b

S

PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY {(PCT)

(51) International Patent Classification 4 : (11) International Publication Number: * WO 88/ 09882

16D 3/00 Al (43) International Publication Date: '
15 Déecember 1988 (15.12.88)

-(21) International Application Number: PCT/US88/02074 GA (OAPI patent), GB, GB (European patent), HU,

(31) Priority Application Number: 059,966 tent), SU, TD (OAPI patent), TG (OAPI patent).
(32) Priority Date: 9 June 1987 (09.06.87)

Published .
-(33) Priority Country: us With international search report.

(71)X(72) Applicant and Inventor: SHPIGEL, Vladimir [US/ of amendments.
A (74) Agent: LIPPMAN, Peter, I.; 10920 Wilshire Boulevard,

-(81) Designated States: AT, AT (European patent), AU, BB,

1

IT (European patent), JP, KP, KR; LK, LU, LU (Eu-
(22) International Filing Date: 9 June 1988 (09.06.88) ropean patent), MC, MG, ML (OAPI patent), MR
) (OAPI patent), MW, NL, NL (European patent), NO,
RO, SD, SE, SE (European patent), SN (OAPI pa-

Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt

“US]; 57 Front Street, 6th floor, Brooklyn, NY 11201
(US).

Suite 1000, Los Angeles, CA 90024 (US).

BE (European patent), BG, BJ (OAPI patent), BR, CF
(OAPI patent), CG (OAPI patent), CH, CH (Euro-
pean patent), CM (OAPI patent), DE, DE (European
patent), DK, FI, FR (European patent),

| -(54) Title: CONNECTIVE JOINT WITH INTERLOCKING RING STRUCTURES, ADAPTABLE FOR FLUX OR

FORCE TRANSMISSION

(57) Abstract

This mechanical joint allows relative rotation of two articles (one may be a stationary fixture), on an arbitrary axis.
The joint has as much angular-rotation range as a hinge, but as many degrees of freedom as a ball-and-socket or universal
joint. It allows transmission, between the objects, of force or flux (e.g., of electricity, gas, or liquid), or both. In one form
the invention is simply a mechanical joint formed of two closely interlocked toroids (21, 31). The minor cross-section of
each toroid is sized to just fit through the central aperture of the other; there is a connection point (11, 41) on each toroid
for attachment of one article. In another basic form, the invention has an internal structure of two mutually fixed, inter-
locked rings (481, 491) or the like. Other structures, is generally ring-shaped (421, 431) ride on the inner ones.

Y




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphiets publishing international appli-
cations under the PCT.

AT Austria FR  France ML Mali

AU Australia GA Gabon MR Mauritania
BB Barbados GB  United ngdom MW Malawi

BE Belgium HU Hungary NL Netherlands
BG Bulgaria IT [Iialy NO Norway

BJ Benin JP  Japan RO Romania
BR Brazil KP Democratic People’s Republic SD Sudan

CF  Central African Republic of Korea SE Sweden

CG Congo KR Republic of Korea SN Senegal

CH Switzerland o LI  Liechtenstein SU Soviet Union
CM Cameroon LK  SriLanka TD Chad

DE Germany, Federal Republic of LU Luxembourg TG Togo

DK Denmark MC Monaco US  Unifed States of America

FI  Finland MG Madagascar

o~



WO 88/09882

YW MO N 6 W N e

o N NN NN NN NN R e e e P
NSNS G e BN O W O Noen s W N o

1 PCT/US88/02074

CONNECTIVE JOINT WITH INTERLOCKING RING STRUCTURES,

ADAPTABLE FOR FLUX OR FORCE TRANSMISSION

BACKGROUND

1. FIELD OF THE 'INVENTION

This invention relates generally to connective
mechanical joints; and more particularly to a joint.that
permits relative rotation of the interconnected articles --
through large angles, and about an axis having virtually
any arbitrarily gelectable orientation. The joint can be

adapted to transmit a force or a f£lux between the articles.

2. PRIOR ART

Known connective joints may be considered in three
very broad categories: the hinge, which provides
large-amplitude rotation between two hinged elements, but
only ;bout a single axis; the ball-and-socket joint, which
provides rotation about arbitrarily selectable axes, but
usually with limited range of rotation; and the universal
joint, which is in effect a two-stage hinge.

Both large-amplitude rotation and a wide range of
rotational axes are achieved with a universal joint by
combining two hinges in series, generally at right angles.
The selection of rotational axes is essentially arbitrary -
if rotation is permitted about one oOr both points of
attachment of articles to the universal joint -- for
example, if the articles interconnected by the joint are

rotatable shafts.
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With a ball joint, rotational range is particularly
limited when a fluid flux is to be transmitted across the
joint -- as, for example, in a liquid-transmitting joint
such as a shower head.

In two diffe:ent gsenses, torgue can be transmittéd
through a hinge or universal joint. First, an article
attached to one side of the joint can be rotated by
rotating an article attached to the other side of the joint

-- provided that the rotation is about an axis on which the

‘hinge or universal joint is not free.

(The availability of such an axis for useful purpoée#
depends upon the relative orientation of the two sides of
the joint. For example, suppose that the two articles are
drive shafts, but the joint isrinitially operated so that
these shafts are mutually at right angles. Now rotation of
either shaft about its own axis can be transmitted through
ihe joint to the other, but of course the resulting
rotation of the receiving shaft is not about its own axis.)

Force or torque can also be transmitted through a ~
hinge or universal joint in a second'sénse. For such
transmission, a éear or a.tréction sprface is provided on
an article at one side of the joint;.and a suitably mating
drive gear or traction wheel is provided on an article at
the other side of the joint. With this arrangement,
forcible rotation of the gear or wheel results in operation
of the joint itself -- i. e., change of the relative angle
(qr angles) at which the two articles are joined.

In the prior art, it has not been readily feasible to

SUBSTITUTE SHEET

T~

i

[



WO 88/09882

O 0 N 00 e W N -

NONON NN NN NN R e e e e e
® 9 O e W N F O W O N 6 U s Ww N+ O

PCT/US88/02074

interconnect articles for rotation through large angles
about a virtually arbitrary axis, using a single-stage

joint. Such connection has been particularly'awkward with

transmission of force or a flux across the joint.

SUMMARY OF THE DISCLOSURE

By way of introduction, the present invention in its
simplest forms may be very roughly conceptualized as a
particularly efficient single-stage hinge, in which there
is no separate hinge pin as such. Instead, each side or
element of the hinge can itself serve as the hinge pin,
entering or leaving this role at the pleasure of the usér.

Even though this "hinge" has only one stage, its two
gsides or elements pivot about different axes, thereby
permitting operation of the hinge abouf virtually any axis
the user selects. Consequently this single-stage hinge is
free to rotate in as many different directions, roughly
speaking, as a universal joint. Furthermore, being a hinge
rather than a ball joint, it operates through a very wide
angular range. |

Alternatively, and curiously, the invention can be
very roughly conceptualized as a hinge in which everything
except the hinge pin has been eliminated -- but there are
two hinge pins, each rolled or wrapped around the other in
an endless ring, to permit operation of the hinge in

virtually any direction.
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These informal conceptualizations of my invention may
seem contradictory and slightly baffling, bu£ as will
shortly be clear both of them are reasonably accurate. I
shall now present some more-rigorous definitions of the
invention.

In one basic form, my invention is a connective joint
providing a rotational component of relative motion of two
articles, about an axis having any arﬁitrarily selectable
orientation. This form of the invention includes two
interlocking toroids.

In this form of my invention, each of the toroids has
a substantially circular minor cross-section and a
substantially'circuiarrcentral aperture. The ﬁinor
cross-section of each toroid is sized to substantially just
fit through the central aperture of the other toroid.

This first basic form of my inveniion also has, on
each toroid, some means for securing that toroid to a
respective one of the two articles. For purposes of
generality of description, I shall call these.means the
“"connection means."

The preceding three paragraphs may constitute a
description of my invention in its broadest or most general
form. There are, however, certain additional features or

characteristics which I prefer to incorporate in articles

" made according to my invention, for most complete

development and enjoyment of its inherent advantages.
For example, I consider it preferable to make the

sizing tight enough to provide significant frictional
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resistance to relative motion of the two articles. I also
prefer to locate the connection means on each toroid at a
point substantially along the outer major periphery of that

toroid.

As a matter of personal preference I consider the
appearance of the joint particularly pleasing if the minor
cross-sections of the two-toroids are made substantially
equal to one another in diameter. For some applications,
as will be appreciated by those skilled in the art, this
condition will also be preferable for mechanical strength
or other practical properties.

On the other hand, for the sake of variety in some
applications the joint may be made with the minor
cross-sections of the two toroids different. For some
applications such a construction may also be preferable in
practical terms.

