TURBI NE NOZZLE SEGVENT AND REPAI R METHOD BACKGROUND
OF THE I NVENTION The field of this invention relates
generally to gas turbine engines and nore
particularly to the repair of turbine nozzle

segnents used in turbine engines. A gas turbine
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segments. In one approach, thé nozzle segment is a multi-piece assembly comprising an
inner band, an outer band and one or more vanes, each of which ié"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 segfnents are typically
fabﬁcat_éd 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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Nozzl e segnents are exposed during operation to a

hi gh tenperature, corrosive gas streamthat limts

their effective service life. Accordingly, nozzle

segnents are typically fabricated from high

tenperature cobalt or nickel-based superalloys coated
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method disclosed 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 life even though the rest of the nozzle segment is damaged or worn beyond

repair. The honeycomb backing strip s fabricated with very expensive alloys, so that the
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of the repair nmethod disclosed in the >278 Patent.

Stage 2 HPT nozzle segnents of the type disclosed in

this application are of a size rendering them

i ncapabl e of accepting a collar during the

re-application of the airfoils, as described in the

>278 Patent. The repair nethod disclosed in the >278
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segment having at Jeast one vane disposed between outer and inner bands includes

separating a salvageable nozzle element from‘_the inner band of a turbine nozzle segment
and attaching the salvaged nozzle element to the inner band of a replacement casting
having an outer band and at Ieast 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 embodiment, there is provided 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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remmant froma field returned nozzle segnent that
cannot be otherw se be repaired, and joining the
renoved honeyconb strip to a newly nanufactured
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band of a replacement casting having an outer band and at least one vane; positioning the
tenon of the inner band into the mortise of the nozzle element; and securing the tenon and

mortise to each other.

According to a second aspect, there is provided a method of repairing a turbine nozzle
segment having at least one vane disposed between outer and inner bands, comprising:
separating a salvageable honeycomb backing strip from inner band of an otherwise
unsalvageable turbine nozzle segment; maching a mortise into a back side of the
honeycomb backing strip; machining a tenon onto the inner band of a integrally-formed
replacement casting having an outer band and at least one vane : positioning the tenon of
the inner band into the mortise of the honeycomb backing strip; and brazing the tenon and

mortise to each other.



i nner band el enent having a nortise fornmed in a back

side of the inner band elenent, positioned in nmating

relation on the tenon and secured thereto. According

to anot her enbodi nent, there is provided a casting

for a turbine nozzle segnent is provided, and
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The subject matter of this application is explained
wth reference to the following description taken in_
conjunction with the acconpanying drawi ng figures, in
which: FIG 1 is an overall perspective view of a
turbine engine indicating the |ocation of a
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an enl arged overall view of the turbine nozzle array
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replacenent casting for a turbine nozzle segnent with
a tenon forned on the inner band in the area of the
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of the honeyconb backing strip with a nortise forned
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circunferentially in an annul ar configuration, also

as shown in FIG 2. Wile the repair nmethod of the
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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 fo 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 replacement casting having

enhanced 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



nunber of vanes and utilized in other engine

| ocati ons. During engine operation, a nozzle segnent
can experience damage from for exanple, |ocal gas
stream over-tenperature or foreign object inpacts. As
menti oned above, a portion of the nozzle segnment 10
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to attach it to a replacenent casting having
The esphaingghod 2ol bopadnshgeneable honelcofibarking st 18 Shown in
Referring nowto FIG 3, a casting for a turbine
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. h ' LI y-
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the H88 o Wy ARNRe TrBE 18 BT hogf SRl P bsable
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and positiened to receive the tenon 20 of 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 pesitioned, 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



band 16 into the tenon 20 descri bed above. The tenon
20 thus extends along the inner band 16, as best
shown in Figures 3 and 5. The repair nethod includes
separating a usabl e honeyconb backing strip 18, shown
in FIG 4, froman otherw se unsal vageabl e nozzl e
.segnent, and_then _joining the honeyconb backing . )
abilgy fq wplpge thy dampgrel paria afifheciarrlecdseamsnt wigh adgitcagting having

' ' repl aces the nozzle structure
Emh??%%?ﬁﬁ?gﬁhg%%ﬁwgﬁég?%%b backi ng strip 18 was
renoved. Before initiating this repair nethod, engine
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servicing, are inspected to identify nozzle segnments

turbing 074 g g {ERICEmeRREYRBIE AswbIeTigzale upssl indhmesRag process.

