" PREFERENTI AL HARDENI NG OF SI NGLE CRYSTAL BLADES BACKGROUND OF THE | NVENTI ON
(1) Field of the Invention [0001] The present invention relates to a nethod
of inproving the strength and failure resistance of single crystal gas
turbi ne conponents and-to a turbine engi ne conponent fornmed thereby. (2)
Prior Art [0002] Single crystal nickel-based superalloys consist of
cuboi dal precipitates (known as y' particles) separated by channels of
y-matrix as shown_in FIG 1. Effectively, the y' articles and the y-matrix
act as a conposi t BRFEFRFY B AL iife EN H e QF ﬁiﬁdﬁEcF SEPdv E4ED&Er engt h, whil e
the y-matrix provides ductility. Under load, the y' particles tend to
coal esce into layers (known as platens). This behavior is shown in FIG 2.
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propagate and join with others, eventually resulting in material failure.
SUMVARY EESTREY | NVENTI ON [ 0003] In accordance with the present invention, a
met hod for inproving the strength and failure resistance of a single -

(2) Prior Art

[0002] Single crystal nickel-based superalloys consist of
cuboidal precipitates (known as y’' particles) separated by
channels of y-matrix as shown in FIG., 1. Effectively, the vy’
particles and the y-matrix act as a composite material, where
the v’ particles provide strength, while the y-matrix provides
‘ductility. Under load, the y’ particles tend to coalesce into
layers {(kKnown as platens). This behavior is shown in FIG. 2.
Tensile loading produces layers of y’ that are perpendicular to
the applied stress o, (N-type rafts) while compressive loading
produces layers of y’ that are parallel to the applied stress o
(P-type rafts) for negative lattice mismatch. These layered
structures are weaker than the original structure and tend to
crack at the intexrface of the y" platens and the y-matrix, with
cracks propagating along the platens. This behavior is
schematically shown in FIG. 3. Under continued loading, these

cracks propagate and join with others, eventually resulting in

material failure.

SUMMARY OF THE INVENTION
[0003] In accordance with the present invention, a method for
improving the strength and failure resistance of a single

crystal component is provided. The method broadly comprises the
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“crystal conponent is provided. The nethod broadly conprises the | steps of
formng a conponent having a single crystal mcrostructure with a plurality
of y' platens and formng a Ilimted anount of oriented platens in a
particular direction prior to the conponent being placed into service to
del ay coal escence of the platens relative to the applied [ oad. [0004]
Further in accordance with the present invention, a turbine engine

conmponeni,. 1.s. provi ded. e i engi.n o] t y conprises a
substrai%?#%ﬁﬁ%%:¢ronfgggiﬁ%#%gh%§§sgghlﬁgc%eggggggdcgg%ggglon havi ng a
pl ural i tyiofogiratansre Wiheh @ ailens ldte prfeyor péatedsi and dbrethgom paral |l el

to expecied.  tensile |oadin rio 0.t he conponent . bein ut into service.
[ 0005]  SHFTEE PRI (P U oh FRAER AN pPoBaREPrbBh FORSEA-% ur bi ne
engi ne corpoNedy tirfe oaMidletht e nguphizredengibesceonpenent dbrgadl y
conprises a substrate forned froma single créstal ni ckel ~based superall oy
havi ng aS¢ARGRGE AL i eatermeSgrataRs tar ERpr 8PBLi8Rt €82¢n-a direction

per pendi £a 4] tﬁurez[ﬂggg%]ﬁdaeeayagﬁéé Vg 10aH G IOt Lot iGRTP@nent  bei ng

put into service. O her details of the preferential hardening of

single Terysing wlddes wimadnengr éseprovadedti Bhe huréhe esgbeder objects
doscr i ptT O g H ST g 0" Bw hos C AR eF BERORF TN EFHE. DRAW Nas
[0007] Rf¥stlad sniakHiottomest coicepialdbyahpriog arplsragieycoysphhtens ckel
based SL%E%E%ﬂé@gdg %ﬁ%?%;fggégf%nIgﬁmiggayaiggégkggega%ggle¥_Qgiéésgcted
tensile loading prior to the component being put into service.
[0005] Still further in accordance with the present inventicn, a
turbine engine component is provided. The turbine engine
component broadly comprises a substrate formed from a single
crystal nickel based superalloy having a plurality of platens.
" The platens are pre-oriented in a direction perpendicular to
expected compressive loading prior to the component being put
into service.
[0006] Other details of the preferential hardening of single
crystal blades of the present invention, as well as other
obijects and advantages attendant thereto, are set forth in the

following detailed description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
{0007] FIG. 1 is a photaomicreograph of a prior art single crystal
nickel based superalloy microstructure showing y’ particles and
y-matrix;
[0008] FIG. 2 is a photomicrograph of a prior art single crystal
nickel based superalloy microstructure showing coalescence of vy’

particles into platens under applied load;



