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erating at very high temperatures. Shaped holes have a nonuniform cross
section; for example, the Technical Field
entrance or metering portion of the hole generally has a very small
diameter (in the range of about This invention relates to methods for
welding    5   0.010-0.050 cm (0.005-0.020 in.)) while the exit or metal
components. In particular, it relates to meth-  diffuser portion of the
hole has a relatively large ods for weld repairing superalloy components
used    diameter (in the range of about 0.090-0.115 cm in gas turbine
engines.                               (0.035-0.045 in.)). Furthermore,
shaped holes may have a square cross section at the metering portion
Background                                      10  and rectangular cross
section at the diffuser por- tion. Hollow, air cooled blades and vanes are
com-         As can therefore be appreciated, the formation monly used in
modern gas turbine engines. These      of shaped holes can be a difficult
and technically components have an internal cavity through which
complex operation. Consequently, if a blade having air flows during engine
operation. This air is dis-  15  shaped holes is weld repaired, such a
repair opera- charged through holes, called cooling holes, which   tion is
preferably done so that the holes are not are present in the airfoil
section and sometimes     welded shut and do not have to be redrilled. Ac-
present in the platform and tip. See, e.g., com-     cordingly, what is
needed is a method for weld monly assigned U.S. Patent No. 4,474,532 to
Paz-     repairing components having shaped cooling holes der. The passage
of air through and over the blade   20  so that the holes are shielded from
the molten filler or vane extracts heat from the component surface,
metal and do not need to be redrilled after the weld allowing use of the
component even when the gas      operation. stream temperature exceeds the
melting tempera-          U.S. Patent No. 3,576,065 to Frazier discloses
ture of the alloy from which it is made.             one method for weld
repairing hollow gas turbine Some gas turbine engines are designed so that
25  engine vanes having cooling holes with a constant during engine
operation, the tip portion of the rotat-  diameter of about 0.125 cm (0.050
in.). Prior to ing blades rubs a stationary seal, and limits the
welding, cylindrical ceramic inserts are inserted leakage of working medium
gases in the axial flow    into and plug each of the holes; it is stated
that the direction. While the seals are usually more ab-      inserts
prevent weld filler metal from entering the radable than are the blade tips
(so that during such   30   holes. Cylindrical inserts would not fill and
there- rub interactions, a groove is cut into the seal), the  fore not
protect shaped holes from molten filler blade tips do wear, and the blades
become shorter.   metal, due to the noncylindrical and nonuniform As the
blades accummulate service time, the total    cross section of the holes.
Furthermore, the small tip wear increases to the point that eventually, the
diameter of shaped holes would require equally efficiency of the blade and
seal system is reduced,   35  small diameter ceramic inserts. Such inserts,
even and the seal and blades need to be repaired or       if fabricable,
would be extremely brittle, difficult to replaced.
handle, and therefore have questionable utility. The tips of worn blades
can be repaired, and the length of the blade increased, by the addition
Summary of the Invention of weld filler metal to the tip using any of the
40 welding techniques (typically arc welding tech-          This invention
relates to a method for prevent- niques) known to those skilled in the art.
During    ing the deposition and solidification of weld filler such a weld
repair operation, cooling holes near     metal on particular areas of a
component being the blade tip are susceptible to being welded shut.
welded. In other words, the invention relates to a These cooling holes must
then be redrilled, e.g.,  45  shield or mask useful in a welding operation.
The using conventional laser or electrodischarge ma-     invention has
particular utility in preventing arc chining (EDM) techniques, before the
blade can be    weld deposited filler metal from solidifying in small used
again.                                          diameter cooling holes of
hollow, air cooled blades However, with some blades used in advanced
and vanes used in gas turbine engines when the gas turbine engines, it is
not practical to redrill the   50  component is welded in an area near the
cooling cooling holes after weld repairing the tip. This is  holes. The
invention is also useful in preventing due to the complex geometry of the
holes, some-      filler metal from solidifying on the airfoil surface of
times referred to as diffusion or shaped holes. See,  blades and vanes.
According to the invention, given e.g., U.S. Patent Nos. 3,527,543 to
Howald and       in claims 1, 3, 4, and 7, the area to be masked is
4,197,443 to Sidenstick. Air discharged through   55   covered (i.e.,
plugged or coated) with a mixture or these holes forms an insulative film
over the sur-   compound of ceramic particles in a liquid carrier. face of
the blade during engine operation, which     Then, the component is heated
to evaporate the further protects the blade from the effects of op-
liquid carrier and to sinter the ceramic particles to 2    



3                 EP 0 269 551 B1                      4 each other to form
a structurally sound ceramic      During engine operation, air is flowed
into the cav- mask. The constituents in the compound are cho-     ity 24
and exits the blade 10 through the cooling sen to minimize the amount of
the volume change      holes. Several of the holes 26 extend from the
(contraction or expansion) which occurs during sin-  cavity 24 to the
airfoil surface 12: several other tering or welding, and so that the fired
mask is   5   holes 28 extend from the cavity 24 to the surface resistant
to thermal shock, nonreactive with the     18 of the blade tip 20; and
several other holes 30 molten filler metal and alloy from which the compo-
extend from the cavity 24 to the squealer pocket nent being welded is made,
and easily removable      22. In the blade 10 shown in the Figures, the
holes after the welding process. Preferably, the mask is   26 and 30 have a
diffusion or shaped hole configu- also electrically nonconductive.
