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DESCRIPTION

Technical Field

[0001] The present invention relates to a method and an apparatus for producing a gypsum
board.

Background Art

[0002] A gypsum board is a sheet-like body having a structure in which an upper face, a lower
face, and left and right side faces of a gypsum slab are covered by lining paper sheets, and is
widely used as building materials such as ceiling materials, wall materials, and flooring
materials.

[0003] As a method for producing a gypsum board, the following production method for
example is known. First of all, a laminated material in which a gypsum slurry is continuously
injected into a gap between a pair of lining paper sheets are formed while continuously
supplying the pair of lining paper sheets. In forming the laminated material, the lower lining
paper sheet is hold upward along a marked line formed in the edge portions of both sides
thereof. Thereby, the upper face of the gypsum slurry is covered by the upper lining paper
sheet, and the lower side face and left and right side faces of the gypsum slurry are covered by
the lower lining paper sheet. The laminated material formed in this way is allowed to pass
between a pair of upper and lower forming plates, thereby obtaining a molded body having a
thickness depending on a space between plates. A gypsum board is obtained as a final
product by drying the molded body.

[0004] However, in such a production method, there has been a problem that when, for
example, the gypsum slurry is contaminated by foreign bodies (such as a lump of gypsum), the
foreign bodies are caught between a pair of upper and lower forming plates and the lining
paper sheet is cut by the foreign bodies. The problem is brought about because the foreign
bodies larger than the space between a pair of upper and lower forming plates are caught
between the pair of upper and lower forming plates when the gypsum slurry containing the
foreign bodies enters there, and therefore the progress of the lining paper sheet is inhibited at
the portion where the foreign bodies are caught while the progress of the lining paper sheet
continues to progress at the other portions. When the production is continued with the situation
where the foreign bodies are caught left unchanged, the lining paper sheet continuously
supplied is continued to be cut, resulting in continuous production of defective gypsum board
products. Moreover, when such a situation is continued, the lining paper sheet is finally torn
completely, and therefore not only supply of the lining paper sheet but also production of the
gypsum board cannot be continued. In such a case, complicated operation in which the foreign
bodies are immediately removed, then the lining paper sheets are supplied again between the
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pair of upper and lower forming plates, and the gypsum slurry is injected into the gap of the
pair of upper and lower lining paper sheets to restart the production has had to be conducted.

[0005] In order to solve the problems as described previously, the present applicant has
proposed an apparatus for producing a gypsum board constituted so that a space between a
pair of upper and lower forming plates is expanded when the cut of the lining paper sheet is
detected (Patent Literature 1). The apparatus includes, for example, as shown in an apparatus
100 for producing a gypsum board as illustrated in Figure 4, a roll 136, an upper side forming
plate 124, a lower side forming plate 108, an electrode (lower side external electrode 138)
arranged on the downstream side of the lower side forming plate 108 apart from the lower side
forming plate 108, an electric current detector 120, and an air cylinder 122. And a circuit 140 is
constituted by electrically connecting the lower side external electrode 138 and the lower side
forming plate 108, and the electric current detector 120 and a power source D are electrically
connected to the circuit 140.

[0006] The apparatus 100 for producing a gypsum board makes it possible to detect the cut of
the lining paper sheet by making use of the fact that the lining paper sheet is an insulator and
the gypsum slurry is a good conductor of electricity. That is to say, in the apparatus 100 for
producing a gypsum board, when the lower lining paper sheet 116 that is an insulator is cut,
the gypsum slurry that is a good conductor makes contact with the lower side forming plate
108 and the lower side external electrode 138 and an electric current flows in the circuit 140,
and therefore the cut of the lower lining paper sheet 116 can be detected by the electric
current detector 120. Next, the air cylinder 122 lifts the upper side forming plate 124 depending
on a signal from the electric current detector 120, thereby expanding the space between the
upper side forming plate 124 and the lower side forming plate 108. Thereby, foreign bodies
caught between the upper side forming plate 124 and the lower side forming plate 108 pass
between the pair of forming plates. Thereafter, when the position of the upper side forming
plate 124 is restored to the original position, production can be restarted. According to the
production apparatus, the gypsum board can be produced continuously without stopping
production and continuous production of a large amount of detective products can be avoided.
Moreover, in addition to the detection of the cut of the lining paper sheet attributable to
contamination of foreign bodies, the existence of defects can be detected because the gypsum
slurry leaks out also in the case where defects (holes) are originally open in the lining paper
sheet which makes an electric current to flow in the circuit 140.

Citation List

Patent Literature

[0007] Patent Literature 1: Japanese Patent No. 3315935

Summary of Invention
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Technical Problem

[0008] However, the cases where the lining paper sheet is torn immediately after the foreign
bodies in the gypsum slurry are caught between the forming plates and the production of a
gypsum board is stopped have been increasing attributable to the following reasons: (1) the
production speed of gypsum boards is becoming higher due to the technological innovation of
gypsum board production technology in recent years, and therefore the tension applied on the
lining paper sheet is increased;

(2) reducing the weight and thickness of the lining paper sheets is facilitated from pressure to
reduce costs, and therefore the lining paper sheets are becoming easier to cut; and so on.

[0009] Accordingly, a production method has earnestly been desired that makes it possible to
continuously produce a gypsum board, the method being applicable to: high speed production
of gypsum boards; production in which tension applied on the lining paper sheets is increasing;
and production with a lining paper sheet having reduced weight and thickness, without
stopping the production.

[0010] The present invention has been completed for solving the problems of the conventional
technologies, and provides a method and an apparatus for producing a gypsum board making
it possible to continuously produce a gypsum board, the method and apparatus being
applicable to: high speed production of gypsum boards; production in which tension applied on
the lining paper sheets is increasing; and production with a lining paper sheet having reduced
weight and thickness, without stopping the production.

Solution to Problem

[0011] The present inventors have conducted diligent studies on the above-described
problems to find that the problems of the conventional technologies can be solved by
embedding inside the forming plate an electrode for detecting paper cut which have
conventionally been arranged on the downstream side of the end of the forming plate, and
have completed the present invention.

[0012] That is to say, according to the present invention, there is provided a method for
producing a gypsum board, the method comprising a step of continuously injecting a gypsum
slurry into a gap between a pair of upper and lower lining paper sheets while continuously
supplying the pair of upper and lower lining paper sheets to form a laminated material and
allowing the laminated material to pass between a pair of upper and lower forming plates to
obtain a molded body having a thickness depending on a space between the plates, wherein a
forming plate comprising: a plate main body constituted from an electrically conductive
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material; and an embedded electrode embedded in the plate main body, the embedded
electrode being electrically insulated from the plate main body by an insulator and being
embedded so as for a portion thereof to be exposed on a surface of the plate main body
making contact with the lining paper sheet is used as at least one of the pair of upper and
lower forming plates, a circuit is constituted by electrically connecting the plate main body and
the embedded electrode embedded in the plate main body, and voltage is applied to the circuit,
and when the lining paper sheet is cut to bring the plate main body and the embedded
electrode into contact with the gypsum slurry and an electric current flows in the circuit, the
space between the pair of upper and lower forming plates is expanded to remove a cause of
conduction, and thereafter the space between the pair of upper and lower forming plates is
restored to the original space.

[0013] In the production method of the present invention, it is preferable that the embedded
electrode is embedded at a portion on the downstream side of the following starting position of
forming in the plate main body.

[Starting Position of Forming]

[0014] A position on the most downstream side of the following (1) and the following (2):

1. (1) a position of an upstream end of either one of the pair of upper and lower forming
plates; and

2. (2) a position of a downstream end of a taper portion in an embodiment wherein the
taper portion whose plate thickness at a position in the taper portion becomes thinner as
the position approaches upstream ends of the forming plates is formed in at least one of
the pair of upper and lower forming plates, and a space between the pair of the forming
plates at a position in the taper portion becomes larger, due to the taper portion, as the
position approaches the upstream ends of the forming plates.

[0015] Moreover, in the production method of the present invention, it is preferable that: the
embedded electrode is embedded, in the plate main body, at a portion within a range from the
starting position of forming to a position on a downstream side of the starting position of
forming by 50 mm; at least one material selected from the group consisting of phenol resin
laminated plates with a cloth base material, phenol resin laminated plates with a paper base
material, epoxy resin-impregnated glass fiber cloth, and epoxy resin-impregnated paper is
used as the insulator; and at least one material selected from the group consisting of iron
materials, stainless steel materials, and aluminum materials, or a material obtained by applying
hard chromium plating thereon is used as the electrically conductive material.

