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AIRFOIL INCLUDING DAMPER MEMBER 

BACKGROUND 

[0001] This disclosure relates to an airfoil, such as an airfoil for a gas turbine 

engine. 

[0002] Turbine, fan and compressor airfoil structures are typically manufactured 

using die casting techniques. For example, the airfoil is cast within a mold that defines an 

exterior airfoil surface. A core structure may be used within the mold to form impingement 

holes, cooling passages, ribs or other structures within the airfoil. The die casting technique 

inherently limits the geometry, size, wall thickness and location of airfoil structures. Thus, 

the design of a traditional airfoil is limited to structures that can be manufactured using the 

die casting technique, which in turn may limit the performance of the airfoil. 

SUMMARY 

[0003] An airfoil according to an exemplary aspect of the present disclosure 

includes an airfoil body defining a longitudinal axis. The airfoil body includes a leading edge 

and a trailing edge and a first side wall and a second side wall that is spaced apart from the 

first side wall. The first side wall and the second side wall join the leading edge and the 

trailing edge and at least partially define a cavity in the airfoil body. A damper member is 

enclosed in the cavity and includes a first end and a second end. The first end is connected in 

a first joint to the first side wall at a first longitudinal location and the second end is 

connected in a second joint to the second side wall at a second, different longitudinal 

location. 

[0004] In a further non-limiting embodiment of the above example, at least one of 

the first joint and the second joint is an articulated joint. 

[0005] In a further non-limiting embodiment of any of the foregoing examples, 

the articulated joint includes a socket and a socket member movably interlocked with the 

socket. 

[0006] In a further non-limiting embodiment of any of the foregoing examples, 

the socket member is irremovably interlocked with the socket such that the socket member 

cannot be removed from the socket non-destructively. 

[0007] In a further non-limiting embodiment of any of the foregoing examples, 

the socket is fixed on one of the first sidewall or the second sidewall. 
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[0008] In a further non-limiting embodiment of any of the foregoing examples, 

the socket is longitudinally elongated. 

[0009] In a further non-limiting embodiment of any of the foregoing examples, 

the socket member is longitudinally elongated. 

[0010] In a further non-limiting embodiment of any of the foregoing examples, 

the socket member is connected to a support arm and the socket member is enlarged relative 

to the support arm. 

[0011] In a further non-limiting embodiment of any of the foregoing examples, 

the socket includes socket sidewalls that define an opening through which the support arm 

extends. 

[0012] In a further non-limiting embodiment of any of the foregoing examples, 

the opening is smaller than the socket member such that the socket member cannot fit 

through the opening. 

[0013] In a further non-limiting embodiment of any of the foregoing examples, 

the support arm is inclined relative to the longitudinal axis. 

[0014] A further non-limiting embodiment of any of the foregoing examples 

includes an open gap between the socket and the socket member. 

[0015] In a further non-limiting embodiment of any of the foregoing examples, 

the open gap surrounds the socket member such that the socket member is free of contact 

with the socket. 

[0016] In a further non-limiting embodiment of any of the foregoing examples, 

the socket member is a ball. 

[0017] In a further non-limiting embodiment of any of the foregoing examples, 

the socket member includes an inclined bearing surface relative to the longitudinal axis. 

[0018] A turbine engine according to an exemplary aspect of the present 

disclosure includes, optionally a fan, a compressor section, a combustor in fluid 

communication with the compressor section, and a turbine section in fluid communication 

with the combustor. The turbine section is coupled to drive the compressor section and the 

fan. At least one of the fan, the compressor section and the turbine section include an airfoil 

having an airfoil body defining a longitudinal axis. The airfoil body includes a leading edge 

and a trailing edge and a first side wall and a second side wall that is spaced apart from the 

first side wall. The first side wall and the second side wall join the leading edge and the 
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trailing edge and at least partially define a cavity in the airfoil body. A damper member is 

enclosed in the cavity and includes a first end and a second end. The first end is connected in 

a first joint to the first side wall at a first longitudinal location and the second end is 

connected in a second joint to the second side wall at a second, different longitudinal 

location. 

[0019] In a further non-limiting embodiment of any of the foregoing examples, at 

least one of the first joint and the second joint is an articulated joint. 

