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DEVICE FOR TRANSPORTING PERSONS

The present invention concerns a device for transporting

persons, in particular for the purpose of entertaining them, said device
being formed by a spherical vehicle and comprising at least one seat
disposed inside the vehicle, said device being intended to travel over a
track.

Such a device is known from patent application DE 36 24
591 and can be used in an amusement park.

One drawback of the known device is that it is not truly
spherical and that it is generally complex to manufacture if the safety of
the persons sitting in it is to be met. This is because its structure
requires a complex assembly of beams that must be connected together
by means of nodes. This assembly would become even more complex if
it was necessary to come close to sphericity.

The object of the invention is to realise a device for
transporting persons that is less complex to manufacture whilst
guaranteeing safety of the persons and coming closer to sphericity.

To this end a device according to the invention is
characterised in that the said vehicle is formed by a sphere that
comprises a spherical envelope of geodesic structure formed by an
assembly of rigid spherical polygonal shapes connected together, the
said spherical envelope being provided with an access for said persons,
said access being integrated in an external wall of the spherical
envelope. Using an assembly of rigid spherical polygonal shapes
connected together make it possible to have to assemble fewer parts
whilst offering better sphericity to the vehicle and not sacrificing the
rigidity thereof.

Other preferential embodiments are set out in the

dependent claims.
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The invention will be described in more detail with reference
to the drawings, which illustrate preferential embodiments of a device
according to the invention. In the drawings the following figures illustrate
respectively:

Fig 1: an icosahedron respectively in perspective and as an
exploded view;

Fig 2: division of a triangle at frequencies respectively 1, 2,
3,4,5and6;

Fig 3: Soccer ball or frequency three geodesic sphere;

Fig 4: noteworthy circles of the spherical envelope;

Fig 5: noteworthy circles and points in a frequency three
geodesic sphere;

Fig 6: opening of the sphere into three sub-assemblies;

Fig 7: "boiled egg” sphere with integrated opening

mechanism;

Fig 8: pentagonal and hexagonal elements of the frequency
six sphere;

Fig 9: spherical pentagonal element of frequency six;

Fig 10: spherical hexagonal element of frequency six;

Fig 11: spherical trapezium junction element of frequency
SiX;

Fig 12: spherical equatorial trapezium element of frequency
Six;

Fig 13: structure of the equatorial ring with equatorial
trapezia and junction pieces;

Fig 14: detail of a cable with junction pieces;

Fig 15: exploded view of the spherical envelope;

Fig 16: passage of the cables for a frequency six sphere;

Fig 17: cross section at the junction between pentagonal

and hexagonal shape in the case of a single material,
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Fig 18: cross section at the junction between two hexagonal
shapes — case of a single material;

Fig 19: cross section of a diagonal beam of elementary
shape — single material,

Fig 20: cross section of a cross piece, respectively with and
without cable — single material,

Fig 21: cross section of a beam with metal skeleton and
covering material;

Fig 22: cross section at the junction between pentagonal
and hexagonal shape — case of two materials;

Fig 23: junction between two hexagonal shapes;

Fig 24: cross sections at the junction between two
hexagonal shapes — case of two materials;

Fig 25: cross section of a cross piece, respectively with and
without cable passage — case of two materials;

Fig 26: assembly of the elements of the spherical envelope;

Fig 27: environment of a cable junction element;

Fig 28: junction piece with integrated tension eccentric
mechanism;

Fig 29: functioning of the eccentric mechanism of the
junction piece;

Fig 30: equator cable tension eccentric on admission shaft
of the junction piece in the respectively slack and tensioned positions;

Fig 31: junction piece with two movable plates and integral
passive-safety cable tensioner;

Fig 32: mechanism of the passive-safety junction piece and
two movable plates;

Fig 33: functioning of the cable junction piece lock without
integral tensioner;

Fig 34: double tensioning hexagon,

Fig 35: single tensioning hexagon;
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Fig 36: triple tensioning hexagon;

Fig 37: cable fixing ring;

Fig 38: noteworthy passenger axes;

Fig 39: structure of six seats with its transverse shaft Y;

Fig 40: six passengers arranged in articulated seats — seen
from above;

Fig 41: structure of two carriages with rollers and seat shaft;

Fig 42: details of carriages and rollers in fig 41;

Fig 43: sphere with front opening: front view;

Fig 44 skeleton of equator ring;

Fig 45: curved-beam articulation: general view (to the right)
and detail in line with a pair of rollers (to the left);

Fig 46: conventional articulation of a cardan drive with
three-axis frames — general view and detail in transverse section;

Fig 47: articulation with two axes and bearings — general
view and detail in transverse section;

Fig 48: articulation with inner bearing, intermediate axis and
outer bearing — general view and detail in transverse section;

Fig 49: bearing—axis-bearing articulation — variant — general
view and detail in transverse section;

Fig 50: front bearing-vertical axis-bearing articulation —
general view;

Fig 51: front bearing-vertical axis-bearing articulation —
detail of the mechanism at the top of the central seat;

Fig 52: hinges of the sphere with articulated seats, in the
respectively closed and open positions;

Fig 53: the “boiled egg” sphere with six passengers
arranged in articulated seats;

Fig 54: structure of the seats for the option with opening

with a top hemisphere (boiled egg);



WO 2006/021572 PCT/EP2005/054170

10

15

20

25

30

5

Fig 55: confinement enclosure respectively with sphere
closed and sphere open (boiled egg);

Fig 56: confinement enclosure in the secure closed position
(boiled egg);

Fig 57: confinement enclosure in the open position at the
boarding platform (boiled egg);

Fig 58: confinement enclosure, respectively sphere closed
and sphere open (front opening);

Fig 59: sphere with fixed seats — ten passengers arranged
in opposite orientations;

Fig 60: fixed seats — fixing of seats;

Fig 61: sphere with fixed seats — external view of
passengers;

Fig 62: protective wire-netting on hexagonal element;

Fig 63: integrated opening mechanism for sphere with fixed
seats; and

Fig 64: hinge mechanism, respectively closed, semi-open
and open, for the sphere with fixed seats;

In the drawings, a same reference sign has been allotted to
a same or analogous element.

Geodesic spheres are a family of polyhedrons best
approaching the sphere, constructed on the basis of an icosahedron.
The latter is a polyhedron consisting of 20 equilateral triangles, which will
be referred to as a geodesic sphere of frequency one. It is shown in fig
1, respectively in perspective and exploded view.

The other geodesic spheres will be obtained by sub-dividing
the elementary triangles of the icosahedron into equilateral triangles of
smaller size, in a square progression, by projecting their points of
intersection (nodes) onto the surface of the sphere. The progression of

this division is what is referred to as the frequency of the geodesic
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sphere. Fig 2 shows this division in frequencies respectively 1, 2, 3, 4, 5
and 6.

The more this division is refined, the more the frequency of
the geodesic sphere increases. If this frequency tends towards infinity,
this polyhedron approaches the perfect sphere. Because of its various
facets, the polyhedron does not have a continuous surface and its
travelling movement over a surface or rails will present slight impacts,
which will be attenuated by increasing the frequency.

Although the present invention in general covers all
geodesic shapes in all their frequencies in the context of the design of a
rigid-envelope spherical vehicle, it concerns particularly, for its visual
aspect, the frequency three geodesic sphere, namely the one that
corresponds to a football (or soccer ball - fig 3), and the frequency six
geodesic sphere with regard to its construction architecture. Large-
diameter spheres may require a frequency nine structure or possibly
twelve for their architecture, whilst preserving the visual appearance of
the frequency three sphere.

More detailed information on geodesic spheres can be
obtained by consulting in particular the site www.desertdomes.com (©
Desertdome 2002).

The football (soccer ball) or more scientifically put the

frequency three geodesic sphere (fig 3) consists of a set of one hundred
and eighty elementary triangles, divided into twelve pentagonal shapes
(normally coloured black on a soccer ball — 1) and twenty hexagonal
shapes (normally coloured white on a soccer ball — 2) all inscribed on the
surface of the sphere.

Observing this ball, it can also be noted that this form
reveals six pairs of “parallel” circles 3, therefore describing six “rings” or
“annuli” each inscribed symmetrically around a great circle 4 (which will
be referred to hereinafter as the six noteworthy great circles), which

delimit between them the pentagons (fig 4). These parallel circles will
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always pass through the sides of the pentagonal shapes and will cut the
hexagonal shapes in two along their diagonals.

