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METALLIC FAN BLADE PLATFORM

ABSTRACT

A platform 1s provided for use between adjacent fan blades joined to a rotor disk to
provide an inner flowpath boundary. The platform includes: a metallic arcuate body with
opposed torward and aft ends and opposed lateral edges; and a pair of frangible wings

that extend from the lateral edges laterally and radially beyond the body.
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METALLIC FAN BLADE PLATFORM

BACKGROUND OF THE INVENTION

[0001] This invention relates generally to gas turbine engine turbines and more

particularly to discrete airflow platforms disposed between adjacent fan blades In such

engines.

[0002] A turbofan gas turbine engine used for powering an aircraft in flight typically
includes, in serial flow communication, a fan assembly, a low pressure compressor or
"booster", a high pressure compressor, a combustor, a high pressure turbine, and a low
pressure turbine. The combustor generates combustion gases that are channeled in
succession to the high pressure turbine where they are expanded to drive the high
pressure turbine, and then to the low pressure turbine where they are further expanded to
drive the low pressure turbine. The high pressure turbine is drivingly connected to the
high pressure compressor via a first rotor shaft, and the low pressure turbine is drivingly

connected to both the fan assembly and the booster via a second rotor shatt.

[0003] The fan assembly includes a plurality of circumferentially spaced apart tan blades
extending radially outwardly from a rotor disk. The fan blades generally comprise an
airfoil section and an integral dovetail root section. The dovetail section is slidably
received in a complimentary configured dovetail slot formed in the rotor disk so as to
attach the blade to the rotor disk. Fan blades are typically made of either a metal, such as

titanium, or a composite material.

[0004] Known fan assemblies are susceptible to foreign object damage, e.g., damage
resulting from the ingress of foreign objects such as birds or hailstones. It a large toreign
object impacts a fan blade, the fan blade, or a portion thereof, could break off from the
rotor disk. A detached fan blade could damage adjacent fan blades and create a large
imbalance in the fan assembly. Furthermore, if not contained by the fan casing, a
detached fan blade could cause considerable damage to the aircraft powered by the

engine. To reduce the amount of blade material lost during an ingestion event, it 1s known
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to design fan assemblies so as to permit limited rotation ot the blade root section within

the dovetail slot in response to an extreme force exerted on the blade. This rotation will

often prevent breakage of the blade at 1ts base.

[0005] During engine operation, ambient airflow 1s channeled between the rotating
blades and pressurized thereby for generating thrust for powering the aircraft in tlight. A
radially inner flowpath boundary for the airtlow channeled between the blades is
provided by fan platforms located between adjacent fan blades, near the rotor disk. It 1s
known to produce fan blades having integrally formed platforms. However, this means
that the centrifugal loads from both the fan blade airfoils and the platforms must be
carried by the fan blade dovetails, which requires that the dovetails be suitably large,
which in turn requires a suitably large rotor disk for accommodating all of the centritugal
loads within acceptable stress limits. Furthermore, damage to such an integrally tormed
platform will often require replacement of the entire blade. And it 1s impractical from a
manufacturing standpoint to integrally form the platforms with the blade in the case of

composite fan blades.

[0006] Accordingly, fan assemblies have been developed using discrete platforms
independently joined to the rotor disk between adjacent fan blades. These separate
platforms must have suitable strength for accommodating both centrifugal loads and

impact loads, such as those due to a bird strike, during operation.

[0007] One such configuration is a composite platform comprising a structural body with
laterally-extending wings. The composite platform 1s frangible to prevent damage to the
fan blades in the case of foreign object ingestion. While this type of platform is effective,
it usually requires a box-shaped configuration to provide adequate structural strength,
making it larger than desired for aerodynamic efficiency purposes. Furthermore, the

composite construction is relatively expensive to produce.

[0008] Accordingly, there 1s a need for a compact, easily manufactured, inexpensive fan

platform that does not limit the rotation capability of the adjacent fan blades.
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BRIEF DESCRIPTION OF THE INVENTION

[0009] This need is addressed by the present invention, which provides a metallic fan

platform with laterally and radially extending frangible wings.

[0010] According to one aspect of the invention, a platform 1s provided for use between
adjacent fan blades joined to a rotor disk to provide an inner flowpath boundary. The
platform includes: a metallic arcuate body with opposed forward and aft ends and
opposed lateral edges; and a pair of frangible wings that extend from the lateral edges

laterally and radially beyond the body.

