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(54) Geometric systems for building 3-D structures

(57) Geometric systems for building 3-D structures
from a plurality of 2-D building elements, including a first
building element defining a first shape defined by edges
with a first dimension, and a second building element
defining a second shape incongruent to the first shape
defined by edges with a second dimension incongruent
to the first dimension. Further, each building element de-
fines an imaginary circle having a center aligned with the
center of the building element, and defines a plurality of

notches positioned at and tangential to the circumference
of the imaginary circle, where the plurality of building el-
ements are configured to fit together at their respective
notches to form a 3-D structure. Geometric systems may
include a first building element defining a first shape with
a first contour, and a second building element defining a
second shape incongruent to the first shape with a sec-
ond contour incongruent to the first contour.
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Description

[0001] The present disclosure relates generally to ge-
ometric systems. In particular, geometric systems with
interfitting building elements for building 3-D structures
are described.
[0002] The construction of 3-D structures from 2-D
building elements is an effective means for studying var-
ious geometric shapes, including, but not limited to, Pla-
tonic, Archimedean, and Johnson solids as well as
prisms, antiprisms, and various non-convex structures
with regular faces. This area of study also lends itself
well to the understanding of mathematical concepts as-
sociated with these geometric shapes and may aid in the
development of the user’s creative appetite. Indeed, ge-
ometric building systems are an excellent means for con-
structing an infinite number of geometric shapes while
exposing users to an activity that intersects the world of
art with the world of mathematics to make wonderful and
colorful creations.
[0003] Known geometric systems are not entirely sat-
isfactory for the range of applications in which they are
employed. For example, existing geometric systems do
not allow for the interfitting or interconnection of individual
incongruent elements to construct a 3-D structure. In ad-
dition, conventional geometric systems, because of their
failure to allow the interconnection of incongruent ele-
ments, are limited to a very small subset of 3-D structures
that can actually be constructed.
[0004] Thus, there exists a need for geometric systems
that improve upon and advance the design of known ge-
ometric systems. Examples of new and useful geometric
systems for building 3-D structures relevant to the needs
existing in the field are discussed below.
[0005] Disclosure addressing one or more of the iden-
tified existing needs is provided in the detailed description
below. Examples of references relevant to geometric sys-
tems for building 3-D structures include U.S. Patent Ref-
erences: 7,469,898; 5,593,337; 5,489,230; and U.S. Pat-
ent Application Publication: 20120164912. However,
each one of these references suffers from one or more
of the following disadvantages: the individual building el-
ements used to construct the 3-D structures can only be
interconnected with other building elements that are ex-
actly the same shape and the material from which these
building elements are manufactured is limited to either
only flexible materials or only rigid materials, but never
a combination of both types of material. The complete
disclosures of the above patents and patent applications
are herein incorporated by reference for all purposes.
[0006] The present disclosure is directed to geometric
systems for building 3-D structures from a plurality of 2-
D building elements, including a first building element
defining a first shape defined by edges with a first dimen-
sion, and a second building element defining a second
shape incongruent to the first shape defined by edges
with a second dimension incongruent to the first dimen-
sion. Further, each building element defines an imaginary

circle having a center aligned with the center of the build-
ing element and defines a plurality of notches positioned
at the circumference of the imaginary circle and aligned
tangentially to the imaginary circle and where the plurality
of building elements, including the first building element
and the second building element defining incongruent
shapes, are configured to fit together at their respective
notches to form a 3-D structure. In some examples, ge-
ometric systems include a first building element defining
a first shape defined by edges with a first contour, and a
second building element defining a second shape incon-
gruent to the first shape defined by edges with a second
contour incongruent to the first contour.
[0007] The disclosed geometric systems will become
better understood through review of the following detailed
description in conjunction with the figures. The detailed
description and figures provide merely examples of the
various inventions described herein. Those skilled in the
art will understand that the disclosed examples may be
varied, modified, and altered without departing from the
scope of the inventions described herein. Many varia-
tions are contemplated for different applications and de-
sign considerations; however, for the sake of brevity,
each and every contemplated variation is not individually
described in the following detailed description.
[0008] Throughout the following detailed description,
examples of various geometric systems are provided.
Related features in the examples may be identical, sim-
ilar, or dissimilar in different examples. For the sake of
brevity, related features will not be redundantly explained
in each example. Instead, the use of related feature
names will cue the reader that the feature with a related
feature name may be similar to the related feature in an
example explained previously. Features specific to a giv-
en example will be described in that particular example.
The reader should understand that a given feature need
not be the same or similar to the specific portrayal of a
related feature in any given figure or example.

