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[57] ABSTRACT

The three-dimensional prism puzzle includes an internal
mechanism including a cylindrical body divided along a
vertical axial plane into two identical portions mutually
adjustable by rotation about a radially extending con-
necting pivot fitted centers. The prism has external
exterior segments nominally grouped into three hori-
zontally layered assemblies or structures, namely a mid-
dle structure and two adjacent peripheral structures.

" The cylindrical body portions have at their ends radial

projections for mounting exterior segments belonging
to the peripheral structures, which segments are pro-
vided with complementary recesses, and the shape of
these exterior segments is defined by four vertical
planes traversing the geometrical center of the prism at
an angle of 75° with respect to. intersecting vertical
faces of the prism. The exterior segments of the middle
structure are fastened on respective portions of the
cylindrical body of the internal mechanism the dividing
plane of which includes with a longer opposite face of
the exterior segment of the middle structure an angle of
15°. The ratio of the length of the base of the prism to its
height equals cos 15°.

11 Claims, 6 Drawing Sheets
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THREE-DIMENSIONAL PUZZLE

BACKGROUND OF THE INVENTION

A. Field of the Invention

The present invention relates generally to deformable
three-dimensional puzzles and, particularly to three
dimensional puzzles having the shape of a regular hexa-
hedral prism.

B. Description of the Prior Art

Most of the three-dimensional puzzles known until
now belong to the group of so called Rubic type puzzles
the first of which was the Rubic cube which became
also the most popular one. The high symmetry of these
puzzles which enables their suitable design neverthe-
less, from the mathematical point of view, contributes
to their rather easy solution.

A quite different group of puzzles, taken again from
the mathematical point of view, represent puzzles
which are capable of changing their symmetry in vari-
ous configurations. They are also different with respect
to their design since their various configurations may be
diversified not only by way of the color permutations of
segment faces but also through their various shapes and
symmetries.

To this new type of puzzles belongs the cube dis-
closed in the Czechoslovak patent on the industrial
design No. 15666. The construction of the internal
mechanism and arrangement of the exterior segments of
this puzzie allow, however, only those compact shape
configurations which are characterized by arrangement
of the principal faces of the exterior segments belonging
to the middle structure in one plane when these exterior
segments engage each other with their entire contact
surfaces. As far as the exterior segments are not turned
to this position the exterior segments of the puzzle do
not occupy a stable position.

In these unstable interim positions the outside func-
tional faces of the exterior segments do not engage each
other and on the contrary the non-functional lateral
faces of the exterior segments are exposed. Thus, in
those interim positions the puzzle does not take up geo-
metrically interesting shapes and does not constitute a
stable compact body.

The said three-dimensional body may become stable
in shape only in the positions when the outside form of
the body is in vertical direction defined by two horizon-
tal planes. The overall visual impression of the puzzle is
characterized only by those dominant integral faces of
the exterior segments belonging to the outside struc-
tures.

SUMMARY OF THE INVENTION

The object of the invention is to overcome disadvan-
tages of the present three-dimensional puzzles and to
extend the number of feasible shape configurations of
the heretofore described type of the three-dimensional
puzzle.

According to the invention this aim is achieved by a
three-dimensional puzzle having a shape of a regular
hexahedral prism characterized in that the ratio of the
length of the base of the prism to the height of the
tetrahedron L/H equals cos 15°, and exterior segments
of a middle structure are fastened to portions of a cylin-
drical body of an internal mechanism the parting plane
of which stands at an angle of 15° to a longer opposite
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face of the exterior segment belonging to the middle
structure.

The internal mechanism specifically includes a cylin-
drical body divided along its axial plane into two identi-
cal portions. The portions are mutually adjustable by
rotation about a radially extending connecting pivot
fitted in their centers. The portions have at their ends
radial projections enabling the exterior segments which
are provided by complementary recesses to be mounted
thereon. The shape of the exterior segments belonging

" to peripheral structures of segments is defined by four
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vertical planes traversing the geometrical center of the
prism at an angle of 75° with respect to faces of the
prism.

To secure the uniform outside appearance of the
visible surface of the three-dimensional puzzle with
every feasible permutation of the exterior segments, it is
advantageous if the inside faces of the exterior segments
belonging to peripheral structures have the same or
similar surface dressing as have the exterior segments of
all structures.

