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CUTTING BLADE TIPS

BACKGROUND OF THE INVENTION

1. Field of the I nvention

The present disclosure relates to blades, and pastieularly to blade tip surfaces such
as those for cooperating with abradable coatingsidomachines, such as in gas turbine
engines.

2. Description of Related Art

A variety of rotating blades are known for use &s gurbine engines. Traditionally, air
seals are used between rotating blades and thedarface of the engine case in order to
increase engine efficiency. Engine efficiency barcorrelated to the clearance between tips of
the blades and the inner diameter of the air seahis regard, some air seals are provided as an
abradable air seal that incorporates an abradaderial affixed to the inner surface of a casing.
During operation, the rotating blade tips of thedas contact and abrade the abradable material
(also known as “rubbing”).

Performance requirements for abradable air se&émgscan include efficiency standards
and maintenance cost targets, among other requitesmén order to meet these standards,
abradable air seal systems can be required tolbavgas permeability, low roughness, good
erosion resistance, but still be abradable duritgyaction with blades. These requirements can
conflict with one another, for example, typicalhetmore erosion resistant an air seal is, the
greater the increase in the density and hardnebe @eal, tending to increase the difficulty of
abrading such a seal. In order to cut the harddande abradable material, blades can include
abrasive tip coatings such as Cubic Boron Nitri@dBI{), which tends to increase the cost of the

blades.



Such conventional methods and systems have genbesh considered satisfactory for
their intended purpose. However, there is stilead in the art for improved blades for use in

sealing systems. The present disclosure provinlesians for these problems.
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SUMMARY OF THE INVENTION

A blade includes a blade body extending from adlawdt to an opposed blade tip
surface along a longitudinal axis. The blade boefynes a pressure side and a suction side. The
blade body includes a cutting edge defined whesdithsurface of the blade body meets the
pressure side of the blade body. The cutting é&lgenfigured to abrade a seal section of an
engine case.

The blade can include cutting points extendinglxfeom the blade tip surface along
the longitudinal axis. The blade can include aiogadisposed on a portion of the blade tip
surface. The coating can include TiN, TiCN, TiAlN,Os;, CBN, diamond, or the like. The
coating can be disposed only on a portion of thedlip surface that includes the cutting points,
for example.

The blade tip surface can include a chamfered saiff@tween the pressure side and the
suction side of the blade body that tapers towaedtade root in a direction from the pressure
side to the suction side. The blade tip surfaceimelude a land on the blade tip surface between
the pressure side and the chamfered surface. thopaf the land can be at a ninety degree
angle with respect to a portion of the pressure sfdhe blade body. The cutting edge can
define an arcuate portion transitioning betweerpttessure side and the land of the blade tip
surface. The cutting points can be disposed onlthe land of the blade tip surface. The cutting
edge can include a projection portion. The pragacportion can extend from the pressure side
of the blade body.

A method for manufacturing a blade includes formamgairfoil with a root and an

opposed tip surface along a longitudinal axis, wirethe airfoil defines a pressure side and a
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suction side. The method also includes formingtting edge where the tip surface of the airfoil
meets the pressure side of the airfoll.

Forming a cutting edge can include machining a ¢beed surface between the pressure
side and the suction side on the tip surface, maupian arcuate portion between the pressure
side and a land, and/or machining a projectionipoiextending from the pressure side.
Machining a chamfered surface can include tapahiaghamfered surface toward the root in a
direction from the pressure side to the suctior.sid

Forming a cutting edge can include forging a chaedeurface between the pressure
side and the suction side on the tip surface, figrgin arcuate portion between the pressure side
and a land, and/or forging a projection portioreexiing from the pressure side. Forging a
chamfered surface can include tapering the chaohfargface toward the root in a direction from
the pressure side to the suction side. The meathndnclude forming cutting points in the tip
surface. The method can also include coating aopoof the tip surface with a coating material
including at least one of TiN, TiCN, TiAIN, AD3;, CBN, and diamond.

