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NO

EMF FIBERBOARD PRODUCTION
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—><>

EMF fiberboard products

l

3D SUBSTRATE PRODUCTION
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. S
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SUBSTRATE NAME: K DATE:
6.00
5.00
4.00
3.00
2.00
0 2 4 5 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
CORE PROPERTIES
CO&?&Tﬁgon F\'/?/it:ﬁr:n Rib Angle Thii?(ﬁiss Thig\::ess Core Height | Panel Width Usable Area o
9 9 anet Wi within panel core Transfer to
2w w a B t C B+C+B Faces
Inch {(0.c.} Inch Degrees Inch Inch inch inch % s.f. %
16 8 a0 0.125 0.125 5750 8.000 98,44 1.89 25
Corrugated Nailable Surface Area | Additional
Panel Length | Panel Height| Core Face Panels| Nestable Plate Size Panel Area per panel face Safety
inch inch Na No. ftr2 % s.f. %
48 96 1 2 Mo 32.00 50.78 16.25 60
CONSTITUTIVE PROPERTIES
Core Face Foam Insulation
Bending Therral rvalue  pe Thermal Resistance of
Modulus 966,825 psi 966,825 psi Condugctivity 7.25 inch BioSIP assembly
Density 85.19 [bift"3 65.19 |b/ft"3 Foam Density 2.3 pcf 36.7 r-value
Compressive Compressive Percent of total possiblg
Strength 5,000 ps| 5,000 psi Strength 35 psi R-Value
Press Pressure 250 psi 250 psi Modulus, MOE 790 psi 914 %
Resin 1% 1 % Shear Modulus 325 psi Insulation Weight
Chemical 0% 0% Tensile Modulus 325 psi 33.96 Ibs
STRUCTURAL PROPERTY ESTIMATES
Axial Loading Transverse Loading
56,489 Ibs 7,963 Ibs
Ultimate Load & A4 A . Ultimate Load & NP on
Deflection 14,122 plf 244,000 1s | Fass Defioction 249 psf 25,400 b5 | Fass
-0.250 inch -1.500 inch
Max Load / SF 14,122 lbs Tesign Load L/360 = 250" 1,327 lbs
H/800 = .120" 27,115 Ibs L/240 = 375" 1,991 lbs
Allowable Load 14,122 Ibs > 12 500 ibs L/180 = 500" 2,654 lbs
Load/Weight 493.7 Ib/lb Load/Weight 69.6 Ib/lb
Salety Facter = 4 Safety Factor = 4
Load/Cost 4228 Ib/$ Load/Cost 59.6 1b/$
COST ESTIMATES EMF PRODUCTION ESTIMATES (batch runs)
EMF COGS $4.75 /panel $0.15 /s Press Openings 12 92 panels/hour
EP i 8-hr Shifts / Day 4 732 panels/day
EMF Core+Skin $21.83 /panel $0.88 /s.f Work Days / Year aa 14,847 panels/month
SIP Mir Cost $111.97 /panel $3.50 /s.f. production in batch runs| 46,871 panels/year
BioSIP COGS $133.60 /panel $4.17 Isf. |Annual EMF Production 1,499,869 square feet
JAnnual BioSIP Production 245,760 square feet
WEIGHT & RECYCLED WASTER FIBER INPUTS
114.4 Ib: < weight of standand SiF i
Panel Weight S el of sandand Fiber Type Core Face
3.58 |bs/s.f. OCcC 100.00% | 100.00%
80.5 |bs/panel 0% ONP 0.00% 0.00%
o o
Diverted Waste 5.1|tons/house (2400 s f.) o Pine 0.00% 0.00%
d|housesfyear Bovine 0.00% 0.00%
309.0 tons/year | = g8 Other 0.00% 0.00%

FIG.

22A
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INFORMATION FOR WASTE DIVERSION CALCULATIONS & FACTOIDS:

|Data for one BioSIP panel:
from BioSIP 3DEF software

Panel Type:

&' BiodiP

Panel Size:

K
114.

> Ibs, weight of standard SIP

Panel Weight
3.58 Ibs/s.f.

less weight than a standard SIP

Diverted Waste 80.5 Ibs/panel

71}.3% of total panel is from recycled waste

Waste diversion from one BioSIP home:
Based on "Data for one BioSIP panel” above

1|house (2 story, 2400 s f. w/ a 30'x40" footprint)

10,299 |Ibs/house

5.1|tons/house

JEnvironmental benefits of one BioSIP home:

Based on the recycling data from below & waste diversion data above

88|36 ft tall trees

36,048|Gallons of water

10{barrels of oil

6,489 (enaugh to run the avg. car for miles)
21,114 |kilowatts of energy
31 (enough to power the average home for months)

309]Ibs of air pollution

16| cubic yards of landfill space

Waste diversion from producing:
Based on "Data for one BioSIP panel” above

&& BioSIP homes per year

617,963 |lbs/year

308.3|tons/year

JEnvironmental benefits of producing:

Based on the recycling data from below & waste diversion data above

&¢ BioSIP homes per year

5,253|35 ft tall trees

2,162,872|Gallons of water

618|barrels of oil

389,317 {enough to run the avg. car for

miles)

1,266,825|kilowatts of energy

1,854 {enough to power the average home for

months)

18,539]lbs of air pollution

989|cubic yards of landfill space

JRecycling 1 ton of corrugated cardboard saves:

17]35 ft tall trees

7,009) Gallons of water

2|barrels of oil

1,260 (enough to run the avg. car for

miles)

4,100 kilowatts of energy

3 (enaugh to power the average home for

manths)

@

0Ibs of air pollution

3.2|cubic yards of landfill space

EcaCycle website
Trash to Cash

Sowurces: American Forest and Paper Association

Text Key: Numbers in&E are user inputs; Numbers inii 3§ are referenced values; Numbers inBLACK are calculated values

FIG. 22B
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ADDITIONAL INFORMATION FOR WASTE DIVERSION CALCULATIONS:

Weight of one EMF sheet = 2173 lbs Size: 48"x5668" 3200 81
EMF sheets per BioSIP (core + skins) 3.70 EMF sheets per BioSIP
Weight of BioSIP {core + skins) fiber 30.5 Ibs Size:  AB'xBEXE" RN
EMF for BioSIP fabrication 910,080 s.f 617,963 lbs / year 309 tons/year
EMF production for BioBoard Sales 589,789 s.f 400,479 Ibs / year 200 tons/year

FORMULAS FOR CALCULATIONS: (NOT CURRENTLY BEING USED)

COST ESTIMATES EMF PRODUCTION ESTIMATES (4'x8' panels)
Profit $122.40|/panel [ $3.83/s.1. Press Openings 12 25 panels/hour
8-hr Shifts / Day 1 198 panels/day
Work Days / Year £id 3,955 panels/month
12,657 panels/year
[Annual BioSIP Production 405,028 square feet*
Annual BioSIP Production 245,760 square feet
%|lbs/panel |
Diverted Waste % .{[tons/house (2400 s.f.) These totals are based on assuming that all EMF sheets

99| housesfyear”

are used for BioSIP production

509 |tons/year™ |

FIG. 22C



US 2013/0253683 Al

Sep. 26,2013 Sheet 25 of 29

Patent Application Publication

wawdinbg uonesugeq DN

816

005

C

€’

old

iIAHv (S)UOOBUUDY) UCHESUNWILLO?
\

(s)anina 1ndy|

| (s)aoinag IndinO

1 obrl101S 8|geAOWsI-UON

" abelo)g a|gerowsy

e )
9|1B|OA-UON
nun Buissesoid a|lje|oA
Aowsy walsAg
\_ J
¢0s§ m ¥0S W




US 2013/0253683 Al

Sep. 26,2013 Sheet 26 of 29

Patent Application Publication

le

v¢ Old

abue|4 wojog

$q1de 1ad
£q1d ‘gliyde
glde Lid
gpad ‘gayd

mide » _ il o L13d

P Ty pia y
e1id e 4Ky AN (i , ozd

- Z wisned gy w_u | wsned qry >

< abue|q dol >

zad ‘gaid



Patent Application Publication  Sep. 26, 2013 Sheet 27 of 29 US 2013/0253683 A1

-
J Y T T; S T Iy
2
- = Ko
g E ~ ‘E
E
Jv =
]i_ :'.\.\\.\.\:\:\‘
Y ool =
I A = Yy
- Iy
= s Y
© 2 A
o™~
-
é x
; | B
o
=]
[
s =T
B £ 2
Y
T 2
§
:y\\\\?:, ¥
‘5 .\‘\: -{)_Q ]r
S e
o s
o~ Rt
=1
E o

FIG. 25
FIG. 26

<
2 -
oo £
£ E J
-] I
3 Yy
S Y
-+ - Yy 1) i ©t 5 A
L AR
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA § Iy o
-
=
o
-
E b [}
7]
= * E
©
o <
2 *x
[1'4
<
E
)
& © Y
§w.w"_n 'y
Tovess ol O
Y @y O} 0
p =57 =
[x] y\\\\:\i 3
- o~
=
-— © E
£
\ A 4 1‘_ -_Y VY
- el



Y

R B

AR

(5 3
ETERR R mvm_uza
i ¥ 4B RITMBES

BER K SCNR LIRS

US 2013/0253683 Al

VSOOIV
%

#iansg
#xea B3N

D)

ADT 5 {R2WON]

BEETIN LDE FEEK]
P LT R R e
FOWS oM | oy #roxsg fei
A 72D 3% PIREILLY TYH zoIN L
& ey P PY peraneg
e

{3

T ;
Tregs B
153

3

g

TH) 15SN 3905

AR IEoH 5100

PekEd

EDE

5.