[0020] In a further non-limiting embodiment of any of the foregoing examples, 

the articulated joint includes a socket and a socket member movably interlocked with the 

socket. 

[0021] In a further non-limiting embodiment of any of the foregoing examples, 

the socket member is connected to a support arm and the socket member is enlarged relative 

to the support arm, the socket including socket sidewalls that define an opening through 

which the support arm extends, and the opening is smaller than the socket member such that 

the socket member cannot fit through the opening. 

[0022] A further non-limiting embodiment of any of the foregoing examples 

includes an open gap between the socket and the socket member, and the open gap surrounds 

the socket member such that the socket member is free of contact with the socket. 

[0023] A method for processing an airfoil according to an exemplary aspect of the 

present disclosures includes depositing multiple layers of a powdered metal onto one another, 

joining the layers to one another with reference to data relating to a particular cross-section of 

an airfoil, and producing the airfoil with an airfoil body that includes a longitudinal axis, a 

leading edge and a trailing edge and a first side wall and a second side wall that is spaced 

apart from the first side wall. The first side wall and the second side wall join the leading 

edge and the trailing edge and at least partially define a cavity in the airfoil body. A damper 

member is enclosed in the cavity and includes a first end and a second end. The first end is 

connected in a first joint to the first side wall at a first longitudinal location and the second 

end is connected in a second joint to the second side wall at a second, different longitudinal 

location. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The various features and advantages of the present disclosure will become 

apparent to those skilled in the art from the following detailed description. The drawings that 

accompany the detailed description can be briefly described as follows. 

[0025] Figure 1 shows an example gas turbine engine. 

[0026] Figure 2 shows a perspective view of an airfoil. 

[0027] Figure 3 shows a sectioned view of the airfoil of Figure 2. 

[0028] Figure 4 shows a cross-section of an articulated joint of a damper member 

of the airfoil of Figure 2. 

[0029] Figure 5A shows a cross-section of an airfoil in a mode of sinusoidal 

vibration. 

[0030] Figure 5B shows a cross-section of an articulated joint of the airfoil of 

Figure 5A. 

[0031] Figure 6A shows a cross-section of the airfoil of Figure 5A in another 

phase of sinusoidal vibration. 

[0032] Figure 6B shows a cross-section of an articulated joint of the airfoil of 

Figure 6A. 

[0033] Figure 7 shows a sectioned view of another example airfoil. 

[0034] Figure 8 shows a cross-section of another example articulated joint with a 

ball socket member. 

[0035] Figure 9 shows a cross-section of another example articulated joint with a 

wedge socket member having an inclined surface. 

[0036] Figure 10 shows a method of processing an airfoil using an additive 

manufacturing process. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0037] Figure 1 schematically illustrates a gas turbine engine 20. The gas turbine 

engine 20 is disclosed herein as a two-spool turbofan that generally incorporates a fan section 

22, a compressor section 24, a combustor section 26 and a turbine section 28. Alternative 

engines might include an augmentor section (not shown) among other systems or features. 

The fan section 22 drives air along a bypass flowpath while the compressor section 24 drives 

air along a core flowpath for compression and communication into the combustor section 26 
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then expansion through the turbine section 28. Although depicted as a turbofan gas turbine 

engine in the disclosed non-limiting embodiment, it should be understood that the concepts 

described herein are not limited to use with turbofans as the teachings may be applied to other 

types of turbine engines including three-spool architectures or ground based turbines that do 

not include the fan section 22. 

[0038] The engine 20 generally includes a first spool 30 and a second spool 32 

mounted for rotation about an engine central axis A relative to an engine static structure 36 

via several bearing systems 38. It should be understood that various bearing systems 38 at 

various locations may alternatively or additionally be provided. 

[0039] The first spool 30 generally includes a first shaft 40 that interconnects a 

fan 42, a first compressor 44 and a first turbine 46. The first shaft 40 may be connected to the 

fan 42 through a gear assembly of a fan drive gear system 48 to drive the fan 42 at a lower 

speed than the first spool 30. The second spool 32 includes a second shaft 50 that 

interconnects a second compressor 52 and second turbine 54. The first spool 30 runs at a 

relatively lower pressure than the second spool 32. It is to be understood that "low pressure" 

and "high pressure" or variations thereof as used herein are relative terms indicating that the 

high pressure is greater than the low pressure. An annular combustor 56 is arranged between 

the second compressor 52 and the second turbine 54. The first shaft 40 and the second shaft 

50 are concentric and rotate via bearing systems 38 about the engine central axis A which is 

collinear with their longitudinal axes. 