" [0008] FIG 2 is a photom crograph of a prior art single crystal nickel
based superall oy m crostructure showi ng coal escence of y' particles into

pl at ens under applied load; 2 [0009] FIG 3 is a schematic representation of
a prior art single crystal nickel based superalloy mcrostructure under

| oad showi ng typical crack initiation along y' platens; [0010] FIG 4Ais a
phot om crograph of a single crystal nickel based superalloy mcrostructure
with intentional pre-orientin g{:égl at ens under, conpressive load prior to
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circunferential direction around exanpl I crystal alloys
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rel ates 1oadimgi hatd of exploiting this behavior to inprove the strength of
gas turP‘%ne corrRon nts. If the strength of the conponent can be _increased,
the life i FitPy “6f 1Phe BBRbBRLRtoTLRlt <3 3 FriFtcrleds€dedt rengt h
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present invention, a turbine
after pre-corienting of platens.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

[0012} Often, single crystal components require strength in
specific directicns (the radial direction in blades or the
circumferential direction around holes for example). Single
"crystal alioys exhibit behavior where the tensile strength and
crack resistance in a particular direction can be increased if a
compressive stress is applied to the component prior to its
initial duty loading. The present invention relates to a method
of exploiting this behavior to improve the strength of gas
turbine components. If the strength of the component can be
increased, the life capability of the component is also
increased. Increased strength can also allow for lighter-weight
components.

[0013] In accordance with the present invention, a turbine
engine component, such as a turbine blade, a vane, a combustor
panel, or a BCAS, is formed from a nickel based superalloy
having a microstructure with a plurality of v’ cuboids. The
turbine engine component may be formed using any suitable
technique known in the art from any suitable single crystal
nickel based alloy such as a single crystal nickel based alloy

having a composition consisting of from about 2.2 to about 10
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' engi ne conponent, such as a turbine blade, a vane, a conbustor panel, or a
BOAS, is forned froma nickel based superalloy having a mcrostructure with
a plurality of y' cuboids. The turbine engine conponent may be forned using
any suitable technique known in the art fromany suitable single crystal

ni ckel based alloy such as a single crystal nickel based alloy having a
conposition consisting of from about 2 2 to about 10 3 Wt % chrom um up to

about 1.5 wt% titanium up &g about ?6 ¥bdenun1 fron1about 4.0 to
5.6 wt %%y (B dfodo8ta L \?/t%tr’héﬁ B ofP abBuEPeu s £ ol dfout 12

Wt % t antyed UBd T aleu ab@u@: 20 pakouts . 5. ¢rut YaabyrtAUMpfronsbeuts 3 3 to
about 10 wt% col unbium up to about 0.1 wt% hafnium and the bal ance

ni ckel . Wioohanivaddsid twilt-H tRe 2pPBEehE Wh%ﬁ%%ﬁlmpot%mmaam%nage
to the @t@rﬂc@'aﬂ&fﬂﬂsngi tLhe ta%%%me“%_»eﬁ GRAReNgNE PBY,

be
pre-orienting a limted amount of thé platens prior to t% Eeglnnlng of the
servi ce ¢dfungfunt,hait rcbialpeuéndi-de wedohpdnénn, Fhe phateabtanwy bickel.

bre-or | e nhhecOlrsction,; parall el o Lhe fensile | oading expected in

service pre--orren 0 be per pendi Tar to exp ect éd conpreSS|ve | oads.
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been pre-oriented to be parallel to the expected tensile din FIG 4B
shows aiﬁ 4; YaP L5 Ok b4 88d 2al LBy © e?@ou?EeOEIE?%h%f 5 been
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service. Pre-orienting the platens wll delay the coal escence of at ens

per pendi &S - (The RFFitieed meydbel pagrAgiebteActeatld Abrertin .
capabi ligy»1 10043 dief amatinaniehatifg supecabhoynforminge the furbine engine

