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article in a hot acid bath consisting of, for example, boiling hydrochloric
acid (HCI). According to this general procedure, a group of Technical Field
used single crystal airfoil blades, having an alumi- 5   nide coating on
both the internal and external sur- This invention relates to refurbishing
gas turbine  faces and an additional overlay coating on the ex- engine
components, and more particularly, to a        ternal surface, was immersed
in boiling HCI to re- method of reducing residual tensile strains in single
move the coatings. After coating removal, the crystal superalloy airfoil
blades and vanes.          blades were inspected and a significant number
10  found to be damaged beyond repair by cracks which Background Art
initiated in the corrosive environment of the acid bath. Of 53 articles
exposed to the acid, 26 devel- An axial gas turbine engine includes a
compres-     oped chordwise cracks, for a 49%  failure rate. sor section, a
combustion section, and an aft tur-    Such a high rate of failure results
in significant in- bine section. Disposed within the turbine section   15
creases in the cost of overhauling gas turbine en- are alternating rows of
rotatable airfoil blades and  gines which utilize single crystal articles.
Conse- static vanes. As hot combustion  gases pass           quently, a
need arose to determine the cause of the through the turbine section, the
airfoil blades are   cracking problem and to define proper procedures
rotatably driven, turning a shaft and thereby pro-    to prevent damaging
the single crystal superalloy viding shaft work for driving the compressor
sec-   20   airfoil articles during refurbishment. tion and other
auxilliary systems. The higher the gas temperature, the more work that can
be extracted in   Disclosure of the Invention the turbine section. In an
effort to increase the tur- bine section operating temperature, nickel base
su-     It is an object of the present invention to deter- peralloy
materials are used to produce the turbine   25   mine the cause of the
cracking problem which oc- airfoil blades and vanes. Such materials
maintain     curs during the removal of a coating from a used mechanical
strength at high temperatures.             single crystal superalloy
article. In particular, single crystal nickel base superal-    It is a
further object of the present invention to loy airfoil blades and vanes are
used which provide   define a method for preventing cracking of used
mechanical strength at high temperatures while limit-  30   single crystal
superalloy articles during an engine ing the potential for structural
failure by eliminating  overhaul. weak grain boundaries within the alloy
structure.       These objects of the present invention are Such articles
usually include a coating which pro-    achieved by the methods defined in
the independent vides increased corrosion resistance and/or en-
claims 1 and 5. Such a heat treatment relieves resid- hanced thermal
protection, with either an overlay or   35   ual strains which accumulate
during cyclic engine diffusion bonded aluminide coating generally pre-
operation, which, if not relieved, produce stress ferred. U.S. Patent
numbers 3,544,348 to Boone et     cracks in used single crystal articles
when exposed al and 4,132,816 to Benden et al, disclose various    to a
corrosive environment, such as that required methods for applying aluminide
coatings to superal-  for cleaning or coating removal. Generally, subject-
loy articles, U.S. Patent number 3,928,026 to Hecht   40  ing such an
article to a heat treatment at a tempera- et al, discloses a typical
overlay coating, and U.S.  ture of 1750-2050F (954-1121) for 1-4 hours in
ei- Patent number 4,005,989 to Preston, discloses a       ther a
non-oxidizing atmosphere or under vacuum combined overlay/aluminide
coating. All the above     achieves a suffient reduction in residual
strains to patents are commonly assigned to the assignee of      prevent
cracking in single crystal articles. the present invention.
45 An overhaul of a gas turbine engine involves the    Brief Description of
the Drawing disassembly, inspection, repair/replacement of worn parts and
reassembly of the engine. Of partic-     Figure 1 is a prospective view of
a used single ular importance is the condition of the turbine sec-  crystal
airfoil blade, illustrating a typical chordwise tion blades and vanes which
are subject to cyclic  50   crack which developed during exposure of the
air- high  temperature  operation.  In  U.S.  Patent       foil blade to a
corrosive environment. 4,176,433 to Lee et al a method of remanufacturing
turbine vane clusters is disclosed. The method in-    Best Mode for
Carrying Out the Invention volves a visual inspection to select reuseable
vanes within a duster, followed by coating removal  55  Referring to Fig.
