
;e3eL:j6Tr{P  HEAT-RESISTANT CUSHION MATERIAL FOR FORMING PRESS Summary of
the Invention This invention relates to a heat-resistant cushion material
for use in forming a flat, plate-like sheet from a resin-containing
prepreg. Examples of such sheets 5 utilizing a synthetic resin as a
principal component, include the paper-based phenolic resin laminates and
glass/epoxy laminates used as printed circuit boards, and decorative
laminated sheets of melamine resin, phenolic resin, etc., used as building
materials. 10 Generally in the fabrication of paper-based phenolic resin
laminates and glass/epoxy laminates for printed circuit boards, a
heat-resistant cushion material is used. The cushion material has several
important functions, including the uniform transfer of heat and pressure to
the 15 entire surface of the prepreg, and the avoidance of adverse effects
due to protrusions, recesses, deformations and thickness variations in hot
plates and mirror plates used in the fabrication process. In the operation
of a hot press, when a prepreg is heated, the viscosity of its resin 20
decreases so that it becomes liquid. Thereafter, curing proceeds gradually.
A metal mirror plate is placed into contact with a surface of the prepreg
sheet, and a cushion material is sandwiched between the hot plate and the
mirror plate so that heat and pressure from the hot plate are 25
transferred uniformly to the entire surface of the prepreg sheet. In the
prior art, the cushion material typically consisted of plural, stacked,
sheets of kraft paper, the number of sheets in the stack depending on
forming 30 conditions. The pulp in the cushion was weakened by damage due
to heat and pressure. In the case of severe conditions, the cushion could
be used only once., Consequently, it was necessary to replace the kraft
paper 1 *coooo2*   1 Q DEC 2002 cushion material following each operation
of the hot press. Moreover, it was necessary to count the kraft paper
sheets to ensure that the required number of sheets was present to  match
the forming conditions. The operation was labor5 intensive, as there was no
way to place the kraft paper sheets in the press automatically. Moreover,
it was necessary to maintain a large stock of kraft paper, and to store it
in an air-conditioned storage space to avoid the adverse effects of
atmospheric moisture. Thus, storage and 10 moisture control required
substantial time and labor. Another problem with the use of kraft paper
sheets as cushion material was that paper particles tended to separate from
the edges of the sheets and occasionally caused adverse effects on product
quality. 15 For the reasons stated above, instead of kraft paper, . various
new cushion materials have been developed. These new materials can be used
repeatedly, for up to several hundred operations, depending upon the
forming conditions. The new cushion materials include cushions materials 20
comprising rubber as a principal component, and cushion materials obtained
by integrating layers of heat-resistant fibers such as aromatic polyamide
fibers or the like by needle punching. These cushion materials made of
rubber or integrated 25 layers of heat-resistant fibers have generally
proven durable under repeated use at high temperatures and pressures.
However, as a result of size reduction and high performance requirements in
various electrical appliances used in the home, and as a result of the
rapid 



30 proliferation, and reduction in size, of personal computers and other
electronic equipment, increasingly severe requirements have been imposed on
the physical properties of printed circuit boards. -2   ~/pDEC~ Even though
progress has been made in the development of improved cushion materials, it
is an unwelcome reality that the cushioning effect of materials comprising
rubber as a principal component deteriorates rapidly under 5 repeated use
at high temperatures and pressures. Thus, although such cushion materials
initially exhibit very favorable cushioning characteristics, the
deterioration of their physical properties brings about a risk of producing
a defective laminate sheet. More recently, in the case of 10 rubber-based
cushion materials, properties that were not problematic in the prior art
have become problematic as a result of increased requirements for quality
and consistency brought about by increased numbers of interconnects between
pins. 15 Felt-like cushions made by integrating layers of heatresistant
fibers by needle punching exhibited other problems. The felt-like cushions
are durable under repeated use at high temperatures and pressures. However,
in the formation of a board, resin flow in the article 20 being formed
causes a permanent recess to form in the cushion material. The cushioning
effect decreases with use, and the application of pressure to the prepreg
is gradually degraded. Small scale protrusions and recesses are produced.
These small scale defects, which were not 25 problematic in the past, are
now problematic because of more strict quality requirements such as
requirements associated with increased numbers of interconnects between
pins. Where these strict quality requirements are imposed, felt-like
cushion materials can have a relatively short 30 useful life. We have
attempted to address the above problems by utilizing a cushion in the form
of a composite structure in which an elastic member including voids was
sandwiched -3   ~t ~ a~~ 2~2 between felts. However, problems were
encountered in that the application of pressure was insufficiently uniform
over the entire surface of the prepreg sheet. Excessive pressure acting at
the points at which the interlacing 5 threads of the ground fabric cross
one another and produced an irregular topography on the circuit board when
the cushion material was placed in direct contact with the prepreg without
the benefit of a mirror plate. The nonuniformity of the product is
characterized by so-called 10 "knuckle marks." Among the objects of this
invention are the achievement of improved quality in the laminated product,
the provision of a superior cushioning effect, uniformity in application of
pressure, stability of temperature rise 15 over a long period of time, and
avoidance of product detects due to the ground fabric structure, in a
cushioning material that comes into direct contact with a resincontaining
prepreg. 



