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(57) Abrege/Abstract:
A connection supporting body (33), which comprises a pair of divided pieces (34, 34) joined to a vane base end part (21) from

either side In the vane thickness direction, Is disposed at a part where the vane base end part (21) of a guide vane (20) and
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(57) Abrege(suite)/Abstract(continued):
mounting flanges (31f) are connected together; elongated protrusions (21a) are formed on either side of the vane base end part

(21); engagement grooves (35a), which engage with the elongated protrusions (21a) formed on the vane base end part (21), are
formed In the pair of divided pieces (34, 34) of the connection supporting body (33); respective side edges (35b, 35b) of the pair of
divided pieces (34, 34), which are located on the center side of the vane and extend along the vane chord direction, are formed so
as to rise toward the center of the vane; the tips of the side edges (35b, 35b) are chamfered; and the vane base end part (21) is
held between the pair of divided pieces (34, 34) of the connection supporting body (33) by a fastening force which is applied from
either side Iin the vane width direction by the pair of divided pieces (34, 34) of the connection supporting body (33). The occurrence
of a problem of peeling-off of a reinforced fiber layer at the end part of the vane made of a composite material can be minimized.
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(57) Abstract: A connection supporting body (33), which comprises a pair of
divided pieces (34, 34) joined to a vane base end part (21) from either side in
the vane thickness direction, 1s disposed at a part where the vane base end
part (21) of a guide vane (20) and mounting flanges (311) are connected to-
gether; elongated protrusions (21a) are formed on either side of the vane base
end part (21); engagement grooves (35a), which engage with the elongated
protrusions (21a) formed on the vane base end part (21), are formed mn the
pair of divided pieces (34, 34) of the connection supporting body (33); re-
spective side edges (35b, 35b) of the pair of divided pieces (34, 34), which
are located on the center side of the vane and extend along the vane chord
direction, are formed so as to rise toward the center of the vane; the tips of
the side edges (35b, 35b) are chamiered; and the vane base end part (21) 1s
held between the pair of divided pieces (34, 34) of the connection supporting
body (33) by a fastening force which is applied from either side in the vane
width direction by the pair of divided pieces (34, 34) of the connection sup-
porting body (33). The occurrence of a problem of peeling-off of a reinforced
fiber layer at the end part of the vane made of a composite material can be
minimized.
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DESCRIPTION

L+

Title of the Invention: COUPLING PART STRUCTURE FOR VAN

i

[+

AND J.

t44

T ENGINE INCLUDING THE SAM.

Technical Field

[0001] The present 1nvention relates to a coupling part
structure for a vane that constitutes a jet engine and 1is
made of a compogite material of thermosetting resin or
thermoplastic resin and reinforcement fiber, and a jet

englne 1ncluding the coupling part structure for the vane.

Background Art

[0002] A structure described 1n Patent Document 1 1s a
conventional example of the above-mentioned coupling part
structure for the vane made of the composite material.
(0003] This coupling part structure for the vane 1s
applied to a coupling part between: a gulide vane that 1s
requlred to have a structural function as well as a flow
regulating function of regulating a flow of air introduced
by rotor blades; and, for example, a fan frame constituting
an engine malin body.

[0004] That 1s, 1n this coupling part structure for the
vane, a palr of metal divided pieces 1s placed so as to be
jolned to the coupling part between a vane base end portion
of the guide vane made of a compcslite material and the fan

frame from both the sides in the vane thickness direction,
and a linear protrusion 1s formed on one side of the vane
base end portion whereas a groove engaged with the linear
protrusion formed in the vane base end portion 1s formed 1n
one of the pailr of divided pieces, whereby the vane base
end portion 1s sandwiched by applyving fastening force to
the pair of divided pieces from both the sides in the vane
thickness direction.

