Office de la Propriete Canadian
Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2957457 A1 2017/09/14

(21) 2 957 457

12 DEMANDE DE BREVET CANADIEN

CANADIAN PATENT APPLICATION
(13) A1

(22) Date de depot/Filing Date: 201//02/09
(41) Mise a la disp. pub./Open to Public Insp.: 201/7/09/14
(30) Priorité/Priority: 2016/03/14 (US15/068,682)

(51) Cl.Int./Int.Cl. FO1D 25/24 (2006.01),
F02C 7/20 (2006.01)

(71) Demandeur/Applicant:
GENERAL ELECTRIC COMPANY, US

(72) Inventeurs/Inventors:
KING, DANIEL ELMER, US;
KERNER, JONATHAN HARRY, US

(74) Agent: CRAIG WILSON AND COMPANY

(54) Titre : MECANISME DE FIXATION DE RENFORT
(54) Title: DOUBLER ATTACHMENT SYSTEM

(57) Abrege/Abstract:

A doubler attachment system Is provided for fixedly coupling a strut to an engine casing. The strut includes at least one flanged end
configured to mate with the engine casing. The doubler attachment system includes a doubler plate having a first radial surface and
a second opposing radial surface. The first radial surface Is configured to mate with and conform to a contour of the at least one

flanged end of the strut. The doubler attachment system further includes at least two bolts fixedly attached to the doubler plate at
the first radial surface. The at least two bolts extend radially away from the first radial surface and toward the engine casing.

EORUIORIOR . o
b gy

SN 4

I*I ) . Pen, B N o
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 48 & 7%% 110

“ 3 \- N
p R NS ‘Q;}i:tq
4

PO 191

OPIC - C]




CA 02957457 2017-02-09

284248

ABSTRACT

A doubler attachment system is provided for fixedly coupling a strut to an engine casing.
The strut includes at least one flanged end configured to mate with the engine casing. The
doubler attachment system includes a doubler plate having a first radial surface and a
second opposing radial surface. The first radial surface is configured to mate with and
conform to a contour of the at least one flanged end of the strut. The doubler attachment
system further includes at least two bolts fixedly attached to the doubler plate at the first
radial surface. The at least two bolts extend radially away from the first radial surtace and

toward the engine casing.
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DOUBLER ATTACHMENT SYSTEM

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH &
DEVELOPMENT

[0001] This invention was made with govérnment support under contract number
DTWAFA-10-C-00046 awarded by the Federal Aviation Administration (FAA). The U.S.

government may have certain rights in this invention.

BACKGROUND

[0002] The field of the disclosure relates generally to gas turbine engines and, more

particularly, to an attachment system for coupling components.

(0003] Military purpose gas turbine engines are known to include a front frame assembly,
an upstream end of which forms an inlet flowpath. The inlet flowpath 1s sized to provide
a predetermined airflow to a fan assembly disposed directly downstream ot the front frame
assembly. The fan assembly typically includes a plurality of fan blades that rotate at high
speed behind the front frame assembly during engine operation. Downstream of the fan
assembly is typically a core engine for combusting fuel mixed with pressurized air to

produce combustion gases that produce a propulsive force for the engine when discharged.

[0004] The high speed rotation of the fan assembly directly behind the front frame

assembly places significant load stresses between the inner and outer casings of the front
frame assembly. The loss of a fan blade during operation of the engine, sometimes referred
to as a “blade out” condition, can place a considerably greater load stress on the fan frame
assembly. This load stress can increase for larger engines utilizing larger fan assemblies.
Some known front frame assemblies utilize a greater quantity of struts to connect the inner
and outer casings, however, additional struts impede airflow into the fan assembly, and
also add weight to the engine, which reduces engine etficiency. Other known front frame |

assemblies add additional bolts or welded joints within the inlet tlowpath to more securely
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attach the struts to the inner and outer casings, however, these additional attachments

within the flowpath also impede airflow into the fan assembly.
BRIEF DESCRIPTION

0005} Inone aspect, a doubler attachment system is provided for fixedly coupling a strut
to an engine casing. The strut includes at least one flanged end configured to mate with
the engine casing. The doubler attachment system includes a doubler plate having a first
radial surface and a second opposing radial surface. The first radial surface is configured
to mate with and conform to a contour of at least one tlanged end of the strut. The doubler
attachment system further includes at least two bolts fixedly attached to the doubler plate
at the first radial surface. The at least two bolts extend radially away from the first radial

surface.

