TURBI NE NOZZLE SEGQVENT AND REPAI R METHOD BACKGROUND
OF THE | NVENTION The field of this invention rel ates

generally to gas turbine engines and nore particularly
to the repair of turbine nozzle segnents used in
turbi ne engines. A gas turbine engine includes a
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assenbl y.  Anot her approach is to integrally cast the

tebel stagengnment with the vanes, inner band and outer
band formed together as a one-piece casting. Nozzle
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segments. In one z;pproach, thé nozzle segment is a multi-piece assembly comprising an
inner band, an outer band and one or more vanes, each of which is individually cast.
Both the inner and outer bands are provided with slots into which the ends of the vanes
are brazed in place to form the nozzle segment assembly. Another approach is to

integrally cast the nozzle segment with the vanes, inner band and outer band formed

together as a one-piece casting.

Nozzle segments are exposed during operation to a high temperature, corrosive gas
stream that limits their effective service life. Accordingly, nozzle segments are typically
fabricated from high temperature cobalt or nickel-based superalloys coated with corrosion
and/or heat resistant materials. The nozzle segments are ordinarily cooled internally with

cooling air extracted from the compressor to prolong service life. Even with such efforts,
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streamthat |imts their effective service life.
Accordingly, nozzle segnents are typically fabricated
from high tenperature cobalt or nickel -based
superal | oys coated with corrosion and/or heat
resistant materials. The nozzle segnents are
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method dlsclosed in the >278 Patent is also limited by the length and width of any crack,

the degree of erosion of the parent material, and the wall thickness of the nozzle segment.

In some instances replacement of the turbine nozzle vane airfoil is necessary, as opposed
to conventional repair. At present, this is accomplished by discarding the entire nozzle
segment and replacing it with a completely new replacement part. This involves
discarding components of the nozzle segment with remaining useful life along with worn
or damaged parts. In particular, the honeycomb backing strip of a nozzle segment often
has remaining hife even though the rest of the nozzle segment is damaged or worn beyond

repair. The honeycomb backing strip is fabricated with very expensive alloys, so that the
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collar during the re-application of the airfoils, as
described in the >278 Patent. The repair nethod

di sclosed in the >278 Patent is also limted by the
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band and at least one vane. A tenon on the inner band and a mortise on the nozzle

element may be used to join the replacement casting and re-used nozzle element to each

other.

According to another aspect of the invention, a method of repairing a turbine nozzle
segment having at least one vane disposed between outer and inner bands includes
separating a salvageable honeycomb backing strip from the inner band of an otherwise
unsalvageable turbine nozzle segment, machining a mortise into a back side of the
honeycomb backing strip, and machining a tenon onto the inner band of a

integrally-formed replacement casting having an outer band and at least one vane. The
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includes a tenon forned on the inner band that mates
wth a nortise forned on the back side of the
honeyconb backing strip. According to one aspect of
the invention, a nethod of repairing a turbine nozzle
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I nvéntion, a turbine nozzle segnent is provided,

i ncluding a turbine nozzle segnent casting having at
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turbine nozzle segnent is provided, and includes a
Hési iingn aeil pempettozstiewnd avarndéngrosindidetageriogation of a

é?r%{lr%%ergn%ﬂi? array of turbine nozzles;

FIG. 2 is an enlarged overall view of the turbine nozzle array of FIG. 1;

FIG. 3 is a perspective view of a replacement casting for a turbine nozzle segment with a

tenon formed on the inner band in the area of the integrally-cast T-bar;

F1G. 4 is a perspective view of the honeycomb backing strip with a mortise formed on the
back side;

FIG. 5 is a perspective view of the turbine nozzle segment with the honeycomb backing

strip in place on the tenon of the inner band;

FIG. 6 is a top plan view of the turbine nozzle segment shown in FIG. 3; and



and an inner band, and a tenon forned onto the inner
band and adapted to receive an inner band el enent
having a nortise forned in a back side thereof for
bei ng positioned in mating relation on the tenon and
secured thereto. BRI EF DESCRI PTI ON CF THE DRAW NGS The
FKgb) 18 etpersireative vigw phihs tagbpieinoatle segment elpviag dewdilaf the
~reference to the following description taken in
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repaired by known repair processes. The present invention is directed to a method of
repairing a nozzle segment in which the honeycomb backing strip is salvageable, while
other nozzle segment structures are non-repairable. The present invention is most
applicable to integrally cast nozzle segments, but can be used with other types of nozzle

segments, as well. In addition, replacement of the nozzle segment structures permits

_these structures to be fabricated from materials having enhanced operational and

length-of-service characteristics. As aresult, savings result both from the ability to re-use

the honeycomb backing strip and the ability to attach it to a replaéement casting having

enthanced longevity and operational characteristics.

