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SYSTEMS AND METHODS FOR THE CONSTRUCTION OF STRUCTURES

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] Not applicable.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT
[0002] Not applicable.

BACKGROUND
[0003] This disclosure is generally directed to the construction of structures (e.g.,
dwellings, buildings, etc.). More particular, this disclosure is directed to the construction
of structures utilizing additive manufacturing techniques.
[0004] Structures (e.g., dwellings, buildings, sheds, etc.) may be manufactured with a
multitude of different materials and construction methods. Among the materials
commonly used in the construction of structures is concrete. For example, concrete may

be used to form the foundation as well as the exterior walls of a structure.

BRIEF SUMMARY
[0005] Some embodiments disclosed herein are directed to a construction system for
constructing a structure on a foundation. In an embodiment, the construction system
includes a printing assembly configured to deposit an extrudable building material to form
a structure. In addition, the construction system includes a supply tank configured to hold
the extrudable building material therein, wherein the supply tank is coupled to the printing
assembly. Further, the construction system includes a material delivery system coupled
to the supply tank. The material delivery system includes a water tank and a hopper
configured to hold dry ingredients of the extrudable building material therein. In addition,
the material delivery system includes a mixing unit configured to receive water from the
water tank and dry ingredients from the hopper. The mixing unit includes an agitator that
is configured to mix the water and the dry ingredients together to form the extrudable

building material. Further, the material delivery system includes a controller coupled to
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the agitator. The controller is configured to: measure a load imparted to the agitator by
the extrudable building material, add additional water to the mixing unit from the tank
when the load is above a first threshold, and add additional dry ingredients to the mixing
unit from the hopper when the load is below a second threshold.

[0006] Other embodiments disclosed herein are directed to a material delivery system for
delivering an extrudable building material to a printing assembly. In an embodiment, the
material delivery system includes a tank configured to hold water therein, and a hopper
configured to hold dry ingredients of the extrudable building material therein. In addition,
the material delivery system includes a mixing unit configured to receive water from the
tank and dry ingredients from the hopper. The mixing unit includes an agitator configured
to mix the water and the dry ingredients together to form the extrudable building material.
Further, the material delivery system includes a controller coupled to the agitator. The
controller is configured to: measure a load imparted to the agitator by the extrudable
building material, add additional water to the mixing unit from the tank when the load is
above a first threshold, and add additional dry ingredients to the mixing unit from the
hopper when the load is below a second threshold.

[0007] Still other embodiments are directed to a method of constructing a structure. In an
embodiment, the method includes (a) providing water from to a mixing unit, (b) providing
dry ingredients of an extrudable building material to the mixing unit, and (c) mixing the
water and the dry ingredients within the mixing unit with an agitator. In addition, the
method includes (d) measuring a torque imparted to the agitator during (c), and (e)
determining that the torque measured in (d) is either above a first threshold or below a
second threshold that is lower than the first threshold. Further, the method includes (f)
doing one of: (f1) providing additional water to the mixing unit if the torque measured in
(d) is determined to be above the first threshold, or (f2) providing additional dry
ingredients to the mixing unit if the torque measured in (d) is determined to be below the
first threshold. Still further, the method includes (g) providing the extrudable building
material from the mixing unit to a printing assembly, (h) maneuvering the printing
assembly about a foundation, and (i) extruding the extrudable building material from the

printing assembly during (h).
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[0008] Embodiments described herein comprise a combination of features and
characteristics intended to address various shortcomings associated with certain prior
devices, systems, and methods. The foregoing has outlined rather broadly the features
and technical characteristics of the disclosed embodiments in order that the detailed
description that follows may be better understood. The various characteristics and
features described above, as well as others, will be readily apparent to those skilled in the
art upon reading the following detailed description, and by referring to the accompanying
drawings. It should be appreciated that the conception and the specific embodiments
disclosed may be readily utilized as a basis for modifying or designing other structures for
carrying out the same purposes as the disclosed embodiments. It should also be realized
that such equivalent constructions do not depart from the spirit and scope of the principles

disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] For a detailed description of various exemplary embodiments, reference will now
be made to the accompanying drawings in which:
[0010] FIG. 1 is a front view of a construction system according to some embodiments
disclosed herein;
[0011] FIG. 2 is a schematic top view of the construction system of FIG. 1;
[0012] FIG. 3 is a perspective view of the gantry of the construction system of FIG. 1;
[0013] FIGS. 4 and 5 are perspective views of one of the rail segments of the rail
assembilies of the construction system of FIG. 1;
[0014] FIG. 6 is an enlarged front view of one of the vertical support assemblies of the
gantry of FIG. 3 engaged with one of the rail assemblies of the construction system of
FIG. 1;
[0015] FIG. 7 is an enlarged bottom view of a gear coupled to the vertical support
assembly of FIG. 6 engaged with a rack mounted to the rail assembly of FIG. 6;
[0016] FIG. 8 is an enlarged front view of another vertical support assembly for use within
the gantry of FIG. 3 according to some embodiments disclosed herein;
[0017] FIG. 9O is a perspective view of one of the lateral adjustment assemblies for an

upper bridge assembly of the gantry of FIG. 3;
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[0018] FIG. 10 is a front view of the lateral adjustment assembly of FIG. 9;

[0019] FIG. 11 is a back view of the lateral adjustment assembly of FIG. 9;

[0020] FIG. 12 is a side view of the lateral adjustment assembly of FIG. 9;

[0021] FIG. 13 is an enlarged side view of one of the locking clamps of the lateral
adjustment assembly of FIG. 9;

[0022] FIG. 14 is another front view of the lateral adjustment assembly of FIG. 9 with one
of the plates removed;

[0023] FIG. 15 is a back view of the first vertical adjustment assembly for the trolley
bridge assembly of the gantry of FIG. 3;

[0024] FIG. 16 is an enlarged side view of one of the vertical support assemblies of the
gantry of FIG. 3;

[0025] FIG. 17 is a front view of the second vertical adjustment assembly for the trolley
bridge assembly of the gantry of FIG. 3;

[0026] FIG. 18 is a rear view of the second vertical adjustment assembly of FIG. 17;
[0027] FIG. 19 is a side view of the second vertical adjustment assembly of FIG. 17;
[0028] FIG. 20 is a perspective view of the printing assembly of the construction system of
FIG. 1;

[0029] FIG. 21 is a rear view of the printing assembly of FIG. 20;

[0030] FIG. 22 is a side view of the printing assembly of FIG. 20;

[0031] FIG. 23 is a block diagram of the construction system of FIG. 1;

[0032] FIG. 24 is a flow chart of a method for printing a structure according to some
embodiments disclosed herein;

[0033] FIGS. 25-27 are sequential, perspective views of an example construction
operations utilizing the construction system of FIG. 1 according to some embodiments;
[0034] FIGS. 28 and 29 are perspective views of a material delivery system for use with a
construction system according to some embodiments disclosed herein;

[0035] FIG. 30 is a block diagram of the material delivery system of FIGS. 28 and 29; and
[0036] FIG. 31 is a flow chart of a method for mixing and delivering an extrudable building

material with the material delivery system of FIGS. 28 and 29.
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DETAILED DESCRIPTION
[0037] The following discussion is directed to various exemplary embodiments. However,
one of ordinary skill in the art will understand that the examples disclosed herein have
broad application, and that the discussion of any embodiment is meant only to be
exemplary of that embodiment, and not intended to suggest that the scope of the
disclosure, including the claims, is limited to that embodiment.
[0038] The drawing figures are not necessarily to scale. Certain features and
components herein may be shown exaggerated in scale or in somewhat schematic form
and some details of conventional elements may not be shown in interest of clarity and
conciseness.
[0039] In the following discussion and in the claims, the terms ‘“including” and
“‘comprising” are used in an open-ended fashion, and thus should be interpreted to mean
“‘including, but not limited to... .” Also, the term “couple” or “couples” is intended to mean
either an indirect or direct connection. Thus, if a first device couples to a second device,
that connection may be through a direct connection of the two devices, or through an
indirect connection that is established via other devices, components, nodes, and
connections. In addition, as used herein, the terms “axial” and “axially” generally mean
along or parallel to a given axis (e.g., central axis of a body or a port), while the terms
‘radial’ and “radially” generally mean perpendicular to the given axis. For instance, an
axial distance refers to a distance measured along or parallel to the axis, and a radial
distance means a distance measured perpendicular to the axis.

” o

[0040] As used herein, the terms “about,” “approximately,” substantially,” “generally,” and
the like mean plus or minus 10% of the stated value or range. In addition, as used herein,
an “extrudable building material” refers to a building material that may be delivered or
conveyed through a conduit (e.g., such as a flexible conduit) and extruded (e.g., via a
nozzle or pipe) in a desired location. In some embodiments, an extrudable building
material includes a cement mixture (e.g., concrete, cement, etc.). Further, as used
herein, the term “computing device” refers to any suitable device (or collection of devices)
that is configured to execute, store, and/or generate machine readable instructions (e.g.,
non-transitory machine readable medium). The term may specifically include devices,

such as, computers (e.g., personal computers, laptop computers, tablet computers,
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smartphones, personal data assistants, etc.), servers, controllers, etc. A computing
device may include a processor and a memory, wherein the processor is to execute
machine readable instructions that are stored on the memory.

[0041] As previously described above, structures (e.g., dwellings, buildings, sheds, etc.)
may be manufactured with a multitude of different materials and construction methods.
Traditionally, a building (e.g., a dwelling) may be constructed upon a composite slab or
foundation that comprises concrete reinforced with re-bar or other metallic materials. The
structure itself may then be framed (e.g., with wood and/or metal framing members), and
then an outer shell and interior coverings (e.g., ply-wood, sheet rock, etc.) may be
constructed around the structural framing. Ultilities (e.g., water and electrical power
delivery as well as vents and ducting for air conditioning and heating systems) may be
enclosed within the outer shell and interior covers along with insulation. This method of
designing and constructing a structure is well known and has been successfully utilized in
constructing an uncountable number of structures; however, it requires multiple
constructions steps that may not typically be performed simultaneously and that often
require different skills and trades to complete. As a result, this process for constructing a
structure can extend over a considerable period (e.g., 6 months to a year or more). Such
a lengthy construction period is not desirable in circumstances that call for the
construction of a structure or multiple structures in a relatively short period of time.

[0042] Accordingly, embodiments disclosed herein include construction systems and
methods of construction that allow a structure (such as a personal dwelling) to be
constructed in a fraction of the time associated with traditional construction methods. In
particular, embodiments disclosed herein utilize additive manufacturing techniques (e.g.,
three dimensional (3D) printing) in order to produce a structure more quickly and
economically in a systematic manner.

[0043] Referring now to FIGS. 1 and 2, a construction system 10 according to some
embodiments is shown. In this embodiment, construction system 10 generally includes a
pair of rail assemblies 20, a gantry 50 movably disposed on rail assemblies 20, and a
printing assembly 150 movably disposed on gantry 50. As will be described below,
construction system 10 is configured to form a structure 5 (such as for example a

personal dwelling) via additive manufacturing, specifically 3D printing, on a foundation 4.
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In particular, construction system 10 (via rail assemblies 20 and gantry 50) is configured
to controllably move or actuate printing assembly 150 relative to the foundation 4 along
each of a plurality of orthogonal movement axes or directions 12, 14, 16 such that printing
assembly 150 may controllably deposit an extrudable building material in a plurality of
vertically stacked layers 5a to form structure 5. As shown in FIG. 2, axes 12, 14, 16 are
each orthogonal to one another — with axis 12 being orthogonal to both axes 14, 16, axis
14 being orthogonal to axes 12 and 16, and axis 16 being orthogonal to axes 12 and 14.
[0044] Referring now to FIGS. 1, 2, 4, and 5, in this embodiment, each rail assembly 20
is disposed on a perimeter or side surface 6 of foundation 4 (see FIG. 1) and includes a
central axis 25, a first end 20a, and a second end 20b opposite first end 20a. Axes 25
of rail assemblies 20 are parallel and radially spaced from one another such that first
ends 20a and second ends 20b of rail assemblies 20 are generally aligned with one
another across foundation 4. In addition, each of the axes 25 of rail assemblies 20
extends parallel to axis 12 (and thus, each axis 25 also extends in a direction that is
perpendicular to the direction of axis 14 and the direction of axis 16).

[0045] As best shown in FIGS. 2 and 4-5, each rail assembly 20 includes a plurality of
rail segments 21 coupled end-to-end along the corresponding axis 25. Each rall
segment 21 includes a first end 21a and a second end 21b opposite first end 21a.
Within each rail assembly 20, an end 21a, 21b of one of the corresponding rail
segments 21 is coincident with the first end 20a and another end 21a, 21b of another of
the corresponding rail segments 21 is coincident with the second end 20b. More
particular, each rail segment 21 includes a first elongate angle member 22, a second
elongate angle member 24, and an elongate cable tray 30, wherein each of the angles
member 22, 24, and cable tray 30 extend axially between ends 21a, 21b along axis 25.
First angle member 22 includes a first portion 22a and a second portion 22b extending
perpendicularly from first portion 22a. First portion 22a includes a plurality of apertures
23 extending therethrough. In this embodiment, apertures 23 are slots that are
elongated axially with respect to axis 25. As shown in FIG. 5, angle member 22 is
secured to foundation 4 by inserting bolts 21 or other suitable connection members
through the apertures 23 and into perimeter 6 of foundation 4. Accordingly, once the

first elongate angle members 22 of rail assemblies20 are secured to perimeter 6 of
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foundation 4, second portions 22b of angle members 22 extend parallel to and may be
flush with top surface 4a of foundation 4.