Sep. 26,2013 Sheet 28 of 29

&l 5
WYY DG

..i
USai
B} any

SELICMIMLEE (PR G FULS

5%
aang

aprbuxcazy

Si3r=ans 1o
suqung geyay

GARGER PATEYOIINE R PIT P 1T 2 SAAGITIRg SIORE

TRY
preg whirag

WHLR,

#3330

e P

‘En ) RSN B2 [Ty U4 SIBGUNG TRI0HK

Patent Application Publication




US 2013/0253683 Al

Sep. 26,2013 Sheet 29 of 29

Patent Application Publication

PTELER

Dy

e
e

=

R

o ERRA
gt y 4

ATLTZES

DILLEE

gy ]

s

74

St [
[z
4G
v
B Lot
24
Fhg,
gl
WAY: k33
L5088 DUy 18513 Bug
D3 SIMAATANS RERS | IDE SWBIBIRS R,

s

235

4

% sy Seurasis

3
P

RODITRL




US 2013/0253683 Al

CUT-FOLD SHAPE TECHNOLOGY FOR
ENGINEERED MOLDED FIBER BOARDS

TECHNICAL FIELD

[0001] The disclosed embodiments relate generally to
fiberboard materials, and more particularly to cut, fold, shape
technology for producing three-dimensional engineered
shaped fiber configurations using engineered molded fiber.

BACKGROUND

[0002] Structural building panels have long been used to
facilitate modular construction of buildings. The use of struc-
tural building panels facilitates the rapid construction of
buildings because these prefabricated panels reduce onsite
construction time. In order to increase thermal efficiency of
structures constructed from structural building panels, while
yielding thermally-sound building systems, insulation may
be incorporated with the building panels. The incorporation
of insulation provides a structured insulated panel, or “SIP.”
Structural insulated building panels are often used in con-
struction; however, such currently existing SIPs suffer from
various deficiencies.

[0003] For example, standard structural insulated building
panels (SIPs) are of a stressed-skin panel design. The struc-
tural members (i.e., the skins) form a shell that encapsulates
and is often glued to the insulation. Most of the stress on the
panels is borne by this structural shell. This is not the most
efficient means of bearing stress because it results in material
redundancy and waste, increased labor and shipping
expenses, and an overall low strength-to-weight ratio. Many
stressed-skin SIPs are fabricated using oriented strand board
(“OSB”) as their outer skins. OSB is manufactured using
materials including chemicals that damage the environment
and the health of living organisms. Additionally, OSB
stressed-skin panels have limited flexibility in their applica-
tion due to their rigidity and two-dimensional flat sheet con-
figuration. Using OSB as an outer SIP surfacing material
presents difficulties with incorporating and integrating con-
struction components, for example, conduit and wiring,
plumbing, and framing members into and through the OSB
surface. Further, many OSB stressed-skin panels offer limited
aesthetic possibilities due to the non-flexible nature of OSB,
its unappealing appearance, and because OSB should be cov-
ered or encapsulated and not left exposed as a finish material
because gasses from the aforementioned chemicals may
leach into the living environment.

[0004] Contrary to two-dimensional stressed-skin SIPs,
three-dimensional SIPs may be created by combining a 3D
engineered molded fiber (EMF) core that is insulated and has
one or more stressed-skins, allowing for achievement of a
variety of SIP configurations and resulting building shapes.
However, in order to create three-dimensional EMF shapes of
different thicknesses, generally a new mold would be
required every time a different SIP shape change is desired,
even for the most minor incremental modification. This
makes economical application of current three-dimensional
EMF technology somewhat limited to production of planar
and simply curved forms. Mold-making, therefore, is the
most expensive step in current three-dimensional EMF fab-
rication. EMF molds may be expensive to make, may be
expendable, and may have to be replaced over time due to
wear. Cut-Fold-Shape technology offers a structurally-en-
hanced, more efficient- and cost effective method for produc-
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ing a virtually limitless variety of three-dimensional EMF
shapes for SIP, furniture, and other fields-of-use (see at least
paragraph 0034).

[0005] The information included in this Background sec-
tion of the specification, including any references cited herein
and any description or discussion thereof, is included for
technical reference purposes only and is not to be regarded
subject matter by which the scope of the disclosure is to be
bound.

SUMMARY

[0006] In one implementation, the technology disclosed
herein is a method for forming a three-dimensional engi-
neered shaped fiber configuration. A plurality of structural
requirements for a three-dimensional engineered shaped fiber
configuration is determined. A plurality of properties of at
least one engineered molded fiber fiberboard material is also
ascertained. A first cut on a top surface of a flat piece of
engineered molded fiber fiberboard material and a second cut
on a bottom surface of the flat piece of the engineered molded
fiber fiberboard material are calculated. These calculations
are based, at least in part, on the plurality of structural require-
ments for the three-dimensional engineered shaped fiber con-
figuration and the plurality of properties of the at least one
engineered molded fiber fiberboard material. The first cut and
the second cut each have a depth, a width, and a position. The
first cut and the second cut have a spacing between them such
that the flat piece of the engineered molded fiber fiberboard
material can be folded at a point located in the spacing
between the first cut and second cut to position a first portion
of the flat piece of the engineered molded fiber fiberboard
material at a particular angle with respect to a second portion
of the flat piece of the engineered molded fiber fiberboard
material.

[0007] In one implementation, the technology disclosed
herein is in the form of a computer program product with
several sets of instructions stored in a non-transitory storage
medium executable by at least one processing unit. A first set
of instructions is provided to determine a plurality of struc-
tural requirements for a three-dimensional engineered shaped
fiber configuration. A second set of instructions is provided to
ascertain a plurality of properties of at least one engineered
molded fiber fiberboard material. A third set of instructions is
provided to calculate a first cut on a top surface and a second
cut on a bottom surface of a flat piece of engineered molded
fiber fiberboard material based on, at least in part, the plurality
of structural requirements for the three-dimensional engi-
neered shaped fiber configuration and the plurality of prop-
erties of the engineered molded fiber fiberboard material. The
first cut and the second cut each have a depth, a width, and a
position. The first cut and the second cut have a spacing
between them such that the flat piece of the engineered
molded fiber fiberboard material can be folded at a point
located in the spacing between the first cut and second cut to
position a first portion of the flat piece of the engineered
molded fiber fiberboard material at a particular angle with
respect to a second portion of the flat piece of the engineered
molded fiber fiberboard material.

[0008] This Summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used to limit
the scope of the claimed subject matter. A more extensive
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presentation of features, details, utilities, and advantages of
the present invention as defined in the claims is provided in
the following written description of various embodiments of
the invention and illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a detail drawing showing an exemplary
Engineered Shaped Fiber (ESF) cross-section with depth of
cut; width of cut; spacing between cuts; and with correspond-
ing cuts on the opposite face of the EMF board. An ESF is an
EMF fiberboard that has been given a three-dimensional con-
figuration using cut-shape-fold technology.

[0010] FIGS.1A,1B,1C, and 1D are detail drawings show-
ing several alternative methods for forming the cuts from a
flat EMF fiber panel.

[0011] FIG. 2 is an isometric view showing several
examples of three-dimensional ESF configurations.

[0012] FIG. 3 is an exploded view showing an ESF with
application of inserts to hold the three-dimensional configu-
rations in place, as well as positioning of the inserts to provide
accurate placement and securing of a variety of framing mem-
ber types, stiffeners, non-framing tubing, and other types of
components within an ESF shape.

[0013] FIG. 4 is an exploded view showing an alternative
method for configuring and placing inserts in a three-dimen-
sional ESF shape.

