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(57) ABSTRACT

The invention relates to apparatus for manufacturing expan-
sion-molded articles capable of manufacturing expansion-

molded articles continuously by conveying foamed beads
into a heating region sandwiched between upper and lower
belts and foaming by heating, and consists in apparatus for
manufacturing expansion-molded articles constituted such
that the thickness or width of the expansion-molded article
can be altered. The manufacturing apparatus of the invention
consists in manufacturing apparatus for manufacturing
molded articles, comprising a belt that continuously travels
along the upper inside face of a passageway, defined by
structural members, whose cross-section constitutes an
approximately rectangular shape and a belt that continuously
travels along the lower inside face thereof, by continuously
molding foamed beads by successively passing foamed
beads supplied between these upper and lower belts through
a heating region and cooling region sandwiched between
these belts, in which, by constituting at least one of the upper
and lower structural members that form the passageway so
as to be capable of movement in the vertical direction
sandwiched between the side-face structural members a
construction is achieved such that the thickness of the
expansion-molded article that is sought to be obtained can
easily be varied, or, by constituting at least one of the
side-face structural members that form the passageway so as
to be capable of movement in the lateral direction sand-
wiched between the upper and lower structural members a
construction is achieved such that the width of the expan-
sion-molded article that is sought to be obtained can easily
be varied.
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APPARATUS FOR PRODUCING
EXPANSION-MOLDED ARTICLE

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to apparatus for pro-
ducing expansion-molded articles. In particular, it relates to
apparatus for producing expansion-molded articles capable
of producing expansion-molded articles continuously by
thermal expansion of synthetic resin foamed and expanded
beads (hereinafter to be referred to as “foamed beads™) and
mutually fusion-bonding these foamed beads.

[0003] 2. Description of the Related Art

[0004] As methods of molding foamed beads to a pre-
scribed shape by fusion-bonding these beads by expanding
them by heating, there are known a method in which the
foamed beads are packed into a metal mold, and molded
while heating with steam (hereinbelow, this method of
molding is termed a batch molding method), and a method
wherein the foamed beads are continuously molded by being
passed through a heating region while being fed between
upper and lower belts (hereinbelow such a method of
molding is termed a continuous molding method). Com-
pared with the batch molding method, the continuous mold-
ing method has the advantages that expansion-molded
articles (hereinbelow expansion-molded articles may be
abbreviated to molded articles) can be manufactured con-
tinuously and that molded articles of long dimensions can be
obtained; as a method of continuously molding polystyrene
resin foamed beads, for example the method disclosed in
published Japanese Patent Number Sho. 52-2424 is known.
Also, as methods of continuously molding polyolefin resin
foamed beads, the methods of Laid-open Japanese Patent
publication number Hei. 9-104026, Laid-open Japanese
Patent publication number Hei. 9-104027, Laid-open Japa-
nese Patent publication number 2000-6253, Laid-open Japa-
nese Patent publication number 2000-15708 and U.S. Pat.
No. 5,968,430 previously applied for by the present appli-
cants are known.

[0005] However, conventional apparatus for manufactur-
ing expansion-molded articles used in the method of con-
tinuous molding described above is constructed such that
foamed beads are supplied between continuously traveling
belts along upper and lower surfaces within a passageway
whereof the cross-section defined by the structural members
constitutes an approximately rectangular shape, these
foamed beads being expanded by heating while they are fed
in a heating region and these foamed beads being mutually
fusion-bonded; so when it is desired to alter the thickness or
width of the expansion-molded article which is to be
obtained, it is necessary to replace the belt and/or structural
members by ones of different width; i.e. there is the problem
that every time the width or thickness of the expansion-
molded article that is manufactured is changed, a compli-
cated operation of changing the belt or structural members
is necessary, and belts or structural members of a number
depending on the differences in width and/or thickness of the
molded articles must be provided beforehand, so that the
cost of the apparatus is considerable.