It will be understood that either of such articles may
be a substantially stationary fixture -- such as a wall, an
article of furniture, or an appliance pedestal (such as, -~-.
for example, a lamp base). In that event, the connection
means on one of the toroids are secured to the stationary
article. |

On the other hand, one or both of the articles may be
embedded within or fixed as a thin sheathing or jacketing
upon one or both of the toroids respectively. In such
cases the connection means are of course adapted for
connection of such articles; they may not necessarily

appear as discrete features in or on the toroids.
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I shall now describe another basic form of my
invention. It is a connective joint providing a rotational
component of relative motion of two articles,.about an axis
having an arbitrarily selectable orientation.

This form of my invention includes two interlocking
toroids, each having a substantially circular minor

cross-section and a substantially circular central

aperture. The minor cross-section of each toroid is small

enough to fit throughrthe central aperture of the other
toroid -- but in this form of my invention it is not
required that they fit closely.

Insteéd this form of my invention includes some means
for securing the two toroids together, for mutual arcuaté
motion. | |

Finally this form of the invention includes, on each
toroid, connection means for securing that toroid to one of
the two articles respectively.

This secondrbasic form of my invention may be
described in its most general terms by the foregoing
paragraphs. Once more, however, I prefer to incorporate
various features or characteristics to optimize
effectiveness and enjoyment of the invention.

In particular, I prefer to provide the mutual-securing
meanﬁ in the form of an annular track or groove defined
along the inner periphery of the central apertufe in a
particular one of the two toroids, and an inner ring
movably disposed within ﬁhis groove.

These preferred elements of the securing means may be
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described in a more general way as: an arcuate guide
member, and a corresponding follower member, adapted and
disposed to ride along the corresponding guide to define an
arcuate motion of the follower relative to the guide.
Various forms of guide and follower member may be provided
other than an annular track or groove and an inner ring.

In particular, it is not necessary to use a complete
ring or complete track. A partial ring or partial track,
or both a partial ring and a partial track, may be provided
within the scope of this form of my invention.

Only enough mutually constraining structure is
required to provide the desired mutually arcuate motion.
For example, it will be clear to skilled mechanical
artisans that a great variety of three-point-contact
guide-and-follower sets -- merely to state one of myriad
possible examples -- may be substituted beneficially for a
complete ring and track.

Furthermore, it is not necessary that the toroid
actually ride on the inner guide structure, in the sense
suggested by the simplified track (or groove) and ring
conceptualization. That is, it is not necessary that the
outer structure have an inner track'(such as a groove) that
rides on an inner ring. Rather, the track (or groove) may
be associated with the inner structure, while the ring
equivalent may be associated with the toroid.

This second form of my invention can further be used
in transmitting a force or flux between the two toroids.

As will be seen, forces or fluid or electrical fluxes, or
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1 combinations of two or mére such fluxes or forces, can be

2 transmiited between the iwo toroids while preserving the

3 relative mobility and -- if desired -- the independent

4 appearance of the toroids.

5 To realize this potentiality, I also prefer to include
6 some means for transmitting a fbrce or a flux along a

7 generally circular path within the particular toroid having
8 the inner elements just discussed. I shall call these

9 means the "intratoroid transmitting means", since they

10 transmit force or flux within the particular one toroid.
11 These meané preférably make use of the
12 inner-peripheral track-and-groove -- or, more generally,
13 the guide-and-follower set, just discussed.. The generally
14 circular path is associated with these inner elements. In
15 other words, the same inner elements are advantageously
16 used both to provide relative mechanical suspension of the
17 two toroids, and to transmit force or flux along a path

18 within at least one of the toroids.

19 As will become clear, two separate sets of inner ~—_
20 elements within the toroid can be provided for these two
21 functions respectivély. 1 prefer to use one set within the
22 toroid for both functions. :
23 This form of my invention also includes some means for
24 transmitting the force or flux from the above-described
25 path to the other tofoid. Again for generality I shall

26 call these the intertoroid transmission means, as they

27 transmit force or flux between two toroids.
28 I show and describe several such preferred features,
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1 as well as certain variants or versions of this second
2 basic form of my invention, in the detailed-description
3 section of this document. First, however, I wish to
4 introduce yet another basic form of my invention.
5 This third form of the invention is a connective joint
6 providing a rotational component of relative motion of two
Y articles.
8 It includes a pair of interlocked inner rings. The
9 two rings are fixed together at a common area along the
10 inner peripheries of both rings.
11 This form of the invention also includes two
12 interlocked outer structures. Each of these outer
13 structures has a very generally arched body surrounding a
14 very generally central aperture.
15 Each of the outer structures also has a peripheral
16 track about its central aperture. Each outer structure is
17 movably mounted by this track to ride on a respective one
18 of the rings. In other words, the rings and tracks are
19 mutually engaged, so that each outer structure is movably
20 mounted to the corresponding ring.
21 This configuration constrains the interlocked outer
22 structures to mutually arcuate compéﬁnd trajectories. That
23  is, the inner rings constrain the two outer structures to
24 move along arc-shaped paths rel;tive to one another.
25 If desired, one or each of the tracks may take the
26 form of a groove around the periphery of the central
27 aperture of the corresponding outer structure. In this
28 version of this form of the invention, the ring simply
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fits in the groove, so that the outer structure rides on
the ring. |

More elaborately formed or engagéd tracks and rings -
may be provided, as will be further detailed shortly.

Bearings may be interposed if desired for smoother

Ay

operation.

In describing the mutually arcuate tréjectories'of the
outer structures, I have included the term “compound” for a
very important reason. The possible trajectory or path for
each of the outer structures is not limited to only one
arcuate motion such as a 3imple rotation or revolution
about the other outer structure.

Rather the motién of each outer structure may include,
in effect, travel or displacement along the contour of the
other outer structure. Rotation or revolution may be
alternated, or may even be concurrent, with such travel or
displacement.

Therefore very elaborate mutually arcuate compound
trajectories are possible. This is so even though, as
already mentioned, the inngr rings are solidly joined.

The body of each outer structure is small enough to

o

fit through the central aperture-of'the other outer

]

structure -- in at least part of their trajectories. It
need not fit through the central aperture of the other
outer structure in ail of their trajectories.

Details of the outer structures may be selected
esséntially arbitrarily, either for practical reasons or

for esthetic reasons such as implementing a particular
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1 theme. Accordingly it may be very desirable to make some
2 parts of one or each outer structure too large to fit

3 through the central aperture of the other structure.

4 For example, one of the outer structures might be

5 configured to represent the body of an animal, passing

6 through the central aperture of the other structure. The
7 head or perhaps certain limbs of the animal figure might

8 extend laterally too far to pass through thatraperture.

9 This third form of my invention also includes

10  connection means on each outer structure. The connection
11 means on each outer structure are provided for securing

12 that particular structure to one of the two articles
13 respectively.

14 Like the previously discussed second form of my

15 invention, the third form is also capable of use for

16 transmitting a force or a flux between the articles. To
17 develop this capability, I prefer to include in this third
18 form of my invention some means for transmitting force or
19 flux along paths within the outer structures. ~__
20 These paths are generally circular, and each is

21 associated with one respective inner ring. For generality

22 as befofe I call these means "jntrastructure transmitting
23 means."

24 In addition this form of my invention includes some
25  means for transmitting the force or flux from the path

26 associated with one ring to the path associated with the
27 other ring. I call these means “interstructure

28 transmitting means"; they are defined adjacent to or
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through the common area at which the rings are joined.

To aid in comprehension initially; the foregoiné
description of the third form of my invention has been
stated with somewhat specific reference to inner “rings” R

that are fixed to one another, and “tracks" that ride on

s

the rings. Like the second form of my invention, however,
this thirdrform isractually much broader thah might be
supposed from this description.

In particular, partial rings or pariial tracks, or
both, may be provided. Only.enough mutually constraining
structure is required to provide the desired mutually
arcuate coméound trajectories, various types of
guide-aﬁd-follower sets being substitutable for complete
rings and tracks. Furthermore, as with the second formrof
my invéntion, it is not necessary that the outer structures
actually ride on the inner guide structures.

For these reasons a more general aescription of the
third form of my ihvenﬁion will now be presented. This
form of the invéntion is a connective joint that provides a
rotational component of relative motion of two articles.

It includes a pair of guide-andffcllower_sets. Each

set includes an arcuate guide member and a corresponding

s

disposed to ride along the corresponding guide to define an
arcuate motion of the follower relative to the guide.

One particular member of each set has an inner
periphery. The two particular members of each set are

fixed together at a common area along the inner
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peripheries of both particular members. By virtue of this
configuration the remaining two members are constrained to
mutually arcuate compound trajectories.

This form of the invention also includes two
interlocked outer structures, each having a very generally
arched body surrounding a very generally central aperture.
Each of the two outer structures is fixed to one of the
"remaining two members" just mentioned. Due to this
configuration, the interlocked outer structures are
likewise constrained to mutually arcuate compound
trajectories.

The body of each outer structures is small enough to
fit through the central aperture of the other -- in at
least part of the trajectories of the outer structures.

