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Description

[0001] This invention relates generally to a rotor as-
sembly and method of refitting a large rotor, particularly
for turbines such as low pressure steam turbines.

Background

[0002] As described for example in the United States
patent no. 6,837,685, at least some known turbine rotor
assemblies include a rotor wheel to which a plurality of
blades are coupled. The rotor is typically assembled from
several large cylindrical forgings or machined sections.
The sections are either welded, bolted or connected
through a heat shrinking process.

[0003] The rotor is supported at the ends or interme-
diate positions along its length by bearings. In the case
of a large multi-stage steam turbine that includes high-
pressure turbine, intermediate pressure turbines and low
pressure turbines there are typically bearings to support
the rotor at the end and between the stages.

[0004] It should be noted that rotors for large turbines
weigh may weigh 155 tons or more and in spite of this
considerable weight have to rotate at typically full or half-
frequency of the power grid frequency, i.e. at 50 Hz or
60 Hz. In view of the high rotational speed, an unbalanced
mass of the rotor causes the rotor to bend or buckle. As
the speed of rotation increases the amplitude of such
vibrations often passes through a maximum that is called
a critical speed. Given the high tolerances to which mod-
ern turbines are manufactured, such out-of-position
movement can cause damage and malfunction of the
turbine.

[0005] Itis therefore an object of the present invention
to provide a rotor coupling and methods to couple rotor
sections, for example as part of a repair or retrofit of the
rotor. It is a particular object of the present invention to
provide such rotor couplings and methods which are ca-
pable of reducing the risk of failure due to critical speeds.

Summary

[0006] Accordingtoan aspect of the presentinvention,
there is provided a rotor to carry the rotating parts of a
turbine for the generation of electrical power for a public
grid with the rotor including at least two sections coupled
with a coupling of increased diameter exceeding the
nominal diameter of the rotor, wherein at least one of the
rotor sections includes one or more cavities at the end
of at least one rotor section and in the vicinity of the cou-
pling such that the boundaries of the one or more cavities
are all interior surfaces when the rotor sections are cou-
pled.

[0007] In a preferred variant the one or more cavities
at the end of the at least one rotor section and in the
vicinity of the coupling extend from the wall of the rotor
into a part of the coupling exceeding the nominal diameter
of the rotor or are placed in a volume extending from the
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wall of the rotor into a part of the coupling exceeding the
nominal diameter of the rotor.

[0008] Ina preferred variantthe atleast one of the rotor
sections carries the rotating parts of alow pressure steam
turbine, such as the rotating blades or airfoils and their
respective platforms.

[0009] According to another aspect of the present in-
vention, there is provided a method of coupling at two
sections of rotor to carry the rotating parts of a turbine
for the generation of electrical power for a public grid with
a coupling of increased diameter exceeding the nominal
diameter of the rotor, the method including the step of
removing mass from a volume lying exclusively within
the interior of the sections when coupled.

[0010] In a preferred variant of the method, mass is
removed to increase the critical lateral speed of the cou-
pled rotor sections such that the difference between op-
erational speed and the critical lateral speed is enlarged
compared to coupled rotor sections with flat ends.
[0011] The above and further aspects of the invention
will be apparent from the following detailed description
and drawings as listed below.

Brief Description of the Drawings
[0012] Exemplary embodiments of the invention will

now be described, with reference to the accompanying
drawings, in which:

FIG.1  shows a coupling between two rotor sections
after a modification according to known meth-
ods;

FIG.2 shows couplings between two rotor sections
illustrating an example of the invention;

FIG.3 shows a couplings between two rotor sections
illustrating examples of the invention; and

FIG.4 shows two plots of an excitation spectrum of

rotor vibrations illustrating the effect of a mod-
ification in accordance with an example of the
present invention.

Detailed Description

[0013] Aspects and details of examples of the present
invention are described in further details in the following
description. Exemplary embodiments of the present in-
vention are described with references to the drawings,
wherein like reference numerals are used to refer to like
elements throughout. In the following description, for pur-
poses of explanation, numerous specific details are set
forth to provide a thorough understanding of the inven-
tion. However, the present invention may be practiced
without these specific details, and is not limited to the
exemplary embodiments disclosed herein.