Related Art Document
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Patent Document

[0005] Patent Document 1: Japanese Patent Lald-Open NoO.
2013-160101

Summary of the Invention

Problems to be solved by the Invention

[0006] However, the above-mentioned conventlional
coupling part sgtructure for the vane has the following
problem. That 1s, although the conventional coupling part
structure for the vane 1s capable of obtaining a high
structural strength while contributling to a reduction 1n
welght of a jet engine, when the gulide vane made of the
composlite material 1s displaced by a load due to a maneuver
of the alrcraft, an aerodynamic force applied to the wvane
surface, or whirling of the main shaft i1n the case of a
fallure of the rotor blade, the vane base end portion
interferes with side edges closer to the vane center, of
the metal divided pieces that sandwich the guide vane, that
1s, angulated portions of the metal divided pleces. As a
result, a compressive stress 1s concentrated on the vane
base end portion, and such a trouble that a reinforcement
fiber layer of the composite material separates occurs.
This 1s a conventional problem to be solved.

[0007] The pregent invention, which hags been made
focusing on the above-mentioned conventional problem, has
an object to provide a coupling part structure for a vane
capable of not only obtaining a high structural strength
while contributing to a reduction 1n weight of a jet engine,
but alsgo minimizing such a trouble that a reinforcement
fiber layer 1n an end portion of a vane made of a composite
material separates, and a jet engine 1including the coupling
part structure for the vane.

Means for Solving the Problems

[0008] In order to achieve the above-mentioned object,
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according to a first aspect of the present invention,

provided 1s a coupling part structure for a vane made of a
composlite material of thermosetting resin or thermoplastic
resin and reinforcement fiber, the coupling part structure
1ncluding a vane coupling part. The vane coupling part
1ncludes a coupling support member placed therein, the
coupling support member being made of metal and including a
palr of divided pileces separated from each other, the pair
of divided pieces being joined to an end portion of the
vane from both sides 1n a vane thicknesg direction. At
least one linear protrusion or groove is formed on at least
any one of divided piece sides of the end portion of the
vane. A groove or linear protrugion engaged with the
linear protrusion or groove formed in the end portion of
the vane 1s formed 1n at least any one of the pair of
divided pieces of the coupling support member. Side edges
that are located on a vane center side of the pailir of
divided pieces of the coupling support member and extend
along a chord direction are formed so as to protrude toward
the vane center, and respective tilp ends of the protruding
side edges are chamfered or rounded. The end portion of
the vane 1s held between the pair of divided pieces of the
coupling support member, by fastening force that 1s applied
0 the pair of divided pieces of the coupling support
member from both the sides 1n the vane thickness direction.
[0009] Here, the coupling part structure for the vane
according to the present invention can be applied to: a
coupling part between a vane tip end portion of a gulde
vane that 1s a stator vane of a jet engine and an engine
maln body; and a coupling part between a vane base end
portion of, similarly, the guide vane and the engine main
body, and can also be applied to: a coupling part between a

tip of a rotor blade of the jet engine and a tip shroud;
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and a couplling part between a hub (base end portion) of,

simlilarly, the rotor blade and a shaft. Note that the tip
shroud 1s provided at the tip of the rotor blade for the
purpose o0f vibration prevention and aerodynamic performance

1mprovement, and rotates together with the rotor blade.

[0010] In the coupling part structure for the vane
accordlng to the present 1nvention, the number of the
linear protrusions or grooves formed i1in the end portion of
the vane (the number of the grooves or linear protrusions
formed 1n the coupling support member) 1s not limited to
one, regardless of whether the linear protrusions or
grooves are provided on only one of the two sides of the
end portion of the vane or provided on both ¢f the two
sides therecf. For example, two linear protrusions oOr
grooves may be provided on both of the two sides of the end
portion of the vane. Alternatively, one linear protrusion
or groove may be provided on one side of the end portion of
the vane, and two linear protrusions or grooves may be
provided on the other side of the end portion of the vane.
[0011] Further, 1n the coupling part structure for the
vane according to the present 1nvention, the linear
protrusions or grooves formed 1in the end portion of the
vane (the grooves or linear protrusions formed in the
coupling support member) can be trapezoidal, semiclrcular,
triangular, and rectangular 1n cross-section, but are not
limited to these shapes.

[0012] Moreover, 1n the coupling part structure for the
vane according to the present i1nvention, examples of the
thermosetting resin usable to form the vane include epoxy
resin, phenclic resin, and polyimide resin, and examples of
the thermoplastic resin ucsable to form, similarly, the vane
include polyetherimide, polyether ether ketone, and

polyphenylene sulfide. Then, examples of the reinforcement
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fiber usable to form the vane include carbon fiber, aramid

fibex, and glass fiber. The vane 1s formed by, for example,
laminating the composite material of these substances in
the vane thickness direction or three-dimensionally

inweaving the composite material thereof. Meanwhile, metal

such as an aluminum alloy and a titanium alloy can be used

to form the coupling support member.

