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Description
TECHNICAL FIELD

[0001] The present application discloses a friction material manufacturing apparatus and a friction material manufac-
turing method.

BACKGROUND ART

[0002] Brakes used in vehicles and other various machines are usually provided with friction materials. The friction
material is a member that converts kinetic energy into thermal energy, and thus is required to exert a predetermined
braking force even at a high temperature. Therefore, in order to exert the predetermined braking force even when the
friction material is used in a high-temperature state, various measures for shaping the friction material at an appropriate
temperature are made in a manufacturing line of the friction material (see Patent Literatures 1 to 3).

CITATION LIST
PATENT LITERATURE
[0003]

Patent Literature 1: JP-A-2016-522362
Patent Literature 2: Japanese Patent No. 6113927
Patent Literature 3: Chinese Utility Model No. 205437147

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0004] For example, in order to efficiently manufacture a friction material having a relatively high temperature during
molding as typified by a friction material obtained by sintering a metal powder, it is desired to rapidly heat the friction
material. However, when the temperature of the friction material is raised by a hot plate, heat is transferred from a heat
source to the friction material via the hot plate, and thus a temperature rise rate of the friction material greatly depends
on a heat capacity of the hot plate in accordance with temperature rise of the heat plate per se. Further, when the
temperature of the friction material is raised in a convection oven, heat is transferred from the heat source to the friction
material via a gas flow, and thus it is difficult to quickly raise the temperature of the friction material via the gas, which
has poor heat transfer property.

[0005] An object of the present invention is to enable efficient manufacture of a friction material.

SOLUTION TO PROBLEM

[0006] In order to solve the above problem, in the present invention, a stack of workpieces, which are preforms of
friction materials, is clamped by a jig, and in this state, the stack is heated with infrared rays from a lateral side with
respect to a stacking direction.

[0007] More specifically, the presentinvention is a friction material manufacturing apparatus configured to sinter friction
materials, and includes: a jig configured to clamp a stack of workpieces, which are preforms of the friction materials, in
a stacking direction; a transport mechanism that forms a transport path of the jig; and a heating apparatus provided in
a way of the transport path and configured to heat the stack clamped by the jig with infrared rays from a lateral side with
respect to the stacking direction.

[0008] The friction material manufacturing apparatus described above uses infrared rays to heat the stack clamped
by the jig, and thus is capable of heating a portion of the stack in a selectively concentrated manner. Therefore, for
example, the heating target can be efficiently heated as compared with a heating method that is difficult to heat a specific
place in a selectively concentrated manner, such as in a convection method.

[0009] Since the friction material manufacturing apparatus described above has an aspect in which the heating ap-
paratus is provided in a way of the transport path and the jig for clamping the stack to be heated is transported by the
transport mechanism, the stack that has been heated by the heating apparatus can be separated integrally with the jig
from the heating apparatus. Therefore, while waiting for a decrease in the temperature of the stack that has been heated
by the heating apparatus, a stack clamped by another jig can be continuously heated by the heating apparatus.
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[0010] Therefore, according to the friction material manufacturing apparatus described above, itis possible to efficiently
manufacture friction materials.

[0011] The jig may include: a support portion configured to support the stack from one side in the stacking direction;
and a pressing portion configured to press the stack from the other side in the stacking direction toward the support
portion. By using such a jig, the stack that has been heated by the heating apparatus can be separated from the heating
apparatus integrally with the jig from the heating apparatus while maintaining a pressed state. For this reason itis possible
to quickly replace the stack to be heated in the heating apparatus.

[0012] The heating apparatus may include an element configured to emit infrared rays at a position that is on the
lateral side of the stack in a state where the jig is at a position of the heating apparatus. In the heating apparatus having
the element configured to emit infrared rays at such a position, the stack clamped by the jig can be irradiated by the
infrared rays of the element only by simply conveying the jig clamping the stack to be heated to the vicinity of the heating
apparatus by the transport mechanism, and thus it is possible to quickly replace the stack to be heated in the heating
apparatus.

[0013] The jig may include a window made from a transparent plate configured to cover the stack from the lateral side
with respect to the stacking direction, and may include an accommodation portion configured to accommodate the stack.
In this case, the jig may include a gas introduction portion configured to introduce an inert gas into the accommodation
portion. The friction material manufacturing apparatus described above uses infrared rays for heating, and thus is capable
of heating through such window made from a transparent plate. Therefore, by adopting such configuration in which the
accommodation portion is provided in the jig and heating by infrared rays is performed through the window made from
a transparent plate, for example, the inside of the accommodation portion can be applied with an inert gas atmosphere.
[0014] The friction material manufacturing apparatus may further include an accommodation portion configured to
accommodate the jig, the transport mechanism, and the heating apparatus. The accommodation portion may include a
gas introduction portion configured to introduce an inert gas. In this case, for example, even if the inside of the accom-
modation portion is applied with an inert gas atmosphere, the jig can be easily moved.