[0040] The core airflow is compressed by the first compressor 44 then the second 

compressor 52, mixed and burned with fuel in the annular combustor 56, then expanded over 

the second turbine 54 and first turbine 46. The first turbine 46 and the second turbine 54 

rotationally drive, respectively, the first spool 30 and the second spool 32 in response to the 

expansion. 

[0041] Figure 2 illustrates an example airfoil 60. In this example, the airfoil 60 is 

a turbine blade of the turbine section 28. The airfoil 60 may be mounted on a turbine disk in a 

known manner with a plurality of like airfoils. Alternatively, it is to be understood that 

although the airfoil 60 is depicted as a turbine blade, the disclosure is not limited to turbine 

blades and the concepts disclosed herein are applicable to turbine vanes, compressor airfoils 

(blades or vanes) in the compressor section 24, fan airfoils in the fan section 22 or any other 
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airfoil structures. Thus, some features that are particular to the illustrated turbine blade are to 

be considered optional. 

[0042] The airfoil 60 includes an airfoil portion 62, a platform 64 and a root 66. 

The platform 64 and the root 66 are particular to the turbine blade and thus may differ in 

other airfoil structures or be excluded in other airfoil structures. 

[0043] The airfoil 60 includes a body 68 that defines a longitudinal axis L 

between a base 70 at the platform 64 and a tip end 72. The longitudinal axis L in this example 

is perpendicular to the engine central axis A. The body 68 includes a leading edge (LE) and a 

trailing edge (TE) and a first side wall 74 (pressure side) and a second side wall 76 (suction 

side) that is spaced apart from the first side wall 74. The first side wall 74 and the second side 

wall 76 join the leading edge (LE) and the trailing edge (TE) and at least partially define a 

cavity 78 (Figure 3) in the body 68. 

[0044] The airfoil portion 62 connects to the platform 64 at a fillet 80. The 

platform 64 connects to the root 66 at buttresses 82. The root 66 generally includes a neck 84 

and a serration portion 86 for securing the airfoil 60 in a disk. 

[0045] It should be understood that relative positional terms such as "forward," 

"aft," "upper," "lower," "above," "below," "circumferential," "radial" and the like are with 

reference to the normal operational attitude and engine central axis A, unless otherwise 

indicated. Furthermore, with reference to the engine 20, the tip end 72 of the airfoil 60 is 

commonly referred to as the outer diameter of the airfoil 60 and the root 66 is commonly 

referred to as the inner diameter of the airfoil 60. The platform 64 includes an upper surface 

64a that bounds an inner diameter of a gas path, generally shown as G, over the airfoil 

portion 62. Some airfoils may also include a platform at the tip end 72 that bounds an outer 

diameter of the gas path G. 

[0046] Referring to Figure 3, the airfoil 60 includes a damper member 88 

enclosed in the cavity 78. The damper member 88 includes a first end 88a and a second end 

88b. The first end 88a is connected in a first joint 90a to the first sidewall 74 at a first 

longitudinal location Li and the second end 88b is connected in a second joint 90b to the 

second sidewall 76 at a second, different longitudinal location L2. In this example, the first 

joint 90a is an articulated joint and the second joint 90b is a rigid joint. It is to be understood 

that, alternatively, the first joint 90a could be a rigid joint and the second joint 90b could be 

an articulated joint to change the mass distribution in the airfoil, for example. 

6 



WO 2013/163047 PCT/US2013/037499 

[0047] Figure 4 illustrates an expanded view of the first joint 90a. The first joint 

90a includes a socket 92 that is fixed on the first sidewall 74 and a socket member 94 that is 

movably interlocked with the socket 92. In this example, the socket member 94 includes a 

longitudinally elongated portion 96 that is connected to a support arm 98. The socket 92 itself 

is also longitudinally elongated and is generally sized larger than the longitudinally elongated 

portion 96 such that there is an open gap 100 between the socket member 94 and a socket 92. 

