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(57) Abrege/Abstract:
A cylindrical case equipped with: a case main body (10) formed from a composite material obtained by impregnating reinforcing

fibers with a thermosetting resin; and a groove (12) disposed annularly at an end of the case main body (10). The circumferential
wall (10a) of the case main body (10) has been formed by alternately superposing: biaxial woven fabric layers (13) each comprising
biaxial woven fabric (13A) of a non-crimp structure which comprises reinforcing fiber bands (13a, 13b) oriented at the angles of
+45° and roving layers (14) each containing rovings (14A) which are bundles of reinforcing fibers and which extend along the
circumferential direction. The groove wall (12a) of the groove (12) has been formed by alternately superposing: biaxial woven fabric
layers (13) each continuing toward the case main body (10); and triaxial woven fabric layers (15) each containing triaxial woven
fabric (15A) of a non-crimp structure which comprises reinforcing fiber bands (15a, 15b) oriented at the angles of +45° and a
reinforcing fiber band (15c¢) oriented at the angle of 0°. Since the fan case is formed from, as a material, the composite material
comprising reinforcing fibers and a thermosetting resin and has an annular groove, this fan case as a whole can retain high
torsional strength and torsional rigidity.
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(57) Abstract: A cylindrical case equipped with: a case main body (10) formed from a composite material obtained by impregnating
reinforcing fibers with a thermosetting resin; and a groove (12) disposed annularly at an end of the case main body (10). The circum -
ferential wall (10a) of the case main body (10) has been formed by alternately superposing: biaxial woven fabric layers (13) each
comprising biaxial woven fabric (13A) of a non-crimp structure which comprises reinforcing fiber bands (13a, 13b) oriented at the

angles of -
the circumierential direction. The groove wall (12a) of the gr

-45°; and roving layers (14) each contamning rovings (14A) which are bundles of reinforcing fibers and which extend along
oove (12) has been formed by alternately superposing: biaxial woven

fabric layers (13) each continuing toward the case main body (10); and triaxial woven fabric layers (15) each containing triaxial
woven fabric (15A) of a non-crimp structure which comprises remforcing fiber bands (15a, 15b) oriented at the angles of £45° and a
reinforcing fiber band (15¢) oriented at the angle of 0°. Since the fan case 1s formed from, as a material, the composite material com -
prising reinforcing fibers and a thermosetting resin and has an annular groove, this fan case as a whole can retain high torsional
strength and torsional rigidity.
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DESCRIPTION

Title of the Invention: CYLINDRICAL CASE AND
MANUFACTURING METHOD OF CYLINDRICAL CAGSE

5 Technical Field

[0001] The present invention relates to a cylindrical

case which is used, for example, as a fan case for covering
the fan blades of an aircraft jet engine, and to a

manufacturing method of the cylindrical case.

10 Background Art
[0002] The above fan case for covering the fan blades of
an aircraft jet engine is required to be lightweight and
have high strength, and in order to meet these requirements,
there are attempts of adopting a composite material

15 consisting of reinforcing fibers and a thermosetting resin

as the raw material of the fan case.

[0003] The above fan case has an annular outward flange,

which is typically coupled with an engine nacelle,

integrally formed at one end of a case maln body covering

20 the fan blades. Therefore, when a composite material

consisting of reinforcing fibers such as carbon fibers and
a thermosetting resin such as an epoxy resin 1s used as the

raw material, both the case main body and the annular

flange have a plurality of fabric layers including a fabric

25 composed of reinforcing fibers such as carbon fibers.
[0004] To manufacture the above fan case (cylindrical
case) using a composite material consisting of reinforcing
fibers and a thermosetting resin, a cylindrical mandrel 1is
rotated on its axis while the fabric 1s wound around the

30 molding surface of the mandrel to form a laminate of fabric
layers, and this laminate 1s heated to cure the
thermosetting resin with which the laminate 1s pre-

impregnated.
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fO005] In the above fan case, 1n order to secure

sufficient strength and rigidity, it 1s necessary that

reinforcing fibers having an inclination angle of *0-75° to

the circumferential direction of the case main body are
included between the plurality of fabric layers, and such a
fan case 1s described in Patent Document 1, for example.
Prior Art Document

