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(57) Abstract: A constrictor valve can be associated with a conduit in fluid communication with a mixer to control a flow of cemen -
titious slurry discharged from the mixer through the conduit. The constrictor valve can include a constrictor housing, a webbing con-
striction assembly, and a drive mechanism. The webbing constriction assembly includes a pair of rotatable members rotatably moun -
ted to the constrictor housing and a plurality of webbing straps connected to the rotatable members and wrapped around the conduit.
The drive mechanism includes a drive shaft and a gear assembly configured to rotate the rotatable members in opposing winding dir -
ections in response to the drive shatt rotating in a tighten direction to wrap the webbing straps tighter around the conduit to com-
press it and to rotate in opposing unwinding directions in response to the drive shaft rotating in a loosen direction to loosen the grip
of the webbing straps on the conduit.
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CONSTRICTOR VALVE WITH WEBBING,
CEMENTITIOUS SLURRY MIXING AND DISPENSING ASSEMBLY, AND
METHOD FOR MAKING CEMENTITIOUS PRODUCT

BACKGROUND
[0001] The present disclosure relates to continuous board manufacturing
processes and, more particularly, to an apparatus, system and method for controlling
the dispensing of a cementitious slurry in connection with the manufacture of a
cementitious article.
[0002] In many types of cementitious articles, set gypsum (calcium sulfate
dihydrate) is often a major constituent. For example, set gypsum is a major
component of end products created by use of traditional plasters (e.g., plaster-
surfaced internal building walls), and also in faced gypsum board employed in typical
drywall construction of interior walls and ceilings of buildings. In addition, set
gypsum is the major component of gypsum/cellulose fiber composite boards and
products, as described in U.S. Patent No. 5,320,677, for example. Also, many
specialty materials, such as materials useful for modeling and mold-making, produce
products that contain major amounts of set gypsum. Typically, such gypsum-
containing cementitious products are made by preparing a mixture of calcined
gypsum (calcium sulfate alpha or beta hemihydrate and/or calcium sulfate
anhydrite), water, and other components, as appropriate to form cementitious slurry.
In the manufacture of cementitious articles, the cementitious slurry and desired
additives are often blended in a continuous mixer, as described in U.S. Patent No.
3,359,146, for example.
[0003] In a typical cementitious article manufacturing process such as wallboard,
gypsum board is produced by uniformly dispersing calcined gypsum (commonly
referred to as “stucco”) in water to form aqueous calcined gypsum slurry. The
aqueous calcined gypsum slurry is typically produced in a continuous manner by
inserting stucco and water and other additives into a mixer which contains means for
agitating the contents to form a uniform gypsum slurry. The slurry is continuously
directed toward and through a discharge outlet of the mixer and into a discharge

conduit connected to the discharge outlet of the mixer. Aqueous foam can be



WO 2017/116780 PCT/US2016/067416

combined with the aqueous calcined gypsum slurry in the mixer and/or in the
discharge conduit. A stream of foamed slurry passes through the discharge conduit
from which it is continuously deposited onto a moving web of cover sheet material
supported by a forming table.

[0004] The foamed slurry is allowed to spread over the advancing web. A second
web of cover sheet material is applied to cover the foamed slurry and form a
sandwich structure of a continuous wallboard preform, which is subjected to forming,
such as at a conventional forming station, to obtain a desired thickness.

[0005] The calcined gypsum reacts with the water in the wallboard preform and
sets as a conveyor moves the wallboard preform down a manufacturing line. The
wallboard preform is cut into segments at a point along the line where the preform
has set sufficiently. The segments are flipped over, dried (e.g., in a kiln) to drive off
excess water, and processed to provide the final wallboard product of desired
dimensions. The aqueous foam produces air voids in the set gypsum, thereby
reducing the density of the finished product relative to a product made using a similar
slurry but without foam. Prior devices and methods for addressing some of the
operational problems associated with the production of gypsum wallboard are
disclosed in commonly-assigned U.S. Patent Nos. 5,683,635; 5,643,510; 6,494,609;
6,874,930; 7,007,914, and 7,296,919, which are incorporated by reference.

[0006] Prior apparatuses for addressing some of the operational problems
associated with dispensing a cementitious slurry include a pinch-type valve which
can be mechanically operated or operated by compressed air or hydraulics to pinch
down on the elastomeric conduit. The pinch valve typically deforms the conduit into
a flattened or rectangular orifice which can be susceptible to plugging by
cementitious slurry that builds up in the corners of the orifice, where the flow velocity
is lower, and sets. Further, the inlet and outlet orifices of the pinch valve are abrupt
because pressure is exerted on the conduit in a substantially singular plane and
does not allow for a gradual transition. Such abrupt entrances and exits can lead to
further plugging of slurry producing equipment, which causes costly downtime for
repairs.

[0007] U.S. Patent No. 7,007,914 is entitled, “Slurry Mixer Constrictor Valve,” and

is directed to an apparatus and method for controlling the flow of a slurry. The
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constrictor valve includes first and second guide plates that are spaced a distance
apart along the length of a conduit. Each of a plurality of rigid elongate members
has first and second ends engaged on, and extending between, the first and second
guide plates, respectively. Upon rotation of at least one of the first and second guide
plates, the elongate members are configured to impart pressure on, and constrict the
conduit.

[0008] It will be appreciated that this background description has been created by
the inventors to aid the reader and is not to be taken as an indication that any of the
indicated problems were themselves appreciated in the art. While the described
principles can, in some aspects and embodiments, alleviate the problems inherent in
other systems, it will be appreciated that the scope of the protected innovation is
defined by the attached claims and not by the ability of any disclosed feature to solve

any specific problem noted herein.

SUMMARY
[0009] In one aspect, the present disclosure is directed to embodiments of a
constrictor valve for use in making a cementitious product. In embodiments, a
constrictor valve can be a part of a cementitious slurry mixing and dispensing
assembly. The constrictor valve can be a part of a discharge conduit in fluid
communication with a mixer. The constrictor valve can be used to control a flow of
cementitious slurry discharged from the mixer.
[0010] In one embodiment, a constrictor valve is provided for selectively
constricting a resiliently flexible conduit in a gypsum slurry dispensing apparatus.
The constrictor valve includes a constrictor housing, a webbing constriction
assembly, and a drive mechanism.
[0011] The constrictor housing defines a first conduit opening and a second
conduit opening. The first and second conduit openings are in spaced relationship to
each other along a longitudinal axis defined therebetween.
[0012] The webbing constriction assembly includes a first rotatable member, a
second rotatable member, and a plurality of webbing straps. The first and second
rotatable members are rotatably mounted to the constrictor housing such that the

first and second rotatable members are rotatable about the longitudinal axis. The
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first and second rotatable members are in spaced relationship to each other along
the longitudinal axis. The webbing straps are connected to the first and second
rotatable members.

[0013] The drive mechanism includes a drive shaft and a gear assembly. The
drive shaft defines a shaft axis. The drive shaft is rotatably movable about the shaft
axis in a tighten direction and a loosen direction. The loosen direction is in opposing
relationship to the tighten direction. The gear assembly is arranged with the drive
shaft and the first and second rotatable members such that the gear assembly is
configured to rotate the first and second rotatable members in opposing first and
second winding directions about the longitudinal axis in response to the drive shaft
rotating in the tighten direction and to rotate the first and second rotatable members
in opposing first and second unwinding directions about the longitudinal axis in
response to the drive shaft rotating in the loosen direction. The first and second
winding directions are in opposing relationship to the first and second unwinding
directions, respectively.