[0046] Referring again to FIGS. 3 and 4, second elongate angle member 24 includes a
first portion 24a, and a second portion 24b extending perpendicularly to the first portion
24a. First portion 24a extends parallel to second portion 22b of the corresponding first
angle member 22 and is secured thereto via any suitable method (e.g., bolts, rivets,
welding, etc.). An axially extending elongate angle member 28 is secured (e.g., welded,
bolted, riveted, etc.) to first portion 24a of second angle member 24. As will be
described in more detail below, angle members 28 of rail segments 21 align within each
rail assembly 20 to form tracks to guide movement of gantry 50 (and printing assembly
150) across foundation 4 along axis 12 during construction operations. In addition, an
elongate rack 32 is secured to second portion 24b of each second angle member 24.
Accordingly, the rack 32 of rail segments 21 align with one another within each rail
assembly 20 along the corresponding axis 25. Referring briefly to FIG. 7, each rack 32
includes a plurality of teeth 36 that are axially adjacent one another along the
corresponding rail assembly 20.

[0047] Referring still to FIGS. 3 and 4, cable tray 30 comprises an elongate channel
member having a pair of axially extending laterally spaced walls 31, 33 that define a
channel 29 therebetween. A plurality of foot assemblies 35 are coupled to wall 31 via a
plurality of threaded collars 38. Each foot assembly 35 includes a handle 35a, a foot
39, and a threaded rod 27 extending therebetween. Threaded rod 27 is threadably
engaged within collar 38 such that rotation of rod 27 via handle 35a adjusts a position of
foot 39 in a generally vertical direction (e.g., in a direction that is parallel to axis 16 —
see FIGS. 1-3). A jam nut 37 is threadably engaged about threaded rod 27 between
handle 35a and collar 38. Once a desired position (e.g., vertical position) of foot 39 is
achieved per rotation of threaded rod 27 within collar 38 as previously described, jam
nut 27 may be readably advanced along rod 27 until it bears against collar 38 (or the
structure supporting collar 38), thereby placing threaded rod 27 in tension and
effectively fixing the rotational and axial position of threaded rod 27 and foot 29 relative

to collar 38.
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[0048] Referring still to FIGS. 3 and 4, wall 33 of cable tray 30 is secured (e.g., bolted,
welded, riveted, etc.) to second portion 24b of second angle member 24 so that channel
29 extends axially with respect to axis 25 in a position that is radially adjacent to second
angle member 24. As will be described in more detail below, as gantry 50 traverses
along foundation 4 along axis 12, cable tray 30 (particularly channel 29) align along the
corresponding axes 25 to receive cables, hoses, pipes, etc. that are routed to and from
gantry 50 and/or printing assembly 150 from adjacent devices, sources, equipment,
etc., such that the risk of impingement of one of the cables, hoses, pipes, etc. with
gantry 50 during operations is reduced.

[0049] Referring again to FIGS. 1-3, gantry 50 generally includes a pair of vertical support
assemblies 60, an upper bridge assembly 70 spanning between vertical support
assemblies 60, and a trolley bridge assembly 110 also spanning between vertical support
assemblies 60. As will be described in more detail below, each of the vertical support
assemblies 60 is movably coupled to a corresponding one of the rail assemblies 20 so
that vertical support assemblies 60 may traverse along axis 12 during operations. In
addition, trolley bridge assembly 110 is movably coupled to each of the vertical support
assemblies 60 so that trolley bridge assembly 110 may traverse along axis 16 during
operations. Each of these components will now be described in more detail below.

[0050] Referring specifically to FIG. 3, each vertical support assembly 60 includes a
longitudinal axis 65, a first or lower support frame 62, and a second or upper support
frame 64 axially spaced from lower support frame 62 along axis 65. In addition, vertical
support assembly 60 includes a plurality of support legs 66 extending axially between
frames 62, 64 with respect to axis 65. In this embodiment, axis 65 extends in the vertical
direction, or along the direction of the force of gravity, and thus, axis 65 of each vertical
support assembly 60 is parallel to axis 16, and support legs 66 of each vertical support
assembly 60 extend vertically between the corresponding girders 62, 64. Further, each
vertical support assembly 60 includes a pair of guide rods 69 extending axially between
frames 62, 64. As will be described in more detail below, guide rods 69 guide trolley
bridge assembly 110 as it traverses along axis 16 relative to vertical support assembles

60 during operations.
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[0051] Referring now to FIGS. 3 and 6, each vertical support assembly 60 further includes
a plurality of rollers 67 coupled to lower support frame 62. One or more of the rollers 67
is configured to engage with the aligned angle member 28 within the corresponding ralil
assembly 20 during operations to facilitate the movement of gantry 50 along axis 12. In
particular, in this embodiment, lower support frame 62 within each vertical support
assembly 60 includes a total of four rollers 67 disposed in a pair of rows 68a, 68b —
namely a first or inner row 68a, and a second or outer row 68b. Rows 68a, 68b are
spaced from one another in a radial direction with respect to axis 65 (and thus axially with
respect to axis 14). In addition, within each vertical support assembly 60, the inner rows
68a of roller 67 are more proximate the perimeter 6 of foundation than outer rows 68b of
rollers 67 with respect to the radial direction of axis 65, when gantry is disposed on rall
assemblies 20 in the manner shown in FIGS. 1 and 2.

[0052] Referring now to FIG. 6, in this embodiment, rollers 67 of inner rows 68a engage
with rails 28 on rail assemblies 20; however, in other embodiments, the rollers 67 of outer
rows 68b may engage with rails 28. In still other embodiments, the inner row 68a of
rollers 67 of one of the vertical support assemblies 60 may engage with a corresponding
one of the rails 28 while the outer row 68b of the other of the vertical support assemblies
60 may engage with the other of the rails 28. Further, in other embodiments, each (or at
least one of) the vertical support assemblies 60 may include only the inner row 68a or
only the outer row 68b of rollers 67.

[0053] Referring still to FIG. 6, each roller 67 includes a circumferential channel 673,
which in this embodiment is a v-shaped channel or groove extending circumferentially
about roller 67. Channel 67a engages and mates with elongate angle member 28 of a
corresponding one of the rail assemblies 20. Thus, during operations, each vertical
support assembly 60 (and thus also gantry 50 — see FIGS. 1 and 2) is configured to
traverse axially with respect to axes 25 of rail assemblies 20 and axis 12 along and
relative to top surface 4a of foundation 4 via rolling engagement between rollers 67 and
elongate angle members 28.

[0054] A lateral actuation assembly 40 is coupled between each vertical support
assembly 60 and the corresponding rail assembly 20 (that is, there is a corresponding

lateral actuation assembly 40 coupled between each vertical support assembly 60 and
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corresponding rail assembly 20 within construction system 10). However, it should be
appreciated that in other embodiments, a single lateral actuation assembly 40 is coupled
between a select one of the vertical support assemblies 60 and a corresponding one of
the rail assemblies 20. Each lateral actuation assembly 40 generally comprises a driver
42 and a connection block assembly 46 for coupling driver 42 to lower support frame 62
of vertical support assembly 60.

[0055] Driver 42 includes an output shaft 41 and is configured to rotate shaft 41 about an
axis 45 that extends in a direction that is generally perpendicular to the direction of axis
25 of the corresponding rail assembly 20 (however, it should be appreciated that such
precise alignment may not exist in other embodiments). Driver 42 may comprise any
suitable driver or prime mover for rotating output shaft 41 about axis 45, such as, for
example, an electric motor, a hydraulic motor, a pneumatic motor, etc. In this
embodiment, driver 42 comprises an electric motor (e.g., a servo motor). In addition,
driver 42 is configured to rotate shaft 41 in either direction (e.g., clockwise,
counterclockwise, etc.) about axis 45. As best shown in FIG. 7, shaft 41 is coupled to a
gear 43 (e.g., a pinion gear) that includes a plurality of teeth 44 that are configured to
mesh with the teeth 36 of racks 32 of the corresponding rail assembly 20.

[0056] Referring again to FIG. 6, driver 42 (including shaft 41 and gear 43) is mounted to
lower support frame 62 via a connection block assembly 46 as previously described.
Connection block assembly 46 includes a first block or member 52 mounted to driver 42,
a second block or member 54 mounted to lower frame 62, and a third block or member
56. First block 52 includes an aperture 53 that receives shaft 41 of driver 42 therethrough
along axis 45. A plurality of connector studs 58 (or more simply “studs 58") extend
through each of the first block 52, second block 54, and third block 56. In this
embodiment, connector studs 58 extend through blocks 52, 54, 56 in a direction that is
perpendicular to the direction of axis 45 of shaft 41. Each stud 58 has a first end 58a,
and a second end 58b opposite first end 58a. First block 52 is proximate first ends 58a of
each stud 58, third block 56 is proximate second ends 58b of each stud 58, and second
block 54 is disposed between blocks 52, 56.

[0057] In addition, studs 58 are fixed relative to first block 52 and third block 56 such that

studs 58 may not move relative to blocks 52, 56 during operations. Any suitable
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technique may be used to fix studs 58 relative to blocks 52, 56, such as for example,
engaging nuts to studs 58 on either side of blocks 52, 56, threadably engaging studs 58
within blocks 52, 56, welding studs 58 to blocks 52, 56, etc. In addition, in this
embodiment, studs 58 may freely slide within and relative to second block 54. A biasing
member (not shown) is disposed between first block 52 and second block 54. The
biasing member (not shown) is configured to bias first block 52 away from second block
54 along studs 58. In this embodiment, the biasing member (not shown) may comprise a
coiled spring; however, any suitable biasing member configured to linearly bias to blocks
52, 54 apart from one another may be used in other embodiments, such as, for example,
a piston. Because studs 58 are fixed relative to first block 52 and third block 56, and are
free to slide within second block 54 as previously described, biasing first block 52 from
second block 54 along studs 58 also biases third block 56 toward second block 54 along
studs 58. In addition, the biasing of first block 52 away from second block 54 further
along studs 58 biases gear 43 into engagement with the racks 32 of the corresponding
rail assembly 20. Accordingly, connection block assembly 46 is configured to bias teeth
44 of gear 43 into cooperative engagement with the corresponding teeth 36 on racks 32
during operations (see FIG. 7). It should be appreciated that in other embodiments, driver
42 is mounted to lower support frame 62 either directly or via any other suitable frame,
bracket, coupling, etc. in place of connection block assembly 46.

[0058] Referring again to FIGS. 1, 6, and 7, during operations, driver 42 of each lateral
actuation assembly 40 is selectively actuated rotate the corresponding shaft 41. Due to
the engagement between teeth 44 of shafts 41 (see FIG. 7) and the teeth 36 of the
corresponding racks 32 on rail assemblies 20, the rotation of shafts 41 about the
corresponding axes 45 causes traversal of each vertical support assembly 60 axially
along the corresponding rail assembly 20 with respect to axis 12. Accordingly, the
actuation of drivers 42 causes movement or translation of gantry 50 along axis 12 relative
to foundation 4.

[0059] Referring briefly to FIG. 8, in some embodiments, one (or each) of the vertical
support assemblies 60 may include an additional wheel or wheels 47 mounted to lower
support frame 62. As will be described in more detail below, the additional wheel(s) 47

may be utilized to maneuver gantry 50 either before, during, or after a construction
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operation. For instance, wheel(s) 47 may be used to engage with ramps during loading
or unloading of gantry 50 on or from, respectively, a trailer or other suitable conveyance
device. As shown in FIG. 8, in this embodiment, wheel 47 is mounted to lower support
frame 62 via a laterally extending arm 47a. In addition, in this embodiment, wheel 47
includes a rotating caster 47b that is configured to allow wheel 47 to rotate about a
generally vertically oriented axis 49 (e.g., that may be generally parallel to and radially
offset from axis 16 previously described). The free rotation of wheel(s) 47 about the
respective axes 49 (that is, in embodiments where multiple wheels 47 are mounted to
gantry 50) may allow gantry 50 to be translated as well as rotated along a support surface
(e.g., foundation 4, a warehouse floor, a trailer bed, etc.).

[0060] Referring again to FIG. 3, upper bridge assembly 70 comprises a pair of elongate
trusses 72 coupled to and spanning between vertical support assemblies 60. In
particular, each truss 72 includes a central axis 75 that extends parallel to but is axis 14,
a first end 72a, and a second end 72b opposite first end 72a. In addition, each truss 72
comprises a pair of elongate chords or members 74 that extend axially between ends
72a, 72b and that are radially separated from one another about axis 75 and a plurality
of webs or stiffening members 76 extending between chords 74. Second ends 72b are
secured to one of the vertical support assemblies 60 via corresponding mounting plates
78 that are further mounted to corresponding ones of the support legs 66. However,
trusses 72 are adjustably coupled to the other vertical support assembly 60 such that
the spacing between vertical support assemblies 60 along trusses 72 (or along axes 75,
14) may be adjusted. Accordingly, gantry 50 has a width W5, extending along axis 14
between vertical support assemblies 60 that is adjustable to accommodate different
widths of foundation 4 (see Figures 1 and 2).

