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Description
Technical field

[0001] The present invention relates to the field of ro-
tating machines, and, more particularly, to a rotor shaft
for a turbo-machinery, especially for a gas or steam tur-
bine.

[0002] The rotor shaft comprising a rotor cavity config-
ured concentrically or quasi-concentrically to the rotor
axis inside the rotor shaft, and a plurality of cooling bores
extending radially or quasi-radially outward from the in-
side to an outside of the rotor shaft. Each cooling bore
having a bore inlet location and a distal bore outlet por-
tion. The respective bore inlet location being adapted to
abut on the rotor cavity.

Background of the invention

[0003] Fundamentally, compressors, gas turbines,
steam turbines and other thermal machines are subject-
ed to high thermal and mechanical stresses. Accordingly,
it is indispensable to reduce such thermal and mechan-
ical stresses.

[0004] Inagasturbine, arotor shaft,among the various
other parts, such as rotor blades and stator vanes, are
exposed to high thermal and mechanical stresses. Crit-
ical locations may be, among others, cooling bore inlets
in rotor cavities of the rotor shaft. Generally, the rotor
cavities are configured inside of the rotor shaft, and the
cooling bore inlets are arranged on outer circumference
of such rotor cavities. The cooling bores extend from the
inside of the rotor shaft mainly in a radial direction. Where
such cooling bores and rotor cavities are concerned, the
stresses arising in the rotor cavities depend critically on
a cross-sectional contour of the rotor cavities.

[0005] The cooling bores usually constitute a mechan-
ical weakening of the rotor shaft in the area where they
extend from the rotor cavities, which may have an ad-
verse effect in the case of high thermal and mechanical
stresses.

[0006] Accordingly, there are a number of measures
which have already been contemplated to reduce the ef-
fects of thermal and mechanical stresses, namely:

Reduction of the bore diameters and change of the
bleed position within the compressor for realize a
higher stage. But this impact increases the cooling
air pressure and thus reduces the required cross
section of the flow. Referring to the drawbacks this
induces a negative performance impact and, addi-
tionally, this increases the cooling air temperature.

[0007] Change of the SAF system, e.g. change of the
blade feed to the front of the blade instead of the bottom.
Referring to the drawbacks this requires a redesign of
the rotor and/or rotor blades and/or stator vanes. Addi-
tionally, the pressure losses must be recuperated with
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other setups.

[0008] The internal radial compressor of the rotor is
provided in the form of ribs on the rotor cavity wall. The
internal ribs accelerate the air flow in circumferential di-
rection and thus increase its swirl. Referring to the draw-
backs this comports that the ribs have a very high surface
to volume ratio and thus have a very fast thermal behav-
iour while the rotor disc with a very low surface to volume
ratio has a very slow thermal behaviour. This can intro-
duce very high thermal stresses into the rotor disc so that
the design of such ribs results difficult.

[0009] In summary it can be said that a high number
of big holes lead to limited rotor lifetime due to a low
remaining wall thickness between neighboring bores.
Furthermore, the high jump of the relative velocity of the
cooling air atthe inlet of the cooling bore leads to pressure
losses and a bigger required bore diameter due to recir-
culation.

Summary of the invention

[0010] The present invention describes an improved
rotor shaft of a gas turbine, steam turbine or, generally,
turbo-machinery, that will be presented in the following
simplified summary to provide a basic understanding of
one or more aspects of the disclosure that are intended
to overcome the discussed drawbacks, but to include all
advantages thereof, along with providing some additional
advantages.

[0011] This summary is not an extensive overview of
the invention. It is intended that neither identify key or
critical elements of the invention, nor to delineate the
scope of the present disclosure. Rather, the sole purpose
of this summary is to present some concepts of the in-
vention, its aspects and advantages in a simplified form
as a prelude to the more detailed description that is pre-
sented hereinafter.

[0012] An object of the present invention is to describe
animproved rotor shaft, which may be adaptable in terms
of reducing effect of thermal and mechanical stresses
arise thereon while a machine or turbine in which relation
it is being used is in running condition.

[0013] Further, independently of the fact whether the
rotor shaft of the present invention being made of single
piece or of multiple piece, the rotor shaft of the present
invention has an objective of withstanding or reducing
effects of thermal and mechanical stresses.

[0014] Another object of the present invention is to de-
scribe an improved rotor shaft, which is convenient to
use in an effective and economical way. Various other
objects and features of the present invention will be ap-
parent from the following detailed description and from
the claims.