Fig. 1 is a perspective view of a first example of a
geometric system depicting two incongruent building
elements interconnecting.
Fig. 2 is a perspective view of the geometric system
shown in Fig. 1 depicting two incongruent building
elements interconnecting.
Fig. 3 is a perspective view of the geometric system
illustrating four incongruent building elements inter-
connecting.
Fig. 4 is a top plan view of two building elements, a
first building element at the top of the figure in the
shape of a triangle and having non-rectilinear notch-
es and a second building element at the bottom of
the figure in the shape of a triangle and having rec-
tilinear notches.
Fig. 5 depicts the first building element and the sec-
ond building element shown in Fig. 4 with the first
building element interconnecting with the second
building element by joining together the non-rectilin-
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ear notch of the first building element and the recti-
linear notch of the second building element.
Fig. 6 is a top plan view of an example building ele-
ment.
Fig. 7 is a top plan view of another example building
element.
Fig. 8 is a top plan view of another example building
element.
Fig. 9 is a top plan view of another example building
element.
Fig. 10 is a top plan view of another example building
element.
Fig. 11 is a top plan view of another example building
element.
Fig. 12 is a top plan view of a geometric system con-
structed from a plurality of building elements to form
an octahedron structure.
Fig. 13 is a top plan view of a geometric system con-
structed from a plurality of building elements to form
a cuboctahedron structure.
Fig. 14 is a top plan view of a geometric system con-
structed from a plurality of building elements to form
a truncated icosahedron structure.

[0009] With reference to Figs. 1-14, a geometric sys-
tem 18 for building 3-D structures will now be described.
Geometric system 18 includes a first building element 20
and a second building element 30. The reader should
understand that geometric systems described herein
may include a plurality of building elements, such as 2,
3, 5, 10, 50, or 100 or more building elements.
[0010] In use, as shown in Figs. 1-3, 5, and 12-14, two
or more building elements are interconnected together
to form a three-dimensional (3-D) structure. In some ex-
amples, the geometric system forms a 3-D structure in
the form of a polyhedron whereas in other examples, the
system forms an irregular 3-D structure. The user’s im-
agination and skill will lead to a variety of 3-D shapes,
which adds to the enjoyment and learning possible with
the geometric systems described herein.
[0011] For example, the geometric systems described
herein may form Platonic solids, Archimedean solids, and
Johnson solids by interconnecting building elements to-
gether. Alternatively, a user may interconnect building
elements to each other to form a variety of 3-D polyhe-
drons or other 3-D structures. Of course, substantially
planar structures may be created with geometric systems
described herein as well, which might be considered two-
dimensional given the relative dimensions of the resulting
structure.
[0012] In many examples, the building elements are
made from a lightweight, inexpensive material, such as
paper, which leads to 3-D structures that are aesthetically
pleasing, but not structurally sound. However, in some
examples, the building elements are made from structur-
ally significant materials, such as wood, hard plastic, met-
al, or other rigid material, and may be used to construct
3-D structures with structural integrity. For instance, ge-