The invention, in the form now under consideration,
also has connection means on each outer structure for
securing that structure to one of the two articles
respectively.

The foregoing description of the third form of my
invention, presented now more generally, is able to
function as a connective joint. Its.mechanical function as
a joint is in effect essentially the same as that of the
first-mentioned form of my invention, consisting of closely
interlocked toroids.

This form of the invention is also useful for
transmitting a force or a flux between the outer
structures, and even between the respectively attached

articles. When so used, this form of the invention
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includesrsome means for transmitting force or flux along
two generally circular paths Qithin the outer structures
respectively.

I shall call these means the “intrastructure

transmitting means*. Each of the two paths is associated

(at

This form of my invention further includes some means

- for transmitting force or flux from the path associated

with one guide-and-follower set to the path associated with
the other set. These means, which will be called
“interstructure transmitting means", are defined adjacent
to or through the common area at which the previously
mentioned “two particular members"” are joined together.

This third form thus has the added capability éf force
or flux transmission between the outer structures. In some
casés such transmission can be provided between the two
attached articles secured at the respective connection
means.

If desired, the'parts of the invention can be formed-~
to nearly conceal the existence of the inner

guide-and-follower sets, so that the transmission

10}

capability'of the assembled invention appears very

2%

eiﬁraordinary. A casual observer will not perceive how a
device having so many deérees of freedom could, for
example, conduct fluids or electricity in a circuit.

All of the foregoing operaiional principles and
advantages of the present iﬁvention will be more fully

appreciated upon consideration of the following detailed
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description, with reference to the appended drawings, of

which:

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of a preferred embodiment
of my invention. It represents in particular the
previously mentioned first basic form of my invention. The
other basic forms may also have exactly this same external
appearance, though it is also possible for them to vary

extremely from this configuration.

Figs. la are front, rear and side elevations or
orthographic projections of the Fig. 1 embodiment, on a
reduced scale.

Fig. 2 is a front elevation, partly in section, of the
same preferred embodiment, particularly showing the
relationship between dimensions.

Fig. 3 is a front elevation, on a reduced scale, of a
related embodiment having a different relationship between
dimensions.

Fig. 4 is a front elevation of the embodiment of Figs.
1 through 2, illustrating the range of possible angular
positions of one toroid about the other, while the location
of that one toroid along the other is held fixed.

Fig. 5 is a perspective view of the same embodiment --
but particularly showing the connection means of one toroid

gecured to a fixture such as a wall or pedestal, so that
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any article secured to the other connection means is
movably secured with respect to the environment.

Fig. 6 is a similar perspective view particularly
showing lock screws fo; fixing the joint in a particular
orientation; |

Fig. 7 is a éimilar view, on a reduced aéale.
particularly showing the invention in use for adjustable
mechénical support of equipment such as a camera.

Figs. 8 through 26 represent preferred embodiments of
the previously mentioned second and third basic forms of my
invention.

Fig. 8 is a perspective view, very generally similar
to Fig. 1, of a preferred embodiment of these forms of my
invention as adapted for bidirectional conduction of
electricity completely across the joint -- that is, between
articles secured to the connection means of the two outer
structures rgspectivelyf

| In Fig. 8 the outer structures (here, for the sake of
simplicity, also toroids) are drawn as if transparent.
Fig. 8 thus clearly shows both the inner and outer
structures in their interrelationship, and indicates in a
somewhat schematic way the function of the inner structures
(here complete rings) for electrical conduction.

VFig. 9 is an elevation, partially in section, of the

same embodiment -- with the inner structures in detail.

Fig. 10 is a perspective view of the same embodiment,
particularly showing the track (here a groove) of one of

the outer structures.
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Fig. 11 is a perspective view of the joined inner
rings alone.

Figs. lla through llc are front, rear and side
elevations or orthographic projections of the Fig. 11
rings.

Fig. 12 a perspective view, partially cut away, of the
embodiment of Figs. 8 through llc, particularly showing the
arrangement for conduction of electricity to and from the
joint.

Fig. 13 is a perspective view, on an enlarged scale,
of the same embodiment -- also particularly showing how
electricity may be conducted to and from one side of the
joint.

Fig. 14 is a perspective view of a table lamp,
incorporating the joint of Figs. 8 through 13.

Fig. 15 is a like view of a track-lighting fixture
incorporating the same embodiment.

Fig. 16 is a perspective view, partially cut away, of
a preferred embodiment of the second and third forms of my._
invention as particularly adapted for conduction of fluid
completely across the joint -- that is, between articles
secured to the connection means of the two outer structures
respectively.

Fig. l6a is a cross-sectional view of one of the
toroids of the Fig. 16 embodiment, showing its division
into the inner and outer structures.

Fig. 17 is a somewhat schematic elevation of the same

embodiment with somewhat thicker walls, and particularly
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delihéating the conductionrof fluid entirely acrosé the
joint.

Fig. 18 is an elevation, partly in section, of the
same embodimént with a wall configuration particularly
éuited to minimize leakage from the joint.

Fig. 19 is a perspectiverview of a shower heéd
incorporating the embodiment of Figs. 16 through 17 or 18.

Fig. 20 is a perspective view, partially cut away, of

a preferred embodiment of the second and third basic forms

of my invention as adapﬁed for transmission of force to the
jdint at both sides -- that is, between an article secured
to the connection means ereach outer structure and the |
corresponding inner structure.

Fig. 21 is a similar view of a preferred embodiment of
any of the three'forﬁs of my invéntion as adapted for
minimiiation of friction in the joint.

Fig. 22 is a somewhat schematic or conceptual diagram
of a different guide-and-follower set for use in some |
embodiments of the seéond or third basic form of my
invention.

Fig. 23 is a like diagrammatic view of another such
guide-and-follower set.

' Fig. 24 is a like diagram of still another such
guide-and-follower set. | |

Figs. 25a and 25b are perspective and elevational
views, respectively'of a partial internal ring structure
also usable as a guide;and-follower'set in some embodiments

of the second or third basic form of my invention.
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Fig. 26 is a perspective view of an embodiment of my
invention such as might be used in, for example, either a

functional objet d'art or an inexpensive novelty item.

Here the outer structures are not toroids or any other kind

of regular geometric form, but rather are highly irregular

and fanciful figures.

DETAILED DESCRIPTION

OF THE PREFERRED EMBODIMENTS

The basic appearance of certain preferred embodiments
of my invention is illustrated in Figs. 1 through lc. This
embodiment may be simply a mechanical joint used for
purposes of adjustable positioning, or as explained below
it may be provided with internal elements for flux or force
transmission.

The joint includes two toroids or “doughnut "-shaped
parts 21 and 31 which-interlock. In the illustrations, one
toroid 21 is drawn to appear horizontal, and for
definiteness of the following discussions will be called
the "horizontal toroid"; the other toroid 31 will be called
the "vertical toroid”.

On each toroid is a connection part, 1l and 41
respectively, for attachment of articles to the joint. For
clarity in ;llustrating the relative orientation of the two
toroids, the connection parts 11 and 41 have been shown as

projecting small cylinders. The illustrated connection
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elemehts 11 and 41 are fixed along the outer peripheries of

1

2 the respective toroids 21 and 31, and project radially

3 outward.

4 As mentionéd earlier, however, even the attached

S articles themselves may be embedded or surface elements.

6 Hence the connection parts can take a great #ariety of

7 different forms, including recesses, tapped or detented

8 holes, or surface-attachment areas.

9 As shown in Fig. 2, each toroid 21 or 31 has a

10 respective circular central aperture 26 or 36. The body of
11 each toroid is circular in cross-section, and preferably
12 for most purposes the figures are substantially
13 geometrically regular. '

14 In particular, each toroid body is substantially

15 uniform in siie all the way around. Thus in Fig. 2 the

16 diameter D of the body of the hbrizontal toroid 2i as seen
17 (in cross-seciion)'at the far right side of the drawing is
18 equal to the diameter B of the body of the same toroid 21
19 as seen (likewise in cross-section) nearer to the left side
20 of the drawing.

21 Similarly the diameterrgfof the body of the vertical
22 toroid 31 as seen (in elevation) at the far left side df

23 Fig. 2 is equal to the diémeter C of the body of the same
24 toroid 31 (likewise in elevation) nearer to the right side
25 of the drawing.