1, a used single crystal airfoil and other processing steps. While such a
method is    blade 1 is shown. The blade 1 includes a root 2 and an
disclosed for remanufacturing vane clusters, it is il-  airfoil 3 having a
concave surface 4, a convex sur- lustrative of general overhaul procedures
for both    face 5, a leading edge 6, a trailing egde 7, a platform airfoil
blades and vanes.                             8, and a tip 9. The blade 1
also includes internal cool- An airfoil blade or vane which requires repair
60  ing passages 10 which direct relatively cool air must be cleaned and
have the coating removed from     through the blade to allow operation at
high tempera- all surfaces, otherwise detrimental alloy melting may  tures.
The blade 1 also previously included a sur- occur during subsequent
operations, resulting in      face coating 11 (not shown) on both the inner
and 



subsurface voids or imperfections. Coating remov-     outer surfaces which
was removed. The coating al is usually accomplished by immersing the coated
65   may have been either a diffusion or overlay coating 2    3
EP0251 983 B1                     4 such as those described in U. S. patent
numbers       grain boundaries in single crystal articles results in
3,928,026, 3,544,348 and 4,132,816, or a combina-      the hydrogen atoms
diffusing into flaws in the alloy tion thereof, as described in U.S. Patent
number      microstructure, aggravating the flaw and producing 4,005,989.
The blade 1, as well as those other        a crack. Such flaws are probably
exaggerated by blades and vanes to which the present invention ap-   5
the residual strain in the alloy, providing a site for plies, are of the
type used in the turbine section of a  cracking to occur. gas turbine
engine, and are composed of single          To prevent such stress
cracking, it is necessary crystal nickel base superalloys, such as that
dis-    to eliminate either the residual strains or the corro- closed in
U.S. Patent number 4,209,348 to Duhl et     sive environment. The
incorporation of a stress re- al.
10  lief heat treatment, which would reduce the room Generally, an overhaul
of a gas turbine engine in-  temperature residual strains to below a
threshhold volves disassembly, inspection, repair/replacement    level
where stress corrosion cracking will not oc- and reassembly, with the
condition of the turbine     cur, is the most economic and least disruptive
solu- section blades and vanes requiring particular atten-  tion. It will
be understood by one skilled in the art tion due to the harsh operating
conditions encoun-   15  that the threshold level will vary between
articles tered in the hot turbine section. Typically, an airfoil  depending
on the article material, geometry, number blade with a cooling passage may
be exposed to 1000   and range of thermal cycles encountered, and the to
[ERR] [ERR] air in the cooling passage      actual residual strain
developed. Generally, sub- and 2000 to [ERR] [ERR] gas on the exter-
jecting an article to a heat treatment at a tempera- nal surface. It has
been discovered that the rapid   20  ture of [ERR] [ERR] for 1-4 hours in
acceleration and deacceleration that occurs during    either a
non-oxidizing atmosphere or under vacuum typical cyclic gas turbine engine
operation produc-   achieves a suffient reduction in residual strains to es
rapid heating and cooling of the airfoil blade, and  prevent cracking in
single crystal articles. results in high, non-uniform stresses. These local
For most of the articles tested, it was found that concentrated stresses
can be quite high, due to the   25   a 50% reduction in residual strain was
sufficient to complex structural geometry required for a superal-   prevent
cracking upon exposure of the article to a loy blade to survive the high
turbine operating tem-  corrosive environment. While a reduction of 20-
peratures, the large thermal gradients encountered    30% may prevent
cracking in some articles, a 50% and the rapidity of thermal cycling. Such
stresses    reduction offers an additional margin of safety. produce high
residual strains in certain locations of   30 the airfoil at ambient
temperatures which can result  EXAMPLE in material cracking problems in
used high time sin- gle crystal articles in the presence of corrosive en-
A group of used single crystal nickel base super- vironments, which may be
encountered during ei-       alloy airfoil blades were subjected to a
pre-inspec- ther article cleaning or coating removal.       35  tion heat
treatment prior to coating removal. These In particular, coated nickel base
superalloy sin-   blades were identical in terms of engine hours, mate- gle
crystal turbine airfoil blades, which are subject  rial and structural
geometry to the previously dis- to gas turbine engine operation for 2000 to
10,000    cussed group which experienced a 49%  failure hours, can crack
from a stress corrosion mecha-       rate. A control group was strain
gauged and found nism when exposed to certain corrosive media. Bulk  40  to
have accumulated residual tensile strains of from spanwise residual tensile
strains of 1,000 to 1,500   1000 to 1500 microinches per inch prior to the
heat microinches per inch were sufficient to create        treatment. The
subject airfoils were then heated to chordwise cracks at airfoil locations
in 26 of 53     1975F [ERR] and held for four hours in a non- parts exposed
to boiling hydrochloric acid. Span-     oxidizing atmosphere. Hydrogen was
used in this wise strains are developed as the airfoil is subject   45
example, however, other non-oxidizing gases such to  centripetal forces
during  engine  operation.       as argon or nitrogen could be substituted.