[0016] Furthermore, according to the present invention, there is provided an apparatus for
producing a gypsum board comprising a pair of upper and lower forming plates for forming a
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laminated material obtained by injecting a gypsum slurry into a gap between a pair of upper
and lower lining paper sheets, the laminated material having a thickness depending on a space
between the plates, wherein at least one of the pair of upper and lower forming plates
comprises: a plate main body constituted from an electrically conductive material; and an
embedded electrode embedded in the plate main body, the embedded electrode being
electrically insulated from the plate main body by an insulator and being embedded so as for a
portion thereof to be exposed on a surface of the plate main body making contact with the
lining paper sheet, a circuit is constituted by electrically connecting the plate main body and the
embedded electrode embedded in the plate main body, and the apparatus further comprises:
an electric current detector electrically connected to the circuit; and an actuator moving at least
one of the forming plates up and down in response to an electric signal from the electric
current detector.

[0017] In the production apparatus of the present invention, it is preferable that the embedded
electrode is embedded at a portion on a downstream side of the following starting position of
forming in the plate main body.

[Starting Position of Forming]

[0018] A position on the most downstream side of the following (1) and the following (2):

1. (1) a position of an upstream end of either one of the pair of upper and lower forming
plates; and

2. (2) a position of a downstream end of a taper portion in an embodiment wherein the
taper portion whose plate thickness at a position in the taper portion becomes thinner as
the position approaches upstream ends of the forming plates is formed in at least one of
the pair of upper and lower forming plates, and a space between the pair of the forming
plates at a position in the taper portion becomes larger, due to the taper portion, as the
position approaches the upstream ends of the forming plates.

[0019] Further, in the production apparatus of the present invention, it is preferable that: the
embedded electrode is embedded, in the plate main body, at a portion within a range from the
starting position of forming to a position on a downstream side of the starting position of
forming by 50 mm; the insulator is constituted from at least one material selected from the
group consisting of phenol resin laminated plates with a cloth base material, phenol resin
laminated plates with a paper base material, epoxy resin-impregnated glass fiber cloth, and
epoxy resin-impregnated paper; and the electrically conductive material is at least one material
selected from the group consisting of iron materials, stainless steel materials, and aluminum
materials, or a material obtained by applying hard chromium plating thereon.

Advantageous Effects of Invention
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[0020] According to the method or apparatus for producing a gypsum board, it becomes
possible to continuously produce a gypsum board by the method and apparatus being
applicable to high speed production of gypsum boards, production in which tension applied on
the lining paper sheets is increasing, and production with a lining paper sheet having reduced
weight and thickness, without stopping the production.

Brief Description of Drawing

[0021]

[Figure 1] Figure 1 is a schematic side view schematically illustrating an embodiment of an
apparatus for producing a gypsum board of the present invention.

[Figure 2] Figure 2 is a schematic side view schematically illustrating another embodiment of
an apparatus for producing a gypsum board of the present invention.

[Figure 3] Figure 3 is a schematic side view schematically illustrating yet another embodiment
of an apparatus for producing a gypsum board of the present invention.

[Figure 4] Figure 4 is a schematic side view schematically illustrating an example of a
conventional apparatus for producing a gypsum board.

[Figure 5] Figure 5 is a schematic side view schematically illustrating a still another
embodiment of an apparatus for producing a gypsum board of the present invention

[Figure 6A] Figure 6A is a conceptual diagram schematically explaining a starting position of
forming in an apparatus for producing a gypsum board of the present invention.

[Figure 6B] Figure 6B is a conceptual diagram schematically explaining a starting position of
forming in an apparatus for producing a gypsum board of the present invention.

[Figure 6C] Figure 6C is a conceptual diagram schematically explaining a starting position of
forming in an apparatus for producing a gypsum board of the present invention.

[Figure 6D] Figure 6D is a conceptual diagram schematically explaining a starting position of
forming in an apparatus for producing a gypsum board of the present invention.

[Figure 6E] Figure 6E is a conceptual diagram schematically explaining a starting position of
forming in an apparatus for producing a gypsum board of the present invention.

Description of Embodiments



DK/EP 3000570 T3

[0022] Hereinafter, the present invention will be explained in detail. However, the present
invention is not limited to the following embodiments and includes all the objects containing
matters used to specify the present invention.

[1] Method for Producing Gypsum Board:

[0023] The method for producing a gypsum board relates to a method for producing a
gypsum board, the method comprising a step of continuously injecting a gypsum slurry into a
gap between a pair of upper and lower lining paper sheets while continuously supplying the
pair of upper and lower lining paper sheets to form a laminated material and allowing the
laminated material to pass between a pair of upper and lower forming plates to obtain a
molded body having a thickness depending on a space between the plates.

[0024] For example, any of a production apparatus 1 as illustrated in Figure 1, a production
apparatus 1A as illustrated in Figure 2, a production apparatus 1B as illustrated in Figure 3,
and a production apparatus 1C as illustrated in Figure 5 is a production apparatus capable of
conducting the production method of the present invention, and with the production
apparatuses, the step of continuously injecting the gypsum slurry 4 into the gap between a pair
of upper and lower lining paper sheets 2 while continuously supplying the pair of upper and
lower lining paper sheets 2 to form a laminated material and allowing the laminated material to
pass between the pair of upper and lower forming plates 6 to obtain a molded body having a
thickness depending on the space between the plates.

[0025] The gypsum slurry is a slurry containing calcined gypsum (B-type hemihydrate gypsum
and a-type hemihydrate gypsum) and water as main components. In the present invention, the
gypsum slurry includes a slurry using type Ill anhydrous gypsum in place of part or the whole
of the calcined gypsum. The gypsum slurry may contain an additive such as an adhesion
improver, a curing accelerator, or an admixture ingredient in addition to calcined gypsum and
water.

[0026] The lining paper sheet is a lining paper sheet for producing a gypsum board. In the
present invention, the lining paper sheet includes a glass fiber mat for producing a gypsum
board. A sizing agent is mixed in the lining paper sheet for the purpose of suppressing water
absorption and securing insulation properties during forming. Accordingly, water in the gypsum
slurry does not penetrate into a surface layer of the lining paper sheet (a layer on the side not
making contact with the gypsum slurry) immediately after the lining paper sheet makes contact
with the gypsum slurry, and the lining paper sheet functions as an insulator. The thickness of
the lining paper sheet is not particularly limited, however lining paper sheets having a thickness
of 0.2 to 1.0 mm are usually used.

[0027] The production method of the present invention can suitably be used when gypsum
boards are produced at a high speed. Specifically, the production method of the present
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invention can suitably be used when gypsum boards are produced at a production speed of 60
m/min or more.

[1-1] Forming Plates:

[0028] In the production method of the present invention, a forming plate having: a plate main
body constituted from an electrically conductive material; and an embedded electrode
embedded in the plate main body, the embedded electrode being electrically insulated from the
plate main body by an insulator and being embedded so as for a portion thereof to be exposed
on a surface of the plate main body making contact with the lining paper sheet is used as at
least one of the pair of upper and lower forming plates. By embedding the electrode for
detecting the cut of the lining paper sheet in the plate main body, it becomes possible to detect
the cut of the lining paper sheet earlier than in the case where the electrode is arranged on the
downstream side of the end of the plate main body.

[0029] For example, when it is necessary to detect the cut of the lower lining paper sheet, a
forming plate having: the lower plate main body 10 constituted from an electrically conductive
material; and the lower embedded electrode 12 embedded in the lower plate main body 10,
the lower embedded electrode 12 being electrically insulated from the lower plate main body
10 by the insulator 14 and being embedded so as for a portion thereof to be exposed on the
surface of the lower plate main body 10 making contact with the lower lining paper sheet 16 is
used as the lower forming plate 8, as shown in the production apparatus 1 as illustrated in
Figure 1.

[0030] Based on the similar idea, when it is necessary to detect the cut of the upper lining
paper sheet, a forming plate having: the upper plate main body 26 constituted from an
electrically conductive material; and the upper embedded electrode 28 embedded in the upper
plate main body 26, the upper embedded electrode 28 being electrically insulated from the
upper plate main body 26 by the insulator 30 and being embedded so as for a portion thereof
to be exposed on the surface of the upper plate main body 26 making contact with the upper
lining paper sheet 32 may be used as the upper forming plate 24, as shown in the production
apparatus 1A as illustrated in Figure 2.

