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As a lower forming plate 8, a forming plate having: a lower plate main body 10 constituted from an electrically conductive material;
and a 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 an 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 a lower lining paper sheet 16 Is used.
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ABSTRACT

As a lower forming plate 8, a forming plate having: a lower
plate main body 10 constituted from an electrically conductive
material; and a 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 an
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 a lower lining paper sheet 16 is used.
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DESCRIPTION

Title of Invention
GYPSUM ROARD MANUFACTURING METHOD AND MANUFACTURING DEVICE

Technical Field
[0001] The present invention relates to a method and an

apparatus for producing a gypsum board.

Background Art

[0002] A gypsum board 1s a sheet-like body having a
structure 1n which an upper face, a lower face, and left and
right side faces of a gypsum slab are covered by lining paper

sheets, and 1s widely used as building materials such as ceiling

materials, wall materials, and flooring materials.

10003] As a method for producing a gypsum board, the
following productionmethod for example 1s known. Firstofall,
a laminated material 1n which a gypsum slurry 1s continuously
injected 1nto a gap between a pair of lining paper sheets are

formed while continuocusly supplyving the pair of lining paper

sheets. In forming the laminated material, the lower lining
paper sheet 1s hold upward along a marked line formed 1n the
edge portions of both sides thereof. Thereby, the upper face
of the gypsum slurry 1is 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 1lining paper sheet. The
laminated material formed in this way 1is 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, 1n such a productionmethod, there has been

a problem that when, for example, the gypsum slurry 1s
contaminated by foreign bodies (such as a lump of gypsum ),
the foreign bodles are caught between a pair of upper and lower

forming plates and the 1lining paper sheet 1s cut by the foreign
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bodies. Theproblemisbrought about because the foreign bodies
larger than the space between a palr 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 1s 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 1s
continued with the situation where the foreign bodies are caught
left unchanged, the lining paper sheet continuously supplied
153 continued to be cut, resulting in continuous production of
defective gypsum board products. Moreover, when such a
situation 1s continued, the lining paper sheet is finally torn
completely, and therefore not only supply of the 1lining paper

pi—

sheet but also production of the gypsum board cannot be

continued. In such a case, complicated operation i1n which the
foreign bodies are immediately removed, then the lining paper
sheets are supplied again between the pair of upper and lower
forming plates, and the gypsum slurry 1is i1njected 1nto the gap
of the palr 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
producling a gypsum board constituted so that a space between
a palr of upper and lower forming plates is expanded when the
cut of the lining paper sheet 1s detected (Patent Literature
1l). The apparatus 1includes, for example, as shown 1n an
apparatus 100 for producing a gypsum board as 1llustrated 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 i1is 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
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source D are electrically connected to the circuit 140.

[0006] The apparatus 100 for producing a gypsumboard makes
1T possible to detect the cut of the 1lining paper sheet by making
use of the fact that the lining paper sheet 1s an insulator and

gr—

the gypsum slurry is a good conductor of electricity. That 1is

to say, 1n the apparatus 100 for producing a gypsum board, when
the lower lining paper sheet 116 that i1s an insulator is cut,
the gypsum slurry that 1s a good conductor makes contact with
the lower side forming plate 108 and the lower side external

electrode 138 and an electric current flows 1n 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
prlates. Thereafter, whenthepositionof the upper side forming
rlate 124 1s 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, 1n addition to
the detection of the cut of the 1lining paper sheet attributable
to contamlination of foreign bodies, the existence of defects
can be detected because the gypsum slurry leaks out also 1n the

case where defects (holes) are originally open 1n the 1lining

paper sheet which makes an electric current to flow 1n the

circult 140.
Citation List

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

Summary of Invention
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(0008 ] However, the cases where the lining paper sheet
is torn immediately after the foreign bodies 1n 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 1s becoming higher due €O
the technological innovation of gypsum board production
technology in recent years, and therefore the tension
applied on the lining paper sheet 1is 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 easiler 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; procduction in which tension
applied on the lining paper sheetls is increasing; and
production with a lining paper sheet having reduced weilght
and thickness, without stopping the production.

[0010] The present invention has been completed with a
view to solving the problems of the conventional
technologies, and provides a method and an apparatus Ifor
producing a gypsum board making it possible to continuously

produce a gypsum board, the method and apparatus beilng

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 stopplng

the production.

(0011} The present inventors have conducted diligent
studies on the above-described problems. The present
invention provides embedding inside the forming plate an
celectrode for detecting paper cut which have conventionally

been arranged on the downstream side of the end of the

forming plate.
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[0012] According to an aspect of 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 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 clrcult 1s constituted by electrically connecting the
plate main body and the embedded electrode embedded 1in the
plate main body, and voltage 1s 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 1n the cilrcuit,
the space between the pair of upper and lower forming
plates 1s expanded to remove a cause of conduction, and
thereafter the space between the pair of upper and lower
forming plates 1s restored to the space between the pair of
upper and lower forming plates before the expansion.