After These strains within the superalloy are measured      cooling, the
airfoil blades were evaluated and found from the root platform 8 to the
blade tip 9 by posi-  to have undergone a reduction in residual tensile
tioning a number of strain gauges about the article,  strains from 1000 to
1500 microinches per inch to slicing through a portion and measuring the
strain   50   400 to 700 microinches per inch. The airfoil blades
relaxation. Refering to Figure 1, a typical chordwise  were then immersed
in a boiling HCl bath for coating crack 12 is shown on a nickel base single
crystal su-  removal. Of the 41 articles exposed, none were peralloy
airfoil blade, the crack being perpendicular  found to exhibit any cracks
after coating removal. to the spanwise strain.
While heat treating an article to reduce residual Only single crystal
articles have displayed this  55   strains is well known, it was not known
that single cracking mechanism. Other non-single crystal su-      crystal
articles had the tendency to crack after ac- peralloy articles which have
undergone similar        cumulating residual strains or that reducing these



stresses and strains in engine operation have not     residual strains to
below a threshhold level would cracked under similar processing conditions.
While    prevent cracking during refurbishment. Utilizing a it is not
completely understood, it is believed that   60   preliminary stress
relieving heat treatment prior to the cracking mechanism involves an
interaction be-    coating removal or aggressive cleaning has pre- tween
the free hydrogen liberated during reaction     vented significant damage
to airfoil articles, reduc- of the acid with the coating and flaws in the
micro-  ing part rejection and minimizing engine overhaul structure of the
single crystal superalloy. It is pos-  costs. sible that the absence of
hydrogen accomodating   65    While this invention has been described in
rela- 3    5                  EP 0251 983 B1                    6 tion to
an airfoil blade used in a gas turbine engine,  3. Verfahren nach Anspruch
1, wobei die Warme it will be understood by those skilled in the art that
behandlung beinhaltet, den Gegenstand einer Tem any single crystal
superalloy article subject to ther-  peratur von 954-11210C (1750-20500C)
fOr eine bi mal operations could benefit from the present inven-  vier
Stunden entweder in einer nichtoxidierenden tion.:
5   Atmosphare oder unter Vakuum auszusetzen. 4. Verfahren nach Anspruch 3,
wobei die War- Claims
mebehandlung beinhaltet, den Gegenstand einer Temperatur von 10800C
(19750F) fOr vier Stunden in 1. A method for preventing the cracking, upon
ex-  einer nichtoxidierenden Atmosphare auszusetzen. posure to a corrosive
media for cleaning or coating   10  5. Verfahren zum  Verhindern der
RiBbildung, removal, of a single crystal nickel base superalloy  wenn  ein
Einkristall-NickelsuperlegierungsflOgel- article which has accumulated
residual strains, said  profilgegenstand, in welchem sich Restspannungen
method characterized by subjecting said used arti-  durch zyklischen
Gebrauch in einem Gasturbinen- cle prior to exposure to a corrosive
environment to  triebwerk angesammelt haben, zur Reinigung oder a stress
relieving heat treatment, such that the re-   15   zur Oberzugsabtragung
mit einem korrodierenden sidual strains are reduced to a level below which
Medium beaufschlagt wird, dadurch gekennzeich- cracking will not occur.