[0014] FIGS. 5 and 6 are isometric views showing non-
parallel ESF lines used to achieve multi-planar, curved, and
elliptically shaped surfaces and configurations.

[0015] FIG. 7 is an exploded isometric viewing showing
non-parallel surfaces with cut-outs and inserts integrated into
the ESF configuration.

[0016] FIGS. 8 and 9 are isometric views illustrating
examples of the ESF technique being used to create a three-
dimensional configuration with exposed, corrugated three-
dimensional exterior surfaces.

[0017] FIG. 10 shows two separate views (exploded and
assembled) of a sample ESF assembly having non-uniform,
non-aligned, and oft-set void configurations.

[0018] FIG.11is anexploded view illustrating possibilities
for three-dimensional ESF configurations that have a range of
insert shapes providing a variety of potential void shapes.
[0019] FIGS. 12 and 13 are multiple views showing
examples of a non-specified hinge material embedded in the
EMF material so as to yield specific bending properties for a
3D ESF shape.

[0020] FIG. 14 is an isometric view illustrating an example
of a flat EMF material with three-dimensional ESF cuts laid
out to result in an ESF configuration capable of achieving
multiple directions.

[0021] FIG. 15 is an isometric view showing the cut and
folded EMF of FIG. 14 manipulated to yield a sample, multi-
directional three-dimensional ESF shape.

[0022] FIG. 16 is an isometric view of the example of the
multi-directional three-dimensional ESF shape in FIG. 15
shown with inserts integrated so as to create a void between
two layers of ESF material.

[0023] FIG. 17 is a block diagram illustrating the relation-
ship of research-based data inputs; user-defined variables;
software processes; and software-generated outputs for EMF
fiberboard, three-dimensional substrate, and three-dimen-
sional SIP designs in the disclosed software.

[0024] FIG. 18 is flow chart for the disclosed software
showing a typical series of operations performed using the
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disclosed software to determine optimal fiberboard, three-
dimensional substrate, and three-dimensional SIP designs
based on user inputs.

[0025] FIG. 19 is a sample flow chart for the disclosed
software showing the input/process/output considerations
used to estimate transverse loading potential of a specific
three-dimensional SIP design.

[0026] FIG. 20 is a sample flow chart for the disclosed
software showing the input/process/output considerations
used to determine the optimal cut-shape joint properties and
cut-shape joint locations for fabrication of a user-selected
three-dimensional substrate design.

[0027] FIGS.21A-21C are sample display screens that may
be displayed by an exemplary implementation of the dis-
closed software.

[0028] FIGS.22A-22C are sample display screens illustrat-
ing a sequence of results that may be displayed by an exem-
plary implementation of the disclosed software.

[0029] FIG. 23 is a block diagram of an exemplary com-
puting device system for executing the software application
discussed herein.

[0030] FIG. 24 is a diagram illustrating an exemplary three-
dimensional SIP configuration for which the disclosed soft-
ware will determine optimal cut-shape joint properties and
cut-shape joint locations for fabrication.

[0031] FIG. 25 is a diagram illustrating one of the folds for
the exemplary three-dimensional SIP configuration for which
the disclosed software will determine optimal cut-shape joint
properties and cut-shape joint locations for fabrication.
[0032] FIG. 26 is a diagram illustrating optimal cut-shape
joint properties and cut-shape joint locations for fabrication
determined by the disclosed software for the exemplary three-
dimensional SIP configuration.

[0033] FIGS.27 and 28 are sample display screens that may
be generated by an exemplary implementation of the dis-
closed software determining the optimal cut-shape joint prop-
erties and cut-shape joint locations for fabrication for the
exemplary three-dimensional SIP configuration.

DETAILED DESCRIPTION

[0034] The present disclosure describes a “Cut, Fold, and
Shape” (CFS) technology for yielding three-dimensional
Engineered Shaped Fiber (ESF) configurations that utilize
smooth-face Engineered Molded Fiber (EMF) fiberboard
materials to produce interlocking assemblies and geometries
that may be suitable for such uses as building materials,
industrial fabrication components, furniture, packaging, and
other applications. Proprietary EMF materials as well as cer-
tain commercial fiberboards may be used to achieve ESF
configurations. In this technology, constitutive EMF material
properties are engineered concurrently with specific ESF
cuts, indents, folds, and manipulations such that desired joints
with predicted performance criteria may be achieved in three-
dimensional fiberboard designs. Constitutive EMF fiber-
board properties may be critical to the performance of result-
ing ESF shapes, structures, or products. ESF three-
dimensional designs and configurations described herein
may be created using computer-based computational pro-
cesses and Computer Numerically Controlled (CNC) fabri-
cation techniques or using hand-fabrication methods and
standard tools such as a table saw or other.

[0035] The disclosed CFS technology may allow flat fiber-
board materials to be manipulated into an unlimited range of
material expanses and shapes such as uniform and non-uni-
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form, orthogonal or non-orthogonal, simple or complex
curves, and all combinations thereof. This may be accom-
plished using computer-computational design for joining
fiberboard units with integral, engineered cuts of various
shapes and characteristics. Three-dimensional ESF forms,
shapes, and arrangements may be joined, reinforced, or oth-
erwise enhanced using materials such as foam insulation,
adhesives, concrete, metal connectors, carbon fiber materials,
and so on. ESF fiberboard shapes may also be joined using
friction-fit or integrated tabular connections. Hence, new
three-dimensional EMF shapes may be created without the
need for expensive fiber-forming molds and fabrication meth-
ods.

[0036] The ESF methods described herein offer various
ESF fabrication advantages for structured insulated panels
(SIP) and may be utilized to construct SIPs like those dis-
closed in U.S. Provisional Patent Application No. 61/497,340
filed Jun. 15, 2011, entitled “Structural Insulated Building
Panel,” which is incorporated herein by reference in its
entirety. These ESF fabrication advantages may include:
achievement of varying and varied-shaped, angled ribs rang-
ing from flat to beyond perpendicular (0 up to 360 degrees) in
order to produce ribs for SIP core shapes not previously
attainable in wet fiber forming; production of SIP panels with
improved structural and geometric characteristics when com-
pared to three-dimensional wet-formed SIP panels for certain
applications; ease-of-design and fabrication for custom SIP
panels using digital fabrication adjustments that allow prod-
uct precision combined with close design tolerances; easy
adjustment of desired SIP corrugated core configurations for
creation of new and next generation SIP products; production
of'a SIP panel core with multiple, geometrically-shaped core
options; use of inserts in SIP fabrication to assist folding,
locking, and holding panel cores in place, thus making the
assembly process more efficient and at the same time for
some applications eliminating the need for adhesives in
securing the panel core with panel insulation (or other core
filler); consideration of, and positioning of, geometric inserts
to correspond with foaming hole positions within panel
assembly to provide thoroughness in foaming (which may
result in non-bending of SIP cores during fabrication as well
as allowing for ideal foam dispersion); and others.

[0037] The ESF methods described herein may also be
applied in the construction fields including, but not limited to
the following building typologies: residential; commercial;
industrial; educational; agricultural; movie theaters and
entertainment; hospitality; medical; disaster, emergency,
rapid deployment or other shelter structures; temporary struc-
tures; animal shelters; furniture and furnishings, screens and
partitions; children’s furniture and toys; ceiling, wall, and
floor skins and surfaces; lighting; concrete formwork; SIPs
and other panels and boards; acrospace; automotive; railway;
displays and stage sets; and so on. Further, the described ESF
methods may have application in the following: artist prod-
ucts and materials; electronics and computer industry goods;
renewable energy equipment; hobby and craft materials;
sports equipment and goods; packaging and containers; suit-
cases, trunks, handbags, and couture; food service; specialty
products; “product-as-package” design in all fields of use;
and so on.

[0038] The ESF methods described herein may allow pat-
terns of engineered cuts with prescribed shape and dimension
to be designed so as to impart strength, integral connection
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between elements, and other performance characteristics for
three-dimensional fiberboard product design.

[0039] The engineered cuts may be positioned on the
smooth surfaces of the EMF material to allow the material to
be shifted out of the x-y axes positions, resulting in structural
components with three-dimensional, planar (uniform),
orthogonal, non-orthogonal, simple curves, or complex curve
surface geometries, or combinations thereof. The cuts may
completely penetrate the material or, they may be made par-
tially into the material. The cuts may be made on opposing
sides of the material, or they may be made on one side of the
material only, or they may be made all the way through the
material if also remaining connected to adjacent areas of the
formerly-described cuts. Any of these manipulations may
yield a variety of three-dimensional fiberboard shapes when
the flat sheet is folded.