[0015] Summary, according to the characterizing
clause of the independent claim the main aspects of the
inventive step include a first embodiment that at least
one side or part-side of the cooling bore inlet location is
provided with an asymmetric edge fillet in order to max-
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imize the wall thickness between two adjacent cooling
bores.

[0016] The above noted and other objects, in one as-
pect, may be achieved by an improved rotor shaft for a
gas turbine engine of a power plant. The rotor shaft adapt-
ed to rotate about a rotor axis thereof. The rotor shaft
includes a rotor cavity configured concentrically or quasi-
concentrically to the rotor axis inside the rotor shaft. It is
to be understood that the invention is not to be strictly
limited to a concentrically cavity configuration.

[0017] The rotor shaft further includes a plurality of
cooling bores extending radially or quasi-radially outward
from the inside to an outside of the rotor shaft. It is to be
understood that the invention is not to be strictly limited
to a radially configuration. Each cooling bore includes a
bore inlet portion and a distal bore outlet portion. The
respective bore inlet portions being adapted to abut on
the rotor cavity. The bore itself (between the inlet portion
and the outlet portion) is a "normal” straight bore with a
constant bore diameter.

[0018] The rotor shaft in one embodiment may be a
single piece configuration or in another embodiment may
be a two or more pieces configuration welded to be as-
sembled along at least one weld seam. The rotor shaft
could also be bolted together.

[0019] Moreover, the present invention introduces an
asymmetric edge filet at the inlet of a cooling bore in the
cavity of the rotor. The cooling air flows through a centre,
or quasi-center, or other disposed bore into a rotor cavity
and enters the cooling air bores which guide it towards
rotor blades.

[0020] The rotational velocity of the cooling air is only
small in the rotor cavity. In the transition from the cavity
to the cooling bores, the rotational velocity of the cooling
airincreases significantly which leads to pressure losses
and recirculation areas at the bore inlet.

[0021] The introduction of the asymmetric edge fillet
allows for a smoother transition from the rotor cavity to
the cooling bores and thus improves the flow conditions
at the bore inlet. The disclosed inlet design of the cooling
holes is used to guide the air through the rotor disc and
not for pressurizing the air.

[0022] The recirculation areas are reduced and, thus,
the effective flow cross section in the cooling bore inlet
is increased. This limits the peak-velocities to smaller
values and reduces the pressure losses significantly.
[0023] For that reason, the cooling bore diameter can
be reduced while the cooling air velocity and pressure
losses stay the same or increase only slightly.

[0024] Due to the high number of cooling bores, the
remaining wall thickness between neighboring bores is
only low which limits the rotor lifetime in this location. In
order to keep the minimum wall thickness as big as pos-
sible, the edge fillet is only applied on one side of the
bores and is thus asymmetric while the other side re-
mains basically without fillet, but basically does not mean
fundamentally, i.e. within a narrow range, the side which
is available without fillet can be provided with a reduced
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edge fillet without sacrificing the predominant underlying
asymmetry.

[0025] Referring to the asymmetry the side comprising
the edgefilletis applied at the front of the bore in direction
of rotation of the rotor.

[0026] The features of the present invention can be
combined with additional feature in order to optimize in
further manner the rotor lifetime, namely:

The rotor shaft comprising a rotor cavity configured
concentrically to the rotor axis inside the rotor shaft
and a plurality of cooling bores extending radially
outward from the inside to an outside of the rotor
shaft. Each cooling bore having a bore inlet portion
and a distal bore outlet portion, and the respective
bore inlet portion is adapted to abut on the rotor cav-
ity. Furthermore, the rotor cavity comprises a cross-
sectional profile adapted to be circumferentially
straight at a location whereas the each respective
bore inlet portion abuts on the rotor cavity, enabling
reduction in at least thermal and mechanical stress-
es across the major cross-sectional profile of the ro-
tor cavity.

[0027] Moreover, the rotor shaft can be configured as
a single piece configuration, or the rotor shaft is config-
ured in two or more pieces, welded to be assembled
along one welded seam.

[0028] The edge fillet referring to the asymmetric side
of the bore is ideally manufactured as a round fillet with
a radius between factor 0.3 to 0.7 Of the cooling bore
diameter. Due to manufacturing limitations, the round fil-
let can be approximated by 3 or more chamfers with uni-
form angular steps in between. In case the fillet is ap-
proximated by chamfers, the overall width w and the over-
all depth d of the edge fillet are also between factor 0.3
and 0.7 of the cooling bore diameter.