ometric systems including structural building elements
may form enhanced 3-D structures such as lamps, toys,
or even more permanent structures as part of an arts and
crafts kit.
[0013] The plurality of building elements may be the
same shape and/or configuration, as shown in Fig. 2, or
may include one or more different shapes and/or config-
urations, as shown in Figs. 1, and 3-5. In some examples,
the building elements are each a different shape and/or
configuration from the other building elements within the
plurality of building elements. In other examples, the plu-
rality of building elements includes a mix of building ele-
ments that are congruent to other building elements and
incongruent to other building elements in the plurality or
set of building elements making up the geometric system.
[0014] Figs. 4 and 5 demonstrate one example what
is meant by a different configuration: the reader can see
that the building element in Figs. 4 and 5 are the same
shape when viewed in profile, but are configured differ-
ently with regard to the shape of their notches. In Fig. 4,
a building element 120 is shown at the top of the figure
in the shape of a triangle with edges 124 and non-recti-
linear notches 126. Building element 130 is shown at the
bottom of Fig. 4 and is in the shape of a triangle with
edges 134 and rectilinear notches 136.
[0015] Turning attention to Fig. 1, building element 20
defines a first geometric shape 22, a 3-pointed star, de-
fined by outer edges 24. While building element 20 is
technically three-dimensional in that it has a length, a
width, and a thickness, it may be referred to as substan-
tially two-dimensional (2-D) given that its thickness is sig-
nificantly smaller than its length and width. In other ex-
amples, the building element may have a thickness that
is larger and in those instances the building element may
be considered a three-dimensional component.
[0016] Building element 20 defines an imaginary circle
having a center aligned with the center of building ele-
ment 20. In the example shown in Fig. 1, building element
defines an aperture 28 in the shape of a circle that is also
aligned with the center of the building element. However,
in some examples the building element does not define
an aperture in the shape of a circle, but instead defines
an aperture of another shape, such as a triangle, square,
another regular polygon, or an irregular polygon. Aper-
ture 26 may assist users to hold and manipulate building
element 20 while constructing 3-D structures. In some
examples, the building element does not define an ap-
erture.
[0017] Building element 20 defines three notches 26.
In certain examples, the building element includes less
than three notches, such as one or two notches. In still
further examples, the building element includes more
than three notches, such as four, five, or six or more
notches.
[0018] Notches 26 are substantially rectilinear in shape
as compared to notches 126 shown in Fig. 4, which are
non-rectilinear in shape. In various examples, the build-
ing element may define rectilinear notches, non-rectilin-
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ear notches, or a combination of rectilinear and non-rec-
tilinear notches. In the example shown in Figs. 1 and 2,
notches 26 are proximally disposed to the circumference
of the imaginary circle and aligned tangentially to the im-
aginary circle.
[0019] In the example shown in Figs. 1 and 2, building
element 20 has a first size. In some examples, the geo-
metric system may include building elements with the
same shape, but a different size than building element
20. The building elements having the same shape as
building element 20 may be larger and smaller than build-
ing element 20.
[0020] Building element 20 may be manufactured from
such materials as foam, ethylene vinyl acetate, poster
board, or laminated paper. Additionally or alternatively,
the building elements of the present invention may be
manufactured from wood veneer, acrylic, or sisal. The
reader should understand that the building elements de-
scribed herein may be manufactured from virtually any
material currently known or yet to be discovered that
would allow the building elements to interconnect and
form 3-D structures.
[0021] Continuing with Fig. 1, another building ele-
ment, building element 30, will be described. Building
element 30 in Fig. 1 and the other building elements de-
scribed herein, such as those shown in Figs. 3-14, are
similar in some respects to building element 20 and dif-
ferent in other respects. Accordingly, the distinctions be-
tween the building elements will be highlighted and the
reader should understand that the features and contem-
plated variations of building element 20 described above
may apply to the other building elements described here-
in.
[0022] As shown in Fig. 1, building element 30 defines
a second geometric shape 32, a 6-pointed star, with outer
edges 34. Building element 30 is larger than building el-
ement 20. Building element 30 defines an imaginary cir-
cle having a center aligned with the center of building
element 30. Building element 30 further defines a cen-
trally positioned aperture 38 in the shape of a circle.As
shown in Fig. 1, building element 30 defines three notch-
es 36 that are rectilinear in shape and are proximally
disposed to the circumference of the imaginary circle and
aligned tangentially to the imaginary circle.
[0023] The reader can see in Fig. 1 that building ele-
ment 30 is incongruent to building element 20. However,
building elements 20 and 30 can be interconnected
through their respective notches 36 and 26 to form a 3-
D structure. Alternatively, in other examples, such as
shown in Fig. 2, building elements that are congruent
may also be interconnected via their notches. As further
shown in Figs. 3, 5, and 12-14, geometric systems de-
scribed herein may include a variety of interconnected
building elements, some congruent and some incongru-
ent, to form 3-D structures.
[0024] Interconnecting incongruent building elements,
such as building element 20 and building element 30,
may be facilitated by forming notches 26 and 36 to be of