[0013] In the production method of the present
invention, it is preferable that the embedded electrode 1s
embedded at a portion on the downstream side of the
following starting position of forming 1in the plate main
body.

[Starting Position of Forming]

A position on the most downstream side of the following (1)

and the following (2):

(1) a position of an upstream end of either one of the palr

of upper and lower forming plates; and
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(2) a position of a downstream end of a taper portion in an
embodiment whereln the taper portion whose plate thickness at
a position 1n the taper portion becomes thinner as the position
approaches upstream ends of the forming plates 1s formed 1n at
least one of the pair of upper and lower forming plates, and

f—

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.

(00141 Moreover, 1n the production method of the present
invention, 1t 1is preferable that: the embedded electrode is

embedded, i1n the plate main pbody, 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 1s used as the insulator; and at least

one material selected from the group consisting of i1ron

materials, stainless steel materials, and aluminum materials,
or amaterial obtained by applying hard chromium plating thereon
1s used as the electrically conductive material.

[0015] Furthermore, according to the present invention,
there 1s provided an apparatus for producing a gypsum board
comprising a palr 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,
the laminated material having a thickness depending on a space
petween the plates, wherein at least one of the palr of upper

and lower forming plates comprises: a plate main body

constituted from an electrically conductive material; and an
embedded electrode embedded 1in the plate main body, the embedded
electrode beingelectrically insulated from the plate main body

by an 1insulator and being embedded so as for a portion thereof

to be exposed on a surface of the plate main body making contact
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wlth the lining paper sheet, a circult 1s 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 1n response to an electric
signal from the electric current detector.

[0016] In the production apparatus of the present
invention, 1t 1s preferable that the embedded electrode 1is
embedded at a portion on a downstream side of the following
starting position of forming in the plate main body.
[Starting Position of Forming]

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

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

(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 1s 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
1n the taper portion becomes larger, due to the taper portion,
as the position approaches the upstream ends of the forming
plates.

00171} Further, in the productlion apparatus of the present
invention, 1t 1s preferable that: the embedded electrode is
embedded, 1n 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 1nsulator 1s constituted fromat least onematerial selected
from the group consisting of phenol resin laminated plates with
a cloth base material, phenol resin laminated plates with a
paper basematerial, epoxy resin-1mpregnated glass fiber cloth,
and epoxy resin-impregnated paper; and the electrically

conductive material 1s at least one material selected from the
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group consisting of iron materials, stainless steel

materials, and aluminum materials, or a material obtained

by applying hard chromium plating thereon.

0018 | According to the method or apparatus for
producing a gypsum board, 1t may be 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 i1s increasing, and production with a
lining paper sheet having reduced weight and thickness,

without stopping the production.

Brief Description of Drawing

'0019] [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

F

producing a gypsum board of the present invention.

[Figure 4] Figure 4 1is 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 Ior

producing a gypsum board of the present invention.
[Figure 6A] Figure ©0A 1s a conceptual diagram schematically
explaining a starting position of forming 1n 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
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explaining a starting position of forming in an apparatus for
produclng a gypsum board of the present invention.

[Figure 6D] Figure 6D 1s a conceptual diagram schematically
explaining a starting position of forming in an apparatus for

producing a gypsum board of the present invention.

L+

[Figure 6E] Figure 6E is a conceptual diagram schematically
explalning a starting position of forming in an apparatus for

producling a gypsum board of the present invention.

Description of Embodiments

10020] Hereinafter, the present invention will be

explained i1n detail. However, the present invention 1s not

limited to the following embodiments and includes all the
objects contalining matters used to specify the present

invention.
[0021] [1] Method for Producing Gypsum Board:

Themethod for producing a gypsumboard relates to amethod
for producing a gypsum board, the method comprising a step of
continuously injecting a gypsum slurry into a gap between a pair
cf 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
Lo pass between a pair of upper and lower forming plates to obtain
a molded bcdy having a thickness depending on a space between

the plates.
10022 ] For example, any of a production apparatus 1 as

1llustrated in Figure 1, a production apparatus 1A as

1llustrated in Figure 2, a production apparatus 1B as

1llustrated in Figure 3, and a production apparatus 1C as

l1llustrated in Figure 5 1s a production apparatus capable of
conducting the production method of the present invention, and

with the production apparatuses, the step of continuously

1}

injecting the gypsum slurry 4 into the gap between a pair o:

upper and lower lining paper sheets 2 while continuocusly

supplying the palir of upper and lower lining paper sheets 2 to

form a laminated material and allowing the laminated material



CcaA 02911743 2015-11-04

10

to pass between the palr of upper and lower forming plates 6
to obtain amolded body having a thickness depending on the space
between the plates.

[0023] The gypsum slurry 1s a slurry containing calcined

gypsum (B-type hemihydrate gypsum and a-type hemihydrate

gypsum) and water asmain components. In the present invention,

the gypsum slurry includes a slurry using type III anhydrous

gypsum 1n place of part or the whole of the calcined gypsum.
The gypsum slurry may contain an additive such as an adhesion
lmprover, a curlng accelerator, or an admixture ingredient in
addition to calcined gypsum and water.