[0061] Referring now to FIGS. 9-14, first ends 72a of each truss 72 is coupled to one of
the vertical support assemblies 60 via a corresponding lateral adjustment assembly 80.
Generally speaking, each lateral adjustment assembly 80 includes a first plate 82, a
second pate 84 spaced from first plate 82, and a plurality of rollers 86 coupled to first
plate 82. First plate 82 is mounted to a pair of the support legs 66 and second plate 84
is coupled to first plate 82 such that second plate 84 is spaced from first plate 82 in a

radial direction with respect to axes 65, 14.
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[0062] Referring now to FIG. 14, a pair of mounting blocks 95, 97 are mounted to first
plate 82 such that mounting blocks 95, 97 are disposed between plates 82, 84 during
operations. In particular, the mounting blocks 95, 97 include a first or upper mounting
block 95 and a second or lower mounting block 97 vertically spaced from upper
mounting block 95 (e.g., blocks 95, 97 are spaced in a direction that is parallel to axes
65, 16). A first pair of the rollers 86 is rotatably mounted to upper mounting block 95,
while a second pair of the rollers 86 is rotatably mounted to lower mounting block 97. A
corresponding one of the trusses 72 is received between plates 82, 84 such that
elongate chords 74 engage with rollers 86. In particular, the rollers 86 that are rotatably
mounted upper mounting block 95 are engaged with a one of the elongate chords 74 of
truss 72, and the rollers 86 that are rotatably mounted to lower mounting block 97 are
engaged with another of the elongate chords 74 of truss 72. During operations, the
vertical support assembly 60 mounted to lateral adjustment assemblies 80 may
translate along trusses 72 (e.g., axially with respect to axes 14, 75) relative to the other
vertical support assembly 60 via the rolling engagement between rollers 86 and
elongate chords 74 of trusses 72. Thus, the lateral spacing (e.g., the spacing along axis
14) between vertical support assemblies 60 of gantry 50 (and thus the width Ws, — see
e.g., FIGS. 1 and 3) may be adjusted via the rolling engagement between trusses 72
and rollers 86 within lateral adjustment assemblies 80, so as to allow gantry 50 to span
across foundations (e.g., foundation 4) having a wide variety of widths.

[0063] Referring again to FIGS. 9-14, each lateral adjustment assembly 80 also includes
a plurality of locking assemblies 88 mounted to first plate 82 that are configured to
selectively engage with elongate chords 74 so as to fix or lock the position of the
corresponding vertical support assembly 60 along trusses 72 during operations. In
particular, each locking assembly 88 includes a handle 85, an engagement member 87,
and a frame 89 coupled between handle 85 and engagement member 87. As best
shown in FIG. 12, frame 89 includes a first frame member 89a, a second frame member
89b, and a third frame member 89c. First frame member 89a is mounted to first plate
82, second frame member 89b is mounted to handle 85, and third frame member 89c is
mounted to engagement member 87. In addition, second frame member 89b is pinned

to each of the first frame member 89a and the third frame member 89c at a first pinned
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connection 81 and a second pinned connection 83, respectively. During operations, the
manipulation or movement of handle 85 causes second frame member 89b to rotate
relative to first frame member 89a about the first pinned connection 81 so that third
frame member 89c and engagement member 87 are moved toward truss 72
(specifically toward a corresponding one of the elongate chords 74). The movement of
third frame member 89¢c and engagement member 87 is further facilitated by the relative
rotation of second frame member 89b and third frame member 89c about second
pinned connection 83. Thus, during operations, when a desired position of trusses 72
and vertical support assemblies 60 (or a desired spacing of vertical support assemblies
60 along axis 14) is achieved, handles 85 of locking assembles 88 may be manipulated
to cause engagement members 87 to engage with the trusses 72 of upper bridge
assembly 70 so as to effectively lock the relative positions of vertical support
assemblies 60 and trusses 72.

[0064] In addition, as best shown in FIGS. 9-11, a pair of locking clamps 90 is included
on lateral adjustment assemblies 80 to selectively adjust the spacing between plates 82,
84. Referring briefly to FIG. 13, each locking clamp 90 includes a lever 92, a threaded
rod 93 pivotably coupled to lever 92 and extending through plates 82, 84, and an
adjustment nut 94 threadably engaged to threaded rod 93. The threaded rod 93 of one
of the locking clamps 90 extends through plates 82, 84 and upper mounting block 95,
and the threaded rod 93 of the other locking clamp 90 extends through plates 82, 84
and lower mounting block 97. FIG. 13 only depicts the locking clamp 90 that extends
through upper mounting block 95 to simply the figure; however, it should be appreciated
that the other locking clamp 90 is configured the same (except that threaded rod 93
extends through lower mounting block 97 as previously described). Threaded rod 93 is
pivotably coupled to lever 92 at a pinned connection 95. Plates 82, 84 are disposed
between lever 92 and adjustment nut 94 along rod 93 such that lever 92 is disposed
adjacent first plate 82 and adjustment nut 94 is disposed adjacent second plate 84.
Lever 92 includes a convex curved surface 91 that is engaged with first plate 82, so that
during operations, lever 92 may be pivoted about pinned connection 95 relative to
threaded rod 93 such that convex curved surface 91 engages with plate 81 to force

plates 82, 84 toward one another. In some embodiments, lever 92 may be actuated so
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as to cause plates 82, 84 to engage and compress truss 72 therebetween to further lock
or fix the relative positions of vertical support assemblies 60 and vertical bridge
assembly 70 during operations. The position of nut 94 along rod 93 is configured to
selectively adjust the compression applied to plates 82, 84 and truss 72 when handle 92
Is actuated as described above.

[0065] Referring again to FIGS. 11 and 14, each truss 72 includes an elongate rack 77
that is mounted to one of the elongate chords 74. Rack 77 includes a plurality of teeth
79 that are axially adjacent one another along axis 75. A driver 96 is mounted to first
plate 82 via a connection block assembly 100. Driver 96 includes an output shaft 97 and
is configured to rotate shaft 97 about an axis 99 that extends in a direction that is
generally perpendicular to the direction of axes 65, 75. Driver 96 may comprise any
suitable driver or prime mover for rotating output shaft 97 about axis 99, such as, for
example, an electric motor, a hydraulic motor, a pneumatic motor, etc. In this
embodiment, driver 96 comprises an electric motor (e.g., a servo motor). In addition,
driver 96 is configured to rotate shaft 97 in either direction (e.g., clockwise,
counterclockwise, etc.) about axis 99. As best shown in FIG. 14, shaft 97 is coupled to a
gear 98 (e.g., pinion gear) including a plurality of teeth 98a that are configured to mesh
with the teeth 79 of rack 77 of the corresponding truss 72.

[0066] Referring still to FIGS. 11 and 14, connection block assembly 100 is generally the
same as connection block assembly 46 previously described above (see e.g., FIG. 6).
Thus, connection block assembly 100 includes first block or member 52 mounted to driver
69, second block or member 54 mounted to first plate 82, and third block or member 56,
wherein each of the blocks 52, 54, 56 are the same as previously described. In addition,
a plurality of connector studs 58 (or more simply “studs 58”) extends through each of the
blocks 52, 54, 56 in the same manner as previously described above. Specifically, studs
58 are fixed within blocks 52, 56 and are configured to freely slide or translate within block
54. Within connection block assembly 100, studs 58 extend through blocks 52, 54, 56 in
a direction that is perpendicular to the direction of axes 75, 14. Further, a biasing
member 103 is disposed between first block 52 and second block 54 so as to bias blocks
52, 54 apart from one another along studs 58 and therefore to bias gear 98 into

engagement with rack 77 mounted to the corresponding truss 72.
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[0067] Referring now to FIGS. 3, 9, and 14, during operations, the spacing of vertical
support assemblies 60 along axis 14 (and thus also the width Wsp) may be selectively
adjusted by actuating drivers 96 to rotate gears 98 about axes 99. The engagement
between teeth 98a of gears 98 and the teeth 79 on racks 77 causes lateral adjustment
assemblies 80 (and thus also vertical support assemblies 60) to traverse axially along
trusses 72 with respect to axis 14. Once a desired position or spacing of vertical
support assemblies 60 is achieved, the handles 85 of locking assemblies 88 are
actuated so that engagement members 87 engage with elongate chords 34 of trusses
72, thereby fixing the relative positions of vertical support assemblies 60 along trusses
72 of upper bridge assembly 70 as previously described above. The relative position of
lateral adjustment assemblies 80 along trusses 72 may also further be fixed by
manipulating levers 92 of locking clamps 90 to draw plate 82, 84 toward one another
about the corresponding truss 74 as previously described above.

[0068] Referring again to FIG. 3, trolley bridge assembly 110 includes a central or
longitudinal axis 115 that extends generally parallel to each of the axes 75 of trusses 72
within upper bridge assembly 70 and axis 14. In addition, trolley bridge assembly 110
includes a first end 110a, a second end 110b opposite first end 110a, an elongate base
112, and a pair of elongate trusses 114 mounted to base 112, wherein each of the base
112 and trusses 114 extend axially between ends 110a, 110b. Each truss 114 includes
an elongate axially extending chord 116 and a plurality of webs or stiffening members
118 extending between base 112 and chord 116.

[0069] Referring briefly to FIG. 19, a plurality of rails 117, 119 are mounted to trolley
bridge assembly 110 that extend axially between ends 110a, 110b. In particular, a pair
of first or inner rails 119 extends along the base 112 and one of the elongate chords
116 of trusses 114, and a pair of second or outer rails 117 extends along the base 112
and the other of the elongate chords 116 of trusses 114. Thus, the inner rails 119 are
radially spaced from the outer rails 117 about axis 115. Each of the rails 117, 119
comprise an elongate angle member that form tracks extending axially along trolley
bridge assembly with respect to axis 115.

[0070] Referring again to FIG. 3, trolley bridge assembly 110 is coupled to each of the

vertical support assemblies 60 such that trolley bridge assembly 110 may traverse
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axially along axis 16 during operations. In particular, trolley bridge assembly 110 is
movably coupled to one of the vertical support assemblies 60 via a first vertical
adjustment assembly 120 proximate second end 110b, and is movably coupled to the
other of the vertical support assemblies 60 via a second vertical adjustment assembly
140 proximate first end 110a.

[0071] Referring now to FIGS. 3 and 15, first vertical adjustment assembly 120 includes
a mounting plate 122 that is mounted to trolley bridge assembly 110 proximate second
end 110b. A plurality of collars 126 are mounted to plate 122. In particular, in this
embodiment, there are a total of four collars 126 disposed in two columns 123a, 123b
that are axially spaced along axis 115 (or spaced in a radial direction with respect to
axis 65 of the corresponding vertical support assembly 60). Each columns 123a, 123b
of collars 126 receives one of the pair of guide rods 69 of the corresponding vertical
support assembly 60 axially therethrough with respect to axes 65, 16. Thus, plate 122
(and trolley bridge assembly 110) is free to traverse along axes 65, 16 due to the sliding
engagement of guide rods 69 within collars 126.

[0072] Referring now to FIG. 16, each vertical support assembly 60 includes a chain
124 that extends over a first or upper sprocket 125 that is mounted to upper support
frame 64 and a second or lower sprocket 127 that is mounter to lower support frame 62.
In addition, driver 129 is mounted to lower support frame 62 and is also engaged with
chain 124. Driver 129 may comprise any suitable driver, such as those described
above for drivers 42, 96. In this embodiment, driver 129 comprises an electric motor
(e.g., servo motor). During operations, driver 129 may engage with chain 124 and
rotate in one of two directions (e.g., clockwise or counter clockwise) to rotate chain 124
in either a first direction 104 or a second, opposite direction 108 as shown in FIG. 16.
[0073] Referring now to FIGS. 15 and 16, first vertical adjustment assembly 120
includes a mounting bracket 128 that is secured to a length of chain 124 and to plate
122. Thus, during operations, as driver 129 rotates chain 124 in directions 104, 108,
plate 122 is moved along with chain 124. In particular, when chain 124 is rotated about
driver 129, and sprockets 125, 127 in direction 104, plate 122 is moved along axially
guide rods 69 toward upper support frame 64 of vertical support member 60 with

respect to axes 65, 16 (or in a vertically upward direction). Conversely, when chain 124
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is rotated about driver 129 and sprockets 125, 127 in direction 108, plate 122 is moved
axially along guide rods 69 toward lower support frame 62 of vertical support assembly
60 with respect to axes 65, 16 (or in a vertically downward direction).

[0074] Referring now to FIGS. 17-19, second vertical adjustment assembly 140 includes
a mounting plate 142 that further includes a plurality of collars 126 arranged in a pair of
columns 123a, 123b in the same manner as previously described above for first vertical
adjustment assembly 120. Thus, collars 126 receive guide rods 96 therethrough to
allow plate 142 to traverse axially relative to the corresponding vertical support
assembly 60 with respect to axis 65. In addition, second vertical adjustment assembly
140 includes a mounting bracket 128 that is engaged with the chain 29 disposed on the
corresponding vertical support assembly 60. Thus, as described with first vertical
adjustment assembly 120, during operations, chain 124 may be actuated to move or
translate plate 142 axially within vertical support assembly 60 with respect to axis 65 in
the same manner described for first vertical adjustment assembly 120.

[0075] As best shown in FIGS. 17 and 19, a plurality of rollers 144 is mounted to plate
142. Each roller 144 includes a circumferential channel 144a, which in this embodiment
is a v-shaped channel or groove extending circumferentially about roller 144. Two of the
rollers 144 are engaged with one of the pair of inner rails 119 while the other two of the
rollers 144 are engaged with the other of the pair of inner rails 119. Thus, during
operations, the spacing between vertical support assemblies 60 along axes 14, 115 (and
thus also the width W5, — see e.g., FIGS. 1 and 3) may be adjusted via the rolling
engagement of rollers 144 and inner rails 119 on trolley bridge assembly 110 (in addition
to the rolling engagement of rollers 86 and trusses 72 within upper bridge assembly 70 as
previously described above).