[0029] Accordingly, the final aim of the present inven-
tion consists in introduction of an asymmetric edge fillet
at the inlet of a rotating cooling bore in a rotor disc in
order to improve the flow conditions at the inlet and, thus,
to reduce the inlet pressure losses, allowing for a smaller
bore diameter for a given mass flow. Accordingly, the
remaining wall thickness between neighboring bores is
improved which is beneficial for the rotor lifetime.
[0030] The above explained statements together with
the other aspects of the present disclosure, along with
the various features that characterize the present inven-
tion, are pointed out with particularity in the present dis-
closure. For a better understanding of the present dis-
closure, its operating advantages, and its uses, reference
should be made to the accompanying drawings and de-
scriptive matter in which there are illustrated exemplary
embodiments of the present disclosure.

Brief description of the figures

[0031] The advantagesand features ofthe present dis-
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closure will be better understood with reference to the
following detailed description and claims taken in con-
junction with the accompanying drawing, wherein like el-
ements are identified with like symbols, and in which:
Fig. 1  shows a perspective side view of a rotor shaft
of a gas turbine;

Fig. 2 shows a longitudinal section through the rotor
shaft in accordance with Fig. 1, and illustrates
an example referring to a rotor cavity having a
number of cooling bores;

Fig. 3  showsapartial view of the rotor cavity, depicting
an embodiment of the invention with an asym-
metric configuration of the cooling bores over
a conventional rotor cavity in accordance with
section view llI-1ll of Fig. 2;

Fig. 4  shows an asymmetric configuration of the cool-
ing bores in accordance with a partial section
view IV-1V of Fig. 2.

Detailed description of exemplary embodiments

[0032] Figure 1 reproduces a perspective side view of
the rotor shaft 100, without blading, of a gas turbine and
will be described in conjunction to Figure 2. The rotor
shaft 100, rotationally symmetric with respect to a rotor
axis 110, is subdivided into a compressor part 101 and
a turbine part 102. Between the two parts 101 and 102,
inside the gas turbine dome, a combustion chamber may
be arranged, into which air compressed in the compres-
sor part 101 is introduced and out of which the hot gas
flows through the turbine part 102. The turbine part 102,
arranged one behind the other in the axial direction, has
a plurality of rotor disks 103, in which axially oriented
reception slots for the reception of corresponding moving
blades are formed so as to be distributed over the cir-
cumference. Blade roots of the blades are held in the
reception slots in the customary way by positive connec-
tion by means of a fir tree-like cross-sectional contour.
The rotor cavity (see Figure 2) may be connected to a
central cooling air supply 104 running in an axial direction
within the rotor shaft 100 to supply cool air therefrom to
the rotor cavity, and there to the plurality of cooling bores
(see Figure 2).

[0033] Basically, according to Figure 2, the rotor shaft
comprising a rotor cavity configured concentrically to the
rotor axis inside the rotor shaft and a plurality of cooling
bores extending radially outward from the inside to an
outside of the rotor shaft. Each cooling bore having a
bore inlet portion and a distal bore outlet portion, and the
respective bore inlet portion is adapted to abut on the
rotor cavity. Furthermore, the rotor cavity comprises a
cross-sectional profile adapted to be circumferentially
straight at a location whereas the each respective bore
inlet portion abuts on the rotor cavity, enabling reduction
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in at least thermal and mechanical stresses across the
major cross-sectional profile of the rotor cavity.

[0034] In connection with Figure 2 the rotor cavity 120
is configured concentrically to the rotor axis 110 inside
the rotor shaft 100, according to Figures 1 and 2. Further,
the plurality of cooling bores 130 is configured in a man-
ner that extend radially outward from the inside to an
outside of the rotor shaft 100. Each cooling bore 130
includes a bore inlet portion 132 and distal bore outlet
portion 134. The respective bore inlet portion 132 being
adapted to abut on the rotor cavity 120. The term ’abut’
is defined to mean that the bore inlet portion 132 and the
rotor cavity 120 whereat the bore inlet portion 132 meets
share a same plane. On the one part, the rotor cavity 120
may be connected to a central cooling air supply 104
running in an axial direction within the rotor shaft 100 to
supply cool air therefrom to the rotor cavity 120, and there
to the plurality of cooling bores 130. On the other part,
the air could be delivered to the cavity differently. The
cool air from the plurality of cooling bores 130 reaches
the outside of the rotor shaft 100 between the blades and
blade roots 103 for cooling thereto.

