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(57) A honeycomb sandwich structure formed of face
skin materials (1) made of fiber reinforced plastics and a
honeycomb core (3) has a structure in which an optical
fiber sensor structure is embedded in an adhesive layer
formed between the face skin materials (1) and the hon-
eycomb core (3). With this, it is possible to provide a

honeycomb sandwich structure and a method of manu-
facturing the honeycomb sandwich structure that enable
precise thermal control to be implemented even when a
thermal control device is bonded onto a surface of the
honeycomb sandwich structure and enable evaluation of
a temperature with high resolution and high accuracy.
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Description

Technical Field

[0001] The present invention relates to a honeycomb
sandwich structure formed of face skin materials made
of fiber reinforced plastics and a honeycomb core, includ-
ing an optical fiber sensor that is a temperature sensor,
and also to a method of manufacturing such a honey-
comb sandwich structure.

Background Art

[0002] For construction of an artificial satellite, a hon-
eycomb sandwich structure formed of face skin materials
made of fiber reinforced plastics and a honeycomb core,
which is lightweight with high stiffness, is generally used.
In particular, a honeycomb sandwich structure having a
high stiffness is used in a mission mounted structure.
[0003] However, thermal deformation occurs in a hon-
eycomb sandwich structure due to a change in thermal
environment on an orbit, such as sunlight heat input and
heat generation of mounted equipment. Therefore, an
angle of an Earth-oriented axis in mission equipment
such as mounted camera and antenna varies. In partic-
ular, in a stationary satellite located about 36,000 kilom-
eters away from the Earth, even a slight variation in the
angle of the oriented axis significantly lowers accuracy
of Earth observation and positioning.
[0004] Therefore, it is important to maintain a temper-
ature of the honeycomb sandwich structure as uniform
as possible through thermal control using a heater or the
like so as to suppress any thermal deformation. It is also
necessary to measure the temperature of the honeycomb
sandwich structure on the orbit with high resolution and
high accuracy so that a precise thermal control is imple-
mented.
[0005] As one of sensors for evaluating a temperature
of a structure made of fiber reinforced plastics or other
plastic, an optical fiber sensor has been proposed. An
optical fiber sensor is a small-sized lightweight temper-
ature sensor, and is sometimes used in a state of being
embedded in the structure or in a state of being bonded
to a surface of the structure.
[0006] As one of the above-mentioned structures in-
cluding the optical fiber sensor, there exists, for example,
an artificial satellite equipment panel having a surface on
which an optical fiber sensor including a fiber Bragg grat-
ing (FBG) that changes the Bragg wavelength in a re-
flectance spectrum in accordance with the temperature
is bonded.
[0007] Specifically, in order to measure a temperature
of mounted electronic equipment and a temperature of
an equipment panel present immediately therebelow, the
optical fiber sensor is bonded to a surface of the equip-
ment panel corresponding to a position at which the elec-
tronic equipment is to be mounted (see, for example,
Patent Literature 1).

List of Citations

Patent Literature

[0008] [PTL 1] JP 4 532 425 B2

Summary of the Invention

Technical Problem

[0009] However, the related art has the following prob-
lems.
[0010] In the related art disclosed in Patent Literature
1, the optical fiber sensor is bonded onto the surface of
the equipment panel for the temperature measurement,
as described above. Further, together with the optical
fiber sensor, thermal control devices such as a heater,
an optical solar reflector (OSR), and a multi layer insu-
lation (MLI) are bonded onto the surface of the equipment
panel.
[0011] In general, a thickness of an adhesive layer
formed on the surface increases to bond the optical fiber
sensor onto the surface. Therefore, in a case where the
thermal control devices are bonded onto the adhesive
layer that is formed in accordance with a diameter of the
optical fiber sensor, the thickness of the adhesive layer
is large. Therefore, there is a problem in that thermal
transfer (thermal conduction) is lowered to result in ther-
mal control performance degradation.
[0012] Further, in a case where the optical fiber sensor
is bonded onto the surface of the equipment panel while
avoiding positions where the thermal control devices are
bonded, a position where the optical fiber sensor can be
bonded is limited. As a result, there is a problem in that
the number of temperature measure points is limited, fail-
ing to measure the temperature with high resolution.
[0013] The present invention has been made to solve
the problems described above, and has an object to pro-
vide a honeycomb sandwich structure and a method of
manufacturing such a honeycomb sandwich structure
that enable precise thermal control to be implemented
even when a thermal control device is bonded onto a
surface of the honeycomb sandwich structure and enable
evaluation of a temperature with high resolution and high
accuracy.

Solution to the Problem

[0014] According to one embodiment of the present
invention, there is provided a honeycomb sandwich
structure, including:

face skin materials made of fiber reinforced plastics;
and a honeycomb core bonded to the face skin ma-
terials through intermediation of adhesive layers, in
which each of the adhesive layers has embedded
therein an optical fiber sensor structure including: an
optical fiber in which at least one sensor portion for
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detecting a temperature is formed; and a tube for
covering the optical fiber.

