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COVPRESSI ON AND METHOD FOR MAKI NG BACKGROUND OF THE | N\/ENT? i’s
invention relates to a netallic article including an integral end or tip
-portion subject to danage such as cracking. Mdrre particularly, it relates
to anmetallic article, for exanple a gas turbine engine bl adi ng menber
made of a netallic alloy, including a tip subject to tip separation or
cracki ng during operation and propagation of such damage fromthe tip into

under | yi ng Bk £f i @hr TROME iy GeNRIBLGRRL 3PRG HANS URHSER @DNPRRESEENG nes
i ncl ude bl ading nenbers, for exanple blades and vanes, having a free end .

portion or tip disposed i nANRNMBHYSDtH @ MAEINGNot her conponent in a
relatively noving or rotating relationship. Exanples of such nenbers

i ncl ude [ i 0 I and a rotating turbine blade, having
an ai rfo?@A%ﬁmgﬁgﬁ%ﬂvﬁ?g&sed opposite a stationary shroud or
~seal across a relatively narrow gap. Such a gap is designed to limt

| eakage of a s Kkivedtidd wdlsles sahmaslliai articladhadidipg adustegrablend @rtripst i on,
t hrough the gap. As i's-well known and w dely described in conn;ilia;i on with
the tur bi PREURMEILIRST tadamags sedh 3¢ BrokHienMpsrisEic gl bpertat & ame
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.cycling to t enper atures. result; In addition to thermal
expansi onnalndingantiy adjdcom f saphmtinme wberackihg datingaeekrdtioghantl @neiagatiorand

vi bratory stresses ve been generated ip the tip portion of blading
nenber s. O%BE}ha%rf'?gé Eoé%thl’?é\i’émgé\?g?rz‘ﬁ%n?g’“éa extent that can result in the
generation of separations or cracks starting in the ,blade tip and

propagating i ntQydrhenaeiacpplratusisoéegs @ibiloehginet ifdielcbiaddes meRbbl] ng
bet ween such rel atively nmoving nenbers can enhance generation of
separ at i of#s ety Radss amdavgees hafing vt Kregoid PPBive RaV® dseerrddEscri bed in

t he , f i ] P, 0 . !
(pat ont e AgPHTAGEY Ry lyfH ihyto Ry 1R BRAVED i BRI e MAMBNRGE, (20 7
1998) . ThexdMatiaasfauei mainbedmetlddee foragveyombicksopatadntsd desetngrariimet hods and

apparatus, for providing a.conpressive residual stress.in a,surface region,
area or |@pes BringHe a‘_%?}_l{_i_“ﬁﬁ‘ee}n %‘nggﬁm fligPqsat GPPIsHE 234t orR ?W‘E’)‘I‘F{ & treated

surface. MANDAYS Slheldlvelf OVkEE 3HCHEIRR AR sBAMD (o limit leakage of a

working ﬂuid, such as air and/or products of ecombustion, through the gap.

As is well known and widely described in connection with the turbine engine
art, such a blading member can operate at and experiences cycles including relatively
high rotational speeds, sometimes cycling to high temperatures. As a result, in

 addition to thermal expansion and contraction of the member, local and high tensile
and vibratory stresses have been generated in the tip portion of blading members.

. Such stresses have developed to an extent that can result in the generation of

. separations or cracks starting in the blade tip and propagating into the adjacent,
integral body of the member. Rubbing between such relatively moving members can
enhance generation of separations and cracks. Examples of such conditions have
been described in the art, for example in such U.S. Patents as 5,620,307 — Mannava et
al (patented April 15, 1997) and 5,826,453 — Prevey, III (patented October 27, 1998). |

The Mannava et al. and the Prevey, Il patents describe methods and apparatus
for providing a compressive residual stress in a surface region, area or layer of the

_article, extending into. the article from a treated surface. Mannava et al provide such