[0076] A plurality of locking assemblies 88, each being the same as previously described
above, are mounted to plate 142 of vertical adjustment assembly 140. Thus, once a
desired spacing between vertical support assemblies 60 is achieved, handles 85 of
locking assemblies 88 on plate 142 are manipulated to cause engagement members 87
to engage with trolley bridge assembly 110 and thereby lock or fix the relative position of
trolley bridge assembly 110 and vertical support assemblies 60 with respect to axis 14 in

the same manner previously described for lateral adjustment assemblies 80. Within
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second vertical adjustment assembly 140, the engagement members 87 of two of the
locking assemblies 88 are to engage with the elongate chord 116 of one of the trusses
114 of trolley bridge assembly 110 and the engagement members 87 of the other two of
the locking assemblies 88 are to engage with the base 112 of trolley bridge assembly
110.

[0077] Referring specifically now to FIG. 19, an elongate rack 149 is mounted to trolley
bridge assembly 110. While not specifically shown, elongate rack 149 includes a
plurality of teeth that are similar to teeth 36, 79 of racks 32, 77, respectively, previously
described above. The teeth (not shown) of rack 149 are axially adjacent one another
along axis 115 of trolley bridge assembly 110. In addition, a driver 146 is mounted to
plate 142 that includes an output shaft 147 and is configured to rotate shaft 147 about an
axis 145 that extends in a direction that is generally perpendicular to the direction of axis
115 of trolley bridge assembly 110 (however, it should be appreciated that such precise
alignment may not exist in other embodiments). Driver 146 may comprise any suitable
driver or prime mover for rotating output shaft 147 about axis 145, such as, for example,
an electric motor, a hydraulic motor, a pneumatic motor, etc. In this embodiment, driver
146 comprises an electric motor (e.g., a servo motor). In addition, driver 146 is
configured to rotate shaft 147 in either direction (e.g., clockwise, counterclockwise, etc.)
about axis 145. Further, shaft 147 is coupled to a gear 148 (e.g., a pinion gear) that
includes a plurality of teeth (not specifically shown) mounted thereto that are configured to
mesh with the teeth (not shown) of rack 149. Thus, the rotation of gear 148 about axis
145 is configured to translate the vertical adjustment assembly 140 (as well as the vertical
support assembly 60 mounted thereto) axially along trolley bridge assembly 110 with
respect to axis 115.

[0078] Referring again to FIG. 18, driver 146 (including shaft 147 and gear 148) is
mounted to plate 142 via a connection block assembly 143, which is generally the same
as connection block assemblies 46, 100 previously described. Thus, connection block
assembly 143 includes first block or member 52 mounted to driver 146, second block or
member 54 mounted to plate 142, and third block or member 56, wherein each of the
blocks 52, 54, 56 are the same as previously described. In addition a plurality of

connector studs 58 (or more simply “studs 58”) extend through each of the first block 52,
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second block 54, and third block 56 in the same manner as described above, and biasing
member 103 is disposed between first block 52 and second block 54 that is configured to
bias first block 52 away from second block 54 along studs 58 as previously described.
Thus, biasing member 103 is configured to bias gear 143 into engagement with rack 149
mounted to trolley bridge assembly 110.

[0079] Referring now to FIGS. 1-3 and 20-22, printing assembly 150 generally includes a
support plate 152 movably mounted to trolley bridge assembly 110, and an outflow
assembly 151 mounted to plate 152. Support plate 152 includes a first or inner side
152a, and a second or outer side 152b opposite inner side 152a. Outflow assembly 151
is mounted to outer side 152b of plate 152. In addition, a plurality of rollers 154 is
mounted to inner side 152a of plate 152. As best shown in FIG. 21, each roller 154
includes a circumferential channel 154a, which in this embodiment is a v-shaped channel
or groove extending circumferentially about roller 154. During operations, printing
assembly 150 is mounted to trolley bridge assembly 110 such that the channel 154a of
each roller 154 is engaged with corresponding ones of the rails 117. In particular, two of
the rollers 154 are engaged with the rail 117 disposed on the elongate chords 116 of one
of the trusses 114 and the other two rollers 154 are engaged with the rail 117 disposed
along base 112. Thus, during operations, plate 152 of printing assembly 150 may
traverse axially along trolley bridge assembly 110 with respect to axes 115, 14 via rolling
engagement between rollers 154 and rails 117.

[0080] A second elongate rack 167 is mounted to trolley bridge assembly 110. In
particular, as best shown in FIG. 22, the second elongate rack 167 is mounted on a side
of trolley bridge assembly 110 that is radially opposite the position of rack 149, previously
described. While not specifically shown, elongate rack 167 includes a plurality of teeth
that are similar to teeth 36, 79 of racks 32, 77, respectively, previously described above.
The teeth (not shown) of rack 167 are axially adjacent one another along axis 115 of
trolley bridge assembly 110. In addition, a driver 162 is mounted to outer side 152b of
plate 152 that includes an output shaft 169 extending from outer side 152b to inner side
152a of plate 152 and that is configured to rotate shaft 169 about an axis 165 that
extends in a direction that is generally perpendicular to the direction of axis 115 of trolley

bridge assembly 110 (however, it should be appreciated that such precise alignment may
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not exist in other embodiments). Driver 162 may comprise any suitable driver or prime
mover for rotating output shaft 169 about axis 165, such as, for example, an electric
motor, a hydraulic motor, a pneumatic motor, etc. In this embodiment, driver 162
comprises an electric motor (e.g., a servo motor). In addition, driver 162 is configured to
rotate shaft 169 in either direction (e.g., clockwise, counterclockwise, etc.) about axis 165.
Further, shaft 169 is coupled to a gear 164 (e.g., a pinion gear) that includes a plurality of
teeth (not specifically shown) mounted thereto that are configured to mesh with the teeth
(not shown) of rack 167. Thus, the rotation of gear 162 about axis 165 is configured to
translate the printing assembly 150 axially along trolley bridge assembly 110 with respect
to axes 115, 14, between vertical support assemblies 60 during operations.

[0081] Referring now to FIGS. 20 and 22, driver 162 (including shaft 169 and gear 164) is
mounted to plate 152 via a connection block assembly 163, which is generally the same
as connection block assemblies 46, 100, 143 previously described. Thus, connection
block assembly 163 includes first block or member 52 mounted to driver 162, second
block or member 54 mounted to plate 152, and third block or member 56, wherein each of
the blocks 52, 54, 56 are the same as previously described. In addition a plurality of
connector studs 58 (or more simply “studs 58”) extend through each of the first block 52,
second block 54, and third block 56 in the same manner as described above, and biasing
member 103 is disposed between first block 52 and second block 54 that is configured to
bias first block 52 away from second block 54 along studs 58 as previously described.
Thus, biasing member 103 is configured to bias gear 164 into engagement with rack 167
mounted to trolley bridge assembly 110 during operations.

[0082] Referring now to FIGS. 1, 3, 20, and 22, outflow assembly 151 generally includes
a valve 152 and an outlet nozzle 156 that is downstream of valve 152. During operations,
extrudable building material is provided to outflow assembly 151 via a supply conduit 155
that is routed trolley bridge assembly 110 on base 112 and between trusses 114 (note:
only a small section of supply conduit 155 is shown in FIG. 3, and the section of supply
conduit 115 connected to outflow assembly 151 on printing assembly 150 is not shown so
as to simply the figure). In particular, the supply conduit 155 is coupled to outflow

assembly 151 at a connector 153 upstream of valve 152, so that extrudable building
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material may be delivered to and through valve 152 and then to outlet nozzle 156 so that
it may be deposited onto foundation 4 (see FIGS. 1 and 2) during construction operations.
[0083] Supply conduit 155 is configured to deliver an extrudable building material (e.g., a
cement mixture) from a source (not shown in FIG. 3), which may comprise any suitable
tank, hopper, vessel, etc. that is configured to contain a volume of extrudable building
material therein. For example, in some embodiments, the source may comprise a tank, a
cement mixer (e.g., such as that found on a stand-alone cement mixer or on a cement
truck), or other suitable container, and may be disposed immediately adjacent foundation
4 and gantry 50, or may be relatively remote from foundation 4 and gantry 50. In this
embodiment, supply conduit 155 comprises a hose; however, other suitable conduits or
channels for delivering the extrudable building material from the source may be used in
other embodiments (e.g., pipes, open channels, tubing, etc.).

[0084] Referring still to FIGS. 1, 3, 20, and 22, valve 152 is an actuatable member that is
configured to selectively close off or adjust the flow of extrudable building material to
outlet nozzle 156 during operations. In some embodiments, valve 152 comprises a pinch
valve; however, other valve designs or arrangement may be used in other embodiments
(e.g., ball valve, gate valve, butterfly valve, etc.). Valve 152 may be actuated between a
fully open position, where valve 152 has little to no effect on the flow rate of building
material flowing to outlet nozzle 156, and a fully closed position, where valve 156
prevents all extrudable building material from progressing to outlet nozzle 156 from
supply conduit 155. In addition, valve 152 may also be actuated to a plurality of positions
that are between the fully open and fully closed positions to progressively adjust the flow
of building material to outlet nozzle 156. Further, in this embodiment, valve 152 is
pneumatically actuated with compressed air; however, other actuation methods are
possible, such as, for example, electrical actuation, hydraulic actuation, mechanical
actuation, or some combination thereof.

[0085] Referring now to FIGS. 1, 3, 20, and 23, during a construction operation, printing
assembly 150 is traversed along axes 12, 14, 16 about foundation 4 via gantry 50 and rail
assemblies 20. Simultaneously, printing assembly 150 is actuated (e.g., via a pump
assembly 105) to extrude or deposit building material (e.g., a cement mixture) in a

plurality of vertically stacked layers 5a thereby forming structure 5 on top surface 4a of
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foundation 4. In particular, during these operations printing assembly 150 is traversed
along the axis 12 via actuation of drivers 42 and the engagement between teeth 44 on
gears 43 and teeth 36 on elongate racks 32 mounted on rail assemblies 20 (see FIGS. 6
and 7). In addition, printing assembly 150 is traversed along axis 14 via actuation of
driver 162 and the engagement between the teeth on gear 164 and the teeth on elongate
rack 167 mounted to trolley bridge assembly 110 (see FIG. 22). Further, printing
assembly 150 is traversed along the axis 16 via actuation of drivers 129 and chains 124
mounted to vertical support assemblies 60 and the corresponding sliding engagement
between collars 126 on vertical adjustment assemblies 120, 140 and guide rods 69 on
vertical support assemblies 60 (see FIGS. 4, 15, and 18). Thus, the selective actuation of
drivers 42, 162 causes printing assembly 150 to be controllably maneuvered within a
plane that is parallel to top surface 4a of foundation 4, and the selective actuation of
drivers 129 causes printing assembly 150 to be controllably translated vertically (or along
axis 16).

[0086] The above described actuation of drivers 42, 162, 129 may be monitored and
controlled by a central controller 202 (see FIG. 23). Controller 202 may comprise any
suitable device or assembly which is capable of receiving an electrical or informational
signal and transmitting various electrical, mechanical, or informational signals to other
devices (e.g., valve 201, pump assembly 105, etc.). In particular, in this example,
controller 202 includes a processor 204 and a memory 205. The processor 204 (e.g.,
microprocessor, central processing unit, or collection of such processor devices, etc.)
executes machine readable instructions provided on memory 205 to provide the
processor 204 with all of the functionality described herein. The memory 205 may
comprise volatile storage (e.g., random access memory), non-volatile storage (e.g., flash
storage, read only memory, etc.), or combinations of both volatile and non-volatile
storage. Data consumed or produced by the machine readable instructions can also be
stored on memory 205. A suitable power source may also be included within or coupled
to controller 202 to provide electrical power to the components within controller 202 (e.g.,
processor 204, memory 205, etc.). The power source may comprise any suitable source
of electrical power such as, for example, a battery, capacitor, a converter or a local power

grid, etc.
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[0087] Controller 202 may be coupled to each of the drivers 42, 162, 129 via a plurality of
communication paths 203. Communication paths 203 may comprise any suitable wired
(e.g., conductive wires, fiber optic cables, etc.) or wireless connection (e.g., WIFI,
BLUETOOTH®, near field communication, radio frequency communication, infrared
communication, etc.). In this embodiment, communications paths 203 comprise
conductive wires that are configured to transmit power and/or communication signals
during operations. In addition, as shown in FIG. 23, controller 202 is also coupled to a
pump 207 via an additional conductive path 203. Pump 207 is fluidly coupled between
printing assembly 150 and a supply tank or vessel 130 that holds or retains a volume of
extrudable building material therein. As will be described in more detail below, pump 207
is configured to induce a flow of the extrudable building material from supply tank 130 to
printing assembly 150 via supply conduit 155 when desired.