(0024 ] The lining paper sheet is a 1lining paper sheet for

producing a gypsum board. In the present invention, the lining
paper sheet Includes a glass fiber mat for producing a gypsum
bocard. A sizing agent 1s mixed i1n 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
wlth the gypsum slurry) immediately after the 1ining paper sheet
makes contact with the gypsum slurry, and the 1ining paper sheet
functions as an insulator. The thickness of the lining paper
sheet 1s not particularly limited, however lining paper sheets
having a thickness of 0.2 to 1.0 mm are usually used.

[0025] 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 invention
can sultably be used when gypsum boards are produced at a
production speed of 60 m/min or more.

[0026] [1-1] Forming Plates:

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
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on a surtace of the platemain body making contact with the 1ining

paper sheet 1s 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
pecomes possible to detect the cut of the lining paper sheet
carlier than in the case where the electrode is arranged on the

P

downstream side of the end of the plate main body.

(0027 ] For example, when it is necessary to detect the cut
of the lower lining paper sheet, a forming plate having: the
lower plate main bedy 10 constituted from an electrically

conductive material; and the lower embedded electrode 12

embedded 1n the lower plate main body 10, the lower embedded
electrode 12 being electrically insulated from the lower plate

malin 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 1s used as the lower forming plate 8, as shown in the

production apparatus 1 as illustrated in Figure 1.

100281 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
clectrically 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 .

[0029] Further, when 1t 1s necessary to detect the cut of
pboth 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

empedded electrode 12 and the forming plate having an upper
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cmbedded 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.

[0030] Furthermore, an external electrode for detecting
the cut of paper can be installed outside of the forming plate
1n addition to the embedded electrode for the purpose of backing
up the embedded electrode. In the production apparatus 1C as

1llustrated in Figure 5 for 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
i1s further installed cutside 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. 1In
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
py the circuit 18 including the embedded electrode 12, the lower
plate main body 10, and the power source Dl1.

(0031 ] In addition, the lower external electrode 38 as
illustrated 1n Figure 5 can also be installed in the production

apparatus 1A as 1llustrated in Figure 2 or the production

apparatus 1B as 1llustrated 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.

[0032] An upper external electrode (not illustrated in
fligures) 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
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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 1n the circuit 40 1ncluding the lower external
electrode 38 as 1llustrated in Figure 5, thereby making 1t

P

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.

[0033] In the method for producing a gypsum board of the
present invention, the constitution of the lower forming plate

and upper forming plate 1s particularly important.

Specifically, the positicn where the upper embedded electrode

or lower embedded electrode 1s arranged, the material quality

of the i1nsulator, 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.
[0034] [1-2] Circuit:

In the production method of the present invention, the

clrculit 1s constituted by electrically connecting the plate
malin body and the embedded electrode embedded in the plate main
body, and voltage 1s applied to the circuit. Thereby, it

becomes possible to detect the cut of the lining paper sheet
when the plate malin body and the embedded electrode make contact

with the gypsum slurry and an electric current flows.

[0035] For example, when 1t 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 1272 and the lower plate main body 10 to apply voltage
to the circuit 18 as 1llustrated 1n Figure l. On the other hand,
when 1t 1s 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
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maln body 26 to apply voltage to the circuit 34 as illustrated

1n 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 clrcuit 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 i1llustrated in Figure 3.

[0036] 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
1s 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

Cas 1llustrated 1n Figure 1 to Figure 3. Even a small electric

potential difference can be detected by connecting these plate
maln bodies to the ground.
[0037] [1-3] Expansion of Space between Plates:

In the production method of the present invention, the
space between a palir of forming plates 1s 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 1ining paper sheet does not continue to be cut
due to the foreign bodies, and it never occurs that the lining
paper sheet 1s completely torn and the production is stopped.

(0038 ] In the case where the production apparatus 1 as

1llustrated 1in Figure 1 is used for example, the space between
a palr of the forming plates 6 can be expanded when an electric
current flows 1in 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 lllustrated in Figure 2 1is used, the space between a pair
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of the forming plates 6 can be expanded when an electric current
flows 1n the circuit 34 (namely, when the cut of the upper lining

paper sheet 32, or the like 1s detected). Further, in the case

where the production apparatus 1B as illustrated in Figure 3
1s 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 1is

detected) .
[0039] Examples of the method for expanding the space

between forming plates include: (1) a method in which the upper
forming plate 1s lifted while maintaining a state where the
tower forming plate 1s fixed; (11) a method in which the lower
forming plate is brought down while maintaining a state where

the upper forming plate is fixed; and (iii) a method in which

the upper forming plate 1s lifted and the lower forming plate
1s brought down, and so on. The method (i) in which the upper
forming plate 24 1s lifted while maintaining a state where the
lower forming plate 8 1s fixed 1s adopted inany of the production

apparatus 1 as 1llustrated in Figure 1, the production apparatus

1A as 1llustrated in Figure 2, and the production apparatus 1B

as 1llustrated in Figure 3. That 1s to say, the upper forming
plate 24 1s lifted to a position shown by broken lines in Figure
1 to Figure 3. Such method is more preferable than the method

(11) and the method (iii) 1in terms of easiness of flow of the

lower lining paper sheet when the space between the forming

plates 6 1s expanded. However, the method (ii) or the method
(111) may be adopted for the purpose of making the cleaning of

an apparatus easy, or other purposes.
[0040] 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 1s 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 i1s made short toallow the foreign bodies

to pass, and 1t 1s further preferably to expand the space by
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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.

