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Description

TECHNICAL FIELD

[0001] The invention relates to a method and an as-
sembly for controlling the positioning of a rotor disc about
a tie-rod of a partially assembled rotor of a gas turbine.

BACKGROUND

[0002] A gas turbine rotor of a plant for the production
of electrical energy usually comprises a plurality of blad-
ed rotor discs, which are centred on an axis and are cou-
pled one another. The coupling between adjacent rotor
discs is obtained by means of Hirth joints.

[0003] Therefore, each rotor disc is provided with two
respective annuli provided with radial teeth, the so-called
Hirth teeth sets, one on each face. The annuliare coupled
to annuli of adjacent discs so as to build the so-called
Hirth joints.

[0004] The rotors discs are provided with respective
blade sets and are bound into packs by a central tie-rod,
which engages respective central holes of the rotor discs.
[0005] Each bladed disc defines a compressor rotor
stage or a turbine rotor stage.

[0006] Gas turbine rotors must be produced and as-
sembled with utmost precision, so as to ensure a nearly
perfect balancing. Given the masses and the high rota-
tion speeds (the rotor usually rotates at 3000 rpm or 3600
rpm, depending on the standards of the different coun-
tries), even the smallest defects can cause dangerous
vibrations exceeding the allowed limits, thus forcing the
plant to be stopped in order to carry out corrective inter-
ventions aimed at bringing the vibrations back to the al-
lowed limits.

[0007] Assembling a rotor currently involves stacking
the rotor discs about a central tie-rod arranged in a ver-
tical position. The rotor discs automatically center them-
selves, thanks to the fact that the contact between the
discs occurs through the Hirth toothing described above.
[0008] Assembling the rotor usually requires stacking
a large number of rotor discs (e.g. about twenty). There-
fore, having a lack of homogeneity in just one of these
discs (for example, due to the fact that the disc has non-
parallel faces) is enough to obtain, at the end of the stack-
ing step, an inclined stack, namely a stack where the
center of the last disc is not vertically aligned with the
one of the first disc.

[0009] Thecompliance ofthediscsisusually controlled
when the rotor is already clamped. In particular, the rotor
compliance of the discs is usually controlled on a rotor
tilted horizontally and transported to a lathe machine,
where it is possible to measure the "run-out" eccentricity
of each disc with respect to the axis formed by the bear-
ings. Possible corrective actions may require the rotor to
be disassembled.

[0010] Moreover, the tools and the methods currently
available need infrastructures (cranes, tower cranes,

10

15

20

25

30

35

40

45

50

55

etc.) and take a long time to assess and correct the stack-
ing.

[0011] Control method for controlling the compliance
of the discs before the stacking are known. However,
they do not ensure the detection of all non-compliances
of the discs, as operators need to carry out manual ac-
tivities and personal assessments. Therefore, the accu-
racy and the times needed for the checks and the cor-
rections cannot be considered as satisfying.

[0012] Another control method is disclosed in patent
application no. EP3330484A1, filed by the current appli-
cant. Said method detects the inclination of the rotor disc
with respect to a horizontal plane and/or the eccentricity
of the rotor disc with respect to the tie-rod by means of
a ring shaped device. However, according to said solu-
tion, the reference for measuring the eccentricity of the
single disc is the external surface of the tie-rod.

[0013] Said solution cannot be adopted for already ex-
ercised rotors (for example for service activities).
[0014] In overhauled rotors, in fact, the central tie-rod
cannot be used as a valid reference for axial symmetry,
as it is usually deformed by the long time and thermome-
chanical stresses to which it has been subjected during
operation.

[0015] In other words, the external surface of the cen-
tral tie-rod cannot be considered as a valid geometric
reference for eccentricity measurements.

SUMMARY

[0016] Hence, it is an object of the present invention
to provide a method for controlling the positioning of rotor
discs about a tie-rod of a gas turbine rotor that is precise
and reliable and avoids, or minimizes, the occurrence of
balancing errors.

[0017] By so doing, assessment and correction oper-
ations to be carried on an already clamped rotor are min-
imized.

[0018] In accordance with these objects, the invention
relates to a method for controlling the positioning of rotor
discs about a tie-rod of a partially assembled rotor of a
gas turbine; the tie-rod extending along a longitudinal
axis;

the method comprising:

e positioning the tie-rod so as the longitudinal axis ex-
tends substantially vertically;

* detecting the eccentricity of the rotor disc with re-
spect to the longitudinal axis of the tie-rod by means
of an assembly comprising a main device coupled
to a free face of the rotor disc and at least one first
reference device coupled to the tie-rod; the assembly
further comprising at least three lasers emitters cou-
pled to one between the main device and the at least
one first reference device and at least three respec-
tive photosensitive sensors coupled to the other be-
tween the main device and the at least one first ref-
erence device; the photosensitive sensors being ar-
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ranged so as to intercept laser beams emitted by
respective lasers emitters.

[0019] A further object is to provide an assembly for
controlling the positioning of a rotor disc about a tie-rod
of a partially assembled rotor of a gas turbine, which is
precise, reliable and capable of easing the operations to
be carried out in order to check the compliance of the
discs, thus minimizing operators’ manual activities and
personal assessments.

[0020] In accordance with these objects, the invention
relates to an assembly for controlling the positioning of
at least one rotor disc about a tie-rod of a partially as-
sembled rotor of agas turbine; the tie-rod extending along
a longitudinal axis;

the assembly comprising:

e amain device coupled, in use, to a free face of the
rotor disc; and

e at least one first reference device coupled, in use,
to the tie-rod;

e atleastthreelasers emitters coupled to one between
the main device and the at least one first reference
device; and

e atleastthree respective photosensitive sensors cou-
pled to the other between the main device and the
atleast one first reference device; the photosensitive
sensors being arranged so as to intercept laser
beams emitted by respective lasers emitters.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The invention will now be described with refer-
ence to the accompanying drawings, which show a non-
limiting embodiment thereof, wherein:

- figure 1 is a side view of a gas turbine rotor with a
section along a vertical axial plane;

- figure 2 is a perspective view of a detail of the gas
turbine rotor of figure 1;

- figure 3 is a side view of the rotor of figure 1 partially
assembled during a step of the method according to
the invention;

- figure 3a is a perspective view of a first detail of the
assembly for controlling the positioning of a rotor disc
about a tie-rod of the gas turbine rotor of figure 1;

- figure 4 is a bottom perspective view of a second
detail of the assembly for controlling the positioning
of a rotor disc about a tie-rod of the gas turbine rotor
of figure 1;