[0015] In addition, the friction material manufacturing apparatus may further include an accommodation portion con-
figured to accommodate the heating apparatus, and allow the jig to move in and out. The accommodation portion may
include a door at an opening portion through which the jig is to move in and out. In this case, the accommodation portion
may include an introduction portion configured to introduce an inert gas. By providing the accommodation portion in the
heating apparatus in this manner and closing the accommodation portion after the jig is transported to the vicinity of the
heating apparatus by the transport mechanism, the inside of the accommodation portion can be applied with an inert
gas atmosphere.

[0016] The jig may include a heat insulating member at a portion to be in contact with the stack. In this case, heat
transfer from the stack to the jig can be prevented.

[0017] The heating apparatus may be a near infrared heater having a peak wavelength in a range of 1200 nm to 1700
nm. The near infrared ray having such a wavelength is higher in permeability in substance than, for example, in mid-
infrared rays having a peak wavelength of 1700 nm to 2700 nm, and thus is capable of heating the inside of the stack
with high energy without remaining in the vicinity of the surface even with respect to a stack obtained by stacking friction
materials. Therefore, it is suitable for heating a heating object that whose center portion cannot be easily heated, such
as a stack obtained by stacking friction materials.

[0018] The invention can also be understood from an aspect of method. For example, the present invention may be
a friction material manufacturing method for sintering friction materials, the friction material manufacturing method in-
cluding: clamping, by a jig, a stack of workpieces, which are preforms of the friction materials, in a stacking direction;
transporting the jig along a transport path formed by a transport mechanism; and heating, by a heating apparatus provided
in a way of the transport path, the stack clamped by the jig with infrared rays from a lateral side with respect to the
stacking direction.

ADVANTAGEOUS EFFECTS OF INVENTION

[0019] The present invention enables efficient manufacture of a friction material.

BRIEF DESCRIPTION OF DRAWINGS

[0020]
[Fig. 1] Fig. 1 is a schematic configuration diagram of a friction material manufacturing apparatus according to an
embodiment.

[Fig. 2] Fig. 2 is a structural view of the friction material manufacturing apparatus as viewed from a lateral side of a
transport path.
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[Fig. 3] Fig. 3 is a structural view of the friction material manufacturing apparatus as viewed from a transport direction
of the transport path.

[Fig. 4] Fig. 4 is a first diagram illustrating a method for using the friction material manufacturing apparatus.

[Fig. 5] Fig. 5 is a second diagram illustrating a method for using the friction material manufacturing apparatus.
[Fig. 6] Fig. 6 is a diagram showing a state where jigs are arranged continuously.

[Fig. 7] Fig. 7 is a diagram showing a modification of the friction material manufacturing apparatus.

[Fig. 8] Fig. 8 is a diagram illustrating an example of openings for gas provided on an upper plate and a lower plate.
[Fig. 9] Fig. 9 is a diagram showing a first modification of the friction material manufacturing apparatus.

[Fig. 10] Fig. 10is a structural view of the friction material manufacturing apparatus according to the first modification
as viewed from a lateral side of the transport path.

[Fig. 11] Fig. 11 is a diagram showing a second modification of the friction material manufacturing apparatus.
[Fig. 12] Fig. 12 is a diagram showing a third modification of the friction material manufacturing apparatus.

[Fig. 13] Fig. 13 is a diagram showing a fourth modification of the friction material manufacturing apparatus.

DESCRIPTION OF EMBODIMENTS

[0021] Embodiments of the present invention will be described below. The following embodiments illustrate embodi-
ments of the presentinvention, and the technical scope of the presentinvention is not limited to the following embodiments.
[0022] Fig. 1 is a schematic configuration diagram of a friction material manufacturing apparatus according to an
embodiment. A friction material manufacturing apparatus 1 is an apparatus for sintering friction materials for brakes,
and includes: a jig 4 for clamping in a stacking direction, with a pressing mechanism 3, a stack 2 obtained by stacking
workpieces, which are preforms of the friction materials; a transport mechanism that forms a transport path 5 of the jig
4; and a heating apparatus 6 provided in a way of the transport path 5 for heating the stack 2 clamped in the pressing
mechanism 3 by the jig 4 with infrared rays from a lateral side with respect to the stacking direction. The friction material
manufacturing apparatus 1 moves the jig 4 in a state where the stack 2 is clamped by the pressing mechanism 3 along
the transport path 5, and heats the friction materials in the stack 2 by heating the stack 2 with the heating apparatus 6
in a way of the transport path 5. The friction material manufacturing apparatus 1 is not limited to a structure in which the
stack 2 is clamped vertically, and may have a structure in which the stack 2 is clamped horizontally. The friction material
is assumed to be used in, for example, various industrial equipment, transportation equipment, office equipment, or the
like.