Patent Document

[0006] Patent Document 1: Japanese Patent Laid-Open No.
2009-107337

Summary of the Invention

Problems to be solved by the Invention

[0007] However, in the case where there 1s an annular
outward flange at the end of the case main body as with the
above fan case (cylindrical case), if one tries to secure
sufficient strength and rigidity of the laminate by
including reinforcing fibers having an inclination angle of

0-10° to the circumferential direction between the

plurality of fabric layers, as the flexibility of the

fabric included in the fabric layer is impaired, wrinkling

or fiber meandering occurs in a part corresponding to the

bent root of the outward flange during molding of the

1))

laminate, which may reduce the strength and the rigidity of
the outward flange. As a result, the strength and the
rigidity of the entire fan case cannot be increased, and
solving this problem is a hitherto existing challenge.
[0008] The present invention has been devised, with a
focus on the above existing challenge, and an object of the
present invention is to provide a cylindrical case with
which it is possible to secure high strength and rigidity
of the entire case in the case where the cylindrical case

is made of a composite material consisting of, for example,

reinforcing fibers and a thermosetting resin as the raw
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material and is a fan case having an outward annular groove

or an annular flange, and to provide a manufacturing method

of the cylindrical case.

Means for Solving the Problems

[0009] In order to achieve the above object, the present
inventlion provides a cylindrical case made of a composite
material of reinforcing fibers impregnated with a
thermosetting resin, the cylindrical case including:

a case main body forming a cylindrical shape; and

a groove which 1s disposed at one end of the case mailn
body annularly along a circumferential direction and 1is
open to a distal side, wherein

a peripheral wall of the case main body 1s formed by
alternately laminating a plurality of biaxial fabric layers,
which include a bilaxial fabric of a non-crimp structure
composed of two axes of reinforcing fiber bands having an
orientation angle of *15-75° to an axial direction of the
case main body, and a plurality of roving layers, which
include a roving composed of a bundle of reinforcing fibers
extending along the circumferential direction of the case
main body, and

a groove wall of the groove 1s formed by alternately
laminating a plurality of biaxial fabric layers, whilch
continue to the plurality of bilaxial fabric layers in the

peripheral wall of the case main body, and a plurality of

triaxial fabric layers, which include a triaxial fabric of

a non—-crimp structure composed of total three axes of

reinforcing fiber bands: two axes of reinforcing fiber
bands having an orientation angle of *15-75° to the axial

direction of the case main body, and one axis of

reinforcing fiber band having an orientation angle of 0° to

the axial direction of the case main body.

[0010] It 1s preferable that front and back surfaces of
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each of the peripheral wall of the case main body and the
groove wall of the groove are all coated with a protective
film made of a composite material of reinforcing fibers
impregnated with a thermosetting resin.

[0011] It is preferable that the groove wall of the

groove is coated with a Ti-alloy or Ni-alloy cover, and the

cylindrical case 1is used as a fan case for covering fan
blades of an aircraft jet engine.
[0012] The present invention further provides a
manufacturing method of the above-described cylindrical
case, 1lncluding:

molding a laminate having a part corresponding to the
case main body by repeatedly performing the following
steps:

a biaxial fabric layer forming step of rotating a

P

cylindrical mandrel, of which the outer peripheral surface

serves as a molding surface, on 1its axis whille winding the

biaxial fabric of a non-crimp structure composed of the two
axes of reinforcing fiber bands around the molding surface

of the mandrel to form the biaxial fabric layers;

a roving layer forming step of rotating the mandrel on
its axis while winding the roving composed of a bundle of
reinforcing fibers spirally around a case malin body molding
portion in the molding surface along a circumferential
direction to form the roving lavyers; and

a triaxial fabric layer forming step of rotating the
mandrel on its axis while winding the triaxial fabric of a
non-crimp structure composed of the three axes of

reinforcing fiber bands around a groove molding portion in

the molding surface of the mandrel to form the triaxial
fabric layers; and
thereafter going through the following steps:

*

a groove molding step of molding a part corresponding
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to the groove at the end of the part cérresponding to the
case main body in the laminate by means of a groove molding
die and a groove molding part located at the end of the
mandrel; and

a heating step of heating the laminate, 1in which the
part corresponding to the groove 1is molded at the end of
the part corresponding to the case main body in the groove
molding step, to thereby cure the thermosetting resin with
which each of the reinforcing fibers of the fabric layers
are 1lmpregnated.