[0040] Further, as engineered cuts may also be positioned
atthe edges of the manipulated material, the cuts may provide
integral connection points between sections of material. The
integral connection points may be designed for use as hinges,
tabs, and other shapes for holding the manipulated fiberboard
material together in rigid or semi-rigid forms.

[0041] The engineered cuts positioned on the smooth sur-
faces or the edges of the EMF material may allow bonding
connections between material units of varying size, scale, and
fiber composition. The bonded units may have consistent,
uninterrupted surface planes, or they may be designed with
voids and openings between the units. Either of these strate-
gies may be a function of prescriptive or performance design
methods being applied to the engineered cuts through com-
putational computer software inputs.

[0042] The described ESF method, especially in reference
to the cutting and inserting of integrating (and integral) com-
ponents, may allow for construction of continuous, connected
forms that are unlimited in size and in potential for expansion.
[0043] This disclosure will first discuss the ESF method
and various three-dimensional ESF configurations that the
ESF method may yield. Subsequently, computer software for
calculating computer-based computational processes and
controlling CNC fabrication to perform the ESF method to
yield three-dimensional ESF configurations will be dis-
cussed.

ESF Method and Three-Dimensional ESF Configurations

[0044] The ESF method and various three-dimensional
ESF configurations that the ESF method may yield will now
be discussed. In FIGS. 1A-1D, (t) corresponds to the flat
panel thickness, (a) corresponds to the depth of cut from both
the top and bottom sides of the EMF board, (b) corresponds to
the width of cut or the width of the tool used for cutting, (i)
corresponds the width of the indentation, (¢) corresponds to
the spacing between the top and bottom cuts, (d) corresponds
to the remaining material through the thickness located
between the top and bottom depth of cuts, and (e) corresponds
to the rib angle of a desired three-dimensional ESF configu-
ration.

[0045] FIG. 1 is a detail drawing showing an exemplary
ESF cross-section with depth of cut (a); width of cut (b);
spacing between cuts (¢); and with corresponding cuts on the
opposite face of the EMF board. Also shown is a pivot point
(p) and the degree of the ESF angle (e). Radius (d) shows the
remaining, post-cut material thickness between the top and
bottom depth of cuts around which the EMF may be bent and
shaped.
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[0046] Three-dimensional ESF shaped materials may be
positioned so that center points of their geometric shapes are
aligned, or they may be non-aligned to yield uniformly on
non-uniformly shaped internal voids between the three-di-
mensional ESF materials, or they may be variations thereof.
Voids may be filled with any range of materials such as
insulation, concrete, sound abatement- or other material, or,
they may be left devoid of filler.

[0047] FIG. 1 indicates depth of cut (a) on either side of an
EMF sheet and the width of the cuts (b) that combine to
provide proper loading strengths of a SIP or other panel when
the manipulated fiberboard is hinged into an angled position.
If depth (a) is greater than width (b) the pivot hinge may be
limited by the material opposite the hinge-point and may
interfere by coming in contact with the opposite material face.
Itis assumed that the total depth of cut from both sides (2x(a))
is less than the total thickness (t) of the panel. Otherwise the
hinge angle may be limited.

[0048] To make a three-dimensional ESF design, a flat
fiberboard material with a thickness (t) may first be cut (also
referred to as a pre-determined folding indentation) on the top
surface with a specific depth (a) and width (b). Next, a second
cut with specified dimensions may be made, usually on the
underside of the board. The pattern of cuts into the fiberboard
may be given specific spacing dimensions (c) to yield a hinge-
point designed, three-dimensional geometry.

[0049] In FIG. 1, the cuts may be made symmetrically
about the middle of the board. After the cuts are made, the
board may be bent about point (p) like a hinge with a material
thickness (d) allowing a range of degrees (e) to yield a desired
three-dimensional shape and design configurations.

[0050] Table 1 depicts exemplary input variables used to
generate FIG. 1:

TABLE 1

Geometry considerations for FIG. 1.

Variable Symbol Value Unit Notes
Thickness t 0.1250 in
Depth a 0.0400 in
Width b 0.0625 in
Spacing c 0.0500 in
Radius d 0.0450 In r=t-(2xa)}
Rib Angle e 80 deg
In table 1:

(t) corresponds to the flat panel thickness,

(a) corresponds to the depth of cut from both the top and bottom sides of the EMF board,
(b) corresponds to the width of cut, or the width of the blade or laser arc used for cutting,
(¢) corresponds to the spacing between the top and bottom cuts,

(d) corresponds to the remaining material through the thickness located between the top and
bottom depth of cuts, and

(e) corresponds to the rib angle of desired three-dimensional ESF configuration.

[0051] Table 2 includes a variable range of preferred ESF
joint dimension inputs specific to 10"-¥1¢" EMF material use
in building panel and furniture design. Range considerations
for other material types or thicknesses may be possible using
the computational software described in detail below.
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TABLE 2

Range of ideal variables for ESF joints on EMF material.

Range Values
Variable Symbol Low High Unit
Thickness t 0.1000 0.1875 in
Depth a 0.0300 0.0700 in
Width b 0.0450 0.1250 in
Spacing c 0.0300 0.1000 in
Radius d 0.0300 0.1000 in
Rib Angle* e 0 90* deg

*Note regarding rib angle: The range of degrees for rib angles may be relative to positioning
of top and bottom cuts to one another. There may be four possible positions for ESF joints,
each having a range of 90 degrees (without causing unwanted tearing of the material’s
fibers). By changing the positioning of the top and bottom cuts, a full 360 degree range may
be achievable.

Once the EMF material is hinged to create a three-dimen-
sional ESF design, the shaped material may be held in place
using several techniques, for example: positioning the mate-
rial with a frame or brace; gluing or mechanical fastening;
friction-fit connections between the cuts and manipulations;
addition of a solid “filler” material such as glue, insulation,
self expanding foam, or concrete between the three-dimen-
sional shapes (in the voids); addition of inserts across the face
of the three-dimensional shapes; addition of inserts that cre-
ate supplemental support in all directions (e.g., laterally, on
x-y axes, in multiple planes, etc); slots and connection tabs
that lock materials into place; and so on.

[0052] FIGS.1A, 1B, 1C, and 1D show several alternative
methods for forming the cuts into a flat EMF fiber panel. F1G.
1A demonstrates a method for producing a three-lamination
flat EMF board that may be subsequently folded and shaped
into a three-dimensional ESF material with unique character-
istics. In this technique, a core layer of EMF may be designed
and fabricated with higher tensile material fibers, higher elon-
gation material, or synthetic fibers to improve and/or enhance
the performance characteristics of the joint where the cuts
(indentations) are made. Such higher tensile or higher elon-
gation material may prevent fracturing that could occur in
some situations where the joint is required to bend in extreme
degrees.

[0053] FIG. 1B shows that fibers may be selectively placed
and formed into an EMF board and they may be densified into
a contoured shape (i). The resulting shape may then be bent
within a range of angles depending on desired material char-
acteristics of final joint properties and desired three-dimen-
sional geometry for the resulting formed, contoured shape or
joint. Alternative molded joint configurations may also be
possible for achieving such variations in joint angles and
performance criteria when using this technique. FIG. 1B
shows one possible configuration used to obtain a folded
edge, details of which depend on performance criteria speci-
fied for the application. This technique may be ideally suited
when repeated and mass-produced quantities of three-dimen-
sional ESF panels are needed. Comparing this technique to
the fiber molding EMF process to achieve three-dimensional
material shapes, the extra time and cost incurred to fabricate
dedicated top and bottom molds for the molded EMF process
are saved.

[0054] FIG. 1Cillustrates yet another technique for varying
dimensions (a) and (d) in the EMF material in order to yield
a non-symmetrical three-dimensional ESF result. This tech-
nique may be accomplished by making wider cuts (b) into the
EMTF face and aligned (or non-aligned) cuts into one (or both)



US 2013/0253683 Al

sides of the EMF board. This technique may provide varied,
bending joint performance capabilities and the possibility to
rotate the ESF a full 180 degrees.

[0055] FIG. 1D shows yet another technique in which
selective lamination of paper layers, fiberboard, carbon fiber,
metals, or other material of varying thicknesses (a) or (d) may
be integrated with, or in specific positions within, the EMF
material during fabrication so that the resulting laminated
EMF board may bend in varying degrees and shapes. The
middle layer/lamination may be required to bend similarly to
the thickness between the cuts, (d), shown in FIG. 1. The
layers/laminates may be bonded together at the necessary
distance (b) and (c) to simulate the indents in the panel. Each
layer may be specified so as to contribute to the final require-
ments of the structure or product being designed. The layers
and laminations may be non-symmetrical, similar, dissimilar,
or exhibit other characteristics in order to yield unique prop-
erties in the resulting ESF material.