[0031] Further, when it is necessary to detect the cut of both the lower lining paper sheet and
the upper lining paper sheet, the lower forming plate 8 as illustrated in Figure 1 and the upper
forming plate 24 as illustrated in Figure 2 can be used together. That is to say, a forming plate
having the lower embedded electrode 12 and the forming plate having an upper embedded
electrode 28 are used as the lower forming plate 8 and the upper forming plate 24 respectively
as illustrated in the production apparatus 1B in Figure 3.

[0032] Furthermore, an external electrode for detecting the cut of paper can be installed
outside of the forming plate in addition to the embedded electrode for the purpose of backing
up the embedded electrode. In the production apparatus 1C as illustrated in Figure 5 for
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example, a forming plate having the embedded electrode 12 is used as the lower forming plate
8, and a lower external electrode 38 for detecting the cut of paper is further installed outside of
the lower forming plate 8. The lower external electrode 38 is arranged on the downstream side
of the lower forming plate 8 apart from the lower forming plate 8. Moreover, the lower external
electrode 38 is arranged so as to make contact with the lower lining paper sheet 16. In such
constitution, a circuit 40 that includes the lower external electrode 38, the lower plate main
body 10, and a power source D3 backs up a circuit 18, thereby making it possible to detect the
cut of paper in case the cut of paper cannot be detected by the circuit 18 including the
embedded electrode 12, the lower plate main body 10, and the power source D1.

[0033] In addition, the lower external electrode 38 as illustrated in Figure 5 can also be
installed in the production apparatus 1A as illustrated in Figure 2 or the production apparatus
1B as illustrated in Figure 3. In such cases, the effect of backing up a circuit including an
embedded electrode (lower embedded electrode 12 or upper embedded electrode 28) such as
the circuit 34 illustrated in Figure 2, and the circuits 18 and 34 illustrated in Figure 3 can also
be obtained by the circuit 40 including the lower external electrode 38, the lower plate main
body 10, and the power source D3.

[0034] An upper external electrode (not illustrated in figures) can also be used as the external
electrode for backup. The upper external electrode is an electrode that is arranged on the
downstream side of the upper forming plate apart from the upper forming plate, and is
arranged so as to make contact with the upper lining paper sheet. The circuit for backup that
consists of the upper external electrode, the upper plate main body, and the power source can
detect the cut of paper in the same manner as in the circuit 40 including the lower external
electrode 38 as illustrated in Figure 5, thereby making it possible to obtain the effect of backing
up the circuit including the embedded electrode. Accordingly, the circuit including the upper
external electrode can be used in place of or together with the circuit 40 including the lower
external electrode 38.

[0035] In the method for producing a gypsum board of the present invention, the constitution
of the lower forming plate and upper forming plate is particularly important. Specifically, the
position where the upper embedded electrode or lower embedded electrode is arranged, the
material quality of the insulator, the material quality of the electrically conductive material that
constitutes the upper plate main body or lower plate main body, and so on become important.
These will be explained specifically in the section of Apparatus for Producing Gypsum Board.

[1-2] Circuit:

[0036] In the production method of the present invention, the circuit is constituted by
electrically connecting the plate main body and the embedded electrode embedded in the plate
main body, and voltage is applied to the circuit. Thereby, it becomes possible to detect the cut
of the lining paper sheet when the plate main body and the embedded electrode make contact
with the gypsum slurry and an electric current flows.
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[0037] For example, when it is necessary to detect the cut of the lower lining paper sheet, the
circuit 18 may be constituted by electrically connecting the lower embedded electrode 12 and
the lower plate main body 10 to apply voltage to the circuit 18 as illustrated in Figure 1. On the
other hand, when it is necessary to detect the cut of the upper lining paper sheet, the circuit 34
may be constituted by electrically connecting the upper embedded electrode 28 and the upper
plate main body 26 to apply voltage to the circuit 34 as illustrated in Figure 2. Further, when it
is necessary to detect the cut of both the lower lining paper sheet and the upper lining paper
sheet, the circuit 18 may be constituted by electrically connecting the lower embedded
electrode 12 and the lower plate main body 10 and the circuit 34 may also be constituted by
electrically connecting the upper embedded electrode 28 and the upper plate main body 26 to
apply voltage to both the circuit 18 and the circuit 34 as illustrated in Figure 3.

[0038] The voltage applied to the circuit may be an alternating current or a direct current, and
it is preferable that the voltage is a low voltage that is not dangerous to an operator when the
operator makes contact with the circuit. It is preferable that the voltage is set to, for example,
about AC 8V. Further, it is preferable that the lower plate main body 10 and/or the upper plate
main body 26 are connected to a ground C as illustrated in Figure 1 to Figure 3. Even a small
electric potential difference can be detected by connecting these plate main bodies to the
ground.

[1-3] Expansion of Space between Plates:

[0039] In the production method of the present invention, the space between a pair of forming
plates is expanded when an electric current flows in the circuit (namely, the cut of the lining
paper sheet or the like is detected). Thereby, the foreign bodies that have been caught
between the pair of upper and lower forming plates easily pass between the forming plates.
Accordingly, the lining paper sheet does not continue to be cut due to the foreign bodies, and it
never occurs that the lining paper sheet is completely torn and the production is stopped.

[0040] In the case where the production apparatus 1 as illustrated in Figure 1 is used for
example, the space between a pair of the forming plates 6 can be expanded when an electric
current flows in the circuit 18 (namely, when the cut of the lower lining paper sheet 16, or the
like is detected). On the other hand, in the case where the production apparatus 1A as
illustrated in Figure 2 is used, the space between a pair of the forming plates 6 can be
expanded when an electric current flows in the circuit 34 (namely, when the cut of the upper
lining paper sheet 32, or the like is detected). Further, in the case where the production
apparatus 1B as illustrated in Figure 3 is used, the space between a pair of forming plates 6
can be expanded when an electric current flows in either the circuit 18 or the circuit 34
(namely, when the cut of either the lower lining paper sheet 16 or the upper lining paper sheet
32 is detected).

[0041] Examples of the method for expanding the space between forming plates include: (i) a
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method in which the upper forming plate is lifted while maintaining a state where the lower
forming plate is fixed; (ii) a method in which the lower forming plate is brought down while
maintaining a state where the upper forming plate is fixed; and (ii) a method in which the
upper forming plate is lifted and the lower forming plate is brought down, and so on. The
method (i) in which the upper forming plate 24 is lifted while maintaining a state where the
lower forming plate 8 is fixed is adopted in any of the production apparatus 1 as illustrated in
Figure 1, the production apparatus 1A as illustrated in Figure 2, and the production apparatus
1B as illustrated in Figure 3. That is to say, the upper forming plate 24 is lifted to a position
shown by broken lines in Figure 1 to Figure 3. Such method is more preferable than the
method (ii) and the method (iii) in terms of easiness of flow of the lower lining paper sheet
when the space between the forming plates 6 is expanded. However, the method (ii) or the
method (iii) may be adopted for the purpose of making the cleaning of an apparatus easy, or
other purposes.

[0042] The space between the forming plates may be expanded to such an extent that the
foreign bodies pass between a pair of forming plates. The specific space is not particularly
limited, however it is preferable to expand the space by 2 to 4 cm wider than the original space
from the reason that the time for expanding the space is made short to allow the foreign bodies
to pass, and it is further preferably to expand the space by 2 cm wider. Moreover, it is more
preferable that the speed of expanding the space between the forming plates is faster because
the cut of the lining paper sheet is reduced more.

[0043] The means for expanding and restoring the space between the forming plates is not
particularly limited. For example, an actuator can be used that moves up and down at least
one of a pair of upper and lower forming plates in response to an electric signal when an
electric current is detected. The actuator will be explained specifically in the section of
Apparatus for Producing Gypsum Board.

