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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of turbine nbratfeseioanetivdothvinstrehrengtiitre vanes. Turbine vanes are

typically segmented around the circumference thereof with each vane
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vanes disposed between inner and outer bands that define the radia
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thevanesy Raenexthibitefadkseach vane segment, herein referred to as a nozzle segment,
having one or more vanes disposed between inner and outer bands that define the radial
flowpath boundaries for the hot combustion gases flowing through the nozzle segment.
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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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
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more desirable to repair them whenever possible. One existing repair
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of the present invention. This technique involves salvaging an inner band
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possible because the inner band typically experiences less severe
andper ety soriiisbrid arieineasi bl sdwgersiféhhianenbapthepivebziexpetament less
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of the innerband because the processes use an and strip o
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the present invention provides a method of repairing a turbine nozzle
Acseghmgly, tompdsiogppintyibingrare engibesegmiuthing:cioz giasggmienould be

hayi t least one vane disposed, between outer, and inner bang e
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therepiatesbgamponents of said segment and said inner band is an original

BRIEF SUMMARY OF THE INVENTION

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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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
saigh seeany mdmbiibigrethissdl aeBarentedrbr foamg G thgnsint, said
replacement inner band segment including: a replacement inner band
wh@@!%@ﬁ@ﬁ%?%fﬁﬁ@%ﬂi%ﬁ&%ﬁ@ﬁﬁ salthfirst ﬁqui@?éﬂ[k&éﬁé%@ﬁﬁr&@ Band
airfoil-shaped recess formed therein for receiving said vane; and 2 said
SeERSYTPBIESA%Eving a raised collar integrally formed therein; wherein the
step of joining said outer band and said vane to said replacement inner
prRadessegmentaapaIiges: 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 s ent. BRIEF DESCRIPTION OF THE
INSHENGHIRIEE TR Sﬁ}\qé;ﬁf?(%ﬁnﬁ?ai?@eggg&mderstood by reference to the
following description taken in conjunction with the accompanying drawing
joifigpgremdrvavizioh sEiorlat isnditipemspectilseanentofiveghsrklisbgmeesngine run
turbine nozzle segment; Figure 2 is a bottom perspective view of a
B@@gg@@ﬂ@m@g%m&yﬁggy 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
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cofARHBNGRSHE AL ANDEIGHE Rd% P HSRECHNGYiRY: OF a repaired turbine
nozzle segment.

Figure 1 is a perspective view of a gas turbine engine run turbine nozzle segment;

Figure 2 is a bottom 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.



3 DETAILED DESCRIPTION OF THE INVENTION Referring to the
drawings wherein identical reference numerals denote the same elements
throughout the various views, Figure 1 shows a turbine nozzle segment 10
having first and second nozzle vanes 12. The vanes 12 are disposed
between an arcuate outer band 14 and an arcuate inner band 16. The

I irfoils c fﬁm timally direct the
D%@%’Fg‘&ﬁﬁrﬁ g@ﬁ%ﬁg ( @%} n) located downstream
thereof. The outer and inner bands 14 and 16 define the outer and inner
radial. boundaries, respectively, of the gas flow through the nozzle
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holes 18 in the forward region and trailing edge slots 20 formed therein.
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The nozzle segment 10 is preferably made of a high quality superalloy,
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engine will include a plurality of such segments 10 arranged
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nozzle segment, it should be recognized t e present invention IS
plusgjitalyf eppiivdbledc nozxd elsgrh®ntshhvingrdnseimmabe treflivardge slots 20
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or damage such as might result fro local surface over-{e perature
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non-repairable, they may be replaced.through a process such as that
barEE SR O S P AR S TS 751 hdSigHee o raiy of such Segfnents 10
arranged circumferentially in an annular configuration. While the repair methods of the
present invention are described herein with respect to a two-vane nozzle segment, it
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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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
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includes the principal steps of separating the inner band 16 from the
Thoozziér segivenntBidanchthedioiningspspeeiplyadesigradnacwlyd 16 from the

manufactured, replacement.inner band segment tq the structure from
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at 30, In the illustrated example the replacement inner band
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the hot gas flowpath), and includes conventional structure such as
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ent 10 is installed in an engine. As shown in 2, at least one
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a solid, upraised block which strengthens the replacement inner ban

wheg dhsdinzdo semeser tHs oriablest it sospsits: It may be a continuous
lateral member or it may be divided into two or more upraised portions as