[0011] According to another aspect of the invention, a fan rotor assembly includes: a
rotor including an annular array of dovetail slots; an array of blades each having a
dovetail engaged 1n one of the dovetail slots of the rotor, and an airfoil extending radially
outward from the dovetail wherein a plurality of spaces are present between adjacent ones
of the fan blades; an array of platforms disposed in the spaces between adjacent fan
blades, each platform having: a metallic arcuate body with opposed forward and aft ends
and opposed lateral edges; and a pair of frangible wings that extend from the lateral edges

laterally and radially beyond the body towards the fan blades.
BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The invention may be best understood by reference to the following description

taken in conjunction with the accompanying drawing figures in which:

[0013] FIG. 1 1s a partial cross-sectional view of an exemplary turbofan gas turbine
engine including fan platforms constructed according to an aspect of the present

Invention;

[0014] FIG. 2 1s an enlarged cross-sectional view of a fan platform constructed according

to an aspect of the present invention;

|0015] FIG. 3 1s a an axial cross-sectional view of a portion of a fan rotor;
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[0016] FIG. 4 is an axial cross-sectional view of the fan plattorm shown 1n FIG. 2;

[0017] FIG. 5 1s a an axial cross-sectional view of a portion of a fan rotor in a normal

operating condition;

[0018] FIG. 6 1s a an axial cross-sectional view of a portion of a fan rotor during a

foreign object impact; and
[0019] FIG. 7 1s a perspective view of a portion of a fan rotor.

DETAILED DESCRIPTION OF THE INVENTION

[0020]  Referring to the drawings wherein 1dentical reference numerals denote the
same elements throughout the various views, FIG. 1 shows an exemplary turbofan gas
turbine engine 10 used for powering an aircraft in flight. The engine 10 includes a fan
assembly 12 which is rotated by a conventional fan shaft 14 powered by a conventional
low pressure turbine (not shown). The fan assembly 12 includes a rotor disk 16 from
which extends radially outwardly a plurality of circumferentially spaced apart fan or rotor
blades 18 (only one shown in FIG. 1). The rotor blades 18 may be metallic or
nonmetallic. For example, they may be made from a carbon fiber — epoxy composite or
other similar material. The rotor disk 16 includes axially spaced apart forward and aft

ends 20 and 22, respectively, and a radially outer surface 24 extending therebetween.

[0021] Disposed downstream of the fan assembly 12 is a conventional low-pressure
compressor or "booster" 26 having axially spaced apart vane and blade rows, with the
blades thereof being joined to a booster spool or shaft 28. The booster shaft 28 is suitably
fixedly joined to the rotor disk aft side 22 by a plurality of bolts 30. A spinner 32 is
joined to the rotor disk forward side 20 to provide an aerodynamic flow path for air 38

entering the fan assembly 12.

[0022]  The present invention includes a plurality of discrete platforms 34 (only one
of which 1s shown in FIG. 1) that are provided between the fan blades 18, with each

platform 34 being disposed between respective adjacent ones of the fan blades 18 and
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radially beyond the rotor disk 16. Each of the platforms 34 has a radially outer surface 36
extending between the respective adjacent fan blades 18 so as to collectively define an
inner flowpath boundary for channeling air 38 between the fan blades 18. Thus, the

platforms 34 function to maintain the engine flowpath definition between the spinner 32

and the booster 26.

[0023]  Referring to FIGS. 2-4, a single fan platform 34 is shown in greater detail.
Each platform 34 is a functionally unitary member comprising a body 40 which defines
the outer surface 36 and a pair of outwardly-extending wings 42 which are joined to the
body 40 in a substantially U-shaped configuration in cross-section (see FIG. 4). To
reduce the overall cost and manufacturing complexity of the platforms 34 while
maintaining suitable strength thereof, the platforms 34 are preferably made from a metal
alloy. Examples of alloys suitable for gas turbine engine applications include aluminum,
steel, and titanium alloys. The platforms 34 may be fabricated by conventional methods
such as casting, forging, and/or machining, and each platform 34 may be built up from
smaller components or may be a once-piece integral or unitary component. As best seen
in FIG. 2, the platform 34 has a forward end 44 disposed near the disk forward end 20,
and an axially opposite aft end 46 disposed near the disk aft end 22. The body 40
contributes the bulk of the platform's mass and consequently provides the platform 34
with the necessary strength to carry its centrifugal load. In the illustrated example the

body 40 i1s a single-walled arcuate structure which is a partial body of revolution,
however the specific physical configuration may be modified to suit a particular

application. The body 40 includes spaced-apart lateral edges 41 and 43 running between
the forward and aft ends 44 and 46.