net, daB der Gegenstand, bevor er einer korrodie- 2. The method of claim 1
wherein said residual    renden Umgebung ausgesetzt wird, einer Entspan-
strains are reduced by about 50%.                 nungswarrmebehandlung
unterzogen wird, so daB 3. The method of claim 1 wherein said heat treat-
20   die Restspannungen auf einen Wert reduziert wer- ment involves
subjecting said article to a tempera-  den, unter dem keine RiBbildung
erfolgen wird. ture of 1750-2050F [ERR] for one to four      6. Verfahren
nach Anspruch 5, wobei die Rest- hours in either a non-oxidizing atmosphere
or under  spannungen urn etwa 50% reduziert warden. vacuum.
7. Verfahren nach Anspruch 5, wobei die Warme- 4. The method of claim 3
wherein said heat treat-  25   behandlung beinhaltet, den Gegenstand ainer
Tem- ment involves subjecting said article to a tempera-  peratur von
954-11210C (1750-2050F) fOr aine bis ture of 1975F (1080C) for four hours
in a non-oxi-  vier Stunden entweder in einer nicht oxidierenden dizing
atmosphere.                                  Atmosphare oder unter Vakuum
auszusetzen. 5. A method for preventing the cracking, upon ex-   8.
Verfahren nach Anspruch 7, wobei die Warme- posure to a corrosive media for
cleaning or coating   30   behandlung beinhaltet, den Gegenstand einer Tem-
removal, of a single crystal nickel base superalloy  peratur von 10800C
(19750F) fOr vier Stunden in ei- airfoil article which  has accumulated
residual    ner nichtoxidierenden Atmosphare auszusetzen. strains through
cyclic use in a gas turbine engine, said method characterized by subjecting
said article  Revendications prior to exposure to a corrosive environment
to a   35 stress relieving heat treatment, such that the resid-  1. Proc6d6
pour empecher la formation de fissu- ual strains are reduced to a level
below which      res, suite a l'exposition a des milieux corrosifs desti-
cracking will not occur.                            n6s au nettoyage ou a
l'enlevement de revetement, 6. The method of claim 5 wherein said residual
dans un article en superalliage monocristallin a base strains are reduced
by about 50%.            40   de nickel, cat article ayant accumule des
contrain- 7. The method of claim 5 wherein said heat treat-  tes
r6siduelles, ce procede 6tant caract6rise en ce ment involves subjecting
said article, to a tempera-  que l'on soumet cat article usage, avant de
l'expo- ture of 1750-2050F (954-1121C) for one to four    ser a un milieu
corrosif, & un traitement thermique hours in either a rion-oxidizing
atmosphere or under  destine a relaxer les contraintes, de sorte que l'on
vacuum.                                        45  reduise ainsi les
contraintes residuelles a un ni- 8. The method of claim 7 wherein said heat
treat-  veau, endessous duquel la formation de fissures ment involves
subjecting said article to a tempera-  n'aura pas lieu. ture of 1975F
(1080C) for four hours in a non-oxi-  2. Procede selon la revendication 1,
caracterise dizing atmosphere.                                  en ce que
les contraintes residuelles sont reduites 50   d'approximativement 50%.
Patentanspruche                                       3. Proced6 selon la
revendication 1, caracterise 



en ce que ce traitement thermique comprend le fait 1. Verfahren zum
Verhindern der RiBbildung,      de soumettre l'article a une temperature
comprise wenn  ein  Einkristall-Nickelsuperlegierungsgegen-  entre
1750-2050F (954-11210C), au cours d'une pe- stand, in dem sich
Restspannungen angesammelt ha-  55   node de 1 a 4 heures, sous une
atmosphere non oxy- ben, zur Reinigung oder zur Oberzugsabtragung mit
dante ou sous vide. einem  korrodierenden Medium beaufschlagt wird,
4. Procede salon la revendication 3, caracterise dadurch gekennzeichnet,
daB der benutzte Gegen-     en ce que ce traitement thermique implique le
fait de stand, bevor er einer korrodierenden Umgebung       soumettre
l'article & une temperature de 1975*F ausgesetzt wird, einer
Entspannungsw&rmebehand-   60  (10800C), pendant quatre heures, sous une
atmos- lung unterzogen wird, so daB die Restspannungen     phere non
oxydante. auf einen Wert reduziert warden, unter dem keine      5. Procede
destin6 & aempecher la formation de RiBbildung erfolgen wird.
