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(57) ABSTRACT

A method facilitating operation of a fabrication machines
includes generating, by a fabrication center application
(FCA): an enhanced cut list (ECL) usable by a cutting
machine control application (CMCA) to direct a cutting
machine (CM) to cut a work piece (WP) into =2 pieces; an
enhanced bend list including x,y,z positional information
(PI) for bending =1 piece(s) of the pieces at least once; and
printing routine(s) (PR) for printing human- and/or com-
puter-readable bend instructions (BI) including the x,y,z PI
on the WP or the =1 piece(s); and transmitting, by the FCA,
and via a fabrication center connector websocket: the ECL
to a fabrication desktop application (FDA) of the CM to
enable use of the ECL by the CMCA to cut the WP; and the
PR(s) to the FDA and/or a printer to enable use thereby to
print the BI(s) on =1 location(s) on the WP or the =1

piece(s).
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300 ™

ESTABLISH DATA COMMUNICATION BETWEEN
FABRICATION TOOLS APPLICATION AND T 305

FABRICATION CENTER APPUN VIA WEBSOCKET

31{\ i

RECEIVE, BY THE FABRICATION CENTER APPUUN AND VIA

WEBSOCKET, 3D MODEL DATA OF TO-BE-FABRICATED PART
OR ASSEMBLY FROM FABRICATION TOOLS APPUN 311

TOFIG. 28 e "~ 1 TOFIG. 26 ““"' ™4 /
- | - 1

GENERATE, BY THE FABRICATION CENTER APPL'N AND BASED
AT LEAST IN PART ON 3D MODEL DATA, ENHANCED CUT
LIST(S) USABLE BY FABRICATION MACHINE CONTROL APPUN

H
TO FIG. 25 «a-«- - ~1 o ,,,,, TO FIG. 27

315 ESTABLISH DATA COMMUNICATION BETWEEN
™~ FABRICATION CENTER APPUN AND
FABRICATION DESKTOP APPLICATION VIA WEBSOCKET

| /

TRANSMIT, BY THE FABRICATION CENTER APPUN AND
VIA WEBSOCKET, ENHANCED CUT LIST(S) TO COMPUTING
DEVICE(S) RUNNING MACHINE CONTROL APPLUN
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300 ™

335

/

CAUSE FABRICATION TOOLS APPUN TO BE
INSTALLED AS A PLUG-IN FOR 3D MODELING APPUN

TRANSMIT, BY THE FABRICATION CENTER
APPUN AND VIA WEBSOCKET, PROGRAM
INSTRUCTION CODE FOR OPERATION OF ™™ 24
FABRICATION TOOLS APPUN TO FIRST
COMPUTING DEVICE

|

CAUSE, BY THE FABRICATION CENTER
345 -] APPUN, PROGRAM INSTRUCTION CODE
! FOR OPERATION OF FABRICATION TOOLS
APPUN TO BE STORED IN MEMORY
OF FIRST COMPUTING DEVICE

FIG. 18
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300 ™

350

CAUSE FABRICATION TOOLS APPUN TO BE INSTALLED
AS A PLUG-IN FOR MACHINE CONTROL APPUN

TRANSMIT, BY THE FABRICATION CENTER
APPLUN AND VIA WEBSOCKET, PROGRAM
INSTRUCTION CODE FOR OPERATION OF [™_
FABRICATION DESKTOP APPUN TO THIRD
COMPUTING DEVICE(S)

|

CAUSE, BY THE FABRICATION CENTER
APPUN, PROGRAM INSTRUCTION CODE
360 -
T FOR OPERATION OF FABRICATION
DESKTOP APPUN TO BE STORED IN
MEMORY OF THIRD COMPUTING DEVICE(S)

355
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300
Y

ESTABLISH 305

CAUSE, BY THE FABRICATION TOOLS APPUN OR THE
FABRICATION CENTER APPUN, NETWORK COMMUNICATION
CONNECTION VIA THE INTERNET TO BE ESTABLISHED 365

é

ENABLE TRANSMISSION AND RECEIPT OF SIGNALS ENCODING
DATA GENERATED FOR USE IN METHOD BY FABRICATION
TOOLS APPUN AND FABRICATION CENTER APPUN 367

FIG. 20

300
N

ESTABLISH 31

CAUSE, BY THE FABRICATION DESKTOP APPUN OR THE
FABRICATION CENTER APPUN, NETWORK COMMUNICATION
CONNECTION VIA THE INTERNET TO BE ESTABLISHED 370

i

ENABLE TRANSMISSION AND RECEIPT OF SIGNALS ENCODING
DATA GENERATED FOR USE IN METHOD BY FABRICATION
DESKTOP APPUN AND FABRICATION CENTER APPU'N 371

FIG. 21
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300
f

TRANSMIT, BY FABRICATION DESKTOP APPUN
| AND/OR FABRICATION CENTER APPL'N, AND VIA
WEBSOCKET, INFORMATION OF 3D MODEL OF TO-BE-
FABRICATED PART OR ASSEMBLY TO DATABASE 327

ENABLE, BY FABRICATION DESKTOP APPUN,
UTILIZATION OF 30 MODEL OF TO-BE-FABRICATED
PART OR ASSEMBLY IN THE ABSENCE OF 32D
MODELING APPLICATION BEING INSTALLED OR
RUNNING ON THIRD COMPUTING DEVICE(S) 325

RECEIVE, BY FABRICATION DESKTOP APPUN
AND/OR FABRICATION CENTER APPUN, AND
VIA WEBSOCKET, INFORMATION OF 3D
MODEL FROM DATABASE 329

é

UTILIZE, BY USER OF THIRD
COMPUTING DEVICE(S}), AT LEAST A
PORTION OF 3D MODEL 330

T T

FIG. 22
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300
"N [ GENERATE, BY FABRICATION DESKTOP APPLN,
DATA REPRESENTATIVE OF PROGRESSION
OF FABRICATION PROCESS 375

Y

TRANSMIT, BY FABRICATION DESKTOP APPUN ANDVIA
WEBSOCKET, DATA REPRESENTATIVE OF PROGRESSION OF

FABRICATION PROCESS TO FABRICATION CENTER APPUN 380
I

¥
ESTABLISH, BY FABRICATION CENTER
APPL'N, DATA COMMUNCIATION WITH
COMPUTING DEVICE OPERABLE BY
STAKEHOLDER FOR RECEIVING {385) THE
REGUEST AND TRANSMITTING (393)

THE REPORT 395
g

¥ v
RECEIVE, BY FABRICATION DESKTOP APPI'N,
STAKEHOLDER REQUEST FOR REPORT OF INFORMATION
PERTAINING TO FABRICATION PROCESS 385

'

GENERATE, BY FABRICATION CENTER APPUN, REPORT 390

Y

TRANSMIT, BY FABRICATION CENTER
APPUN, REPORT TO COMPUTING DEVICE
OPERABLE BY 5TAKEHOLDER 353

¥
TRANSMIT, BY FABRICATION
CENTER APPUN, REPORT 7O
FIRST COMPUTING DEVICE 387

FIG. 23
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CAUSE, BY FABRICATION DESKTOP APPUN, A TABLE
REPRESENTATION OF THE ENHANCED CUT LIST{S} TO BE
DISPLAYED, VIA GUI OF OR ASSOC'D WITH MACHINE
CONTROL APPUN, ON A DISPLAY DEVICE OF GR
ASSOC'D WITH THE THIRD COMPUTING DEVICE(S) 398

FIG. 24

FROM FIG. 17 |

/ 300

COMPUTE, BY FABRICATION CENTER APPUN, AND
BASED ON DATA REPRESENTATIVE OF ENHNANCED CUT
LIST(S}, REQUIRED NUMBER OF UNIT OPERATIONS FOR

THE FABRICATION MACHINE(S) TO COMPLETE
FABRICATION PROCESS FOR PART OR ASSEMBLY 382

FiG. 25

GENERATE DATA REPRESENTATIVE OF ENHANCED CUT
LIST{S} THAT IS DIRECTLY USABLE BY MACHINE CONTROL
APPUN FOR FABRICATION MACHINE(S) TO FABRICATE
THE TO-BE-FABRICATED PART OR ASSEMBLY 313

FIG. 26
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GENERATE THE DATA REPRESENTATIVE OF THE
ENHANCED CUT LIST(S) BASED ON DATA
REPRESENTATIVE OF BIM-COORDINATED MODEL 31

FIG. 27

FROM FiG. 17 |

GENERATE, BY FABRICATION CENTER APPUN, AND
BASED ON THE DATA REPRESENTATIVE OF THE
ENHANCED CUT LIST(S), DATA REPRESENTATIVE OF A
PROCUREMENT ORDER FOR MATERIALS NECESSARY
FOR THE FABRICATION MACHINE(S} TO COMPLETE
FABRICATION PROCESS INVOLVING THE TO-BE
FABRICATED PART OR ASSEMBLY 341

!

TRANSMIT, BY THE FABRICATION CENTER APPLUN,
DATA REPRESENTATIVE OF THE PROCUREMENT
ORDER TO A SUPPLIER TO INITIATE AN ORDER

FOR THE MATERIALS TO BE DELIVERED TO A

LOCATION OF THE FABRICATION MACHINE(S) 343

FIG. 28
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200 — FROM FIG. 30C
" 502

Y e

ESTABLISH, VIA FABRICATION CENTER {FC) CONNECTOR
WEBSOCKET, DATA COMMURNICATION WITH FABRICATION
DESKTOP APPLICATION (FDA} ASSOCIATED WITH CUTTING

MACHINE CONTROL APPLICATION (CMCA)

{

GENERATE, BASED AT LEAST IN PART ON DATA
REPRESENTATIVE OF 3D MODEL OF TO-BE-FABRICATED PART
OR ASSEMBY (TBF-P/A), DATA REPRESENTATIVE OF:

{1} ENHANCED CUT LIST USABLE BY CMCA TO DIRECT

CUTTING MACHINE {CM)} TO CUT WORK PIECE OF TBF-

| {II) ENHANCED BEND LIST INCLUDING X,Y,Z POSITIONAL |
INFORMATION FOR BENDING, USING BENDING MACHINE (BM)!
|AFTER WORK PIECE HAS BEEN CUT, > 1 PIECE OF > 2 PIECES AT,
L LEAST ONCE; AND )
{111} AT LEAST ONE OF:
(A) FIRST PRINTING ROUTINE TO CAUSE PRINTER OF CM TO
PRINT HUMAN-READABLE BEND INSTRUCTIONS
INCLUDING THE X,Y,Z POSITIONAL INFORMATION ON
WORK PIECE OR ON THE > 1 PIECE, AND
(B} SECOND PRINTING ROUTINE TO CAUSE THE PRINTER OF
CM TO PRINT COMPUTER-READABLE BEND INSTRUCTIONS
INCLUDING THE X,Y,2 POSITIONAL INFORMATION ON THE

WORK PIECE OR ON THE 2 1 PIECE

204 1o riG. 308

FIG. A TO ss. m:;
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500
\

) FROM FIG. 30A

TRANSMIT, VIA FC WEBSOCKET: (I} ENHANCED CUT LISTTO
FDA TO ENABLE USE OF THE ENHANCED CUT LIST BY CMCA
TO DIRECT CM TO CUT WORK PIECE; AND {II) FIRST AND/OR
SECOND PRINTING ROUTINE(S) TO FDA AND/OR PRINTER TO
ENABLE USE BY THE FDA AND/OR THE PRINTER TO DIRECT A
PRINTER HEAD OF PRINTER TO PRINT THE HUMAN- AND/OR
COMPUTER-READABLE BEND INSTRUCTIONSON 2 1
LOCATION ON WORK PIECE OR ON THE = 1 PIECE

~

506

FIG. 30B

al 500

CAUSE AT LEAST A PORTION OF PROGRAM
INSTRUCTION CODE FOR OPERATION OF THE
FDATO BE STORED IN MEMORY OF CM
WORKSTATION COMPUTING DEVICE

\

508
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| FROM FIG. 30A

512

et

FIRST DETERMINE, BASED AT LEAST IN PART ON ENHANCED
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UTILIZATION OF 3D MODELING
APPLICATION DATA FOR
MODEL-TO-MACHINE OPERATION OF
CUTTING AND BENDING FABRICATION
MACHINES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 18/319,474 filed May 17, 2023;
which claims the benefit of and priority to U.S. Provisional
Patent Application No. 63/343,079 filed May 17, 2022, and
U.S. Provisional Patent Application No. 63/345,671 filed
May 25, 2022, each of which is incorporated by reference
herein in its entirety.

BACKGROUND

[0002] Three-dimensional (3D) modeling software has
become ubiquitous for design of various construction proj-
ects including built structures ranging from office buildings
to homes. Such 3D modeling software may enable creation
of models of to be built structures including mechanical,
electrical and plumbing (MEP) aspects with a level of detail
corresponding to the actual built structure. In the past,
designers may have prepared drawings by hand and those
drawings needed to be reproduced and sent to downstream
personnel to fabricate parts of the facility to be ultimately
built.

[0003] At least some known 3D modeling software (e.g.,
AutoCAD®, Revit®, among others) provides functionality
for assigning actual part types and part numbers to pieces
and assemblies in the scale models created in the software.
A building information model (BIM) may be created for all
assemblies, or for a particular assembly, in at least some
known 3D modeling software packages. This can be com-
municated to the fabricators electronically in the form of, for
instance, cut (or bend or threading) lists that can be loaded
onto local computers associated with individual machines on
the floor of fabrication shops. In one known example, cut (or
bend or threading) lists generated by 3D modeling software
are placed on portable disk drives and then loaded onto the
computers of individual fabrication machines like cutting,
threading or bending machines. In some cases, operators
must manually manipulate the data of cut (or bend or
threading) lists to suit the particular machine to be used,
which may vary from shop to shop, and also within the same
shop.

[0004] Having to manually transfer cut (or bend or thread-
ing) list data and in some cases change the content of such
data files to be functional for particular machines introduces
both complexity and lowered unit operation efficiencies, and
can often introduce human error leading to wasted material
and inaccurately fabricated parts or assemblies being
shipped to build sites.

[0005] Furthermore, at least some known machine-to-
model design and fabrication techniques require manual
interventions at the location of the fabrication machines. In
at least some cases, such manual operations may include
performing mathematical calculations by hand, measuring
and marking raw materials, and hand keying information
into a machine interface. These manual operations may
contribute to an increased likelihood of the occurrence of
human error, material waste, and decreased efficiencies.
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[0006] Accordingly, a need exists for technology that
overcomes the problems demonstrated above, as well as one
that provides additional benefits. The examples provided
herein of some prior or related devices, systems and meth-
ods, and their associated limitations, are intended to be
illustrative and not exclusive. Other limitations of existing
or prior systems will become apparent to those of skill in the
art upon reading the following detailed description.

SUMMARY

[0007] This disclosure provides systems, methods and
software program products for utilizing information of a 3D
modeling software package (e.g., AUTOCAD, Revit®,
among others) to {facilitate operation of fabrication
machines. Embodiments of the system according to the
present technology may include a Fabrication Tools block
providing an automated tool for creating fabrication draw-
ings. The Fabrication Tools block may enable users to
assemble models, spool assemblies, and fabricate assem-
blies or parts thereof on network connected fabrication
machines. The tools and techniques according to the present
technology may increase traditional spooling worktflows up
to 800% or more quickly as compared to known systems,
methods and software.

[0008] Embodiments of the system according to the pres-
ent technology may also include a Fabrication Center block.
The Fabrication Center block may enable cloud integration
with a construction management software, such as BIM
360®. The Fabrication Center block may enable users to
publish, track, and communicate with all project stakehold-
ers in the Fabrication Center. Additionally, the Fabrication
Center block according to the present technology may
enable users and stakeholders to manage fabrication of
assemblies. Additionally, users of the Fabrication Center
block may create packages, place orders, and connect
designers directly to managers and other personnel of fab-
rication shops.

[0009] Embodiments of the system according to the pres-
ent technology may further include a Fabrication Desktop
block. The Fabrication Desktop block may utilize a web
socket to connect fabrication shops, machines therein, and
staff directly to the Fabrication Center block. The Fabrica-
tion Desktop block may enable synchronization of cut (or
bend or threading) lists and assignment of fabrication work
orders to workstations to streamline and digitally connect an
efficient design-to-fabrication process across business units.
The Fabrication Desktop block of the present technology
may further provide streamlined communication by assign-
ing work to users while enabling complete insight into the
overall process and production.

[0010] Embodiments of the system according to the pres-
ent technology may also implement techniques for providing
human- and/or computer-readable bend instructions on
materials like conduit, piping, and others commonly used in
construction, including mechanical, electrical, plumbing
(MEP) aspects thereof. The Fabrication Center block may
utilize 3D model information to generate the bend instruc-
tions for use by, or with, a bending machine after a work
piece of the material has been cut to size. A cut list may be
transmitted along with printing routine data to a cutting
machine so that piece(s) of the cut work piece may include
the human- and/or computer-readable bend instructions. The
human-readable bend instructions may then be read by an
operator of a traditional bending machine. This may ben-
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eficially reduce human error, and thereby increase efficien-
cies and reduce wasted material, in bending processes using
traditional bending machines. When automated (e.g., CNC)
bending machines are to be employed, the computer-read-
able bend instructions in the form of a QR code or bar code
may be scanned by a user to facilitate operation of the
bending machine. The amount of time needed to set up a
CNC-type bending machine for bending operations, thereby
increasing efficiencies and maximizing machine utilization
and throughput.

[0011] A first aspect of the disclosure provides a method
executed on at least one computing device to facilitate
operation of one or more fabrication machines using digi-
tally stored part or assembly information of a three-dimen-
sional (3D) modeling application. The method may include
the step of establishing, by a fabrication tools application
associated with the 3D modeling application running on a
first computing device, and via a fabrication center connec-
tor websocket, data communication with a fabrication center
application running on a second computing device. The
method may include the step of receiving, by the fabrication
center application and from the fabrication tools application,
and via the fabrication center connector websocket, data
representative of a 3D model of a to-be-fabricated part or
assembly modeled in the 3D modeling application. The
method may include the step of generating, by the fabrica-
tion center application, and based at least in part on the data
representative of the 3D model of the to-be-fabricated part
or assembly, data representative of at least one enhanced cut
(or bend or threading) list usable by a machine control
application for the one or more fabrication machines to
fabricate the to-be-fabricated part or assembly. The method
may include the step of establishing, by the fabrication
center application, and via the fabrication center connector
websocket, data communication with a fabrication desktop
application associated with the machine control application
running on at least a third computing device and configured
to control operation of the one or more fabrication machines.
The method may include the step of transmitting, by the
fabrication center application, and via the fabrication center
connector websocket, the data representative of the at least
one enhanced cut (or bend or threading) list to the at least a
third computing device to enable use by the machine control
application of the at least one enhanced cut (or bend or
threading) list for fabrication of the to-be-fabricated part or
assembly by the one or more fabrication machines.

[0012] A second aspect of the disclosure provides a system
for facilitating operation of one or more fabrication
machines using digitally stored part or assembly information
of a three-dimensional (3D) modeling application. The sys-
tem may include a computing device (e.g., a server). The
server may include at least one processor operably coupled
to: a communications interface, and a memory storage
device storing a fabrication center application. The at least
one processor may be configured to direct a communications
interface of a first computing device running a fabrication
tools application associated with the 3D modeling applica-
tion to establish, via a fabrication center connector web-
socket of the system, data communication with a fabrication
center application running on the server computing device.
The at least one processor may be configured to direct a
communications interface of the server computing device to
receive, via the fabrication center connector websocket, data
representative of a 3D model of a to-be-fabricated part or
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assembly modeled in the 3D modeling application from the
first computing device running the fabrication tools appli-
cation. The at least one processor may be configured to
generate, using the fabrication center application, and based
at least in part on the data representative of the 3D model of
the to-be-fabricated part or assembly, data representative of
at least one enhanced cut (or bend or threading) list usable
by a machine control application for the one or more
fabrication machines to fabricate the to-be-fabricated part or
assembly. The at least one processor may be configured to
direct a communications interface of at least a third com-
puting device, and under control of a fabrication desktop
application associated with the machine control application
running on the at least a third computing device and con-
figured to control operation of the one or more fabrication
machines, to establish, via the fabrication center connector
websocket, data communication with the fabrication desktop
application. The at least one processor may be configured to
direct the communications interface of the server computing
device to transmit, via the fabrication center connector
websocket, the data representative of the at least one
enhanced cut (or bend or threading) list to the at least a third
computing device to enable use by the machine control
application of the at least one enhanced cut (or bend or
threading) list for fabrication of the to-be-fabricated part or
assembly using the one or more fabrication machines.

[0013] A third aspect of the disclosure provides one or
more non-transitory computer readable media. In some
examples according to the third aspect of the disclosure, the
one or more non-transitory computer readable media may be
embodied in, or may include, a computer program (or
software and/or firmware) product. The one or more non-
transitory computer readable media may have stored thereon
program instructions which, when executed by one or more
processors of a system (e.g., of the second aspect summa-
rized above) to facilitate operation of one or more fabrica-
tion machines using digitally stored part or assembly infor-
mation of a three-dimensional (3D) modeling application,
cause the system to direct a communications interface of a
first computing device, and under control of a fabrication
tools application associated with the 3D modeling applica-
tion running on the first computing device, to establish, via
a fabrication center connector websocket, data communica-
tion with a fabrication center application running on a
second computing device. When executed by one or more
processors of the system, the program instructions may
cause the system to direct a communications interface of the
second computing device, and under control of the fabrica-
tion center application, to receive, via the fabrication center
connector websocket, data representative of a 3D model of
a to-be-fabricated part or assembly modeled in the 3D
modeling application from the first computing device run-
ning the fabrication tools application. When executed by one
or more processors of the system, the program instructions
may cause the system to generate, using the fabrication
center application, and based at least in part on the data
representative of the 3D model of the to-be-fabricated part
or assembly, data representative of at least one enhanced cut
(or bend or threading) list usable by a machine control
application for the one or more fabrication machines to
fabricate the to-be-fabricated part or assembly. When
executed by one or more processors of the system, the
program instructions may cause the system to direct a
communications interface of at least a third computing
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device, and under control of a fabrication desktop applica-
tion associated with the machine control application running
on the at least a third computing device and configured to
control operation of the one or more fabrication machines,
to establish, via the fabrication center connector websocket,
data communication with the fabrication desktop applica-
tion. When executed by one or more processors of the
system, the program instructions may cause the system to
direct the communications interface of the second comput-
ing device to transmit, via the fabrication center connector
websocket, the data representative of the at least one
enhanced cut (or bend or threading) list to the at least a third
computing device to enable use by the machine control
application of the at least one enhanced cut (or bend or
threading) list for fabrication of the to-be-fabricated part or
assembly using the one or more fabrication machines.

[0014] A fourth aspect of the disclosure provides a method
executed on at least one computing device to facilitate
operation of one or more fabrication machines using digi-
tally stored part or assembly information of a three-dimen-
sional (3D) modeling application. The method according to
the fourth aspect may include the step of establishing, by a
fabrication center application running on a cloud computing
device, and via a fabrication center connector websocket,
data communication with a fabrication desktop application
associated with a cutting machine control application run-
ning on a cutting machine workstation computing device
and configured to control operation of a cutting machine.
The method according to the fourth aspect may include the
step of generating, by the fabrication center application, and
based at least in part on data representative of a 3D model
of'a to-be-fabricated part or assembly, data representative of:
an enhanced cut list usable by the cutting machine control
application to direct the cutting machine to cut a work piece
of the to-be-fabricated part or assembly into at least two
pieces; an enhanced bend list including data representative
of'x,y,z positional information for bending, using a bending
machine after the work piece has been cut, at least one piece
of the at least two pieces at least once; and at least one of:
a first printing routine to cause a printer operably coupled to,
or otherwise associated with, the cutting machine to print
human-readable bend instructions including the x,y,z posi-
tional information on the work piece or on the at least one
piece; and a second printing routine to cause the printer to
print computer-readable bend instructions including the
X,y,Z positional information on the work piece or on the at
least one piece. The method according to the fourth aspect
may include the step of transmitting, by the fabrication
center application, and via the fabrication center connector
websocket: the data representative of the enhanced cut list to
the fabrication desktop application to enable use of the data
representative of the enhanced cut list by the cutting
machine control application to direct the cutting machine to
cut the work piece; and the data representative of the at least
one of the first printing routine and the second printing
routine to at least one of the fabrication desktop application
and the printer to enable use by the at least one of the
fabrication desktop application and the printer to direct a
printer head of the printer to print the at least one of the
human-readable bend instructions and the computer-read-
able bend instructions on one or more locations on the work
piece or on the at least one piece.

[0015] A fifth aspect of the disclosure provides a system
for facilitating operation of two or more fabrication
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machines using digitally stored part or assembly information
of a three-dimensional (3D) modeling application. The sys-
tem according to the fifth aspect may include a cloud
computing device including at least one processor operably
coupled to: a communications interface, and a memory
storage device storing a fabrication center application. The
at least one processor of the system according to the fifth
aspect may be configured to direct, using the fabrication
center application, the communications interface of the
cloud computing device to establish, via a fabrication center
connector websocket, data communication with a fabrica-
tion desktop application associated with a cutting machine
control application running on a cutting machine worksta-
tion computing device and configured to control operation of
a cutting machine. The at least one processor of the system
according to the fifth aspect may be configured to generate,
using the fabrication center application, and based at least in
part on data representative of a 3D model of a to-be
fabricated part or assembly, data representative of: an
enhanced cut list usable by the cutting machine control
application to direct the cutting machine to cut a work piece
of the to-be-fabricated part or assembly into at least two
pieces; an enhanced bend list including data representative
of'x,y,z positional information for bending, using a bending
machine after the work piece has been cut, at least one piece
of the at least two pieces at least once; and at least one of:
a first printing routine to cause a printer operably coupled to,
or otherwise associated with, the cutting machine to print
human-readable bend instructions including the x,y,z posi-
tional information on the work piece or on the at least one
piece; and a second printing routine to cause the printer to
print computer-readable bend instructions including the
X,y,Z positional information on the work piece or on the at
least one piece. The at least one processor of the system
according to the fifth aspect may be configured to direct,
using the fabrication center application, the communications
interface of the cloud computing device to transmit, via the
fabrication center connector websocket: the data represen-
tative of the enhanced cut list to the fabrication desktop
application to enable use of the data representative of the
enhanced cut list by the cutting machine control application
to direct the cutting machine to cut the work piece; and the
data representative of the at least one of the first printing
routine and the second printing routine to at least one of the
fabrication desktop application and the printer to enable use
by the at least one of the fabrication desktop application and
the printer to direct a printer head of the printer to print the
at least one of the human-readable bend instructions and the
computer-readable bend instructions on one or more loca-
tions on the work piece or on the at least one piece.

[0016] A sixth aspect of the disclosure provides one or
more non-transitory computer readable media having stored
thereon program instructions which, when executed by one
or more processors of a system to facilitate operation of two
or more fabrication machines using digitally stored part or
assembly information of a three-dimensional (3D) modeling
application, may cause the system to direct, using a fabri-
cation center application, a communications interface of a
cloud computing device to establish, via a fabrication center
connector websocket, data communication with a fabrica-
tion desktop application associated with a cutting machine
control application running on a cutting machine worksta-
tion computing device and configured to control operation of
a cutting machine. When executed by the one or more
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processors, the program instructions may cause the system
to generate, using the fabrication center application, and
based at least in part on data representative of a 3D model
of'ato-be fabricated part or assembly, data representative of:
an enhanced cut list usable by the cutting machine control
application to direct the cutting machine to cut a work piece
of the to-be-fabricated part or assembly into at least two
pieces; an enhanced bend list including data representative
of'x,y,z positional information for bending, using a bending
machine after the work piece has been cut, at least one piece
of the at least two pieces at least once; and at least one of:
a first printing routine to cause a printer operably coupled to,
or otherwise associated with, the cutting machine to print
human-readable bend instructions including the x,y,z posi-
tional information on the work piece or on the at least one
piece; and a second printing routine to cause the printer to
print computer-readable bend instructions including the
X,y,Z positional information on the work piece or on the at
least one piece. When executed by the one or more proces-
sors, the program instructions may cause the system to
direct, using the fabrication center application, the commu-
nications interface of the cloud computing device to trans-
mit, via the fabrication center connector websocket: the data
representative of the enhanced cut list to the fabrication
desktop application to enable use of the data representative
of the enhanced cut list by the cutting machine control
application to direct the cutting machine to cut the work
piece; and the data representative of the at least one of the
first printing routine and the second printing routine to at
least one of the fabrication desktop application and the
printer to enable use by the at least one of the fabrication
desktop application and the printer to direct a printer head of
the printer to print the at least one of the human-readable
bend instructions and the computer-readable bend instruc-
tions on one or more locations on the work piece or on the
at least one piece.