[0015] Further, according to one embodiment of the
present invention, there is provided a method of manu-
facturing the honeycomb sandwich structure, the method
including:

- a first step of inserting the optical fiber into the tube
and performing heating under pressure to deform
the tube so as to manufacture the optical fiber sensor
structure in which the optical fiber and the tube are
held in contact with each other;

- a second step of placing the optical fiber sensor
structure, which is manufactured in the first step, on
an adhesive surface of each of the face skin mate-
rials through intermediation of a first adhesive so that
the at least one sensor portion is located at a desired
position;

- a third step of superimposing a second adhesive on
the optical fiber sensor structure placed on the ad-
hesive surface through intermediation of the first ad-
hesive in the second step to sandwich the optical
fiber sensor structure between the first adhesive and
the second adhesive; and

- a fourth step of placing the honeycomb core on the
adhesive surface on which the optical fiber sensor
structure sandwiched between the first adhesive and
the second adhesive in the third step is placed and
performing heating under pressure to bond the op-
tical fiber sensor structure and the honeycomb core
to the adhesive surface.

Advantageous Effects of the Invention

[0016] According to the one embodiment of the present
invention, the honeycomb sandwich structure formed of
the face skin materials made of fiber reinforced plastics
and the honeycomb core has a structure in which the
optical fiber sensor structure is embedded in the adhe-
sive layer formed between the face skin materials and
the honeycomb core.
[0017] With this, it is possible to provide the honey-
comb sandwich structure and the method of manufactur-
ing the honeycomb sandwich structure that enable pre-
cise thermal control to be implemented even when a ther-
mal control device is bonded onto the surface of the hon-
eycomb sandwich structure and enable evaluation of a
temperature with high resolution and high accuracy.

Brief Description of the Drawings

[0018]

FIG. 1 is a perspective view of a honeycomb
sandwich structure according to a
first embodiment of the present in-
vention.

FIG. 2 is a sectional view of an optical fiber
sensor structure according to the first
embodiment of the present invention.

FIG. 3 is an enlarged sectional view of the
vicinity of an FBG sensor portion
formed in an optical fiber according
to the first embodiment of the present
invention.

FIG. 4 is an explanatory diagram for illustrat-
ing a structure of the FBG sensor por-
tion according to the first embodiment
of the present invention.

FIG. 5 is a graph for showing a characteristic
of a reflectance spectrum of the FBG
sensor portion according to the first
embodiment of the present invention.

FIG. 6 is a block diagram of a temperature
measurement system using the opti-
cal fiber sensor structure according
to the first embodiment of the present
invention.

FIG. 7 is an explanatory diagram for illustrat-
ing a state of pressurization of the op-
tical fiber and a resin tube according
to the first embodiment of the present
invention.

FIGS. 8A to 8C are explanatory diagrams for illustrat-
ing a positional relationship between
the optical fiber and the resin tube in
the optical fiber sensor structure ac-
cording to the first embodiment of the
present invention.

FIG. 9 is an explanatory diagram for illustrat-
ing a state in which the optical fiber
sensor structure is temporarily joined
to a face skin material according to
the first embodiment of the present
invention.

FIG. 10 is an explanatory diagram for illustrat-
ing steps of manufacturing the hon-
eycomb sandwich structure accord-
ing to the first embodiment of the
present invention.

FIG. 11 is an explanatory diagram for illustrat-
ing a state in which the honeycomb
sandwich structure is formed by
bonding the optical fiber sensor struc-
tures to the face skin materials and
bonding a honeycomb core thereto
according to the first embodiment of
the present invention.

FIG. 12A an explanatory diagram for illustrat-
ing a positional relationship between
an adhesive layer, the honeycomb
core, and the optical fiber sensor
structure in the honeycomb sandwich
structure according to the first em-
bodiment of the present invention.
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FIG. 12B an explanatory diagram for illustrat-
ing a positional relationship between
an adhesive layer, the honeycomb
core, and the optical fiber sensor
structure in the honeycomb sandwich
structure according to the first em-
bodiment of the present invention.

Description of Embodiments

[0019] Now, a honeycomb sandwich structure and a
method of manufacturing the honeycomb sandwich
structure according to the present invention are de-
scribed based on exemplary embodiments referring to
the accompanying drawings. In the illustration of the
drawings, the same components are denoted by the
same reference symbols, and an overlapping description
thereof is herein omitted.
[0020] In the honeycomb sandwich structure accord-
ing to the invention of this application, an optical fiber
sensor structure is linearly embedded in an adhesive lay-
er formed between face skin materials and a honeycomb
core.
[0021] Therefore, the invention of this application has
a technical feature to enable precise thermal control to
be implemented when a thermal control device is bonded
onto a surface of the honeycomb sandwich structure and
enable evaluation of a temperature with high resolution
and high accuracy.
[0022] In other words, the invention of this application
has a technical feature in that the honeycomb sandwich
structure has the structure described above, and there-
fore specific numerical values described in the following
first embodiment are merely examples and do not affect
the scope of rights.

