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{57) Abstract

A congmctipn system where elements have means for a ball-to-socket or socket-to-socket connection. The ball-to-socket connection
"locks" at orientations when one or more detents in the interior of the socket protrude into one or more of a plurality of dimples on the ball.
The construction elements generally have an elongated body with a dimpled ball at one end and a socket at the other end, or dimpled balls
at both ends, or sockets at both ends. In addition to the ball-and-socket connection, elements may connect in a socket-to-body connection,
or a number of different types of socket-to-socket connections. The socket has at least two petals with a lip contour such that in one type
of socket-to-socket connection the pair of sockets interlock to form a sphere. The isregular shape of the lip of the socket allows a ball to
be leveraged out of a socket, and make orientations over at least 2x steradians available in a ball-to-socket interconnection.
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construction el’'ement cannot be used in formng an . I nt erconpect | on;
(v) only one size scale of elements is available for interconnection;
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10 Field of the Invention

The present invention relates to construction systems, and miore particularly to construction

systems including individual construction elements having ball and jaw connections.

Background of the Invention
15 There is a wide variety of construction systems, particularly in the area of toys which are
available on the market and described in issued United States and foreign patent applications.
Such construction systems commonly have elements. with male interlock means and female
interlock means for connecting the elements together. Although a group of such construction
elements can generally be interconnected in a variety of ways, such systems generally have a
20 number of limitations including:
(i)  aninterlock means of one type cannot interlock with another interlock means of
the same type;
(i) only one type of male/female interconnection is possible;
' (iii)  a male/female connection has only one angular orientation, or a limited range of
25 angular orientations;
(iv) some surfaces of a construction element cannot be used in forming an
interconnection;
(v)  only one size scale of elements is available for interconnection;
(vi) the elements are not made from an elastomeric material and therefore are not
30 flexible;
(vii) a reconfiguration of interconnected elements is not augmented by sound effects,
such as clicking or ratcheting sounds;
(viii) the elements have no resemblances to biological forms, and are therefore
unable to model biological as well as other organic and inorganic systems, structures or
35 interactions; .
(ix) ifthe toy mcludes ball-and-socket connections, the ball-and-so»ket connections
do not lock i in certain orientations;




(xiii) the elenments are not fornmed so that interconnections can be easil,y
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 simultaneously to control the positioning of interconnected elements.
20 {xix) the same number of parts that can create a closed system and can touch any
- point within an imaginary sphere.
(Xx) as a system, other toys do not permit complex form and movement in a small
place. ' '
(xxi) as a system, no other toys allow for modeling of complex growth and branching.
25 (xxii)  only two elements cannot be connected in over ten different ways.
(xxiii)  do not contain unique connections that also act as transition connections to other _
unique connections. '
(xxiv)  do not have an open design system.
(xxv)  do not have three parts that make a triangle.
30 ' (xxv1)  do not have a triangle that is both étable, yet rotating.
Consequently a need exists for a construction system which overcomes the limitations of
prior systems, is easy 1o assemble and is inexpensive to manufacture.

Summary of the Invention
35 The present invention is directed to a construction system which has individual

construction elements which can be connected to each other by at least a ball-to-socket joint or
a socket-to-socket joint. A basic construction element has a body with a ball at one end and a
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WO 97/ 21475

PCT/ US96/ 197§ 97121475 socket at the other end, or bal ngrﬁsg%,(l)”r‘f
ends, or sockets at both ends. Other construction el enents are
contenpl ated whi ch can have nore than or |ess than two connectors for a
single 5 el enent . A ball from one construction

el enent can be renovably inserted into the socket of another

el enent., The socket, which will also be referred to as ajaw, has at |east
two petals separated by 10 openings on either side of the petals. The
bal | -to-socket joint "locks" at orientations when at | east one
detent in the sbélc@rat @hic ofhet BRd, SrHalls apbothy erdiss of sicketatat bedséndsneOther eonstruction
plurality of dinples on the ball. Due to the contour of the

petal s of the cjamentiaresontemplates whishsanhavs mere than ohless tham two connectors for a single
bal | -t oSsocket interconnection i s at | east 2[err] steradians. A regul ar

pattern of di r#ﬂ%“on t he ball allows snmall well-controlled and

repr oduci bl e reori tlons of he connec
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of inter connecgemde €l enent's
10 openings on either s1de of the petals. The ball-to-socket joint "locks" at orientations when at

least one detent in the interior of the socket protrudes into at least one of a plurality of dimples

on the ball. Due to the contour of the petals of the jaw the available range of orientations in a

ball-to-socket interconnection is at least 2 steradians. A regular pattern of dimples 6n the ball
15 allows small well-controlled and répréducible reorientations of the connection to be made.

The elements can also interconnect in many ways, such as for example, two types of |
socket-to-socket connections where the longitudinal axes of ir_lterconnected elements are
collinear. In a socket-to-socket connection the petéls of one element connect with the petals of

20 a second element. A third type of socket-to-socket connection allows the elements to form a

chain with the longitudinél axes of the elements being parallel and coplanar and orthogonal to

the direction of the chain. The elements can also be interconnected by having the socket of a

first element grasp the body of a second element. With the sockéi—to-body connection the

2 longitudinal axes of the two elements are orthogonal and angle between the symmetry plane of
the first element and the longitudinal axis of the second element is continuously adjustable
through 360°. In the socket-to-body connection a closed system can be formed by the

30 connecuon of three elements. The construction set may include elements of different size scales
and clements havmg connectors of more than one size scale. .

Although the invention preferably has been designed for use as a construction set in
the area of toys for children, the basic features of the invention are adaptable to a wide variety

35 of end uses. In the area of toys, a construction set of the invention is contemplated for use

in building such toys as action figures, plush toys, dolls, games and preschool applications.
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collinear. In a socket-to-socket connection the petals of one elenent °
connect with the petals of 20 a second elenent. A thir
“socket - t ¥ BYREP connection allows the el ements to form ap%J£§/19;1§Chai n
with the |ongitudinal axes of the elenents being parallel and copl anar and
ort hogonal to the direction of the chain. The el enents can al so
be i nterconnected by having the socket of a first elenment grasp
the body of a second elenment. Wth the socket-to-body connection the 25
| ondyi tudi nal axes of the two el enments are orthogonal and angle between the
symmetry pl ane of the first elenment and the |ongitudinal axis of
the second elenent is continuously adjustable t hrough 360. In the
socket - t oAbwdyt iscenntamplated shat |the invention ean bain Matfdroy foedbther tope sudiD as action
connectioggof three elepents.  The constryction set nmay include el enents of

di  f er ent 184S Plysh apd dolls, whereby theyinyertign s techarlpgy iiorhedded;insthese toys satherar