26  For most purposeé the body of each toroid is

27 preferably sized to just fit through the central aperture
28 of the other -- and allow relative motion withrsome desired

!
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1 amount of freedom. As a practical matter the relative
2 sizes may vary from a press fit to a substantial clearance.
3 The precise size relationships chosen will vary with
4 the frictional characteristics of the two surfaces involved
5 (which may vary from Teflon® through Velcro®), the
6 resiliencies of the two toroidal bodies, the weights and
7 orientations of article(s) to be suspended, whether
8 stabilization is otherwise provided, and generally the
9 purpose or application of the joint.
10 In other words, the minor diameter of each toroid is
11 very nearly the same size as the diameter of the central
12 aperture of the other toroid. By “minor diameter" I mean
13 the diameter as measured across the small dimension of the
14 body.
15 The toroids 21 and 31 shown in Figs. 1 throﬁgh 2 are
16 substantiallf the same size -- both in majdr and minof
17 dimensions. Thus in Fig. 2 the minor diameter A or C or
18 the vertical toroid 31 is equal to the minor diameter B or
19 D of the horizontal toroid 21.
20 Accordingly, for the toroids in Figs. 1 through 2, the
21 major diameters are also equal. That is, the major
22 diameter A + B + C of the vertical toroid 31 is equal to
23 the major diameter B + C + D of the horizontal toroid 21.
24 As demonstrated in Fig. 3, however, my invention can
25 be made and used without observing these egualities. The
26 horizontal toroid 121 of Fig. 3 has a much smaller minor
27 diameter than the vertical toroid 131.
28 Nevertheless, as in the equal-toroid case for the
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first form of my inventibn, the central aperture of each
toroid must approximately match the minor diameter of the
other. Consequently, for the vertical toroid 131, the
central-aperture diameter is much smaller than the minor <

diameter; but the,oéposite is true of the horizontal

273

toroid 121.
In any of these constructions, each toroid can shift

relative to the other, in two different kinds of motion.

First, as suggested by the double-headed vertical arrow 51

(Fig. 1), the'hqrizontal toroid 21 can rotate vertically
about the.major axis of the ggggg toroid -- the vertical
toroid 31.

(By the major axis I mean the straight line 38 that
passes through the center of theraperture -- the "doughnut
hole" —- in the vertical toroid 31, at right angles to the
central plane of that toroid. Tangent to this major axis
of the vertical toroid 31 is the minor axis of the
horizoﬁtal toroid 21, which is the circular centerline of
the endless body thaﬁ.constitutes the toroid 21.
Regardless of orientation of tﬁe two toroids, the major

axis of each is always tangen£ to the minor axis of the

(b

other, at some point along that minor axis.)

when so rotated about the major axis of the vertical ?
toroid 31, the horizontal toroid 21 is also rotating about
its own minor axis, at the point of tangency between those

two axes. .It seems natural to think of the horizontal

 toroid 21 in this mode of rotation as traveling alongrthe

body or the arch of the vertical toroid 31.
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As stated above, however, a second kind of motion is
also available. As suggested by the rotation of the
double-headed horizontal arrow 52, the horizontal toroid 21
can rotate about its own major axis 28 (Fig. la). That
axis is tangent to the minor axis 37 of the vertical toroid
31, also at the point of rotation. It seems natural to
think of the horizontal toroid 21 in this mode of rotation

as circling around the body of the vertical toroid 31.

The reason for describing these geometrical
relationships in such detail is to show that the two axes
of rotation available for the horizontal toroid 21 are
mutually offset. The distance between them is equal to the
radius of the circular minor axis of the toroid that is
being considered stationary for purposes of this discussion
-- that is, the vertical toroid 31.

From these observations it will be understood that
this joint provides as many degrees of freedom as a ball
joint or a universal joint. The kind of motion provided,
however, is unlike the relative motions available with ~—
prior joints.

More specifically, a ball joint generally speaking
provides rotation about the center of the entire joint
system. A universal joint may be designed to provide
rotations in orthogonal directions about mutually offset
axes, but the usual design effort is to avoid such an
offset so that the U-joint behaves as much as possible like

a ball joint.

My interlocked-toroid joint intrinsically provides
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rotation about offset orthogonal axes. Neither axis is at
the center of the joint system -- which will be found at a
common surface point aiong therinner peripheries of the
central apertures of the two toroids.

It will be understood that if the horizontal toroid 21
is rotated about its own minor axis, in either direction

indicated by the vertical arrow 51, this toroid 21 will no

- longer be horizontal. It will still, however, be capable

of rotation about the minor axis of the other toroid, in
either direction indicated by the horizontal arrow 52.

In general, the only limitﬁtion on angular range of
action for each toroid is imposed by impingement of the
connection element of each toroid upon the exterior surface
of the other toroid. (This conslderatlon is in fact a
limiting one only if the connection elements 11, 41 do in
fact project from the toroid surfaces 21, 31. As earlier
pointed out, my_invention can be effécﬁively constructed
and used in other forms.)

For example, as shown in Fig. 4, the connection
element 41 of the vertical toroid 31 can be rotaﬁed
counterclockwise (as drawn) to its indicated position hard
against the lower surface of the hofizontal toroid 21.
This condition represents one end of the range of motion
for that toroid 31. The same connection element 41 can

also be rotated clockwise against the upper surface of the

"horizontal toroid 21, to its position indicated at 41', to

establish the other end of the range of motion.

The range of angular motion for each toroid relative
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to the other approaches roughly 331° for negligibly slender
connection rods 11, 41; or roughly 317° for connection rods
about half the minor diameter of the toroids. Those
skilled in the art of mechanical devices will appreciate
that this is far larger than available with a practical
ball joint.

Excepting extreme positions such as sho@n in Fig. 4,
when either toroid is held fixed the other can be moved to
nearly any orientation. For example, if as shown in Fig. 5
the connection element 41 of the vertical toroid 31 is
fixed -- as to a wall or floor 61 —-- the connection element
11 of the horizontal toroid 21 can be moved through
compound arcuate trajectories to point in almost any
direction. The relative orientation of the two toroids in
Fig. 5 is intended to represent such substantially
arbitrary positioning.

With the toroids so oriented, the connection element
11 can in general then be repositioned in virtually any
direction, as suggested by the arrows 55 of Fig. 5. The
joint thus provides great freedom of angular orientation.

If the connection element 11 of the horizontal toroid
21 is held fixed, conversely, the connection element of the
vertical toroid 31 can be pointed in nearly any direction.
Such reorientation is possible using the same two kinds of
rotation as already described for the horizontal toroid 21.

That is, the vertical toroid 31 is free to rotate
vertically or horizontally, or both. Vertical rotation

about its own horizontal major axis 38 (Fig. lc), as shown
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by the two-headed arrow 54 (Fig. 1), carries the connection

element 41 to other vertical positions 41°'. Horizontal

rotation about its own circular minor axis 37 is shown by

the two-headed arrow 53.

As a matter of abstract geometry, rotating either

(o

toroid about its own major axis is equivalent to rotating
the other toroid about its own minor axis. Hence in pure
principle thererare not four but only two kinds of motion.
In practice, however, the implications of these two motions
may be vary greatly, depending on which (if either) side of
the joint is held fixed and which is movablé on the other.

In addition it is possible to leave one or both of the
connection elements 1l and 41 free to rotate about their
own-éxes, at their points of attachment with the respective
toroids 21 and 31 -- or at their points of attachment with
articles which they éecufe to the toroids. Additional
degrees of freedom of the joint can thereby be provided, in
applications for which such additional mobility is
appropriate.

If desired the joint may be provided with

stabilization devices such a set-screw 271 (Fig. 6) that

.

passes through a threaded hole 272 in one toroid 221 and
into or against the other toroid 231. If preferred for i
greater force and reliability in stabilization, a second
set-screw 273 can be similarly mounted in the other toroid
231 for action against the first toroid 221.

| Other types of stabilization devices may be used

instead. Alternatively, the sizes and surface properties
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of the toroids can be designed to provide adequate
stabilization for many intended uses without set-screws Or
other accessory stabilizers.

The mechanical joint thus provided is useful in a
great many practical applications. Fig. 7 shows two
interlocked toroids 1121 and 1131 used to support a camera
1191 or the like. A connection element 1111 links one
toroid 1121 to a tripod head 1118 or the like, and another
connection element 1141 links the other toroid 1131 to the
camera 1191.

Additional capabilities can be provided the

interlocked-toroid system by inner rings or other inner

. guide-and-follower structures as shown in Figs. 8 through

25p. If desired, such inner structures may also, or
instead, be used to remove some of the mechanical
limitations on the relatively simple system described so
far.

For example, with inner structures it becomes possible
to eliminate the requirement that the minor cross-section
of each toroid make a fairly close fit through the central
aperture of the other toroid. Very ;arge clearances may be
employed, so that one toroid appearé‘suspended within the
other.

It is also possible to depart from uniformity of
dimensions of the outer structures, and even from the
condition that they be toroids generally. Virtually
arbitrary outer shapes may be employed, within the scope of

certain of my appended claims.
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Probably the most interesting change introduced by
such inner structures, however, is the addition of ability
to transmit forces or fluxes. Such transmission can be
from an articie connected to oﬁe toroid to an article
connected to the other, through both toroids -- or if
desired for particulér applications can be only th:ough
part of this series of objects. -

1f desired, such transmission can be provided in
addition to the userbf‘very'large clearances between the
toroids, and in addition to the use of arbitrary shapes.

If preferred, howevef. force or flux transmission can be
provided using the geometry already introduced in
connection with Figs. 1 through 7.