[0088] During operations, controller 202 selectively actuates drivers 42, 162, 129 to
controllably maneuver printing assembly 150 along each of the axes 12, 14, 16, as
previously described. In addition, controller 202 also actuates pump 207 to controllably
flow extrudable building material from supply tank 130 to outlet nozzle 156 of outflow
assembly 151. Specifically controller 202 selectively maneuvers printing assembly 150
along axes 12, 14, 16 and emits building material from outlet nozzle 156 per machine
readable instructions (e.g., software) that are stored on memory 205 and executed by
processor 204. Some embodiments of the machine readable instructions are discussed
in more detail below; however, it should be appreciated that by executing the machine
readable instructions, layers (e.g., layers 5a in FIG. 1) of extrudable building material are
deposited on foundation 4 such that a structure (e.g., structure 5) is formed or printed
from top surface 4a of foundation 4 upward via construction system 10. More particularly,
during operations, beads or lines of extrudable building material are deposited by printing
assembly 150 so as to form a vertical layer 5a of structure 5, and then the printing
assembly 150 is raised and once again maneuvered over the previously printed layer 5a
to thereby deposit another vertical layer 5a of structure 5a atop the first printed layer 5a.
Referring briefly to FIGS. 3, in this embodiment, controller 202 may be disposed within a

storage cabinet 209 that is mounted or secured to one of the vertical support assemblies
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60 of gantry 50. However, it should be appreciated that the location of controller 202 may
be varied in other embodiments.

[0089] Referring still to FIGS. 3, 20, and 23, controller 202 is also coupled to valve 152
via a communication path 203 and is configured to actuate valve 152 between the fully
open position, the fully closed position, and to the plurality of positions that are between
the fully open and fully closed positions to progressively adjust the flow of building
material emitted from outlet nozzle 156. During operations, controller 202 may actuate
valve 152 (e.g., via a compressed air or other actuation system) to a desired position. In
some embodiments, controller 202 is configured to actuate valve 152 based on a number
of factors, such as, for example, the operating status of pump 207, the portion of the
structure (e.g., structure 5 shown in FIG. 1) that is to be constructed (e.g., printed), the
length of supply conduit 155 between pump 207 and valve 152 (and/or outflow conduit
110), etc.

[0090] Without being limited to this or any other theory, the actuation of valve 152 may
allow for precise control of the outflow of extrudable building material from outlet nozzle
156 during operations. For example, referring now to FIGS. 1-3, 23, and 24, a method
210 for printing or depositing a layer of extrudable building material (e.g., a cement
mixture) is shown. Method 210 may be practiced wholly or partially by controller 202
(e.g., by processor 204 executing machine readable instructions stored on memory 205)
within construction system 10. As a result, continuing reference is made to construction
system 10 in describing the features of method 210 of FIG. 24 and continuing reference is
made to FIGS. 1-3 and 23 in addition to FIG. 24. However, it should be appreciated that
other assemblies, systems, and/or personnel may be used to carry out method 210 in
other embodiments. Thus, in describing method 210, references to the actions or
functions of controller 202 or the features of construction system 10 are meant to explain
or describe particular embodiments of method 210 and should not be interpreted as
limiting all possible embodiments of method 210.

[0091] Initially, method begins by actuating valve 152 within outlet assembly 151 to the
fully closed position at 215. As a result, extrudable printing material is prevented from
flowing out of outlet nozzle 156. Next, method 210 includes actuating pump 207 at 220

to initiate the flow of extrudable building material from supply tank 130 toward printing
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assembly 150 at 220. However, even after the valve 152 is actuated at 220, the flow of
extrudable building material is prevented from exiting outlet nozzle 156 by the closed
valve 152. Next, at 225, method enquires as to whether a time X has elapsed after
actuating pump 207 to begin pumping extrudable building material from supply tank 130.
The time X may be set or configured to allow the extrudable building material to fill the
supply conduit 155 between pump 207 and outflow assembly 151 such that the flow of
extrudable building material from outlet nozzle 156 may begin relatively quickly (e.g.,
nearly immediately) after opening valve 152. Thus, the value or range of time X may
vary depending on a variety of factors, such as, for example, the length of supply
conduit 155, the flow rate from pump 207, the viscosity of the extrudable building
material, etc. If, at 225, it is determined that the time X has not elapsed since actuating
the pump 207 in 220 (i.e., the determination at 225 is “No”), then method 210 repeats
block 225 to once again enquire as to whether time X has elapsed. If, on the other
hand, it is determined at 225 that time X has elapsed (i.e., the determination at 225 is
“Yes”), then method 210 proceeds to actuate valve 152 to an open position (e.g., the
fully open position or a partially open position) and to actuate the printing assembly 150
to traverse along the foundation 4 to deposit a layer 5a of structure 5 at 230. In
particular, as previously described above, within block 230, controller 202 may actuate
drivers 42, 162 to maneuver printing assembly 150 within a plane that is parallel to top
surface 4a of foundation 4 while extrudable building material is emitted from outlet
nozzle 156 via the open valve 152 so that a layer 5a of structure 5 is deposited thereon.
During these operations, it may be desirable to deposit an entire layer 5a of structure 5
in series of continuous lateral movements of printing assembly 150 (e.g., via gantry 50)
while the valve 152 remains in the open position within 230. However, it should be
appreciated that the lateral movements of printing assembly 150 at 230 may comprise a
plurality of non-continuous movements (whereby the valve 152 is actuated between the
open and closed position to start and stop the flow of extrudable building material
therethrough during the non-continuous movements).

[0092] Referring still to FIGS. 1-3, 23, and 24, at 235, method 210 enquires as to
whether the remaining length of extrudable building material to print within a given layer

Sa is greater than zero and less than Y at 235. The length Y may be set or configured
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to correspond to the expected printing length that may be carried out after the pump 207
is turned off such that additional extrudable building material is no longer being provided
into supply conduit 155 from supply tank 130. Thus, the length Y may vary depending
on a variety of factors, such as, for example, the length of supply conduit 155, the flow
rate from pump 207, the speed of movement of printing assembly 150 across
foundation, the thickness of the printed beads or lines of extrudable building material,
etc. If it is determined at 235 that the remaining length to print within a given layer 5a is
greater than length Y (i.e., the enquiring at block 235 is “No”) then method 210 repeats
the enquiry at block 235. If, on the other hand, it is determined at 235 that the
remaining length to print within a given layer 5a is greater than zero and less than Y,
then method 210 proceeds to turn off the pump 207 at 240.

[0093] Next method 210 enquires as to the remaining length to print within a given layer
is greater than zero and less than Z at 245. The length Z may be set or configured to
correspond to the expected printing length that may be carried out once the valve 152 is
closed. In particular, as may be appreciated in FIG. 20, because the valve 152 is
disposed upstream of outlet nozzle 156, some extrudable building material (e.g., the
amount of material that may be disposed between the valve 152 and the outlet of nozzle
156) may be emitted from nozzle 156 after valve 152 is actuated to the fully closed
position. Thus, like the length Y at block 235, the length Z may vary depending on a
variety of factors, such as, for example, the length and volume between valve 152 and
outlet nozzle 156, the speed of movement of printing assembly 150 across foundation,
the thickness of the printed beads or lines of extrudable building material, etc. In
various embodiments, the length Z is less than the length Y. If it is determined at 245
that the remaining length to print within a given layer 5a is greater than Z (i.e., the
enquiring at block 245 is “No”) then method 210 repeats the enquiry at block 245. If, on
the other hand, it is determined at 245 that the remaining length to print within a given
layer 5a is less than Z, then method 210 proceeds to actuate the valve 152 to the fully
closed position at 250.

[0094] Next, method 210 enquires as to whether the output nozzle 156 has reached the
end point of the layer 5a being printed at 255. If, for example, it is determined that the

output nozzle 156 has not reached the end point of the given layer 5a (i.e., the
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determination at 255 is “No”), then method 210 repeats the enquiry at 255. If, on the
other hand, it is determined that the output nozzle 156 has reached the end point of the
given layer 5a at 255 (i.e., the determination at 255 is “Yes”), then method 210 includes
reversing the output nozzle a length 6 over the previously printed line at 260. For
instance, once the printing assembly 150 has reached an end point of a (or the) line
forming a given layer 5a of structure 5, controller 202 may then maneuver the printing
assembly 150 such that outlet nozzle 156 reverses direction and retraces some length
(e.g., length B) over the previously printed line. Without being limited to this or any other
theory, the movement at 260 may allow extrudable building material to be wiped or
removed from outlet nozzle 156 by engagement with the previously printed bead or line.
Thus, when a subsequent layer 5a or line is to be printed by printing assembly following
method 210, the nozzle 156 may be substantially clear of previously extruded building
material.

[0095] When performing a printing operation of a structure, construction system 10
(including gantry 50) may be delivered on a truck-pulled trailer to the build site (which
may already have a foundation in place). For instance, referring now to FIGS. 25-27, a
series of sequential views of an example construction process utilizing construction
system 10 are shown. Generally speaking, FIGS. 25 and 26 show the delivery and
initial set-up of construction system 10 on an existing foundation 310, and FIG. 27
depicts construction system 10 during a printing operation of multiple structures 350 on
foundation 310. In the process depicted in FIGS. 25-27, a plurality of structures 350 are
constructed (e.g., printed) by construction system 10 on a single, elongated foundation
310. Such a construction process may be useful or desirable for constructing structures
(e.g., dwellings) for a population that lives within a fairly remote or economically
disadvantaged area. For instance, such a construction process may be useful or
desirable for constructing multiple family homes within a rural village.

[0096] Referring specifically first to FIG. 25, initially the gantry 50 of construction system
10 is delivered to a construction site via a truck-pulled trailer 302. In this embodiment,
trailer 302 is a so-called “drop-deck” flatbed trailer that includes a longitudinal axis 305,
a first or front end 302a, a second or rear end 302b opposite front end 302a, a first or

front raised deck 304 extending axially from front end 302a, a second or rear raised
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deck 308 extending axially from rear end 302b, and a central drop deck 306 extending
axially between raised decks 304, 308. As shown in FIG. 25, gantry 50 is disposed on
drop deck such that axes 75 of trusses 72 within upper bridge assembly 70 and axis
115 of trolley bridge assembly 110 are generally oriented parallel to axis 305 of trailer
302.

[0097] In this embodiment, foundation 310 is already formed (e.g., poured) when gantry
50 is delivered via trailer 302; however, in other embodiments gantry 50 may be
delivered before or during the formation (e.g., pouring) of foundation 310. In addition, in
this embodiment, foundation 310 is an elongated rectangle so as to allow the
construction of multiple structures (e.g., structures 350) thereon as previously described
above. Thus, foundation 310 includes a pair of opposing minor or short sides 311 and a
pair of opposing major or long sides 312 (note: only one of the short sides 311 is visible
in FIG. 25). In this embodiment, trailer 302 is maneuvered such that axis 305 generally
extends along one of the short sides 311 of foundation 310.

[0098] Referring now to FIG. 26, after pulling trailer 302 along one of the short sides 311
of foundation 310, gantry 50 is offloaded from trailer 302 directly onto foundation 310
with one or more ramps 303. In particular, gantry 50 is loaded off of trailer 302 and onto
foundation 310 in a generally radial direction with respect to axis 305 of trailer 302.
Thus, gantry 50 is offloaded from a side of trailer 302. During this process, rollers 67
mounted to lower support frames 62 of vertical support assemblies 60 may engage with
ramps 303 or additional wheels may be mounted to lower support frames 62 (e.g., such
as wheels 47 shown in FIG. 8) that are to engage with ramps 303 during this process.
Regardless of the method of engaging with ramps 303, in some embodiments, the
spacing of vertical support assemblies 60 may be adjusted along upper bridge
assembly 70 and trolley bridge assembly 110 in the manner described above such that
rollers 67, additional wheels, or other engagement mechanisms coupled to gantry 50
may be aligned with ramps 303 during offloading of gantry 50 onto foundation 310. For
example, the spacing between vertical support assemblies 60 of gantry 50 (and thus
also the width Wsg) may be adjusted via rolling engagement of rollers 86 with trusses 72
and rolling engagement of rollers 144 and trolley bridge assembly 110 as previously

described (see e.g., FIGS. 3, 10, and 17). In addition, in some embodiments gantry 50
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may be pulled along ramps 303 from trailer 302 to foundation by a winch or other
suitable device (not shown).

[0099] In addition, before, during, or after initially offloading gantry 50 from trailer 302
onto foundation 310, rail assemblies 20 (previously described above) may be mounted
to and along the long sides 312 of foundation 310. In particular, referring briefly again
to FIG. 6 in addition to FIG. 26, rail assemblies 20 may be mounted to long sides 312 by
engaging a plurality of bolts 21 through slots 23 in first elongate angle member 22 into
foundation 310. Thus, in some embodiments, when gantry 50 is offloaded onto
foundation 310, gantry 50 is guided down ramps 303 such that rollers 67 engage with
rails 28 formed along rail assemblies 20 (see FIG. 6). Due to the placement of ramps
303, in these embodiments, the additional wheel(s) that may be mounted to lower
support frame 62 (e.g., wheel 47 previously described and shown in FIG. 8) may
engage with ramps 303 so as to guide rollers 67 on lower frames 64 into engagement
with rails 28 on rail assemblies 20.