2 region of conpressive residual stress through use of a L§§ﬁ&m§ﬁq@bs
Peeni ng nethod, extending stress into an airfoil froma |aser shock peened
surface. Prevey, IIl uses a surface burnishing operation in the formof a
Low Pl asticity Burnishing nethod. This ,induces conpressive stress in a
surface | ayer on the surface of nenbers; for exanple to a depth of |ess

t han about 0.05" as shown by the data in the drawings, while |imting cold

working to | ess than about 3.5% for the. reasqgns desgcri by Prevey, I111.
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invention, ekk@i@gisteRriald Aeairdi o iClh&r sAEdEpRhed sufbical PleCeyTaliaiskah, the
article conprising: a body; and, an end portion integral with the body;
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into the body; and the ban el ng undér a conpressive stress greater than
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toward thelHirfoil to a depth selected from operational experience to be
sufficient to resist operational damage. One enbodi nent of the invention is

a met hod of i di onpression by selecting the depth
of the banéﬁﬁﬁ?§ﬁﬁﬂ§gﬂ§ﬂ%géfﬁﬁthgﬁ$§¥ﬁfoi| tip, and performng roller
deformati on on the selected band until conpressive stress is provided

ZUbSt anti al | ydt Acostdingt toeoneispéct olf @tdprefiint Eﬁeﬂﬁﬁ@lﬁh&&'ﬁ obfded His d2RAWY NG The
rawing i s a diagrammatic perspective view of a gas turbjne engine
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DESCRI PTI ON THE | NVENTI'ON Bl ades i n turbonachi nery experience vibration

that can | dugugtothe eatitesrasn dectionwd thetdndpodionsndfiniegts! withuhé exfeadiag intsuch
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- One example of such an article is a blading member made of a metal alloy and
comprising an airfoil having an integral airfoil tip comprising the band with the
compressive stress. The band extends into and toward the airfoil to a depth selected
from operational experience to be sufficient to resist operational damage.
One embodiment of the invention is a method of providing such band under
compression by selecting the depth of the band into the end portion or airfoil tip, and
performing roller deformation on the selected band until compressive stress is

provided substantially through the entire band.
BRIEF DESCRIPTION OF THE DRAWING

The drawing is a diagrammatic perspective view of a gas turbine engine
compressor blade including an airfoil with an airfoil tip band under compression

according to a form of the present invention.
~ DETAILED DESCRIPTION OF THE INVENTION

Blades in turbomachinery experience vibration that can lead to cracks and
separation of surfaces of the blades. Such surfaces include the edge portions of

airfoils such as the leading edge, the trailing edge, and the airfoil tip. Improving the




fatigue strength of the material fromwhich the blade is rrgglg can {Og) uce,
the  probability of cracks form ng and propagating into th RGeS

failure. The radial outer tips of rotating blades are subject to the above
described type of operational damage, not only fromthe conditions of
operation but also fromthe potential of rubbing w th opposing,
cooperating conponents during servige operation. The potential depth of

- such opergt.i onal damage has been determ ned for this invention b
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treati ng methods such as conventional shot peening, Laser Shock Peening
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the th NiFHsHLE BRER o dprL Bebkel Bals, Ti8 68 sGt) B BT R e Y p
Resi st ancéarang@ HaatexgudedCupak about eshominall@W' Bloas thectif yntBunditshad théN718"

i ncl udes i scussiQqn and history of high cycle fatigue in_connection with
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menbers, ¢& q@rowadethilpy cricls pasiting andobgndtiof material substantially
entirely through the cross section of the end portion or tip. The band is

under a conpressiv t.ress substapti al |l rough.t.he entire han r at her
than just in, aélslrﬁ?lﬁgcs:be[a eeslyaé? Tere P gfﬁaoeﬁl? itng&a avg%%hfatlé}’leeétf%ﬂg&'hihet hat of

the body f#igué hereRBADEDicall it hirhan@y, udife RIRSE Meaiifly eRstha’ btk Bits the
initiation and  propagation of cracks in the end portion or tif)' Far
t ur bi ne efRjivaeliBihalichpepEbdraser Shask Reamag ddesenbrl oy Wanpaya chiatd end tip
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extends tqo . a radial depth fromth irfoil tip |ess.than a location in the
airfoil af“i%i@ﬂ})%ﬁéﬁ@f‘?%ﬁ’gﬂ}%@g‘é@ ﬁ%’ﬁ‘%lf hEesl IPf “I%’ la?’té%f@ﬁ%%g]?eél @Ilgnce t he
conpr essi ¥e3ks 8S8scfbid8nd ARy JF §idocybdN ddfote 20%Bnnection with turbine

engine components and various reported surface enhancement methods.