By convention, by associating the sphere with a map of the
world in order to use the noteworthy reference elements (fig 5), the north
pole 5 of the sphere (PN) will be defined as being situated at the centre
of one of the pentagons. The Greenwich meridian 6, or 0° meridian,
passes through one of the vertices of this pentagon. The south pole 7
(PS) is also situated at the centre of a pentagon, and therefore one of the
vertices will have the 180° meridian (or “date line”) 8 pass through it.
With regard to fig 5, this occurs “at the rear” and is therefore not shown
graphically.

The equator 9 of the sphere will correspond to one of the
noteworthy great circles described above, whose plane is perpendicular
to the axis of the poles through the centre of the sphere. The two
“parallel circles” on each side of this great circle will delimit a ring which
will be referred to as the “ring of the equator” 10, which will run along one
of the sides of each of the pentagonal shapes, to the exclusion of the
polar pentagons.

All the noteworthy great circles will intersect each other in
pairs at two intersection points. The great circle of the equator for
example will therefore have a total of ten points of intersection with the
other five noteworthy great circles of the sphere, which will have its
importance in the construction.

By convention, certain noteworthy points on the spherical
envelope will be designated by two letters, namely (fig 5):

§ PN: north pole 5;
§ PS: south pole 6;
§ EG: point 11 situated at the intersection of the

equator and the Greenwich meridian;
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§ EH: point 12 situated on the equator opposite to the
Greenwich meridian, where by convention the hinges of the sphere
will be situated;

§ EE: point 13 situated on the equator at the east
meridian 14 (90° from point EG);

§ EW: point 15 situated on the equator at the west
meridian (—=90° from point EG).

In order to facilitate access to the boarding platform for the
passengers, the sphere will in principle not be constructed in a single
piece but divided into the ring of the equator 10 on the one hand, and two
hemispheres or shells on the other hand, which will be able to open on
each side of it, referred to as the “northern hemisphere” 16 and the
“southern hemisphere” 17 (fig 6).

By convention, the sphere will open along its Greenwich
meridian, the hinges between elements being situated in line with the
180° meridian. For a sphere with fixed seats (described below) in the
open position (fig 6), the Greenwich meridian will therefore be tear apart
and will be situated “at the top”. By analogy, during opening/ closing
movements of the hemispheres, these will be placed at all times on a
point which will travel over the “date line” meridian (180°). When the
sphere is completely open in its three sub-assembilies, it will rest on its
two poles.

In the embodiment of the sphere described above, the ring
of the equator will remain in the vertical position between the north and
south shells. In another embodiment of the sphere (referred to as the
“boiled egg”), the southern hemisphere will be permanently fixed on the
ring of the equator. Only the shell constituting the northern hemisphere
will be movable (fig 7).

Two major options exist for implementing the opening and
closing mechanisms of the sphere. On the one hand, a mechanism

external to the sphere, the preferred solution for the sphere with fixed
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seats (described below), a mechanism using external jaws slaved to
hydraulic actuators. On the other hand, a mechanism integrated in the
sphere, which has great advantages for the sphere with articulated seats
also described below. It is based on the use of two rams 18 situated on
each side of the rails of the ring of the equator. One of the ends will be
fixed to the ring of the equator, the other to the hemisphere serving as a
movable cap (fig 7).

The spherical envelope will be constructed at the start from
the spherical elementary shapes, pentagonal 1, hexagonal 2 (fig 8) and
at certain points trapezoidal (semi-hexagonal), thus able to visually
reproduce the frequency three geodesic sphere (football or soccer ball).

As illustrated in fig. 8, these shapes will be formed from
beams 19 delimiting the contour of these elementary shapes and other
beams 20 constituting their diagonals. With regard to the pentagonal
and hexagonal shapes, these diagonals will intersect each other at their
centre. The triangular windows thus delimited will also preferably be
reduced by adding “cross pieces” 21 to them, namely three internal
beams disposed in a triangle. All these beams can be straight, but will
preferably have a curved shape (arcs of a circle) so that their external
surface best matches the spherical shape. Each node 22, namely each
point of intersection between beams, will be taken back to the surface of
the sphere. The structure constructed will thus be that of a frequency six
geodesic sphere.

The sphere will be formed from the following basic
elements:

a) for each of the two hemispheres:

§ Six pentagonal shapes 1 (fig 9), including five ring
shapes and one pole, the latter being able to be identical or different
from the other five. They will all be centred with spherical edges and
diagonals, with cross pieces in the windows, that is to say, per

pentagon, a total of thirty five arcs between the successive nodes.
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§ Five centred hexagonal shapes 2 (fig 10) with
spherical edges and diagonals, with cross pieces in the windows, that
is to say, per hexagon, a total of fourthy two arcs between the
successive nodes. Each hexagonal shape can have three tension
cables 23 pass through it (see below).

§ Five trapezoidal shapes (semi-hexagons) referred to
as “junction trapezia” 24 (fig 11) with spherical edges and diagonals,
with cross pieces in the windows, that is to say, per trapezium, a
theoretical total of 23 arcs between the successive nodes. They will
serve as a junction between the hemisphere to which they belong,
and the ring of the equator. They can have two tension cables 23
pass through them and in this case contain two sheaths 25 for
receiving within them special junction equipment (a ring) for
connecting and disconnecting these cables within them.

b) For the ring of the equator:

§ Ten trapezoidal shapes (semi-hexagons) referred to
as the “equator trapezia” 26 (fig 12) with spherical edges and
diagonals, consisting of twenty three spherical arcs between
successive nodes described in detail below. They will be able to have
a tension cable 27 pass through them, which in this case will be
referred to as the equator cable.

§ Ten junction pieces 28 (fig 13) for connecting the
hemispheres to the ring of the equator. They are also described
below.

According to the option chosen with regard to the seats
(described below), all the pentagonal elements or some of them (the
pentagons of the poles), will be equipped with a coupling mechanism for
releasing the element in question from the spherical envelope without
rupture of the cables, and thus serving as an emergency door (manhole)

for the passengers in the event of any serious problem on the ride.



WO 2006/021572 PCT/EP2005/054170

10

15

20

25

30

11

The edge of the pentagonal, hexagonal and trapezoidal
elements will have a cross section such that they will be able to fit in one
another (figs 17 and 22). These elements will be fixed to one another.

The edge of the hexagons in contact with another hexagon
will be straight and the assembly between them will be of the
male/female type (figs 18 and 24).

The rigidity of the spheres and their “sphericity” can be
improved by six tension cables 23 and 27 preferably made from steel (or
stainless steel) with a diameter of approximately 4 to 5 mm, and
extending on the outside of the spherical envelope of the geodesic
structure, over its six noteworthy great circles. Put under tension, they
will transmit this tension to the materials of the spherical envelope.
Through this structure, each hexagonal element of the sphere will have
three cables pass through it (shown as axis lines in figs 8, 10 and 15).
They will be superimposed on certain beams of the aforementioned
cross members. The cables will be parallel to the sides of the
pentagons, without passing through them.

These cables will be housed in grooves or sheaths provided
in the thickness of the beams concerned, so that they do not project
beyond the spherical surface in order not to reduce the running of the
sphere on a track, and to protect them against any wear during this
movement (figs 16, 18, 24 and 25).

The cables can be surrounded by a protective sheath so as
to prevent the slight tension and release movements wearing the grooves
or sheaths where they are positioned.

The diameter of these grooves or sheaths will be provided
at corresponding size of the cables and their protective sheath so that the
latter match their housing whilst being almost jammed therein and thus
participate in the rigidity of the beam concerned, without their tensioning
causing any sagging of the beams concerned (fig 18, 20, 24 and 25).

Passing one over the other at each junction between two hexagons or
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between a hexagon and a junction trapezium, these cables will thus be
literally woven together on the surface of the sphere. The depths of the
grooves or the sheaths will be variable, having regard to the fact that the
cables must along their travel keep a certain distance from the external
surface in line with the crossings (figs 10, 11 and 16). The depth of the
grooves will be such that, once the cables are in place, a slight free
space will remain between the edge of the cable and the external
surface, corresponding to a thickness of the material of the envelope
considered to be a wearing layer.

The junction between the shells and the ring of the equator
assumes a junction of the tension cables, which will always take place
between the junction trapezia and the ring of the equator, which will be
designed accordingly.

The ring of the equator will consist of two types of element:
ten equator trapezia 26 and ten junction pieces 28 with their mechanism.
Various configurations of the equator ring have been studied, in
particular:

§ equator trapezia through which two junction pieces
pass with connection of the cables at three points;

§ equator trapezia through which there passes a
junction and connection piece for the cables at two points;

§ inert equator trapezia (without integrated junction
elements), separated from each other by the junction pieces with also
connection of the cables at two points (fig 13).

