METHOD FOR MAKING A REPAIRED TURBINE ENGINE STATIONARY
VANE ASSEMBLY AND REPAIRED ASSEMBLY BACKGROUND OF
THE INVENTION This invention relates to the repair of turbine engine
components, and, more particularly to the repair of a damaged gas
turbine engine stationary vane assembly. An example of a turbine engine
stationary vane assembly typically subjected to excessive wear or
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or turbine nozzle assembly, typically includes at least one airfoil as well
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stationary vane assembly experiences high temperature, strenuous

TRVIIRmENRL capditigns clripg.enging sefvice.qp: @tk%%@?ﬁég%%, more

damage can occur to the extent that repair or repfacemen
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art, such air-cooled turbine components are relatively expensive to
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expensive materials, for example high temperature superalloys.
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stationary vane assemblies include U.S. Patents 4,305,697 - Cohen et al.
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imp%rtant,to maintain the relative positions of assembly members such as
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airfoils first are disassembled for the repair and/or replacement of such
dm%?dffé‘ occur to the extent that repair or replacement of the assembly is required
for safe, efficient operation. As is well known in the art, such air-cooled turbine
components are relatively expensive to manufacture because they are complex in
design and made of relatively expensive materials, for example high temperature

superalloys. Therefore, it has been a practice to repair rather than to replace such a

component.

Reports of methods and apparatus for repair of turbine engine stationary vane
assemblies mclude U.S. Patents 4,305,697 — Cohen et al. (patented Dec. 15, 1981) and
5,758,416 — Reverman et al. (patented June 2, 1998). During the repair of such a
turbine vane assembly, it is important to maintain the relative positions of assembly
members such as the airfoils and the spaced-apart platforms between which the
airfoils are secured. In one type of such repair, the inner and outer platforms and the
airfoils first are disassembled for the repair and/or replacement of such individual
members. In that repair, re-assembly of new or repaired members to provide a
repaired assembly is similar to original manufacture of the vane assembly. It includes
Jjoining of the ends of individual airfoils to the spaced-apart platforms, for example by

brazing or welding about airfoil end stubs, while all of such members are maintained



members. In that repair, re-assembly of new or repaired members to
provide a repaired assembly is similar to original manufacture of the vane
assembly. It includes joining of the ends of individual airfoils to the
spaced-apart platforms, for example by brazing or welding about airfoil
end stubs, while all of such members are maintained | in accurate relative
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construction not originally designed into the article. Itis desirable to
congyidenaphothgaddy Asaldnedarepaisedicitbine engine stationary vane
assembly that requires a reduced number of members, joints, and repair
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the juncture of the airfoil and the platforms. Such feature particularly is

VangASSFRNRIFNHE SIRESHH [SORGEH SR BEERSTH MiiibIadifrareps to
res@6$€ MRS BREsEBHMMARYh Qe iHEINWENHON Qe @spest @i the

. present invention provides a method for making a repaired turbine engine
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betwadialliBpRGBanasid i iheaficsiRlationg, and a plurality of airfoils
therebetween, the plurality of airfoils each including a first airfoil end and

BR%%%WK{QQWT red;apastfipm the first airfoil end, comprising the

eps of: providing a first vane assémbly member including at least a
portion of the first platform bonded with the plurality of airfoils at the first.
Onaioiicevddhamscatboratplationm destcagthedtfhanaling firserdyd turbine
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airfoils at thé second airfoil; ends and including material of the seco
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including therein a first recess having a second edge portion substantially

spagsictae st ealdbecrperipharandneqrenaisinafthosiseps of: providing a first vane

assembly member including at least a portion of the first platform bonded with the
plurality of airfoils at the first airfoil ends, and a second platform first segment having
a first edge portion of a first selected peripheral shape bonded with the plurality of
airfoils at the second airfoil; ends and including material of the second platform
between the plurality of airfoils; providing a second vane assembly member
comprising a second platform second segment including therein a first recess having a
second edge portion substantially of the first selected peripheral shape and of a size
sufficient to receive therein the second platform first segment to enable the first and
second edge portions to be in juxtaposition; placing the second platform first segment
of the first vane assembly member in the first recess of the second platform second
segment of the second vane assembly member with the first and second edge portions
in juxtaposition; and then, bonding the first vane assembly member and the second
vane assembly member about the first and second edge portions to provide a repaired

turbine engine vane assembly.

