Tur-bi ne Vdne Nozzl e Reclassification Techrical Field This invention'rﬁggge?>sa7
to gas turbine engine 5 conponents, and nore particularly, to a R
recl assifying the nozzl e area between adjacent turbine vanes. Background
Art ‘A gas turbine engi,ne includes a conpressor 10 section, a conbustion
sect,;I/on, and a turbine section. D sposed within the turbine section are
dlternating rows of rotatable blades and static vanes. As hot conbustion
gases pass through the turbine section, the blades are rotatably driven,
turning a shaft and 15 thereby providimy shaft work for driving the
‘conpressor section and other auxiliary systens. The higher the gas
tenperature, the nore work that can he extracted in the turbine section and
the greater the overall efficiency. In order to increase the turbine 20
section operating tenperature capability, cobalt and ni ckel base superall oy
materials are used to produce the turbine airfoil blades and vanes. Such
mat eri als mai ntain nmechanical strength at high tenperatures. The stationary
vanes, di sposed betweeRurbine g¥gneNozzke (Ractasai fhicatdon st abilize and
direct the gas flow fromone row of rotating turbine blades to the next

row, with a nozzle area defiped by the spacing between the adjacent vanes.
Such gas fIOM/sta%?$#&%ﬁ$i;ﬁiglg-—-
This invention relates to gas turbine engine

5 comnponents, and more particularly, to a method of
:eclassifying the nozzle area between adjacent turbine
vanes.

Background Art
A gas turbine engine includes a compressor
10 section, a combustion section, and a turbine section.
Disposed within the turbine section are alternating
rows of rotatable blades and static vanes.. As hot
combustion gases pass through the turbine section, the
blades are rotatablv driven, turning a shaft and
15 therebv providing shaft work for driving the
compressor section and other auxiliary svstems. The
higher the gas temnérature, the more work that can bhe
k;/ extracted in the turbine section and the greater the
overall efficiency. 1In order to increase the turbine
20 section operating temperature capability, cobalt and
nickel base superalloy materials are used to produce
the turbine airfoil blades and vanes. Such materials
maintain mechanical strength at high temperatures.
The stationary vanes, disposed between the rows
25 of rotating blades, stabilize and direct the gas flow
from one row of rotating turbine hlades to the next
'row, with a nozzle area defined by the spacing between
the adjacent vanes. Such gas flow stabilization



-2- optimzes the anount of work extracted in the turbine section.
Cenerally, the nozzle flow areas are assigned classification nunbers which
are correlated to the volunetric gas flow, allow ng conparison of 5 f1 ow
properties between vanes of conplex geonetry. The nozzle area is therefore- 7
defined for convenience in terns of a class size. For exanple, in a g$
particul ar nodel engine, a class 27 nozzle has an open area of 1.868-1.894
square inches, while a class 29 10_ onozzle has an open area of 1.919-1.944
square inches, regardl ess of geonetry. In service, deterioration of the
vane surface occurs due to oxidation and netal erosion caused by abrasives
and corrosives in the flow ng gas stream 15 | npi ngi ng on the vane. In

addi tion, the hi as | gadi ngs at h t erature pronote distortion of

t he vanes, the?pe'glg)“’gﬁsaré? éq'ép 2@( tragted, Wy uebings in
tur bi ne eff|C|szmylontnr¢e@ptax&y;cmh@ mmznrﬁe£m@wru¢éastimevanﬁs 3re 1
| nspect ed for qgﬂgg d | uat ed, t,0 determ the, degree o
fl ow area change a%rgﬁ{ éa%% ec onm(r?]}{(;zz 1 ass )ﬁr&eﬁﬁ% gor % such
vanes can be r&e L#h\%dvqblmm'ermgaﬁa £ ow, ca bltwwll nentcomea T s b repl aced

and the vages a&wwcﬁ&f@f‘é@aﬂw% vdrdb AU (ddib1 W Ygeomet 4ANES Whi Ch
net al a chan in shape.due to coatln renmoval or

suffer a | oss
repair nust béﬂTeedT%?s%Jr?l%'EFageﬁ/ hgrefrrfetined fox mq%wea vane to
return the nozai eegass fdfova arlemsd & idee. Orfqy Rlample, in a