[0014] In another aspect of the present disclosure, embodiments of a slurry
mixing and dispensing assembly are described. In one embodiment, a slurry mixing
and dispensing assembly includes a mixer and a slurry dispensing apparatus.
[0015] The mixer includes a housing and an agitator disposed within the housing.
The housing has an outlet. The agitator is configured to agitate water and a
cementitious material to form an aqueous cementitious slurry.

[0016] The slurry dispensing apparatus includes a resiliently flexible conduit and
a constrictor valve. The conduit defines a slurry passage. The conduit is connected
to the mixer such that the slurry passage is in fluid communication with the outlet.
The constrictor valve is mounted to the conduit. The constrictor valve includes a
constrictor housing, a webbing constriction assembly, and a drive mechanism.
[0017] The constrictor housing defines a first conduit opening and a second
conduit opening. The first and second conduit openings are in spaced relationship to
each other along a longitudinal axis defined therebetween. The conduit extends
through the first and second conduit openings.

[0018] The webbing constriction assembly includes a first rotatable member, a

second rotatable member, and a plurality of webbing straps. The first and second
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rotatable members are rotatably mounted to the constrictor housing such that the
first and second rotatable members are rotatable about the longitudinal axis. The
first and second rotatable members are in spaced relationship to each other along
the longitudinal axis. The webbing straps are connected to the first and second
rotatable members. The webbing straps are wrapped around the conduit.

[0019] The drive mechanism is configured to rotate the first and second rotatable
members in opposing first and second winding directions about the longitudinal axis
to wrap the webbing straps tighter around the conduit to thereby compress the
conduit and to rotate the first and second rotatable members in opposing first and
second unwinding directions about the longitudinal axis to loosen the wrapping of the
webbing straps about the conduit. The first and second winding directions are in
opposing relationship to the first and second unwinding directions, respectively.
[0020] In another aspect of the present disclosure, embodiments of a method of
making a cementitious product are described. In one embodiment of a method of
making a cementitious product, water and a cementitious material are agitated in a
mixer to form an aqueous cementitious slurry. A flow of the aqueous cementitious
slurry is discharged from the mixer into a slurry passage defined within a conduit. A
portion of the conduit is constricted using a constrictor valve to change at least a part
of the shape of the slurry passage within the portion of the conduit. The constrictor
valve includes a constrictor housing, a webbing constriction assembly, and a drive
mechanism.

[0021] The constrictor housing defines a first conduit opening and a second
conduit opening. The first and second conduit openings are in spaced relationship to
each other along a longitudinal axis defined therebetween. The conduit extends
through the first and second conduit openings.

[0022] The webbing constriction assembly includes a first rotatable member, a
second rotatable member, and a plurality of webbing straps. The first and second
rotatable members are rotatably mounted to the constrictor housing such that the
first and second rotatable members are rotatable about the longitudinal axis. The
first and second rotatable members are in spaced relationship to each other along
the longitudinal axis. The webbing straps are connected to the first and second

rotatable members. The webbing straps are wrapped around the conduit.
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[0023] The drive mechanism is configured to rotate the first and second rotatable
members in opposing first and second winding directions about the longitudinal axis
and to rotate the first and second rotatable members in opposing first and second
unwinding directions about the longitudinal axis. The first and second winding
directions are in opposing relationship to the first and second unwinding directions,
respectively. The constricting of the portion of the conduit is effected by operating
the drive mechanism to rotate the first and second rotatable members in the
opposing first and second winding directions to wrap the webbing straps tighter
around the conduit to thereby compress the conduit.

[0024] Further and alternative aspects and features of the disclosed principles will
be appreciated from the following detailed description and the accompanying
drawings. As will be appreciated, the constrictor valves, slurry mixing and
dispensing assemblies, and techniques for making a cementitious product disclosed
herein are capable of being carried out and used in other and different embodiments,
and capable of being modified in various respects. Accordingly, it is to be
understood that both the foregoing general description and the following detailed
description are exemplary and explanatory only and do not restrict the scope of the

appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025] FIG. 1 is atop plan view of an embodiment of a constrictor valve with
webbing constructed in accordance with principles of the present disclosure.
[0026] FIG. 2 is a side elevational view of the constrictor valve of FIG. 1.
[0027] FIG. 3 is an end elevational view of the constrictor valve of FIG. 1,
showing for illustrative purposes components of a webbing constriction assembly
and a drive mechanism of the constrictor valve not otherwise visible from the end.
[0028] FIG. 4 is an enlarged, cross-sectional view of the constrictor valve of FIG.
1 take along line IV—IV in FIG. 3.
[0029] FIG. 5is an end elevational view of the constrictor valve of FIG. 1 as in
FIG. 3, but showing for illustrative purposes components of a worm gear assembly of

the drive mechanism of the constrictor valve not otherwise visible from the end.
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[0030] FIG. 6 is afragmentary side elevational view of the constrictor valve of
FIG. 1, showing components of the worm gear assembly.

[0031] FIG. 7 is a schematic plan diagram of an embodiment of a cementitious
slurry mixing and dispensing assembly, including an embodiment of a constrictor
valve constructed in accordance with principles of the present disclosure.

[0032] It should be understood that the drawings are not necessarily to scale and
that the disclosed embodiments are sometimes illustrated diagrammatically and in
partial views. In certain instances, details which are not necessary for an
understanding of this disclosure or which render other details difficult to perceive
may have been omitted. It should be understood that this disclosure is not limited to

the particular embodiments illustrated herein.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
[0033] The present disclosure provides various embodiments of a constrictor
valve that can be used in the manufacture of products, including cementitious
products such as gypsum wallboard, for example. Embodiments of a constrictor
valve constructed in accordance with principles of the present disclosure can be
used in a manufacturing process to effectively control the flow of cementitious slurry
through a flexible conduit, for example.
[0034] The present disclosure provides various embodiments of a cementitious
slurry mixing and dispensing assembly that can be used in the manufacture of
different types of cementitious product as will be appreciated by one skilled in the art.
In embodiments, a cementitious slurry mixing and dispensing assembly constructed
according to principles of the present disclosure can be used to make a cementitious
board, such as, a gypsum wallboard, an acoustical panel, or a portland cement
board, for example.
[0035] Embodiments of a cementitious slurry mixing and dispensing assembly
constructed in accordance with principles of the present disclosure can be used to
mix constituent materials to form a cementitious slurry (e.g., an aqueous calcined
gypsum slurry) and to deposit the cementitious slurry onto an advancing web (e.g.,
paper or mat) moving on a conveyor during a continuous board (e.g., gypsum

wallboard) manufacturing process. In one embodiment, a slurry mixing and
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dispensing assembly includes a mixer and a slurry dispensing apparatus having a
constrictor valve constructed according to principles of the present disclosure. The
mixer is configured to agitate a cementitious material and water to form an aqueous
cementitious slurry. The slurry dispensing apparatus includes a resiliently flexible
conduit which in fluid communication with the mixer and defines a slurry passage
configured to convey the cementitious slurry therethrough. In one aspect, a
constrictor valve constructed in accordance with principles of the present disclosure
can be operably arranged with the conduit to control the flow of gypsum slurry
therethrough.

[0036] The cementitious slurry can be any conventional cementitious slurry, for
example any cementitious slurry, such as those commonly used to produce gypsum
wallboard; acoustical panels including, for example, acoustical panels described in
U.S. Patent Application Publication No. 2004/0231916; or portland cement board, for
example. As such, the cementitious slurry can further comprise any additive that is
commonly used in the production of cementitious products. Such additives include
structural additives, including mineral wool, continuous or chopped glass fibers (also
referred to as fiberglass), perlite, clay, vermiculite, calcium carbonate, polyester, and
paper fiber, and chemical additives, including foaming agents, fillers, accelerators,
sugar, enhancing agents (such as phosphates, phosphonates, borates and the like),
retarders, binders (such as starch and latex), colorants, fungicides, biocides,
hydrophobic agent (such as a silicone-based material, including a silane, siloxane, or
silicone-resin matrix, e.g.), and the like. Examples of the use of some of these and
other additives are described, for instance, in U.S. Patent Nos. 6,342,284
6,632,550; 6,800,131; 5,643,510; 5,714,001; and 6,774,146; and U.S. Patent
Application Publication Nos. 2002/0045074; 2004/0231916; 2005/0019618;
2006/0035112; and 2007/0022913.