- figure 5is a top perspective view of the second detail
of the assembly for controlling the positioning of a
rotor disc about a tie-rod of the gas turbine rotor of
figure 1;

- figure 6 is a perspective view of a third detail of the
assembly for controlling the positioning of a rotor disc
about a tie-rod of the gas turbine rotor of figure 1 in
a first operative configuration;
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- figure 7 is a perspective view of the third detail of the
assembly for controlling the positioning of a rotor disc
about a tie-rod of the gas turbine rotor of figure 1 in
a second operative configuration;

- figure 8 is a schematic representation of a fourth de-
tail of the assembly for controlling the positioning of
a rotor disc about a tie-rod of the gas turbine rotor
of figure 1;

- figure 9 is a schematic representation of a fifth detail
of the assembly for controlling the positioning of a
rotor disc about a tie-rod of the gas turbine rotor of
figure 1 according to a variant of the present inven-
tion;

- Figure 10 is a schematic block diagram of a sixth
detail of the assembly for controlling the positioning
of a rotor disc about a tie-rod of the gas turbine rotor
of figure 1;

- Figure 11 is a schematic top view of a seventh detail
of the assembly for controlling the positioning of a
rotor disc about a tie-rod of the gas turbine rotor of
figure 1.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0022] In figure 1, reference number 1 indicates a gas
turbine rotor of a plant for the production of electrical en-
ergy comprising a plurality of discs 2 aligned along an
axis A and bound into packs by means of a central tie-
rod 3. The central tie-rod 3 extends along the longitudinal
axis A. A first group of discs 2, provided with respective
first rotor blades 5, defines a compressor section 1a of
the rotor 1, whereas a second group of discs 2, provided
with respective second rotor blades 6, defines a turbine
section 1b of the rotor 1. The compressor section 1a and
the turbine section 1b are separated from one another
by a spacer disc 7 without blades, which basically acts
as a spacer element and is substantially shaped like a
cylinder. In use, a combustion chamber (not shown) of
the gas turbine is arranged around the spacer disc 7.
[0023] With reference to figure 2, each rotor disc 2 is
provided with a central through hole 8 and with a periph-
eral edge 9 provided with a plurality of seats 10 properly
shaped so as to be engaged by respective first rotor
blades 5 or to respective second rotor blades 6.

[0024] The central hole 8 will be engaged, in use, by
the tie-rod 3 of the rotor 1.

[0025] Eachrotordisc 2is further provided with a radial
teeth annulus 12, commonly named as Hirth toothing, on
each face 13a, 13b of the rotor disc 2 (in figure 2 only
face 13a of the rotor disc 2 is well visible).

[0026] Preferably, the radial teeth annulus 12 is ar-
ranged along the respective face close to the peripheral
edge 9 of the rotor disc 2.

[0027] The radial teeth annuli 12 are positioned and
shaped to be coupled to the respective annuli of the ad-
jacent rotor discs 2 in order to build the so-called Hirth
joint and to ensure a stable coupling of the rotor discs 2.
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[0028] Figure 3 shows a partially assembled rotor 1, in
which the tie-rod 3 is arranged and supported in a vertical
position. In other words, the tie-rod 3 is positioned so as
the longitudinal axis A is substantially vertical.

[0029] With reference to figure 1 and figure 3, the tie-
rod 3 is provided with one first end 15 and with a second
end 16 axially opposite to the first end 15.

[0030] Inuse, thefirstend 15is coupled to a front shaft
18 (figure 1 and 3) and the second end 16 protrudes from
a rear hollow shaft 19 (visible only in figure 1).

[0031] Preferably, the front shaft 18 is housed in a
stacking pit 21, which ensures a correct and stable ver-
tical positioning of the tie-rod 3.

[0032] The configuration shown in figure 3 can occur
both during the assembling of the rotor 1 (when the rotor
discs 2 are stacked on top of one another, so that the
radial teeth annuli 12 of the adjacent rotor discs 2 can be
coupled to one another in order to build the Hirth joints)
and during the disassembling of the rotor 1 (when the
rotor discs 2 are removed one by one).

[0033] The method for controlling the positioning of at
least one rotor disc 2 about a tie-rod 3 according to the
invention is applied to a partially assembled rotor 1 like
the one shown in the configuration of figure 3.

[0034] The method comprises detecting at least one
parameter correlated to the position of at least one rotor
disc 2 with respect to one or more references.

[0035] In particular, the method comprises detecting
the eccentricity of the rotor disc 2 with respect to the
longitudinal axis A with an assembly 23 for controlling
the positioning of the rotor disc 2 comprising a main de-
vice 24 coupled to a free face 13a of the rotor disc 2 and
at least one reference device 25 26 coupled to the tie-
rod 3.

[0036] Preferably, the detection of the eccentricity of
the rotor disc 2 is obtained by atleast three lasers emitters
28 coupled to one between the main device 24 or the at
least one reference device 25 and at least three respec-
tive photosensitive sensors 30 coupled to the other be-
tween the main device 24 and the at least one reference
device 25.

[0037] The three lasers emitters 28 are preferably ar-
ranged at 120° from each other.

[0038] The photosensitive sensors 30 are arranged at
120° from each other too and are disposed to intercept
the beams of the respective lasers emitters 28.

[0039] In the non-limitative example here disclosed
and illustrated, the detection of the eccentricity is made
by means of the main device 24 coupled to the free face
13a of the rotor disc 2 and two reference devices 25 26
coupled to the tie-rod 3.

[0040] Therefore, in the non-limitative example here
disclosed and illustrated, a first measure of the eccen-
tricity is made using the main device 24 and the reference
device 25 and a second measure of eccentricity is ob-
tained using the main device 24 and the reference device
26.

[0041] With reference to figure 3, the reference device
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25 is coupled in the proximity of the first end 15 of the
tie-rod 3, while the reference device 26 is coupled in the
proximity of the second end 16 of the tie-rod 3. The main
device 24, is coupled to the free face 13a of the rotor disc
2 whose position need to be controlled.

[0042] The reference device 25 is preferably fixed to
the front shaft 18. More preferably, the reference device
25 is fixed to a portion 31 (see also figure 1) of the front
shaft 18 comprised between the first rotor disc 2 and an
annular seat 32 made in the front shaft 18 and configured
to house, in use, a compressor collar bearing (not shown
in the attached figures).