Soe 1 2 B povmemndp s b W el Tr WROLARD BEBSIR i lasypecn
children, of hﬁnihﬁi bftd h&aivireCIn %m{tt%g ngH@dﬁtoPQ theAdonsRadha fedt? cfuld b@eig?det he

variety 35 f end uses. In ea of toys, a construction set
i nvent i ononiaSagenicgeal shtablermatérial and assembled irfo Butinitdiendther aha FAXSryast by

action figures, plush toys, dolls, games and preschool applications.
- 3- a purchastD Bv Additiom, the invention could be used as a connector for use in ready-to-
PCT}?J896/ 19716 )
assemble furniture. The ball to socket connection could be used to make furniture that moves
such as a chaise patio chair. Other contemplated uses include temporary architecture such as
scaffolding and office dividers. ‘ |
15 The .systems can be used for scientific modeling, e.g., molecular engineering,
ergonomical and anatomical as well as artistic modeling including poseable figures and
armatures. The system could be used with respect go displays éuch as in store, museum, of
office displays including wall mountings and shelving. The systems could be used in creating
20 manikins in the clothing industry. The system could also be used in outdoor playground
equipment, sporting goods as well as for jewelry or other clothing accessories.
Other uses coptempiated are prosthetics and robotics and computer applications. In the
computer area software can be developed whereby the system éould be used in computer-
2 aided modeling. It is contemplated that the system could be used to build a model that could
be connected to a computer which in turn would create a virtual 3-D version of the model.
Models made from the system could be connected to a computer and then manipulated to

30 create real time animation of the virtual version of a cprresponding computer-generated form,
i.e., such as in electronic puppetry. Stop-motion animation is contemplated wherein the
system may be used to create armatures upon which could be placed skins, clay or other
material to create characters.

35 It is therefore a general object of the present invention to provide a construction system

with elements that provide a plurality of types of interconnections.
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Al'so, it is contenplated that the invention can be a platform
t oys, suchaﬂ?Qﬂﬁﬁﬂﬁf figures, plush and doIIsP mhereb;&?ﬁg@%hgﬁ6

i nvention's technology is inbedded in these toys rather t han used

as a systemto build the toys. O her uses for the invention include the

manuf act ure of furniture and hardware. In furniture applications

the construction elenents could be nade on a large scale of a
suitabl ¢ material and assenbled into furniture either at a factory or by

10 a purchaser. In addition, the invention could be used as a connector
for use in ready-to- assenbl e furniture. The ball to socket
connection coul d bie isther:fors arather generl ohjest efthe prgseeisinvention to preyidha ggngruction

chai se patio chair. Qther conteppl ated uses, i nglu te rary architecture
such as_ systerg c‘,"aﬂ\f%?'BF'H@aﬁhgy"ﬁf‘meﬁ“@nﬂ‘?%‘i"%ﬁ’& gﬁ’_L“Sar‘T’R‘?“a“ ¢ of oriepfglions.

systemBcan be uocld el S RIS bR G il s RAEHAE SRR B
figures and smerrllocgfrh%s%&%now?ﬁxe%&h&%ﬁGetk»%]g?_%leﬁfeg& tW:bE Bdjusepect . to

di spl-ays such asi ore, museum or i ce displays 1ncluding
wal I mountings andy§ipbiHePabiect BEths prek@iivemiondo B vitketkonbinsdtion sysiém 2th elements

mani kins in the clothing industry. The system could al so be used in outdoor
pl aygr Olmd that allow a female/female connection. '
. It is another object of the present invention to provide a construction syétem with elements
that allow a plurality of types of female/female connections. |
1t is another object of the present invention to provide a construction system with elements
15 that provide a malé/female connection with an angular orientation that is adjustable.confinuous
and fluid.

It is another object of the present invention to provide a construction system with elements
that provide a male/female connection where an available range of orientations is at least 27
20 steradians. _ |

It is another object of the pfesent invention to provide a construction system such that
three elements can be interconnected to form a closed loop.

It is another object of the present in\rentibn to provide a construction system with elements
that provide a means for connecting the female connection means of one element to the region
between the male and female connectién méa.ns of another element, where this connection is
adjustable through a range of orientations or fixed in orientation.

30 It is another object of the present invention to provide a construction system with elements
that can produce a change of scale.

It is another object of the present invention to provide a construction system where

elements have a means for producing sounds as interconnected elements are reoriented.

35
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equi pnent, sporting goods as well as for jewelry or other clothing
accessori es. Ot her uses contenpl ated are prosthetics and

"robot i cs W& BERuUt er applications. In the conputTETER9849881 t war e
can be devel oped whereby the system could be used in conputer- 25

ai ded nodeling. It is contenplated that the systemcould be used to build a
nodel that could be connected to a conputer which in turn would
create a virtual 3-D version of the nodel. Model s nade fromthe
system coul d be connected to a conputer and then manipulated to 30

create real time animation of the virtual version of a corresponding

conput er-generated form - i.e., such as in electronic puppetry.

.e
St op- noti on anfueidribjdcts SRNIRETNaBECEE 1B kR ihéntion will b % e
used to create armat u% es upon whig% coul S’?be pll acec?ns“lgi nsﬁcogﬂéaa?bglr%%rgg

mat eri al tconsideestion of tha deavtingsand thbensuing detailed dedetiplion. t TiRse VA cus@nilR AR s
obj éct of the present invention to provide a construction system

. Wi th el emend thetriramifigationsige addressed fin grgatef detgipinsthe Detailed Deseriptioni ons.
- 4- WO 97/ 21475 _
PCT/ US96/ 19716 -
Brief Description of the Drawings
10 The accompanying drawings, which are incc;rporated in and form a part of the present
specification, illustrate embodiments of the invention and, together with the Detailed
Description, sérve to expléin the principles of the invention.
FIG. | showsa perspective view of the co_nstruciion element of the present.
15 invention.
FIG. 1A is a side view of a‘ ball connector illustrating a roughened surface.
FIG. 1B is a side view'of a ball connector illustrating concave dimples.
FIG. 1C is a side view of a ball conne;:tor illustrating convex bumps.
20 FIG. 1D is a top view of a ball connector illustrating a faceted surface.
FIG. 1E is a top view of a ball connector illustrating global ribs.
FIG. 1F is a side view of a ball connector illustrating open-ended connection spheres.
FIG. 1G is a side view of a ball connector illustrating spiral-shaped detents.
2 FIG. 1H is a side view of a perforated ball connector.
FIG. 11 is a side view of an egg-shaped ball connector.
FIG. 1] is a side view of a notchéd ball connector.
30 FIG. 2 shows a first cross-sectional view of the construction element of the present.
invention.
FIG. 2A is a front view of a perforated petal connector.
FIG. 2B is a front view of a meshed pétal connector.