[0035] Figure 3 shows a most preferred embodiment
of the present invention in accordance with section view
IlI-11l of Figure 2. The present embodiment introduces an
asymmetric edge filet 150 at an inlet location of a cooling
bore 130 in the rotor cavity 120. The cooling air flows
through a different placed bore into a rotor cavity and
enters the cooling air bores which guide it towards rotor
blades (see Figure 2).

[0036] The rotational velocity of the cooling air is only
very small in the rotor cavity. In the transition from the
cavity to the cooling bores, the rotational velocity of the
cooling airincreases significantly which leads to pressure
losses and recirculation areas at the bore inlet location
160.

[0037] The introduction of the asymmetric edge fillet
150 allows for a smoother transition from the rotor cavity
120 to the cooling bores 130 and thus improves the flow
conditions at the bore inlet location.

[0038] The recirculation areas are reduced and, thus,
the effective flow cross section in the cooling bore inlet
location 160 is increased. This limits the Mach-number
to smaller values and reduces the pressure losses sig-
nificantly.

[0039] For that reason, the cooling bore diameter D
(see also Figure 4) can be reduced while the cooling air
velocity and pressure losses stay the same or increase
only slightly.

[0040] Due to the high number of cooling bores 130,
the remaining wall thickness L (see also Figure 4) be-
tween neighboring bores is only low which limits the rotor
lifetime in this location. In order to keep the minimum wall
thickness as big as possible, the edge fillet 150 is only
applied on one side of the bores and is thus asymmetric
while the other side remains basically without edge fillet,
in order to keep the minimum wall thickness as big as
possible, i.e.at least one side or part-side of the circum-
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ferential area of the cooling bore inlet 160 are provided
with an asymmetric edge fillet 150 in order to maximize
the wall thickness downstream of the edge fillet between
two adjacent cooling bores.

[0041] Referring to the asymmetry the side comprising
the edge fillet 150 is applied at the front of the cooling
bore 130 in direction of rotation of the rotor.

[0042] The edge fillet 150 referring to the asymmetric
side of the bore 130 is ideally milled, wherein each other
manufacturing is also possible, as a round fillet with a
radius R (item 170) between factors 0.3 to 0.7 of the
cooling bore diameter D. The cooling bore 130 compris-
ing a constant cooling bore diameter D in the region be-
tween the first end of said bore inlet location 160 which
is located in the direction to the bore outlet portion 134
and said bore outlet portion 134. As described above the
opposite second end of the bore inlet location 160 abuts
on the rotor cavity 120.

[0043] Due tomanufacturing limitations, the roundfillet
can be approximated by 3 or more milled chamfers with
uniform angular steps in between. In case the fillet is
approximated by chamfers, the overall width w (see Fig-
ure 4) and the overall depth d of the edge fillet are also
betweenfactor 0.3 and 0.7 of the cooling bore diameter D.
[0044] Accordingly, the final aim of the present inven-
tion consists in introduction of an asymmetric edge fillet
at the inlet of a rotating cooling bore in a rotor disc in
order to improve the flow conditions at the inlet and, thus,
to reduce the inlet pressure losses, allowing for a smaller
bore diameter for a given mass flow. Accordingly, the
remaining wall thickness between neighboring bores is
improved which is beneficial for the rotor lifetime.
[0045] Figure 4 shows the embodiment of the present
invention in accordance with section view IV-1V of Figure
2, in order to keep the minimum wall thickness as big as
possible with respect to the high number of cooling bores
130, the edge fillet 150 is only applied on one side or
part-side of the bores and is thus asymmetric while the
other side remains basically without edge fillet, in order
to keep the minimum wall thickness as big as possible.
[0046] The edge fillet (see also description under Fig-
ure 3) referring to the asymmetric side of the bore 130 is
ideally milled as a round fillet with a radius between fac-
tors 0.3 to 0.7 of the cooling bore diameters D. Due to
manufacturing limitations, the round fillet can be approx-
imated by 3 or more milled chamfers with uniform angular
steps in between. In case the fillet is approximated by
chamfers, the overall width w and the overall depth d
(see Figure 4) of the edge fillet are also between factor
0.3 and 0.7 of the cooling bore diameter D.