[0043] In the non-limitative example here disclosed
and illustrated, the reference device 25 supports three
laser emitters 28, each of which is configured to emit a
laser beam B substantially along a vertical direction.
[0044] With reference to figure 3a, each laser emitter
28 is coupled to a base structure 35, which is provided
with a positioning device 36. The positioning device 36
is configured to regulate the position of the laser emitter
28. In use, the positioning device 36 is regulated so as
each laser emitter 28 of the reference device 25 emits a
laser beam along a substantially vertical direction.
[0045] The positioning device 36 (see figure 3A) has
a plurality of degrees of freedom. In particular, the posi-
tioning device 36 comprises at least two regulating ele-
ments 37a 37b which are rotatable about a respective
axis of rotation 01, 02. The rotation axes 01, 02 are or-
thogonal one with respect to the other.

[0046] The angular adjustments (i.e. the rotation about
axes 01 and 02) of each laser beam B emitted by the
laser emitter 28 can be controlled manually or electron-
ically. According to a variant not shown, the positioning
device can be replaced by an orientation device similar
to the ones that will described later and shown in figures
8 and 9.Preferably, the reference device 25 is provided
with an annular base 39 from which at least three spokes
40 protrudes (only two of which are visible in figure 3).
Each spoke 40 has a free end 41 to which a respective
laser emitter 28 is coupled.

[0047] The free ends 41 of the spokes 40 are arranged
at 120° one from another. Preferably, the spokes 40 are
radially arranged about the annular base 39.

[0048] The length of the spokes 40 is sufficiently great-
er than the maximum height of the compressor blades 5
and turbine blades 6 so as the free ends 41 of the spokes
40 protrude over the compressor blades 5 and turbine
blades 6 when the reference device 25 is fixed to the
rotor 1.

[0049] Preferably, the annular base 30 can be opened
and closed so as to allow its positioning and fixing about
the portion 31 of the front shaft 18.

[0050] With reference to the non-limitative example
shown in figure 3 and in figures 4 and 5, the reference
device 26 is coupled to the second end 16 of the tie-rod
3 and is retractable. In particular, the reference device
26 comprises one cage structure 43, which is fixed to the
tie-rod 3 and at least three retractable arms 44 which are
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housed in the cage structure 43 and arranged at 120°
one from another. Each arm 44 can move from an oper-
ative position, wherein the arm 44 is extended outside
the cage structure 43 (configuration shown in figures 3
and 5), and one rest position, wherein the arm 44 is re-
tracted and is completely housed in the cage structure
43 (configuration shown in figure 4). Each arm 44 is an
articulated arm having one end 45 coupled to a movable
bush 46 and one free end 47 coupled to a respective
photosensitive sensor 30.

[0051] Each arm 44 is configured to have a length in
the operative position so as each photosensitive sensors
30 is able to detect the laser beam B’ emitted by respec-
tive laser emitter 28 supported by the main device 24 as
can be detailed later. Obviously, the arms 44 are ar-
ranged at the same angular position of the laser beams
B’ emitted by the laser emitters 28. Preferably, the pho-
tosensitive sensors 30 coupled to the arms 44 are ar-
ranged at the same radial distance from the longitudinal
axis A. The movable bush 46 is arranged about a shaft
49. When the bush 46 is in the upper position (configu-
ration shown in figure 4), the arms 44 are in the rest po-
sition, while when the bush 46 is in the lower position
(configuration shown in figure 5) the arms 44 are in the
operative position.

[0052] The bush 46 is preferably moved by a remotely
controlled tool (not illustrated).

[0053] With reference to figure 3, the main device 24
is coupled to a free face 13a of the rotor disc 2. By free
face we here and hereinafter mean a face of the rotor
disc 2 that is not coupled to a further face of the adjacent
rotor disc 2.

[0054] As already stated before, the method according
to the invention can be applied both during the assem-
bling and during the disassembling of the rotor 1.
[0055] During the assembling, the detection of the po-
sition of the disc 2 takes place before a further rotor disc
2is stacked on the rotor disc 2 being controlled, whereas,
during the disassembling, the detection of the position of
the rotor disc 2 takes place before the rotor disc 2 being
controlled is removed.

[0056] Asaconsequence,the method according to the
invention requires the main device 24 to be coupled to
one rotor disc 2 at a time.

[0057] However, this does not imply that the position-
ing control must be carried out for each disc of the rotor
1. It is also possible to control the positioning of groups
of coupled rotor discs 2 by means of the detection of the
position of the rotor disc 2 belonging to the group that
has a free face.

[0058] With reference to the non-limitative example il-
lustrated figures 6 and 7, the main device 24 comprises
a support 53, a centring system 54 configured to center
the support 53 on the rotor disc 2 being controlled, and
at least three laser emitter 28 and at least three photo-
sensitive sensors 30 coupled to the support 53.

[0059] The support 53 comprises an annular frame 58
and at least three spokes 60 with protrudes radially from
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the annular frame 58 and are arranged at 120° one from
another. Each spoke 60 supports a respective photosen-
sitive sensor 30. Preferably, the photosensitive sensor
30 is coupled to the side of the spoke 60 facing the free
face 13a of the rotor disc 2. In other words, the photo-
sensitive sensor 30 is coupled to the side of the spoke
60 facing, in use, the reference device 25. Preferably,
the photosensitive sensor 30 is coupled to the free end
61 of the respective spoke 60.

[0060] The length of the spokes 60 is sufficiently great-
er than the maximum height of the compressor blades 5
and turbine blades 6 so as the free ends 61 of the spokes
60 protrude over the compressor blades 5 and turbine
blades 6 when the main device 24 is coupled to the rotor
disc 2. The sensors 30 are placed on the spokes 60 at
the same angular position and at the same radial distance
from the longitudinal axis A of the laser beams B emitted
by the laser emitters 28 on the reference device 25. For
example, the sensors 30 are placed on the spokes 60
long a circumference having a diameter of about 3.5 m.
[0061] Preferably, the annular frame 58 has one cou-
pling face 62 (visible in figure 6), which, in use, faces the
rotor disc 2 being controlled, and one operating face 63
(visible infigure 7), which is opposite the coupling face 62.
[0062] The coupling face 62 is coupled to the centring
system 54, while the operating face 63 supports the at
least three laser emitter 28. The laser emitters 28 are
configured to emit respective laser beams B’ and are
arranged at 120° at the same radial distance from the
center of the annular frame 58 (in use coinciding with the
longitudinal axis A).

[0063] For example, the laser emitters 28 are placed
on the operating face 63 along a circumference having
a diameter of about 0.6 m.The spokes 60 are preferably
arranged on the operating face 63.

[0064] Preferably, the support 53 comprises a further
annular element 65, which is configured to protect the
electronic devices (batteries, tilting sensors, control elec-
tronics, laser emitters 28, etc.) during the movement of
the main device 24. The further annular element 65 is
also configured so as to provide hooking points for the
lifting of the support 53, for example by means of an over-
head crane (not shown).