Figs. 8 through 13 illustrate toroidal outer
structures 421 ana 431 fitted with respective joined-ring
inner structures 481 and 491. These particular inner rings
481, 491 are adapted to conduct electrical fluxes or
currents on two generally parallel conductors, to provide a
complete “round trip" electrical circuit.

The rings 481 and 482, like the toroids 421 and 431,
are interlocked. Unlike the toroids, however, the rings
481 and 491 are also firmly fixed to one another,Afofming a
permanent one-pieée, solid inner structure.

The rings are joined at a common area 489 along the
inner péripheries of both rings. As shown, they are at
right angles: this condition is.necessary if the toroids
421, 431 fit closely together, but is optional if there is

to be considerable clearance between the toroids.
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A-groove 432 (Fig. 10) is formed along the inner
periphery 436 of one toroid 431; and preferably a like
groove (not jllustrated) is provided in the other toroid
441. The rings 481, 491 fit within these grooves, 8o that
the inside surfaces of the grooves ride on the internal
rings.

For closely fitted toroids, when all the pieces are
assembled in this way the rings are substantially concealed
deep within.the central apertures of the toroids, so that a
casual observer will be unaware that there is any inner
structure. Even for toroids that have considerable
clearance, the rings and grooves can be made very
inconspicuous.

The inner rings 481, 491 here shown are of plastic,
ceramic or other insulating material. They are provided,
however, with respective annular metal or other conductive
surfaces 482, 492. These annular conductors are disposed
along pathways defined along or near the peripheries of the
rings 481, 491.

The conductors 482 on one ring 481 are interconnected
with the conductors 492 on the other ring 491, by bridging
conductors 499. The bridging conductors pass through or
immediately adjacent to the common joinder area 489.

The previously mentioned groove 432 in one toroid 431
is also fitted internally with electrical brushes 443 (Fig.
12), disposed to engage and make electrical contact with
the conductive surfaces 492 on the ring 491. These brushes

443 are connected by wires or other suitable electrical
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conductors 444 that pass through the body of the
tordid 431.

VThe latter conductors 444 are continuous with like
conductors 442 that pass through the connecting element 441
and to an article that is atﬁached to that connecting
element. That article typically will provide either a
source of electrical power or signals, or a device that
uses such power or signals, or both.

Similarly the unillustrated inner groove in the other

 toroid 421 also has electrical brushes 413 (Figs. 12 and,

showing gr;ater detail, Fig. 13) to engage and make contact
with the conductors 482 on the corresponding ring 48l.
These latter brushes 413 are connected by wires 414 or the
like through the body of the toroid 421, to wiring 412 ih
the corresponding connecting means 411 -- and thence to an
article attached to that connector.

The article just mentioned will t&pically provide a
usage or source of electricity that complements the séurce
or uéage provided by the first-mentioned article on the

other side of the joiht. For instance, if the joint is

used in a table lamp as in Pig. 14, the connecting element

1211 of one toroid 1221 receives electrical power from the

lamp base 1261 and arm 1218.
The connecting elément 1241 of the other toroid 1231

passes the power on to the socket and bulb in the lamp head

1291, through an extension arm 1248. The base 1261, of

course, must be suitably wired to an electrical source.

Another type of lamp is shown in Fig. 15. 1In this
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example one toroid 1321 draws power through its connection
means 1311 from a wall bracket 1318, which is fixed to a
wall 1361. The lamp head 1391 receiveé this power from the
first toroid 1321 through the second toroid 1331, and the
connection means (not shown) on that second toroid.

Again, the bracket 1318 is wired to a power source
(not ehown) within the wall 1361. This view may also be
taken as an illustration of track lighting, with
substitution of a sliding bracket at 1318 and mating track
at 1361.

As can be seen in Figs. 8 through 10, and Figs. 12 and
13, the rings 481, 491 in effect complete the inner
peripheral shapes of the toroids 421, 431 respectively.

The rings might be regarded as sealing the internal
cavities formed by the grooves. In fact it is not
necessary to provide actual fluid-tight seals, since in the
applications illustrated in these figures there is normally
nothing to escape from or into the interior cavities.

Nevertheless these interior tunnels do suggest a
potential for conveying other xinds of flux -- in
particular, fluxes of liquid or gas == along the
circumferential paths formed within the toroids.

In fact fluid fluxes can be transmitted along such
paths, and in and out of the toroids through the external
connectors and the bridging points where the toroids are
joined. A geometry particularly adapted for such
applications appears in Figs. 16 through 18.

Here each inner ring is made in the form of a
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halthube 581 or 591. Each inner ring defines the inner
half of a hollow toroidal tube, sealed to a respective
outer half;tube 521 or 531.

The seals are made so that each outer half-tube can
slide along the outward-facing rims or edges of the mating

inner half-tube. They do so while maintaining the

fluid-tight integrity of the inner cavities 582 and 592

formed between the respective pairs of half-tubes.

As in the versions of my invention illustrated
earlier, the two inner‘half-tubes are joined at their
common area 589 -- alohg the inner peripheries of both
central apertures. A fluid-conveying hole 599 is defined
at this junction area 589, pfoviding fluid communication
between the interior cavities of the two tdroids.

The connection elements 511 and 541 are also made
hollow, and in communication with the respective toroidal
cavities 582 and 592. Hence fluid communication is
established from one connection element 511, through the
two toroidal cavities 582 and 592 and the interéonnecting»\\
hole 599, to the other cqnnection element 541 -- all as
diagrammed in Fig. 17.

If necessary or desired to minimize leakage, the walls
of the half-tubes can be made thicker as suggested in Fig.

18, and can be configﬁred -- asg there illustrated at 622 --

' to provide a longer pathlength'for leakage. Alternatively,

or in addition, the joint may be provided with separate
elastomeric seals (not shown) or the like.

One simple application of these fluid-transmitting
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1 joints appears in Fig. 19. One toroid 1421 receives water
2 through an input connection element 1411, from suitable
3  piping within a wall 1461. Another toroid 1431 receives
4 the same water from the first toroid 1421, in the manner
5 illustrated in Figs. 16 through 18, and passes the water on
6 through an outlet connection element 1442 to a dispensing
7  element such as a shower head 1491.
8 Through study of the drawings discussed so far it can
9 be verified that nothing prevents superimposing the
10 electrically conductive features of Figs. 8 through 13 upon
11 the fluid-conducting structures of Figs. 16 through 18.
12 Similarly it is possible to provide dual or even triple
13 discrete fluid conduits within the joint, by segmenting the
14 toroidal cavities longitudinally and providing separate
15 intertoroidal fluid-communicating holes for the discrete
le dual or triple conduits.
17 Therefore both plural electrical circuits and plural
18 fluids can be conveyed through a single joint as required
19 for various applications. Again, this can be accomplished
20 while preserving the mechanical mobility of the joint
21 substantially as described above in connection with Figs. 1
22 through 7.
23 Mechanical‘forces can also be transmitted through the
24 novel joint of my jnvention. As mentioned earlier, the
25 concept of force transmission through a joint has two
26 genses Or meanings.
27 First, suppose that the connection elements 11 and 41
28 of Fig. 1 are firmly fixed to their respective toroids 21
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and 31l. Suppose also that the toroids are oriented so that
the connection elements are at least close to mutual
alignment -- as they are drawn in Fig. 1. Then, as will be

clear from that illustration, rotating either connection

L

element 11 or 41 about its own axis will result in
similarly rotating the other connection element 11 or 4l.

Anothef kind of mechanical force transmiééion through'
the joint, however, is more difficult to accomplish and
correspondinglf more interesting. In this second type of
force transmission, the joint is an active element in
reorienting itself. |

In all of the uses discussed above, the joint is
merely passive. Forces are applied externally -- g;;g;,
manually -- to reorient articles at the two sides of the
joint. | |

In all those previously discussed applications, the
joint itself does no more than (1) permit motion in
response to'such forces, to place the articles in desired
orientations and positions; and (2) frictionally hold the

articles in approximately the positions and orientations in

oy

which they were placed. Now I wish to show that the joint

can be made self-adjusting.

€73

Fig. 20 illustrétes a version of my invention that
provides that capability. Once again the toroids 721 and
731 are provided, around the peripheries of their central
apertures, with internal grooves; and intgrnal rings 781
and 791 respectively are fitted within these grooves.

Once again the internal rings 781 and 791 are mutually
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interlocked, and are .mutually fixed at a common area 788
along the inner peripheries of both rings. Now, however,
instead of electricity- or fluid-conducting surfaces the
rings 781 and 791 are provided with force-transmitting
surfaces 782 and 792 respectively.

The force-transmitting surfaces 782 and 792 are thus
defined along very generally circular paths within the
respective toroids. Disposed in respective engagement with
these surfaces 782 and 792 are mating force-transmitting

elements 713 and 743.

These elements 713 and 743 are mounted for rotation in
the respective toroidal bodies 721 and 731. Although the
force-transmitting elements 713 and 743 are free to rotate
about their own axes, those axes are fixed in position

along the endless toroidal bodies 721, 731.