(0013] Tn the coupling part structure for the vane
according to the present invention, first, the end portion
of the vane made of the composite material 1s located
between respective opposed walls of the pair of divided
pieces of the coupling support member made of the metal.
Further, the linear protrusion or groove formed on at least
any one side of the end portion of the vane 1s engaged with
the groove or linear protrusion formed in at least any one
of the pair of divided pieces of the coupling support
member. In this state, for example, the fastening force
obtained by the bolts and the nuts 1s applilied tc the palr
of divided pieces of the coupling support member from both
the sides in the vane thickness direction, whereby the end
portion of the vane is held between the pair of divided
pieces of the coupling support member.

[0014] Accordingly, the coupling part structure for the
vane according to the present i1invention 1s capable of
obtaining a high structural strength while contributing to
a reduction in weight of the jet engine. In addition,
pecause the coupling strength 1s a mechanical coupling
strength, process management for the coupling part 1s
facilitated compared with the coupling strength in the case
of using only an adhesive.

[0015] Further, because the end portion of the vane 1s

sandwiched between the pair of divided pieces from both the

sides 1in the vane thickness direction, a bending of the end
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portion of the vane can be avoided compared with, for

example, the case where the end portion of the vane 1is
supported by only one of the divided pieces. As a result,
a strong coupling state can be maintained.

(0016] On this occasion, the side edges that are located
on the vane center side of the pair of divided pieces of
the coupling support member and extend along the chord
direction are formed so as to protrude toward the vane
center, and, in addition, the respective tip ends of the
protruding side edges are chamfered or rounded. Hence,
even if the vane made of the composite material 1s
displaced by a load due to a maneuver of the aircraft, an
aerodynamic force applied to the vane surface, or whirling
of the main shaft in the case of a failure of the rotor
blade, compressive stress concentration when the end
portion of the vane interferes with the side edges of the
metal divided pileces 1s alleviated. Accordingly, such a
trouble that a reinforcement fiber layer in the end portion
of the vane made of the composite material separates can be
minimized.

[0017] Moreover, at the time of assembling of the end
portion of the vane and the coupling support member, the
linear protrusion or grocove 1n the end porticon of the wvane
is engaged with the groove or linear protrusion 1n the
coupling support member, whereby the two components are
pogsitioned with each other. Accordingly, this assembling
work 1s facilitated.

Advantageous Effects of the Invention

[0018] A coupling part structure for a vane according to
the present 1nvention can produce an extremely excellent
effect of not only obtaining a high structural strength
while contributing to a reduction in welight of a jet engine,

but also minimizing such a trouble that a reinforcement
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fiber layer 1n an end portion of a vane made of a composite

material separates.

Brief Description of the Drawings

[0019]

FIG. 1 1s an explanatory partial cross-sectional view
of a front upper portion of a jet engine to which a

coupling part structure for a vane accordlng to one

embodiment of the present invention 1s applied.

FIG. 2 1s an explanatory cross-sectional view of a
vane coupling part seen from the front side of the jet
engine, 1llustrating 1n detail the coupling part structure

for the vane in FIG. 1.

FIG. 3 1s an explanatory side view of the wvane
coupling part, i1llustrating in detail the coupling part

structure for the vane i1n FIG. 1.

FIG. 4A 1s an explanatory view of stress distribution
in a vane base end portion when a load acts on a gulde vane
to which the coupling part structure for the vane according

to the one embodiment of the present invention 1s applied.

FIG. 4B 1s an explanatory view of stress distribution
in a vane base end portion when a load acts on a guide vane
to which a conventional coupling part structure for a vane
18 applied.

Mode for Carrying out the Invention
[0020] Hereinafter, the present invention 1s described
with reference to the drawings.

FIG. 1 to FIG. 3 illustrate one embodiment of a

coupling part structure for a vane according to the present
invention, and a coupling part of each guide vane as a
stator vane constituting a jet engine 1s described as an

example 1in this embodiment.