According to forms of the present invention, resistance to such damage to the
end portions of articles, such as the tips of blading members, is provided by disposing
a band of material substantially entirely through the cross section of the end portion or
tip. The band is under a compressive stress substantially through the entire band,
rather than just in a surface layer or region, in an amount greater than that of the body
of the member. In this way, the present invention inhibits the initiation and
propégation of cracks in the end portion or tip. For turbine engine blading members,
the band extends from the airfoil tip radially into the airfoil to a depth, for example up
to about a nominal 0.1, determined from inspection of a damaged service operated

.member to have the potential to experience operational damage. However, the band
extends to a radial depth from the airfoil tip less than a location in the airfoil at which

tensile stress in the airfoil, required to balance the compressive stress in the band, are




4 so high that they are detrinental in one or nore of the Y grator?lo0
response nodes well known in the art to be unique to each % FHPen ?
airfoil design. Typically, such detrinental |ocations are greater than
‘about .10% of the airfoil span length fromthe tip, for exanple about 0.2"
radi al depth fromthe tip on a 2" long airfoil. The present invention wl]l
be nore fully understood by referen e to the drawing. The drawing is a
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and a base 14. In sone exanples, the bladefgenerall |ncludes a platform
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bal ance or “under alr gas turbine engine
bl ades are made of an aIon based on at Ieast one of the elenents Ti, Fe,
Ni , and Co. Exﬁhplpee;semtf irsgotioraiibyie tbat fidlye undamsreod ibal feyerancai loatilee
|nclude Ti, 6- H% . Ti 6-2-4-2 allo A-286 alloy, C 450 alloy, In 718
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i ntegral airfoil 12 and under a residual. conpressive stress greater
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I'n the exaaween afrfoal I?{Jhrﬁﬂbzﬂg lﬁerm@ﬂ’mlhavmelgd@s s eeBbetiol Ypeiptpotiodiise band
ext ends substantlallg through the entire cross section of the squealer

tip. It i&tegewith egdrpdially H\ét“faé%ioaﬂﬁl aé@%r@és@ﬁ@f@ﬂ% pads of girfik hand be in
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30. The banrf:’dgplildyi n each airfoil is determned frominspection of the

i nci dence of danage in service operated airfoils, and is selected to be
sufficient to resist such operational damage. In addition, as described

above, the dept¥§cordingdp erembodiseptolthe pregmit Jaientiply axbok!2 is provided at

tip 18 with a band 20 of blade alloy integral with airfoil 12 and under a residual
compressive stress greater than airfoil 12 contiguous and integral with band 20. Band
20 extends substantially through the entire cross section of airfoil 12, between leading
- edge 22, trailing edge 24, pressure side 26 and suction side 28. In the example of a
blading member having a squealer type tip, the band extends substantially through the

entire cross section of the squealer tip.

It is preferred that the residual compressive stress in the band be in the range
of about 10 ksi (thousands of pounds per square inch) up to the elastic limit of the
material. In one example in which the alloy was In 718 Ni base alldy, the residual
compressive stress in band 20 wé.s preferred to be in the range of about 50 — 150 ksi.
It is preferred that band 20 has a depth into airfoil 12, to a level represented by broken
line 30. The band depth in each airfoil is determined from inspection of the incidence
of damage in service operated airfoils, and is seiected to be sufficient to resist such

“operational damage. In addition, as described above, the depth is selected to be less




5 than that which requires excessive, potentially detrlnen5gl?{§§kﬂby
tensile stresses in the airfoil to balance the conpressivé stre I'n the
band. Cold work in sone prior art exanples of known residual conpressive
stresses in surface layers of articles have been limted to |l ess than
‘about 3.5 percent. However, the band of conpressive stress according to
the present invention can |nclude ol d work of up to about the elastic
limt of the material w thout detrinen For.
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of the band conpressi ve tress provided in a manufacturing preform of

the airfoil, before final finishing, generally is greater.than that of the
finished arti cq:@td vBuk lin pored prien adepamplascif faewn reseduakeamppsstvesstigessth to be
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the fini sheged:! tiel BarldOof e&hﬁﬁes@@eﬁt@\ésh%@érdd@ﬁﬁgmc ;@a@npmafeanmed:amet hod for
provi di ng, band 20 in airfoil 12 is through roller tx col d_wor ki ng
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depth 30 eflne I's selecte as descri bed above, as
t he ext endlioyk, dndndo00% fur @1 asefallbys. 12. Then pressure is applied across the
airfoil to depth 30 until a selected conpressive resi dual stress is
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present invention has been de ed in connection with specific_ exanples
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~appended clal ms.. 25 January 2005 6 CLAIMS: 1. An article nmade of a metallic
mat eri al , for e fipished|agticdpifpesighopgrational damage.
One preferred method for providing band 20 in airfoil 12 is through roller type
cold working deformation of the band. One example is use of a single point pressure
or cold working method traversing airfoil 12 at tip 18 and extending to a depth 30 to
define band 20. Depth 30 is selected, as described above, as the extent of band 20
into airfoil 12. Then pressure is applied across the airfoil to depth 30 until a selected
~compressive residual stress is developed in band 20 substantially through the entire
airfoil. One example of an apparatus that can be used to provide band 20 is included