10024]  The platform 34 has an arcuate forward mounting flange 64 extending axially
outward from the forward end 44 and an aft mounting flange 66 extending axially
outward from the aft end 46. The forward and aft mounting flanges 64, 66 are configured
so as to define forward and aft radially outward-facing abutment surfaces 68 and 70,
respectively, and forward and aft axially facing abutment surfaces 72 and 74,

respectively.
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[0025] The flowpath surface portion 42 provides the necessary strength to meet fan
overspeed requirements, low cycle fatigue, and ingestion requirements. Metal alloys used
to construct the platforms 34, including the wings 42, are typically more ductile and less
brittle than nonmetallic composites the fan blades 18 may be made from. As a result if the
platforms 34 were simple cylindrical sections they would tend to damage the fan blades
18 in the event of hard impact crush loads between a fan blade 18 and the platform 34
that can occur during ingestion events. Accordingly, the lateral extent of the body 40 is
made less than the distance between adjacent fan blades 18, so that there is a small lateral
spacing "S" between the body 40 and the adjacent fan blades 18. Also, the wings 42 are
provided and configured so as to be frangible, significantly deforming and/or breaking off
in the case of movement of the fan blades 18. This characteristic may be provided
through selection of the physical dimensions of the wings 42. For example, the wings 42
are tapered from their roots 45 to their tips 47. More specifically, the wings 42 have a

first thickness "x" at their tips 47, and a second thickness "y" at their roots 45. The second

thickness y is greater than the first thickness x. Stated another way, a "taper ratio" of the
wings 42 defined as A= x/y is less than 1. The lean angle of the wings 42 is also selected

to encourage bending deflection of the wings 42 in response to movement of the fan
blades 18. Specifically, a lean angle 0 between each wing 42 and the outer surface 36 is
less than 90 degrees. Finally, the length "L" of each wing 42 is substantially greater than
the lateral spacing "S" between the body 40 and the fan blade 18. These parameters (taper

ratio, wing angle and length ratio) may be varied to suit a particular application.

[0026]  As best seen in FIG. 7, each fan blade 18 has a leading edge 49 and a trailing
edge 51. Opposed convex and concave sides 53 and 57, respectively, extend between the
leading edge 49 and the trailing edge 51. The fan blades 18 incorporate a significant
amount of camber. The wings 42 are contoured so as to follow this camber, and such that
adjacent wings 42 will meet each other at the leading and trailing edges 49 and 51 of the
fan blades 18. If desired, the lateral edges 41 and 43 of the body 43 may also be
contoured to follow the camber of the fan blades 18; in other words one lateral edge 41

would be concave and the other lateral edge 43 would be convex.
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[0027]  The outer lateral edge of each wing 42 1s provided with a resilient seal
member 62 to seal fan blade air leakage during engine operation. The edge seals 62 may
be bonded to the wings 42 with an adhesive, and are made of a suitable material such as

silicone or another elastomeric material.

[0028]  As shown in FIG. 2, the platform 34 is retained by a forward support ring 76
and an aft support ring 78. The forward support ring 76 1s an annular member including
an inner segment 80 which is radially spaced apart from an outer segment 82 such that an
annular, aft-facing groove 84 1s defined therebetween. The forward support ring 76 is
fixedly joined at its distal end to the forward end 20 of the rotor disk 16 by a plurality of
bolts, for example (not shown). The radially outer segment 82 overlaps the forward
mounting flange 64 and engages the forward radial abutment surface 68, thereby
retaining the forward end 44 of the platform 34 against radially outward movement due to
centrifugal force upon rotation of the rotor disk 16 during engine operation. Furthermore,
the distal end of the outer segment 82 abuts the forward axially facing abutment surface
72 to restrain the platform 34 against forward axial movement. Optionally, the forward
support ring 76 may be an integral portion of the otherwise conventional spinner 32. The
metal construction of the platform 34 with the single-walled body 40 allows the radial
height "R" of the forward support ring 76 to be significantly smaller than would be the
case for a prior art platform. This leads to increased aerodynamic efficiency of the fan

assembly 12.

[0029] The aft support ring 78 1s an annular member. In the illustrated example it is
substantially V-shaped in cross-section and includes a radially inner segment 86 and a
radially outer segment 88 joined together at an intersection that defines an abutment 90.
The inner segment 86 1s fixedly joined at its distal end to a mounting flange 92 formed on
the booster shaft 28. The abutment 90 overlaps the aft mounting flange 66 and engages
the aft radial abutment surface 70, thereby retaining the aft end 46 of the platform 34
against radially outward movement due to centrifugal force upon rotation of the rotor disk

16 during engine operation. The abutment 90 also engages the aft axially facing abutment

surface 74 so as restrain the platform 34 against axial movement in the aft direction.
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(0030]  Referring to FIGS. 5 and 6, the rotor disk 16 includes a plurality of
circumferentially spaced apart axial dovetail slots 94 which extend radially inwardly from
the disk outer surface 24, with the disk portions between the dovetails slots 94 also being
known as dovetail posts. Each of the fan blades 18 includes an integral root section 96
that is in the form of a complementary axial-entry dovetail. The dovetail root sections 96
are disposed in respective ones of the dovetail slots 94 for attaching the fan blades 18 to
the rotor disk 16. As 1s known 1n the art, the dovetail slots 94 and root sections 96 are
designed so as to permit limited rotation ot the root section 96 within the dovetail slot 94
in response to an extreme force exerted on the blade 18. This blade rotation capability

substantially reduces the blade's susceptibility to foreign object damage.