[0017] A sixth aspect of the disclosure provides a method
executed on at least one computing device to facilitate
operation of a fabrication machine using digitally stored part
or assembly information of a three-dimensional (3D) mod-
eling application. The method according to the sixth aspect
may include the step of establishing, by a fabrication center
application running on a cloud computing device, and via a
fabrication center connector websocket, data communica-
tion with a fabrication desktop application associated with a
cutting machine control application running on a cutting
machine workstation computing device and configured to
control operation of a cutting machine. The method accord-
ing to the sixth aspect may include the step of generating, by
the fabrication center application, and based at least in part
on data representative of a 3D model of a to-be-fabricated
part or assembly, data representative of: an enhanced cut list
usable by the cutting machine control application to direct
the cutting machine to cut a strut work piece of the to-be-
fabricated part or assembly into at least two pieces; and a
printing routine to cause a printer operably coupled to, or
otherwise associated with, the cutting machine to print
human-readable assembly instructions on the strut work-
piece or on at least one piece of the at least two pieces of the
strut workpiece. The human-readable assembly instructions
may include: markings or graphics indicating one or more
positions on the at least one piece for installing at least one
rod; and a rod length for each rod of the at least one rod. The
method according to the sixth aspect may include the step of
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transmitting, by the fabrication center application, and via
the fabrication center connector websocket: the data repre-
sentative of the enhanced cut list to the fabrication desktop
application to enable use of the data representative of the
enhanced cut list by the cutting machine control application
to direct the cutting machine to cut the strut work piece; and
the data representative of the printing routine to at least one
of the fabrication desktop application and the printer to
enable use by the at least one of the fabrication desktop
application and the printer to direct a printer head of the
printer to print the human-readable assembly instructions on
one or more locations on the strut work piece or on the at
least one piece. In practice of the method according to the
sixth aspect, the strut work piece may be, or may include, a
piece of UNISTRUT.

[0018] A seventh aspect of the disclosure provides a
system for facilitating operation of a fabrication machine
using digitally stored part or assembly information of a
three-dimensional (3D) modeling application. The system
according to the seventh aspect may include a cloud com-
puting device including at least one processor operably
coupled to: a communications interface, and a memory
storage device storing a fabrication center application. In the
system according to the seventh aspect, the at least one
processor is configured to direct, using the fabrication center
application, the communications interface of the cloud com-
puting device to establish, via a fabrication center connector
websocket, data communication with a fabrication desktop
application associated with a cutting machine control appli-
cation running on a cutting machine workstation computing
device and configured to control operation of a cutting
machine. In the system according to the seventh aspect, the
at least one processor may be configured to generate, using
the fabrication center application, and based at least in part
on data representative of a 3D model of a to-be fabricated
part or assembly, data representative of: an enhanced cut list
usable by the cutting machine control application to direct
the cutting machine to cut a strut work piece of the to-be-
fabricated part or assembly into at least two pieces; and a
printing routine to cause a printer operably coupled to, or
otherwise associated with, the cutting machine to print
human-readable assembly instructions on the strut work
piece or on at least one piece of the at least two pieces of the
strut work piece. The human-readable assembly instructions
may include: markings or graphics indicating one or more
positions on the at least one piece for installing at least one
rod; and a rod length for each rod of the at least one rod. In
the system according to the seventh aspect, the at least one
processor may be configured to direct, using the fabrication
center application, the communications interface of the
cloud computing device to transmit, via the fabrication
center connector websocket: the data representative of the
enhanced cut list to the fabrication desktop application to
enable use of the data representative of the enhanced cut list
by the cutting machine control application to direct the
cutting machine to cut the strut work piece; and the data
representative of the at least one of the printing routine to at
least one of the fabrication desktop application and the
printer to enable use by the at least one of the fabrication
desktop application and the printer to direct a printer head of
the printer to print the human-readable assembly instructions
on one or more locations on the strut work piece or on the
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at least one piece. In practice of the system according to the
seventh aspect, the strut work piece may be, or may include,
a piece of UNISTRUT.

[0019] An eighth aspect of the disclosure provides one or
more non-transitory computer readable media having stored
thereon program instructions which, when executed by one
or more processors of a system to facilitate operation of a
fabrication machine using digitally stored part or assembly
information of a three-dimensional (3D) modeling applica-
tion, cause the system to direct, using a fabrication center
application stored in memory of a cloud computing device,
a communications interface of the cloud computing device
to establish, via a fabrication center connector websocket,
data communication with a fabrication desktop application
associated with a cutting machine control application run-
ning on a cutting machine workstation computing device
and configured to control operation of a cutting machine.
When executed by the one or more processors, the program
instructions according to the eighth aspect may cause the
system to generate, using the fabrication center application,
and based at least in part on data representative of a 3D
model of a to-be fabricated part or assembly, data represen-
tative of: an enhanced cut list usable by the cutting machine
control application to direct the cutting machine to cut strut
work piece of the to-be-fabricated part or assembly into at
least two pieces; and a printing routine to cause a printer
operably coupled to, or otherwise associated with, the cut-
ting machine to print human-readable assembly on the strut
work piece or on at least one piece of the at least two pieces
of the strut work piece. The human-readable assembly
instructions may include: markings or graphics indicating
one or more positions on the at least one piece for installing
at least one rod; and a rod length for each rod of the at least
one rod. When executed by the one or more processors, the
program instructions according to the eighth aspect may
cause the system to direct, using the fabrication center
application, the communications interface of the cloud com-
puting device to transmit, via the fabrication center connec-
tor websocket: the data representative of the enhanced cut
list to the fabrication desktop application to enable use of the
data representative of the enhanced cut list by the cutting
machine control application to direct the cutting machine to
cut the strut work piece; and the data representative of the
printing routine to at least one of the fabrication desktop
application and the printer to enable use by the at least one
of the fabrication desktop application and the printer to
direct a printer head of the printer to print the human-
readable assembly instructions on one or more locations on
the strut work piece or on the at least one piece. In practice
of the one or more non-transitory computer readable media
according to the eighth aspect, the strut work piece may be,
or may include, a piece of UNISTRUT.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] One or more embodiments of the present invention
are illustrated by way of example and not limitation in the
figures of the accompanying drawings, in which like refer-
ences indicate similar elements.

[0021] FIG. 1 is a diagram of a system for utilizing
information of a 3D modeling software package to facilitate
operation of fabrication machines, according to a known
embodiment.

[0022] FIG. 2 is a diagram of workflow logic of a system
for utilizing information of a 3D modeling software package
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to facilitate operation of fabrication machines, according to
some embodiments of the present technology.

[0023] FIG. 3 is a diagram showing communication and
data flow in the system of FIG. 2, according to some
embodiments of the present technology.

[0024] FIG. 4 depicts a Fabrication Manager window of
the Revit® 3D modeling software.

[0025] FIG. 5 depicts a communication and data flow
scheme for the Fabrication Desktop and Fabrication Center
blocks of the system shown in FIG. 2, according to some
embodiments of the present technology.

[0026] FIG. 6 depicts a Fabrication Center window of the
system shown in FIG. 2, according to some embodiments of
the present technology.

[0027] FIG. 7 depicts another Fabrication Center window
of the system shown in FIG. 2, according to some embodi-
ments of the present technology.

[0028] FIGS. 8 and 9 depict summaries of some of unique
and technologically advantageous contributions and practi-
cal applications of the system shown in FIG. 2, according to
some embodiments of the present technology.

[0029] FIG. 10 depicts a Fabrication Desktop window of
the system shown in FIG. 2, according to some embodi-
ments of the present technology.

[0030] FIG. 11 depicts a Fabrication Desktop window of
the system shown in FIG. 2, according to some embodi-
ments of the present technology.

[0031] FIG. 12 depicts another Fabrication Desktop win-
dow of the system shown in FIG. 2, according to some
embodiments of the present technology.

[0032] FIG. 13 depicts a Fabrication Desktop window of
the system shown in FIG. 2, according to some embodi-
ments of the present technology.

[0033] FIG. 14 depicts another Fabrication Desktop win-
dow of the system shown in FIG. 2, according to some
embodiments of the present technology.

[0034] FIG. 15 depicts yet another Fabrication Desktop
window of the system shown in FIG. 2, according to some
embodiments of the present technology.

[0035] FIG. 16 depicts an example implementation and
practical application of the system shown in FIG. 2, accord-
ing to some embodiments of the present technology.
[0036] FIGS. 17-28 depict flow charts of a method for
utilizing information of a 3D modeling software package to
facilitate operation of fabrication machines, which may be
used with the system of FIG. 2, according to some embodi-
ments of the present technology.

[0037] FIG. 29 depicts is a diagram of workflow logic of
a system for utilizing information of a 3D modeling software
package to facilitate operation of fabrication machines,
according to some embodiments of the present technology.
[0038] FIGS. 30A-30H depict flow charts of a method for
utilizing information of a 3D modeling software package to
facilitate operation of fabrication machines, which may be
used with the system of FIG. 29, according to some embodi-
ments of the present technology.

[0039] FIGS. 31A and 31B depict human-readable bend
instructions including x,y,z positional information and a
rotational direction-indicating graphic or symbol, according
to some embodiments of the present technology.

[0040] FIG. 32A depicts a quick response (QR) code
graphic that may be used with the system of FIG. 29 and the
method of FIGS. 30A-30H, according to some embodiments
of the present technology.
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[0041] FIG. 32B depicts bar code graphic that may be used
with the system of FIG. 29 and the method of FIGS.
30A-30H, according to some embodiments of the present
technology.

[0042] FIG. 33 depicts a flow chart of a method for
utilizing information of a 3D modeling software package to
facilitate operation of a fabrication machine, which may be
used with the system of FIG. 29, according to some embodi-
ments of the present technology.

[0043] FIG. 34 depicts human-readable assembly instruc-
tions, according to some embodiments of the present tech-
nology.

[0044] FIG. 35 is a diagrammatic representation of a
machine, in the example form, of a computer system within
which a set of instructions, for causing the machine to
implement or otherwise perform any one or more of the
techniques and methodologies of the present technology
described herein, may be executed.

DETAILED DESCRIPTION

[0045] The following description and the appended draw-
ings are illustrative and are not to be construed as limiting.
Numerous specific details are described to provide a thor-
ough understanding of the disclosure. However, in certain
instances, well-known or conventional details are not
described in order to avoid obscuring the description. Ref-
erences to one or an embodiment in the present disclosure
can be, but not necessarily are, references to the same
embodiment; and such references mean at least one of the
embodiments.

[0046] Reference in this specification to “one embodi-
ment” or “an embodiment” means that a particular feature,
structure, or characteristic described in connection with the
embodiment is included in at least one embodiment of the
disclosure. The appearances of the phrase “in one embodi-
ment” in various places in the specification are not neces-
sarily all referring to the same embodiment, nor are separate
or alternative embodiments mutually exclusive of other
embodiments. Moreover, various features are described
which may be exhibited by some embodiments and not by
others. Similarly, various requirements are described which
may be requirements for some embodiments but no other
embodiments.

[0047] The terms used in this specification generally have
their ordinary meanings in the art, within the context of the
disclosure, and in the specific context where each term is
used. Certain terms that are used to describe the disclosure
are discussed below, or elsewhere in the specification, to
provide additional guidance to the practitioner regarding the
description of the disclosure. For convenience, certain terms
may be highlighted, for example using italics and/or quota-
tion marks. The use of highlighting has no influence on the
scope and meaning of a term; the scope and meaning of a
term is the same, in the same context, whether or not it is
highlighted. It will be appreciated that same thing can be
said in more than one way.

[0048] Consequently, alternative language and synonyms
may be used for any one or more of the terms discussed
herein, nor is any special significance to be placed upon
whether or not a term is elaborated or discussed herein.
Synonyms for certain terms are provided. A recital of one or
more synonyms does not exclude the use of other synonyms.
The use of examples anywhere in this specification, includ-
ing examples of any terms discussed herein, is illustrative
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only, and is not intended to further limit the scope and
meaning of the disclosure or of any exemplified term.
Likewise, the disclosure is not limited to various embodi-
ments given in this specification.

[0049] Without intent to further limit the scope of the
disclosure, examples of instruments, apparatus, methods and
their related results according to the embodiments of the
present disclosure are given below. Note that titles or
subtitles may be used in the examples for convenience of a
reader, which in no way should limit the scope of the
disclosure. Unless otherwise defined, all technical and sci-
entific terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to which
this disclosure pertains. In the case of conflict, the present
document, including definitions, will control.

[0050] As will become apparent to persons skilled in the
art, the disclosed embodiments are not merely process steps
capable of being performed using generic computing
devices, but which could entirely be performed mentally or
otherwise by a human being, including with the aid of pen
and paper. Rather, the unique algorithms described herein
according to the present technology are required to be
encoded in software (or firmware) instructions to direct (e.g.,
“cause”) the physical actions of the various computing,
communications and data storage devices in a manner
believed to be as yet unknown in the pertinent technological
field. These physical effects and actions include, without
limitation, transmission of encoded data as signals over
wired or wireless communication channels, both within one
particular computing device and over great distances over
spans of the Earth or outer space. The described algorithms
direct data to be stored according to received data inputs of
the data owners via graphical user interfaces that are trans-
mitted to, or otherwise caused to be displayed on, user
devices like personal computers and smartphones in com-
munication with remote servers, via the Internet, for
example. All of these actions, and numerous others that are
described herein, are performed by physical computing and
communication devices, as directed by the disclosed algo-
rithms. Furthermore, the physical actions which are specifi-
cally caused to occur using computing devices having
processors taking as commands encoded software or firm-
ware instructions stored in non-transient computer-readable
storage media are performed and coordinated thereby in
substantially real-time. Real-time is defined as a very nearly
instantaneous result of an input, stimulus, or computation
performed by a computing device as described herein, where
the timing of a subsequent action is limited only by the
physical makeup or design of the computing device and
communications network. For example, a duration between
atime upon which a result of a first computation is generated
by a first networked computing device and a time that result
becomes available for a subsequent computation by a second
networked computing device may be limited only by a
transmission time required by the physical medium of the
wired, optical or wireless network connecting the first and
second computing devices. A person having ordinary skill in
the art will recognize and appreciate that not only are the
disclosed algorithms incapable of being performed mentally
by a human being, they are certainly not capable of being
performed mentally with the aid of pen and paper in real
time, or otherwise by a human being within a time sufficient
to provide both the disclosed technical advantages and
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effects, and the improved user experience, in the practical
application to the pertinent technological field.

[0051] FIG. 1 is a diagram of a system (1) for utilizing
information of a 3D modeling software (5) package to
facilitate operating fabrication machines (10), according to
aknown embodiment. A designer workstation computer (15)
may have installed thereon 3D modeling software (5) such
as AutoCAD® or Revit® (both of AutoDesk®). Assemblies
may be identified from a building-wide 3D model for
fabrication, with added annotations such as part identifiers
and other information. These may be stored in formats such
as .rvt files in the case of the Revit® program.

[0052] The 3D modeling software (5) may be in commu-
nication with a remote database (20) (e.g., MongoDB®).
MongoDB® (20) is a source-available cross-platform docu-
ment-oriented database program, also known as a database-
as-a-service. As applied to system (1), and to the methods
and software of the present technology as disclosed herein,
MongoDB® (20) can, among other things, facilitate various
automations performed during the course of designers using
3D modeling software (5) at computer workstations (15).
Also, files generated during the course of preparing a 3D
model and a BIM model can be very large and thus Mon-
goDB® (20) can be useful to lessen the computation and
storage load on computer workstation (15).

[0053] Aspects of 3D modeling software (5) may enable
generation of “cut (or bend or threading) lists” for down-
stream use by fabrication machines (10) such as cutting,
threading and bending tools. A variety of such tools are
expected to be known by those having ordinary skill in the
art. In one known example, the cut (or bend or threading) list
files (e.g., .csv format) are stored on portable storage media
(25) such as USB “thumb” disks (e.g., 25a, 255, . . ., 25n).

[0054] In some cases, the designer operating the 3D mod-
eling software (5) at computer (15) may be co-located with
a fabrication shop (30) having the machines (10). In that
case, the portable storage media (25) containing the cut (or
bend or threading) lists may be hand carried from computer
workstation (15) to load onto machine control software (35)
found on computer workstations (e.g., 40a, 406, . . . , 40n)
associated with individual fabrication machines (e.g., 10a,
105, . . ., 10n). In other cases, the designer operating the 3D
modeling software (5) at computer (15) may be located far
away from the fabrication shop (30) having the machines
(10). Thumb drives or other portable storage media (25)
having the cut files may thus need to be transported to the
fabrication shop (30), such as by mailing, or courier. The cut
files may alternatively be emailed or obtained by the fabri-
cation shop using a file transfer protocol over the Internet or
other network (45). In the known system (1), designers
and/or fabrication shop personnel using the 3D modeling
software (5) may need to manually break assemblies apart in
the 3D model, and then manually export each one of those,
and may additionally need to go through each cut list (or
bend or threading) .csv file to tailor it for use by specific
machines (10). The generation of individual assemblies for
building projects having thousands or even more different
assemblies in the 3D model is a cumbersome and time
consuming task. Rework of corresponding cut files accord-
ing to system (1) may add additional burden to these
essential tasks. The cut (or bend or threading) list files may
be obtained by direct download via a network (45) from a
cloud application (50) and/or database (20) by the fabrica-
tion shop (30), and then stored on the portable storage media
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(25) for use with the machines (10). However, that task,
along with verifying content and compatibility of the cut (or
bend or threading) lists with particular fabrication machines
(10), may be both time consuming and subject to human
error.

[0055] Furthermore, in the known system (1) for utilizing
information of a 3D modeling software (5) package to
facilitate operating of fabrication machines (10), cut (or
bend or threading) list files may not be immediately usable
by machine (10) operators in the fabrication shop (30). Each
machine (10) includes a dedicated motor controller. Soft-
ware (e.g., 35a, 355, . . ., 351) run at computer workstations
(40a, 405, . . . , 40r) may send commands to respective
motor controllers to control motors speeds, rotation direc-
tions, and other operational states and parameters for the
machines (10a, 105, . . . , 10z). In some cases, operators in
the fabrication shop (30) may need to add information to the
cut (or bend or threading) list files generated using the 3D
modeling software (5). For instance, the cut files may be
missing specifics for the stock raw material, the order that
cuts and/or bends are to be made by machines (10), and/or
it may contain errors arising from the designer’s annotation
of the 3D model that require manual correction.

[0056] These circumstances may necessitate operators in
the fabrication shop (30) to perform manual data entry,
corrections and calculations to correct cut files and/or to
adapt them for a particular machine (10). For instance, use
of the known system (1) with tube or conduit bending
machines (10) (e.g., Greenlee®) may require operators to
hand key in bend radii, angles, and/or arc lengths. In some
cases, known fabrication machines may provide a user the
option of transferring a cut or bend list file as, for example
a .csv file, using a USB “thumb” drive that may plug in
directly to the machine. Yet, such .csv files may need to be
prepared manually on one or more computer workstations.
In any event, these manual operations can introduce unin-
tended human errors, where such errors may be propagated
through the various machine (10) unit operations, potentially
resulting is wasted material, poor quality in finished parts
and/or assemblies, and/or delay in delivering the product
within the expected timeframes.

[0057] Some machine (10) control software (35) capable
of being run on computer workstations (10) may include
features for optimizing cut lengths from a stock length of,
for example and without limitation, pipe, rod, bar, strut,
lumber, UNISTRUT, conduit, rebar, and like stock material
(e.g., ferrous or non-ferrous, metallic vs. non-metallic).
However, known techniques for this may require human
modification of machine (10) operational parameters to
carry out the instructions based on the cut (or bend or
threading) lists. Moreover, known optimization techniques
to reduce waste may not account for operator safety con-
siderations.

[0058] In any event, the known techniques for delivering
cut files to the computer workstations (40) associated with
various fabrication machines (10) may be cumbersome and
inefficient, as compared to the embodiments of the present
technology disclosed herein. As can be appreciated by
persons having ordinary skill in the art, the various ineffi-
ciencies discussed above of the known system (1) and
associated techniques are magnified where the designer
(e.g., an engineer or architect employed by a general con-
tractor and using the 3D modeling software (5) at computer
(15)) must send cut files for many assemblies to more than
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one fabrication shop to meet demand and deliver the
intended result per the design requirements and specification
within a tight timeline.

[0059] As will be appreciated, the present technology as
disclosed herein enables technical features to enhance effi-
ciency, accuracy, and timeliness of unit operations per-
formed by the known system (1), and provides additional
unique features with enabling further such enhancements.
[0060] The present technology provides dynamic optimi-
zation software for processing materials with an algorithm
that automatically nests linear parts along with linear stocks
of' material. The user can enter any value of stock length and
the software will dynamically optimize the material to yield
the least amount of waste and material based on the given
stock length. Users with BIM models can upload their
models to a cloud platform and send lists of linear elements
to remote cutting stations via the dedicated and secured
applications. This allows users to distribute work remotely
to any machine to track cut (and/or bend) status, yield, and
general performance of their fabrication shops to gain valu-
able insights into shop productivity. The disclosed dynamic
optimization algorithm places short material pieces to the
front of the given stock to account for safety on automatic
cutting machines. The cut (or bend or threading) list distri-
bution techniques according to the present technology may
enhance capabilities, throughput and safety of existing
machines without substantial redesign or retrofitting to dis-
tribute, track, procure, and record insights into the produc-
tivity and labor of remote fabrication shop locations. The
present technology further facilitates distributing fabrication
work to off-site locations and enables shareable routines to
enable remote operations access to enhanced cut (or bend or
threading) lists for procurement and processing of materials.
The present technology advantageously enables the BIM
models to be connected to any machine, anywhere in the
world, via the Internet.

System Architecture:

[0061] FIG. 2 is a diagram of workflow logic of a system
(100) for utilizing information of a 3D modeling software
package (105) to facilitate operation of fabrication machines
(e.g., 110a, 1105, . . . , 110n), according to some embodi-
ments of the present technology. The components, or mod-
ules, of system (100) include a Fabrication Tools block (115)
in communication via a network (120) (e.g., the Internet)
with a Fabrication Center block (125). In some embodi-
ments, block (115) is a plugin for a 3D modeling software
application (105) (e.g., a Revit® plugin) run on a designer
workstation computer (130) (also referring to herein as “first
computing device”). Block (125) may be resident on a server
or like computing device (126) (also referred to herein as
“second computing device”) in the cloud and may provide
various functionality in system (100) such as a Forge®
Plugin (135)/Autodesk® Construction Cloud Integration.
System (100) may also include a document or other scalable
database (140) connected to the various blocks of system
(100) via the network (120). In some embodiments, database
(140) may be embodied in, or may include, MongoDB® or
other like database (140).

[0062] According to https://www.mongodb.com: “Mon-
goDB is a document database used to build highly available
and scalable internet applications. MongoDB is a document
database with the scalability and flexibility that you want
with the querying and indexing that you need. The developer
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data platform that provides the services and tools necessary
to build distributed applications fast, at the performance and
scale users demand. MongoDB is a source-available cross-
platform document-oriented database program. Classified as
a NoSQL database program, MongoDB uses JSON-like
documents with optional schemas.” A person having ordi-
nary skill in the art is expected to readily recognize and
appreciate that specific embodiments of database (140) other
than MongoDB® that are now known, as even as yet
unknown, may be readily practiced for purposes of accom-
plishing the advantageous and beneficial technical effects
and useful ends according to the present technology.
[0063] Block (115) may be connected by way of network
(120) with a Fabrication Desktop Connector Websocket
block (145) via the cloud-based block (125). Block (145)
may be installed on, or otherwise associated with, worksta-
tion computers (e.g., 150a, 1505, . . . , 150%). In some
embodiments, each of the computers (150a, 1505, . . . ,
150%) situated in one or more fabrication shops (155) may
be capable of running a local Fabrication Desktop client
application block (e.g., 160a, 1605, . . . , 160%). Workstation
computer(s) (150) may also be referred to herein as “at least
a third computing device.” For example, each instance of
application block (160) may be in communication with
block (125) by way of block (145). In other examples, each
instance of application block (160) may connect to block
(125) via a dedicated instance of block (145).

[0064] Regarding the websocket (145), in some embodi-
ments, it may utilize the “WebSocket” (WS) or “WebSocket
Secure” (WSS) computer communications protocol, either
of which provides full-duplex communication channels. In
an example, that full-duplex communication may be
achieved over just a single TCP connection. In either WS, or
WSS, the communication between any combination of the
first, second, and the at least a third computing devices. WS
or WSS protocol may be used in the same scenario of
client-server communication. Whereas HTTP may be a
stateless protocol, WS or WSS may be stateful protocols,
which means the connection between client (e.g., the first
(130), or the at least a third (150), computing devices) and
server (e.g., second computing device (126)) will keep alive
until it is terminated by either party (client or server). After
closing the connection by either of the client and server, the
connection is terminated from both ends. An application
may be downloaded and installed on a computing device
involved in practicing the present technology to thereby
enable use of the websocket (145) as through, for example,
a web browser.

[0065] In operation, WS or WSS involves initiating the
connection between client and server. Then, the client-server
makes the handshaking and decides to create a new con-
nection. This connection will be kept active until terminated
by any of those computing devices. When the connection is
established and kept alive, the communication will take
place using the same connection channel until it is termi-
nated. That connection may also be referred to in the art as
the WebSocket.

[0066] Use of websocket (e.g., block (145) in the present
technology enables creating a network of machines with the
websocket, where automatic or manual, user-directed,
synching ensures that any computing device, user/stake-
holder, or fabrication machine that is connected in the
network always has the most current information to work
from. This synching function of the fabrication center con-
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nector websocket (145) is denoted as “SYNC” in FIG. 2.
Synching may occur on a preset schedule, or it may occur
upon fabrication center (125) detecting the occurrence of
any event such as a new computing device or fabrication
machine connecting to the system (100) network (120). As
will be appreciated by persons having ordinary skill in the
art considering the entirety of the present disclosure, web-
socket (145) and its operation in the disclosed methods,
systems, and related process is a key component piece of the
present technology enabling the massive scalability of the
model-to-machine concept and its application for remotely
located users, computing devices, and fabrication machines
to achieve the various advantageous technical and practical
benefits and advantages as described herein. One such
application the present technology may find particularly
relevant and beneficial use, at least as of the filing date of
this patent application, relates to “Industry 4.0,” also known
by the expression “Fourth Industrial Revolution,” coined in
2016 by the founder of the World Economic Forum, Klaus
Schwab. Another could be NASA, ESA and/or other
national space agencies’ or private companies plans for
colonization of Earth’s moon or other planets or their
moons.

[0067] The computer workstations (150) in the one or
more fabrication shops (155) may be connected to individual
fabrication machine(s) (110). These machines may be pipe
or beam cutting, pipe or rod threading, or conduit (e.g.,
electrical, telecom) or pipe bending machines (110), among
other types known to persons having ordinary skill in the art.
In some examples, each of the machines (110) has its own
motor control circuitry and also components (e.g., firmware)
to receive signals for motor commands from the associated
workstations (150). These commands may be generated and
sent to the machines (110) based on file formats such as .csv,
rdb, .step, and .iges files, among 70+ other possible formats
enabled from Autodesk® Forge connectivity, depending on
the particular machines (110) and their requirements.