[0013] The present invention further provides a

manufacturing method of the above-described cylindrical
case, 1ncluding:

molding a laminate of a part corresponding to the case
main body by repeatedly performing the following steps:

a biaxial fabric layer forming step of rotating a
cylindrical mandrel, of which the outer peripheral surface
serves as a case main body molding surface, on 1ts axis
while winding the biaxial fabric of a non-crimp structure
composed of the two axes of reinforcing fiber bands around
the molding surface of the mandrel to form the biaxial
fabric layers; and

a roving layer forming step of rotating the mandrel on
its axis while winding the roving composed of a bundle of
reinforcing fibers spirally around the molding surface of
the mandrel along a circumferential direction to form the
roving layers;

while molding a laminate for the groove by repeatedly
performing the followlng steps:

a biaxial fabric layer forming step of rotating a
cylindrical mandrel for the groove, of which the outer
peripheral surface serves as a groove molding surface, on

1ts axis while winding the biaxial fabric of a non-crimp
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structure composed of the two axes of reinforcing fiber
bands around the groove molding surface of the mandrel for
the groove to form the biaxial fabric layers; and

a triaxial fabric layer forming step of rotating the

mandrel for the groove on its axis while windilng the
triaxial fabric of a non-crimp structure composed of the
three axes of reinforcing fiber bands around the groove
molding surface of the mandrel for the groove to form the
triaxial fabric layers; and

thereafter going through the followlng steps:

g

a groove molding step of molding the laminate for the

groove into a part corresponding to the groove by means of
a groove molding die and the mandrel for the groove;

an integrating step of integrating the laminate for
the groove, which is molded as the part corresponding to
the groove in the groove molding step, and the lamilnate,
which is molded as the part corresponding to the case main
body, with each other; and

a heating step of heating the laminate of the part
corresponding to the case maln body and the laminate for
the groove molded as the part corresponding to the groove,
which are integrated with each other in the integrating

step, to cure the thermosetting resin with which each of

the reinforcing fibers of the fabrics are impregnated.
[0014] In the cylindrical case and the manufacturing
method of the cylindrical case according to the present

invention, for example, carbon fibers, glass fibers,

organic fibers (aramid, PBO, polyester, polyethylene),
alumina fibers, and silicon carbide fibers can be used as
the reinforcing fibers of the composite material of the
cylindrical case, and for the thermosetting resin as a
matrix, for example, polyester resin, epoxy resin, vinyl

ester resin, phenol resin, bismaleimide resin, oxazoline
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resin, and melamine resin can be used.

[0015] In the cylindrical case accordling to the present
invention, since the peripheral wall of the case main body

is formed by alternately laminating the plurality of

biaxial fabric layers, which include the bilaxilial fabric

composed of the reinforcing fiber bands such as carbon

fibers, and the plurality of roving layers, which include

F

the roving composed of a bundle of reinforcing fibers such

as carbon fibers extending along the circumferential
direction of the case main body, the strength and the
rigidity of the entire cylindrical case are secured.

[0016] Moreover, in the cylindrical case according to

the present invention, since the groove wall of the groove
is formed by alternately laminating the plurality of
biaxial fabric layers, which continue to the peripheral
wall of the case main body, and the plurality of triaxial
fabric layers composed of the triaxial reinforcing fiber
bands with the orientation angle of one of the reinforcing
fiber bands directed to the axial direction of the case
main body, 1t 1s possible to enhance the strength and the
rigidity of the groove wall against a load in the axial
direction while maintaining the strength and the rigidity
of the entire cylindrical case.

[0017] In addition, since the triaxial fabric lavyers
with the orientation angle of one of the reinforcing fiber
bands directed to the axial direction of the case main body
1s adopted for the groove wall of the groove, expansion of
the groove wall of the‘groove 1n the circumferential
direction 1s tolerated, so that the groove is molded
without developing wrinkling or fiber meandering, and
automatic molding for labor saving or shortening of the
construction period becomes possible.

Advantageous Effects of the Invention
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[0018] The cylindrical case according to the present

invention offers an excellent advantage in that high

strength and rigidity of the entire case can be secured.
Brief Description of the Drawings
[0019]

FIG. 1 1s a schematic cross-sectional view
illustrating an aircraft jet engine in which a fan case
according to one embodiment of the present invention 1is
adopted.