[0006] In another aspect, a front frame assembly for a gas turbine engine includes a
generally cylindrical outer casing and a hub ring disposed coaxially within the generally
cylindi‘ical outer casing. The cylindrical outer casing has an inner casing surface radially
facing an air flowpath through the gas turbine engine, and the hub ring has an outer hub
surface radially opposed to the inner casing surface. The front frame assembly further
includes a plurality of strut assemblies circumferentially disposed about the hub ring, and
configured to fixedly couple the outer hub surface with the inner casing surface. Each of
the plurality of strut assemblies includes an airfoil portion oriented in the axial direction of
the air tlowpath and includes first and second opposing airfoil ends, and an outer T-flange
disposed at the first opposing airfoil end. The outer T-flange includes two opposing outer
flanges extending away from the airfoil portion and is configured to couple with the inner
casing surface. Each strut assembly further includes an outer doubler assembly pair
contigured to fixedly secure the two opposing outer tflanges, respectively, to the inner
casing surface. Each outer doubler assembly includes an outer doubler plate and at least

two bolts fixedly attached at a first surface of the outer doubler plate.

[0007]  In yet another aspect, a gas turbine engine is provided. The gas turbine engine

includes a core engine and a fan assembly having a forward fan shaft bearing disposed
.
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upstream of the core engine. The gas turbine engine includes a front frame assembly
disposed upstream of the fan assembly. The front frame assembly includes a generally
cylindrical outer casing disposed coaxially with the forward fan shaft bearing, a hub ring
disposed about the forward fan shaft bearing and coaxially within the cylindrical outer
casing, and a plurality of struts circumferentially disposed about the hub ring and
configured to fixedly couple the cylindrical outer casing with the hub ring. Each strut of
the plurality of struts includes an outer T-flange configured to mate with the cylindrical
outer casing and an inner T-flange configured to mate with the hub ring. Each strut further
includes a plurality of doubler assemblies configured to fixedly secure each flanged portion
of the outer and inner T-flanges to the cylindrical outer casing and the hub ring,
respectively. Each doubler assembly includes a doubler plate having a first radial surface
and a second opposing radial surface, and at least two bolts fixedly attached at the first

radial surface and extending in the radial direction.
DRAWINGS

[0008] These and other features, aspects, and advantages of the present disclosure will
become better understood when the following detailed description is read with reference to
the accompanying drawings in which like characters represent like parts throughout the

drawings, wherein:
10009]  FIG. 1 1s a schematic illustration of an exemplary gas turbine engine.

10010]  FIG. 2 1s a perspective view of an attachment system for a front frame assembly
in accordance with an exemplary embodiment of the present disclosure, which can be

utilized with the gas turbine engine depicted in FIG. 1.

[0011] FIG. 3 is a cross-sectional view of the front frame assembly taken along line 3—

3 of FIG. 2.

[0012]  FIG. 4 1s a partial perspective view of the outer doubler attachment system shown

1n FIG. 3.
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(U013} FIG. 5 1s a partial perspective view of the inner doubler attachment system shown

in FIG. 3.

[0014] FlG. 6 1s a perspective view of the outer doubler attachment system pair shown

in FIG. 4.

[0015] FIG. 7 1s a partial perspective view illustrating the assembly of the doubler

attachment system shown in FIG. 6.

[0016] Unless otherwise indicated, the drawings provided herein are meant to illustrate
features of embodiments of this disclosure. These features are believed to be applicable in
a wide variety of systems including one or more embodiments of this disclosure. As such,
the drawings are not meant to include all conventional {eatures known by those of ordinary

skill in the art to be required for the practice of the embodiments disclosed herein.
DETAILED DESCRIPTION

[0017]  In the following specification and the claims, reference will be made to a number

of terms, which shall be defined to have the following meanings.