10  ration; while the holes 28 have a conventional (i.e., A preferred
mixture of ceramic particles to      constant geometry) configuration. The
blade 10 in form the mask is silica, zircon and alumina fiber;   Figure 1
also has cooling holes 31 which extend colloidal silica is added to this
mixture in a quantity  from the cavity 24 to the trailing edge 33. It
should sufficient to form a compound having a paste-like    be understood
that the invention is not limited to consistency. Such a consistency is
easy to apply   15  the weld repair of a component having the same onto
airfoil surfaces and into the cooling holes, and  distribution of holes as
does the blade 10 shown in it conforms to the nonuniform shape of diffusion
the Figures. As stated above, it may be used on a holes. This compound also
retains its shape once     broader category of components. fired,
withstands the temperature extremes of a         As noted in the Background
section, as a result welding operation and is easily removed from the   20
of the complex geometry of shaped cooling holes, holes after the welding
operation.                  their formation is a technically complex, time
con- suming, and expensive part of the overall blade Brief Description of
the Drawings                    fabrication. Consequently, when turbine
blades hav- ing shaped holes are in need of weld repair, it is Figure 1 is
a perspective view of a turbine blade   25   preferred that the holes not
be welded shut, and for a gas turbine engine.                         that
their size and shape not be altered. Figure  2 is a simplified sectional
view taken        According to this invention, molten weld filler along the
lines 2-2 of Figure 1.                  metal is prevented from solidifying
within cooling Figure 3 is similar to Figure 2 and shows the     holes and
upon any other surfaces of the blade ceramic mask applied to an engine
operated   30   which are preferably kept free of the filler by a blade
having a worn tip portion.                  mask of sintered ceramic
particles present in the Figure 4 is similar to Figure 3 and shows the
holes and on these other surfaces. The ceramics in blade after welding.
the mask are nonreactive (inert) with the blade Figs. 5-8 are simplified
cross sectional views    substrate, and are thermally stable, i.e.,
resistant to showing the weld repair of a hollow turbine   35   degradation
at the welding temperatures and resis- vane.
tant to thermal shock which takes place on solidi- fication of the molten
filler metal. Further, the ce- Best Mode for Carrying Out the Invention
ramics are dimensionally stable, i.e., they do not expand or contract an
excessive amount during the This invention will be described primarily with
40  sintering treatment or during the welding operation. respect to the
weld repair of a hollow, air cooled   As will be discussed below, when arc
welding blade used in the turbine section of a gas turbine   techniques are
used, the mask is preferably elec- engine. However, it will be equally
applicable to the  trically nonconductive, and prevents an arc from weld
repair of other components such as stationary   being maintained between a
welding electrode and turbine vanes, or in the repair of other metal com-
45  the component being weld repaired. Finally, the ponents.
mask is easily removed from the repaired compo- Referring to Figure 1, a
turbine blade is repre-  nent after welding. sented by the general
reference numeral 10. The         Since the composition of the superalloys
used blade is fabricated from a nickel base superalloy    to make modern
gas turbine engine components such as the alloy described in U.S. Patent
No.  so  are closely controlled, it is readily understood why 4,209,348 to
Duhl et al. The blade 10 has an airfoil  the ceramics in the mask must not
react with the portion 12, a platform 14, and a root 16. Recessed
superalloy. For similar reasons, the ceramics must below the surface 18 of
the blade tip 20 is a        also not react with the molten filler metal.
Resis- squealer pocket 22. As is also seen in Figure 2, the  tance to high
temperature degradation and thermal blade 10 is hollow, having a cavity 24
which ex-   55  shock is necessary because the mask must have tends from
the base 26 of the blade root 16 to near  sufficient structural integrity
to act as a physical the blade tip 20. Cooling holes extend from the
barrier to keep the molten weld bead from solidify- cavity 24 to the
external surface of the blade 10.  ing on the surfaces being shielded. The
mask must 3    
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stable; in other words, there         The preferred liquid carrier to use
with the should not be a drastic volumetric change in the
silica-zircon-alumina mixture is aqueous colloidal mask during the
sintering operation or during the    silica. When colloidal silica is mixed
with silica, welding operation. If there was such a change, the   zircon
and alumina, the silica in suspension infil- molten weld bead might be able
to solidify upon    5   trates the interstices between the larger silica
and the areas which are intended to be weld bead free.   zircon particles
and the alumina fibers, and en- The combined volume change during sintering
and      hances the leachability of the mixture after it has welding should
not be more than about one or two     been fired. percent.
