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COVPRESSI ON AND METHOD FOR MAKI NG BACKGROUND OF THE | NVE 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?@Ammgﬁgﬁ%ﬂvﬁ?s 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

experi encesg L(éyﬁdre&arjngl%lau IsNGroi! &t '-r}é%xﬁungingéwepwardk Qpal meRgRdSoySONet i Mes
.cycling to an tenperatures. As result,; In addition to thernal
expansi oninalndingantir adjdcom of sephmtine wherackihg dalingaererdtiog antl emepagetiorand

vi bratory stresses ve been generated ip the tip portion of blading
nenber s. O%BE}ha%rf'?gé Eoé%thl’?é\%mgé\?g?r%%n?%“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

the art, f [ C . P 0,305 MaDRAVR €1 A
(pat ent e RspFTAE bRy gtk 5 BER AT i B8 ne FOANENRRE, cper 27,
1998) . Examples of such members include a rotating compressor blade and a rotating turbine

blade, haviﬁg an airfoil with an airfoil tip disposed opposite a stationary shroud or

seal across a relatively namrow gap. Such a gap is designed to 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




The Mannava et at. and the Prevey, |Il patents describe ne&ﬁﬂﬂ@F§Q%05
apparatus for providing a conpressive residual stress in a surtrace region,
area or layer of the article, extending into. the article froma treated
surface. Mannava et at provide such 25 January 2005 2 region of conpressive
resi dual stress through use of a Laser Shock Peening nethod, extending
stress into an airfoil froma |l aser shock peened surface. Prevey, |Il uses

a surface burnishing operation in the form of Low_ Pl i city Burnishing
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and the bani. bei ng under a conpressive stress greater than the body. One
exanpl e of such an article is a blading nenber nade of a netal alloy and

conpri si ng i i i j | airfoil tip conprising the band
with the égﬁgﬁé@@ﬁb@ug?nggH%Qhéﬂﬁgﬂ@ﬁgxtends into and toward the airfoi
to a depth selected from operational experience to be sufficient to resist
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di agr anmat itropel e evtine\eosy iseshionfof ghegad pottidsi and integriahwith and extending into
the body; and the band being under a compressive stress greater than the body.

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




conpressor blade including an airfoil with an airfoil tip d un
conpression according to-a formof the present invention.E%%ﬁ&qy 05
DESCRI PTI ON OF THE | NVENTI ON Bl ades i n turbonachi nery 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 |eading edge,
the trailing edge, and the airfoil gip. | nproving the 25 January 2005 3

- fatigue strength of the nateri%: fromwhich the bhlade is made canp reduce,
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fatigue sirength, The fatigue strength typically is enhanced using surface
treating E‘éﬁ%&gils ik s cop dfegient ﬂ&rfa?te%ﬂ&gt%eﬁﬁﬁeﬂg,ﬁ i 4o cPeeni ng
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Prevey, 1IT). In addition, an article by Prevey e I'n Proceedl ngs of
t'he 5t h Nedn anal cakiighbiCyrmtleinfatiogard/Gogrbetlence (2000), and titled "FOD
Resi stance and Fatigue Crack Arrest in Low Plasticity Burnished | N718"

i ncl udes a di sgussi and history.of hi cycle.fatjgue i.n cannection with
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met hods. Agiged ditlggth OrybRENE of edhbredr @s@ntsutfanentch @iy Makddt anteat o such
dama.ge tocénr\]/gntional shot peening, Laser Shock Peening (described in Mannava et al.) and

Low Plasticity Burnishing (described in Prevey, III). In addition, an article by Prevey

et al in Proceedings of the 5 National High Cycle Fatigue Conference (2000), and

titled “FOD Resistance and Fatigue Crack Arrest in Low Plasticity Burnished IN718”

includes a discussion and history of high cycle fatigue in connection 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




end portions of articles, such as the tips of bl ading nenbﬁgz iﬁb vi ded
by di sposing a band of naterlal substantial l'y entirely thro r oss
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According to an embodiment of the present invention, airfoil 12 1s 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 substanttally 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




