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Description

[0001] The present invention relates to a process for
producing a stator diaphragm in a steam turbine or gas
expander.

[0002] The presentinvention further relates to a stator
diaphragm for steam turbine or gas expander.

[0003] Asisknown, steam turbines are machines sup-
plied by vapour, generally water vapour, and suitable for
converting into mechanical work part of the kinetic energy
obtained following the expansion of the steam or of a
previously compressed gas.

[0004] In particular, in such machines, the previously
superheated or saturated steam, or a compressed gas,
is caused to expand in the turbine by passing through
several alternate stator and rotor stages.

[0005] The rotor stages are integral with the motor
shaft to which they transmit the overall torque, whereas
the stator stages serve to present the flow of steam or
gas in suitable conditions at the inlet of the rotor blades.
[0006] The stator is constituted by a set of stator
blades, between each pair of which a corresponding noz-
zle is located.

[0007] All the stator blades of a stage are fixed to the
case of the turbine and internally to an appropriate fixing
element, normally called a canopy.

[0008] The current technique for constructing and
mounting the stator parts of the steam turbines or gas
expanders of known construction is based on the follow-
ing machining cycle.

[0009] Firstly, the blade is obtained from a drawn bar,
cut to size and machined at the ends to create a coupling
to the case and a pin for fixing the canopy.

[0010] More specifically, the case has a C-shaped cav-
ity inside which the blades are introduced circumferen-
tially.

[0011] The pitch between the blades is ensured by a

spacer heel which undergoes the same end machining
as the blade for anchorage to the case.

[0012] Blades and heels are thus mounted alternately
in a slot obtained on the case of the turbine.

[0013] An appropriately perforated ring is then mount-
ed on the other end of the blade and its anchorage is
ensured by the riveting of the pins of the blades on the
ring.

[0014] However, it will be noted that the system for
mounting the stator stage described above requires con-
siderable manual skill, so that it comprises long assembly
times and a qualitative outcome which depends on the
ability of the individual operator.

[0015] Furthermore, although this production method
has proved valid over the years, nowadaysiitis less com-
patible with current requirements for reduced construc-
tion times and process repeatability which are character-
istic of the typical specific conditions of the current com-
petitive market.

[0016] Finally, it will be noted that the optional disman-
tling of this type of stator stage, when replacement is
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required for example, also requires a considerable
amount of time, precisely because of the large number
of component parts.

[0017] EP-A-0947 666 describes a high temperature
soldering process which relies upon an external support
for fixturing the blade ends.

[0018] US 3,909,157 contemplates a multi-part con-
struction for a turbine-nozzle assembly.

[0019] EP-A-0575 742 relates to the rotor wheel of a
turbine with motor blades made from drawn profiled ma-
terial which are inserted by at least one end into a holding
plate provided with shaped cut-outs.

[0020] US 5,732,468 describes an airfoil and a band
or platform member of a vane segment, such as of a
turbine engine, which are bonded at a non-linear clear-
ance slot formed between a shelf in the band and an end
and edge of the airfoil.

[0021] GB-A-1 304 001 describes a stator blade as-
sembly, for a fluid-flow machine such as a gas turbine
engine, comprising a stator blade rigidly located in a slot
in a stator blade ring 6.

[0022] US 5,332,360 describes a gas turbine engine
stator vane which includes a groove extending laterally
in an outer surface at one end thereof between leading
and trailing edges for receiving a brazing material.
[0023] US4509238 describes blades inthe steam path
of a steam turbine diaphragm which are assembled into
slots in full circular bands and are structurally bonded
thereto by welding.

[0024] The object of the invention is therefore to pro-
vide a process for producing a stator diaphragm in a
steam turbine or in a gas expander which permits a re-
duction of the construction and assembly time and the
associated machining work, with consequent major fi-
nancial advantages.

[0025] A further object of the invention is to provide a
process for constructing and brazing stator diaphragms
of steam turbines or gas expanders which enables con-
struction errors to be substantially reduced.

[0026] Another object of the invention is to provide a
process for constructing and brazing stator diaphragms
of steam turbines or gas expanders which enables sub-
sequent repair or replacement operations to be consid-
erably simplified.

[0027] Inafirst aspect, the present invention provides
a process for producing a stator diaphragm in a steam
turbine or gas expander, as claimed in claim 1.

[0028] In a further aspect, the present invention pro-
vides a stator diaphragm for a steam turbine or gas ex-
pander, as claimed in claim 7.