The force-transmitting elements 713 and 743 are so
shaped, and are engaged with the force-transmitting
surfaces 782 and 792 in such a way, that when the elements
713 and 743 rotate they force the force-transmitting
sur faces 782 and 792 to move relative to the
rotational-axis locations. In other words, the
force-transmitting surfaces 782 and 792 are forced to move
within the grooves in the toroidal bodies 721 and 731.

Such motion of the surfaces 782 and 792 of course
requires motion of the inner rings 781 and 791 along which
the force-transmitting surfaces are defined. Consequently

the inner rings 781 and 791 rotate relative to the toroids

721, and 731.
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Connection elements 711 and 741 are provided on the

' toroids 721 and 731, at the fixed positions desired for the

rotational axes of the force-transmitting elements 713 and

743. Motor casings 756 and 757 are fixed to the connection

)

points'7ll, 741, and the driveshafts 712 and 742 of the
motors are journalled through the bodies of the toroids 721
and 731.

The ends of these driveshaftsrremote from their motors
Vare'fixed to the'forcé-transmitting elements 713 and 743 in

such a way that operation:of the motors rotates the

force—trahsmitting elements, resulting as previously

mentioned in motion of the inner rings 781 and 791 relative
to the toroidal bodies 721 and 731 respectively.

For greatest strength and transmission of relatively
large forces, the force-transmitting surfécesr782 and 792
may be annular gear teeth defined in the rings 781 and
791; The force-transmitting elements 713 and 743,
naturally, are then pinion gears adapﬁed to drive the gear
teeth 782 and 792. '

Varioﬁs sorts of gears may be employed, including the
bevel ring gears 782, 792 and,maiching conical pinions 713, )
743 illustrated in Fig. 20. Straight and even helical ’
drive gears may be substituted for various purposes, with v
aépropriate reconfiguration of the ring gears.

- The selection of particular gearing forms should be
appropriate to the different forcerlevels, speeds, and
other details of each application at hand. Suitable

selection and design criteria for such gearing'will be
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clear to those skilled in the art of mechanical design.

As will also be clear to such skilled artisans, it is
not necessary to use gears at all. Rather, for some
applications, a traction surface may be substituted for
either or both of the gear sets 782 and 792; and mating
drive wheels may be substituted for either or both of the
pinions 713 and 743.

Suitable materials for both the traction surface at
782 or 792 and the drive wheels at 713 or 743 may include
elastomers with_various degrees of resiliency and tack.
Generally smoother operation and finer adjustment
increments will be available with such systems, though for
relatively lower levels of transmitted force.

The motors 756 and 757 may be entirely.concealed.
within the connection points 711, 741 or even within the
toroidal bodies 721, 731; or they may be in plain view.

The motors may share the connection points 711, 741 with
articles to be connected to the joint for mutual motion; or
separate connection means for such'articles may be provided
along the peripheries of the toroids.

Furthermore, the motors may be electrical, air, or
liquid motors. Their electrical, air or liquid drive power
may be supplied through separate conductive wiring or
tubing; or through the joint itself.

Here again, study of the drawings discussed so far
will reveal that the inclusion of electrical or fluid
circuits within the joint is entirely compatible with the

provision of tractive surfaces and elements per Fig. 20.
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1 Consequently power or fluids, or both, to manipulate the
2 joint itseif may be supplied through the joint as well as
3 power or;fluids,’or both. for other purposes.
4 fig 20 may also be taken as representing a joystick
5 device in which the joint is manipulated manually. In such
6 a device the elements 756 and 757 are not motors, but
7 instead are electrical-signal or fluid-motion generators
8 responsive to the motion of the joint.
9 Not only conventional electrical generators or
10 alternators, but also modern electromechanidal sensors
11 (such as finely graduated tadial-contact arrays) or
12 electromagnetic angular-motidn sensors or counters may be
13 employed for optimum economy, and/or compatibiliﬁy with
‘14 modern digital-logic utilization circuigs.
15 In some applications it may be desired to minimize
16 operating friction of the joint. As shown in Fig. 21 an
17 internal race 882, 892 may be provided within each toroid
- 18 821, 831; and balls or rollers 862, 863 may be disposed
19  within the races 882, 892.
20 Such balls or rollers can be designed to suspend and
21 carry the inner and outer parts 821/381, 831/891 of the
22 toroids relative to one another in a rolling-friction
23 mode. Such pr?vision ﬁay be made in combination with flux
24 or force transmission features already disclosed.
25 Conventional 5earing styles méf be substituted in one
26 or both toroids. If bearings ére desired in both halves of
27 rthe joint, however, at least dne must be assembled from two
28  parts #ince therbearings must interlock.
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1 As previously mentioned, for many applications of my
2 invention it is not necessary to use complete rings or to
3 form closely fitting grooves within the toroids.
4 Alternative guide-and-follower sets are suggested in Figs.
5 22 through 24.
6 Fig. 22 shows a partial ring 991, fitted with a pair
7 of sleeves 933a, 933b that ride along the partial ring at a
8 fixed distance defined by a cross-member 934 within the
9 ring. Bosses 996a, 996b at the ends of the ring 991 limit
10 the travel of the sleeves 933a, 933b respectively.
11 Clearance spaces 932a, 932b between the sleeves 933a,
12  933b and the ring 991 may be lubricated or provided with
13 bearings, or both. On the other hand the surfaces exposed
14 in these spaces may have miniature detents or gripping
15 elements to increase friction.
16 Fig. 23 shows a variant of the Fig. 23 system, in
17 which the cross-member 934' is outside rather than inside
18 the partial ring 991'. The same considerations as to
19 gurface characteristics apply here.
20 In either of Figs. 23 or 24, the partial ring 991,
21 991' may be associated with and fixed to the outer
22  structure such as toroid 421, 431 (Figs. 8 through 13):
23 while the follower assembly composed of sleeves 933a[933b,
24 933a'/933b"and crossbar 934, 934' may serve in lieu of the
25 inner structure such as inner ring 481, 482. With equal
26 effectiveness, however, the associations can be reversed.
27 Fig. 24 shows another kind of inner structure 109la-b

that can be substituted for either inner ring previously

N
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discussed. The inner structure shown here is simply two
mutually angled bars 10%la and 1091b, strongly secured
together at a fixed angle to form a corner.

Both ends of the inner structure 109la-b of Fig. 24, =

and the corner as well, are formed to match, e. g., the

R

peripheral surface of an interior groove 1032 formed along
the periphery 1033 of the central aperture in artoroid
1031. Suitable interfaces 1034a, 1034b and 1034c are thus
provided for relative motion of the inner structure 109la-b
and the outer toroidal body 1031l. |

Also shown in Fig. 24, in cross-séction, is the
corresponding inner follower member 1081 asso;iated with
another toroid (not illustrated). The two follower
components 1081 and 1091b are secured toggther at a common
area 1089 very generally cbincident with the inner
peripheries of the two toroids.

Flux or force transmission is thereby provided between
the two inner followers 1081, 1091b -- and thereby across
the joint. These elements 1081, 1091b thus can provide all-
or any of the various intertoroid suspension and

transmission functions previously described.

22

As shown in Figs. 25a and 25b, relatively short
partial-ring sections 981%, 991" may be used within €
interlocked toroidal outer bodies to achieve some of the

same functions. These structures are joined at a common

area 989" along both inner peripheries, and may transmit

force or flux between the halves of the joint as before,

though of course over a narrower operating angular range.
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Fig. 26 demonstrates that my invention, in its forms
that include inner guide-and-follower structures of the
types disclosed above, may be used with generally
arch-shaped figures of arbitrary exterior form.

Construction techniques for varioﬁs embodiments, forms
and variants of my invention are shown in the remaining
drawings, which are self explanatory. All the dimensions
of various versions of my invention can vary widely, from
miniatures with minor diameters and central apertures of a
small fraction of an inch to massive structures many feet
across.

It will be understood that the foregoing disclosure is
intended to be merely exemplary, and not to limit the scope
of the invention -- which is to be determined by reference

to the appended claims.
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I CLAIM:
1 1. A connective joint providing a rotational
2 component of relative motion of two articles, abou£ *
3 an axis having any arbitrarily selectable | <
4 orienﬁaiion: and comprising: )
5 two interlocking toroids, each having a
6 substantially circular minor cross-section and a
7 substaniially circular central aperture;
8 the minor—cfoss—section of each toroid'being
9 sized to substantially just fit through the central
10 aperture of the other toroid:; and
11 connection means on each toroid for securing
12 that toroid to one of such two articles respectively.
1 2. Thé joint of claim 1, wherein:
2 said sizing is tight enough to provide
3 significant frictional resistance to such relative
4 motion of such'articleé.