[0037] Non-limiting examples of cementitious materials include portland cement,
sorrel cement, slag cement, fly ash cement, calcium alumina cement, water-soluble
calcium sulfate anhydrite, calcium sulfate a-hemihydrate, calcium sulfate B-
hemihydrate, natural, synthetic or chemically-modified calcium sulfate hemihydrate,

” o

calcium sulfate dihydrate (“gypsum,” “set gypsum,” or “hydrated gypsum”), and

mixtures thereof. In one aspect, the cementitious material desirably comprises
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calcined gypsum (sometimes referred to as, “stucco”), such as in the form of calcium
sulfate alpha hemihydrate, calcium sulfate beta hemihydrate, and/or calcium sulfate
anhydrite. The calcined gypsum can be fibrous in some embodiments and
nonfibrous in other embodiments. In embodiments, the calcined gypsum can include
at least about 50% beta calcium sulfate hemihydrate. In other embodiments, the
calcined gypsum can include at least about 86% beta calcium sulfate hemihydrate.
The weight ratio of water to calcined gypsum can be any suitable ratio, although, as
one of ordinary skill in the art will appreciate, lower ratios can be more efficient
because less excess water will remain after the hydration process of the stucco is
completed to be driven off during manufacture, thereby conserving energy. In some
embodiments, the cementitious slurry can be prepared by combining water and
calcined gypsum in a suitable water to stucco weight ratio for board production
depending on products, such as in a range between about 1:6 and about 1:1, e.g.,
about 2:3.

[0038] In embodiments, a constrictor valve constructed in accordance with
principles of the present disclosure includes a constrictor housing, a webbing
constriction assembly, and a drive mechanism. The webbing constriction assembly
includes a pair of rotatable members rotatably mounted to the constrictor housing
and a plurality of webbing straps connected to the rotatable members and configured
to be wrapped around a flexible conduit. The drive mechanism includes a drive shaft
and a gear assembly configured to rotate the rotatable members in opposing winding
directions in response to the drive shaft rotating in a tighten direction to wrap the
webbing straps tighter around the conduit to compress it and to rotate in opposing
unwinding directions in response to the drive shaft rotating in a loosen direction to
loosen the grip of the webbing straps on the conduit. Embodiments of a constrictor
valve constructed in accordance with principles of the present disclosure can
advantageously be configured as a retrofit component of a cementitious slurry mixing
and dispensing assembly, such as one in an existing wallboard manufacturing
system, for example.

[0039] In embodiments, a constrictor valve constructed according to principles of
the present disclosure can be used in embodiments of a method for making a

cementitious product for controlling the flow of a cementitious slurry including the
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feature of using such a constrictor valve on a slurry mixing and dispensing assembly.
For example, the mixer can be used to mix and agitate calcined gypsum and water
to form an aqueous calcined gypsum slurry. The agueous calcined gypsum slurry
can be discharged through a discharge outlet of the mixer to the dispensing
apparatus. The dispensing apparatus preferably includes an elongate, flexible
conduit which provides additional space for the uniform mixing of slurry. By
providing the constrictor valve on the flexible conduit, a back-pressure can be
selectively created within the conduit and into the mixer, causing an increase in the
volume of aqueous calcined gypsum slurry within the mixer when the conduit is
constricted. Unwanted setting of gypsum upstream of the constrictor valve can be
reduced when the conduit is constricted so that occurrences of lumps can be
diminished.

[0040] Turning now to the Figures, an embodiment of a constrictor valve 20
constructed according to principles of the present disclosure is shown in FIGS. 1-6.
The constrictor valve 20 is suitable for use in embodiments of a slurry mixing and
dispensing assembly following principles of the present disclosure. In embodiments,
the constrictor valve 20 can be configured to control a flow of cementitious slurry
dispensed from a mixer into a flexible conduit 21 such that the pressure within the
conduit 21 upstream of the constrictor valve 20 is regulated.

[0041] Referringto FIG. 1, the illustrated constrictor valve 20 includes a
constrictor housing 22, a webbing constriction assembly 25, and a drive mechanism
27. The constrictor housing 22 is configured to support the webbing constriction
assembly 25 and the drive mechanism 27. The webbing constriction assembly 25 is
configured to constrict the resiliently flexible conduit 21 about which the webbing
constriction assembly 25 is associated. The drive mechanism 27 is configured to
selectively operate the webbing constriction assembly 25 to exert compressive
pressure upon the resiliently flexible conduit 21 about which the webbing constriction
assembly 25 is wrapped to constrict a slurry passage defined within the conduit 21.
The constrictor valve 20 is configured to variably reduce the flow of cementitious
slurry through the slurry passage of the conduit 21 to thereby increase the pressure
drop as material flows through the constricted orifice within the slurry passage

defined by the tightening of the webbing constriction assembly 25. The drive
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mechanism 27 is also configured to selectively loosen the grip that the webbing
constriction assembly 25 has on the conduit 21 to allow the size of the slurry
passage within the conduit 21 to expand, causing the pressure drop across the
portion of the conduit 21 with which the constrictor valve 20 is associated to
decrease.

[0042] In embodiments, the conduit 21 is made from any suitable resiliently
flexible material, such as a suitable elastomeric material (Tygon® tubing or the like,
e.g.), and is of sufficient strength and flexibility that, upon being subjected to radial
compressive pressure, is capable of being reduced in size to approximately one-half
the original diameter. In embodiments, any conduit tubing exhibiting elastic
properties can be used, and further, any reduction in slurry passage size that does
not detrimentally affect the integrity of the conduit 21 is contemplated. Preferably,
the conduit 21 has a cross-sectional diameter in a range between one inch and three
inches and has a wall thickness of approximately 1/4-inch. However, in other
embodiments, other cross-sectional diameters and wall thicknesses can be used to
suit the intended application. Exemplary factors which can influence the particular
thickness and configuration of the conduit 21 employed include, among other things,
the thickness of the wallboard being produced, the amount of slurry required, the
distance between the mixer, the mixer outlet, and the forming plate, and the
particular characteristics of the slurry formulation, including the setting rate, the
water/stucco ratio, glass fiber usage and the percentage of foam desired.

[0043] Referringto FIGS. 1 and 2, the constrictor housing 22 defines a first
conduit opening 30 and a second conduit opening 31. The first and second conduit
openings 30, 31 are in spaced relationship to each other along a longitudinal axis LA
defined therebetween. The resiliently flexible conduit 21 extends through the first
and second conduit openings 30, 31. In embodiments, the size of the first and
second conduit openings 30, 31 can be varied to accommodate a conduit with a
different cross-sectional size.

[0044] In the illustrated embodiment, the constrictor housing 22 includes a first
end plate 34, a second end plate 35, and a plurality of stretchers 37. The stretchers
37 extend along the longitudinal axis LA and are connected to the first and second

end plates 34, 35. In the illustrated embodiment, the stretchers 37 are connected to
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the first and second end plates 34, 35 via threaded fasteners 39 secured through the
first and second end plates 34, 35 into the respective ends of the stretchers 37. In
embodiments, any suitable technique can be used to connect the stretchers 37 to
the first and second end plates 34, 35.