Each tension cable 23 (except for the equator cable 27)
comprises two sections of cables 30, each section running through a
north or south hemisphere. The two ends of each section will terminate
in a junction ring 29. These junction rings will fit in the junction pieces 28,
on each occasion separating the two sections of cable, which is shown in

fig 14.
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Fig 15 shows an exploded view of the spherical envelope
with its various elements. These have been drawn in the visual aspect of
the frequency three sphere, without their internal cross pieces. Fig. 15
shows on the one hand the ring of the equator 10 with its ten equator
trapezia 26 and its equator cable 27, and on the other hand the two north
and south hemisphere with, per hemisphere: the polar pentagon, the
other five pentagons, the five hexagons and the five junction trapezia.

The cables have also been shown symbolically by axis lines
of different forms. The drawing pursues the objective of showing the
passage of the various cables, and of course does not depict them in
their actual length. It shows nevertheless how each of the five
hemisphere cables passes at two points over the ring of the equator. It
also shows how the hemisphere cables intersect each other at the
junction of two hexagons, that is to say at the junction between a
hexagon and a trapezium. It also shows how the equator cable passes
over the other five cables in line with the ten cable junction pieces.

It is only to facilitate the reading of the drawing and to
reproduce the visual appearance of the football (soccer ball) that the
lines of the twelve pentagons have been reinforced in the diagram.

The frameworks of the spherical envelope will have to
withstand a high compression and crushing force. Their cross section
will be optimised in order to offer the best resistance for the lowest cross
section, in order to avoid making it heavier in an unconsidered fashion.

The pentagonal, hexagonal and trapezoidal elements of the
spherical envelope will be produced either at the start from a single
material (such as for example polyamide, polyurethane or composite
material type, etc — figs 17 to 20), or at the outset from two materials
combining an internal metallic structure (for example: aluminium alloy)
with a covering in its external part of a more flexible material such as

polyurethane for example (figs 21 to 25).
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These solutions will preferably have the following
advantages:
§ the materials will be easy to mould and remove from
the mould;
5 § they may be fairly light, although their weight is not a
determining factor;
§ they can be slightly flexible, and above all will not
break;
§ they will dampen shocks, preventing excessively

10 rapid degradation;

§ they will dampen noise;

§ they will resist the sun and rain;

§ they can be self-pigmented without this pigmentation
affected their physical and chemical properties;

15 § they will make it possible to produce moulded pieces
of a size which may range up to more than 60 cm wide approximately
for hexagonal, pentagonal and trapezoidal structures intended for
spheres of large size;

§ manufacture will be easy to implement, allowing the

20 production of small series (a few tens to a few hundreds of pieces).

These two major options in the choice of the materials will
give rise to different structural choices. Although more complex to
implement, the second solution has our preference.

In the case of a single material, it will be considered that the

25  cross section of the beams forming the border of the pentagonal forms

will have a recess, enabling the corresponding beam of the adjacent
hexagonal shape to fit therein.

Fig 17 repeats the junction between a pentagonal shape on
the one hand and a hexagonal shape or junction trapezium on the other

30  hand. Two cross sections have been shown: the first at any point on the

beams, the second in line with the fixing mechanisms for the elements
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(bolts, etc). Note that the bottom part of the cross section contains as an
option a lug for positioning the protective wire-netting 31, which can be
used in the fixed-seats option as described below.

Fig 18 depicts the cross section of a junction between two
hexagonal shapes, or between a hexagonal shape and a junction
trapezium. These beams will in principle be adjacent. Note here also the
optional positioning lug 31 for the protective wire-netting. Two
embodiments are shown: the first at the point of a male/female
connection 32, the second at the crossing point of the tension cables 23.

Fig 19 depicts the cross section of the diagonals of the
pentagonal and hexagonal shapes. Fig 20 depicts the cross section of
the window cross members, in two embodiments respectively with and
without positioning groove for the tension cables 23. The cross section
can be in a Y shape in order to offer the best rigidity with a saving in
material.

In the case of a structure with two materials, which has our
preference, the principle is to start from a metal structure 33 cast in an
alloy (aluminium for example), constituting a T-shaped beam for
example, which will be partially (or possibly totally) covered by moulding
with a more flexible material 34 (polyurethane for example) as depicted in
fig 21. This combination, which requires double moulding, offers the
great advantage of a more rigid structure using a smaller quantity of
material.

The dimensions of the beams will be similar to or possibly
smaller than those of the single-material structure. The quantity of
material and the total weight will in any event be lower.

With regard to the junction between a pentagonal and
hexagonal shape, only the beam belonging to the pentagonal shape will
be covered with polyurethane 34. The hexagonal beam, being situated

within a spherical envelope, will be metal (fig 22).
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Figures 23 and 24 depict the junction between two
hexagonal shapes or between a hexagonal shape and a junction
trapezium. Three sections are shown in these two figures: the first (AA’)
at the point of a male/female assembly 32, the second (BB’) at the point
of entry of the cables into the beams, the third (CC’) at the intersection of
the tension cables 23.

Figure 25 for its part depicts the cross section of the cross
members, respectively with and without cable passage. Note the recess
provided for the passage of the cables, within both the surface layer and
the metal core.

Using beams with a metal skeleton also makes it possible
to envisage another method of construction avoiding the use of
tensioning cables on the spherical envelope whilst ensuring sufficient
sphericity and rigidity for the whole. This will also make it possible to
avoid the cable tensioning elements and will require another mechanism
for closing and locking the sphere.

Whatever the choice of structure (with one or two
materials), the elements will be connected together as shown in the
diagram in figure 26. The elementary pentagons 1 will be fixed (for
example bolted) to each of the conjoined hexagons 2. The head of the
fastening will disappear inside the spherical surface in order not to be in
contact with the running surface (fig 22). It will thus be possible to have
ten fastenings per pentagon, except in line with the junctions between the
movable elements, that is to say between each shell and the ring of the
equator. These will be fixed to the corresponding drillings in the
hexagonal elements and the junction trapezia.

In the embodiment with tensioning cables, the
aforementioned six cables (23 and 27) surrounding the spherical
envelope (fig 14) participate in the rigidity of the whole, the sphericity of
the sphere and the safety of the passengers. To fulfil this remit, they are

tensioned during the movement of the sphere. On the other hand, five of
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them must be able to be disconnected on each side of the equator ring in
order to provide the opening of the hemispheres. For this purpose, they
are provided with fasteners enabling them to be locked, as well as a
tensioning mechanism. These functions will be fulfilled by the cable
junction piece 28 (fig 26 and 27).

This piece will exist in ten samples per sphere, five oriented
to the left and five oriented to the right, constituting, with the equator
trapezia 26, the structure of the equator ring 10 (figs 14, 15, 26 and 27).
This piece is shown in a single orientation in the diagrams concerning it.

This equipment will have to be integrated within the equator
annulus. [t will be necessary for it to be as flat as possible, so as to be
integrated in the thickness of this annulus, while leaving a thickness of
covering of flexible material towards the external surface of the sphere, in
order to dampen the noise during running. It can on the other hand
slightly project beyond the inside of the annulus if necessary. It should
be noticed that the thickness of covering will also have cut in it a
transverse groove allowing passage of the cable of the equator 27. This
cable will either be permanently tensioned by an adjustable system or
tensioned by an appropriate mechanism connected to the mechanism for
tensioning the hemisphere cables.

Each section of cable 30 (fig 14) (except for the equator
cable) runs round one hemisphere and is connected to two junction
pieces 28 at the equator ring, these same two pieces being connected to
another cable section 30 running round the other hemisphere. This
leaves two options on the way of tensioning the cables within the junction
pieces:

§ either each cable is tensioned at both ends, and the
cable tensioning function is fulfilled by two moving pieces within each

of the junction pieces (the preferred solution);
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§ or each cable is tensioned at only one of its ends,
which makes it possible now to have only one moving piece within the
junction pieces.

Various options exist with regard to the way of ensuring the
safety of the tensioning:

§ An active-safety tensioning, the tension of the cables
being provided directly by a mechanism (actuators for example).

§ A passive-safety tensioning, the tension in the cables
being given by means of a spring, this being compressed by the ad
hoc actuators when it is wished to release the cables for opening the
sphere (fig 31).

§ An active-safety and locking tensioning: the tension
will be transmitted to the cables by means of an ad hoc mechanism,
these being actuated until the mechanism moves beyond a locking
position (fig 28). The tension in the mechanism can then be released,
the safety being provided by this locking.

In a first preferred embodiment (fig 28), meeting this last
principle of active safety and locking, a cable junction piece 28 has
attachment hooks 42 and an integral eccentric tensioning mechanism for
fulfilling these two functions.

Figure 28 shows such a mechanism in a situation with cable
locked and tensioned, which comprises the following elements:

§ a casing 35, for example made from sheet metal,
having an external shape such that it fits in the adjacent “junction
trapezium” elements 24 of the two hemispheres.

