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(54) METHOD AND DEVICE FOR CONTROLLING THE POSITIONING OF AT LEAST ONE ROTOR 
DISC ABOUT A TIE-ROD OF A GAS TURBINE ROTOR

(57) Method for controlling the positioning of at least
one rotor disc (2) about a tie rod (3) of a rotor (1) of a gas
turbine; the method comprises the step of detecting at
least one parameter correlated to the position of the rotor
disc (2) with respect to one or more references by means
of a device (15) coupled to a free face (13a) of the rotor
disc (2).
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Description

[0001] The invention relates to a method and a device
for controlling the positioning of a rotor disc about a tie-
rod of a gas turbine rotor.
[0002] A gas turbine rotor of an industrial plant for the
production of electrical energy usually comprises a plu-
rality of bladed rotor discs, which are aligned along an
axis and are coupled at the front. The front coupling be-
tween adjacent rotor discs is obtained by means of Hirth
joints.
[0003] Therefore, each rotor disc is provided with two
respective radial teeth annuli, the so-called Hirth teeth
sets, one on each face. The annuli are 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 or tur-
bine 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] The compliance of the discs is usually controlled
when the rotor is already clamped and possible corrective
actions often require the rotor to be disassembled.
[0010] Moreover, the tools and the methods currently
available take a long time to assess and correct the stack-
ing. There are checks that control the compliance of the
discs before the stacking, but they do not ensure the de-
tection of all non-compliances of the discs, as operators
need to carry out manual activities and personal assess-
ments. Therefore, the accuracy and the times needed
for the checks and the corrections cannot be considered
as satisfying.
[0011] Hence, it is important to have a method for con-
trolling 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. By so
doing, you can avoid, or minimize, assessment and cor-
rection operations to be carried on an already clamped
rotor.
[0012] In accordance with these objects, the invention
relates to a method for controlling the positioning of rotor
discs about a tie-rod of a gas turbine rotor; the method
comprising the step of detecting at least one parameter
correlated to the position of the rotor disc with respect to
one or more references.
[0013] A further object is to provide a device for con-
trolling the positioning of rotor discs about a tie-rod of a
gas turbine rotor, 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.
[0014] In accordance with these objects, the invention
relates to a device for controlling the positioning of at
least one rotor disc about a tie-rod of a gas turbine rotor;
the device comprising:

• a support;
• a centering system configured to center the support

on a rotor disc of the rotor;
• at least one detecting assembly coupled to the sup-

port and configured to detect at least one parameter
correlated to the position of the rotor disc with respect
to one or more references.

[0015] 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 side view of the rotor of figure 1 partially
assembled during a step of the method according to
the invention;

- figure 3 is a perspective view of a detail of the rotor
of figure 1;

- figure 4 is a plan view from the bottom of a device
for assembling the rotor according to the invention;

- figure 5 is a plan view from the top of the device of
figure 4;

- figure 6 is a section along plane VI-VI of the device
of figure 4;

- figure 7 is a schematic block diagram of a detail of
the device of figure 5.