10018] The singular forms “a,” “an,” and “the” include plural references unless the

context clearly dictates otherwise.

10019] “Optional” or “optionally” means that the subsequently described event or

circumstance may or may not occur, and that the description includes instances where the

event occurs and instances where 1t does not.

[0020] Approximating language, as used herein throughout the specification and claims,
may be applied to modify any quantitative representation that could permissibly vary
without resulting 1n a change in the basic function to which it is related. Accordingly, a
value moditied by a term or terms, such as “about,” “approximately,” and “substantially”
are not to be limited to the precise value specified. In at least some instances, the

approximating language may correspond to the precision of an instrument for measuring

4.
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the value. Here and throughout the specification and claims, range limitations may be
combined and/or interchanged; such ranges are identified and include all the sub-ranges

contained therein unless context or language indicates otherwise.

[0021] FIG. 1 18 a schematic cross-sectional view of a gas turbine engine 100 in
accordance with an exemplary embodiment of the present disclosure. In the exemplary
embodiment, gas turbine engine 100 1s embodied in a high-bypass turbofan jet engine. In
other embodiments, gas turbine engine 100 is embodied in a muilitary purpose jet engine.
As shown 1n FIG. 1, gas turbine engine 100 defines an axial direction A (extending parallel
to a longitudinal axis 102 provided for reference) and a radial direction R. In general, gas
turbine engine 100 includes a fan section 104 and a core engine 106 disposed downstream

from fan section 104.

[0022]  In the exemplary embodiment, core engine 106 includes an approximately tubular
outer éasing 108 that defines an annular inlet 110. Outer casing 108 encases, in serial flow
relationship, a compressor section 112 and a turbine section 114. Compressor section 112
includes, 1n serial flow relationship, a low pressure (LP) compressor, or booster, 116, a
high pressure (HP) compressor 118, and a combustion section 120. Turbine section 114
includes, in serial flow relationship, a high pressure (HP) turbine 122, a low pressure (LP)
turbine 124, and a jet exhaust nozzle section 126. A high pressure (HP)‘shaft, Or Spool,
128 drivingly connects HP turbine 122 to HP compressor 118. A low pressure (LLP) shaft,
or spool, 130 drivingly connects LP turbine 124 to LP compressor 116. Compressor

section, combustion section 120, turbine section, and nozzle section 126 together define a

core air tlowpath 132.

10023] In the exemplary embodiment, fan section 104 includes a fan 134 having a

plurality of fan blades 136 coupled to a disk 138 in a spaced apart relation'ship. Fan blades
136 extend radially outwardly from disk 138. Fan blades 136 and disk 138 are together
rotatable about longitudinal axis 102 by LP shaft 130 across a power gear box 142.

10024] Disk 138 is coupled with a forward fan shaft bearing 144. Additionally, fan

section 104 includes an annular fan casing, or outer nacelle, 146 that at least partially
_5-
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surrounds fan 134 and/or at least a portion of core engine 106. In the exemplary
embodiment, annular fan casing 146 is configured to be supported relative to core engine
106 by a plurality of circumferentially-spaced outlet guide vanes 148. Additionally, a
downstream section 150 of annular fan casing 146 may extend over an outer portion ot

core engine 106 so as to define a bypass airflow passage 152 therebetween.

[0025] During operation of gas turbine engine 100, a volume of air 154 enters gas turbine
engine 100 through an associated inlet 156 of annular fan casing 146 and/or fan section
104. As volume of air 154 passes across fan blades 136, a first portion 158 of volume of
air 154 is directed or routed into bypass airflow passage 152 and a second portion 160 of
volume of air 154 is directed or routed into core air flowpath 132, or more specifically into
LP compressor 116. A ratio between first portion 158 and second portion 160 1s commonly
referred to as a bypass ratio. The pressure of second portion 160 is then increased as it 1S
routed through high pressure (HP) compressor 118 and into combustion section 120, where

it is mixed with fuel and burned to provide combustion gases 162.

