancing flange include removing material around an entire circumference of the
balancing flange before creating the protuberance, and further removing material
around an angular portion of the balancing flange outside of the protuberance to create

the protuberance.
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5. The method as defined in any one of claims 1 to 4, wherein the corresponding
unbalance correction is determined such as to correct a part of the unbalance in a
plane of the balancing flange, the method further comprising creating a complementary
unbalance correction in another plane spaced apart from and parallel to the plane of
the first balancing flange with at least one balancing element located on the other
plane, the balance correction of the balancing flange and the complementary balance
correction of the at least one balancing element together correcting the unbalance.

6. The method as defined in any one of claims 1 to 4, wherein the corresponding
unbalance correction is determined such as to correct a whole of the unbalance.

7. The method as defined in any one of claims 1 to 6, wherein the arc angle is at least 15
degrees and at most 150 degrees.
8. A method of balancing a gas turbine engine rotor, the method comprising:

providing a rotor with a balancing flange integrally connected to a disc of the rotor, the

balancing flange being annular;
measuring an unbalance of the rotor;

determining a corresponding unbalance correction necessary to correct at least part of
the unbalance;

axisymmetrically removing an annular portion of the balancing flange exceeding that

required to provide the unbalance correction; and
creating the unbalance correction by non-axisymmetrically removing material from the

balancing flange.

9. The method as defined in claim 8, wherein non-axisymmetrically removing the material
from the balancing flange includes machining a notch in the balancing flange, the notch
extending around an arc angle of 150 degrees or less.

10. The method as defined in claim 8, wherein non-axisymmetrically removing the material
from the balancing flange includes defining a protuberance in the balancing flange, the

protuberance extending around an arc angle lower than 180 degrees.

11. The method as defined in any one of claims 8 to 10, wherein creating the unbalance

correction includes determining a configuration of a theoretical notch in the balancing
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12.

13.

14.

15.

16.

flange that would create the unbalance correction, the configuration of the theoretical
notch including a depth of the theoretical notch defined along a radial direction, an arc
angle spanning a circumferential width of the theoretical notch, and a circumferential
position of the theoretical notch, and wherein non-axisymmetrically removing the
material from the balancing flange includes defining a protuberance in the balancing
flange, the protuberance having a height defined along the radial direction, the height
corresponding to the depth of the theoretical notch, the balancing flange having a
circumferential width spanned by the arc angle of the theoretical notch, and the
balancing flange having a circumferential position diametrically opposed to the
circumferential position of the theoretical notch.

The method as defined in claim 11, wherein the arc angle is at least 15 degrees and at
most 150 degrees.

The method defined in any one of claims 8 to 12, wherein providing the rotor comprises
manufacturing the disc with the balancing flange forming part of an annular arm of the
disc.

The method as defined in claim 13, wherein the rotor is a fan rotor and manufacturing
the rotor disc includes manufacturing the annular arm with connection members for

engaging a nosecone of the engine.

The method as defined in any one of claims 8 to 14, wherein the unbalance being
measured is a dynamic unbalance, the corresponding unbalance correction is
determined such as to correct a part of the dynamic unbalance in a plane of the

balancing flange.

The method as defined in claim 15, wherein the corresponding unbalance correction is
determined such as to correct a part of the unbalance in a plane of the balancing
flange, the method further comprising creating a complementary unbalance correction
in another plane spaced apart from and parallel to the plane of the first balancing
flange with at least one balancing element located on the other plane, the balance
correction of the balancing flange and the complementary balance correction of the at
least one balancing element together correcting the unbalance.
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17. The method as defined in claim 15, wherein the corresponding unbalance correction is
determined such as to correct a whole of the unbalance.

16

Date Recue/Date Received 2022-11-29



CA 02905140 2015-09-18

1/8

— T

\\\\\\»\\.J ) S, zr

8

|\I/%







CA 02905140 2015-09-18

3/8

74

e T =z [




CA 02905140 2015-09-18

4/8




CA 02905140 2015-09-18

5/8

s ———F 3 A

aor

¢/1

€/C



CA 02905140 2015-09-18

6/8

J0 - ==z

ARMMMIIINIINDNS
[ \ | —

i

744

oo ~ =z

7/%/% NI

IIIIIIIIIIIIIIIII

)~ F A

N

A

J—




CA 02905140 2015-09-18

€/1

€/¢



A ——— [ > A

///////////

|||||||||||||||||||||||||

———————






	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - CLAIMS
	Page 16 - CLAIMS
	Page 17 - CLAIMS
	Page 18 - CLAIMS
	Page 19 - DRAWINGS
	Page 20 - DRAWINGS
	Page 21 - DRAWINGS
	Page 22 - DRAWINGS
	Page 23 - DRAWINGS
	Page 24 - DRAWINGS
	Page 25 - DRAWINGS
	Page 26 - DRAWINGS
	Page 27 - REPRESENTATIVE_DRAWING