[0014] Fig. 1 shows a schematic diagram of two rotor
sections 11, 12 linked by coupling 111, 112. The rotor
section can be, for example, two sections of a rotor for
low pressure steam turbines. Such rotor sections are typ-
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ically either solid or else have cylindrical shape with thick
walls. At the coupling area 111, 112 the thickness of the
wall and hence the outer radius of the rotor exceed the
nominal outer radius of the rotor to provide openings for
bolts or screws. The nominal radius can be regarded as
the radius of the rotor in the coupling area derived by
linearly extrapolating the radius of the rotor before the
coupling section up to the end of the rotor section.
[0015] The rotor when provided may be optimized to
provide, integrity at the lowest possible weight, lowest
use of material, or else to ensure the interchangeability
of components in order to minimize the number of spares.
In a retrofit, however, the original rotor can be replaced
by an improved rotor leaving some limited degrees of
freedom to change the overall dimensions of the rotor.
[0016] In Fig. 1itis assumed that coupling material 15
from the original coupling 111, 112 as outlined by the
dashed lines can be removed to result in a smaller cou-
pling 111a, 112a outlined by solid lines. Normally such
areduction in mass is sufficient to move the lateral critical
speed of the coupling or overhang modes far enough
away from the normal operating speed.

[0017] In principle it is also possible to increase mass,
to move the lateral critical speed of the overhang mode
sufficiently below normal operating speed. However, this
variantwould be more expensive and might require costly
and time-consuming modifications to coupling guards
and/or the turbine casings. It can also be expected to
have a greater sensitivity to unbalance; and might move
the torsional natural frequencies of coupling modes,
close to grid or twice grid frequency.

[0018] However the reduction of the coupling dimen-
sion may lead to an unacceptable loss of mechanical
strength of the coupling. In such a case, or other cases
where for example the outer rotor dimensions are fixed,
removal of coupling material 15 from the couples is not
possible.

[0019] Considering these problems, Fig. 2 shows an
alternative way of shifting the lateral critical speed of the
coupling or overhang modes far enough away from the
normal operating speed.

[0020] In Fig. 2 there is shown a coupling with an orig-
inal rotor section on the left side and an altered section
on the right side thus illustrating the alterations as per an
example of the invention. The coupling 111,112 of this
example is shrunk onto the actual rotor. The original rotor
section 12 has an essentially plane surface 13 facing the
other section. The surface may have a very shallow in-
dention (not shown) machined into it to restrict the contact
areas with the other section. When modified in accord-
ance with an example of the invention a cavity 14 is ma-
chined into the previously flat surface 13 by removing
part of the wall of the rotor section 12. In the example
shown it extends further radially into the coupling area
or volume outside the nominal radius of the rotor. The
nominal radius is again defined as the radius of the rotor
in the coupling area derived by linearly extrapolating the
radius of the rotor before the coupling section up to the
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end of the rotor section.

[0021] It should be noted that when the sections are
coupled, the cavity 14 is fully enclosed within the interior
of the rotor. The walls of the cavity are thus not exposed
to the air flow along the outside of the rotor. The cavity
is rotationally symmetric to facilitate the balancing of the
rotor.

[0022] Another example is shown in Fig. 3. The rotor
has a forged solid coupling 111,112 on both ends of the
rotor sections 11, 12. A cavity 14 is machined into the
walls of the rotor and part of the coupling. In addition, a
ring of coupling material 15 is removed from the outside
of the coupling.

[0023] The exactdimensions of the cavities shown are
calculated using FE analysis to ensure that the mechan-
ical integrity of the assembled rotor is not critically weak-
ened. With the parameter in mind, it be regarded as ben-
eficial to remove as much material as possible, thereby
achieving a greater difference between the lateral critical
speed of the coupling or overhang modes and the normal
operating speed.

