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(57)

A polygonal element (1) is provided for forming polyhedral structures, particularly for use as an
educational constructional toy.
Polygonal element (1) has side margins (3) each comprising an inner edge (4), an outer edge (5), first
and second projections (6, 7) extending outwardly of the outer edge (5) and a recess (8) defined by the first and
second projections (6, 7). First projection (6) comprises spaced limbs (6a, 6b). Side face (6c) of recess 8 is an
abutment face. Side face (6d) of limb (6b}) has a hinge pip (9) thereon and side face (7a) of recess (8) has a
hinge socket (10) therein.
The arrangement is such that when the polygonal element (1) is hingedly connected edge-to-edge with
another such element by inserting the first projection (6) of a side margin (3) of each element in the recess (8)
of the other so that the abutment faces (6¢) thereof abut, the pressure exerted on the outer side faces (6c, 6d)
of limbs (6a, 6b) will produce sufficient bowing of the side margins (3) to enable the hinge pip (9) of each side
margin (3) to spring into the hinge socket (10) of the other side margin.
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Fig.1

At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.

This print takes account of replacement documents submitted after the date of filing to enable the application to comply
with the formal requirements of the Patents Rules 1990.
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POLYGONAL ELEMENT FOR FORMING POLYHEDRAIL STRUCTURES.

The present invention relates to a polygonal element for
forming polyhedral structures by hingedly connecting together a
plurality of such elements in edge-to-edge relationship, such
polygonal elements being particularly useful as an educational

constructional toy.

In my British Patent No. 1,378,942 (U.S. Patent No.
4,055,019) there is described and claimed a planar element for
use as part of a constructional toy comprising a plurality of
such elements. The planar element has at least one side
margin comprising first and second spaced projections which
define therebetween a recess, that side face of the recess
defined by an inner side face of said first projection being an
abutment face, one of the side face of the recess opposite the
abutment face and the outer side face of the first projection
being provided with a hinge socket and the other said face with
a corresponding hinge pip, and a slot in said first or second
projection extending inwardly from the outer edge of the
projection to form a resilient spring at one side of said
recess, the arrangement being such that when two such elements
are connected together by inserting the first projection of
each element in the recess of the other element said springs
will provide sufficient resilience to enable the hinge pip of



each element to be sprung into the hinge socket of the other

element to thereby hingedly connect the elements together.

Constructional toys comprising a plurality of planar
elements according to my said Patents are sold under the
Registered Trademark “"Polydron” and have been commercially
successful, particulariy in the field of education. However,
it has become apparent that there is a need for a version of
such a constructional toy wherein the planar elements comprise
simply an outer peripheral frame with no material in the centre
thereof so that when a plurality of such elements are hingedly
connected together edge-to-edge to form a polyhedral structure
not only the outside but also the inside of the polyhedral
structure can be examined. Whilst planar elements comprising
simply an outer peripheral frame were contemplated in my
aforesaid Patents, if it is desired to provide such an element
wherein the outer peripheral frame is relatively narrow, and
therefor aesthetically more pleasing, then the provision of a
said inwardly extending slot to provide said resilient spring
in each of the margins of the planar element becomes
impractical because it so weakens the element that it is liable

to break in use.

It is accordingly an object of the present invention to
provide a polygonal element for forming polyhedral structures
by hingedly connecting together a plurality of such elements in
edge-to-edge relationship, wherein the connecting means is such
as to obviate the need for an inwardly extending slot and the

resilient spring defined thereby.



It is also an object of the present invention to provide a
polygonal element for forming polyhedral structures by hingedly
connecting together a plurality of such elements in edge-to-
edge relationship which can be compatible with and hingedly
connect in edge-to-edge relationship with the known planar

elements sold under the Registered Trademark "Polydron”.