equal length. Further, placing notches 26 and 36 proxi-
mate the circumference of the imaginary circles centered
on the building elements helps enable a user to construct
3-D structures having regular faces, i.e., faces that are
equiangular and equilateral. Having a plurality of building
elements, each with notches oriented proximate the cir-
cumference of an imaginary circle centered on the build-
ing element, enable a user to interconnect an large
number of building elements, whether the building ele-
ments are congruent or incongruent to one another, such
as shown in see Fig. 3. Different building elements de-
fining different shapes and different numbers of notches
with respect to other building elements in the geometric
system allows a user to construct a wide variety of 3-D
structures.
[0025] Turning attention to Fig. 4, a second example
of a geometric system 118 will now be described. Geo-
metric system 118 includes many similar or identical fea-
tures to geometric system 18. Thus, for the sake of brev-
ity, each feature of geometric system 118 will not be re-
dundantly explained. Rather, key distinctions between
geometric system 118 and geometric system 18 will be
described in detail and the reader should reference the
discussion above for features substantially similar be-
tween the two geometric systems.
[0026] As can be seen in Fig. 4, geometric system 118
includes a building element 120 and a building element
130. Building elements 120 and 130 define a plurality of
notches 126 and 136 and a plurality of edges 124 and
134, respectively. Here, geometric system 118 differs
from geometric system 18 in building elements 120 and
130 define a substantially similar shape when viewed in
profile, namely, a triangle, but the building elements are
configured differently. In particular, building element 120
defines a plurality of non-rectilinear notches 126 whereas
building element 130 defines rectilinear notches 136.
[0027] Fig. 4 illustrates that notches 126 are non-rec-
tilinear, but still configured to be interconnected with rec-
tilinear notches 136 of building element 130. This is pos-
sible because of the location of non-rectilinear notches
136 relative to building element 130. Non-rectilinear
notches 126 of building element 120 are disposed prox-
imate the circumference of the imaginary circle centered
on the building element and aligned tangentially to the
imaginary circle as in building element 20. The placement
of the notches, whether rectilinear or non-rectilinear,
proximate the circumference of the imaginary circle rel-
ative to each geometric shape allows different building
elements with the same or different shape profile to in-
terconnect with each other, such as shown in Fig. 5.
[0028] Turning attention to Fig. 6, additional building
elements that may be added to both geometric system
18 and geometric system 118 will now be described. The
additional building elements include similar or identical
to the building elements included in geometric system 18
and geometric system 118. Thus, for the sake of brevity,
each feature the additional building elements will not be
redundantly explained. Rather, key distinctions between
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these additional building elements and the building ele-
ments from geometric system 18 and geometric system
118 will be described in detail and the reader should ref-
erence the discussion above for features substantially
similar between the additional building elements and the
building elements of system 18 and system 118.
[0029] As can be seen in Fig. 6, a building element 320
defines a third geometric shape 322, a 4-pointed star,
with edges 324. Building element 320 defines a plurality
of notches 326 and an aperture 328. The primary differ-
ence between building element 20 and building element
320 is their respective shapes. Building element 20 de-
fines a first geometric shape 22, which is a 3-pointed star,
and building element 320 defines a third geometric shape
322, which is a 4-pointed star.
[0030] Turning attention to Fig. 7, a building element
420 defines a fourth geometric shape 422, a 6-pointed
star, with edges 424. Building element 420 defines a plu-
rality of notches 426 and an aperture 428. The main dif-
ference between building element 20 and building ele-
ment 420 is their respective shapes. Building element 20
defines a first geometric shape 22, which is a 3-pointed
star and building element 420 defines a fourth geometric
shape 422, which is a 6-pointed star.
[0031] Turning attention to Fig. 8, a building element
720 defines a fifth geometric shape 722, a triangle, with
edges 724. Building element 720 includes a plurality of
edge tabs 725 and a plurality of notches 726. Differences
between building element 20 and building element 720
include their respective shapes and the addition of edge
tabs 725 in building element 720. Building element 20
defines a 3-pointed star and building element 720 defines
a fifth geometric shape, which is a triangle.
[0032] As shown in Fig. 8, tab 725 is a semicircular-
shaped tab that is integrally formed with edge 724. Tab
725 is positioned with a semicircular portion 727 extend-
ing away from edge 724. A flat edge 728 of tab 725 co-
operates with edge 724 to form a rectilinear notch 726.
Alternatively, in other examples, the flat edge of the sem-
icircular tab and edge may cooperate to form a non-rec-
tilinear notch.
[0033] Shifting to Fig. 9, a building element 820 defines
a sixth geometric shape 822, a square, and includes edg-
es 824. Building element 820 includes a plurality of tabs
825 and a plurality of notches 826. The primary difference
between building element 720 and building element 820
is their respective shapes. Building element 720 defines
a triangle and building element 820 defines a square.
[0034] Building element 820 also includes a plurality
of semicircular tabs 825 that are integrally formed with
edges 824 and positioned with a semicircular portion 827
of tab 825 extending away from edge 824. A flat edge
828 of tab 825 cooperates with edge 824 to form a rec-
tilinear notch 826. Alternatively, the flat edge of the sem-
icircular tab and edge may cooperate to form a non-rec-
tilinear notch.
[0035] Figures 10 and 11 detail two more variations of
the nearly unlimited shapes that can be used with the