[0024] The plots of FIG. 4 show the shift of the vibra-
tional spectrum of a rotor before (top plot) and after (bot-
tom plot) creating a cavity at the coupling. The spectrum
between the top and bottom plot is essentially identical
but slightly shifted to the right. The cavity causes critical
lateral speed to move away from the operational speed
of the rotor. More precise measurements show a shift of
the critical lateral speed from 1840 rpm to 1870 rpm, with
a corresponding reduction in vibration amplitude at 1800
rpm (normal operating speed) of 20 wm peak to peak
(from 45 pm to 35 pm zero-to-peak).

[0025] The present invention has been described
above purely by way of example, and modifications can
be made within the scope of the invention, particularly
as relating to the desired geometry of the cavity 14 or the
arrangement of cavities 14. The invention may also com-
prise any individual features described or implicit herein
or shown or implicit in the drawings or any combination
of any such features or any generalization of any such
features or combination, which extends to equivalents
thereof. The breadth and scope of the present invention
should not be limited by any of the above-described ex-
emplary embodiments.

[0026] Each feature disclosed in the specification, in-
cluding the drawings, may be replaced by alternative fea-
tures serving the same, equivalent or similar purposes,
unless expressly stated otherwise.

[0027] Unless explicitly stated herein, any discussion
of the prior art throughout the specification is not an ad-
mission that such prior art is widely known or forms part
of the common general knowledge in the field.

REFERENCE NUMBERS
[0028]

11,12 Rotor section
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111,112  coupling

13 surface
14 cavity
15 coupling material
5
Claims

1. A method of coupling at least two rotor sections (11,
12) of a rotor designed to carry the rotating parts of 70
a turbine for the generation of electrical power for a
public grid with a coupling (111,112) of diameter ex-
ceeding the nominal diameter of the rotor sections
(11, 12), the method including the step of removing
mass from an volume lying exclusively within the in- 75
terior of the rotor sections (11, 12) when coupled.

2. The method of claim 1 wherein the step of removing
mass is designed to shift critical vibrational modes
of the rotor further away from the normal operating 20
speed of the rotor.

3. The method of claim 2 wherein the step of removing
mass is designed to shift the lateral critical speed of
the coupling further away from the normal operating 25
speed of the rotor.

4. Arotor for carrying the rotating parts of a turbine for
the generation of electrical power for a public grid
with the rotor comprising at least two rotor sections 30
(11,12) coupled with a coupling (111,112) of diam-
eter exceeding the nominal diameter of the rotor sec-
tions (11,12), wherein at least one of the rotor sec-
tions includes one or more cavities at the end of the
at least one rotor section (11,12) and in the vicinity 35
of the coupling (111,112) such that the boundaries
of the one or more cavities (14) are all interior sur-
faces when the rotor sections (111,112) are coupled.

5. Therotor of claim 4 wherein the one or more cavities 40
(14) at the end of at least one rotor sections (11,12)
and in the vicinity of the coupling (111,112) extend
from the wall of the rotor into a part of the coupling
(111,112) exceeding the nominal diameter of the ro-
tor sections (11,12) or are placed in a volume ex- 45
tending from the wall of the rotor sections (11,12)
into a part of the coupling (111,112) exceeding the
nominal diameter of the rotor sections (11,12).

6. The rotor of claim 4 wherein the at least one of the 50
rotor sections (11,12) carries the rotating parts of a
low pressure steam turbine, such as the rotating
blades or airfoils and their respective platforms.

55



EP 2 708 697 A1

FIG. 1

N 1
N 1

N 1

\ i A

L =i -

“ h A\ L,
[ :

\ 1 H

1 . (I

1 1 —

1 1 1

[ Li!lli._l,f

llllll




EP 2 708 697 A1

] ]
11 “\ 12
1 z N
T 14
13

FIG. 2




EP 2 708 697 A1

BAE EESEERR IR AR SUEISREALI AN R AR IR MM M AN TS E B IR ANT 0B 5k 0 Wy PR = B

..................................................