[0045] The illustrated embodiment includes four stretchers 37. In other
embodiments, a different umber of stretchers 37 can be used. In embodiments, the
length of the stretchers 37 can be varied to change the size of the constrictor
housing 22 along the longitudinal axis LA.

[0046] The first and second end plates 34, 35 are mirror images of each other.
Accordingly, it should be understood that the description of one end plate is
applicable to the other end plate, as well. The first and second end plates 34, 35
respectively define the first and second conduit openings 30, 31 (see FIG. 3 and 4,
as well). The first and second end plates 34, 35 also each define a shaft opening 41
therethrough to accommodate the drive mechanism 27.

[0047] In the illustrated embodiment, the constrictor housing 22 also includes a
first shaft bearing support 43 and a second shaft bearing support 44. The first and
second shaft bearing supports 43, 44 are respectively connected to the first and
second end plates 34, 35. In embodiments, the first and second shaft bearing
supports 43, 44 house a shaft bearing 46 therein. In the illustrated embodiment, the
first and second shaft bearing supports 43, 44 are substantially the same. Each
shaft bearing support 43, 44 includes an outer shaft bearing 46 connected to the
respective end plate 34, 35 and an inner shaft bearing 47 connected to the
respective end plate 34, 35 via a pair of shaft support walls 48.

[0048] Referring to FIG. 4, the first end plate 34 of the constrictor housing 22 is
shown. The constrictor housing 22 includes a first bearing mounting ring 50 which is
connected to the first end plate 34 such that the first bearing mounting ring 50
circumscribes the first conduit opening 30. In embodiments, the first bearing
mounting ring 50 rotatably supports at least one rotatable member bearing 52.
[0049] In the illustrated embodiment, a pair of rotatable member bearings 52 is
mounted to the first bearing mounting ring 50. The first bearing mounting ring 50 has
a first bearing flange ring 55 mounted thereto such that the bearing flange ring 55

extends radially outwardly from an exterior circumferential surface 57 of the first
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bearing mounting ring 50. A pair of bearing spacers 59 is in flanking relationship
with the pair of rotatable member bearings 52 such that the rotatable member
bearings 52 are disposed between the bearing spacers 59. The bearing spacers 59
are annular. One bearing spacer 59 is axially disposed between the first end plate
34 and the rotatable member bearings 52, and the other bearing spacer 59 is axially
disposed between the rotatable member bearings 52 and the bearing flange ring 55.
[0060] The second end plate 35 has a similar arrangement. Accordingly, the
constrictor housing 22 includes a second bearing mounting ring which is connected
to the second end plate 35 such that the second bearing mounting ring
circumscribes the second conduit opening 31. In embodiments, the second bearing
mounting ring rotatably supports at least one rotatable member bearing. In the
illustrated embodiment, a pair of rotatable member bearings is mounted to the
second bearing mounting ring. The second bearing mounting ring has a second
bearing flange ring mounted thereto such that the second bearing flange ring
extends radially outwardly from an exterior circumferential surface of the second
bearing mounting ring. A pair of annular bearing spacers is in flanking relationship
with the pair of rotatable member bearings mounted to the second bearing mounting
ring such that the rotatable member bearings are disposed between the bearing
spacers. One bearing spacer is axially disposed between the second end plate 35
and the rotatable member bearings, and the other bearing spacer is axially disposed
between the rotatable member bearings and the second bearing flange ring.

[00561] In embodiments, the first and second end plates 34, 35 and the respective
first and second bearing mounting rings 50 can be integrally constructed. In
embodiments, the first and second bearing mounting rings 50 and the respective first
and second bearing flange rings 55 can be integrally constructed. In embodiments,
the end plates 34, 35, the bearing mounting rings 50, and the bearing flange rings 55
can be respectively integrally constructed.

[0052] Any suitable material can be used for the various components of the
constrictor housing 22. For example, in embodiments, components of the constrictor
housing 22 are made from a suitable metal.

[0053] Referringto FIGS. 1 and 2, the webbing constriction assembly 25 includes

a first rotatable member 71, a second rotatable member 72, and a plurality of
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webbing straps 74, 75, 76, 77. The first and second rotatable members 71, 72 are
rotatably mounted to the constrictor housing 22 such that the first and second
rotatable members 71, 72 are rotatable about the longitudinal axis LA. The first and
second rotatable members 71, 72 are in spaced relationship to each other along the
longitudinal axis LA. The webbing straps 74, 75, 76, 77 are connected to the first
and second rotatable members 71, 72. The webbing straps 74, 75, 76, 77 are
wrapped around the conduit 21. In the illustrated embodiment, the webbing straps
74,75, 76, 77 are circumferentially disposed around the flexible conduit 21,
circumscribing the flexible conduit 21 in spaced relation to each other along the
longitudinal axis LA in a woven relationship.

[0054] Referringto FIGS. 1, 2, and 4, the first rotatable member 71 is rotatably
supported by the first bearing mounting ring 50 such that at least one rotatable
member bearing rotatably supports the first rotatable member 71. The second
rotatable member 72 is rotatably supported by the second bearing mounting ring
such that at least one rotatable member bearing rotatably supports the second
rotatable member 71.

[0065] The first and second rotatable members 71, 72 are mirror images of each
other. Accordingly, it will be understood that the description of one rotatable member
is applicable to the other rotatable member, as well.

[0056] Referring to FIG. 4, the first rotatable member 71 defines a central conduit
opening 80 configured to accommodate the conduit 21 therethrough. The first
rotatable member 71 includes a first bearing cover ring 82. The first bearing cover
ring 82 is in radially outward relationship to the first bearing mounting ring 50 with at
least one rotatable member bearing 52 being radially interposed therebetween. A
bearing cover spacer 84 and a retaining ring 85 are provided to help define a
circumferential inner groove 87 between the first bearing cover ring 82 and the
bearing cover spacer 84 within which the rotatable member bearings 52 are
retentively disposed.

[0057] In a similar fashion, the second rotatable member 72 defines a central
conduit opening and includes a second bearing cover ring that is in radially outward
relationship to the second bearing mounting ring with at least one rotatable member

bearing 52 being radially interposed therebetween. A similar spacer and retainer
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ring arrangement can also be provided for the second bearing cover ring to
retentively capture the rotatable member bearings 52.

[0058] Referring to FIGS. 1 and 2, the webbing straps 74, 75, 76, 77 are wrapped
around the conduit such that the webbings straps 74, 75, 76, 77 are in interwoven
relationship with each other. In the illustrated embodiment, the webbing constriction
assembly 25 includes four webbing straps 74, 75, 76, 77. In other embodiments, a
different number of webbing straps can be used.

[0059] In the illustrated embodiment, each webbing strap 74, 75, 76, 77 is
wrapped around the conduit 21 approximately one time (360 degrees) whenitisin a
nominal position, as shown in FIGS. 1 and 2. In embodiments, the wrapping
relationship of the webbing straps 74, 75, 76, 77 around the conduit 21 can be
varied. The webbing straps 74, 75, 76, 77 are configured to exert pressure upon the
conduit 21 to thereby constrict a slurry passage defined within the conduit. The
webbing straps 74, 75, 76, 77 are circumferentially arrayed around the conduit 21
and are configured to impart pressure on and constrict the conduit 21 when they are
placed in tension. The webbing straps 74, 75, 76, 77 can be placed in tension by
rotating the first and second rotatable members 71, 72 in opposing winding
directions WD1, WD».

