TURBINE NOZZLE SEGMENT AND METHOD OF REPAIRING SAME
BACKGROUND OF THE INVENTION This invention relates generally to
gas turbine engines and more particularly to the repair of turbine nozzle
segments used in such engines. A gas turbine engine includes a
compressor that provides pressurized air to a combustor wherein the air
is mixed with fuel and ignited for generatig& hot combustion gases. These
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to power the compressor and provide useful work such as powering an
aircraft in flight. Aircraft engines typically include stationary turbine

B /&0rFoiIR (higrein ©atdrrad s \asVatels, that enhance engine performance by
appropriately influencing gas flow and pressure within the turbine section.
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typically segmented around the circumference thereof with each vane
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vanes disposed between inner and outer bands that define the radial
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ith cooling air extracted from the compressor to prolong service life.
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nozzle segments muséf be either repaired or replaced to maintain safe,
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These nozzle segments are mounted to the engine casing to form an annular array with

the vanes extending radially between the rotating blades of adjacent turbine stages.

Nozzle segments are located directly in the gas stream and therefore are exposed during
operation to high temperature, corrosive air that can limit the effective service life of
these components. Accordingly, nozzle segments are typically fabricated from high
temperature cobalt or nickel-based superalloys and are often coated with corrosion and/or
heat resistant materials. Furthermore, nozzle segments are ordinarily cooled internally
with cooling air extracted from the compressor to prolong service life. Even with such
efforts, portions of the nozzle segments, particularly the vanes, can exhibit cracks,
corrosion, and other damage such that the nozzle segments must be either repaired or
replaced to maintain safe, efficient engine operation. Because nozzle segments are

complex in design, are made of relatively expensive materials, and are expensive to
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I manufacture, it is generally more desirable to repair them whenever

possible. One existing repair technique is described in U.S. Patent

6,416,278, issued to the assignee of the present invention. This
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manufactured replacement inner band segment which includes an outer
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processes used to clean and strip old pro e coatings also removes
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re nearly new. Accordingly, to avoid scrappingthe entire nozzie
thesegpardrarid Budearsitucitigrihit woulthiaé cdpshifibyectothapera ndathedfarquent

salvaging.the previo replaced and repairable portipn of the nozzle
R IR MR R TS R LN L B i efeed
to psesentreybatidnagrovidekaaime thoa b fihégkaissgtleatuitblos nbazlen acceptable
.segmenpt, comprising: providing an engine-run turbing nqQzzle segmen
iR HRG 1 SR D08 HEHLRH BEMOSAS Bt GPANATA G RHRay nev

wherein said outer band and said at least one vane are previously
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GO nent of said segment; separating said inner band from said nozzle
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thel@astleregmaag; and joining said outer band and said at least one vane to

a newly manufactured replacement inner band segment, said
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One aspect of the present invention provides a method of repairing a turbine nozzle

segment, comprising:

providing an engine-run turbine nozzle segment having at least one vane disposed
between outer and inner bands, wherein said outer band and said at least one vane are
previously replaced components of said segment and said inner band is an original

component of said segment;
separating said inner band from said nozzle segment;
repairing damage in at least one of said outer band and said at least one vane; and

joining said outer band and said at least one vane to a newly manufactured replacement

inner band segment, said replacement inner band segment including:

a replacement inner band having opposed first and second sides;
said first side having at least one airfoil-shaped recess formed therein for receiving said

vane; and
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said first side having at least one airfoil-shaped recess formed therein for

receiving said vane; and 2 said second side having a raised collar

integrally formed therein; wherein the step of joining said outer band and
said speortheide kavinesprasehentdniiewaly feyadaherdmprises: providing

a slot in said collar; inserting a portion of said vane into said slot; and
wh@@@&é@@%‘@@@iﬁ%é@%@&% BRcHienRis dSRIACRINSRLINS RN inner band

segment. BRIEF DESCRIPTION OF THE DRAWINGS The invention may
seghReBESPTRBEFStood by reference to the following description taken in

conjunction with the accompanying drawing figures in which: Figure 1 is a

praRedsRes k] viewi@tagas turbine engine run turbine nozzle segment;
Figure 2 is a bottom perspective view of a replacement inner band

. segment used i%ﬁth@ r?(-ifajr methé)eglrﬁ)f_ the present invention; Figure 3 is a
1nSg Ee?‘?ﬁé%ﬂ%’ 8l & ﬁénf&% Sritifner band segment of Figure 2;
Figure 4 is a perspective view of the outer band and vanes of the turbine

joimazziaidegmantsfl Eiglareaddafieran acpimingenerend; hacdiBkgmend. is a
perspective view of a repaired turbine nozzle segment. 3 DETAILED

