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(57) Abrégé/Abstract:

An apparatus for production of a gypsum product is provided which comprises a conveyer comprising a conveyer belt and means
for rotating the conveyer belt; means for forming a gypsum product; and at least one laser scanner positioned over the conveyer
belt at the location where the scanner scans at least one edge of the gypsum product which is at least partially set; and the laser
scanner is in communication with a processor. Methods for forming a gypsum product with the apparatus are provided as well.
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(57) Abstract: An apparatus for pro-
duction of a gypsum product is
provided which comprises a conveyer
comprising a conveyer belt and means
for rotating the conveyer belt; means
for forming a gypsum product; and at
least one laser scanner positioned over
the conveyer belt at the location where
the scanner scans at least one edge of
the gypsum product which is at least
partially set; and the laser scanner is in
communication with a processor.
Methods for forming a gypsum product
with the apparatus are provided as

well.
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APPARATUS AND METHODS FOR PRODUCING GYPSUM WALLBOARD

TECHNICAL FIELD
This invention relates to an apparatus and method for producing a gypsum
wallboard with standardized edge angles and width. The apparatus comprises a gypsum
wallboard production line with at least one laser scanner and processor for monitoring edge
angles and width of a gypsum wallboard in real time during manufacturing. The methods
include measuring an edge angle and width of a gypsum wallboard during manufacturing in
real time.

BACKGROUND

Gypsum products such as wallboards, partitions, tiles, ceiling panels and the
like are widely used in building construction. These products are prepared from slurries in
which calcined gypsum (calcium sulfate hemihydrate) is mixed with water and other
ingredients. A wallboard is a gypsum product widely used in building construction and it is
typically manufactured by formulating a gypsum slurry and sandwiching it between two
sheets of paper on a wallboard production line.

A slurry mixer is typically used for supplying agitated gypsum slurry to the
wallboard production line. Several types of gypsum wallboard manufacture are described in
co-assigned U.S. Pat. Nos. 6,494,609 and 6,986,812.

A mixer is provided for uniformly dispersing calcined gypsum into water to
form a slurry and to mix the slurry with other ingredients such as for example foam, and then
the slurry is cast into a desired shaped mold or onto a paper surface or some mat to allow
the slurry to set and form hardened gypsum by chemical reaction of the calcined gypsum
with water. A lightweight gypsum product is produced by uniformly mixing aqueous foam
into the slurry to generate air bubbles. This results in a uniform distribution of voids in the
set gypsum product when the bubbles are confined in the slurry before the gypsum hardens.

During production on a wallboard production line, gypsum slurry is distributed
from a mixer onto a first sheet of paper, called the facer, which is fed from a roll onto a
conveyer belt. The slurry is spread over the facer and a second sheet of paper, called the
backer, is fed from a roll on the gypsum slurry, and the sandwiched gypsum product
continues to move on the conveyer belt. The sandwiched gypsum

Date Recue/Date Received 2023-02-06



10

16

20

25

30

CA 02983170 2018~01~19

WO 2017/015247 PCT/US2016/042874

product is formed into a panel which then continues to move on the conveyer belt
until gypsum is set enough for the panel to be transferred into a drying oven. The
panel is then cut to size into a wallboard. When slurry is positioned on the facer, it
should be distributed as evenly as possible between the central portion of the facer
and its edges. The width of the gypsum panel should be also either constant or have
only negligently minor deviations from the preset value. Many factors affect the
quality of gypsum slurry distribution, including such as a temperature at which the
production line operates, a composition of the gypsum slurry, the source of water
and other ingredients in the slurry, paper used as a facer, paper used as a backer,
and humidity. In some production methods, gypsum panels are trimmed on each
side to produce a wallboard with perfectly straight edges. However, this method is
very costly and generates a lot of waste.