[0021] As 1llustrated in FIG. 1, in a Jjet engine 1, an

annular core flow passage 4 1s formed on a shaft center
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side o0of an engine 1nner cylinder 3 of an engine maln body 2,

and a bypass flow passage 6 1g formed between the i1nner
circumferential surface of a fan case 5 corresponding to an
outer portion of the engine main body 2 and the outer

circumferential surface of the engine inner cylinder 3.

[0022] In a front portion (on the left side of FIG. 1)

of the jet engine 1, a fan disc 7 is rotatably set around
the engine shaft center (not 1llustrated) via a bearing 8.
The fan disc 7 1s integrally coupled to a turbine rotor of

a low-pressure turbine (not illustrated) placed 1n a rear

portion (on the right side of FIG. 1) of the jet engine 1.
[0023] Further, on the outer circumferential surface of
the fan disc 7, a plurality of rotor blades 10 are placed
equally in the circumferential direction via fitting
grooves 7a, and spacers 11, 11 are respectively placed i1n a
front portion and a rear portion between each rotor blade

10 and each fitting groove 7a. Annular retainers 12, 13

“hat support the rotor blades 10 are respectively
“ntegrally set 1n the circumferential directlon in a front
portion and a rear portion of the fan disc 7. The retainer
12 1n the front portion 1s 1ntegrally coupled to a nose
cone 14, and the retainer 13 1in the rear portion 1is
coaxially and 1ntegrally coupled to a rotor 16 of a low-

pressure compressor 15 that 1s adjacently placed downstream

of the fan disc 7.
Note that tip shrouds for vibration preventlion and

aerodynamic performance improvement are respectively

coupled between the tips of the plurality of rotor blades

10, and the tip shrouds are not 1llustrated 1n FIG. 1.
[0024] That 1s, when the jet engine 1 1s operated, the
plurality of rotor blades 10 are rotated together with the

fan disc 7, whereby alr can be 1ntroduced 1nto the core

flow passage 4 and the bypass flow passage 6.
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[0025] The jet engine 1 includes a plurality of guide
vanes (stator vanes) 20 1n the bypass flow passage 6. The
plurality of guide vanes 20 are equally placed around the
englne 1nner cylinder 3, and regulate a swirling flow of

5 air flowing 1n the bypass flow passage 6. A composite
material of: thermosetting resin (such as epoxy resin,
phenolic resgin, and polyimide regin) or thermoplastic resin
(such as polyetherimide, polyether ether ketone, and
polyphenylene sulfide); and reinforcement fiber (such as

10 carbon fiber, aramid fiber, and glass fiber) 1s used as the
constituent material of each guide vane 20. The guilide vane
20 1s formed by, for example, laminating the constituent
material 1n the vane thickness direction or three-
dimensionally inweaving the constituent material.

15 [0026] A vane base end portion (vane end portion) 21 on
a shaft center side of each gulide vane 20 1s coupled to an
attachment flange 31f of a fan frame 31 placed on the
engine inner cylinder 3, and a vane tip end portion {(vane
end portlon) 22 on a side farther from the shaft center of

20 the guide vane 20 1s coupled to an attachment flange 5t

placed on the fan case 5.

[0027] In this case, as 1llustrated in FIG. 2 and FIG. 3,

a coupling support member 33 1ncluding a palr of divided
pleces 34, 34 separated from each other 1i1s placed 1n a

25 couplling part between the vane base end portion 21 of the
gulde vane 20 and the attachment flange 31f, namely, a vane
coupling part, and the pair of divided pieces 34, 34 are
Joined tc the vane base end portion 21 of the guide vane 20

from both the sides 1n the vane thickness direction (the

30 left-right direction in FIG. 2). Each of the divided

pleces 34, 34 of the coupling support member 33 1s made of
metal such as an aluminum alloy and a titanium alloy, and

1s attached to the attachment flange 31f using a bolt 38
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10

and a nut 239.