Another object of the present invention is to avoid
the abrasion of the contacting faces of the exterior seg-
ments of the middle structure and/or of the exterior
segments of the peripheral structures by providing these
contacting faces with bearing steps.

A general advantage of the puzzle of the invention on
comparison with the known puzzles is that the internal
mechanism and arrangement of the interior segments
together with the described ratio of the length of the
base to the height of the prism make possible to keep the
puzzle in the stable state even in the position where the
principal faces of the exterior segments belonging to the
middle structures include right angles. Even in this
position and state the three-dimensional puzzle takes up
the compact outside shape since the outside faces of the
exterior segments form the continuous surface.

Due to the new arrangement the invention provides
for the substantial enlargement of the number of the
shape configurations wherein the additional new con-
figurations are, in respect of the visual impression of the
three-dimensional puzzle, mostly more interesting and
appealing than are the feasible shape configurations of
the known puzzles.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be further demonstrated on its
specific embodiments described in conjugation with the
accompanying drawings in which:

FIG. 1is a general view of a three-dimensional puzzle
in its ground state;

FIGS. 2-7 show several of the possibie shape config-
urations of the three-dimensional puzzle where princi-
pal faces of exterior segments belonging to a middle
structure are at right angles to each other;

FIGS. 8 and 9 show two of the feasible shape config-
urations of the puzzie where the corresponding princi-
pal faces of the exterior segments belonging to the mid-
dle structure are situated in the same plane;

FIG. 10 is a top plan view of a major exterior segment
of a peripheral structure;

FIG. 11 is a top plan view of a minor exterior seg-
ment of the peripheral structure;

F1G. 12 is a P1 arrow side view of the segment shown
in FIG. 10,

FIG. 13 is a P2 arrow side view of the segment shown
in FIG. 11,
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FIG. 14 is an axonometric view of a portion of a
cylindrical body of an internal mechanism;

FIG. 15 is a plan view of the mutual connected por-
tions of the cylindrical body with the associated exte-
rior segments of the middle structure in the ground
position; and

FIG. 16 is a plan view of the connected portions of
the cylindrical body with the associated exterior seg-
ments of the middle structure turned to each other
about a connecting pivot at an angle of 180°.

DESCRIPTION OF THE vPR.EFERRED
EMBODIMENTS

The three-dimensional puzzle illustrated in FIG. 1
includes an internal mechanism not shown on this view,
which is associated with three assemblies or structures
1, 3, 4, of exterior segments wherein the exterior seg-

10

ments 11, 12 belong to a middie structure 1, the exterior -

segments 31, 32, belong to the first peripheral structure.

-3 and the exterior segments 41, 42, belong to the second

peripheral structure 4. The exterior segments 11, 12, of
the middle structure 1, are fastened to portions 21, 22 of
a cylindrical body 2, of the internal mechanism shown
in FIG. 14 and 15. Portions 21, 22 abut one another at
parting plane 23. The shape of a regular hexahedral
prism constituting the three-dimensional puzzle of the
present invention is defined by the ratio of the length L
of its base to the height H of the prism, the ratio being
expressed by an equation L/H=cos 15°.

The views in FIGS. 2-7 show some of feasible con-
figurations of the three-dimensional puzzle. The com-
mon features of all those embodiments is that the exte-
rior segments 11, 12 of the middle structure 1 stand at
right angles to each other such as the case when the
portions 21, 22 of the cylindrical body 2 illustrated in
FIG. 2 are turned in parting plane 23 about the axis of
pivot 51 relative to each other at an angle of 90°,

The views in FIGS. 8 and 9 illustrate two feasible
configurations of the three-dimensional puzzle where

_the corresponding principal faces of the exterior seg-
ments 11, 12, of the middle structure 1 are situated in the
same plane.

The plan view in FIG. 10 shows a major exterior
segment 31 of the first peripheral structure 3 which is
identical in shape with the major segments 41 of the
second peripheral structure 4. The shape of the major

“extertor segment 31 has been _created in dividing the
first peripheral structure 3 by four vertical planes a, b, ¢
and d which according to FIG. 1 traverse the geometri-
cal center of the prism and stand to the faces of the
prism at an angle of 75°. The major exterior segments 41
of the second peripheral structure 4 need not be specifi-
cally described because of their identity with the major
exterior segments 31.