The following examples are provided to illus- Since arc welding techniques
such as tungsten   10  trate the invention. inert gas (TIG) are preferably
used in weld repair- ing components according to this invention, the
Example I sintered mask should be sufficiently nonconductive to prevent an
arc from passing between the sub-         A mixture of ceramic constituents
containing, strate and the welding electrode. The ability of the   is  on a
weight basis, about 64% fused silica powder, mask to prevent an arc from
being maintained         about 3% fumed silica powder, about 28% zircon
prevents the filler metal from being melted, and     powder, and about 3%
high aspect ratio alumina therefor, from  being deposited on the surface
fiber was blended with colloidal silica to form a which is masked. The need
for nonconductivity is     paste-like compound mixture. The ratio of the
ce- most important when the mask is used to shield   20  ramics to
colloidal silica was about 50-50 by weight major blade surfaces like
airfoil, tip, platform, etc.  (i.e., between about 30-70 and 70-30);
however, the surfaces. The need for electrical nonconductivity    actual
ratio of constituents (i.e., ceramic to colloidal appears to be less
important when the mask is        silica) is not as important as is the
resultant consis- used only to shield cooling holes.
tency of the compound, which was in the range of Finally, the mask must be
readily removed   25  about 20,000-50,000 centipoise. Compounds hav- from
the blade after the welding process. This not   ing this range of viscosity
readily adhere to metallic only includes easy removal of the mask, but also
surfaces, and have good flowability. complete removal of the mask. As can
be appre-          This paste-like ceramic containing compound ciated by
those skilled in the art, the blade could  was used in conjunction with the
weld repair of a be seriously damaged during service use if all of  30
service operated turbine blade which had a con- the mask were not removed
after the weld opera-     figuration similar to the blade 10 shown in
Figure 1: tion.                                                shaped
cooling holes 26, 30 were present in the The above mask properties may be
achieved        airfoil surface 12 and in the squealer pocket 22, by using
one or more of the single or complex        respectively, and conventional
cooling holes 28 oxides of Group IIA, IIIA, IVA, IIIB or IVB elements.  35
were present in the blade tip 20. Figure 3 shows a Also, single or complex
oxides of the rare earth    turbine blade 10 in cross section after engine
op- elements may be used. Preferred simple oxides        eration. As is
seen by comparing Figure 3 with include silica, alumina, yttria, and
hafnia. Preferred  Figure 2, the tip portion 20 of the engine operated
complex oxides include zirconium orthosilicate and  blade has been worn
down, and extends less in the aluminum silicate, and other similar spinel
groups.  40  outward radial direction than the tip portion 20 of Most
preferably, the ceramic mixture contains, on a  the blade before engine
operation, Figure 2. The weight percent basis, about 10-50 percent zirco-
purpose of the weld repair operation was to in- nium orthosilicate
(zircon), 1-20 percent alumina,   crease the longitudinal dimension of the
blade 10, balance silica. Silica is a desired constituent be-  by adding
weld filler metal to the blade tip surface cause it is, in general,
nonreactive with the blade   45  18. Prior to welding, the coating on the
blade (see, and filler metal alloys, has good thermal char-      e.g.,
commonly assigned U.S. Patent No. 4,585,481 acteristics (high resistance to
thermal shock and a  to Gupta) was locally removed from the tip 20, and low
thermal expansion coefficient) and is readily   then the squealer pocket 22
and the shaped holes dissolved in caustic leaching solutions. Zircon is
30 within the squealer 22 were completely filled desired since it, too, has
a high shock resistance,  50   with the compound 34. The compound 34 was
also and also has high thermal conductivity. Alumina,     applied onto the
airfoil surface 12 adjacent to and preferably alumina fibers, are a
constituent in the  even with the surface 18 of the blade tip 20. The
ceramic mixture to add strength to the sintered      thickness of the
compound 34 on the airfoil surface mask. 55 1 Poise  = 10 Pa.s. 4    7
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0.050-0.200 inches*,   original holes 28 had been welded shut during the 



although the maximum thickness did not appear to    repair operation.)