35 - FIG. 2C is a front view of an open petal connector.

FIG. 2D is a front view of a petal connector formed ﬁy a plurality of finger elements.
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It is therefgre er general object of the present inventi%ﬁ 99[199“’;‘16
a‘constructi g‘rr? 97%]9;‘4] systemw th el enents that have interconnecti ons

that allow a wi de range of orientations. It is an object of
the present invention to provide a construction systemwth elenments with
an interlock neans that allows the orientation between el enents to be

adj ust ed. . It is another object of the present invention to
providel a construction systemw th elenments 10 that allow a
femal e/ femal e connecti on. It is another object of the

present invention to provide a construction systemwth elenments

that allow a pl ur &l g shews 9 second trosesactiondl eriew of demeanstriction. element of the present
It is another, object of the present invention to provide a construction
systemui th ¥R 15 that provide a nale/fenal e connection with an
angul ar” orientati 34

| i. ' . dfluid..
It is another obj ec'pt‘ Ig?\t %slhaztogr ég‘gﬁ? 91:%&gﬁﬁhgﬂyﬁ%ﬁﬁ&%ﬁ}ﬁrﬁ@a\gng%art.{?g{lpaﬁen
systemwi th el enerf§ 4 shows a perspdiive WeQIVéf?r@/o%oﬂ'%ug(riélf%@mg (?ﬁ'gﬁgrrsf Be Wb &ket-

an-avail abl e range of orient gt lons 1s at | east Fadirans.”
It i s anot hertoodjckRatconhedtitm. present i nvention to provide a construction
system such t hat : '

10 FIG. SA shows a perspective view of two construction elements in a ball-to-socket

connection with longitudinal axes oriented at épproximately 120° from each other, and with
the neck of one element abuttihg the inner portion of the lip of the other elerhent.
FIG. 5B shows a perspectivé view of two construction elements in a ball-to-socket
15 connection with longitudinal axes oriented at approximately 30° froh each other, and with the
neck of one element abutting the basin at the front edge of the lip of the other element.
FIG. 6 shows a chain of construction elements with ball-to-socket connections.
FIG. 7 shows a perspective view of two construction elements in a socket-to-body
20 connection.
FIG. 7A is a partial schematic view of an alternative body construction.
FIG. 7B is a partial schematic view of a second alternative body construction.
FIG. 7C is a partial schematic view of a third alternative body construction.
FIG. 8 shows a perspective view of two construction elements in a second type of
socket-to-socket connection.
FIG. 9 shows a plan view of a chain of constrpction elements in a third type of socket-
30 to-socket connection where the longitudinal axes of the elements are coplanar and transverse
to the direction of the chain. .
FIG. 9A shows a plan view of a pendulum socket-to-socket connection.
.F'IG. 10 shows a perspective view of an alternate embodiment of the cbnstruction

. 35 element of the present invention.

FIG. 11 shows a first cross-sectional view of the construction element of FIG. 10.
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three el ements can be interconnected to forma closed | oop. .
It is another object of the present invention to provide a construction

syst em wi VR 9%2RMTEnt s 25 that provide a means for CoHHEW(PHE the
femal e connecti on nmeans of one elenent to the region bet ween t he
mal e and fermal e connecti on neans of another el enment, where this connection
IS adj ustabl e through a range of orientations or fixed in
orientation. 30 ' It is another object of the present invention to
pr ovide.a construction systemw th el enents that can produce a
change of scale. It is another object of the present

i nvention to provide a construction system where el ements have a

means 101 _ProdyuGny2 sAeRSIE satordtedsiRaRsHal IRwbeMme oisiiichof BREANBPRIG. 1P

PCT/ US96/ 19716 FIG. 13 shows a partial cross secliontof@an adeinatt embodimestveind agaiscidfneche
presént invention will become apparent from a consi deration of the
drawi ngs asepstrietiamsui ng det ai l ed description. These:- various enbodi nents
FIG. 14 is a plan view of an alternative embodiment of the present invention including
a notched body.
10 F 1G. 14A is a plan view of il;zterconnected construction elements having notched bodies.
FIG. 15A is a top view of a square plate construction element of the present invention.
FIG. 15B is a top view of a triangular plate construction element of the present
invention. ' |
15 FIG. 15C is a top view of a circular plate construction element of the present invention.
FIG. 16A is a plan view of a scaling element of the present invention.
FIG. 16B is a plan view of an alternative scaling element.

FIG. 16C is a plan view of a second alternative scaling element.
20

25

30
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and their ramfli ons are addressed in greater detail in thg-atqllo®
Descri pti on. 958%7% Brief Description of the Drawings 10

The acconpanyi ng draw ngs, which are incorporated in and forma part of the

pr esent specification, illustrate enbodi nents of the invention and,
together with the Detail ed Description, serve to explain the
principles of the invention. FIG | shows a perspective

view ofl the construction elenment of the present 1 5 i nventi on.

FIG 1A is a side view of a ball connector illustrating a roughened

surface. . .FIG 1B is a side view of a ball connector
illustrating L P FIG | Cis a side view of a
bal | connector illustrating convex bu 20 .. FIG 1D.is.a top .
view of . bal | corthdietsr COirHEianaelemgnt 190, aEiosding fos e Ppresent invenition is shown in

E:g llES : : : é%%ée\éblse\gwog}é p,a?lrﬁldl i‘ﬁ%’?&%cste@ﬁoni ilnI ﬂﬁi at .n'agli.gkxf) 9\%' %rrﬁ%gr%d gmbodiment

a 'ba connector illustrating open-

connecti on SpPRgr8Ssruction elcmerrt_'] 00 is magé &F anl g’aﬁo?g%icséd}ﬁpdﬂnﬁw e &n@?\gtioiﬁlelngem

connector illustrating spiral-shaped detents.

a side view ofo@hReihfdémked siiskdntigBnaginincal body section 120, withfal Sabsthhtidlfy $bherical
side view of an egg-shaped ball connector. FIG 1J is a

side vi gy of balhbliredhedatol the bodyel20an one 3fd via a narrow neckF130, add ahsowlket drfjaw 160
cross-sectional view of the construction el ement of the present.

extending from the body 120 at the opposite end. Neck 150 can ge circular, oval, rectangular

or other shape in cross section. For example, a .75 inch diameter ball would include a‘ 2

inch in diameter neck, a .548 inch in diameter body and a jaw having a .54 inch opening

I5 between petals of the jaw. There is a fillet at the base of the neck to add strength. The ball