[0041] The means for expanding and restoring the space
between the forming plates 1s 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 i1s detected. The
actuator will be explained specifically in the secticon of
Apparatus for Producing Gypsum Board.

(00421 [1-4] Restoration of Space between Plates:

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
petween the forming plates”. The situation where the foreign
bodles are caught between the forming plates again and the
lining paper sheet is cut can be prevented by restoring the space
petween the forming plates to the original space after the
foreign bodies pass between the forming plates. And, the
production of the gypsum becard (the step of obtaining a molded
pody depending on the space between the forming plates) is
restarted. When such a method is adopted, i1t never occurs that
the lining paper sheet 1is completely torn and the production
1s stopped. That i1s to say, it is not necessary to conduct
complicated operation in which the foreign bodies are remcved,
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 upper and lower 1lining

paper sheets to restart the production.

[0043] Whether the cause of conduction 1s removed or not
1s 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
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has stopped flowing can be detected by the electric current

detector or the like which is electrically connected to the

circult. Examples of themethod for restoring the space between

the plates to the original space after the foreign bodies pass

petween the plates include a method in which the passing time

requlired 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
1s restored to the original space after the elapse of the passing
time. Further, the examples also include a method in which the

—

numper of revolutions of the roll of a belt conveyor for feeding

the laminated body 1s 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 1s restored to the original space after
the number of revolutions of the rcll thus determined is
counted.

(0044 ] The speed of restoring the space between the forming
plates 1s 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 1s not cut or the gypsum slurry on the

lower lining paper sheet overflows and leaks outside.

(0045] [2]Apparatus for Producing Gypsum Board:
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 i1nvention 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.

1004¢] [2-1] Forming Plates:

T'he production apparatus of the present invention
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includes a pair of upper and lower forming plates for forming

a laminated material obtained by 1injecting a gypsum slurry 1nto
a gap between a pailr 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 1l as 1llustrated in Figure 1, the production apparatus

1A as 1llustrated in Figure 2, and the production apparatus 1B

as illustrated in Figure 3 includes a palr of upper and lower

forming plates 6 (lower forming plate 8 and upper forming plate
24) for forming a laminated material obtained by 1njecting 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.

10047 ] At least one of a pair of upper and lower forming
plates in the production apparatus of the present 1nvention has:
a plate main body constituted from an electrically conductive
material; and an embedded electrode embedded 1n the plate main
body. With the embedded electrode, 1t becomes possible to
detect the cut of the 1lining paper sheet early.

(0048 ] For example, 1n the production apparatus 1 as
11llustrated in Figure 1, the lower forming plate 8 has: the lower
platemain 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 1llustrated in Figure 2, the
upper forming plate 24 has: the upper plate maln body 26; and
the upper embedded electrode 28 embedded 1n the upper plate main
body 26 for the purpose of detecting the cut of the upper 1lining
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 1n which the lower forming plate 8 has: the lower
plate maln body 10; and the lower embedded electrode 12 embedded
1n 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 1n the upper plate main body 26, as shown

in the production apparatus 1B as illustrated 1n Figure 3.
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(0049} The plate main body 1s 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 lmportant member that determines the thickness of a molded
body, 1t 1s necessary to avoid a change in shape attributable
CO wear as much as possible. Accordingly, it is preferable that
the electrically conductivematerial that constitutes the plate
main pbody 1s at least one material selected from the group
consisting of 1ron 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.

[Q050] It 1s preferable that a material that constitutes

the embedded electrode 1s 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 1n the plate main body. The shape of the embedded

electrode 1s not particularly limited and may be used as long

as the shape has a width to cover the entire width of a gypsum

poard to be produced. The embedded electrodes having various
kinds of shapes such as, for example, round rod-like, sqguare
rod-like, and sheet-like shapes can be used.

005 1] The embedded electrode 1s electrically insulated
by an 1nsulator from the plate main body in which the embedded
clectrode 1s embedded. Thereby, it is possible to prevent a
short circult between the embedded electrode and the plain main
body, and 1t 1s also possible to surely detect an electric
current that flows between the embedded electrode and the plate
maln body.

(0052 ] For example, 1n the production apparatus as
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1llustrated in Figure 1, the lower embedded electrode 12 and
Che lower plate main body 10 are electrically insulated by the
insulator 14. On the other hand, in the production apparatus
1A as 1llustrated 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
1llustrated 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 20 are also 1nsulated by the insulator 30.