In this example, the airfoil 60 is in a static condition and the open gap 100 surrounds the 

socket member 94 such that the socket member 94 is free of any contact with the socket 92. 

That is, the socket member 94 does not contact socket sidewalls 92a that form the socket 92. 

[0048] The socket sidewalls 92a extend from the first sidewall 74 and, in this 

example, together with the first sidewall 74 define the socket 92. The socket sidewalls 92a 

also define an opening 102 through which the support arm 98 extends. In this example, the 

opening 102 is smaller in longitudinal span than the longitudinal span of the longitudinally 

elongated portion 96 of the socket member 94 such that at least the longitudinally elongated 

portion 96 cannot fit through the opening 102. Thus, the socket member 94 is interlocked 

with the socket 92 such that the socket member 94 cannot be non-destructively removed from 

the socket 92 without destroying at least one or the other of the socket member 94 or the 

socket 92. 

[0049] In the illustrated example, the support arm 98 defines a central axis 98a 

such that the support arm 98 is inclined relative to the longitudinal axis L. The support arm 

98 extends downwardly from the longitudinally elongated portion 96 to the second end 88b 

of the socket member 94. Referring to Figure 3, the second end 88b of the socket member 94 

is rigidly fixed to the second sidewall 76 in this example. That is, the second joint 90b is a 

rigid joint rather than an articulated joint. 

[0050] Referring to Figures 5A and 5B that illustrate the airfoil 60 in a mode of 

sinusoidal vibration (e.g., a second beam mode) and Figures 6A and 6B that illustrate the 

airfoil 60 in another phase of sinusoidal vibration, the damper member 88 of the airfoil 60 

serves to dampen sinusoidal vibrations of the airfoil 60. It is to be understood that the 

illustrated sinusoidal vibrations are highly exaggerated in the drawings for the purpose of 

description. As depicted in Figures 5A and 6A, sinusoidal vibration refers to the airfoil 60 

deflecting in a sinusoidal wave shape such that certain portions swing to the left in the figures 
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and other potions swing to the right in the figures, while some portions remain relatively 

centered. 

[0051] In operation of the airfoil 60, at least the airfoil portion 62 experiences 

sinusoidal vibrations that can debit the performance of the airfoil 60 or limit operation of the 

engine 20, for example. As the airfoil 60 sinusoidally vibrates, the socket member 94 of the 

damper member 88 contacts the socket sidewalls 92a of the socket 92. The contact causes 

friction that removes energy from the system and limits relative movement between the 

socket member 94 and the socket 92. Because the socket member 94 is connected to the 

second sidewall 76 through the second joint 90b and is connected to the first sidewall 74 

through the articulated, first joint 90a, the friction thus limits relative movement between the 

first sidewall 74 and the second sidewall 76. The limiting of the relative movement between 

the sidewalls 74 and 76 thus serves to dampen sinusoidal vibrations in the airfoil 60. 

[0052] As shown in Figure 5B in the first mode of sinusoidal vibration, a lower 

portion of the longitudinally elongated portion 96 of the socket member 94 contacts the 

socket sidewall 92a. As shown in Figure 6B, in the second mode of sinusoidal vibration, an 

upper portion of the longitudinally elongated portion 96 of the socket member 94 contacts a 

different section of the socket sidewall 92a. Thus, as the airfoil 60 cycles between different 

sinusoidal vibrational modes, different portions of the socket member 94 contact different 

portions of the socket 92 to thereby limit relative movement between the sidewalls 74 and 76 

of the airfoil 60. 

[0053] Additionally, as can be appreciated, the relative longitudinal locations Li 

and L2 of the respective first joint 90a and second joint 90b can be tailored in a design stage 

to dampen particular target frequencies. That, the longitudinal locations Li and L2 of the 

respective first joint 90a and second joint 90b are positioned at peaks of the sinusoidal 

vibration modes to effectively dampen those modes. Thus, by designing the longitudinal 

locations Li and L2 of the respective first joint 90a and second joint 90b to be at the peaks, 

the damper member 88 is tuned to a specific sinusoidal vibration mode. 