A gas turbine engine includes a case definingweckne axis, an abradable liner
disposed radially inward from the case, a hub fadiawvard from the case and the abradable
liner, and a plurality of blade bodies extendingdia#ly outward from the hub for rotation about
the centerline axis. The abradable liner inclualésyer of rub material disposed on an inner
diameter of the abradable liner. The cutting eofgeach blade body is positioned proximate an
inner diameter of the layer of rub material foraing the layer of rub material during
circumferential movement of the cutting edges adillade bodies rotate about the centerline

axis.



These and other features of the systems and metidlds subject disclosure will
become more readily apparent to those skillederatth from the following detailed description

of the preferred embodiments taken in conjunctidh the drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

So that those skilled in the art to which the scibgisclosure appertains will readily
understand how to make and use the devices anddwetti the subject disclosure without
undue experimentation, preferred embodiments thevildoe described in detail herein below
with reference to certain figures, wherein:

Fig. 1 is a schematic diagram depicting an exem@arbodiment of a gas turbine engine
constructed in accordance with the present disoégsu

Fig. 2 is a schematic perspective view of an examy@mbodiment of a blade
constructed in accordance with the present disedosthowing a pressure side of the blade and a
cutting edge;

Fig. 3 is a schematic cross-sectional view of d@ipoof the blade shown in Fig. 2
disposed in the a gas turbine engine of Fig. lwsimpthe cutting edge proximate to an
abradable liner;

Fig. 4 is a schematic cross-sectional view of dipoof another exemplary embodiment
of a blade with a cutting edge constructed in ataoce with the present disclosure, showing an
arcuate portion on the blade tip surface with ainga

Fig. 5 is a schematic cross-sectional view of dipoof another exemplary embodiment
of a blade with a cutting edge constructed in ataoce with the present disclosure, showing a
projection portion on the blade tip surface wittoating; and

Fig. 6 is a schematic cross-sectional view of dipoof another exemplary embodiment
of a blade with a cutting edge constructed in ataoce with the present disclosure, showing

cutting points dispose on a portion of the bladestirface with a coating.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Reference will now be made to the drawings whdrik@éreference numerals identify
similar structural features or aspects of the slgesclosure. For purposes of explanation and
illustration, and not limitation, a partial view ah exemplary embodiment of a gas turbine
engine in accordance with the disclosure is showfig. 1 and is designated generally by
reference character 100. An enlarged perspecidve of an exemplary embodiment of a gas
turbine blade in accordance with the disclosush®vn in Fig. 2. Other embodiments of gas
turbine blades in accordance with the disclosur@spects thereof, are provided in Figs. 3-6, as
will be described. The systems and methods desthbrein can be used to enable blades, e.qg.
nickel blades with or without any coating, to bedisn abradable seal systems for gas turbine
engines.

Fig. 1 schematically shows a gas turbine engineid€lQding (in serial flow
communication) a fan 102, a compressor 104, a cetab®06, and a turbine 108. Gas turbine
engine 100 is circumferentially disposed aboutragiree centerline axis A. Gas turbine engine
100 includes an engine case 110 and a hub 112lyadiaard from case 110. A plurality of
blades 114 extend radially outward from hub 112ébation about centerline axis A.

Now with reference to Figs. 2 and 3, blade 114udek a blade body 124 extending from
a blade root 126 to an opposed blade tip surfaBealidhg a longitudinal axis B. Blade body 124
defines a pressure side 130 and a suction side B@2le body 124 includes a cutting edge 134
defined between tip surface 128 of blade body I##aessure side 130 of blade body 124.
Cutting edge 134 is configured to abrade a poricen abradable liner 116, e.g. a seal section,
of case 110. Those skilled in the art will readippreciate that cutting edge 134 acts similar to a

cutting edge of a cutting machine tool. Insteadeofioving abradable liner 116 material with



10

15

20

friction wear, abradable liner 116 material is rew by the cutting action of cutting edge 134.
It is contemplated that the reduced friction energgsumption as compared with traditional
blades tends to reduce heat generation duringmghddiabradable liner 116.