Following all other required ma- be critical. The compound 34 was forced
into the     chining, application of the required coating on the shaped
holes 26, 30 and the squealer pocket 22,      blade surface, a post welding
heat treatment, shot taking particular care to insure that the holes 26, 30
5   peening the blade root 16, and inspection, the were filled, i.e., that
the compound 34 was present  blade was in the condition shown in Figures 1
and along the length of each hole. (The length of the    2, and ready for
service use. hole was equal to the thickness of the wall which the hole
penetrated). None of the compound 34        Example II was applied to the
tip surface 18 of the blade 10,  10 since that was the area which was to be
weld             Cracks on the airfoil section of hollow vanes repaired. In
order to decrease the possibility that  used in gas turbine engines are
weld repaired the compound 34 on the airfoil surface 12 would      using
the techniques of this invention. The method contaminate or otherwise
interfere with the tip     for repairing such vanes is shown in Figures
5-8, welding, the compound 34 was beveled away from   15   where the vane
40 is shown as having an internal the tip 18, as shown in Figure 3.
cavity 42 and a crack 44 which extends through the Following a low
temperature bake at about        airfoil wall 46 and into the cavity 42.
The first step [err], to evaporate the liquid carrier from  of this method
is to remove the coating (if present) the compound, the blade was heated to
about          on the airfoil internal and external vane surface. [err] for
two hours to sinter the ce-  20   The coating may either be removed from
the entire ramic particles to each other, and form the mask.    vane, or
locally removed from areas adjacent to the Temperatures as low as about
[err] will     crack 44. (In Figures 5-8, the blade 40 is shown likely be
useful, as will temperatures above 540 C.  free of a coating.) Next, a
ceramic compound 48 The maximum sintering temperature for the com-     like
that in Example I is injected into the interior pound will likely be
dictated by the heat treatment  25  vane cavity 42 so as to at least fill
the area adja- limits of the alloy from which the blade is made.    cent to
the crack 44. In some cases, it will be Metallographic and visual
examination of the blade   easiest to completely fill the cavity 42, as
shown in after sintering showed that the mask 34 completely   Figure 6. The
compound 48 is baked and fired in filled the cooling holes and was
structurally sound,  the manner disclosed in Example I. The cracked
notwithstanding the presence of some small cracks   30   portion 44 of the
vane is then ground away using, (microcracks). A deposit of weld filler
metal 36     e.g., an abrasive machining tool, (Figure 7) so that (Figure
4) was then applied to the blade tip surface  any contamination and/or
oxides present in the 18 using conventional TIG welding techniques.
crack 44 are removed. This step also removes any After welding, inspection
of the blade 10 in-    of the compound (designated 48' in Figure 7) which
dicated that the ceramic mask 34 on the blade   35   may have flowed from
the cavity 42 through the surface 12 and in the cooling holes 26, 30 was
still  crack 44. The vane 40 is ground until the crack 44 intact. More
importantly, the mask 34 kept the      is completely removed. Whether
the.crack 44 has holes 26, 30 from being filled with weld filler metal.
been completely removed is readily determinable As is seen in Figure 4, the
filler metal weld bead   by fluorescent penetrant inspection. If the crack
44 36 penetrated below the original surface 18 of the   40  extends
entirely through the airfoil wall 46 (as blade tip 20, but was confined
entirely between the  shown in the Figures), the grinding process is mask
34 in areas that the mask 34 was present.       performed to expose the
internal vane cavity, but After welding, the blade 10 was lightly blasted
so that as little of the fired ceramic mask 48 in the with alumina abrasive
media, which removed nearly   cavity 42 is removed. In other words, once
the all of the mask 34. Then, the blade 10 was ex-   45  airfoil wall 46 is
penetrated, the grinding is stop- posed to a caustic (e.g., sodium  or
potassium       ped. The ground area 52 of the vane 40 (the crack
hydroxide) autoclave cleaning process such as is     now removed) is then
repaired (filled) with weld described in commonly assigned U.S. Patent No.