- r . Uk: . . .
Wil e o B F 10 B SRR hBb e it it i be
- appdréranbahongkdléd otz £t degraribud modlfRanets cansbe nade dvithout

of corrosion or other residue and ot herw se .
deparigegfamthe bt and spepe pLiheinventigp agdelined ip #hs qppspdsd dams.
receive the tenon 20 of the inner band 16 is then
machi ned into the back side of the honeyconb backing
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
may 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
repai red nozzl e segnment 10, as shown in Figures 6 and
7. The nozzle segnent 10 is fully interchangeable
wi th conventional nozzle segnents with
integrally-fornmed honeyconb backing strips, and
provi des savings resulting fromthe ability to
re-use honeyconb backi ng strips having remaining
useful life, and fromthe 6 ability to replace the
damaged parts of the nozzle segnent with a new
casting having



enhanced performance and useful |ife. The foregoing
has described 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. Wile specific enbodi ments of the
present invention have been described, it wll be

WHATapafCBATIMED [8ose skilled in the art that various

' nodi ficati ons can be nmade w thout departing fromthe
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appended clains. 7 WHATTIS CLAIMED I'S: 1. A neth

one vane dtpoSEL R Bd Bulet BB BAR ISR ndiey Danas,
SepaTRUN BIRENAIRE OHAREIO BB T dNR AT Bengaf Ao nozzle

formng a nortise into a back side of the nozzle
segrae¢riirent; forning a tenon onto the inner band of a
repl acenent casting having an outer band and at

formirges ndrise MO & basdié ontieondAde efraentol the inner
band into the norti se of the nozzle elenent; and

SRR 9 SRR [ 3taln St bt
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_of claim1 wherein formng a nortise into a back.
positignirg die tenenmiihe inardasstinkoihsrnediserridhe moagetaiement;
nortise. 4. The nethod of claim1l wherein formng a
and tenon onto the inner band of a replacenent casting
conprises machining the tenon.

securing the tenon and mortise to each other.

2, : The n"}ethod of claim 1 wherein the step of se{:uring the tenon

and mortise to each other comprises brazing, conventional or electron beam welding.

3. The method of claim 1 wherein forming a mortise into a back

side of the nozzle element comprises machining the mortise.

4, The method of claim 1 wherein forming a tenon onto the inner

band of a replacement casting comprises machining the tenon.



8 5. The nmethod of claim1l1l, wherein formng a tenon
onto the inner band of a replacenent casting
conprises formng the tenon onto the inner band of a

5 stage 2 HRheweticd segakemtt, wherdihdomein adteobn dno thelinner
wherein formng a tenon onto the inner band of a

band of a réﬁl%lcéﬁ?éﬁ? E%sﬁrgf &af;mgngémrhﬁﬁ@tﬁ@fénoﬂgodtb thd ﬁmé'ﬂ bARH ®f 2

e | nner I ntegrally-formed nozzle
nt casti g 7. The nmethod of claiml1l, wherein
aageZIiPing?%§§ﬁ ”E al vageabl e nozzle element fromthe
i nner band of a turbine nozzle segnent conprises
separating a honeyconb backing strip fromthe inner
band: 8. A nethod of repairing a turbine nozzle

6. segnent haMenmethod edstaimohewherain ddrepog edtarenwerdn the inner
outer and inner bands corrpri sing: separating a

band of a r%%ia\(ﬁgﬁéiﬁ' @asmﬂg #id tendiv efdl e inneeband of an
band of an erw se unsal vageabl e turbine nozzle
SONE, rtise into a back side of the
mtegraliy-fcﬁoneyl@%r%oggggﬁ'@rpg%g ); machining a tenon onto the

i nner band of a |ntegrally-fornEd repl acenent casting
havi ng an outer band and at | east one vane:

positioning the tenon of the inner band into the

norti se . of ethnibotdan 1owbrIeiy sePArgingamaalvageablg nozze
-the tenon and nortise to each other. 9. The nethod of

element frevthaih® &navhbard noff ar turbipeanbzeziensegmeni semprites rdapgrating a
the tenon.-onto the inner band of a stage 2 HPT nozzle

honeycombSBABAY strip from the inner band.

8. A method of repairing a turbine nozzle segment having at least
one vane disposed between outer and inner bands, comprising:
separating a salvageable honeycomb backing strip from the inner band of an ..
otherwise unsalvageable turbine nozzie segment;
machining a mortise into a back side of the honeycomb backing Strip;
machining a tenon onto the inner band of a integrally-formed replacement casting
having an outer band and at least one vane:

positioning the tenon of the inner band into the mortise of the honeycomb

'backing strip; and

brazing the tenon and mortise to each other.

8. The method of claim 8, wherein forming a tenon comprises

forming the tenon onto the inner band of a stage 2 HPT nozzle segment.