A

L
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1 3. The joint of claim 1, for use in providing such
2 relative motion between one such article that is
3 substantially stationary and another such article

4 that is substantially unrestrained except by said

5 joint; and wherein:

6 the connection means on one of the toroids are

7 secured to such stationary article; and

8 the connection means on the other of the toroids

9 are secured to such other article.

1 4. The joint of claim 1, wherein:
2 each toroid has an outer major periphery; and
3 the connection means of each toroid are located

4 at a point substantially along the outer major

5 periphery of that respective toroid.

1 5. The joint of claim 1, wherein:

2 the minor cross-sections of the two toroids are

3 substantially equal in diameter.
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6. A connective joint providing a rotational
component of relative motion of two articles, about

an axis having an arbitrarily selectable orientation;

L)

and comprising:

two interlocking toroids, each having a

(€]

substantially circular minor cross-section and a
substantially circular central aperture;

the minor cross-section of each toroid being
small enough to fit through the central éperture of
the other toroid;

means for securing the two toroids together for
mutual arcuate motion; and

connection means on each foroid for securing

that toroid to one of such two articles respectively.

(2757
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7. The connective joint of claim 6, wherein:
the central aperture of at least a particular
one of the toroids has an inner periphery; and

said securing means include:

an arcuate guide member, and

a corresponding follower member, adapted
and disposed to ride along the corresponding
guide to define an arcuate motion of the

follower relative to the guide.

8. The connective joint of claim 6, wherein:
the central aperture of at least a particular
one of the toroids has an inner periphery: and

said securing means include:

an annular groove defined along the inner
periphery of the central aperture in said
particular toroid;

an inner ring movably disposed within the

groove.
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9. The joint of claim 7, further for use in
transmitting a fbrce or flux between the toroids,
and further comprising:

intratoroid transmission means,'formed along a
generally circulér path associéted with the arcuate
guide member and corresponding follower member, for
transmitting such force or flux along the path; and

intertoroid transmission means for transmitting

such force or flux from the path to the other toroid.

10. The joint of claim 8, fufther for use in
transmitting a force or flux between the toroids,
and further comprising:

intratoroid transmission means, formed alohg a
generally circular path'associated with the inner
ring and its correspondiné'groove within the
particular toroid for trénsmitting such force or flux
along the path; and

intertoroid transmission means for transmitting

such force or flux from the path to the other toroid.
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11. A connective joint providing a rotational
component of relative motion of two articles, about
an axis having an arbitrarily selectable
orientation, and for use in transmitting a force or a
flux between the toroids; and comprising:

two interlocking toroids, each having a
substantially circular minor cross-section and a
substantially circular central aperture;

the minor cross-section of each toroid being
small enough to fit through the central aperture of
the other toroid; and the central aperture of at
least a particular one of the toroids having an inner
periphery;

an annular groove defined along the inner
periphery of the central aperture in said particular

toroid;

an inner ring movably disposed within the

groove;
intratoroid transmission means, formed along a

generally circular path associated with the inner

[Claim 11 continues . . . ]
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[Claim 11 continued:]

21
22
23
24
25
26
27

28

ring and its correspbnding groove within the
particulér toroid for tranémitting such force or flux
along the path;.

intertoroid transmission means for transmitting
such force or flux from the path to the other toroid;
and

connection means on each toroid for securing

that toroid teo one of such two articles respectively.

12. The joint of claim 11, for use in traﬁsmitting a
flux between the toroids, wherein: |
the intratoroid transmissioh means comprise
means for conducting such flux along the path; and
the intertoroid transmission means comprise
means for conducting such flux from the path to the

other toroid.
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13. The joint of claim 12, for use in transmitting a
flux between said other toroid and such an article
secured to the particular toroid, and further
comprising:

extratoroid conducting means, defined between
tﬁe groove and the connecting means on the particular
toroid, for conducting such flux between the

intratoroid conducting means and such article secured

by that connecting means.

14. The joint of claim 13, further comprising:
utilization means on said other toroid, for
receiving such flux from the intertoroid conducting

means and using or further transmitting such flux.

15. The joint of claim 12, further comprising:

source means on said other toroid, for supplying

such flux to the intertoroid conducting means.

16. The joint of claim 15, wherein:
the source means comprise means for transmitting
such flux through said other toroid from such an

article secured to said other toroid.
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17. The joint of claim 11, for use in transmitting

a mechanical force between the two toroids; and

Al

wherein the intratoroid transmission means comprise:

tractional means formed as a generally annular

(fn

surface along the path, for transmitting such force
at the surface; and |

. motional means for reacting forcibly against the
tractional means in accordance with relative motion

between the groove and ring.

1s8. Therjoint of claim 17, also for use in
transmitting such force between said particular one
toroid and a particular such article on said ' |
particular one toroid; such particular article being
secured to said particular toroid by the conﬁecting
means on the particular toroid;.and further
comprisiﬂg:

motion-transmitting means, operatively coupled
with the motional means, for transmitting force 2
between the motional means and such particulér
article, through the connecting means on the

particular toroid.
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1 19. The joint of claim 17, wherein:
2 the motional means comprise a motor, and mating

3 tractional means driven by the motor and engaged with

4 the surface.
[ ]

1 20. The joint of claim 19, further comprising:
2 means for conducting an energy-carrying flux

3 between the toroids to power the motor.

1 21. The joint of claim 20, wherein:
2 said motor is electrical; and
3 the conducting means comprise parallel

4 electrical conductors.

1 22. The joint of claim 17, wherein:
2 the motional means comprise a flux generator,
3 and mating tractional means driving the flux

4 generator and engaged with the surface.
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1 23. The joint of claim 22, further comprising:

&y

2 means for conducting between the toroids the

3 flux generated by the generator.

(P

1 24. The joint of claim 23, wherein:
2 said generator is electrical; and
3 the conducting means comprise'parallel

4 electrical conductors.

1 25. The joint of claim 17, wherein:

2 the surface associated with the inner ring is
3 defined along and fixed withrrespect to that ringf
4 and - |
5 the motional means are substantially fixed

6 relative to the particular toroid, and are adapted
7 for force-transmitting engagement with the surface

8 defined along the ring.
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26. The joint of claim 17, wherein:
the surface associated with the groove is
defined along and fixed with respect to the groove;
the motional means are substantially fixed
relative to the ring, and are adapted for
force-transmitting engagement with the surface

defined along the groove.

27. The joint of claim 17, further comprising:
bearing elements disposed to roll within a
generally annular race associated with the inner ring
and its corresponding groove, for carrying forces of
engagement between the ring and the groove to

minimize frictional resistance to motion

therebetween;

whereby the motional and tractional means
operate against only minimal friction between the

ring and the groove.
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28. The joint of claim 11, for use as a joystick
control to provide variable electrical signals to a
sensing device:

wherein the intratoroid transmission means

comprise finely graduated or substantially continuous

electrical-contact means disposed along the'path, for
conduction of an electrical signal between the groove
and the ring with a variable electrical
characteristic that is depen&ent upon the relative
angular orientation of the groove and ring; and
further comprising:

a manual control element secured to the
connection means on the particular toroid, for
manipulating that toroid to vary said relative
angular orientation; and

means for conducting electricity, varying with
said electrical characteristic, between said contact
means and such sensing device, through the connecting

means on the other of the two toroids.
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29. The joint of claim 28, wherein the central
aperture of the other of the toroids also has an
inner periphery; and further comprising:

a second annular groove defined along the inner
periphery of the central aperture in said other
toroid;

a second inner ring slidably disposed within the
second groove; and

second electrical-contact means disposed along a
very generally circular path associated with the
second ring and gréove, for conduction of another
electrical signal therebetween with a second variable
electrical characteristic dependent upon the relative
orientation of the second groove and ring;

wherein the conducting means also conduct said
other electrical signal between said contact means

and such sensing device, through the same connecting

means.
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30. A connective joint providing a rotational
component of relative motion of two articles; and

comprising:

A)

a pair of guide-and-follower sets, each set

including:

"y

an arcuate guide member, and

a correspdhding follower member, adapted
and disposed to ride along the corresponding
guide to define an arcuate motion of the

follower relative to the guide;

one particular member of each set having an
inner periphery:

Vthe two particular members being fixed together
at a common area along the inner peripheries of both
particu}ar members; whereby the remaining two members
are constrained to mutually arcuate compound
trajectories;

two interlocked outer structures, each having a

"y

very generally arched body surrounding a very

[cliaim 30 continues . . . ]
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[Claim 30 continued:]

22
23
24
25
26
27
28
29
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31
32

generally central aperture, and each fixed to one of
said remaining two members; whereby the interlocked
outer structures are likewise constrained to mutually

arcuate compound trajectories;

the body of each outer structure being small
enough to fit through the central aperture of the
other outer structure, in at least part of said
trajectories of the outer structures; and

connection means on each structure for securing
that structure to one of such two articles

respectively.
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31. The connective joiht of claim 30, also for
use in transmitting a force or a flux between the
articles; and further comprising:
intrastructure transmitting means, formed along
a pair of generally circulaf paths within the
structures respectively, each path being associated
with one respective guide-and-follower set, for
transmitting such force or flux along the paths; énd
interstructure transmitting means, defined
adjacent to or through the common area at which the
particular members'are joined, for transmitting such
force or flux from the path associated with one set

to the path associated with the other set.