SUMMARY OF THE INVENTION

[0006] In view of the above, an object of the present
invention is to provide apparatus for producing expansion-
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molded articles wherein the thickness and/or width of the
molded articles that are to be manufactured can easily be
altered.

[0007] (Means for solving the problem)

[0008] Specifically, an apparatus according to the present
invention for manufacturing expansion-molded articles
comprises a belt that continuously travels along the upper
inside face of a passageway, defined by structural members,
whose cross-section constitutes an approximately rectangu-
lar shape and a belt that continuously travels along the lower
inside face thereof, in which foamed beads are continuously
molded by successively passing foamed beads supplied
between these upper and lower belts through a heating
region and cooling region sandwiched between the belts, in
which at least one of the upper and lower structural members
that form the passageway is constituted so as to be capable
of movement in the vertical direction sandwiched between
the side-face structural members and comprises means for
adjusting the thickness of the expansion-molded article by
moving vertically at least one of the upper and lower
structural members constituted so as to be capable of move-
ment.

[0009] Also, a further apparatus according to the present
invention for manufacturing expansion-molded articles
comprises a belt that continuously travels along the upper
inside face of a passageway, defined by structural members,
whose cross-section constitutes an approximately rectangu-
lar shape and a belt that continuously travels along the lower
inside face thereof, by continuously molding foamed beads
by successively passing foamed beads supplied between
these upper and lower belts through a heating region and
cooling region sandwiched between the belts, in which at
least one of the side-face structural members that form the
passageway is constituted so as to be capable of movement
in the lateral direction sandwiched between the upper and
lower structural members and comprises means for adjusting
the width of the expansion-molded article by moving in the
lateral direction at least one of the side-face structural
members constituted so as to be capable of movement.

[0010] Preferably the apparatus for manufacturing expan-
sion-molded articles according to the invention comprises
sealing means for preventing leakage of heating steam at the
location of contact of the movably constituted structural
member(s) and the structural members that sandwich the
movably constituted structural member(s). According to the
present invention, the movably constituted structural mem-
ber(s) may be supported on a shaft(s) that is/are reciprocated
by rotation of a screw(s). Or the movably constituted struc-
tural member(s) may be supported by a rod(s) of a cylin-
der(s).

[0011] Preferably the apparatus for manufacturing accord-
ing to the present invention comprises belts that respectively
continuously travel along the inside face of the side-face
structural members. Preferably the belts that move along the
inside faces of the side-face structural members are provided
extending from the commencement of the heating region to
the end of the cooling region.

[0012] The apparatus for manufacturing according to the
present invention embraces apparatus wherein means for
adjusting the angle of inclination of the belt on the upper
side in the region of supply of the foamed beads are provided
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on the upper belt. Also it embraces apparatus wherein
projections are provided in the vicinity of the inlet of the
passageway.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a partly cross-sectional diagram illustrat-
ing an embodiment of apparatus according to the present
invention;

[0014] FIG. 2 is a cross-sectional diagrammatic view
illustrating a mechanism for adjusting molded article thick-
ness in apparatus according to the present invention; and

[0015] FIG. 3 is a cross-sectional diagram illustrating a
mechanism for adjusting molded article width, illustrating
another embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0016] An embodiment of the present invention is
described below with reference to the drawings.

[0017] FIG. 1 shows an example of apparatus for produc-
ing expansion-molded articles according to the present
invention, this molding apparatus comprising: a hopper 1 for
storing foamed beads, a belt 3 that travels continuously in
endless fashion between upper rolls 2a, 2b, and a belt 5 that
travels continuously in endless fashion between lower rolls
4a, 4b. The foamed beads 11 that are supplied from hopper
1 move sandwiched by belts 3 and 5 through a passageway
A and are expanded by being heated by steam in heating
region B; thus the beads are mutually fusion-bonded and are
then cooled in cooling region C to obtain the molded article.