An alternate aspect of the present invention provides a repaired turbine engine
stationary vane assembly comprising a first platform, a second platform radially

spaced apart from the first platform, and a plurality of airfoils therebetween, the



sufficient to receive therein the second platform first segment to enable
the first and second edge portions to be in juxtaposition; placing the
second platform first segment of the first vane assembly member in the
first recess of the second platform second segment of the second vane
assembly member with the first and second edge portions in
xtapasitign; and then, bonding the first vane assembly me r and the
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PR First Tecats W %ﬁ firsCe ge portlan of the second platform first
segment bonded with second edge portion of the second platform second
segment to comprise the second platform. 2a BRIEF DESCRIPTION OF
THE DRAWINGS Figure 1 is a perspective view of a typical gas turbine
engine turbine stationary
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vane assembly. Figure 2 is an exploded view of the vane assembly of
Figure 1 showing a prior art method of assembling vane members. Figure
3 is an exploded view of an embodiment of a repaired turbine engine
stationary vane assembly associated with the present invention.
DETAILED DESCRIPTION OF THE INVENTION The present invention
will be described in connection with one form of an axial flow gas turbine

BRIGING SRRNATYGN RIRPAZHR AARIRESSLNG a typical stationary vane
assembly. Such an engine comprises, in serial flow communication

generally from forward to aft, one or more compressors, a combustion .
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vakaisbenibhgitudinal engine axis. Accordingly, as used herein, phrases

using forms of the term "axial" or "axially", for example "axially forward"

and "axially aft". refer to.relative itions or general directions.in respect .
e o B B SRR S Gor
artorgeinat alfcissemifbrgntimlepusitiberor direction generally about the engine

axis; and phrases using forms of the term "radial", for example "radially
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engine "axis. One current method for repairing a damaged gas turbine
StaRREY B stadn apyoriatedl avBh vhmpr assd ibinderexample resulting
from service operation, includes disassembly of the inner and outer

Dpfaxermp s drgRTleasheer ihdisppssd between the platforms.

The perspective view of Figure 1 shows a typical gas turbine engine
R B e SR oo i
gdkdtsfiaceccagart frativifust pldtfoenndZenckgrelaaltity anthisaé thadimentane
astélgr%’b?gzr.fog%c 16a%OQgg%gebg(%g%Qes, in serial flow communication generally from
forward to aft, one or more compressors, a combustion section, and one or more
turbine sections disposed axisymmetrically about a longitudinal engine axis.
Accordingly, as used herein, phrases using forms of the term “axial” or “axially”, for
example “axially forward” and “axially aft”, refer to relative positions or general
directions in respect to the engine axis; phrases using forms of the term
“circumferential” refer to general circumferential position or direction generally about
the engine axis; and phrases using forms of the term “radial”, for example “radially
away from”, refer to relative radial position or direction generally from the engine

axis.

One current method for repairing a damaged gas turbine engine turbine stationary
nozzle or vane assembly, for example resulting from service operation, includes
disassembly of the inner and outer platforms from the at least one airfoil disposed
between the platforms. The perspective view of Figure | shows a typical gas turbine
engine stationary vane or nozzle assembly generally at 10. Stationary vane assembly
10 includes a first or outer platform 12, second or inner platform 14 spaced apart from
first platform 12 and a plurality, in this embodiment two, airfoils 16 bonded between

platforms 12 and 14.



platforms 12 and 14. 3 Included in the embodiment of stationary turbine
vane assembly 10 of Figure 1 is a load stop protrusion 18 extending
circumferentially 19 along an axially 21 aft portion of inner platform 14
and protruding generally radially 23 away from airfoils 16. Generally in
original manufacture of inner platform 14, prior to its assembly into a
turbine nozzle assembly, load stop protrusion 18 is precision cast as an
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functions as a radially inner aft load carr){j%? mounting portion for turbine
Tittte

logd 5598 RedEwsiny 19 Seadiag GreBirgtirtdgtaAlne iharplhtronfi gortion
off ather thara:separatr pesmhemopdedanith-irnglypiatiesml dotiCairfoils 16.