110 has a plurality of small dimples 112 spaced around the surface of the ball. lp the

preferred cmbodiment, for balls 110 with a diameter of about 3/8", therelare,sixty two dimples

112 arranged in an isosahedral pattern (12 vertices, 20 centers, 30 midpoints) aligned on a

20 . longitudinal axis with a vertice. For balis 110 with a diameter of' about 3/4", there are one

hundred twenty-two dimples 112 located at the centers of faces and midway along edges .of

a "Bucky ball" (a solid having twelve pentagonal faces, twenty hexagonal faces, and ninety

: edges), where the normal edges of two hexagonal faces are aligne& with the longitudinal axis

2 fthe body 120, | |

In the Bucky ball arrangement the dimples are arranged such that 32 are located on

center and 90 are on midpoint. The Bucky ball arrangement permi;s exceptionally accurate

30 and broad scientific as well as mechanical modeling. The dimples have two separate

diameters (larger for midpoints and smaller for centerpoints) which creates different clicking

soundé, feel, and locking strength when rotated in the jaw. However, the dimples could all

be the same shape,diax’heter and depth. It may be noted that for both of these arrangements

35 of dimples, there are dimples along equatorial lines on the ball. Other arrangements of

patterns and geometries of dimples may also be used, depending on the application. For

9.




I nventi on. FIG 2Ais a front view of a perforated petal.

connect or. FIG 2B is a front view of a neshed petal
connect or WO 9331475 FIG 2Cis a front view of an op&RYSE¥L716
connector. FIG 2D is a front view of a petal connector
formed by a plurality of finger el enents.

- 6- WO 97/ 21475

PCT/ US96/ 19716 1 FIG 3 shows a second cross-sectional
vi ewjof the construction el ement of the present i nvention. 5
FIG 3Ais atop view of a socket "illustrating a detent having a rotation
limter. FIG 4 shows a perspective view of two

construct i anstadcemfot modelimy 6f atomit wpacrofesasingethe system of thepRe®Ae lfention, the

connegt ! On'arrangement of dimples may be chosen to correspond to the orientations of electron clouds
’ around an atomic nucleus. '

By way of nonlimiting example, FIGS. 1A through 1J depict various surface

arrangements of the béll_ 110. In FIG. 1A the outer surface 114 of ball 110 is an irregularly-

10 - shaped, roughened surface. In FIG. 1B ball 110 includes'concave pie-pan shaped dimples 112

wherein the di'mpleé have différent size diameters and depths. The shallow dimples hold the

ball in place while the deeper dimples allow the ball to rotate within a socket on the detent.

It is also to be understood that the arrangement of the dimples can be arranged in an irregular

15 or regular pattern around the surface of the ball. FIG. 1C illustrates bgll 110 having convex

bumps 113, wherein bumps 113 have uniform or varying diameters and heights. FIG. 1D

iilustrates ball 110 wherein the surface compriées a number of facets 115 similar to a soccer

ball afrangemem. It is to be understood that -althongh facet 115 is shown as a hexagon, other

20 geometrical shapes can form the facet. In FIG. 1E, the surface of the ball 110 is ribbed with

latitudinal and longitudinal ribs 116 forming a globe-like pattern. The ribs can be formed in

a sinusoidal wave pattern extending parallelly, perpendicularly or criss-crossed to form a

three-dimensional gear. FIG. IF illustrates yet another alternative arrangement wherein the

2 surface of ball 110 includes a single open-ended sphere 117 located at the end of the ball.

As shown in FIG. 1G, a spiral pattern 111 is formed around the perimeter of the ball.

Similarly balls 110 can be solid or hollow. In FIG. 111 dimples 112 formed in the surface

30 of hollow ball 110 can either form concave dimples in the surface of the ball or can pass

through the wall of the ball 110 to form holes.
Other variations in the ball 110 are illustrated in FIGs. 1l and 1J. Although the
preferred shape of the ball 112 is a sphere, other shapes are contemplated, such as an egg

35 shape as illustrated in FIG. 11. As shown in FIG. 1] ball 110 can be split or have a notch 118

so that a plate can be inserted into the opening created by the notch. A plate provides
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10 ' A shows a perspective view of two constryeti |
elenents in gv%g*/:ﬁqsso socket connection with | ongitudi nal/‘qéc'})?fa!gﬂ6

oriented at approximately 120[err] from each other, and with t he
neck of one elenent abutting the inner portion of the lip of the other
el enent . FIG 5B shows a perspective view of two
construction elenments in a ball-to-socket 15 connection with .
| ongi tudj nal axes oriented at approximtely 30 fromeach other, and with
t he neck of one element abutting the basin at the front edge of
the lip of the other elenent. FIG 6 shows a chain of
construction eidilova surfabesbfolr| addftiongick@istra@rEElehRAR- to be connected to fornﬁbﬁious
7 shows a perspective view of two construction elenments in a socket-to-body
20 connectpattarns. Although it is preferred hat TiHe ball 41phavd alsurf&le%mbrlﬁas/d@ldﬂﬁéd. it is
an alterhative body construction, . , FIG 7B is a partia
schemati ¢ Vi eV\FQS‘Fef%/Plé@é dn@ lesstrsefsered embediment dhas thauball can havt't: %:j smooth surface.

G 7Cis a partial schemati i ew o third alternative body _
El)nst ruction. IO25 As also seen in ﬁldgllq #d :I! t&%@ﬂﬁkﬂa‘ 39eqrdgwchas\iwoappsiog petals 140 with

connectton. Tt bule? riEES e ghd Ribsfauialy spheriedl, B iahgh Sitfece 31 of the petals
construction ef g &finss tHe Wall Bf 5‘ti.laﬁi@p%@fw?ﬁft?%g%ﬁmetgp?%proxi;n%i%%ﬁgﬁl to the, diameter

connect i Yh where the | ongi tudi nal axes o el enen are c nar

transverse  of the balb 1 1die Adip B dxinding drb\@dak@pétimeter of the petals 140 inthides 9Rentral
shows a plan view of a pendul um socket -t o-socket .connecti on.