[0018] In the above molding apparatus according to the
present invention, upper roll 24 and lower roll 4a perform
drive rotation, while upper roll 2b and lower roll 4b are
arranged such that upper belt 3 and lower belt S slide over
the circumferential surfaces of these respective rolls 2b, 4b
without these rotating. Slidability at these surfaces is
improved by the provision of slide comprising polytetrafluo-
roethylene (Teflon) or the like at the surfaces of rolls 2b and
4b that contact the belts. Upper roll 2b is constituted such
that its position can be moved vertically by drive means 24,
the arrangement being such that the angle of inclination a of
the upper belt 3 in the foamed bead supply region D can be
altered by moving upper roll 2b vertically. 6 is an auxiliary
plate, this auxiliary plate 6 being constituted such that its
angle with belt 3 changes when the angle of inclination a of
upper belt 3 is adjusted. Also, upper roll 2a is moved
vertically by drive means 24, the arrangement being such
that its separation between upper roll 2a and lower roll 4a
can be adjusted in accordance with the thickness of molded
article 16.

[0019] In the above apparatus, the foamed beads supplied
from hopper 1 are sandwiched between belts 3 and 5, and are
fed into passageway A having a space section of approxi-
mately rectangular cross-section defined by upper and lower
structural members 7a, 7b, and 8a, 86 and side-face struc-
tural members 9 and 10 (FIG. 2); the arrangement is such
that the belt 3 and the belt 5§ travel located between the
structural members 7a, 7b and 8a, 8b in this passageway A.
On the upper structural member 7a and the lower structural
member 8a, there are respectively provided a steam supply
unit 21 and a suction unit 22 upstream and downstream of
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this steam supply unit 21. It is not essential to provide these
suction units 22, but it is preferable to do so. On the upper
structural member 7b and the lower structural member 8b,
there are respectively provided cooling means 23.

[0020] The structural members 7a, 7b, 8a, 8b, 9, 10 and
auxiliary plate 6 are made of metal material such as alumi-
num board, plate or plank; slide such as Teflon, not shown,
is mounted on their faces on the sides contacting belts 3, §
so as to facilitate sliding of belts 3, 5. It should be noted that
the continuously traveling belts could be provided not
merely above and below but also at both side faces; if
continuously traveling belts 17, 18 are provided in endless
fashion on the inside faces of side-face structural members
9, 10 at both sides as shown in FIG. 2, the shape and the
appearance of the side face portions of the molded article 16
obtained can be improved. If belts 17, 18 are provided on the
inside faces of side-face structural members 9, 10, it is
preferable that these belts 17, 18 should be provided extend-
ing at least from the commencement of heating region B to
the end of cooling region C.

[0021] The upper structural members 7a, 7b and lower
structural members 8a, 8b are provided sandwiched between
the side-face structural members 9 and 10, upper structural
members 7a, 7b being supported on shafts 13 shaped male-
screw that are reciprocated vertically by the rotation of
female screws 12. Screws 12 are connected with the shafts
15a of motors 15 by for example belts 14 so that the rotation
of motors 15 is transmitted to screws 12 and when screws 12
rotate the rotary movement of screws 12 is converted into
vertical movement of shafts 13, causing the upper structural
members 7a, 7b that are supported on shafts 13 to be moved
vertically. As the result, the height of passageway A can be
changed in accordance with the thickness of the molded
article 16 that is to be obtained.

[0022] Inregard to the upper structural members 7a, 7b, it
is necessary that the bottom end edges of the side faces of
these structural members 7a, 7b should move vertically
within a range such that they do not depart from the
positions of side-face structural members 9, 10, but, if belts
17, 18 are also provided at the side faces, it is preferable that
the bottom end edges of structural members 7a, 7b should be
moved vertically within a range such that they do not depart
from the upper end edges of belts 17, 18. Also, in order to
prevent leakage of steam from the joints between the upper
and lower structural members and the side-face structural
members it is desirable to provide sealing members 19 at the
joints. Preferably a sealing member 19 is provided at the
region of contact of at least movably arranged upper struc-
tural members 7a, 7b and side-face structural members 9,
10; preferably a sealing member 19 is mounted on the upper
ends on the inside face of side-face structural members 9, 10
which do not move. As for the sealing member 19, a
synthetic rubber with high heat resistance such as a silicon
rubber is preferably used.