. T T I T 1T TITTRTTIETy.

o o o
o0 (0] <

(>ead-01-048z wrl) spnyjdwy

2700

et
o © 3 Q

(yead-o1-o01az wrl) spnyjdwy

700 1200 1700 2200 2700

200

RPM

FIG. 4



EP 2 708 697 A1

9

Europiisches
Patentamt

European
Patent Office

Office européen

des brevets

[y

EPO FORM 1503 03.82 (P04CO01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 12 18 4721

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

X

DE 18 01 398 Al (AEG KANIS TURBINEN)

1 October 1970 (1970-10-01)

* page 6, paragraph 2; figure 3 *

US 4 208 003 A (MEYLAN PIERRE [CH])

17 June 1980 (1980-06-17)

* column 2, lines 24-40; figure 1 *

EP 0 964 135 A2 (MITSUBISHI HEAVY IND LTD
[JP]) 15 December 1999 (1999-12-15)

* abstract *

* paragraphs [0014], [0018]; figures 2b,
2c,3b,6a,6b *

US 2011/164982 Al (WILSON IAN DAVID [US])
7 July 2011 (2011-07-07)

* paragraphs [0023], [0024], [0031];
figures 2,3 *

EP 0 846 844 Al (ASEA BROWN BOVERI [CH]
ALSTOM SWITZERLAND LTD [CH])

10 June 1998 (1998-06-10)

* figures 2,5 *

US 7 309 211 B2 (ELLIS STUART [GB] ET AL)
18 December 2007 (2007-12-18)

* column 3, lines 8-16; figure 3 *

DE 29 31 193 Al (MTU MUENCHEN GMBH [DE])
5 February 1981 (1981-02-05)

* page 15, paragraph 2; figure 9 *

The present search report has been drawn up for all claims

1-6

1-6

1-6

1-6

1,4

1-6

1-6

INV.
FO1D5/02
GO1M1/32

TECHNICAL FIELDS
SEARCHED  (IPC)

FO1D
GO1IM
GO1F

Place of search Date of completion of the search

The Hague 19 February 2013

Examiner

Steinhauser, Udo

X : particularly relevant if taken alone
Y : particularly relevant if combined with another

A : technological background
O : non-written disclosure
P : intermediate document document

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

document of the same category

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding




EP 2 708 697 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 12 18 4721

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

EPO FORM P0459

The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

19-02-2013
Patent document Publication Patent family Publication
cited in search report date member(s) date
DE 1801398 Al 01-10-1970  NONE
US 4208003 A 17-06-1980 CA 1091066 Al 09-12-1980
CH 621962 A5 13-03-1981
DE 2743332 Al 15-03-1979
FR 2402107 Al 30-03-1979
us 4208003 A 17-06-1980
EP 0964135 A2 15-12-1999 CN 1246579 A 08-03-2000
DE 69924561 D1 12-05-2005
DE 69924561 T2 16-02-2006
EP 0964135 A2 15-12-1999
ID 23116 A 02-03-2000
JP 3999402 B2 31-10-2007
JP 2000064805 A 29-02-2000
KR 20000005928 A 25-01-2000
MY 118953 A 28-02-2005
SG 87808 Al 16-04-2002
TW 394812 B 21-06-2000
us 6152697 A 28-11-2000
US 2011164982 Al 07-07-2011  CH 702544 A2 15-07-2011
CN 102155268 A 17-08-2011
DE 102010061595 Al 07-07-2011
JP 2011142806 A 21-07-2011
US 2011164982 Al 07-07-2011
EP 0846844 Al 10-06-1998 CN 1184201 A 10-06-1998
DE 19650260 Al 10-06-1998
EP 0846844 Al 10-06-1998
US 7309211 B2 18-12-2007 GB 2421582 A 28-06-2006
US 2006133938 Al 22-06-2006
DE 2931193 Al 05-02-1981  NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82




EP 2 708 697 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

 US 6837685 B [0002]

10



	bibliography
	description
	claims
	drawings
	search report