[0028] Opposed walls 35 facing each other are
respectively formed on the pair of divided pieces 34, 34 of
~he ccoupling support member 33, and the opposed walls 35,
35 are joined to the vane base end portion 21 of the guide
vane 20 from both the sides 1n the vane thickness direction.
[0029] In this embodiment, linear protrusions 2la, 21la
are respectively formed on both the sides of the vane base
end portion 21 of the guide vane 20, whereas grooves 35a
engaged with the linear protrusions 2la formed in the vane
base end portion 21 of the guide vane 20 are respectively
formed on the opposed walls 35, 35 of the pair of divided
pleces 34, 34 of the coupling support member 33.

[0030] On this occasion, side edges 35b, 35b that are

located on the vane center side (the upper side in FIG. 2)
of the opposed walls 35, 35 and extend along a chord
direction are formed so as to protrude toward the vane
center, and the respective tip ends of the protruding side
edges 35b, 35b are chamfered. Note that the respective tip
ends of the side edges 35b, 35b may be rounded.

[0031] Then, 1n this embodiment, the vane base end
portion 21 of the guide vane 20 1s held between the
respective opposed walls 35, 35 of the pair of divided
plieces 34, 34 by the fastening force that 1is applied by the
bolts 36 and the nuts 37 to the palr of divided pieces 34,
34 of the coupling support member 33 from both the sides 1in
the vane thickness direction.

[(0032] Further, 1in this embodiment, an adhesive 18
interposed between the respective opposed walls 35, 35 of
the palir of divided pieces 34, 34 of the coupling support
member 33 and the vane base end portion 21 of the guide
vane 20 held between the opposed walls 35, 35.

(00331 Meanwhile, a coupling support member 53 including
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11

a palr of divided pieces 54, 54 separated from each other

18 placed also 1n a coupling part between the vane tip end
portion 22 of the guide vane 20 and the attachment flange
5f, namely, a vane coupling part, and the pair of divided
pleces 54, 54 are jolned to the vane tip end portion 22 of

the guide vane 20 from both the sides in the vane thickness

direction (the left-right direction in FIG. 2). Each of
the divided pileces 54, 54 of the coupling support member 53
15 also made of metal such as an aluminum alloy and a
titanium alloy, and is attached to the attachment flange 5f
using the bolt 38 and the nut 39.

(0034) Opposed walls 55 facing each other are
respectively formed also on the pair of divided pieces 54,
54 of the coupling support member 53, and the opposed walls
55, 55 are joined to the vane tip end portion 22 of the
gulde vane 20 from both the sides in the vane thickness
direction.

[0035] Also 1n this vane coupling part, linear
protrusions 22a, 22a are respectively formed on both the
sides of the vane tip end portion 22 of the guide vane 20,
whereas grooves 55a engaged with the linear protrusions 22a
formed 1n the vane tip end portion 22 of the guide vane 20
are regpectively formed on the opposed walls 55, 55 of the
palr of divided pieces 54, 54 of the coupling support
member 53.

(0036] Also 1n this case, side edges 55b, 55b that are
located on the vane center side (the lower side in FIG. 2)
of the opposed walls 55, 55 and extend along the chord
direction are formed so as to protrude toward the vane
center, and the respective tip ends of the protruding side
edges 55b, 55b are chamfered. Note that the respective tip
ends of the side edges 55b, 55b may be rounded.

[0037] Then, the vane tip end portion 22 of the guide
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vane 20 1s held between the respective opposed walls 55, 55

of the pair of divided pieces 54, 54 by the fastening force
that 1s applied by the bolts 56 and the nuts 57 to the pailr
of divided pieces 54, 54 of the coupling support member 53
from both the sides 1n the vane thickness direction.

(0038] Further, also in this vane coupling part, an
adhesive 1s 1nterposed between the respective opposed walls
55, 55 of the pair of divided pieces 54, 54 of the coupling
support member 53 and the vane tip end portion 22 of the
guide vane 20 held between the opposed walls 55, 55.