First Embodiment

[0023] First, a coordinate system used in the following
description is described. For an illustration of the honey-
comb sandwich structure of the first embodiment, a rib-
bon direction of honeycomb cells is referred to as the X-
direction and a cell-width direction of the honeycomb
cells is referred to as the Y-direction as in-plane directions
and an out-of-plane direction is referred to as the Z di-
rection.
[0024] Further, for a coordinate system of face skin
materials made of fiber reinforced plastics so as to indi-
cate a direction of orientation of reinforcing fibers in the
honeycomb sandwich structure, the X-direction is set as
a zero-degree direction or 0° direction of the reinforcing
fibers and the Y direction is set as a 90° direction of the
reinforcing fibers.
[0025] Next, the honeycomb sandwich structure ac-
cording to the first embodiment is described referring to
FIG. 1. FIG. 1 is a perspective view of the honeycomb
sandwich structure according to the first embodiment of
the present invention.

[0026] As illustrated in FIG. 1, the honeycomb sand-
wich structure includes face skin materials 1 made of
fiber reinforced plastics (hereinafter referred to simply as
"face skin materials 1"), adhesive layers 2, a honeycomb
core 3, and optical fiber sensor structures 4.
[0027] Specifically, the two face skin materials 1 op-
posed to each other are respectively bonded to both sur-
faces of the honeycomb core 3 through intermediation
of the adhesive layers 2. Inside the adhesive layers 2,
the optical fiber sensor structures 4, each being covered
with a tube, are respectively embedded.
[0028] It is assumed that the optical fiber sensor struc-
tures 4 are oriented in the X direction (0° direction) as
illustrated in FIG. 1. Further, for a specific description, a
case where each one of the optical fiber sensor structures
4 is embedded inside each of the two adhesive layers 2
respectively formed on a front surface and a rear surface
of the honeycomb core 3 is exemplarily illustrated in FIG.
1.
[0029] Further, a honeycomb sandwich structure on
which mission equipment is mounted in an artificial sat-
ellite is deformed due to generation of a temperature dif-
ference between the two face skin materials 1 because
of sunlight heat input or heat generation of the mounted
equipment. Therefore, at least one optical fiber sensor
structure 4 is required to be bonded to each of the face
skin materials 1 so that temperatures of the two face skin
materials 1 can be measured.
[0030] Next, the optical fiber sensor structure 4 accord-
ing to the first embodiment is described referring to FIG.
2 to FIG. 5. FIG. 2 is a sectional view of the optical fiber
sensor structure 4 according to the first embodiment of
the present invention. FIG. 3 is an enlarged sectional
view of the vicinity of an FBG sensor portion 6 formed in
an optical fiber 5 according to the first embodiment of the
present invention.
[0031] FIG. 4 is an explanatory diagram for illustrating
a structure of the FBG sensor portion 6 according to the
first embodiment of the present invention. FIG. 5 is a
graph for showing a characteristic of a reflectance spec-
trum of the FBG sensor portion 6 according to the first
embodiment of the present invention.
[0032] The sectional view of the optical fiber sensor
structure 4, which corresponds to FIG. 2, is an illustration
of a cross section in parallel to the direction of orientation
(X-direction) of the optical fiber sensor structure 4 illus-
trated in FIG. 1 referred to above (namely, parallel to the
X-Z plane).
[0033] The enlarged view of the vicinity of the FBG