[1-4] Restoration of Space between Plates:

[0044] In the production method of the present invention, the space between a pair of the
forming plates is restored to the original space after the cause of conduction is removed. The
expression "after the cause of conduction is removed" means "after the foreign bodies that
arise the cause of conduction (namely, the cut of the lining paper sheet, or the like) pass
between the forming plates". The situation where the foreign bodies are caught between the
forming plates again and the lining paper sheet is cut can be prevented by restoring the space
between the forming plates to the original space after the foreign bodies pass between the
forming plates. And, the production of the gypsum board (the step of obtaining a molded body
depending on the space between the forming plates) is restarted. When such a method is
adopted, it never occurs that the lining paper sheet is completely torn and the production is
stopped. That is to say, it is not necessary to conduct complicated operation in which the
foreign bodies are removed, then the lining paper sheet is supplied again between a pair of
upper and lower forming plates, and the gypsum slurry is injected into the gap of the pair of



DK/EP 3000570 T3

upper and lower lining paper sheets to restart the production.

[0045] Whether the cause of conduction is removed or not is evaluated by both the fact that
the electric current has stopped flowing and the fact that the foreign bodies have passed
between the forming plates. The fact that the electric current has stopped flowing can be
detected by the electric current detector or the like which is electrically connected to the circuit.
Examples of the method for restoring the space between the plates to the original space after
the foreign bodies pass between the plates include a method in which the passing time
required for the foreign objects to pass between the plates is determined from the feeding
speed of the laminated body consisting of lining paper sheets and a gypsum slurry and the
length of the forming plates, and the space between the plates is restored to the original space
after the elapse of the passing time. Further, the examples also include a method in which the
number of revolutions of the roll of a belt conveyor for feeding the laminated body is counted
by a measuring roll, then the number of revolutions of the roll that corresponds to the time
required for the foreign bodies to pass between the plates is determined from the relation
between the number of revolutions of the roll and the feeding distance of the belt conveyor,
and the space between plates is restored to the original space after the number of revolutions
of the roll thus determined is counted.

[0046] The speed of restoring the space between the forming plates is not specifically limited.
However, it is preferable to set the speed so that there is not a risk that the upper or lower
lining paper sheet is not cut or the gypsum slurry on the lower lining paper sheet overflows and
leaks outside.

[2]Apparatus for Producing Gypsum Board:

[0047] The method for producing a gypsum board of the present invention can be conducted,
for example, with the apparatus for producing a gypsum board of the present invention
explained below. The apparatus for producing a gypsum board of the present invention
includes: a pair of upper and lower forming plates; an electric current detector; and an actuator
as constituent members. Hereinafter, explanation will be made for each constituent member
separately.

[2-1] Forming Plates:

[0048] The production apparatus of the present invention includes a pair of upper and lower
forming plates for forming a laminated material obtained by injecting a gypsum slurry into a
gap between a pair of upper and lower lining paper sheets so that the laminated material has a
thickness depending on the space between the plates. For example, any of the production
apparatus 1 as illustrated in Figure 1, the production apparatus 1A as illustrated in Figure 2,
and the production apparatus 1B as illustrated in Figure 3 includes a pair of upper and lower
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forming plates 6 (lower forming plate 8 and upper forming plate 24) for forming a laminated
material obtained by injecting the gypsum slurry 4 into the gap between a pair of upper and
lower lining paper sheets 2 so that the laminated material has a thickness depending on the
space between the plates.

[0049] At least one of a pair of upper and lower forming plates in the production apparatus of
the present invention has : a plate main body constituted from an electrically conductive
material; and an embedded electrode embedded in the plate main body. With the embedded
electrode, it becomes possible to detect the cut of the lining paper sheet early.

[0050] For example, in the production apparatus 1 as illustrated in Figure 1, the lower forming
plate 8 has : the lower plate main body 10; and the lower embedded electrode 12 embedded in
the lower plate main body 10 for the purpose of detecting the cut of the lower lining paper
sheet 16. On the other hand, in the production apparatus 1A as illustrated in Figure 2, the
upper forming plate 24 has: the upper plate main body 26; and the upper embedded electrode
28 embedded in the upper plate main body 26 for the purpose of detecting the cut of the upper
lining paper sheet 32. In order to detect the cut of both the lower lining paper sheet and the
upper lining paper sheet, a structure may be made in which the lower forming plate 8 has: the
lower plate main body 10; and the lower embedded electrode 12 embedded in in the lower
plate main body 10 and the upper forming plate 24 has: the upper plate main body 26; and the
upper embedded electrode 28 embedded in the upper plate main body 26, as shown in the
production apparatus 1B as illustrated in Figure 3.

[0051] The plate main body is a member that constitutes a circuit by being electrically
connected to the embedded electrode, and therefore it is necessary that the plate main body
be constituted from an electrically conductive material. The kind of the electrically conductive
material is not particularly limited. However, since the plate main body is an important member
that determines the thickness of a molded body, it is necessary to avoid a change in shape
attributable to wear as much as possible. Accordingly, it is preferable that the electrically
conductive material that constitutes the plate main body is at least one material selected from
the group consisting of iron materials, stainless steel materials, and aluminum materials, or a
material obtained by applying hard chromium plating thereon. These materials are preferable
in that these materials have a high rigidity and excellent wear resistance and size accuracy in
addition to electric conductivity.

[0052] Itis preferable that a material that constitutes the embedded electrode is also at least
one material selected from the group consisting of iron materials, stainless steel materials, and
aluminum materials, or a material obtained by applying hard chromium plating thereon from
the similar reason to that in the plate main body. The shape of the embedded electrode is not
particularly limited and may be used as long as the shape has a width to cover the entire width
of a gypsum board to be produced. The embedded electrodes having various kinds of shapes
such as, for example, round rod-like, square rod-like, and sheet-like shapes can be used.

[0053] The embedded electrode is electrically insulated by an insulator from the plate main
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body in which the embedded electrode is embedded. Thereby, it is possible 1o prevent a short
circuit between the embedded electrode and the plain main body, and it is also possible to
surely detect an electric current that flows between the embedded electrode and the plate
main body.

[0054] For example, in the production apparatus as illustrated in Figure 1, the lower
embedded electrode 12 and the lower plate main body 10 are electrically insulated by the
insulator 14. On the other hand, in the production apparatus 1A as illustrated in Figure 2, the
upper embedded electrode 28 and the upper plate main body 26 are electrically insulated by
the insulator 30. Further, in the production apparatus 1B as illustrated in Figure 3, the lower
embedded electrode 12 and the lower plate main body 10 are insulated by the insulator 14 and
the upper embedded electrode 28 and the upper plate main body 26 are also insulated by the
insulator 30.

[0055] In the production apparatus of the present invention, not only the embedded electrode
but also the insulator is embedded in the plate main body. Since the plate main body is an
important member that determines the thickness of a molded body, it is necessary to avoid a
change in shape attributable to wear also in the insulator that forms part of the plate main body
as much as possible. Moreover, it is not preferable that the exchanging work of members
becomes complicated as a result that the wear resistance between the insulator and the plate
main body or the like is different to bring about, for example, a different exchange period for
each member. Accordingly, a favorable wear resistance in addition to the insulation
performance is required for the insulator. Moreover, since the insulator is a member that is
embedded in the plate main body, it is preferable, for the purpose of preventing voids or level
difference between the insulator and the plate main body or embedded electrode from
occurring, that: (1) the insulator is constituted from a material which has a good processability
and which can be processed with a high size accuracy; and (2) the insulator is constituted from
a material with which the void or level difference is hard to occur due to a change in size over
time.

[0056] Conventionally, since it has been difficult to design an insulating material that satisfies
the above-described requirements, it has been common general technical knowledge that a
molded plate is constituted from a single material, and an idea of embedding an detection
electrode inside the molded plate has not existed. For this reason, it is considered that a lower
external electrode 138 for detecting the cut of paper has been arranged on a further
downstream side of the downstream end of the forming plate (lower forming plate 108) as
shown in the production apparatus 100 as illustrated in Figure 4. In order to solve the above-
described problem of the insulating material, it is preferable that the insulator is constituted
from at least one material selected from the group consisting of phenol resin laminated plates
with a cloth base material (also referred to as "cloth-containing bakelite"), phenol resin
laminated plates with a paper base material (also referred to as "paper-containing bakelite"),
epoxy resin-impregnated glass fiber cloth (also referred to as "glass-epoxy resins"), and epoxy
resin-impregnated paper (also referred to as "paper-epoxy resins"). These materials can
suitably be used because of favorable wear resistance, processability, and size accuracy in
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addition to insulation performance. It is particularly preferable to use the phenol resin
laminated plate with a cloth base material that is excellent in wear resistance, processability,
and size accuracy among the above-described materials.