criented to be perpendicular to expected compressive loads. FIG.
4A shows a single crystal nickel based alloy where the platens
have been pre-oriented to be parallel to the expected tensile
loading. FIG. 4B shows a single crystal nickel based alloy where
"the platéns have been pre-oriented to be perpendicular to
expected compressive loads during service. Pre-orienting the
platens will delay the coalescence of platens perpendicular to
the applied load, leading to increased material capability.
[0015] Deformation of the superalloy forming the turbine engine
component is controlled by dislocation movement within y solid
solution and by interaction of dislocations with y’
precipitates. Creep behavior 1is strongly controlled by
orientation and fraction of y - v’ interfaces in the material.
The precipitates evolve from cubes to plate-shaped by a
directional coarsening referred to as “rafiting.” The rafts
develop in the early stages of creep at high temperatures, i.e.
higher than approximately 1800 degrees Fahrenheit, and at low
stress, i.e. about 15 ksi {100 Mpa). The sign and state of
imposed stress define the evolution of the precipitate shape.
The “inversely rafted” pre-strained component or part has

residual stress and strain of opposite sign to the applied ones
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" conmponent is controlled by dislocation novenent withiny solid solution and
by interaction of dislocations with y' precipitates. Creep behavior is
strongly controlled by orientation and fraction of y - y' interfaces in the

material. The precipitates evolve fromcubes to plate-shaped by a
directional coarsening referred to as "rafting."” The rafts develop in the
early stages of creep at high tenperatures, i.e. higher than approxi mately

1800 degrees Fahrenheit, and at |o stress, i..e. about 15 ksj (100 Ma).
The st gL a1 TR Hindh sl v T ers abF R ARt hER EEoNH TOREOR FEpETES
preci pi tiad e ishaqase” The thenviEmsdl yafathedhiptessinatned sonpraesinglre part
has residual stress and strai,n of opposite sign to the applied ones 4

during tHYSUFKiNGIeGiheEr B Yai°fEGPrafting mcrostructure is "inverse"

to the fiowler atbi pgebel O8E T HEE U Ba ©dnd hen S| 10l&p it dlerldliade 13k 5er
primary creep. [0016] To pre-orient the platens for an expected tensile
| oad, it ils MECESFATY (70 APy & Compressive straih o the turbitre engine

conponent,, e & fifdrah tOfedd T8 R 00 68 $ERYI £81,he, £ Sipg strain can
be appliéﬁLU§?n§ﬂ§%§lsdftable F%Eﬁnique Enom% R tﬁ% ar??iﬁie %@%-strain
condi t i orpigd s ibe crited@tied causioeg apptlhed asprghany caliibablderewinimans or

some conpi hati.on .t hereof . .For exanple, the.c onent be_heated up to
about ?%gaﬁiggbﬁjfhgﬁ"i&ﬁ@rarﬁ St gﬁhn89ngéggﬁ%na%u%$ﬁ%? “HErSStructura
par anet efssng Michasy camamans dagy obe thseflal Ome gL s Al €ohi® NOGREOAS] on
conposi tion al ong <001> crystallo%%%Bhic direction or honobgenequs hoop

stress ardhfPicodiTnGHIIPIE it PREES BRY1BS JeKsed iR i FO t3Reut
-irrever sjtd e ds8foE BN HiRRE€Sn order not to change other

microstructural parameters). Mechanical means may be used to
generate homogeneous composition along <001> crystallographic
direction or homogeneous hoop stress arcund ccoling holes within
limits of 15-20 Ksi until the irreversible deformation reaches
0.1 - 0.2%. Depending on temperature, alloy and applied stress,
time to reach the required inelastic strain can be different.
The duration and amount of pre-strain should be set to induce a
limited amount of directional layering, while not otherwise
substantially changing the component’s structural capability.
[0017] The pre-—-straining technique may be applied to the entire
turbine engine component or locally around features of interest.
For example, a turbine blade cculd be pre-strained with a
compressive load along its span to increase its strength under
circumferential lecading in service. Another example would ke the
application of a compressive circumferential stress on the
inside of a film cooling hole, increasing the hoop strength
around the hole. _

[0018] Preferably, the applied compressive strain is in the
range of from about 0.1 to about 0.2%. Depending on temperature,
alloy and applied stress, time to reach required inelastic

strain can be different.