‘particular model engine, a class 27 nozzlg_has'an open
area of 1.868-1.894 square incheé; while a ciass 29 C;
10 nozzle has an open area of 1.919-1.944 square inches,
regardless of geometry. _ o
In service, deterioration of the vane surface
occurs due to oxidation and metal erosion éaused by
abrasives and corrosives in the fiowinq qas'étream
15 impinging on the vane. 1In addition._the hibh gas
loadings at high temperature promote distortioh of the
vanes, thereby enlarging the nozilg_area, with a
consequent loss in turbine effigiencv. Dprinq:a
periodic engine overhaul, the vanes are inspectéd fof
20 physical damage and evaluated to determine thé;degree
of flow area change and the effect on nozzle —
classification. Before such vanes can be returned to s
the engine, any eroded material'must be repiaced and
the vanes otherwise reclassified. In addftion,'anv
25 vanes which suffer a loss of metal or a change in
shape due to coating removal or repair must be
_ reclassxfzed. |
Several methods exist for modlfyznq a vane to
return the nozzle gas flow area to the or1q1na1
30 classification (reclassifying). One method involves
hot striking or otherwise bending the trailing edge of



30 classification (reclassifying). 'One' nethod involves hot striking or
ot herwi se bending the trailing edge of -3- the vane, narrow ng the gap
bet ween adj acent vanes. However, such bending introduces stresses which may
produce cracks in the _vane. Such bending may al so cause excessive

di stoftion of the vane, preventing the 5 proper fit and seal of the
iI*'nternal cooling tubes, while the fixturing devices, which hold the vanes
during bending, may distort the vane platformor crush the vane pedestal.
Even if bending stresses can be reduced} several high tenperature alloys
used in gas 10 turbi ne engi nes cannot be hot fornmed or bent due to the
del eterious effects on material properties such as fatigue strength. Since
t he bendi ng process does not return nmetal to the vane surface, there is no

strength contri buthenvamnel, t her ¥éwing Stid rds Wedwaenerkpicdhmvaldes. a new
vane woul d be, i &ggrt vane. .Anot her t hod for
e

h ful.]ife, of
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reclassifying turbin
deteri orat ed vanepsodiiceechycles cimbiheedrans d/ [Budnibespting praoceslso such- 20
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requires the addition of \ ads to t wor n surface for reinforcenent,
with a nunberdof PreRem Sht 374 $eadkeaf dhe Hntannal Qe ddhes rachi eve
the proper alloy whiténessé.£fiktering devices, which hold the vanes

during bending, may distort the vane platform or crush
. the vane pedestal. Even if bending stresses can be
~ reduced, several high temperature alloys used in qas
10 turbine engines cannot be hot formed or bent due to
the deleterious effects on material pronerties such as
fatique strength. Since the bending process does not
return metal to the vane surface, there is no strength
contribution and the vane is structurally weaker than
15 a new vane would be, limiting the useful life of the
" vane.
Another method for reclassifying turbine vanes
involves addition of an alloy to the deteriorated vane
. surface by a combined weld/plaéma spray process, such-
20 as that described in U.S. patent 4,028,787 to Cretella
U et al. This process requires the addition of weld
- beads to the worn surface for reinforcement, with a
number of plasma spraved layers of the alloy then
_ added to achieve the proper alloy thickness. This
25 procedure is'very labor intensive requiring a welder
to add a number of weld beads to a small surface,
clean the vane, and then add a number of plasma spray
layers. 1In addition, the vane may be damaged due to
the thermal stresses involved in the welding
30 operation.