[0029] Further aspects are as claimed in the depend-
ent claims.

[0030] According to a preferred embodiment of the
present invention, the preparation phase of the rings is
achieved by machining the rings separately by means of
water jet cutting, for the purpose of obtaining the radial
cavities having the profile of the blades, all with the aid
of a numerically controlled machine tool.
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[0031] According to another preferred embodiment of
the present invention, the preparation phase of the cav-
ities of the rings is achieved by cutting the cavities by
laser.

[0032] Alternatively, the preparation phase of the cav-
ities of the rings is achieved by cutting the cavities by
electron discharge machining.

[0033] According to another preferred embodiment of
the present invention, the brazing material, in the form
of paste, is inserted into the cavities having the profile of
the blades. The subsequent furnace brazing operation
in vacuo promotes the penetration of the brazing material
into the clearance between the profile of the blades and
the said cavities.

[0034] According to a further preferred embodiment of
the present invention, subsequent to the brazing opera-
tion the diaphragm is machined according to the final
dimensions and is cut into two half-rings by electron dis-
charge machining for final mounting in the case of the
above-mentioned steam turbine or the above-mentioned
gas expander.

[0035] The present invention also relates to a stator
diaphragm for steam turbine or for gas expander, char-
acterized in that it comprises two rings, machined sepa-
rately to obtain radial cavities having the profile of the
blades and suitable for the subsequent housing of the
above-mentioned blades, in which an appropriate quan-
tity of brazing material, in the form of paste, is inserted
in the above-mentioned cavities.

[0036] Further features of the invention are defined in
the claims accompanying the present patent application.
[0037] Further objects and advantages of the present
invention will be evident from a study of the description
which follows and of the accompanying drawings which
are provided purely by way of non-exhaustive explana-
tory example, and in which:

- Fig. 1 shows a schematic front view, partially in sec-
tion according to plane I-l of Fig. 2, of a stator blade,
belonging to a set of stator blades relating to a stator
diaphragm, fixed in position by means of the process
according to the present invention;

- Fig. 2 shows a schematic view, partially in section
according to plane lI-Il of Fig. 1, of the stator blade
shown in Fig. 1; and

- Fig. 3 shows a schematic view, according to direction
A of Fig. 1, of the cavity filled with brazing material
and relating to a stator blade.

[0038] With particular reference to the drawings men-
tioned, the assembly comprising the stator diaphragm,
and the blades fixed thereto, is denoted overall by the
reference numeral 10.

[0039] Insubstance, inthe machining process accord-
ing to the present invention, each blade 11 is fixed at the
ends by two rings 12 and 13, so as to create a diaphragm

10

15

20

25

30

35

40

45

50

55

10.

[0040] Inparticular, a first end of each blade 11 is fixed
to aninternal ring 12 whereas another end of each blade
11 is fixed to an external ring 13.

[0041] The diaphragm 10 thus formed is then mounted
in the case of the steam turbine, or of the gas expander,
in which a cavity of rectangular cross-section has previ-
ously been produced.

[0042] The diaphragm 10 is thus obtained with two
rings 12 and 13, preferably forged, which are machined
separately with a water jet cutting process.

[0043] Inthis way radial slots are created with the pro-
file of the blades 11 for the subsequent housing of the
said blades.

[0044] Cutting is carried out with a numerically control-
led machine tool.

[0045] According to a number of alternative variants
of the present invention, the cutting process may be car-
ried out with laser or by means of electron discharge ma-
chining.

[0046] The blades 11 are always obtained from a
drawn bar and are cut to size as previously carried out,
but are not machined to have the upper cavity for anchor-
ing them to the case and the pin at the other end is there-
fore no longer present.

[0047] The brazing material 14, 14', in the form of
paste, is inserted into the cavities 15, 15’ and into the
clearance between the profile of the blades 11 and the
cavities 15, 15’ of the external 13 and internal 12 rings.
[0048] Brazing takes place in a furnace in vacuo, at
controlled temperature, according to the parameters out-
lined below.

[0049] The blades 11 are fixed by making a small weld-
ing bead with welding material (on the internal side of the
ring only) so as to ensure a stable position for the sub-
sequent operations.

[0050] An auxiliary adhesive linen-finish tape for the
injection of the brazing paste is applied to the external
and internal diameter of the rings.