in the Prevey, II1 U.S. Patent 5,826,453, identified and discussed above.

The present invention has been described in connection with specific examples
~ and embodiments that are intended to be typical of rather than in any way limiting on
| the scope of the present invention. Those skilled in the arts associated with this

invention will understand that it isrcapable of variations and modifications without

departing from the scope of the appended claims.




a body; and, an end portion integral with the body; the en I
conprising a band of the netallic material through the ent??gﬁE%¢§¥Q5
section of the end portion and integral with and extending into the body;
and the band being under a conpressive stress greater than the body. 2. The
article of claiml1 in the formof a bl dding nenber in which: .the body is
an airfoil of the blading nenber; and, the end portion is a tip portion of
the airfoil. 3. The article of claim2 in which: the metallic material is
an alloy based on at |east one elenent selected from the group consisting
of Ti, Fe, N,aiRd Co; the band extends radially into the airfoil to a
depth selected from operational experience to resist operational danage.

4. The article of claim3 in which the band extends radially into the
airfoil tola dépt artidesmadanof 4 owatallisn matenli cthe anrtiglec exvsipvigingtlet ri nent al
amount of resid%%b ,ggﬁsile stress in the airfoil is required to bal ance

t he conpressive stgéss in the band, as neasured by at | east one tested

vi bratory responrsendpaeiod Migatal #0h theeodiys foil . 5. The article of claim4 in
which the location is greater than about 10% of a span Ieng&h of the

airfoil. 6. Thethgeidcrastion compgising aibandaf the mefallic gppeaa dhipagh theeandire s j n
th j : : | i f th
€ range (E;osgp%iﬁ?m 911@1?%211 gg&gnl\c{ﬁﬁ)h%ﬂs’%‘rdt @1@%@"«%}xt%1%ﬁﬁﬁfh@ bui rf‘a}ld Ol €

netallic nmateri rticle o aim € conpressive
stress i s in théelandbeinf unddyaxonflessb@ skrsss gfSi@ thanlibd®odpRa) . 25 January

2005 7 8. The article of claim1 in the formof a gas turbine engine

bl adi ng ngnber conpr.i,si ng;;.a tal]ic airfoil. includi a | eading edge, a
Crailing edge. A5 BuuE A gndn 4% e, Jofb iotoh plsdifey Htmibar FORH0Ter 01 p
portion extendi fg Bodeieheiiviorof theifidndmem®er; bfid,por ti on conprising a
radially outer band integral with and  through the entire circunferenti al

cross section ofhegsd portipngsatipgertion ffbeairfadi al |y into the airfoil, the
band bei ng under a conpressive stress greater than the airfoil.

3. The asticle of claim 2 in which:

the metallic material is an alloy based on at least one element selected from
the group consisting of Ti, Fe, Ni, and Co;

the band extends radially into the airfoil to a depth selected from operational

experience to resist operational damage.

4. The article of claim 3 in which the band extends radially into the airfoil to a
depth less than a location at which an excessive, detrimental amount of residual
tensile stress in the airfoil is required to balance the compressive stress in the band, as

measured by at least one tested vibratory response mode unique to the airfoil.

5. The article of claim 4 in which the location is greater than about 10% of a
span length of the airfoil.
6. The article of claim 3 in which the compressive stress is in the range of about

10 ksi (70 MPa) up to about an elastic limit of the metallic material.

7. The article of claim 6 in which the compressive stress is in the range of

about 50-150 ksi (340 - 1030 MPa).