According to an enbodi nent of the present invention, airfoi %ﬁ%%fﬁd% ovi ded
at tip 18 with a band 20 of blade alloy integral with air and under
a residual conpressive stress greater than airfoil 12 contiguous and
irntegral with band 20. Band 20 extends substantially through the entire
‘cross section of airfoil 12, between | eading edge 22, trailing edge 24,
pressure side 26 and suctlon side 28 In the exanple of a blading nember
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for the finished article to resist operational 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.




sum of the depth to be trimed fromthe blade tip during %ﬁgﬁgﬁ@s
achi eve design clearance or tolerance, sonetines called the 1ri engt h,
and the depth selected for the finished article to resist operational
damage. One preferred nmethod for providing band 20 in airfoil 12 is through
roller type cold working deformation &f the band. One exanple is use of a
single point pressure or cold working nethod traversing airfoil 12 at tip
18 and extending to a depth 30 to define band 20. Depth 30 is selected, as
descri bed above, as the extent of band 20 into airfoil 12. Then pressure
is applied@cipgg: the airfoil to depth 30 until a selected conpressive
residual stress 1s devel oped in band 20 substantially through the entire
airfoil. One exanple of an apparatus that can be used to provide band 20 is
i ncluded iln t héwPrasidg mafi¢ of i Patalive Bate2d, 488, aitigkentdonipsidingnd

di scussed above, ﬁg EBhesent i nvention has been described in connection
with specific exg Y:éd% and enmbodi nents that are intended to be typi cal of
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Those skilled in the arts associated with this invention will understand
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made of a nmetallic materia arti conpri si ng: an end
porti on i ntegr akthatbant being vbdehg conpressive spesstgremerdhmpﬂlebndl;g a band of the
metallic material through the entire cross section of the end portion and

integral wi,th a ext endi lnto t an e band bein der a
conpressi v ‘strgggiﬁﬁggfg?g? n E%Qﬁ%g§§g(§ ?%%iéﬁf?%? %P%ﬁh]l in the
formof a bl adi ag ywayhesn diffolMdf el bladiifi@ehBely ahd an ai rf0| I of the bl ading
menber; and, the end portion is a tip portign of the airfoil.
the end portion is a tip portion of the airfoil.
3. The article 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).




3. The article of claim2 in which: the netallic materi al 55$Ja?lg‘1_‘§,lj0§g based
- on at |east one elenent selected from the group consisting 0O i, 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
claim3 in which the band extends radially into the airfoil to a depth

| ess than a | ocation at which an excessive, detrinmental anount of residual
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in the band, as neasured by at |east one tested vibratory Tesponse node
uni que to tmember céwptising. The article of claim4 in which the location is
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(70 MPa) upuétivnabdeiindarradinbg biter fip portionextehdingeiendtetweenpt erial . 7. The

article of claim,6 i.n which the conpressive stress is i,n the. range of
about 50-150 ksivhemip the jigxprigy pom @Slﬁ%mﬂgﬁhida%ew and infpgral e pad of
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metallic airfofl including a | eading edge, a trailing edge, a pressure

side, a suletdidnil.ghelbarahhbing waldi akcdmpisssies sttespgigater then thedideidli ng

t her ebet ween; wherein the tip portion conprising a radially outer band
integral wgth a hei :‘.k.e circunferential cross section of the
~tip porti or?' ext gﬂgsaﬁ{rég%@?y |1nnte"2ﬂlblg'he airfoil, the band being under a
“conpressi ve st r dssmgrabiat mutetiblais danhdlogitabal bn ableafthmeasl¢meltacketted feinm 8 i n

which: the netallic material js an allo ased on at |east one el enent
-sel ected f W"Fﬁ‘é‘_”ﬁf‘“&ﬂ%ogg}afﬁsﬁli’ ﬂﬂ‘?gf” %‘}d? Fe, Ni, and Co; and, the band
extends into theydiphiPidxtdn@s Anferhd Selirabes ddpamsereteat freabperational

experience to resist operational 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.