In a heat-resistant cushion material for a forming 20 press in accordance
with one embodiment of the invention, the above objects are achieved by
utilizing a core member sandwiched between felt-like cushion materials,
wherein each of the felt-like cushion materials comprises plural components
integrated by needle-punching, and wherein the 25 core member is composed
of an elastic material that includes dispersed voids. The dispersed voids
enable the cushioning material to maintain a cushioning effect at a
sufficient level over a long time, and with felt-like cushion materials
disposed on both sides of the core member 30 the rate of temperature rise
can be controlled by adjustment of the weight of the heat-resistant
cushion. In another embodiment, the core is formed on one surface of a
felt-like cushion material obtained by -4   1 p DEC ~ integrating plural
layers into one body by needle punching. The core is composed of an elastic
member having dispersed voids, and a face of the core which serves as a
forming surface is made flat. A heat-resistant sheet, such as a 5
heat-resistant paper, a heat-resistant woven fabric, or a heat-resistant
film, is secured to the surface of the core only, or to both the surface of
the felt-like cushion material and the surface of the core. The core of a
heat-resistant cushion material expands 10 in thickness with rising
temperature in the course of hotforming a resin containing prepreg, and
voids in the core are retained. Therefore, the heat-resistant cushion
material can maintain uniform application of pressure to the prepreg for a
long time with excellent cushioning 15 effect, to produce a laminated sheet
of high quality. Furthermore, since the felt-like cushion material has many
voids, and its weight can be adjusted to control heat transfer, the cushion
material is capable of correcting non-uniformity of temperature across a
hot plate and 20 transmitting heat to the prepreg uniformly. An elastic
member having a glass transition temperature at room temperature (e. g.,
about 20C) or below is used as a core, and the core member is thereby
maintained in a soft state over the entire temperature 25 range encountered
in the forming process. Therefore, the heat-resistant cushion material can
transmit uniform pressure across the entire surface of a forming prepreg (B
stage), absorbing protrusions, recesses, deformations, variations in
thickness and the like of a hot plate or 30 mirror plate, over a long
period of time. The core member is formed of sponge-like rubber having
dispersed voids in the form of closed, independent cells, or closed,
consecutive cells, of a thermoplastic elastomer -5   ~ ~ nEC ~ 



having dispersed voids, (i.e. a porous thermoplastic elastomer), or of a
resin-treated article made by impregnating heat-resistant woven fabric or
heat-resistant non-woven fabric with a resin so that voids are retained. 5
The cushioning effect achieved by the use of a core member so formed is
superior to that achieved with a conventional rubber core having no voids.
Furthermore, when a resintreated, heat-resistant woven or non-woven fabric
is used as a core member, the cushioning effect is superior to that 10 of a
conventional felt-like cushion, and is stable and can be maintained for a
long time. The cells which constitute the voids in a core member are not
crushed in a press forming process carried out at low pressure. Therefore,
either independent or consecutive cells can be used. 15 However, at higher
pressures, independent cells are preferred. Felt-like cushion materials
obtained by needle-punch integration of batt fiber layers, wherein the main
raw material is a fiber such as a heat-resistant aromatic 20 polyamide
fiber, may be used to sandwich a core member. The cushion thus produced
exhibits improved product uniformity since the material will exhibit
superior cushioning characteristics under conditions of changing
temperature and pressure. 25 The felt-like cushion layers may be adhered to
the core member in several ways. A core member consisting of sponge-like
rubber in an unvulcanized state can be adhesion-treated and vulcanized
simultaneously in a flat bed press. In the case in which the rubber core
member is 30 already vulcanized, or the core member consists of a
resinimpregnated woven or non-woven fabric containing voids, adhesion of
the felt-like cushion layers to the core member - 6   ~I Q D E C 2~~ can be
effected by press-forming, using a heat-resistant adhesive sheet. A
heat-resistant sheet comprising heat-resistant paper, a heat-resistant
woven fabric, or a heat-resistant 5 non-woven fabric, may be made to adhere
onto surfaces of the felt-like cushion materials using a heat-resistant
adhesive or, by using hot pressing, taking advantage of a self-adhesion
property of the sheet. The heat-resistant sheet is air-impermeable, and
consequently makes it 10 possible to handle the felt-like cushion material
using suction, thereby saving labor. The heat-resistant sheets also avoid
exposure of downy surfaces of the felt layers and loss of fibers therefrom.
Other objects, details and advantages of the invention 15 will be apparent
from the following detailed description when read in conjunction with the
drawings. Brief Description of the Drawings FIG. 1 is a schematic sectional
view of a heat20 resistant cushion material in accordance with a first
embodiment of the invention FIG. 2 is a schematic sectional view of a
heatresistant cushion material in accordance with a second embodiment of
the invention; 