0.1 - 0.2% Depending on tenperature, alloy and applied stress, tinme to
reach the required inelastic strain can be different. The duration and
anount of pre-strain should be set to induce a |imted anmount of
directional l|layering, while not otherwi se substantially changing the
conponent's structural capability. [0017] The pre-straining techni que may
be applied to the entire turbine engine conponent or |ocally around
features interest. _For exanple, a turbjne blade could be pre-strained
wih o LERRPL e tuarih BHETRpcoalahte gt Mttt o P TE Shadt 2
ci rcunf eneat i atedoash ng: i maeridceiriAnat Werenexampkhe weebdmbatt be used,
application of a co essive circunferentigl stress _on the inside of a film
ool i ng. o1 B | FRFS AR (e Fodi StEe A L aEdaha SnehRoPES -BB18} 0

Pr ef er abh¥ce 1 €2 BHPLLE 0 EQANPI A5 A1V E-Hel MRivid ra® 1N otrRenteang@a@bnkr om about
0.1 to about 0.2% Depending on tenperature, alloy and applied stress, tine
to reachlPeYe] r B4TiRGl &8I ESrFLFRI hORBR B2 UL F P ent L0 grErEsiedTHe® 8rbi ne

engi ne coppoRent IBLEIi S @& &S YR gried 4942 t_tsea%tl&teat %H%ﬂ@ loads

manuf acturi ng. When a heat treatment Is used, it y take place prior to
t he appl (catdon Bfrafes prie-wt rraiar qw erdeceldgeatte plhe-ckeatnoB-ohfthe

favorabl y, oriented te 0020]. Dur.i he servi.,ce.l.oadi ng _additi onal
time nee %ﬁééol?e?u%ﬁfﬁ%ég%%éfﬁﬂ%a%ﬁ%s4%¥%§§aﬁg%pgﬁgigﬁF%r o 38%??%6 tensile
| oads (Thearerdted tisgldxein prerarirentoadadlielt aoptaesteasnl - satéstiomhi ch

in turn jncreases crqg$%resi tance .and life to rupture. _The P—rgfted

rel axed REFURETr e DAIATT 1T 7 RO 198 PISPEREPSh 2 LhEa 689t HRY%bst stabl e
agai nst sihsseguemich TftdNEdnd®er resistance and life to failure.

[0021] For high temperature and low stress, the major creep
mechanism involves motion of y matrix dislocations and bypassing
of vy’ particles. Pre-strained platen y’ raft structure provides
additional barriers to matrix dislocation motion and improves
creep reSistance. Mobility of dislocations is also reduced due

to smaller y-channel width.



"tension, which increases creep resistance and life to failure. [0021] For
hi gh tenperature and | ow stress, the major creep nechanisminvolves notion
of y matrix dislocations and bypassing of y' particles. Pre-strained platen
y' raft structure provides additional barriers to matrix dislocation notion
and inproves creep resistance. Mbility of dislocations is also reduced due
to smaller y-channel width. 6 WHAT IS CLAIMED IS: 1. A nethod for inproving
the strength,_creep and failure resistance of a single crystal conponent,
sai d net trdﬁhﬁ% i e steps of: form ng a conponent having a single
crystal mcrostructure wth a plurality of y' platens; and formng a
limted amount of oriented platens in a particular direction prior to the
conponent - bei MR ERF | Ry O%&Yithe 56 T@8I9AR c64FeBcaREefBil¥RR pl at ens

relativerd o dhencanp i£ddpad Zysthe @]E‘in?:%ﬂeﬁ%(}ﬁ%gﬁangQhS&a%%ﬂri% ein

said conponent formng step conprises formng the conponent froma single
crystal Wiekstedmsed superalloy. 3. The nethod according to claim 1, wherein
said platens formng step conprises pre-orienting the platens to be
parallel to an expected service tensile load. 4. The nethod according to
claim 3, wher®&imuisay b preewmoureertt ihagyinst ep scanpe segsappl yiogoat cocpiessi ve

strain to, said co nent or, a_time period and in a quantity sufficient to
i nduce éWlW@rﬁtéiﬁggiﬁﬁﬁ Q# Ydi PIAHEGT 71 APEri ng whil e not ot herwi se

forming a limited amount of oriented platens in a
particular direction prior to the component being placed into
service to delay coalescence of the platens relative to the

applied load.

2. The method according to claim 1, wherein said component
forming step comprises forming the component from a single’

crystal nickel based superalloy.

3. The method according to claim 1, wherein said platens forming
step comprises pre-orienting the platens to be parallel to an

expected service tensile load.

4. The method according to claim 3, whersin said pre-orienting
step comprises applying a compressive strain to said component
for a time period and in a2 quantity sufficient to induce a
limited amount of direction layering while not otherwise

changing a structural capability of said component.