[0039] As described above, 1n the coupling part
structure for the vane according to this embodiment, first,
the vane base end portion 21 (vane tip end portion 22) of
each guide vane 20 made of the composite material 1is
located between the opposed walls 35, 35 (55, 55) of the
palr of divided pieces 34, 34 (54, 54) of the coupling
support member 33 (53) made of the metal. Further, the
linear protrusions 2la, 2la (22a, 22a) formed on both the
sides of the vane base end portion 21 (vane tip end portion
22) are respectively engaged with the grooves 35%5a, 35a (55a,
55a) formed on the opposed walls 35, 35 (bbb, 5%) of the

palr of divided pieces 34, 34 (54, 54) of the coupling

support member 33 (53). In this state, the fastening force
obtained by the bolts 36 (56) and the nuts 37 (57) is
applied to the palr of divided pieces 34, 34 (54, 54) of
the coupling support member 33 (53) from both the sides 1in
the vane thickness direction, whereby the vane base end
portion 21 (vane tip end portion 22) is held between the
opposed walls 35, 35 (55, 55%) of the pair of divided pieces
34, 34 (54, 54).

[0040] Accordingly, the coupling part structure for the
vane according to this embodiment 1s capable of obtaining a

high structural strength while contributing to a reduction
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1in weight of the jet engine 1. In addition, because the
coupling strength is a mechanical coupling strength,
process management for the coupling part 1s facilitated
compared with the coupling strength 1n the case of using
ornnly an adhesive.

[0041] Further, because the vane base end portion 21
(vane tilp end portion 22) 1s sandwiched between the
respective opposed walls 35, 35 (55, 55) of the pair of
divided pieces 34, 34 (54, 54) from both the sides in the
vane thickness direction, a bending of the vane base end
portion 21 (vane tip end portion 22) can be avoided
compared with, for example, the case where the vane base
end portion 21 (vane tilp end portion 22) 1s supported by a
wall on one side. As a result, a strong coupling state can
be maintailned.

[0042] On this occasion, the side edges 35b, 35b (55b,
55b) that are located on the vane center side of the
opposed walls 35, 35 (55, 55) of the pair of divided pieces
34, 34 (54, 54) of the coupling support member 33 (53) and
extend along the chord direction are formed so as to
protrude toward the vane center, and, 1n addition, the
respective tip ends of the protruding side edges 35b, 35b

(55b, 55b) are chamfered. Hence, even 1f the guide vane 20

made of the composite material 1s displaced by a load due
to a maneuver of the aircraft, an aerocdynamic force applied
to the vane surface, or whirling of the mailin shaft 1n the
case of a failure of the rotor blade 10, compressive stress
concentration when the vane base end portion 21 (vane tip
end portion 22) 1nterferes with the side edges 35b, 35b
(55b, 55b) of the opposed walls 35, 35 (55, 55) of the
metal divided pileces 34, 34 (54, 54) 1is alleviated.

Accordingly, such a trouble that a reinforcement fiber

layer 1n the vane base end portion 21 (vane tip end portion
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22) of the guide vane 20 separates can be minimized.

[0043] Moreover, at the time of assembling of the wvane

base end portion 21 (vane tip end portion 22) and the

coupling support member 33 (53), the linear protrusion 21b
(22b) of the vane base end portion 21 (vane tip end portion
22) 1s engaged with the groove 35b (55b) of the coupling
support member 33 (53), whereby the two components are
positioned with each other. Accordingly, this assembling
work 1s facilitated.

(0044] Still further, in the coupling part structure for
the vane according to this embodiment, the adhesive 1s
interposed between the respective opposed walls 35, 35 (55,
55) of the pair of divided pieces 34, 34 (54, 54) of the
coupling support member 33 (53) and the vane base end
portion 21 (vane tip end portion 22) of the guide vane 20
held between the opposed walls 35, 35 (55, 55), and hence a
higher structural strength can be obtailned.

(0045] Then, the jet engine according to this embodiment
adopts the above-mentioned coupling part structure for the
vane, and thus achieves both a reduction 1n weight and an
1ncrease 1n strength.

[0046] Next, results 1llustrated 1n FIG. 4A are obtained

by examlining stress distribution in the vane base end
portion 21 when a load acts on the guide vane 20 to which
the coupling part structure for the vane according to this
embodiment 1s appliled. For comparison, results illustrated
in FIG. 4B are obtailned by examlning stress distribution in
tne vane base end portion 21 when a load acts on the guide

vane 20 sandwiched between opposed walls 35A, 35A each

having an angulated side edge 1n a conventional coupling

support member. Note that both FIG. 4A and FIG. 4B
1llustrate the case where the locad acts from the left to

the right 1n each drawing.
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[0047] As 1llustrated in FIG. 4A, a middle-level compressive

stress occurs at a maximum 1n the guide vane 20 to which the

coupling part structure for the wvane according to this

embodiment 1s applied. In contrast, as illustrated in FIG. 4B,
a high compressive stress occurs 1n the guide vane 20
sandwlched between the opposed walls 35A, 35A each having the
angulated side edge.

