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METALLIC ARTICLE WITH INTEGRAL END BAND UNDER COMPRESSION
AND METHOD FOR MAKING

BACKGROUND OF THE INVENTION

This invention relates to a metallic article including an integral end or tip
portion subject to damage such as cracking. More particularly, it relates to a metallic
article, for example a gas turbine engine blading member made of a metallic alloy,
including a tip subject to tip separation or cracking during operation and propagation

of such damage from the tip into underlying material.

Power generation apparatus such as turbine engines include blading members,
for example blades and vanes, having a free ehd portion or tip disposed in
juﬁctaposition with another component .in a relatively moving or rotating relationship.
Examples of such members include a rotating comi)ressor blade and a rotating turbine
blade, having an airfoil with an airfoil tip disposed opposite a stationary shroud or
seal across a relatively narrow gap. Such a gap is designed to limit leakage of a

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

As is well known and widely described in connection with the turbine engine
aft, 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,

iﬁtegral 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, III 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
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region of compressive residual stress through use of a Laser Shock Peening method,
extending stress into an airfoil from a laser shock peened surface. Prevey, III uses a
surface burnishing operation in the form of a Low Plasticity Burnishing method. This
induces compressive stress in a surface layer on the surface of members, for example
to a depth of less than about 0.05" as shown by the data in the drawings, while
limiting cold working to less than about 3.5%, for the reasons described by Prevey,
ML

BRIEF SUMMARY OF THE INVENTION

The present invention, in one form, provides an article made of a metallic
material and comprising a body and a body end portion integral with the body. The
end portion comprises an integral band of the metallic material substantially through
the entire end portion, 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 ban-a_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
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fatigue strength of the material from which the blade is made can reduce the

probability of cracks forming and propagating into the blade to failure. The radial
outer tips of rotating blades are subject to the above described type of operational
damage, not only from the conditions of operation but also from the potential of
rubbing with opposing, cooperating components during service operation. The
_ potential depth of such operational damage has been determined for this invention by
inspecting damage to service operated blades. In some cases, the depth of such
damage has extended up to about a nominal 0.1" from the tip into and toward the
blade airfoil. Tip rubs can degrade the material fatigue strength in the rub-damaged
region. Residual compressive stress contiguous with the area in which such damage

can occur can inhibit crack initiation and/or growth.

Currently blades are made of materials that have high fatigue strength. The
fatigﬁe strength typically is enhanced using surface treating methods such as
conventional 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
propagation 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
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so high that they are detrimental in one or more of the vibratory response modes well
known in the art to be unique to each particular airfoil design. Typically, such
detrimental locations are greater than about 10% of the airfoil span length from the

tip, for example about 0.2" radial depth from the tip on a 2" long airfoil.

The present invention will be more fully understood by reference to the
drawing. The drawing is a diagrammatic perspective view of a gas turbine engine
compressor blading member, representative of a rotating compressor or a rotating
turbine blade. The compressor blade shown generally at 10 includes an airfoil 12 and
a base 14. In some examples, the blade generally includes a platform 16 disposed
between airfoil 12 and base 14. Airfoil 12 includes an end portion or tip portion18
integral with and radially outward of the balance or underlying body of airfoil 12.
Typically, gas turbine engine blades are made of an alloy based on at least one of the
elements Ti, Fe, Ni, and Co. Examples of such alloys that are commercially available
include Ti 6-4 alloy, Ti 6-2-4-2 alloy, A-286 alloy, C 450 alloy, In 718 alloy, and
Rene’ 95 alloy.

According to an embodiment of the present invention, airfoil 12 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, pfessure 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 alloy, the residual
compressive stress in band 20 was 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 selected to be sufficient to resist such

operational damage. In addition, as described above, the depth is selected to be less
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than that which requires éxcessive, potentially detrimental residual tensile stresses in

the airfoil to balance the compressive stress in the band.