[0100] Referring now to FIGS. 26 and 27, once gantry 50 is disposed onto rails 28 of rail
assemblies 20 as previously described, gantry 50 may be utilized to print one or more
structures 350 (e.g., dwellings) on foundation 310. In particular, in this embodiment, the
structures 350 are arranged side by side on foundation 310 along long sides 312.
Because each of the structures 350 are arranged on a single foundation, gantry 50 may
print structures 350 in sequential order while generally progressing along long sides 312
of foundation 310. During these printing operations, extrudable building material (e.g., a
cement mixture) may be mixed and delivered to gantry 50 on foundation 310. For
instance, in some embodiments, dry ingredients 362 of the extrudable building material
may be delivered on a separate truck or other suitable conveyance device 360. These
dry components may be mixed (e.g., continuously or in batches) in a separate mixing
unit (e.g., a mixing truck and/or standalone mixing unit) and then delivered (e.g.,
pumped) to gantry 50 (specifically printing assembly 150 previously described above).
Thus, in at least some embodiments, one or both of the long sides 312 of foundation
310 may be generally aligned with a suitable road way or path to allow delivery of the
extrudable building materials to gantry 50 during printing operations of the adjacent

structures 350.
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[0101] During construction operations with construction system 10 (e.g., such as the
construction process shown in FIGS. 25-27), extrudable building material (e.g., a
cement mixture) is mixed and provided to printing assembly 150 movably disposed on
gantry 50 as previously described (see e.g., FIGS. 1 and 23). In some embodiments,
the extrudable building material is delivered pre-mixed to the construction site and
provided (e.g., pumped) to printing assembly 150. However, in other embodiments, the
extrudable building material is mixed at the construction site and provided to printing
assembly 150 either continuously or in batches to facilitate the construction of one or
more structures (e.g., structures 350 shown in FIG. 27). For example, referring now to
FIGS. 28 and 29, construction system 10 (see e.g., FIGS. 1-3, 23) may include a
material delivery system 400 for mixing and delivering extrudable building material to
printing assembly 150 during operations. In this embodiment, material delivery system
400 is configured to mix and deliver an extrudable building material that comprises a
cement mixture; however, it should be appreciated that other embodiments of material
delivery system 400 may be configured to mix and/or deliver other types of extrudable
building materials (e.g., other than cement mixtures).

[0102] In this embodiment, material delivery system 400 is disposed upon a trailer 402
that includes a longitudinal axis 405, a first or front end 402a, a second or rear end 402b
opposite front end 402a, and a deck 408 extending axially between ends 402a, 402b.
In addition, trailer 402 includes a hitch 404 at front end 402a and a plurality of wheels
406 disposed under deck 408. During operations, trailer 402 may be attached to a
vehicle (either directly or indirectly through a second trailer) and towed to a construction
site (e.g., such the construction site shown in FIGS. 25-27).

[0103] Referring still to FIGS. 28 and 29, material delivery system 400 includes a
number of components disposed on deck 408 of trailer 402 for mixing and delivering the
extrudable building material to printing assembly 150 (see FIG. 3) during operations.
Specifically, in this embodiment, material delivery system includes one or more water
tanks 410, a dry ingredient hopper 412, and a mixing unit 414 including an outlet 416 for
emitting the mixed building material. In addition, material delivery system 400 also
includes a storage cabinet 420 for enclosing various components (e.g., such as

electronic components as described in more detail below). While not specifically shown
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in FIGS. 28 and 29, each of the tanks 410, hopper 412, and mixing unit 414 are in
communication with one another (in a manner to be described in more detail below) so
as to mix batches the extrudable building material, which are then provided to printing
assembly 150 of construction system 10 (see FIGS. 1 and 23) via outlet 416.

[0104] Referring now to FIG. 30, a schematic diagram of material delivery system 400 is
shown. Tank(s) 410 are coupled to mixing unit 414 via a first line 411. A pump 422 is
disposed along first line 411 and is configured to be driven by a motor or driver 423 to
pressurize and deliver fluid (e.g., water) from tank(s) 410 to mixing unit 414 during
operations. Pump 422 may be any suitable design or type, such as, for example a
centrifugal pump, a positive displacement pump, a screw pump, etc. In addition, driver
423 may be any suitable driver or motor configured to drive pump 422 during
operations, such as, for example, an electric motor, a hydraulic motor, an internal
combustion style motor, etc. In this embodiment, driver 423 is an electric motor.

[0105] Hopper 412 comprises an upper funnel 417 is configured to receive batches of
dry ingredients of extrudable building material during operations. In particular, referring
briefly again to FIGS. 28 and 29, funnel 417 may normally be closed within an upper lid
418. However, when it is desired to provide additional dry ingredients (e.g., which may
comprise the dry ingredients and/or powders, gravel of a cement mixture) lid 418 is
removed and a volume of these dry ingredients are inserted within funnel 417. For
instance, in some embodiments, a crane, forklift, or other suitable device may be used
to lift a bag (e.g., a bailer bag) of these dry ingredients over funnel 417 such that they
may then be deposited therein.

[0106] Referring again to FIG. 30, hopper 412 also includes a mixing device 432, which
in this embodiment comprises an auger, disposed below funnel 417 that is rotated by a
driver 430 to mix and deliver the dry ingredients from hopper 412 to mixing unit 414 via
a line 413. As described above for driver 422, driver 430 may comprise any suitable
driver or motor (e.g., such as those listed above for driver 422). In this embodiment,
driver 430 comprises an electric motor. Lines 411, 413 extending between tank(s) 410,
hopper 412, and mixing unit 414 may comprise any suitable conduit or other

conveyance member for delivering or channeling liquid or solid materials between two
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points or locations. For instance, in some embodiments, line 411 may comprise a hose,
pipe, channel, and line 413 may comprise a belt, tube, duct, etc.

[0107] Mixing unit 414 includes a tank or volume 415 that receives water from tank(s)
410 via line 411 and dry ingredients from hopper 412 via line 413. In addition, mixing
unit includes an agitator 435 disposed within volume 415 that is configured to mix the
liquid and dry ingredients provided from tank(s) 410 and hopper 412 during operations.
In this embodiment, agitator 435 comprises shaft 436 and a plurality of paddles 438 or
other suitable mixing devices mounted to and extending outward from shaft 436. Shaft
436 is operatively coupled to a driver 434 that is configured to rotate shaft 436 and
paddles 438 within volume 415 during operations to thereby mix the liquids and dry
ingredients provided from lines 411 and 413, respectively, during operations. As with
drivers 422, 430, driver 434 may comprise any suitable driver or motor (e.g., such as
those listed above for driver 422). In this embodiment, driver 434 comprises an electric
motor. A valve 419 is disposed along outlet 416 from mixing unit 414. As will be
described in more detail below, valve 419 is actuated to selectively deliver mixed,
extrudable building material from volume 415 to supply tank 130 (see FIG. 23) for
subsequent use within printing assembly 150 as previously described above.

[0108] Referring still to FIG. 30, material delivery system 400 also includes a controller
450 that is generally configured to control drivers 423, 430, 434 and valve 419 of
material delivery system 400. In this embodiment controller 450 is disposed within
cabinet 420; however, in other embodiments, controller 450 may be disposed in any
suitable location, including locations that are not located on trailer 402 (see FIGS. 28
and 29). Controller 450 may be a standalone controller that is to control various
components of material deliver system 400 as mentioned above, or may be integrated
within a broader controller unit or controller for construction system 10 (e.g., such as
controller 202 previously described above). In this embodiment, controller 400 is a
dedicated control unit for material delivery system 400, and may comprise any suitable
device or assembly which is capable of receiving an electrical or informational signal and
transmitting various electrical, mechanical, or informational signals to other devices (e.g.,
drivers 423, 430, 434, valve 419, etc.). In particular, in this example, controller 450

includes a processor 452 and a memory 454. The processor 452 (e.g., microprocessor,
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central processing unit, or collection of such processor devices, etc.) executes machine
readable instructions provided on memory 454 to provide the processor 452 with all of the
functionality described herein. The memory 454 may comprise volatile storage (e.g.,
random access memory), non-volatile storage (e.g., flash storage, read only memory,
etc.), or combinations of both volatile and non-volatile storage. Data consumed or
produced by the machine readable instructions can also be stored on memory 454. A
suitable power source may also be included within or coupled to controller 450 to provide
electrical power to the components within controller 450 (e.g., processor 452, memory
454, etc.). The power source may comprise any suitable source of electrical power such
as, for example, a battery, capacitor, a converter or a local power grid, etc.

[0109] Controller 450 may be coupled to each of the drivers 423, 430, 434 and valve 419
via a plurality of communication paths 451. Communication paths 451 may comprise any
suitable wired (e.g., conductive wires, fiber optic cables, etc.) or wireless connection (e.g.,
WIFI, BLUETOOTH®, near field communication, radio frequency communication, infrared
communication, etc.). In this embodiment, communications paths 451 comprise
conductive wires that are configured to transmit power and/or communication signals
during operations.

[0110] During operations controller 450 is configured to selectively actuate drivers 423,
430, 434 so as to selectively actuate pump 422, auger 432, shaft 436, respectively. In
addition, controller 450 is configured to selectively actuate valve 419 between a fully
closed position (whereby no building materials are allowed to flow through outlet 416), a
fully open position (whereby building materials are allowed to freely flow through outlet
416), and a plurality of positions between the fully closed position and the fully open
position. Valve 419 may be actuated by any suitable method or device (e.g.,
electrically, hydraulically, magnetically, etc.). In this example, controller 450 is
configured to electrically actuate valve 419 as described above via the corresponding
communication path 451.

[0111] Further, controller 450 is configured to measure or detect a torque imparted to
shaft 436 due to the resistance or viscosity of the building materials within volume 415
of mixing unit 414. For instance, controller 450 may measure or detect the torque

imparted to shaft 436 with a suitable sensor or measurement device within driver 434 or
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mounted to shaft 436 itself. In other examples, controller 450 may determine the torque
imparted to shaft 436 by analyzing the electrical load drawn by driver 434 when rotating
shaft 436 during operations.

[0112] Generally speaking during mixing operations, controller 450 actuates pump 422
and auger 432 via drivers 423 and 430, respectively, to deliver water from tank 410 and
dry ingredients from hopper 412 into volume 415 of mixing unit 414. In addition,
controller 450 actuates driver 434 to rotate shaft 436 and paddles 438 within volume
415 to mix the water and dry ingredients together. During this process, controller 450
may measure the torque load imparted to shaft 436 by the materials disposed within
volume 415. If the torque load is above a first threshold, then controller 450 may
determine (e.g., via execution of machine readable instructions with processor 452) that
the viscosity of the mixture in volume 115 is too high and that additional water should be
added. As a result, controller 450 may actuate pump 422 to provide additional water
from tank(s) 410 to volume 415 via line 411. If, on the other hand, if the torque load
imparted to shaft 436 is below a second threshold (that is lower than the first threshold)
then controller 450 may determine that the viscosity of the mixture in volume 115 is too
low and that additional dry ingredients should be added. As a result, controller 450 may
actuate auger 432 to provide additional dry ingredients to volume 415 via line 413. If
the torque load imparted to shaft 436 is between or equal to the first threshold and the
second threshold, controller 450 may determine that the batch mixture within volume
415 of mixing unit 414 has the appropriate proportions of water and dry ingredients and
then may actuate valve 419 to the open position (when desired) to deliver the mixed,
extrudable building material to printing assembly 150 (or supply tank 130 that is to
supply the building material to printing assembly 150 as previously described — see e.g.,
FIG. 23). Thus, controller 450 and mixing unit 414 may form a rheometer for ensuring
that the extrudable building material delivered to printing assembly 150 includes a
consistent mixture, and thereby exhibits a consistent performance during a construction
operation.

[0113] Referring now to FIG. 31, a method 500 for mixing and delivering an extrudable
building material to a printing assembly (e.g., printing assembly 150) with material

delivery system 400 is shown. Method 500 may be practiced wholly or partially by
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controller 450 (e.g., by processor 452 executing machine readable instructions stored on
memory 454) within material deliver system 400. As a result, continuing reference is
made to material delivery system 400 in describing the features of method 500.
However, it should be appreciated that other assemblies, systems, and/or personnel may
be used to carry out method 500 in other embodiments. Thus, in describing method 500,
references to the actions or functions of controller 450 or the features of material delivery
system 400 are meant to explain or describe particular embodiments of method 500 and
should not be interpreted as limiting all possible embodiments of method 500.

[0114] Initially, method 500 begins by actuating pump 422 to provide water to mixing
unit 414 at 505 and actuating auger 432 to provide dry ingredients to the mixing unit at
510. Next, method 500 includes actuating the mixing unit motor 434 to rotate mixing
paddles 438 at 515. In particular, at 515, the paddles 438 are rotated within the volume
415 of mixing unit 414 to mix and combine the water and dry ingredients provided to
mixing unit 414 at 505 and 510, respectively. Next, method 500 includes measuring the
torque imparted to the mixing unit motor 434 at 520 during the rotating of the paddles
438 at 515. In particular, as previously described above, the torque imparted to the
mixing unit motor 434 may be measured by, for example, analyzing the electrical
current drawn by the mixing unit motor 434 during the rotation of the paddles 438 and/or
by receiving an output signal from one or more sensors or other measurement devices
coupled to paddles 438, motor 434, or other suitable components.