The plan view in FIG. 11 illustrates one of the minor
exterior segments 32 of the first peripheral structure 3.
This segment has been equally created in dividing the
first peripheral structure 3 in the same manner as was
described in connection with above FIG. 10. The minor
exterior segment 32 has a shape of an equilateral triangle
with the apex angle of 30°. The minor exterior segments
42 of the second peripheral structure 4 are identical in
shape and therefore they need not be particularly de-
scribed.

The view of FIG. 12 shows the major exterior seg-
ment 31 illustrated in FIG. 10 in the direction of the
arrow P1. From this view a recess 33 can be seen which
is complementary to the radial projection 24 provided
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4
on the portions 21, 22 of the cylindrical body 2. The
recess 33 enables the rotary support of the major exte-
rior segment 31 with respect to the cylindrical body 2.

The view in FIG. 13 illustrates in the same way as
given in connection with FIG. 12 the minor exterior
segment 32 shown in FIG. 11 in the direction of the
arrow P2. Analogically, the recess 33 can be seen as in
FIG. 12. '

The first portion 21 of the cylindrical body 2 shown
in FIG. 14 is defined by a vertical parting plane 23
dividing the cylindrical body 2 into two identical por-
tions 21, 22. A radial opening § for mounting a connect-
ing pivot 51 is provided in the center of the first portion
21 as shown in FIGS. 15 and 16. The pivot 51 may be

‘made of an elastic material. The outside ends of the

cylindrical body 2, i.e., its portions 21, 22, are provided
with radial projections 24 for securing the exterior seg-
ments-31, 32, 41, 42 on the peripheral structures 3, 4 (see
FIG. 1 and FIGS. 10-13). The first portion 21 of the
cylindrical body 2 is adapted for fixing the exterior
segment 11 belonging to the middle structure 1. The
segment 11 is on its peripheral structure contacting
faces opened towards exterior segments 31, 32, 41, 42 of
the peripheral structures 3, 4 (not shown in FIG. 14),

.provided with a bearing step 6.

The plan view of FIG. 15 illustrates elements de-
scribed in connection with FIG. 14; moreover, there
can be seen the connecting pivot §1 associating herein
illustrated portions 21, 22, of the cylindrical body 2. The
exterior segments 11, 12 of the middle structure 1 can be
mutually situated so that the overall outside arrange-
ment of the exterior segments 11, 12, adjacent each
other constitute a quadrant as shown in FIG. 15. It is
also apparent in FIG. 15 that the parting plane 23 is not
parallel to any of the outside faces of the exterior seg-
ments 11, 12. This parting plane includes with the
longer opposite face of the exterior segment 11, 12 an
angle a of 15°, See FIG. 15. Consequently, the faces of
the exterior segments 11, 12 which stand initially paral-
lel in FIG. 15 include in FIG. 16 an angle 3 of 30°,

The plan view of FIG. 16 illustrates elements de-
scribed in connection with FIG. 14 and FIG. 15. The
FIG. 16 is different from FIG. 15 in that the exterior
segments 11, 12 of the middle structure 1 are mutually
arranged in such a manner that the overall outside form
of the adjacent exterior segments 11, 12 constitute an
axially symmetrical hexagon created by turning one of
the exterior segments 11, 12 together with the respec-
tive associated.portions 21, 22 shown in FIG. 15 half
circle namely 180° with respect to the other segment.

The use and properties of the three-dimensional puz-
zle of the invention described heretofore with reference
to the accompanying drawings are as follows:

The peripheral structures 3, 4, may be turned about
the axis 2a of the cylindrical body 2 and in determinated
positions of the peripheral structures 3, 4, also the por-
tions 21; 22 of the cylindrical body 2 may be turned to
each other around the connecting pivot 51, namely,
when parting plane 23 is coplanar with one of planes a,
b, ¢ and d which divide the peripheral segments 3, 4.
The portions 21, 22 are turned together with the exte-
rior segments 11, 12 of the middle structure 1 and with
associated ones of exterior segments 31, 32, 41, 42 of the
peripheral structures 3, 4, which associated exterior
segments are the ones in the respective position in the
peripheral structure 3, 4, located on the respective por-
tions 21, 22 of the cylindrical body 2 on either side of
parting plane 23. The portions 21, 22 together with the
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said associated exterior segments 11, 12, 31, 32, 41, 42,
may be turned in respect to each other deliberately at an
-optional angle without jeopardizing the rigidity of the
three-dimensional puzzle. Significant positions, with
respect to the shape configurations of the three-dimen-
sional puzzle, are those positions where the portions 21,
22, are mutually turned at an angle of 90° or 180°. Some
of the feasible shape configurations of the puzzle when
. the portions 21, 22 are turned in respect to each other at
an angle of 90° or 270° are illustrated in FIGS. 2-7.