[0023] In the above embodiment, the case was illustrated
in which only the upper structural members 7a, 7b were
arranged to be vertically movable, but an arrangement
would be possible in which only the lower structural mem-
bers 8a, 8b, or both the upper structural members 7a, 7b and
the lower structural members 8a, 85 were arranged to be
vertically movable. Also, as the means for moving the
structural members, any means that is capable of moving the
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structural members could be employed: there is no restric-
tion to a method in which the structural members are
supported by shafts 13 which are reciprocated by rotation of
screws 12; for example, movement could be effected by a
hydraulic cylinder or the like linked to the structural mem-
bers. Although in the above example, the upper structural
members consist of two plate type structural members 7a
and 7b, and the lower structural members consist of two
plate type structural members 8a and 8b, both upper and
lower structural members could respectively consist of three
or more plate type structural members. Moreover, if they are
movable vertically, both upper and lower structural mem-
bers could respectively consist of one plate type structural
member.

[0024] Although, in the manufacturing apparatus accord-
ing to the invention described above, the case was described
in which the thickness of the molded article 16 was arranged
to be variable by moving the upper structural members 74,
7b vertically, it would also be possible to alter the width of
molded article 16 sought to be obtained by adopting a
construction whereby for example cylinder rods 20 are
connected to the side-face structural members 9, 10 as
shown in FIG. 3, so that the side-face structural members 9,
10 can be moved in the lateral direction and fixed in a
position that may be chosen at will while being sandwiched
between the upper structural members 7a, 7b and the lower
structural members 8a, 8b. In this case also, it is desirable to
provide sealing members 19 at the location where side-face
structural members 9, 10 are constituted so as to be movable
and upper and lower structural members 7a (or 7b) and 8a
(or 8b) make contact in order to prevent leakage of steam.
It is more preferable to provide the sealing members 19 at
the both ends on the inner face side of the upper structural
members 7a, 7b and the lower structural members 8a, 8b
that do not move.

[0025] When the side-face structural members are consti-
tuted so as to be capable of movement in the lateral
direction, as shown in FIG. 3, it could be arranged for only
either one of structural members 9 and 10 to be capable of
movement rather than both the side-face structural members
9 and 10 being constituted so as to be capable of movement.
Also, if required, both side-face structural members 9 and 10
could respectively consist of two or more plate type struc-
tural members. Also, the means for moving the side-face
structural members 9 and 10 is not restricted to a cylinder as
described above and any desired means could be adopted.

[0026] As the base resin of the foamed beads that can be
used to manufacture the molded article using the apparatus
according to the present invention, a thermoplastic resin can
be used, especially a polyolefin resin with at least 50 mol %
olefin unit constituents is preferable, such as a homopolymer
of olefins such as polyethylene, polypropylene or polybu-
tylene, a copolymer of olefins such as ethylene-butene
random copolymer, ethylene-hexene random copolymer,
ethylene-octene random copolymer, ethylene-propylene
block copolymer, ethylene-propylene random copolymer,
ethylene-propylene-butene random copolymer, or a graft
polymer obtained by graft polymerization by impregnating
a homopolymer of the above polyolefins or a copolymer of
olefins with styrene or reactive vinyl monomer such as
acrylic acid monomer. These resins may be suitably mixed
when used. These resins may be employed as uncrosslinked,
or in a crosslinked state.
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[0027] Next, a method of manufacturing a molded article
using the apparatus according to the present invention will
be described.