sensor portion 6, which corresponds to FIG. 3, is an il-
lustration of the vicinity of the FBG sensor portion 6 illus-
trated in the sectional view of the optical fiber sensor
structure 4, which corresponds to FIG. 2, in an enlarged
manner.
[0034] As illustrated in FIG. 2, the optical fiber sensor
structure 4 for detecting a temperature includes the op-
tical fiber 5 including the FBG sensor portions 6, coatings
7, and a resin tube 8 (tube).
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[0035] Here, the FBG sensor portion 6 is a fiber Bragg
grating portion formed in the optical fiber 5, and one or
more FBG sensor portions 6 are provided at intervals
secured therebetween so as to be connected in series
through the optical fiber 5. For a specific description, FIG.
2 is an exemplary illustration of a case where three FBG
sensor portions 6 are arranged at intervals secured ther-
ebetween.
[0036] Further, as illustrated in FIG. 2, the optical fiber
5 in which the FBG sensor portions 6 are formed (located)
is not covered with the coating 7 (the coating 7 is removed
therefrom), whereas the optical fiber 5 in which the FBG
sensor portions 6 are not formed (not located) is covered
with the coatings 7. Further, the optical fiber 5 is entirely
(including the portions covered with the coatings 7 and
the portions not covered therewith) covered with the resin
tube 8.
[0037] Specifically, as illustrated in FIG. 3, the optical
fiber 5 includes a core 9 and a clad 10 that covers an
outer circumference of the core 9. Inside the core 9, the
FBG sensor portions 6 are formed. An outer circumfer-
ence of the clad 10 is covered with the coatings 7, where-
as the coating 7 is removed from the vicinity of the FBG
sensor portions 6 to expose the clad 10.
[0038] Further, the entire structure illustrated in FIG. 3
is covered with the resin tube 8. By using the resin tube
8 as described above, temperature measurement with
the optical fiber sensor structures 4 being bonded to the
honeycomb sandwich structure is not affected by a strain
in the honeycomb sandwich structure.
[0039] Further, the optical fibers 5 are fixed, and hence
the positions of the FBG sensor portions 6 do not shift in
an axial direction of the optical fibers 5. Therefore, the
temperature of the honeycomb sandwich structure can
be precisely measured.
[0040] Although the resin tube 8 that is a tube made
of a resin is exemplarily described as a tube for covering
the optical fiber 5 and the coatings 7, the tube is not limited
thereto. Specifically, the tube may be any tube as long
as the temperature measurement is not affected by the
strain in the honeycomb sandwich structure when being
bonded to the honeycomb sandwich structure for the
temperature measurement and the optical fibers 5 are
fixed thereto. For example, a tube made of a metal may
also be used.
[0041] For sizes of the portions of the optical fiber 5,
for example, a diameter of the entire optical fiber 5 with
the coating 7 can be set to about 250 mm, a diameter of
the clad 10 can be set to about 125 mm, and a diameter
of the core 9 can be set to about 10 mm. However, the
sizes are not limited thereto. Further, although each of
the plurality of the FBG sensor portions 6 can be formed
in the core 9 over a range of, for example, about 5 mm,
the range is not limited thereto. As described above, the
optical fiber having the numerical values described in the
first embodiment is merely an example, and the invention
of this application is also applicable to optical fibers hav-
ing numerical values other than those described herein.