[0054] Figure 7 illustrates a modified airfoil 160. In this disclosure, like reference 

numerals designate like elements where appropriate and reference numerals with the addition 

of one-hundred or multiples thereof designate modified elements that are understood to 

incorporate the same features and benefits of the corresponding elements. In this example, the 

airfoil 160 includes a damper member 188 that is similar to the damper member 88 except 
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that the second joint 190b is an articulated joint rather than the rigid joint. Similar to the 

articulated, first joint 90a, the articulated, second joint 190b includes a socket member 194 

that is moveably interlocked in a socket 192. Thus, the damper member 188 includes 

articulated joints at each ends that are tied, respectively, to the first sidewall and the second 

sidewall 76 of the airfoil 160. 

[0055] In operation, the socket members 94 and 194 contact portions of the 

respective sockets 92 and 192 to frictionally absorb energy and limit relative movement 

between the sidewalls 74 and 76, similar to as described above. Because there are two 

articulated joints, there is more energy absorbed and therefore a greater dampening effect. 

[0056] Figure 8 illustrates a modified joint 290 that can be used in place of the 

first joint 90a, the second joint 90b and/or the second joint 190b. In general, different shapes 

of a socket and a socket member can be used to target specific vibrational modes and provide 

different degrees of dampening. That is, the shapes of a socket and a socket member control 

the contact area that is subject to friction and thus control dampening. By changing the shape, 

the dampening can be tuned to a target vibrational mode. In this example, the socket member 

294 is a ball 296 that is moveably interlocked with the socket 292. In operation, the ball 296 

of the socket member 294 contacts the socket sidewall 292a to provide friction and 

dampening, similar to as described above. 

[0057] Figure 9 illustrates another modified joint 390 that, similar to the joint 290, 

can be used in place of the first joint 90a, the second joint 90b and/or the second joint 190b. 

In this example, the socket member 394 includes a wedge 396 that has an inclined surface 

396a. The inclined surface 396a is inclined relative to the longitudinal axis L. In operation, 

the inclined surface 396a of the socket member 394 contacts the socket sidewall 392a to 

provide friction and dampening, similar to as described above. 

[0058] The geometries disclosed herein may be difficult to form using 

conventional casting technologies. Thus, a method of processing an airfoil having the features 

disclosed herein includes an additive manufacturing process, as schematically illustrated in 

Figure 10. Powdered metal suitable for aerospace airfoil applications is fed to a machine, 

which may provide a vacuum, for example. The machine deposits multiple layers of 

powdered metal onto one another. The layers are selectively joined to one another with 

reference to Computer-Aided Design data to form solid structures that relate to a particular 

cross-section of the airfoil. In one example, the powdered metal is selectively melted using a 
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direct metal laser sintering process or an electron-beam melting process. Other layers or 

portions of layers corresponding to negative features, such as cavities or openings, are not 

joined and thus remain as a powdered metal. The unjoined powder metal may later be 

removed using blown air, for example. With the layers built upon one another and joined to 

one another cross-section by cross-section, an airfoil or portion thereof, such as for a repair, 

with any or all of the above-described geometries, may be produced. The airfoil may be post-

processed to provide desired structural characteristics. For example, the airfoil may be heated 

to reconfigure the joined layers into a single crystalline structure. 

[0059] Although a combination of features is shown in the illustrated examples, 

not all of them need to be combined to realize the benefits of various embodiments of this 

disclosure. In other words, a system designed according to an embodiment of this disclosure 

will not necessarily include all of the features shown in any one of the Figures or all of the 

portions schematically shown in the Figures. Moreover, selected features of one example 

embodiment may be combined with selected features of other example embodiments. 

[0060] The preceding description is exemplary rather than limiting in nature. 

Variations and modifications to the disclosed examples may become apparent to those skilled 

in the art that do not necessarily depart from the essence of this disclosure. The scope of legal 

protection given to this disclosure can only be determined by studying the following claims. 
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CLAIMS 

What is claimed is: 

1. An airfoil comprising: 

an airfoil body defining a longitudinal axis, the airfoil body including a leading edge 

and a trailing edge and a first side wall and a second side wall that is spaced apart from the 

first side wall, the first side wall and the second side wall joining the leading edge and the 

trailing edge and at least partially defining a cavity in the airfoil body; and 

a damper member enclosed in the cavity, the damper member including a first end 

and a second end, the first end being connected in a first joint to the first side wall at a first 

longitudinal location and the second end being connected in a second joint to the second side 

wall at a second, different longitudinal location. 