[0026] Combustion gases 162 are routed through HP turbine 122 where a portion of
thermal and/or kinetic energy from combustion gases 162 is extracted via sequential stages
of HP turbine stator vanes 164 that are coupled to outer casing 108 and a plurality ot HP
turbine rotor blades 166 that are coupled to HP shaft 128, thus causing HP shaft 128 to
rotate, which then drives a rotation of HP compressor 118. Combustion gases 162 are then
routed through LP turbine 124 where a second pOrtion of thermal and kinetic energy 1s
extracted from combustion gases 162 via sequential stages of a plurality of LP turbine stator

vanes 168 that are coupled to outer casing 108, and a plurality of LP turbine rotor blades
170 that are coupled to LP shaft 130 and which drive a rotation of LP shaft 130 and LP

compressor 116 and/or rotation of variable pitch tan 134.

10027] Combustion gases 162 are subsequently routed through jet exhaust nozzle section
126 of core engine 106 to provide propulsive thrust. Simultaneously, the pressure of first
portion 158 is substantially increased as first portion 158 1s routed through bypass airtlow

passage 152 before it 1s exhausted from a fan nozzle exhaust section 172 of gas turbine

-6-
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engine 100, also providing propulsive thrust. HP turbine 122, LP turbine 124, and jet
exhaust nozzle section 126 at least partially define a hot gas path 174 for routing

combustion gases 162 through core engine 106.

[0028] Gas turbine engine 100 1s depicted 1in FIG. 1 by way of example only, and that in
other exemplary embodiments, gas turbine engine 100 may have any other suitable
configuration including for example, a turboprop engine or a military purpose jet engine.
For example, according to one exemplary embodiment, gas turbine engine 100 includes a
front frame assembly 176 upstream of fan section 104. Front frame assembly 176 includes
a substantially cylindrical outer casing 178 and a hub ring 180 disposed around forward
fan shatt bearing 144. Cylindrical outer casing 178 and cylindrical hub ring 180 are
connected by a plurality of circumferentially-spaced struts 182. Hub ring 180 can be
cylindrical in shape or generally conical, and 1s covered in the upstream direction by a hub

184 that 1s aerodynamically contoured to facilitate airflow, i.e., volume of air 154, through

struts 182 and fan blades 136.

[0029] FIG. 2 1s a perspective view of an attachment system for front frame assembly
176, shown in FIG. 1. Front frame assembly 176 can be utilized with gas turbine engine
100 depicted in FIG. 1, as well as other turbine engines including a fan assembly within an
engine casing. The use of same reference symbols in different drawings indicates similar

or identical exemplary elements for purposes of illustration.

[0030] Referring to FIG. 2, according to an exemplary embodiment, cylindrical outer
casing 178 includes an inner casing surtace 202 that radially faces the flowpath of air
volume 154. Inner casing surface 202 smoothly and aerodynamically meets with an
interior surface 204 of annular fan casing 146. Hub ring 180 is disposed coaxially within
cylindrical outer casing 178 along longitudinal axis 102, and includes an outer hub surface
206 that faces radially outward toward opposing inner casing surface 202. In an exemplary
embodiment, hub ring 180 is substantially cylindrical. Alternatively, hub ring 180 is
conically-shaped, having outer hub surface 206 narrower in the forward axial direction and

wider 1n the aft axial direction.
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[0031] In the exemplary embodiment, struts 182 are each a unitary construction including
an airfoil portion 208, an outer T-flange 210 coupled with inner casing surface 202, and an
inner T-flange 212 coupled with outer hub surface 206. Airfoil portions 208 are oriented
axially in the direction of the flow of air volume 154, and connect individual ones of outer
T-flanges 210 with respective corresponding ones of inner T-—ﬂa'nges 212, as shown 1n FIG.
3. Referring back to FIG. 2, outer T-flange 210 includes a pair of outer flange portions
214(A), 214(B) that extend away from airfoil portion 208 in a circumferential direction
209 along inner casing surface 202. Similarly, inner T-flange 212 includes a pair of inner
flange portions 216(A), 216(B) that oppose one another about airfoil portion 208 and
extend away from airfoil portion 208 in circumferential direction 209 along outer hub

surface 206.