Those skilled in the art will also readily appreeithat blade 114 tends to reduce costs as
compared with CBN tipped blades used in traditiceal systems because no CBN tipping is
required for blade 114. In addition, it is contéat@d that blade 114 can rub harder abradable
layers, e.g. abradable liner 116, than traditi@BN tipped blades, therein increasing efficiency
and engine performance, notably in the high-pressompressor (HPC) section 104 of gas
turbine 100. The pressure and temperature arehightHPC section 104 therefore any
clearance/gap reduction typically have a higheracbhn efficiency improvements. In addition,
in HPC section 104, abradables with high tempeeatapability, such as nickel and cobalt based
materials, are often needed which tend to makardédr to abrade than other abradables found in
other turbine sections.

As shown in Fig. 3, abradable liner 116 is locdietiveen the blade 114 and an inner
surface 118 of engine case 110. Abradable linériddludes a layer of rub material 120
disposed on an inner diameter 122 of abradable 1ih&. Blade tip surface 128 includes a
chamfered surface 136 between pressure side 138uatidn side 132 of blade body 124 that
tapers toward blade root 126 (shown in Fig. 2) @iraction from pressure side 130 to suction
side 132. Blade tip surface 128 includes a largild&ween pressure side 130 and chamfered
surface 136. A portion of land 138 is at a nirdgree angle with respect to a portion of
pressure side 130. Those skilled in the art waidily appreciate that while the angle between
land 138 and pressure side 130 is shown and deddnérein as approximately ninety degrees,

the angle can vary depending on the applicatiar.ekample, a smaller angle tends to increase
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cutting capability, but there may be a trade-offexfuced cutting edge strength. Those skilled in
the art will readily appreciate that a relief an@lieetween land 138 and chamfered surface 136
can range from 2 to 6 degrees. Relief afigieduces the contact between blade tip surface 128
and abradable liner 116, tending to reduce frictaoe and frictional heat generation as
compared to traditional blades.

With continued reference to Fig. 3, cutting edgé @Bblade body 124 is positioned
proximate an inner diameter 121 of layer of ruberiat 120 for abrading layer of rub material
120 during circumferential movement of cutting ed@d as blade body 124 rotates about
centerline axis A, shown in Fig. 1, as indicateldesnatically by the arrow.

As shown in Fig. 4, blade 214 is similar to bladd.1 Cutting edge 234 of blade 214
defines an arcuate portion 240 transitioning betwmessure side 230 and land 238 of blade tip
surface 228. Blade tip surface 228 also includesating 246, described in further detail below.
Those skilled in the art will readily appreciatattlarcuate portion 240 can be stronger than a
sharp cutting edge, but there may be a trade-affaréased frictional forces and higher energy
tending to cause increased heat generation.

Now with reference to Fig. 5, blade 314 is similablade 114. Cutting edge 334 of
blade 314 includes a projection portion 342. Ritiga& portion 342 extends from pressure side
330 of blade body 324, e.g. extending left as ¢oei@n Fig. 5. An anglf between pressure
side 330 and projection portion 342, e.g. rake@ngan range from 0 to 4 degrees, and/or can be
a variety of suitable angles depending on the gamplication. For example, the larger angle
is, the sharper and more efficient cutting edge &8#be, tending to require less force to cut

through an abradable liner, e.g. abradable linér kit there may be a trade-off of reduced
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cutting edge 334 strength. Blade tip surface 328 iacludes a coating 346, described in further
detail below.

As shown in Fig. 6, blade 414 is substantially &amio blade 114. Blade 414 includes
cutting points 444 extending axially from bladesipface 428 along longitudinal axis B.
Cutting points are disposed on land 438 of bladsurface 428. Those skilled in the art will
readily appreciate that cutting points 444 can aksalisposed on lands 138, 238 and 338 of
blades 114, 214 and 314, respectively. Thoseeskill the art will readily appreciate that the
reduced surface area contact between cutting pé#tsand an abradable liner, e.g. abradable
liner 116, as compared to the surface area cob&ateen the abradable liner a blade tip surface
428 without cutting points 444, tends to reducd lyeaeration.