25 procedure is very |labor intensive recuiring a wel der to.add,a number
of weld beads to a small surface, clean the vane, and then add a nunber of
pl asma spray layers. In addition, the vane may be damaged due to the

thermal stresses involved in the welding 30 operation. *-4- Anof her
problemw th the wel d/plasma spray process involves the specific area of Wi
deterioration. It is to be expected that deterioration will be nore severe

at’ the narrowest nozzle dinension whgre the 5 velocity of the gas flowis
hi ghest. During the plasma spray process, alloy is added to the surface in
very thin layers, formng a broad even pattern. After conpletion of the

pl asma spray, the excess material nust be renoved from non-eroded areas of

Tayers of ‘the all o MstohPhBEi BhER. B SO A ladbcerdr ihe " o

non- er oded areQEOCGSEChanbveseUMeespsctfne anmauofn@eaﬂdluaateéml of t he
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nmet hod of recl assi ylng tur provi des addltlon m? an aIon
to a specific BPEArQLHR eth?n¢%¥§9?@§%0%9%21€)%%m%%%%%ﬂdWh¢ﬁ%eﬁh¢on It is an

obj ect of she pébsSCity i Of Eftié Gfad OF Ydw 1g)rmqnb5@. mmirid,e@héret hod f or
adding a Controiasma spray process, alloy is added to the surface in
very thin. layers, forming a broad even pattern.
After completlon of the plasma spray, the excess
material must be removed from non-eroded areas of the O
10 vane. If the deter1orat10n is severe in a spec1f1c
.area, numerous layers of the alloy must be added and
much of it removed”f:om the non-ereded areas. Such a
procedure is time eonsuming and waSteful of the alloy
materials involved. Consequeutly,_a need has arisen
15 for a method_ef reclassifyinq'turbine'vanes which
provides addition of an alloy to a specific area while
minimizing costs.

Disclosure of Invention
It is an object of the present_inuention to’
20 provide a simplified method for adding a controlled
amount of an alloy to a specific area of an article. W
It is a further object of the present invention
to provide a method for reclassifvinq turbine vanes
which reduces the amount of labor required to provide
25 a build up of an alloy at a specific locat1on on the
turbine vane surface. _
It is a further object of the present ihvention
to provide a method of reclassifying turbine vanes
which cannot be hot formed or beht.



amount of an alloy to a specific area of an article. It is a further object
of the present invention to provide a nethod for reclassifying turbine
vanes whi ch reduces the anount of |abor required to provide 25 a build up
of an alloy at a specific location on the turbine vane surface. It is a
furher obj ect of the present invention to provide a nethod of
.reclassifying turbi ne vanes which cannot be hot formed or bent. The
invention conprises a method for reclassifying the nozzle area between

‘adj acent turbine vanes which conprisess deternining the excess in the
nozzl e area between the vanes, apolying one or nore |layers of a tape
material to the deficient area to a desired thickness, the tape including a
m xture -of a binder and an alloy powder which is simlar to the substrate
Al oy e mxture 10 hBgn:[9bHEdohnLar Y EOR mERNENEEE  ape uhi ch

I ncl udes an adhesive b ng; at n e vane under vacuumto a

t enperature at wriechasisé fydhgsithe anGZﬂHedﬁﬁﬁdéﬁtﬁéeénpose and at which
bondi ng occurs between the all oy powder in the tape and the substrate

al l oy; and bIend@ﬁgaﬁﬁ@taGﬁé&laplU?“ﬁﬁtﬁh#ﬁh FB”%EH?%%e an essentially

smoot h surface. 20 E@k@&m@ﬁ&ﬁ&'EhéoéxeéskhenEEﬁﬂnﬂGzzle area between
5 the vanes,
applying one or more layers of a tape matetial to
the deficient area to a desired thickness, the tape
Y including a mixture of a binder and an alloy powder
‘which is similar to the substrate alloy, the mixture

10 then formed into a uniform thickness tane which

includes an adhesive backing:
heatan the vane under vacuum to a temperature at
which the adhesive and the binder decompose and at
- which bonding occurs between the alloy powder in the

15 tape and the substrate alloy: and

| hleﬁdina the added alloy material to achieve an
essentially smooth surface.

- 20 Brief Description of the Drawing

The Fiqure is an illustration of the vane

reclassification process of the present invention.