present invention to construct 3-D polyhedrons. Fig. 10
illustrates a building element 520 that defines a seventh
shape 522 that resembles a variation of a 4-pointed star.
Fig. 11 illustrates a building element 620 that defines an
eighth shape 622 that resembles a 5-pointed leaf.
[0036] Figures 12 through 14 illustrate three of the vir-
tually unlimited possible structures that can be construct-
ed with the geometric systems described herein. Fig. 12
illustrates an octahedron 900 constructed from eight
building elements 22, which define 3-pointed stars. Fig.
13 illustrates a cuboctahedron 1000 constructed from
eight building elements 22, which define 3-pointed stars,
and six building elements 322, which define 4-pointed
stars. Fig. 14 illustrates a truncated icosahedron 1100
constructed from 12 building elements 30, which define
5-sided stars and 20 building elements 420, which define
6-sided stars.
[0037] The disclosure above encompasses multiple
distinct inventions with independent utility. While each of
these inventions has been disclosed in a particular form,
the specific embodiments disclosed and illustrated above
are not to be considered in a limiting sense as numerous
variations are possible. The subject matter of the inven-
tions includes all novel and non-obvious combinations
and subcombinations of the various elements, features,
functions and/or properties disclosed above and inherent
to those skilled in the art pertaining to such inventions.
Where the disclosure or subsequently filed claims recite
"a" element, "a first" element, or any such equivalent
term, the disclosure or claims should be understood to
incorporate one or more such elements, neither requiring
nor excluding two or more such elements.
[0038] Applicant(s) reserves the right to submit claims
directed to combinations and subcombinations of the dis-
closed inventions that are believed to be novel and non-
obvious. Inventions embodied in other combinations and
subcombinations of features, functions, elements and/or
properties may be claimed through amendment of those
claims or presentation of new claims in the present ap-
plication or in a related application. Such amended or
new claims, whether they are directed to the same in-
vention or a different invention and whether they are dif-
ferent, broader, narrower or equal in scope to the original
claims, are to be considered within the subject matter of
the inventions described herein.
[0039] Although the preferred embodiments of the in-
vention have been disclosed for illustrative purpose,
those skilled in the art will appreciate that various modi-
fications, additions or substitutions are possible, without
departing from the scope and spirit of the invention as
disclosed in the accompanying claims.