[0068] In some embodiments, system (100) includes a
Fabrication Desktop (Machine Control) block (170) in com-
munication with block (125) and the machines (110) via
network (120). In conjunction with block (125) and block
(145), block (170) may mediate control of machines (110)
and enable data of and relating to the 3D model to be sent
downstream to machines (110) with bi-directional feedback
(e.g., 180a, 1805, . . . , 180n) communication between
in-progress, current, and completed job items from the BIM
models. All this data is tracked back to the initial building
model which enables valuable insights for data to be stored
(e.g., using MongoDB® (140) and/or database (141) that is
dedicated to Fabrication Center (125) and/or to the system
(100) as a whole and resides in or is otherwise associated
with MongoDB® which may resides in a cloud either
separate from, or integrated in, network (120)) that can be
leveraged to complete future jobs more efficiently, repeti-
tiously, and effectively.

[0069] Regarding MongoDB® or like database (140) as
used in the present technology, in some embodiments, a
database (141) that is dedicated to Fabrication Center (125)
and/or to the system (100) as a whole may reside in (e.g., “on
top of”) or be otherwise associated with database (140),
which may reside in a cloud either separate from, or inte-
grated in, network (120). Data representative of the 3D
model may be transmitted to database (140) and/or database
(141). As explained herein, endpoints including workstation
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(s) (150) and any other computing machine of a user or
stakeholder in the wider system (100) may view at least a
portion of the data of the 3D model of a part or assembly of
interest via the websocket (145). Any changes in any of the
various data of, or derived from, the 3D model initially
source from application (105) and/or fabrication tools appli-
cation (115) that occur by any user of first computing device
(130) or a third computing device (150), for example, may
be detected by the fabrication center application (125)
and/or the fabrication tools application (115). These data
including any changes thereto relating to the 3D model or a
view of it available to any users or stakeholder in system
(100), may be captured as a state (165) of that 3D model. In
the practice of the present technology, 3D model data may
further include various other data inputs relating to fabrica-
tion of a part or assembly associated with the 3D model.
Such other data may include, for example and without
limitation, supplier 1D, assembly state, due date, etc. for an
associated fabrication process. Storing state (165) informa-
tion in database(s) (140 and/or 141) enables any 3D model
and/or fabrication process related data to be efficiently
mapped and viewable, or otherwise usable, from anywhere
by any credentialed user via the websocket (145). This may
be considered as enabling an efficient multi-tiered opera-
tional protocol for an ecosystem of fabrication machines to
thereby provide a technically enhanced, massively scalable,
application of the model-to-machine concept. This further
represents a substantial technological improvement to, and
practical application in, model-to-machine operational tech-
niques over the conventional systems, methods and pro-
cesses as described above, for example, with reference to
FIG. 1.

[0070] Insome embodiments, all data of the 3D model that
users and stakeholders of system (100) may interact with
through websocket (145) and/or fabrication center applica-
tion (125) may be mapped to the system (100)-specific
database (141) sitting on top of a wider database (140) (e.g.,
MongoDB®). Again, this ensures that at any given instant in
time, and at any location, any user of any device connected
to network (120) is able to be assured that what data they
will see, utilize, or otherwise leverage for a fabrication
process is current. Database(s) (140 and/or 141) as used
according to the present technology may also store and
maintain change logs, user credentials, and other related
useful information that may be of interest to system (100)
users and stakeholders. This represents an improvement in
the use of a database as compared to the conventional
methods, systems and related processes as are described, for
example, above with reference to FIG. 1.

[0071] In the convention system (1) as described above
with reference to FIG. 1, a 3D model may communicate
related data via the Internet to Forge®, which resides in the
cloud. This may enable remote sharing of 3D model related
data by users that are geographically dispersed. The con-
ventional process or system (1) may utilize databases like
MongoDB® (20).

[0072] In some embodiments, the fabrication tools appli-
cation (115) according to the present technology may sit on
top of a 3D model (e.g., a Revit® model) as a plugin. The
state (165) of the model 3D may be modified from a variety
of'sources such as any of computer(s) (130, 150 and/or 126).
These changes may be communicated to and from the
involved computing devices via the websocket (145), the
state (165) may immediately reflect those changes, and a
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modified state (165) is made immediately available to be
stored and maintained in database(s) (140 and/or 141).

[0073] In an example, these aspects of the present tech-
nology may begin upon a designer using the fabrication
tools application (115) “publishing” a 3D model (which may
include modifications such as an associated “enhanced cut
(or bend) list,” to the fabrication center application (125),
where, in some embodiments, such “publishing” may be
mediated or facilitated by a network (120) connected sub-
system (135) such as Forge®. In other embodiments,
Forge® (135) may not be connected to network (120) and,
instead, fabrication center (125) may retrieve the needed
data about the 3D model from database(s) (140 and/or 141),
which is connected to both application (125) and to Forge®
(135) via a separate and distinct network (not shown in FIG.
2). Likewise, fabrication process-related data (estimated
time of completion, per bend/cut charges for use of the
fabrication center application (125) with the fabrication
desktop application (160)) may be communicated to data-
base(s) (140 and/or 141) via websocket (145).

[0074] Such a continuous feedback loop process accord-
ing to the present technology that is bidirectional, is enabled
and mediated by the unique application of websocket (145),
and also involves computing device(s) (150) having
machine control application for controlling fabrication
machine(s) (110) is among the technical improvements to,
and practical applications in, to fields of industry that utilize
the model-to-machine concept. It also enables fabrication
center application (125) to compute and/or track data per-
taining to key performance metrics (KPIs) and charging or
invoice related information, as in a productivity based
billing scheme for users of system (100).

Fabrication Tools:

[0075] As shown in FIG. 3, and with further reference to
FIG. 2, the Fabrication Tools block (115) may communicate
with the Fabrication Center block (125) via the network
(120). In some embodiments, block (115) may be a plug-in
application providing advantageous features and functions
according to the present technology to 3D modeling soft-
ware (105) such as Revit®. Similarly, block (160) may be a
plug-in application providing advantageous features and
functions according to the present technology to a fabrica-
tion machine (110) machine control software application
such as TigerStop®, BendWorks®, and the like.

[0076] FIG. 4 depicts a Fabrication Manager window (2)
of the Revit® 3D modeling software (105). The “Assem-
blies” tab of window (2) is selected, and a listing of
assemblies (3) A-G are shown. A user of Revit® may
perform a cursor action (7) to select an assembly from the
listing of assemblies (3). Next, the user of Revit® may
perform cursor action(s) (9 and/or 11) to export cut files
from the 3D modeling software (105) to the Fabrication
Center block (125). This exporting may further include
transferring one or more of at least a portion of the 3D
model, the assemblies, and the BIM model in its entirety.
Collectively, exporting data from the 3D modeling software
(105) to block (125) according to the present technology
may be referred to herein as publishing, which may include
incorporating/integrating the 3D model and associated data
to BIM 360®, on top of which the Fabrication Center block
(125) may sit.
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Fabrication Center:

[0077] As shown in FIG. 5, and with further reference to
FIGS. 2, 3 and 4, the Fabrication Center block (125) of
system (100) communicates with Fabrication Tools block
(115) and may further communicate via network (120) with
the 3D modeling software (105) along with MongoDB®
(140). In the case where 3D modeling software (105) is an
Autodesk® application such as Revit®, for example, Mon-
goDB® (140) may provide, but not save, the viewing
component for use by Fabrication Center block (125) as well
as Fabrication Desktop application block(s) (160). Assem-
blies may be viewed at workstation(s) (150) in the fabrica-
tion shop (155) though application block(s) (160). This
advantageous feature of system (100) enables MongoDB®
(140) to retrieve the state (165) necessary to carry out the
additional unique and technically beneficial functions
according to the present technology. The aforementioned
features also enable publishing a result from the exporting of
the data from 3D modeling software (105) to block (125),
which enables a near instant load of the model data to the
machine controller, a process that, in known systems, meth-
ods and software, generally took hours of mapping data
fields to get the cut (or bend or threading) list data into the
machine.

[0078] FIG. 6 depicts a window (17) including a web
application graphical user interface (GUI) of the Fabrication
Center block (125). Each of the various windows disclosed
herein according to the present technology may considered
to be GUIs. In an example, such a GUI may be generated and
caused to be displayed by the fabrication desktop block
(160) on an electronic display device of workstation com-
puter (150). In another example, such a GUI may be
generated and caused to be displayed by the machine control
software resident on the workstation (150), either on its own,
or in collaboration with block (160). In either case, the
aforementioned GUI may include a human viewable and, in
some embodiments, interactive table representation of the
enhanced cut (or bend or threading) list according to the
present technology.

[0079] Window (17) shows assemblies A-G from the
listing (3) shown in FIG. 4. In some embodiments, window
(17) provides a listing (19) of the assemblies with enhance-
ments according to the present technology. Additionally, the
state (165) and/or other data about the 3D model retrieved
from MongoDB® (140) may be retrieved from Forge®
(135) and then by block (125) to enable the 3D model (21)
and assemblies thereof to be viewed by a user in window
(17). Having received the 3D model and assembly data from
the Fabrication Tools block (115), a user may perform
cursor/click actions (31) to publish models and/or assem-
blies to the cloud so that other users can connect the model
or assembly to a fabrication machine (110) via block (145)
and network (120).

[0080] As shown in FIG. 6, window (17) may include a
file directory (23) including, for example and without limi-
tation, a listing of filenames and specific timestamped ver-
sions of Revit® 3D model files (rvt). In the illustrated
example, a user selecting “v4” of the highlighted .rvt file
results in the associated assemblies A-G populating listing
(19) in a row/column table format in window (17). A “shop”
column (26) allows a user to select and assign a particular
fabrication shop (155) for manufacturing a particular assem-
bly. A “machine” column (27) allows a user to select and
assign a particular machine (110) at a shop (155) for
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manufacturing the assembly. A set of columns (29) enables
the user to view the 3D model (e.g., 21), a sheet, or an
enhanced sheet (e.g., “Allied Sheet”) in the same window
(17) for a particular assembly. For example, and without
limitation, users of the web application of the Fabrication
Center block (125) may view the entire model and isolate
individual assemblies. Features of the present technology
such as these enable “enhanced cut (or bend or threading)
lists” that are not provided by known systems, methods and
software, and beneficially enables a user such as a project
manager to use at least a portion of features of 3D modeling
software (105) (e.g., view and rotate the entire model and/or
individual assemblies, and view annotation data or metadata
thereof) without having the software (105) locally installed
on their computer.

[0081] With the shop, machine and possibly also a “sta-
tion” in situations where a shop (155) includes multiple
instances of a particular type of machine (110), selected in
window (17), the user may proceed to click one or more of
the button(s) (31) to publish the 3D model-related data to the
cloud so that other users located anywhere in the world, or
even in outer space, can connect to system (100) via network
(120) to facilitate useful and technically advantages features
for operating one of more of the machines (110) shown in
FIG. 2 according to the present technology. After publishing,
the users at fabrication shop(s) (155) may proceed with the
fabrication job(s).

[0082] As previously mentioned, as fabrication job(s) pro-
ceed(s) from start to finish, status indicator(s) (33) for
particular assembly(ies) may be updated and displayed to
any appropriately privileged user via window (17). Data
representative of statuses (33) for a fabrication machine
(110) vis-a-vis its assigned to-be-fabricated part or assembly
may be communicated by way of feedback (180) from the
client application block (160) to the Fabrication Center
block (125) via web socket (145) and block (170) using
network (120). In some embodiments, MongoDB® (140)
may be utilized to further facilitate communications between
the fabrication shop (155) and the design team (or other
stakeholders in a fabrication process involving the to-be-
fabricated part or assembly).

[0083] Assembly fabrication projects generated according
to the present technology as described above with reference
to FIG. 6 may be shared between Fabrication Center block
(125) user and/or other users of Forge® (135). As shown in
FIG. 7, for example, window (17) may include a set of
clickable buttons (34) a user may click to provide a listing
(37) of appropriately privileged users to appear over window
(17). One or more of the users shown in listing (37) may then
be selected to receive the published 3D model and its
associated data. This technically advantageous feature of
system (100) according to the present technology may
enable a project manager to quickly provide the data for one
or more of the assemblies to be fabricated to multiple shops
(155) for purposes like bidding, determining availability or
expected turnaround times, and/or assigning the work to a
different shop in the event a prior assigned shop (155) or a
machine (110) therein becomes unavailable.

[0084] Referring to FIGS. 5, 8 and 9, to summarize some
of the unique and beneficial contributions and practical
applications of the systems and methods according to the
present technology, system (100) is capable of taking a BIM
coordinated model and enhancing it with, for example,
enhanced cut (or bend or threading) lists, to provide further
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modeling to the BIM model and individual assemblies and
parts thereof to package these data to facilitate downstream
fabrication by machine(s) (110) in fabrication shop(s) (155).
Notably, system (100) enables a full model to be broken into
parts (e.g., assemblies) to the send to machines (110) capable
of doing the necessary unit operations over a communica-
tions network (e.g., 120) in one or more fabrication shops
(155) in any location remote from the designer at a separate
computer (e.g., 130) running 3D modeling software (105).
As such, the machines being connected to models (e.g., as
shown in FIG. 8) in the present technology enables a more
effective, efficient and streamlined technique for “model-to-
machine” fabrication as compared to known systems, meth-
ods and software.

Fabrication Desktop:

[0085] As shown in FIG. 10, for example, a user in the
fabrication shop (155) can open a browser window (39) on
workstation computer (150) and login to the Fabrication
Desktop application (160) of system (100) to flow the
enhanced cut (or bend or threading) lists down from the
Fabrication Center cloud application (125) via the web
socket (145). In some embodiments, window (39) is a means
for a user to login and connect computer (150) to the web
socket connector block (145). A login process may set an
application programming interface (API) key. In some
embodiments, an output of the Fabrication Center block
(125) may be the aforementioned enhanced cut files of the
published model. The enhanced cut files can be read by the
Fabrication Desktop application block (160).

[0086] During the login process using window (39), the
user may select a directory (41) on the hard drive of the
workstation computer (150). Using window (39), the user of
the Fabrication Desktop application block (160) may select
a checkbox (43) to activate a manual export mode, which
enables export of files to block (160) directly from the 3D
modeling software (105) as, for example, when a shop has
yet to configure one or more of its machines (110) fully for
use with system (100). The mode may enable block (160) to
utilize data for machine control-related functions in system
(100) without use of web socket (145).

[0087] As shown for example, in FIGS. 11-16, Fabrication
Desktop application (160) may integrate with a machine
control program such as, for example and without limitation,
TigerStop®, RazorGage®, or BendWorks®. Features of
those two example software packages are expected to be
familiar to those having ordinary skill in the art and are not
described in detail herein. Rather, the technical enhance-
ments of the features and functions of the systems, methods
and software according to the present technology (e.g.,
system (100)) are provided. In some embodiments, the input
of enhanced cut (or bend or threading) lists may have
category divisions according to stock material type (e.g.,
pipe vs. conduit vs. strut), sizes, dimensions, machine (110)
(e.g., cutting vs. bending), assigned fabrication shop (155),
and possibly other useful information. In system (100)
according to the present technology, the BIM model may
contain a list of such categories. The Fabrication Center
block (125) allows a user to drill down into different
categories to distribute information to specific shops (155)
and/or machines (110). Referring again to FIG. 2, in some
embodiments, a single fabrication shop may be a facility
having each of the machines (110q, 1105, . . . , 110%). In
other embodiments, two or more of machines (110a, 1105,
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.. ., 110%) may be distributed across a plurality of disparate
fabrication shop (155) locations.

[0088] In an example, the information contained in the
enhanced cut (or bend or threading) lists according to the
present technology may be used to generate and send
material procurement orders for suppliers to ship directly to
assigned fabrication shops (155). In some embodiments,
additional enhancements may be provided to the input
enhanced cut files by the Fabrication Desktop application
(160) to make them suitable for use by machines (110)
without any, or with only minimal, further human interven-
tion. However, Fabrication Center block (125) may be
capable of delivering the enhanced cut files in a state and/or
format that is ready for use by machines (110) with no
further modification, which represents a substantial
improvement in efficiency and user experience as compared
to known systems, methods and software.

[0089] FIG. 11 depicts a window (47) of the Fabrication
Desktop application (160). Window (47) displays a customi-
zation GUI and provides a set of tabs (48) to enter or adjust,
and then apply, configuration settings for client application
(160) to facilitate use by machine control software and
connected machines (110) of the enhanced cut files and
related 3D model data obtained from the Fabrication Center
block (125) via the web socket (145). The window (47)
includes a general tab (49). In the general tab (49), a stock
length field (51) may enable a user of application block
(160) to specify a length of the raw material stock, e.g., pipe,
to be fed to a cutting machine (e.g., 110a). Similarly, a
maximum waste length field (53) in the general tab (49) may
enable a user of application block (160) to provide a limit on
an uncut stock length of, e.g., pipe. This feature advanta-
geously enables, possibly in conjunction with machine-
specific firmware or its control software, intelligence to be
applied in the enhanced cut (or bend or threading) lists to
reduce waste. Thus, more linear cut lengths may be fit in an
overall stock length as compared to known systems and
methods. Furthermore, the absence of the need for keying in
numerical values and other information at the actual
machine (110) control computer workstation (150), or oth-
erwise, substantially decreases the occurrence of costly
human errors as compared to known systems, methods and
software.

[0090] A further technically advantageous feature of sys-
tem (100) according to the present technology is that the data
(e.g., .csv format) of the enhanced cut (or bend or threading)
lists provided from the Fabrication Desktop client applica-
tion block (160) to the machine control software has an
optimized order for the cutting and/or bending operations.
For example, and without limitation, such optimization of
ordering of unit operations may include minimizing unused
material by minimizing material waste.

[0091] A .csv formatted enhanced cut file generated
according to the present technology includes an assembly
name, a size, a length, a part number, and material type.
Referring now to FIG. 12, the aforementioned window (47)
includes a Machine Setup tab (59) among the set of tabs
(48). The Machine Setup tab (48) enables a user of block
(160) to view and/or specify custom settings for the machine
control software (e.g., TigerStop®). A table view (61) may
be provided for this purpose. In another embodiment, not
shown, a similar table view may be provided to allow a user
of the Fabrication Desktop client application (160) to view
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and/or specify custom settings for the machine control
software (e.g., RazorGage® or others).

[0092] FIG. 13 depicts a Fabrication Desktop client appli-
cation (160) TigerStop® settings window (63). Window (63)
includes a checkbox (66) that a user may engage to specify
that the enhanced cut (or bend or threading) list be exported
to the TigerStop® machine control software as one file.
Window (63) also includes a profile settings box (67)
showing a file location where the .xml format cut (or bend
or threading) list links files that a machine control software
program (e.g., TigerStop®) may generate from the enhanced
cut (or bend or threading) list files will be stored. Window
(63) further includes a directory box (68) that enables a user
of block (160) to specify the location where the .xml format
cut (or bend or threading) list links files for use by the
machine control software. A set of fields (69) in window (63)
enables a user of the Fabrication Desktop client application
block (160) to view and/or specify an existing profile, a
profile name, and a length parameter. Window (63) also
includes a table (71) with checkboxes (72) to enable the user
to specify whether or not the enhanced cut (or bend or
threading) list file will be sorted according to one or more of
the parameters assembly name, size, length, part number,
and quantity. In the example illustrated in FIG. 13, the
checkbox (72) for size is checked, and so the file utilized by
the machine control software will be sorted based on the
sizes of the parts of the assembly to be fabricated.

[0093] FIG. 14 depicts a machine control software (e.g.,
TigerStop®) window (73) of the Fabrication Desktop client
application (160). In some embodiments, window (73)
includes Fabrication Center (74) and TigerStop® (75) tabs.
In the window (73) with machine control software (e.g.,
TigerStop®) tab (75) selected, a user may see a represen-
tation of the enhanced cut (or bend or threading) list in the
form of a table view (76), which may be generated from the
aforementioned .xml file(s). In the example shown in FIG.
14, three cut (or bend or threading) lists for three assemblies
for a project named “The Merin.rvt” are presently displayed
to the user in table view (76): “AS100—Storm Drain #1”,
AS100—Storm Drain #2”, and “AS100—Storm Drain #4”.
The assemblies to be fabricated using the machine control
software for a suitable machine (110) are provided in an
assembly name column (77) of the table view (76). Taking
the to-be-fabricated parts of assembly “AS100—Storm
Drain #1” as an example, the enhanced cut (or bend or
threading) list may be sorted according to the present
technology not just according to lengths, but also per the
above described optimization algorithm for reducing waste
and mitigating safety risks. Accordingly, row 9 of the table
view (76) includes in a length column (79) with the final
piece of assembly “AS100—Storm Drain #1” being 14.06
inches, which provides that the waste piece conforms to the
specified “max. waste length” field (53) value of 12 inches
shown in FIG. 11. Table view (76) for the enhanced cut (or
bend or threading) list file (e.g., single .xml file as specified
by check box (66) in FIG. 13) also includes part number (81)
and upload time/date stamp (83) columns. The various data
provided in the columns and rows of the table view (76)
from the xml file correspond to these data in the .csv
enhanced cut (or bend or threading) list, as described above.
[0094] In the system (100) according to the present tech-
nology, window (73) further enables the 3D model (85) of
a selected assembly to be viewed and manipulated (e.g.,
rotated) using a cursor-controllable means (82) using the
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Fabrication Desktop client application (16) without the need
for locally installed and licensed 3D modeling software
(105) running on a workstation computer (150). This feature
of the present technology may be enabled by the web socket
(145) communicably coupled with the Fabrication Center
block (125) via network (120). Window (73) may addition-
ally include clickable control buttons (86) the machine(s)
(110) connected to TigerStop® and assigned to complete the
mechanical tasks for the fabrication of the assemblies in
table view (76) according to the enhanced cut (or bend or
threading) list. In the example shown in FIG. 14, the
machine (110) control buttons (86) include clickable “Start”,
“Load Stock”, and “Stop” buttons. Window (76) further
includes a cursor activatable label control toggler (86) that
enables a machine (110)-connected printer to include a label
(90) on part(s) of fabricated assemblies that include useful
and pertinent graphical and/or alphanumeric information as
specified by the user with a label setting tab (91) of a
window (92) of the Fabrication Desktop block (160), as
shown for example, and without limitation, in FIG. 15.

[0095] According to the present technology, a machine
control software application (e.g., Greenlee BendWorks®)
that may be integrated or otherwise associated with the
Fabrication Desktop application (160) may be capable of
further optimizing aspects of the enhanced cut (or bend or
threading) list above what known machine control software
applications are capable of. Such optimization may include,
without limitations, filtering by size; automatically placing
shortest material up front, and the largest in the back; specity
and account for safety and ergonomic considerations, as in
tightly packing all cut lengths across stock, taking thought
out of order of cuts previously entered manually by machine
(110) operators, greater accuracy in procurement of material
with less waste. In other words, and as compared to known
systems and methods, embodiments of system (100) accord-
ing to the present technology enable efficiencies like opti-
mization of yield of material for waste reduction in addition
to improvement of safety in the fabrication shop (155).

[0096] Several use cases will now be described in the
context of some practical applications in the pertinent field
of technology, including with reference to FIGS. 15 and 16.
The present technology substantially improves both the field
of technology and the operations of computers, communi-
cations networks, and associated machines and devices in
the field. Various advantageous technical effects of the
present technology have been hitherto described in detail.
Additional technical effects are expected to become readily
apparent to persons having ordinary skill in the art from
study of the following examples and use cases.

Examples

[0097] Per the preceding description, users in fabrication
shop (155) are enabled by the present technology to select
parts or entire assemblies for fabrication or finishing. The
present technology effectively nests and/or integrates (e.g.,
as a plug-in application or otherwise) with machine control
software like TigerStop® and RazorGage®, and adds work
management features like the aforementioned status updates
and timely and useful feedback (180).

[0098] The present technology provides a simplified
workflow for submitting cut (or bend or threading) lists to
the cloud block (125) and on the machines (110). For this
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purpose, in some embodiments, the present technology may
use a JSON API to create and serialize these files and
associated data.

[0099] In one example, as shown in FIG. 16, the present
technology enables connecting the 3D model and/or BIM
model to Scotchman® fabrication machinery. According to
this example, the present technology may enable at least the
following advantageous technical effects to users and other
stakeholders: added value and operational efficiencies to
contractors; enable machine producers or distributors to sell
more machine units; added accessibility for remote users or
customers; expanded opportunities for sales in new demo-
graphics; adds value to specific machine types, models or
lines.

[0100] In another example, as shown in FIG. 10, the
present technology enables a desktop connector (e.g., web
socket (145)) for Scotchman® machinery and RazorGage®.
According to this example, the present technology may
enable at least the following advantageous technical effects
to users and other stakeholders: Cloud Cut List Enabled—
Publish, Track, and Communicate cut lists to any machine in
the world; and Gain insight into what is cut and when the job
has been completed; Best-In-Class Dynamic Optimiza-
tion—FEliminate raw material waste with dynamic optimi-
zation (nesting); the operator can simply load the cut (or
bend or threading) list and sort by sizes to yield the least
amount of waste using the state-of-the-art optimization
algorithm of the present technology; Easy Labels—I.abel
each part individually with part numbers, lengths, quick
response (QR) Codes, project, and assembly numbers. Stop
fighting labels and make your label nightmares a thing of the
past with EASY Labels, as shown for example and without
limitation in the Fabrication Desktop block (160) window
(92) of FIG. 15. The web socket (145) thus enables the
“model-to-machine” workflow according to the present
technology from any 3D modeling software to cut linear
lengths from stock material directly on all Scotchman®-
RazorGage® connected machines.

[0101] Several additional use cases are provided below in
Tables I-V. Table I describes problems experienced by such
shops (155), solutions and advantageous technical effects to
provide practical applications addressing such problems,
and associated opportunities, provided by the present tech-
nology.

TABLE 1

Use Case #1, Fabrication Shop-TigerStop/RazorGage Enabled

Problems Solutions

Creating Assemblies
Creating Sheets
Creating Tags
Annotating Sheets
1,000’s of Spools Per Job Center

Fabricator Oftentimes Can’t Directly Connect Design To Fabrication
Understand 2D Spool Drawings Shops Machinery

Opportunity: Fabrication Allocate Your Spooling Time To
Desktop Can Run These Cutting Time

Machines And We Can Sell The Machine Performs Cuts And

Machine Control Software ‘Workstations Run Fabrication Center
Which Enables Opportunities Models To Understand Design Intent In
For Selling Tools & Center 3D

Create Views & Sheets Simultaneously
Automatic Tagging Assemblies

To Speed Up Tags On Sheets

Instant 3D Spooling With Fabrication

[0102] Table II describes a use case for a fabrication shop
(155) having Low Utilization Machinery having positioner
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(s). Table II describes problems experienced by such shops
(155), solutions and advantageous technical effects to pro-
vide practical applications addressing such problems, and
associated opportunities, provided by the present technol-

ogy.

TABLE 1I

Use Case #2, People With Low-
Utilization Machinery With Positioner

Problems Solutions

Machine Is Low Utilization
Machine Is Not Cutting Or
Bending

Machine Is Collecting Dust
Individual Is Inefficient At
Planning Work

Trade Labor Shortage
Opportunity: Companies

Connects To Existing/New
Tigerstop/RazorGage/Greenlee
Machinery

Enables Saving Custom Lists For
Continued Cutting Or Bending

Protects Your Company From Economical
Losses And Accidents

Directly Enables Connection From Design
Can Enable Their Existing To Fabrication Shops Machinery
Machines To Be Tied Into Allocate Your Spooling Time To Cutting
The ALLIED Time

(https://www.alliedbim.com/) Machine Performs Cuts And

Network Of Machines ‘Workstations Run Fabrication Center
Models To Understand Design Intent In
3D

Users Can Enable Work Availability
Mode

Users Can Share Cut (or bend or
threading) Lists With Other Companies
Users Can Bid Other Fabrication Jobs
To Provide Work For Idle Machinery

[0103] Table III describes a use case for a designer using
3D modeling software (105) without any third-party plugin
tools. Table III describes problems experienced by such
users of such software (105), solutions and advantageous
technical effects to provide practical applications addressing
such problems, and associated opportunities, provided by
the present technology.

