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Abstract

An airfoil blade of a gas turbine engine includes a root configured for mating attachment
with a cooperating rotor hub and an airfoil extending away from the root. The root is
composed of a first metal and has a nanocrystalline metal coating, composed of a second
metal, over at least a portion thereof. A method of protecting such a blade by applying a

nanocrystalline metal coating to a portion of the blade root is also disclosed.
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GAS TURBINE BLADE AND METHOD OF PROTECTING SAME

TECHNICAL FIELD

[0001] The application relates generally to gas turbine engines and, more particularly,

to blades thereof.
BACKGROUND OF THE ART

[0002] Gas turbine blades, particularly fan blades, experience excessive galling and
wear on the pressure surfaces of the dovetail regions at the root of the blades. This is
especially true for titanium (Ti) blades mounted on titanium hubs, with the Ti on Ti
contact resulting in high coefficients of friction and high material transfer rates. This
results in premature blade retirement and a significant increase in maintenance costs.
Additionally, surface contact points, under conditions of blade wind milling are subject to
many cycles of low contact loads that result in wear. Traditionally, gas turbine
manufacturers have overcome these issues by reducing contact stress levels, for example
by using sacrificial shims such as shown in US Patent No. 5,160,243. The problem with
these shims is that they require periodic replacement, add fan blade assembly
complications, and this may result in fragment release if they fail. Accordingly, thereis a

need to provide improved blade dovetail protection.

SUMMARY

[0003] In accordance with one aspect of the present application, there is provided an
airfoil blade of a gas turbine engine comprising a root configured for mating attachment
with a cooperating rotor hub and an airfoil extending away from the root, the root being
composed of a first metal and having a nanocrystalline metal coating over at least a
portion of the root, the nanocrystalline metal coating being composed of a second metal

different from the first metal.

[0004] In accordance with another aspect of the present application, there is also
provided a method of protecting a blade of a gas turbine engine having a blade root and
an airfoil extending therefrom, the method comprising the steps of: preparing at least a
portion of a dovetail of the blade root for coating; and then applying a nanocrystalline

metal coating to said portion.
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DESCRIPTION OF THE DRAWINGS

[0005] Reference is now made to the accompanying figures in which:

[0006] Fig. 1 is a schematic cross-sectional view of a gas turbine engine according to

the present description;

[0007] Fig. 2 is a cross-sectional view of a portion of a prior art fan blade dovetail,

showing the wear and damage typical to conventional designs;

[0008] Fig. 3 is an enlarged isometric view of a fan blade of the engine of Fig. 1,

dovetail of the fan blade root;

[0009] Fig. 4 is a enlarged partial cross-section of one example of a fan blade

according to Fig. 3; and

[0010] Fig. 5 is an enlarged partial cross-section of another example of the fan blade

according to Fig. 3.
DETAILED DESCRIPTION

[0011] Fig.1 illustrates a gas turbine engine 10, generally comprising in serial flow
communication, a fan 12 through which ambient air is propelled, a compressor section 14
for pressurizing the air, a combustor 16 in which the compressed air is mixed with fuel
and ignited for generating an annular stream of hot combustion gases, and a turbine

section 18 for extracting energy from the combustion gases.

[0012] Referring to Fig. 2, a typical fan blade 112 of the prior art has a blade root 120
having a dovetailed shape portion at is proximal end (and which root is thus often simply
referred to as a “dovetail”). The dovetail of the root 120 has a pressure side surface 122
that is subject to wear of the type described above. The dovetail 120 of the root of the
blade 112 fits within corresponding dovetail-shaped slots 124 in the disk lug 126. While
the wear areas 144 as shown in Fig. 2 may be prone to some wear and thus also
experience deterioration with time during use, the fretting areas 146 on sloping surfaces

of the dovetail 120 are most particularly subject to fretting wear of the type noted above.