FIG 10 shows kesipet3pasahé ead of eashqietalri 48] withratsts Evbonlieastnsidebf thiebasin 132 at the
construction end. of each petal 140, and bumps 136 along the lip 142 between the petals 140. The lip
15 " forms the perimeter of each petal as well as the perimeter of openings on either side of the
petals. The perimeter of the opening is the reverse image of the petals. 1In the present
specification the "outer" portidn of the lip 142 will mean the portion whic'h extends between

the crests 134 of a lip 142. Similarly, in the present specification the "inner" portion of the

20 lips 142 will mean the portion which includes the bumps 136 and extends to the crests 134.
The contour of the outer poﬂion of the lip 142 is complementary to the contour of the inner
portion of the lip 142, i.e., two b_etals 140 of two construction elements 100 may interlock

05 ‘as shown in FIG. 4 (and discussed in more detail below) 1o form a complete sphere, much as

halves of a tennis ball on opposite sides of the seam form a sphere. Therefore, the basin 132
is indented relative to the crests 134 by the same distance that the bu'm;.m 136 extend
outwards. The basin 132 in the lips 142 of the socket 130 provides a passage to the interior
30 . <cavity 144 of the socket 130 with a w.idth closer to the width of the ball 110 than would be
provi&ed if the lips 142 defined ; straightline connecting the crests 134 which helps limit
degrees of freedom for entry. of the ball.
The lip increases the surface area for a socket-to-socket connection and also can be
35 wedged between the end of the body and the base of a ball (al'ong the neck). i.e. a preséﬁre

fit, to provide additional strength in cantilevering parts when joined in a ball-to-socket

11-




35 el ement of the present invention. FIG 11 shows+-a
first cross-sectional view of the construction elenment of FIG 10.

-7- WO 9721400 97/ 21475 PCT/US96/19716

- PCT/ US96/ 19716 FIG 12 shows a second cross-sectional
view of the construction elenent of FIG 10. FIG 13 shows
a partial cross section of an alternate enbodi nent of a neniscus neck 5
construction. FIG 14 is a plan view of an alternative
enbgdi nent of the present invention including a notched body. 10
FIG 14A is a plan view of interconnected construction el enents having

not ched bodi es. FIG 15A is a top view of a square plate

const r uct i connedtionerWhet a bakt 100ds &iﬁertém%ﬂﬂtﬁd)&vit?( 144 via the basins 132] fRostl&Bthes
a top viewof a triangular plate construction elenment of the present
frictional resistance is applied by the crests 134. Once the center point of the ball 110 is
> beyond the plane defined by the four. crests 134, the ball 110 snaps into the socket 130.
Similarly, when a ball 110 is withdrawn from the cavity 144 via the basins 132, most of the
frictional resistance is applied by thé crests 134, and once the center poinf of the ball 110 is
10° beyond the plane defined by the four crests 134 the ball 110 snaps out of the socket 130. It
should be noted that because the ends of the crests 134 are coplanar, the eleme’ht 100 can be
made to stand on the crests 134 with the longitudinal axis of the element 100 oriented
vertically. It should also be noted that for the ball-and-socket connection the ball 110 js
15 “referred to elsewhere in the present specification as the male component of the connection,
and the socket 130 is referred to as the female compoﬁeqt of thé connection.
The contour of the lips 142 to the inside of the crests 134, when viewed from the side
as shown in the cross-sectional view of FIG. 2, approximates an arc of a circle with a
20 diameter roughly equal to that of the Body 120. This allows a socket-to-body connection as
described in more detail below in association with FIG. 7.

Although the preferred petal design is that the petals have a uniform cuniinuoué surface
as shown in FIGs. 1 and 2, variations in the petal design are contémpléted as shown in
2 FIGs. 2A through 2D. In FIG. 2A the petal 140 can be perforated by having a plurality of

openings 141 passing through the petal. In FIG. 2B the petal 140 is meshed by having a
plurality of columns 143 and rows 145 defining the petal. In FIG. 2C the petal 140 is formed
30 by a rim 147 extending around the perimeter of the petal thus having an open center section.
Petal 140 as shown in FIG. 2D is 1bnﬁed by a plurality of vertically ariented finger elements

149,
It is to be understood that although the'preferred jaw design includes petals having a
35 uniform surface which would cover 50% of a ball when inserted into the jaw, it is to be
understood that whether the petals are continuous and uniform as depicted in FIGs. 1 and 2,

-12-
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|nvent|on

construction

FIG 15Cis a top view of a circul Ris3kFoT16
gl"%’?ﬂeﬁ? of the present invention. QEEIC?? 16A is

a plan view of a scaling elenment of the present invention.
FIG 16B is a plan view of an alternative scaling el enent.
FIG 16Cis a plan view of a second alternative scaling elenment. 20

25

30

10

20

25

30

35

35

or other designs which are not continuous as shown in FIGs. 2A through 2D, the jaws are
considered to cover 50% of a ball inserted into the socket. In a less preferred arrangement
the petais lcan cover less than 50% of a ball. The preferred orientation of the jaw on a
construction element is that the openings on either side of a petal is perpendicular to the plane
of the balls (when there is more than one ball on an element) to allow for a 90°+ confirmation
and to allow for a stable footing. The jaw can be turned 90°, but this is not preferred.

Inside the socket 130 along the central longitudinal axis of the body 120 is a protruding
detent 138. The detent 138 protrudes into the spherical cavity 144 of the socket 130 by
approximately the same distance as the depth of the dimples 112 on the ball 110. Therefore,
as shown in FIG. SA, when the ball 110a of a first construction element 100a is inserted into
the socket 130b of a second construction element 100b, and when the detent (not shown in
FIG. 5A) of the second element 100b protrudes into a dimple 112a in the ball 110a of the first
element 100a, the angle between the longitudinal axes of the first and second elements 100a
and 100b is arrested or "locked.” _

Since in this embodiment there is only a single detent which is located along the
longitudinal axis, the first element 100a can rotate about the longitudinal axis of the second
element 100b. The geometry and construction of the ball 110a and socket 130b is such that
a manually applied force caﬁ dislodge the detent of the second coristruction element 100b
from the dimple 112a of the first construction element 100a, and rotate the longitudinal axis
of the first construction element 100a relative to the longitudinal axis of the second
construction element 100b. Becauﬁe of the pattern of dimples 112a on the ball 110a of the
first construction clement 160:1. the .twc construction elémcnts 100a and 100b lock at angular.
intervals. | |

Although a single detent 138 iS preferred, more than one detent, such as two, can be
positioned within cavity 144 along the inner surface 131. If for example'two détenté are in

any position where they are 180° apart from one another and aligned through the center of

-13-




WD 97/ 21475 . .
PCT/ US96/ 19716 Det ai | ed Description A basic
const r uctWeR7@14fent 100 according to the present inventi FFTESSHBUA in 5
perspective in FIG 1, and in cross section in FIGS. 2 and 3. In the

preferred enbodi nent t he construction el enent 100.is nmade of an

el ast oneri ¢ conpound. The construction el enent ' 100 has an

el ongat ed substantially cylindrical body section 120, with a substantially
sphgrical 10 ball 110 attached to the body 120 at one end via a narrow
neck 150, and a socket or jaw 130 extending fromthe body 120 at
the opposite end. Neck 150 can be circular, .oval, rectangular . or-.
ot her shaphe isphety, tsh theball ch. beotke@iAlBRhesan® nuffber BE PosttianLiLhobdd thekPwhd
include.a .2 inch in dianeter neck, a .548 inch in dianeter body.