The present invention provides a polygonal element for
forming polyhedral structures by hingedly connecting together a
plurality of such elements in edge-to-edge relationship,

wherein each side margin of the polygonal element comprises:

(a) an inner edge and an outer edge,

(b) first and second projections extending outwardly of

the outer edge and defining therebetween a recess,

(¢) said first projection consisting of a pair of spaced
limbs extending outwardly of the outer edge and
unconnected at their outer ends, the distance between the
outer side faces of said limbs being substantially the

same as the length of said recess,

(d) the side face of said recess defined by an inner limb

of said first projection being an abutment face, and

(e) one of the side face of said recess opposite said
abutment face and the outer side face of the outer of said
]imbs being provided with a hinge pip and the other with a

hinge socket,



whereby when the polygonal element is hingedly connected edge-
to-edge with another such element by inserting said first
projection of a margin of each element in the recess of the
margin of the other element so that the abutment faces thereof
abut, the pressure exerted on the outer side faces of the limbs
of the first projection of each element will produce sufficient
bowing of the side margin of the element to enable the hinge
pip of each side margin to be sprung into the hinge socket of
the other side margin.

The invention will be more particularly described with

reference to the accompanying drawings, in which:-

Fig. 1 is a fragmentary plan view illustrating one side
margin of a substantially square polygonal element according to

a first embodiment of the present invention,

Fig. 2 is a view similar to Fig. 1! and illustrating the
bowing of the side margin which occurs during the connection
edge-to-edge of the side margin of the polygonal element of
Fig. 1 with a corresponding side margin of another such
element, sald bowing of the side margin being exaggerated for

the sake of clarity,

Fig. 3 is a plan view of a polygonal element according to
a preferred embodiment of the present invention, the polygonal
element being substantially in the form of an equilateral

triangle.



Fig. 4 is a plan view of a substantially square polygonal
element according to said preferred embodiment of the present

invention,

Fig. 5 is a side view of one side margin of a polygonal
element according to Fig. 3 or 4,

Figs. 6A and 6B are enlarged fragmentary views showing
respectively the hinge socket and hinge pip of the side margin
of Fig. 5,

Fig. 7 1is a plan view of another polygonal element
according to said preferred embodiment, the polygonal element

in this case being in the form of an isosceles triangle,

Fig. 8 is a fragmentary plan view of a substantially
square polygonal element according to another embodiment of the

present invention, and

Fig. 9 is a fragmentary plan view of a substantially
square polygonal element according to yet another embodiment of

the present invention.

Referring now to Fig. 1 it will be seen that the polygonal
element 1 1llustrated therein is substantially square and has
an aperture 2 in the centre thereof which is also square.
whereby the polygonal element 1 is in the form of a frame. As
a result, each side margin 3 of the polygonal element has an
inner edge 4 and an outer edge 5. Extending outwardly of the

outer edge 5 are a first projection 6 and a second projection 7



which define between them a recess 8. The first projection 8
consists of a pair of spaced limbs 6a, 6b which are unconnected
at their outer ends. The distance between the outer side
faces 6c, 8d of the limbs 6a, 6b respectively is substantially
the same as the length of the recess 8. The outer side face
6¢c of limb 6a forms one side face of the recess 8 and is an

abutment face.

OQuter side face 6d of the limb B8b has a part-spherical
hinge pip 9 thereon whilst the inner side face 7a of second
projection 7 has a corresponding part-spherical hinge socket 10

therein.

Quter limb 6b of the first projection 6 also defines an

open—-ended recess 11.

When the side margin 3 of polygonal element 1 is hingedly
connected edge-to-edge with a similar side margin of another
such polygonal element by inserting the first projection 6 of
each side margin in the recess 8 of the other side margin so
that the abutment faces 6¢ of the two side margins abut, the
pressure exerted on the outer side faces 6c, 6d of the limbs
6a. 6b respectively produces sufficient bowing of +the side
margins 3 to enable the hinge pip 9 of each side margin to be

sprung into the hinge socket 10 of the other side margin.