10031] As shown in FIG. 5, which represents the fan assembly 12 under normal
operating conditions, the body 40 is sized and configured to provide adequate clearance
with the rotor disk 16 and the adjacent blades 18 such that blade rotation capability 1s not
overly hindered by binding between the platform 34 and the blades 18 or rotor disk 16.
Thus, as shown in FIG. 6, if one of the fan blades 18 (the leftmost blade in the figure) is
struck by a foreign object, the blade 18 will rotate within its dovetail slot 94 in response
to the impact. As the blade 18 rotates, the wings 42 will deform and/or break off,
allowing the blade 18 to rotate throughout 1its rotation capability, which is typically about
18 degrees. Although the wings 42 are crushed during an ingestion event, the body 40,
which provides the bulk of the platform’s mass, stays relatively intact. Thus, very little of

the platform's mass 1s lost so that most of the function of defining an inner flowpath

boundary is retained.

[0032] The platform 34 and fan assembly 12 described above has several advantages
over the prior art. In particular, the metallic platform 34 enjoys the benefit of reduced
manufacturing time and lower part cost, while the frangible wings 42 and the simply
supported restrain does not affect composite fan blade rotational requirements during
extreme dynamic events. Furthermore, the platform configuration allows for reduced size

of the retention structure at its leading edge, thus increasing both composite fan

efficiency and fan flow.
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|0033] The foregoing has described a discrete, metallic fan platform that does not
limit the rotation capability of the adjacent fan blades and a process for making such a
platform. While specific embodiments of the present invention have been described, it
will be apparent to those skilled in the art that various modifications thereto can be made
without departing from the spirit and scope of the invention as defined in the appended

claims.
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WHAT IS CLAIMED I5:

1. A platform for use between adjacent fan blades joined to a rotor disk to provide
an inner flowpath boundary, the platform comprising:

a metallic arcuate body with opposed forward and aft ends and opposed lateral
edges; and

a pair of frangible wings that extend from the lateral edges laterally and radially

beyond the body.

2. The platform of claim 1 wherein the body and the wings form part of a unitary

member.

3. The platform of claim 1 wherein one of the lateral edges has a concave

curvature and the other lateral edge has a convex curvature.

4. The platform of claim 1 wherein one of the wings has a concave curvature and

the other wing has a convex curvature.

5. The plattorm of claim 1 wherein a lean angle between each wing and an outer

surface of the body 1s less than 90 degrees.

6. The platform of claim 1 wherein a ratio of the thickness at the tip of each wing

to the thickness at the root of each wing is less than one.

7. The plattorm of claim 1 further comprising a resilient seal member attached to

a tip of the each of the wings.

8. The platform of claim 1 further comprising a forward mounting flange
extending axially outward from a forward end of the platform and an aft mounting flange

extending axially outward from an aft end of the platform.
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9. A fan rotor assembly comprising:

a rotor including an annular array ot dovetail slots;

an array of blades each having a dovetail engaged in one of the dovetail slots of
the rotor, and an airfoil extending radially outward from the dovetail wherein a plurality
of spaces are present between adjacent ones of the fan blades;

an array of platforms disposed in the spaces between adjacent fan blades, each
platform comprising:

a metallic arcuate body with opposed forward and aft ends and opposed lateral
edges; and

a pair of frangible wings that extend from the lateral edges laterally and radially

beyond the body towards the fan blades.

10. The rotor assembly of claim 9 wherein the body and the wings form part of a

unitary member.

11. The rotor assembly of claim 9 wherein one of the lateral edges has a concave

curvature and the other lateral edge has a convex curvature.

12. The rotor assembly of claim 9 wherein one of the wings has a concave

curvature and the other wings has a convex curvature.

13. The rotor assembly of claim 9 wherein a lean angle between each wing and an

outer surface of the body is less than 90 degrees.

14. The rotor assembly of claim 9 wherein a ratio of the thickness at the tip of

cach wing to the thickness of the root of each wing is less than one.

15. The rotor assembly of claim 9 wherein a gap is present between each lateral

edge of each of the platforms and the adjacent fan blade.
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16. The rotor assembly of claim 15 wherein a radial length of each wing is

substantially larger than the size of the gap.

17. The rotor assembly of claim 9 further comprising a resilient seal member

disposed between a tip of the each of the wings and the adjacent fan blade.

18. The rotor assembly of claim 9 wherein each platform is mounted to the rotor

through a forward mounting flange extending axially outward from a forward end of the
platform and an aft mounting flange extending axially outward from an aft end of the

platform.
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