25 FIGS. 3(a) and 3(b) are schematic sectional views illustrating two
further embodiments of a heat-resistant cushion material, wherein a
heat-resistant external sheet is bonded to one or both felt-like cushion
layers on opposite sides of a heat-resistant, unvulcanized rubber 30 core
with closed cells; FIGS. 4(a) and 4(b) are schematic sectional views
illustrating two further embodiments of a heat-resistant cushion material,
wherein a heat-resistant external sheet    1 p DEC 2~ is bonded to one or
both felt-like cushion layers on opposite sides of a core comprising a
resin-impregnated, heat-resistant, woven fabric with dispersed voids FIG. 5
is a schematic sectional view illustrating an 5 embodiment of the invention
incorporating external mirror plates FIG. 6 is a schematic sectional view
illustrating another embodiment of the invention in which a prepreg may be
placed directly on a felt-like cushion material without 10 an interposed
mirror plate FIG. 7(a), 7(b) and 7(c) are exploded schematic sectional
views illustrating, for each of three embodiments of the invention, the
several layers before the layers are joined together; and 15 FIG. 8 is a
schematic sectional view of a conventional cushion material for a forming
press. Detailed Description The core of the heat-resistant cushion material
of 20 FIG. 1 is an elastic member 2, which is preferably a sponge-like,
heat-resistant rubber having dispersed voids. The glass transition
temperature of the rubber of the elastic member 2 is preferably room
temperature (approximately 20C) or below, and the rubber is preferably 25
one which expands in thickness upon a rise in temperature in the course of
hot forming. The dispersed voids can be independent cells and/or closed,
consecutive cells. As an alternative to a heat-resistant rubber, a
heat-resistant, thermoplastic elastomer may be used. 30 Heat-resistant
adhesive tapes 3 are disposed on both sides of the elastic member 2, and
felt-like cushion layers 6 are secured on both sides of the core by the
tapes 3. Each felt-like cushion layer comprises a heat-resistant -g   1 a
ABC ~ ground fabric 4 and a batt fiber layer 5. The main raw material of
the batt fiber layer is heat-resistant fibers such as aromatic polyamide
fibers or the like. In the cushion material of FIG. 2, the core 7 is a 5
heat-resistant, woven or non-woven fabric incorporating a resin, the resin
having dispersed voids, and a glass transition at room temperature or
below. The core expands in thickness upon a rise in temperature in the
course of hot forming. Heat-resistant adhesive tapes 3 are disposed 



10 on both sides of the core 7, and felt-like cushion material layers 6 are
secured to the core by the tapes. Each feltlike cushion material layer
includes a ground fabric 4 and a batt fiber layer 5. The main raw material
of the batt fiber layer is heat-resistant fibers such as aromatic 15
polyamide fibers or the like. _ In FIGS. 3(a) and 3(b), an elastic core 2'
which may be, for example, an unvulcanized, heat-resistant rubber of
sponge-like consistency, having closed cells forming dispersed voids,
having a glass transition at room 20 temperature or below, and which
expands in thickness with rising temperature in the course of hot forming.
Felt-like cushion layers 6 are secured directly to both sides of the core,
being adhered to the core by press forming the three layers in a sandwich
while simultaneously vulcanizing the 25 core. Here as in the preceding
examples, the felt-like cushion layers are composed of a ground fabric 4
and a batt fiber layer 5. The main raw material of the batt fiber layer is
heat-resistant fibers such as aromatic polyamide fibers or the like. In the
case of FIG. 3(a), heat 30 resistant adhesive sheets 3 are disposed on the
outwardly facing surfaces of the felt-like cushion layers 6, and
heat-resistant, non-woven fabric layers 8b are secured to the cushion
layers 6 by the adhesive sheets. In the _g_   rt ~~ .~~~ 200.. embodiment
shown in FIG. 3(b), the heat-resistant, nonwoven fabric layer 8b is bonded
to only one of the feltlike cushion layers 6. An elastic core member 2
having the aforementioned 5 properties, i.e., a glass transition at room
temperature or below, expansion in thickness upon a temperature rise, and
including dispersed voids, needs to be durable at the temperatures
encountered in hot forming. Materials for the elastic member 2 which are
sufficiently durable at such 10 temperatures include polymers, copolymers,
and mixtures thereof selected from the group consisting of styrene, butyl,
nitrile chloroprene, ethylenepropylene, chlorosulfonated polyethylene,
urethane, acryl, epichlorhydrin, EPDM (ethylene propylene diene methylene),
15 hydrogenated acryl, ethylene acryl, fluoro acryl, silicone, modified
silicone and fluorine. A sponge-like, heat-resistant rubber including
closed ' cells, should have a thickness in the range from 0.5 to 5 mm, and
a void volume in the range from 5~ to 80~ of the 20 total volume.
Preferably, the void volume should be in the range from 10$ to 60~. These
parameters are selected by taking into account the required cushioning
effect, the precision of the thickness of the hot plate and prepreg, and
the desired precision in the thickness of the copper 25 clad laminate to be
formed. When the void volume is less than 5~, the core member has poor
uniformity in its application of pressure, since its material cannot absorb
variations in thickness on its own. On the other hand, when the void volume
exceeds 80~, deformation of the rubber 30 is excessively large in relation
to the pressure applied. In either case it is not possible to achieve a
good result. In the heat-resistant cushion of FIGS. 4(a) and 4(b) the core
7 is composed of a resin-impregnated, heat -10  