and a j aw 9ndy prgydetents sHowever,ophere nbere B8 two ddterttseen] §03taphs, of iftrherejthay two
There is a fillet at the pase of .the neck to add strengt.h. The ball
110 has a JAEMEI ey thy number of pasisions wihich tsdeteatsapre ahle toraligausimulbianeotsly fie
DAl ol S5t ree s BT S5 R BBl R0 b e oL
| sosahedr ap Baldildiring 2edifibitc $6fids 20sdif! S; 30 m dpoints) aligned on a
10 ‘The detent is preferably designed having a circular base with a flat top and angled sides
to allow for a solid lock with the dimples in the ball. As with the dimples, the detents can
be of different sizes and shapes for a different feel, sound and locking qualities. Several
different size detents can exist on a single construction element to create a distinct sound and
15 tonal variety and feel to distinguish between different detents.
In configurations where the ball has bumps, rather than dimples, the detent 138 would .
be designed with a-concave top as shown in FIG. 3A. In this design the detent would have
-a hole in the center for the bump to engage. With a éing!c detent, a ball and socket
connect.ion. axially aligned could i‘otate 360° around the axis of the construction elements.
Detent 138 can be designed with an anti-rotation section 139 to prevent two adjoined
construction elements from rotating about the axis. Section 139 includes an ‘opening for the
receipt of an adjacent bump to prevent rotation. An antirotation section could also be uséd
% for balls having dimples and would comprise a protrusion. |
In FIG. 5A the longitudinal axis of the first construction element 100a is oriented
approximately 120" from the longitudinal axis of the second construction element 100b, and
30 the neck 150a of the first construction element 100a abuts a bump 136b in the lip 142b of the
second construction element 100b. Due to the contact between the neck of the first
construction element 1002 and the bump of the sccond construction element 100b, the angle
between the two elements 100a and 100b cannot be increased by rotation in the plane of the

35 two elements 100a and 100b. However, a force applied to increase the pressure between the

bump of the second construction element 100b and the neck of the first construction element

-14-



20 "longitudinal axis with a vertice. -For balls 110 with H86935184160f
about 3/4", WR_IE4 e one hundred twenty-two di npl ?séil?gzgal ocat ed
at the centers of faces and ni dway al ong edges of a "Bucky ball"

(a solid having twel ve pentagonal faces, twenty hexagonal faces, and ninety
edges), where the normal edges of two hexagonal faces are aligned with the

| ongi tudi nal axis 25 of the body 120. In the Bucky
bal | arjangenment the dinples are arranged such that 32 are |ocated on

center and 90 are on mdpoint. The Bucky ball arrangenent permts
exceptional ly accurate 30 and broad scientific as well as nechani cal
model i ng. Thel@langrnclse harddotremose ffeer balk110a from the dockee 30l Byadigedginprthe detent
m dpoi nts and smaller for_ centerpoints) which creates different clicking
sounds, feel frand a saries rf étmrémtl thHéﬁ finst gpRyruction relementy, 1008 By be med by
di npl es3 coul d al |

be noted that “RRIPXW‘F#YOHOt Hb’S’E r?%‘t%g&“ﬁgh&%%t%?m '%38 E‘Q‘{ Ilmé(ﬁtb?’ggb‘he

DTS o S AR G Ty b B ATER o e
%pl‘fa;/cgtllzlgg Bts the other bump 136b in the lip I42b_ of the second constructiqn element 100b.” 9-

PCT/ USQ% 19716 In FIG. 5B the longitudinal axis of the first construction element 100a” is oriented

' approximately 30° from the longitudinal axis of the second construction element 100b’, and

the neck 150a’ of the first construction element 100a’ abuts the basin 132b’ in the lip 142b°

of the second construction element 100b’. Due to the contact between the neck 150a’ of the

15 first construction element 100a° and the basin 132b” of the second construction element 100b’,

the angle between the two elements 100a’ and lOOb’ cannot be increased by rotation in the

plane of the two elements 1002’ and lOOb’ By dislodging the detent of the second

. construction element 100b’ from a series of dimple; 112a’ in the first construction element

20 1002’. the first construction element 100a’ may be rotatcd approximately 90° in the plane of

. the two construction elements 100a’ and 100b’ so that the neck 1502’ of the first construction

_element 100a" abuts the other basin (not visible) in the lip 142b’ of the second construction

Llemcnt 100b°.

It should be noted that the available solid angle for orientation of elements in a ball-to-
socket interconnection is at least 27t steradians in the present invention, i.e., an element
having a ball held in a socket can be oriented to point to approximately 50% of the surface

30 of a sphere centered about the ball. This is superior to the solid angle made avai!able by ény
socket which has a planar lip contour, since to secure a ball at least some cros.s sections of
the socket must cover an arc greater than 180". It may also be noted that if the arc subtended
from the edge of the neck 150 to the center of the neck 150 (as seen from the center of a ball

35 110) is less than the arc subtended from the detent 138 to the nearest edge_df the lip 142 (as
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i nstance, for nodeling of atomic structures using the system of the present
i nvention, the arrangenent of dinples may be chosen to correspond
to the oWMOHAIR¥M™Sons of el ectron clouds around anPaTOSPEINILI eus.

. By way of nonlimting exanple, FIGS. I A through 1J depict various surface
arrangenments of the ball 110. In FIG 1A the outer surface 114 of ball 110
Is an irregularly- 10 - shaped, roughened surface. In FIG 1B ball 110
i ncl udes concave pi e-pan shaped dinples 112 wherein the dinples
havg different size dianeters and depths. The shal |l ow dinples hold the
ball in place while the deeper dinples allow the ball to rotate within a
socket on the detent. It is also to be understood that the

ar r angemeséenofrorh hise ctintaplof shecsookdbd 44Y, tirnghe patermbf idimples!l 82 vn the ball 190 need
regul ar pattern around the surface of the ball. FIG - ICillustrates ball
110 haV|ngot@ﬁWE&aUlhe“mytoﬂumw$kﬂﬁ9 whereln bunps 113 have uniform or
var9lng di aneters and, hei Il lustrates ball 110

wherein the sufFfacdepiftp gii‘;‘ éogﬂﬁﬁ%?s‘fﬁf’“‘?'h@ém@‘iﬁéoé A3Bar 34% 3é083)@Q:md
22' 2 hexagdl, v&,gm{e%%o °‘(’)“°°lj‘é°3>hg§ i Rohe BBl ATV apik ot i hive T
| ongi  0ai AP TR B 8 oty g g S omibiey o funciion of Bhich i i

in 10 detail below), connected by the type of ball-to-socket connection shown in FIGs. SA and SB.