PCT publication WO 2000/012963 describes a method and apparatus
for detecting the edge angle of a gypsum board. The system comprises a light
source and camera and requires pictures to be taken for obtaining information about
slurry distribution in a gypsum board. However, this method requires several steps
to be performed. For example, a picture should be taken, before the edge angle can
be analyzed. Thus, there remains the need to constantly measure and monitor the

edges and width of a gypsum panel during production.

SUMMARY

This invention provides an apparatus for production of a gypsum
product which monitors the edges and width of a gypsum panel during production.
The apparatus comprises a conveyer comprising a conveyer belt and means for
rotating the conveyer belt, means for forming a gypsum product; and at least one
laser scanner positioned over the conveyer belt at the location where the scanner
scans at least one edge of the gypsum product which is at least partially set the laser
scanner is in communication with a processor. In some embodiments, the laser
scanner is a three-dimensional laser scanner. In at least some embodiments, the
processor is equipped with a software which calculates an edge angle of the gypsum
product and a deviation in the value of the edge angle from a pre-specified value for
the edge angle. In some embodiments, the software is designed such that it
produces at least one signal when the deviation is higher than 2%.
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In some embodiments, the apparatus comprises two laser scanners; a first
laser scanner positioned such that the first scanner can scan the left edge of the gypsum
product as the gypsum product passes the first scanner and a second scanner positioned
such that the second scanner can scan the right edge of the gypsum product as the gypsum
product passes the second scanner. At least some embodiments include an apparatus in
which the laser scanner is in communication with a processor wirelessly.

Further embodiments provide a method for producing a gypsum product
comprising a method for producing a gypsum product, the method comprising: feeding a first
sheet of paper on a conveyer belt; depositing gypsum slurry on the first sheet of paper;
covering the gypsum slurry with a second sheet of paper; forming a gypsum panel; allowing
the gypsum panel to set at least partially while the gypsum panel is moving on the conveyer
belt; scanning with a three-dimensional laser scanner at least one edge of the gypsum panel
(40L. and/or 40R) as it is moving on the conveyer belt and passes the location at which the
laser scanner is located; and transmitting scans from the laser scanner to a processor,
wherein the laser scanner transmits scans to a processor, and the processor is equipped
with a software which calculates the edge angle of the gypsum product and a deviation in
the value of the edge angle calculated from a pre-specified value for the edge angle, and
wherein the pre-specified value for the edge angle is 90°, and wherein the software
generates a signal when the deviation from the pre- specified value is higher than a certain
threshold; and wherein the production is stopped and the gypsum slurry is reformulated to
even its distribution between the first sheet of paper and the second sheet of paper if the
calculated deviation is larger than the pre-specified value.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view of a partial gypsum wallboard production line, showing
the positioning of a laser scanner;

FIG. 2 is an elevation view of a partial gypsum wallboard production line,
showing the positioning of a laser scanner;

FIG. 3 is a schematic of a 3D laser scanner;

FIG. 4 is a cross-sectional view of a partial wallboard production line, showing
the positioning of two laser scanner,;

FIGs. 5A-5C depict cross-sectional views of gypsum wallboards. Fig. 5Ais a
standard gypsum wallboard. Figs. 5B and 5C depict non-standard wallboards.

Date Recue/Date Received 2023-02-06
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DETAILED DESCRIPTION

This invention provides an apparatus and method for monitoring an
edge angle and width of a wallboard during manufacturing in real time. The
apparatus decreases significantly the production of non-standard wallboard and
further decreases the amount of materials lost due to trimming and while setting up a
production line for manufacturing a wallboard with new formulation. The system also
improves a quality of the wallboard produced.

During construction, several wallboards are assembled together to
form an interior wall in a building. Because two wallboards are joined together to
form a seam, it is important that the two wallboards have standard edges that can be
aligned together. It is also important that the width of a wallboard does not fluctuate
because this would prevent two wallboards from properly aligning together.