[0053] In the production apparatus of the present
1nvention, not only the embedded electrode but also the
insulator 1s embedded in the plate main body. Since the plate
malin body is an important member that determines the thickness
of a molded body, 1t 1s 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 1nsulation performance is required for the insulator.
Moreover, since the insulator is a member that is embedded in
the plate main body, 1t 1is preferable, for the purpose of
preventing voids or level difference between the insulator and
the plate main body cr embedded electrode from occurring, that:
(1) the insulator 1s 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 1n size over time.

(0054 ] Conventionally, since 1t has been difficult to
design an insulating material that satisfies the
above-descrilbed requirements, 1t has been common general

technical knowledge that a molded plate is constituted from a
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inside the molded plate has not existed. For this reason, it
is considered that a lower external electrode 138 for detecting
the cut ot paper has been arranged on a further downstream side
of the downstream end of the forming plate (lower forming plate
108) as shown 1n the production apparatus 100 as illustrated
1n Figure 4. 1In order to solve the above-described problem of
the 1nsulating material, 1t 1s preferable that the insulator
15 constituted from at least one material selected from the
group consisting of phenol resin laminated plates with a cloth
basematerial (also referred toas “cloth-containing bakelite”),
phenol resin laminated plates with a paper base material (also
referred to as “paper-containing bakelite”), epoxy
resin-1mpregnated glass fiber cloth (also referred to as
“glass-epoxy resins” ), and epoxy resin—-1mpregnated paper (also
referred to as “paper-epoxy resins”). These materials can
sultably be used because of favorable wear resistance,

processability, and size accuracy in addition to insulation

performance. It 1is particularly preferable to use the phenol
resin laminated plate with a cloth base material that is

excellent 1n wear resistance, processability, and size accuracy

among the above-described materials.

[0055] In the production apparatus of the present
invention, the embedded electrode 1s 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,
1t 1s preferable that the embedded electrode is arranged so that
there 15 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 1s arranged so that there

1S no gap between the embedded electrode and the insulator that

wlll be mentioned later.

[(0056] For example, 1n the production apparatus 1 as

1llustrated 1n Figure 1, the rod-like lower embedded electrode
12 1s filled in the groove portion of the insulator 14 having

an approximately U-shaped section, and is embedded so as for
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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-1like

upper embedded electrode 28 is filled in the groove portion of
the 1nsulator 30 having an approximately U-shaped section, and
1s embedded so as for a portion thereof (bottom face) to be

exposed on the surface of the upper platemainbody 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 1s 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
1n 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.

[0057] It 1s preferable that the forming plates have an
embodiment 1n 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 1is made, the holdup of the
gypsum slurry is prepared ilmmediately 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
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are fixed, attributable to the above-described internal voids.

L0058] For example, 1In the production apparatus 1 as

1llustrated in Figure 1, the production apparatus 1A as

1llustrated in Figure 2, the production apparatus 1B as

1llustrated i1n Figure 3, and the production apparatus 1C as

1llustrated 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 1s 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 upstreamend. 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 i1n 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).

(0059] In the production apparatus of the present
invention, 1t 1is preferable that the embedded electrode 1is
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
maln body, at a portionwithin 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 1is 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 i1s 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

Lo occur. Accordingly, 1n order to detect the cut of the lining
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paper sneet early, 1t canbe 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.
(0060 ] 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

Chat the embedded electrode is embedded at a position somewhat

downstream side of the starting position of forming in the plate
maln 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 1s conducted, it is preferable that the embedding

electrode 1s embedded at a portion on further downstream side

in the platemain body than in the case where low speed production
1s conducted. Specifically, it is preferable that the embedded
clectrode 1is 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.

[0061] 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

aownstream side of the starting position of forming

(particularly, 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) considering the

production speed.

(0062 ] 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 palr

of lining paper sheets is started, and specifically means a
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position on the most downstream side of the following (1) and
the following (2). Hereinafter, explanation will be made on
Che 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

4

forming plates are i1llustrated in Figure ©6A to Figure 6E for

the convenience of drawing. Moreover, the thickarrowin Figure

n

6A to Figure 6E shows a transportation direction (namely,

downstream direction) of the laminated material.

P

= the pair of

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

(2) a position of a downstream end of a taper portion in an
embodiment wherein the taper portion whose plate thickness at
a position 1n 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 palr 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.

00631 The production apparatus of the present invention
1s 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 palr of upper and lower forming plates are arranged so as to
tface each other, and forming is started at a position where the
space of the plates is sufficiently narrowed to such an extent
that forming 1s 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.

10004’ In the example as 1llustrated in Figure 6A for

example, the position of the upstream end 24a of the upper
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forming plate 24 and the position of the upstream end 8a of the
lower forming plate 8 are located on one straight line. That
1s to say, on the downstream side of the upstream ends 24a and
3a, a palr of upper and lower forming plates € are arranged so
as to face each other, and the space between plates are
sufficlently 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.