In FIGS. 1, 8 and 9 there are shown other feasible
shape configurations of the three-dimensional puzzle of
the invention where the portions 21, 22 of the cylindri-
cal body 2 are turned in respect to each other at angles
of 180° and 0°, In the two latter cases the portions 21, 22
are situated in the position shown in FIG. 15 and FIG.
16 respectively. The common feature of these configu-
rations is that the axial outside faces of the peripheral
structures 3, 4, are parallel. :

The described manner of operation reveals that the
puzzle affords the dislocation of the exterior segments
31, 32, 41, 42 from one of the peripheral structure 3, 4,
to the other one as a consequence of a 180° relative
rotation of body potions 21, 22, and also within the
framework of the same structure 3, 4, as a consequence
of sliding movement along the respective radial projec-
tion 24. .

The individual exterior segments 11, 12, 31, 32, 41, 42,
are provided with a surface dressing at their outside
faces for example with an adhesive foil, varnish etc.

The bearing step 6 minimizes the abrasion of the
visible inside faces of the exterior segments 11, 12, 31, 41
during their interaction.

What is claimed is:

1. A three-dimensional puzzle prism comprising a
plurality of exterior segments defining vertical and hori-
zontal prism faces, and internal cylindrical means for
mounting said exterior segments and for enabling per-
mutation thereof, said exterior segments being grouped
into three horizontally layered structures, and said in-
ternal cylindrical means including a vertical axis, con-
necting means for providing rotational movement about
said axis of the peripheral ones of said layered structures

_relative to the middle one of said layered structures and
also relative to each other, said internal cylindrical
means also having interconnecting means for providing
rotational movement in a vertical parting plane passing
through said axis and about a radial direction, of those
of said exterior segments on one side of said parting
plane relative to the exterior segments on the other side
of said parting plane, wherein said vertical parting plane
forms a first oblique angle with a non-intersecting verti-
cal prism face,
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wherein said internal cylindrical means includes a
cylindrical member disposed along said vertical
axis and divided by said vertical parting plane,
wherein said interconnecting means includes a
radially disposed pivot means passing through the
centers of said divided cylindrical member, and
wherein said connecting means includes radial
projection means disposed on the axial ends of said
divided cylindrical member for engaging those of
said exterior segments grouped in said peripheral
layered structures for sliding rotation about said
vertical axis.

2. The puzzle prism as in claim 1, wherein said first

oblique angle is substantially 15°,

3. The puzzle prism as in claim 1 wherein the vertical
interior surfaces of those of said exterior segments
grouped into said peripheral structures are defined by a
plurality of vertical defining planes each passing
through said axis and forming a second oblique angle
with an intersecting prism face.

4. The puzzle prism as in claim 3, wherein said second
oblique angle is substantially 75°,

5. The puzzle prism as in claim 3, wherein four verti-
cal defining planes define said peripheral exterior seg-
ments.

6. The puzzle prism as in claim 3, wherein said verti-
cal defining planes define major and minor exterior
segments, said major exterior segments having a quadri-
lateral horizontal cross-section, and said minor exterior
segments having a triangular horizontal cross-section.

7. The puzzle prism as in claim 1, wherein said prism
faces define a regular prism and wherein the ratio of the
horizontal base to the vertical height of each of said
prism faces is substantially equal to cos 15°,

8. The puzzle prism as in claim 1, wherein at least
some of said exterior segments are provided with bear-
ing means disposed between mutually contacting inner
surfaces thereof.

9. The puzzle prism as in claim 7, wherein said bear-
ing means includes bearing steps formed on the respec-
tive inner surfaces.

10. The puzzle prism as in claim 1, wherein said first
oblique angle is substantially 15°, and wherein the verti-
cal interior surfaces of those said exterior segments
grouped into said peripheral structures are defined by
four vertical planes each passing through said axis and
forming a second oblique angle of substantially 75° with
an intersecting prism face.

11. The puzzle prism as in claim 1, wherein said pe-
ripheral exterior segments include recess means com-
plementing said radial projection means for engagement

therewith,
* * * * *
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