19 9~~ 2002 resistant, woven or non-woven fabric having dispersed voids.
The glass transition temperature of the resin is room temperature or below,
and the core expands in thickness with increasing temperature in the course
of hot 5 forming. Felt-like cushion materials 6 are secured to both sides
of the core 7 in FIG. 4(a). The cushion materials, which are composed of a
heat-resistant ground fabric 5 and a batt fiber layer 5 the main raw
material of which is a 10 heat resistant fiber such as an aromatic
polyamide fiber or the like. The cushion 6 are secured to the core by
adhesive sheets 3 disposed on surfaces of the cushion materials, and
heat-resistant woven fabric layers 8a are secured on the outside surfaces
of the cushion materials. 15 The cushion materials 6 are secured in place
on both sides of the core by press forming the entire structure as a
sandwich, while simultaneously vulcanizing the core material. In the case
of FIG. 4(b), the heat-resistant, woven 20 sheet 8a is bonded to one side
of the structure, i.e, to only one of the felt-like cushion layers 6. As in
the case of FIGs. 3(a) and 3(b), the resin component of the core is
preferably composed of a durable elastic polymer, copolymer, or mixture
selected from the 25 group consisting of styrene, butyl, nitrile,
chloroprene, ethylenepropylene, chlorosulfonated polyethylene, urethane,
acryl, epichlorhydrin, EPDM, hydrogenated acryl, ethylene acryl, fluoro
acryl, silicone, modified silicone and fluorine. Among these, ethylene
acryl is preferable 30 from the standpoint of heat resistance and cost. The
principal requirement of the heat-resistant woven or non-woven fabric of
the core member is that it be made of heat-resistant fibers usable for a
long time in a stable -11   ~ 0 D~~ W manner under the conditions of high
temperature and high pressure encountered in a forming press. For example,
in the case of a glass fiber cloth-based epoxy laminated sheet the
temperature may be in the range from 180C to 210C, and 5 the pressure may
be in the range from 30 Kg/cm2 to 50 Kg/cm2. In the case of a paper-based
phenolic resin laminated sheet, the temperature may be in the range from
160C to 190C, and the pressure may be in the range from 80 Kg/cm2 to 120
Kg/cm2. Heat-resistant fibers suitable for 10 use in the core member are
preferably selected from among aliphatic polyamide fibers, polyethylene
terephthalate fibers, polyphenylene sulfite fibers, poly (ether ether
ketone) fibers and aromatic polyamide fibers. The heat-resistant woven or
non-woven fabric 



15 preferably has an areal weight (Metsuke) in the range from 100 g/m2 to
5000 g/mz, i.e. grams per square meter of fabric, and a thickness in the
range from 0.1 to 5 mm. The weave in the case of a woven fabric may be a
plain weave or a twill weave. The dry weight of the resin is calculated 20
based on a specific weight of resin such that its void content is in the
range from 5~ to 80~. These parameters are selected by taking into account
the required cushioning effect, the desired precision in the thickness of
the hot plate and prepreg, and the desired precision in a copper 25 clad
laminate to be molded. The main raw materials. of the heat-resistant ground
fabric 4 and the batt fiber layer 5 forming the felt-like cushion material
6 are likewise required to be usable for a long time in a stable manner
under the conditions of high 30 temperature and high pressure encountered
in a forming press. The heat-resistant fibers of the cushion material are
likewise preferably selected from among aliphatic polyamide fibers,
polyethylene terephthalate fibers, -12   1 Q pEC 2002 polyphenylene sulfite
fibers, poly (ether ether ketone) fibers and aromatic polyamide fibers. The
felt-like cushions~6 are prepared by stacking batt fiber layers 5 on both
sides of a layer of heat-resistant 5 ground fabric to a grammage preferably
in the range of about 100 g/m2 to about 5000 g/m2, and integrating the
stacked layers into one body by needle punching to a final thickness in the
range from 0.5 mm to 25 mm. A felt-like cushion produced in this manner is
durable under repeated 10 operations at high temperature in a hot press. It
does not suddenly deform, become feeble or flatten, and is therefore stable
and capable of extended use. There is no specific limitation on the
heat-resistant adhesive sheet 3 disposed on a face of one or both felt15
like cushions in order to hold a heat-resistant, woven or non-woven outer
fabric layer 8a or 8b in place. However, the adhesive sheet 3 preferably
exhibits no tackiness at room temperature, becomes adhesive when heated,
and loses its adhesive character when cured. For example, the 20 adhesive
sheet may include any of various resins including a thermoset resin such as
urethane resin, phenolic resin, epoxy resin, melamine resin, unsaturated
polyester resin or silicone resin. If the heat-resistant adhesive sheet is
excessively thick, spaces in the felt may be occupied by 25 resin and the
cushioning effect of the felt is reduced. Therefore, the sheet should be
sufficiently thick to achieve the required adhesion, but not so thick as to
materially impair the cushioning effect of the felt-like cushion material
to which it is applied. To achieve these 30 objectives, the thickness of
the sheet 3 is preferably from 50 ~cm to 200 Vim, and its areal weight
(Metsuke) is preferably in the range from 100 to 300 g/m2. -13   1 t~ Q~C
2~' 