[0057] In the production apparatus of the present invention, the embedded electrode is
embedded so as for a portion thereof to be exposed on the surface of the plate main body
making contact with the lining paper sheet. In this case, it is preferable that the embedded
electrode is arranged so that there is no level difference between the surface of the plate main
body making contact with the lining paper sheet and the surface of the embedded electrode,
and is arranged so that there is no gap between the embedded electrode and the insulator that
will be mentioned later.

[0058] For example, in the production apparatus 1 as illustrated in Figure 1, the rod-like lower
embedded electrode 12 is filed in the groove portion of the insulator 14 having an
approximately U-shaped section, and is embedded so as for a portion thereof (upper face) to
be exposed on the surface of the lower plate main body 10. On the other hand, in the
production apparatus 1A as illustrated in Figure 2, the rod-like upper embedded electrode 28 is
filled in the groove portion of the insulator 30 having an approximately U-shaped section, and
is embedded so as for a portion thereof (bottom face) to be exposed on the surface of the
upper plate main body 26. Further, in the production apparatus 1B as illustrated in Figure 3,
the rod-like lower embedded electrode 12 is filled in the groove portion of the insulator 14
having an approximately U-shaped section, and is embedded so as for a portion thereof
(upper face) to be exposed on the surface of the lower plate main body 10. Furthermore, the
rod-like upper embedded electrode 28 is filled in the groove portion of the insulator 30 having
an approximately U-shaped section, and is embedded so as for a portion thereof (bottom face)
to be exposed on the surface of the upper plate main body 26.

[0059] It is preferable that the forming plates have an embodiment in which a taper portion
whose plate thickness at a position in the taper portion becomes thinner as the position
approaches upstream ends of the forming plates is formed in at least one of the pair of upper
and lower forming plates, and a space between the pair of the forming plates at a position in
the taper portion becomes larger, due to the taper portion, as the position approaches the
upstream ends of the forming plates. When such an embodiment is made, the holdup of the
gypsum slurry is prepared immediately before the starting position of forming, thereby making
it possible to keep the holdup volume of the gypsum slurry always constant. Accordingly, the
gypsum slurry is molded while keeping a state in which the air is trapped therein, making it
possible to effectively prevent a situation where gypsum boards in which internal voids are
formed are produced. Thereby, it is possible to solve the problems of gypsum boards, such as
bulging and denting, lowering of the smoothness, and dropping out of nails and screws (fixing
failure of boards) when the gypsum boards are fixed, attributable to the above-described
internal voids.

[0060] For example, in the production apparatus 1 as illustrated in Figure 1, the production
apparatus 1A as illustrated in Figure 2, the production apparatus 1B as illustrated in Figure 3,
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and the production apparatus 1C as illustrated in Fig 5, the embodiment is the one in which a
taper portion whose plate thickness at a position in the taper portion becomes thinner as the
position approaches the upstream end (edge on the upstream side of the plate) of the lower
forming plate 8 is formed in the lower forming plate 8, and a space between the pair of the
forming plates 6 at a position in the taper portion becomes larger, due to the taper portion, as
the position approaches the upstream end. However, a taper portion whose plate thickness at
a position in the taper portion becomes thinner as the position approaches upstream end of a
forming plate may be formed in the upper forming plate, or the taper portions may be formed
in both the lower forming plate and the upper forming plate (not shown in the figures).

[0061] In the production apparatus of the present invention, it is preferable that the embedded
electrode is embedded at a portion on a downstream side of the starting position of forming in
the plate main body, and it is further preferable that the embedded electrode is embedded, in
the plate main body, at a portion within a range from the starting position of forming to a
position on the downstream side of the starting position of forming by 50 mm. The space
between plates at the starting position of forming is narrower than the space between plates on
the upstream side of the starting position of forming for the purpose of forming a laminated
material obtained by injecting a gypsum slurry into a gap between a pair of upper and lower
lining paper sheets so as to form the thickness of the laminated material depending on the
space between plates. Therefore, the starting position of forming is a region where foreign
bodies are liable to be caught and where there is a high possibility that the cut of the lining
paper sheet is liable to occur. Accordingly, in order to detect the cut of the lining paper sheet
early, it can be said that it is preferable to arrange the embedded electrode at a position near
the starting position of forming. Specifically, it is particularly preferable that the embedded
electrode is embedded at a portion within a range from the starting position of forming to a
position on the downstream side of the starting position of forming by 25 mm.

[0062] On the other hand, there is a time lag from the time when the lining paper sheet is cut
to the time when the gypsum slurry begins to leak out. Accordingly, it is more preferable that
the embedded electrode is embedded at a position somewhat downstream side of the starting
position of forming in the plate main body than that the embedded electrode is embedded at
the starting position of forming in the plate main body. Moreover, when the production speed of
the gypsum board becomes high, the position where the leak out of the gypsum slurry can be
detected after the lining paper sheet is cut recedes from the starting position of forming.
Accordingly, in the case where high speed production is conducted, it is preferable that the
embedding electrode is embedded at a portion on further downstream side in the plate main
body than in the case where low speed production is conducted. Specifically, it is preferable
that the embedded electrode is embedded, in the plate main body, at a portion on further
downstream side of a position on the downstream side of the starting position of forming by 15
mm.

[0063] As described above, it is necessary that an appropriate embedding position of the
embedded electrode be determined, in the plate main body, within a portion on the
downstream side of the starting position of forming (particularly, a portion within a range from
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the starting position of forming to a position on the downstream side of the starting position of
forming by 50 mm) considering the production speed.

[0064] In addition, the "starting position of forming" means a position where forming of the
laminated material obtained by injecting a gypsum slurry into a gap between a pair of lining
paper sheets is started, and specifically means a position on the most downstream side of the
following (1) and the following (2). Hereinafter, explanation will be made on the starting position
of forming with reference to Figure 6A to Figure 6E. In addition, the embedded electrode, the
insulator, and so on are omitted, and only the shape of the forming plates are illustrated in
Figure 6A to Figure 6E for the convenience of drawing. Moreover, the thick arrow in Figure 6A
to Figure 6E shows a transportation direction (namely, downstream direction) of the laminated
material.

1. (1) a position of an upstream end of either one of the pair of upper and lower forming
plates; and

2. (2) a position of a downstream end of a taper portion in an embodiment wherein the
taper portion whose plate thickness at a position in the taper portion becomes thinner as
the position approaches upstream ends of the forming plates is formed in at least one of
the pair of upper and lower forming plates, and a space between the pair of the forming
plates at a position in the taper portion becomes larger, due to the taper portion, as the
position approaches the upstream ends of the forming plates.

[0065] The production apparatus of the present invention is a production apparatus for
obtaining a molded body having a thickness depending on the space between plates by
allowing the laminated material to pass between a pair of upper and lower forming plates.
Accordingly, in forming the laminated body, a pair of upper and lower forming plates are
arranged so as to face each other, and forming is started at a position where the space of the
plates is sufficiently narrowed to such an extent that forming is possible. In the case of an
embodiment where the taper portion is not formed on the upstream side of any of the pair of
upper and lower forming plates (upper forming plate and lower forming plate), a position of the
upstream end of any one of the pair of upper and lower forming plates becomes the starting
position of forming.

[0066] In the example as illustrated in Figure 6A for example, the position of the upstream end
24a of the upper forming plate 24 and the position of the upstream end 8a of the lower forming
plate 8 are located on one straight line. That is to say, on the downstream side of the upstream
ends 24a and 8a, a pair of upper and lower forming plates 6 are arranged so as to face each
other, and the space between plates are sufficiently narrowed to such an extent that forming is
possible. Accordingly, the position of the upstream end 24a of the upper forming plate 24 (or
the position of the upstream end 8a of the lower forming plate 8) becomes the starting position
of forming P.

[0067] Moreover, in the example as illustrated in Figure 6B, the pair of upper and lower
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forming plates are arranged so that the upstream end 8a of the lower forming plate 8
protrudes on the upstream side of the upstream end 24a of the upper forming plate 24. In the
case of such an embodiment, the pair of upper and lower forming plates 6 are arranged so as
to face each other on the downstream side of the upstream end 24a of the upper forming plate
24, and the space between the plates is sufficiently narrowed to such an extent that forming is
possible. Accordingly, the position of the upstream end 24a of the upper forming plate 24
becomes the starting position of forming P.