[0048] Accordingly, 1t 1s understood that the coupling part
structure for the vane accordling to this embodiment, 1n which:
the si1ide edges 3b5b, 35b of the opposed walls 35, 35 of the
coupling support member 33 are formed so as to protrude toward
the vane center; and the respective tip ends of the protruding
slde edges 350b, 35b are chamfered, can alleviate compressive
stress concentration when the wvane base end portion 21
interferes with the side edges 35b, 35b of the metal opposed
walls 35, 35.

[0048] Note that, although a tensile stress occurs on the side

opposite to the side on which the compressive stress occurs in

the vane base end portion 21 as illustrated in FIG. 4A and

FIG. 4B, the tensile stress 1s a tensile stress 1in the
reinforcement fiber lamination dlirection (out—-of-plane
direction), and a reductiocon 1in the tensile stress can be
expected Dby supporting a portion in which the tensile stress
occurs by the protruding side edges 35b. In figures 4A and 4B,
there are shown where 1s the tensile stress 23, low

compressive sStress 25, middle compressive stress 24 and high

compressive stress 26.

[0000] In each of the above-mentioned embodiments, the linear
protrusions <Zla (Z2Z2a) are formed in the vane base end portion

21 (vane tip end portion 22) of each guide vane 20, and

CA 2935093 2017-08-15
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the grooves 35a (55a) are formed 1in the coupling support
member 33 (53), but the present invention 1s not limited to
this configuration. Grooves may pbe formed 1n the vane base end

portion 21 (vane tip end portion 22) of the guide vane 20, and

linear protrusions may be formed 1n —— )

CA 2935093 2017-08-15
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the coupling support member 33.

[0051] Further, the number of the linear protrusions 2la
or grooves 1n the vane base end portion 21 (vane tip end
portion 22) of the guide vane 20 (the number of the grooves
35a (bba) or linear protrusions 1n the coupling support
member 33 (53)) 1s not limilited to one, regardless ot
whether the linear protrusions or grooveg are provided on
only the one side or on both of the one side and the other
side.

([0052] Moreover, the linear protrusion 21la, 22a or the
groove 35a, 55a can be trapezoidal, semicircular,
triangular, and rectangular in cross-section, but 1s not
limited to these shapes.

[0053] According to a first aspect of the present
invention, provided is a coupling part structure for a vane
made of a composite material of thermosetting resin or
thermoplastic resin and reinforcement fiber, the coupling
part structure including a vane coupling part. The vane
coupling part includes a coupling support member placed
therein, the coupling support member being made of metal
and including a palir of divided pleces separated from each
other, the pair of divided pieces being joilned to an end

porticn of the vane from both sides in a vane thickness

direction. At least one linear protrusiorn Or groove 1S
‘ormed on at least any one of divided piece sides of the
end portion of the vane. A groove or linear protrusion
engaged with the linear protrusion or groove formed i1n the
end portion of the vane 1s formed in at least any one of
the palr of divided pieces of the coupling support member.
Side edges that are located on a vane center side of the
palr of divided pilieces ©of the coupling support member and

extend along a chord direction are formed so as to protrude

toward the vane center, and respective tip ends of the
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protruding side edges are chamfered or rounded. The end

portion of the vane is held between the pair of divided
pleces of the coupling support member, by fastening force
that is applied to the palr of divided pieces of the
coupling support member from both the sides 1n the vane
thickness direction.

[0054] The couplling part structure for the vane
according to the first aspect of the present invention 1s
capable of obtaining a high structural strength while
contributing to a reduction in weilght of the Jjet engilne.
In addition, because the coupling strength 1s a mechanical
coupling strength, process management for the coupling part
is facilitated compared with the coupling strength 1n the
case of using only an adhesive.