§ A shaft 36 with a cross section that is for example
square at its centre, actuating an eccentric mechanism described
below, and connected to a motor (pneumatic, electrical or other) via a
worm gear for example, the whole being situated outside the casing
of the junction piece on the inside of the sphere (assembly not

drawn).
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§ An eccentric mechanism comprising a disc 37 driven
in rotation by the aforementioned shaft, which disc is provided with
two eccentric spindles 38 each receiving the end of an arm 39.

§ The other end of each of the arms is connected
firstly to a sliding plate 40 and secondly to the base of a locking clip
41, described below;

§ On each sliding plate 40, the hook 42 pivots about a
spindle 77, forced towards opening by a suitable spring 78 and a
locking clip 41 for said hook, also pivoting about its own spindle 79,
making it possible to lock the hook in the closed position.

§ The locking clip 41 is held in the activated position by
a suitable spring 80, and is connected at its base to the arm of its
eccentric mechanism.

The functioning of such a mechanism will be as follows (fig

§ At the start (diagram A), the sphere is open. The
eccentric mechanism is completely loose (anti-clockwise position on
the diagram) in the open position. In the actual position of the
eccentric mechanism, its two arms 39 have released the locking clip
41 of the hooks 42 and pushed the two sliding plates 40 as far as the
outer boarder of the casing.

§ Before the closure of the hemispheres, or at the start
of this movement (diagram B), a slight rotation is imparted by means
of the geared motor to the disc 37 of the eccentric in the clockwise
direction in the drawing, which makes it possible to reactivate the
locking clips 41 of the hooks without moving the two sliding plates 40,
as the arms 39 are connected with the disc and the locking clips. The
mechanism is at this moment activated.

§ The two hemispheres are closed. The cable
termination rings 29 (described below) will push the leg of the hooks

42, which has the corresponding effect of causing a rotation of the
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head of the hooks until they engage the cable junction ring 29
(diagram C). This movement will continue until the base of each hook
is locked in the closed position by the corresponding locking clips 41.
The hooks gripping the rings make it possible to apply the tension to
the cables 23.

§ The clockwise rotation of the eccentric mechanism is
continued until the end of travel, which, via the geared motor, the
shaft, the disc and the two arms, makes the two sliding plates 40 slide
towards the centre of the casing, thus imparting the appropriate
tension to the cables 23 (diagram D). The shape of the arms and the
position of the eccentric spindles for pivoting on the disc ensure that
the tensioning mechanism, having passed a high equilibrium point
(the axis of the cables) is itself locked through the tension imparted to
the cables. The sphere is then secure and ready to travel on the
track.

§ For opening the sphere, a movement that is the
reverse of that of closure is imparted to the mechanism, until there is
complete slackening of the cables and release of the hooks (diagram
E). The sphere is then ready to be opened (diagram A).

Provision will also be made for the eccentric mechanism
with its transmission shaft and geared motor to form a sub-assembly of
the system, which also will be able to slide with respect to the casing of
the junction piece, in line with the cables. The shaft 36 of the junction
piece will pass through the casing 35 through a slot cut in it, allowing this
movement. The geared motor will slide in guides provided on the
external surface of this casing. This embodiment will ensure a uniform
tension between the cable sections of the two hemispheres, even if one
of them were to slacken slightly or be disturbed.

Finally, it can also be envisaged that the end of the
transmission shaft 36, on the external side of the sphere, be cut in the

form of a special eccentric (fig 30), through which the equator cable 27
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passes in the idle position (sphere open) and which, through its shape,
provides a slight tension to this cable when the mechanism is locked in
the closed position.

An alternative solution of the “passive safety” type consists
of replacing the eccentric with a spring 44 which will provide the tension
of the cables (fig 31). This solution is similar to the previous one with
regard to the casing and its sliding plates with its hooks and locking clips.
The cable sections will terminate in the same junction rings.

What differentiates this mechanism from the previous one
is that each of the sliding plates 40 will be subdivided into a head
receiving the hook 42 and the locking clip 41, and a base. The tension of
the cables will be provided by a spring 44 acting between the bases of
the two sliding plates 40 so as to move the heads closer to each other.
This tension will be released by a pair of main actuators 45 acting on the
heads of the said plates, making it possible to separate them. Two
additional secondary actuators 46 will act on the bases of the locking
clips of the hooks so as to release them for opening the sphere.

Except for these differences, the operating method of this
mechanism is similar to the previous one, and is shown diagrammatically
by figure 32, which depicts respectively:

§ diagram A, the mechanism in the open and armed
position;

§ diagram B, the lock closed and locked, the plates still
separated by the main actuators, the cables still slack;

§ diagram C, the lock closed and locked, cables

tensioned, main actuators released;

§ diagram D, the cables slackened by the actions of
the main actuators, the lock unlocked by the secondary actuators, the

sphere being ready to be opened.
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A third solution consists of providing a junction piece which
will only have the role of cable junction to the exclusion of any tensioning
function, the latter function being shifted to the hexagonal elements of
the hemispheres. The cable locking function is similar to the previous
two options. Figure 33 shows it respectively open and activated (diagram
A), lock closed and locked (diagram B) and lock unlocked for opening
(diagram C).

In such a context, the tensioning of the cables is delegated
to the hexagonal elements of the hemispheres, and there also various
options exist. It should be noted that these elements have been depicted
graphically for a frequency three geodesic sphere and should be adapted
to the structure of a frequency six sphere.

Each hexagonal element has three tensioning cables
passing through it (figs 8 and 10). In each option, the tension will be
exerted by an actuator, which will act simultaneously either on one cable
or on two cables, or on the three cables passing through the element.
The following three types of tensioners will therefore be envisaged, single
(fig 35), double (fig 34) or triple (fig 36).

A double tensioner (fig 34) will consist of an actuator 47
fixed to the structure of the hexagonal shape. This actuator will be
equipped at its end with a pair of rollers 48 gripping two of three cable
sections 30.1 and 30.2 passing through the hexagonal shape. This third
cable section 30.3 for its part will be tensioned by a similar mechanism
situated in another hexagonal shape. The tension will be imparted by a
retraction of the actuator, causing by means of the rollers a lateral
movement of the cable within the hexagonal shape, which will ensure its
tensioning.

In a passive safety context, this tensioning will be provided
by a spring, which will act on the stem of an actuator, causing the
tensioning of the cables via the pulleys. The slackening of the cables will

be provided by the actuator when the latter is pressurised.
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A single tensioner (fig 35) will also contain an actuator fixed
to the structure of the hexagonal shape and will act on only one of the
cables of this structure. A triple tensioner (fig 36) will have an actuator
whose base will be fixed by means of an ad hoc roller to one of the cable
sections of the structure and will act on the other two cable sections of
the structure in the same way as the double tensioner.

Whatever the option chosen with regard to junction and
tensioning, the cable sections 30 enveloping the hemispheres will
terminate at both ends in a junction ring 29, which will be gripped when
the sphere is closed by the fixing hook 42 integrated in the cable junction
piece (fig 37). This termination can be equipped with a mechanism for
adjusting the tension in the cables 49. It will be housed in the sheath 25
of the junction trapezia (fig 11) and will have to be able to slide freely in
this sheath so as to allow suitable tensioning of the cables.

As expressed above, two important options exist with
regard to the arrangement of the passengers and their seat within the
sphere, either with seats articulated with respect to the spherical
envelope or with seats fixed to this same envelope.

Each of these options is described separately. They both
have recourse to conventional secure ride seats 50 (fig 38), able to be
provided with a restraint bar meeting current safety standards. The
method of fixing the seats will depend on the two options described
above.

Let us consider by convention a reference system related to
the passengers, in the form of three axes (fig 38):

§ X axis: frontal forwards;
§ Y axis: lateral towards the right;
§ Z axis: vertical upwards.

The objective of the articulated-seat option is to enable the

passengers to maintain their Z-axis in the vertical position during the

movement (except for any rocking), without being concerned about the
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direction with which they will describe the travel of the ride, this direction
being random and variable because of the very principle of the ride. The
system will therefore have to compensate, at the passenger level, for the
rotation movement of the sphere, by generating a relative movement of
the passengers with respect to the spherical envelope, reverse to the
first, about their X- and Y-axes. This relative movement will be caused
by gravity. To this end, the seat structure will be designed so that its
centre of gravity with and without passengers is always situated below
the aforementioned X- and Y-axes.

To do this, an in principle even number of seats will be
assembled back to back in a uniform rigid structure. The following
various configurations can in particular be envisaged: two seats side by
side, four seats in two pairs back to back, six seats in two triplets back to
back (figs 39 and 40) or eight seats in two groups of four back to back.