[0065] In the non-limiting example described and
shown herein, the support 53 has dimensions that are
compatible with the dimensions of the tie-rod 3 and of
the rotor discs 2 making up the rotor 1.

[0066] With reference to figure 6, the centring system
54 comprises at least two portions 67 of a Hirth toothing
annulus couplable to a respective portion of the radial
teeth (Hirth) annulus 12 arranged on the free face 13a
of one of the rotor discs 2 making up the rotor 1.

[0067] Inordertobe coupled to the radial teeth annulus
12 of any rotor disc 2 of the rotor 1, the portions 67 of the
Hirth toothing annulus must be shaped so as to have a
minimum radius that is equal to the inner radius of the
radial teeth annulus 12 of the smallest rotor disc 2 and a
maximum radius that is equal to the outer radius of the
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radial teeth annulus 12 of the largest rotor disc 2.
[0068] Furthermore, the portions 67 of the Hirth tooth-
ing annulus must have teeth that are oriented like the
teeth of the radial teeth annulus 12, namely towards the
centerof the rotor discs 2, preserving all other parameters
thereof (inclination of the walls of the teeth, number of
teeth, etc.), so as to ensure a correct and stable coupling
between the portions 67 and the radial teeth annulus 12
of the rotor discs 2.

[0069] If there are two portions 67 of the Hirth toothing
annulus, they are diametrically opposite.

[0070] In the non-limiting example described and
shown herein, the centring system 54 comprises three
portions 67 that are separate and arranged on a same
plane, preferably at approximately 120° from one anoth-
er.

[0071] Thethree portions 67 are substantially identical.
[0072] Each laser emitter 28 coupled to the operating
face 63 of the annular frame 58 of the support 53 is pref-
erably coupled to an orientation device 70 (figure 8),
configured to regulate the position of the laser emitter 28
so as the laser beam B’ emitted by the laser emitter 28
is substantially vertical.

[0073] With reference to the non-limitative example il-
lustrated in figure 8, the orientation device 70 comprises
acasing 71 containing a fluid 72. The fluid is, for example,
mercury in liquid state. The casing is coupled to the op-
erating face 63 of the annular frame 58.

[0074] The laser emitter 28 is arranged in the casing
71 floating on the fluid 72. As the free surface 73 of the
fluid 72 is always substantially horizontal independently
from the inclination of the surface 63 supporting the cas-
ing 71, the laser emitter 28 is able to emit alaser B’ always
substantially vertical.

[0075] The orientation device 70 of figure 8 works prop-
erly if the laser emitter 28 has to emit a laser beam up-
wards, i.e. towards the end 16 of the tie-rod 3.

[0076] According to a variant shown in figure 9, the
laser emitters 28 are coupled to the surface 62 of the
annular frame 58 of the support 53 in order to emit laser
beams downwards, i.e. towards the end 15 of the tie-rod
3. In this case, each laser emitter 28 is coupled to an
axial-symmetrical body 75, which is hinged to the surface
62 of the annular frame 58 of the support 53. The body
75, due to its structure and weight, will be oriented so as
the laser beam B’ emitted by the laser emitter 28 is always
substantially vertical independently from the inclination
of the surface 62 supporting the body.

[0077] According to variants not illustrated, the laser
emitters can be coupled to other kind of devices able to
regulate properly the orientation of the laser beams. For
example, motorized device or other known laser levelling
systems.

[0078] With reference to figure 7, preferably, the main
device 24 comprises also a biaxial inclinometer 78, which
is coupled to the support 53 and is configured to measure
the inclination of the support 53 with respect to two or-
thogonal axes.
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[0079] Since the support 53 is integral to the rotor disc
2 to which itis coupled, the biaxial inclinometer 78 meas-
ures the inclination of the rotor disc 2 to which the main
device 24 is coupled.

[0080] Preferably, the biaxial inclinometer 78 is cou-
pled to surface 63 of the annular frame 58 of the support
53.

[0081] The main device 24 comprises also at least two
distance detectors 80, which are coupled to the support
53 and arranged in respective points belonging to a same
circumference (represented with a broken line in figure
7). The distance detectors 80 are oriented towards the
centre of the above referred circumference. In this way,
in use, the distance detectors 80 detect a distance along
a radial direction with respect to the tie-rod 3.

[0082] In the non-limiting example described and
shown herein, the main device 24 comprises three dis-
tance detectors 80, which are preferably arranged at 0°-
90°-225° along the circumference.

[0083] Preferably, the distance detectors 80 are cou-
pled to the operative surface 63 of the annular frame 58
and are arranged at a radial distance from the centre of
the annular frame 58 shorter than the radial distance of
the laser emitters 28. In other words, the distance detec-
tors 80 are arranged internally with respect to the laser
emitters 28.

[0084] The distance detectors 80 preferably are con-
tactless detectors, for example laser triangulation sys-
tems; the distance detectors 80 allow to measure also
the eccentricity of the external surface of the tie-rod 3
(used and potentially deformed) with respect to a virtual
cylinder that is coaxial with the longitudinal axis A of the
rotor 1.

[0085] With reference to figure 3, in use, the laser emit-
ters 28 on the reference device 25 emit laser beams B
towards the photosensitive sensors 30 of the main device
24, while the laser emitters 28 of the main device 24 emit
laser beams B’ towards photosensitive sensors 30 of the
reference device 26.

[0086] According to a variant not illustrated, the refer-
ence device 25 comprises photosensitive sensors and
the main device 24 comprises laser emitters emitting la-
ser beams towards the photosensitive sensors of the ref-
erence device.

[0087] According to a variant not illustrated, reference
device 26 comprises laser emitters emitting laser beams
towards respective photosensitive sensors 30 ofthe main
device.

[0088] Each photosensitive sensor 30 is configured to
detect the laser beam impacting on it and to provide the
radial position of the impacting point with respect to the
longitudinal axis A.

[0089] With reference to figure 10, the photosensitive
sensors 30 on the main device 24 are able to provide
respective radial distances R1, R2, R3 with respect to
longitudinal axis A by detecting the laser beams B emitted
by the laser emitters 28 on the reference device 25 (the
lower one), while the photosensitive sensors 30 on the
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reference device 26 (the upper one) are able to provide
respective radial distances R1’, R2’, R3’ with respect to
the longitudinal axis A by detecting the laser beams B’
emitted by the laser emitters 28 on the main device 24.
[0090] Laseremitters 28 are preferably low power laser
emitters to ensure the safety of operators. In order to
avoid external light noise detected by the photosensitive
sensors 30, the laser emitters 28 emits laser beam with
a frequency modulation. In this way, the photosensitive
sensors 30 can be provided with appropriate filters.
[0091] Said values are sentto a control device 85. The
control device 8 comprises a first eccentricity calculator
86 and a second eccentricity calculator 87.