RREESOERIERIBNGT FHEN RN Referring to the drawings wherein
identica

reference numerals denote the same elements throughout the
various views, Fig;re 1 shows a turbine nozzle segment 10 having first
I

Tha iy seldommmnbe evamdsrs oy velsenaota tbeieipwieslesrdrtioartaken in
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efine airfoils configured so as to optimally direct the combustion gases
to a turbine rotor (not shown) located downstream thereof. The outer and
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respectively, of the gas flow through the nozzle segment 10. The vanes 12
Figae have wttom perspective view of a replacement inner band segment used in the

repair method of the present invention;
Figure 3 is a top perspective view of the replacement inner band segment of Figure 2;

Figure 4 is a perspective view of the outer band and vanes of the turbine nozzle segment

of Figure 1 after machining thereof; and

Figure 5 is a perspective view of a repaired turbine nozzle segment.



plurality of conventional cooling holes 18 in the forward region and trailing
edge slots 20 formed therein. Cooling holes 18 are most typically found in
first stage nozzle segments; later stage nozzle segments ordinarily do not
utilize such cooling holes. The nozzle segment 10 is preferably made of a
high quality superalloy, such as a cobalt or nickel- based superalloy, and

C ‘ ' rrosjon resi rial and/or thermal barrier
Dé&%ﬁ@ﬁ@ §§§ mm%onﬁrmm%ﬁgé @ﬁjrality of such segments 10
arranged circumferentially in an annular configuration. While the repair

methods of the present invention are described herein with respect to a
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invention is equally applicable to nozzle segments having any number of
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known repair processes. In cases where the outer band 14 or vanes 12

ThgrewiRinepshiirgb barkay fnaydh o r@?ﬁ@@eﬂlqm@&?@ tradpioassdisttbagdates.
resgga%@ﬁdoiﬁtye %af ﬁ})%ﬂ‘ﬁ‘tﬂljg%’ %Y@n@fﬁ'@g %&ttk}]@ A5zl gsolfjrl?in have a

present invention. The present invention is directed to a method of
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band 16.as a result of the processes used to remove, protective coatings
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then joining a spegcially. desjgned, newly manufactured replacement inner
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should be recognized that the present invention is equally applicable to nozzle segments

having any nmumber of vanes.

During engine operation, the nozzle segment 10 can experience cracking or damage such
as might result from local surface over-temperature caused by the hot gas stream or
foreign objects impacting thereon. As mentioned above, a portion of the nozzle segment
10 may become degraded to the point where it cannot be repaired by known repair
processes. In cases where the outer band 14 or vanes 12 are non-repairable, they may be
replaced through a process such as that described in U.S. Patent 6,416,278, assigned to
- the assignee of the present invention. The present invention is directed to a method of
repairing a nozzle segment in which the inner band 16 is non-repairable while other
nozzle segment structure is repairable by known repair processes. Although in current
known applications the inner band is 16 typically exposed to less severe operating

conditions and has a longer life than the other nozzle segment structure, each repair cycle,
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removed. Figures 2 and 3 show different views of one of the newly
manufactured replacement inner band segments at 30. In the illustrated
example the replacement inner band segment 30 is an integrally cast
piece having a cold side 22 (the side facing away from the hot gas
flowpath) and a hot side 24 (the side facing the hot gas flowpath), and
ludes conventional structure such as su é)ort flanges 26. The supﬁ)ort
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replacement inner band segment 30. The collar 3 8 is a solid, upraised
Thbloglkwhicthsfrandgtdenththeirefpat ewrenifisnerhandise gmentadd 16 from the

between the sfructural supports. It may be a continuous lateral member or
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be generated by a further operation. For example, they could be formed
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are aligned along a single parallel plunge axis for each nozzle segment.
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40. The receiving slots 42 extend radially through the collar 38. The

wheadbr o ts gpepar OdismpellRshitean Ispgingnge EDM. In this case, both
receiving slots 42 are formed on parallel axes. This can be accomplished