[0060] The webbing straps 74, 75, 76, 77 can be made from any suitable
material, such as nylon or polyester, for example. The webbing straps 74, 75, 76, 77
are preferably flexible, but resistant to tension force applied axially along the
webbing strap 74, 75, 76, 77. It will be appreciated that, in different embodiments,
different materials, lengths, and sizes of webbing straps can be used to suit the
intended application.

[0061] The webbing straps 74, 75, 76, 77 are substantially identical to each other,
and each has a first end 91 and a second end 92. The first end 91 of each webbing
strap 74, 75, 76, 77 is connected to the first rotatable member 71 with at least two
degrees of freedom, and the second end 92 of each webbing strap 74, 75, 76, 77 is
connected to the second rotatable member 72 with at least two degrees of freedom.
In the illustrated embodiment, the first end 91 of each webbing strap 74, 75, 76, 77 is

movably connected to the first rotatable member 71, and the second end 92 of each
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webbing strap 74, 75, 76, 77 is movably connected to the second rotatable member
72.

[0062] In the illustrated embodiment, the first and second ends 91, 92 of each
webbing strap 74, 75, 76, 77 is connected to the respective first and second
rotatable members 71, 72 via an attachment base 94 and an attachment fork 95.
Each attachment base 94 is connected to one of the first and second rotatable
members 71, 72. Each attachment fork 95 is pivotally mounted to one of the
attachment bases 94 such that the attachment fork 95 is rotatable with respect to the
attachment base 94 about a fork pivot axis FPA. The first end 91 of each webbing
strap 74, 75, 76, 77 is pivotally mounted to one of the attachment forks 95 such that
each webbing strap 74, 75, 76, 77 is rotatable with respect to the attachment fork 95
about a webbing strap pivot axis WPA. The webbing strap pivot axis WPA is
perpendicular to the fork pivot axis FPA. Each attachment fork 95 includes a pair of
arms 97 and a fork pin 98 extending between the arms 97. The fork pin 98 defines
the webbing strap pivot axis WPA. Each first end 91 of the webbing straps 74, 75,
76, 77 comprises a closed loop. The fork pin 98 extends through the closed loop of
the first end 91 of the respective webbing strap 74, 75, 76, 77. The second end 92
of each webbing strap 74, 75, 76, 77 has a similar construction and attachment
arrangement.

[0063] It will further be appreciated that during the relative rotating action of the
first and second rotatable members 71, 72, the webbing straps 74, 75, 76, 77
change in orientation with respect to the first and second rotatable members 71, 72.
After relative rotation of the first and second rotatable members 71, 72, each
webbing strap 74, 75, 76, 77 is skewed from the nominal position shown in FIGS. 1
and 2.

[0064] Referringto FIG. 4, the first rotatable member 71 includes a plate portion
102 having a plate surface 104, a mounting ledge 105, a plurality of tracks 107, and
a plurality of connectors 108 (see FIG. 2). The mounting ledge 105 projects from the
plate surface. Each track 107 is connected to the plate portion 102. In
embodiments, at least one of the attachment bases 94 is disposed in contacting
relationship with the mounting ledge 105 and is adjustably secured to one of the

tracks 107 via a respective connector 108. In embodiments, at least one of the first
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ends 91 of the webbing straps 74, 75, 76, 77 is movably connected to the first
rotatable member 71 via one of the attachment bases 94. In embodiments, at least
one of the attachment bases 94 is disposed in contacting relationship with the
mounting ledge 105 and is adjustably secured to the track 107 via a respective
connector.

[0065] In embodiments, the mounting ledge 105 comprises four mounting ledge
segments 110 (two of which are shown in FIG. 4) forming a square that
circumscribes the central conduit opening 80 of the first rotatable member 71. In
embodiments, the mounting ledge segments 110 can be used to vary the attachment
points of the webbing straps 74, 75, 76, 77 relative to a radial center of the central
conduit opening 80. In use, the attachment points of the webbing straps 74, 75, 76,
77 can be varied to accommodate conduits with different sizes and/or to generate a
different wringing action from the webbing straps 74, 75, 76, 77.

[0066] Referring to FIG. 1, the drive mechanism 27 is configured to rotate the first
and second rotatable members 71, 72 in opposing first and second winding
directions WD+, WD> about the longitudinal axis LA to wrap the webbing straps 74,
75, 76, 77 tighter around the conduit 21 to thereby compress the conduit 21 and to
rotate the first and second rotatable members 71, 72 in opposing first and second
unwinding directions UD1, UD2 about the longitudinal axis LA to loosen the wrapping
of the webbing straps 74, 75, 76, 77 about the conduit 21. The first and second
winding directions WD+, WD> are in opposing relationship to the first and second
unwinding directions UD+1, UD2, respectively.

[0067] Upon actuation of the drive mechanism 27, such as by an actuator (a drive
motor, e.g.), the drive mechanism 27 rotates the first and second rotatable members
71, 72 relative to each other in opposing winding directions WD+1, WD, about the
longitudinal axis LA along which the conduit 21 extends. In embodiments, the
circumferential displacement of the first and second rotatable members 71, 72
causes the webbing straps 74, 75, 76, 77 to undergo a wringing action to impart
compressive pressure upon, and constrict, the conduit 21 such that the slurry
passage underlying the webbing straps 74, 75, 76, 77 approximates a hyperboloid of
rotation. In embodiments, the webbing straps 74, 75, 76, 77 exert pressure upon the

conduit 21 along the length of the conduit 21 in multiple radial planes to thereby
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constrict the underlying slurry passage radially. The resulting shape of the slurry
passage within the segment of the conduit 21 disposed within the constrictor housing
22 is generally smooth and circular at a plurality of cross-sections taken along the
length of the segment of the conduit 21.

[0068] The illustrated drive mechanism 27 includes a drive shaft 110 and a gear
assembly 112. The drive shaft 110 defines a shaft axis SA. The drive shaft 110 is
rotatably movable about the shaft axis SA in a tighten direction TD and a loosen
direction LD. The loosen direction LD is in opposing relationship to the tighten
direction TD. The gear assembly 112 is arranged with the drive shaft 110 and the
first and second rotatable members 71, 72 such that the gear assembly 112 is
configured to rotate the first and second rotatable members 71, 72 in the opposing
first and second winding directions WD+, WD: about the longitudinal axis LA in
response to the drive shaft 110 rotating in the tighten direction TD and to rotate the
first and second rotatable members 71, 72 in the opposing first and second
unwinding directions UD1, UD2 about the longitudinal axis LA in response to the drive
shaft 110 rotating in the loosen direction LD.

[0069] The drive shaft 110 of the drive mechanism 27 extends through the shaft
opening 41 of both of the first and second end plates 34, 35. The drive shaft 110
extends through the first and second shaft bearing supports 43, 44 such that the
shaft bearings 46, 47 rotatably support the drive shaft 110 such that the drive shaft
110 is rotatable about the shaft axis SA.

[0070] The gear assembly 112 of the drive mechanism 27 includes first and
second drive gears 121, 122, first and second ring gears 124, 125, and first and
second worm gear assemblies 127, 128. The first and second drive gears 121, 122
are mounted to the drive shaft 110 in spaced relationship to each other along the
shaft axis SA. The first and second ring gears 124, 125 are in fixed connection with
the first and second rotatable members 71, 72, respectively. The first and second
worm gear assemblies 127, 128 are supported by the constrictor housing 22. The
first worm gear assembly 127 is interposed between, and enmeshingly engaged
with, the first drive gear 121 and the first ring gear 124 such that the first drive gear
121 engages the first worm gear assembly 127 and, in response, the first worm gear

assembly 127 engages the first ring gear 124 to rotate the first rotatable member 71
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in the first winding direction WD1 when the drive shaft 110 rotates in the tighten
direction TD and to rotate the first rotatable member 71 in the first unwinding
direction UD1 when the drive shaft 110 rotates in the loosen direction LD. The
second worm gear assembly 128 is interposed between, and enmeshingly engaged
with, the second drive gear 122 and the second ring gear 125 such that the second
drive gear 122 engages the second worm gear assembly 128 and, in response, the
second worm gear assembly 128 engages the second ring gear 125 to rotate the
second rotatable member 72 in the second winding direction WD2 when the drive
shaft 110 rotates in the tighten direction TD and to rotate the second rotatable
member 72 in the second unwinding direction UD2> when the drive shaft 110 rotates
in the loosen direction LD.