Rest Mode for Carrying Out The Invention
Referring to the Fiqure, the reclassification
25 method of the present invention is illustrated. A
vane 1 includes a concave surface 2, a convex surface
3, a leading edge 4 and a trailing edge 5. The vane 1
is disposed hetween an upstream vane 6 and a down-
stream vane 7 with a nozzle area 8 defined between



The Figure is an illustration of the vane reclassification process of the
present invention. Rest Modde for Carrying Qut The Invention Referring to
the Figure, the reclassification 25 nmet hod of the present invention is

il lustrated. A vane 1 includes a concave surface 2, a cgnvex surface 3, a.
| eadi ng edge 4 and a trailing edge 5. The vane 1 is disposed between an ™=
upstream vane 6 and a down- streamvane 7 with a nozzle area 8 defined

bet ween -6- vanes 6 and 1 and a~nbzzle area 9 defined between vanes 1
and 7, with the nozzle areas neasured at the narrowest spaci ng between two
adj acent vanes, illustrated by lines 10, 11, 12 and 13. 5 For

Illustrative purposes, it is assuned that the vanes 1, 6 and 7 are used
vanes whi ch havenesefi andpécansd andotelladatear@qdefénedchasweéncati on of

the nozzie aregah@sagnhaue 0Pk THMERU RbBE 1" L&bENRYashipbal bEUBRLALi Ve
pur poses, the vanes 1, and 7 dre corrposed of "a cobal't base
super al | oy havhagravaski ARpacioapbstveen two2adjagentorpnesyy 3. 5Ta, 0. 2T,

0.6C, 0.5Zr angdihySEeatedaB9S1¢AERO36Y @f,S¥6hagaMpgerial cannot be hot
struck or hent w thout giirlnentally al tering the;fatigﬁgs rgﬁerties of the

alloy. 15 2 Theref of 8F AFtHBFFRRLVERBEPAREE  pit L) 38 BEt F®e alloy

added to the veareswheré datieli arat usadocanesedhichhhheesbebnan alloy is
il Tustrative Ogngggcted and found to require reclassification of the
nozzle areé_to échieve_obtimum_tqrbine'efficiency.
~ For illust;atiye DuEposes, phé_véhésul):Szand 7 are (_)
10 composed of a cobalt base:superalloy_having a nominal
composition of 23.4Cr, 10Ni, 7W, 3.5Ta, 0.2T, 0.6C,
0.52r and 1.5Fe. Vanes composed of such a material
cannot be hot struck or bent without detrihentally
altering the fatigue DEODertiés"of the alloy.
15 Thereforé, either the vanes must be replaced or
substrate alioyiadded_to the vanes where deterioration
occurred. While such an alloy is illustrative of the
present invention, it will be understood by those
skilled in the art that articles composed of other
20 materials, such as iron or nickel base superalloys,
could benefit from the method of the present
invention. ' _ o /
Accordingly, reclassification is accomplished bv
adding successive layers of a tape material 14 to the
25 deteriorated surface of the vane 1. The tape utilized
comprises a mixture of an alloy powder and a binder,
which is formed ihto a oasﬁe and spread_intd a uniform
thickness shéet. The tape material may“be nroduced
usinq the téachinqs_of U.S. Patent No. 3,293,072 which
30 is herein iﬁéorporated.by reference. 'This patent
shows how a tape may be produced using a removable



present irivention, -it W ll be understood by those skilled in the art that
articles conposed of other 20 materials, such as iron or nickel base
superal | oys, could benefit fromthe met hod of the present. i nventi on.
Accordingly, reclassification is acconplished by addi ng successive |ayers
of a%fape material 14 to the 25 deteriorated surface of the vane 1. The
t'ape utilized conprises a mxture of an alloy powler and a binder, which is
formed into a paste and spread into a uniformthickness sheet. The tape
naterlal may be produced using the tea@hings of U S. Patent No. 3,293,072
whi ch 30 I's herein incorporated by reference. This patent shows how a
tape nay be produced using a renovabl e carrier filmas a substrate and
enpl ovi ng an organi ¢ pol yner such as pol yvinyl al cohol or pol ynethacryl ates