As shown in FIG. 6, the construction elements 310+ have body sections of varying lengths.

Construction element 360 has a body 364 which is longer than the body 354 of construction

element 350, which is in turn longer than the body 344 of constructioh élemem 340.

15 Construction elements 320 and 310 have bodies 324 and 314 which are the same size as each

other, but smallgr than the bodies 344, 354, 364 and 374 of the construction elements 340,

350, 360 and 370 having larger diametérs. Construction elements 310 and 320 have balis 312

and 322 and sockets 316 hnd 326 with a smaller diameter than the balls 342, 343. 352 and

362 and sockets 356, 366 and 376 of construction elements 340, 350, 360 and 370.

Construction element 340 has balls 342 and 343 at both ends of the body 344. (Similarly,

a construction element may have sockets at both ends of the body section, and the jaws of the

sockets n;uy be aligned, offset by 90 °, or offset some inlcrtﬁedialc angle.) Construction

element 330 has a socket 336 with a cavity diameter. larger than the diameter of the ball 332

of the construction element 330, and can therefore function to change the "scale" of the chain

of elements 310+. The body 334 of the "scale-changing" cons&uction element 330 has a

30 length which is so short as to be almost nonexistent. Although only two scale sizes arc
depicted in F1G. 6, a construction kit may include elements with other scale sizes. and may

include scale-changing elements to connect elements of adjacent or nonadjacent scale sizes.

Since the contour of the lips 142C as viewed from the side as in FIG. 7 approximates

35 a circlc.with a diameter approximately equal to that of the body 120D, another possible

connection between construction elements is the socket-to-body connection where the socket
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a sinusoidal wave pattern extending paral l el l'y, perpendicul arl r
cfiss-crossed@82¥m a t hr ee- di mensi onal gear. FIG P¥:|!?US%“9"6

illustrates yet another alternative arrangenment wherein the 25

surface of ball 110 includes a single open-ended sphere 117 |ocated at the
end of the ball. As shown in FIG 1G a spiral pattern 111 is
formed around the perineter of the ball. ' Simlarly balls 110 can
be solid or hollow In FIG 111 dinples 112 forned in the surface 30

of hollow ball 110 can either form concave dinples in the surface of the

ball or can pass through the wall of the ball 110 to form hol es.
Qher variatiopgpd grh ﬁﬁ'sp@édstrﬁéifbnaél&néﬁﬂ LD @raSyh the bollfed 20D lofed @edond construction
Al t hough the preferred shape of the ball 112 is a sphere, other

shapes are congiemehatiodD. sBebads dnthegglindiSeal synsieagyeofishd bbdistl28Dedf ithe second
FIG 11.5As shown in FIG 1J ball 110 can be split or have a notch

118
S|O that a pl at eonstwctioe elemsot 100D, itha longitedivgl avtisrgf be daded2@fy of Ake fint elemont 100C
ate provides
\B\o 97/ 2147 5 can be oriented at any angle relative to the plane midway between the petals 14%)8 of the

PCT/ US98/ 197165(:0011(1 element 100D. In addition basin 132C allows socket 130C to be connected to body
10 120D at an angle from the center axis of the body such that three construction elements could
form a closed loop of three socket-to-body connections. In addition, an element may have
a scalloped shoulder that will help hold bump 136 in place, thereby stabilizing the triangle.
Alternatively, if the body 120D of the second construction element 100D has longitudinal ribs
15 (not shown), the longitudinal axis of the body 120C of the first element 100C may lock at
fixed orientations relative to the plane midway between the petals 140D of the second element

100D.
The preferred design for the body 120 is cylindrical as-shown in FIG. 7. Other designs
20 _for the body are also contemplated as illustrated in FIGs. 7A through 7C. BQ way of
nonlimiting example, in FIG. 7A the body 120 is perforated. - In FIG. 7B the body 120 has .
an I-beam configuration. In FIG. 7C the body 126 comprises parallel cylinders 151 and 153
of different diameters that relate to the scales of the system so that three different scale jaws
can simultaneously engage tﬁe body. Similarly the shoulder 160, see FIG. 1, of the body can
have various configurations. Shoulder 160 preferably is rounded, however other designs are

contemplated such as a meniscus shape 1221 shown in FIG. 13.

30 As mentioned above in the socket-to-socket connecuon as shown in F1G. 4 the
contours of the outer portions of the lips 142e of the petals 140e of a first element 100 are
complementary to the contours of the inner portions of the lips 142f of a sccond element 100f,
.and vice versa, so that the petals 140e and 140f of two construction elements 100e and 100f

35 may interlock with a distinct popping sound to form a complete sphere, much as 11a1Ves of a

tennis ball on opposite sides of the seam form a sphere. In this socket-to-socket connection
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1 additional surfaces for additional construction elenments to be
.connected to form various patterns. Although it is preferred that
the bal | WOIU/4%e a surface pattern as described, it is 5FPCT/USI6NITL6
contenplated in a | ess preferred enbodi nent that the ball can have a snpoth
surf ace. As also seen in FIGs 2 and 3, the socket 130 or

j aw has two opposing petals 140 with I nner and outer surfaces
that are substantially spherical. The inner surface 131 of the petals 10
140,defines the wall of a cavity 144 having a diameter approximately equal
to the dianeter of the ball 110. A lip 142 extendi ng around the
perineter of the petals 140 includes a central basin 132 at the
end of eadie jpagiaidinkllaxes off the Ridst19204 3dd 020fedale &kdentol 00d éndd fG0fMard IBlliRkart he

end of each petal 140, and bunps 136 along the |ip 142 between the petals

140. The kg the planes between ithe: pptals Mfecand 40fanththeaval elaments| 100aanthH0f are

per Prret er of openings on either side of the petals. The perineter

of the opérhegpnals Npedingmenisef theagentation hrawesaithe elements(1fBe pndd80f 1s possible.
ohi ch ext e e S0 ina R matynd eneabed and gissieagen by = smualAmpled gorce
meant he- por 1 G EREEHee e piFerlofike: AR Bowh 1 71,8 e MRS el gkt

L2 aen 2, RIS 110, MOt Tl ki e 10 g,

i.e., two ipeh ahs, dntiCthe butenedges of thedipsildBp ahd M of the Petalsy] 40atudl B10K of each

element 100g and 100h grasp the bodies 120h and 120g of the opposing elements 100h and

100g. In this connection the longitudinal'ax;es of the bodies 120g and 120h of the elements

- 15 100g and 100h are collinear, the plane:; between the petals 140g and 140h of the two elements
100g and 100h are orthogonal. The orientation between the elements 100g and 100h may be
adjusted somewhat by pulling the elements 100g and 100h away from each other, applying

a ftorque to one element 100g or 100h to rotate it about its Iongiludiﬁal axis, or applying a

force to rotate the longitudinal axis of one element 100g or 100h so it is no longer collinear

with the other element 100h or 100g. The elements 100g and 100h may be engaged and

disengaged by a manually applied force. Also, one can move between the FIG. 4 and FIG. 8

connection without pulling apart the elements.