filler metal 54, which is applied by arc welding 4,439,241 to Ault et al,
which completely removed    techniques such as TIG. The ceramic mask 48 in
any of the remaining ceramic, and washed with a   so  the cavity 42 acts as
a backer to prevent molten high pressure water jet to remove the caustic
and    filler metal from  entering and solidifying in the any other debris
still present.                      cavity 42. If the filler metal was
allowed to solidify The weld deposit 36 on the blade tip 20 was     in the
vane internal cavity 42, this could complicate then machined to produce a
blade having the de-     the insertion of an internal cavity baffle, cause
sired length, and conventionally shaped cooling   55  structural problems,
and/or disrupt air flow through holes electrodischarge machined into the
tip. (The  the cavity during engine operation. Following the * 1 inch =
2.54 cms.    9                  EP 0 269 551 B1                      10
welding operation, the mask 48 is removed by              reactive,
electrically nonconductive ceramic caustic autoclave cleaning and high
pressure water        mask which fills the squealer and the cooling blast,
as discussed in the above example. The             holes after sintering;
arc weld repairing the tip 



weld bead 54 is then blended to conform with the          portion of the
blade by depositing a layer of shape of the external airfoil wall surface
46, and the    5  filler metal on the blade tip surface, wherein vane 40
recoated, heat treated, etc., as required.        the ceramic mask in the
squealer pocket pre- vents the weld metal from solidifying in the Claims
squealer, the ceramic mask in the cooling holes prevents the weld metal
from solidifying 1. A method for keeping a portion of a metal   10
in the holes and the ceramic mask on the article substantially free from
molten weld filler    airfoil portion prevents the weld metal from metal
during welding, comprising the steps of         solidifying on the airfoil;
and removing the ce- applying a compound containing ceramic par-
ramic mask from the blade. ticles in a liquid carrier to the portion of the
article to be kept free of the filler metal, and   15  5. The method of
claim 4, wherein the ceramic heating the article to remove the liquid
carrier      particles are selected from the group consist- from  the
mixture and to sinter the ceramic          ing essentially of simple and
complex oxides particles to each other to form  a thermally          of
Group IIA, IIIA, IVA, IIIB, IVB and rare earth stable ceramic mask which is
nonreactive with         elements. the metal article and with the molten
filler   20 metal, and readily removable from the welded       6. The
method of claim 5, wherein the mixture of article.
ceramic particles consists essentially of silica, zircon, and alumina, and
the liquid carrier is 2. The method of claim 1, wherein the ceramic
colloidal silica. mask is electrically nonconductive.          25 7. A
method for the arc weld repair of a defect in 3. A method for the arc weld
repair of a hollow,          a metal article having an internal cavity,
com- air cooled metal article having a plurality of        prising the
steps of inserting a paste-like com- small diameter cooling holes, the
method com-         pound containing ceramic particles in a liquid prising
the steps of filling the holes with a   30    carrier in the cavity;
heating the article to re- compound containing ceramic particles in a
move the liquid carrier from the compound and liquid carrier, the mixture
having a paste-like       to sinter the ceramic particles to each other to
consistency; heating the article to remove the        form  a thermally
stable nonreactive ceramic liquid carrier from the compound and to sinter
mask in the internal cavity; machining away the ceramic particles to each
other to form a   35   the defect without removing  a substantial thermally
stable, electrically nonconductive,        amount of the mask: weld
repairing the defect; nonreactive ceramic mask which fills the cool-
and removing the ceramic mask. ing holes after sintering; welding the metal
article, wherein the ceramic mask prevents        8. A mixture sinterable
to form  a mask used molten weld metal from entering and solidify-   40
during the weld repair of a metal article, con- ing in the holes; and
removing the ceramic           sisting essentially of a mixture of silica,
zircon, mask from the holes.                                  and alumina
fiber, and an amount of colloidal silica to form a paste-like consistency.
4. A method for arc weld repairing an air cooled, hollow turbine blade
having a tip portion, a   45  9. The mixture of claim 8, containing about
10- squealer pocket, and an airfoil portion, wherein      50% zircon, 1-20
percent alumina, balance sili- the blade has a plurality of small diameter
ca. cooling holes in the tip portion, the squealer pocket, and the airfoil
portion, and wherein      Revendications some of the holes are shaped
holes, the meth-   so od comprising the steps of filling the squealer   1.
Procedd  destine a maintenir une portion d'un pocket and the cooling holes
and coating the          article m6tallique essentiellement exempte de
airfoil portion with compound containing ce-          metal d'apport fondu
au cours du soudage, ramic particles in a liquid carrier, the mixture
comprenant les 6tapes consistant a: appliquer having a paste-like
consistency; heating the   55     un compose contenant des particules
c6rami- article to remove the liquid carrier from the         ques dans un
support liquide, sur la portion de compound and to sinter the ceramic
particles         l'article qui doit 6tre maintenue exempte de to each,
other to form a thermally stable, non-       metal d'apport; et chauffer
I'article dans le but 6    9                  EP 0 269 551 B1 welding
operation, the mask 48 is removed by             reactive, electrically
nonconductive ceramic caustic autoclave cleaning and high pressure water
mask which fills the squealer and the cooling blast, as discussed in the
above example. The            holes after sintering; arc weld repairing the
tip 



weld bead 54 is then blended to conform with the         portion of the
blade by depositing a layer of shape of the external airfoil wall surface
46, and the    5  filler metal on the blade tip surface, wherein vane 40
recoated, heat treated, etc., as required.       the ceramic mask in the
squealer pocket pre- vents the weld metal from solidifying in the Claims
squealer, the ceramic mask in the cooling holes prevents the weld metal
from solidifying 1. A method for keeping a portion of a metal   10
in the holes and the ceramic mask on the article substantially free from
molten weld filler   airfoil portion prevents the weld metal from metal
during welding, comprising the steps of        solidifying on the airfoil;
and removing the ce- applying a compound containing ceramic par-
ramic mask from the blade. ticles in a liquid carrier to the portion of the
article to be kept free of the filler metal, and   is  5. The method of
claim 4, wherein the ceramic heating the article to remove the liquid
carrier     particles are selected from the group consist- from  the
mixture and to sinter the ceramic          ing essentially of simple and
complex oxides particles to each other to form  a thermally         of
Group IIA, IIIA, IVA, IIIB, IVB and rare earth stable ceramic mask which is
nonreactive with        elements. the metal article and with the molten
filler  20 metal, and readily removable from the welded     6. The method
of claim 5, wherein the mixture of article.