FIG. 2 is a partial enlarged cross-sectional view

illustrating the fan case of FIG. 1.

FIG. 3A 1s a partial planar view illustrating the
lamination state of a fabric in the part F of FIG. 2
partially cut away.

FIG. 3B 1s a partial planar view 1llustrating the

lamination state of a fabric and a roving in the part C of

FIG. 2 partially cut away.
FIG. 3C 1s a partial planar view illustrating the
lamination state of a fabric in the part R of FIG. Z

partially cut away.

FIG. 4A 1s a view of a first step illustrating the

status at the start of manufacturing in a manufacturing

method of the fan case of FIG. 1.

FIG. 4B 1s a view of a second step illustrating the
status on completion of lamination of a fabric 1n the

manufacturing method of the fan case of FIG. 1.

FIG. 5A 1s a view illustrating a third step which is a

P
p—

molding step in the manufacturing method of the fan case o:

FIG. 1.

FIG. 5B 1s a view 1llustrating a fourth step which 1is
a molding step in the manufacturing method of the fan case

of FIG. 1.

FIG. 5C is a view 1llustrating a fifth step which is a



20

CA 02889366 2015-04-22

molding step in the manufacturing method of the fan case of

FIG. 1.

FIG. 5D is a view illustrating a sixth step which is a
molding step in the manufacturing method of the fan case of
FIG. 1.

FIG. O]

L]

is a view 1llustrating a seventh step which 1s
a molding step 1n the manufacturing method of the fan case
of FIG. 1.

FIG. SF 1s a view illustrating an eighth step which 1is
a molding step in the manufacturing method of the fan case
of FIG. 1.

FIG. 6A 1s.a partial cross-sectional view 1llustrating
a mandrel used for manufacturing the fan case according to
another embodiment of the present invention.

FIG. 6B 1s an overall perspective view 1llustrating
the mandrel shown in FIG. OA.
Mode for Carrying out the Invention
[0020] In the followling, the present invention will be

P

described on the basis of the drawings.

FIG. 1 to FIG. 5F show one embodiment of a cylindrical
case according to the present invention, and in this
embodiment, a case where the cylindrical case according to
the present invention 1is a fan case of an aircraft jet
engilne will be taken as an example.

[0021] As shown 1n FIG. 1, an aircraft jet engine 1

sends air taken 1in from a front side (left side in the
drawlng) 1nto a compressor 3 by means of a fan 2 having a
plurality of fan blades, i1njects a fuel to the air

compressed 1n this compressor 3 to combust them in a
combustion chamber 4, and rotates a high-pressure turbine 5
and a low-pressure turbine 6 through expansion of a high-
temperature gas generated by combustion.

[0022] A fan case 9 which covers the plurality of fan
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10

blades of the fan 2 is made of a composite material of

reinforcing fibers such as carbon fibers impregnated with a
thermosetting resin such as an epoxy resin, and includes a

case main body 10 which forms a cylindrical shape.

[0023] At the front end (left end in the drawing) of

this case main body 10, an outward annular flange 11 which
can be coupled with an engine cowl 7 1s formed, and at the

rear end (right end in the drawing), a groove 12 which 1s

open to the distal side is formed annularly, and a metal

inward flange of an engine nacelle 8, for example, 1s

fitted into this annular groove 12.

[0024] In this case, as shown in FIG. 2, an upright wall
1la of the annular flange 11 is formed by laminating a
plurality of biaxial fabric layers 13, and as shown 1in FIG.

3A, this biaxial fabric layer 13 includes a biaxial fabric

13A composed of reinforcing fiber bands 13a, 13b such as

carbon fibers. This biaxial fabric 13A forms a non-crimp

structure composed of two axes of reinforcing fiber bands
13a, 13b, and the orientation angle to the direction of an

axis CL of the case main body 10 1n the two axes of

reinforcing fiber bands 13a, 13b is set to *15-75° and in
this embodiment, as shown in the enlarged circles of FIG.
3A, the orientation angle 1is set to *45°. The portions

indicated by the dashed lines in FIG. 3A are stitch threads.