[0042] Further, the FBG sensor portions 6 are formed
in the core 9 so that a refractive index changes periodi-
cally in a longitudinal direction (direction of orientation)
of the optical fiber 5 and have a characteristic in that a
steep reflectance spectrum characteristic is obtained.
[0043] Specifically, a refractive index of the core 9
changes with a period length A as illustrated in FIG. 4,
and the steep reflectance spectrum characteristic is ob-
tained as shown in FIG. 5. A light intensity becomes the
largest at a center wavelength (Bragg wavelength: λB)
of the reflectance spectrum.
[0044] Here, a relationship between the center wave-
length (Bragg wavelength: λB) of the reflectance spec-
trum, the period A, and a reflective index n is expressed
by Expression (1). Further, the refractive index n depends
on the temperature, whereas the period A depends on
the temperature and the strain. 

[0045] Therefore, the optical fiber sensor structure 4
is formed to have a structure in which the optical fiber 5
and the coatings 7 are covered with the resin tube 8 so
as not to be affected by the strain in the honeycomb sand-
wich structure. At the same time, in a state in which the
optical fiber sensor structures 4 are embedded in the
adhesive layers 2, the Bragg wavelength λB is measured.
[0046] In this manner, the temperature can be precise-
ly obtained from Expression (1). As described above, the
FBG sensor portions 6 formed in the optical fiber 5 can
be used as temperature sensors.
[0047] The vicinity of each of the FBG sensor portions
6 may be covered with the coating 7. Even in such a
case, the temperature can be precisely measured as
compared with the related art. In a case where the optical
fiber 5 in which the FBG sensor portions 6 are formed is
not covered with the coating 7, however, information of
the temperature of the honeycomb sandwich structure
can be more precisely transmitted to the FBG sensor
portions 6.
[0048] Therefore, in order to measure the temperature
with higher accuracy, the optical fiber 5 in which the FBG
sensor portions 6 are formed is preferably not covered
with the coating 7.
[0049] Next, an example of a temperature measure-
ment system for evaluating the temperature of the hon-
eycomb sandwich structure is described referring to FIG.
6.
[0050] FIG. 6 is a block diagram of the temperature
measurement system using the optical fiber sensor struc-
ture 4 according to the first embodiment of the present
invention.
[0051] As illustrated in FIG. 6, the temperature meas-
urement system includes the optical fiber 5, an optical
circulator 11, an amplifier spontaneous emission (ASE)
light source 12, and an optical wavelength meter 13.
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[0052] For the measurement of the temperature of the
honeycomb sandwich structure, the optical circulator 11
for converting an optical path is connected to a base end
portion of the optical fiber 5. Further, the ASE light source
12 that is a broadband light source and the optical wave-
length meter 13 that is a wavelength measurement de-
vice are connected to the optical circulator 11.
[0053] By configuring the system described above, the
Bragg wavelength λB can be specifically measured. Fur-
ther, as described above, the measurement of the Bragg
wavelength λB allows the temperature of the honeycomb
sandwich structure to be obtained from Expression (1).
[0054] Next, the method of manufacturing the honey-
comb sandwich structure according to the first embodi-
ment is described referring to FIG. 7 to FIG. 11.
[0055] First, manufacture of the optical fiber sensor
structure 4 by covering the optical fiber 5 with the resin
tube 8 is described referring to FIG. 7 and FIGS. 8A, 8B
and 8C. FIG. 7 is an explanatory diagram for illustrating
a state of pressurization of the optical fiber 5 and the
resin tube 8 according to the first embodiment of the
present invention. In FIG. 7, a cross section of the optical
fiber 5 covered with the coating 7 is illustrated as a rep-
resentative example.
[0056] FIGS. 8A, 8B and 8C are explanatory diagrams
for illustrating a positional relationship between the opti-
cal fiber 5 and the resin tube 8 in the optical fiber sensor
structure 4 according to the first embodiment of the
present invention.
[0057] FIG. 8A is a sectional view of the optical fiber
sensor structure 4 illustrated in FIG. 2 referred to above,
FIG. 8B is a sectional view taken along the line A-A’ of
FIG. 8A, and FIG. 8C is a sectional view taken along the
line B-B’ of FIG. 8A.
[0058] Here, for the measurement of the temperature
of the honeycomb sandwich structure with higher accu-
racy, the coating 7 is removed so that the optical fiber 5
in which the FBG sensor portions 6 are formed is not
covered with the coating 7 to achieve a state in which
the vicinity of each of the FBG sensor portions 6 is ex-
posed in advance, as described above.
[0059] As illustrated in FIG. 7, after the optical fiber 5
has been inserted into the resin tube 8 that is coaxial
therewith, placed on a surface plate 15, entirely covered
with a bagging film 16, and sealed with a sealing material
17, the interior (sealed space) is brought into a vacuum
state by a pump (not shown). Further, in this state, heat-
ing is performed under pressure (for example, at an at-
mospheric pressure (about 1 atm)) on the bagging film
16.
[0060] As described above, through the heating of the
optical fiber 5 under pressure after being inserted into
the resin tube 8, the optical fiber sensor structure 4 can
be manufactured. Specifically, as illustrated in FIG. 8A,
the optical fiber 5 is covered with the resin tube 8 in a
state in which the resin tube 8 is deformed in conformity
with a shape of the optical fiber 5 in the optical fiber sensor
structure 4.