[0047] The improved rotor shaft of the present inven-
tion, especially with respect to the both described em-
bodiments, is advantageous in various scopes. The rotor
shaft may be adaptable in terms of reducing effect of
thermal and mechanical stresses arise thereon while a
machine or turbines in which relation it is being used is
in running condition. Further, independent of factor
whether the rotor shaft of the present disclosure being
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made of single piece or of multiple piece, the rotor shaft
ofthe presentdisclosure is advantageous in withstanding
or reducing effects of temperature and centrifugal or axial
forces. The improved rotor shaft with such a cross-sec-
tional profile is capable of exhibiting the total life cycle to
be increased by 2 to 5 times of the conventional rotor in
the discussed location. The rotor shaft of present disclo-
sureis also advantageous in reducing the acting stresses
in the area of the bore inlet by 10 to 40%. The acting
stresses are a mixture of mechanical and thermal stress-
es. Further, the rotor shaft is convenient to use in an
effective and economical way. Various other advantages
and features of the present disclosure are apparent from
the above detailed description and appendage claims.
[0048] While the invention has been described in con-
nection with what is presently considered to be the most
practical and preferred embodiment, it is to be under-
stood thatthe inventionis notto be limited to the disclosed
embodiment(s), but on the contrary, is intended to cover
various modifications and equivalent arrangements in-
cluded within the spiritand scope of the appended claims,
which scope is to be accorded the broadestinterpretation
so as to encompass all such modifications and equivalent
structures as permitted under the law. Furthermore it
should be understood that while the use of the word pref-
erable, preferably, preferred or advantageously in the de-
scription above indicates that feature so described may
be more desirable, it nonetheless may not be necessary
and any embodiment lacking the same may be contem-
plated as within the scope of the invention, that scope
being defined by the claims that follow. In reading the
claims it is intended that when words such as "a," "an,"
"at least one" and "at least a portion" are used, there is
no intention to limit the claim to only one item unless
specifically stated to the contrary in the claim. Further,
when the language "at least a portion" and/or "a portion"
is used the item may include a portion and/or the entire
item unless specifically stated to the contrary.

Reference numeral list

[0049]
100 Rotor shaft
101 Compressor part

102  Turbine part

103  Rotor disks

104  Central cooling air supply
110  Rotor axis

120  Rotor cavity

130 Cooling bores

132  Bore inlet portion

134  Bore outlet portion
150  Edge fillet

160 Bore inlet location
170  Radius resp. chamfer
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Claims

1. A rotor shaft (100) adapted to rotate about a rotor
axis (110) thereof, wherein the rotor shaft (100) com-
prising: 5

a rotor cavity (120) configured concentrically or
quasi-concentrically to the rotor axis (110) inside
the rotor shaft (100),
a plurality of cooling bores (130) extending ra- 10
dially or quasi-radially outward from the inside
to an outside of the rotor shaft (100),
each cooling bore (130) having a bore inlet lo-
cation (160) and a distal bore outlet portion
(134), wherein the cooling bore (130) compris- 15
ing a constant cooling bore diameter (D) in the
region between the first end of said bore inlet
location (160) which is located in the direction
to the bore outlet portion (134) and said bore
outlet portion (134), 20
the respective bore inlet location (160) being
adapted to abut on the rotor cavity (120) at its
second end,
wherein at least one side or part-side of the cir-
cumferential area of the cooling bore inlet (160) 25
is provided with an asymmetric edge fillet (150)
in order to maximize the wall thickness down-
stream of the edge fillet between two adjacent
cooling bores (130).
30
2. The rotor shaft according to claim 1, characterized
in that the cooling bore inlet (160) is provided with
an asymmetric edge fillet (150) in order to improve
the flow capacity of the cooling bore (130).
35
3. The rotor shaft according to claim 1, characterized
in that the asymmetric edge fillet (150) of the cooling
bore (130) is manufactured as a round fillet with a
radius between factors 0.3 to 0.7 of the cooling bore
diameter (D). 40

4. The rotor shaft according to claim 3, characterized
in that the asymmetric fillet (150) of the cooling bore
(130) is milled.
45
5. The rotor shaft according to claim 1, characterized
in that the chamfer of the asymmetric edge fillet
(150) having an overall width (w) and overall depth
(d) between factors 0.3 and 0.7 of the cooling bore
diameter (D). 50

6. The rotor shaft according to claim 1, characterized
in that the chamfer of the asymmetric edge fillet
(150) comprising uniform or graduate angular steps.

55
7. The rotor shaft according to one of claims 1 to 6,
characterized in that the rotor shaft (100) is mem-
ber of a gas or steam turbine or a turbo-machinery.
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