[0068] In the case of an embodiment in which a taper portion whose plate thickness at a
position in the taper portion becomes thinner as the position approaches upstream ends of the
forming plates is formed in at least one of the pair of upper and lower forming plates, and a
space between the pair of the forming plates at a position in the taper portion becomes larger,
due to the taper portion, as the position approaches the upstream ends of the forming plates,
the position of the downstream end of the taper portion can also become the starting position
of forming in addition to the position of the upstream ends of the pair of upper and lower
forming plates. Here, "the space between the pair of upper and lower forming plates at a
position in the taper portion becomes larger, due to the taper portion, as the position
approaches the upstream end" means, in other words, that the slope face of the taper portion
is formed on the side of a face that makes contact with the lining paper sheet in the forming
plate.

[0069] In the example as illustrated in Figure 6C for example, the position of the upstream
end 24a of the upper forming plate 24 and the position of the upstream end 8a of the lower
forming plate 8 are located on one straight line. That is to say, a pair of upper and lower
forming plates 6 are arranged so as to face each other on the downstream side of the
upstream ends 24a and 8a. However, the space between the pair of upper and lower forming
plates 6 becomes larger at the position of the upstream end 8a of the lower forming plate 8
due to the taper portion 8b, and the space is not sufficiently narrowed to such an extent that
forming is possible. Accordingly, the position of the downstream end 8c of the taper portion 8b
where space between the pair of upper and lower forming plates 6 is sufficiently narrowed
becomes the starting position of forming P.

[0070] Moreover, also in the example as illustrated in Figure 6D, the position of the upstream
end 24a of the upper forming plate 24 and the position of the upstream end 8a of the lower
forming plate 8 are located on one straight line, and a pair of upper and lower forming plates 6
are arranged so as to face each other on the downstream side of the upstream ends 24a and
8a. However, the space between the pair of upper and lower forming plates 6 becomes larger
at the position of the upstream end 24a of the upper forming plate 24 due to the taper portion
24b, and the space is not sufficiently narrowed to such an extent that forming is possible.
Accordingly, the position of the downstream end 24c of the taper portion 24b where space
between the pair of upper and lower forming plates 6 is sufficiently narrowed becomes the
starting position of forming P.

[0071] Further in the example as shown in Figure 6E, it can be said that the upper and lower
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forming plates are arranged so that the upstream end 8a of the lower forming plate 8
protrudes on the upstream side of the upstream end 24a of the upper forming plate 24 and a
pair of upper and lower forming plates 6 are arranged so as to face each other on the
downstream side of the upstream end 24a of the upper forming plate 24. However, the space
between the pair of forming plates 6 becomes larger due to the taper portion 24b of the upper
forming plate 24 and the taper portion 8b of the lower forming plate 8 at the position of the
upstream end 24a of the upper forming plate 24, and the space is not sufficiently narrowed to
such an extent that forming is possible. Accordingly, the position of the downstream end 24c¢ of
the taper portion 24b where the space between the pair of upper and lower forming plates 6 is
sufficiently narrowed becomes the starting point of forming P.

[2-2] Circuit:

[0072] In the apparatus for producing a gypsum board of the present invention, a circuit is
constituted by electrically connecting the embedded electrode and the plate main body in
which the embedded electrode is embedded.

[0073] For example, the production apparatus 1 as illustrated in Figure 1 is an example in
which the circuit 18 is constituted by electrically connecting the lower embedded electrode 12,
the lower plate main body 10, and the pour source D1. On the other hand, the production
apparatus 1A as illustrated in Figure 2 is an example in which the circuit 34 is constituted by
electrically connecting the upper embedded electrode 28 and the upper plate main body 26.
Further, as in the production apparatus 1B as illustrated in Figure 3, the circuit 34 may be
constituted by electrically connecting the upper embedded electrode 28 and the upper plate
main body 26 in addition to the circuit 18 constituted by electrically connecting the lower
embedded electrode 12 and the lower plate main body 10.

[0074] Furthermore, as illustrated in Figure 5, the circuit 40 including the lower external
electrode 38, the lower plate main body 10, and the power source D3 may be constituted in
addition to the circuit 18. In addition, the circuit 40 including the lower external electrode 38
may be formed together with the circuit 34 including the upper embedded electrode 28 as
illustrated in Figure 2 (not shown in the figure). Moreover, the circuit 40 may be formed
together with the circuit 18 including the lower embedded electrode 12 as illustrated in Figure 3
and the circuit 34 including the upper embedded electrode 28 (not shown in the figure).

[2-3] Electric Current Detector:

[0075] The apparatus for producing a gypsum board of the present invention includes an
electric current detector electrically connected to the circuit that connects the embedded
electrode and the plate main body. With the electric current detector, the cut of the lining paper
sheet, or the like can be detected.
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[0076] For example, the production apparatus 1 as illustrated in Figure 1 includes an electric
current detector 20 that is electrically connected to the circuit 18, and makes it possible to
detect a current that flows between the lower embedded electrode 12 and the lower plate main
body 10. On the other hand, the production apparatus 1A as illustrated in Figure 2 includes an
electric current detector 20 that is electrically connected to the circuit 34, and makes it possible
to detect a current that flows between the upper embedded electrode 28 and the upper plate
main body 26. Further, the production apparatus 1B as illustrated in Figure 3 includes an
electric current detector 20 that is electrically connected to both the circuit 18 and the circuit
34. Thereby, it becomes possible to detect both the current that flows between the lower
embedded electrode 12 and the lower plate main body 10 and the current that flows between
the upper embedded electrode 28 and the upper plate main body 26. In the case where a
plurality of circuits exist, a plurality of circuits 18 and 34 may share the electric current detector
20 as illustrated in Figure 3.

[2-4]Actuator:

[0077] The apparatus for producing a gypsum board of the present invention includes an
actuator that moves at least one of forming plates up and down in response to an electric
signal from the electric current detector.

[0078] For example, the production apparatus 1 as illustrated in Figure 1, the production
apparatus 1A as illustrated in Figure 2, the production apparatus 1B as illustrated in Figure 3,
and the production apparatus 1C as illustrated in Figure 5 include an actuator 22 that moves
the upper forming plate 24 up and down in response to an electric signal from the electric
current detector 20. However, the production apparatus of the present invention may be a
production apparatus including an actuator that moves the lower forming plate up and down, or
may be a production apparatus including an actuator that moves both the upper forming plate
and the lower forming plate up and down (not shown in the figure) .

[0079] The actuator may be a device that drives the forming plate up and down depending on
the electric current detector. Specific examples of the kind of the device include, but not
particularly limited to, an air cylinder, an oil cylinder, a servomotor, and so on.

EXAMPLES

[0080] Hereinafter, the present invention will be explained in more specifically by Examples
and Comparative Examples. However, the present invention is not limited to only the
constitution of the following Examples.

(Example 1)
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[0081] As a production apparatus of Example 1, the production apparatus 1 as illustrated in
Figure 1 was manufactured. A gypsum board to be produced was determined to be a gypsum
board having a width of 910 mm and a thickness of 9.5 mm. In the production apparatus 1, the
lining paper sheet 2 (upper lining paper sheet 32 and lower lining paper sheet 16) is
transferred from the right-hand side to the left-hand side in the figure. The production
apparatus is constituted so that the gypsum slurry 4 is continuously supplied on the lower lining
paper sheet 16. The roll 36 is a roll for changing the supplying direction of the upper lining
paper sheet 32.

[1-1] Forming Plates:

[0082] The production apparatus including a pair of upper and lower forming plates 6 (the
lower forming plate 8 and upper forming plate 24) was used. The lower forming plate 8 having:
the lower plate main body 10; and the lower embedded electrode embedded in the lower plate
main body 10 was used. The upper plate main body 26 and the lower plate main body 10 were
constituted from a material obtained by applying hard chromium plating on an iron material.
The lower embedded electrode 12 was made of a stainless material, and had a square section
of 6 mm x 6 mm and a square rod-like shape having a length of 1200 mm.