[0016] 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. 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
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the turbine section 1b are separated from one another
by a disc 2 without blades, which basically acts as a spac-
er element and is substantially shaped like a cylinder. In
use, an annular combustion chamber (not shown) of the
gas turbine can be arranged around the spacer disc 2.
[0017] With reference to figure 3, 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 coupled to respective first rotor blades
5 or to respective second rotor blades 6.
[0018] The central hole 8 will be engaged, in use, by
the tie-rod 3 of the rotor 1.
[0019] Each rotor disc 2 is 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 3 you can
only see the face 13a of the rotor disc, whereas the face
13b is partially shown in figures 1 and 2).
[0020] Preferably, the radial teeth annulus 12 is ar-
ranged along the respective face close to the peripheral
edge 9 of the rotor disc 2.
[0021] The radial teeth annuli 12 are positioned and
shaped so as to be coupled to the annuli of the adjacent
rotor discs 2 in order to build the so-called Hirth joint and
to ensure a stable coupling of the rotor discs 2.
[0022] Figure 2 shows a partially assembled rotor 1, in
which the tie-rod 3 is arranged and supported in a vertical
position. Preferably, the tie rod 3 has an end portion,
which is housed in a stacking pit (not shown for the sake
of simplicity), which ensures a correct and stable vertical
positioning of the tie-rod 3.
[0023] The configuration shown in figure 2 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).
[0024] 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
in the configuration of figure 2.
[0025] Indeed, 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
through a device 15 coupled to a free face 13a of the
rotor disc 2 (in figure 2, the device 15 is schematically
represented liked a sectional disc, more details on the
device 15 will be described hereinafter with reference to
figure 4).
[0026] 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.
[0027] Therefore, the method according to the inven-
tion can be applied both during the assembling and during
the disassembling of the rotor 1.
[0028] During the assembling, the detection of the po-
sition of the disc 2 takes place before a further rotor disc
2 is 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.
[0029] As a consequence, the method according to the
invention requires the device 15 to be coupled to one
rotor disc 2 at a time. However, this does not imply that
the positioning 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 de-
tection of the position of the rotor disc 2 belonging to the
group that has a free face.
[0030] With reference to figures 4 and 5, the device 15
comprises a support 16, a centering system 17 config-
ured to center the support 16 on the rotor disc 2 being
controlled, at least one detecting assembly 19 coupled
to the support 16 and configured to detect at least one
parameter correlated to the position of the rotor disc 2
with respect to one or more references, and a control
device 20.
[0031] The support 16 preferably is defined by a frame
configured to support the centering system 17 and the
detecting assembly 19.
[0032] Preferably, the support 16 is provided with a
coupling device 18 configured so as to provide hooking
points for the lifting of the support 16, for example by
means of an overhead crane (not shown).
[0033] In the non-limiting example described and
shown herein, the coupling device 18 comprises a plu-
rality of eyelets 18a, which are arranged along the outer
edge of the support 16 and can be coupled to the snap
links of the overhead crane (not shown).
[0034] In the non-limiting example described and
shown herein, the support 16 has an annular shape hav-
ing dimensions that are compatible with the dimensions
of the tie-rod 3 and of the rotor discs 2 making up the
rotor 1.
[0035] In particular, the support 16 is defined by an
annular frame, which is sized so as to make sure that the