along with a SWa|daQ'rr1@1’lel‘itlmOEsaaVQhBhEEQtﬁ| a&ai-§h§$6V$H§haaSorqanic

- tate i t di but ht , f
Use wi th the pol VRS HHah: 35 RALYE Inatq23FoBeli A5 PBLVELPAFFKIPREs
pol yvi nyl alcohohnmnmdanxh ahempdlder amaunti af asvbdatitlei nlastisivery with
the binder, plas d@hﬁ%@ %%QJ%QQLQQEtaQE §9BKGQbra@BP'a?GuF01BhER£$%Léyer to

a removabl e 10 %
of material i% t@fhddgthvdrexplakep £t BEBsWARR ﬁheaﬂﬁESFQEhéﬁéklhaeadded

The all oy powder Hinhdets,Mandr q19@eeqA8! £6F LUB@ with the polyvinyl
alcohol binders. The powder material is formed into a
C slurry with the binder, plasticizer and acetone, as
~ solvent, applied in.a thin layer to a removable
10 backing and then heated to remove the solvent. The
sheet of material is then cut into flexible strips and
an adhesive backing added.
The alloy powder is the major component of the
tape and is compatible with the substrate and capable
15 of withstanding the operating environment, usually
comprising a compatible braze or diffusion bondable
alloy. For use with the cobalt base superalloy
previously disclosed, the alloy powder comprises a
mixture of 60% by weight of an allov having a nominal-
20 composition of 24.5Cr, 40Ni, 3 B, balance cobalt and
W 40% by weight of the substrate alloy in powder form.
Referring to the Figure, the adhesively backed
tape 14 is added in layers until the desired amount of
alloy is achieved. Since the tape is thin and
25  flexible, it is easy to tailor to the desired shape
and thickness, conformable to irreqular surfaces. The
layers are pyramided to form a gradual rise in the
alloy thickness in a specific area of the vane,
thereby narroﬁinq the spacing between the vanes.
30 Between vanes 6 and 1, four lavers of the tape are
shown, while between vanes 1 and 7, two layers are



tape and is conpatible with the substrate and capable 15 - of withstanding
t he operating environnment, usually conprising a conpatible braze or

di ffusi on bondable alloy. For use with the cobalt base superalloy
previously disclosed, the alloy powder conprises a mxture of 60% by melghg
of an alloy having a nom nal- 20 conposition of 24.5Cr, 40ONi, 3 B, ol
bal ance cobalt and 40% by wei ght of the substrate alloy in powder forn1
Referring to the Figure, the adhesvvety-backed tape 14 is added in |ayers
until the desired amount of alloy is achieved. Since the tape is thin and
25 flexible, it is easy to tailor to the desired shape and thickness,
conformable to irregular surfaces. The layers are pyramded to forma

gradual rise insidwnal | py ﬁﬁPW%ﬁqd&@t&&?%J'&é‘rsﬂl&ﬂfe& VEH)e: ther eby
narrow ng the sgaC|g€%bet ween the vanes. 30 , ‘Between vanes and 1, four -

| ayers of the t Hifintarminay e \aral iethdo B HMer of \kothyers are
-8- shown. It V\sideé)eoﬂrﬂaestaﬂmi Weppmriitld |drecdtHen dar ianf1dhat the tape

may be applied both si des of the vane, depending on the
particul ar CIFC%P ?ﬁﬁéﬁéﬁé) . The vane 1 with the tape 14 applied is

then heated®to a terfhe atane lawitth dthebdatiend Aniarpldesuiris Atheor bel ow t hat
tenperature, thgedlddlero anc sl e PRk ivHE HLBIRATR Wi Wcd AV ng 2

subst anti al . , _ o
At or below that temperature, the binder and adhe51ve

backinq decompose without 1eav1nq a substantial ,
res1due, thereby av01d1ng_contam1nation of the alloy. (_J