The external seats may be turned slightly towards the
centre in order to reduce the space requirement, with regard to the knees
and feet of the passengers, fig 40. The central seat may be removable
(fig 53) so as to facilitate the operation of getting on and off at the
boarding platform. The bottom part of the structure will comprise a
horizontal plate enabling the passengers to rest their feet thereon (fig
39). This bottom part may return over the front of the passengers as far
as the abdomen, adopting a spherical shape, thus protecting the legs
from any moving part (fig 54).

Two options exist with regard to the articulation of the seats
with respect to the spherical envelope: an articulation with two or three
degrees of freedom. In addition, for each degree of freedom, two options
exist with regard to the rotation mechanism: either the one about a
physical axis, or the one like a ball bearing (virtual axis). It is by
combining these two options with regard to rotation at the level of each
degree of freedom that various solutions are created with regard to the

articulation of the seats.
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The recommended solution (fig 40) is an articulation with
two degrees of freedom, combining the use of a rotation axis (Y-axis)
associated with a bearing mechanism (of the ball bearing type — X-axis)
the outer race of which is fixed to the equator ring 10 of the spherical
envelope. In this case the rigid structure 51 and the seats which make it
up (fig 39) will pivot freely by gravity about a horizontal shaft 52 that
extends along the Y-axis, passing transversely through this structure at
the back of the passengers. A brake mechanism will be provided on this
shaft, actuated by the operator in charge, making it possible to
immobilise the seat structure and the boarding platform when the
passengers are getting on and off.

Each of the two ends of this “Y” shaft 52 will be fixed to a
circular carriage 53 equipped with several rollers 54 (for example eight
rollers per carriage), the two carriages facing each other, these three
parts being able to form together a rigid structure 55 (figs 41 and 42).
This pair of carriages will run by gravity on a single, or better a double,
tubular rail 56, each rail being curved in a circle (general view at fig 43
and detail at fig 42). These two circular rails would preferably be situated
level with the two circles delimiting the equator ring.

The two carriages 53 supporting the rollers will therefore be
continuously opposed with respect to the centre of the sphere. The
running in complete freedom of these two carriages on the circular pair of
rails 56 will impart to the shaft 52 of the structure and therefore to the
passengers a rotation about their longitudinal axis X (perpendicular to the
diagram in figure 43 at its centre).

During the running movement of the sphere, the
passengers will therefore maintain their Z-axis in the vertical position, on
the one hand through the running by reverse reaction of the structure 55
formed by the shaft 52 and the carriages 53 on the curved (double) rail of

the equator ring (pivoting about the X-axis), and on the other hand on the
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pivoting by reverse reaction of the seat structure 51 about its transverse
shaft 52 (Y-axis).

In such an embodiment, all the weight of the passengers
and their seats are supported by the equator ring 10, since it is the
equator ring which supports the internal circular rail accepting the seat
structure. This load will then be distributed about the point of contact of
the spherical envelope 56 with the ground, which may be situated at any
time in line with the equator ring or at any point on a hemisphere. In the
latter case, the load will be distributed in the hemisphere concerned via
the various elements of the envelope and the tensioning cables.
Contrary to the option of the fixed seats described below, the two
hemispheres will contain only their own structure and will therefore be
relatively light with respect to the whole.

In order to bear this load, the equator ring 10 can be
constructed around a skeleton formed by the two circular rails 56 which
will be directly attached to the ten cable junction pieces 28 (fig 44). The
assembly will form a rigid structure, to which there will be fixed the
moulded elements of the equator trapezia 26 and the various items of
equipment necessary for opening the sphere.

One advantageous alternative solution relating to the
movement of the passengers about their X-axis (fig 45) consists of
replacing the two carriages 53 described above with a circular frame 59
whatever its cross section. It will be curved in a circle with a diameter
slightly smaller than that of the aforementioned tubular rail or two rails,
whilst being connected to these by a set of pairs of rollers 54. The shaft
52 receiving the structure 51 of the seats will be fixed to this frame at two
diametrically opposed points. The whole therefore will describe a
rotation movement by running inside the aforementioned rail 56,
providing the rotation of the passengers about their X- axis.

During any movement of the sphere having an articulation

of the seat with two degrees of freedom of the “shaft + rollers” type (figs
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40 to 45), the passengers will experience the following sensations. If the
sphere moves in the direction of the X-axis of the passengers, the latter
will see it turn about them longitudinally. The pivoting of the seats about
the Y-axis will enable them to maintain their verticality. The passengers
will see the internal roller-carrier frame 59 turn about them integrally with
the equator ring (fig 45). There being no pivoting movement of this
internal frame with respect to the rails 56 fixed to the equator ring.

With an equator ring that is vertical at the start, if this
sphere moves in the direction of the Y-axis of the passengers, the latter
will see the sphere turn about them transversely. The rotation of the
roller-carrier frame on the rails fixed to the equator ring will compensate
for this movement, enabling the passengers to maintain their verticality.
There will be no pivoting of the seat structure about its transverse shaft.

Any movement aslant will take place through a combination
of the two movements mentioned above.

If, in a very particular case, the equator ring 10 is situated in
a horizontal position at the start, and if at this moment the sphere moves
transversely in the direction of the Y-axis of the passengers, the latter will
be able to be carried by the movement until they experience a complete
transverse summersault (whilst nevertheless being secure in their seat).
This summersault will have an unstable equilibrium, any slight deviation
of the movement of this sphere with respect to this Y-axis returning the
passengers by gravity to an equilibrium position (vertical Z-axis).

This totally random disequilibrium with a low probability of
occurrence experienced by the passengers can be perceived as an
entertaining aspect of the ride. If it were to be considered to be a
nuisance and that it was necessary to eliminate it, it would then be
necessary to change to an articulation with three degrees of freedom.
This mechanism will be more complex to produce, will make this sphere

heavier and will require a slightly greater outside diameter than a
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mechanism with two degrees of freedom for an identical number of
passengers.

Various proposals with three degrees of freedom are
described below, which combine the “axis of rotation” and “running
mechanisms” embodiments for each degree of freedom. They are given
by way of example and have no exhaustive character. The description of
the various options below will always go from the structure of the seats
towards the external spherical envelope.

The conventional approach for a system with three degrees
of freedom is the cardan drive with three frames and three axis (fig 46).
There will be, from the structure of the seats 51:

§ a horizontal transverse shaft 52 for pivoting of this
structure (Y-axis) connecting the latter to the inside of a first internal
circular frame 59 constituting the first degree of freedom;

§ two spindle ends 62.1 perpendicular to the
aforementioned shaft 52, connecting the outside of this first frame 59
to the inside of a second intermediate circular frame 60, enabling
these two frames to pivot with respect to each other, constituting the
second degree of freedom;

§ two other spindle ends 62.2 perpendicular to the
second connecting the outside of this second intermediate frame 60
to the inside of a third external circular frame 61, consisting of a sub-
frame or two parallel sub-frames fixed to the equator ring 10, enabling
the second frame to pivot with respect to this equator ring constituting
the third degree of freedom.

This system has the great advantage of being the
articulation with three degrees of freedom that is the most simple to
produce. It is compatible with the confinement enclosure mechanism
described below. It has the drawback of being the system that puts the
most frames in movement in the field of vision of the passengers, which

may constitute a nuisance.
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The cardan drive with two axes and running mechanism is
an alternative option that also includes a pivot shaft 52 at the seats.
What differentiates this structure (fig 47) from the previous one is that the
third degree of freedom will be provided by rollers 54 fixed to the second
frame, running on one or two circular rails 56 fixed to the equator ring,
similar to the recommended mechanism with two degrees of freedom.

Another embodiment is that of lateral-bearing seats, with
external shaft and bearing (fig 48). Here the structure of the seats is no
longer provided with a pivot shaft. This shaft will be replaced by a set of
rollers 54.1 fixed to the lateral periphery of the structure of the seats 51.
The latter will run on a circular rail 56.1 serving as a first internal frame
57. The outside of the latter will be connected to the inside of the second
intermediate frame 60 by means of two horizontal shaft ends 62. This
intermediate frame will be equipped with rollers 54.2 on its periphery,
running on a pair of rails 56.2 fixed to the equator ring, as described in
the previous option.

The drawback of this embodiment is that the rollers fixed to
the seat structure prevent the use of a confinement enclosure
surrounding the seats and retracting under these when the sphere is at
the boarding platform, as described below. It will be necessary to work
with front confinement enclosure portions, which will no longer be
balanced.