With reference to 11, the first eccentricity calculator 86
is configured to elaborate the radial distances R1, R2,
R3, define a circumference passing through the points
detected by the sensors 30 and calculate the eccentricity
value Vecc of said circumference with respect to the cen-
tre of symmetry "O" of the main device 24.

[0092] In case of significative (but atypical) inclination
of the reference device 25, the radial distances R1, R2,
R3 have to be fitted using an ellipse (instead of a circle);
that ellipse can be calculated by taking into account the
data detected by the inclinometer 78 (that is an input of
block 86).

[0093] The second eccentricity calculator 87, analo-
gously, is configured to elaborate the radial distances
R1’, R2’, R3’, define a circumference (or a ellipse taking
into account the data of the inclinometer 78) passing
through the points detected by the sensors 30 and cal-
culate the eccentricity value Vecc’ of said circumference
(or ellipse) with respect to the centre of symmetry "O" of
the main device 24.

[0094] The eccentricity values Vecc Vecc’ are sent to
an evaluation module 90, wherein the data about the ec-
centricity of each disc 2 of the rotor 1 are memorized and
an assessment of the positioning of each the rotor disc
2 can be elaborated.

[0095] Accordingto a variant notillustrated, the control
device 85 comprises only one eccentricity calculator.
[0096] According to an embodiment that is not shown
herein, the control device 85 comprises a further module,
which is configured to give indications on possible cor-
rective actions to be carried out in the light of the eccen-
tricity values detected.

[0097] Preferably, the data detected by the photosen-
sitive sensors 30 are sent to the control device 85 by
means of wi-fi communications.

[0098] Preferably, also laser emitters 28 are remotely
controlled by means of wi-fi communications.

[0099] Preferably, the control device 85 is not coupled
to the support 53 and is integrated in an external proc-
essor (e.g. a tablet) available to the operator who follows
the assembling/disassembling of the rotor 1. By so doing,
the tablet can give the operator information on the correct
positioning of the disc on the stack, respecting all toler-
ances, and, in any case, store the information.

[0100] In use, for controlling the positioning of a rotor
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disc 2 about the tie-rod 3 the operators have to position
the rotor 1 vertically by means of a crane (not shown).
Preferably, the front shaft 18 of the rotor 1 is housed in
the stacking pit 21 to ensures a correct and stable vertical
positioning of the tie-rod 3.

[0101] Then the reference devices 25 and 26 are cou-
pled to the rotor 1 respectively in the proximity of the end
15 and of the end 16 of the tie-rod 3. The reference de-
vices 25 and 26 are moved by a crane.

[0102] After the reference devices 25 and 26 have
been correctly positioned, the main device 24 is arranged
on the free face 13a of the rotor disc 2.

[0103] The positioning of the main device 24 on the
rotor disc 2 is regulated so as to ensure that laser emitters
28 are substantially vertically aligned with respective
photosensitive sensors 30.

[0104] Also the main device 24 is moved by using a
crane.
[0105] After the positioning of the main device 24 laser

emitters 28 are activated and the eccentricity of the con-
trolled disc is evaluated.

[0106] Preferably, also the inclinometer 78 and the dis-
tance detectors 80 are activated in order to improve the
controlling of the positioning of the rotor disc 2.

[0107] Advantageously, the assembly 23 and the
method for controlling the positioning of the rotor disc
according to the invention allow the assembling of the
rotor 1 to be improved and optimized, thus avoiding as-
sembling an unbalanced rotor and avoiding, especially,
the costs deriving from one or more corrective interven-
tions to be carried out on an already assembled rotor.
[0108] The assembly 23 and the method for controlling
the positioning of a rotor disc according to the invention
can also be applied to already assembled rotors that were
assembled with the preceding assembling techniques.
[0109] Incaseofalreadyassembled rotors, the assem-
bly 23 and the method according to the invention can be
applied during the disassembling of the rotor 1 disc by
disc.

[0110] During the disassembling, the rotor discs 2 are
removed one at a time and the assembly is used to detect
the position of each rotor disc 2 until the rotor disc (or the
rotor discs) is (are) found that is (are) responsible for the
unbalance of the rotor 1.

[0111] The application of the assembly 23 during the
disassembling of the rotor 1 is advantageous compared
to currently known solutions, as it gives objective indica-
tions on the positioning of each rotor disc 2, without in-
troducing operators’ personal assessment elements.
[0112] Furthermore, you do not have to completely dis-
assemble the rotor 1, for example in the following cases:

e if the rotor disc 2 responsible for the unbalance is
identified before all rotor discs are removed;

* if at least two discs or two group of discs (possibly,
even non-adjacent ones) are identified, which have
an inclination that is such as to be capable of being
compensated by a proper corrective action (i.e. a
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rotation with respect to the axis A of one of the discs
or groups of discs), which takes the stack of rotor
discs back to being aligned, as a whole, within the
given tolerances.

[0113] Basically, the identification of an unbalance
does not always lead to the replacement of the rotor disc
2. As a matter of fact, the unbalance can simply be cor-
rected by means of proper rotations of the rotor discs. In
this case, the device 16 has a crucial role in establishing
whether the corrective actions were effective and sulffi-
cient to compensate the unbalance.

[0114] Finally, it is clear that the assembly and the
method described herein can be subject to changes and
variations, without for this reason going beyond the scope
of protection of the appended claims.

Claims

1. Method for controlling the positioning of at least one
rotor disc (2) about a tie-rod (3) of a partially assem-
bled rotor (1) of a gas turbine; the tie-rod (3) extend-
ing along a longitudinal axis (A);
the method comprising:

« positioning the tie-rod (3) so as the longitudinal
axis (A) extends substantially vertically;

« detecting the eccentricity of the rotor disc (2)
with respect to the longitudinal axis (A) of the
tie-rod by means of an assembly (23) comprising
a main device (24) coupled to a free face (13a)
of the rotor disc (2) and at least one first refer-
ence device (25, 26) coupled to the tie-rod (3);
the assembly (23) further comprising at least
three lasers emitters (28) coupled to one be-
tween the main device (24) and the at least one
first reference device (25, 26) and at least three
respective photosensitive sensors (30) coupled
to the other between the main device (24) and
the at least one first reference device (25, 26);
the photosensitive sensors (30) being arranged
so as to intercept laser beams (B) emitted by
respective lasers emitters (28).