[0071] In the illustrated embodiment, the second drive gear 121 is movably
mounted to the drive shaft 110 such that the second drive gear 121 is repositionable
along the shaft axis SA. The second shaft bearing support 44 is translatably
movable along the shaft axis SA of the drive shaft 110 to vary the longitudinal
distance between the first and second shaft bearing supports 43, 44.

[0072] A coupling 130 is mounted to the drive shaft 110 to facilitate the
connection of an actuator, such as a drive motor, for example, thereto. In
embodiments, the drive shaft 110 can be driven by any suitable motor, such as a
servomotor, for example. The actuator can be configured to rotate both the first and
second rotatable members 71, 72 relative to each other such that the amount of
relative rotation between the first and second rotatable members 71, 72 of the
constrictor valve 20 is continuously variable. In embodiments, the actuator can be
either manually or automatically controlled.

[0073] In embodiments, the actuator can be operated via a controller which is
also in electrical communication with a sensor, such as a pressure sensor. The
controller can be configured to control the operation of the actuator via a feedback
loop including at least one sensor. Constriction of the valve 20 can be triggered by
the controller sensing one or a plurality of factors, such as the pressure of the slurry
being dispensed from the discharge outlet with which the conduit is in fluid
communication. To increase or decrease this pressure to a desired amount, the

pressure drop through the slurry passage underlying the constrictor valve 20 can be
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variably increased or reduced by constricting the conduit 21 through operation of the
actuator to either rotate the first and second rotatable members 71, 72 in the
opposing winding directions WD+, WDz or unwinding directions UD+, UDz,
respectively. In embodiments, the flow rate through the conduit 21, the pressure in
the mixing or dispensing system, the viscosity of the slurry, the electromotive loading
on the actuator or the mixer motor, or other factors can be used.

[0074] Referring to FIGS. 5 and 6, the first worm gear assembly 127 includes a
drive gear engaging bevel gear 140, a pair of worm gear bearings 141 respectively
disposed within a worm gear bearing housing 142 mounted to the first end plate 34,
a worm gear 143, and a worm gear shaft 145 which is fixed in place on a worm gear
shaft 145 (see FIG. 2). The worm gear 143 can be fixed in place via a key 147. The
second worm gear assembly 128 has a construction similar to the first worm gear
assembly 127.

[0075] In embodiments, a constrictor valve constructed according to principles of
the present disclosure can be associated with a discharge conduit of a conventional
gypsum slurry mixer (e.g., a pin mixer) as is known in the art. The constrictor valve
can be used with components of a conventional discharge conduit. For example, the
constrictor valve can be used with components of a gate-canister-boot arrangement
as known in the art or of the discharge conduit arrangements described in U.S.
Patent Nos. 6,494,609; 6,874,930; 7,007,914; and 7,296,919.

[0076] A constrictor valve constructed in accordance with principles of the present
disclosure can advantageously be configured as a retrofit in an existing wallboard
manufacturing system. For example, a constrictor valve constructed in accordance
with principles of the present disclosure can be retrofitted to an existing slurry
discharge conduit arrangement, such as that shown in U.S. Patent No. 6,874,930 or
7,007,914, for example.

[0077] In embodiments, a slurry dispensing apparatus constructed in accordance
with principles of the present disclosure can be placed in fluid communication with a
slurry mixer to produce a cementitious slurry. In one embodiment, a slurry mixing
and dispensing assembly includes a mixer and a slurry dispensing apparatus.

[0078] In embodiments, a mixing apparatus for mixing and dispensing a slurry

includes a mixer having a mixer motor and a housing configured for receiving and
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mixing the slurry. The housing defines a chamber for holding the slurry, and can
have a generally cylindrical shape. The housing can have an upper wall, a lower
wall, and an annular peripheral wall. Calcined gypsum and water, as well as other
materials or additives often employed in slurries to prepare gypsum products, can be
mixed in the mixing apparatus. An outlet, also referred to as a mixer outlet, a
discharge gate or a slot, can be provided in the peripheral wall for the discharge of
the major portion of the cementitious slurry into a dispensing apparatus. The
dispensing apparatus can include a cylindrical flexible, resilient tube or conduit
having a main inlet in slurry receiving communication with the mixer outlet and a
constrictor valve constructed according to principles of the present disclosure.
[0079] Referring to FIG. 7, an embodiment of a cementitious slurry mixing and
dispensing assembly 210 constructed in accordance with principles of the present
disclosure is shown. The cementitious slurry mixing and dispensing assembly 210
includes a slurry mixer 220 in fluid communication with a slurry dispensing apparatus
225.

[0080] The slurry mixer 220 is adapted to agitate water and a cementitious
material to form aqueous cementitious slurry. Both the water and the cementitious
material can be supplied to the mixer 220 via one or more inlets as is known in the
art. In embodiments, any other suitable slurry additive can be supplied to the mixer
220 as is known in the art of manufacturing cementitious products. Any suitable
mixer (e.g., a pin mixer) can be used with the slurry distribution system.

[0081] The mixer 220 includes a housing and an agitator disposed within the
housing. The housing has an outlet. The agitator is configured to agitate water and
a cementitious material to form an aqueous cementitious slurry.

[0082] The slurry dispensing apparatus 225 includes an elongate resiliently
flexible resilient conduit 230, a constrictor valve 20 similar in construction and
functionality as the constrictor valve 20 of FIG. 1, and a slurry distributor 240. The
conduit 230 defines a slurry passage. The conduit 230 is connected to the mixer
220 such that the slurry passage is in fluid communication with the outlet. The
constrictor valve 20 is mounted to the conduit 230. The slurry distributor 240 is in
fluid communication with the conduit 230 and can be any conventional distributor

known to those skilled in the art (such as a “boot,” for example).
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[0083] A foam injection system 235 can be arranged with at least one of the mixer
220 and the discharge conduit 230. The foam injection system 235 can include a
foam source (e.g., such as a foam generation system configured as known in the art)
and a foam supply conduit.

[0084] In embodiments, any suitable foam source can be used. Preferably, the
aqueous foam is produced in a continuous manner in which a stream of a mix of
foaming agent and water is directed to a foam generator, and a stream of the
resultant aqueous foam leaves the generator and is directed to and mixed with the
cementitious slurry.

[0085] An aqueous foam supply conduit can be in fluid communication with at
least one of the slurry mixer 220 and the discharge conduit 230. An aqueous foam
from a source can be added to the constituent materials through the foam supply
conduit at any suitable location downstream of the mixer and/or in the mixer itself to
form a foamed cementitious slurry that is provided to the slurry distributor 240. In the
illustrated embodiment, the foam supply conduit is disposed downstream of the
slurry mixer and is associated with the discharge conduit 230. In the illustrated
embodiment, the aqueous foam supply conduit has a manifold-type arrangement for
supplying foam to a plurality of foam injection ports defined within an injection ring or
block associated with the delivery conduit, as described in U.S. Patent No.
6,874,930, for example.