2. The airfoil as recited in claim 1, wherein at least one of the first joint and the second 

joint is an articulated joint. 

3. The airfoil as recited in claim 2, wherein the articulated joint includes a socket and a 

socket member movably interlocked with the socket. 

4. The airfoil as recited in claim 3, wherein the socket member is irremovably 

interlocked with the socket such that the socket member cannot be removed from the socket 

non-destructively. 

5. The airfoil as recited in claim 3, wherein the socket is fixed on one of the first 

sidewall or the second sidewall. 

6. The airfoil as recited in claim 3, wherein the socket is longitudinally elongated. 

7. The airfoil as recited in claim 3, wherein the socket member is longitudinally 

elongated. 

8. The airfoil as recited in claim 3, wherein the socket member is connected to a support 

arm and the socket member is enlarged relative to the support arm. 

9. The airfoil as recited in claim 8, wherein the socket includes socket sidewalls that 

define an opening through which the support arm extends. 
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10. The airfoil as recited in claim 9, wherein the opening is smaller than the socket 

member such that the socket member cannot fit through the opening. 

11. The airfoil as recited in claim 8, wherein the support arm is inclined relative to the 

longitudinal axis. 

12. The airfoil as recited in claim 3, further including an open gap between the socket and 

the socket member. 

13. The airfoil as recited in claim 12, wherein the open gap surrounds the socket member 

such that the socket member is free of contact with the socket. 

14. The airfoil as recited in claim 3, wherein the socket member is a ball. 

15. The airfoil as recited in claim 3, wherein the socket member includes an inclined 

bearing surface relative to the longitudinal axis. 
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16. A turbine engine comprising: 

optionally, a fan; 

a compressor section; 

a combustor in fluid communication with the compressor section; and 

a turbine section in fluid communication with the combustor, the turbine section being 

coupled to drive the compressor section and the fan, and 

at least one of the fan, the compressor section and the turbine section including an 

airfoil having an airfoil body defining a longitudinal axis, the airfoil body including a leading 

edge and a trailing edge and a first side wall and a second side wall that is spaced apart from 

the first side wall, the first side wall and the second side wall joining the leading edge and the 

trailing edge and at least partially defining a cavity in the airfoil body, and a damper member 

enclosed in the cavity, the damper member including a first end and a second end, the first 

end being connected in a first joint to the first side wall at a first longitudinal location and the 

second end being connected in a second joint to the second side wall at a second, different 

longitudinal location. 

17. The turbine engine as recited in claim 16, wherein at least one of the first joint and the 

second joint is an articulated joint. 

18. The turbine engine as recited in claim 17, wherein the articulated joint includes a 

socket and a socket member movably interlocked with the socket. 

19. The turbine engine as recited in claim 18, wherein the socket member is connected to 

a support arm and the socket member is enlarged relative to the support arm, the socket 

including socket sidewalls that define an opening through which the support arm extends, and 

the opening is smaller than the socket member such that the socket member cannot fit 

through the opening. 

20. The turbine engine as recited in claim 18, further including an open gap between the 

socket and the socket member, and the open gap surrounds the socket member such that the 

socket member is free of contact with the socket. 

21. A method for processing an airfoil, the method comprising: 
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depositing multiple layers of a powdered metal onto one another; 

joining the layers to one another with reference to data relating to a particular cross-

section of an airfoil; and 

producing the airfoil with an airfoil body including a longitudinal axis, the airfoil 

body including a leading edge and a trailing edge and a first side wall and a second side wall 

that is spaced apart from the first side wall, the first side wall and the second side wall joining 

the leading edge and the trailing edge and at least partially defining a cavity in the airfoil 

body and a damper member enclosed in the cavity, the damper member including a first end 

and a second end, the first end being connected in a first joint to the first side wall at a first 

longitudinal location and the second end being connected in a second joint to the second side 

wall at a second, different longitudinal location. 
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