tie-rod can be easily inserted into the support 16.
[0036] With reference to figure 4 and to figure 5, the
support 16 has a first annular face 21, which is designed
to face, in use, the rotor disc 2 being controlled, and a
second annular face 22, which is opposite the first annu-
lar face 21.
[0037] According to a variant that is not shown herein,
the support 16 comprises a hooking device, which is de-
signed to hook the rotor disc 2. By so doing, the lifting of
the support 16 determines the lifting of the rotor disc 2
hooked thereto. The hooking device can be defined, for
example, by three reverse vices arranged at 120° from
another, which, by expanding, get locked on the radial
teeth annulus 12 of the rotor disc 2 to be lifted.
[0038] With reference to figure 4, the centering system
17 comprises at least two portions of a Hirth toothing
annulus 23 couplable to a respective portion of the radial
teeth (Hirth) annulus 12 arranged on a free face 13a of
one of the rotor discs 2 making up the rotor 1.
[0039] The portions of Hirth toothing annulus 23 are
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coupled to the first annular face 21 so as to face, in use,
the rotor disc 2 being controlled.
[0040] In order to be coupled to the radial teeth annulus
12 of any rotor disc 2 of the rotor 1, the portions of Hirth
toothing annulus 23 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
radial teeth annulus 12 of the largest rotor disc 2.
[0041] Furthermore, the portions of Hirth toothing an-
nulus 23 must have teeth that are oriented like the teeth
of the radial teeth annulus 12, namely towards the center
of the rotor discs 2, preserving all other parameters there-
of (inclination of the walls of the teeth, number of teeth,
etc.), so as to ensure a correct and stable coupling be-
tween the portions of Hirth toothing annulus 23 and the
radial teeth annulus 12 of the rotor discs 2.
[0042] If there are two portions of Hirth toothing annu-
lus 23, they are diametrically opposite.
[0043] In the non-limiting example described and
shown herein, the centering system 17 comprises three
portions of Hirth toothing annulus 23 that are separate
and arranged on a same plane, preferably at approxi-
mately 120° from one another.
[0044] The three portions of Hirth toothing annulus 23
are substantially identical.
[0045] In this way, the portions of Hirth toothing annu-
lus 23 substantially define a coupling face of the device
16, which is designed to be arranged in contact with the
free face 13a of the rotor disc 2 being controlled.
[0046] Preferably, the portions of Hirth toothing annu-
lus 23 are manufactured as one single piece together
with the support 16.
[0047] By so doing, the support 16 is coupled to the
rotor disc 2 being controlled in an integral manner and is
centered on the rotor disc 2 being controlled.
[0048] Preferably, the portions of Hirth toothing annu-
lus 23 project from the first annular face 21 of the support
16, so that the support 16 does not interfere with the
radial teeth annulus 12 of the rotor discs 2 (see the section
along plane VI-VI shown in figure 6).
[0049] In the non-limiting embodiment described and
shown herein, the detecting assembly 19 comprises a
first device 27 configured to detect at least one parameter
correlated to the inclination of the rotor disc 2 with respect
to a horizontal plane and a second device 28 configured
to detect at least one parameter correlated to the eccen-
tricity of the rotor disc 2 with respect to the tie-rod 3 of
the rotor 1 about which the rotor disc 2 is arranged.
[0050] In detail, the first device 27 comprises a biaxial
inclinometer, which is coupled to the support 16 and is
capable of providing the measure of the inclination of the
support 16 with respect to two orthogonal axes.
[0051] Since the support 16 is integral to the rotor disc
2 to which its is coupled, the inclination measures of the
first device 27 reflect the inclination of the rotor disc 2 to
which the device 15 is coupled.
[0052] For example, the first device 27 is coupled to