[0056] FIG. 2 shows several examples of three-dimen-
sional ESF configurations including: 1) edge geometry; 2) 90
degree ribs; 3) angles that are plus or minus 90 degrees from
vertical; 4) repeated patterns; and 5) variable depth ribs.
These geometries may occur uniformly across a three-dimen-
sional ESF shape to yield a symmetrical surface or they may
happen in a combination of geometries to yield a non-sym-
metrical ESF configuration.

[0057] While FIG. 2 shows three-dimensional folds occur-
ring parallel to one another and resulting in uniform surfaces,
the ESF method may also yield non-parallel and/or multi-
planar three-dimensional surfaces, curves, compound curves,
elliptical shapes, and other three-dimensional arrangements.
A specific product example is a SIP in which a limitless range
of rib angles of different three-dimensional configurations
and volumes may therefore be attainable.

[0058] FIG. 3 shows an ESF application with inserts to hold
the three-dimensional configurations in place, as well as posi-
tioning of the inserts to provide accurate placement and secur-
ing of wood (or other) framing members, stiffeners, non-
framing tubing, and other types of components within an ESF
shape. In this example the inserts are positioned so as to be
flush with the outside faces of the ESF geometry; however,
the inserts may also be configured so as to extend outside the
three-dimensional ESF shape (e.g., such as in FIGS. 10 and
11).

[0059] As illustrated, the example inserts are designed as
“planks” holding three-dimensional ESF configurations in
place. Inserts may provide accuracy in placement of, and
securing of, wood (or other) members and/or stiffeners
within, and/or flush with an ESF configuration. Inserts may
also be placed so as to position blocking, stiffeners, or other
components outside the boundaries of the ESF configura-
tion’s surface. FIG. 3 illustrates examples of the following
configurations: 1) ESF configuration; 2) low-profile insert
shown as being placed from top position of three-dimensional
shape; 3) low-profile insert being placed from side of three-
dimensional shape and into cuts; 4) side of full-depth insert
with edges and top plane aligned with those of ESF configu-
ration; 5) side of full-depth insert with top plane extending
outside the edges of the ESF configuration; 6) full-depth
insert fabricated with holes for accommodation of conduit,
framing, or other building components; 7) wood framing
member installed in ESF configuration (6); 8) conduit
installed in ESF configuration (6); and 9) slot for snapping
and locking insert components into ESF configuration.
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[0060] To position the inserts, small slots may be made on
the top side of the three-dimensional ESF material so that the
inserts may be slid downward and into position. The slots may
be slightly undersized to create a friction connection so that
glue or mechanical fastening may not be needed to further
secure the insert within the slot.

[0061] FIG. 3 also shows that a set of inserts may be posi-
tioned in the same manner but from the opposing side of the
three-dimensional ESF material. However, a second set of
inserts may not be required. In all ESF shapes, inserts may be
placed perpendicular, parallel, or at angles to the three-di-
mensional ESF material; inserts may run laterally through the
ESF configurations; or inserts may occur in combinations
thereof.

[0062] FIG. 4 shows an alternative method for configuring
and placing inserts in a three-dimensional ESF shape. In this
method, the inserts may be created as individual components
instead of continuous “planks.” This illustration shows slots
positioned at mid-point in the ESF shape so that inserts may
be placed within the boundaries of the shape. The inserts may
likewise be created as described in FIG. 3 so that they may be
positioned flush with, or outside of the three-dimensional
ESF configuration. As the slots are made in the EMF material
and are positioned at mid-point through the ESF shape, the
inserts may be positioned flush with the ESF face while
holding the material in a desired ESF configuration. Slots,
however, may also be placed so as to hold inserts, blocking, or
other components outside the configuration. FIG. 4 illus-
trates: 1) ESF configuration; 2) full-depth, individual compo-
nent inserts positioned with top plane aligned at top surface of
ESF configuration (insert has holes for accommodating con-
duit, framing, or other building components, and it has slots
for placement of wood framing member); 3) wood framing
member installed in ESF configuration; 4) conduit installed in
ESF configuration; 5) slots for snapping and locking insert
components into ESF configuration; and 6) connection tabs.
[0063] FIG. 4 also shows that inserts may have an angled
cut resulting in an “M” shape as shown. The M-cut may allow
the insert to conform to the angle of the three-dimensional
ESF configuration. Multiple designs of individual inserts may
be used to provide variable geometrical shapes for use in this
method. FIG. 4 also shows a hole placed in the insert to
accommodate and support conduit runs within a three-dimen-
sional ESF geometry. This technique is demonstrated in SIP
design for integration of conduit and other building compo-
nents within three-dimensional ESF cores. All insert methods
(as shown in the following figures) may also allow for instal-
lation of components such as 2x4 lumber (or other framing
materials), conduit, HVAC, or additional building elements.

[0064] FIGS. 5 and 6 show non-parallel ESF lines yielding
multi-planar, curved, and elliptically shaped surfaces. FIG. 5
illustrates an example of a non-uniform, multi-planar three-
dimensional ESF material in a range of possible non-parallel
ESF configurations. FIG. 6 illustrates an example of an ESF
configuration translating from parallel to non-uniform, multi-
planar surfaces, and then to compound curving forms; these
are but a few examples of shapes attainable with the technol-
ogy. FIG. 6 also illustrates: 1) orthogonal, parallel surfaces
(as reference point for subsequent shapes); 2) multi-planar,
non-orthogonal surfaces; 3) compound, non-orthogonal sur-
faces; 4) simple curved surface; and 5) compound curved
surface.

[0065] FIG. 7 shows non-parallel surfaces with cut-outs
and inserts integrated into the ESF configuration. FIG. 7
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illustrates an example of a non-uniform, multi-planar ESF
configuration with cut-outs and inserts integrated into the
configuration and includes: 1) ESF configuration; 2) areas
where material has been cut-out or sliced away; and 3) insert
for supporting a desired profile.

[0066] FIGS. 8 and 9 show examples of the ESF technique
being used to create a configuration with exposed, corrugated
three-dimensional exterior surfaces. The three-dimensional
corrugations may be held together at equal or varying dis-
tances along the x and y axes to yield panels of varying
thickness. The void created between the three-dimensional
ESF materials may be filled with insulation, concrete, or
other, or it may be left unfilled, or it may be partially filled, or
a combination thereof. By filling the area between the three-
dimensional ESF cavities, a range of thermal, structural,
sound-attenuating, or other characteristics may be achieved.
A smooth, finishing material may or may not be added to the
outer surfaces of the ESF panels.

[0067] FIG. 8 illustrates an example of an ESF configura-
tion arranged in laminations of two sections and with con-
figuration center points aligned in order to create a three-
dimensional internal void. FIG. 9 illustrates an example of
three-dimensional ESF materials arranged in laminations of
two different sections with center points offsetting in order to
create a three-dimensional material with a non-uniform inter-
nal void. With respect to FIGS. 8 and 9, it should be under-
stood that ESF materials may be arranged in laminations of
two or more boards and may be positioned so that center
points of the shaped geometries are aligned, or the centerlines
may be non-aligned. Centerline positioning yields uniformly
or non-uniformly shaped internal voids between the three-
dimensional ESF materials. These voids may be filled with a
range of materials such as insulation, concrete, or other, or,
they may be left devoid of filler.

[0068] FIG. 10 shows two separate views (exploded and
assembled) of a sample ESF assembly having non-uniform
void configurations. The views show inserts integrated
between the top and bottom three-dimensional ESF surfaces.
These inserts may perform as spacers supporting the oppos-
ing ESF surfaces while providing structural support to the
assembly and giving desired dimension and shape to the
voids. Tabs located on the inserts fit together with the slots in
the upper and lower ESF surfaces to lock the assembly
together. FIG. 10 illustrates the following: 1) ESF configura-
tions; 2) spacer inserts with connection tabs that extend
beyond ESF configuration edges (refer to 6); 3) spacer inserts
with connection tabs that are flush with ESF configuration
edges (refer to 7); 4) voids created between top and bottom
ESF configurations; 5) slots for snapping and locking com-
ponents together with connection tabs; 6) connection tabs
with a depth greater than ESF configuration thickness (so tab
may extend beyond ESF configuration face after assembly);
and 7) connection tabs with same depth as ESF configuration
(so tab will be flush with ESF configuration face).