The material of the heat-resistant, woven fabric 8a has no specific
limitation, so long as it exhibits heat resistance and durability at the
forming temperature. The material can be selected from aliphatic polyamide
fibers, 5 polyethylene terephthalate fibers, polyphenylene sulfite fibers,
poly (ether ether ketone) fibers and aromatic polyamide fibers. FIG. 5
illustrates a cushion material corresponding to that of FIG. 4(a), in which
metallic plates 10 are attached 10 to the woven fabric layers 8a for the
purpose of automatic conveyance. The density, i.e., the porosity, of the
woven fabric 8a should be such that the metal plates do not separate from
the fabric layers during use. In the case in which the woven fabric layers
8a axe present to prevent a 15 downy surface of the felt-like materials
from being - exposed, it is important that the areal weight and structure
of the fabric layer 8a be such as to prevent resin from seeping out to the
outer surface. On the other hand, in the case where metal plates are
present, avoidance 20 or resin seepage is not necessary. Seepage of resin
is not only tolerable but desirable, and a woven fabric or a nonwoven
fabric such as a needled felt, having a relatively low areal weight, can be
used. The thickness of the heatresistant adhesive sheets 3 can also be
adjusted to ensure 25 that the metal plates are adequately secured to the
outer faces of the woven or non-woven fabric layers. Securing the felt-like
cushion materials 6 to the heat-resistant woven fabric 8a to each other
with the heatresistant adhesive sheet interposed therebetween is carried 30
out by thermal compression utilizing a hot roll or hot plate press. The
temperature should be maintained in the range of 100C to 250C, and the
pressure should be such as to result in a felt density from 0.6 g/cm to 0.7
g/cm . In -14   '~ODE~ the case of a hot roll, the traveling speed should
be in the range of about 0.5 to 5 m/min. FIG. 6 illustrates a case in which
a resin-containing prepreg such as a circuit board would be placed directly
on 5 the felt-like cushion material without a metallic plate interposed
between the cushion material and the prepreg. The core member 2, which is
an elastic material having dispersed voids is provided on one surface of
the felt-like cushion material, and the cushion material is made flat on 10
the forming surface, i.e. the face which engages the prepreg. FIG. 7(a)
illustrates a case in which the felt-like cushion material 6 and an elastic
member 2, including dispersed voids, are combined. FIG. 7(b) illustrates a
15 case in which the felt-like cushion material 6 and an elastic member 2
having dispersed voids are combined, and a surface layer 8 of
heat-resistant sheet material is provided on a surface of the felt-like
cushion material with a heat-resistant sheet 3 interposed therebetween. 20
Fig. 7(c) illustrates a case in which a heat-resistant sheet material 8 is
joined to both surfaces of the cushion, i.e. to a face of the elastic
member 2 as well as to a face of the felt-like material 6, by
heat-resistant adhesive sheets 3. 25 In FIG. 8, which illustrates a
conventional heatresistant cushion material for a forming press, a
void-free rubber member 9 is sandwiched between a pair of felt-like cushion
layers 6 which are made integral at the time of vulcanization of the
rubber. The felt-like cushion 