[0086] In other embodiments, one or more foam supply conduits can be provided
that is in fluid communication with the mixer 220. In yet other embodiments, the
aqueous foam supply conduit(s) can be in fluid communication with the slurry mixer
alone. As will be appreciated by those skilled in the art, the means for introducing
aqueous foam into the cementitious slurry in the cementitious slurry mixing and
dispensing assembly, including its relative location in the assembly, can be varied
and/or optimized to provide a uniform dispersion of aqueous foam in the
cementitious slurry to produce board that is fit for its intended purpose.

[0087] Any suitable foaming agent can be used. Preferably, the aqueous foam is
produced in a continuous manner in which a stream of the mix of foaming agent and
water is directed to a foam generator, and a stream of the resultant aqueous foam

leaves the generator and is directed to and mixed with the slurry. Some examples of
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suitable foaming agents are described in U.S. Patent Nos. 5,683,635 and 5,643,510,
for example.

[0088] One or more additional flow-modifying elements can be associated with
the discharge conduit 230 and configured to control the flow of aqueous cementitious
slurry from the slurry mixer 220. Examples of suitable flow-modifying elements
include volume restrictors, pressure reducers, canisters, etc., including those
described in U.S. Patent Nos. 6,494,609; 6,874,930; 7,007,914; and 7,296,919, for
example.

[0089] As one of ordinary skill in the art will appreciate, one or both of the webs of
cover sheet material can be pre-treated with a very thin relatively denser layer of
gypsum slurry (relative to the gypsum slurry comprising the core), often referred to
as a skim coat in the art, and/or hard edges, if desired. To that end, the mixer
includes a first auxiliary conduit 250 that is adapted to deposit a stream of dense
aqueous calcined gypsum slurry that is relatively denser than the first and second
flows of aqueous calcined gypsum slurry delivered to the slurry distributor (i.e., a
“face skim coat/hard edge stream”). The first auxiliary conduit 250 can deposit the
face skim coat/hard edge stream upon a moving web of cover sheet material
upstream of a skim coat roller 255 that is adapted to apply a skim coat layer to the
moving web of cover sheet material and to define hard edges at the periphery of the
moving web by virtue of the width of the roller being less than the width of the
moving web as is known in the art. Hard edges can be formed from the same dense
slurry that forms the thin dense layer by directing portions of the dense slurry around
the ends of the roller used to apply the dense layer to the web.

[0090] The mixer can also include a second auxiliary conduit 270 adapted to
deposit a stream of dense aqueous calcined gypsum slurry that is relatively denser
than the first and second flows of aqueous calcined gypsum slurry delivered to the
slurry distributor (i.e., a “back skim coat stream”). The second auxiliary conduit 270
can deposit the back skim coat stream upon a second moving web of cover sheet
material upstream (in the direction of movement of the second web) of a skim coat
roller 275 that is adapted to apply a skim coat layer to the second moving web of

cover sheet material as is known in the art (see FIG. 19 also).
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[0091] In other embodiments, separate auxiliary conduits can be connected to the
mixer to deliver one or more separate edge streams to the moving web of cover
sheet material. Other suitable equipment (such as auxiliary mixers) can be provided
in the auxiliary conduits to help make the slurry therein denser, such as by
mechanically breaking up foam in the slurry and/or by chemically breaking down the
foam through use of a suitable de-foaming agent. In embodiments, a constrictor
valve constructed according to principles of the present disclosure can be mounted
to one or more of the auxiliary conduits 250, 270 of the mixer 220.

[0092] In one embodiment of a method of making a cementitious product, water
and a cementitious material are agitated in a mixer to form an aqueous cementitious
slurry. A flow of the aqueous cementitious slurry is discharged from the mixer into a
slurry passage defined within a conduit. A portion of the conduit is constricted using
a constrictor valve to change at least a part of the shape of the slurry passage within
the portion of the conduit. The constrictor valve includes a constrictor housing, a
webbing constriction assembly, and a drive mechanism.

[0093] The constrictor housing defines a first conduit opening and a second
conduit opening. The first and second conduit openings are in spaced relationship to
each other along a longitudinal axis defined therebetween. The conduit extends
through the first and second conduit openings.

[0094] The webbing constriction assembly includes a first rotatable member, a
second rotatable member, and a plurality of webbing straps. The first and second
rotatable members are rotatably mounted to the constrictor housing such that the
first and second rotatable members are rotatable about the longitudinal axis. The
first and second rotatable members are in spaced relationship to each other along
the longitudinal axis. The webbing straps are connected to the first and second
rotatable members. The webbing straps are wrapped around the conduit.

[0095] The drive mechanism is configured to rotate the first and second rotatable
members in opposing first and second winding directions about the longitudinal axis
and to rotate the first and second rotatable members in opposing first and second
unwinding directions about the longitudinal axis. The first and second winding
directions are in opposing relationship to the first and second unwinding directions,

respectively. The constricting of the portion of the conduit is effected by operating
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the drive mechanism to rotate the first and second rotatable members in the
opposing first and second winding directions to wrap the webbing straps tighter
around the conduit to thereby compress the conduit.

[0096] In embodiments, the pressure of the flow of the aqueous cementitious
slurry discharged from the mixer is monitored. In response to the pressure sensed
at the outlet of the mixer, the constrictor valve is adjusted to vary the degree to which
the portion of the conduit is constricted. In embodiments, if the pressure of the flow
of the aqueous cementitious slurry discharged from the mixer is below a
predetermined pressure range, the drive mechanism of the constrictor valve is
operated to further rotate the first and second rotatable members in the opposing
first and second winding directions to further wrap the webbing straps even tighter
around the conduit to thereby further compress the conduit. In embodiments, if the
pressure of the flow of the aqueous cementitious slurry discharged from the mixer is
above the predetermined pressure range, the drive mechanism of the constrictor
valve is operated to rotate the first and second rotatable members in the opposing
first and second unwinding directions to loosen the grip of the webbing straps around
the conduit to allow the slurry passage underlying the portion of the conduit to
radially expand by an amount correlated to the degree to which the compression
action exerted by the webbing straps diminished.

[0097] In embodiments, the flow of cementitious slurry from the mixer comprises
a main flow of cementitious slurry, and the conduit comprises a main discharge
conduit. In other embodiments, the flow of cementitious slurry from the mixer
comprises an auxiliary flow of cementitious slurry, and the conduit comprises an
auxiliary discharge conduit. In at least some of such embodiments, the method
further includes discharging a main flow of cementitious slurry from the mixer into a
main discharge conduit. The main flow of cementitious slurry has a first volumetric
flow rate, and the auxiliary flow of cementitious slurry has a second volumetric flow
rate. The first volumetric flow rate is greater than the second volumetric flow rate.
[0098] All references cited herein are hereby incorporated by reference to the
same extent as if each reference were individually and specifically indicated to be

incorporated by reference and were set forth in its entirety herein.
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[0099] The use of the terms “a” and “an” and “the” and similar referents in the
context of describing the invention (especially in the context of the following claims)
are to be construed to cover both the singular and the plural, unless otherwise
indicated herein or clearly contradicted by context. The terms “comprising,” “having,”
‘including,” and “containing” are to be construed as open-ended terms (i.e., meaning
“‘including, but not limited to,”) unless otherwise noted. Recitation of ranges of
values herein are merely intended to serve as a shorthand method of referring
individually to each separate value falling within the range, unless otherwise
indicated herein, and each separate value is incorporated into the specification as if
it were individually recited herein. All methods described herein can be performed in
any suitable order unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all examples, or exemplary language
(e.g., “such as”) provided herein, is intended merely to better illuminate the invention
and does not pose a limitation on the scope of the invention unless otherwise
claimed. No language in the specification should be construed as indicating any
non-claimed element as essential to the practice of the invention.