TABLE III

Use Case #3, Designer-No Third-Party Plugin Tools

Problems Solutions

Create Views & Sheets Simultaneously
Automatic Tagging Tools To Speed Up
Tags On Sheets

Instant 3D Spooling With Fabrication
Center

Creating Assemblies
Creating Sheets

Creating Tags
Annotating Sheets

1000’s Of Spools Per Job
1000’s Of Spools Per Job Directly Connect Design To Fabrication
Fabricator Oftentimes Can’t Shops Machinery

Understand 2D Spool Drawings Allocate Your Spooling Time To
Opportunity: ALLIED BIM’s Cutting Time

Fabrication Software Gets Them Machine Performs Cuts And

Started With The Process By Workstations Run Fabrication Center
Immediately Speeding Up Their Models To Understand Design Intent
Solving Of Out Of The Box In 3D

Revit Problems

[0104] Table IV describes a use case for a designer using
third-party tools with BIM 360®. Table IV describes prob-
lems experienced by such designers, solutions and advan-
tageous technical effects to provide practical applications
addressing such problems, and associated opportunities,
provided by the present technology.
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TABLE IV

Use Case #4, Designer-Uses Third-
Party Plugin Tools With AUTODESK BIM 360

Problems Solutions

SysQue ®-No Connection To
Machinery In Fabrication Shop
EVOLVEMEP ®-No
Connection To Machinery

In Fabrication Shop

GTP STRATUS ®-Weak

Works With System Families And
Fabrication Parts

Enables Model To Machine
Connection

Opportunities For Assistance In
Setting Up Design Departments
Connection To Machinery Don’t Have Native Revit ®

In Fabrication Shop Spooling Tools

Export Cut (or Bend or Threading) Directly Connect Design To

Lists To CSV File For Loading Fabrication Shops Machinery
Machinery In Fabrication Shops Allocate Your Spooling Time To
Which Disconnects Data And Cutting Time

Causes Chaos On Fabrication Machine Performs Cuts And

Shop Floor Workstations Run Fabrication Center
Opportunity: Fabrication Models To Understand Design Intent
Center May Be Hosted On BIM In 3D

360 App Store And Works With Content Curated By Virtual Building
BIM 360/ACC Enabling Users To Supply

Distribute Models To Machinery

[0105] Table V describes a use case for a designer shop
(e.g., general contractor) without an in-house fabrication
shop (155) having machine automation. Table V describes
problems experienced by such designers, solutions and
advantageous technical effects to provide practical applica-
tions addressing such problems, and associated opportuni-
ties, provided by the present technology.

TABLE V

Use Case #5, Design Shop Without
Fabrication Shop-No Machine Automation

Problems Solutions

Don’t Have A Fabrication
Workflow

Want To Expand To BIM And
Don’t Know How

Have An Existing Design
Department And Want To
Connect To Fabrication Directly Connect Design To

Shop But Don’t Know How Fabrication Shops Machinery
Opportunity: ALLIED BIM Can Allocate Your Spooling Time To

Help Select Machines And Can Cutting Time

Provide The Machine Control Machine Performs Cuts And

Software Which Enables Workstations Run Fabrication Center
Opportunities For Selling Models To Understand Design Intent In
Tools And Center 3D

Connects To Existing/New
TigerStop/RazorGage/Greenlee
Machinery

Enables Saving Custom Lists For
Continued Cutting

Accounts For Safety

[0106] FIGS. 17-28 depict flow charts of a method (300)
for utilizing information of a 3D modeling software package
(105) to facilitate operation of fabrication machines (110),
which may be used with the system (100) described above
with reference to FIG. 2, according to some embodiments of
the present technology. To aid in understanding of the
various embodiments of the method (300) as shown in FIGS.
17-28, various features labeled in one or more of FIGS. 2-16
may be referred in the below description of method (300). In
FIGS. 17-28, circled letters denote continuations and/or
transitions between the figures.

[0107] Referring to FIG. 17, the method (300) executed on
at least one computing device to facilitate operation of one
or more fabrication machines using digitally stored part or
assembly information of a three-dimensional (3D) modeling
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application (105). The method (300) may include the step of
establishing (305), e.g., by fabrication tools application
(115) associated with 3D modeling application (105) run-
ning on a first computing device (e.g., 130), and via fabri-
cation center connector websocket (145), data communica-
tion with fabrication center application (125) running on a
second computing device (e.g., 126). Method (300) may
include the step of receiving (310), by the fabrication center
application and from the fabrication tools application, and
via the fabrication center connector websocket (145), data
representative of a 3D model of a to-be-fabricated part or
assembly modeled in the 3D modeling application (105).
Method (300) may include the step of generating (311), by
the fabrication center application, and based at least in part
on the data representative of the 3D model of the to-be-
fabricated part or assembly, data representative of at least
one enhanced cut (or bend) list usable by a machine control
application for the one or more fabrication machines (e.g.,
cutting, bending, etc. machines) to fabricate the to-be-
fabricated part or assembly. Method (300) may include the
step of establishing (315), by the fabrication center appli-
cation, and via the fabrication center connector websocket
(145), data communication with a fabrication desktop appli-
cation (160) associated with the machine control application
running on at least a third computing device (150) and
configured to control operation of the one or more fabrica-
tion machines. Method (300) may include the step of trans-
mitting (320), by the fabrication center application, and via
the fabrication center connector websocket (145), the data
representative of the at least one enhanced cut (or bend or
threading) list to the at least a third computing device to
enable use by the machine control application of the at least
one enhanced cut (or bend or threading) list for fabrication
of the to-be-fabricated part or assembly by the one or more
fabrication machines (110).

[0108] Referring now to FIG. 18, in some embodiments,
method (300) may also include the step of causing (335), by
the fabrication center application, the fabrication tools appli-
cation to be installed as a plug-in for the 3D modeling
application. In an example, the step of causing (335) the
fabrication tools application to be installed may include
transmitting (340), by the fabrication center application, and
via the fabrication center connector websocket, data repre-
sentative of at least a portion of program instruction code for
operation of the fabrication tools application to the first
computing device. In some embodiments, method (300) may
further include the step of causing (345), at least in part by
the fabrication center application, the data representative of
at least a portion of program instruction code for operation
of the fabrication tools application to be stored in a memory
storage device of the first computing device and accessible
by at least one of: the fabrication tools application, and the
fabrication center application.

[0109] In some embodiments, method (300) may also
include the step of causing, by the fabrication center appli-
cation, an application for operation in the method of the
fabrication center connector websocket to be installed on the
first, and the at least a third, computing devices. In an
example, the step of causing the application for operation in
the method of the fabrication center connector websocket to
be installed may include transmitting, by the fabrication
center application, data representative of at least a portion of
program instruction code for operation of the application for
operation in the method of the fabrication center connector
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websocket to the first, and the at least a third, computing
devices. In some embodiments, method (300) may further
include the step of causing, at least in part by the fabrication
center application, data representative of at least a portion of
program instruction code for operation of the application for
operation in the method of the fabrication center connector
websocket to be stored in memory storage devices of the
first, and the at least a third, computing devices and acces-
sible by the fabrication tools application, and the fabrication
desktop application, respectively.

[0110] Referring now to FIG. 19, in some embodiments,
the method (300) may also include the step of causing (350),
by the fabrication center application, the fabrication desktop
application to be installed as a plug-in for the machine
control application. In some embodiments, causing (350) the
fabrication desktop application to be installed comprises
transmitting (355), by the fabrication center application, and
via the fabrication center connector websocket, data repre-
sentative of at least a portion of program instruction code for
operation of the fabrication desktop application to the at
least a third computing device. In an example, the method
(300) may further include the step of causing (360), at least
in part by the fabrication center application, the data repre-
sentative of at least a portion of program instruction code for
operation of the fabrication desktop application to be stored
in a memory storage device of the at least a third computing
device accessible by at least one of: the fabrication desktop
application, and the fabrication center application.

[0111] Referring now to FIG. 20, in some embodiments,
the method (300) step of establishing (305) data communi-
cation with the fabrication center application via the fabri-
cation center connector websocket (145) may include caus-
ing (365), at least in part by the fabrication tools application
or the fabrication center application, a network (120) com-
munication connection between respective communication
interfaces of the first and second computing devices to be
established further via the Internet to enable (367) transmis-
sion and receipt of signals encoding data generated for use
in the method (100) by the fabrication tools application and
the fabrication center application. In an example, the method
(300) may also include the step of enabling (367) the
aforementioned transmission and receipt of signals encoding
data generated for use in the method (100) by the fabrication
tools application and the fabrication center application.
[0112] Referring now to FIG. 21, in some embodiments,
the method (300) step of establishing (315) data communi-
cation with the fabrication desktop application via the fab-
rication center connector websocket (145) may include
causing (370), at least in part by the fabrication desktop
application or the fabrication center application, a network
communication connection between respective communica-
tion interfaces of the second and the at least a third com-
puting devices to be established further via the Internet to
enable (371) transmission and receipt of signals encoding
data generated for use in the method (100) by the fabrication
desktop application or the fabrication center application. In
an example, the method (300) may also include the step of
enabling (371) the aforementioned transmission and receipt
of signals encoding data generated for use in the method
(100) by the fabrication desktop application or the fabrica-
tion center application.

[0113] Referring now to FIG. 22, in some embodiments,
the method (300) may also include the step of enabling
(325), at least in part by the fabrication desktop application,
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utilizing (330), e.g., by a user of the at least a third
computing device, features of at least a portion of the 3D
model of the to-be-fabricated part or assembly in the
absence of the 3D modeling application being installed or
running on the at least a third computing device. In an
example, the method (300) may include the step of trans-
mitting (327), by at least one of the fabrication tools
application and the fabrication center application, and via
the fabrication application center connector websocket
(145), at least some of the information of the 3D model of
the to-be-fabricated part or assembly to at least one database
(e.g., 140 and/or 141). In some embodiments, the enabling
(325) step of method (100) may include receiving (329), by
at least one of the fabrication desktop application and the
fabrication center application, and via the fabrication appli-
cation center connector websocket, the at least some of the
information of the 3D model from the database (140) to
facilitate the utilizing (330) by the user or other stakeholder
of system (100). In an example, the aforementioned “at least
some of the information of the 3D model” may include the
state (165) of the 3D model.

[0114] Referring now to FIG. 23, in some embodiments,
method (300) may also include the step of generating (375),
by the fabrication desktop application, data representative of
a progression of a fabrication process involving the one or
more fabrication machines and the to-be-fabricated part or
assembly. In an example, the method (300) step of gener-
ating (375) the data representative of the progression of the
fabrication process may include generating data representa-
tive of the progression of the fabrication process including
at least one of: a start time of the process, an estimated
completion time of the process, an identifier of a fabrication
machine involved in the process, an identifier of the part or
assembly, an identifier of an order or invoice of the process,
an identifier of a customer to receive the part or assembly
upon completion of the process, an identifier of an originator
of an order for the process, an identifier of a fabrication shop
carrying out the process, a number of cuts or bends per-
formed by a particular fabrication machine utilizing, at least
in part, aspects of system (100), and an indication of an
availability of the one or more fabrication machines for the
process or for a different fabrication process involving
another part or assembly.

[0115] Still referring to FIG. 23, in some embodiments,
method (300) may further include the step of transmitting
(380), at least in part by the fabrication desktop application,
and via the fabrication center connector websocket, the data
representative of a progression of a fabrication process to the
fabrication center application for use thereby. In the embodi-
ment shown in FIG. 23, method (300) also includes the step
of receiving (385), by the fabrication desktop application, a
signal encoding data representative of a request of a fabri-
cation process stakeholder for a report of information per-
taining to the fabrication process. In an example, in response
to receiving (385) the request, the following steps may be
performed in the method (300): generating (390), by the
fabrication center application, the report; and transmitting
(393), at least in part by the fabrication center application,
the report to a computing device (e.g., at least one of 130,
150, or other(s) utilizing websocket (145) according to the
present technology) operable by the stakeholder (129) for
viewing thereby. The aforementioned computing device
operable by the stakeholder (129) may be positioned
remotely with respect to at least one of: the first computing

Feb. 8, 2024

device, the second computing device, and the at least a third
computing device. In an example, the aforementioned com-
puting device operable by the stakeholder (129) may be the
same computing device as, or is a computing device posi-
tioned proximate to, at least one of: the first computing
device, the second computing device, and the at least a third
computing device.

[0116] Referring still to FIG. 23, in some embodiments,
the method (300) may further include the step of establish-
ing (395), at least in part by the fabrication center applica-
tion, data communication with the aforementioned comput-
ing device (129) operable by the stakeholder for receiving
(385) the request and transmitting (393) the report. In an
example, the method (300) step of establishing (395) data
communication with the computing device (129) operable
by the stakeholder may include causing, at least in part by
the fabrication center application, a network communication
connection between respective communication interfaces of
the second computing device and the computing device
(129) operable by the stakeholder to be established via the
fabrication center connector websocket to enable transmis-
sion and receipt of signals encoding data generated for use
in the method (300) by at least one of: a stakeholder
application (131) running on the computing device operable
by the stakeholder (129), the fabrication desktop application,
and the fabrication center application. Computing device
(129) may utilize websocket (145) to communicate bi-
directionally with other computing devices (e.g., 130, 126
and/or 150) in system (100), including, for example and
without limitation, for purpose of the method (100) accord-
ing to the present technology. In an example, the establishing
(395) step may be performed in method (300) after, or
concurrently with, the transmitting (375) and before, or
concurrently with, the receiving (385) step. In some embodi-
ments, method (300) may also include the step of transmit-
ting (397), at least in part by the fabrication center applica-
tion, the report to the first computing device for viewing by
auser thereof. In an example the transmitting (397) step may
be performed in method (300) after, or concurrently with,
the generating (390) step.

[0117] Referring now to FIG. 24, in some embodiments,
the method (300) may further include the step of causing
(398), at least in part by the fabrication desktop application,
a table representation of the at least one enhanced cut (or
bend or threading) list to be displayed, via a graphical user
interface of or associated with the machine control applica-
tion, on an electronic display device of or associated with the
at least a third computing device. Examples of this aspect
according to the present technology are described above
with reference to foregoing figures other than FIGS. 17-28.
[0118] Referring now to FIG. 25, in some embodiments,
the method (300) may also include the step of computing
(392), by the fabrication center application, and based at
least in part on the data representative of the at least one
enhanced cut (or bend or threading) list, a required number
of unit operations (e.g., cuts, bends, threading) for the one or
more fabrication machines to complete a fabrication process
involving the to-be-fabricated part or assembly. These data
may facilitate billing and invoicing calculations being per-
formed by fabrication center (125) following completion of
a fabrication processing using the aforementioned unit
operations, as in a productivity-based billing model.
[0119] Referring now to FIG. 26, in some embodiments,
the method (300) step of generating (311) the data repre-
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sentative of the at least one enhanced cut (or bend or
threading) list may include generating (319) data represen-
tative of the at least one enhanced cut (or bend or threading)
list that is directly usable by the machine control application
for the one or more fabrication machines to fabricate the
to-be-fabricated part or assembly. Directly usable, as used
herein, may mean that at least some of the manual (e.g., at
least in part requiring a human being to perform) steps
required in conventional fabrication processes using fabri-
cations machines (e.g., 10 as shown in FIG. 1), are no longer
required when practicing the present technology. In some
examples according to the present technology, all or most of
such manual process steps may be eliminated, as for
example, in operations involving the present technology that
may occur in outer space or in other environments unsuit-
able or impractical for humans to be present.

[0120] Referring now to FIG. 27, in an example according
to the present technology, the 3D model of the to-be-
fabricated part or assembly may be a building information
model (BIM)-coordinated 3D model. In these examples, the
generating (311) step of the method (300) according to some
embodiments may include generating (317) the data repre-
sentative of the at least one enhanced cut (or bend or
threading) list based on data representative of the BIM-
coordinated 3D model.

[0121] Referring now to FIG. 28, in some embodiments,
method (300) may further include the steps of: generating
(341), at least in part by the fabrication center application,
and based at least in part on the data representative of the at
least one enhanced cut (or bend or threading) list, data
representative of a procurement order for materials neces-
sary for the one or more fabrication machines to complete a
fabrication process involving the to-be-fabricated part or
assembly; transmitting (343), at least in part by the fabri-
cation center application, data representative of the procure-
ment order to a supplier to initiate an order for the materials
to be delivered to a location (155) of the one or more
fabrication machines (e.g., fabrication shop(s) (155)).
[0122] In some embodiments of the system (100) and/or
method (300) according to the present technology, the
second computing device (e.g., 126 as server) is positioned
remotely with respect to the first computing device (e.g., PC
130). In some embodiments of the system (100) and/or
method (300) according to the present technology, the at
least a third computing device (e.g., workstation(s) 150))
may be positioned remotely with respect to the second
computing device (e.g., 126). In an example, the at least a
third computing device (e.g., 150) may be further positioned
remotely with respect to the first computing device (e.g.,
130). As may be used in the system (100) and/or method
(300) according to the various embodiments disclosed
herein according to the present technology, the one or more
fabrication machines may include a cutting, bending or
threading machine (110). Also, as may be physically acted
upon (or otherwise used, e.g., in a many that advantageous
changes a physical state or dimension of a physical object
existing, and used for beneficial practical ends in the real
world), the aforementioned “to-be-fabricated part or assem-
bly” may be, or may include, a beam, a sheet, a plank, a
block, a pipe, a rod, a wire, a cable, a tube or a conduit piece.
[0123] Any of the steps and/or associated processes of
method (300) according to the present technology, including
as described above, for example and without limitation, for
various embodiments described above and with reference to
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FIGS. 17-28, may be performed, executed, or otherwise
facilitated, at least in part by computing device(s) (e.g., 130,
126 and/or 150), where each of those computing devices
may include one or more processors, or like digital and/or
analog devices having equivalent functionality. In those
cases, the one or more processor(s) may be said to be
configured to perform a functional equivalent of one or more
of the above described steps or processes of method (300)
according to the present technology. The processor(s) of the
computing device(s) (e.g., 130, 126 and/or 150) of system
(100) may be operably coupled to one or more memory
storage devices, which may be collocated (e.g., in a housing
of'the computer or server) or may additionally, or instead, be
operably coupled to the processor(s) by way of data com-
munication lines or wireless signals (e.g., by way of network
(120) using the Internet). The memory storage device(s) may
include one non-transitory computer readable media. The
one or more non-transitory computer readable media may
have program instructions (e.g., executable software and/or
firmware code) that, when executed by the processor(s) of
system (100) or any of its computing device(s), may cause
the system (100) (and likewise any of its computing
devices), to perform, execute, or otherwise facilitate any of
the steps and/or associated processes of method (300)
according to the present technology, including as described
above, for example and without limitation, for various
embodiments described with reference to FIGS. 17-28.

[0124] FIG. 29 depicts is a diagram of workflow logic of
a system (400) for utilizing information of a 3D modeling
software package to facilitate operation of fabrication
machines, according to some embodiments of the present
technology. In some embodiments, at least some aspects of
system (400) shown in FIG. 29 may be shared with aspects
of system (100) described above with reference to FIG. 2.
The components, or modules, of system (400) may include
a Fabrication Tools block (115) in communication via a
network (120) (e.g., the Internet) with a Fabrication Center
Application block (125). In some embodiments, block (115)
is a plugin for a 3D modeling software application (105)
(e.g., a Revit® plugin) run on a designer workstation com-
puter (130). Block (125) may be resident on a server or like
computing device (also referred to herein as cloud comput-
ing device (426)) in the cloud and may provide various
functionality in system (400) such as Forge® Plugin (135)/
Autodesk® Construction Cloud Integration, as described
above with reference to FIG. 2. System (400) may also
include the document or other scalable database (140)
connected to the various blocks of system (400) via the
network (120). In some embodiments, database (140) may
be embodied in, or may include, MongoDB® or other like
database (140), as described above with reference to FIG. 2.

[0125] In an example, cloud computing device (426) may
correspond, at least in part, in structure and/or function to the
second computing device (126) as described above with
reference to FIG. 2. In some embodiments, cloud computing
device (426) includes, or is operably coupled to, a memory
storage device (492). Memory storage device (492) may
store the fabrication center application (125). Cloud com-
puting device (426) may include a communications interface
(480). In some embodiments, communications interface
(480) may be at least in part under the control of fabrication
center application (125).

[0126] System (400) may include a fabrication desktop
application (460) stored in a memory storage device (423) of
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a cutting machine workstation computing device (410) that
includes a communication interface (425). Cutting machine
workstation computing device (410) may be operably
coupled to a cutting machine (415). Fabrication desktop
application (460) may be associated with a cutting machine
control application (405) running on cutting machine work-
station computing device (410) and configured to control
operation of cutting machine (415). In some embodiments,
fabrication center application (125) may be communicably
coupled to fabrication desktop application (460) via fabri-
cation center connector websocket (145) (e.g., as described
above with reference to FIG. 2 and one or more of FIGS.
3-28). In an example, communication interfaces (480 and
425) of cloud computing (426), and cutting machine (410),
workstation computing devices, respectively, may facilitate
communication between fabrication center (125), and fab-
rication desktop (460), applications in practice of the present
technology.

[0127] Cutting machine (415) may include mechanical,
electrical and electronic components which, together, enable
cutting machine (415) to cut a work piece (407) into two or
more pieces (e.g., 408a, 4085, . . . , 408x). In some
embodiments, components of cutting machine (415) may
include a linear positioner (432) that may be used to guide
work piece (407) into, or onto, cutting machine (415) such
that one or more locations on work piece (407) may be
accurately positioned for cutting using a means for cutting
(430) (e.g., circular or band saw blade, grinding wheel, laser,
plasma beam) operably coupled to, and under control of, the
cutting machine (415). In some embodiments, a printer
(427) operably coupled to, or otherwise associated with, the
cutting machine (415). In an example, printer (427) is an
inkjet-type printer. In some embodiments, system (400)
includes the printer (427) and/or the cutting machine (415).

[0128] As described herein, system (400) may be utilized
to facilitate operation of one or more cutting machine (s)
(415) and one or more bending machine(s). In an example,
cutting machine (415) may correspond, at least in part, in
structure and/or function to the fabrication machine (110a),
as described above with reference to FIG. 2. In another
example, bending machine (e.g., 438 and/or 444) may
correspond, at least in part, in structure and/or function to the
fabrication machine (labeled 110#), as described above with
reference to FIG. 2. In one embodiment, the bending
machine as used with system (400) may be a traditional, at
least partially manually operated, bending machine (438),
which may not require an associated workstation computing
device. GREENLEE of the USA, for example, manufactures
such traditional bending machines. In another embodiment,
the bending machine as used with system (400) may be a
computerized numerical control (CNC)-type bending
machine (440). CRIPPA of Italy and ITEC of the USA, for
example, manufactures and/or supplies such CNC-type
bending machines (440). In some embodiments, system
(400) includes the traditional bending machine (438) and/or
the CNC-type bending machine (440).

[0129] As used with CNC-type bending machine (440),
system (400) may include another instance of fabrication
desktop application (446) stored in a memory storage device
(433) of a CNC bending machine workstation computing
device (444) that includes a communication interface (448).
In some embodiments, fabrication center application (125)
may be communicably coupled to the another instance of
fabrication desktop application (446) via fabrication center
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connector websocket (145) (e.g., as described above with
reference to FIG. 2 and one or more of FIGS. 3-28). In an
example, communication interfaces (480 and 448) of cloud
computing (426), and CNC bending machine (444), work-
station computing devices, respectively, may facilitate com-
munication between fabrication center (125), and another
instance of fabrication desktop (446), applications in prac-
tice of the present technology. CNC bending machine work-
station computing device (444) may be operably coupled to
a CNC-type bending machine (440). The another instance of
fabrication desktop application (446) may be associated with
a CNC bending machine control application (442) running
on CNC bending machine workstation computing device
(444) and configured to control operation of CNC-type
bending machine (440). In some embodiments, CNC bend-
ing machine workstation computing device (444) may be
operably coupled to cutting machine workstation computing
device (410). In an example, communication interfaces (425
and 448) of cutting machine (410), and CNC-type bending
machine (444), workstation computing devices, respec-
tively, may facilitate communication between fabrication
desktop (460), and another instance of fabrication desktop
(446), applications in practice of the present technology.

[0130] Traditional bending machine (438) and/or CNC-
type bending machine (440) may include mechanical, elec-
trical and electronic components which, together, enable
those bending machine(s) (438 and/or 440) to bend at least
one piece (e.g., 408a) of the at least two pieces (e.g., 408a,
4085, . . ., 408n) of the cut work piece (407) at least once.
In some embodiments, a quick response (QR) code reader
device (454) and/or a bar code reader device (456) may be
operably coupled to CNC bending machine workstation
computing device (444), e.g., by way of its communication
interface (448), or otherwise. In an example, system (400)
includes the QR code reader (454) and/or bar code reader
(456) device(s).

[0131] Insome embodiments, traditional bending machine
(438) and/or CNC bending machine workstation computing
device (444) may be positioned remotely with respect to
cloud computing device (436). In some embodiments, CNC
bending machine workstation computing device (444) may
be positioned remotely with respect to cutting machine
workstation computing device (410). In some embodiments,
cutting machine workstation computing device (410) may
positioned remotely with respect to cloud computing device
(436).

[0132] As used in the systems and methods according to
the present technology, at least one of a length, a diameter,
and a width of work piece (407) may have a value sufficient
to enable work piece (407) to be bent using bending machine
(s) (438 and/or 440). As used in the systems and methods
according to the present technology, at least one of the
length, the diameter, and the width of work piece (407) may
have a value sufficient to enable work piece (407) to be cut
using cutting machine (415) having the linear positioner
(432). As used in the systems and methods according to the
present technology, work piece (407) may have an outer
diameter, an inner diameter, or a width having a value
ranging from greater than zero inches to up to 3.5 inches. As
used in the systems and methods according to the present
technology, work piece (407) may be, or may include, a
one-piece elongate object that is formed, at least in part, of
a material that is cuttable by cutting machine (415) and that
is bendable by the bending machine (438 and/or 440).
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[0133] In one example, work piece (407) is an electrical
conduit. In another example, work piece (407) is a rod. In
another example, work piece (407) is a pipe. In yet another
example, work piece (407) is a strut. In still another
example, work piece (407) is a piece of UNISTRUT. In
another example, work piece (407) is a piece of lumber. In
yet another example, work piece (407) is rebar.

[0134] FIGS. 30A-30H depict flow charts of a method
(500) for utilizing information of a 3D modeling software
package to facilitate operation of fabrication machines,
which may be used with system (400) of FIG. 29, according
to some embodiments of the present technology. Referring
now to FIG. 30A, and with further reference to FIG. 29,
method (500) may include the step of establishing (502) data
communication with fabrication desktop application (460).
In some embodiments, the at least one processor of cloud
computing device (426) may direct, e.g., at least in part
using fabrication center application (125), communications
interface (480) of cloud computing device (426) to establish
(502), via fabrication center connector websocket (145),
data communication with fabrication desktop application
(460). In an example, processor(s) of cloud computing
device (426) may execute program instructions stored on
one or more non-transitory computer-readable media (NT-
CRM) to perform, implement, or otherwise facilitate the
establishing (502) step of method (500) according to the
present technology.