[0013] Referring to Fig. 3, the blade 12 in accordance with one embodiment of the
present disclosure has a blade root or dovetail 20 having a wear surface 22 thereon that is

provided with a nanocrystalline metal coating (nano coating) 24 thereon. The wear
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surface, or bearing surface, may be for example a region of expected fretting wear
corresponding to the fretting areas 146 described above, and thus may comprise an angled
bearing surface which contacts a corresponding surface within the dovetail slot of the
hub. The nanocrystalline metal coating 24 is, in at least one embodiment, applied to at
least the wear surface 22 on the pressure side of the dovetail. However, it is understood
that the nanocrystalline metal coating 24 may be provided on both the pressure and
suction sides of the dovetail, either exclusively in the wear surface areas 22 or beyond
(including covering the entire blade root, for example). The nanocrystalline metal coating
24, such as Nanovate (a trademark of Integran Technologies) nickel (Ni) or copper (Cu),
1s applied to at least the pressure side wear surface 22 of the fan blade, in order to provide
a wear-resistant surface to the blade. The nanocrystalline metal coating 24 may be
applied to the dovetail pressure side wear surface 22 only, or alternately may be applied

to more of, including the entirety of, the dovetail 20, as shown in Fig. 4 for example.

[0014] A plating technique, or other suitable method, may be used to deposit the
selected nanocrystalline metal material (example: nNi or nCu) with a nanocrystalline
grain structure onto the blade dovetail. The nanocrystalline metal coating (or simply
“nano coating”) may also reduce friction coefficients between the blade 12 and the hub

within which it is received.

[0015] The thickness of the nano coating may typically range between about 0.001
inch to about 0.125 inch (about 0.0254 mm to about 3.175 mm), and more preferably
between 0.001 inch (0.0254 mm) and 0.008 inch (0.2032 mm), but may depend on the
clearance available in the design. In one particular example, the nanocrystalline metal
coating is about 0.005 inches (0.127 mm) in thickness. In another example, coating
thickness varies so as to be locally thicker in regions where higher load contact stresses

are present.

[0016] The coating provides a surface of a material dissimilar to the blade hub, which
would reduce galling caused in conventional assemblies by contact between similar
materials used for blade root and hub. Using a coating procedure as described herein may
also simplify the assembly relative to prior art designs employing shims and other anti-

wear devices.
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[0017] The nanocrystalline metal coating may be applied directly to the substrate, such
as the titanium dovetail, or to an intermediate bond coat on the substrate. The
intermediate bond coat may improve bond strength and structural performance of the
nanocrystalline metal coating, in the event that improved bonding between the substrate

and nanocrystalline metal coating is deemed to be required.

{0018] The nanocrystalline metal coating 24 forms an outer layer which acts
structurally to strengthen the dovetail and to protect it against wear and fretting. Due to
the nanocrystalline grain size, the nano coating provides for improved structural
properties of the dovetail. The coating metal grain size may range between about 2nm
and 5000nm. The nano coating may be a pure nickel (Ni), pure copper (Cu), cobalt-
phosphorous (CoP) or another suitable metal or metal alloy, such as Co, Cr, Fe, Mo, Ti,
W, or Zr. The manipulation of the metal grain size, when processed according to the
methods described below, produces the desired mechanical properties. The
nanocrystalline metal coating may be composed of a pure metal, such as Ni or Co for
example. It is to be understood that the term “pure” as used herein is intended to include
a metal comprising trace elements of other components. As such, in a particular
embodiment, the nano metal topcoat 52 comprises a pure Nickel coating which includes
trace elements such as, but not limited to: Carbon (C) = 200 parts per million (ppm),

Sulfer (S) < 500 ppm, Cobalt (Co) = 10 ppm, and Oxygen (O) = 100 ppm.

[0019]  The nanocrystalline metal coating 24 may be a pure metal selected from the
group consisting of: Ag, Al, Au, Co, Cu, Cr, Sn, Fe, Mo, Ni, Pt, Ti, W, Zn and Zr, and is
purposely pure (i.e. not alloyed with other elements). The manipulation of the metal
grain size, produces the desired mechanical properties for the gas turbine engine blade. In
a particular embodiment, the pure metal of the nanocrystalline metal coating 24 is a pure
nickel (Ni) or cobalt (Co), such as for example Nanovate™ nickel or cobalt (trademark of
Integran Technologies Inc.) respectively, although other metals can alternately be used,
such as for example copper (Cu) or one of the above-mentioned metals. The
nanocrystalline metal coating is intended to be a pure nano-scale Ni, Co, Cu, etc. and is
purposely not alloyed to obtain specific material properties. As noted above, it is to be
understood that the term “pure” is intended to include a metal perhaps comprising trace

elements of other components but otherwise unalloyed with another metal.