2. Method according to claim 1, wherein the step of
detecting the eccentricity comprises measuring a ra-
dial distance (R1, R2, R3; R1’, R2’, R3’) between the
longitudinal axis (A) and each laser beam (B) emitted
by the laser emitters (28) by means of the at least
three photosensitive detectors (30) and signal an ec-
centricity occurrence (Vecc; Vecc') on the basis of
the detected radial distances (R1, R2, R2; R1’, R2’,
R3’).

3. Method according to claim 1 or 2, wherein the tie-
rod (3) has one firstend (15), which is arranged close
to the floor when the tie rod (3) is in vertical position,
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and one second end (16), axially opposite to the first
end (15); the at least one first reference device (25,
26) being coupled in the proximity of the first end
(15) and/or of the second end (16).

Method according to anyone of the foregoing claims,
wherein the at least one reference device (25; 26)
comprises at least three supporting elements (40;
44), each of which supports one between the laser
emitter (28) and the photosensitive sensor (30).

Method according to claim 3 or 4, wherein the as-
sembly (23) comprises a second reference device
(26); the first reference device (25) being coupled in
the proximity of the first end (15) and the second
reference device being coupled to the second end
(16).

Method according to claim 5, wherein the step of
detecting the eccentricity of the rotor disc (2) com-
prises:

measuring a first radial distance (R1, R2, R2)
between the longitudinal axis (A) and each laser
beam (B) emitted by first laser emitters (28) ar-
ranged on the first reference device (25) by
means of at least three first photosensitive de-
tectors (30) arranged on the main device (24);

measuring a second radial distance (R1’, R2’,
R3’) between the longitudinal axis (A) and each
laser beam (B’) emitted by second laser emitters
(28) arranged on the main device (24) by means
of atleastthree second photosensitive detectors
(30) arranged on the second reference device
(26);

signalling a second eccentricity occurrence
(Vecc’) on the basis of the second radial distanc-
es (R1, R2", R3).

Method according to anyone of the foregoing claims,
wherein at least one laser emitter (28) is coupled to
an orientation device (70, 75) configured to regulate
the position of the laser emitter (28) so as the laser
beam (B) emitted by the laser emitter (28) is sub-
stantially vertical.

Method according to anyone of the foregoing claims,
comprising also the step of measuring the inclination
by means of an inclinometer (78) coupled to main
device (24).

Assembly for controlling the positioning of at least
one rotor disc (2) about a tie-rod (3) of a partially
assembled rotor (1) of a gas turbine; the tie-rod (3)
extending along a longitudinal axis (A);

the assembly comprising:

* a main device (24) coupled, in use, to a free
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face (13a) of the rotor disc (2); and

« at least one first reference device (25, 26) cou-
pled, in use, to the tie-rod (3); characterised in
that

« at least three lasers emitters (28) coupled to
one between the main device (24) and the at
least one first reference device (25, 26); and

« at least three respective photosensitive sen-
sors (30) coupled to the other between the main
device (24) and the at least one first reference
device (25, 26); the photosensitive sensors (30)
being arranged so as to intercept laser beams
(B) emitted by respective lasers emitters (28).

Assembly according to claim 9, wherein the at least
three photosensitive detectors (30) are configured
to measure a radial distance (R1, R2, R3; R1’, R2’,
R3’) between the longitudinal axis (A) and each laser
beam (B) emitted by the laser emitters (28).

Assembly according to claim 10, comprising a con-
trol device (85) configured to signal an eccentricity
occurrence (Vecc; Vecc’) on the basis of the detect-
ed radial distances (R1, R2, R2; R1’, R2’, R3’).

Assembly according to anyone of the claims from 9
to 11, wherein the at least one reference device (25;
26) comprises at least three supporting elements
(40; 44), each of which supports one between the
laser emitter (28) and the photosensitive sensor (30).

Assembly according to anyone of claims from 9 to
12, wherein the at least one first reference device
(25, 26) is coupled, in use, in the proximity of a first
end (15) and/or of asecond end (16) of the tie-rod (3).

Assembly according to claim 13, comprising a sec-
ond reference device (26); the first reference device
(25) being coupled in the proximity of the first end
(15) and the second reference device being coupled
to the second end (16).

Assembly according to anyone of the claims from 9
to 14, wherein at least one laser emitter (28) is cou-
pled to an orientation device (70; 75), configured to
regulate the position of the laser emitter (28) so as
the laser beam (B) emitted by the laser emitter (28)
is substantially vertical.

Patentanspriiche

1.

Verfahren zum Steuern der Positionierung mindes-
tens einer Rotorscheibe (2) um eine Zugstange (3)
eines teilweise montierten Rotors (1) einer Gastur-
bine, wobei sich die Zugstange (3) entlang einer
Langsachse (A) erstreckt,

welches Verfahren umfasst:
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+ Positionieren der Zugstange (3) dergestalt,
dass die Langsachse (A) im Wesentlichen ver-
tikal verlauft;

« Erfassen der Exzentrizitat der Rotorscheibe (2)
in Bezug auf die Langsachse (A) der Zugstange
mittels einer Anordnung (23), die eine mit einer
freien Flache (13a) der Rotorscheibe (2) gekop-
pelte Haupteinrichtung (24) und mindestens ei-
ne mit der Zugstange (3) gekoppelte erste Re-
ferenzeinrichtung (25, 26) umfasst; wobei die
Anordnung (23) ferner mindestens drei Lasere-
mitter (28) umfasst, die einerseits mit der Haupt-
einrichtung (24) oder der mindestens einen ers-
ten Referenzeinrichtung (25, 26) gekoppelt sind,
und mindestens drei jeweilige fotosensitive Sen-
soren (30), die andererseits mit der Hauptein-
richtung (24) oder der mindestens einen ersten
Referenzeinrichtung (25, 26) gekoppelt sind;
wobei die fotosensitiven Sensoren (30) so an-
geordnet sind, dass sie die von den jeweiligen
Laseremittern (28) ausgestrahlten Laserstrah-
len (B) unterbrechen.

Verfahren nach Anspruch 1, wobei der Schritt des
Erfassens der Exzentrizitadt das Messen eines Radi-
alabstands (R1, R2, R3; R1’, R2’, R3’) zwischen der
Langsachse (A) und jedem von den Laseremittern
(28) ausgestrahlten Laserstrahl (B) mittels der min-
destens drei fotosensitiven Detektoren (30) und das
Signalisieren des Auftretens einer Exzentrizitat
(Vecc; Vecc’) auf der Basis der erfassten Radialab-
stande (R1, R2, R3; R1’, R2’, R3’) umfasst.