[0115] Referring still to FIG. 31, once the torque imparted on the mixing unit motor 434
is measured at 520, method 500 enquires as to whether the measured torque is above
a first threshold at 525. If the measured torque from 520 is above the first threshold in
525 (i.e., the determination at 525 is “Yes”), then method 500 proceeds to 545 whereby
additional water is provided to mixing unit 414 (e.g., via pump 422 as previously
described). The amount of the additional water provided to the mixing unit 414 may be
a predetermined, incremental amount or volume, or it may be determined (e.g., by
controller 450) based on the measured torque at 520 (e.g., such as a difference
between the measured torque and the first threshold in 525). After the additional water
is supplied to the mixing unit 434 at 535, method 500 returns to 520 to once again

measure the torque imparted to the mixing unit motor 434.
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[0116] If, on the other hand, the determination at 525 is that the measured torque at 520
is not above the first threshold value (i.e., the determination at 525 is “No0”), then method
500 proceeds to enquire as to whether the measured torque from 520 is below a
second threshold at 530. The second threshold 530 may be below the first threshold in
525. If the measured torque from 520 is below the second threshold in 530 (i.e., the
determination at 530 is “Yes”), then method 500 proceeds to 540 whereby additional dry
ingredients are provided to mixing unit 414 (e.g., via auger 432 as previously
described). The amount of the additional dry ingredients provided to the mixing unit 414
at 540 may be a predetermined, incremental amount or volume, or it may be determined
(e.g., by controller 450) based on the measured torque at 520 (e.g.,, such as a
difference between the measured torque and the second threshold in 530). After the
additional dry ingredients are supplied to the mixing unit 434 at 540, method 500 returns
to 520 to once again measure the torque imparted to the mixing unit motor 434.

[0117] If, on the other hand, the determination at 530 is that the measured torque at 520
is not below the second threshold value (i.e., the determination at 530 is “No”), then
method 500 proceeds to enquire as to whether the printing assembly building material
source tank is below a minimum level at 545. In particular, in some embodiments the
printing assembly source tank comprises the supply tank 130 shown in FIG. 23. Thus,
in these embodiments, supply tank 130 may include a level sensor (not shown) that
communicates either directly with controller 450 or through another control unit (e.g.,
controller 202 shown in FIG. 23), so that controller 450 is able to determine, at 545,
whether the level within supply tank 130 is below some minimum depth so that
additional building material should be delivered thereto to support construction
operations with printing assembly 150. Therefore, if the determination at 545 is that the
level of the printing assembly supply tank 130 is below the minimum level (i.e., the
determination at 545 is “Yes”), then method proceeds to 550 to actuate valve 419 to an
open position (e.g., the fully open position or a partially open position) to provide the
mixed, extrudable building material to supply tank 130. If, on the other hand, it is
determined that the level within supply tank 130 is not below the minimum level at 545
(i.e., the determination at 545 is “No”), then method 500 returns to 520 to once again

measure the torque imparted to the mixing unit motor 434. Thus, the enquiries 525 and
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530 are repeatedly performed until the extrudable building material is delivered to the
source at 550 so as to ensure that the extrudable building material includes the desired
proportions of ingredients (namely water and dry ingredients).

[0118] The first and second threshold values discussed above within blocks 525 and
530, respectively, of method 500 may be determined based on a desired proportion of
water to dry ingredients within the extrudable building material. For example, in some
embodiments, the extrudable building material may comprise a cement mixture
including cement, gravel and other dry ingredients that are mixed with a desired amount
of water prior to extrusion by the printing assembly 150. Thus, the first and second
threshold values may be set to result in a desired viscosity which is in turn associated
with a desired proportion of water to dry ingredients within the cement mixture. In some
embodiments, the first and second threshold values may be equal or substantially equal
to one another, and in other embodiments, the first and second threshold values may be
different (e.g., with the second threshold value being smaller or lower than the first
threshold value as previously described).

[0119] In the manner described, systems and methods for designing and constructing a
structure via 3D printing have been described. In some embodiments, the above
described methods and systems may be utilized with any one of the constructions
systems previously described herein to construct a structure. Accordingly, by use of the
systems and methods disclosed herein, the time and materials required to construct a
structure may be reduced.

[0120] While exemplary embodiments have been shown and described, modifications
thereof can be made by one skilled in the art without departing from the scope or
teachings herein. The embodiments described herein are exemplary only and are not
limiting. Many variations and modifications of the systems, apparatus, and processes
described herein are possible and are within the scope of the disclosure. Accordingly,
the scope of protection is not limited to the embodiments described herein, but is only
limited by the claims that follow, the scope of which shall include all equivalents of the
subject matter of the claims. Unless expressly stated otherwise, the steps in a method
claim may be performed in any order. The recitation of identifiers such as (a), (b), (c) or

(1), (2), (3) before steps in a method claim are not intended to and do not specify a
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particular order to the steps, but rather are used to simplify subsequent reference to

such steps.
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CLAIMS

What is claimed is:

1. A construction system for constructing a structure on a foundation, the construction
system comprising:
a printing assembly configured to deposit an extrudable building material to form a
structure;
a supply tank configured to hold the extrudable building material therein, wherein
the supply tank is coupled to the printing assembly;
a material delivery system coupled to the supply tank, wherein the material
delivery system comprises:
a water tank;
a hopper configured to hold dry ingredients of the extrudable building
material therein; and
a mixing unit configured to receive water from the water tank and dry
ingredients from the hopper, wherein the mixing unit includes an
agitator that is configured to mix the water and the dry ingredients
together to form the extrudable building material; and
a controller coupled to the agitator, wherein the controller is configured to:
measure a load imparted to the agitator by the extrudable building
material;
add additional water to the mixing unit from the tank when the load is
above a first threshold; and
add additional dry ingredients to the mixing unit from the hopper

when the load is below a second threshold.

2. The construction system of claim 1, wherein the mixing unit comprises an outlet

coupled to the supply tank and a valve disposed along the outlet;
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wherein the controller is configured to open the valve to supply the extrudable
building material to the supply tank when a level of the supply tank is below

a preselected minimum value.

3. The construction system of claim 2, wherein the material delivery system further
comprises a trailer that comprises:

a deck;

a hitch configured to be coupled to a vehicle; and

a plurality of tires;

wherein the tank, the hopper and the mixing unit are disposed on the deck of the

trailer.

4. The construction system of claim 1, wherein the first threshold is greater than the

second threshold.

. The construction system of claim 1, wherein the first threshold is generally equal to

the second threshold.

6. The construction system of claim 1, further comprising:
a rail assembly configured to be mounted to the foundation;
a gantry movably disposed on the rail assembly, wherein the gantry is configured
to translate along a first axis relative to the rail assembily;
wherein the printing assembly is movably disposed on the gantry and is configured
to translate along a second axis relative to the gantry, wherein the second

axis is orthogonal to the first axis.

7. The construction system of claim 6, wherein the load comprises torque.

8. A material delivery system for delivering an extrudable building material to a

printing assembly, the material delivery system comprising:

a tank configured to hold water therein;
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a hopper configured to hold dry ingredients of the extrudable building material
therein;

a mixing unit configured to receive water from the tank and dry ingredients from
the hopper, wherein the mixing unit comprises an agitator configured to mix
the water and the dry ingredients together to form the extrudable building
material;

a controller coupled to the agitator, wherein the controller is configured to:
measure a load imparted to the agitator by the extrudable building material;
add additional water to the mixing unit from the tank when the load is above

a first threshold; and
add additional dry ingredients to the mixing unit from the hopper when the

load is below a second threshold.

The material delivery system of claim 8, wherein the first threshold is greater than

the second threshold.

10.

The material delivery system of claim 8, wherein the first threshold is generally

equal to the second threshold.

11.

The material delivery system of claim 8, wherein the mixing unit comprises an

outlet and a valve disposed along the outlet; and

12.

wherein the controller is configured to open the valve when to deliver extrudable

building material to the printing assembly.

The material delivery system of claim 8, further comprising a trailer comprising:

a deck;

a hitch configured to be coupled to a vehicle; and

a plurality of tires;

wherein the tank, the hopper and the mixing unit are disposed on the deck of the

trailer.
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13. A method of constructing a structure, the method comprising:

(@)
(b)

providing water from to a mixing unit;

providing dry ingredients of an extrudable building material to the mixing

unit;

mixing the water and the dry ingredients within the mixing unit with an

agitator,;

measuring a torque imparted to the agitator during (¢);

determining that the torque measured in (d) is either above a first threshold

or below a second threshold that is lower than the first threshold:;

doing one of:

(f1)  providing additional water to the mixing unit if the torque measured in
(d) is determined to be above the first threshold; or

(f2)  providing additional dry ingredients to the mixing unit if the torque
measured in (d) is determined to be below the first threshold:;

providing the extrudable building material from the mixing unit to a printing

assembly;

maneuvering the printing assembly about a foundation; and

extruding the extrudable building material from the printing assembly during

(h).

14.  The method of claim 13, wherein (d) comprises measuring the torque imparted to

the agitator with a controller;

wherein (e) comprises determining that the torque measured in (d) is either above

the first threshold or below the second threshold with the controller; and

wherein (f) comprises doing one of:

providing additional water to the mixing unit by actuating a water pump with
the controller if the torque measured in (d) is above the first
threshold; or

providing additional dry ingredients to the mixing unit by actuating an auger
within a hopper holding the dry ingredients with the controller if the

torque measured in (d) is below the second threshold.
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15.  The method of claim 14, wherein (g) comprises providing the extrudable building

material to a supply tank coupled to the printing assembly.

16.  The method of claim 15, further comprising:
() determining that a level of the extrudable building material within the supply
tank is above a minimum level; and
(k) preventing the flow of the extrudable building material from the mixing unit

to the supply tank as a result of the determination in (j);

17.  The method of claim 15, further comprising:
(h determining that the level of the extrudable building material within the
supply tank is below the minimum level; and
(m) flowing the extrudable building material from the mixing unit to the supply

tank as a result of the determination in (I).

18. The method of claim 17, wherein (I) comprise determining the level of extrudable
building material within the supply tank with the controller; wherein (m) comprises opening

a valve coupled to an outlet of the mixing unit with the controller.

19.  The method of claim 13, further comprising:
(o) forming a first layer of the structure on the foundation with the extrudable

building material during (h) and (i).

20.  The method of claim 19, further comprising:
(p) forming a plurality of second layers of the structure with the extrudable
building material, wherein the plurality of second layers are stacked atop the

first layer.
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AMENDED CLAIMS
received by the International Bureau on 02 July 2020 (02.07.2020)

1. A construction system for constructing a building structure on a foundation, the
construction system comprising:
a printing assembly configured to deposit an extrudable building material that
includes a cement mixture to form the structure;
a supply tank configured to hold the extrudable building material therein, wherein the
supply tank is coupled to the printing assembly;
a material delivery system coupled to the supply tank, wherein the material delivery
system comprises:
a water tank;
a hopper configured to hold dry ingredients of the extrudable building material
therein; and
a mixing unit configured to receive water from the water tank and dry
ingredients from the hopper, wherein the mixing unit includes an
agitator that is configured to mix the water and the dry ingredients
together to form the extrudable building material; and
a controller coupled to the agitator, wherein the controller is configured to:
measure a load imparted to the agitator by the extrudable building
material;
add additional water to the mixing unit from the water tank by sending
a first signal from the controller to a water pump driver coupled
between the water tank and the mixing unit when the load is
above a first threshold; and
add additional dry ingredients to the mixing unit from the hopper by
sending a second signal from the controller to an auger driver
coupled to the hopper when the load is below a second

threshold.

2. The construction system of claim 1, wherein the mixing unit comprises an outlet
coupled to the supply tank and a valve disposed along the outlet;
wherein the controller is configured to open the valve to supply the extrudable
building material to the supply tank when a level of the supply tank is below a

preselected minimum value.
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3. The construction system of claim 2, wherein the material delivery system further
comprises a trailer that comprises:

a deck;

a hitch configured to be coupled to a vehicle; and

a plurality of tires;

wherein the water tank, the hopper and the mixing unit are disposed on the deck of the

trailer.

4. The construction system of claim 1, wherein the first threshold is greater than the

second threshold.

5. The construction system of claim 1, wherein the first threshold is generally equal to

the second threshold.

6. The construction system of claim 1, further comprising:
a rail assembly configured to be mounted to the foundation;
a gantry movably disposed on the rail assembly, wherein the gantry is configured to
translate along a first axis relative to the rail assembly;
wherein the printing assembly is movably disposed on the gantry and is configured to
translate along a second axis relative to the gantry, wherein the second axis is

orthogonal to the first axis.

7. The construction system of claim 1, wherein the load comprises torque.

8. A material delivery system for delivering an extrudable building material that
includes a cement mixture to a printing assembly, the material delivery system comprising:
a water tank configured to hold water therein;
a hopper configured to hold dry ingredients of the extrudable building material
therein;
a mixing unit configured to receive water from the water tank and dry ingredients
from the hopper, wherein the mixing unit comprises an agitator configured to
mix the water and the dry ingredients together to form the extrudable building

material;
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a controller coupled to the agitator, wherein the controller is configured to:

measure a load imparted to the agitator by the extrudable building material;

add additional water to the mixing unit from the water tank by sending a first
signal from the controller to a water pump driver coupled between the
water tank and the mixing unit when the load is above a first threshold;
and

add additional dry ingredients to the mixing unit from the hopper by sending a
second signal from the controller to an auger driver coupled to the

hopper when the load is below a second threshold.

The material delivery system of claim 8, wherein the first threshold is greater than the

second threshold.

10.

The material delivery system of claim 8, wherein the first threshold is generally equal

to the second threshold.

11.

The material delivery system of claim 8, wherein the mixing unit comprises an outlet

and a valve disposed along the outlet; and

12.

13.

wherein the controller is configured to open the valve [[when]] to deliver extrudable

building material to the printing assembly.

The material delivery system of claim 8, further comprising a trailer comprising:

a deck;

a hitch configured to be coupled to a vehicle; and

a plurality of tires;

wherein the water tank, the hopper and the mixing unit are disposed on the deck of the

trailer.