[0083] The lower embedded electrode 12 and the lower plate main body 10 were electrically
insulated by the insulator 14. The insulator 14 was constituted from a phenol resin laminated
plate with a cloth base material. The insulator had an approximately U-shaped section and an
approximately square rod-like shape in which a groove portion was formed. The lower
embedded electrode 12 was filled in the groove portion of the insulator 14 and was embedded
so that a portion thereof (upper face) was exposed on the surface of the lower plate main body
10. The insulator 14 was arranged on the front and behind sides of the lower embedded
electrode 12 with a width of 5 mm to electrically insulate the lower embedded electrode 12.
The lower embedded electrode 12 was embedded at a portion ranging from a position on the
downstream side of the starting position of forming by 15 mm to a position on the downstream
side of the starting position of forming by 21 mm in the lower plate main body 10. That is to
say, the lower embedded electrode 12 was exposed on the surface of the lower plate main
body 10 over a width of 6 mm.

[0084] The taper portion was formed on the upstream end side of the lower forming plate 8.
The length of the taper portion was determined to be 50 mm, and the height of the taper
portion was determined to be 4 mm. On the downstream side of the taper portion, the lower
forming plate 8 and the upper forming plate 24 are arranged so as to face each other, and the
forming space is formed so that the space between plates is sufficiently narrowed to such an
extent that forming is possible. The forming space is formed from the starting position of
forming to a position on the downstream side of the starting position of forming by 300 mm.

[1-2] Circuit:
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[0085] The lower embedded electrode 12, the lower plate main body 10, and the power
source D1 were electrically connected to constitute the circuit 18.

[1-3] Electric Current Detector:

[0086] The electric current detector 20 was electrically connected to the circuit 18.

[1-4] Actuator:

[0087] The actuator 22 moving the upper forming plate 24 up and down in response to an
electric signal from the electric current detector 20 was installed. An air cylinder was used as
the actuator.

[1-5] Production of Gypsum Boards:

[0088] Gypsum boards were produced using the above-described production apparatus. The
production speed of the gypsum board was determined to be 150 m/min. The production
apparatus was operated for 20 days under the condition of continuously operating the
production apparatus for 24 hours per day to find that the number of the cases where the lining
paper sheet was completely torn to stop continuous production was only one.

(Example 2)

[0089] As a production apparatus of Example 2, the production apparatus 1A as illustrated in
Figure 2 was manufactured. The production apparatus was manufactured in the same manner
as in the production apparatus of Example 1 except the matters described below.

[2-1]Forming Plates:

[0090] The production apparatus including a pair of upper and lower forming plates 6 (lower
forming plate 8 and upper forming plate 24) was used. The upper plate main body 26 and the
lower plate main body 10 were constituted from a material obtained by applying hard
chromium plating on an iron material. The lower embedded electrode was not arranged in the
lower forming plate 8, and the upper embedded electrode 28 was arranged in the upper
forming plate 24. The upper embedded electrode 28 was made of a stainless material, and



DK/EP 3000570 T3

had a square section of 6 mm x 6 mm and a square rod-like shape having a length of 1200
mm.

[0091] The upper embedded electrode 28 and the upper plate main body 26 were electrically
insulated by the insulator 30. The insulator 30 was constituted from a phenol resin laminated
plate with a cloth base material. The insulator had an approximately U-shaped section and an
approximately square rod-like shape in which a groove portion was formed. The upper
embedded electrode 28 was filled in the groove portion of the insulator 30, and was embedded
so that a portion (bottom face) thereof was exposed on the surface of the upper plate main
body 26. The insulator 30 was arranged on the front and behind sides of the upper embedded
electrode 28 with a width of 5 mm to electrically insulate the upper embedded electrode 28.
The upper embedded electrode 28 was embedded at a portion ranging from a position on the
downstream side of the forming by 15 mm to a position on the downstream side of the starting
position of forming by 21mm in the upper plate main body 26. That is to say, the upper
embedded electrode 28 was exposed on the surface of the upper plate main body 26 over a
width of 6 mm.

[2-2] Circuit:

[0092] The upper embedded electrode 28, the upper plate main body 26, and the power
source D2 were electrically connected to constitute the circuit 34.

[2-3] Electric Current Detector:

[0093] The electric current detector 20 was connected to the circuit 34.

[2-4] Production of Gypsum Boards:

[0094] Gypsum boards were produced using the above-described production apparatus. The
production speed of the gypsum board was determined to be 150 m/min. The production
apparatus was operated for 20 days under the condition of continuously operating the
production apparatus for 24 hours per day to find that the number of the cases where the lining
paper sheet was completely torn to stop continuous production was only two.

(Example 3)

[0095] As a production apparatus of Example 3, the production apparatus 1B as illustrated in
Figure 3 was manufactured. The production apparatus was manufactured in the same manner
as in the production apparatus of Example 1 except the matters described below.
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[3-1] Forming Plates:

[0096] The lower forming plate 8 was constituted in the same manner as in the production
apparatus of Example 1. The lower embedded electrode 12 was embedded at a portion
ranging from a position on the downstream side of the starting position of forming by 15 mm to
a position on the downstream side of the starting position of forming by 21 mm in the lower
plate main body 10. The upper forming plate 24 was constituted in the same manner as in the
production apparatus of Example 2.

[3-2] Circuit:

[0097] The lower embedded electrode 12, the lower plate main body 10, and the power
source D1 were electrically connected to constitute the circuit 18, and the upper embedded
electrode 28, the upper plate main body 26, and the power source D2 were electrically
connected to constitute the circuit 34.

[3-3] Electric Current Detector:

[0098] The electric current detector 20 was electrically connected to the circuit 18 and the
circuit 34.

[3-4] Production of Gypsum Boards:

[0099] Gypsum boards were produced using the above-described production apparatus. The
production speed of the gypsum board was determined to be 150 m/min. The production
apparatus was operated for 20 days under the condition of continuously operating the
production apparatus for 24 hours per day to find that the number of the cases where the lining
paper sheet was completely torn to stop continuous production was only one.

(Example 4)

[0100] As a production apparatus of Example 4, the production apparatus 1B as illustrated in
Figure 3 was manufactured. The production apparatus was manufactured in the same manner
as in the production apparatus of Example 1 except the matters described below.

[4-1]Forming Plates:
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[0101] The lower forming plate 8 was constituted in the same manner as in the production
apparatus of Example 1 except the position of the lower embedded electrode 12. The lower
embedded electrode 12 was embedded at a portion ranging from a position on the
downstream side of the starting position of forming by 25 mm to a position on the downstream
side of the starting position of forming by 31 mm in the lower main plate main body 10. The
upper forming plate 24 was constituted in the same manner as in the production apparatus of
Example 2.

[4-2] Circuit:

[0102] The lower embedded electrode 12, the lower plate main body 10, and the power
source D1 were electrically connected to constitute the circuit 18, and the upper embedded
electrode 28, the upper plate main body 26, and the power source D2 were electrically
connected to constitute the circuit 34.

[4-3] Electric Current Detector:

[0103] The electric current detector 20 was electrically connected to the circuit 18 and the
circuit 24.

[4-4] Production of Gypsum boards:

[0104] Gypsum boards were produced using the above-described production apparatus. The
production speed of the gypsum board was determined to be 150 m/min. The production
apparatus was operated for 20 days under the condition of continuously operating the
production apparatus for 24 hours per day to find that there were no cases where the lining
paper sheet was completely torn and there were also no cases where the continuous
production was stopped.

(Comparative Example 1)

[0105] As a production apparatus of Comparative Example 1, the production apparatus 100
as illustrated in Figure 4 was manufactured. The production apparatus was manufactured in
the same manner as in the production apparatus of Example 1 except the matters described
below.

[5-1] Forming Plates:
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[0106] The lower embedded electrode was not arranged in the lower forming plate 108.
Instead, the lower external electrode 138 was arranged at a position apart from the end
(downstream end) of the lower forming plate 108 by 10 mm on the downstream side. The
lower external electrode 138 was arranged in a state where the lower external electrode was
electrically isolated from the surroundings. The lower external electrode 138 was made of an
iron material obtained by applying hard chromium plating thereon, and had a square section of
24 mm x 24 mm and a square rod-like shape having a length of 1200 mm. The upper forming
plate 124 was constituted in the same manner as in the upper forming plate 24 of the
production apparatus of Example 1.

[5-2] Circuit:

[0107] The lower external electrode 138, the lower forming plate 108, and the power source
D3 were electrically connected to constitute the circuit 140.

[5-3] Electric Current Detector:

[0108] The electric current detector 120 was electrically connected to the circuit 140.