Asiliistrated Fifwe recessed BRCKEISIIR PR BARRINIGHE 3 A8 fomeds is
intei:rg{rgll]ey rz]?git‘nslie%eo%lﬂrﬂ:?g E:r(])?drgij:c)lle? S%n(;t@ ?}ieI r:‘ggi;?gggn?eiggf ggr?c? .segmen‘{ 30. The
collar 38 is a solid, upraised block which strengthens the replacement inner band segment
30 between the structural supports. 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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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

lectrode, having, the airfoil shape, The pockets 4.% re aligned along a
o AT o AKe i 3 A SeHBr oA pocket 40 s
oriented so that the respective vane 12 can be properly seated therein. A
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ing dual electrodes of opriate position and shape. The receivi
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repair method js to inspect engine run nozzle segments returned from the
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compaonents at the time of their installation during a previous repair cycle,
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be stripped of any coating materials (such as corrosion or thermal ‘
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_baths, and the like, of by a combination of such techniques. The next step
wilibgrpepasr areriacRv tdalepedinand the eerilitaeesf e asingbknovih repaimes
IQ.tgﬁl}@&lﬂgﬁon or thermal coatings that were originally used are not reapplied at this

time.

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 are sized to fit



such as alloy brazing, alloy build up, welding and the like. These

conventional repairs will be carried out as needed depending on the

condition of the outer band 14 and vanes 12. Any corrosion or thennal

coatings that were originally used are not reapplied at this time. The next

step is to separate the inner band 16 from the rest of the nozzle segment

.. 10. without.damaging the airfoils. Separation is accomplished_by rough

i GRS TG TA08% RAnde DI DL b G et Br Bod et gese

sur'fehﬁsmtﬁHﬁgc@aﬁbbem@ifﬁnmadeﬁ)foﬁﬁmi@ﬁmﬂ@ﬂi@r]&idﬂW&&h@&é‘ﬂri@n&d
abrasf‘ii’ji%@uttinagawheej or electrical discharge machining. After separation,
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mounting platform 44 has a raised boss 46 integrally formed on the
shqiisadhaitidsiorses 48 & fossrivedra %ﬁ&%\ﬁ‘éﬁ‘&@ééﬁ@ﬁ@mﬁtm@f band
segpi@tfosms 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

are sized to fit 6 into the receiving slots 42 on the replacement inner band
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receiving slots 42, which are also machined on the same parallel axes. If
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converging surfaces would bind given the height of the bosses 46. The
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bonding along the collar-boss interfaces on the inner band cold side 22, Bonding may be
accomplished in a conventional manner such as brazing or welding although brazing is
generally preferred given the thermal gradients that the part will be exposed to during
engine operation and the detrimental effect of 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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After all crack repairs are completed and the machining operations are

completed the outer band 14 and vanes 12 and the replacement inner

band segment 30 are assembled to form a repaired nozzle segment 54

shown in Figure 5. As indicated above, the replacement inner band

segment 30 is assembled by installing the vane mounting platforms 44

intq the corresponding inner band pqcket 40 and the vane bosses 46 into
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d cold side 22. Bonding may be accomplished in a conventional
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,durli@g% engine operation and the detrimental effect of weld distortion. One
belnseryfiad} § tbpesaigeriestianse b sesseeth fingsten inert gas

(TIG) weld each inner band receiving slot 42 to the respective vane boss

In 46 dheodaxtsiepoveplecbedarilihergap shetweetopatswith-alloynane same
braze gﬁgdef and apply braze slurry over the exposed edges at the
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applied to the mounting- platform-to-pocket interfaces. The assembly is
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coatings that were originally used are_ reapplied in a known manner.
duripgths rsnyichriprovtd esatiinsotnaiaseonpappiicsicirae 2axitie segment,

impeRaiiesnoZal8segment. a4 having.a 96&%8!%&9&“&8%%9&%8& Traditionally,

(corresponding to the outer band 14 and vanes 12) and a ewly
ENgREnePSERINE dsadd o dereaplendiv Jonth s veplacanisent tnmerbardponents
fabSRae Rt 30 Ehe 10 i tructural reinforcement

: to the replaceerﬁ%ﬁh)t [?n §£r£@§r%§ gé%%%%%%%&%fgfﬁﬁéﬁgrgg%Oﬁ: 'a%r%)wever’
by detaitiindchturepTbanisit ifther rhouhtingnplatidfnfrtorirthe iban fainf fajlsthe

repaired nozzle segment 54 will obtain, in part, the enhanced material properties.