ceramic particles consists essentially of silica, zircon, and alumina, and
the liquid carrier is 2. The method of claim 1, wherein the ceramic
colloidal silica. mask is electrically nonconductive.         25 7. A
method for the arc weld repair of a defect in 3. A method for the arc weld
repair of a hollow,         a metal article having an internal cavity, com-
air cooled metal article having a plurality of       prising the steps of
inserting a paste-like com- small diameter cooling holes, the method com-
pound containing ceramic particles in a liquid prising the steps of filling
the holes with a   30   carrier in the cavity; heating the article to re-
compound containing ceramic particles in a           move the liquid
carrier from the compound and liquid carrier, the mixture having a
paste-like      to sinter the ceramic particles to each other to
consistency; heating the article to remove the       form a thermally
stable nonreactive ceramic liquid carrier from the compound and to sinter
mask in the internal cavity; machining away the ceramic particles to each
other to form a   35   the defect without removing a substantial thermally
stable, electrically nonconductive,        amount of the mask; weld
repairing the defect; nonreactive ceramic mask which fills the cool-
and removing the ceramic mask. ing holes after sintering; welding the metal
article, wherein the ceramic mask prevents        8.  A mixture sinterable
to form  a mask used molten weld metal from entering and solidify-   40
during the weld repair of a metal article, con- ing in the holes; and
removing the ceramic           sisting essentially of a mixture of silica,
zircon, mask from the holes.                                 and alumina
fiber, and an amount of colloidal silica to form a paste-like consistency.
4. A method for arc weld repairing an air cooled, hollow turbine blade
having a tip portion, a   45  9. The mixture of claim 8, containing about
10- squealer pocket, and an airfoil portion, wherein     50% zircon, 1-20
percent alumina, balance sili- the blade has a plurality of small diameter
ca. cooling holes in the tip portion, the squealer pocket, and the airfoil
portion, and wherein      Revendicatlons some of the holes are shaped
holes, the meth-   50 od comprising the steps of filling the squealer   1.
Proc6de destin6 a maintenir une portion d'un pocket and the cooling holes
and coating the         article m6tallique essentiellement exempte de
airfoil portion with compound containing ce-         metal d'apport fondu
au cours du soudage, ramic particles in a liquid carrier, the mixture
comprenant les 6tapes consistant a: appliquer having a paste-like
consistency; heating the   55    un composd contenant des particules
cerami- article to remove the liquid carrier from the        ques dans un
support liquide, sur la portion de compound and to sinter the ceramic
particles         l'article qui doit 8tre maintenue exempte de to each
other to form a thermally stable, non-       m6tal d'apport; et chauffer
l'article dans le but 6    * 11         ~ ~~~EP -0 269 551 B1
12 !         Hll iill Hllll 1 fll i d'eliminer du m6lange le support
liquide et          sant une couche de metal d'apport sur la sur-
d'agglom6rer par frittage les particules de c6-      face de la pointe de
I'aube mobile, dans lequel ramique l'une a l'autre, pour obtenir un mas-
le masque c6ramique present dans la poche 



que ceramique a stabilit6 thermique, qui nWest       reservee au grincement
emp~che le metal fon- pas reactif par rapport a l'article metallique et   s
du de se solidifier dans la poche r6servee au par rapport au metal d'apport
fondu, et que          grincement, le masque ceramique pr6sent l'on peut
retirer aisement de l'article soude.       dans les trous de
refroidissement emp8che le m6tal fondu de se solidifier dans les trous et
le 2. Proc6de selon la revendication 1, dans lequel         masque
c6ramique pr6sent sur la portion de le masque c6ramique est 6lectriquement
non   70      contour emp6che le metal fondu de se solidi- conducteur.
fier sur le contour; et eliminer le masque cera- mique de l'aube mobile. 3.