10 The alloy powder in the tape then bonds with the
substrate alloy, forming a continuous, void free
microstructure. 1In a preferred embodiment, this
bonding inyolves transient liquia phase bonding (TLP),
as is described in U.S. Patent numbers 3,678,570,

15 4,005, 988, and 4, 073 639 here1n 1ncorporated by
reference, Drov1d1nq a bond at a temperature at which
the base alloy can be exposed without deleterious
effect. During TLP bonding, the article is held at
the bonding temperature uhtil isothermal

20 solidification is achieved. ' To produce a TLP bond,
the tape ailoy has the same basis metal as the
superalloy vane, and includes a high boron content. \/
The presence of boron, preferably 1-5% Qeiqht, acts as
a melting point depressant, and thereby broVides a

25 melting point temperature below that of the superalloy
and below that which would cause irreversible adverse
metallurgical changes in the'shbstfate alloy. After
bonding, the vane is heat treated to provide
homogenization of the mic:ostfucture between the tape

30 alloy and the substrate alloy.



resi due, thereby avoi ding contamination of the alloy. 10 The al | oy powder
in the tape then bonds with the substrate alloy, formng a continuous, void
freemcrostructure. In a preferred enbodi nent, this bonding invol ves
tranELent | iqui d phase. bonding (TLP), as is described in U S. Patent
nunpers 3,678,570, 15 4,005, 988, and 4,073,639 herein incorporated by
réfégence, providing a bond at a tenperature at which the base alloy can be
ekposed without deleterious effect. DQuring TLP bonding, the article is held
atf the bonding tenperature until isothermal 20 solidification is
achieved. To produce a TLP bond, the tape all.oy has the sane basis netal
as the superall oy vane, and includes a high boron content. The presence of

boron, preferably 1-5%aei ght cts.as | ti.n oi nt de ssan and
t hereby provides a 25 ge%%e‘?%dﬁgﬁﬁgi rrrﬁet %r%grg' uggebgs&ﬁ/'t ﬁé? Sf“r%ﬁge
super.al | oy and belsowmadteiinedhitch aphuilevec aiee niropeve ssiriflaceadvanseour.

met al | urgi cal chafges dehdrda 1?(“%%.@%@5‘3]'5)'1?%@1%@ €heP28gbBIot! PReVRRBe! S

heat treated to provi de honbgeni zation o e mecrostructure between the
tape 30 alloy & RIRYids& Spootly peFodynamdc surfacBonding the tape to
the vane, the surface is nmachined to achi eve the proper surface countour.
This generally requires blending th of the tape to provide a snooth
aer odynam c s%rface. : %xﬁqgiﬁ

A turbine vane, composed of a cobalt bhase

N/ superalloy, having a nominal composition of 23.4Cr,
10Ni, 7W, 3.5Ta, 0.2Ti, D.6C, 0.52r and l.S5Fe, was
removed and inspected after a number of hours of

10 service in a gas turbine engine. The vane was grit
blasted clean and had an aluminide coating chemically
removed from the surfaces. The vane was then
inspected with a fluorescent penetrant material, such
as 2yqlo™, to locate cracks or other surfaée defects.

15 After determining that the flaws were repairable, the
nozzle area (class) was measured and recorded. It was
determined that the nozzle area had increased and that
a build up of material was required to return the vane
to its original class.

20 The cobalt alloy vane was hydrogen cleaned in a
hydrogen retort at 2100°F. for two and a half hours,
then vacuum cleaned at 2100°F. for two hours.