[0025] Here, an absolute value of the orientation angle

of the two axes of reinforcing fiber bands 13a, 13b to the
direction of the axis CL smaller than 15° makes it
difficult to secure the strength and the rigidity of the
fan case 9 and is therefore not favorable. On the other
hand, an absolute value of the orientation angle of the two
axes of reinforcing fiber bands 13a, 13b to the direction
of the axis CL larger than 75° may lead to wrinkling or

fiber meandering occurring during the manufacture of the
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11

fan case 9 and 1is therefore not favorable, elther.

[0026] The peripheral wall 10a of the case maln body 10
is formed by alternately laminating the plurality of
biaxial fabric layers 13 which continue to the upright wall
lla of the annular flange 11, namely, the plurality of
biaxial fabric layers 13 including the biaxial fabric 13A
composed of the two axes of reinforcing fiber bands 13a,
13b with the orientation angle to the direction of the axis
CL set to *15-75° (the orientation angle is *45° in this
embodiment) and a plurality of roving layers 14, and as

shown in FIG. 3B, this roving layer 14 includes a roving

(fiber bundle) 14A composed of a bundle of reinforcing
fibers such as carbon fibers extending along the
circumferential direction of the case main body 10.

[0027] Here, 1f the inclination angle of the roving 14A
to the circumferential direction of the case maln body 10
exceeds 15°, it becomes difficult to secure the strength
and the rigidity of the fan case 9 during the manufacture,
and therefore the above inclination angle is desirably 15°
or smaller.

[0028] Needles to say, the case mailin body 10 1s required
to prevent the distal end side of the fan blade which 1is
broken and scattered when encountering a bird strike, for
example, from penetrating the peripheral wall 10a, and

accordingly, in this embodiment, a plurality of fabric

layers (not shown) including a reinforcing fiber band with
the orientation angle to the direction of the axis CL set

to 30° are laminated on the peripheral wall 10a of the case

main body 10. Thus, 1f the plurality of fabric layers
including the reinforcing fiber band with the orientation
angle of 30° are laminated on the peripheral wall 10a, when
the fan blade is twisted, for example, at an angle of 60°

to the axis CL, as the reinforcing fiber band having the
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12

orientation angle of 30° is almost orthogonal to the distal

gri

end side of the fan blade, penetration of fragments of the

fan blade can pbe blocked.

[0029] The groove wall 12a of the groove 12 is formed by
alternately laminating the plurality of biaxial fabric
layers 13 which continue to the peripheral wall 10a of the
case main body 10, namely, the plurality of biaxial fabric
layers 13 including the biaxial fabric 13A composed of the
two axes of reinforcing fiber bands 13a, 13b with the
orientation angle to the directlion of the axis CL set to

+45°, and a plurality of triaxial fabric layers 15.

[0030] As shown in FIG. 3C, this triaxial fabric layer

-~

15 includes a triaxial fabric 15A of a non-crimp structure

composed of total three axes of reinforcing fiber bands 1lba,
15b, 15c: two axes of reinforcing fiber bands 1b5a, 15b
having an orientation angle of x15-75° (the orientation
angle 1s *45° in this embodiment) to the direction of the
axlis CL of the case main body 10, and one axis of
reinforcing fiber band 15c¢c having an orientation angle of

0° to the direction of.the axlis CL of the case main body 10.
f0031] Moreover, front and back surfaces of each of the
peripheral wall 10a of the case main body 10, the upright
wall 1lla of the annular flange 11, and the groove wall 12a

of the groove 12 are all coated with a protective film G

(shown only 1inside the enlarged ellipse of FIG. 2) made of

a composite material of reinforcing fibers such as glass
fibers i1mpregnated with a thermosetting resin such as an
epoxy resin. For example, this protective film G serves as
a cutting allowance during machining after molding of the
case maln body 10, as well as serves as an electric
corrosion preventive material. In addition, this
protective film G serves also as a protective layer when

the fan case 9 as a completed product i1s handled.
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[0032] Furthermore, protective layers 16, 17 composed of

a composite material of reinforcing fibers such as glass
fibers impregnated with a thermosetting resin such as an
epoxXy resin are disposed, both 1n a segmented state,
between the case maln body 10 and the annular flange 11 and
between the case main body 10 and the groove 12.

[0033] The groove wall 1l2Z2a of the groove 12 coated with
the protective film G as described above is coated with a
Ti-alloy or Ni-alloy cover 18 so as to avoid wear, for
example, when a Ti-alloy inward flange formed in the engine
nacelle 8 1s fitted.