[0023] The stack 2 is obtained by stacking, on a pressure plate, preforms each obtained by mixing a metal powder
with an abrasive and/or a lubricant and pressing it into a thin plate shape, and further stacking a plurality of groups of
assemblies each obtained by arranging an alumina setter on a friction surface side of the preform. The stack 2 can be
realized by setting and stacking the preform, the pressure plate, and the setter on, for example, a jig for stacking.
[0024] The jig 4 includes an accommodation portion 7 capable of accommodating the stack 2 in a state of being
clamped by the pressing mechanism 3. The accommodation portion 7 is provided with a window through which near
infrared rays of the heating apparatus 6 pass, as will be described later. The accommodation portion 7 is formed of a
material having heat resistance to the heat of the heating apparatus 6.

[0025] The components of the friction material manufacturing apparatus 1 will be described in detail. Fig. 2 is a structural
view of the friction material manufacturing apparatus 1 as viewed from a lateral side of the transport path 5. Fig. 3 is a
structural view of the friction material manufacturing apparatus 1 as viewed from a transport direction of the transport
path 5.

[0026] The friction material manufacturing apparatus 1 includes a transport mechanism 8 that forms the transport path
5 and a support member 9 that supports the heating apparatus 6. An inert gas cylinder 10 is provided together with the
friction material manufacturing apparatus 1, and the inert gas cylinder 10 is connected to a gas introduction port 12 of
the jig 4 via a hose 11. The inert gas supplied from the inert gas cylinder 10 flows into the accommodation portion 7 of
the jig 4. Examples of the inert gas filled in the inert gas cylinder 10 include argon gas, nitrogen gas, and various other
inert gases. The inert gas cylinder 10 is provided for the purpose of preventing oxidation during sintering by applying an
inert gas atmosphere inside the accommodation portion 7 in which the stack 2 is accommodated. In addition to the inert
gas atmosphere, sintering may also be performed in a reducing gas atmosphere, in a combination atmosphere of an
inert gas and a reducing gas, or in a reduced pressure atmosphere. Therefore, the hose 11 connecting the inert gas
cylinder 10 and the gas introduction port 12 of the jig 4 is routed such that the jig 4 can be traced even when sliding
along the transport path 5.

[0027] The accommodation portion 7 is provided with a quartz glass 13 through which the near infrared rays of the
heating apparatus 6 are transmitted. The accommodation portion 7 is basically formed of a metal material having heat
resistance to heat of the heating apparatus 6, such as stainless steel, and is designed such that the quartz glass 13 is
disposed at a portion irradiated by the near infrared rays of the heating apparatus 6 when the jig 4 is in the vicinity of
the heating apparatus 6, and the near infrared rays of the heating apparatus 6 are unlikely to be irradiated onto unnec-
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essary portions of the jig 4. In the quartz glass 13 and the other parts of the accommodation portion 7 formed of the
metal material, each member is designed to have an appropriate size so that leakage of the inert gas flowing inside falls
within a predetermined allowable range and expansion of the members caused by temperature rise by the heating
apparatus 6 does not cause interference between the members. The inert gas of the inert gas cylinder 10 introduced
into the accommodation portion 7 through the gas introduction port 12 passes through the accommodation portion 7
and is exhausted through a gas exhaust port 17 provided in the accommodation portion 7. The inert gas introduced into
the accommodation portion 7 through the gas introduction port 12 prevents oxidation of the friction material, and exerts
a cooling function of the members constituting the accommodation portion 7 and a contamination preventing function
of the quartz glass 13, and thus an exhaust amount through the gas exhaust port 17 is adjusted in consideration of
maintaining these functions. The transparent plate window covering the stack 2 from the lateral side with respect to the
stacking direction is not limited to the quartz glass 13 as long as transmitting infrared light and having heat resistance.
[0028] The pressing mechanism 3 provided in the accommodation portion 7 includes a support portion 14 that supports
the stack 2 from above, and a pressing portion 15 that presses the stack 2 from below toward the support portion 14.
The pressing portion 15 is a part raised and lowered vertically by an air cylinder 16. The air cylinder 16 is connected to
a compressor that supplies high-pressure air via a pressure-resistant hose, and raises and lowers the pressing portion
15 in accordance with opening and closing of a valve provided in a way of a path for supplying the high-pressure air. In
addition, a load cell for measuring a load applied to the stack 2 is provided in the pressing mechanism 3, and the
magnitude of the load applied to the stack 2 can be adjusted. The pressing mechanism 3 is provided with a cooling
structure such as a water-cooling jacket for preventing damage to the load cell due to the heat of the heating apparatus
6. The pressing mechanism 3 is only required to be able to press the stack 2, and may be, other than the air cylinder
16, for example, a coil spring, a lever in combination with a weight, a manual jack, a hydraulic cylinder, or various other
pressing means.