[0051] The brazing material in the form of paste 14 and
14’ is then injected into the cavities 15 and 15’ located
on the rings from both the side of the internal 12 and
external 13 diameter, care being taken to control the in-
jection pressure so as to cause the paste 14, 14’ to as-
cend as far as the limit of the corners of the edge of the
slot facing the steam flow channel.

[0052] Brazing takes place in a furnace in vacuo at a
pressure less than 5x10-3 TORR.

[0053] After brazing, the diaphragm 10 is machined
according to the final dimensions and is then cut into two
half-rings, by means of electron discharge machining by
wire or laser.

[0054] Final assembly in the case is thus reduced to
the sole phase of installing the two half-rings.

[0055] The features of the process for producing a sta-
tor diaphragm in a steam turbine to which the present
invention relates will be evident from the description giv-
en, as will the advantages thereof.
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[0056] The following concluding remarks are intended
to define these advantages more precisely.

[0057] The invention described above makes it possi-
ble toinstall, in a single diaphragm, two rings inside which
the blades of the stator are rendered integral by brazing.
[0058] This solution allows the use of a reduced
number of component parts and permits a considerable
simplification of the operations to replace the diaphragm
10 when this becomes necessary.

[0059] Infact, a truly important aspect of the stator di-
aphragm 10 of the invention is provided by the fact that
it gives rise to only two elements to be handled, the upper
half-ring and the lower half-ring, instead of all the blades
11 as in the systems according to the prior art.

[0060] This means that final assembly and any re-
placement which may be necessary can be carried out
in a greatly reduced time, with reduced machine shut-
down times and consequent financial savings.

[0061] Furthermore, the structural strength of the dia-
phragm is increased, and the manufacturing tolerances
are also reduced, thanks also to the automation of the
production process and the elimination of manual adjust-
ments.

[0062] The technology of water jet cutting, and in par-
ticular of a numerically controlled machine, has been
adapted to the cutting of the slots and enables there to
be an average clearance of 0.05-0.2 mm on the profile
of the blades 11, ensuring economy of machining and
accurate results.

[0063] Itis evident that numerous variants may be in-
troduced to the process for producing a stator diaphragm
in a steam turbine, to which the presentinvention relates,
without thereby departing from the scope of the claims.
[0064] Finally it is evident that in the practical imple-
mentation of the invention, the materials, forms and di-
mensions of the components described may be of any
kind, according to requirements, and they may be re-
placed by others which are equivalent from the technical
point of view.

Claims

1. Process for producing a stator diaphragm (10) in a
steam turbine or gas expander including a prepara-
tion phase of two rings (12, 13) machined separately
to obtain radial cavities (15, 15’) having the profile
of blades (11) of a stator stage of the steam turbine
or gas expander an for inserting respective ends of
the stator blades (11) into the cavities (15, 15’) the
two rings (12, 13) and CHARACTERIZED BY: ap-
plying an adhesive linen-finish tape to the external
and internal diameters of the rings, injecting into the
cavities a quantity ofbrazing material (14, 14’) in
paste-like form wherein care is take to control the
injection pressure so as to cause the paste-like braz-
ing material (14, 14’) to ascend as far as the limit of
the corners of the edge of the slot facing the steam
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or gas flow channel and then subjecting to rings to
a furnace brazing operation in vacuo.

Process accordingto Claim 1, characterized in that
the above-mentioned preparation phase of the
above-mentioned rings (12, 13) is achieved by ma-
chining the above-mentioned two rings (12, 13) sep-
arately by means of water jet cutting, for the purpose
of obtaining the above-mentioned radial cavities (15,
15’) having the profile of the blades (11), with the aid
of a numerically controlled machine tool.

Process accordingto Claim 1, characterized in that
the above-mentioned preparation phase of the cav-
ities (15, 15") of the above-mentioned rings (12, 13)
is achieved by cutting the above-mentioned cavities
(15, 15’) by laser.

Process accordingto Claim 1, characterized in that
the above-mentioned preparation phase of the cav-
ities (15, 15") of the above-mentioned rings (12, 13)
is achieved by cutting the above-mentioned cavities
(15, 15’) by electron discharge machining.

Process accordingto Claim 1, characterized in that
the brazing material (14, 14), in the form of paste,
is inserted into the above-mentioned cavities (15,
15’) and into the clearance between the profile of the
blades (11) and the above-mentioned cavities (15,
15’) of the rings (12, 13).