Referring to Fig. 1, it depicts a side view of a wallboard production line,
generally 10, which comprises a conveyer belt 12 moving in the direction A to B by a
plurality of means 14. The length 13 of the conveyer belt 12 from the beginning of
the conveyer belt 12A to the end of the conveyer belt 12B may vary. At least in
some embodiments, the length 13 is calculated such that it is long enough for
gypsum to at least partially set while a gypsum product is moving on the conveyer
belt 12.

A firs sheet of paper, the facer, 16 is fed on the conveyer belt 12 by
means 18 at the beginning of the conveyer belt 12A or near the beginning of the
conveyer belt 12A. Gypsum slurry 20 is deposited from a mixer 22 on the facer 16
as it continues to be moved on the conveyer belt 12 in the direction Ato B. The
gypsum slurry 20 is distributed on the facer 16 and a second sheet of paper, the
backer, 24 is placed on top of the slurry 20 by means 26. The sandwiched gypsum
product 28 is pressed and formed by means 30 and allowed to continue moving on
the conveyer belt 12 until it sets into a gypsum panel 32. As the gypsum panel 32
continues to move on the conveyer belt 12 it becomes fully set and leaves the
conveyer belt at the end of conveyer belt 12B.

At least one laser scanner 34 is positioned over and/or on at least one
side of the conveyer belt 12. The laser scanner 34 can be positioned at any point
over the length 13 of the conveyer belt 12. In some preferred embodiments, the
laser scanner 34 is positioned right after the forming means 30. In more preferred
embodiments, the laser scanner 34 is positioned anywhere over the conveyer belt 12

4
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where the gypsum panel 32 is at least partially set. In the most preferred
embodiments, the laser scanner 34 is positioned over the conveyer belt 12 at any
point where the gypsum panel is substantially set. In some embodiments, the laser
scanner 34 is positioned almost at the end the conveyer belt 12B. In further
embodiments, the laser scanner 34 is positioned anywhere between the point at
which a gypsum product at least partially set and the end of the conveyer belt 12B.
While in some embodiments only one laser scanner 34 is used, in other
embodiments two laser scanners 34 are used. In other embodiments several laser
scanners 34 are used.

Fig. 2 is an elevation view of a partial gypsum wallboard production
line, generally 20, showing the positioning of a laser scanner 34. A conveyer belt 12
is moving in the direction A to B by means 14. The length 13 of the conveyer belt 12
from the beginning of the conveyer belt 12A to the end of the conveyer belt 12B may
vary. At least in some embodiments, the length 13 is calculated such that it is long
enough for gypsum to at least partially set while moving on the conveyer belt 12.

As shown in Fig. 2, a firs sheet of paper, the facer, 16 is fed on the
conveyer belt 12 at the beginning of the conveyer belt 12A or near the beginning of
the conveyer belt 12A. Gypsum slurry 20 is deposited from a mixer 22 on the facer
16 as it continues to be moved on the conveyer belt 12 in the direction Ato B. The
gypsum slurry 20 is distributed on the facer 16 and a second sheet of paper, the
backer, 24 is placed on top of the slurry 20. The sandwiched gypsum product 28 is
pressed and formed by means 30 and allowed to continue moving on the conveyer
belt 12 until it sets into a gypsum panel 32.

As the gypsum panel 32 continues to move on the conveyer belt 12, it
becomes fully set and leaves the conveyer belt at the end of conveyer belt 12B. Fig.
2 provides an embodiment in which a laser scanner 34 is positioned over the
conveyer belt 12 and near the conveyer belt end 12B. It will be appreciated that in
other embodiments, two laser scanners, one for each edge of the gypsum panel, can
be positioned over the conveyer belt. In further embodiments, at least one laser
scanner can be positioned on each side of the conveyer belt. The location of the
laser scanner can also vary. In some embodiments, the laser scanner 34 can be
positioned very closer to the forming means 30. In other embodiments, the laser
scanner 34 can be positioned further away from the forming means 30 and closer to
the end 12B. In further embodiments, the laser scanner 34 can be positioned at any

5
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location from which it can scan at least one edge of a gypsum panel. In further
embodiments, the laser scanner 34 can be positioned at any location over the
conveyer belt from which the laser scanner 34 can scan at least one edge of a
gypsum panel in which gypsum is at least partially set.