[0028] First of all, the upper structural members 7a, 7b
and upper roll 2a are moved into position in accordance with
the thickness of the molded article 16 that is desired to be
obtained. Foamed beads 11 supplied from hopper 1 are fed
in the direction of the heating region B sandwiched between
the belts 3 and 5. If the foamed beads are polyolefin resin
foamed beads, preferably the angle of inclination 4 of belt 3
is adjusted such that the foamed beads are compressed to a
bulk volume of 40 to 95% of their original bulk volume,
whilst the foamed beads supplied from hopper are being fed
towards the heating region B. Preferably when the polyole-
fin resin foamed beads are molded, the angle of inclination
4 of the inclined upper belt 3 is normally less than 10° and
even more preferably is 1 to 5°.

[0029] Although the foamed beads fed into heating region
B are heated by the steam that is injected into passageway
A from steam supply unit 21, the provision of a suction unit
22 for sucking up steam or steam drainage both upstream
and downstream of steam supply unit 21 can prevent accu-
mulation of such steam drainage in passageway A from
interfering with the supply of foamed beads (in particular,
the action of a suction unit 22 on the upstream side of steam
supply unit 21), or can prevent problems such as generation
of warping in the molded article caused by reduction in the
cooling effect of the molded article due to this steam
drainage (in particular, the action of a suction unit 22 on the
downstream side of steam supply unit 21). Instead of pro-
viding suction units 22 both above and below the passage-
way, it would be possible to provide these exclusively below
passageway A, with the object of removing drainage accu-
mulated below passageway A. In order to make it possible
to supply steam into passageway A from steam supply unit
21 or to suck out by means of suction unit 22 steam or steam
drainage supplied into passageway A, it is necessary that
belts 3 and 5 should have steam permeability. Usually
stainless-steel belts of thickness about 0.2 to 1.0 mm formed
with a large number of through-holes of diameter 0.5 to 3.0
mm with pitch of about 10 to 50 mm are employed.

[0030] The steam is supplied into passageway A from
steam supply unit 21 through the through-holes of the upper
and lower structural members 7a, 8a and/or through-holes
provided in belts 3, 5. The pressure of the steam supplied
from steam supply unit 21 is usually 9.8 to 39.2 N/em” G.

[0031] The foamed beads that are heated by steam are
expanded with the result that the mutual gaps between beads
in passageway A are filled and the beads are mutually
fusion-bonded to form a molded article (at this time point,
its condition is not what might be called a complete molded
article, but, since mutual fusion between the foamed beads
has occurred, it will for convenience be referred to as a
molded article), after which they are conveyed into cooling
region C equipped with cooling means 23. As cooling means
23, for example a cooling plate in which cooling water
circulation pipes are inserted may be employed. The above
steps are repeated continuously to obtain an elongate molded
article 16.

[0032] Although not specially shown in the drawings,
steam supply units 21, suction units 22 and cooling means
23 need not be provided exclusively on the side of the upper
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and lower structural members 7a, 7b, 8a, 8b, but could also
be provided on the side of side-face structural members 9
and 10. In the above example, the case was illustrated in
which only a single set of steam supply units 21 was
provided, above and below; however, the steam supply units
need not necessarily be only a single set: two or more sets
thereof could be provided. If for example two sets of steam
supply units are provided, it is preferred that steam of a
temperature capable of effecting expansion of the foamed
beads but little or no fusion of the foamed beads surface is
supplied from the steam supply unit on the upstream side,
thereby heating and expanding the foamed beads, after
which, steam of a temperature enough to effect fusion of the
foamed beads surface is supplied from the steam supply unit
on the downstream side, thereby causing the expanded
foamed beads to mutually fusion-bond. If polyolefin resin
foamed beads are employed as foamed beads 11, as dis-
closed in U.S. Pat. No. 5,968,430, it is desirable to provide
projections 25 in the vicinity of the inlet of passageway A,
so that, after compressing the foamed beads 11 between
these projections 25, a part or the whole of the compression
is removed before they are passed through the heating region
to be molded. Preferably, between projections 25, the
foamed beads are compressed to a bulk volume of 10 to 60%
of their original bulk volume. In this way, back-flow of
foamed beads and leakage of steam can be largely pre-
vented.