[0032] In an exemplary embodiment, outer flange portions 214 are concavely shaped
with respect to airfoil portion 208 in order to closely match the contour of inner casing
surface 202, as shown in FIG. 4. Similarly, inner flange portions 216 are convexly shaped
with respect to airfoil portion 208 in order to closely match the contour of outer hub surtace
206, as shown in FIG. 5. By closely matching the respective contours of cylindrical outer
casing 178 and hub ring 130, outer ﬂange portions 214 and inner flange portions 216
effectively function as doubler plates for the material thicknesses of cylindrical outer casing
178 and hub ring 180, respectively, when flange portions 214, 216 are securely attached

thereto.

[0033] The doubler plate functionality of flanges 214, 216 strengthens the material of
cylindrical outer casing 178 and hub ring 180 against potential deflection, tearing, or
buckling that may be experienced by significant load stresses on front frame assembly 176,
such as blade out condition. The secure fastening of flange portions 214, 216 to cylindrical
outer casing 173 and hub ring 180, respectively, effectively increases material thicknesé of
cylindrical outer' casing 178 and hub ring 180, which in turn significantly increases the
shear capacity of the respective fan frame assembly components against load stresses. In
an exemplary embodiment, cylindrical outer casing 178, hub ring 180, and struts 182 are

formed of a composite material. Alternatively, cylindrical outer casing 178, hub ring 180,
_ "
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and struts 182 are formed of fabricated steel, titanium, or a nickel-chromium-based super

alloy.

[0034] In the exemplary embodiment, the doubler plate functionality 1s further enhanced
by implementing an outer doubler assembly 218 to secure each outer T-tlange 210 to
cylindrical outer casing 178, and an inner doubler assembly 220 to secure each inner -
flange 212 to hub ring 180. The construction of outer doubler assembly 218 and inner

doubler assembly 220 is explained further below with respect to FIGS. 3-7.

[0035] FIG. 3 is a cross-sectional view of front frame assembly 176 taken along line 3—
3 of FIG. 2. In the exemplary embodiment illustrated in FIG. 3, outer doubler assembly
218 includes an outer doubler plate 300, a plurality of outer doubler bolts 302, and a
plurality of threaded locknuts 304. Outer doubler assembly 218 1s disposed at a first, outer
end 306 of airfoil portion 208 of strut 182, and fixedly secures outer flange portion 214 to
inner casing surface 202 when threaded locknuts 304 are secured to radially extending

threaded portions (not shown) of respective outer doubler bolts 302.

[0036] In a similar construction, inner doubler assembly 220 is disposed at a second,
inner end 308 of airfoil portion 208. Inner doubler assembly 220 includes an inner doubler
plate 310, a plurality of inner doubler bolts 312, and a plurality of threaded locknuts 314.
Inner doubler plate 310 is similar in construction and function to outer doubler plate 300,

except for its overall contour, as shown in FIGS. 4-5, discussed further below.

[0037] FIG. 4 is a partial perspective view illustrating the attachment system of outer
doubler assembly 218, shown in FIGS. 2-3. As shown in FIG. 4, outer doubler plate 300
includes a first radial surface 400 and a second opposing radial surface 402, respectively.
First radial surface 400 is configured to integrally mate with a facing surface 404 of outer
flange portion 214. In an exemplary embodiment, second opposing radial surtace 402 1s
configured to generally follow the contour of cylindrical outer casing 178, which curves 1n
the axial direction of the exemplary embodiment, and includes a rounded leading edge 405
and/or a rounded trailing edge 407 to facilitate aerodynamic airflow through front frame

assembly 176.
9.
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[0038] In an alternative embodiment, outer doubler assembly 218 further includes a
washér plate 406 disposed along cylindrical outer casing 178 opposite outer doubler plate
300 and outer flange portion 214, and between cylindrical outer casing 178 and threaded
locknuts 304. Washer plate 406 1s constructed, for example, of fabricated steel, titanium,
or a nickel-chromium-based super alloy. Utilization of washer plate 406 1s usetul for
enhancing the doubler function of outer doubler assembly 218 when cylindrical outer

casing 178 1s, for example, constructed of a composite material.