[0135] In an example, the above described establishing
(502) step of method (500) may include causing, at least in
part by the fabrication desktop application (460) and/or
fabrication center application (125), the network (120) com-
munication connection between respective communication
interfaces (480, 425) of the cloud computing device (426)
and the cutting machine (410) workstation computing device
to be established further via the Internet to enable transmis-
sion and receipt of signals encoding data generated for use
in the method (500) by the fabrication desktop application
(460) or the fabrication center application (125). In some
embodiments, fabrication desktop application (460) and/or
processor(s) of cloud computing device (426) may cause the
network (120) communication connection between respec-
tive communication interfaces (480, 425) of the cloud com-
puting device (426) and cutting machine (410) workstation
computing devices to be established further via the Internet.
In an example, fabrication desktop application (460) and/or
processor(s) of cloud computing device (426) may execute
program instructions stored on NT-CRM to perform, imple-
ment, or otherwise facilitate the establishment of the afore-
mentioned Internet connection between the respective com-
munication interfaces (480, 425) in method (500).

[0136] Method (500) may include the step of generating
(504), data representative of: an enhanced cut list usable by
the cutting machine control application (405) to direct the
cutting machine (415) to cut a work piece (407) of the
to-be-fabricated part or assembly into at least two pieces
(408a, 4085, . . ., 408n); an enhanced bend list including
data representative of x,y,z positional information for bend-
ing, using a bending machine after the work piece (407) has
been cut, at least one piece (e.g., 408a) of the at least two
pieces at least once (408a, 4085, . . ., 4087); and at least one
of: a first printing routine to cause a printer (427) operably
coupled to, or otherwise associated with, the cutting
machine (415) to print human-readable bend instructions
(417) including the x,y,z positional information on the work
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piece (407) or on the at least one piece (4084a); and a second
printing routine to cause the printer (427) to print computer-
readable bend instructions (421) including the x,y,z posi-
tional information on the work piece (407) or on the at least
one piece (408a). The enhanced cut list and the enhanced
bend list may correspond in structure and/or function to
those elements as described above with reference to FIG. 2
and one or more of FIGS. 3-28. In some embodiments, the
at least one processor of cloud computing device (426) may
generate (504), e.g., at least in part using fabrication center
application (125), the data representative of: the enhanced
cut list, the enhanced bend list, and the first and/or second
printing routine(s), based at least in part on data represen-
tative of the 3D model of the to-be-fabricated part of
assembly of which work piece (407) may be a part. In an
example, processor(s) of cloud computing device (426) may
execute program instructions stored on NT-CRM to perform,
implement, or otherwise facilitate the generating (504) step
of method (500) according to the present technology.

[0137] Referring now to FIG. 30B, and transitioning
thereto from FIG. 30A by way of the circled “F”, method
(500) may include the step of transmitting (506): the data
representative of the enhanced cut list to the fabrication
desktop application (460) to enable use of the data repre-
sentative of the enhanced cut list by the cutting machine
control application (405) to direct the cutting machine (415)
to cut the work piece (407); and the data representative of
the first and/or second printing routine(s) to fabrication
desktop application (460) and/or printer (427) to enable use
by fabrication desktop application (460) and/or printer (427)
to direct printer head (420) of printer (427) to print the
human-readable bend instructions (417) and/or computer-
readable bend instructions (421) on one or more locations on
the work piece (407) or on the at least one piece (408a)
thereof. In some embodiments, the at least one processor of
cloud computing device (426) may direct, e.g., using fabri-
cation center application (125), communication interface
(480) of cloud computing device (426) to transmit (506) the
data representative of the enhanced cut list to the fabrication
desktop application (460), and the data representative of the
first and/or second printing routine(s) to fabrication desktop
application (460) and/or printer (427), via the fabrication
center connector websocket (145). In an example, processor
(s) of cloud computing device (426) may execute program
instructions stored on NT-CRM to perform, implement, or
otherwise facilitate the transmitting (506) step of method
(500) according to the present technology.

[0138] Referring now to FIG. 30C, and transitioning
thereto from FIG. 30A by way of the circled “G”, method
(500) may include the step of causing (508), e.g., by the
processor(s) of cloud computing device 426, data represen-
tative of at least a portion of program instruction code for
operation of the fabrication desktop application (460) to be
stored in memory storage device (423) of cutting machine
workstation computing device (410) accessible by the fab-
rication desktop application (460) and/or fabrication center
application (125). In an example, processor(s) of cloud
computing device (426) may execute program instructions
stored on NT-CRM to perform, implement, or otherwise
facilitate the causing (508) step of method (500) according
to the present technology. Method (500) may include the
step of establishing data communication between the fabri-
cation desktop application (460) and the printer (427) com-
municably coupled to the cutting machine workstation com-
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puting device (410) via the communication interface (425)
thereof. This step of method (500) may be performed at any
time in the method (500) up until the printer (427) actually
prints human- and/or computer-readable bend instructions
on the work piece (407) or on at least one piece (e.g., 408).
In some embodiments, the at least one processor of cloud
computing device (426) may direct, at least in part using
fabrication center application (125) and/or fabrication desk-
top application (460), communication interface (425) of
cutting machine workstation computing device (410) to
establish data communication between the printer (427) and
application (460). In an example, processor(s) of cloud
computing device (426) may execute program instructions
stored on NT-CRM to perform, implement, or otherwise
facilitate the aforementioned method (500) step of estab-
lishing data communication between the fabrication desktop
application (460) and the printer (427).

[0139] Referring now to FIG. 30D, and transitioning
thereto from FIG. 30A by way of the circled “H”, method
(500) may include the step of first determining (512) at least
one location on work piece (407) or on the at least one piece
(e.g., 408a) for printer (427) to print the human-readable
(417) and/or computer-readable bend instructions (421). In
some embodiments, fabrication desktop application (460)
and/or the at least one processor of cloud computing device
(426) may first determine (512), at least in part using at least
one of the fabrication center application (125) and the
fabrication desktop application (460), and based at least in
part on the data representative of the enhanced bend list, the
location(s) on the work piece (407) or on the at least one
piece (e.g., 408a) for printer (427) to print the human-
readable bend instructions (417) and/or computer-readable
bend instructions (421). In an example, processor(s) of cloud
computing device (426) may execute program instructions
stored on NT-CRM to perform, implement, or otherwise
facilitate the aforementioned first determining (512) of
method (500).

[0140] Method (500) may include the step of receiving
(514), by fabrication desktop application (460) and during a
cutting process performed by cutting machine (415), data
representative of a linear position of work piece (407) with
respect to cutting means (430) of cutting machine (415). In
some embodiments, fabrication desktop application (460)
and/or the at least one processor of cloud computing device
(426) may receive (514), using at least in part communica-
tion interface (425), the aforementioned data representative
of a linear position of work piece (407). In an example,
application (460) and/or processor(s) of cloud computing
device (426) may execute program instructions stored on
NT-CRM to perform, implement, or otherwise facilitate the
aforementioned receiving (514) of method (500).

[0141] Method (500) may include the step of second
determining (516) that the at least one location on work
piece (407) or on the at least one piece (408q) is at, or
proximate to, a position of the printer head (420) of the
printer (427). In some embodiments, fabrication desktop
application (460) and/or the at least one processor of cloud
computing device (426) may second determine (516) that
the at least one location on the work piece (407) or on the
at least one piece (408q) is at, or proximate to, a position of
the printer head (420) of the printer (427) in response to the
data representative of the linear position being received
(514) in method (500). In an example, application (460)
and/or processor(s) of cloud computing device (426) may
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execute program instructions stored on NT-CRM to perform,
implement, or otherwise facilitate the aforementioned sec-
ond determining (516) of method (500).

[0142] Method (500) may include the step of causing
(518) the linear positioner (432) of or, or associated with, the
cutting machine (415), to pause movement of work piece
(407) in or on cutting machine (415) to enable the printer
(427) to print the human-readable bend instructions (417)
and/or computer-readable bend instructions (421) at, or
proximate to, the at least one location on the work piece
(407) or on the at least one piece (408a). In some embodi-
ments, fabrication desktop application (460) and/or the at
least one processor of cloud computing device (426) may
cause (518) linear positioner (432) to pause movement of
work piece (407) as described above in response to it being
second determined (516) that the location(s) on work piece
(407) or on the at least one piece (408a) is at, or proximate
to, a position of printer head (420). In another embodiment,
the human-readable bend instructions (417) and/or com-
puter-readable bend instructions (421) may be printed while
the work piece (407) is being moved, e.g., by linear posi-
tioner (432). In an example, application (460) and/or pro-
cessor(s) of cloud computing device (426) may execute
program instructions stored on NT-CRM to perform, imple-
ment, or otherwise facilitate the aforementioned causing
(518) of method (500).

[0143] Referring now to FIG. 30E, the above described
generating (504) step of method (500) may include gener-
ating (520) data representative of the first printing routine to
cause printer (427) to print human-readable bend instruc-
tions (417) on work piece (407) or on the at least one piece
(408a). In some embodiments, the at least processor of cloud
computing device (426) may generate (520) the data repre-
sentative of the first printing routine to cause printer (427) to
print human-readable bend instructions (417) on work piece
(407) or on the at least one piece (4084). In an example,
processor(s) of cloud computing device (426) may execute
program instructions stored on NT-CRM to perform, imple-
ment, or otherwise facilitate the aforementioned generating
(520) of method (500).

[0144] Method (500) may include the step of directing
(522), by fabrication desktop application (460) and/or fab-
rication center application (125), printer (427) to print,
according to the data representative of the first printing
routine, the human-readable bend instructions at one or
more predetermined locations on work piece (407) or on the
at least one piece (408a). In some embodiments, application
(460) and/or the at least one processor of cloud computing
device (426) may direct (522), at least in part using fabri-
cation center application (125) and/or fabrication desktop
application (460), printer (427) to print, according to the
data representative of the first printing routine, the human-
readable bend instructions (417) at one or more predeter-
mined locations on work piece (407) or on the at least one
piece (408q). In an example, application (460) and/or pro-
cessor(s) of cloud computing device (426) may execute
program instructions stored on NT-CRM to perform, imple-
ment, or otherwise facilitate the aforementioned directing
(522) step of method (500).

[0145] In some embodiments, the above described gener-
ating (520) step of method (500) may include generating the
above described data representative of the first printing
routine to cause printer (427) to print human-readable bend
instructions (417) including a rotational direction-indicating
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graphic or symbol (434) on work piece (407) or on the at
least one piece (408a) proximate to the human-readable
bend instructions (417). As shown in FIG. 29, the rotational
direction-indicating graphic or symbol (434) provides a
visual marking that can be read by an operator of traditional
bending machine (438) and/or CNC-type bending machine
(440) as a job aid for him or her in performing or otherwise
participating in a bending process. As such, a direction of a
point on the aforementioned graphic or symbol (434) may
indicate a direction that at least one piece (e.g., 408a) is to
be bent. In some embodiments, graphic or symbol (434) may
be an arrow, a “delta” symbol, a caret (A), or the like. In an
example, the rotational direction-indicating graphic or sym-
bol (434) is an Allied chevron (436), as shown in FIG. 29.
The Allied chevron (436) as utilized in the disclosed systems
and methods according to the present technology may be the
equivalent of U.S. Pat. No. 6,428,741, registered in the name
of'the Applicant on Jul. 20, 2021). In some embodiments, the
at least processor of cloud computing device (426) may
generate the data representative of the first printing routine
to cause printer (427) to print human-readable bend instruc-
tions (417) including the aforementioned graphic or symbol
(434) on work piece (407) or on the at least one piece (408a).
In an example, processor(s) of cloud computing device
(426) may execute program instructions stored on NT-CRM
to perform, implement, or otherwise facilitate the generation
of human-readable bend instructions (417) including the
aforementioned graphic or symbol (434) for printing on
work piece (407) or on the at least one piece (408a) in
method (500). In cases where the disclosed systems and
methods are utilized in connection with traditional bending
machine (438), human-readable bend instructions (417)
facilitate operation by a user of the traditional, at least
partially manually operated, bending machine (438) to bend
the at least one piece (408a) of work piece (407) according
to the x,y,z positional information and likewise according to
the rotational direction-indicating graphic or symbol (434).
This may beneficially reduce human error, and thereby
increase efficiencies and reduce wasted material, in bending
processes using traditional bending machines.

[0146] In some embodiments, the above described direct-
ing (522) step of method (500) may include directing the
printer (427) to print, according to the data representative of
the first printing routine, rotational direction-indicating
graphic or symbol (434) on work piece (407) or on the at
least one piece (408a) proximate to the human-readable
bend instructions (417). In some embodiments, the at least
one processor of cloud computing device (426) may direct
printer (427) to print, according to the data representative of
the first printing routine, the rotational direction-indicating
graphic or symbol (434) on the work piece (407) or on the
at least one piece (408a) proximate to the human-readable
bend instructions (417). In an example, processor(s) of cloud
computing device (426) may execute program instructions
stored on NT-CRM to perform, implement, or otherwise
facilitate the direction of printer (427) to print the rotational
direction-indicating graphic or symbol (434) on work piece
(407) or on the at least one piece (408a) proximate to the
human-readable bend instructions (417) in method (500).

[0147] In some embodiments, the above described direct-
ing (522) step of method (500) may include transmitting
(530) the data representative of the first printing routine to
the printer (427) to facilitate the printing by the printer (427)
of the human-readable bend instructions (417) on the work
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piece (407) or on the at least one piece (408a). In some
embodiments, fabrication desktop application (460) and/or
the at least one processor of cloud computing device (426)
may direct communication interface (480) of cloud comput-
ing device (426), or communication interface (425) of
cutting machine workstation computing device (410), to
transmit (530) the data representative of the first printing
routine to the printer (427) to facilitate the printing by the
printer (427) of the human-readable bend instructions (417)
on the work piece (407) or on the at least one piece (408a).
In an example, application (460) and/or processor(s) of
cloud computing device (426) may execute program instruc-
tions stored on NT-CRM to perform, implement, or other-
wise facilitate the aforementioned transmitting (530) step of
method (500).

[0148] Referring now to FIG. 30F, the above described
generating (504) step of method (500) may include gener-
ating (535) data representative of the second printing routine
(418) to cause printer (427) to print computer-readable bend
instructions (421) on work piece (407) or on the at least one
piece (408a). In some embodiments, the at least one pro-
cessor of cloud computing device (426) may data represen-
tative of the second printing routine (418) to cause printer
(427) to print computer-readable bend instructions (421) on
work piece (407) or on the at least one piece (408a). In an
example, processor(s) of cloud computing device (426) may
execute program instructions stored on NT-CRM to perform,
implement, or otherwise facilitate the aforementioned gen-
erating (535) of method (500).

[0149] FIGS. 31A and 31B depict human-readable bend
instructions (417) including x,y,z positional information and
a rotational direction-indicating graphic or symbol (434),
according to some embodiments of the present technology.
In a first non-limiting case, as shown in FIG. 31A, a piece
(e.g., 408a) of previously cut work piece (407) includes one
instance of inkjet printed human-readable bend instructions
(417) with rotational direction-indicating graphic or symbol
(434). In the example illustrated in FIG. 31A, rotational
direction-indicating graphic or symbol (434) is embodied in
the Allied chevron (436). Previously cut piece (408a) in
FIG. 31A is to be bent once using traditional bending
machine (438). The human-readable bend instructions (417)
inkjet printed by printer (427) at the suitable location on
piece (408a) according to the present technology provides a
human operator of traditional bending machine (438) the
information necessary for him or her to perform an at least
partially manual bending operation using machine (438). As
shown in FIG. 31A, the information includes a distance from
one end of piece (408)—e.g., 15 inches as measured from a
first end (471) of piece (408a)—at which the bending
operation is to be performed. The aforementioned informa-
tion of human-readable bend instructions (417) in the
example shown in FIG. 31A also includes an angle (e.g., 90
degrees) for the bend operation. The Allied chevron (436),
or other rotational direction-indicating graphic or symbol
(434), of the aforementioned information points in like
manner as an arrow in the direction (e.g., upward) that the
single bend in piece (408) will be made, as shown in FIG.
31A.

[0150] In a second non-limiting case, as shown in FIG.
31B, piece (e.g., 408a) of previously cut work piece (407)
includes two instances of inkjet human-readable bend
instructions (417a and 4175), each with rotational direction-
indicating graphic or symbol (434). In the example illus-
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trated in FIG. 31B, rotational direction-indicating graphic or
symbol (434) is embodied in the Allied chevron (436).
Previously cut piece (408a) in FIG. 31B is to be bent twice
using traditional bending machine (438). The human-read-
able bend instructions (417a and 4175b) inkjet printed by
printer (427) at the suitable locations on piece (408q)
according to the present technology provides the human
operator of traditional bending machine (438) the informa-
tion necessary for him or her to perform an at least partially
manual bending operation using machine (438) to bend
piece (408a) twice in the second non-limiting case. As
shown in FIG. 31B, the information of first instance of
human-readable bend instructions (4174) includes a distance
from the end (471) of piece (408a)—e.g., 11 and 74 inches—
at which the bending operation is to be performed for a first
bend of the two bends. The information of the first instance
of human-readable bend instructions (417a) also includes an
angle (e.g., 85 degrees) for a first of the two bend operations
for the example piece (408a) of FIG. 31B. The Allied
chevron (436), or other rotational direction-indicating
graphic or symbol (434), of the information of the afore-
mentioned first instance (417a) points in the direction (e.g.,
upward) that the first bend in piece (408) will be made, as
shown in FIG. 31B. The information of second instance of
human-readable bend instructions (4175) may be partitioned
or divided into two portions (495a and 4955). First portion
(495a) includes another distance from the end (471) of piece
(408a)—e.g., 2 feet and 4 and 34 inches—at which another
bending operation is to be performed for a second bend of
the two bends. The information of the first portion (495a) of
second instance of human-readable bend instructions (4175)
also includes an angle (e.g., 75 degrees) for the second bend
operation for the example piece (408a) of FIG. 31B. The
first portion (4954a) also includes Allied chevron (436), or
other rotational direction-indicating graphic or symbol
(434), which points in the direction (e.g., upward) that the
first bend in piece (408) will be made. In the example piece
(408qa) illustrated in FIG. 31B, first (499a) and second
(4995) bends are arranged in what may be referred to as a
“twisted S-shape.” This means that, after the first bend
(4994) is made, the operator of traditional bending machine
(438) may need to twist piece (408a) by a certain amount in
one direction or another. For example, a half twist would
correspond to a twisting angle (denoted “T” in the first
portion (4956) of 180 degrees, and a quarter twist would
correspond to a twisting angle of 90 degrees. To provide
human-readable bend instructions (4175) for the purpose of
such twisting, second portion (495b) includes another
instance of rotational direction-indicating graphic or symbol
(434) (e.g., Allied chevron 436) to instruction the operator
which way to twist piece (408a) by the extent indicated by
the angle value of the second portion (4956).

[0151] Method (500) may include the step of directing
(540), by fabrication desktop application (460) and/or fab-
rication desktop application (125), printer (427) to print,
according to the data representative of the first printing
routine, the computer-readable bend instructions (421) at
one or more predetermined locations on work piece (407) or
on the at least one piece (408a) as a QR code graphic and/or
a bar code graphic (examples of which are shown in FIGS.
32A and 32B). In some embodiments, application (460)
and/or the at least one processor of cloud computing device
(426) may direct (540), at least in part using fabrication
center application (125) and/or fabrication desktop applica-
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tion (460), printer (427) to print, according to the data
representative of the first printing routine, the computer-
readable bend instructions (421) including the QR and/or bar
code graphic. In an example, application (460) and/or pro-
cessor(s) of cloud computing device (426) may execute
program instructions stored on NT-CRM to perform, imple-
ment, or otherwise facilitate the aforementioned directing
(540) step of method (500).

[0152] In some embodiments, the above described gener-
ating (535) step of method (500) may include generating the
above described data representative of the second printing
routine to cause printer (427) to print computer-readable
bend instructions (421) including the above described rota-
tional direction-indicating graphic or symbol (434) on work
piece (407) or on the at least one piece (408a) proximate to
the computer-readable bend instructions (421) including the
QR and/or bar code graphic. In some embodiments, the at
least processor of cloud computing device (426) may gen-
erate the data representative of the second printing routine to
cause printer (427) to print computer-readable bend instruc-
tions (421) including the aforementioned rotational direc-
tion-indicating graphic or symbol (434) on work piece (407)
or on the at least one piece (408a) proximate to the QR
and/or bar code graphic(s). In an example, processor(s) of
cloud computing device (426) may execute program instruc-
tions stored on NT-CRM to perform, implement, or other-
wise facilitate the generation of computer-readable bend
instructions (421) including the aforementioned rotational
direction-indicating graphic or symbol (434) on work piece
(407) or on the at least one piece (408a) in method (500). In
cases where the disclosed systems and methods are utilized
in connection with CNC-type bending machine (440), com-
puter-readable bend instructions (421) including X,y.,z posi-
tional information may be scanned by an operator of
machine (440) using QR (454) and/or bar (456) reader
device(s). Through such scanning actions by the user, the
computer-readable bend instructions (421) may be input to
applications 460 and/or 125 for use by the CNC bending
machine control application (442) to bend the at least one
piece (e.g., 408a) of work piece (407) at least once. Among
other potential advantageous technical effects, this aspect of
the present technology may reduce the amount of time
needed to set up CNC-type bending machine (440) for
bending operations, thereby increasing efficiencies and
maximizing machine utilization and throughput.

[0153] In some embodiments, the above described direct-
ing (540) step of method (500) may include directing printer
(427) to print, according to the data representative of the
second printing routine, rotational direction-indicating
graphic or symbol (434) on work piece (407) or on the at
least one piece (408a) proximate to the QR and/or bar code
graphic(s). In some embodiments, the at least one processor
of cloud computing device (426) may direct printer (427) to
print, according to the data representative of the second
printing routine, the rotational direction-indicating graphic
or symbol (434) on work piece (407) or on the at least one
piece (408a) proximate to the QR and/or bar code graphic
(s). In an example, processor(s) of cloud computing device
(426) may execute program instructions stored on NT-CRM
to perform, implement, or otherwise facilitate the direction
of printer (427) to print the rotational direction-indicating
graphic or symbol (434) on work piece (407) or on the at
least one piece (408a) proximate to the QR and/or bar code
graphic(s) in method (500).
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[0154] In some embodiments, the above described direct-
ing (540) step of method (500) may include transmitting
(575) the data representative of the second printing routine
to printer (427) to facilitate the printing by the printer (427)
of'the QR and/or bar code graphic(s) on work piece (407) or
on the at least one piece (408a). In some embodiments,
fabrication desktop application (460) and/or the at least one
processor of cloud computing device (426) may direct, using
fabrication desktop application (460) and/or fabrication cen-
ter application (125), communication interface (425) of
cutting machine workstation computing device (410) to
transmit (575). In an example, application (460) and/or
processor(s) of cloud computing device (426) may execute
program instructions stored on NT-CRM to perform, imple-
ment, or otherwise facilitate the aforementioned transmitting
(575) step of method (500).

[0155] Referring now to FIG. 30G, as applied to CNC-
type bending machines (440) utilizing system (400) accord-
ing to the present technology, method (500) may include the
step of establishing (550), by another instance of the fabri-
cation desktop application (446) running on the CNC bend-
ing machine workstation computing device (444), data com-
munication with the QR code reader device (454) and/or the
bar code reader device (456). In some embodiments, the
another instance of fabrication desktop application (446)
and/or processor(s) of cloud computing device (426) may
direct communication interface (425) of CNC bending
machine workstation computing device (444) to establish
(550) data communication with QR (454) and/or bar (456)
code reader device(s) to enable scanning by a user of QR
and/or bar code(s). In an example, application (446) and/or
processor(s) of cloud computing device (426) may execute
program instructions stored on NT-CRM to perform, imple-
ment, or otherwise facilitate the aforementioned establishing
(550) step of method (500).

[0156] Method (500) may include receiving (555), by the
another instance of the fabrication desktop application (446)
and from the at least one of the QR code reader device (454)
and the bar code reader device (456), the data representative
of the x,y,z positional information for bending the at least
one piece (408) at least once. In some embodiments, the
another instance of fabrication desktop application (446)
and/or processor(s) of cloud computing device (426) may
direct communications interface (448) of the CNC bending
machine workstation computer device (444) to receive
(555), or mediate receipt thereby of, the data representative
of the x,y,z positional information. In an example, applica-
tion (446) and/or processor(s) of cloud computing device
(426) may execute program instructions stored on NT-CRM
to perform, implement, or otherwise facilitate the aforemen-
tioned receiving (555) step of method (500).

[0157] Method (500) may include the step of providing
(560), by the fabrication desktop application (460), the data
representative of the x,y,z positional information to the CNC
bending machine control application (442) for use thereby to
direct the CNC-type bending machine (440) to bend the at
least one piece (408a) at least once according to the x,y,z
positional information. In some embodiments, the another
instance of fabrication desktop application (446) and/or
processor(s) of cloud computing device (426) may provide
(560), e.g., by way of communication interface(s) (448
and/or 480), the data representative of the x,y,z positional
information to the CNC bending machine control applica-
tion (442). In an example, application (446) and/or processor
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(s) of cloud computing device (426) may execute program
instructions stored on NT-CRM to perform, implement, or
otherwise facilitate the aforementioned providing (560) step
of method (500).

[0158] Referring now to FIG. 30H, method (500) may
include the step of causing (585), at least in part by the
fabrication center application (125), data representative of at
least a portion of program instruction code for operation of
the another instance of the fabrication desktop application
(446) to be stored in memory storage device (433) of CNC
bending machine workstation computing device (444)
accessible by the another fabrication desktop application
(446) and/or fabrication center application (125). In an
example, processor(s) of cloud computing device (426) may
execute program instructions stored on NT-CRM to perform,
implement, or otherwise facilitate the causing (585) step of
method (500) according to the present technology.

[0159] Referring again to FIG. 30G, and transitioning
thereto from FIG. 30H by way of the circled “I”, method
(500) may include the step of establishing (565), at least in
part using the fabrication center application (125) and/or the
another instance of fabrication desktop application (446),
data communication between the another instance of the
fabrication desktop application (446) and the fabrication
center application (125). The establishing (565) step may be
performed at any time in the method (500) up until the
CNC-type bending machine (440) utilizing system (400)
according to the present technology commences its bending
operation(s). In some embodiments, the another instance of
fabrication desktop application (446) and/or processor(s) of
cloud computing device (426) may direct, via the fabrication
center connector websocket (145), and at least in part using
fabrication center application (125) and/or fabrication desk-
top application (460), communication interface(s) (448 and/
or 480) to establish (565) data communication between the
another instance of fabrication desktop application (446) and
fabrication center application (125). In an example, the
another instance of fabrication desktop application (446)
and/or processor(s) of cloud computing device (426) may
execute program instructions stored on NT-CRM to perform,
implement, or otherwise facilitate the above described estab-
lishing (565) step of method (500).

[0160] In an example, the above described establishing
(565) step of method (500) may include causing, at least in
part by the another instance of the fabrication desktop
application (446) and/or the fabrication center application
(125), the network (120) communication connection
between respective communication interfaces (480, 448) of
cloud computing device (426) and the CNC bending
machine workstation computing device (444) to be estab-
lished further via the Internet to enable transmission and
receipt of signals encoding data generated for use in the
method (500) by the another instance of the fabrication
desktop application (446) or the fabrication center applica-
tion (125). In some embodiments, the another instance of
fabrication desktop application (446) and/or processor(s) of
cloud computing device (426) may cause the network (120)
communication connection between respective communica-
tion interfaces (480, 448) of the cloud computing device
(426) and the CNC bending machine workstation computing
device (444) to be established further via the Internet. In an
example, the another instance of fabrication desktop appli-
cation (446) and/or processor(s) of cloud computing device
(426) may execute program instructions stored on NT-CRM
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to perform, implement, or otherwise facilitate the establish-
ment of the aforementioned Internet connection between
respective communication interfaces (480, 448) of the cloud
computing device (426) and the CNC bending machine
workstation computing device (444).