experience to resist operational damage. 10. The article o? g%ﬁlag) 0i5n
whi ch the band extends radially into the airfoil to a dep % es an a
| ocation at which an excessive, detrinental anmount of residual tensile

stress in the airfoil is required to bagance the conpressive stress in the
band, as neasured by at |east one tested vibratory response node unique to
the airfoil. 11. The article of claim 10 in which the location is greater

- than about 150% afheameaRAN of &Mk 19f fdrM draidgf ah! aitfoRMbE Be blddihg Ieemblhe
article of claim10 in which the conpressive stress is in the range of

about 10 ksnwhitgh: MPa) up to about the elastic limt of the netallic
material. 13. Trgﬁ%artic.e of claim12.in.which.the conpressive stress is

in the range of ‘AbTUPERHEF {PRHoricHefan alYs 4¥8n) * 14. In a method of

meking the arti heddpih 6f fkBadd istsBRcfl O SnsPbetingSihb @ fdilNer Fblading heafbet he band
into the end portion;. and then, performng roller_deformatjon on_the end

portion t o demegefepurng apgration aad providing ithe dgpth suffigientcloniopisk eperatianal ess i s
provi ded t rqlldggl the entire cross section of the end portion. 25 January

2005 8 15. The“nmethod of claim 14 for nmaking an airfoil of a blading nmenber
‘in which: the end portion is a tip portion of an airfoil; and, the depth of
t he band i dé6sel dhecenethpd i afsgleint ildgint hichi Heodbptbfis aselrcrdi togberdedsethandanaged

during operation and providing the.depth suff.icient t.o resist rat i onal
darmgs. 56 RERL A<D o, AEPHRIGE o ERS dRhE drthT reRlel de s be

less than g kowpids@te AtreddhinCihc Bhnd B Wtirifénthle NS bl Eeastt &S SitratofyNfhodk! f Oi |
required to balance the conpressive stress in the band is detrinental in

at | east onaiquely heginoihnde

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).




unique to the airfoil. 17. The method of claim 16 in whichy4 ﬂﬁhhﬂgﬂbson IS
greater than about 10% of a span length of the airfoil fron1 tip. 18.
The nethod of claim 14 for making an airfoil of a blading nmenber in which:
‘the nmetallic material is an alloy based on at | east one el enent sel ected
from the group consisting of Ti, Fe, Ni, and Co; and, the conpressive
stress is in the range of about 10%ksi (70 MPa) up to about an elastic

compr essi WELFELs ARETRE Tl vl TalBut Sp thugbE D ibpe S0 1eg)

25 January 2005 9 METALLI gm%wmlme END BAND UNDER

COVPRESSI ON AND METHOD FOR MAKI NG ABSTRACT An article (10) nmade of a
metallic material and conprising a body (12) and a body end portion (18)

i ntegral ABSHRAKRE body (12), includes a band (20) of the netallic material
at the end portion (18) substantially through the entire end portion (18),

the band (20),bei.n S ody (12).
An exanpl e of A héwg?ﬁggpgd%fg?gﬁﬁﬁﬁé gﬁétéﬁgﬁggﬁgﬂ%ﬁg%%ﬁqnné%ﬁ%g i'n which
- the body {cl2)end pottiva (18) infegtal with th&@odﬁﬁbﬁﬂnc(uﬁ@& ahﬁldi t20pobdmandtd0y is

di sposed at the radially outer tip

pﬁ i on (% e alrf@kl glz) One
met hod f oPesFighvaldPhgnd P@‘%ﬁ]&)@?ﬂtaqtﬁ Y thygueh ﬁref‘BﬁErﬁ POrSt &R)dEf or mat i on
on the endaQ5H) Rhal Bk é’éﬁrhﬂres%n@%%%%qeﬁém%th@t)odﬂqaprRﬁ%ké’rﬁpl%'folfess is
devel oped in the band (20) substantially through the entire end portion

- (18). Fi gheerticle (10) is a turbine engine blading member in which the body (12) is the

airfoil of the member (10) and the band (20) is disposed at the radially outer tip

portion (18) of the airfoil (12). One method for providing the band (20} includes

performing roller deformation on the end portion (18) until a desired amount of
compressive stress is developed in the band (20) substantially through the entire end

portion (18).

Figure 1 : e