Asishasingleropatation: usis fakalesisosies: ot ARRragHae Restian-ang 38 is

shaEe. The receiving slots 42 are parallel to permit installation 5 of the
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nozzle segments returned from the field for servicing to identify such
30 Q@E}’Yﬁ‘é‘h@qu&\?@pﬁ‘ms- It may be a continuous lateral member or it may be

divided into two or more upraised portions as illustrated. Two recessed pockets 40, best
seen in Figure 3, are formed in the hot side 24 of the replacement inner band segment 30.
The perimeter of the pockets 40 approximates the airfoil contour of the vanes 12, The
recesses 40 are integrally formed as part of the replacement inner band segment 30 or can
be generated by a further operation. For example, they could be formed by a machining
process such as plunge electrical discharge machine (EDM) using an EDM electrode
having the airfoil shape. The pockets 40 are aligned along a single parallel plunge axis
for each nozzle segment. Each pocket 40 is oriented so that the respective vane 12 can be
properly seated therein. A receiving slot 42 is formed at the bottom of each pocket 40.
The receiving slots 42 extend radially through the collar 38. The receiving slots 42 can
also be formed by plunge EDM. In this case, both receiving slots 42 are formed on
parallel axes. This can be accomplished in a single operation using dual electrodes of

appropriate position and shape. The receiving slots 42 are parallel to permit installation
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non-repairable inner band 16, while the other nozzle segment structure is
repairable by a conventional method. Frequently, this will occur in an
engine-run segment in which the inner band 16 is an original component
of the segment 10, while the outer band 14 and vanes 12 were
newly-manufactured components at the time of their installation during a
of g{)evioua epair %cle fcg exa Iebaeﬁ a part of thelr air described in the
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seen that the inner band 16 is separated and machined in such'a manner
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integrally formed on the underside thereof as a result of the separation
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timgaplacement inner band segment 30. All of these

The next step is to separate the inner band 16 from the rest of the nozzle segment 10
without damaging the airfoils. Sepafation is accomplished by rough cutting through the
inner band 16 around the perimeter of both vanes 12. The cutting can be performed by
any conventional means such as an abrasive cutting wheel or electrical discharge
machining. After separation, the unsalvageable structure is discarded, and the outer band
14 and vanes 12 are prepared for joining to the replacement inner band segment 30.As
shown in Figure 4, it is seen that the inner band 16 is separated and machined in such a
manner to leave a mounting platform 44 integrally formed on the radially inner end of
each vane 12. Each mounting platform 44 has a raised boss 46 integrally formed on the

underside thereof as a result of the separation process.

The mounting platforms 44 on the inner ends of the vanes 12 are shaped and sized to

tightly interface with the pockets 40. The bosses 46 on the airfoil vane end ére sized to fit



surfaces are machined on parallel axes for both vanes 12. Thus, the
bosses 46 are oriented to be installed into the receiving slots 42, which
are also machined on the same parallel axes. If the bosses 46 were
machined on the radial axes of the respective vanes 12, then they could
not be installed into the slots 42 because the converging surfaces would

. _bind given.th [ f the bosses 46. The maounting platforms 44, which
i e s PPt (B BEREY 8o DAL SR (b plndnesc

surfitef thenteplaceroe phinnerdanthriegment 302 Aftek all Crack teBANS Adhted

completed and the machining operations are completed the outer band
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indicated above, the replacement inner band segment 30 is assembled
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band receiving slots 42. The parts are then joined together by bonding
shogighifahdhedtinstiots mecrtseasbi the meskebdfPEdE siplezmambingiigand

segiay:h@. accomplished in a conventional manner such as brazing or
welding although brazing is generally preferred given the thermal

gradiﬁ;nts that the part will be exposed to during engine operation and the

AlgbfihtEMtrEREE: BRRORIRIRES ABA. lsnadsiurdne aRBiRtfgS s rampeted the
outwaidaibe: tndiksilocaliviungsteninaraambiGlweld.aach 10888 RaBdbied to

receiving slot 42 to the respective vane boss 46. The next step would be
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braze alloy is applied to the collar-to-boss and" collar-to-inner band
plafferatéinomheeretsadsingeangipycicappad te tranetmuptint into the
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eng}}%? g;geq‘a%i g Va\}./rlpé Q?’laencligg'%yeﬁglse%éic "o weld distortion. One preferred joining
operation would be to first locally tungsten inert gas (TIG) weld each inner band
receiving slot 42 to the respective vane boss 46. The next step would be to fill the gap
between parts with alloy and braze powder and apply braze sturry over the exposed edges
at the interfaces. On the cold side 22, braze alloy is applied to the collar-to-boss and
collar-to-inner band interfaces. On the hot side 24, braze alloy is applied to the mounting-
platform-to-pocket interfaces. The assembly is then placed in a furnace, positioned with

the replacement inner band segment 30 up, and brazed.