Proc6d6 pour la reparation par soudage a l'arc d'un article metallique
creux refroidi par air,  5. Proc6d6 selon la revendication 4, dans lequel
comprenant plusieurs trous de refroidissement   15   les particules
c6ramiques sont choisies parmi a petit diametre, le procede comprenant les
le groupe comprenant essentiellement les oxy- etapes consistant a remplir
les trous a l'aide       des simples et complexes des 6l6ments des d'un
compose contenant des particules c6ra-          groupes IIA, IIIA, IVA,
IIIB, IVB et des terres miques dans un support liquide, le m6lange
rares. ayant une consistance analogue a celle d'une   20 pate; chauffer
l'article pour eliminer le support  6. Procede selon la revendication 5,
dans lequel liquide du compose et pour agglomerer les           le m6lange
de particules c6ramiques est particules c6ramiques lune a l'autre pour
obte-      constitue essentiellement de silice, de zircone nir un masque
c6ramique thermiquement sta-           et d'alumine et le support liquide
est de la ble, 6lectriquement non conducteur et non   25       silice
collofdale. r6actif, qui remplit les trous de refroidissement apres
frittage; souder l'article m6tallique dans  7. Proced6 pour la reparation
par soudure a l'arc lequel le masque c6ramique empkche le m6tal
d'un d6faut present dans un article metallique d'apport fondu d'entrer et
de se solidifier dans     muni d'une cavite interne, comprenant les 6ta-
les trous; et retirer le masque ceramique des   30   pes consistant a
inserer un compose analogue trous.
a une pate, contenant des particules c6rami- ques dans un support liquide
au sein de la 4. Proc6d6 pour la reparation par soudure a l'arc
cavit6; chauffer l'article pour eliminer le sup- d'une aube mobile de
turbine, creuse, refroidie      port liquide du compos6 et pour agglom6rer,
par air, comprenant une portion de pointe, une   35  par frittage, les
particules c6ramiques l'une a poche reservee au grincement, ainsi qu'une
l'autre pour obtenir un masque c6ramique ther- portion de contour, dans
lequel l'aube mobile        miquement stable et non r6actif dans la cavit6
comprend plusieurs trous de refroidissement a        interne; 6liminer le
defaut par usinage sans petit diametre dans la portion de pointe, dans
retirer une quantite importante du masque; r6- .la poche reservee au
grincement et dans la  40      parer le d6faut par soudure: et retirer le
mas- portion de contour, et dans lequel un certain        que c6ramique.
nombre des trous sont constitu6s par des trous faconn6s, le proc6d6
comprenant les 6tapes       8. Melange frittable destin6 a obtenir un
masque consistant a remplir la poche reserv6e au grin-      utilise au
cours de la reparation par soudure cement et les trous de refroidissement
et a   45     d'un article m6tallique, comprenant essentielle- recouvrir la
portion de contour a l'aide d'un        ment un melange de silice, de
zircone et de compos6 contenant des particules de cerami-          fibres
d'alumine, ainsi qu'une quantite de silic'e que dans un support liquide, le
m6lange ayant        collo(dale pour obtenir une consistance analo- une
consistance analogue a celle d'une pate;         gue a celle d'une pate.
chauffer l'article pour eliminer le support liqui-  50 de du compos6 et
pour agglom6rer, par fritta-    9. M6lange selon la revendication 8,
contenant ge, les particules ceramiques l'une a l'autre,       environ
10-50 pour cent de zircone, 1-20 pour pour obtenir un masque c6ramique
thermique-         cent d'alumine, le reste 6tant de la silice. ment
stable, electriquement non conducteur et non r6actif, qui remplit la poche
reserv6e au   55   PatentansprUiche grincement et les trous de
refroidissement apres frittage; r6parer par soudure a l'arc la   1.
Verfahren, durch das sich ein Teil eines Metall- portion de pointe de
l'aube mobile en depo-          gegenstands wahrend des SchweiBens im we- 7
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SchweiB-        Spitzenteils der Laufschaufel durch Lichtbo- zusatzmetall
halten Ilat, beinhaltend die Schrit-    genschweilen, indem eine Schicht
Zusatzme- 



te Auftragen einer Mischung, die Keramikparti-      tall auf die
Schaufelspitzenoberfliche aufge- kel in einem fl(ssigen Trager enthalt, auf
den       bracht wird, wobei die Keramikmaske in der Tell des Gegenstands,
der von dem Zusatzme-   5      Quietschtasche verhindert, daB SchweiBmetall
tall freigehalten werden soll, und Erhitzen des     in der Quietschtasche
erstarrt, wobei die Kera- Gegenstands, um den flOssigen Trager aus der
mikmaske in den K0hll6chern verhindert, daB Mischung zu entfernen und die
Keramikpartikel        Schweilmetall in den Lochern erstarrt, und wo- durch
Sintern zusammenzubacken, um  eine             bei die Keramikmaske auf dem
Schaufelblatteil thermisch stabile Keramikmaske zu bilden, die  1o
verhindert, daB Schweilmetall auf dem Schau- mit dem  Metaligegenstand  und
mit dem             felblatt erstarrt; und Entfernen der Keramik-
schmeizflOssigen Zusatzmetall nicht reagiert         maske von der
Laufschaufel. und leicht von dem geschweiliten Gegenstand entfernt werden
kann.                            5. Verfahren nach Anspruch 4, wobei die
Kera- t5      mikpartikel aus der Gruppe ausgewAhit wer- 2. Verfahren nach
Anspruch 1, wobei die Kera-            den, die im wesentlichen aus
einfachen und mikmaske elektrisch nichtleitend ist.