A laser scanner 34 can be any laser scanner. In some embodiments,
the laser scanner is a three-dimensional (3D) laser scanner, generally 30, which
comprises a laser source 34 and sensor 36 which is in communication with a data
processor 38 as shown in Fig. 3. The laser source 34 emits laser and scans a
gypsum product as it is moving on the conveyer belt and passes the location at
which the laser scanner is positioned. The sensor 36 captures scans and transmits
this data to the data processor 38 which transforms the data into a digital three-
dimensional model of the scanned object.

Fig. 4 depicts a cross-sectional view of a gypsum panel 40 with the left
edge 40L and the right edge 40R on a conveyer belt 42. Two 3D laser scanners 44
are also shown. The first 3D laser scanner 44 is positioned such that it can scan
continuously the left edge 40L of the gypsum panel 40 as it is moving on the
conveyer belt 42 and passing the location at which the first 3D laser scanner 44 is
positioned. The first 3D laser scanner 44 collects and transmits data about the left
edge 40L to a processor 46 which is equipped with software that analyzes the scans
and calculates angle a which is the angle between the backer on top of the gypsum
slurry and gypsum slurry, as can be appreciated in Fig. 4. As can be also
appreciated from a cross-sectional view in Fig. 4, each gypsum panel has two
edges, one on the left side of the gypsum panel and the other one the right side of
the gypsum. These two edges can be referred to as the left edge and the right edge.

The second 3D laser scanner 44 is positioned such that it can scan
continuously the right edge 40R of the gypsum panel 40 as it is moving on the
conveyer belt 42. The second 3D laser scanner 44 collects and transmits data about
the right edge 40L to a processor 46 which is equipped with software that analyzes
the scans and calculates angle a. In some embodiments scanners 44 transmit data
to the processor 46 wirelessly. In some embodiments, scanners 44 are connected to
the processor 46 with a wire. In further embodiments, the processor 46 is located at
some remote location. For example, the processor 44 can be a portable mobile
device which permits monitoring production of wallboard remotely. In further
embodiments, the processor is built in the 3D laser scanner 44 and is constitutes a

6
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part of the laser scanner 44. The software can calculate angle a in real time and
determine whether it complies with a pre-set standard value for angle a. It will be
appreciated that scanner 44 can also scan, collect and transmit data about the width
(W) of the gypsum product, the thickness (D), the of the gypsum product and any
other geometric parameters that need to be monitored in production of a wallboard to
avoid manufacturing of non-standard wallboard. At least several parameters such as
for example, edge angle and width of a gypsum panel can be monitored at the same
time with a laser scanner.

As shown in Fig. 5A, at least in some embodiments a wallboard 50 to
be produced must have a certain edge angle a. As can be seem from Fig. 5A, only
the left edge of the wallboard 50 is shown. A person of skill would appreciate that
the complete wallboard will have the right edge and the left edge, which are created
by the backer and gypsum under the backer. Both edges, left and right should
comply with the same specify value.

For example, the specified angle a in Fig. 5A is a 90° angle. However,
during production of the wallboard 50, the actual value of a may deviate from 90° as
shown in FIGs. 5B and 5C because of various parameters which may affect the
distribution of gypsum slurry between the facer and the backer.

In a method of one embodiment as discussed in connection with Fig. 4,
a 3D scanner scans a gypsum board edge and transmits scans to a processor which
is equipped with software that analyzes the gypsum panel edge and calculates a
deviation value from the pre-specified value for a. For example, if a wallboard to be
produced should have a specified 90° angle, the processor can calculate a deviation
from a 90° angle. The processor can be further equipped with software which
triggers a signal if a deviation from a pre-specified value for a is higher than a certain
threshold.