Lastly, any corrosion or thermal protection coatings that were originally used are
reapplied in a known manner. Additionally, improved coatings could also be applied.
The result is a repaired nozzle segment 54 having a previously used section
(corresponding to the outer band 14 and vanes 12) and a newly manufactured section

(corresponding to the replacement inner band segment 30). The inner band collar 38
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(corresponding to the replacement inner band segment 30). The inner
band collar 38 7 provides structural reinforcement to the replacement
inner band segment. It also provides a secondary retention feature. That
is, if the mounting platform-to-inner band joint fails, then the collar 38
would prevent the vanes 12 from separating from the replacement inner
and seﬁme%[ 30 hecause the inner band collar overhang prevents the

b
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replacement inner band segment 30 is fabricated from a different
beinpiiar Prersihy 25 ReSinRu iR Atvathtesmeritdfial properties. It is
often the case that during the service life of a gas turbine engine
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with such components are developed. Traditionally, engine operators
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roperties. However, by fabricating the replacement inner band segment
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fabricated repair method for turbine nozzle segments as well as a
durigg) e ssevicihils pandsegriine gasinmegienepat pidtess Whilke segment,
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The foregoing has described a fabricated repair method for turbine nozzle segments as
well as a replacement inner band segment used in the repair process. While specific
embodiments of the present invention have been described, it will be apparent to those
skilled in the art that various modifications thereto can be made without departing from

the spirit and scope of the invention as defined in the appended claims



one vane are previously replaced components of said segment and said
inner band is an original component of said segment; separating said
inner band from said nozzle segment; repairing damage in at least one of
said outer band and said at least one vane; and joining said outer band
and said at least one vane to a newly manufactured replacement inner
band segment, said replacement inner band segment including: a
replacement inner band having opposed first and second sides; said first
Wiy ﬁa@%%@@a&sﬁone airfoil-shaped recess formed therein for receiving
said vane; and said second side having a raised collar integrally formed
therein; wherein the step of joining said outer band and said vane to said

- replacBRiRA HAERAIHRE SEERIM B SR EREIhreRARAGIALS ot in said collar:

inserting afpevinohsaitkvaNe e SAd fIok AR RN Sad MaRestQ,saitine
collar and to said replacement inner band segment. 2. The method of
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poc;%eth%.r T pn% lrggit}p%dn e%ft%l. irgl ggherei 1 said vane of said replacement
inner band3segment Is Jomea {6 S50 €onar and to said replacement inner

band by brsegigtidg The imethooh dficiainait ndheteegepairating said inner

band from, asm Z&A%ggngmeﬁt;e%%%@sgf%gy t tha;%%@hr?aai%ﬁnﬂea  one
band of said nozzle seghment near said vane. . The method of claim &
whef&if: $ai#l cutting is carried out so as to define a generally

airfoil-shapedmouningiatierm.around the periphany of Qﬂé{@%ﬁﬂ%&md

said vane, said_mounting platform being shaped to fit into saidrecess o
Said%ﬁfg@gﬁi@ﬁpﬁﬁﬁéﬁ%w@gg%@ﬁpplmement inner band segment including:

a replacement inner band having opposed first and second sides;
said first side having at least one airfoil-shaped recess formed
therein for receiving said vane; and

said second side having a raised collar integrally formed therein;

wherein the step of joining said outer band and said vane to said

replacement inner band segment comprises:
providing a slot in said collar;
inserting a portion of said vane into said slot; and
joining said vane to said collar and to said replacement inner band

segment.

2. The method of claim 1 further comprising forming a pocket in said replacement

inner band, said collar being joined to said replacement inner band at said pocket.

3. The method of claim 1 wherein said vane of said replacement inner band segment is

joined to said collar and to said replacement inner band by brazing.

4. The method of claim 1 wherein separating said inner band from said nozzle segment

comprises cutting through said inner band of said nozzle segment near said vane.



6. The method of claim 1 wherein said replacement inner band segment is
fabricated from a material that has enhanced material properties with
respect to the material that said inner band is fabricated from. 10
TURBINE NOZZLE SEGMENT AND METHOD OF REPAIRING SAME
ABSTRACT OF THE DISCLOSURE A method for repairing a stationary
turbine nozzle segment having at least one vane disposed between outer
and inner structural bands includes providing an engine-run turbine
nozzle segment having at least one vane disposed between outer and

5. TRBerAARGS: Whareindheomtes Pand.and e uanes AeRQVIRUSY a generally
eplaced compaonents of the segment and the inner band is an original

r
ARl P O THBESRIG IS 2ot A BERN AT SY BAHE FRAE S yRae, said
moSegHaesLfepairgdamage i themutenbangdansfeaiheanenand iiakingnd
the outer band and the vane to a newly manufactured replacement inner
“ePsAb segment. The replacement inner band segment includes: a
structural inner band; and an integral structural collar adapted to receive

6. PG &E g)[o {Eltakllr% alt lgﬁtgrte%ngayg ?gpialczzlegheznt inner band segment is fabricated

from a material that has enhanced material properties with respect to the material that

S

said inner band is fabricated from.

10