[00100] Preferred embodiments of this invention are described herein, including
the best mode known to the inventors for carrying out the invention. Variations of
those preferred embodiments may become apparent to those of ordinary skill in the
art upon reading the foregoing description. The inventors expect skilled artisans to
employ such variations as appropriate, and the inventors intend for the invention to
be practiced otherwise than as specifically described herein. Accordingly, this
invention includes all modifications and equivalents of the subject matter recited in
the claims appended hereto as permitted by applicable law. Moreover, any
combination of the above-described elements in all possible variations thereof is
encompassed by the invention unless otherwise indicated herein or otherwise clearly

contradicted by context.
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What is claimed is:

1. A constrictor valve for selectively constricting a resiliently flexible
conduit in a gypsum slurry dispensing apparatus, the constrictor valve comprising:

a constrictor housing, the constrictor housing defining a first conduit
opening and a second conduit opening, the first and second conduit openings
in spaced relationship to each other along a longitudinal axis defined
therebetween;

a webbing constriction assembly, the webbing constriction assembly
including a first rotatable member, a second rotatable member, and a plurality
of webbing straps, the first and second rotatable members being rotatably
mounted to the constrictor housing such that the first and second rotatable
members are rotatable about the longitudinal axis, the first and second
rotatable members being in spaced relationship to each other along the
longitudinal axis, the webbing straps connected to the first and second
rotatable members; and

a drive mechanism, the drive mechanism including a drive shaft and a
gear assembly, the drive shaft defining a shaft axis, the drive shaft rotatably
movable about the shaft axis in a tighten direction and a loosen direction, the
loosen direction being in opposing relationship to the tighten direction, the
gear assembly arranged with the drive shaft and the first and second rotatable
members such that the gear assembly is configured to rotate the first and
second rotatable members in opposing first and second winding directions
about the longitudinal axis in response to the drive shaft rotating in the tighten
direction and to rotate the first and second rotatable members in opposing first
and second unwinding directions about the longitudinal axis in response to the
drive shaft rotating in the loosen direction, the first and second winding
directions being in opposing relationship to the first and second unwinding

directions, respectively.
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2. The constrictor valve of claim 1, wherein the constrictor housing
includes a first end plate, a second end plate, a plurality of stretchers, a first bearing
mounting ring, a second bearing mounting ring, and a plurality of rotatable member
bearings, the first and second end plates respectively defining the first and second
conduit openings, the stretchers extending along the longitudinal axis and being
connected to the first and second end plates, the first and second bearing mounting
rings respectively connected to the first and second end plates such that the first and
second bearing mounting rings circumscribe the first and second conduit openings,
respectively, and the first and second bearing mounting rings respectively rotatably
supporting at least one rotatable member bearing, the first and second rotatable
members being rotatably supported, respectively, by the first and second bearing
mounting rings such that at least one rotatable member bearing rotatably supports

the respective first and second rotatable members.

3. The constrictor valve of claim 2, wherein the first and second rotatable
members include a first bearing cover ring and a second bearing cover ring,
respectively, the first bearing cover ring in radially outward relationship to the first
bearing mounting ring with at least one rotatable member bearing being radially
interposed therebetween, and the second bearing cover ring in radially outward
relationship to the second bearing mounting ring with at least one rotatable member
bearing being radially interposed therebetween, and wherein the first and second
end plates each define a shaft opening therethrough, the drive shaft of the drive
mechanism extending through the shaft opening of both of the first and second end

plates.

4. The constrictor valve of claim 1, wherein each of the webbing straps
has a first end and a second end, the first end being connected to the first rotatable
member with at least two degrees of freedom, and the second end being connected

to the second rotatable member with at least two degrees of freedom.

. The constrictor valve of claim 4, wherein each first end of the webbing
straps is connected to the first rotatable member via an attachment base and an

attachment fork, the attachment base being connected to the first rotatable member,
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the attachment fork being pivotally mounted to the attachment base such that the
attachment fork is rotatable with respect to the attachment base about a fork pivot
axis, the respective first end of the webbing straps being pivotally mounted to the
attachment fork such that the webbing strap is rotatable with respect to the
attachment fork about a webbing strap pivot axis, the webbing strap pivot axis being

perpendicular to the fork pivot axis.

6. The constrictor valve of claim 5, wherein the first rotatable member
includes a plate portion having a plate surface, a mounting ledge, a track, and at
least one connector, the mounting ledge projecting from the plate surface, the track
connected to the plate portion, and wherein at least one of the attachment bases is
disposed in contacting relationship with the mounting ledge and adjustably secured

to the track via a respective connector.
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7. The constrictor valve of claim 1, wherein the gear assembly of the drive
mechanism includes first and second drive gears, first and second ring gears, and
first and second worm gear assemblies, the first and second drive gears mounted to
the drive shaft in spaced relationship to each other along the shaft axis, the first and
second ring gears in fixed connection with the first and second rotatable members,
respectively, the first and second worm gear assemblies supported by the constrictor
housing, the first worm gear assembly interposed between, and enmeshingly
engaged with, the first drive gear and the first ring gear such that the first drive gear
engages the first worm gear assembly and, in response, the first worm gear engages
the first ring gear to rotate the first rotatable member in the first winding direction
when the drive shaft rotates in the tighten direction and to rotate the first rotatable
member in the first unwinding direction when the drive shaft rotates in the loosen
direction, and the second worm gear assembly interposed between, and
enmeshingly engaged with, the second drive gear and the second ring gear such
that the second drive gear engages the second worm gear assembly and, in
response, the second worm gear engages the second ring gear to rotate the second
rotatable member in the second winding direction when the drive shaft rotates in the
tighten direction and to rotate the second rotatable member in the second unwinding

direction when the drive shaft rotates in the loosen direction.
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8. A gypsum slurry mixing and dispensing assembly comprising:

a mixer, the mixer including a housing and an agitator disposed within
the housing, the housing having an outlet, the agitator configured to agitate
water and a cementitious material to form an aqueous cementitious slurry;
and

a slurry dispensing apparatus, the slurry dispensing apparatus
including a resiliently flexible conduit and a constrictor valve according to any
one of claims 1 to 7, the conduit defining a slurry passage, the conduit
connected to the mixer such that the slurry passage is in fluid communication
with the outlet, the constrictor valve mounted to the conduit;

wherein the conduit extends through the first and second conduit
openings of the constrictor housing, the webbing straps are wrapped around
the conduit, and the drive mechanism is configured to rotate the first and
second rotatable members in opposing first and second winding directions
about the longitudinal axis to wrap the webbing straps tighter around the
conduit to thereby compress the conduit and to rotate the first and second
rotatable members in opposing first and second unwinding directions about
the longitudinal axis to loosen the wrapping of the webbing straps about the
conduit, the first and second winding directions respectively being in opposing

relationship to the first and second unwinding directions, respectively.

9. The gypsum slurry mixing and dispensing assembly of claim 8, wherein
the webbing straps are wrapped around the conduit such that the webbings straps

are in interwoven relationship with each other.
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10. A method of making a cementitious product, the method comprising:

agitating water and a cementitious material in a mixer to form an
aqueous cementitious slurry;

discharging a flow of the aqueous cementitious slurry from the mixer
into a slurry passage defined within a conduit;

constricting a portion of the conduit using a constrictor valve according
to any one of claims 1 to 7 such that at least a part of the shape of the slurry
passage within the portion of the conduit is changed;

wherein the constricting of the portion of the conduit is effected by
operating the drive mechanism to rotate the first and second rotatable
members in the opposing first and second winding directions to wrap the

webbing straps tighter around the conduit to thereby compress the conduit.
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