[0039] FIG. 5 is a partial perspective view 1llustrating the attachment system of inner
doubler assembly 220 shown in FIGS. 2-3. As shown in FIG. 5, inner doubler plate 310
includes a first radial surface and a second opposihg radial surface 500, 502, respectively.
First radial surface 500 1s configured to integrally mate with a facing surface 504 of inner
flange portion 216. In an exemplary embodiment, second opposing radial surtace 502 1s
configured to generally follow the contour ot hub ring 180, which also curves 1n the axial
direction of the exemplary embodiment. The construction of doubler assemblies 218, 220

is described further below with respect to FIGS. 6-7.

(00401 FIG. 6 is a perspective view 1llustrating an outer doubler attachment system pair
600. Outer doubler attachment system pair 600 includes two individual outer doubler
assemblies 218(A), 218(B), shown in FIG. 4. In various embodiments, individual outer
doubler assemblies 218(A), 218(B) are substantially identical to one another in function
and construction, except that individual outer doubler assembly 218(A) 1s a mirror image
of individual outer doubler assembly 218(B) on opposing blade surfaces of strut 182 (not
shown in FIG. 6). In some embodiments, if strut 182 is cambered, doubler assemblies
could have different shapes to follow a cambered airfoil shape. In an exemplary
embodiment, individual outer doubler assemblies 218(A), 218(B) each include a rounded
edge 602(A), 602(B), respectively, which are shaped to closely mate with corresponding
curved joints (see element 702, shown in FIG. 7, not shown in FIG. 6) of outer flange

portions 214.

-10-
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[0041] Individual outer doubler assemblies 218(A), 218(B) each further include at least
two outer doubler bolts 302 spaced apart 1n axial direction A, to facilitate easy insertion of
the entire individual outer doubler assembly 218 through corresponding openings (see
elements 704, 706, respectively, shown in FIG. 7, not shown in FIG. 6) in outer flange
portion 214 and cylindrical outer casing 178. Each of the outer doubler bolts 302 extends
radially from first radial surface 400 toward outer flange portion 214 and cylindrical outer
~casing 178, shown in FIG. 7. Each outer doubler bolt 302 is fixedly attached to outer
doubler plate 300 at first radial surtace 400 by a doubler joint 604.

[0042] FIG. 7 is a partial perspective view illustrating an exemplary assembly 700 of
individual outer doubler assembly 218, shown in FIGS. 3-4 and 6. Assembly 700 includes
outer doubler plate 300, outer doubler bolt 302 fixedly attached to outer doubler plate 300
by doubler joint 604, and outer threaded locknut 304. Doubler plate 300 includes rounded
edge 602 shaped to closely mate with corresponding curved joint 702 of outer flange
portion 214. That is, rounded edge 602 forms a radial surface that mates with a

corresponding radial joint formed by curved joint 702.

[0043] In operation, assembly 700 is configured so that outer doubler bolt 302 extends
radially from outer doubler plate 300 through an opening 704 1n outer tlange portion 214,
and continuing through a corresponding opening 706 in cylindrical outer casing 178,
beyond which threaded locknut 304 fixedly secures together assembly 700 by threaded
attachment (not shown) to a threaded terminal end 708 of outer doubler bolt 302. Opposing
joint terminal end 710 of outer doubler bolt 302 is configured to align with second opposing
radial surface 402 of outer doubler plate 300 to form a unitary smooth contour along the

air flowpath through front frame assembly 176.

[0044] In an exemplary embodiment, both outer doubler plate 300 and outer doubler bolt
302 are formed of a nickel-chromium-based super alloy material, and doubler joint 604 1s
formed by, for example, but not limited to, an electronic beam weld process that fixedly
secures opposing joint terminal end 710 to an opening 712 in outer doubler plate 300

throughOut an entire thickness (not numbered) of doubler plate 300. In an alternative

_11-
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embodiment, outer doubler plate 300 and outer doubler bolt 302 are formed of a unitary

construction.