[5-4] Production of Gypsum Boards:

[0109] Gypsum boards were produced using the above-described production apparatus. The
production speed of the gypsum board was determined to be 150 m/min. The production
apparatus was operated for 20 days under the condition of continuously operating the
production apparatus for 24 hours per day to find that the number of the cases where the lining
paper sheet was completely torn to stop continuous production reached 10.

Industrial Applicability

[0110] The method and apparatus for producing a gypsum board of the present invention can
suitably be used for producing gypsum boards useful as building materials such as ceiling
materials, wall materials, flooring materials.

Reference Signs List
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[0111]

1, 1A, 1B and 1C
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2
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6
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8¢

Downstream end
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14
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16

Lower lining paper sheet
18

Circuit
20

Electric current detector
22
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24

Upper forming plate
24a
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24b
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Upper plate main body
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Upper embedded electrode



30

32

34

36

38

40

100

104

108

116

120

122

124

132

136

138

140

C

Insulator

Upper lining paper sheet
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Patentkrav

1. Fremgangsmade til fremstilling af en gipsplade, hvilken fremgangsmade
omfatter et trin med kontinuerlig indsprgjtning af en gipsopsleemning i et mel-
lemrum mellem et par af gvre og nedre beklaedningspapirark, mens parret af
gvre og nedre beklaedningspapirark tilfares kontinuerligt til dannelse af et
lamineret materiale og for at gore det muligt for det laminerede materiale at
passere mellem et par af gvre og nedre formgivningsplader til opnaelse af et
stobt legeme med en tykkelse, der afhaenger af en afstand mellem pladerne,
kendetegnet ved, at en formgivningsplade omfatter: et hovedpladelegeme,
der bestar af et elektrisk ledende materiale; og en indlejret elektrode, der er
indlejret i hovedpladelegemet, hvor den indlejrede elektrode er elektrisk isole-
ret fra hovedpladelegemet af et isolationsmateriale og er indlejret séledes, at
en del deraf, der er blottet pa en overflade af hovedpladelegemet, der kom-
mer i kontakt med beklaedningspapirarket, anvendes som mindst et af parret
af ovre og nedre formgivningsplader,

et kredslgb dannes ved elektrisk at forbinde hovedpladelegemet og den ind-
lejrede elektrode, der er indlejret i hovedpladelegemet, og der tilfores spaen-
ding til kredslgbet, og

nar beklaedningspapirarket opskaeres for at bringe hovedpladelegemet og
den indlejrede elekirode i kontakt med gipsopslaemningen, og en elektrisk
strem streammer i kredslgbet, udvides afstanden mellem parret af gvre og
nedre formgivningsplader for at fijerne en arsag til ledning, og derefter gen-
skabes afstanden mellem parret af gvre og nedre formgivningsplader til den
oprindelige afstand.

2. Fremgangsmade til fremstilling af en gipsplade ifalge krav 1, hvor den ind-
lejrede elektrode er indlejret ved en del pa en nedstreamsside af en startposi-
tion for formgivning i hovedpladelegemet, hvor startpositionen for formgivning
er en position pa den side af felgende A og B, der er mest nedstroms, hvor:
A er en position af en opstremsende af et af parret af gvre og nedre formgiv-
ningsplader; og

B er en position af en nedstroamsende af en tilspidsende del i en udfgrelses-
form, hvor den tilspidsende del, hvis pladetykkelse i en position i den tilspid-
sende del bliver tyndere, i takt med at positionen naermer sig opstrgmsender
af formgivningspladerne, er dannet i mindst et af parret af gvre og nedre
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formgivningsplader, og en afstand mellem parret af formgivningspladerne i
en position i den tilspidsende del bliver starre, pa grund af den tilspidsende
del, i takt med at positionen naermer sig formgivningspladernes opstrgamsen-
der.

3. Fremgangsmade til fremstilling af en gipsplade ifglge krav 2, hvor den ind-
lejrede elektrode er indlejret i hovedpladelegemet ved en del i et omrade fra
startpositionen for formgivning til en position pa en nedstremsside af startpo-
sitionen for formgivning med 50 mm.

4. Fremgangsmade til fremstilling af en gipsplade ifolge et af kravene 1 til 3,
hvor mindst et materiale, der er valgt fra gruppen bestaende af phenolhar-
pikslaminerede plader med et vaevbasismateriale, phenolharpikslaminerede
plader med et papirbasismateriale, epoxyharpiks-impraegneret glasfiberveev
0g epoxyharpiks-impraegneret papir, anvendes som isolationsmaterialet.

5. Fremgangsmade til fremstilling af en gipsplade ifolge et af kravene 1 til 4,
hvor mindst et materiale, der er valgt fra gruppen bestéende af jernmateria-
ler, materialer af rustfrit stal og aluminiummaterialer eller et materiale, der er
opnaet ved at pafare hard forkromning derpd, anvendes som det elektrisk
ledende materiale.

6. Indretning til fremstilling af en gipsplade, omfattende et par af ovre og ned-
re formgivningsplader (24, 8) til dannelse af et lamineret materiale, der opnés
ved at indsprajte en gipsopsleemning (4) i et mellemrum mellem et par af gv-
re og nedre bekladningspapirark (32, 16), hvor det laminerede materiale har
en tykkelse, der afheenger af en afstand mellem pladerne (24, 16), kende-
tegnet ved, at mindst et af parret af ovre og nedre formgivningsplader (24,
8) omfatter: et hovedpladelegeme (26, 10), der bestar af et elektrisk ledende
materiale; og en indlejret elekirode (28, 12), der er indlejret i hovedpladele-
gemet, hvor den indlejrede elektrode er elektrisk isoleret fra hovedpladele-
gemet af et isolationsmateriale (30, 14) og er indlejret saledes, at en del der-
af, der er blottet pa en overflade af hovedpladelegemet, der kommer i kontakt
med beklaedningspapirarket,

et kredslgb (18, 34, 40) dannes ved elekirisk at forbinde hovedpladelegemet
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og den indlejrede elekirode, der er indlejret i hovedpladelegemet, og indret-
ningen endvidere omfatter:

en detektor (20) for elektrisk strom, der er elektrisk forbundet med kredslo-
bet; og

en aktuator (22), der bevaeger mindst en af formgivningspladerne op og ned
som reaktion pa et elektrisk signal fra detektoren for elektrisk stram.

7. Indretning til fremstilling af en gipsplade ifelge krav 6, hvor den indlejrede
elektrode (28, 12) er indlejret ved en del pa en nedstramsside af en startposi-
tion for formgivning i hovedpladelegemet (26, 10), hvor startpositionen for
formgivning er en position pd den side af folgende A og B, der er mest ned-
strgms, hvor:

A er en position af en opstramsende (24a, 8a) af et af parret af ovre og nedre
formgivningsplader (24, 8); og

B er en position af en nedstremsende (24c, 8c) af en tilspidsende del (24b,
8b) i en udfgrelsesform, hvor den tilspidsende del, hvis pladetykkelse i en
position i den tilspidsende del bliver tyndere, i takt med at positionen naermer
sig opstramsender af formgivningspladerne, er dannet i mindst et af parret af
gvre og nedre formgivningsplader, og en afstand mellem parret af formgiv-
ningspladerne i en position i den tilspidsende del bliver storre, pa grund af
den tilspidsende del, i takt med at positionen naermer sig formgivningspla-
dernes opstramsender.

8. Indretning til fremstilling af en gipsplade ifelge krav 7, hvor den indlejrede
elektrode (28, 12) er indlejret i hovedpladelegemet (26, 10) ved en del i et
omrade fra startpositionen for formgivning til en position pa en nedstromsside
af startpositionen for formgivning med 50 mm.

9. Indretning til fremstilling af en gipsplade ifglge et af kravene 6 til 8, hvor
isolationsmaterialet (30, 14) bestar af mindst et materiale, der er valgt fra
gruppen bestaende af phenolharpikslaminerede plader med et vaevbasisma-
teriale, phenolharpikslaminerede plader med et papirbasismateriale, epoxy-
harpiks-impraegneret glasfibervaev og epoxyharpiks-impraegneret papir.

10. Indretning til fremstilling af en gipsplade ifolge et af kravene 6 til 9, hvor
det elektrisk ledende materiale er mindst et materiale, der er valgt fra grup-
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pen bestadende af jernmaterialer, materialer af rustfrit stal og aluminiummate-
rialer eller et materiale, der er opnéet ved at pafore hard forkromning derpa.
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[Figure 3]

[Figure 4]
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