With reference now to Figs. 3-6, blades 214, 31d14¥ include a coating 246, 346 and
446 disposed on a portion of blade tip surfaces 228, and 428. The coating can include TiN,
TiCN, TiAIN, Al ,03, diamond, CBN and/or any other suitable coatingriachining high
strength aerospace alloys. Those skilled in thevéirreadily appreciate that the CBN coating
varies from CBN abrasive tipping in that the CBNaaives are typically brazed or plated on the
tips of the blades, while the CBN coating is a tlaier, in the range of microns, on the blade tip,
similar to a coated cutting tool edge. Coating8, 346 and 446 tend to reduce the wearing
away of blade material, e.g. a nickel alloy matedaring rubbing. As shown in Fig. 6, coating
446 is disposed only on a portion of blade tip atef428 that includes cutting points 444. Those
skilled in the art will readily appreciate that, Mehblade 414 is shown with coating 446 only on
cutting points 444, coating 446 can be appliedatlyeo a cutting edge, e.g. cutting edge 134, of
a blade, e.g. blade 114, similar to coatings 246346 shown in Figs. 4 and 5. Itis also

contemplated that other suitable coatings can pbkeabto blade tip surfaces 128, 228, 328 and

10
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428 depending on where blades 114, 214, 314 andmlldeing used in the turbine engine.
Those skilled in the art will readily appreciatatticoatings 246, 346 and 446 are optional and
are not required on blade tip surfaces 228, 328 428.

With reference now to Figs. 1-6, a method for maotfring a blade, e.g. blades 114,
214, 314 and 414 includes forming an airfoil, élgde bodies 124, 224, 324 and 424, with a
root, e.g. root 126, and an opposed tip surfagetip.surfaces 128, 228, 328 and 428, along a
longitudinal axis, e.g. longitudinal axis B, wher¢he airfoil defines a pressure side, e.g.
pressure sides 130, 230, 330 and 430, and a switiene.g. suction sides 132, 232, 332 and 432,
and forming a cutting edge, e.g. cutting edges 234, 334 and 434, between the tip surface of
the airfoil and the pressure side of the airfdihe cutting edge is configured to abrade a seal
section, e.g. abradable liner 116, of an engine,aag. engine case 110.

Those skilled in the art will readily appreciatattfiorming the cutting edge can include
either machining or forging a chamfered surfaag, &amfered surfaces 136, 236, 336 and 436,
between the pressure side and the suction sidehivag and/or forging the chamfered surface
includes tapering the chamfered surface towardbldee root in a direction from the pressure
side to the suction side. It is also contemplated forming the cutting edge can include
machining and/or forging an arcuate portion, erguate portion 240, between the pressure side
and a land. Further, those skilled in the art aldlo readily appreciate that forming the cutting
edge can include machining and/or forging a praegportion, e.g. projection portion 342,
extending from the pressure side.

In addition, it is contemplated that the method icextude forming cutting points, e.g.
cutting points 444, in the tip surface. Thosele#liin the art will readily appreciate that the

cutting points can be formed by machining, knurlangny other suitable manufacturing process.
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It is contemplated that the method can also incluaging a portion of the tip surface with a
coating material including at least one of TiN, NCTIAIN, Al .03, CBN and diamond. Those
skilled the art will readily appreciate that physdigapor deposition (PVD) and/or chemical
vapor deposition (CVD) can be used to deposit daicgs, e.g. coatings 146, 246, 346 and 446,
described above. It is contemplated that the nustidescribed herein are suitable for mass
production of the blades.

The methods and systems of the present discloasiiggscribed above and shown in the
drawings, provide for blades with superior progrtincluding increased efficiency and
potentially reduced cost. While the apparatusraasthods of the subject disclosure have been
shown and described with reference to preferredoelintients, those skilled in the art will
readily appreciate that changes and/or modificatioay be made thereto without departing

from the spirit and scope of the subject disclosure

12



10

15

20

What isclaimed is:

1. A blade, comprising:

a blade body extending from a blade root to an spgdlade tip surface along a
longitudinal axis, wherein the blade body defingsessure side and a suction side, and wherein
the blade body includes a cutting edge defined attex blade tip surface of the blade body
meets the pressure side of the blade body, wh#reioutting edge is configured to abrade a seal

section of an engine case.

2. A blade as recited in claim 1, further compgscutting points extending axially from the

blade tip surface along the longitudinal axis.