komplexen Oxiden von Elementen der Grup- pen IIA, IIIA, IVA, 111, IVB und
Seltenerdele- 3. Verfahren zum Reparieren eines hohien, luftge-
menten besteht. kWhiten Metaligegenstands, der mehrere Kihl-  20 locher
kleinen Durchmessers hat, durch Licht-    6. Verfahren nach Anspruch 5,
wobei die Mi- bogenschweilBen, wobei das Verfahren die            schung
von Keramikpartikeln im wesentlichen Schritte beinhaltet.F~llen der Locher
mit einer      aus Silika, Zirkon und Tonerde besteht und der Mischung, die
Keramikpartikel in einem flussi-      flssige Trager kolloidale Silika ist.
gen Trdger enthalt und eine pastenartige Kon-  25 sistenz hat; Erhitzen des
Gegenstands, um den    7. Verfahren zum Reparieren eines defekten Me-
flfissigen Trager aus der Mischung zu entfer-       tallgegenstands, der
einen inneren Hohiraum nen und die Keramikpartikel durch Sintern zu-
hat, durch LichtbogenschweiBen, beinhaltend sammenzubacken, um eine
thermisch stabile,           die Schritte Einbringen einer pastenartigen
Mi- elektrisch  nichtleitende, nichtreaktionsfahige   30  schung, die
Keramikpartikel in einem flussigen Keramikmaske zu bilden, die die
Kuhll6cher           Trager enthalt, in den Hohiraum; Erhitzen des nach dem
Sintern ausffllt; Schweilen des Me-         Gegenstands, um den flOssigen
Trager aus der tallgegenstands, wobei die Keramikmaske ver-
Mischung auszutreiben und die Keramikpartikel hindert, dan schmelzflfssiges
Schweimrnetall in      durch Sintern zusammenzubacken, um  eine die Locher
eindringt und darin erstarrt; und   35    thermisch stabile,
nichtreaktionsfahige Kera- Entfemen der Keramikmaske aus den Ldchern.
mikmaske in dem inneren Hohiraum zu bilden; spanabhebendes Beseitigen des
Defekts, ohne 4. Verfahren zurn Reparieren einer luftgekOhIten,        die
Maske in einem nennenswerten AusmaB zu hohlen Turbinenlaufschaufel, die
einen Spitz-        entfernen; Reparieren  des  Defekts  durch enteil, eine
Quietschtasche und einen Schau-   40    Schweilen; und Enfernen der
Keramikmaske. felblatteil hat, durch Lichtbogenschweilen, wo- bei die
Laufschaufel mehrere KOhWllcher klei-    8. Sinterbare Mischung zum Bilden
einer Maske, nen Durchmessers in dam  Spitzenteil, der            die
wahrend des Reparierens eines Metalige- Quietschtasche und dem
Schaufeiblatteil hat         genstands durch Schweilen benutzt wird, be-
und wobei einige der Locher geformte Locher  45      stehend im
wesentlichen aus einer Mischung sind, wobei das Verfahren die Schritte
beinhal-      aus Silika, Zirkon und Aluminiumoxidfaser und tet AusfUllen
der Quietschtasche und der KOhl-       einer Menge kolloidaler Silika zum
Bilden einer locher und Oberziehen des Schaufelblatteils
pastenartigen Konsistenz. mit einer Mischung, die Keramikpartikel in ei-
nem flfssigen Tr~ger enthalt und eine pasten-   so  9. Mischung nach
Anspruch 8, enthaltend etwa artige Konsistenz hat; Erhitzen des Gegen-
10-50%  Zirkon, 1-20 Prozent Aluminiumoxid, stands, um den flfssigen Tr~ger
aus der Mi-          Rest Silika. schung zu entfernen und die
Keramikpartikel durch Sintern zusammenzubacken, um eine thermrisch stabile,
nichtreaktionsfghige, elek-   55 trisch nichtleitende Keramikmaske zu
bilden, die die Quietschtasche und die Kuhil6cher nach dem Sintern
ausffillt; Reparieren den 8    