the second annular face 22 of the support 16.
[0053] The second device 28 comprises at least three
distance detectors 30, which are coupled to the support
16, are arranged in respective points belonging to a same
circumference (represented with a broken line in figure
4) and are oriented towards the center of the circumfer-
ence. In this way, the distance detectors 30 detect a dis-
tance along a radial direction with respect to center of
the circumference and aim at a specific target: the tie-
rod 3.
[0054] In the non-limiting example described and
shown herein, the second device 28 comprises three dis-
tance detectors 30, which are arranged at 120° with re-
spect to one another along the circumference and are
configured to detect three radial distances R1, R2, R3.
[0055] Preferably, the distance detectors 30 are cou-
pled to the second annular face 22 of the support 16.
[0056] The distance detectors 30 preferably are con-
tactless detectors, for example laser triangulation sys-
tems. In the instant in which the measurement is carried
out, the quantities R1, R2, R3 are detected with a very
high precision (resolution up to a hundredth of a millim-
eter).
[0057] Is use, when the device 15 is coupled to the
rotor disc 2, the distance detectors 30 aim at the tie-rod
3 along a radial direction. By so doing, the distance de-
tectors 30 detect three radial distance values R1, R2, R3
with respect to the tie-rod 3.
[0058] The data detected by the first device 27 and by
the second device 28 are sent to the control device 20,
which is schematically shown in figure 5.
[0059] The control device 20 is configured to process
the data detected by the detecting assembly 19 and sup-
ply an assessment of the positioning of the rotor disc 2.
[0060] With reference to figure 7, the control device 20
preferably comprises a storing module 101, in which all
the inclination data detected by the first device 27 are
stored in succession for the different rotor discs 2, a cal-
culation module 102, which is configured to calculate the
relative inclination of each rotor disc 2 with respect to the
rotor disc 2 preceding it, and an inclination assessment
module 103, which is configured to assess whether the
absolute inclination value detected by the first detecting
device 27 and the relative inclination value calculated by
the calculation module 102 are within respective toler-
ance limits.
[0061] Preferably, the tolerance interval for the relative
inclination of a single rotor disc is +/- 1/1000°.
[0062] Preferably, the tolerance interval for the abso-
lute inclination is +/- 2/100°.
[0063] The calculation module 102 calculates the rel-
ative inclination as difference between detected absolute
inclinations of adjacent rotor discs 2.
[0064] Should the relative inclination and/or the abso-
lute inclination not be within the predefined tolerance lim-
its, the control system 20 signals a fault.
[0065] According to an embodiment that is not shown
herein, the control device 20 comprises a further module,
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which is configured to give indications on possible cor-
rective actions to be carried out in the light of the relative
and absolute inclination data stored in the storing module
101.
[0066] Preferably, the control device 20 further com-
prises a comparing module 105, which is configured to
compare the distance data detected by the second de-
vice 28 and to signal an eccentricity occurrence when
the difference between the detected distances is greater
than a threshold value. Preferably, the threshold value
is approximately equal to 0.1 mm.
[0067] Preferably, the data detected by the first device
27 and by the second device 28 are sent to the control
device 20 by means of wi-fi communications.
[0068] Preferably, the control device 20 is not coupled
to the support 16 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, as you can
schematically see in the accompanying figures. By so
doing, the tablet can give the operator information on the
correct positioning of the disc on the stack, respecting all
tolerances, and, in any case, store the information.
[0069] With reference to figure 2, the device 15 is fur-
ther provided with a pointer 35, which is coupled to the
support 16 and is configured to generate a light beam
along a given direction towards the outside of the support
16.
[0070] The beam generated by so doing can be used
to provide a reference of the angular position of the device
15.
[0071] Preferably, beside the rotor 1 there is a refer-
ence element 36 extending along a vertical axis.
[0072] The reference element can be defined by any
fixed element close to the rotor 1, which can be used as
a reference point.
[0073] Hence, the pointer 35 allows the device 15 to
be always arranged, with every detection, in the same
angular position with respect to the tie-rod 3.
[0074] Preferably, the pointer 35 is configured so as to
generate a substantially horizontal and radial beam when
the device is coupled to the rotor disc 2 being controlled.
[0075] Advantageously, the device 15 and the method
for controlling the positioning of a rotor disc according to
the invention allow the assembling of the rotor 1 to be
improved and optimized, thus avoiding assembling an
unbalanced rotor and avoiding, especially, the costs de-
riving from one or more corrective interventions to be
carried out on an already assembled rotor.
[0076] The device 15 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.
[0077] In case of already assembled rotors, the device
15 and the method according to the invention can be
applied during the disassembling of the rotor 1 disc by
disc.
[0078] During the disassembling, the rotor discs 2 are
removed one at a time and the device 15 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.
[0079] The application of the device 15 during the dis-
assembling 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.
[0080] Furthermore, you do not have to completely dis-
assemble the rotor 1, for example in the following cases:

• 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
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.

[0081] 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 suffi-
cient to compensate the unbalance.
[0082] Finally, it is clear that the device and the method
described herein can be subject to changes and varia-
tions, 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 rotor (1) of a gas
turbine; the method comprising the step of detecting
at least one parameter correlated to the position of
the rotor disc (2) with respect to one or more refer-
ences.

2. Method according to claim 1, wherein the step of
controlling the positioning of at least one rotor disc
(2) comprises detecting at least one parameter cor-
related to the inclination of the rotor disc (2) with re-
spect to an horizontal plane and/or at least one pa-
rameter correlated to the eccentricity of the rotor disc
(2) with respect to the tie rod (3).

3. Method according to claim 2, wherein detecting at
least one parameter correlated to the inclination of
the rotor disc (2) with respect to an horizontal plane
comprises measuring the inclination by means of an
inclinometer integral with the rotor disc (2).
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4. Method according to claim 2, wherein detecting at
least one parameter correlated to the eccentricity of
the rotor disc (2) with respect to the tie rod (3) com-
prises detecting the radial distance (R1, R2, R3) with
respect to the tie rod (3) of at least three points be-
longing to a same circumference.

5. Method according to claim 4, wherein detecting at
least one parameter correlated to the eccentricity of
the rotor disc (2) with respect to the tie rod (3) com-
prises detecting the radial distance (R1, R2, R3) with
respect to the tie rod (3) of three nonaligned points
belonging to a same circumference and arranged at
120° one with respect to the other.

6. Method according to claim 4 or 5, wherein detecting
at least one parameter correlated to the eccentricity
of the rotor disc (2) with respect to the tie rod (3)
comprises comparing the detected radial distances
and signaling an eccentricity occurrence when the
difference between the detected radial distances is
greater than a threshold value.

7. Method according to any one of the foregoing claims,
wherein the step of detecting at least one parameter
correlated to the position of the rotor disc (2) with
respect to one or more references comprises detect-
ing at least one parameter correlated to the position
of the rotor disc (2) by means of a device (15) coupled
to a free face (13a) of the rotor disc (2).

8. Method according to claim 7, wherein the device (15)
comprises a support (16); a centering system (17)
configured to center the support (16) on the rotor
disc (2); at least one detecting assembly (19) cou-
pled to the support (16) and configured to detect at
least one parameter correlated to the position of the
rotor disc (2) with respect to one or more references.

9. Device for controlling the positioning of at least one
rotor disc (2) about a tie rod (3) of a rotor (1) of a gas
turbine; the device comprising:

• a support (16);
• a centering system (17) configured to center
the support (16) on a rotor disc (2) of the rotor;
• at least one detecting assembly (19) coupled
to the support (16) and configured to detect at
least one parameter correlated to the position
of the rotor disc (2) with respect to one or more
references.

10. Device according to claim 9, wherein the centering
system (17) comprises at least two portions of a Hirth
toothing annulus (23) couplable to a respective por-
tion of a radial teeth annulus (12) arranged on a free
face (13a) of the rotor disc (2).

11. Device according to claim 10, wherein the support
(16) comprises the portions of a Hirth toothing an-
nulus (23) of the centering system (17).

12. Device according to any one of claims from 9 to 11,
wherein the detecting assembly (19) comprises at
least one first device (27) configured to detect at least
one parameter correlated to the inclination of the ro-
tor disc (2) with respect to an horizontal plane.

13. Device according to claim 12, wherein the first device
(27) comprises a biaxial inclinometer.

14. Device according to any one of claims from 9 to 13,
wherein the detecting assembly (19) comprises at
least one second device (28) configured to detect at
least one parameter correlated to the eccentricity of
the rotor disc (2) with respect to a tie rod (3) of the
rotor (1) about which the rotor disc (2) is arranged.

15. Device according to claim 14, wherein the second
device (28) comprises at least three distance detec-
tors (30) coupled to the support (16) and arranged
in respective points belonging to a same circumfer-
ence; the distance detectors (30) being oriented so
as to detect a distance (R1, R2, R3) along a radial
direction with respect to the center of said circum-
ference.

16. Device according to claim 15, wherein the three dis-
tance detectors (30) are arranged at 120° one with
respect to the other along the circumference.

17. Device according to any one of claims from 14 to 16,
comprising a control device (20) configured to proc-
ess the data detected by the detecting assembly (19)
and supply an assessment of the positioning of the
rotor disc (2).

18. Device according to claim 17, wherein the control
device (20) comprises a comparing module config-
ured to compare the distance data (R1, R2, R3) de-
tected by the second device (28) and signaling an
eccentricity occurrence when the difference be-
tween the detected distances is greater than a
threshold value.
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