Ry

i

W)

1



WO 88/09882
/ PCT/US88/02074

- 59 -

1 32. A connective joint providing a rotational

2 component of relative motion of two articles; and

3 comprisiné:

4 a pair of interlocked inner rings, each having

5 an inner periphery; the two rings being fixed
together at a common area along the inner peripheries

of both rings;

o 9 O

two interlocked outer structures, each having a
9 very generally arched body surrounding a very

10 generally central aperture; and each defining a

11 peripheral track about its central aperture, and

12 movably mounted by its track to ride on a respective

13 one of the rings:

14 whereby the interlocked outer structures are
15 constrained to mutually arcuate compound

16 trajectories;

17 the body of each outer structure being small

18 enough to fit through the central aperture of the

19 other outer structure, in at least part of said

20 trajectories of the outer structures; and

21 connection means on each structure for securing

22 that structure to one of such two articles

23 respectively.
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33. The connective joint of claim 32, further for
use in transmitting a force or a flux between the
articles; and comprising:

intrastructure transmitting means, formed along
a pair of generally circular paths within the
structures respectively, each path being associated
with one respective ring, for transmitting such force
or flux along  the paths; and

interstructure transmitting means, defined
adjacent to or through the common area at which the
rings are joined, for transmitting such force or flux
from the path associated with one ring to the path

associated with the other ring.
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1 34. The connective joint of claim 31, for conducting
such flux between such two structures; and wherein:

the outer structures are substantially toroidal,

oW N

each having a substantially circular minor

5 cross-section and a substantially circular central

6 aperture;

7 the minor cross-section of each toroid being

8 sized to fit through the central aperture of the

9 other toroid;

10 the intrastructure transmitting means comprise
11 intratoroid conducting means for conducting such flux
12 along said paths within the toroids respectively; and
13 the interstructure transmitting means comprise
14 intertoroid conducting means for conducting such flux
15 adjacent to or through the common area at which the

16 particular members are joined.
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35. The joint of claim 34, also for use in
transmitting such flux between two such articles
secured to the toroids by the respective connecting
means, and further coﬁprising:

extratoroid condﬁcting means, defined between
the track in each toroid and such corresponding
article secured by the cohnecting means on that same
toroid, and passing along the connecting means on
each toroid, for conducting suchrflux between the
path in that same toroid and such corresponding

article.

36. The joint of claim 35, wherein:

the path associated with at least a particular
one of the inner rings is defined along and fixed
with respect to that rihg;

the intratoroid conducting means conduct such
flux on or within that particular ring; and

the extratoroid conducting means for the toroid
containing that particular ring are substantially
fixed relative to that toroid, and are adapted for
sliding engagement with the intratoroid conducting

means for that toroid.
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1 37. The joint of claim 36, wherein:
2 the intertoroid conducting means are
3 substantially fixed with respect to the intratoroid

4 conducting means along that particular ring.

1 38. The joint of claim 34, wherein:

2 the path associated with at least a particular
3 one of the tracks is defined along and fixed with

4 respect to that track:

5 the intratoroid conducting means conduct such

6 flux along that particular track:; and

7 the intertoroid conducting means for the toroid
8 defining that particular track are substantially

9 fixed relative to the ring within that toroid, and
10 are adapted for sliding engagement with the

11 intratoroid conducting means for that toroid.
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39. The joint of claim 37, wherein:

the extratoroid conducting means for the toroid
defining that particular track are substantially
fixed relative to the intratoroid conducting means

associated with that track.

40. The joint of claim 34, for use with such flux
that is an electrical current, and wherein:
the conducting means comprise electrical

conductors.

41. The joint of claim 34, for establishing a
complete circuit for such flux that is an electrical
current, and wherein: R

the conducting means comprise parallel
electrical conductors for bidirectioﬁal transmission

6f such electrical current.
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42. The joint of claim 34, for use with such flux
that is a fluid current, and wherein:

the conducting means comprise conduits, defined
in the associated rings or tracks, or defined
between the associated rings and tracks, for

containing such fluid current.

43. The joint of claim 34, for use with at least two

such fluxes, and wherein:

all the conducting means comprise dual, parallel

paths for such two fluxes respectively.

44. The joint of claim 43, for use with one such
flux that is an electrical current and another that
is a fluid current, and wherein the dual paths
comprise:

conduits, defined in or between the associated
rings and tracks; and

one or more electrical conductors paralleling

the conduits.
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45. The joint of claim 33, for use in transmitting a
mechanical force between the two toroids; wherein:

the intratofoid transmitting means comprise
tractional-surface means formed along -said paths
within the toroids respectively, for transmitting
such force at the surfaces; and

motional méans, also associated with said paths
respectively,- for reacting against the tractional
means in accordance with relative motion between each

track and its corresponding ring.

46. The joint of claim 45, also for use in
transmitting_such,forde between such articles secured
td the toroids by the connecting means respectively:;
and further comprising:

motion-transmitting means, also associated with
the respective toroids and operatively coupled with
the corresponding motional means} for transmitting
force between said motional means associated with
each toroid and the correspon&ing such article,

through the corresponding connecting means.
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1 47. The joint of claim 46, wherein:
2 the motional means comprise a device for
3 transformation of power between mechanical rotation

and an energy-carrying flux, and mating tractional

[SL I -

means rotating with the shaft of the transformation

6 device and engaged with the surface.

1 48. The joint of claim 47, further comprising:
2 means for conducting an energy-carrying flux,

3 that interacts with said device, between the toroids.’

1 49. The joint of claim 48, wherein:

2 said device is an electrical motor or generator;
3 and
4 the conducting means comprise parallel

5 electrical conductors.
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51. The joint of claim 50, for use with photographic

equipment or the like:

further comprising such two articles, one in the
form of a portable and adjustable stand such as a
photqgraphic tripod or the like, and the other in the
form of a standard fitting for attachment to such
photographic equipment or the like; and

wherein said device is an electrical motor for
varying the orientation of the standard fitting
relative to the tripod or the like; and

further comprising parallel electrical
conductors within the toroids for carrying

electricity to the motor.
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52. The joint of claim 3, for use with such
substantially unrestrained article in the form of
photographic equipment or the like; and further
comprising:

such substantially stationary article in the
form of a portable and adjustable stand such as a
photographic tripod or the like; and

locking means for securing the joint in a
selectable condition, to secure such two articles in

-

a selectable relative position or orientation, or

both; and
wherein the connection means for such
substantially unrestrained article include standard

fittings particularly adapted for attachment to such

photographic equipment or the like.
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53. The joint of qlaim 3 incorporated integrally in
a lamp or the like:

further comprising such substantially stationary
and such substantially unrestrained articles; and

wherein the substantially unrestrained article
is in the form of a lightbulb fixture or the like;
and

wherein the substantially stationary article is
in.the‘form of a portable pedestal such as'a'lamp

base or the like.

54. The joint of claim 12 incorporated integrally in’
a lamp or the like, and for use with such flux in the
form of electricity:

further domprising such two articles, one in the
form of a portable pedestal such as a lamp base or
the like and the other in the form of a lightbulb
fixture or the like; and

wherein said flux-conducting means carry
electricity from the pedestal or the like to the

lightbulb or the like.
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55. The joint of claim 12 incorporated integrally in
a shower head or the like, and for use with such flux
in the form of water:

further comprising such two articles, one in the
form of a plumbing nipple or the like for connection
to a water supply and the other in the form of a
nozzle or the like for forming a spray stream of

water; and

wherein said flux-conducting means carry water
from the nipple or the like to the nozzle or the

like.
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56. The joint of claim 18, for use as a joystick

control to provide variable electrical signals to a

sensing device; wherein such pa:ticular article is a
manual control element for varying the relative
orientation of the toroids, to cause relative
operation of the motional and tractional means; and
further comprising:

electrical means, functionally connected with
and responsive to relative operation of the motional
and tractional means, for generating electrical
indicia of such relative operation; and

means for cbnducting the electrical indicia,
varying with said relative operation, between said
electrical ﬁeans and such sensing device, through the

connecting means on the other of the two toroids.
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57. The joint of claim 1, further comprising:
locking means for securing the joint in a
gselectable condition, to secure such two articles in

a corresponding selectable relative position or

orientation, or both.

58. The joint of claim 3, further comprising:

such substantially stationary article in the
form of a portable and adjustable stand; and

locking means for securing the joint in a
selectable condition, to secure such two articles in

a selectable relative position or orientation, or

both.

59. The joint of claim 11, further comprising:
bearing elements disposed to roll within a
generally annular race associated with the inner ring
and its corresponding groove, for carrying forces of
engagement between the ring and the groove to

minimize frictional resistance to motion

therebetween.
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