In one embodiment, a deviation of more than 1% from a pre-specified
value for a can trigger a signal. In other embodiment, a deviation of more than 2%
from a predetermined value for a can trigger a signal. In further embodiment, a
deviation of more than 3% from a pre-specified value for a can trigger a signal. In
further embodiment, a deviation of more than 3% from a pre-specified value for a
can trigger a signal. In further embodiment, a deviation of more than 5% from a pre-
specified value for a can trigger a signal.
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Various threshold signals can be generated and include, but are not
limited to, a sound signal and/or a visual signal on at least one monitor. At least in
some embodiments, the processor can be in direct communication with a controller
on a production line and can trigger stopping of the production line if a deviation from
the pre-specified value for a is higher than what is allowed in production of standard
gypsum products.

It will be appreciated that while Fig. 5 depicts an embodiment in which
the specified angle a is a 90° angle, the system with a laser scanner can be set for
monitoring any wallboard edges, including wallboards with double edges and boards
in which a specified value of a is different from 90°.

A person of skill will appreciate significant savings in time and materials
which can be achieved by a present method which uses a wallboard production line
with a laser scanner comprising a laser source and laser sensor in communication
with a processor. One of the advantages for the method is the positioning of the
laser scanner where the laser scanner scans the edge of a gypsum product which is
at least partially set while the gypsum product is moving on the conveyer belt and
passes the position at which the laser scanner is located. Other advantages include
accurate real time measurements obtained for a three-dimensional product such as
wallboard.

The present method permits identifying a production problem as soon
as it develops, which in turn allows to avoid accumulation of non-standard products
which do not comply with a specification and which have to be recycled. Thus,
significant savings in materials and energy are achieved. Further and because the
method permits measurements in real time, time savings are also achieved.

Further embodiments provides an apparatus and method for
monitoring distribution of gypsum slurry. In this method, the left edge, the right edge
and width of a gypsum product are scanned with a laser scanner and analyzed for
complies with a pre-specified value for the edge angle. If deviations are detected,
the production can stopped and a gypsum slurry can be reformulated to permit a
more even distribution and/or shorter or longer setting time when formed in a

gypsum product.



WHAT IS CLAIMED IS:

1. A method for producing a gypsum product (40), the method
comprising:

- feeding a first sheet of paper (16) on a conveyer belt (12);

- depositing gypsum slurry (20) on the first sheet of paper (16);

- covering the gypsum slurry (20) with a second sheet of paper (24);

- forming a gypsum panel (32);

- allowing the gypsum panel (32) to set at least partially while the gypsum panel
(32) is moving on the conveyer belt (12);

- scanning with a three-dimensional laser scanner (44) at least one edge of the
gypsum panel (40L and/or 40R) as it is moving on the conveyer belt (12) and passes the
location at which the laser scanner (44) is located; and

- transmitting scans from the laser scanner (44) to a processor (46), wherein the
laser scanner (44) transmits scans to a processor (46), and the processor (46) is equipped with
a software which calculates the edge angle of the gypsum product and a deviation in the value
of the edge angle calculated from a pre-specified value for the edge angle, and wherein the pre-
specified value for the edge angle is 90°, and wherein the software generates a signal when the
deviation from the pre- specified value is higher than a certain threshold; and wherein the
production is stopped and the gypsum slurry is reformulated to even its distribution between
the first sheet of paper and the second sheet of paper if the calculated deviation is larger than

the pre-specified value.

2. The method of claim 1, wherein the laser scanner (44) transmits data
about the left (40L) and the right (40R) edges of the gypsum panel (40).

3. The method of claim 1, wherein the laser scanner (44) transmits scans
of at least one edge (40L and/or 40R) and the width (W) of the gypsum panel (44) to a processor

(46).

4. The method of claim 1, wherein the signal is triggered at a deviation of

more than 2%.
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