[0020]  In the above example, the nano coating is applied through a plating process in a bath,
to apply the fine-grained (i.e. nano-scale) metallic coating to the article, however any suitable
plating or other coating process can be used. Any suitable number of plating layers (including
one or multiple layers of different grain size, and/or a larger layer having graded average grain
size and/or graded composition within the layer) may be provided. The nanocrystalline metal(s)

used is/are variously described in the patents incorporated by reference above.

[0021]  The nanocrystalline metal coating 24 has a fine grain size, which provides improved
structural properties to the blade root. The nanocrystalline metal coating is a fine-grained metal,
having an average grain size at least in the range of between Inm and 5000nm. In a particular
embodiment, the nanocrystalline metal coating has an average grain size of between about 10nm
and about 500nm. More preferably, in another embodiment the nanocrystalline metal coating
has an average grain size of between 10nm and 50 nm, and more preferably still an average grain

size of between 10nm and 15nm.

[0022] In another embodiment, the above-described nanocrystalline metal coating is applied to a
conventional fan blade which has already experienced fretting and wear of the type described
above - i.c. the coating is applied over the worn but reworked and refinished surface, which may
permit the re-entry into service of a fan blade which otherwise would have been required to be
retired from service and scrapped. Hence, the application of the nanocrystalline metal coating
may be used as a method of repairing worn blades, thereby structurally strengthening the fan
blades and providing them with a shield against further wear. In the case where the worn blade
is titanium, as is the hub, the application of a non-titanium nano coating, such as those described
above, will prevent direct Ti on Ti contact, which may assist in preventing high friction and

cohesive material transfer caused by such contact.
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[0023] Many conventional fan blades are made from titanium alloy. The inventors
have found that Ti alloys sometimes bond poorly to nanocrystalline coatings and would
otherwise present reliability issues if left unaddressed. It has been found that improved
results may be obtained when the nanocrystalline metal coating is applied to an
intermediate bond coat of electroless Ni plate instead of plating directly to the titanium
alloy substrate. Therefore, referring to Fig. 5, in one aspect the present approach involves
the application of an intermediate bond coat 18 to the titanium base material of the
dovetail 20, the intermediate bond coat being composed of an electroless nickel plate 18
applied using a plating technique to treat the titanium dovetail surface(s), prior to the
application of the outer nanocrystalline coating 24. The electroless nickel bond coat 18
therefore provides a substrate which will yield good bond strength and reliable plating
performance with the subsequently applied nanocrystalline coating 24 deposited overtop.
The thickness of the electroless Ni plate bond coat 18 may vary depending on the
application. In one example, the thickness of the electroless nickel plate bond coat 18 is
in the range of 0.00005 inch (0.00127 mm) to 0.0002 inch (0.00508) thick, but it may
optionally be up to 0.001 inch (0.0254 mm) thick. It is to be understood that the
intermediate bond coat may be composed of other metals than Nickel, and will depend on
the material of the substrate (i.e. the root), as well as that of the nanocrystalline metal

coating.

[0024] The presently described process may be applied in original manufacturing, or as
a repair in which the nanocrystalline coating 24 is added to the dovetail 20 of a blade 12
which has already been in service. In one example, the repair is applied to a Ti fan blade
which has previously had no nanocrystalline coating but has experienced wear in the
field. The repair may involve, as necessary, an initial step of preparing the worn or
damaged region by stripping any pre-existing coating and/or cleaning the surface, which
may also include removing any uneven or damaged surfaces, and then the application of a
nanocrystalline metal coating over this region. The repair may be applied to any suitable
blade composition and configuration. In another example, a previously nanocrystalline-
coated blade may be refurbished by a strip and recoat process, similar to that described
above, either as a part of a regular engine maintenance program or as an on-demand

repair, as required. In another example, the coating may be applied as a preventative
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measure to protect a previously uncoated blade still substantially undamaged by fretting,

galling or windmilling wear, as the case may be.

[0025] The addition of the nanocrystalline coating 24 to the Ti substrate of the blade
dovetail 20 may provide a fatigue credit to the blade dovetail design. The particular
nanocrystalline coating may be selected to allow a desired heat transfer and/or anti-
galling performance. Lubricity of the nano coating may be adjusted to make assembly of
the dovetail into the rotor hub slot easier, and perhaps reducing or eliminating the need

for lubricants during assembly.