The embodiment that follows (fig 49) is a variant of the
previous one. In this embodiment the two internal 59 and external 61
frames will both be circular rails 56.1 and 56.2 on which a set of rollers
will bear. The ones 54.1 bearing on the internal frame 59 will be fixed to
the seat structure 51 as in the previous embodiment. The ones (54.2)
resting on the external frame 61 will themselves be fixed to the
trapezoidal elements 26 of the equator ring 10, which will have been
adapted accordingly. The two frames 59 and 61 will pivot with respect to

each other by means of a pair of spindles 62. The equator ring 10 will
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not be equipped with a skeleton as depicted in fig 44 in this embodiment.
This solution has the same drawback as the previous option with respect
to the confinement enclosure (see below).

The last embodiment described here (figs 50 and 51)
resolves the problem of the confinement enclosure 64. It is based on the
principle of a double front bearing on the inside on the structure of the
confinement enclosure, an intermediate shaft and an external bearing
mechanism.

The structure of the seats will here be equipped with two
internal circular frames 59 parallel to each other, distant by approximately
70 cm, perpendicular to the aforementioned “Y-axis”. These frames
serve as a running rail 56, like those surrounding the pods on the
“London Eye” Ferris wheel in London. A fixed confinement enclosure
64.1 will be fixed between each of these two frames at the lateral end of
the seat structure. The middle part between these two frames will be
equipped with an annular confinement enclosure element 64.2, able to
run by means of rollers 54.1 on these same frames and thus retract
under the seats when the sphere is immobilised at the boarding platform.

A second intermediate frame 60 will surround this structure.
It will be provided, vertically in line with the internal frames connected to
the seat structure, with four circular-shaped lateral arms 63, equipped
with rollers 54.2, gripping the internal frames 59 described above,
enabling this internal structure to travel.

The outside of this second intermediate frame 60 for its part
will be connected to the inside of a third external frame 61 by means of
two vertical shaft ends 62.

This third frame 61 will itself be a rail 56, being gripped in a
set of rollers 54.3 fixed to the trapezoidal elements of the equator ring 10
and making it possible to run with respect to this ring.

The passengers will be confronted with moving parts inside

a spherical envelope whatever the method of articulating the seats. In
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order to ensure their safety, it will be necessary to provide a grilled
confinement enclosure 64 around the structure of the seats and fixed to
these, preventing them from touching, by hand or foot, this envelope or
any moving frame inside it. This enclosure will be removable for
operations at the boarding platform. It will consist of a wire-netting in the
form of a spherical segment (wine cask) in a suitable frame, which will be
able to retract when the sphere is open to enable the passengers to get
in or out. The structure will depend on the type of opening of the sphere
(see below).

With regard to emergency exits, the random position of the
spherical envelope with respect to the seats in the event of an incident
does not make it possible to predict which will be the pentagonal shapes
best indicated for the evacuation of passengers, namely those facing the
seats. It is also necessary to consider that the seats are assembled in
two groups back to back. This is why each of the twelve pentagonal
shapes constituting the spherical envelope will be designed as a safety
gate and will be able to be removed according to requirements.

It will also be necessary to provide a mechanical emergency
release of the confinement grille 64 in addition to that for the passenger
safety bars, these unlocking means having to be accessible through the
aforementioned emergency gates.

A sphere with articulated seats will require simple hinges for
opening the hemispheres, combined with a parallelogram system 65 for
off-centring this access during the opening or closing movement of the
hemispheres (fig 52).

What follows concerns the opening mechanism and the
confinement enclosure for a sphere with articulated seats with two
degrees of freedom combining a pivot shaft 57 with a mechanism
running on the equator ring, but can be extrapolated to the other options

with regard to articulation of the seats.
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Two major options are available with regard to the way of
opening the sphere and keeping it at the boarding platform. The first
envisages the opening of a simple hemisphere acting as a shell above
the head of the passengers, the second hemisphere remaining
permanently fixed to the equator ring. This is the solution that is
recommended and that we have referred to as the “boiled egg” option (fig
7).

The second option envisages an opening of the sphere
through the two faces frontal to the passengers, which assumes an
opening movement for each of the two hemispheres. It will be described
below.

In the “boiled egg” option (figs 7 and 53), only the northern
hemisphere will be movable with respect to the equator ring, the other
(southern hemisphere) being permanently fixed.

In this arrangement, the equator ring and the rails, which
are fixed thereon will remain in a horizontal position whilst people get in
and out (figs 54 and 55).

To this end, the bottom part of the seat structure, which can
be produced for example from polyester moulding, will rise up in front of
the feet of the passengers as far as the height of the abdomen (in the
seated position) and will serve as the bottom part of the confinement
enclosure (fig 54). It will contain, on each side on its middle part, two to
three steps 66, which may be removable. The lateral parts of this
enclosure (on the sides of the end seats) will also be fixed up to the top
of the structure. The central seat 64 on each side of the structure will be
able to be pivoting in order to facilitate getting in and out.

The confinement enclosure is a wire-netting envelope with
sub-frame, constituting a kind of grilled cage around the passengers, in
the form of a spherical half barrel, which in the closed position surrounds

the top part of the passenger seats, preventing any part of their anatomy
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coming into contact with the moving spherical envelope and any frame of
the articulation (figs 49 and 50).

In the “boiled egg” option, this enclosure has a uniform rigid
structure. Described here in the closed position (figs 55 and 56), its
skeleton consists of a sub-frame made from tubes, for example metal,
curved and fixed to each other. There are thus four circular tubes
perpendicular to the “Y-axis” two lateral tubes of small diameter 68
constituting the flanks of the enclosure and two central tubes of large
diameter 69 on each side of the central seat. This structure is supported
by three other tubes in an arc of a circle: one (70) perpendicular to the
“X-axis” forming the top of the structure and two (71) substantially
perpendicular to the “Z-axis”, closing the enclosure in its bottom part.
This structure is covered with a wire-netting 64 in its top part (fig 56).

This enclosure has the seat pivot shaft 52 passing right
through it, and can also pivot about this shaft, under the control of the
operator in charge of manoeuvres at the boarding platform. This will
enable the wire-netted part 64 of the enclosure to tilt under the seats
(open bottom position), then totally leaving clear the top part of the
sphere (except for certain tubes able to serve as a handrail) to enable
people to get in and out (figs 55 and 57). A suitable mechanical system
will make it possible to lock the enclosure in the top position in the phase
of making the passengers secure, and in the bottom position in the
phase when they get in and out. This locking is @ mechanism, which will
engage either on the seat structure or on the shaft 52.

An alternative solution to the “boiled egg” is the opening of
the sphere by a pivoting of the two hemispheres disposed facing the
passengers. This option requires, for its opening, equipment external to
the sphere that is heavier than the other option, but would be particularly
indicated for passengers who are handicapped or have reduced mobility,

since access to the seats would be greatly eased.



WO 2006/021572 PCT/EP2005/054170

10

15

20

25

30

34

Three sub-options also exist here, namely a pivoting of the
two hemispheres, either downwards (fig 16), sideways or upwards.

In this arrangement, the equator ring and the rails, which
are fixed thereto remain in a vertical position during the opening (figs 40
and 43), which also assumes equipment external to the sphere enabling
it to be immobilised, and possibly a vertical movement of this ring during
this operation.

Once this sphere is open, the space in front of the
passengers will be totally left clear on each side of the sphere (fig 58).

In such a configuration, it will be necessary to provide a
movable confinement wire-netting 73 for each of the two faces of the
seat structure as well as a fixed wire-netting 72 above the seats. These
spherical segments will have a radius less than that of the
aforementioned two rails, in order not to cause space to be taken up
during movements of the spherical envelope.

Each movable wire-netting will be articulated about the axis
of the seats 52 and will be able to be retracted under the seats whilst the
passengers are getting in or out. One of them will have a slightly smaller
radius than the other so that they can retract concentrically under the
seats.

In the option of fixed seats introduced above in this
document, the secure seats are rigidly fixed to the structure of the
spherical envelope, and therefore accompany its rotation movement.

Several arrangements of the passengers have been studied
for this option. Amongst these arrangements, one of them, which shall
be called the “opposite orientation arrangement” (or “head-to-toe”
arrangement), is adopted.

In this arrangement each of the two north and south shells
is provided with an identical number of seats (in principle 5), disposed in

a circle, the passengers facing each other, the centre of their face
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coming in the plane of the equator, and their feet level with the pole at
the bottom of the shell (fig 59).

The number of seats 74 that can be installed is obviously
variable and will depend on the diameter of the sphere. Nevertheless,
the natural structure of the geodesic sphere emphasising the pentagonal
shape suggests the use of ten seats, which will be fixed “in phase” with
respect to the structure. Any other configuration will make more complex
the method of fixing the seats, which will be out of phase with respect to
the architecture of the spherical envelope.