[0029] The jig 4 configured as described above can be slid along the transport path 5 by the transport mechanism 8.
The transport mechanism 8 for sliding the jig 4 may be a roller-type conveyor on which the jig 4 is placed, or may be a
linear guide that is fitted to a rail extending along the transport path 5. The transport mechanism 8 may be a manual
mechanism without a power source that slides the jig 4, such as a motor, or may be an automatic mechanism including
a power source.

[0030] The jig 4 is transported on the transport path 5 while being advanced or stopped at an appropriate timing. The
timing at which the jig 4 is advanced or stopped is determined according to a heating capacity of the heating apparatus
6, an atmosphere temperature in a plantin which the friction material manufacturing apparatus 1 is provided, a composition
of the friction materials stacked in the stack 2, the number of friction materials stacked in the stack 2, the pressing force
of the pressing mechanism 3, and other various factors.

[0031] The heating apparatus 6 heats the stack 2 set in such a jig 4 by near infrared rays. The heating apparatus 6
includes a plurality of rod-shaped near infrared heaters extending along the direction of the transport path 5 on both
sides thereof, and has a heating capacity capable of heating the stack 2 to about 1000°C.

[0032] Each near infrared heater emits, for example, near infrared rays having a peak wavelength in a range of 1200
nm to 1700 nm. The near-infrared ray having such a wavelength is higher in permeability in substance than in far infrared
rays, and thus is capable of heating the inside of the stack 2 without remaining in the vicinity of the surface even with
respect to the stack 2 obtained by stacking friction materials. Therefore, it is suitable for heating the stack 2 with infrared
rays through the quartz glass 13.

[0033] In the near infrared heaters, energization is controlled for each combination of one to a plurality of the heats,
and an appropriate amount of heat can be applied to each of an upper layer portion, a middle layer portion, and a lower
layer portion of the stack 2. The energization pattern of each near infrared heater of the heating apparatus 6 is adjusted
according to the heating capacity of the heating apparatus 6, the atmosphere temperature in a plant in which the friction
material manufacturing apparatus 1 is provided, the composition of the friction materials stacked in the stack 2, the
number of friction materials stacked in the stack 2, the pressing force of the pressing mechanism 3, and other various
factors. The energization pattern of the heating apparatus 6 may be in accordance with a predetermined sequence set
in advance, or in accordance with information of a radiation thermometer for measuring the temperature of the stack 2
in a non-contact manner, such as thermography.

[0034] Next, a method for using the friction material manufacturing apparatus 1 will be described. Fig. 4 is a first
diagram illustrating a method for using the friction material manufacturing apparatus 1. Fig. 5 is a second diagram
illustrating a method for using the friction material manufacturing apparatus 1. When the friction material is sintered using
the friction material manufacturing apparatus 1, first, as shown in (A) of Fig. 4, the air cylinder 16 is contracted to bring
the pressing portion 15 to a lower limit position, and the stack 2 is set in the jig 4 in this state. Next, as shown in (B) of
Fig. 4, the air cylinder 16 is extended to raise the pressure portion 15, and the stack 2 is clamped between the support
portion 14 and the pressing portion 15. Then, an open portion of the accommodation portion 7 is closed, and the inert
gas of the inert gas cylinder 10 is supplied into the accommodation portion 7.

[0035] When the heating apparatus 6 is ready for heating in this manner, as shown in (C) of Fig. 4, the jig 4 is slid by
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the transport mechanism 8, and the jig 4 is moved to the vicinity of the heating apparatus 6. Then, the stack 2 is heated
by the heating apparatus 6. When sintering of the friction materials stacked in the stack 2 proceeds, the jig 4 is slid at
an appropriate timing to separate the jig 4 from the heating apparatus 6 as shown in (A) of Fig. 5. Then, when the stack
2 is cooled by natural cooling or the like until the friction materials stacked in the stack 2 are cooled to an appropriate
temperature, sintering of the friction materials stacked in the stack 2 is completed. When sintering of the friction materials
stacked in the stack 2 is completed, as shown in (B) of Fig. 5, the air cylinder 16 is contracted to bring the pressing
portion 15 to the lower limit position, and the stack 2 is removed from the jig 4 in this state. The jig 4 from which the
stack 2 is removed can be immediately used for sintering other friction materials.

[0036] The near infrared heaters have a temperature rise rate of 10 times to 20 times as compared with a resistance
heater. In addition, the near infrared heaters have a peak wavelength shorter than in the range of 1700 nm to 2700 nm,
which is the peak wavelength of medium-wavelength carbon heater or medium-wavelength infrared heater, and thus
can output higher energy than the medium-wavelength carbon heater or medium-wavelength infrared heater, and can
sinter a friction material of an inorganic substance obtained by mixing an abrasive and/or a lubricant into a metal powder
in a relatively short time.