[0061] Further, as illustrated in FIG. 8B, the optical fiber
5 that is covered with the coating 7 is not held in direct
contact with the resin tube 8, whereas the coating 7 is
held in direct contact with the resin tube 8.
[0062] On the other hand, as illustrated in FIG. 8C, the
optical fiber 5 that is not covered with the coating 7 (name-
ly, the optical fiber 5 in which the FBG sensor portion 6
is formed) is held in direct contact with the resin tube 8.
[0063] Therefore, in a case where the optical fiber sen-
sor structure 4 is embedded in the adhesive layer 2, heat
is transferred through the resin tube 8 to the optical fiber
5 that is held in contact with the resin tube 8.
[0064] In other words, the optical fiber 5 in which the
FBG sensor portion 6 is formed has a smaller thermal
resistance in a vertical direction (vertical direction in the
drawing sheet) by the amount that is not covered with
the coating 7 as compared with the optical fiber 5 covered
with the coating 7. Therefore, the temperature of the hon-
eycomb sandwich structure is precisely measured by the
FBG sensor portions 6.
[0065] Next, a temporary joint of the optical fiber sensor
structure 4 to the face skin materials 1 is described re-
ferring to FIG. 9. FIG. 9 is an explanatory diagram for
illustrating a state in which the optical fiber sensor struc-
ture 4 is temporarily joined to the face skin materials 1
according to the first embodiment of the present inven-
tion. In FIG. 9, a cross section of the optical fiber 5 in
which the FBG sensor portion 6 is formed as illustrated
in FIG. 8C referred to above is illustrated as a represent-
ative example.
[0066] In this case, a first forming material 18 including
the face skin materials 1 and the optical fiber sensor
structure 4 sandwiched between two film-like adhesives
14 (a first adhesive 14a and a second adhesive 14b) is
pressurized so as to temporarily join the optical fiber sen-
sor structure 4 sandwiched between the two film-like ad-
hesives 14 to the face skin materials 1.
[0067] Specifically, as illustrated in FIG. 9, after the
optical fiber sensor structure 4 has been placed on the
first adhesive 14a superimposed on a surface of the face
skin materials 1 placed on the surface plate 15 so that
the FBG sensor portions 6 are located at desired posi-
tions, the second adhesive 14b is further superimposed
thereon.
[0068] As described above, by being sandwiched be-
tween the two film-like adhesives 14, the optical fiber
sensor structure 4 can be bonded in an embedded state
in the adhesive layer 2 when being bonded to the face
skin materials 1. The surface of the face skin materials
1, onto which the optical fiber sensor structure 4 is bond-
ed, corresponds to a surface on which the honeycomb
core 3 is bonded.
[0069] Subsequently, after the entirety has been cov-
ered with the bagging film 16 and is sealed with the seal-
ing material 17, the interior (sealed space) is evacuated
by the pump (not shown). Further, the bagging film 16 is
pressurized from above at, for example, the atmospheric
pressure (about 1 atm) in this state to achieve close con-
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tact. Through the steps described above, the optical fiber
sensor structure 4 sandwiched between the two film-like
adhesives 14 is temporarily joined to the face skin ma-
terials 1.
[0070] Next, steps of manufacturing the honeycomb
sandwich structure are described referring to FIG. 10.
FIG. 10 is an explanatory diagram for illustrating the steps
of manufacturing the honeycomb sandwich structure ac-
cording to the first embodiment of the present invention.
The steps of manufacturing the optical fiber sensor struc-
ture 4 have been described above, and therefore the de-
scription thereof is herein omitted.
[0071] First, as a first step, the two face skin materials
1 to each of which the optical fiber sensor structure 4 is
temporarily joined through intermediation of the two film-
like adhesives 14 (the first adhesive 14a and the second
adhesive 14b) as described above are manufactured as
a first face skin material 1a and a second face skin ma-
terial 1b.
[0072] Next, as a second step, the honeycomb core 3
is placed on the second adhesive 14b of the first face
skin material 1a manufactured in the first step. Subse-
quently, as a third step, the second face skin material 1b
manufactured in the first step is placed on the honeycomb
core 3 placed on the second adhesive 14b of the first
face skin material 1a in the second step in a state in which
the second adhesive 14b of the second face skin material
1b is oriented downward.
[0073] Further, as a final fourth step, heating is per-
formed under pressure. As a result, the temporarily joined
optical fiber sensor structures 4 are bonded to the face
skin materials 1. Further, the face skin materials 1 and
the honeycomb core 3 are bonded to each other.
[0074] In this manner, the honeycomb sandwich struc-
ture including the optical fiber sensor structures 4 is man-
ufactured. The two film-like adhesives 14 serving to bond
the face skin materials 1 and the honeycomb core 3 cor-
respond to each of the adhesive layers 2.
[0075] Next, details of the second step to the fourth
step described above are described referring to FIG. 11
and FIGS. 12A and 12B.
[0076] FIG. 11 is an explanatory diagram for illustrating
a state in which the honeycomb sandwich structure is
formed by bonding the optical fiber sensor structures 4
to the face skin materials 1 and bonding the honeycomb
core 3 thereto according to the first embodiment of the
present invention.
[0077] FIGS. 12A and 12B are explanatory diagrams
for illustrating a positional relationship between the ad-
hesive layer 2, the honeycomb core 3, and the optical
fiber sensor structure 4 in the honeycomb sandwich
structure according to the first embodiment of the present
invention. FIG. 12A is a sectional view for illustrating a
case where the honeycomb core 3 is not present on a
top of the optical fiber sensor structure 4, whereas FIG.
12B is a sectional view for illustrating a case where the
honeycomb core 3 is present on the top of the optical
fiber sensor structure 4.