00065 ] Moreover, 1n the example as illustrated in Figure

0B, the pair of upper and lower forming plates are arranged so
that the upstream end 8a of the lower forming plate 8 protrudes
on the upstream side of the upstreamend 24a of the upper forming
plate 24. 1In 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

sutficlently 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.
1000606] 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 1s 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
Lo the taper portion, as the position approaches the upstream
cnds 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

pbetween the pair of upper and lower forming plates at a position
1n 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
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the side of a face that makes contact with the 1lining paper sheet
1n the forming plate.

[0067] In the example as 1llustrated 1n Figure 6C for
example, the position of the upstream end 24a of the upper
torming plate 24 and the position of the upstream end 8a of the
lower forming plate 8 are located on one straight line. That
1s 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 Z4a 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
porticn 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

r—

petween the pair of upper and lower forming plates 6 is

sufficlently narrowed becomes the starting position of forming
P.

[0068] Moreover, also 1n 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
palir 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 ¢ becomes larger at the position of the upstream
end Z4a 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 1s 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 pbecomes the starting position of forming P.

[00069] Further 1n the example as shown in Figure 6E, it
can be said that the upper and lower forming plates are arranged
so that the upstreamend 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 palr of upper and lower forming plates 6 are
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arranged so as to face each other on the downstream side of the
upstream end Z24a 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 1s not sufficiently narrowed to such an extent that
forming 1s 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 1is

sufficiently narrowed becomes the starting point of forming P.
(00701 {2-21 Circuit:

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 1s embedded.

[0071] For example, the production apparatus 1 as

illustrated 1n Figure 1 1s an example in which the circuit 18

1s constituted by electrically connecting the lower embedded
electrode 12, the lower plate main body 10, and the pour source
DI. On the other hand, the production apparatus 1A as
1llustrated in Figure 2 is an example in which the circuit 34
1s 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
circult 34 may be constituted by electrically connecting the
upper embedded electrode 28 and the upper plate main body 26
in addition to the circuilit 18 constituted by electrically

connecting the lower embedded electrode 12 and the lower plate

main body 10.

[0072] Furthermore, as 1llustrated in Figure 5, the

circult 40 1ncluding the lower external electrode 38, the lower
plate main body 10, and the power source D3 may be constituted
1in addition to the circuilt 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
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as 11llustrated in Figure 2 (not shown 1n 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).
00731 [2-3] Electric Current Detector:

The apparatus for producing a gypsum board of the present
invention 1ncludes 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.
(0074 ] For example, the production apparatus 1 as

1llustrated 1n Figure 1 includes an electric current detector

20 that 1s electrically connected to the circuit 18, and makes

1t 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 1ncludes 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 1llustrated i1n Figure 3 includes an electric
current detector 20 that 1is electrically connected to both the
clrcult 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
exlst, a plurality of circuits 18 and 34 may share the electric
current detector 20 as i1llustrated in Figure 3.

[0075] [2-4]Actuator:

T'he apparatus for producing a gypsum board of the present
invention includes an actuator that moves at least one of
forming plates up and down 1n response to an electric signal
from the electric current detector.

[0076] For example, the production apparatus 1 as
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1llustrated in Figure 2, the production apparatus 1B as

1llustrated in Figure 3, and the production apparatus 1C as
1llustrated 1in 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
productlon 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).
[0077] 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

(0078] Hereinafter, the present invention will be

explalned in more specifically by Examples and Comparative

Examples. However, the present invention isnot limited toonly

the constitution of the following Examples.
[0079] (Example 1)

As a production apparatus of Example 1, the production

apparatus 1 as 1llustrated 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) 1is transferred
from the right-hand side to the left-hand side in the figure.
The production apparatus 1s constituted so that the gypsum
slurry 4 1s continuously supplied on the lower lining paper
sheet lo. The roll 36 1s a roll for changing the supplying
direction of the upper lining paper sheet 32.

[0080] {1-1] Forming Plates:

The production apparatus including a pair of upper and
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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
empedded 1n 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
o mm X 6 mm and a square rod-like shape having a length of 1200
mm.

[0081] The lower embedded electrode 12 and the lower plate

main body 10 were electrically insulated by the insulator 14.

The 1nsulator 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 1n which a groove portion was formed. The lower
embedded electrode 12 was filled in the groove portion of the
1insulator 14 and was embedded so that a portion thereof (upper
face) was exposed on the surface of the lower plate main body
10. The i1insulator 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 1s 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.

[0082] 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
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sufficiently narrowed to such an extent that forming is possible.

The forming space 1s formed from the starting position of

forming to a position on the downstream side of the starting

position of forming by 300 mm.
[0083] [1-2] Circuit:
The lower embedded electrode 12, the lower platemain body

10, and the power source D1 were electrically connected to

constitute the circuit 18.
[0084] [1-3] Electric Current Detector:

The electric current detector 20 was electrically

connected to the circuit 18.
(0085][11-4] Actuator:

The actuator 22 moving the upper forming plate 24 up and
down 1n response to an electric signal from the electric current
detector 20 was 1nstalled. An air cylinder was used as the
actuator.