fissures, suite & l'exposition a un milieu corrosifs en. 2. Verfahren nach
Anspruch 1,' wobei die Rest-    vue du nettoyage ou de l'enlevement du
revete- spannungen urn etwa 50% reduziert warden.      65   ment, dans un
article a surface portante, en super- 4    5                   EP 0 251 983
B1                   6 tion to an airfoil blade used in a gas turbine
engine,  3. Verfahren nach Anspruch 1, wobei die warre it will be
understood by those skilled in the art that  behandlung beinhaltet. den
Gegenstand einer Terne any single crystal superalloy article subject to
ther-  peratur von 954-1121 *C (1 750-2050C) fOr eine bis mal operations
could benefit from the present inven-  vier Stunden entweder in einer
nichtoxidierenden tion.:                                          5
Atmosphare oder unter Vakuum auszusetzen. 4. Verfahren nach Anspruch 3,
wobei die War- Claims
mebehandlung beinhaltet, den Gegenstand einer Temperatur von 1080=C
(19750F) fMr vier Stunden in 1. A method for preventing the cracking, upon
ex-  einer nichtoxidierenden Atmosphare auszusetzen. posure to a corrosive
media for cleaning or coating   10  5. Verfahren zum  Verhindern der
RiBbildung, removal, of a single crystal nickel base superalloy  wenn  ein
Einkristall-NickelsuperlegierungsflDgel- article which has accumulated
residual strains, said  profilgegenstand, in welchem sich Restspannungen
method characterized by subjecting said used arti-   durch zyklischen
Gebrauch in einem Gasturbinen- cle prior to exposure to a corrosive
environment to  triebwerk angesammelt haben, zur Reinigung oder a stress
relieving heat treatment, such that the re-   15   zur Oberzugsabtragung
mit einem  korrodierenden sidual strains are reduced to a level below which
Medium beaufschlagt wird, dadurch gekennzeich- cracking will not occur.
net, dai der Gegenstand, bevor er einer korrodie- 2. The method of claim 1
wherein said residual     renden Umgebung ausgesetzt wird, einer Entspan-
strains are reduced by about 50%.                    nungswarmebehandlung
unterzogen wird, so daB 3. The method of claim 1 wherein said heat treat-
20   die Restspannungen auf einen Wert reduziert wer- ment involves
subjecting said article to a tempera-  den, unter dem keine RiBbildung
erfolgen wird. ture of [ERR] [ERR] for one to four       6. Verfahren nach
Anspruch 5, wobei die Rest- hours in either a non-oxidizing atmosphere or
under  spannungen um etwa 50% reduziert werden. vacuum.
7. Verfahren nach Anspruch 5, wobei die Warme- 4. The method of claim 3
wherein said heat treat-  25   behandlung beinhaltet, den Gegenstand einer
Tem- ment involves subjecting said article to a tempera-  peratur von
954-1121 C (1750-20500F) frr eine bis ture of 1975F [ERR] for four hours in
a non-oxi-  vier Stunden entweder in einer nicht oxidierenden dizing
atmosphere.                                  Atmosphare oder unter Vakuum
auszusetzen. 5. A method for preventing the cracking, upon ex-    8.