[0161] FIG. 33 depicts a flow chart of a method (600) for
utilizing information of a 3D modeling software package to
facilitate operation of a fabrication machine, which may be
used with system (400) of FIG. 29, according to some
embodiments of the present technology. FIG. 34 depicts
human-readable assembly instructions (717), according to
some embodiments of the present technology. Referring
now to FIGS. 33 and 34, and with further reference to FIG.
29, method (600) may include the step of establishing (602)
data communication with fabrication desktop application
(460). In some embodiments, the at least one processor of
cloud computing device (426) may direct, e.g., at least in
part using fabrication center application (125), communica-
tions interface (480) of cloud computing device (426) to
establish (502), via fabrication center connector websocket
(145), data communication with fabrication desktop appli-
cation (460). In an example, processor(s) of cloud comput-
ing device (426) may execute program instructions stored on
one or more non-transitory computer-readable media (NT-
CRM) to perform, implement, or otherwise facilitate the
establishing (502) step of method (500) according to the
present technology. In some embodiments, the establishing
(602) step of method (600) is equivalent, or at least sub-
stantially similar, to the establishing (502) step of method
(500), as described above with reference to FIGS. 30A-30H.

[0162] In an example, the above described establishing
(602) step of method (500) may include causing, at least in
part by the fabrication desktop application (460) and/or
fabrication center application (125), the network (120) com-
munication connection between respective communication
interfaces (480, 425) of the cloud computing device (426)
and the cutting machine (410) workstation computing device
to be established further via the Internet to enable transmis-
sion and receipt of signals encoding data generated for use
in the method (600) by the fabrication desktop application
(460) or the fabrication center application (125). In some
embodiments, fabrication desktop application (460) and/or
processor(s) of cloud computing device (426) may cause the
network (120) communication connection between respec-
tive communication interfaces (480, 425) of the cloud com-
puting device (426) and cutting machine (410) workstation
computing devices to be established further via the Internet.
In an example, fabrication desktop application (460) and/or
processor(s) of cloud computing device (426) may execute
program instructions stored on NT-CRM to perform, imple-
ment, or otherwise facilitate the establishment of the afore-
mentioned Internet connection between the respective com-
munication interfaces (480, 425) in method (600).

[0163] Method (600) may include the step of generating
(604), data representative of: an enhanced cut list usable by
the cutting machine control application (405) to direct the
cutting machine (415) to cut a strut work piece (707) of the
to-be-fabricated part or assembly into at least two pieces
(708a, 708b, . . ., 708n); and a printing routine to cause
printer (427) operably coupled to, or otherwise associated
with, cutting machine (415) to print human-readable assem-
bly instructions (717) on the strut work piece (707) or on the
at least one piece (e.g., 708a) of the at least two pieces (e.g.,
708a, 708b, . . ., 708r) of the strut work piece (707) as cut
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by cutting machine (415). Strut work piece (707) may be
shaped and dimensioned, and may be formed of a material
(e.g., metal, plastic, wood, etc.), suitable for applications
such as for the function of supporting pipe, conduit (e.g.,
electrical conduit), wiring, lighting, etc., as shown, for
example and without limitation, in FIG. 34. In an example,
the strut work piece (707) may be a piece of UNISTRUT.
The enhanced cut list may correspond in structure and/or
function to those elements as described above with reference
to FIG. 2 and one or more of FIGS. 3-29.

[0164] In some embodiments, the human-readable assem-
bly instructions (717) may include, for example and without
limitation: markings and/or graphics (752) indicating one or
more positions on the at least one piece (e.g., 708a) for
installing at least one rod (730); and value(s) (735) for rod
length(s) and/or diameter(s) for each rod (730) of the at least
one rod (730) to be attached, or otherwise installed, on the
at least one piece (e.g., 708a), again as shown in FIG. 34. As
shown in FIG. 34, such markings or graphics (752) may
include shapes, symbols and/or alphanumeric characters that
are capable of informing a human installer of the position(s)
where, for example and without limitation, rod(s) (e.g., 730a
and 73056) or like structures will be screwed, bolted,
clamped, etc. to a top surface (777) of the at least one piece
(708a) during an installation process by the installer. Such
an installation process may include hanging the at least one
piece (708a) from a ceiling in a room or facility, either
before or after placing structures (e.g., electrical conduit or
pipe (e.g., 780a and 7805) upon top surface (777). In an
example, at least a portion of the markings or graphics (752)
may include the Allied chevron (788) (equivalent, or at least
substantially similar, in appearance to the above described
Allied chevron (436)).

[0165] In some embodiments, the human-readable bend
instructions (717) further include markings or graphics (755)
indicating one or more positions on the at least one piece for
installing at least one conduit (780) or other structure on the
aforementioned top surface (777), for example. As shown in
FIG. 34, such additional, or alternative, markings or graph-
ics (755) may include shapes, symbols and/or alphanumeric
characters that are capable of informing an installer of the
position(s) where, for example and without limitation, con-
duit (e.g., 780a and 7805) will be screwed, bolted, clamped,
etc. to the at least one piece (708a)—e.g., on its top surface
(777)—during the aforementioned installation process. In an
example, at least a portion of the markings or graphics (755)
may include the Allied chevron (788) (equivalent, or at least
substantially similar, in appearance to the above described
Allied chevron (436)).

[0166] Insome embodiments, the at least one processor of
cloud computing device (426) may generate (604), e.g., at
least in part using fabrication center application (125), the
data representative of: the enhanced cut list, the aforemen-
tioned printing routine, based at least in part on data repre-
sentative of the 3D model of the to-be-fabricated part of
assembly of which strut work piece (707) may be a part. In
an example, processor(s) of cloud computing device (426)
may execute program instructions stored on NT-CRM to
perform, implement, or otherwise facilitate the generating
(604) step of method (600) according to the present tech-
nology.

[0167] Method (600) may include the step of transmitting
(606): the data representative of the enhanced cut list to the
fabrication desktop application (460) to enable use of the
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data representative of the enhanced cut list by the cutting
machine control application (405) to direct the cutting
machine (415) to cut the strut work piece (707); and the data
representative of the printing routine to fabrication desktop
application (460) and/or printer (427) to enable use by
fabrication desktop application (460) and/or printer (427) to
direct printer head (420) of printer (427) to print the human-
readable assembly instructions (717) on one or more loca-
tions on the strut work piece (707) or on the at least one
piece (708a) thereof. In some embodiments, the at least one
processor of cloud computing device (426) may direct, e.g.,
using fabrication center application (125), communication
interface (480) of cloud computing device (426) to transmit
(606) the data representative of the enhanced cut list to the
fabrication desktop application (460), and the data repre-
sentative of the printing routine to fabrication desktop
application (460) and/or printer (427), via the fabrication
center connector websocket (145). In an example, processor
(s) of cloud computing device (426) may execute program
instructions stored on NT-CRM to perform, implement, or
otherwise facilitate the transmitting (606) step of method
(600) according to the present technology.

[0168] Practice of method (600) using, for example and
without limitation, system (400), ultimately leads to an
installed assembly (790) including the at least one piece
(708a), rod(s) (730), and conduit(s) (780) or like structures.
The provision of printed human-readable assembly instruc-
tions (717) on component parts of installed assembly (790)
provides designers, installers, and other stakeholders numer-
ous beneficial practical advantages and advantages technical
effects. Among other things, practice of method (600)
according to the present technology may facilitate the deliv-
ery of component parts of assemblies to be installed in a
building or other facility in batched sets, where each part of
such a packaged batch is cut to size (e.g., by cutting machine
(415)) and provided with the predetermined rod (130) length
(s) and any needed additional hardware (e.g., clamps, crews,
bolts, etc.) to complete the installation. This, in turn, may
increase efficiencies for labor and other costs for installation
and related tasks like fabrication and delivery of the batches
to the installation site. A person of ordinary skill in the art
may be expected to recognize and appreciate other advan-
tageous practical and technical effects in practice of method
(600)—e.g., reduction of injuries and near-misses among
installers. Furthermore, when considering the entirety of the
present disclosure as a whole, persons having ordinary skill
in the art may be expected to readily recognize and appre-
ciate, without resorting to undue experimentation, that
method (600) may be incorporated into one or more of the
methods (e.g., method (300) and/or method (500)), as may
be implemented with one or more of the systems (e.g.,
system (100) and/or system (400), according to the present
technology.

[0169] FIG. 35 is a diagrammatic representation of a
machine, in the example form, of a computer system (200)
within which a set of instructions, for causing the machine
to implement or otherwise perform any one or more of the
techniques and methodologies of the present technology
described herein, may be executed. Computer system (200)
may, for some embodiments of the present technology, be
representative of controller means including, without limi-
tation, a processor, a computer, a server, and like computing
devices which may include associated memory storage
devices.
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[0170] In the example of FIG. 35, the computer system
(200) includes a processor, memory, non-volatile memory,
and an interface device. Various common components (e.g.,
cache and/or register memory) are omitted for illustrative
simplicity. The computer system (200) is intended to illus-
trate at least one hardware device on which any of the
components depicted in the example of FIG. 2 (and any
other components described in this specification) can be
implemented. The computer system (200) can be of any
applicable known or convenient type. The components of
the computer system 700 can be coupled together via a bus
or through some other known or convenient device.

[0171] The processor of computer system (200) may be,
for example, a conventional microprocessor such as an
INTEL PENTIUM microprocessor or MOTOROLA
POWER PC microprocessor. One of skill in the relevant art
will recognize that the terms “machine-readable (storage)
medium” or “computer-readable (storage) medium” include
any type of device that is accessible by the processor. In
some embodiment, these storage media are embodied in
non-transitory computer-readable media that can store pro-
gram instructions (e.g., as software or firmware) which,
when executed by one or more processors of the disclosed
technology, cause the controller means (computing system)
to implement, execute, or otherwise facilitate performance
of the various algorithms and methods disclosed herein.
[0172] In computer system (200), the memory is coupled
to the processor by, for example, a bus. The memory can
include, by way of example but not limitation, random
access memory (RAM), such as dynamic RAM (DRAM)
and static RAM (SRAM). The memory can be local, remote,
or distributed.

[0173] The bus of computer system (200) also couples the
processor to the non-volatile memory and drive unit. The
non-volatile memory is often a magnetic floppy or hard disk,
a magnetic-optical disk, an optical disk, a read-only memory
(ROM), such as a CD-ROM, EPROM, or EEPROM, a
magnetic or optical card, or another form of storage for large
amounts of data. Some of this data is often written, by a
direct memory access process, into memory during execu-
tion of software in the computer system (200). The non-
volatile storage can be local, remote, or distributed. The
non-volatile memory is optional because systems can be
created with all applicable data available in memory. An
embodiment of computer system (200) will usually include
at least a processor, memory, and a device (e.g., a bus)
coupling the memory to the processor.

[0174] Software or firmware utilized by computer system
(200) may be stored in the non-volatile memory and/or the
drive unit. Indeed, for large programs, it may not even be
possible to store the entire program in the memory. Never-
theless, it should be understood that for software and/or
firmware to run, if necessary, it is moved to a computer
readable location appropriate for processing, and for illus-
trative purposes, that location is referred to as the memory
in this disclosure. Even when software is moved to the
memory for execution, the processor will typically make use
of hardware registers to store values associated with the
software, and local cache that, ideally, serves to speed up
execution. As used herein, firmware or a software program
is assumed to be stored at any known or convenient location
(from non-volatile storage to hardware registers) when the
software program is referred to as “implemented in a com-
puter-readable medium”. A processor is considered to be
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“configured to execute a program” when at least one value
associated with the program is stored in a register readable
by the processor.

[0175] The bus also couples the processor to the network
interface device of computer system (200). The interface can
include one or more of a modem or a network interface. It
will be appreciated that a modem or network interface can
be considered to be part of the computer system. The
interface can include an analog modem, ISDN modem, cable
modem, token ring interface, satellite transmission interface
(e.g., “direct PC”), or other interfaces for coupling a com-
puter system (e.g., 200) to other computer systems. The
interface can include one or more input and/or output (/O)
devices. The I/O devices can include, by way of example but
not limitation, a keyboard, a mouse or other pointing device,
disk drives, printers, a scanner, and other input and/or output
devices, including a display device. The display device can
include, by way of example but not limitation, a cathode ray
tube (CRT), liquid crystal display (LCD), or some other
applicable known or convenient display device. For sim-
plicity, it is assumed that controllers of any devices not
depicted in the example of FIG. 35 reside in the interface.
[0176] In operation, the computer system (200) can be
controlled by operating system software that includes a file
management system, such as a disk operating system. One
example of operating system software with associated file
management system software is the family of operating
systems known as WINDOWS from MICROSOFT Corpo-
ration of Redmond, Washington, and their associated file
management systems. Another example of operating system
software with its associated file management system soft-
ware is the LINUX operating system and its associated file
management system. The file management system is typi-
cally stored in the non-volatile memory and/or drive unit and
causes the processor to execute the various acts required by
the operating system to input and output data and to store
data in the memory, including storing files on the non-
volatile memory and/or drive unit.

[0177] Some portions of the detailed description may be
presented in terms of algorithms and symbolic representa-
tions of operations on data bits within a computer memory.
These algorithmic descriptions and representations are the
means used by those skilled in the data processing arts to
most effectively convey the substance of their work to others
skilled in the art. An algorithm is here, and generally,
conceived to be a self-consistent sequence of operations
leading to a desired result. The operations are those requir-
ing physical manipulations of physical quantities. Usually,
though not necessarily, these quantities take the form of
electrical or magnetic signals capable of being stored, trans-
ferred, combined, compared, and otherwise manipulated. It
has proven convenient at times, principally for reasons of
common usage, to refer to these signals as bits, values,
elements, symbols, characters, terms, numbers, or the like.
[0178] It should be borne in mind, however, that all of
these and similar terms are to be associated with the appro-
priate physical quantities and are merely convenient labels
applied to these quantities. Unless specifically stated other-
wise, as apparent from the following discussion, it is appre-
ciated that throughout the description, discussions utilizing
terms such as “processing” or “computing” or “calculating”
or “determining” or “displaying” or the like, refer to the
action and processes of a computer system, or similar
electronic computing device, that manipulates and trans-
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forms data represented as physical (electronic) quantities
within the computer system’s registers and memories into
other data similarly represented as physical quantities within
the computer system memories or registers or other such
information storage, transmission or display devices.
[0179] The algorithms and displays presented herein are
not inherently related to any particular computer or other
apparatus. Various general-purpose systems may be used
with programs in accordance with the teachings herein, or it
may prove convenient to construct more specialized appa-
ratus to perform the methods of some embodiments. The
required structure for a variety of these systems will appear
from the description herein. In addition, the techniques are
not described with reference to any particular programming
language, and various embodiments may thus be imple-
mented using a variety of programming languages.

[0180] In alternative embodiments, the machine operates
as a standalone device or may be connected (e.g., net-
worked) to other machines. In a networked deployment, the
machine may operate in the capacity of a server or a client
machine in a client-server network environment or as a peer
machine in a peer-to-peer (or distributed) network environ-
ment.

[0181] The machine may be a server computer, a client
computer, a personal computer (PC), a tablet PC, a laptop
computer, a set-top box (STB), a personal digital assistant
(PDA), a cellular telephone, an IPHONE, a BLACKBERRY,
a processor, a telephone, a web appliance, a network router,
switch or bridge, or any machine capable of executing a set
of instructions (sequential or otherwise) that specify actions
to be taken by that machine.

[0182] While the machine-readable medium or machine-
readable storage medium is shown in an exemplary embodi-
ment to be a single medium, the term “machine-readable
medium” and “machine-readable storage medium” should
be taken to include a single medium or multiple media (e.g.,
a centralized or distributed database, and/or associated
caches and servers) that store the one or more sets of
instructions. The term “machine-readable medium” and
“machine-readable storage medium” shall also be taken to
include any medium that is capable of storing, encoding or
carrying a set of instructions for execution by the machine
and that cause the machine to perform any one or more of
the methodologies of the presently disclosed technique and
innovation. This may also be referred to herein as applied to
the present technology as “one or more non-transitory
computer-readable media.”

[0183] In general, the routines executed to implement the
embodiments of the disclosure may be implemented as part
of an operating system or a specific application, component,
program, object, module or sequence of instructions referred
to as “computer programs.” The computer programs typi-
cally comprise one or more instructions set at various times
in various memory and storage devices in a computer, and
that, when read and executed by one or more processing
units or processors in a computer, cause the computer to
perform operations to execute elements involving the vari-
ous aspects of the disclosure.

[0184] Moreover, while embodiments have been
described in the context of fully functioning computers and
computer systems, those skilled in the art will appreciate that
the various embodiments are capable of being distributed as
a software program product in a variety of forms, and that
the disclosure applies equally regardless of the particular
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type of machine or computer-readable media used to actu-
ally effect the distribution. In the context of the present
technology, this may also be referred to as a “computer
program product.”

[0185] Further examples of machine-readable storage
media, machine-readable media, or computer-readable (stor-
age) media include but are not limited to recordable type
media such as volatile and non-volatile memory devices,
floppy and other removable disks, hard disk drives, optical
disks (e.g., Compact Disk Read-Only Memory (CD ROMS),
Digital Versatile Disks, (DVDs), etc.), among others, and
transmission type media such as digital and analog commu-
nication links.

[0186] Aspects of the present technology will now be
described further with reference to the following numbered
clauses:

[0187] 1. A method executed on at least one computing
device to facilitate operation of two or more fabrication
machines using digitally stored part or assembly infor-
mation of a three-dimensional (3D) modeling applica-
tion, the method comprising:

[0188] establishing, by a fabrication center applica-
tion running on a cloud computing device, and via a
fabrication center connector websocket, data com-
munication with a fabrication desktop application
associated with a cutting machine control application
running on a cutting machine workstation computing
device and configured to control operation of a
cutting machine;

[0189] generating, by the fabrication center applica-
tion, and based at least in part on data representative
of'a 3D model of a to-be-fabricated part or assembly,
data representative of:

[0190] an enhanced cut list usable by the cutting
machine control application to direct the cutting
machine to cut a work piece of the to-be-fabri-
cated part or assembly into at least two pieces; and

[0191] an enhanced bend list including data rep-
resentative of X,y,z positional information for
bending, using a bending machine after the work
piece has been cut, at least one piece of the at least
two pieces at least once; and

[0192] at least one of:

[0193] a first printing routine to cause a printer
operably coupled to, or otherwise associated
with, the cutting machine to print human-read-
able bend instructions including the X,y,z posi-
tional information on the work piece or on the
at least one piece; and

[0194] a second printing routine to cause the
printer to print computer-readable bend instruc-
tions including the x,y,z positional information
on the work piece or on the at least one piece;
and

[0195] transmitting, by the fabrication center appli-
cation, and via the fabrication center connector web-
socket:

[0196] the data representative of the enhanced cut
list to the fabrication desktop application to enable
use of the data representative of the enhanced cut
list by the cutting machine control application to
direct the cutting machine to cut the work piece;
and
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[0197] the data representative of the at least one of
the first printing routine and the second printing
routine to at least one of the fabrication desktop
application and the printer to enable use by the at
least one of the fabrication desktop application
and the printer to direct a printer head of the
printer to print the at least one of the human-
readable bend instructions and the computer-read-
able bend instructions on one or more locations on
the work piece or on the at least one piece.

[0198] 2. The method according to clause 1 further
comprising causing, at least in part by the fabrication
center application, data representative of at least a
portion of program instruction code for operation of the
fabrication desktop application to be stored in a
memory storage device of the cutting machine work-
station computing device accessible by at least one of:
the fabrication desktop application, and the fabrication
center application.

[0199] 3. The method according to clause 1 or clause 2,
further comprising establishing data communication
between the fabrication desktop application and the
printer communicably coupled to the cutting machine
workstation computing device via a communication
interface thereof.

[0200] 4. The method according to any one of clauses
1-3, further comprising first determining, by at least
one of the fabrication center application and the fabri-
cation desktop application, and based at least in part on
the data representative of the enhanced bend list, at
least one location on the work piece or on the at least
one piece for the printer to print the at least one of the
human-readable bend instructions and the computer-
readable bend instructions.

[0201] 5. The method according to clause 4 further
comprising:

[0202] receiving, by the fabrication desktop applica-
tion and during a cutting process performed by the
cutting machine, data representative of a linear posi-
tion of the work piece with respect to a cutting means
of the cutting machine;

[0203] second determining, based at least in part on
the data representative of the linear position of the
work piece, that the at least one location on the work
piece or on the at least one piece is at, or proximate
to, a position of the printer head of the printer; and

[0204] in response to the second determining, caus-
ing a linear positioner of or, or associated with, the
cutting machine, to pause movement of the work
piece to enable the printer to print the at least one of
the human-readable bend instructions and the com-
puter-readable bend instructions at, or proximate to,
the at least one location on the work piece or on the
at least one piece.

[0205] 6. The method according to any one of clauses
1-5, wherein the generating comprises generating data
representative of the first printing routine to cause the
printer to print the human-readable bend instructions on
the work piece or on the at least one piece, the method
further comprising directing, by the fabrication desktop
application, the printer to print, according to the data
representative of the first printing routine, the human-
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readable bend instructions at one or more predeter-
mined locations on the work piece or on the at least one
piece.

[0206] 7. The method according to clause 6, wherein the
generating further comprises generating the data rep-
resentative of the first printing routine to cause the
printer to print the human-readable bend instructions
including a rotational direction-indicating graphic or
symbol on the work piece or on the at least one piece
proximate to the human-readable bend instructions, and
wherein the directing comprises directing the printer to
print, according to the data representative of the first
printing routine, the rotational direction-indicating
graphic or symbol on the work piece or on the at least
one piece proximate to the human-readable bend
instructions.

[0207] 8. The method according to clause 7, wherein the
rotational direction-indicating graphic or symbol is an
Allied chevron.

[0208] 9. The method according to any one of clauses
6-8, wherein the bending machine is a traditional, at
least partially manually operated, bending machine,
and wherein the human-readable bend instructions
facilitate operation by a user of the traditional, at least
partially manually operated, bending machine to bend
the at least one piece according to the x,y,z positional
information.

[0209] 10. The method according to any one of clauses
6-9, wherein the directing comprises transmitting, by
the fabrication desktop application, and via the com-
munication interface of the cutting machine worksta-
tion computing device, the data representative of the
first printing routine to the printer to facilitate the
printing by the printer of the human-readable bend
instructions on the work piece or on the at least one
piece.

[0210] 11. The method according to any one clauses
1-5, wherein the generating comprises generating data
representative of the second printing routine to cause
the printer to print the computer-readable bend instruc-
tions on the work piece or on the at least one piece, the
method further comprising directing, by the fabrication
desktop application, the printer to print, according to
the data representative of the second printing routine,
the computer-readable bend instructions at one or more
predetermined locations on the work piece or on the at
least one piece as at least one of a quick response (QR)
code graphic and a bar code graphic.

[0211] 12. The method (500) according to clause 11,
wherein the generating further comprises generating
the data representative of the second printing routine to
cause the printer to print the computer-readable bend
instructions including a rotational direction-indicating
graphic or symbol on the work piece or on the at least
one piece proximate to the at least one of the QR code
graphic and the bar code graphic, and wherein the
directing comprises directing the printer to print,
according to the data representative of the second
printing routine, the rotational direction-indicating
graphic or symbol on the work piece or on the at least
one piece proximate to the at least one of the QR code
graphic and the bar code graphic.
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[0212] 13. The method (500) according to clause 12,
wherein the rotational direction-indicating graphic or
symbol is an Allied chevron.

[0213] 14. The method according to any one of clauses
11-13, wherein the bending machine is a computerized
numerical control (CNC)-type bending machine
including, or associated with, a CNC bending machine
control application running on a CNC bending machine
workstation computing device and configured to con-
trol operation of the CNC-type bending machine, the
method further comprising:

[0214] establishing, by another instance of the fabri-
cation desktop application running on the CNC
bending machine workstation computing device, and
via a communication interface of the CNC bending
machine workstation computing device, data com-
munication with at least one of a QR code reader
device and a bar code reader device operable by a
user of the CNC-type bending machine to scan the at
least one of the QR code graphic and the bar code
graphic;

[0215] receiving, by the another instance of the fab-
rication desktop application and from the at least one
of'the QR code reader device and the bar code reader
device, and via the communications interface of the
CNC bending machine workstation computer
device, the data representative of the X,y,z positional
information for bending the at least one piece; and

[0216] providing, by the fabrication desktop applica-
tion, the data representative of the x,y,z positional
information to the CNC bending machine control
application for use thereby to direct the CNC-type
bending machine to bend the at least one piece at
least once according to the x,y,z positional informa-
tion.

[0217] 15. The method according to clause 14 further
comprising establishing, by the fabrication center
application, and via the fabrication center connector
websocket, data communication with the another
instance of the fabrication desktop application.

[0218] 16. The method according to clause 15, wherein
establishing data communication with the another
instance of the fabrication desktop application com-
prises causing, at least in part by the another instance
of the fabrication desktop application or the fabrication
center application, a network communication connec-
tion between respective communication interfaces of
the cloud computing device and the CNC bending
machine workstation computing device to be estab-
lished further via the Internet to enable transmission
and receipt of signals encoding data generated for use
in the method by the another instance of the fabrication
desktop application or the fabrication center applica-
tion.

17. The method according to any one of clauses
11-16, wherein the directing comprises transmitting, by
the fabrication desktop application, and via the com-
munication interface of the cutting machine worksta-
tion computing device, the data representative of the
second printing routine to the printer to facilitate the
printing by the printer of the at least one of the QR code
graphic and the bar code graphic on the work piece or
on the at least one piece.
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[0220] 18. The method according to any one of clauses
11-17, further comprising causing, at least in part by the
fabrication center application, data representative of at
least a portion of program instruction code for opera-
tion of the another instance of the fabrication desktop
application to be stored in a memory storage device of
the CNC bending machine workstation computing
device accessible by at least one of the another fabri-
cation desktop application and the fabrication center
application.

[0221] 19. The method according to any one of clauses
11-18, wherein CNC bending machine workstation
computing device is positioned remotely with respect
to the cloud computing device.

[0222] 20. The method according to any one of clauses
11-19, wherein CNC bending machine workstation
computing device is positioned remotely with respect
to the cutting machine workstation computing device.

[0223] 21. The method according to any one of clauses
1-20, wherein the cutting machine workstation com-
puting device is positioned remotely with respect to the
cloud computing device.

[0224] 22. The method according to any one of clauses
1-21, wherein establishing data communication with
the fabrication desktop application comprises causing,
at least in part by the fabrication desktop application or
the fabrication center application, a network commu-
nication connection between respective communica-
tion interfaces of the cloud computing device and the
cutting machine workstation computing device to be
established further via the Internet to enable transmis-
sion and receipt of signals encoding data generated for
use in the method by the fabrication desktop applica-
tion or by the fabrication center application.

[0225] 23. The method according to any one of clauses
1-22, wherein at least one of a length, a diameter, and
a width of the work piece has a value sufficient to
enable the work piece to be bent using the bending
machine.

[0226] 24. The method according to any one of clauses
5-23, wherein at least one of a length, a diameter, and
a width of the work piece has a value sufficient to
enable the work piece to be cut using the cutting
machine having the linear positioner.

[0227] 25. The method according to any one of clauses
1-24, wherein the work piece has an outer diameter, an
inner diameter, or a width having a value ranging from
greater than zero inches to up to 3.5 inches.

[0228] 26. The method according to any one of clauses
1-25, wherein the work piece is or includes a one-piece
elongate object that is formed of a material that is
cuttable by the cutting machine and that is bendable by
the bending machine.

[0229] 27. The method according to clause 26, wherein
the work piece is an electrical conduit.

[0230] 28. The method according to clause 26, wherein
the work piece is a rod.

[0231] 29. The method according to clause 26, wherein
the work piece is a bar.

[0232] 30. The method according to clause 27, wherein
the work piece is a pipe.

[0233] 31. The method according to clause 27, wherein
the work piece is a strut.
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[0234] 32. The method according to clause 27, wherein
the work piece is a piece of UNISTRUT.

[0235] 33. The method according to clause 27, wherein
the work piece is a piece of lumber.