5. The method according to claim 4, wherein said compressive
strain applying step comprises applying said compressive strain

to all of said component.



"changing a structural capability of said conponent. 5. The nethod according
to claim4, wherein said conpressive strain applying step conprises
applying said conpressive strain to all of said conponent. 7 6. The nethod
according to claim4, wherein said conpressive strain applying step
conprises applying said conpressive strain locally around features of
interest. 7. The nethod according to claim4, wherein said conpressive

strain applying step. conprises applying said strain via a nmechanica

devi ce. g: #%%qﬁ%ﬁ %ﬁ:?ﬁ%%qﬁ]{gzag%ﬁ 4y, "RRFEFEPN S&AFdCPTREBRSLYBr mi ng
step conpiises apPlvyimg head cﬁtﬁmpﬂ:its%r@%ﬁo?ﬁ%%gi RatiRecbapeesslivef sopa about
1750 to 1950F and applying a pre-strain force to the conponent until

i rrever steFRl LY raf Rl s %t 0B %esE- The nethod according to claim 1,
wherein said platens formng step conprises pre-orienting the platens to be

per pendi cular to an expected service conpressive |load. 10. The net hod
-accordi ng- tDhelmdthe] agrerelimsdad Pramod, embhienginstepdconppisesiappl ying a

Ut of chrTe | e e PR nn B2 bacrBl PESafgifnfi & h0t

ot her wi seecledahgs hgieviste uct ural capability of said conponent. 11. The
nmet hod according to claim 10, wherein said conpressive strain applying step
conprises applying said conpressive strain to all of said conponent. 12.

The met hod Ace ardingh tar@d @i ifglGo Wheria n,Sahd re@RPEESE] ¥eat8hE AFHrRORRY Vi NY
step conprises applying said conpressive strain

step comprises applying heat at a temperature in the range of

from about 1750 to 1950°F and applying a pre-strain force to the

component until irreversible strain reaches 0.1% - 0.2%.

9. The method according to claim 1, wherein said platens forming
step comprises pre—orienting the platens to be perpendicular to

‘an expected service compressive load.

10. The method according to claim 9, wherein said pre-orienting
step comprises applying a compressive strain to said component
for a time period and in a gquantity sufficient to induce a
limited amount of direction layering while not otherwise

changing a structural capability of said component.

11. The method according to claim 10, wherein said compressive
strain applying step camprises applying said compressive strain

to all of said ccmponent.

12. The method according to claim 10, wherein said compressive
strain applying step comprises applying said compressive strain

locally around features of interest.



‘locally around features of interest. 8 13. The nethod according to claim 10,
wherein said conpressive strain applying step conprises applying said
strain via a nechanical device. 14. A turbine engine conponent conprising a
substrate forned froma single crystal nickel based superalloy having a
plurality of platens and said platens being pre-oriented in a direction
paral.lel to expected tensile |loading prior to said conponent being put into
service. _15. _The turbine engine conponent .of claim,14, wherein said _platens
areor ehted iR BEPRRY | SRAP T e BT ¢ (PR TR CCORBOABITS
accordi ngtteis! aplLifngWeegi fomsad sk € umongny issid tswriine vilkade. 17. A

t ur bi ne engi ne, conponent conprising a substrate formed froma single
crystal Rrekerieated®¥ip@ral loy having a plurality of platens and said

pl atens being pre-oriented in a direction perpendicular to expected
conpressive |oading prior to said conponent being put in service. 18. The

t ur bi ne éAgi Aetehponedtdiiee oPANPRNERDE oA ISANIMIe el t redied Loamsonent i s a

turbine bl ade %% 18ecLYLpL ne, £00L NG, LONPANENL, AGE0y ¢l 50 clay

wherein sgﬁdap a?%ns %rg orlentéﬁgln d?rectloﬁglﬁlg;efggn 2 % gh}Zty
cf platens and said platens being pre-oriented in g direction
parallel to expected tensile loading prior to said component

being put intc service.

15. The turbine engine component of claim 14, wherein said

platens are oriented in directional layers.

16. The turbine engine compcnent according to claim 14, wherein
said component is a turbine blade.

17. A turbine engine component comprising a substrate formed
from a single crystal nickel based superalloy having a plurality
of platens and said platens being pre-oriented in a directicn
perpendicular to expected compressive lcading prior to said

component being put in service.

18, The turbine engine compcnent according to c¢laim 17, wherein

said component is a turbine blade.

19. The turbine engine component according to claim 17, wherein

said platens are oriented in directional layers.