30 material 6 comprises a heat-resistant ground fabric 4 and a
heat-resistant batt layer 5, integrated by needle punching. The invention
will be further illustrated by the following examples. -15   1 ~ DEC 20Q2
EXAMPLE 1 A sponge-like rubber material was composed of ethylene acryl in
an unvulcanized state, having a thickness of 1.5 mm, and areal weight
(Metsuke) of 930 g/m2, and including 5 independent closed cells, the void
content being 40$. The voids in the ethylene acryl material were dispersed.
Its glass transition temperature was room temperature or below, and it
expanded in thickness upon a rise of temperature in the course of hot
forming. 10 Webs of meta-aromatic polyamide fibers were stacked on
respective ground fabrics made of meta-aromatic polyamide fibers, each
having a grammage of 100 g/mz, and the stacked structure was integrated
into one body by needle punching to prepare two felt-like cushion layers
each having an 15 areal weight (Metsuke) of 400 g/m2 and a thickness of 1.6
- mm. The felt-like cushion layers were then disposed on both sides of the
sponge-like rubber material to form a sandwiched composite. The composite
was pressed in a flat bed press at 200C and 10 Kg/cmZ, for 30 minutes so
that its 20 components adhered to one another, and simultaneously
vulcanization of the sponge-like layer was carried out in the press. The
resultant product was a heat-resistant cushion material in accordance with
the invention for use in a forming press. 25 EXAMPLE 2 ' A sponge-like
rubber material was composed of fluoro acryl, having a thickness of 1.5 mm,
and areal weight (Metsuke) of 1300 g/m2, and including independent closed
30 cells, the void content being 40~. The voids in the fluoro acryl rubber
material were dispersed. Its glass transition temperature was room
temperature or below, and it expanded -16   1 0 DEC 2002 in thickness upon
a rise of temperature in the course of hot forming. Webs of meta-aromatic
polyamide fibers were stacked on respective ground fabrics made of
meta-aromatic polyamide 5 fibers, each having a grammage of 100 g/m2, and
the stacked structure was integrated into one body by needle punching to
prepare two felt-like cushion layers each having an areal weight (Metsuke)
of 400 g/m2 and a thickness of 1.6 mm. The felt-like cushion layers were
then disposed on 



10 both sides of the sponge-like rubber material to form a sandwiched
composite, after inserting thermoset urethane films having an areal weight
(Metsuke) of 100 g/m2 between the felt-like layers and the rubber material.
These films exhibited no tackiness at room temperature, but exhibited 15
adhesiveness when heated between the rubber material and the felt-like
cushion layers. The composite was pressed in a hot press roll at 200C at a
travel speed of 0.5 m/min to produce a heat-resistant cushion material in
accordance with the invention for use in a forming press. 20 EXAMPLE 3 A
sponge-like rubber material was composed of ethylene acryl rubber in a
vulcanized state, having a thickness of 1.5 mm, and areal weight (Metsuke)
of 1250 g/m2, and 25 including independent closed cells, the void content
being 20~. The voids in the ethylene acryl material were dispersed. Its
glass transition temperature was room temperature or below, and it expanded
in thickness upon a rise of temperature in the course of hot forming. 30
Webs of meta-aromatic polyamide fibers were stacked on respective ground
fabrics made of meta-aromatic polyamide fibers, each having a grammage of
100 g/m2, and the stacked structure was integrated into one body by needle
punching -17   1 0 D E C ?002 to prepare two felt-like cushion layers each
having an areal weight (Metsuke) of 750 g/m2 and a thickness of 3.0 mm. The
felt-like cushion layers were then disposed on both sides of the
sponge-like rubber material with 5 thermoset urethane films having an areal
weight (Metsuke) of 100 g/m2between the rubber material and the cushion
layers. Woven fabrics of meta aromatic polyamide fibers were placed on the
outer sides of the felt-like cushion layers and again urethane films having
an areal weight of 10 100 g/m2 were inserted between the felt-like
materials and the woven fabrics. The urethane film exhibits adhesiveness
when heated, but no tackiness at room temperature. The composite was
pressed in a flat bed press at 200C and 10 Kg/cmz, for 30 minutes so that
its 15 components adhered to one another, and simultaneously vulcanization
of the sponge-like rubber layer was carried out in the press. The resultant
product was a heatresistant cushion material in accordance with the
invention for use in a forming press. 20 EXAMPLE 4 To prepare a core,
fluoro acryl having a glass transition at room temperature or below, and
having the property that it expands in thickness with increasing 25
temperature in hot forming, was attached to a triple weave woven fabric of
meta-aromatic polyamide fibers, the fabric having an areal weight (Metsuke)
of 1100 g/m2. The void content of the core was 40~. Webs of meta-aromatic
polyamide fibers were stacked on ground fabrics made of 30 meta-aromatic
polyamide fibers, each having a grammage of 100 g/mz. Each of the stacked
structures was integrated into a body by needle punching to prepare two
felt-like cushion layers, each having an areal weight (Metsuke) of -18  