[0236] 34. A system for facilitating operation of two or
more fabrication machines using digitally stored part or
assembly information of a three-dimensional (3D)
modeling application, the system comprising a cloud
computing device including at least one processor
operably coupled to: a communications interface, and a
memory storage device storing a fabrication center
application, wherein the at least one processor is con-
figured to:

[0237] direct, using the fabrication center applica-
tion, the communications interface of the cloud
computing device to establish, via a fabrication
center connector websocket, data communication
with a fabrication desktop application associated
with a cutting machine control application running
on a cutting machine workstation computing device
and configured to control operation of a cutting
machine;

[0238] generate, using the fabrication center applica-
tion, and based at least in part on data representative
of'a 3D model of a to-be fabricated part or assembly,
data representative of:

[0239] an enhanced cut list usable by the cutting
machine control application to direct the cutting
machine to cut a work piece of the to-be-fabri-
cated part or assembly into at least two pieces;

[0240] an enhanced bend list including data rep-
resentative of X,y,z positional information for
bending, using a bending machine after the work
piece has been cut, at least one piece of the at least
two pieces at least once; and

[0241] at least one of:

[0242] a first printing routine to cause a printer
operably coupled to, or otherwise associated with,
the cutting machine to print human-readable bend
instructions including the x,y,z positional infor-
mation on the work piece or on the at least one
piece; and

[0243] a second printing routine to cause the
printer to print computer-readable bend instruc-
tions including the x,y,z positional information on
the work piece or on the at least one piece; and

[0244] direct, using the fabrication center applica-
tion, the communications interface of the cloud
computing device to transmit, via the fabrication
center connector websocket:

[0245] the data representative of the enhanced cut
list to the fabrication desktop application to enable
use of the data representative of the enhanced cut
list by the cutting machine control application to
direct the cutting machine to cut the work piece;
and

[0246] the data representative of the at least one of
the first printing routine and the second printing
routine to at least one of the fabrication desktop
application and the printer to enable use by the at
least one of the fabrication desktop application
and the printer to direct a printer head of the
printer to print the at least one of the human-
readable bend instructions and the computer-read-
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able bend instructions on one or more locations on
the work piece or on the at least one piece.
[0247] 35. The system according to clause 34, wherein
the at least one processor is further configured to cause,
at least in part using the fabrication center application,
data representative of at least a portion of program
instruction code for operation of the fabrication desktop
application to be stored in a memory storage device of
the cutting machine workstation computing device
accessible by at least one of: the fabrication desktop
application, and the fabrication center application.
[0248] 36. The system according to clause 34 or clause
35, wherein the at least one processor is further con-
figured to direct, at least in part using the fabrication
center application, a communication interface of the
cutting machine workstation computing device to
establish data communication between the fabrication
desktop application and the printer communicably
coupled to the cutting machine workstation computing
device.
[0249] 37. The system according to any one of clauses
34-36, wherein the at least one processor is further
configured to first determine, at least in part using at
least one of the fabrication center application and the
fabrication desktop application, and based at least in
part on the data representative of the enhanced bend
list, at least one location on the work piece or on the at
least one piece for the printer to print the at least one of
the human-readable bend instructions and the com-
puter-readable bend instructions.
[0250] 38. The system according to clause 37 further
comprising the fabrication desktop application commu-
nicably coupled to the fabrication center application via
the fabrication center connector websocket, wherein
the fabrication desktop application is configured to
receive, during a cutting process performed by the
cutting machine, data representative of a linear position
of the work piece with respect to a cutting means of the
cutting machine, and wherein at least one of the fab-
rication desktop application and the at least one pro-
cessor is further configured to, in response to receipt of
the data representative of a linear position of the work
piece by the fabrication desktop application:

[0251] second determine, based at least in part on the
data representative of the linear position of the work
piece, that the at least one location on the work piece
or on the at least one piece is at, or proximate to, a
position of the printer head of the printer; and

[0252] inresponse to it being second determined that
the at least one location on the work piece or on the
at least one piece is at, or proximate to, a position of
the printer head, cause a linear positioner of or, or
associated with, the cutting machine, to pause move-
ment of the work piece to enable the printer to print
the at least one of the human-readable bend instruc-
tions and the computer-readable bend instructions at,
or proximate to, the at least one location on the work
piece or on the at least one piece.

[0253] 39. The system according to any one of clauses

34-38, wherein to generate the enhanced cut list, the

enhanced bend list, and the at least one of the first

printing routine and the second printing routine, the at
least one processor is further configured to generate
data representative of the first printing routine to cause

30

[0254]

[0255]

[0256]

[0257]

[0258]

Feb. 8, 2024

the printer to print the human-readable bend instruc-
tions on the work piece or on the at least one piece, and
wherein the at least one processor is further configured
to direct, at least in part using at least one of the
fabrication center application and the fabrication desk-
top application, the printer to print, according to the
data representative of the first printing routine, the
human-readable bend instructions at one or more pre-
determined locations on the work piece or on the at
least one piece.

40. The system according to clause 39, wherein
to generate the data representative of the first printing
routine to cause the printer to print the human-readable
bend instructions, the at least one processor is further
configured to generate the data representative of the
first printing routine to cause the printer to print the
human-readable bend instructions including a rota-
tional direction-indicating graphic or symbol on the
work piece or on the at least one piece proximate to the
human-readable bend instructions, and wherein to
direct the printer to print the human-readable bend
instructions at one or more predetermined locations on
the work piece or on the at least one piece, the at least
one processor is further configured to direct the printer
to print, according to the data representative of the first
printing routine, the rotational direction-indicating
graphic or symbol on the work piece or on the at least
one piece proximate to the human-readable bend
instructions.

41. The system according to clause 40, wherein
the rotational direction-indicating graphic or symbol is
an Allied chevron.

42. The system according to any one of clauses
39-41, wherein the bending machine is a traditional, at
least partially manually operated, bending machine,
and wherein the human-readable bend instructions
facilitate operation by a user of the traditional, at least
partially manually operated, bending machine to bend
the at least one piece according to the x,y,z positional
information.

43. The system according to any one of clauses
39-42, wherein to direct the printer to print the human-
readable bend instructions at one or more predeter-
mined locations on the work piece or on the at least one
piece, the at least one processor is further configured to
direct the communication interface of the cloud com-
puting device or the communication interface of the
cutting machine workstation computing device to
transmit the data representative of the first printing
routine to the printer to facilitate the printing by the
printer of the human-readable bend instructions on the
work piece or on the at least one piece.

44. The system according to any one clauses
34-38, wherein to generate the enhanced cut list, the
enhanced bend list, and the at least one of the first
printing routine and the second printing routine, the at
least one processor is further configured to generate
data representative of the second printing routine to
cause the printer to print the computer-readable bend
instructions on the work piece or on the at least one
piece, and wherein the at least one processor is further
configured to direct, at least in part using at least one of
the fabrication center application and the fabrication
desktop application, the printer to print, according to
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the data representative of the second printing routine,
the computer-readable bend instructions at one or more
predetermined locations on the work piece or on the at
least one piece as at least one of a quick response (QR)
code graphic and a bar code graphic.

[0259] 45. The system according to clause 44, wherein
to generate the data representative of the second print-
ing routine, the at least one processor is further con-
figured to generate the data representative of the second
printing routine to cause the printer to print the com-
puter-readable bend instructions including a rotational
direction-indicating graphic or symbol on the work
piece or on the at least one piece proximate to the at
least one of the QR code graphic and the bar code
graphic, and wherein to direct the printer to print the
computer-readable bend instructions as at least one of
a QR code graphic and a bar code graphic, the at least
one processor is further configured to direct the printer
to print, according to the data representative of the
second printing routine, the rotational direction-indi-
cating graphic or symbol on the work piece or on the at
least one piece proximate to the at least one of the QR
code graphic and the bar code graphic.

[0260] 46. The system according to clause 45, wherein
the rotational direction-indicating graphic or symbol is
an Allied chevron.

[0261] 47. The system according to any one of clauses
44-46, wherein the bending machine is a computerized
numerical control (CNC)-type bending machine
including, or associated with, a CNC bending machine
control application running on a CNC bending machine
workstation computing device and configured to con-
trol operation of the CNC-type bending machine, and
wherein:

[0262] the at least one processor is further configured
to direct, at least in part using at least one of the
fabrication center application and another instance of
the fabrication desktop application running on the
CNC bending machine workstation computing
device, a communication interface of the CNC bend-
ing machine workstation computing device to estab-
lish data communication with at least one of a QR
code reader device and a bar code reader device
operable by a user of the CNC-type bending machine
to scan the at least one of the QR code graphic and
the bar code graphic; and

[0263] the another instance of the fabrication desktop
application is configured to:

[0264] receive, from the at least one of the QR
code reader device and the bar code reader device,
and via the communications interface of the CNC
bending machine workstation computer device,
the data representative of the x,y,z positional
information for bending the at least one piece; and

[0265] provide the data representative of the x,y,z
positional information to the CNC bending
machine control application for use thereby to
direct the CNC-type bending machine to bend the
at least one piece at least once according to the
X,y,Z positional information.

[0266] 48. The system according to clause 47, wherein
the at least one processor is further configured to direct
the fabrication center application to establish, via the
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fabrication center connector websocket, data commu-
nication with the another instance of the fabrication
desktop application.

[0267] 49. The system according to clause 48, wherein
to direct the fabrication center application to establish
data communication with the another instance of the
fabrication desktop application, the at least one proces-
sor is further configured to cause, at least in part using
the another instance of the fabrication desktop appli-
cation or the fabrication center application, a network
communication connection between the communica-
tion interface of the cloud computing device and the
communication interface of the CNC bending machine
workstation computing device to be established further
via the Internet to enable transmission and receipt of
signals encoding data generated by the another instance
of the fabrication desktop application or the fabrication
center application.

[0268] 50. The system according to any one of clauses
44-49, wherein to direct the printer to print the com-
puter-readable instructions at one or more predeter-
mined locations on the work piece or on the at least one
piece as at least one of a quick response (QR) code
graphic and a bar code graphic, the at least one pro-
cessor is further configured to direct, using at least in
part at least one of the fabrication center application
and the fabrication desktop application, the communi-
cation interface of the cutting machine workstation
computing device to transmit the data representative of
the second printing routine to the printer to facilitate the
printing by the printer of the at least one of the QR code
graphic and the bar code graphic on the work piece or
on the at least one piece.

[0269] 51. The system according to any one of clauses
44-50, wherein the at least one processor is further
configured to cause, using at least in part the fabrication
center application, data representative of at least a
portion of program instruction code for operation of the
another instance of the fabrication desktop application
to be stored in a memory storage device of the CNC
bending machine workstation computing device acces-
sible by at least one of the another fabrication desktop
application and the fabrication center application.

[0270] 52. The system according to any one of clauses
44-51, wherein CNC bending machine workstation
computing device is positioned remotely with respect
to the cloud computing device.

[0271] 53. The system according to any one of clauses
44-52, wherein CNC bending machine workstation
computing device is positioned remotely with respect
to the cutting machine workstation computing device.

[0272] 54. The system according to any one of clauses
34-53, wherein the cutting machine workstation com-
puting device is positioned remotely with respect to the
cloud computing device.

[0273] 55. The system according to any one of clauses
34-54, wherein to direct the communications interface
of the cloud computing device to establish data com-
munication with the fabrication desktop application,
the at least one processor is further configured to cause,
at least in part using the fabrication desktop application
or the fabrication center application, a network com-
munication connection between the communication
interface of the cloud computing device and the com-
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munication interface of the cutting machine worksta-

tion computing device to be established further via the

Internet to enable transmission and receipt of signals

encoding data generated for use in the method by the

fabrication desktop application or by the fabrication
center application.

[0274] 56. The system according to any one of clauses
34-55, wherein at least one of a length, a diameter, and
a width of the work piece has a value sufficient to
enable the work piece to be bent using the bending
machine.

[0275] 57. The system according to any one of clauses
38-56, wherein at least one of a length, a diameter, and
a width of the work piece has a value sufficient to
enable the work piece to be cut using the cutting
machine having the linear positioner.

[0276] 58. The system according to any one of clauses
34-57, wherein the work piece has an outer diameter, an
inner diameter, or a width having a value ranging from
greater than zero inches to up to 3.5 inches.

[0277] 59. The system according to any one of clauses
34-58, wherein the work piece is or includes a one-
piece elongate object that is formed of a material that
is cuttable by the cutting machine and that is bendable
by the bending machine.

[0278] 60. The system according to clause 59, wherein
the work piece is an electrical conduit.

[0279] 61. The system according to clause 59, wherein
the work piece is a rod or a bar.

[0280] 62. The system according to clause 59, wherein
the work piece is a pipe.

[0281] 63. The system according to clause 59, wherein
the work piece is a strut.

[0282] 64. The system according to clause 59, wherein
the work piece is a piece of UNISTRUT.

[0283] 65. The system according to clause 59, wherein
the work piece is a piece of lumber.

[0284] 66. The system according to clause 59, wherein
the work piece is rebar.

[0285] 67. The system according to any one of clauses
34-65, further comprising the printer.

[0286] 68. One or more non-transitory computer read-
able media having stored thereon program instructions
which, when executed by one or more processors of a
system to facilitate operation of two or more fabrication
machines using digitally stored part or assembly infor-
mation of a three-dimensional (3D) modeling applica-
tion, cause the system to:

[0287] direct, using a fabrication center application
stored in memory of a cloud computing device, a
communications interface of the cloud computing
device to establish, via a fabrication center connector
websocket, data communication with a fabrication
desktop application associated with a cutting
machine control application running on a cutting
machine workstation computing device and config-
ured to control operation of a cutting machine;

[0288] generate, using the fabrication center applica-
tion, and based at least in part on data representative
of'a 3D model of a to-be fabricated part or assembly,
data representative of:

[0289] an enhanced cut list usable by the cutting
machine control application to direct the cutting
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machine to cut a work piece of the to-be-fabricated part
or assembly into at least two pieces;

[0290] an enhanced bend list including data represen-

tative of X,y,z positional information for bending, using
a bending machine after the work piece has been cut, at
least one piece of the at least two pieces at least once;
and

[0291] at least one of:

[0292] a first printing routine to cause a printer
operably coupled to, or otherwise associated with,
the cutting machine to print human-readable bend
instructions including the x,y,z positional infor-
mation on the work piece or on the at least one
piece; and

[0293] a second printing routine to cause the
printer to print computer-readable bend instruc-
tions including the x,y,z positional information on
the work piece or on the at least one piece; and

[0294] direct, using the fabrication center applica-
tion, the communications interface of the cloud
computing device to transmit, via the fabrication
center connector websocket:

[0295] the data representative of the enhanced
cut list to the fabrication desktop application to
enable use of the data representative of the
enhanced cut list by the cutting machine control
application to direct the cutting machine to cut
the work piece; and

[0296] the data representative of the at least one
of the first printing routine and the second
printing routine to at least one of the fabrication
desktop application and the printer to enable use
by the at least one of the fabrication desktop
application and the printer to direct a printer
head of the printer to print the at least one of the
human-readable bend instructions and the com-
puter-readable bend instructions on one or more
locations on the work piece or on the at least
one piece.

[0297] 69. The one or more non-transitory computer

readable media according to clause 68, wherein when
executed by the one or more processors, the program
instructions further cause the system to cause, at least
in part using the fabrication center application, data
representative of at least a portion of program instruc-
tion code for operation of the fabrication desktop
application to be stored in a memory storage device of
the cutting machine workstation computing device
accessible by at least one of: the fabrication desktop
application, and the fabrication center application.

[0298] 70. The one or more non-transitory computer

readable media according to clause 68 or clause 69,
wherein when executed by the one or more processors,
the program instructions further cause the system to
direct, at least in part using the fabrication center
application, a communication interface of the cutting
machine workstation computing device to establish
data communication between the fabrication desktop
application and the printer communicably coupled to
the cutting machine workstation computing device.

[0299] 71. The one or more non-transitory computer

readable media according to any one of clauses 68-70,
wherein when executed by the one or more processors,
the program instruction further cause the system to first
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determine, at least in part using at least one of the
fabrication center application and the fabrication desk-
top application, and based at least in part on the data
representative of the enhanced bend list, at least one
location on the work piece or on the at least one piece
for the printer to print the at least one of the human-
readable bend instructions and the computer-readable
bend instructions.
[0300] 72. The one or more non-transitory computer
readable media according to clause 71, the system
comprising the fabrication desktop application commu-
nicably coupled to the fabrication center application via
the fabrication center connector websocket, wherein
the fabrication desktop application is configured to
receive, during a cutting process performed by the
cutting machine, data representative of a linear position
of the work piece with respect to a cutting means of the
cutting machine, and wherein when executed by the
one or more processors, the program instructions fur-
ther cause the system to, in response to receipt of the
data representative of a linear position of the work
piece by the fabrication desktop application:

[0301] second determine, based at least in part on the
data representative of the linear position of the work
piece, that the at least one location on the work piece
or on the at least one piece is at, or proximate to, a
position of the printer head of the printer; and

[0302] inresponse to it being second determined that
the at least one location on the work piece or on the
at least one piece is at, or proximate to, a position of
the printer head, cause a linear positioner of or, or
associated with, the cutting machine, to pause move-
ment of the work piece to enable the printer to print
the at least one of the human-readable bend instruc-
tions and the computer-readable bend instructions at,
or proximate to, the at least one location on the work
piece or on the at least one piece.

[0303] 73. The one or more non-transitory computer
readable media according to any one of clauses 68-72,
wherein when executed by the one or more processors
to generate the enhanced cut list, the enhanced bend
list, and the at least one of the first printing routine and
the second printing routine, the program instructions
further cause the system to generate data representative
of the first printing routine to cause the printer to print
the human-readable bend instructions on the work
piece or on the at least one piece, and wherein when
executed by the one or more processors, the program
instructions further cause the system to direct, at least
in part using at least one of the fabrication center
application and the fabrication desktop application, the
printer to print, according to the data representative of
the first printing routine, the human-readable bend
instructions at one or more predetermined locations on
the work piece or on the at least one piece.

[0304] 74. The one or more non-transitory computer

readable media according to clause 73, wherein when

executed by the one or more processors to generate the
data representative of the first printing routine to cause
the printer to print the human-readable bend instruc-
tions, the program instructions further cause the system
to generate the data representative of the first printing
routine to cause the printer to print the human-readable
bend instructions including a rotational direction-indi-
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cating graphic or symbol on the work piece or on the at
least one piece proximate to the human-readable bend
instructions, and wherein when executed by the one or
more processors to direct the printer to print the human-
readable bend instructions at one or more predeter-
mined locations on the work piece or on the at least one
piece, the program instructions further cause the system
to direct the printer to print, according to the data
representative of the first printing routine, the rotational
direction-indicating graphic or symbol on the work
piece or on the at least one piece proximate to the
human-readable bend instructions.

[0305] 75. The one or more non-transitory computer
readable media according to clause 74, wherein the
rotational direction-indicating graphic or symbol is an
Allied chevron.

[0306] 76. The one or more non-transitory computer
readable media according to any one of clauses 73-75,
wherein the bending machine is a traditional, at least
partially manually operated, bending machine, and
wherein the human-readable bend instructions facilitate
operation by a user of the traditional, at least partially
manually operated, bending machine to bend the at
least one piece according to the X,y,z positional infor-
mation.

[0307] 77. The one or more non-transitory computer
readable media according to any one of clauses 73-76,
wherein when executed by the one or more processors
to direct the printer to print the human-readable bend
instructions at one or more predetermined locations on
the work piece or on the at least one piece, the program
instructions further cause the system to direct the
communication interface of the cloud computing
device or the communication interface of the cutting
machine workstation computing device to transmit the
data representative of the first printing routine to the
printer to facilitate the printing by the printer of the
human-readable bend instructions on the work piece or
on the at least one piece.

[0308] 78. The one or more non-transitory computer
readable media according to any one clauses 68-72,
wherein when executed by the one or more processors
to generate the enhanced cut list, the enhanced bend
list, and the at least one of the first printing routine and
the second printing routine, the program instructions
further cause the system to generate data representative
of the second printing routine to cause the printer to
print the computer-readable bend instructions on the
work piece or on the at least one piece, and wherein
when executed by the one or more processors, the
program instructions further cause the system to direct,
at least in part using at least one of the fabrication
center application and the fabrication desktop applica-
tion, the printer to print, according to the data repre-
sentative of the second printing routine, the computer-
readable bend instructions at one or more
predetermined locations on the work piece or on the at
least one piece as at least one of a quick response (QR)
code graphic and a bar code graphic.

[0309] 79. The one or more non-transitory computer
readable media according to clause 78, wherein when
executed by the one or more processors to generate the
data representative of the second printing routine, the
program instructions further cause the system to gen-
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erate the data representative of the second printing
routine to cause the printer to print the computer-
readable bend instructions including a rotational direc-
tion-indicating graphic or symbol on the work piece or
on the at least one piece proximate to the at least one
of the QR code graphic and the bar code graphic, and
wherein when executed by the one or more processors
to direct the printer to print the computer-readable bend
instructions as at least one of a QR code graphic and a
bar code graphic, the program instructions further
cause the system to direct the printer to print, according
to the data representative of the second printing routine,
the rotational direction-indicating graphic or symbol on
the work piece or on the at least one piece proximate to
the at least one of the QR code graphic and the bar code
graphic.

[0310] 80. The one or more non-transitory computer
readable media according to clause 79, wherein the
rotational direction-indicating graphic or symbol is an
Allied chevron.

[0311] 81. The one or more non-transitory computer
readable media according to any one of clauses 78-80,
wherein the bending machine is a computerized
numerical control (CNC)-type bending machine
including, or associated with, a CNC bending machine
control application running on a CNC bending machine
workstation computing device and configured to con-
trol operation of the CNC-type bending machine, and
wherein:

[0312] when executed by the one or more processors,
the program instructions further cause the system to
direct, at least in part using at least one of the
fabrication center application and another instance of
the fabrication desktop application running on the
CNC bending machine workstation computing
device, a communication interface of the CNC bend-
ing machine workstation computing device to estab-
lish data communication with at least one of a QR
code reader device and a bar code reader device
operable by a user of the CNC-type bending machine
to scan the at least one of the QR code graphic and
the bar code graphic; and

[0313] the another instance of the fabrication desktop
application is configured to:

[0314] receive, from the at least one of the QR
code reader device and the bar code reader device,
and via the communications interface of the CNC
bending machine workstation computer device,
the data representative of the x,y,z positional
information for bending the at least one piece; and

[0315] provide the data representative of the x,y,z
positional information to the CNC bending
machine control application for use thereby to
direct the CNC-type bending machine to bend the
at least one piece at least once according to the
X,y,Z positional information.

[0316] 82. The one or more non-transitory computer
readable media according to clause 81, wherein when
executed by the one or more processors, the program
instructions further cause the system to direct the
fabrication center application to establish, via the fab-
rication center connector websocket, data communica-
tion with the another instance of the fabrication desktop
application.
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[0317] 83. The one or more non-transitory computer
readable media according to clause 82, wherein when
executed by the one or more processors to direct the
fabrication center application to establish data commu-
nication with the another instance of the fabrication
desktop application, the program instructions further
cause the system to cause, at least in part using the
another instance of the fabrication desktop application
or the fabrication center application, a network com-
munication connection between the communication
interface of the cloud computing device and the com-
munication interface of the CNC bending machine
workstation computing device to be established further
via the Internet to enable transmission and receipt of
signals encoding data generated by the another instance
of the fabrication desktop application or the fabrication
center application.

[0318] 84. The one or more non-transitory computer
readable media according to any one of clauses 78-83,
wherein when executed by the one or more processors
to direct the printer to print the computer-readable
instructions at one or more predetermined locations on
the work piece or on the at least one piece as at least one
of a quick response (QR) code graphic and a bar code
graphic, the program instructions further cause the
system to direct, using at least in part at least one of the
fabrication center application and the fabrication desk-
top application, the communication interface of the
cutting machine workstation computing device to
transmit the data representative of the second printing
routine to the printer to facilitate the printing by the
printer of the at least one of the QR code graphic and
the bar code graphic on the work piece or on the at least
one piece.

[0319] 85. The one or more non-transitory computer
readable media according to any one of clauses 78-84,
wherein when executed by the one or more processors,
the program instructions further cause the system to
cause, using at least in part the fabrication center
application, data representative of at least a portion of
program instruction code for operation of the another
instance of the fabrication desktop application to be
stored in a memory storage device of the CNC bending
machine workstation computing device accessible by at
least one of the another fabrication desktop application
and the fabrication center application.

[0320] 86. The one or more non-transitory computer
readable media according to any one of clauses 78-85,
wherein CNC bending machine workstation computing
device is positioned remotely with respect to the cloud
computing device.

[0321] 87. The one or more non-transitory computer
readable media according to any one of clauses 78-86,
wherein CNC bending machine workstation computing
device is positioned remotely with respect to the cutting
machine workstation computing device.

[0322] 88. The one or more non-transitory computer
readable media according to any one of clauses 68-87,
wherein the cutting machine workstation computing
device is positioned remotely with respect to the cloud
computing device.

[0323] 89. The one or more non-transitory computer
readable media according to any one of clauses 68-88,
wherein when executed by the one or more processors
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to direct the communications interface of the cloud
computing device to establish data communication
with the fabrication desktop application, the program
instructions further cause the system to cause, at least
in part using the fabrication desktop application or the
fabrication center application, a network communica-
tion connection between the communication interface
of the cloud computing device and the communication
interface of the cutting machine workstation computing
device to be established further via the Internet to
enable transmission and receipt of signals encoding
data generated for use in the method by the fabrication
desktop application or by the fabrication center appli-
cation.

[0324] 90. The one or more non-transitory computer
readable media according to any one of clauses 68-89,
wherein at least one of a length, a diameter, and a width
of the work piece has a value sufficient to enable the
work piece to be bent using the bending machine.

[0325] 91. The one or more non-transitory computer
readable media according to any one of clauses 72-90,
wherein at least one of a length, a diameter, and a width
of the work piece has a value sufficient to enable the
work piece to be cut using the cutting machine having
the linear positioner.

[0326] 92. The one or more non-transitory computer
readable media according to any one of clauses 68-91,
wherein the work piece has an outer diameter, an inner
diameter, or a width having a value ranging from
greater than zero inches to up to 3.5 inches.

[0327] 93. The one or more non-transitory computer
readable media according to any one of clauses 68-92,
wherein the work piece is or includes a one-piece
elongate object that is formed of a material that is
cuttable by the cutting machine and that is bendable by
the bending machine.

[0328] 94. The one or more non-transitory computer
readable media according to clause 93, wherein the
work piece is an electrical conduit.

[0329] 95. The one or more non-transitory computer
readable media according to clause 93, wherein the
work piece is a rod or a bar.

[0330] 96. The one or more non-transitory computer
readable media according to clause 93, wherein the
work piece is a pipe.

[0331] 97. The one or more non-transitory computer
readable media according to clause 93, wherein the
work piece is a strut.

[0332] 98. The one or more non-transitory computer
readable media according to clause 93, wherein the
work piece is a piece of UNISTRUT.

[0333] 99. The one or more non-transitory computer
readable media according to clause 93, wherein the
work piece is a piece of lumber.

[0334] 100. The one or more non-transitory computer
readable media according to clause 93, wherein the
work piece is rebar.

[0335] 101. The one or more non-transitory computer
readable media according to any one of clauses 68-100,
wherein the system further comprises the printer.

[0336] 102. The one or more non-transitory computer
readable media according to any one of clauses 68-101,
wherein the system is, or includes, the system of any
one of clauses 34-67.

Feb. 8, 2024

[0337] 103. A computer program product including the
one or more non-transitory computer readable media of
any one of claims 68-102.