Verfahren nach Anspruch 1 oder 2, wobei die Zug-
stange (3) ein erstes Ende (15), das nahe am Boden
angeordnet ist, wenn die Zugstange (3) in der verti-
kalen Position ist, und ein dem ersten Ende (15) axial
entgegengesetztes zweites Ende (16) hat; wobei die
mindestens eine erste Referenzeinrichtung (25, 26)
in der Nahe des ersten Endes (15) und/oder des
zweiten Endes (16) gekoppelt ist.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei die mindestens eine Referenzeinrichtung
(25; 26) mindestens drei Halteelemente (40; 44) um-
fasst, die jeweils entweder den Laseremitter (28)
oder den fotosensitiven Sensor (30) halten.

Verfahren nach Anspruch 3 oder 4, wobei die An-
ordnung (23) eine zweite Referenzeinrichtung (26)
umfasst;

wobei die erste Referenzeinrichtung (25) in der Nahe
des ersten Endes (15) gekoppelt ist und die zweite
Referenzeinrichtung mit dem zweiten Ende (16) ge-
koppelt ist.

Verfahren nach Anspruch 5, wobei der Schritt des
Erfassens der Exzentrizitat der Rotorscheibe um-
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fasst:

Messen eines ersten Radialabstands (R1, R2,
R3) zwischen der Langsachse (A) und jedem
von den an der ersten Referenzeinrichtung (25)
angeordneten ersten Laseremittern (28) ausge-
strahlten Laserstrahlen (B) mittels mindestens
dreier erster fotosensitiver Detektoren (30), die
an der Haupteinrichtung (24) angeordnet sind;
Messen eines zweiten Radialabstands (R1’,
R2’, R3’) zwischen der Langsachse (A) und je-
dem von den an der Haupteinrichtung (24) an-
geordneten zweiten Laseremittern (28) ausge-
strahlten Laserstrahlen (B’) mittels mindestens
dreier zweiter fotosensitiver Detektoren (30), die
an der zweiten Referenzeinrichtung (26) ange-
ordnet sind;

Signalisieren des Auftretens einer zweiten Ex-
zentrizitat (Vecc’) auf der Basis der zweiten Ra-
dialabsténde (R1’, R2’, R3’).

Verfahren nach einem der vorhergehenden Ansprii-
che, wobei mindestens ein Laseremitter (28) mit ei-
ner Orientierungseinrichtung (70, 75) gekoppelt ist,
die daflir konfiguriert ist, die Position des Laseremit-
ters (28) so zu regulieren, dass der von dem Lase-
remitter (28) ausgestrahlte Laserstrahl (B) im We-
sentlichen vertikal ist.

Verfahren nach einem der vorhergehenden Ansprii-
che, umfassend ferner den Schritt des Messens der
Neigung mittels eines mit der Haupteinrichtung (24)
gekoppelten Neigungsmessers (78).

Anordnung zum Steuern der Positionierung mindes-
tens einer Rotorscheibe (2) um eine Zugstange (3)
eines teilweise montierten Rotors (1) einer Gastur-
bine, wobei die Zugstange (3) entlang einer Langs-
achse (A) verlauft, welche Anordnung umfasst:

* eine Haupteinrichtung (24), die im Betrieb mit
einer freien Flache (13a) der Rotorscheibe (2)
gekoppelt ist; und

* mindestens eine erste Referenzeinrichtung
(25, 26), die im Betrieb mit der Zugstange (3)
gekoppelt ist; dadurch gekennzeichnet, dass
* mindestens drei Laseremitter (28) einerseits
mit entweder der Haupteinrichtung (24) oder der
mindestens einen ersten Referenzeinrichtung
(25, 26) gekoppelt sind; und

* mindestens drei jeweilige fotosensitive Senso-
ren (30) andererseits mit entweder der Haupt-
einrichtung (24) oder der mindestens einen ers-
ten Referenzeinrichtung (25, 26) gekoppeltsind;
wobei die fotosensitiven Sensoren (30) so an-
geordnet sind, dass sie die von den jeweiligen
Laseremittern (28) ausgestrahlten Laserstrah-
len (B) unterbrechen.
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Anordnung nach Anspruch 9, wobei die mindestens
dreifotosensitiven Detektoren (30) daftir konfiguriert
sind, einen Radialabstand (R1,R2,R3;R1’,R2’, R3’)
zwischen der Langsachse (A) und jedem von den
Laseremittern (28) ausgestrahlten Laserstrahl (B) zu
messen.

Anordnung nach Anspruch 10, umfassend eine
Steuereinrichtung (85), die dafir konfiguriert ist, das
Auftreten einer Exzentrizitat (Vecc; Vecc’) auf der
Basis der erfassten Radialabstande (R1, R2, R3;
R1’, R2’, R3’) zu signalisieren.

Anordnung nach einem der Anspriiche von 9 bis 11,
wobei die mindestens eine Referenzeinrichtung (25;
26) mindestens drei Halteelemente (40; 44) umfasst,
die jeweils entweder den Laseremitter (28) oder den
fotosensitiven Sensor (30) halten.

Anordnung nach einem der Anspriiche von 9 bis 12,
wobei die mindestens eine erste Referenzeinrich-
tung (25, 26) im Betrieb in der Nahe des ersten En-
des (15) und/oder des zweiten Endes (16) der Zug-
stange (30) gekoppelt ist.

Anordnung nach Anspruch 13, umfassend eine
zweite Referenzeinrichtung (26), wobei die erste Re-
ferenzeinrichtung (25) in der Nahe des ersten Endes
(15) gekoppelt ist und die zweite Referenzeinrich-
tung mit dem zweiten Ende (16) gekoppelt ist.

Anordnung nach einem der Anspriiche von 9 bis 14,
wobei der mindestens eine Laseremitter (28) mit ei-
ner Orientierungseinrichtung (70; 75) gekoppelt ist,
die dafir konfiguriert ist, die Position des Laseremit-
ters (28) so zu regulieren, dass der von dem Lase-
remitter (28) ausgestrahlte Laserstrahl im Wesentli-
chen vertikal ist.