A tape material was applied to the vane, having a
uniform thickness of 0.020 inches and containing an

25 alloy powder which was compatible with the substrate
alloy and a binder, with the mixture formulated to
provide TLP bonding, comprising a mixture of 60% by
weight of an alloy having a nominal composition of
24.5Cr, 40Ni, 3 B, balance cobalt and 40% by weight of



5 EXAMPLE A turbine vane, conposed of a cobalt base
superal | oy, having a nom nal conposition of 23.4Cr, 10N, 7W 3.5Ta, 0.2Ti,
0.6C, 0.5Zr and 1.5Fe, was renoved and inspected after a nunber- of hours of
1 service in a gas turbine engine. The vane was grit blasted clean and-.
gd an al umini de coating chemcally renoved fromthe surfaces. , The vane
then i nspected with a fluorescent penetrant material, such as Zyglo", to
| ocate cracks or other surface defectl®. =15 After deternining t hat the
flaws were repairable, the nozzle area (class) was neasured and recorded.’
It was determ ned that the nozzle area had increased and that a build up of
material was required to return the vane to its original class. 20
The cobalt all my\evanbsmathydl’l(bgemﬁl 9aeadr| goamhydraqe][uaeeegt ﬁ@t 2102F
for two and a I Skl cl.eaned_at or two hours
tape nateri al &%s 5% i grE % 9agg] ﬁEVFﬁBréaﬁ% Pb%ﬁFtHPEkness of 0.020
i nches and con@dhnsngeém aBDllaﬂon poedeideho€hthasvanepahdbkeowi th the
substrate all Olaﬁ'@q‘sawQ'rBd‘ibpl‘g’%ﬁhtBhﬁgg‘ Ekdi21hg" QUhaL edeh@nPigybgde TLP

bondi ng, rising a,mxture g avin nom na
conpos?tlo nEf"?& erleﬂo&m widph Bﬁlﬁﬁ%@°§8bﬁlF“aﬁﬁh499@¥9 “Eiggt of

10 - the substtabemahbﬁﬁaunoﬁoudersﬁQEHbeFGBFthayeéﬁeof The vane was
then heated to 2100°F under vacuum and held for twelve
hours. At this temberatu:e, the binder and adhesive

- backing decompose IéaVing_essenpially do residue and Q_)

10 the alloy:pqwder_melted,'fused wiph and”diffused into '
the substrate alloy, providing aeuhitary thickened
surface, with the tape material concurrently £illing
any cracks in the reclassificaﬁion'atea. Solidifica-
tion occurred isothermally as the boron melt

15 depressant dlffused into the substrate allov.

The build up of material was then blended us1nq
an abrasive belt grinder which tapered the edges of
the tape to provide a qpntinuopsesmooth surfaee. The
vane was then grit blaSted._fluorescent.pa;tiele '

20 inspected and the nozzle area measured to confirm the
proper reclassification. An? blocked air holes in the
vane were reopened and the vane then recoated. W/

The coated vane was finally inspected and the
vane classification. recheckea. It should be noted

25 that coating generally decreases the vane
classification due to the added.th1ckness of the
coating material on the nozzle shrfaee._ This must be

- considered when determlnlnq the layers of tape to be
applied.



the tape Vere eut to the appropriate shape and adhesively applied on one
side of .the vane and two | ayers were applied to the trailing edge. Each
layer 5 was varied in width to pronote a snooth build up of the materia
on the surface of the.vane. The vane was then heated to [err] under vacuum
and{héld for twelve hours. At this tenperature, the binder and adhesive
Facki ng deconpose leaving essentially no residue and 10 the all oy powder
nelted, fused with and diffused into the substrate alloy, providing a
unitary . thi ckened surface, with the tagd material concurrently filling any
cracks in the reclassification area. Solidifica- tion occurred
isothermally as the boron nelt 15 depressant diffused into the substrate
alloy. The build up of naterial was then bl ended using an abrasive belt
grinder which tapered tthd ieriges aoftanlee reajlastsd ficatiide aroeessnuous snooth
surface. The vane, ygg; {0\l 9fddor! diieiils Jd YANGIEENLARFAIENS la tne

i nspected and the nozzle area neasured to confirmthe proper

recl assi fi cati on.thexmalp|gaiess sroduseds therehy .vadb ifepEorcesfeAdaand t he

vane then recoat groditfes GEMdraIARA WS 10 WY It lanpReclied zeduiremente
cIaSS|f|cat|q9 |t shoul d be noted t hat ,coating generally

rechecked. 2
decr eases the varﬁ!‘cﬁlaacg'blief"iecsaﬁ &ﬁ%&&"ﬁ&uﬁhé“é?&géatfhﬁé&ﬁxss of the coating
materi al on the rooef myuwatfiore,. WHiile ket nre feareddembodimentdefetheni ng

the layers of tfﬂgiéé£4€3fﬂU§AéT$n has been described in relation to a
turbine vane, it will be understood by those skilled
in the art that anv turbine engine componént.reauirinq