[0069] FIG. 11 shows possible three-dimensional ESF con-
figurations with a range of insert shapes providing a variety of
potential void shapes. This example indicates possibilities for
insert spacers to be joined with external or internal faces of the
three-dimensional ESF shapes in order to create voids which
are parallel and/or perpendicular to the ESF material. Such
insert placements may yield any variety of the following:
open voids between ESF surfaces; partially open voids; varia-
tions of open and partially open voids; placement location for
holding building conduit, components, insulation or other
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materials in a range of complex positioning possibilities; and
so on. FIG. 11 illustrates the following: 1) ESF configuration;
2) spacer inserts perpendicular to the ESF configuration and
with holes for accommodation of conduit, framing, or other
building components; 3) spacer inserts running perpendicular
with void (but only partially across configuration); 4) inserts
running parallel with internal voids made with connection
tabs (8) for slots (9); 5) inserts running parallel with internal
voids and integrated with perpendicular inserts (shown pulled
away and in locked position) made with connection tabs (8)
for slots (9); 6) inserts running parallel with internal voids and
integrated with perpendicular inserts (shown pulled away
from ESF 3D material); 7) inserts located on opposing sides
of ESF configuration; 8) connection tabs; 9) slots for snap-
ping and locking components together with connection tabs;
and 10) slots for creating slot-to-slot insert connection.

[0070] As shown in FIGS. 12 and 13, EMF boards may be
manipulated during the fiber forming processes to yield cus-
tom hinging possibilities for three-dimensional ESF configu-
rations. For example, hinging materials may be embedded or
integrated in the EMF in order to strengthen ESF cuts and
shapes; to contribute to hinging capabilities of multi-direc-
tional three-dimensional ESF shapes where different charac-
teristics are desired at the directional changes in the ESF
material; or otherwise. The hinging materials may be applied
in a number of ways such as embedment in EMF boards
during EMF fabrication, or through post-fabrication attach-
ment to EMF, three-dimensional ESF shapes, or ESF configu-
rations.

[0071] Such hinging materials may include carbon fiber
threads or plates, metals, plastics, webbed, hinged, open-
weave, or other substances that interlock, integrate, or other-
wise bond with the EMF wet-fiber mat prior to the fiberboard
pressing and drying phase. The hinging materials may be
placed so as to be flush with the finished EMF material, which
may result in an exposed or partially exposed ESF hinge.
Alternatively, the hinge material may be placed so as to be
completely embedded within the EMF board thickness. How-
ever, it is understood that hinging materials are not necessary
for achieving structural soundness in all three-dimensional
ESF configurations but rather may be used to augment or vary
the desired characteristics of final ESF products.

[0072] FIGS. 12 and 13 show examples of a hinge material
embedded in the EMF material so as to yield specific bending
properties for a 3D ESF shape. Hinge material may be inte-
grated into material and used with or without cutting or notch-
ing the EMF material. FIGS. 12 and 13 illustrate the follow-
ing: 1) EMF material; 2) ESF joint; 3) embedded hinge; 4)
joint created along bending axis; (t) material thickness; (h)
hinge location measured from bottom face of EMF material;
and (e) angle of desired 3D ESF shape.

[0073] FIG. 14 illustrates an example of a flat EMF material
with three-dimensional ESF cuts laid out to result in an ESF
configuration capable of achieving multiple directions. As
shown in F1G. 14, ESF joints may be laid out and cut into a flat
EMF substrate (in any variety of patterns) in order to yield a
three-dimensional ESF configuration with multi-directional
surfaces as shown in FIG. 15. FIG. 15 shows the cut and
manipulated EMF of FIG. 14 bent at specific cuts to yield a
sample, multi-directional, three-dimensional ESF shape.
Insert spacers may or may not be used to hold the ESF mate-
rial into its three-dimensional shape. FIGS. 14 and 15 illus-
trate the following: 1) EMF material showing example pat-
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tern cut into surface; 2) ESF joint; and 3) ESF material bent at
the cut pattern to yield an example three-dimensional ESF
configuration.

[0074] FIG.16is an example of the multi-directional three-
dimensional ESF shape in FI1G. 15 with the addition of inserts
integrated so as to create a void between two layers of ESF
material. FIG. 16 illustrates the following: 1) three-dimen-
sional ESF material; 2) three-dimensional ESF joint (with
insert set inside joint); and 3) inserts used to maintain com-
plex geometry.

Control Software

[0075] In some implementations, computer software may
be utilized in computer-based computational processes and
CNC fabrication to perform the ESF method to yield three-
dimensional ESF configurations. The disclosed software may
allow users to design high-performance EMF materials
including flat fiberboard substrates that may be cut, folded,
bent and otherwise shaped into three-dimensional structural
configurations. The disclosed software may allow the user to
determine optimal fiberboard and three-dimensional sub-
strate designs while balancing structural performance and
production and manufacturing efficiencies through user input
options.

[0076] FIG. 17 is a block diagram illustrating the relation-
ship of research based data inputs, user-defined variables,
software processes, and software-generated outputs for fiber-
board, three-dimensional substrate, and three-dimensional
SIP designs in the disclosed software. As respectively illus-
trated in FIG. 17, elements of the research data affect the
variable inputs, elements of the variable inputs may be inputs
for the software processes, and the software processes gener-
ate the control outputs. The generated outputs may then be
utilized as the inputs for EMF fiberboard production and
CNC fabrication.

[0077] The research data may include spreadsheet data col-
lected from constitutive property testing of EMF fiberboards,
data from published reports, spreadsheet data collected from
prototype production of EMF fiberboards, structural design
and performance needs, fiber type and characteristics, and so
on. The variable inputs may include constitutive properties of
EMF fiberboard material, constitutive properties of other
materials integrated into substrate assembly, production
inputs and process considerations for EMF and three-dimen-
sional substrate manufacturing, fiberboard three-dimensional
substrate geometry, and so on. The software processes may
include equations based on structural calculations, math-
ematical equations based on geometrical areas and volumes,
equations based on process variables, and so on. The gener-
ated outputs may include structural and performance proper-
ties, production summary, cost summary, diverted waste,
environmental considerations, and so on.

[0078] The variable inputs will now be elaborated. The
constitutive properties of EMF fiberboard material may
include the following: fiber type or fiber mixture; density;
material modulus (MOE); tension/compression strength par-
allel to the fiberboard material’s surface; internal bond
strength perpendicular to the fiberboard material’s surface;
effects of additives to EMF mixes for achieving performance
enhancements such as fire retardance, water resistance,
strength characteristics (e.g. resins, minerals, etc); and so on.
The constitutive properties of other materials integrated into
cut-shape substrate assembly may include the following:
foam insulation, 2x wood framing (for sill and top plates),
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fasteners, cam-lock connectors, and so on. The fiberboard and
three-dimensional substrate geometry may include the fol-
lowing: flat fiberboard (including material thickness, overall
length, overall height, and so on), three-dimensional substrate
design (including overall geometrical design needs, cut-
shape geometry [including overall configuration, overall
depth from face-to-opposing-face of geometry, and so on],
sequencing of rib pattern, center-to-center cut-shape geom-
etry for overall rib pattern width, rib angle design, material
thickness, overall length of cut and shaped fiberboard, overall
height of cut and shaped fiberboard), and so on. The produc-
tion inputs and process considerations for EMF and three-
dimensional substrate manufacturing may include the follow-
ing: capital costs, annual fixed costs, variable costs for EMF
inputs (e.g., cost of raw fiber feedstocks, energy and water
costs), variable costs for three-dimensional SIP inputs (e.g.,
cost of foam insulation, cam-locks, etc), annual product pro-
duction requirements (e.g., for full production and/or batch
production runs), equipment considerations based on known
data from prototype production runs (e.g., press type and
openings, press operating pressure, forming and drying time,
etc), and so on.

[0079] The outputs of the software processes will now be
elaborated. The disclosed software may generate a variety of
geometric outputs. Equations (see Appendix I for examples)
may be used to generate three-dimensional geometrical con-
siderations based on input needs (e.g., three-dimensional SIP
panel thickness, rib spacing, furniture designs, etc.). Equa-
tions (see Appendix I for examples) may be used to determine
effects and location of cuts to the EMF fiberboard to produce
a three-dimensional shape. Equations (see Appendix I for
examples) may be used to produce geometrical visualization
for the geometrical inputs for both the desired three-dimen-
sional shape and necessary cuts into the EMF fiberboard.
Equations (see Appendix I for examples) may be used to
estimate hollow volume between ribs and faces to calculate
total foam needs. Three-dimensional SIP or other final prod-
uct weight and specific gravity may be compared with other
SIPs or products. Equations (see Appendix I for examples)
based on geometrical areas and volumes may be used to
determine three-dimensional shape processing needs.
Spreadsheet data collected during prototype production of
EMTF fiberboards may be used to generate trend equations for
refining performance estimates. Spreadsheet data collected
from constitutive property testing of EMF fiberboards may be
used to generate trend equations for refining performance
estimates. Data from published research (e.g., test reports
from SIP or furniture manufacturers, data about recycled
waste, etc) may be used for comparison with estimated three-
dimensional SIP performance.