[0033] Although, in the above description, a molded
article 16 of constant thickness can be obtained, if it is
desired to obtain molded articles of different thickness, this
can be achieved by molding as described above after moving
upper structural members 7a, 7b and upper roll 2a in
accordance with the thickness of the molded article that is
sought to be obtained. Also, if molded articles of different
width are to be obtained, as shown in FIG. 3, these can be
molded using apparatus in which the side-face structural
members 9 and 10 are made movable in the lateral direction.

[0034] As described above, with the apparatus according
to the present invention, elongate molded articles can be
obtained which could not be obtained by the batch system.
Also, with apparatus according to the present invention,
even when molded articles of different thickness and width
are to be obtained, this can easily be coped with, and molded
articles of different thickness or width can be manufactured
efficiently.

What is claimed is:

1. An apparatus for manufacturing expansion-molded
articles, comprising a belt that continuously travels along the
upper inside face of a passageway, defined by structural
members, whose cross-section constitutes an approximately
rectangular shape and a belt that continuously travels along
the lower inside face thereof, by continuously molding
foamed beads by successively passing foamed beads sup-
plied between these upper and lower belts through a heating
region and cooling region sandwiched between the belts, in
which at least one of the upper and lower structural members
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that form the passageway is constituted so as to be capable
of movement in the vertical direction sandwiched between
the side-face structural members and comprises means for
adjusting the thickness of the expansion-molded article by
moving vertically at least one of the upper and lower
structural members constituted so as to be capable of move-
ment.

2. An apparatus for manufacturing expansion-molded
articles, comprising a belt that continuously travels along the
upper inside face of a passageway, defined by structural
members, whose cross-section constitutes an approximately
rectangular shape and a belt that continuously travels along
the lower inside face thereof, by continuously molding
foamed beads by successively passing foamed beads sup-
plied between these upper and lower belts through a heating
region and cooling region sandwiched between the belts, in
which at least one of the side-face structural members that
form the passageway is constituted so as to be capable of
movement in the lateral direction sandwiched between the
upper and lower structural members and comprises means
for adjusting the width of the expansion-molded article by
moving in the lateral direction at least one of the side-face
structural members constituted so as to be capable of move-
ment.

3. The apparatus for manufacturing expansion-molded
articles according to claim 1 or 2, comprising sealing means
for preventing leakage of heating steam at the location of
contact of the movably constituted structural member(s) and
the structural members that sandwich the movably consti-
tuted structural member(s).

4. The apparatus for manufacturing expansion-molded
articles according to claim 1 or 2 wherein the movably
constituted structural member(s) is/are supported on a
shaft(s) that is/are reciprocated by rotation of a screw(s).

5. The apparatus for manufacturing expansion-molded
articles according to claim 1 or 2 wherein the movably
constituted structural member(s) is/are supported by a rod(s)
of a cylinder(s).

6. The apparatus for manufacturing expansion-molded
articles according to claim 1 or 2 comprising belts that
respectively continuously travel along the inside face of the
side-face structural members.

7. The apparatus for manufacturing expansion-molded
articles according to claim 6 wherein the belts that travel
along the inside faces of the side-face structural members
are provided extending from the commencement of the
heating region to the end of the cooling region.

8. The apparatus for manufacturing expansion-molded
articles according to claim 1 or 2 wherein means for adjust-
ing the angle of inclination of the belt on the upper side in
the region of supply of the foamed beads are provided on the
upper belt.

9. The apparatus for manufacturing expansion-molded
articles according to claim 1 or 2 wherein projections are
provided in the vicinity of the inlet of the passageway.
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