A method of constructing a building structure, the method comprising:

(a) providing water from to a mixing unit;

(b) providing dry ingredients of an extrudable building material that includes a
cement mixture to the mixing unit;

(c) mixing the water and the dry ingredients within the mixing unit with an

agitator;

48

AMENDED SHEET (ARTICLE 19)



WO 2020/180324 PCT/US2019/021030

(d) measuring a torque imparted to the agitator during (c);

(e) determining that the torque measured in (d) is either above a first threshold or
below a second threshold that is lower than the first threshold;

() doing one of:

(f1)  sending a first signal to a water pump driver for providing additional
water to the mixing unit if the torque measured in (d) is determined to
be above the first threshold; or

(f2)  sending a second signal to an auger driver for providing additional dry
ingredients to the mixing unit if the torque measured in (d) is
determined to be below the first threshold;

(g) providing the extrudable building material from the mixing unit to a printing
assembly;

(h) maneuvering the printing assembly about a foundation; and

(1) extruding the extrudable building material from the printing assembly during
(h).
14. The method of claim 13, wherein (d) comprises measuring the torque imparted to the

agitator with a controller;
wherein (e) comprises determining that the torque measured in (d) is either above the
first threshold or below the second threshold with the controller; and
wherein (f) comprises doing one of:
providing additional water to the mixing unit by actuating the water pump
driver with the controller if the torque measured in (d) is above the first
threshold; or
providing additional dry ingredients to the mixing unit by actuating the auger
driver coupled to an auger within a hopper holding the dry ingredients

with the controller if the torque measured in (d) is below the second

threshold.

15. The method of claim 14, wherein (g) comprises providing the extrudable building

material to a supply tank coupled to the printing assembly.

16. The method of claim 15, further comprising:
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) determining that a level of the extrudable building material within the supply
tank is above a minimum level; and
(k) preventing the flow of the extrudable building material from the mixing unit to

the supply tank as a result of the determination in (j);

17. The method of claim 15, further comprising:
) determining that the level of the extrudable building material within the supply
tank is below the minimum level; and
(m)  flowing the extrudable building material from the mixing unit to the supply

tank as a result of the determination in (1).

18. The method of claim 17, wherein (1) comprise determining the level of extrudable
building material within the supply tank with the controller; wherein (m) comprises opening a

valve coupled to an outlet of the mixing unit with the controller.

19. The method of claim 13, further comprising:
(0) forming a first layer of the structure on the foundation with the extrudable

building material during (h) and (i).

20. The method of claim 19, further comprising:
(p) forming a plurality of second layers of the structure with the extrudable
building material, wherein the plurality of second layers are stacked atop the

first layer.

50

AMENDED SHEET (ARTICLE 19)



’EG\

WO 2020/180324 »E !2 @ PCT/US2019/021030

< A '/“’
NN
S—
N ¢ N
s/ -~
N\ N
/) 1
NN\ -
g / 3 %
4 L
N o (/
S
/I Y| @ i
<N R
% 7
L2 \ 7% \ ol O
ZRZ ™ b
N

66—
60
62/'



WO 2020/180324 2129

PCT/US2019/021030

) - e @ - 3
[al} m o & ~4 [at} o
=3
—_ ) .
\
fon)
-
E\ <
* %/v.
i @
A &4
|/
- e
N
\s‘::a
T5)
%/ )
T ( _7'
o { | I 0
2 B = e g W
= &4 0 o~ — o S

m\




€ Old

>
2
m s
W Q@ i £
>
o
: \
= -
&} i
2 f
i
i)
i L
i | . qoii
0%l 28
S/ H 8Ll
2L
) L 9L _ _ (e
m 89 | 99 //_ L s .
w SLSe~ IR ‘
gzi = g oSl ! i
: m
3 =)
2 M 0zi
M , . &Gl
S 89 . e s
2 =
A L

79

) \_ BZL



WO 2020/180324

4/29

PCT/US2019/021030

FIG. 5



5/29 PCT/US2019/021030

WO 2020/180324




WO 2020/180324 @ig @ PCT/US2019/021030

o
==
N I |
| |
qF_IF i =
{ Q
2 & b

69—
)
i %
| N\g7

60—

&3
LN
| 5
g
I
!

47

FIG. 8



7i26 PCT/US2019/021030

WO 2020/180324

6 "Old

88 a9 i
N !
| 4 vl
88 < L \
o A\ |
<@ o
-
94
—
L8 ogg &8
B ")
— q68
» _egg
zZ1 A 7 \
o8 \\ N\ £ ~ag
88 98 28 e | oo
~o
|
—

9

Bzl



8/29 PCT/US2019/021030

WO 2020/180324

0L "Oid

-
e

—e. S
é b Wﬁécg%sggacéé.
N\ S -
“ _. “ 74
“ b “ N
“ | “ f
t, T 3 _
Q | O o o
“ —
R K o |
! . “
“ a8 mmm |
mw\\u lllll -7 ww\ . .
I
g9



65

WO 2020/180324 gig @ PCT/US2019/021030

a’r---—‘f‘

/8{}

I
; ]
ey

L
i

82

©
®

1
1
1
1
1
1
L.

/’r--‘—-f’

- e -

-

89>
A

88

FIG. 11



WO 2020/180324 ? @ig% PCT/US2019/021030

g9

_




WO 2020/180324 ? 1!2% PCT/US2019/021030

9%5—0_ j SO AN (N R

92— 2

FIG. 13



12/29 PCT/US2019/021030

WO 2020/180324

:
APPSR OE IS PANAEIELEDTF PRI EE,

MM

- e -

i3
frou




WO 2020/180324

13/29

" 1412

PCT/US2019/021030

66

T 121

116

124

<
o © .
ECRCN g o &
©  © & ©
! (
(o) o]
X S
@

] 7
I
= 11f;xx//
= 122
1] /

'(:'J' i
«g(:- N g ©
& ® ol & & [@ ® 8
/\© 0 )
t |
= ~E

FIG. 15



14/29 PCT/US2019/021030

WO 2020/180324

150

FIG. 16



15/20 PCT/US2019/021030

WO 2020/180324




WO 2020/180324

PCT/US2019/021030

126

@
147

140
™

88

85

85

115

S

118

116

FiG. 18



PCT/US2019/021030

WO 2020/180324 17/29
14(3\
144
] | 142
110 |
\ 144a—N,
88
17 L
116 /1 | E "
/. 11
116
™7
E =
18”7 1187
_ o B [0 147
115 148 |
| _/.
145 (o b
i
149~ 12 |
112 —
\/ = [as
117 119 <88
144 | \_ 56

FIG. 19

146



WO 2020/180324 ? gig% PCT/US2019/021030

150

152b~\

162

110

~
152

151 —>

156

FIG. 20



10/29 PCT/US2019/021030

WO 2020/180324

TARI L

g5i

&1




WO 2020/180324

140

142 4

147

\
146: A G
-~

149

66 —

20/29

PCT/US2019/021030

FIG. 22

152a
:|]|] P =
N
. 144 154 =
- 1448 22N |
117, 71740 (L 15950
116 « DA |15
\ ~
‘116
—56 463 150
g
: 115 ' 54
\ | F58
i Bl 52
148 o ¢ 169
P 164 || | 2
£ _/145 \ jl_:__ L=
- ! P | | & ] L
165 Seeniin 162
B 12 X ==
T
P/
119 447 \16?
154 :E
144
1443 45,7
152 —
AN
L N —— 154



PCT/US2019/021030

21/29

WO 2020/180324

£e 9id
i
r ]
|
\N@N “ hmm _,--.L......T...........,---
W————————"————¢ L nlegtering [ “
), N e “
m ! | Vi L
ogt “ 1 gt T° T
1 __ \ T 1 1
“ legt v\ 851 N,W Nw T .
“ l 0 oSt T
! 1 x4’ i
_ —————————————— == _
L €02 e bo-d LR
m B T R
m m " €02 N
“ m RICWB oz b
) lmmmww 7 wsseoong | | T
A Jefonuon) *_
gL
f4114 7

¢0¢



WO 2020/180324 Egigg PCT/US2019/021030

210
~
215
4

Actuate Valve 152 to the fully closed position.

v 4
Actuate pump 207 to initiate pumping operations.

220

'}

y

225

Has X time elapsed
after initiating pumping
operations with pump

230

Actuate valve 152 to an open position and actuate printing assembly 150 to traverse
within a plane that is generally parallel to the top surface 4a of the foundation 4.

[y
»

Y

235 240
/[

ts remaining length

Turn off the pump 207.

No to print > 0 and Yos
<Y?
250 245 Y
4
Actuate valve 152 to the fully closed Is remaining length
position. Yes to print > 0 and No

< 727

[
L

Y

260
Z

Reverse output nozzle 8 length from the
end point over previously printed line.

Has output nozzile
156 reach end point

of print line?




23129 PCT/US2019/021030

WO 2020/180324




WO 2020/180324 24[2@ PCT/US2019/021030

362




WO 2020/180324

25/29

PCT/US2019/021030

FIG. 27



26/29 PCT/US2019/021030

WO 2020/180324

8¢ "Old




WO 2020/180324 E ?ig % PCT/US2019/021030

FIG. 29

A\'\'.\ X )
\t\!\)\\: A

TR
L’J"\ -a\dﬂ_ﬂ \u-"-

/‘.ri/?' \\\“‘\\\ B, \\




PCT/US2019/021030

28/29

WO 2020/180324

_ﬂ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 1
_ g - _
Wak!l44
o PSP~ d
_ _ AOUWIBIN _
B ST '
_ _ JOSS900Id _ 214 -
| | —J _ |
_ _ sy 18)IOAUCT I._lmmw wa, oey
B ! ——
| ey m
“ ! PeEY —~— !
_ wmw(m —— | gey m
! —] -1 _
Ajquuassy “ % — —Eby \* < m
Buiiuiidg — I
7 | m/ww sy |8 Ko Liy ¢y
0GL _ _H/g 8Ly 1444 m
_ T TS tAAY !
“ CLY a9ty “
| m
“ W\WW\ w A | oLy m
“ €&y Wy | T~ m
_ ) |
@@wl\_ mum.w b e i — — — ——— — — ——————————————— 1



WO 2020/180324 Egig% PCT/US2019/021030

506
~
4

Actuate pump 422 1o provide water to miing unit 414,

A 4

I

510
v -
Actuate auger 432 to provide dry ingredients to the mixing unit 414,
515
y [
Actuate a mixing unit motor 434 to rotate mixing paddies 438 within the mixing
unit 414,
520
v /4
Measure the torque transferred to mixing unit motor 434 during the rotation in
515.
530

525

Is measured
torque below a
second threshold?

Is measured
torque above a
first threshold?

Yes

No

535
A

Provide additional water from Provide additional dry

Y

y

the reservoir to the mixing cement mixture from the
unit 414, silo to the mixing unit.

) 4 N\
545

540

Is printing assembily

pump hopper below a

No -
minimum level?

550
4

Actuate vaive 419 to provide extrudable building material from the mixing unit
to the printing assembly pump hopper.

FIG. 31




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2019/021030

A. CLASSIFICATION OF SUBJECT MATTER
B28B 1/00(2006.01)i, B33Y 30/00(2015.01)i, B33Y 10/00(2015.01)i, B33Y 50/02(2015.01)i, B33Y 80/00(2015.01)i

According to International Patent Classification (IPC) or to both national classification and [PC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
B28B 1/00; BO1F 015/02;, B24C 3/00; B24C 7/00; B25J 5/04, B25J 9/00; B28C 7/16; B29C 041/02; B33Y 30/00; B33Y 10/00; B33Y
50/02; B33Y 80/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models

Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: construction system, printing, hopper, mixing, agitator, load

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2005-0280185 A1 (RUSSELL, D. et al.) 22 December 2005 1-20
See claim 1; paragraphs [0054]-[0060].

Y US 4669230 A (SUZUKI, H. et al.) 02 June 1987 1-20
See claims 1-12; column 3, lines 37-65.

A US 2004-0042335 A1 (CECALA, R. G. et al.) 04 March 2004 1-20
See the whole document .

A US 2018-0093373 A1 (IMPRIMERE AG) 05 April 2018 1-20
See the whole document .

A WO 2018-229418 Al (XTREEE) 20 December 2018 1-20
See the whole document .

|:| Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"D" document cited by the applicant in the international application "X" document of particular relevance; the claimed invention cannot be

"E" eartlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive
filing date step when the document is taken alone

"L"  document which may throw doubts on priority claim(s) or which is "Y" document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents,such combination

"O" document referring to an oral disclosure, use, exhibition or other means

being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
04 December 2019 (04.12.2019) 04 December 2019 (04.12.2019)
Name and mailing address of the [SA/KR Authorized officer

International Application Division
Korean Intellectual Property Office MIN, In Gyou
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsnnile No. +82-42-481-8578 Telephone No. +82-42-481-3326
Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2019/021030
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2005-0280185 Al 22/12/2005 WO 2005-097476 A2 20/10/2005
WO 2005-097476 A3 09/03/2006
US 04669230 A 02/06/1987 None
US 2004-0042335 Al 04/03/2004 US 2005-0088909 Al 28/04/2005
US 6979116 B2 27/12/2005
US 7147361 B2 12/12/2006
US 2018-0093373 Al 05/04/2018 WO 2016-166116 Al 20/10/2016
WO 2018-229418 Al 20/12/2018 FR 3067637 Al 21/12/2018

Form PCT/ISA/210 (patent family annex) (July 2019)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - amend-body
	Page 49 - amend-body
	Page 50 - amend-body
	Page 51 - amend-body
	Page 52 - amend-body
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - wo-search-report
	Page 83 - wo-search-report