[0078] Here, a second forming material 19 including
the two face skin materials 1 to each of which the optical
fiber sensor structure 4 is temporarily joined and the hon-
eycomb core 3 sandwiched therebetween is heated un-
der pressure to manufacture the honeycomb sandwich
structure.
[0079] As an example of the honeycomb core 3, for
example, a honeycomb core made of an aluminum alloy
having a cell size of 3/8 inches, a height of 25.4 mm, and
a foil thickness of 0.018 mm only needs to be used.
[0080] Specifically, as illustrated in FIG. 11, the second
forming material 19 is placed on the surface plate 15 so
that the optical fiber sensor structures 4 (the adhesives
14) respectively temporarily joined to the two face skin
materials 1 (the first face skin material 1a and the second
face skin material 1b) are opposed to each other through
intermediation of the honeycomb core 3. By achieving
the positional relationship described above, both surfac-
es of the honeycomb core 3 are held in contact with the
adhesives 14 of the respective surface materials 1.
[0081] Subsequently, after the entirety is covered with
the bagging film 16 and is sealed with the sealing material
17, the interior (sealed space) is evacuated by the pump
(not shown). Further, in this state, the heating is per-
formed under pressure (for example, at the atmospheric
pressure (about 1 atm)) on the bagging film 16.
[0082] In this case, the film-like adhesives 14 only need
to be cured by heating at, for example, 120 °C. Through
the steps described above, the temporarily joined optical
fiber sensor structures 4 are bonded to the face skin ma-
terials 1 in a state of being respectively embedded in the
adhesive layers 2. Further, the honeycomb core 3 is
bonded in a state of being sandwiched between the two
face skin materials 1.
[0083] Here, as illustrated in FIG. 12A, a diameter D
of the optical fiber sensor structure 4 is larger than a
thickness t1 of the adhesive layer 2. Therefore, the ad-
hesive layer 2 is formed in conformity with a shape of the
optical fiber sensor structure 4. Further, as illustrated in
FIG. 12B, when the honeycomb core 3 is present imme-
diately above the optical fiber sensor structure 4, the hon-
eycomb core 3 is bonded to the face skin materials 1 in
a state of being deformed in conformity with the shape
of the optical fiber sensor structure 4 through intermedi-
ation of the adhesive layer 2.
[0084] In FIGS. 12A and 12B, the cross section of the
optical fiber 5 covered with the coating 7 is illustrated as
a representative example. Even for a cross section of the
optical fiber 5 that is not covered with the coating 7, the
diameter D of the optical fiber sensor structure 4 is larger
than the thickness t1 of the adhesive layer 2. Therefore,
the same applies thereto.
[0085] Although, for example, carbon fiber reinforced
plastics formed of carbon fibers M60J (manufactured by
Toray Industries, Inc.) and an epoxy resin curable at 170
°C can be used as a material of the face skin materials
1, the material is not limited thereto. Specifically, a com-
position of the carbon fiber reinforced plastics available
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herein is not limited to the combination of the carbon fib-
ers M60J and the epoxy resin curable at 170 °C, and any
combination may be used therefor.
[0086] Further, a sheet-like "prepreg" in a semi-cured
state, which is manufactured by impregnating a plurality
of bundled reinforcing fibers with a resin, may be used.
As described above, the combination of the fibers and
the resin forming the carbon fiber reinforced plastics as
described herein is merely an example, and the invention
of this application is also applicable to carbon fiber rein-
forced plastics formed of another combination.
[0087] Further, although, for example, an epoxy adhe-
sive that has a thickness of 60 mm and is curable at 180
°C may be used as the film-like adhesive 14, the adhesive
is not limited thereto. The film-like adhesive 14 only needs
to be a thermally curable resin, and therefore a liquid
adhesive may be used.
[0088] Further, in the forming material 18 including the
face skin materials 1, the film-like adhesives 14, and the
optical fiber sensor structure 4, the optical fiber sensor
structure 4 is sandwiched between the two film-like ad-
hesives 14. However, the forming material 18 is not lim-
ited thereto. For example, a liquid adhesive may be ap-
plied to the optical fiber sensor structure 4, and then a
film adhesive may be used for bonding.
[0089] Further, although, for example, a length can be
set to 5 mm as a grating length of the FBG sensor portion
6, the length is not limited thereto. Any length may be set
as long as the length falls within a range of from about 1
mm to about 10 mm.
[0090] As described above, according to the first em-
bodiment, the optical fiber sensor is embedded in the
adhesive layer that bonds the face skin materials made
of fiber reinforced plastics and the honeycomb core. As
a result, the honeycomb sandwich structure that enables
thermal control devices to be bonded to the surface of
the structure to allow precise thermal control and also
enables evaluation of the temperature of the structure
with high resolution and high accuracy.
[0091] In the optical fiber of the optical fiber sensor
structure, the FBG sensor portion having the Bragg
wavelength of the reflectance spectrum changing in ac-
cordance with the temperature and the strain is formed.
In this manner, the temperature of the honeycomb sand-
wich structure can be measured by the optical fiber sen-
sor structure.
[0092] The optical fiber sensor structure formed so that
a diameter of the vicinity of the FBG sensor portion and
a diameter of the other portion differ from each other is
inserted into the resin tube that is coaxial therewith, and
is then heated under pressure so that the resin tube is
deformed to come into contact with the optical fiber in
which the FBG sensor portion is formed.
[0093] As a result, in the optical fiber sensor structure,
the position of the FBG sensor portion does not shift in
the axial direction of the optical fiber. Further, a structure
with a small thermal resistance in the out-of-plane direc-
tion is realized in the FBG sensor portion. Therefore, the