[0037] In the friction material manufacturing apparatus 1 of the embodiment described above, since the jig 4 in which
the stack 2 is set can pass through the vicinity of the heating apparatus 6 while being slid by the transport mechanism
8, for example, the friction materials can be fired in a large amount in a substantially continuous manner instead of a
batch manner by being used as described below.

[0038] Fig. 6 isadiagram showing a state where jigs 4 are arranged continuously. In the friction material manufacturing
apparatus 1, since each jig 4 in which the stack 2 is set can pass through the vicinity of the heating apparatus 6 while
being slid by the transport mechanism 8, for example, as shown in Fig. 6, by providing the plurality of jigs 4 (4-1 to 5) in
which the stack 2 is set in the transport path 5, a jig 4 whose heating of the stack 2 is completed in the heating apparatus
6 can be moved away from the heating apparatus 6, and a subsequent jig 4 in which a stack 2 before heating is set can
be continuously slid and placed at the position of the heating apparatus 6, whereby heating and cooling of the friction
materials can be performed at the same time. Therefore, it is possible to increase the use efficiency of the heating
apparatus 6 as much as possible. Since the friction material manufacturing apparatus 1 can be used in this manner, a
region where the heating apparatus 6 is present in the transport path 5 can be regarded as a heating zone and a region
other than the heating zone can be regarded as a cooling zone.

[0039] In the friction material manufacturing apparatus 1 of the above embodiment, sintering of the friction materials
is performed only by the heating apparatus 6, but the sintering of the friction materials may also be performed in coop-
eration of the heating apparatus 6 and another heating apparatus. For example, a convection oven using hot air may
be provided next to the heating apparatus 6 including the near infrared heaters together with the friction material man-
ufacturing apparatus 1, so that the heating apparatus 6 raises the temperature of the friction materials, and the convection
oven maintains the temperature of the friction materials heated by the heating apparatus 6. The temperature of the
friction materials may be maintained by independently changing outputs of the plurality of near infrared heaters of the
heating apparatus 6.

[0040] Fig. 7 is a diagram showing a modification of the friction material manufacturing apparatus 1. For example, as
shown in Fig. 7, the friction material manufacturing apparatus 1 may be an apparatus in which a plurality of heating
apparatuses 6 are provided along the transport path 5. If the friction material manufacturing apparatus 1 is provided with
a plurality of heating apparatuses 6 along the transport path 5, the respective stacks 2 set in the plurality of jigs 4 can
be simultaneously heated by the plurality of heating apparatuses 6. Therefore, the friction material manufacturing ap-
paratus 1 of the present modification can sinter a large number of friction materials.

[0041] A case of producing sintered friction materials using near infrared heaters and a case of producing sintered
friction materials using resistance heaters were compared and verified, and the results are shown below. In this verifi-
cation, the stack 2 was placed such that the stacking direction of the stack 2 was horizontal instead of vertical as in the
embodiment described above, and the stack 2 was heated from the upper side and the lower side.

[0042] Inthe present verification, the rod-shaped near infrared heaters constituting the heating apparatus have a peak
wavelength of 1200 nm to 1700 nm, a total length of 405 mm, and a length of heating portion (effective length) of 340
mm. In this verification, six near infrared heaters were arranged on the upper side, and three were arranged on the lower
side of the stack 2 arranged to have the horizontal stacking direction.

[0043] In the present verification, a jig corresponding to the jig 4 of the above embodiment was prepared by forming
a pressing mechanism with a coil spring, and introducing an argon gas into a sealed accommodation portion formed
from a heat-resistant metal component and a transparent quartz glass. Since the effective length of the near infrared
heaters is 340 mm, by setting a frame of the jig to a length of about 540 mm, the metal component constituting the frame
of the jig is unlikely to be directly irradiated by near infrared rays emitted from the near infrared heaters.

[0044] In this verification, argon gas was introduced into the accommodation portion through the introduction port of
two systems, and discharged from the exhaust port of one system. Further, when the argon gas flows from the introduction
port of the two systems into the accommodation portion, the argon gas was constantly cooled by being blown to the coil
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spring constituting the pressing mechanism, thereby preventing thermal deformation of the coil spring.

[0045] In this verification, a metal powder was mixed with an abrasive and a lubricant and pressed into a thin plate,
so as to prepare six preforms of a cylindrical block having a diameter of 42 mm and a thickness of 12 mm. Then, the
cylindrical blocks were stacked on a hot rolled steel plate corresponding to the pressure plate of the brake, and alumina
was further interposed therebetween to form a stack. The stack was heated in a state applied with a load of 3.0 MPa by
the coil spring. Heights of the upper and lower near infrared heaters were adjusted such that a distance between centers
of the near infrared heaters and centers of the cylindrical blocks was 70 mm. Argon gas was continuously flowed into
the accommodation portion at a pressure of 0.45 MPa. Gas replacement (purge) in the accommodation portion was 5
minutes.