[0338] 104. A method executed on at least one comput-
ing device to facilitate operation of a fabrication
machine using digitally stored part or assembly infor-
mation of a three-dimensional (3D) modeling applica-
tion, the method comprising:

[0339] establishing, by a fabrication center applica-
tion running on a cloud computing device, and via a
fabrication center connector websocket, data com-
munication with a fabrication desktop application
associated with a cutting machine control application
running on a cutting machine workstation computing
device and configured to control operation of a
cutting machine;

[0340] generating, by the fabrication center applica-
tion, and based at least in part on data representative
of'a 3D model of a to-be-fabricated part or assembly,
data representative of:

[0341] an enhanced cut list usable by the cutting
machine control application to direct the cutting
machine to cut a strut work piece of the to-be-
fabricated part or assembly into at least two
pieces; and

[0342] a printing routine to cause a printer oper-
ably coupled to, or otherwise associated with, the
cutting machine to print human-readable assembly
instructions on the strut workpiece or on at least
one piece of the at least two pieces of the strut
workpiece, wherein the human-readable assembly
instructions include:

[0343] markings or graphics indicating one or
more positions on the at least one piece for
installing at least one rod; and

[0344] a rod length for each rod of the at least
one rod; and

[0345] transmitting, by the fabrication center appli-
cation, and via the fabrication center connector web-
socket:

[0346] the data representative of the enhanced cut
list to the fabrication desktop application to enable
use of the data representative of the enhanced cut
list by the cutting machine control application to
direct the cutting machine to cut the strut work
piece; and

[0347] the data representative of the printing routine to
at least one of the fabrication desktop application and
the printer to enable use by the at least one of the
fabrication desktop application and the printer to direct
a printer head of the printer to print the human-readable
assembly instructions on one or more locations on the
strut work piece or on the at least one piece.

[0348] 105. The method according to clause 104,
wherein the human-readable bend instructions further
include markings or graphics indicating one or more
positions on the at least one piece for installing at least
one conduit or pipe.

[0349] 106. The method according to clause 104 or
clause 105, wherein the strut work piece is a piece of
UNISTRUT.

[0350] 107. A system for facilitating operation of a
fabrication machine using digitally stored part or
assembly information of a three-dimensional (3D)
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modeling application, the system comprising a cloud

computing device including at least one processor

operably coupled to: a communications interface, and a

memory storage device storing a fabrication center

application, wherein the at least one processor is con-
figured to:

[0351] direct, using the fabrication center applica-
tion, the communications interface of the cloud
computing device to establish, via a fabrication
center connector websocket, data communication
with a fabrication desktop application associated
with a cutting machine control application running
on a cutting machine workstation computing device
and configured to control operation of a cutting
machine;

[0352] generate, using the fabrication center applica-
tion, and based at least in part on data representative
of'a 3D model of a to-be fabricated part or assembly,
data representative of:

[0353] an enhanced cut list usable by the cutting
machine control application to direct the cutting
machine to cut a strut work piece of the to-be-
fabricated part or assembly into at least two
pieces; and

[0354] a printing routine to cause a printer oper-
ably coupled to, or otherwise associated with, the
cutting machine to print human-readable assembly
instructions on the strut work piece or on at least
one piece of the at least two pieces of the strut
work piece, wherein the human-readable assem-
bly instructions include:

[0355] markings or graphics indicating one or
more positions on the at least one piece for
installing at least one rod; and

[0356] a rod length for each rod of the at least
one rod; and

[0357] direct, using the fabrication center applica-
tion, the communications interface of the cloud
computing device to transmit, via the fabrication
center connector websocket:

[0358] the data representative of the enhanced cut
list to the fabrication desktop application to enable
use of the data representative of the enhanced cut
list by the cutting machine control application to
direct the cutting machine to cut the strut work
piece; and

[0359] the data representative of the at least one of
the printing routine to at least one of the fabrica-
tion desktop application and the printer to enable
use by the at least one of the fabrication desktop
application and the printer to direct a printer head
of the printer to print the human-readable assem-
bly instructions on one or more locations on the
strut work piece or on the at least one piece.

[0360] 108. The system according to clause 107,

wherein the human-readable bend instructions further

include markings or graphics indicating one or more
positions on the at least one piece for installing at least
one conduit or pipe.

[0361] 109. The system according to clause 107 or

clause 108, wherein the strut work piece is a piece of

UNISTRUT.

[0362] 110. One or more non-transitory computer read-

able media having stored thereon program instructions
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which, when executed by one or more processors of a

system to facilitate operation of a fabrication machine

using digitally stored part or assembly information of a

three-dimensional (3D) modeling application, cause

the system to:

[0363] direct, using a fabrication center application
stored in memory of a cloud computing device, a
communications interface of the cloud computing
device to establish, via a fabrication center connector
websocket, data communication with a fabrication
desktop application associated with a cutting
machine control application running on a cutting
machine workstation computing device and config-
ured to control operation of a cutting machine;

[0364] generate, using the fabrication center applica-
tion, and based at least in part on data representative
of'a 3D model of a to-be fabricated part or assembly,
data representative of:

[0365] an enhanced cut list usable by the cutting
machine control application to direct the cutting
machine to cut strut work piece of the to-be-
fabricated part or assembly into at least two
pieces; and

[0366] a printing routine to cause a printer oper-
ably coupled to, or otherwise associated with, the
cutting machine to print human-readable assembly
on the strut work piece or on at least one piece of
the at least two pieces of the strut work piece,
wherein the human-readable assembly instruc-
tions include:

[0367] markings or graphics indicating one or
more positions on the at least one piece for
installing at least one rod; and

[0368] a rod length for each rod of the at least
one rod; and

[0369] direct, using the fabrication center applica-
tion, the communications interface of the cloud
computing device to transmit, via the fabrication
center connector websocket:

[0370] the data representative of the enhanced cut
list to the fabrication desktop application to enable
use of the data representative of the enhanced cut
list by the cutting machine control application to
direct the cutting machine to cut the strut work
piece; and

[0371] the data representative of the printing rou-
tine to at least one of the fabrication desktop
application and the printer to enable use by the at
least one of the fabrication desktop application
and the printer to direct a printer head of the
printer to print the human-readable assembly
instructions on one or more locations on the strut
work piece or on the at least one piece.

111. The one or more non-transitory computer
readable media according to clause 110, wherein the
human-readable bend instructions further include
markings or graphics indicating one or more positions
on the at least one piece for installing at least one
conduit or pipe.

112. The one or more non-transitory computer

readable media according to clause 110 or clause 111,

wherein the strut work piece is a piece of UNISTRUT.

113. The one or more non-transitory computer

readable media according to any one of clauses 110-
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112, wherein the system is, or includes, the system of
any one of clauses 34-67 or the system of any one of
clauses 107-109.

[0375] 114. A computer program product including the
one or more non-transitory computer readable media of
any one of clauses 110-113.

CONCLUSION

[0376] Unless the context clearly requires otherwise,
throughout the description and the claims, the words “com-
prise,” “comprising,” and the like are to be construed in an
inclusive sense, as opposed to an exclusive or exhaustive
sense; that is to say, in the sense of “including, but not
limited to.” As wused herein, the terms ‘“connected,”
“coupled,” or any variant thereof, means any connection or
coupling, either direct or indirect, between two or more
elements; the coupling of connection between the elements
can be physical, logical, or a combination thereof. Addition-
ally, the words “herein,” “above,” “below,” and words of
similar import, when used in this application, shall refer to
this application as a whole and not to any particular portions
of this application. Where the context permits, words in the
above detailed description using the singular or plural num-
ber may also include the plural or singular number, respec-
tively. The word “or,” in reference to a list of two or more
items, covers all of the following interpretations of the word:
any of the items in the list, all of the items in the list, and any
combination of the items in the list.

[0377] The above detailed description of embodiments of
the disclosure is not intended to be exhaustive or to limit the
teachings to the precise form disclosed above. While specific
embodiments of, and examples for, the disclosure are
described above for illustrative purposes, various equivalent
modifications are possible within the scope of the disclosure,
as those skilled in the relevant art will recognize. For
example, while processes or blocks are presented in a given
order, alternative embodiments may perform routines hav-
ing steps, or employ systems having blocks, in a different
order, and some processes or blocks may be deleted, moved,
added, subdivided, combined, and/or modified to provide
alternative or subcombinations. Each of these processes or
blocks may be implemented in a variety of different ways.
Also, while processes or blocks are, at times, shown as being
performed in a series, these processes or blocks may instead
be performed in parallel, or may be performed at different
times. Further, any specific numbers noted herein are only
examples: alternative implementations may employ differ-
ing values or ranges.

[0378] The teachings of the disclosure provided herein can
be applied to other systems, not necessarily the system
described above. For instance, the present technology may
be beneficially applied by persons having ordinary skill in
the art in applications other than the specifically described
example embodiments where utilizing information of 3D
modeling software to facilitate downstream operations
including, but not necessarily limited to, using machine for
fabrication of parts and assemblies, with enhanced effi-
ciency, speed, safety and effectiveness may be advantageous
for users and other stakeholders. Likewise, the elements and
acts of the various embodiments described above can be
combined to provide further embodiments.

[0379] Any patents or patent applications and other refer-
ences noted above, including any that may be listed in
accompanying filing papers, are incorporated herein by
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reference. Aspects of the disclosure can be modified, if
necessary, to employ the systems, functions, and concepts of
the various references described above to provide yet further
embodiments of the disclosure.

[0380] These and other changes can be made to the
disclosure in light of the above detailed description. While
the above description describes certain embodiments of the
disclosure, and describes the best mode contemplated, no
matter how detailed the above appears in text, the teachings
can be practiced in many ways. Details of the system may
vary considerably in its implementation details, while still
being encompassed by the subject matter disclosed herein.
As noted above, particular terminology used when describ-
ing certain features or aspects of the disclosure should not be
taken to imply that the terminology is being redefined herein
to be restricted to any specific characteristics, features, or
aspects of the disclosure with which that terminology is
associated. In general, the terms used in the following claims
should not be construed to limit the disclosure to the specific
embodiments disclosed in the specification, unless the above
detailed description section explicitly defines such terms.
Accordingly, the actual scope of the disclosure encompasses
not only the disclosed embodiments, but also all equivalent
ways of practicing or implementing the disclosure under the
claims.

[0381] While certain aspects of the disclosure are pre-
sented below in certain claim forms, the inventors contem-
plate the various aspects of the disclosure in any number of
claim forms. For example, while only one aspect of the
disclosure is recited as a means-plus-function claim under
35 U.S.C. § 112(f), other aspects may likewise be embodied
as a means-plus-function claim, or in other forms, such as
being embodied in a computer-readable medium. (Any
claims intended to be treated under 35 U.S.C. § 112(f) will
begin with the words “means for”.) Accordingly, the appli-
cant reserves the right to add additional claims after filing
the application to pursue such additional claim forms for
other aspects of the disclosure.

[0382] The detailed description provided herein may be
applied to other systems, not necessarily only the system
described above. The elements and acts of the various
examples described above can be combined to provide
further implementations of the invention. Some alternative
implementations of the invention may include not only
additional elements to those implementations noted above,
but also may include fewer elements. These and other
changes can be made to the invention in light of the above
detailed description. While the above description defines
certain examples of the invention, and describes the best
mode contemplated, no matter how detailed the above
appears in text, the invention can be practiced in many ways.
Details of the system may vary considerably in its specific
implementation, while still being encompassed by the inven-
tion disclosed herein. As noted above, particular terminol-
ogy used when describing certain features or aspects of the
invention should not be taken to imply that the terminology
is being redefined herein to be restricted to any specific
characteristics, features, or aspects of the invention with
which that terminology is associated. In general, the terms
used in the following claims should not be construed to limit
the invention to the specific examples disclosed in the
specification, unless the above detailed description section
explicitly defines such terms. Accordingly, the actual scope
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of the invention encompasses not only the disclosed
examples, but also all equivalent ways of practicing or
implementing the invention.

[0383] The illustrations of the embodiments described
herein are intended to provide a general understanding of the
structure of the various embodiments. The illustrations are
not intended to serve as a complete description of all of the
elements and features of apparatus and systems that utilize
the structures or methods described herein. Many other
embodiments may be apparent to those of skill in the art
upon reviewing the disclosure. Other embodiments may be
utilized and derived from the disclosure, such that structural
and logical substitutions and changes may be made without
departing from the scope of the disclosure. Moreover,
although specific embodiments have been illustrated and
described herein, it should be appreciated that any subse-
quent arrangement designed to achieve the same or similar
purpose may be substituted for the specific embodiments
shown.

[0384] This disclosure is intended to cover any and all
subsequent adaptations or variations of various embodi-
ments. Combinations of the above embodiments can be
made, and other embodiments not specifically described
herein will be apparent to those of skill in the art upon
reviewing the description. Additionally, the illustrations are
merely representational and may not be drawn to scale.
Certain proportions within the illustrations may be exagger-
ated, while other proportions may be reduced. Accordingly,
the disclosure and the figures are to be regarded as illustra-
tive and not restrictive.

1-113. (canceled)

114. A method executed on at least one computing device
to facilitate operation of two or more fabrication machines
using digitally stored part or assembly information of a
three-dimensional (3D) modeling application, the method
comprising:

establishing, by a fabrication center application running

on a cloud computing device, and via a fabrication

center connector websocket, data communication with

a fabrication desktop application associated with a

cutting machine control application running on a cut-

ting machine workstation computing device and con-

figured to control operation of a cutting machine;

generating, by the fabrication center application, and

based at least in part on data representative of a 3D

model of a to-be-fabricated part or assembly, data

representative of:

an enhanced cut list usable by the cutting machine
control application to direct the cutting machine to
cut a work piece of the to-be-fabricated part or
assembly into at least two pieces; and

an enhanced bend list including data representative of
X,y,Z positional information for bending, using a
bending machine after the work piece has been cut,
at least one piece of the at least two pieces at least
once; and

at least one of:

a first printing routine to cause a printer operably
coupled to, or otherwise associated with, the cut-
ting machine to print human-readable bend
instructions including the x,y,z positional infor-
mation on the work piece or on the at least one
piece; and
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a second printing routine to cause the printer to print
computer-readable bend instructions including the
X,y,Z positional information on the work piece or
on the at least one piece; and

transmitting, by the fabrication center application, and via

the fabrication center connector websocket:

the data representative of the enhanced cut list to the
fabrication desktop application to enable use of the
data representative of the enhanced cut list by the
cutting machine control application to direct the
cutting machine to cut the work piece; and

the data representative of the at least one of the first
printing routine and the second printing routine to at
least one of the fabrication desktop application and
the printer to enable use by the at least one of the
fabrication desktop application and the printer to
direct a printer head of the printer to print the at least
one of the human-readable bend instructions and the
computer-readable bend instructions on one or more
locations on the work piece or on the at least one
piece.

115. The method according to claim 114, further com-
prising first determining, by at least one of the fabrication
center application and the fabrication desktop application,
and based at least in part on the data representative of the
enhanced bend list, at least one location on the work piece
or on the at least one piece for the printer to print the at least
one of the human-readable bend instructions and the com-
puter-readable bend instructions.

116. The method according to claim 115 further compris-
ing:

receiving, by the fabrication desktop application and

during a cutting process performed by the cutting
machine, data representative of a linear position of the
work piece with respect to a cutting means of the
cutting machine;

second determining, based at least in part on the data

representative of the linear position of the work piece,
that the at least one location on the work piece or on the
at least one piece is at, or proximate to, a position of the
printer head of the printer; and

in response to the second determining, causing a linear

positioner of or, or associated with, the cutting
machine, to pause movement of the work piece to
enable the printer to print the at least one of the
human-readable bend instructions and the computer-
readable bend instructions at, or proximate to, the at
least one location on the work piece or on the at least
one piece.

117. The method according to claim 114, wherein the
generating comprises generating data representative of the
first printing routine to cause the printer to print the human-
readable bend instructions on the work piece or on the at
least one piece, the method further comprising directing, by
the fabrication desktop application, the printer to print,
according to the data representative of the first printing
routine, the human-readable bend instructions at one or
more predetermined locations on the work piece or on the at
least one piece.

118. The method according to claim 117, wherein the
generating further comprises generating the data represen-
tative of the first printing routine to cause the printer to print
the human-readable bend instructions including a rotational
direction-indicating graphic or symbol on the work piece or
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on the at least one piece proximate to the human-readable
bend instructions, and wherein the directing comprises
directing the printer to print, according to the data repre-
sentative of the first printing routine, the rotational direction-
indicating graphic or symbol on the work piece or on the at
least one piece proximate to the human-readable bend
instructions.

119. The method according to claim 118, wherein the
directing comprises transmitting, by the fabrication desktop
application, and via the communication interface of the
cutting machine workstation computing device, the data
representative of the first printing routine to the printer to
facilitate the printing by the printer of the human-readable
bend instructions on the work piece or on the at least one
piece.

120. The method according to claim 114, wherein the
generating comprises generating data representative of the
second printing routine to cause the printer to print the
computer-readable bend instructions on the work piece or on
the at least one piece, the method further comprising direct-
ing, by the fabrication desktop application, the printer to
print, according to the data representative of the second
printing routine, the computer-readable bend instructions at
one or more predetermined locations on the work piece or on
the at least one piece as at least one of a quick response (QR)
code graphic and a bar code graphic.

121. The method according to claim 120, wherein the
generating further comprises generating the data represen-
tative of the second printing routine to cause the printer to
print the computer-readable bend instructions including a
rotational direction-indicating graphic or symbol on the
work piece or on the at least one piece proximate to the at
least one of the QR code graphic and the bar code graphic,
and wherein the directing comprises directing the printer to
print, according to the data representative of the second
printing routine, the rotational direction-indicating graphic
or symbol on the work piece or on the at least one piece
proximate to the at least one of the QR code graphic and the
bar code graphic.

122. The method according to claim 120, wherein the
bending machine is a computerized numerical control
(CNC)-type bending machine including, or associated with,
a CNC bending machine control application running on a
CNC bending machine workstation computing device and
configured to control operation of the CNC-type bending
machine, the method further comprising:

establishing, by another instance of the fabrication desk-

top application running on the CNC bending machine
workstation computing device, and via a communica-
tion interface of the CNC bending machine workstation
computing device, data communication with at least
one of a QR code reader device and a bar code reader
device operable by a user of the CNC-type bending
machine to scan the at least one of the QR code graphic
and the bar code graphic;

receiving, by the another instance of the fabrication

desktop application and from the at least one of the QR
code reader device and the bar code reader device, and
via the communications interface of the CNC bending
machine workstation computer device, the data repre-
sentative of the x,y,z positional information for bending
the at least one piece; and

providing, by the fabrication desktop application, the data

representative of the x,y,z positional information to the
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CNC bending machine control application for use
thereby to direct the CNC-type bending machine to
bend the at least one piece at least once according to the
X,y,Z positional information.

123. The method according to claim 120, wherein the
directing comprises transmitting, by the fabrication desktop
application, and via the communication interface of the
cutting machine workstation computing device, the data
representative of the second printing routine to the printer to
facilitate the printing by the printer of the at least one of the
QR code graphic and the bar code graphic on the work piece
or on the at least one piece.

124. A system for facilitating operation of two or more
fabrication machines using digitally stored part or assembly
information of a three-dimensional (3D) modeling applica-
tion, the system comprising a cloud computing device
including at least one processor operably coupled to: a
communications interface, and a memory storage device
storing a fabrication center application, wherein the at least
one processor is configured to:

direct, using the fabrication center application, the com-

munications interface of the cloud computing device to
establish, via a fabrication center connector websocket,
data communication with a fabrication desktop appli-
cation associated with a cutting machine control appli-
cation running on a cutting machine workstation com-
puting device and configured to control operation of a
cutting machine;

generate, using the fabrication center application, and

based at least in part on data representative of a 3D

model of a to-be fabricated part or assembly, data

representative of:

an enhanced cut list usable by the cutting machine
control application to direct the cutting machine to
cut a work piece of the to-be-fabricated part or
assembly into at least two pieces;

an enhanced bend list including data representative of

X,y,Z positional information for bending, using a

bending machine after the work piece has been cut,

at least one piece of the at least two pieces at least
once; and
at least one of:

a first printing routine to cause a printer operably
coupled to, or otherwise associated with, the cut-
ting machine to print human-readable bend
instructions including the x,y,z positional infor-
mation on the work piece or on the at least one
piece; and

a second printing routine to cause the printer to print
computer-readable bend instructions including the
X,y,Z positional information on the work piece or
on the at least one piece; and

direct, using the fabrication center application, the com-

munications interface of the cloud computing device to

transmit, via the fabrication center connector web-

socket:

the data representative of the enhanced cut list to the
fabrication desktop application to enable use of the
data representative of the enhanced cut list by the
cutting machine control application to direct the
cutting machine to cut the work piece; and

the data representative of the at least one of the first
printing routine and the second printing routine to at
least one of the fabrication desktop application and
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the printer to enable use by the at least one of the
fabrication desktop application and the printer to
direct a printer head of the printer to print the at least
one of the human-readable bend instructions and the
computer-readable bend instructions on one or more
locations on the work piece or on the at least one
piece.

125. The system according to claim 124, wherein the at
least one processor is further configured to first determine,
at least in part using at least one of the fabrication center
application and the fabrication desktop application, and
based at least in part on the data representative of the
enhanced bend list, at least one location on the work piece
or on the at least one piece for the printer to print the at least
one of the human-readable bend instructions and the com-
puter-readable bend instructions.

126. The system according to claim 125 further compris-
ing the fabrication desktop application communicably
coupled to the fabrication center application via the fabri-
cation center connector websocket, wherein the fabrication
desktop application is configured to receive, during a cutting
process performed by the cutting machine, data representa-
tive of a linear position of the work piece with respect to a
cutting means of the cutting machine, and wherein at least
one of the fabrication desktop application and the at least
one processor is further configured to, in response to receipt
of the data representative of a linear position of the work
piece by the fabrication desktop application:

second determine, based at least in part on the data

representative of the linear position of the work piece,
that the at least one location on the work piece or on the
at least one piece is at, or proximate to, a position of the
printer head of the printer; and

in response to it being second determined that the at least

one location on the work piece or on the at least one
piece is at, or proximate to, a position of the printer
head, cause a linear positioner of or, or associated with,
the cutting machine, to pause movement of the work
piece to enable the printer to print the at least one of the
human-readable bend instructions and the computer-
readable bend instructions at, or proximate to, the at
least one location on the work piece or on the at least
one piece.

127. The system according to claim 124, wherein to
generate the enhanced cut list, the enhanced bend list, and
the at least one of the first printing routine and the second
printing routine, the at least one processor is further con-
figured to generate data representative of the first printing
routine to cause the printer to print the human-readable bend
instructions on the work piece or on the at least one piece,
and wherein the at least one processor is further configured
to direct, at least in part using at least one of the fabrication
center application and the fabrication desktop application,
the printer to print, according to the data representative of
the first printing routine, the human-readable bend instruc-
tions at one or more predetermined locations on the work
piece or on the at least one piece.

128. The system according to claim 127, wherein to
generate the data representative of the first printing routine
to cause the printer to print the human-readable bend
instructions, the at least one processor is further configured
to generate the data representative of the first printing
routine to cause the printer to print the human-readable bend
instructions including a rotational direction-indicating
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graphic or symbol on the work piece or on the at least one
piece proximate to the human-readable bend instructions,
and wherein to direct the printer to print the human-readable
bend instructions at one or more predetermined locations on
the work piece or on the at least one piece, the at least one
processor is further configured to direct the printer to print,
according to the data representative of the first printing
routine, the rotational direction-indicating graphic or symbol
on the work piece or on the at least one piece proximate to
the human-readable bend instructions.

129. The system according to claim 127, wherein to direct
the printer to print the human-readable bend instructions at
one or more predetermined locations on the work piece or on
the at least one piece, the at least one processor is further
configured to direct the communication interface of the
cloud computing device or the communication interface of
the cutting machine workstation computing device to trans-
mit the data representative of the first printing routine to the
printer to facilitate the printing by the printer of the human-
readable bend instructions on the work piece or on the at
least one piece.

130. The system according to claim 124, wherein to
generate the enhanced cut list, the enhanced bend list, and
the at least one of the first printing routine and the second
printing routine, the at least one processor is further con-
figured to generate data representative of the second printing
routine to cause the printer to print the computer-readable
bend instructions on the work piece or on the at least one
piece, and wherein the at least one processor is further
configured to direct, at least in part using at least one of the
fabrication center application and the fabrication desktop
application, the printer to print, according to the data rep-
resentative of the second printing routine, the computer-
readable bend instructions at one or more predetermined
locations on the work piece or on the at least one piece as at
least one of a quick response (QR) code graphic and a bar
code graphic.

131. The system according to claim 130, wherein to
generate the data representative of the second printing
routine, the at least one processor is further configured to
generate the data representative of the second printing
routine to cause the printer to print the computer-readable
bend instructions including a rotational direction-indicating
graphic or symbol on the work piece or on the at least one
piece proximate to the at least one of the QR code graphic
and the bar code graphic, and wherein to direct the printer
to print the computer-readable bend instructions as at least
one of a QR code graphic and a bar code graphic, the at least
one processor is further configured to direct the printer to
print, according to the data representative of the second
printing routine, the rotational direction-indicating graphic
or symbol on the work piece or on the at least one piece
proximate to the at least one of the QR code graphic and the
bar code graphic.

132. The system according to claim 130, wherein the
bending machine is a computerized numerical control
(CNC)-type bending machine including, or associated with,
a CNC bending machine control application running on a
CNC bending machine workstation computing device and
configured to control operation of the CNC-type bending
machine, and wherein:

the at least one processor is further configured to direct,

at least in part using at least one of the fabrication
center application and another instance of the fabrica-
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tion desktop application running on the CNC bending
machine workstation computing device, a communica-
tion interface of the CNC bending machine workstation
computing device to establish data communication
with at least one of a QR code reader device and a bar
code reader device operable by a user of the CNC-type
bending machine to scan the at least one of the QR code
graphic and the bar code graphic; and

the another instance of the fabrication desktop application
is configured to:

receive, from the at least one of the QR code reader
device and the bar code reader device, and via the
communications interface of the CNC bending
machine workstation computer device, the data rep-
resentative of the x,y,z positional information for
bending the at least one piece; and

provide the data representative of the x,y,z positional
information to the CNC bending machine control
application for use thereby to direct the CNC-type
bending machine to bend the at least one piece at
least once according to the x,y,z positional informa-
tion.

133. The system according to claim 124 further compris-
ing the printer.

134. One or more non-transitory computer readable media
having stored thereon program instructions which, when
executed by one or more processors of a system to facilitate
operation of two or more fabrication machines using digi-
tally stored part or assembly information of a three-dimen-
sional (3D) modeling application, cause the system to:

direct, using a fabrication center application stored in

memory of a cloud computing device, a communica-
tions interface of the cloud computing device to estab-
lish, via a fabrication center connector websocket, data
communication with a fabrication desktop application
associated with a cutting machine control application
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running on a cutting machine workstation computing
device and configured to control operation of a cutting
machine;
generate, using the fabrication center application, and
based at least in part on data representative of a 3D
model of a to-be fabricated part or assembly, data
representative of:
an enhanced cut list usable by the cutting machine
control application to direct the cutting machine to
cut a strut piece of the to-be-fabricated part or
assembly into at least two pieces; and
a printing routine to cause a printer operably coupled
to, or otherwise associated with, the cutting machine
to print human-readable assembly instructions on the
strut work piece or on at least one piece of the at least
two pieces of the strut work piece, wherein the
human-readable assembly instructions include:
markings or graphics indicating one or more posi-
tions on the at least one piece for installing at least
one rod; and
direct, using the fabrication center application, the com-
munications interface of the cloud computing device to
transmit, via the fabrication center connector web-
socket:
the data representative of the enhanced cut list to the
fabrication desktop application to enable use of the
data representative of the enhanced cut list by the
cutting machine control application to direct the
cutting machine to cut the work piece; and
the data representative of the at least one of the first printing
routine and the second printing routine to at least one of the
fabrication desktop application and the printer to enable use
by the at least one of the fabrication desktop application and
the printer to direct a printer head of the printer to print the
at least one of the human-readable bend instructions and the
computer-readable bend instructions on one or more loca-
tions on the work piece or on the at least one piece.
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