Verfahren nach Anspruch 7, wobei die Warme- posure to a corrosive media for
cleaning or coating   30   behandlung beinhaltet, den Gegenstand einer Tem-
removal, of a single crystal nickel base superalloy  peratur von 10800C
(119750F) fOr vier Stunden in ei- airfoil article which  has accumulated
residual     ner nichtoxidierenden Atmosphare auszusetzen. strains through
cyclic use in a gas turbine engine, said method characterized by subjecting
said article  Revendications prior to exposure to a corrosive environment
to a   35 stress relieving heat treatment, such that the resid-  1. Proced6
pour empecher la formation de fissu- ual strains are reduced to a level
below which       res, suite a l'exposition a des milieux corrosifs desti-
cracking will not occur.                             nes au nettoyage ou a
l'enlevement de revetement, 6. The method of claim 5 wherein said residual
dans un article en superalliage monocristallin a base strains are reduced
by about 50%.               40   de nickel, cet article ayant accumule des
contrain- 7. The method of claim 5 wherein said heat treat-  tes
residuelles, ce procede etant caracterise en ce ment involves subjecting
said article to a tempera-  que l'on soumet cet article usage, avant de
l'expo- ture of 1750-2050F [ERR] for one to four     ser a un milieu
corrosif, a un traitement thermique hours in either a non-oxidizing
atmosphere or under  destine a relaxer les contraintes, de sorte que l'on
vacuum.                                         45   reduise ainsi les
contraintes residuelles a un ni- 



8. The method of claim 7 wherein said heat treat-  veau, endessous duquel
la formation de fissures ment involves subjecting said article to a
tempera-  n'aura pas lieu. ture of 1975F [ERR] for four hours in a non-oxi-
2. Procede selon la revendication 1, caracterise dizing atmosphere.
en ce que les contraintes residuelles sont reduites 50
d'approximativement 50%. Patentanspriche
3. Procede selon la revendication 1, caracterise en ce que ce traitement
thermique comprend le fait 1. Verfahren zum  Verhindern der RiBbildung,
de soumettre l'articie a une temperature comprise wenn  ein
Einkristall-Nickelsuperlegierungsgegen-   entre 1750-20500F (954-11210C),
au cours d'une pe- stand, in dem sich Restspannungen angesammelt ha-  55
riode de 1 a 4 heures. sous une atmosphere non oxy- ben, zur Reinigung oder
zur Uberzugsabtragung mit    dante ou sous vide. einem  korrodierenden
Medium beaufschlagt wird,        4. Procede selon la revendication 3,
caracterise dadurch gekennzeichnet, daB der benutzte Gegen-      en ce que
ce traitement thermique implique le fait de stand, bevor er einer
korrodierenden Umgebung        soumettre l'article a une temperature de
1975-F ausgesetzt wird, einer Entspannungswarmebehand-   60  (1080cC),
pendant quatre heures, sous une atmos- lung unterzogen wird, so dai die
Restspannungen      phere non oxydante. auf einen Wert reduziert werden,
unter dem keine       5. Procede destire a empecher la formation de
RiBbildung erfolgen wird.                           fissures, suite a
l'exposition a un milieu corrosifs en 2. Verfahren nach Anspruch 1, wobei
die Rest-      vue du nettoyage ou de l'enlevement du revete- spannungen um
etwa 50% reduziert werden.        65   ment. dans un article a surface
portante, en super- 4    7                   EP0251 983B1 (r"age
monocristallin a base de nickel, cet article waynt accumule des contraintes
residuelles via utili- sation cyclique dans une turbine a gaz, ce procede
etant caracterise en ce que l'on soumet cet article, avant de l'exposer au
milieu corrosif, a un traite-   5 ment thermique destine a relaxer les
contraintes, de telle sorte que les contraintes residuelles soient re-
duites jusqu'a un niveau, en-dessous duquel les. fis- sures ne se forment
pas. 6. Procede selon la revendication 5, caract6rise   10 en ce que les
contraintes residuelles sont reduites d'environ 50%. 7. Proc6d6 selon la
revendication 5, caracterise en ce que ce traitement thermique comprend le
fait de soumettre l'article a une temperature comprise   15 entre 1
750-2050OF (954-1121 oC), au cours d'une pe- riode de I & 4 heures, sous
une atmosphere non oxy- dante ou sous vide. 8. Proc6de selon la
revendication 7, caracterise en ce que ce traitement thermique implique le
fait de   20 soumettre l'article a une temperature de 1 9750F (108OC),
pendant quatre heures, sous une atmos- k   phere non oxydante. 25 30 35 40
45 50 55 60 65    