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



then the collar 38 would prevent the vanes 12 from separating from the
replacement inner band segment 30 because the inner band collar
overhang prevents the vane collar 38 from being pulled through the
replacement inner band segment 30. In one embodiment, the replacement
inner band segment 30 is fabricated from the same material as the
original inner band 16 to produce arepaired nozzle segment 54 that
retains the material properties of the original nozzle segment 10.
WiHelveyveLMMESA8T embodiment, the replacement inner band segment
30 is fabricated from a different material, preferably an alloy having
enhanced material properties, It is often the case that during the service
I life 6F RYASKOHSREERGIME BTG SEEMAs SPRBIFIESegment,

improved giteyRisiitable ianding Wilhisy Gy ARAAGMSANEdeNEloREne vane
Tradjtionall b e\%)qine operators would have to replace existirg)g/ ,
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realize thecnkaneaduriatenid@operijeschioweysd, siyrfabrieatiagith@er band

replacement inner band §e0gment 30 frO{’n the improved alloy, the repaired
Iﬁ an originag Cgﬂl One - said segngePh' . .
nozzle segrent I'obtain, in"part, thie enhanced material properties.
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repair process. e specific embodiments of the present invention have
beerra&s¥tbed, it will be apparent to those skilled in the art that various

modificatiqps, thetele Gae.hemade withqutdenadiog, from ﬁ&%@\%{ﬁ@ﬁﬁmed

scope of the invention as defined in the appended claims 8 W |
CLAFRIBTSTSAtinAcHRstibts ST rebamif gorlasasmat iops dansigivmment including:
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least one vane disposed between outer and inner bands, wherein said

outer band and s dii¥agiohaaaabIedstRns R ddshapsd recess formed
components:efséid segriantaiad sadddnmer band

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.



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 said
second side having a raised collar integrally formed therein; wherein the

5. ‘stenRtieinta:raid ulrERandaANd aaid ¥ensiesaifl seplaseiRaRL NDBKerally
band s%%ment comprises: providing a slot in said collar; inserting a portion

A S RRP G Y S S ST PS RN G B BTt SRF 8N 0 ArE 40 8 said
mot@placemeEntinbehpandpsEeMeNin®. Hhe metosrehriaipp hidfbeY inner band
comprising forming a pocket in said replacement inner band, said collar
Segglgﬁ{g joined to said replacement inner band at said pocket. 3. The method
of claim | wherein said vane of said replacement inner band segment is
6. J{%‘Qi&éﬁ’oﬁaéﬁ.% A'i%r andio said replagement inner band by brazing. 4, TS eq
method of claim 1 wherein separath Said innerband Trom<ard nozz1e
frorseg metst idotimprissscobtingdtmotegial sarichirrties batkdrefsaidimokeleaterial that
saicﬁﬁ%}%m%‘%a%??&%’e%%% 5. The method _of qlaim 4 wherein gaid cutting
Is carried out so as to define a generally airfoil-shaped mounting platform
around the periphery of an inner end of said vane, said
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mounting platform being shaped to fit into said recess of said replacement
inner band segment. 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
dispbSEBBatier Outeh BadiANerA i Hahte M KR BRINvidingBn
engine-run turbine nozzle segment having at least one vane disposed
between outer and inner bands, wherein the outer band and the vanes
ABarEpgrellicusiyHepséd o6hiRanents of the segment and the inner band is
an original component of the segment; separating the inner band from the

A ReERE $SORERTSERANG FATGS e the el band.and/an the vane, and, .

joinin%the outer band and the vane to a newly manufactured replacement

disiiet BaNYFSeghentnn@nepritLiEH hinds Barddssgprryitinglgdesngne-run
wriskgbiakinnes dandyandaradniggrabsiryciyalboallar-adanied iR eeeMainds,
an.inner end of the at least one vane. Fig. 2
wherein the outer band and the vanes are previously replaced components of the segment
and the inner band is an original component of the segment; separating the inner band
from the nozzle segment; repairing damage in the outer band and/or the vane; and
joining the outer band and the vane to a newly manufactured replacement inner band
segment. The replacement inner band segment includes: a structural inner band; and an

integral structural collar adapted to receive an inner end of the at least one vane.

Fig. 2
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