Claims

1. A geometric system for building three dimensional
structures, comprising:
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a plurality of two dimensional building elements
configured to connect together for building three
dimensional structures, including:

a first building element defining a first
shape, and
a second building element defining a sec-
ond shape incongruent to the first shape;
and

where each building element:

defines an imaginary circle having a center
aligned with the center of the building ele-
ment, and
defines a plurality of notches disposed at
the circumference of the imaginary circle
and aligned tangentially to the imaginary cir-
cle; and

where the plurality of building elements, includ-
ing the first building element and the second
building element defining incongruent shapes,
are configured to fit together at their respective
notches to form a three-dimensional structure.

2. The geometric system of claim 1, wherein the first
shape is defined by edges with a first dimension and
the second shape is defined by edges with a second
dimension incongruent to the first dimension.

3. The geometric system of claim 1, wherein the first
shape is defined by edges with a first contour and
the second shape is defined by edges with a second
contour incongruent to the first contour.

4. The geometric system of any one of claims 1 to 3,
wherein the plurality of notches are rectilinear for the
first building element and non-rectilinear for the sec-
ond building element.

5. The geometric system of any one of claims 1 to 3,
wherein the plurality of notches are arbitrarily recti-
linear and non-rectilinear in shape for all of the inter-
connected two dimensional building elements.

6. The geometric system of any one of claims 1 to 5,
wherein the notches of each building element to be
interconnected are of equal length.

7. The geometric system of any one of claims 1 to 6,
wherein the distance from the notches to the center
of the building elements is selected to cause the plu-
rality of building elements to form a three dimension-
al structure having faces that are equiangular and
equilateral when interconnected.

8. The geometric system of any one of claims 1 to 7,

wherein the location of the notches in relation to the
center of each building element is selected to cause
the plurality of building elements to form a three di-
mensional Platonic structure, a three dimensional
Johnson structure, or a three dimensional Archime-
dean structure when interconnected.

9. The geometric system of any one of claims 1 to 8,
wherein the two dimensional building elements are
made from ethylene vinyl acetate, poster board, or
laminated paper.

10. The geometric system of any one of claims 1 to 8,
wherein the two dimensional building elements are
made from wood veneer, acrylic, or sisal.

11. The geometric system of any one of claims 1 to 10,
wherein the edges of the two dimensional building
elements are curvilinear.

12. The geometric system of any one of claims 1 to 11,
wherein each two dimensional building element is
configured with at least three notches.

13. The geometric system of any one of claims 1 to 12,
wherein the plurality of notches are non-rectilinear,
allowing the interconnection of two dimensional
building elements that are made of various materials.

14. The geometric system of any one of claims 1 to 13,
wherein the notches of each two dimensional build-
ing element to be interconnected are of equal length.

15. The geometric system of any one of claims 1 to 14,
further comprising a plurality of edge tabs, the edge
tabs being integrally formed with the edges of the
two dimensional building elements to form the notch-
es.
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