[0045] Exemplary embodiments of attachment systems for struts on a front fan casing
for gas turbine engines are described above in detail. The attachment systems, and methods
of operating such systems and component devices are not limited to the specific
embodiments described herein, but rather, components of the systems and/or steps of the
methods may be utilized independently and separately from other components and/or steps
described herein. For example, the methods may also be used in combination with other
systems where radial struts couple inner and outer casings together, and are not limited to

practice with only the systems and methods as described herein.

[0046] Although specific features of various embodiments of the disclosure may be
shown in some drawings and not in others, this 1s for convenience only. In accordance
with the principles of the disclosure, any feature of a drawing may be reterenced and/or

claimed in combination with any feature of any other drawing.

[0047] While there have been described herein what are considered to be preferred and
exemplary embodiments of the present invention, other modifications of these
embodiments falling within the scope of the invention described herein shall be apparent

to those skilled in the art.

_19-
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WHAT IS CLAIMED IS:

1. A doubler attachment system for fixedly coupling a strut to an engine
casing, the strut including at least one flanged end configured to mate with the engine
casing, the system comprising:

a doubler plate comprising a first radial surtace and a second opposing radial
surface, said first radial surface configured to mate with and conform to a contour of the at
least one flanged end of the strut; and

at least two bolts fixedly attached to said doubler plate and extending radially

away from said first radial surface.

2. The doubler attachment system-as claimed in claim 1, wherein said at
least two bolts are fixedly attached at said first radial surface using electronic beam

welding.

3. The doubler attachment system as claimed in claim 2, wherein said

doubler plate and said at least two bolts comprise a nickel-chromium-based super alloy.

4. The doubler attachment system as claimed in claim 1, wherein said
second opposing radial surface 1s curved to conform to an airflow path within the engine

casing.

5. The doubler attachment system as claimed 1n claim 4, wherein said at

least two bolts form a unitary smooth contour at said second opposing radial surface.

6. The doubler attachment system as claimed in claim 1, wherein the at least
two bolts each include a threaded terminal end, the doubler attachment system further
comprising:

a unitary washer plate coupled with said at least two bolts along the engine
casing opposite the at least one flanged end of the strut; and

at least two threaded nuts configured to fixedly secure to said threaded terminal

ends of the at least two bolts, the at least two threaded nuts further configured to fixedly

13-
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couple the at least one tlanged end of the strut to the engine casing when secured to the

respective threaded terminal ends.

7. The doubler attachment system as claimed in claim 1, wherein said at
least two bolts are formed at said first radial surface of said doubler plate by an integral

unitary construction.

8. A front frame assembly for a gas turbine engine comprising;:
a generally cylindrical outer casing having an inner casing surface radially
facing an air flowpath through the gas turbine engine;
a hub ring disposed coaxially within said generally cylindrical outer casing, said
hub ring having an outer hub surface radially opposed to said inner casing surface; and
a plurality of strut assemblies circumferentially disposed about said hub ring,
said plurality of strut assemblies configured to fixedly couple said outer hub surface with
said 1nner casing surface, each said strut assembly of said plurality of strut assemblies
comprising:
an airfoil portion oriented 1n the axial direction of the air flowpath and
including first and second opposing blade ends;
an outer T-flange disposed at said first opposing blade end, said outer
T-tlange comprising two opposing outer flanges extending away from said airfoil portion
and configured to couple with said inner casing surface; and
an outer doubler assembly pair configured to fixedly secure said two
opposing outer flanges, respectively, to said inner casing surface, each said outer doubler
assembly of said outer doubler assembly pair comprising an outer doubler plate and at least

two bolts fixedly attached at a first surface of said outer doubler plate.

9. The front frame assembly as claimed in claim 8, wherein said airfoil

portion and said outer T-flange comprise a unitary construction.

10.  The front frame assembly as claimed in claim 9, wherein said airfoil
portion and said outer T-flange comprise one of a fabricated steel construction, a

nickel-chromium-based super alloy, titanium, and a composite material.
-14-
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11.  The front frame assembly as claimed in claim 8, wherein said cylindrical
outer casing and said hub ring comprise one of a fabricated steel construction, a

nickel-chromium-based super alloy, titanium, and a composite material.