Process according to one of the preceding Claims,
characterized in that, subsequent to the brazing
operation, the above-mentioned diaphragm (10) is
machined according to the final dimensions and is
cut into two half-rings by electron discharge machin-
ing or by laser for final mounting in the internal case
of the above-mentioned steam turbine or the above-
mentioned gas expander.

Stator diaphragm (10) for a steam turbine or gas ex-
pander comprising inner and outer rings (12, 13) ma-
chined separately to obtain radial cavities (15, 15’)
having a profile of blades (11) extending between
said inner and outer rings and CHARACTERIZED
BY a quantity of brazing material (14, 14’) applied in
the form of a paste inserted in the above -mentioned
cavities (15, 15", said rings (12, 13) having an ad-
hesive linen-finish tape applied to the external and
internal diameters of the rings to cause the paste-
like brazing material (14, 14") to ascend as far as the
limit of the corners of the edge of the slot facing the
stream or gas flow channel and heat being applied
to said braze material to form the diaphragm.
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Patentanspriiche

1.

Verfahren zum Erzeugen einer Statorzwischenwand
(10) in einer Dampfturbine oder einem Gasexpan-
der, einschlieBlich einer Phase der Vorbereitung von
zwei Ringen (12, 13), die getrennt bearbeitet wer-
den, um radiale Hohlrdume (15, 15%) mit dem Profil
der Laufschaufeln (11) einer Statorstufe der Dampf-
turbine oder des Gasexpanders zu erhalten, und
zum Einsetzen entsprechender Enden der Stator-
laufschaufeln (11) in die Hohlrdume (15, 15’) der
zwei Ringe (12, 13) und

gekennzeichnet durch:

Aufbringen eines Leinenklebebandes auf die
AuB3en- und Innendurchmesser der Ringe, Ein-
spritzen einer Menge eines Hartlétmaterials (14,
14’) in pastenartiger Form in die Hohlrdume, wo-
bei darauf geachtet wird, den Einspritzdruck so
zu steuern, dass ein Ansteigen des pastenarti-
gen Hartlétmaterials (14, 14°) bis an die Grenze
der Eckkanten des dem Dampf- oder Gasstro-
mungskanal gegeniberliegenden Schlitzes be-
wirkt wird, und dass dann die Ringe einem Ofen-
Hartlétvorgang unter Vakuum unterzogen wer-
den.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass die vorstehend erwahnte Vorberei-
tungsphase der vorstehend erwéhnten Ringe (12,
13) ausgefuhrt wird, indem die vorstehend erwahn-
ten zwei Ringe (12, 13) getrennt mittels Wasser-
strahlschneidens fur den Zweck, die vorstehend er-
wahnten radialen Hohlrdume (15, 15’) mit dem Profil
der Laufschaufeln (11) zu erhalten, mit Hilfe einer
numerisch gesteuerten Bearbeitungsmaschine be-
arbeitet werden.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass die vorstehend erwahnte Vorberei-
tungsphase der Hohlrdume (15, 15’) der vorstehend
erwahnten Ringe (12, 13) ausgefihrt wird, indem die
vorstehend erwahnten Hohlraume (15, 15%) mittels
Laser geschnitten werden.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass die vorstehend erwahnte Vorberei-
tungsphase der Hohlrdume (15, 15’) der vorstehend
erwahnten Ringe (12, 13) ausgefihrt wird, indem die
vorstehend erwahnten Hohlraume (15, 15%) mittels
Elektronenentladungsbearbeitung geschnitten wer-
den.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass das Hartlétmaterial (14, 14’) in der
Form einer Paste in die vorstehend erwéhnten Hohl-
raume (15, 15’) und in dem Zwischenraum zwischen
dem Profil der Laufschaufeln (11) und den vorste-
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hend erwéhnten Hohlraumen (15, 15’) der Ringe (12,
13) eingefuhrt wird.

Verfahren nach einemder vorstehenden Anspriiche,
dadurch gekennzeichnet, dass anschlieRend an
den Hartlétvorgang die vorstehend erwéhnte Zwi-
schenwand (10), den Endabmessungen entspre-
chend bearbeitet und in zwei Halbringe mittels Elek-
tronenentladungsbearbeitung oder durch Laser zur
Endmontage in dem Innengehause der vorstehend
erwahnten Dampfturbine oder dem vorstehend er-
wéahnten Gasexpander geschnitten wird.