Cold work in some prior art examples of known residual compressive stresses
in surface layers of articles have been limited to less than about 3.5 percent.
However, the band of compressive stress according to the present invention can
include cold work of up to about the elastic limit of the material without detriment to
the band. For example, cold work can be included to at least about 15% for Ni base

alloys, and about 10% for Ti base alloys.

In the manufacture of a blading member, the depth of the band of compressive
stress provided in a manufacturing preform of the airfoil, before final finishing,
generally is greater than that of the finished article. Such preform depth includes the
sum of the depth to bé trimmed from the blade tip during manufacture to achieve
design clearance or tolerance, sometimes called the trim length, and the depth selected

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 inventioﬂ 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 is capable of variations and modifications without

departing from the scope of the appended claims.
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WHAT IS CLAIMED IS:

1. An article (10) made of a metallic material, the article (10) comprising:

a body (12); and,

an end portion (18) integral with the body (12);

fhe end portion (18) comprising a band (20) of the metallic material
substantially through the entire end portion (18);

the band (20) being under a compressive stress greater than the body (12).

2. The article (10) of claim 1 in the form of a blading member in which:
the body (12) is an airfoil of the blading member (10); and,
the end portion (18) is a tip portion of the airfoil (12).

3. The article (10) 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 (20) extends radially into the airfoil (12) to a depth (30) selected from

operational experience to resist operational damage.

4. The article (10) of claim 3 in which the band (20) extends into the airfoil
(12) to a depth (30) less than a location at which an amount of tensile stress in the
airfoil (12) required to balance the compressive stress in the band (20) is detrimental

in at least one vibratory response mode unique to the airfoil (12).

5. The article (10) of claim 4 in which the location is greater than about 10%
of a span length of the airfoil (12).

6. The article (10) of claim 3 jin which the compressive stress is in the range

of about 10 ksi up to about an elastic limit of the metallic material.

7. The article (10) of claim 6 in which the compressive stress is in the range
of about 50 — 150 ksi.

8. The article (10) of claim 1 in the form of a gas turbine engine blading

member comprising:
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a metallic airfoil (12) including a leading edge (22), a trailing edge (24), a
pressure side (26), a suction side (28) and a radially outer tip portion (18) extending
therebetween; '
the tip'portion (18) comprising a radially outer band (20) substantially through
the entire tip portion (18), the band (20) being under a compressive stress greater than
the airfoil (12). '

9. The blading member (10) of claim 8 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 band (20) extends into the airfoil (12) to a depth (30) selected from

operational experience to resist operational damage.

10. The article (10) of claim 9 in which the band (20) extends into the airfoil
(12) to a depth (30) less than a location at which an amount of tensile stress in the
airfoil (12) required to balance the compressive stress in the band (20) is detrimental

in at least one vibratory response mode unique to the airfoil (12).

11. The article (10) of claim 10 in whi;:h the location is greater than about
10% of a span length of the airfoil (12).

12. The blading member (10) of claim 10 in which the compressive stress is

in the range of about 10 ksi up to about the elastic limit of the metallic material.

13. The blading member (10) of claim 12 in which the compressive stress is

in the range of about 50 — 150 ksi.

14. In a method of making the article (10) of claim 1, the steps of:
selecting a depth (30) of the band (20) into the end portion (18); and then,
performing roller deformation on the end portion (18) to the depth (30) until

the compressive stress is provided substantially through the entire end portion (18).

15. The method of claim 14 for making an airfoil (12) of a blading member
(10) in which: _
the end portion (18) is a tip portion of an airfoil (12); and,
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the depth (30) of the band (20) is selected by inspecting the airfoil (12) of a
blading member (10) damaged during operation and providing the depth (30)

sufficient to resist operational damage.

16. The method of claim 14 in which the depth (30) is selected to be less than
a location at which an amount of tensile stress in the airfoil (12) required to balance
the compressive stress in the band (20) is detrimental in at least one vibratory mode

unique to the airfoil (12).

17. The method of claim 16 in which the location is greater than about 10% of
a span length of the airfoil (12).

18. The method of claim 14 for making an airfoil (12) of a blading member
(10) _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 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.