~ o a E c 2oort 500 g/m2 and a thickness of 2.0 mm. The felt-like cushion
layers were disposed on both sides of the core to form a sandwich. Woven
fabrics made of meta-aromatic polyamide fibers were then placed on the
outer sides of the felt-like 5 cushion layers with urethane films inserted
between the core and the felt-like layers. The urethane films had an areal
weight (Metsuke) of 100 g/m2, and exhibited no tackiness at room
temperature, but adhesiveness when heated. The composite was pressed in a
flat bed press to 10 adhere the layers to one another while vulcanizing the
core material, at a temperature of 200C and a pressure of 10 Kg/cm2 for 30
minutes to produce a heat-resistant cushion material. 15 EXAMPLE 5 A
sponge-like rubber material was composed of unvulcanized ethylene acryl
having a thickness of 1.5 mm, and areal weight (Metsuke) of 1240 g/m2, and
independent, closed cells constituting dispersed voids, the void content 20
being 20$. The glass transition temperature of the ethylene acryl was room
temperature or below, and it expanded in thickness upon a rise of
temperature in the course of hot forming. Webs of meta-aromatic polyamide
fibers were stacked on 25 a ground fabric made of meta-aromatic polyamide
fibers, having a grammage of 100 g/mz, and the stacked structure was
integrated into one body by needle punching to prepare one felt-like
cushion layer having an areal weight (Metsuke) of 1500 g/m2 and a thickness
of 3.0 mm. The felt-like cushion 30 layer was then disposed on one side of
the sponge-like rubber material. The composite was pressed in a flat bed
press at 200C and 10 Kg/cm2, for 30 minutes so that its components adhered
to one another, and simultaneously -19   iooECZOOt vulcanization of the
sponge-like rubber layer was carried out in the press. The resultant
product was a heatresistant cushion material in accordance with the
invention for use in a forming press. 5 COMPARATIVE EXAMPLE 1 A cushion
material was made of ethylene acryl rubber after vulcanization. The
ethylene acryl material had no voids, a thickness of 4.0 mm and an areal
weight (Metsuke) 10 of 4100 g/m2. COMPARATIVE EXAMPLE 2 A felt-like cushion
material was prepared by stacking webs of meta-aromatic polyamide fibers on
both sides of a 15 ground fabric made of meta-aromatic polyamide fibers and
having a grammage of 100 g/m2. The stacked structure was integrated into
one body by needle punching to prepare a felt-like cushion material having
an areal weight (Metsuke) of 1600 g/m2 and a thickness of 6.0 mm. 20 



COMPARATIVE EXAMPLE 3 Felt-like cushion materials were prepared by stacking
webs of meta-aromatic polyamide fibers on both sides of ground fabrics made
of meta-aromatic polyamide fibers and 25 having a grammage of 100 g/m2.
Each stacked structures was integrated into one body by needle punching to
prepare two felt-like cushions each having an areal weight of (Metsuke) of
550 g/m2 and a thickness of 2.2 mm. The cushion layers were disposed on
both sides of a layer of unvulcanized 30 ethylene acryl rubber having a
thickness of 1.5 mm and an areal weight (Metsuke) of 1550 g/m2 and no
voids. The sandwiched composite was pressed in a flat bed press at 200C and
10 Kg/cm2, for 30 minutes so that its components -20   1 Q 9~C 200 adhered
to one another, and simultaneously vulcanization of the sponge-like rubber
layer was carried out in the press. A performance evaluation was conducted
on the cushion materials in accordance with the above examples, Examples 5
1-5 corresponding to embodiments of the invention, and the comparative
examples 1-3 corresponding to prior art cushion materials. The results are
depicted in the following table: YTORKING EXAMPLESCOMPARATIVE
EXAMPLESEXAMPLE12345123PRESSURE COMPRESSION1401401801601850150110HEAT
EXPANSION ErM6060686070200075TEMPERATURE
RISING3.03.03.03.03.03.03.03.0SPEEDSTANDARD
DEVIATION0.080.080.060.060.070.190.170.16OF SHEET
THICKNESSAPPEARANCECENTRALOOOOOPORTIONEDGEOOOOOX0PORTION In the table, 10
"Pressure compression" refers to a change in thickness of a cushion
material when the pressure applied to it is changed from 7to 20 Kg/cm2.
"Heat expansion" refers to a change in thickness of a cushion material when
the temperature is changed from 30C to 120C. 15 "Temperature rising speed"
is a value obtained by dividing the temperature difference between 90C and
140C by the time consumed during a temperature change from 90C to 140C. -21
~ ~ DEC 2002 "Standard deviation of sheet thickness" refers to a standard
deviation calculated from a set of measurements of thickness of a forming
article having a size of lm x 1m at 81 points thereon at intervals of 10
cm. 