12.  The front frame assembly as claimed in claim &, wherein said doubler
plate comprises a rounded blade-facing edge extending in the axial direction, said rounded

blade-facing edge configured to conform to a curved portion of said outer T-tlange.

13.  The front frame assembly as claimed in claim 8, wherein said at least two

bolts are fixedly attached at said first surface ot said outer doubler plate by a weld joint.

14.  The front frame assembly as claimed in claim 13, wherein said at least

two bolts comprise a nickel-chromium-based super alloy.

15.  The front frame assembly as claimed in claim 13, wherein said doubler

plate comprises a nickel-chromium-based super alloy.

16.  The front frame assembly as claimed in claim 13, wherein said at least
two bolts form a unitary smooth contour at a second surface of said outer doubler plate

opposed to said first surface.

17.  The front frame assembly as claimed in claim 16, wherein said unitary
smooth contour of said second surface is substantially parallel with a contour of said inner

casing surface.

18.  The front frame assembly as claimed in claim 8, wherein said cylindrical
outer casing has an outer casing surface opposed to said inner casing surface radial
direction, and wherein each said strut assembly further comprises a unitary washer plate

disposed along said outer casing surface and configured to receive each parallel bolt of said

outer doubler plate assembly pair.

_15-



CA 02957457 2017-02-09

284248

19.  The front frame assembly as claimed in claim 8, wherein each said strut
assembly further comprises:

an inner T-flange disposed at said second opposing blade end, said inner
T-flange comprising two opposing inner flanges extending away from said airfoil portion
and configured to couple with said outer hub surface; and

an inner doubler assembly pair configured to fixedly secure said two opposing
inner flanges, respectively, to said outer hub surface, each said inner doubler assembly of
said inner doubler assembly pair comprising an inner doubler plate and at least two bolts

fixedly attached at a first surface of said inner doubler plate.

20. A gas turbine engine including a core engine and a fan assembly disposed
upstream of the core engine and including a forward fan shaft bearing, the gas turbine
engine comprising:

a front frame assembly disposed upstream of the fan assembly, said front frame
assembly comprising:

a generally cylindrical outer casing disposed coaxially with the forward fan shatt
bearing;

a hub ring disposed about the forward fan shaft bearing and coaxially within said
cylindrical outer casing;

a plurality of struts circumferentially disposed about said hub ring and
configured to fixedly couple said cylindrical outer casing with said hub ring, each said strut
of said plurality of struts comprising an outer T-flange configured to mate with said
cylindrical outer casing and an inner T-flange configured to mate with said hub ring; and

a plurality of doubler assemblies configured to fixedly secure each flanged
portion of said outer and inner T-flanges to said cylindrical outer casing and said hub ring,
respectively, each said doubler assembly of said plurality of doubler assemblies comprising
a doubler plate comprising a first radial surface and a second opposing radial surface and

at least two bolts fixedly attached at said first radial surface and extending radially away

from said first radial surface.

_16-



CA 02957457 2017-02-09

L Ol

891

01
0/ 1 /ﬁ AN

415

gl Ocl ) g1l

Y

cCl

991

¢9l

oo_\\

222222272 2222722722222 22227277

\\.

L7 7T T T

m \ bﬁ////

0F |=# . . SSSPT
\ S8CL 4 .. V////ﬂ-nn

1ZA’

l‘-l.ln!

- U F
NDR mlm.m\\\\‘\\w\\\‘\ \

0%

81\ \““I
1T N.@\ b 1-

e SVl ——

¢Sl

- aall

8G 1

Nl

14001




CA 02957457 2017-02-09




CA 02957457 2017-02-09

o
X\I |
-
x | |
i '\
l '\.
R | |
\ ‘\.
| o
v | |
\ | 8
| N
.\ ‘\‘
| |
| \\
| ~L208
210 308\41
——216
506 180
220/ 312 214



CA 02957457 2017-02-09

182

502 ~
308 _ ﬂ)o_ 310

- 216
180
206 BN
O 504
®O 314
o sz N
220
Q

F1G. 5



CA 02957457 2017-02-09

E

g

%&(&(ﬁﬁ( |







	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - abstract drawing