Although verv much exaggerated for the sake of clarity, it
will be seen from Fig. 2 that the said pressure exerted on the
outer side faces 6¢, 6d of the limbs 6a, 6b of each of the side
margins 3 during said conneciion causes the outer ends of the

limbs 6a. 6b to muve towards one another. which movement 1is



permitted by the outer ends of the 1limbs 6a, 6b being
unconnected, and this in turn causes the side margin 3 to bow
in a serpentine manner in the plane of the polygonal element 1.
Accordingly the outer edge 5 of the side margin 3 becomes
slightly concave in the region of the side 1imbs 6a, 6b of the
first projection 6 and slightly convex in the region of the
recess 8. As a result, the distance between the outer ends of
the outer side faces 6c¢c, 6d of the projection 6 is slightly
reduced whilst the distance between the outer ends of the side
faces 6c, 7a of the recess 8 is slightly increased, so enabling
the hinge pip 9 of each side margin 3 to be sprung into the

hinge socket 10 of the other side margin.

In effect, the side margin 3 acts as a beam and the limbs
6a., 6b as levers which produce bending moments in the beam when
force is applied to the outer side faces 6c¢c, 6d thereof. It
is accordingly a fairly simple matter to determine the width of
beam, 1.e. the distance between the inner and outer edges 4.5
of the side margin 3, required for any particular combination
of geometric or modular hinge length ! (Fig. 1), thickness of
the polygdonal element 1, offset, i.e. distance between the
longitudinal axis of the beam and the hinge axis, and the
material from which the polygonal element 1 is formed. If
desired, the beam width can vary over different parts of the
length thereof to provide required bending moments in different

parts of the beam.

In the illustrated embodiment. the polygonal element 1is
formed from ABS (AcrylonitrileButadieneStyrene). the modular or

geometric hinge length is 70mm.. the thickness of the polvgonal



element is 3.2mm, the offset is about 5Smm, the width of the
limbs 6a, 6b is 4mm, and the width of the beam is about 5mm.
The distance between the outer side faces of first projection 6
is 22.75mm and the length of the recess 8 is 22.25mm. With
these dimensions the polygonal element is compatible with and
hingedly connectable to the known planar elements sold under
the Registered Trademark "Polydron".

Except for minor differences to be described, the
embodiments shown in Figs. 3 to 7 are the same as the
embodiment of Figs. 1 and 2 and accordingly the same reference

numerals have been used for the same parts.

It will be seen from Fig. 3 that the polygonal element 1la
shown therein is in the form of an equilateral triangle as is

the central aperture 2a.

Likewise it will be seen from Fig. 7 that the polygonal
element 1b shown therein is in the form of an 1isosceles
triangle as is the central aperture 2b. Although in this
embodiment the overall length of the opposite side margins 3a,
3b is greater than in the embodiments of Figs. 1 to 6, it will
be understood that this extra length 1is accommodated by
increasing the length of both the second projection 7 and the
open—-ended recess 11. The actual hinge length between the
side faces 6d and 7a is the same as in the other embodiments
and accordingly the side margins 3a, 3b are compatible with and
hingedly connectable to the side margins of the embodiments of
Figs. 1 to 6.



In the embodiments of Figs. 3 to 7, the first pfojection 6
of each side margin 3 comprises limbs 6a, 6b, the 1limb 6a
having a first leg 12 extending outwardly of the outer edge 5
and a second leg 13 at right angles thereto and extending
towards the 1limb 6b. likewise the limb 6b has a first leg 14
extending outwardly of the outer edge 5 and a second leg 15 at
right angles thereto and extending towards the limb 6a. The
adjacent free ends of the second legs 13, 15 are separated by a
gap 16, The size of the gap 16 may be so chosen that the
second legs 13, 15 will act as stops to limit said bowing of
the side margin 3 during connection of the side margin 3 with a
compatible side margin of another such polygonal element. The
edges of the second legs 13, 15 on either side of the gap 16
and the edges of the slot 17 defined between the outer edge 5
and the second legs 13, 15 may be chamferred as shown at 18.
It will also be seen from Figs. 3 to 7 that the width of each
side margin 3 in the region of the slot 17 is less than in the
region of the recess 8. This is to compensate for the fact
that the slot 17 is shorter in length than the recess 8 and to
ensure that the side margin 3 will bow as required during
connection of the side margin 3 with a compatible side margin

of another such element.