5 The "appearance" symbols have the following meanings: O means "having no
protrusions, recesses or voids." X means "having some protrusions and
recesses, but no VOldS." D means "having protrusions, recesses and voids."
10 From the above-tabulated test results, it will be seen that, when a
material having a proper void content is used as a core member, a
cushioning effect can be retained with changes in both pressure and
temperature. According to the invention, a material having a thermally ~15
expansive action is combined with a felt body, a synergy is realized
between the cushioning effect associated with pressure compression and the
cushioning effect due to expansion by heating, with the result that
physical strains in a hot plate, a SUS plate and a prepreg can be absorbed
more 20 efficiently, thereby improving quality of the formed article. An
expansive body having no voids produces no compressive action when it is
not deformed in the X and Y directions. Consequently, there is a limitation
on its ability to apply pressure uniformly. On the other hand, when a
material 25 exerting thermal expansion has a proper void content, the voids
are proportionally deformed under excessively large pressures. Both a
thermal expansion and a compressive action take place in the material, an
consequently uniform application of pressure can be realized during press
forming. 30 Furthermore, when a thermally expansive body includes voids,
the body absorbs thickness variations of its own, thereby enabling more
uniform application of pressure. -22   ~ a o~c 2oa~ By the above-described
actions, a formed article having a high thickness precision can be
obtained, which cannot be achieved through the use of a felt by itself or
through the use of a felt in combination with a voidless thermally 5
expansive body. The invention is especially desirable in view of the trend
toward thinner laminated sheets, which have stricter requirements for
precision in thickness. In summary, the presence of voids in the cushion
material allows the cushion material to be compressed in such a way as 10
to achieve more uniform application of pressure, especially where
excessively large pressures are imposed in the forming process, in which
heat and pressure are applied simultaneously. In the case of a cushion
material that comes into direct contact with a resin-containing prepreg
such as a 15 circuit board or the like without a mirror plate interposed
therebetween, the invention avoids the application of excessive pressure at
the interlacing points of the threads in a ground fabric, and eliminates
the reproduction of the ground fabric pattern as an irregular topography on
the product. 20 A heat-resistant sheet of paper, woven fabric or film is
secured to the surface of the felt-like cushion material, the core, or
both, prevents migration of air, and makes it possible to transport the
cushion material using automated equipment. The thermally expanding core
member, which expands 25 when heat and pressure are applied in use,
achieves improved uniformity in the application of pressure where an
excessively small pressures is imposed. Since the cushion material is used
at temperatures exceeding room temperature, stable performance over a wide
temperature range, covering a11 conditions of 30 usage, is achieved by the
adoption of a core having a glass transition at room temperature or lower.
By the use of a woven or non-woven fabric as a component of the thermally
expansive core, improved dimensional stability under 



-23   1 0 DEC 2002 conditions of use can be imparted to the core. Covering
the core with a felt layer improves the durability of the core under
conditions of usage. By adhering the core and the feltlike cushion material
together, the handling of the cushion is 5 significantly improved. -24   ~
0 p E C 200Z RFPWC~f~;I~NT .~E-ii^1=..-, 1 a 5 = ~' 200; C1-aims 1. A
heat-resistant cushion material for a forming press comprising a layer of
felt-like cushion material comprising a ground fabric woven by yarn
material and a bait fiber integrated by needle-~unching, the felt-like
cushion material layer haaing opposite first and second surfaces and a core
member formed on the first surface of the cushion material) the core member
having a first surface in contact with the first surface of the cushion
material and an opposite second surface, and being composed of an elastic
material of a sponge-like rubber material or thermox~lastic elastomer that
includes dispersed voids in the form of closed, independent cells. 2. A
heat-resistant cushion material according to claim 1, wherein the second
surface of the felt-like cushion material is flat and exposed, whereby said
second surface of the felt-like cushion material constitutes a forming surf
ace . 3. A heat-resistant cushion material according to claim 1, wherein a
heat-resistant sheet is secured to at least one of said second surfaces. 4.
A heat-resistant cushion material according to claim 1, wherein a second,
felt-like cushion material comprising plural components integrated by
needle-punching is disposed on the second surface of the core, whereby the
core is sandwiched between the two felt-like cushion materials. 5. A
heat-resistant cushion material according to claim 1, wherein ~he core
member is composed of a material that expands in thickness with rising
temperature while retaining its dispersed voids, whereby the core member
expands when the heat-resistant cushion material is used for hot-forming of
a resin-containing prepreg. -2S   1 0 DEC 2~ , _ , 6. A heat-resistant
cushion material according to c.Laim 7., wherein the elastic material of
the core member has a glass transition temperature not exceeding room
temperature. 7. Deleted 



8. Deleted 9. A heat-resistant cushion material according to claim 1,
wherein the core member and the felt-like cushion material are secured
together by thermal bonding, by an adhesive, or by a heat-resistant
adhesive sheet. 10. A heat-resistant cushion material according to claim 1,
wherein a heat-resistant sheet is secured to a surface ~f the felt-like
cushion material by a heat-resistant adhesive or by self-adhesion of the
heat-resistant sheet under hot pressing. 11. A heat-resistant cushion
material for a forming press comprising a core member sandwiched between
felt-~7.ike cushion materials, wherein each of the felt-like cushion
materials comprises a ground fabric woven by yarn material and a batt fiber
integrated by needle-punching, and wherein the core member is composed of
an elastic material of a sponge-like rubber material or thermoplastic
ela-stomer that includes dispersed voids in the form of closed, independent
cells. -26   1 0 DEC 2002 punching, and wherein the core member is composed
of an elastic material that includes dispersed voids. -27
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