When this sphere is open (figs 6 and 59), the seats are
situated in a vertical position, with the safety bar open, and the
passengers can freely get in or out.

When the sphere is closed, after making the seats secure,
the heads of the passengers in the northern hemisphere will be
interposed at the equator ring between the heads of the passengers in
the southern hemisphere enabling the passengers to be mutually in
“opposite orientations” with respect to each other. The heads will be
situated almost side by side in the plane of the equator, and the feet of
the passengers will be distributed equitably between the north pole and
south pole.

This arrangement offers an additional entertainment
advantage compared with any other, namely that, as soon as the sphere
is closed, the passengers will immediately be disoriented by this
arrangement, each passenger having his two immediate neighbours “with
his feet on the ceiling”.

In this embodiment, the moulded structure of the sphere
with its tensioning cables will support the load of the passengers, seats
and equipment, this load being uniformly distributed at numerous points

as described below.
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The load supported by the equator ring, in particular in the
open position, would be very small and limited only to the equipment
specific to the spherical envelope (hinges, cable junction elements etc).

Each secure seat 74 will be fixed simultaneously to a
hexagonal element (cable tensioner or not) and a junction trapezium (fig
60). In order best to distribute in this structure the forces related to the
weight of the passenger in the seat, these will be fixed to the structure at
various fixing points 75, and it will be possible to use for this purpose the
fixing elements connecting together the elements of the spherical
envelope. By disposing the seats in line with each pair formed by a
hexagon 2 and a junction trapezium 24, it will thus be possible to have up
to six (possibly eight) fixing points per seat. Using the fixing points of the
pole pentagon for the seats will in principle be avoided, in order to allow
easy opening of the emergency door in this element should this be
needed.

It will also be ensured that the fixing of the seats to the
structure can be sufficiently flexible (for example mounted on rubber) in
order to allow a certain deformation of the structure by the tension of the
cables and the running movements, without this causing excessively
great local tensions. This will also make it possible to avoid deformation
of the structure causing it to deviate from its sphericity, when the seats
are fixed.

In addition, the closure movement will act on shells loaded
with their passengers (rather than on empty shells as in the articulated
seat configurations). This risks causing tensions and deformations at the
spherical shells that the tensioning cables (in the slackened position at
this moment) will not be able to take up alone. It will therefore be
necessary to fix the seats to each other, so that it is they that take over
part of the rigidity and strength of the structure of hemisphere, in

particular in the phases of opening and closing the sphere.



WO 2006/021572 PCT/EP2005/054170

10

15

20

25

37

By adopting such a seat architecture and fixing the seats in
this way to the structure, each passenger will have a view towards the
outside of the sphere through the ten pentagons disposed on each side
of the equator ring, in particular the one facing him (fig 61). He will also
have a partial vision through the equator trapezia, although these may be
encumbered with mechanical parts.

The sphere with fixed seats has the great advantage that
during travel there is no moving part inside it that can prevent a risk for
the passengers. The passenger confinement enclosure is consequently
formed by the spherical envelope itself. One of the dangers that it is
nevertheless necessary to prevent with regard to the passengers
consists of the openings (windows) through this envelope, that an arm or
a foot could pass through, causing a high risk of serious injury during the
movement of the sphere.

However, the passenger distribution configurations within
the sphere in this “fixed seat” option, and in particular the reverse-
orientation arrangement, leave the passengers close to the walls, and
therefore this risk is real. This is why the elements of the spherical
envelope must be masked, in any event in the areas that may be
accessible to the hands or feet, namely in principle all the pentagons and
equator trapezia. The junction trapezia and hexagons are in fact covered
by the seats and could be free from protection.

Between the various solutions envisaged, namely Plexiglas
windows, protected glass windows or wire-netting, the last solution
(shown in a hexagonal shape in fig 62) has been adopted, in order in
particular to leave good ventilation in the sphere. The wire-netting (in
principle square or triangular meshes, maximum 1 cm) will be fixed to a
thin aluminium frame for example, which will be set in the elements of the
structure, in the lugs 31 provided for this purpose in the contour beams

19 of these shapes (figs 17 and 18). Such a mounting will also protect
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the passengers with respect to the hemisphere closure and locking
mechanisms.

The closure movement of the hemispheres will act on shells
loaded with their passengers (rather than on empty shells as in the
articulated-seat configurations), which will require a high power for the
closure mechanism, which will in principle be external to the sphere. Itis
possible nevertheless to envisage an integral closure mechanism (fig
63). In this case, each of the shells is provided with a fixed actuator
articulated on its pole, called a “pole actuator” 77 directed in the axis of
the hemisphere. lts end is connected to the edge of the shell by two
tensioners 78, consisting of cables or articulated linkages. They will be
fixed on each side of the “Greenwich meridian” of this sphere, that is to
say on each side of the back rest of the seat 74.1 opposite to the closure
(northern shell 16, fig 59), or on the side of the back rests of the two
seats 74.2 and 74.3 situated on each side of this meridian (southern shell
17, fig 59). These tensioners will be tensioned when the sphere is open,
thus providing a triangulation for better distribution of the forces during
the sphere opening and closing movement. A third horizontal actuator
called the “junction actuator” 76 connects the first two (fig 63).

The sphere is closed by first actuating the horizontal
junction actuator 76 until it is completely folded, the movement being
transmitted to each of the shells by the linkage formed by its pole
actuator 77 in the deployed position and its tensioned cables 78. The
two shells will pivot towards the ring of the equator, until the diagonal is
passed.

Next the two pole actuators 77 will be actuated. These will
pivot at the pole, keeping the cable in the tensioned position. At the end
of the movement, the two hemispheres will thus close again on the
equator ring, the three folded actuators being aligned in a mast
connecting the two poles, and not together exceeding the inside diameter

of the spherical envelope.
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The equator ring will be connected to the two hemispheres
by a pair of hinges, which will be special (fig 64). They will be designed
so that the two hemispheres open symmetrically with respect to the
equator ring, the latter remaining in a strictly vertical position during the
movement. The two angles “N” and “S” formed on the one hand by the
northern hemisphere 16 and the equator ring 10 and on the other hand
the equator ring 10 and the southern hemisphere 17 will remain
substantially identical with respect to each other throughout the opening
and closing movement, thus guaranteeing verticality of the equator ring.
For this purpose, the hinges of the northern hemisphere will be integral
with the hinges of the southern hemisphere by means of a system of
parallelograms provided with runners 79 (resembling furniture drawer
runners) in order to fulfil this function. These hinges will be designed so
as to occupy the least space possible at the equator ring in the closed
position.

Such an arrangement will avoid providing, for the fixed-
seats sphere, suitable guides for the equator ring external to the sphere
at the boarding platforms, as will have to be provided in the “articulated
seat” option with front opening of the hemispheres. This is because the
option studied here sends the major part of the weight of the assembly
onto the hemispheres, and the hinges as described here will be sufficient
to keep the equator ring straight because of its low weight.

In addition, it will be important at the start of opening of the
hemispheres and at the end of closure for this movement to take place in
a translation perfectly directed in the axis of the poles in order to have a
perfect junction without rupture of the edges of the hemisphere or of the
equator ring. To this end, a runner can be provided between each hinge
and its fixing on one of the hemispheres. It will also be possible to
provide four small actuators providing this runner movement on the
hinges. It will also be possible to provide, in the top part of the equator

ring in the open position, two (perhaps four) small double actuators
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disposed in a square with respect to the aforementioned other actuators,
which, by opening simultaneously, will disconnect over a few centimetres
in translation the two hemispheres in the axis of the poles. The pivoting
movement of the hemispheres will begin only afterwards.

Finally, at the end of the closure movement of the
hemispheres, the latter will come to abut on these four small actuators in
the open position. These will then close again simultaneously, also
enabling this movement to be a simple translation in the axis of the
poles. The hinges will therefore be designed to allow this slight
translation of the hemispheres before pivoting (by means of the
aforementioned runners).

The four so-called “runner” actuators and the two double
“end of travel” actuators will therefore be slaves to the pole actuators and
to a junction actuator in order to ensure a harmonious opening and

closing movement of the hemispheres.
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CLAIMS

1. Device for transporting persons, in particular for the
purpose of entertaining them, said device being in the form of a spherical
vehicle and comprising at least one seat disposed inside the vehicle, said
device being intended to travel on a track, characterised in that said
vehicle is formed by a sphere that comprises a spherical envelope of
geodesic structure formed by a assembly of rigid spherical polygonal
shapes connected together, said spherical envelope being provided with
an access for said persons, said access being integrated in an external
wall of said spherical envelope.