Referring now to FIG. 3, a casting for a turbine nozzle segment 10 is shown, having first
and second nozzle vanes 12. The vanes 12 are integrally-formed with and positioned
between an arcuate outer band 14 and an arcuate inner band 16. The vanes 12 define

airfoils configured to direct the combustion gases to a downstream turbine rotor (not



also as shown in FIG 2. Wiile the repair nethod of the
present invention is described herein with respect to
a two-vane nozzl e segnent of a stage 2 HPT nozzle, the
repair method described in this application is

equal ly applicable to nozzle segments having any
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ang pegittangd to yegeize theltenpn@O@ the inner band 16 is then machined into the back

side of the honeycomb backing strip 18, as shown in Figures 4 and 5.

When properly positioned, the honeycomb backing strip 18 is brazed to the tenon 20.
Alternatively, a conventional low-energy welding process, election-beam welding
process, or another suitable known joining process may be used. Any corrosion or
thermal coatings that were originally applied to the nozzle segment 10 are reapplied in a
known manner. The result is a repaired nozzle segment 10, as shown in Figures 6 and 7.
The nozzle segment 10 is fully interchangeable with conventional nozzle segments with
integrally-formed honeycomb backing strips, and provides savings resulting from the

ability to re-use honeycomb backing strips having remaining useful life, and from the



thermal barrier coating. The casting, for exanple, a
casting for a nozzle segnent for a CFM 34 turbine
engine, is machined to transforma conventional T-bar
web on the inner band 16 into the tenon 20 descri bed
above. The tenon 20 thus extends along the inner band

#g, as best shown in Figures 3 and 5. The repair .
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receive the tenon 20 of the inner band 16 is then
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strip 18, as shown in Figures 4 and 5. Wen properly
posi ti oned, the honeyconb backing strip 18 is brazed
to the tenon 20. Alternatively, a conventiona
| ow- energy wel di ng process, el ection-beam wel di ng
process, or another suitable known joining process nay
be used. Any corrosion or thermal coatings that were
originally applied to the nozzle segnent 10 are
reapplied in a known manner. The result is a repaired
nozzl e segnment 10, as shown in Figures 6 and 7. The
nozzl e segnment 10 is fully interchangeable with
conventional nozzle segnents with integrally-forned
honeyconb backing strips, and provi des savi ngs
resulting fromthe ability to re-use honeyconb
backi ng strips having remaining useful life, and from
the 6



ability to replace the damaged parts of the nozzle

segnment with a new casting having enhanced

performance and useful life. The foregoi ng has

descri bed a repair nmethod for turbine nozzle segnents

as well as a turbine nozzle and a repl acenent casting

for a turbine nozzle used in the repair process.

Wil e specific enbodi nents of the present invention
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skilled in the art t hat vari ous nodifications can be
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sedrogrllj ne nozzle segnent; formng a nortise into a back
side of the nozzle elenent; formng a tenon onto the
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the inner band into the nortise of the nozzle el enent;
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at 1284 onetAegl of claim 1l wherein the step of securing the
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- clainms wherein fornmng a tenon onto the inner band of

25 LRI P R 0 SRR 5o s
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3. The method of claim 1 or 2 wherein forming a mortise into a back side of the

nozzle element comprises machining the mortise

4, ‘The method of any one of the preceding claims wherein forming a tenon onto the

inner band of a replacement casting comprises machining the tenon.

5. The method of any one of the claims 1 to 3, wherein forming a tenon onto the
inner band of a replacement casting comprises forming the tenon onto the inner band of a

stage 2 HPT nozzle segment.

6. The method of any one of the claims 1 to 3, wherein forming a tenon onto the
inner band of a replacement casting comprises forming the tenon onto the inner band of

an integrally-formed nozzle segment casting.

7. The method of any one of the preceding claims, wherein separating a salvageable
nozzle element from the inner band of a turbine nozzle segment comprises separating a

honeycomb backing strip from the inner band.



i nner band of a replacenent casting conprises formng
the tenon onto the inner band of a stage 2 HPT nozzle
segnent. 6. The nethod of any one of the clains 1 to
3, wherein formng a tenon onto the inner band of a
repl acenent casting conprises formng the tenon onto
the inner band of an integrally-fornmed nozzle segnent
casting. 7. The nethod of any one of the preceding
8. cl aiAnEsbinRz8le ReifRdBhiphging: sal vageabl e nozzle
- elenment fromthe inner band of a turbine nozzle
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and, SR ANSF PR ANE) enent having a nortise
formed in a back side positioned in mating relation
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reldtRAZnShe RABE Bhd 8GGPLSthBRd 0 clai m 8, wherein the
nozzl e segnment Is a stage 2 HPT nozzl e segnment having
two_vanes. 10. The turbine nozzle segnent according to
9. anyThhwrkipe pozglossemeniaca@dingiie claim 8t Whereinthenodsbernggment is a

stafd £ EBHnosARREIRES A NPARYSREP backing strip. 9

10.  The turbine nozzle segment according to any one of claims 9 to 10, wherein the

- inner band element comprises a honeycomb backing strip.