junction between load stop 18 and inner platform 14 is more structurally
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Figure 2, During one prior art method for r,epairinE?qulaF turbine er%%;_ne vane
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. airfoils 16 are disassfej%]ngled. In the embodiment of Figure 2, airfoils 16
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onding wit etween platforms 12 and 14. After such disassembly,
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the article is reassembled for use. In this prior art example, at least four
Asepatated bendm(theintsabeneglinebintor axampbenbraa€doditageidet is shown
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m%gl%%ture, or otherwise, first or outer platform 12, second or inner platform 14 and
airfoils 16 are disassembled. In the embodiment of Figure 2, airfoils 16 include first
airfoil stub ends 20 and second airfoil stub ends 22 that are disposed respectively in
platform openings 24 and 26 for registry and bonding with and between platforms 12
and 14. After such disassembly, any damaged member is replaced with a new or
repaired member and the article is reassembled for use. In this prior art example, at
least four separated bonding joints are required, for example brazed or welded joints,
while the four separate members are secured in relation to one another in accurate

design positions. Such a repaired article using prior art methods can include joint

construction not originally designed into the article.

One form of the present invention provides a method for making a repaired turbine
engine stationary vane assembly using fewer distinct members and therefore fewer
bonded joints, and lower repair ime and cost. In addition, the present invention
enables inclusion of integral, new, replacement material including load stop
protrusion 18. As a result, the repaired turbine engine vane assembly associated with

the present invention has enhanced load carrying structural stability.



One form of the present invention provides a method for making a
repaired turbine engine stationary vane assembly using fewer distinct
members and therefore fewer bonded joints, and lower repair time and
cost. In addition, the present invention enables inclusion of integral, new,
replacement material including load stop protrusion 18. As a result, the
repaired turbine engine vane assembly associated with the present

THveRRRRAS @fﬁh@ﬂ@@@i@ﬁ%ﬁﬁféﬁm%ﬁw@@fﬁéﬁﬁ%}gi%ﬂ #H&nnection with a

fperspective, exF_oded_vieW of Figure 3 shows members used in

IR thel ekt Amtrsphionmenist Vare wasemeglly at 28
atB erRaRhis e WEBRBeF ¥R 48 s aRcha: sReeRdI Vare@ssembly member

is shown generally at 30. First vane assembly member 28 comprises at
least a portion,.in this

, xample all, of a first or outer platform 12 bonde
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First recess 42 is of a size sufficient to receive therein second platform
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9. juxt it is In fi s§42. In.th .
e R T T NI TR
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receive therein second platform first segment 34 to enable first edge portion 36 and

second edge portion 44 to be in juxtaposition when segment 34 is in first recess 42.

[n the embodiment of Figure 3, first vane assembly member 28 includes load stop
protrusion 18 extending circumferentially 19 along second platform first segment 34
and radially 23 away from airfoils 16. During engine operation, aerodynamic loading
1s on airfoils 16, and must be transferred through load stop protrusion 18 to engine
structure supporting turbine vane assembly 10. By including load stop protrusion 18
on first assembly member 28 according to a form of the present invention, an
additional repair joint is avoided, and the aerodynamic load does not pass through a
repair joint that can have a construction not originally designed into turbine vane
assembly 10. Load stop protrusion 18 has a protrusion edge portion 46 of a second
peripheral shape. In that embodiment, second vane assembly member 30 includes a
second recess 48 having a second recess edge portion 50 substantially of the second
peripheral shape. Second recess 48 is of a size sufficient to receive therein load stop
protrusion 18 to enable protrusion edge portion 46 and second recess edge portion 50

to be in juxtaposition when protrusion 18 is in second recess 48.
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and radially 23 away from airfoils 16. During engine operation,

aerodynamic loading is on airfoils 16, and must be transferred through

load stop protrusion 18 to engine structure supporting turbine vane

assembly 10. By including load stop protrusion 18 on first assembly

member 28 according to a form of the present invention, an additional

repair joint is avoided, and the aerodynamic load does not pass through a
FrepalideinidhatcambarsmpRNSIEHAIQN NOLANIginally designe d e LRIDRIed

vane assembly 10. Load stop protrusion 18 has a protrusion edge portion
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recess edge portion 50 substantially of the second peripheral shape.
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edge portion 50 to be in juxtaposition when protrusion 18 is in second
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salvageg fg]org ]
ORSEHTs S th Qb URENEY jEths BRAEBRNY ihsuSr SR dtr SUIGRS atrrsichpnded
joagsHratedydeentrolleahayrig e ginalomaniiagiure, Seehdee riong ieudsier to
1jo' t construction %r[:ginally designed into the article. When first and/or _
g anErp sl