[0046] The near infrared heaters were controlled such that a full output of the upper and lower heaters was 20 kW,
and an output ratio of the upper to the lower heaters was 16.8 to 4.9. Then, after a temperature of a thermocouple
attached to the stack to be heated reached 950°C, the temperature was maintained at 950 = 15°C for 30 minutes, and
then the energization of the near infrared heaters was turned off. In addition, the introduction of argon gas was continued
until the stack to be heated reached normal temperature.

[0047] The sintered friction materials produced by the method corresponding to the above embodiment are hereinafter
referred to as examples. The evaluation results of comparison between the examples and comparative examples pre-
pared with a sintering furnace using resistance heaters will be described below. The comparative examples were prepared
in an argon gas atmosphere at a surface pressure of 3.0 MPa, a sintering temperature of 950°C, a maintaining time of
30 minutes, and a heating rate of 10°C / min.

[0048] In this evaluation, the following five items were evaluated.

1. Time until the sintering temperature reaches 950°C
2. Shrinkage factor

3. Surface hardness

4. Base material shear strength

5. Pressure plate (PP) adhesive shear strength

[0049] The evaluation results of the items are shown in the following table.

[Table 1]
Heated samples Examples Comparative examples
Heating method Near infrared heater Resistance heater
Time until reaching 950°C (min) 7.2 95
Shrinkage factor (%) 7.7 (6.7 t0 8.3) 8.9 (8.4t09.3)
Surface hardness (HRS) 48 (30 to 58) 50 (46 to 53)
Base material shear strength (MPa) 3.6 (2.9t04.5) 2.5(2.2t0 2.6)
PP adhesive shear strength (MPa) 30.7 (27.6 to 33.8) 19.1 (18.3 t0 20.0)
* The numbers are average values, and the numbers in the parentheses indicate minimum values and maximum
values.

[0050] As can be seen from the table above, in the case of the examples, the sintering temperature reached 950°C
in an extremely short time of about 1/10 as compared with the case of the comparative examples. In addition, the
shrinkage factor and the surface hardness were similar in the examples and the comparative examples. Regarding the
base material shear strength and the PP adhesive shear strength, the examples had a tendency to be 1.4 times to 1.6
times higher than that of the comparative examples.

[0051] From the above results, it was confirmed that the examples were capable of producing sintered friction materials
having performances similar as that of the comparative examples in a temperature rise time of about 90 minutes shorter
than the comparative examples. In this verification, the sintering temperature was set to 950 = 15°C, the sintering
retention time was set to 30 minutes, and the sintering surface pressure was set to 3.0 MPa, whereas the sintering
temperature in the sintering process is preferably 900°C to 1300°C, more preferably 950°C to 1250°C. The sintering
retention time is preferably 30 minutes to 180 minutes. The sintering surface pressure is preferably 1 MPa to 18 MPa.
As long as the sintering temperature, the sintering retention time, and the sintering surface pressure are within these
ranges, the same effect as in the above examples is exhibited.

[0052] Although manufacturing of sintered friction materials is assumed in the above description, the friction material
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manufacturing apparatus 1 of the above embodiment can be used not only for manufacturing of sintered friction materials,
but also for manufacturing of resin-based friction materials containing a large amount of organic materials, for example.
[0053] A lower plate constituting a bottom surface and an upper plate constituting a top surface of the accommodation
portion 7 may be configured as follows. Fig. 8 is a diagram illustrating an example of openings for gas provided on the
upper plate and the lower plate. The accommodation portion 7 may be formed from, for example, a lower plate having
five gas introduction ports LF1 to LF5 arranged side by side on a front side and five gas introduction ports LB1 to LB5
arranged side by side on a back side of the friction material manufacturing apparatus 1, and an upper plate having five
gas exhaust ports UF1 to UF5 arranged side by side on the front side and five gas exhaust ports UB1 to UB5 arranged
side by side on the back side of the friction material manufacturing apparatus 1. In this case, the lower plate is provided
with a first internal flow path for supplying the gas to the gas introduction ports LF1 to LF5, and a second internal flow
path for supplying the gas to the gas introduction ports LB1 to LB5.

[0054] Ifthe accommodation portion 7 includes such upper plate and lower plate, the gas blown from the gas introduction
ports LF1 to LF5, LB1 to LB5 flows along the surface of the quartz glass 13, and is discharged from the gas exhaust
ports UF1 to UF5, UB1 to UB5. Therefore, the surface of the quartz glass 13 is prevented from contamination by the
gas. Although Fig. 8 shows a state where ten gas openings are provided in each of the upper plate and the lower plate,
the diameters and the numbers of the gas introduction ports LF1 to LF5, LB1 to LB5, the diameters and the numbers of
the gas exhaust ports UF1 to UF5, UB1 to UB5, and a flow rate of the gas can be appropriately set according to a size,
a shape, a heating temperature, and the like of the workpieces. Further, unnecessary openings may be closed with a
plug, for example corresponding to, the size, shape, heating temperature, and the like of the workpieces.