[0080] The generated outputs will now be elaborated. The
structural and performance properties may be structural and
performance properties of flat EMF fiberboards, 3D fiber-
board substrates, three-dimensional SIPs, furniture, packag-
ing, or other panel structures compared with estimates based
on fiber characteristics data and desired fiberboard substrate
design characteristics including the following: combined
estimated three-dimensional SIP deflection and maximum
stress or modulus of rupture (see Appendix I for examples);
estimated structural values based on structural calculations
(e.g., quarter-point loading equation, edge crush, flat crush,
insulation R-value, etc.) (see Appendix I for examples) that
may be used to estimate performance characteristics; trans-
verse load, including estimated ultimate load & deflection
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(see Appendix I for examples); transverse allowable load data
for key deflection points (see Appendix I for examples); flat
direction load, including crush load, deflection, and buckling
considerations; axial load, ultimate load (see Appendix I for
examples); axial load @ height/800, allowable load based on
IBC and IRC code required safety factors; three-dimensional
SIP product strength comparisons to other marketed SIP
strengths (see Appendix I for examples); three-dimensional
SIP strength considerations based on three-dimensional
SIP’s foam insulation placement within panel core (see
Appendix I for examples); properties of cut-shape joints (e.g.,
depth, width, spacing) to achieve substrate design for struc-
tural and performance requirements (see Appendix I for
examples); estimated strength of cut-shape joint; estimated
strength of cut-shape joints with embedded hinging material
(see Appendix I for examples); thermal performance of EMF
fiberboard substrate (see Appendix I for examples); thermal
performance of foamed three-dimensional SIPs, or other
three-dimensional fiberboard cut-shapes (e.g., estimated R
value) (see Appendix I for examples); usable conduit and
framing void areas within three-dimensional SIPs, or other
three-dimensional fiberboard substrates (see Appendix I for
examples); nailable surface area per panel face (see Appendix
I for examples); and so on.

[0081] The production summary (which may be generated
for flat EMF boards, three-dimensional fiberboard substrates,
and three-dimensional SIPs [based on user-defined substrate
design and production variables]) may include the following:
production rates for forming, pressing, and drying of flat
EMF fiberboard (see Appendix I for examples); location and
size of cut-shape joint locations required to yield desired
three-dimensional substrate design from a flat EMF fiber-
board (see Appendix I for examples); production volume
capabilities for flat EMF fiberboards, three-dimensional
fiberboard substrates, and three-dimensional SIP products
over time based on full-production runs and batch-run sce-
narios (see Appendix I for examples); and so on.

[0082] The cost summary (which may be based on user-
defined substrate design and production variables) may
include the following (see Appendix I for examples): per-unit
flat EMF fiberboards, three-dimensional fiberboard sub-
strates, and three-dimensional SIP cost summary detailed as
capital-, annual-fixed-, and variable costs; estimated cost of
goods sold (COGS) including fiberboard units for both flat
fiberboard and three-dimensional substrates; estimated ship-
ping costs of flat EMF fiberboards, three-dimensional fiber-
board substrates (three-dimensional substrate), and three-di-
mensional SIPs; per unit three-dimensional SIP panel cost for
factory fabrication and foaming; and so on.

[0083] The diverted waste and environmental consider-
ations (which may be estimated based on substrate design and
production process variables) may include the following:
amount of post-consumer fiber waste diverted to make three-
dimensional SIP fiberboard substrate and full panels; reduc-
tion of trees cut down, barrels of oil saved, and savings in
volume of landfill space (due to recycled input sources in
fabricating EMF products vs. virgin material sources used in
manufacturing and production of standard products espe-
cially SIPs); energy consumption for EMF production and
manufacturing; and so on.

[0084] FIG. 18 is flow chart for the disclosed software
showing a typical series of operations performed using the
disclosed software to determine optimal fiberboard, three-
dimensional substrate, and three-dimensional SIP designs

Sep. 26, 2013

based on user inputs (see Appendix I for examples). As illus-
trated, user defined variable inputs are derived from a pro-
posed design and research data. The user defined variable
inputs are inputs for the software processes which are per-
formed to yield the generated outputs. The generated outputs
are examined to determine whether or not they meet user
expectations for optimal design. If not, the unacceptable
results are identified and utilized to modify the user defined
variable inputs. Otherwise the generated outputs are utilized
in EMF fiberboard production (flat panel production). The
generated outputs (as well as the EMF fiberboard) may also
be utilized in three-dimensional substrate production (cut-
shape-fold process). Finally, the generated outputs (as well as
the produced three-dimensional substrate) may be utilized in
three-dimensional SIP production (including fabrication and
foaming processes).

[0085] FIG. 19 is a sample flow chart for the disclosed
software showing the input/process/output considerations
used to estimate transverse loading potential of a specific
three-dimensional SIP design (see Appendix I for examples).
FIG. 20 is a sample flow chart for the disclosed software
showing input/process/output considerations used to deter-
mine optimal cut-shape joint properties and cut-shape joint
locations for fabrication of a user-selected three-dimensional
substrate design (see Appendix I for examples).

[0086] FIGS.21A-21C aresample display screens that may
be displayed by an exemplary implementation of the dis-
closed software. The display screens provide visual represen-
tation of the proposed three-dimensional ESF substrate (FI1G.
21A), measurements and templates for particular cuts to be
made in the EMF fiberboard to achieve the desired structure
(FIG. 21B), and visual graphics analyzing the cost breakdown
for the proposed design (FIG. 21C). FIGS. 22A-22C are
sample display screens illustrating a sequence of results that
may be displayed by an exemplary implementation of the
disclosed software.

[0087] FIG. 23 illustrates an exemplary computer system
500 configured by the EFS configuration software application
as described herein. In one implementation, the computer
system 500 typically includes at least one processing unit 502
and memory 504. Depending upon the exact configuration
and type of the computer system 500, the memory 504 may be
volatile (e.g., RAM), non-volatile (e.g., ROM and flash
memory), or some combination of both. The most basic con-
figuration of the computer system 500 need include only the
processing unit 502 and the memory 504 as indicated by the
dashed line 506.

[0088] The computer system 500 may further include addi-
tional devices for memory storage or retrieval. These devices
may be removable storage devices 508 or non-removable
storage devices 510, for example, memory cards, magnetic
disk drives, magnetic tape drives, and optical drives for
memory storage and retrieval on magnetic and optical media.
Non-transitory storage media may include volatile and non-
volatile media, both removable and non-removable, and may
be provided in any of a number of configurations, for
example, RAM, ROM, EEPROM, flash memory, CD-ROM,
DVD, or other optical storage medium, magnetic cassettes,
magnetic tape, magnetic disk, or other magnetic storage
device, or any other memory technology or medium that can
be used to store data and can be accessed by the processing
unit 502. Additionally, the computer system 500 may execute
the software application for EFS configuration as discussed
above to control one or more pieces of CNC fabrication
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equipment and/or components of a CNC fabrication system
518 in order to direct CNC fabrication. The one or more
processing units 502 may implement such a software appli-
cation by executing one or more instructions, for example,
computer readable instructions, data structures, and program
modules, stored in the one or more non-transitory storage
media.

[0089] The computer system 500 may also have one or
more communication interfaces 512 that allow the system
500 to communicate with other devices. The communication
interface 512 may be connected with a network. The network
may be a local area network (LAN), a wide area network
(WAN), a telephone network, a cable network, an optical
network, the Internet, a direct wired connection, a wireless
network, e.g., radio frequency, infrared, microwave, or acous-
tic, or other networks enabling the transfer of data between
devices. Data is generally transmitted to and from the com-
munication interface 512 over the network via a modulated
data signal, e.g., a carrier wave or other transport medium. A
modulated data signal is an electromagnetic signal with char-
acteristics that can be set or changed in such a manner as to
encode data within the signal.