[0026] In another example, a conventional nickel coating (i.e. non-nanocrystalline)
may be applied to the fixing portion of the metal airfoil blade which engages the rotor
hub, to provide an improved blade fixing arrangement according to the present invention,

The coating may be applied by plating, vapour deposition or any other suitable process.

{0027] The above description is meant to be exemplary only, and one skilled in the art
will recognize that changes may be made to the embodiments described without departing
from the scope of the invention disclosed. For example, any suitable nanocrystalline
coating and manner of applying the coating layer may be employed. The nanocrystalline
coat may be placed only in regions of high stress, wear, etc, or may be placed over a
greater region of the dovetail and/or blade. The coating may be provided to impede
fretting or galling of the blade in use, and/or to prevent wear due to windmilling when the
engine is not in use. Still other modifications which fall within the scope of the present
invention will be apparent to those skilled in the art in light of a review of this disclosure,

and such modifications are intended to fall within the appended claims.



CLAIMS:

1.  An airfoil blade of a gas turbine engine comprising a root configured for mating
attachment with a cooperating rotor hub and an airfoil extending away from the root, the root
being composed of a first metal and having a nanocrystalline metal coating over at least a
portion of the root, the nanocrystalline metal coating being composed of a second metal

different from the first metal.

2. The airfoil blade of claim 1, wherein the second metal of the nanocrystalline metal

coating is different from a third metal of the cooperating rotor hub.

3. The airfoil blade of claim 1, wherein the root defines a proximal end having a dovetail
portion, the at least a portion of the root having the nanocrystalline metal coating thereon

being disposed on the dovetail portion.

4.  The airfoil blade of claim 3, wherein the dovetail portion includes pressure side and
suction side surfaces, the at least a portion of the root having the nanocrystalline metal

coating thereon including at least the pressure side surface of the dovetail portion.

5. The airfoil blade of claim 4, wherein the nanocrystalline metal coating is disposed

exclusively on the pressure side surface of the dovetail.

6.  The airfoil blade of claim 3, wherein the nanocrystalline metal coating is disposed

exclusively within regions corresponding to known wear surfaces of the dovetail.

7. The airfoil blade of claim 3, wherein the nanocrystalline metal coating is disposed on

the entirety of the dovetail portion.

8.  The airfoil blade of claim 7, wherein the nanocrystalline metal coating is disposed on

the entirety of the root.

CA 2754263 2019-12-18



9.  The airfoil blade of claim 3, wherein the dovetail portion extends axially relative to a
longitudinal axis of the root, the at least a portion of the root having the nanocrystalline metal

coating thereon extending along a substantial axial length of the dovetail portion.

10. The airfoil blade of claim 1, wherein an intermediate bond coat is disposed between

the nanocrystalline metal coating and the first metal of the root.

11. The airfoil blade of claim 10, wherein the intermediate bond coat is an electroless

plate.

12.  The airfoil blade of claim 10, wherein the electroless plate is composed of nickel and

the first metal of the root is titanium or a titanium alloy.

13.  The airfoil blade of claim 10, wherein the intermediate bond coat has a thickness of

between 0.00005 and 0.001 inch thick.
14.  The airfoil blade of claim 1, wherein the nanocrystalline metal coating is a pure metal.

15. The airfoil blade of claim 14, wherein the pure metal is selected from the group

consisting of: Ni, Co, Ag, Al, Au, Cu, Cr, Sn, Fe, Mo, Pt, Ti, W, Zn, and Zr.

16.  The airfoil blade of claim 1, wherein the nanocrystalline metal coating has a thickness

of between 0.0254 mm and 0.2032 mm.

17. The airfoil blade of claim 16, wherein the thickness of the nanocrystalline metal

coating is about 0.127 mm.

18.  The airfoil blade of claim 1, wherein the nanocrystalline metal coating is non-constant

within the at least a portion of the root.

19. The airfoil blade of claim 1, wherein the nanocrystalline metal coating has an average

grain size of between 10 nm and 500 nm.
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20. The airfoil blade of claim 19, wherein the average grain size of the nanocrystalline

metal coating is between 10 nm and 15 nm.

10
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