2. Device according to claim 1, characterised in that said
sphere comprises first and second hemispheres connected together by a
ring, said assembly comprising, for each hemisphere, elements of
pentagonal and hexagonal shape as well as junction trapezia connected
between them, said ring being formed by further trapezia connected
together.

3. Device according to claim 2, characterised in that each
element of said assembly is formed by a first set of beams forming a
contour of said element and a second set of beams forming diagonals
within the contour, said diagonals each time delimiting a triangular
window in said element.

4. Device according to claim 3, characterised in that each
element of said assembly comprises a third set of beams forming cross
pieces in each of said windows.

5. Device according to claim 2, 3 or 4, characterised in that
each element has a base structure covered with a flexible material.

6. Device according to one of claims 2 to 5, characterised
in that at least one of said elements is mounted removably in order to

form an emergency exit.
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7. Device according to one of claims 2 to 6, characterised
in that said trapezia of said ring are connected together by cable junction
pieces, said hexagonal shapes and junction trapezia being connected
together by sections of cables, which are joined at said cable junction
pieces.

8. Device according to claim 7, characterised in that said
cable sections comprise at each end a first connecting element, said
cable junction pieces comprising at each end a second connecting
element arranged to co-operate with said first connecting element so as
to couple each end of a cable section to one of said junction pieces for
cables.

9. Device according to claim 7 or 8, characterised in that
each cable junction piece comprises an eccentric mechanism arranged
to put said cable sections connected thereto under tension, said
eccentric mechanism having a disc arranged so as to be driven in
rotation, said disc being provided with two arms mounted eccentrically
thereon, each of the arms being connected to a sliding plate on which
said second connecting element is mounted, each of arms being
connected so that a rotation of the disc at a first angle causes a
movement of said second connecting element and a rotation of said disc
at a second angle causes a sliding of said plate.

10. Device according to claim 7 or 8, characterised in that
each cable junction piece comprises a spring disposed between two
sliding plates on which each time said second connecting element is
mounted, said sliding plates each being provided with an actuator
arranged so as to apply a sliding movement thereto.

11. Device according to one of clams 2 to 10,
characterised in that each hemisphere comprises five cables which
intersect in pairs at a junction between a hexagonal shape and a junction

trapezium, or a junction between two hexagonal shapes, said trapezia
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forming said ring being connected by a sixth cable that extends along the
periphery of said ring.

12. Device according to one of claims 7 to 11,
characterised in that said cable sections are each time housed in a
groove provided in the spherical envelope.

13. Device according to one of clams 7 to 12,
characterised in that each cable section is provided with a tensioner.

14. Device according to one of claims 2 to 13,
characterised in that said first and second hemispheres are mounted on
pivoting means so as to make them pivot with respect to said ring
between a first position in which the hemispheres are connected to said
ring in order to close said sphere and a second position in which said
hemispheres are detached from said ring in order to form said access.

15. Device according to claim 14, characterised in that said
pivoting means comprise a junction actuator and a first and second pole
actuator, said first pole actuator being mounted between a first end of
said junction actuator and a pole of said first hemisphere, said second
pole actuator being mounted between a second end of said junction
actuator and a pole of said second hemisphere, said pivoting means
being arranged so as to sequentially actuate said junction actuator and
said first and second actuators when said sphere is opened and closed.

16. Device according to one of clams 2 to 13,
characterised in that said first hemisphere is mounted on pivoting means
so as to make it pivot with respect to said ring between a first position in
which it is connected to said ring in order to close said sphere and a
second position in which it is detached from said ring in order to form
said access.

17. Device according to claim 16, characterised in that said
pivoting means comprise two actuators each seated on said ring on the

one hand and on said hemisphere on the other hand, said pivoting
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means also comprising a set of hinges having a mechanism in a
parallelogram also connecting said ring to said hemisphere.

18. Device according to one of claims 2 to 17,
characterised in that each element of said assembly is formed by a beam
structure, in particular rectilinear beams or beams in a spherical arc,
forming a chassis for said element, a space between these beams being
left transparent to view.

19. Device according to claim 18, characterised in that said
space between said beams is arranged to allow circulation of air.

20. Device according to claim 18 or 19, characterised in
that said space is partitioned by a wire-netting.

21. Device according to one of clams 1 to 20,
characterised in that said seats are disposed in such a manner inside the
sphere that said passengers are disposed in opposite (head-to-toe)
orientations when said sphere is closed.

22. Device according to one of claims 1 to 21,
characterised in that said seat or seats are mounted in an articulated
fashion.

23. Device according to claim 22, characterised in that said
seat or seats are mounted so as to rotate about a shaft that extends
substantially parallel to a bottom part of a back rest of said seat or seats,
said shaft comprising a first end on which a first circular carriage is
mounted and a second end on which a second circular carriage is
mounted, said first and second carriages being diagonally opposed to
each other, said spherical envelope comprising an internal face on which
there is mounted at least one rail that extends over an entire periphery of
this internal face, each of said circular carriages being placed on said rail
or rails so as to be able to run thereon.

24. Device according to claim 22, characterised in that said
seat or seats are mounted so as to rotate about a shaft that extends

substantially parallel to a bottom part of a backrest of said seat or seats,
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said shaft comprising a first and second end, said ends being fixed to a
first circular frame provided with rollers, said spherical envelope
comprising an internal face on which there is mounted at least one rail
that extends over an entire periphery of this internal face, said first
circular frame being placed on said rail or rails so as to be able to run
thereon.

25. Device according to claim 22, characterised in that said
seat or seats are mounted on a shaft that extends substantially parallel to
a bottom part of a backrest of said seat or seats, said shaft comprising a
first and second end, said ends being fixed rotatably to a first circular
frame, said first circular frame being connected to a second circular
frame by means of two shaft ends being disposed perpendicular to said
shaft so that a first and second circular frames can pivot with respect to
each other, said second circular frame being connected to a third circular
frame by means of two further shaft ends being disposed perpendicular
to said shaft end so that said second and third circular frame can pivot
with respect to each other, said third circular frame being fixed to said
spherical envelope.

26. Device according to claim 22, characterised in that said
seat or seats are mounted on a shaft that extends substantially parallel to
a bottom part of a backrest of said seat or seats, said shaft comprising a
first and second end, said ends being fixed rotatably to a first circular
frame, said first circular frame being connected to a second circular
frame by means of two shaft ends disposed perpendicular to said shaft
so that said first and second circular frames can pivot with respect to
each other, said second circular frame being provided with rollers
disposed on its external periphery, said spherical envelope comprising an
internal face on which there is mounted at least one rail that extends over
the entire periphery of an internal face, said second circular frame being

placed on said rail or rails so as to be able to run thereon.
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27. Device according to claim 22, characterised in that said
seat or seats are mounted on a structure whose circumference is
provided with a first set of rollers, said rollers engaging on a first circular
frame, said first circular frame being connected to a second circular
frame by means of two shaft ends so that said first and second circular
frames can pivot with respect to each other, said second circular frame
being equipped with a second set or rollers disposed on its external
periphery, said spherical envelope comprising an internal face on which
there is mounted at least one rail that extends over an entire periphery of
this internal face, said second set of rollers being placed on said rail or
rails so as to be able to run thereon.

28. Device according to claim 22, characterised in that said
seat or seats are mounted on a structure whose circumference is
provided with a first set of rollers, said rollers engaging on a first circular
frame, said first circular frame being connected to a second circular
frame by means of two shaft ends so that said first and second circular
frames can pivot with respect to each other, said spherical envelope
comprising an internal face equipped with a second set of rollers on
which said second frame is placed so as to be able to run thereon.

29. Device according to claim 22, characterised in that said
seat or seats are mounted on a circular structure that is placed on a set
of rollers mounted on a first circular frame, said first circular frame being
connected to a second circular frame by means of two shaft ends so that
said first and second circular frames can pivot with respect to each other,
said second circular frame being equipped with a second set of rollers
disposed on its external periphery, said spherical envelope comprising an
internal face on which there is mounted at least one rail that extends over
an entire periphery of this internal face, said second set of rollers being

placed on said rail or rails so as to be able to run thereon.
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30. Device according to one of claims 23 to 29,
characterised in that said rail or rails provided on the internal surface of a
spherical envelope are mounted on said ring.

31. Device according to one of claims 1 to 30,
characterised in that said seat or seats are provided with a wire-netting
envelope mounted retractably.

32. Device according to claim 14, characterised in that said
pivoting means comprise a set of hinges having a double-parallelogram
mechanism provided with runners connecting said ring to said two
hemispheres, so that an angle between one of said hemispheres and
said ring remains substantially identical to that between said other
hemisphere and said ring when said hemispheres pivot with respect to

said ring.
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