[0034] Now, a manufacturing method of the above-

described fan case 9 will be described.

First, as shown in FIG. 4A, as a first step, a mold
release agent L 1s sprayed on each molding surface of a
cylindrical mandrel 20C, a flange molding die 20F, which
can be moved closer to or away from the front end (left end

1n the drawing) of this mandrel 20c, and a groove molding

die 20R, which can be moved closer to or away from the rear
end (right end in the drawing) of the mandrel 20C, all of
which constitute a molding device 20.

[0035] Subsequently, spacers S are placed respectively

P

at the front and rear ends of the mandrel 20C in place of

the flange molding die 20F and the groove molding die 20R
having been moved away from the mandrel 20C.

[0036] Thereatfter, as shown i1n FIG. 4B, as a second step,
a laminate 9A having a part corresponding to the case main
body 10 1s molded by repeating the following steps: a
biaxlal fabric layer forming step of rotating the mandrel
20C and the spacer S on the axis CL while winding the
bilaxial fabric 13A around the molding surface of the
mandrel 20C to form the biaxial fabric layers 13; a roving

layer forming step of winding the roving 14A spirally



10

15

20

23

30

CA 02889366 2015-04-22

14

around a molding portion for the case main body 10 in the
molding surface of the mandrel 20C along the
circumferential direction to form the roving layers 14; and
a triaxial fabric layer forming step of winding the

triaxial fabric 15A around a molding portion for the groove

12 in the molding surface of the mandrel 20C to form the

triaxial fabric layers 15. After these steps, the surface
of the laminate 9A is coated with the protective film G.

[0037] Next, as shown in FIG. bA, as a third step, after

moving the spacers S away from the front and rear ends of
the mandrel 20C, the flange molding die 20F and the groove
molding die 20R are moved closer to the front and rear end,
respectively, of the mandrel 20C. '

[0038] Then, as shown in FIG. 5B, as a fourth step, a
part corresponding to the annular flange 11 1s molded at
the front end of the laminate 9A by means of the flange
molding die 20F and the front end of the mandrel 20C, while
a part corresponding to the groove 12 1s molded at the rear
end of the laminate 9A by means of the groove molding die
20R and the groove molding part 20a located at the rear end
of the mandrel 20C.

[0039] Next, as shown in FIG. 5C, as a fifth step, the
protective layers 16, 17 are disposed respectively between
the part corresponding to the case main body of the
laminate 9A and the part corresponding to the flange and
between the part corresponding to the case main body and
the part correspondling to the groove, and thereafter, as
shown in FIG. 5D, as a sixth step, a heating and

pressurizing step of covering the lamlinate 9A on the

molding device 20 with a bag B, and heating and

pressurizing the laminate 9A while evacuating the inside of

the bag B 1is performed to cure the thermosetting resin with

which the reinforcing fibers of the layers 13, 14, 15 are
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impregnated.

[0040] As shown 1n FIG. 5E, after completion of this

heating and pressurizing step, as a seventh step, a
laminate 9B obtained upon curing of the thermosetting resin,
with which the reinforcing fibers of the layers 13, 14, 15
are impregnated, is released from the molding device 20,

and subsequently, as shown in FIG. 5F, as an eighth step,
the laminate 9B released from the molding device 20 1is
machined i1nto the shape of the fan case 9, and then the
groove wall 12a of the groove 12 1s coated with the Ti-

alloy or Ni-alloy cover 18.

[0041] As described above, 1n the fan case 9 of this
embodiment, since the upright wall 1la of the annular
flange 11 1s formed by laminating the plurality of biaxial
fabric layers 13 which include only the biaxial fabric 13A

composed of the reinforcing fiber bands 13a, 13b such as

carbon fibers, as the stretchability which is
characteristic of the non-crimp structure is exerted, the
annular flange 11 1s molded without developing wrinkling or
fiber meandering.

0042] Moreover, 1n the fan case 9 of this embodiment,
the peripheral wall 10a of the case main body 10 1s formed
by alternately laminating the plurality of biaxial fabric
layers 13, which 1nclude the biaxial fabric 13A composed of
the reinforcing fiber bands 13a, 13b such as carbon fibers,
and the plurality of roving layers 14, which include the
roving 14A composed of a bundle of reinforcing fibers such
as carbon fibers extending along the circumferential
direction of the case main body 10, the strength and the

rigidlity of the entire fan case 9 are secured.