[0090] Thecomputer system 500 may further have a variety
of’busses for input devices 514 and output devices 516. Exem-
plary input devices 514 may include a keyboard, a mouse, a
tablet, barcode readers, touch pads, track pads, numeric key-
pads, track balls, microphones, and/or a touch screen device.
Exemplary output devices 516 may include a display monitor,
printer, and speakers. Such input devices 514 and output
devices 516 may be integrated with the computer system 500
or they may be connected to the computer system 500 via
wires or wirelessly, e.g., via IEEE 802.11 or Bluetooth pro-
tocol. These integrated or peripheral input and output devices
are generally well known and are not further discussed herein.
Other functions, for example, handling network communica-
tion transactions, may be performed by an operating system
in the nonvolatile memory 504 of the computer system 500.
[0091] FIG. 24 illustrates an example three-dimensional
SIP configuration for which the disclosed software will deter-
mine optimal cut-shape joint properties and cut-shape joint
locations for fabrication. FIG. 25 illustrates one of the folds
for the example three-dimensional SIP configuration for
which the disclosed software will determine optimal cut-
shape joint properties and cut-shape joint locations for fabri-
cation. FIG. 26 illustrates optimal cut-shape joint properties
and cut-shape joint locations (see Appendix I for examples)
for fabrication determined by the disclosed software for the
example three-dimensional SIP configuration. FIGS. 27 and
28 illustrate sample display screens that may be displayed by
an example implementation of the disclosed software deter-
mining the optimal cut-shape joint properties and cut-shape
joint locations (see Appendix I for examples) for fabrication
for the example three-dimensional SIP configuration.

[0092] The technology described herein may be at least
partially implemented as logical operations and/or modules
in one or more systems. The logical operations may be imple-
mented as a sequence of processor-implemented steps
executing in one or more computer systems and as intercon-
nected machine or circuit modules within one or more com-
puter systems. Likewise, the descriptions of various compo-
nent modules may be provided in terms of operations
executed or effected by the modules. The resulting implemen-
tation is a matter of choice, dependent on the performance
requirements of the underlying system implementing the
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described technology. Accordingly, the logical operations
making up the embodiments of the technology described
herein may be referred to variously as operations, steps,
objects, engines, or modules. Furthermore, it should be
understood that logical operations may be performed in any
order, unless explicitly claimed otherwise or a specific order
is inherently necessitated by the claim language.

[0093] In some implementations, articles of manufacture
may be provided as computer program products that cause the
instantiation of operations on a computer system to imple-
ment one or more portions of the disclosure. One implemen-
tation of a computer program product provides a computer
program storage medium readable by a computer system and
encoding a computer program. It should further be under-
stood that the described technology may be employed in
special purpose devices independent of a personal computer.
[0094] The above specification, examples and data provide
a complete description of the structure and use of example
embodiments of the disclosure. Although various embodi-
ments of the disclosure have been described above with a
certain degree of particularity, or with reference to one or
more individual embodiments, those skilled in the art could
make numerous alterations to the disclosed embodiments
without departing from the spirit or scope of this disclosure.
Other embodiments are therefore contemplated. It is intended
that all matter contained in the above description and shown
in the accompanying drawings shall be interpreted as illus-
trative only of particular embodiments and not limiting.
Changes in detail or structure may be made without departing
from the basic elements of the disclosure as defined in the
following claims.

What is claimed is:

1. A method for forming a three-dimensional engineered
shaped fiber configuration, the method comprising

determining a plurality of structural requirements for a

three-dimensional engineered shaped fiber configura-
tion;
ascertaining a plurality of properties of at least one engi-
neered molded fiber fiberboard material; and

calculating, at least based on the plurality of structural
requirements for the three-dimensional engineered
shaped fiber configuration and the plurality of properties
of the at least one engineered molded fiber fiberboard
material, at least a first cut on a top surface of a flat piece
of engineered molded fiber fiberboard material and a
second cut on a bottom surface of the flat piece of the
engineered molded fiber fiberboard material wherein

the first cut and the second cut each have a depth, a width,
and a position and the first cut and the second cut have a
spacing between them such that the flat piece of the
engineered molded fiber fiberboard material can be
folded at a point located in the spacing between the first
cut and second cut to position a first portion of the flat
piece of the engineered molded fiber fiberboard material
at a particular angle with respect to a second portion of
the flat piece of the engineered molded fiber fiberboard
material.

2. The method of claim 1, wherein at least one of said
determining operation, said ascertaining method, or said cal-
culating method is performed by at least one processing unit
executing at least one set of instructions stored in at least one
non-transitory machine readable medium.

3. The method of claim 1, further comprising cutting the
first cut and the second cut.
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4. The method of claim 3, further comprising forming a
three-dimensional engineered shaped fiber configuration by
at least folding the flat piece of the engineered molded fiber
fiberboard material at the point to position the first portion at
the particular angle with respect to the second portion.

5. The method of claim 4, further comprising assembling a
three-dimensional structured insulated panel utilizing the
three-dimensional engineered shaped fiber configuration as a
core.

6. The method of claim 4, further comprising securing the
first portion to remain positioned at the particular angle with
respect to the second portion.

7. The method of claim 6, wherein said operation of secur-
ing the first portion to remain positioned at the particular
angle with respect to the second portion further comprises
securing the first portion to remain positioned at the particular
angle with respect to the second portion utilizing at least one
insert.

8. The method of claim 1, further comprising

calculating, at least based on the plurality of structural
requirements for the three-dimensional engineered
shaped fiber configuration and the plurality of properties
of the at least one engineered molded fiber fiberboard
material, at least a third cut on the top surface of the flat
piece of engineered molded fiber fiberboard material
and a fourth cut on the bottom surface of the flat piece of
the engineered molded fiber fiberboard material wherein

the third cut and the fourth cut each have a depth, a width,
and a position and the third cut and the fourth cut have a
spacing between them such that the flat piece of the
engineered molded fiber fiberboard material can be
folded at an additional point located in the spacing
between the third cut and fourth cut to position a third
portion of the flat piece of the engineered molded fiber
fiberboard material at an additional particular angle with
respect to a fourth portion of the flat piece of the engi-
neered molded fiber fiberboard material.

9. A computer program product comprising

a first set of instructions, stored in at least one non-transi-
tory storage medium, executable by at least one process-
ing unit to determine a plurality of structural require-
ments for a three-dimensional engineered shaped fiber
configuration;

a second set of instructions, stored in the at least one
non-transitory storage medium, executable by the at
least one processing unit to ascertain a plurality of prop-
erties of at least one engineered molded fiber fiberboard
material; and

a third set of instructions, stored in the at least one non-
transitory storage medium, executable by the at least one
processing unit to calculate, at least based on the plural-
ity of structural requirements for the three-dimensional
engineered shaped fiber configuration and the plurality
of properties of the at least one engineered molded fiber
fiberboard material, at least a first cut on a top surface of
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a flat piece of engineered molded fiber fiberboard mate-
rial and a second cut on a bottom surface of the flat piece
of the engineered molded fiber fiberboard material
wherein

the first cut and the second cut each have a depth, a width,

and a position and the first cut and the second cut have a
spacing between them such that the flat piece of the
engineered molded fiber fiberboard material can be
folded at a point located in the spacing between the first
cut and second cut to position a first portion of the flat
piece of the engineered molded fiber fiberboard material
at a particular angle with respect to a second portion of
the flat piece of the engineered molded fiber fiberboard
material.

10. The computer program product of claim 9, further
comprising a fourth set of instructions, stored in the at least
one non-transitory storage medium, executable by the at least
one processing unit to control performance of cutting the first
cut and the second cut.

11. The computer program product of claim 10, further
comprising a fifth set of instructions, stored in the at least one
non-transitory storage medium, executable by the at least one
processing unit to control performance of forming a three-
dimensional engineered shaped fiber configuration by least
folding the flat piece of the engineered molded fiber fiber-
board material at the point to position the first portion at the
particular angle with respect to the second portion.

12. The computer program product of claim 11, further
comprising a sixth set of instructions, stored in the at least one
non-transitory storage medium, executable by the at least one
processing unit to control performance of assembling a three-
dimensional structured insulated panel utilizing the three-
dimensional engineered shaped fiber configuration as a core.

13. The computer program product of claim 11, further
comprising a seventh set of instructions, stored in the at least
one non-transitory storage medium, executable by the at least
one processing unit to control performance of securing the
first portion to remain positioned at the particular angle with
respect to the second portion.

14. The computer program product of claim 13, wherein
said securing the first portion to remain positioned at the
particular angle with respect to the second portion further
comprises securing the first portion to remain positioned at
the particular angle with respect to the second portion utiliz-
ing at least one insert.

15. The computer program product of claim 13, wherein at
least one of said controlling performance of cutting the first
cut and the second cut, controlling performance of forming a
three-dimensional engineered shaped fiber configuration,
controlling performance of assembling a three-dimensional
structured insulated panel, or controlling performance of
securing the first portion further comprises controlling at least
one fabrication system component.
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