Statorzwischenwand (10) fur eine Gasturbine oder
einen Gasexpander mitinneren und &ufReren Ringen
(12, 13), die getrennt bearbeitet werden, um radiale
Hohlrdume (15, 15’) mit einem Profil von Laufschau-
feln (11) zu erhalten, die sich zwischen den inneren
und &ufl3eren Ringen erstrecken, und
gekennzeichnet durch

eine Menge an Hartlétmaterial (14, 14°), das in der
Form einer Paste in die vorstehend erwéhnten Hohl-
raume (15, 15’) eingefihrt wird, wobei die Ringe (12,
13) ein auf die AuRen- und Innendurchmesser der
Ringe aufgebrachtes Leinenklebeband haben, um
zu bewirken, dass das pastenartige HartlGtmaterial
(14, 14’) bis an die Grenze der Eckkanten des dem
Dampf- oder Gasstromungskanal gegeniiberliegen-
den Schlitzes nach oben steigt und dass Warme auf
das Hartlétmaterial aufgebracht wird, um die Zwi-
schenwand auszubilden.

Revendications

2.

Procédé de fabrication d’'un diaphragme de stator
(10) d'une turbine a vapeur ou d'un dispositif d’ex-
pansion de gaz comprenant une phase de prépara-
tion de deux anneaux (12, 13) usinés séparément
pour obtenir des cavités radiales (15, 15’) ayant le
profil d'ailettes (11) d'un étage de stator de la turbine
a vapeur ou du dispositif d’expansion de gaz et pour
insérer des extrémités respectives des ailettes de
stator (11) dans les cavités (15, 15’) des deux an-
neaux (12, 13), et caractérisé par les étapes con-
sistant a : appliquer un ruban fini toile adhésif aux
diametres extérieur etintérieur des anneau, injecter
dans les cavités une quantité de matériau de
brasage (14, 14’) sous forme de pate tout en prenant
soin de commander la pression d’'injection de ma-
niére a permettre au matériau de brasage (14, 14")
sous forme de pate de monter jusqu’a la limite des
coins du bord de I'encoche donnant vers le canal
d’'écoulement de vapeur ou de gaz, puis a soumettre
les anneaux a une opération de brasage au four dans
le vide.

Procédé selon la revendication 1, caractérisé en
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ce que la phase de préparation des anneaux (12,
13) est effectuée en usinant les deux anneaux (12,
13) séparément par découpage au jet d’eau, afin
d’obtenir les cavités radiales (15, 15’) ayant le profil
des ailettes (11), a I'aide d’'une machine-outil a com-
mande numérique.

Procédé selon la revendication 1, caractérisé en
ce que la phase de préparation des cavités (15, 15’)
des anneaux (12, 13) est effectuée en découpant
les cavités (15, 15’) par laser.

Procédé selon la revendication 1, caractérisé en
ce que la phase de préparation des cavités (15, 15’)
des anneaux (12, 13) est effectuée en découpant
les cavités (15, 15’) par usinage par décharge d’élec-
trons.

Procédé selon la revendication 1, caractérisé en
ce que le matériau de brasage (14, 14’), sous la
forme de pate, est inséré dans les cavités (15, 15
et dans I'espace entre le profil des ailettes (11) et
les cavités (15, 15’) des anneaux (12, 13).

Procédé selon l'une quelconque des précédentes
revendications, caractérisé ence que ,suiteal’opé-
ration de brasage, le diaphragme (10) est usiné se-
lon les dimensionsfinales etest coupé en deux demi-
anneaux par usinage par décharge d’électrons ou
par laser pour le montage final dans I'enveloppe in-
térieure de la turbine & vapeur ou du dispositif d’ex-
pansion de gaz.

Diaphragme de stator (10) pour une turbine a vapeur
ou un dispositif d’'expansion de gaz comprenant des
anneaux intérieur et extérieur (12, 13) usinés sépa-
rément pour obtenir des cavités radiales (15, 15"
ayant un profil d'ailettes (11) s’étendant entre lesdits
anneaux intérieur et extérieur, et caractérisé par
une quantité de matériau de brasage (14, 14") appli-
qué sous la forme d'une pate insérée dans les cavi-
tés (15, 15’), lesdits anneaux (12, 13) ayant un ruban
fini toile adhésif appliqué aux diameétres extérieur et
intérieur des anneaux pour permettre au matériau
de brasage (14, 14") sous forme de péate de monter
jusqu’a la limite des coins du bord de I'encoche don-
nant vers le canal d’écoulement de vapeur ou de
gaz, et de la chaleur étant appliquée audit matériau
de brasage pour former le diaphragme.
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