0043] Furthermore, 1n the fan case 9 of this embodiment,

since the groove wall 12a of the groove 12 is formed by

alternately laminating the plurality of biaxial fabric
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layers 13, which continue to the peripheral wall 10a of the
case main body 10, and the plurality of triaxial fabric

layers 15 composed of the reinforcing fiber bands 1l5a, 15b,
15c of three axial directions with the orlentation angle of

one reinforcing fiber band 15c directed to the direction of

the axis CL of the case main body 10, 1t 1s possible to
enhance the strength and the rigidity of the groove wall
12a against a load in the direction of the axis CL while
maintaining the strength and the rigidity of the fan case 9.
[0044] In addition, since the triaxial fabric layer 15

having the orientation angle of one reinforcing fiber band
15c directed to the direction of the axis CL of the case

main body 10 1s adopted for the groove wall 12Z2a of the

groove 12, expansion of the groove wall 1lZa of the groove
12 in the circumferential direction 1s tolerated, so that
the groove 12 is molded without developing wrinkling or

fiber meandering, and automatic molding for labor saving

and shortening of the construction period becomes possible.

[0045] In the manufacturing method of the fan case
according to the above-described embodiment, after the

laminate 9A having the part corresponding to the case main

body 1s molded by repeatedly performing the biaxial fabric

layer forming step, the roving layer forming step, and the
triaxial fabric layer forming step, the part corresponding
to the groove 12 1is integrally molded at the end of the
part corresponding to the case mailn body 10 1in the laminate
9A. However, the present invention 1is not limited to this
example, and, for example, the laminate of the part
corresponding to the case main body may be molded by
repeatedly performing the biaxial fabric layer forming step
and the roving layer forming step, and at the same time the
laminate for the groove may be molded by repeatedly

performing the bilaxial fabric layer forming step and the
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triaxial fabric layer forming step, and thereafter, a

groove molding step of molding the laminate for the groove
into the part corresponding to the groove may be performed,
and the laminate for the groove and the laminate molded as
the part corresponding to the case main body may be
integrated with each other 1n an 1ntegrating step.

[0046] The fan case 9 according to the above-described
embodiment has the case main body 10 which forms a straight
shape. However, as shown in FIG. 6A, when the case mailn
body 10 of the fan case 9 1s inclined relative to the axis
CL, the mandrel 20C composed of a plurality of divided
plieces 20P shown in FIG. 6B is adopted in view of releasing
the molded fan case 9 from the molding die.

[0047] The configurations of the cylindrical case and
the manufacturing method of the cylindrical case according
to the present invention are not limited to the above-
described embodiments.

Explanation of Reference Signs

[0048]
1 Aircraft jet engine
9 Fan case
9A Laminate before heating
OB Laminate after heating
10 Case maln body
10a Peripheral wall
12 Groove
1Z2a Groove wall
13 Biaxilal fabric layer
13A Biaxial fabric
13a, 13b Two axls of reinforcing fiber bands
14 Roving layer
14A Roving

15 Triaxlal fabric layer
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Triaxial fabric

15b, 1b5c Three axes of reinforcing fiber

Cover

Mandrel

Groove molding die
Groove molding part
AxX1s

Protective fi1lm
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CLAIMS

1. a cylindrical case made of a composite material of
reinforcing fibers impregnated with a thermosetting resin,'
the cylindrical case comprising:

a case main body forming a cylindrical shape; and

a groove which is disposed at one end of the case main
body annularly along a circumferential direction and 1is
open to a distal side, wherein

P

a peripheral wall of the case main body 1s formed by

alternately laminating a plurality of biaxial fabric layers,

which include a biaxial fabric of a non-crimp structure

g

composed of two axes of reinforcing fiber bands having an

pi—
oy

orientation angle of #*15-75° to an axial direction of the

case main body, and a plurality of roving layers, which
include a roving composed of a bundle of reinforcing fibers
extending along the circumferential direction of the case
main body, and

a groove wall of the groove 1s formed by alternately
laminating a plurality of biaxial fabric layers, which
continue to the plurality of biaxial fabric layers in the
peripheral wall of the case main body, and a plurality of
triaxial fabric layers, which include a triaxial fabric of
a non-crimp structure composed of total three axes of
reinforcing fiber bands: two axes of reinforcing fiber

bands having an orientation angle of £15-75° to the axial

P

direction of the case main body, and one axis of

reinforcing fiber band having an orientation angle of 0° to
the axial direction of the case main body.