10 a controlled addition of a substrate alloy to a
specific area can benefit from this invention. While

'\/:

described in relation to a cobalt base superalloy, a
temperature of 2100°F and a time of twelve hours, it
will be understood by those skilled in the art that

15 other modifications in terms of time, temperature,
alloy, tape thickness or width can be made without
varving from the scope of the present invention.

Having thus described the invention what is

claimed is: |



Utilizing a tane reclassification process elimnates |abor intensive”

wel di ng oper at
al so provi des
a honopgeneous
of the present

ions and the thermal stress produced thereby. This nrocess
controlled build up to a precise requirenent 5 =*and achieves
substrate alloy configuration. while the preferred erbodi nent

i nventi on has been described in relation to a turbine vanéq%.

it will be undeystood by t hose skill in the art that any t-urbi ne engi ne
conponent requiring 10 a controlTed“addition of a substrate alloy to a

specific area

can benefit fromthis invention. Wiile described in relation

to a cobalt base superalloy, a tenperature of [err] and a tinme of twelve
hours, it wll be.ﬁqggéstood by those skilled in the art that 15 ot her
nodi ficati ons— time, tenperature, alloy, tape thickness or width

can be nmade wi

thout varying fromthe scope of the present invention. Having

thus described the invention what is clained is: 1. A nethod for

recIaSS|fy|ng
conprises: det

the nozzl e area between adjacent turbine vanes which
ernmning the excess in the nozzle area between the vanes,

appl ying one or nore |layers of a tape naterial to the deficient area to a
desired thickness, the tape |nclud|ng a hlxture of a blnder and an all oy

powder

1. A method for reclassifying the nozzle area between

adjacent turbine vanes which comprises: - v

determining the excess in the nozzle area between
the vanes, ' R -

applying one or more layers of a tape material to
the deficient'area to a desited'thickness}*the tape

1nc1ud1nq a mixture of a binder and an allov powder

which is sxm11ar to the substrate allov. the mixture
then formed into a uniform th1ckness tape which
1nc1udes an adhesive back1nQ°'

heatan the vane under vacuum to a temperature at
which the adhesive and the binder decompose and at
which bonaing occurs between the alloy powéer in the
tape and the substrate alloy; and

blending the added alloy material to achieve an W/

essentially smooth surface.

2. The method of claim 1 wherein said bonding
comprises diffusion bonding.

R O 0



which is sinmilar to the substrate alloy, the mixture then forned into a
uni formt hi ckness tape which includes an adhesi ve backi ng: heating the vane
under, vacuum to “a tenperature at which the adhesive and the binder
decomose arfd at whi ch bondi ng occurs between the alloy powder in the tape
and The substrate alloy; and blending the added alloy material to achieve
an essentially snooth surface. 2. The method of claim1 wherein said
bondi ng conprises diffusion bonding. -13- 3. The nethod of claim1
wherein said bondi ng conpri ses transt eht Tiquid phase bonding, with said
tape all oy including between 1-5 wei ght percent boron. 4. The net hod of
claim 3 further characteri,zed by: holding the vane at the bonding
tenperature until isothermal solidification occurs; and, heat treating the
vane to provi de RBenog®né zmethod off tdla impe widmeimshitthdondisig at e al | oy.

comprises transient liquid phase bonding, with said
tane alloy includinag between 1-5 weight percent boron.

4. The method of claim 3 further characterized by:
holding the vane at the bondina temperature until
isothermal solidification occurs: and,
heat treating the vane to provide homoqeﬁization
of the tape alloy and the substrate alloy.
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