[0055] In addition, the support portion 14 that supports the stack 2 obtained by stacking the workpieces from above
and/or the pressing portion 15 that presses the stack 2 from below toward the support portion 14 may include a heat
insulating member at a portion in contact with the stack 2. If a heat insulating member is provided at the portion in contact
with the stack 2, it is possible to prevent heat transfer from the workpieces constituting the stack 2 to the jig 4, and thus
it is possible to prevent the workpieces on the lower portion and/or the upper portion of the stack 2 from having a lower
temperature than the other workpieces. A pressing force of the pressing portion 15 is applied to the heat insulating
member.

Therefore, a material constituting the heat insulating member preferably has resistance against such pressing force.
Examples of such material include a carbon plate material, an electrically insulating heat insulating plate such as NEOARK
(registered trademark), and a calcium silicate heat insulating plate made such as LUMIBOARD (registered trademark).
[0056] In the above embodiment, the jig 4 includes the accommodation portion 7, and the jig 4 moves in the transport
path 5 together with the accommodation portion 7 so as to be heated from the outside of the accommodation portion 7
by the heating apparatus 6, whereas the friction material manufacturing apparatus 1 may be configured such that the
accommodation portion 7 collectively accommodates the jig 4, the transport path 5, and the heating apparatus 6, or
alternatively, the accommodation portion 7 accommodates the heating apparatus 6 and the jig 4 can move in and out
from the accommodation portion 7.

[0057] Fig. 9 is a diagram showing a first modification of the friction material manufacturing apparatus 1. In the friction
material manufacturing apparatus 1 of the above embodiment, for example, as shown in Fig. 9, the accommodation
portion 7 may be configured to collectively accommodate the jig 4, the transport path 5, and the heating apparatus 6. In
the present modification, since the heating apparatus 6 is accommodated in the accommodation portion 7, the quartz
glass 13 is not necessary. Therefore, supply of a gas for preventing contamination of the quartz glass 13 is not necessary,
and a gas for discharging vaporized components vaporized from the workpieces due to heating is supplied into the
accommodation portion 7. In this case, it is preferable that the accommodation portion 7 is provided with a door that
allows the workpieces to be attached to the jig 4 or allows the jig 4 to move.

[0058] In the friction material manufacturing apparatus 1 of this modified example, it is not necessary to connect the
jig 4 to the inert gas cylinder 10 by the hose 11. Therefore, the jig 4 can be easily handled. Fig. 10 is a structural view
of the friction material manufacturing apparatus according to the first modification as viewed from a lateral side of the
transport path. As shown in Fig. 10, the inert gas cylinder 10 is connected by a hose to the gas introduction portion of
the accommodation portion 7 that collectively accommodates the jig 4, the transport path 5, and the heating apparatus
6. The jig 4 is accommodated in the accommodation portion 7, and is not connected to the inert gas cylinder 10. Therefore,
in the friction material manufacturing apparatus 1 according to the present modification, when the jig 4 is moved along
the transport path 5, the hose connected to the inert gas cylinder 10 does not hinder movement of the jig 4. Therefore,
the jig 4 can be easily moved along the transport path 5.

[0059] Fig. 11 is a diagram showing a second maodification of the friction material manufacturing apparatus 1. The
friction material manufacturing apparatus 1 of the above embodiment may be such that, for example, as shown in Fig.
11, the accommodation portion 7 is provided in the heating apparatus 6, and the jig 4 before heating and the jig 4 after
heating are disposed outside the accommodation portion 7. In this case, an opening that allows the jig 4 to move in and
out, and a door for opening and closing the opening are provided on both side surfaces of the accommodation portion
7. When the opening is closed by the door to close the accommodation portion, the inside of the accommodation portion
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can be filled with the gas supplied from the inert gas cylinder 10. In this modification, similarly to the first modification,
since the heating apparatus 6 is accommodated in the accommodation portion 7, the quartz glass 13 is not necessary.
[0060] Fig. 12is a diagram showing a third modification of the friction material manufacturing apparatus 1. The friction
material manufacturing apparatus 1 of the above embodiment may be such that, for example, as shown in Fig. 12, the
jig 4 before heating and the heating apparatus 6 are accommodated in the accommodation portion 7, and the jig 4 after
heating is disposed outside the accommodation portion 7. In this case, an opening that allows the jig 4 to move in and
out, and a door for opening and closing the opening are provided on a side surface of the accommodation portion 7.
When the opening is closed by the door to close the accommodation portion, the inside of the accommodation portion
can be filled with the gas supplied from the inert gas cylinder 10. In this modification, similarly to the first modification
and the second modification, since the heating apparatus 6 is accommodated in the accommodation portion 7, the quartz
glass 13 is not necessary.