9. The article of claim8 in which: the netallic material | Q%I based
- on at |east one elenent selected from the group consisti n%ﬁf?‘ |,£0§§, Ni ,
and Co; and, the band extends into the airfoil to a depth selected from
operational experience to resist operational damage. 10. The article of
claim9 in which the band extends radially into the airfoil to a depth
less than a location at which an excessive, detrinmental anount of residual
tensile stress et Rgich fooabixﬁ S1 TiR0Me" 86hnt QP8 BACULIR CAHRE SRadiMg Stress
in the band, as neasured by at |east one tested vibratory Tesponse node
uni que to tmember céoptising:l. The article of claim 10 in which the location is
greater than abqut % a. %p t t.rfojl L p. 12,
The article of Iné?tr%nl%f(?%iff%l?\%c?%ﬁ% %Z&% (?J&gs?\?rgﬂlsﬁgr%g’iiépeg%ﬁgg dtg’ ?ange of
about 10 ksictloAGiddm) aupdially alxettip pireioe kaiehdiag khepdbietvodent he netal lic
material. 13. The article of ¢laim12 .in which the conpressive stress is
in the range of “ASEH B IPRPIY} cpaRBsing porsgiafisguierhan fiohetuytce
meki ng the @bhiiftg effiredifhmidrentid) eroit SREoR LT thex§) Foitibh BxtBndiGRdiAIP {ntd he band
into the end portion; and then, performng rolleér deformation on the end
portion t o thewrfoidghebink keingrendsnal comppressivnstiess gleatehthan thepideidi ve stress is
provi ded through the entire cross section of the end portion. 25 January
2005 8 15. gThe -aj for making an airfoil of a blading nmenber
"~ in which: t9he e@ggg{r%tlé)%fnﬁé@g}%%%%mti on of an airfoil; and, the depth of
"the band is sel dot metaliic makpelcisiangllolycbaaed dwiat leaft anebdladem gelreted drom danaged
during operation and,. ﬁr ovif I ggrﬁhe &pjt hd.zuffi cient to resist operational
- danage. 16.thelﬂ@“1?7‘é‘?1ﬁ§ ngPtch h 404 KO h the depth is selected to be
l'ess than a | ogRd @i adxteMal ClitcARLATRYAT 8 a L RDE |sBledlel ©FSm! Bpédforl 1 f 01 |
required to balance the conpressive stress inthe band is dePrl mental in
“at | east ompericheatoorsistrapgrational damage.

10.  The article of claim 9 in which the band extends radially into the airfoil to a
depth less than a location at which an excessive, detrimental amount of residual
tensile stress in the airfoil is required to balance the compressive stress in the band, as

measured by at least one tested vibratory response mode unique to the airfoil.

11.  The article of claim 10 in which the location is greater than about 10% of a
span length of the airfoil from the tip.

12.  The article of <claim 10 in which the compressive stress 1is
in the range of about 10 ksi (70 MPa) up to about the elastic limit of the metallic

material.

13. The article of c¢laim 12 in which the compressive stress is
in the range of about 50-150 ksi (340 - 1030 MPa).

14.  In a method of making the article of claim 1, the steps of:

selecting a depth of the band into the end portion; and then,

performing roller deformation on the end portion to the depth into the end
portion until the compressive stress is provided through the entire cross section of the

end portion.




unique to the airfoil. 17. The nmethod of claim 16 in which i<on is
greater than about 10% of a span length of the airfoil fr%mHWMS 18.
The nethod of claim 14 for making an airfoil of a blading nmenber in which:
the netallic material is an alloy basedgdon at |east one el enent sel ected
from the group consisting of Ti, Fe, Ni, and Co; and, the conpressive
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at the end portion ) substantially through the entire end portion (18),
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An exanpl ef%ﬂa ihe article (10) is a turbine engine blading nenber in which
t he body ( P the airfoil of the menber (10) and the band (20) is

"di sposed at the radially outer tip portion (18) of the airfoil (12). One
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(18). Figurke ompressive stress in the band is detrimental in at least one vibratory mode

unique to the airfoil.

17.  The method of claim 16 in which the location is greater than about 10% of
a span length of the airfoil from the tip.

18.  The method of claim 14 for making an airfoil of a blading member
in which:

the metallic material is an alloy based on at least one element selected from
the group consisting of Ti, Fe, Ni, and Co; and,

the compressive stress is in the range of about 10 ksi (70 MPa) up to about an

elastic limit of the metallic material.

19. The method of claim 18 in which the compressive stress is in the range of

about 50-150 ksi (340 - 1030 MPa).