The advantage of forming the first projection 6 of each
side margin 3 in the manner shown in Figs. 3 to 7 is that the
polygonal elements are more aesthetically pleasing and more
closely resemble in appearance the known planar elements sold
under the Registered Trademark "Polydron”, with which they are

preferably compatible.
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Also in the embodiments of Figs. 3 to 7 the edges of the
abutment face 6c of each side margin 3 are chamferred as shown
at 19 to facilitate the connection of the side margin 3 with a

compatible side margin of another such polygonal element.

The embodiment shown in Fig. 8 is similar to that shown in
Fig. 1 except that the central aperture 20 1is octagonal 1in
shape. As this limits the length of that part 21 of each side
margin 3 of the element which can bow during connection with
another such polygonal element, the width of the part 21 is

reduced as compared with the previous embodiments.

The embodiment shown in Fig. 9 is again similar to that of
Fig. 1 except that in this embodiment the central aperture 2 is
omitted and the inner edge 4 of each side margin 3 is defined
by a slot 22 which extends over at least the region of the
abutment face 6c and which may extend over the greater part of

the side margin.

The present invention also includes larger polygonal
elements having at least one side margin which is a multiple of
a said side margin 3 and comprises at least two such hinge
connections whereby at least two polygonal elements 1 may be

hingedly connected thereto.



i
CLAIMS:

1. A polygonal element for forming polyhedral structures by
hingedly connecting together a plurality of such elements in
edge-to-edge relationship, wherein each side margin of the

polygonal element comprises:
(a) an inner edge and an outer edge,

(b) first and second projections extending outwardly of

the outer edge and defining therebetween a recess,

(¢c) said first projection consisting of a pair of spaced
limbs extending outwardly of the outer edge and
unconnected at their outer ends, the distance between the
outer side faces of said limbs being substantially the

same as the length of said recess,

(d) the side face of said recess defined by an inner limb

of said first projection being an abutment face, and

(e) one of the side face of said recess opposite said
abutment face and the outer side face of the outer of said
limbs being provided with a hinge pip and the other with

a corresponding hinge socket,

whereby when the polygonal element is hingedly connected edge-
to-edge with another such element by 1inserting said first
projection of a margin of each element in the recess of the
margin of the other element so that the abutment faces thereof
abut. the pressure exerted on the outer side faces of the limbs
of the first projection of each element will produce sufficient
bowing of the side margin of the element to enable the hinge
pip of each side margin to be sprung into the hinge socket of

the other side margin.



1 2.

2. A polygonal element according to claim 1, having a
polygonal aperture therein of the same polygonal shape as the
polygonal element so that the polygonal element is in the form

of a frame.

3. A polygonal element according to claim 1, having a slot
therein extending parallel with each said side margin and

defining the inner edge of the side margin.

4. A polygonal element according to claim 1, 2 or 3, wherein
each side margin has the hinge socket in that side face of the
recess opposite the abutment face and the hinge pip is on the

outer side face of the outer limb of said first projection.

5. A polygonal element according to any one of the preceding
claims, wherein each limb of said first projection of each side
margin comprises a first leg extending outwardly of said outer
edge and a second leg at right angles thereto and extending

towards the other of said limbs.

6. A polygonal element according to claim 5. wherein said
second legs of said first projection serve as stops to limit
bowing of the side margin on which the first projection is

provided.



i3.

7. A polygonal element according to any one of the preceding
claims, wherein said bowing of the side margin of the element
during said connection occurs solely within the plane of the

polygonal element.

8. A polygonal element according to claim 7, wherein said
bowing of the side margin of the element during said connection
is such that the said outer edge becomes slightly concave in

the region of said first projection.

9. A polygonal element according to claim 7 or 8, wherein
said bowing of the side margin of the element during said
connection is such that the said outer edge becomes slightly

convex in the region of said recess.

10. A polygonal element according to claims 8 and 9, wherein
said side margin assumes a serpentine shape during said

connection.

11. A polygonal element according to any one of the preceding
claims, wherein the edges of said abutment face are chamferred

to assist said connection.

12. A polygonal element for forming polyhedral structures by
hingedly connecting together a plurality of such elements 1in
edge-to-edge relationship, substantially as herein described

with reference to the accompanying drawings.
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