[0086] [1-5] Production of Gypsum Boards:

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
operatea 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.
[0087] (Example 2)

As a production apparatus of Example 2, the production

apparatus 1A as 1llustrated 1n Figure 2 was manufactured. The

productlion apparatus was manufactured in the same manner as in

the production apparatus of Example 1 except the matters
described below.
10088 [2-1] Forming Plates:

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

py applying hard chromium plating on an iron material. The



CcaA 02911743 2015-11-04

33

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

[0089] The upper embedded electrode 28 and the upper plate
main body 26 were electrically insulated by the insulator 30.
The i1nsulator 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)
thereot was exposed on the surface of the upper plate main body
26. The insulator 30 was arranged on the front and behind sides
ot the upper embedded electrode 28 with a width of 5 mm to

electrically insulate the upper embedded electrode 28. The

upper embedded electrecde 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 21lmm in the upper plate main body 26. That 1is
to say, the upper embedded electrode 28 was exposed on the
surface of the upper plate malin body 26 over a width of © mm.
(0090] [2-2] Circuit:

The upper embedded electrode 28, the upper platemain body
26, and the power source DZ2 were electrically connected to
constitute the circuit 34.
[0091] [2-3] Electric Current Detector:

The electric current detector 20 was connected to the
circult 34.
[0092] [2-4] Production of Gypsum Boards:

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
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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.

(0093] (Example 3)
As a production apparatus of Example 3, the production

apparatus 1B as 1llustrated 1in 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.
(10094][3-1] Forming Plates:

The lower forming plate 8 was constituted in the same

manner as 1n 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 1n the production apparatus of Example 2.
(00951 [3-2] Circuit:

The lower embedded electrode 12, the lower platemain 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.

(00906] [3-3] Electric Current Detector:

The electric current detector 20 was electrically

connected to the circuit 18 and the circuit 34.

[0097] [3-4] Production of Gypsum Boards:
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 continuocusly

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.

(0098 ] (Example 4)
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As a production apparatus of Example 4, the production

apparatus 1B as 1llustrated 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.
[0089] [4-1]Forming Plates:

The lower forming plate 8 was constituted in the same

manner as 1n 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 1n the production apparatus of Example 2.
[0100]{4-2] Circuit:

The lower embedded electrode 12, the lower plate main body
10, and the power source Dl 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.

10101] [{4-3] Electric Current Detector:

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

[0102] [4-4] Production of Gypsum boards:

Gypsum boards were produced using the above-described
production apparatus. The productiocn 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.

[0103] (Comparative Example 1)

As a production apparatus of Comparative Example 1, the

production apparatus 100 as i1llustrated in Figure 4 was
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manufactured. The production apparatus was manufactured in

the same manner as in the production apparatus cof Example 1
except the matters described below.
[0104] [5-1] Forming Plates:

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 1n 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.
(0105] [5=2] Circuit:

The lower external electrode 138, the lower forming plate
108, and the power source D3 were electrically connected to
constiltute the circuit 140.
[0100] [5-3] Electric Current Detector:

T'he electric current detector 120 was electrically

connected to the circuit 140.

(0107} [5-4] Production of Gypsum Boards:

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
(0108] The method and apparatus for producing a gypsum
poard of the present invention can suitably be used for

producing gypsum boards useful as building materials such as
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celling materials, wall materials, flooring materials.

Reference Signs List
(0109]1, 1A, 1B and 1C (Gypsum board) Production apparatus

2
4
0
8

3a

8
8C

10
12
14
16
18
20
22
24
24a
24b
24c
26
28
30
32
34
36
38
40
100
104
108
116
120
122

Lining paper sheet
Gypsum slurry

Forming plate

Lower forming plate
Upstream end

Taper portion

Downstream end

Lower plate main body
Lower embedded electrode
Insulator

Lower lining paper sheet
Circuilt

Electric current detector
Actuator

Upper forming plate
Upstream end

Taper portion

Downstream end

Upper plate malin body
Upper embedded electrode
Insulator

Upper lining paper sheet
Circuit

Roll

Lower external electrode
Circu1it

(Gypsum board) Production Apparatus
Gypsum slurry

Lower forming plate

Lower linling paper sheet

Electric current detector

Alr cylinder
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124 Upper forming plate

132 Upper lining paper sheet
136 Roll

138 Lower external electrode

140 Circult

C Ground

D, D1, DZ2, and D3 Power source

P Starting positon of forming
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A method for producing a gypsum board, the method

comprising a step of continuously injecting a gypsum slurry

p—

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 palr of

upper and lower forming plates to obtaln a molded body

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
celectrode 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,

4 circuit is constituted by electrically connecting

the plate main body and the embedded electrode embedded 1n

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 1nto contact with the
gypsum slurry and an electric current flows in the circult,
the space between the palr of upper and lower forming

plates i1s expanded TO remove a cause of conduction, and

thereafter the space between the pair ol upper and lower

b

-

forming plates is restored to the space between the pair o:

upper and lower forming platecs before the expansion.
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2. The method for producing a gypsum board according to

claim 1, wherein the embedded clectrode is embedded at a

portion on a downstream side of a starting position of

forming in the plate main body, the starting position of

forming being a position on the most downstream side of the

following (1) and the following (2}:

(1) a position of an upstreamn end of either one of the

pair of upper and lower forming plates; and

(?2) a position of a downstream end of a taper portion
in an embodiment wherein the taper portion whose plate
thickness at a position 1n the taper portion becomes

thinner as the position approaches upstreamn ends of the

forming plates is formed 1in 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 1n the taper
portion becomes larger, due to the taper portion, as the

position approaches the upstrean ends of the forming

plates.