[0055] Moreover, because the end portion of the vane 1s
sandwiched between the pair of divided pieces from both the
sides in the vane thickness direction, a strong coupling
state can be maintained. On this occasion, the side edges
that are located on the vane center side of the pair of
divided pieces of the coupling support member and extend
along the chord direction are formed so as to protrude
toward the vane center, and, 1n addition, the respective
tip ends of the protruding side edges are chamfered or
rounded. Hence, even 1f the vane made of the composite
material is displaced, compressive stress concentration
when the end portion of the vane interferes with the side
edges of the metal divided pieces is alleviated.
Accordingly, such a trouble that a reinforcement fiber
layer in the end portion of the vane made of the composite
material separates can be minimized.

[0056] Further, at the time of assembling of the end

portion of the vane and the coupling support member, the

linear protrusion or groove 1in the end portion of the vane
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is engaged with the groove or linear protrusion 1n the
coupling support member, whereby the two components are
positioned with respect to each other. Accordingly, this
assembling work 1s facilitated.
[0057] According to a second aspect of the present
invention, an adhesive 1s interposed between the palr of
divided pieces of the coupling support member and the end
portion of the vane held between the pair of divided pileces.
With this configuration, a higher structural strength
can be obtained.
[0058] Meanwhile, a jet engine according to the present
invention includes the above-mentioned coupling part
structure for the vane, as a coupling part structure for a
vane constituting the jet engine.
With this configuration, both a reduction in weight
and an increase in strength can be achieved.
[0059] The configurations of the coupling part structure
for the vane and the jet engine according to the present
invention are not limited to the above-mentioned
embodiments.

Explanation of Reference Signs

[0060]
1 Jjet engine
20 guide vane (stator vane)
21 vane base end portion (vane end portion)
21la, 22a linear protrusion
22 vane tip end portion (vane end portion)
33 coupling support member
34, 54 palir of divided pieces
35a, bba groove

35b, 55b slde edge
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WHAT IS CLAIMED IS

F

1. A coupling part structure for a vane made of a composite

material of thermosetting resin or thermoplastic resin and

reinforcement fiber, the coupling part structure comprising a
vane coupling part, wherein

the vane coupling part includes a coupling support member
placed therein, the coupling support member being made of
metal and including a pair of divided pleces separated from
each other, the pair of divided pieces being joined to an end
portion of the vane (from both sides 1n a vane thickness
direction,

at least one linear protrusion or groove 1is formed on at
least any one of divided plece sides of the end portion of the
vane,

a groove or linear protrusion engaged with the linear
protrusion or groove formed 1n the end portion of the wvane 1is
formed in at least any one of the pair of divided pileces of
the coupling support member,

side edges that are located on a vane center side of the
palir of divided pieces o©of the coupling support member and
extend along a chord direction are formed so as to protrude
toward the vane center,

respective tip ends of the protruding side edges are

chamfered or rounded, and

the end portion of the vane 1s held between the pair of
divided pieces of the coupling support member, by fastening
force that 1s applied to the pair o¢f divided pieces of the

coupling support member from both the sides 1n the vane

thickness direction.

CA 2935093 2017-08-15
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2 . The coupling part structure for the wvane according to

claim 1, wherein an adhesive 1s i1nterposed between the pair of

divided pileces of the coupling support member and the end

portion of the vane held between the palr of divided pieces.

3. A jJet engine comprlsing the coupling part structure for

the vane according to claim 1 or 2.

CA 2935093 2017-08-15






CA 02935093 2016-06-27

[

J

OO S COS SSS

Job

3Ha

[ AN
a8

21a




CA 02935093 2016-06-27

. .
. =
. UI

3/5
G, 3
ST ) " 5
38 - -
PN @ ®
77T )
55b 56 55 22 96
20
- : 35b -
S #____#---.~ T 37
1o © © 36
36 38
/
33 34 39 31f
38

31t 39



39

CA 2935093 2017-08-15

FIG. 4A
25 25
YN
35b
24 E{ o1
¢
/

39



5/5

FI1G. 4B

20 — |-
A

23=C

. 24 “ 20

A N
25
21

CA 2935093 2017-08-15






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - abstract
	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 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - abstract drawing