B5RATESEY BT ERE ANS SURRIIF S areipsdnid s g agportions.

members, improved replacement material can be included to enhance
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segment 34 of first vane assembly member 28'is placed in first recess
pwtisecdocud e assernbiyple by brazing or welding, to provide a repaired turbine

engine vane assembly 10.

In the embodiment of Figure 3, the method includes, in addition, placing load stop
protrusion 18 of first vane assembly member 28 in second recess 48 of second vane
assembly member 30 with protrusion edge portion 46 and second recess edge portion
50 in juxtaposition. Then the edge portions 46 and 50 are bonded, for example by

brazing or welding, to provide the repaired turbine engine vane assembly 10.

The present invention has been described in connection with specific embodiments,
structures, and methods. However, it will be understood that they are intended to be
typical and representative of rather than in any way limiting on the scope of the
present invention. Those skilled in the various arts involved, for example relating to
turbine engines and their design, construction and repair, will understand that the
invention is capable of variations and modifications without departing from the scope

of the appended claims.



member 30 with first and second edge portions 36 and 44 in juxtaposition.
Then the first and second vane assemblies 28 and 30 are bonded about
the first and second edge portions 36 and 44, for example by brazing or
welding, to provide a repaired turbine engine vane assembly 10. In the
embodiment of Figure 3, the method includes, in addition, placing load
stop protrusion 18 of first vane assembly member 28 in second recess 48
of second vane assembly member 30 with protrusion edge portion 46 and
CL4dbdb¥rd recess edge portion 50 in juxtaposition. Then the edge portions
46 and 50 are bonded, for example by brazing or welding, to provide the
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been described in connection with specific embodiments, structures, and
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vane assembly comprising a first platform, a second platform ra
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a second air d spaced-apart from the first airfoil end, comprising the
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thepectinn gibtherinsinpiaifatepheaded nithrslie, plurality of airfoils at the first
airfoil ends, and a second

providing a second vane assembly member comprising a second platform second
segment including therein a first recess having a second edge portion substantially of the
first selected peripheral shape and of a size sufficient to receive therein the second

platform first segment to enable the first and second edge portions to be in juxtaposition;

placing the second platform first segment of the first vane assembly member in
the first recess of the second platform second segment of the second vane assembly

member with the first and second edge portions in juxtaposition; and then,

bonding the first vane assembly member and the second vane assembly member about

the first and second edge portions to provide a repaired turbine engine vane assembly.



platform first segment having a first edge portion of a first selected
peripheral shape bonded with the plurality of airfoils at the second airfoil,
ends and including material of the second platform between the plurality

of airfoils; providing a second vane assembly member comprising a

second platform second segment including therein a first recess having a
second edge portion substantially of the first selected peripheral shape

and of a size sufficient to receive therein the second platform first
segheiiihtoresthiecthddinst! anddedo tit: ddefeppsftionsste baliaily outer platform

of {HX1PRASERL,BIACING g SReR @ﬁég{msﬁss}a%ﬁagp;g@g rﬁ@%fﬁ;ﬁ% 4R vane

assembly member in the first recess of the secon secon
assg@iiient of the second vane assembly member with the first and second
edge portions in juxtaposition; and then, bonding the first vane assembly

mengbeTanehtiigrgasoridivanarassaohbiyenesoharmiedsinthiesficsbandt and the

second edge portions to provide a repaired turbine engine vane assembly.
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platform of the vane assembly, and the second platform is a radially inner

platfbrribsfrigehodieé clissemblyh8The method of claim | in which the
second platiprmifirhseemenkandiPenseaend PP 566000 SSO DGR ding