temperature of the honeycomb sandwich structure can
be more precisely measured as compared with the relat-
ed art.
[0094] Further, after a pre-step in which the adhesive
layer is superimposed on the face skin materials, the op-
tical fiber sensor structure is placed at a predetermined
position on the adhesive layer, and the adhesive layer is
superimposed thereon, a step of bonding the face skin
materials and the honeycomb core is carried out to man-
ufacture the honeycomb sandwich structure.
[0095] As a result, the optical fiber sensor structure
including the FBG sensor portion therein can be embed-
ded inside the adhesive layer without allowing the FBG
sensor portion to be shifted in the axial direction of the
optical fiber and lowering the thermal conduction in the
out-of-plane direction. Thus, the temperature can be
measured with high resolution and high accuracy.
[0096] Although the optical fiber in which at least one
FBG sensor portion 6 is formed is exemplarily described
as an example of the optical fiber 5 forming the optical
fiber sensor structure 4 in the first embodiment, the op-
tical fiber is not limited thereto.
[0097] The invention of this application is also applica-
ble to another optical fiber capable of detecting the tem-
perature of the structure. For example, the invention of
this application is applicable to light scattering type opti-
cal fiber sensors for three types of light scattering, that
is, Rayleigh scattering, Raman scattering, and Brillouin
scattering.
[0098] Further, when a portion in which the sensor por-
tion for measuring the temperature is formed is not cov-
ered with the coating in a similar manner in other optical
fibers, the temperature can be measured with higher ac-
curacy.

Claims

1. A honeycomb sandwich structure, comprising:

- face skin materials made of fiber reinforced
plastics; and
- a honeycomb core bonded to the face skin ma-
terials through intermediation of adhesive lay-
ers,
wherein each of the adhesive layers has em-
bedded therein an optical fiber sensor structure
comprising:
- an optical fiber in which at least one sensor
portion for detecting a temperature is formed;
and
- a tube for covering the optical fiber.

2. The honeycomb sandwich structure according to
claim 1,
wherein the optical fiber in which the at least one
sensor portion is located is prevented from being
covered with a coating, whereas the optical fiber in
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which the at least one sensor portion is not located
is covered with the coating.

3. The honeycomb sandwich structure according to
claim 1 or 2,
wherein the optical fiber comprises at least one fiber
Bragg grating (FBG) sensor portion formed as the
at least one sensor portion.

4. The honeycomb sandwich structure according to
any one of claims 1 to 3,
wherein the tube comprises a tube made of a resin
or a metal.

5. A method of manufacturing the honeycomb sand-
wich structure according to any one of claims 1 to 4,
the method comprising:

- a first step of inserting the optical fiber into the
tube and performing heating under pressure to
deform the tube so as to manufacture the optical
fiber sensor structure in which the optical fiber
and the tube are held in contact with each other;
- a second step of placing the optical fiber sensor
structure, which is manufactured in the first step,
on an adhesive surface of each of the face skin
materials through intermediation of a first adhe-
sive so that the at least one sensor portion is
located at a desired position;
- a third step of superimposing a second adhe-
sive on the optical fiber sensor structure placed
on the adhesive surface through intermediation
of the first adhesive in the second step to sand-
wich the optical fiber sensor structure between
the first adhesive and the second adhesive; and
- a fourth step of placing the honeycomb core
on the adhesive surface on which the optical fib-
er sensor structure sandwiched between the
first adhesive and the second adhesive in the
third step is placed and performing heating un-
der pressure to bond the optical fiber sensor
structure and the honeycomb core to the adhe-
sive surface.

6. A method of manufacturing the honeycomb sand-
wich structure according to any one of claims 1 to 4,
the method comprising:

- a first step of removing the coating covering
the optical fiber in which the at least one sensor
portion is located when the optical fiber in which
the at least one sensor portion is located and
the optical fiber in which the at least one sensor
portion is not located are covered with the coat-
ing;
- a second step of inserting, into the tube, the
optical fiber from which the coating covering the
optical fiber in which the at least one sensor por-

tion is located is removed in the first step and
performing heating under pressure to deform
the tube so as to manufacture the optical fiber
sensor structure in which the optical fiber and
the tube are held in contact with each other;
- a third step of placing the optical fiber sensor
structure, which is manufactured in the second
step, on an adhesive surface of each of the face
skin materials through intermediation of a first
adhesive so that the at least one sensor portion
is located at a desired position;
- a fourth step of superimposing a second ad-
hesive on the optical fiber sensor structure
placed on the adhesive surface through inter-
mediation of the first adhesive in the third step
to sandwich the optical fiber sensor structure be-
tween the first adhesive and the second adhe-
sive; and
- a fifth step of placing the honeycomb core on
the adhesive surface on which the optical fiber
sensor structure sandwiched between the first
adhesive and the second adhesive in the fourth
step is placed and performing heating under
pressure to bond the optical fiber sensor struc-
ture and the honeycomb core to the adhesive
surface.
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