[0061] Fig. 13 isadiagram showing a fourth modification of the friction material manufacturing apparatus 1. The friction
material manufacturing apparatus 1 of the above embodiment may be such that, for example, as shown in Fig. 13, the
jig 4 after heating and the heating apparatus 6 are accommodated in the accommodation portion 7, and the jig 4 before
heating is disposed outside the accommodation portion 7. In this case, an opening that allows the jig 4 to move in and
out, and a door for opening and closing the opening are provided on a side surface of the accommodation portion 7.
When the opening is closed by the door to close the accommodation portion, the inside of the accommodation portion
can be filled with the gas supplied from the inert gas cylinder 10. In this modification, similarly to the first modification,
the second modification, and the third modification, since the heating apparatus 6 is accommodated in the accommodation
portion 7, the quartz glass 13 is not necessary.

[0062] Although the embodiments are described above with reference to the drawings, it is needless to say that the
present invention is not limited to such examples. It will be apparent to those skilled in the art that various changes and
modifications may be conceived within the scope of the claims. It is also understood that the various changes and
modifications belong to the technical scope of the presentinvention. Constituent elements in the embodiments described
above may be combined freely within a range not departing from the spirit of the present invention.

[0063] The present application is based on Japanese Patent Application No. 2018-152363 filed on August 13, 2018,
and Japanese Patent Application No. 2019-132171 filed on July 17, 2019, the contents of which are incorporated herein
by reference.

REFERENCE SIGNS LIST
[0064]

friction material manufacturing apparatus
stack

pressing mechanism
jig

transport path

heating apparatus
accommodation portion
transport mechanism
support member

10 inert gas cylinder

11 hose

12  gas introduction port
13  quartz glass

14  support portion

15  pressing portion

16  air cylinder

17  gas exhaust port
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Claims

1. Afriction material manufacturing apparatus for sintering friction materials, the friction material manufacturing appa-
ratus comprising:

a jig configured to clamp a stack of workpieces, which are preforms of the friction materials, in a stacking direction;
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a transport mechanism that forms a transport path of the jig; and
a heating apparatus provided in a way of the transport path and configured to heat the stack clamped by the
jig with infrared rays from a lateral side with respect to the stacking direction.

The friction material manufacturing apparatus according to claim 1,
wherein the jig includes:

a support portion configured to support the stack from one side in the stacking direction; and
a pressing portion configured to press the stack from the other side in the stacking direction toward the support
portion.

The friction material manufacturing apparatus according to claim 1 or 2,
wherein the heating apparatus includes an element configured to emit infrared rays and disposed at a position that
is on the lateral side of the stack in a state where the jig is at a position of the heating apparatus.

The friction material manufacturing apparatus according to claim any one of claims 1 to 3, wherein

the jig includes an accommodation portion configured to accommodate the stack, and
the accommodation portion includes a window made from a transparent plate configured to cover the stack
from the lateral side with respect to the stacking direction.

The friction material manufacturing apparatus according to claim 4,
wherein thejigincludes a gas introduction portion configured to introduce aninert gas into the accommodation portion.

The friction material manufacturing apparatus according to claim any one of claims 1 to 3, further comprising:
an accommodation portion configured to accommodate the jig, the transport mechanism, and the heating apparatus.

The friction material manufacturing apparatus according to claim any one of claims 1 to 3, further comprising:
an accommodation portion configured to accommodate the heating apparatus, and allow the jig to move in and out.

The friction material manufacturing apparatus according to claim 7,
wherein the accommodation portion includes a door at an opening portion through which the jig is to move in and out.

The friction material manufacturing apparatus according to claim any one of claims 6 to 8,
wherein the accommodation portion includes a gas introduction portion configured to introduce an inert gas.

The friction material manufacturing apparatus according to claim any one of claims 1 to 9,
wherein the jig includes a heat insulating member at a portion to be in contact with the stack.

The friction material manufacturing apparatus according to claim any one of claims 1 to 10,
wherein the heating apparatus is a near infrared heater having a peak wavelength in a range of 1200 nm to 1700 nm.

A friction material manufacturing method for sintering friction materials, the friction material manufacturing method
comprising:

clamping, by a jig, a stack of workpieces, which are preforms of the friction materials, in a stacking direction;
transporting the jig along a transport path formed by a transport mechanism; and

heating, by a heating apparatus provided in a way of the transport path, the stack clamped by the jig with infrared
rays from a lateral side with respect to the stacking direction.

10
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