Revendications

Procédé de contréle du positionnement d’au moins
un disque de rotor (2) autour d'un tirant (3) d’'un rotor
partiellement assemblé (1) d’une turbine a gaz; le
tirant (3) s’étendant le long d’'un axe longitudinal (A) ;
le procédé comprenant :

* le positionnement du tirant (3) de maniére a ce
que I'axe longitudinal (A) s’étende sensiblement
verticalement ;

* la détection de I'excentricité du disque de rotor
(2) par rapport a I'axe longitudinal (A) du tirant
au moyen d’un ensemble (23) comprenant un
dispositif principal (24) couplé a une face libre
(13a) du disque de rotor (2) et au moins un pre-
mier dispositif de référence (25, 26) couplé au
tirant (3) ; 'ensemble (23) comprenant en outre
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au moins trois émetteurs laser (28) couplés a
'un entre le dispositif principal (24) etle au moins
un premier dispositif de référence (25, 26) et au
moins trois capteurs photosensibles respectifs
(30) couplés a I'autre entre le dispositif principal
(24) et le au moins un premier dispositif de ré-
férence (25, 26) ; les capteurs photosensibles
(30) étantdisposés de maniére aintercepter des
faisceaux laser (B) émis par les émetteurs laser
respectifs (28).

Procédé selon larevendication 1, danslequel I'étape
de détection de I'excentricité comprend la mesure
d’une distance radiale

(R1, R2, R3; RI', R2", R3’) entre I'axe longitudinal
(A) et chaque faisceau laser (B) émis par les émet-
teurs laser (28) au moyen des au moins trois détec-
teurs photosensibles (30) et le signalement d’'une
occurrence d’excentricité (Vecc ; Vecc’) sur la base
des distances radiales détectées (R1, R2, R2 ; R,
R2’, R3).

Procédé selon la revendication 1 ou 2, dans lequel
le tirant (3) présente une premiéere extrémité (15),
qui est disposée prés du sol lorsque le tirant (3) est
en position verticale, et une seconde extrémité (16),
axialement opposée a la premiére extrémité (15) ;
le au moins un premier dispositif de référence (25,
26) étant couplé a proximité de la premiere extrémité
(15) et/ou de la seconde extrémité (16) .

Procédé selon I'une quelconque des revendications
précédentes, dans lequel le au moins un dispositif
de référence (25 ; 26) comprend au moins trois élé-
ments de support (40 ; 44), chacun d’eux supportant
un élément entre 'émetteur laser (28) et le capteur
photosensible (30).

Procédé selon la revendication 3 ou 4, dans lequel
'ensemble (23) comprend un second dispositif de
référence (26) ; le premier dispositif de référence
(25) étant couplé a proximité de la premiere extré-
mité (15) et le second dispositif de référence étant
couplé a la seconde extrémité (16) .

Procédé selon larevendication 5, danslequel I'étape
de détection de I'excentricité du disque de rotor (2)
comprend :

la mesure d’'une premiére distance radiale (R1,
R2, R2) entre I'axe longitudinal (A) et chaque
faisceau laser (B) émis par des premiers émet-
teurs laser (28) disposés sur le premier dispositif
deréférence (25) au moyen d’au moins trois pre-
miers détecteurs photosensibles (30) disposés
sur le dispositif principal (24) ;

la mesure d’'une seconde distance radiale (R1’,
R2’, R3’) entre I'axe longitudinal (A) et chaque
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faisceau laser (B’) émis par des seconds émet-
teurs laser (28) disposés sur le dispositif princi-
pal (24) au moyen d’au moins trois seconds dé-
tecteurs photosensibles (30) disposés sur le se-
cond dispositif de référence (26) ;

le signalement d’'une seconde occurrence d’'ex-
centricité (Vecc’) sur la base des secondes dis-
tances radiales (R1’, R2’, R3’).

Procédé selon I'une quelconque des revendications
précédentes, dans lequel au moins un émetteur la-
ser (28) est couplé a un dispositif d’orientation (70,
75) configuré pour réguler la position de I'émetteur
laser (28) de sorte que le faisceau laser (B) émis par
I'’émetteur laser (28) soit sensiblement vertical.

Procédé selon I'une quelconque des revendications
précédentes, comprenant également I'étape consis-
tant a mesurer l'inclinaison au moyen d’un inclino-
meétre (78) couplé au dispositif principal (24).

Ensemble pour contréler le positionnement d’au
moins un disque de rotor (2) autour d’un tirant (3)
d’un rotor (1) partiellement assemblé d’une turbine
a gaz; le tirant (3) s’étendant le long d’un axe lon-
gitudinal (A) ; 'ensemble comprenant :

« undispositif principal (24) couplé, en utilisation,
a une face libre (13a) du disque de rotor (2) ; et
* au moins un premier dispositif de référence
(25, 26) couplé, en cours d’utilisation, au tirant
(3) ; caractérisé en ce que

* au moins trois émetteurs laser (28) couplés a
I'un entre le dispositif principal (24) etle au moins
un premier dispositif de référence (25, 26) ; et
* au moins trois capteurs photosensibles res-
pectifs (30) couplés I'un a I'autre entre le dispo-
sitif principal (24) et le au moins un premier dis-
positif de référence (25, 26) ; les capteurs pho-
tosensibles (30) étant disposés de maniéere a
intercepter des faisceaux laser (B) émis par des
émetteurs laser respectifs (28).

Ensemble selon la revendication 9, dans lequel les
au moins trois détecteurs photosensibles (30) sont
configurés pour mesurer une distance radiale (R1,
R2, R3 ; RI', R2’, R3’) entre I'axe longitudinal (A) et
chaque faisceau laser (B) émis par les émetteurs
laser (28).

Ensemble selon la revendication 10, comprenant un
dispositif de commande (85) configuré pour signaler
une occurrence d’excentricité (Vecc ; Vecc') sur la
base des distances radiales détectées (R1, R2, R2 ;
RI', R2', R3).

Ensemble selon 'une quelconque des revendica-
tions 9 a 11, dans lequel le au moins un dispositif de
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référence (25; 26) comprend au moins trois élé-
ments de support (40 ; 44), chacun d’eux supportant
un élément entre 'émetteur laser (28) et le capteur
photosensible (30).

Ensemble selon 'une quelconque des revendica-
tions 9 a 12, dans lequel le au moins un premier
dispositif de référence (25, 26) est couplé, en cours
d’utilisation, a proximité d’'une premiére extrémité
(15) et/ou d’une seconde extrémité (16) du tirant (3).

Ensemble selon la revendication 13, comprenant un
second dispositif de référence (26) ; le premier dis-
positif de référence (25) étant couplé a proximité de
la premiére extrémité (15) et le second dispositif de
référence étant couplé a la seconde extrémité (16).

Ensemble selon 'une quelconque des revendica-
tions 9 a 14, dans lequel au moins un émetteur laser
(28) est couplé a un dispositif d’orientation (70, 75)
configuré pour réguler la position de I'émetteur laser
(28) de sorte que le faisceau laser (B) émis par
I'émetteur laser (28) soit sensiblement vertical.
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