2. The cylindrical case according to claim 1, whereiln
front and back surfaces of each of the peripheral wall of
the case main body and the groove wall of the groove are
all coated with a protective film made of a composite

material of reinforcing fibers impregnated with a
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thermosetting resin.

3. The cylindrical case according to claim 1 or 2,
wherein the groove wall of the groove is coated with a Ti-
alloy or Ni-alloy cover, and the cylindrical case 1s used

5 as a fan case for covering fan blades of an aircraft jet
engine.

4, A manufacturing method of the cylindrical case
according to any one of claims 1 to 3, 1ncluding:

molding a laminate having a part corresponding to the

10 case main body by repeatedly performing the

followlng

i

steps:

a biaxial fabric layer forming step of rotating a
cylindrical mandrel, of which the outer peripheral surface
serves as a molding surface, on 1ts axis while winding the

15 biaxial fabric of a non-crimp structure composed of the two

axes of reinforcing fiber bands around the molding surface

of the mandrel to form the bilaxial fabric layers;
a roving layer forming step of rotating the mandrel on
its axis while winding the roving composed of a bundle of
20 reinforcing fibers spirally around a case maln body molding
portion 1n the molding surface of the mandrel along a

circumferential direction to form the roving layers; and

a triaxial fabric layer forming step of rotating the

mandrel on its axis while winding the triaxial fabric of a

25 non-crimp structure composed of the three axes of

reinforcing fiber bands around a groove molding portion 1in
the molding surface of the mandrel to form the triaxial
fabric layers; and
thereafter going through the following steps:
30 a groove molding step of molding a part corresponding
to the groove at the end of the part corresponding to the

case maln body 1n the laminate by means of a groove molding

die and a groove molding part located at the end of the
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mandrel; and

a heating step of heating the laminate, in which the
part corresponding to the groove 1s molded at the end of
the part corresponding to the case main body in the groove

molding step, to thereby cure the thermosetting resin with

which the reinforcing fibers of each of the fabric layers
are lmpregnated.

5. A manufacturing method of the cylindrical case
according to any one of claims 1 to 3, including:

molding a laminate of a part corresponding to the case
mailn body by repeatedly performing the following steps:

a biaxial fabric layer forming step of rotating a
cylindrical mandrel, of which the outer peripheral surface
serves as a case main body molding surface, on its axis
whlle winding the biaxial fabric of a non-crimp structure

—

composed of the two axes of reinforcing fiber bands around

the molding surface of the mandrel to form the biaxial
fabric layers; and

a roving layer forming step of rotating the mandrel on

1ts axls while winding the roving composed of a bundle of
reinforcing fibers spirally around the molding surface of
the mandrel along a circumferential direction to form the
roving layers;

while molding a laminate for the groove by repeatedly
performing the following steps:

a blaxial fabrilc layer forming step of rotating a
cylindrical mandrel for the groove, of which the outer

peripheral surface serves as a groove molding surface, on

1ts axls while winding the biaxial fabric of a non-crimp

—

structure composed of the two axes of reinforcing fiber

bands around the groove molding surface of the mandrel for
the groove to form the biaxial fabric layers; and

a triaxial fabric layer forming step of rotating the
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mandrel for the groove on i1its axils while winding the

triaxial fabric of a non-crimp structure composed of the
three axes of reinforcing fiber bands around the groove
molding surface of the mandrel for the groove to form the

triaxial fabric layers; and

thereafter going through the followling steps:
a groove molding step of molding the laminate for the
groove into a part corresponding to the groove by means of

a groove molding die and the mandrel for the groove;

an integrating step of integrating the laminate for
the groove, which i1s molded as the part corresponding to
the groove in the groove molding step, and the laminate,
which 1s molded as the part corresponding to the case mailn
body, with each other; and

a heating step of heating the laminate of the part
corresponding to the case main body and the laminate for
the groove molded as the part corresponding to the groove,
which are integrated with each other in the integrating
step, to cure the thermosetting resin with which the

reinforcing fibers of the fabrics are impregnated.
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