together define the second platiorm. 4. The method of claim 1 in which:
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radially away from the plurality of airfoils, the load stop protrusion having
seleetshRG B Y dl@Sortion of a second selected peripheral shape: the

second platform second segment includes a second recess having a

sectimgl seecas padgepertion sudpstantialhefcthe secmddrperpheral shageond

rec@s@de&)éeap%llztﬁB %Hﬁ%’tﬁ%z&ﬂy of the second peripheral shape and of a size sufficient to
receive therein the load stop protrusion to enable the protrusion edge portion and the

second recess edge portion to be in juxtaposition;

placing the second platform first segment of the first vane assembly member in
the first recess of the second platform second segment of the second vane assembly
member with the first and second edge portions in juxtaposition and the protrusion edge

portion and the second recess edge portion (50) in juxtaposition; and then,

bonding the first vane assembly member and the second vane assembly member
about the first and second edge portions and about the protrusion edge portion and second

recess edge portion to provide a repaired turbine engine vane assembly.

5. A repaired turbine engine stationary vane assembly comprising a first platform,
a second platform radially spaced apart from the first platform, and a plurality of airfoils
therebetween, the plurality of airfoils each including a first airfoil end and a second

airfoil end spaced-apart from the first airfoil end, comprising:



receive therein the load stop protrusion to enable the protrusion edge

portion and the second recess edge portion to be in juxtaposition; placing

the second platform first segment of the first vane assembly member in

the first recess of the second platform second segment of the second

vane assembly member with the first and second edge portions in

juxtaposition and the protrusion edge portion and the second recess edge

portion (50) in juxtaposition; and then, bonding the first vane assembly

meraldestaviithe seddpdnearneassemblingnanist apotptheffitst frd platform
borRRECRIPRC ARIROR AR ANO e QL UBIAN SHAG APH'ONANF G i

recess edge portiori to provide a repaired turbine engine vane assem
seggIcAt rbpfrsd wiiltbithe ohgibystdtionas i ribcaseenmblgidorhpridingd firduding
maRidiineacera LRGP IR RN PRAGET BPAILIIA tﬁéesﬁééﬁ@kﬁhg%% first

and a_plurality of airfoils therebetween, the plurality of airfoils eac
seginenidhither frstudiviain &wel sitre REEBNEhirfoil end spaced-apart from the
first airfoil end, comprising: 8 a first vane assembly member comprising at
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edg@mmmwb%ﬁpﬁmr&iﬂ%t%pm@émﬁ@9%%@9&%@%mon of the

including therein a first recess having a second edge portion; the second
SeCRp R SRS TR SR TR SR &RFiFEARGIARHEEBSS with the first

edge portion of the second platform first segment bonded with second
edgé. pdHionaot timsesbpod ghatofnnsebdridtsegme pidtgconmiprasadistly outer
plaﬁ? Q)q Rllggg)ljifr:n s%n-qgﬁ,\/&%ed%s e%@nt%%%ftf%ltar}lr@s%lr%é{ygig/qr{rbeer %'l’a‘c{%form of the
platform is a radially outér
vane assembly.

7. The vane assembly of claim 5 in which the second platform first segment and

the second platform second segment together define the second platform.

8. The vane assembly of claim3 in which:
the first vane assembly member includes a load stop protrusion extending
circumferentially along the second platform first segment and radially away from the

plurality of airfoils, the load stop protrusion having a protrusion edge portion;



platform of the vane assembly, and the second platform is a radially inner
platform of the vane assembly. 7. The vane assembly of claim 5 in which
the second platform first segment and the second platform second
segment together define the second platform. 8. The vane assembly of
claims in which: the first vane assembly member includes a load stop
protrusion extending circumferentially along the second platform first
segment and radially away from the plurality of airfoils, the load stop
protihisisechavingha pssimisipmedgernpitioted thesaebnetyvanpaassembbcond
recme grpi(p ]81965 a s_eco_nd recess_having a second recess edge portio_n;
the Toad's op protrusion is located in the second recess with the protrusion
edge portion of the first vane assembly member bonded with second

recdls EideSBriErierion iskcsrd plalfersnceadorerseyitethegotrusion edge

portion of the first vane assembly member bonded with second recess edge portion of the

second platform second segment.
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