3. A blade as recited in claim 1, further compmgsancoating disposed on a portion of the
blade tip surface, wherein the coating includdsadt one of TiN, TiCN, TiAIN, AlO;, CBN

and diamond.

4. A blade as recited in claim 3, wherein the caais disposed only on a portion of the

blade tip surface that includes the cutting points.

5. A blade as recited in claim 1, wherein thalbléip surface includes a chamfered surface

between the pressure side and the suction sidedflade body that tapers toward the blade root

in a direction from the pressure side to the suacside.

13
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6. A blade as recited in claim 5, wherein the blageurface includes a land on the blade

tip surface between the pressure side and the enad$urface.

7. A blade as recited in claim 6, wherein a portbthe land is at a ninety degree angle

with respect to a portion of the pressure sidéneftilade body.

8. A blade as recited in claim 5, wherein the ogtdge defines an arcuate portion
transitioning between the pressure side and adatite blade tip surface, wherein the land is

between the pressure side and the chamfered surface

9. A blade as recited in claim 5, wherein cutfooints extending axially from the blade tip
surface along the longitudinal axis are disposdy on a land of the blade tip surface, wherein

the land is on the blade tip surface between thsgure side and the chamfered surface.

10. A blade as recited in claim 1, wherein theiogtedge includes a projection portion,

wherein the projection portion extends from thespuee side of the blade body.

11. A method for manufacturing a blade, the mettmdprising:

forming an airfoil with a root and an opposeddipface along a longitudinal axis,
wherein the airfoil defines a pressure side angctian side; and

forming a cutting edge where the tip surface efdirfoil meets the pressure side of the

airfoil, wherein the cutting edge is configuredatorade a seal section of an engine case.

14
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12. A method as recited in claim 11, wherein forgnéncutting edge includes machining a
chamfered surface on the tip surface between #msspre side and the suction side, wherein
machining a chamfered surface includes taperinglenfered surface toward the root in a

direction from the pressure side to the suctior.sid

13. A method as recited in claim 11, wherein forgnéncutting edge includes machining an
arcuate portion between the pressure side anddawdrerein the land is surface on the tip
surface between the pressure side and a chamignfades wherein the chamfered surface is on

the tip surface between the pressure side anditt®s side.

14. A method as recited in claim 11, wherein forgnéncutting edge includes machining a

projection portion extending from the pressure side

15. A method as recited in claim 11, wherein forgréncutting edge includes forging a
chamfered surface between the pressure side astithien side, wherein forging a chamfered
surface includes tapering the chamfered surfacarbhe root in a direction from the pressure

side to the suction side.

16. A method as recited in claim 11, wherein forgnéncutting edge includes forging an
arcuate portion between the pressure side anddawdrerein the land is surface on the tip
surface between the pressure side and a chamignfades wherein the chamfered surface is on

the tip surface between the pressure side anditt®s side.

15
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17. A method as recited in claim 11, wherein forgréncutting edge includes forging a

projection portion extending from the pressure side

18. A method as recited in claim 11, further comsipg forming cutting points in the tip

surface, wherein the cutting points extend axifthyn the tip surface along the longitudinal axis.

19. A method as recited in claim 11, further cosipg coating a portion of the tip surface

with a coating material including at least one 0§, TTiCN, TiAIN, Al ,03, CBN and diamond.

20. A gas turbine engine comprising:

a case defining a centerline axis;

an abradable liner disposed radially inward fromc¢hse including a layer of rub
material disposed on an inner diameter of the atadiner;

a hub radially inward of the case and the abradaide and

a plurality of blade bodies extending radially oatd/from the hub for rotation about the
centerline axis, wherein each blade body exterais & respective blade root to an opposed
respective blade tip surface along a respectivgitiodinal axis, wherein each blade body defines
a respective pressure side and a respective swuitionwherein each blade body includes a
respective cutting edge defined where the bladsuiface meets the pressure side of the blade
body, wherein the cutting edge of each blade bsghositioned proximate an inner diameter of
the layer of rub material for abrading the layerud material during circumferential movement

of the cutting edges as the blade bodies rotatetdabe centerline axis.
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