3. The method for produclng a gypsum board according to

claim 2, wherein the embedded electrode is embedded, 1in the

- -

plate main body, at a portion within a range from the

orming to a position on a downstream

[ —

starting position of

<ide of the starting position of forming DYy 50 mm.

4. The method for producling a gypsum board according toO

any one of claims 1 to 3, wherein at least one material
comprising phenol resin laminated plates with a clotn base
material, phenol resin laminated plates with a paper base
material, epoxy resin-impregnated glass fiber cloth, or
epoxy resin-impregnated paper, OL 4nily combination thereof,

ig used as the insulator.
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0. The method for producing a gypsum board according to

any one of claims 1 to 4, wherein at least one material

comprising an iron material, a stainless steel material, an

aluminum material, or a material obtained by applying hard
chromium plating thereon, or any combination thereof, is

used as the electrically conductive material.

0. An apparatus for producing a gypsum board, comprising
a pair of upper and lower forming plates IOr forming a
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 ccomprises: a plate main body constituted
from an electrically conductive material; and an embedded
clectrode embedded in the plate main body, the embedded
clectrode 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 malin body
making contact with the lining paper sheet,

5 circuit is constituted by electrically connecting
the plate main body and the embedded electrode embedded 1n
the plate main body, and

the apparatus further comprises:

an electric current detector electrically connected €O

the circuit; and

an actuator moving at least one of the forming plates

up and down 1in response to an electric signal from the

~]lectric current detector.

7. The apparatus for producing a gypsum board according

to claim 6, wherein the embedded electrode 1s cmbedded at a



CA 2911743 2017-03-14

42

portion on a downstream side of a starting position of
forming in the plate main body, the starting position of

forming being a position on the most downstream side of the

following (1) and the following (2):

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

(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.

8. The apparatus for producing a gypsum board according
to claim 7, wherein the embedded electrode is embedded, 1n
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.

9. The apparatus for producing a gypsum board according
to any one of claims 6 to 8, wherein the insulator
comprises phenol resin laminated plates with a cloth Dbase
material, phenol resin laminated plates with a paper base
material, epoxy resin-impregnated glass fiber cloth, or

epoxy resin-impregnated paper, Or any combination thereotf.

10. The apparatus for producing a gypsum board according
to any one of claims 6 to 9, wherein the electrically

conductive material is an iron material, a stainless steel
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material, and an aluminum material, or a material obtained

by applying hard chromium plating thereon, or any

R

combination thereo:
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[Figure 3]

22

18 / < D2 28 -1 2 6 24 // 2,32
P [{m _,‘// 26

ssss
------------

'/’//////M ////// R

I 14 40 \-—: |
D1j 1/2 IC
6,8

[Figure 4]

(Prior Art) 100

e el el — —— — — —

............
------
...............................
.............................
..............................
........................................
........................
....................................
................
.............................................
-----------------------------
............................
...................
.........................
................................
.........................




[Figure 5]

- -

- - -

- -

. r L]

.....
--------
''''''

38

[Figure 6A]

-~

- ' » ’
w By L, s T e Ve e -
. ] * . .O‘ -..

v - -
.........

e ',

CcaA 02911743 2015-11-04

3/5

22 1C
20 |
~ _-26
:—J’LT/ 36
1? s y
126

6,24

— A A —— A A aaa . e ——

L - . S ’ + - - . . -
- - 0 - . N . - ', ’ v o
. & - ' -

-------
.

..............
............................
.....................
............................
....................................
..................................................
. - -
......................................
.........

...........
""""""
.........................................
''''''''''''''

- - r .
''''''''

243

8a.

6,8



4/5

[Figure ©6B]
0,24
|
6,8 >
[Figure 6C]
0,24
——

N N

58 8 | 8b
, C =




[Figure 6D]

—

[Figure 6E]

C—

9/5

6,24 24c | 24b

|
w 243

8a

6,8 -

0,24 24c¢ 24b

\
‘\\\\\\\\\‘ 24a

)
f.#.“
L 3

6,8 8¢ 3h

8a




22

. 1 36
. I T 2
Lo S 26

Mrssrss /Iﬂl

--------
...............
-------------------
........
...............................................
....................................
llllllllllll
.................................
nnnnnn

.....
..............................
- - - -

- - ’
............

NP Lo




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - abstract drawing