2 In a third type of socket-to-socket connection shown in FIG. 9 the elements 410,
420,430, 440,450 and 460 form a chain 400 with the longitudinal axes of the elements 410,
420,430, 440, 450 and 460 being coplanar and orthogonal to the direction 401 of the chain

30 400. This type 9!‘ socket-to-socket connection 400 is achieved.by having a first petal of a first
clcmen-l and a second petal of a second element lodged between the petals of a third element.
For instance, as shown in FIG. 9 the right-hand petal 412 of element 410 and the lefthand
petal 431 of element 430 are lodged between the petals 421 and 422 of element 420 such that

35 the outside surfaces of the petals 412 and 431 contact, the outer edges of the petals 412 and

431 contact the wall of the cavity 425 of element 420, and the outer edges of the petals 421

-18-



as shown in é% 7gand di scussed in nore detail below to fop@Eraeei®iiet e
sphere, nuch Fiy hal ves of a tennis ball on opposite sides of the
seam form a sphere. Therefore, the basin 132 is indented relative
to the crests 134 by the sane distance that the bunps 136 extend

outwards. The basin 132 in the lips 142 of the socket 130 provides a
passage to the interior 30 cavity 144 of the socket 130 with a width
closer jo the width of the ball 110 than would be provided if the

| i ps 142 defined a straight |ine connecting the crests 134 which hel ps
limt degrees of freedomfor entry of the bal

The |ip increastd2? ventact thecwalls eficdvitiesad Koad#35 of elrrients 4 bhand 43 0nreapettively.
al so can be 35 wedged between the end of the body and the base of a

bal | (al ong tﬁémh@h/k)he rrahéhans} petab 43206 element 420 apd tthe eéthp%pmb%bef eleseat 440
S\H 89/921 4|7 2 Cgrre]:tll)é reltvve%n the Egltalvw}ﬁl An?i tpﬁdoil e ementaABO such &at ﬁle outside surfaces of

,I[D Ez/ gg\? IG{ )1/ 9;1 \negllct d 441 coﬁt%%nﬁ)%t &ﬁ&‘ ?mggf ?heb Stl:tlxlq jﬁﬁ n§ tt#4 & Eacij tﬁen\t;vgll of

asli ns

rﬁ‘g' .Sts ance i s anp/ 4ﬁ§jop¥leHaﬁt £3(23ha tHS ButePoagest d1ahe pRtak 470 49f cofgertfl Walls

10 of cavities 425 and 445. of elements 420 and 440, respectively. This type of contact between
petals continues for the length of the chain 400, and such a chain 400 can clearly be extended
indefinitely. The geometry of the petals 411,412, 421,422, 431,432, 441, 442, 451,452, 461
and 462 (to be referred to collectively with the reference numeral 411+) is such that the crests

15 (not labeled with reference numerals in FIG. 9) at the front edges of the petals 411+ lie inside
the socket cavitics 415.425,435,445,455 and 465. This chain configuration 400 permits some ’
rotation of the elements 410, 420, 430, 440, 450 and 460 perpendicular to the plane of the
elements 410, 420, 430, 440, 450 and 460, as well as some rotation in the plane of the

20 elements 410, 420, 430, 440, 450 and 460. 'In an alternate embodiment of the present

invention, detents at the points of contact of the outside surfaces of the petais 412 and

. 431,432 and 451,422 and -441, and 442 and 461 stabilize the chain configuration 400.

Yet a fourth type of socket-to-socket connection is shown in FIG. 9A. In FIG. 9A

» construction elements 510 and 520 are connected to construction element 530. In this
configuration jaw 540 of element 510 is attached to petal 550 of element 530. Similarly jaw |
560 of element 520 is connected to petal 570- of clement 530. In this configuration petal 550

30 is in between the petals of jaw 540 and petal 570 is in between the petals of jaw 560. This
connection: is referred to as 2 pendulum connection because e!em.ents' 510 and 520 swing
freely like a pendulum about petals 550 and 570.

' An alternate embodiment of the basic construction element 1100 of the present

35 - invention is shown in perspective in FIG. 10 and in cross-section in FIGS. 11 and 12. This

construction element 1100 has the same design as the construction element 100 shown in

-19-



5 ° beyond the plane defined by the four. crests 134, the ball 110.
snaps into the socket 130. Simlarly, when a ball 110 is w thdrawn
fromthe WOAT47844 via the basins 132, nost of the PCTRUSPEY ¥nal
resistance is applied by the crests 134, and once the center point of the
ball 110 is 10 beyond t he pl ane defined by the four crests 134 the
ball 110 snaps out of the socket 130. It shoul d be noted that
because the ends of the crests 134 are coplanar, the elenent 100 can be
madejto stand on the crests 134 with the |ongitudinal axis of the el enent
100 oriented vertically. It should also be noted that for the

bal | - and- socket connection the ball 110 is 15 referred to el sewhere in
the presenfFIGfet] 2iandt, eRceps thdiahdrabmsutetigpelementof 100N6F FIGIYQ0! i1 PRAnd 12 has a
and the socket 130 is referred-to as the femal e conponent of the

connect i onflexi-neck" 1150 located Hetveen theoball b¥10tand the ipsly 114205 and dither asimite déteithe
cresfs 134, when viewed fromthe side as shown in the

cross- sect il éﬁ%tlm\)iwé'v\ﬂ‘?i?mﬂl@‘) an thg intesterel ﬁ@ soekedrld38f TBhecflexdtneckith0 dage
di ameter rou .0f the hod Thi.s al ] ows

Socket - o BERGH oRHbEL 1SR WEh i€ sy abeu ‘g"eé"%ﬂmﬁﬁ‘?baﬂét"il‘he Bedpuendhis
associ at | OQo?MeFJB? Bl Barrdw necks 1157 and 1153 1k MAYT14 B RIS DR FEiGoy oHI"

is that the peta have a uni r'orm confi nuous sur

FIGs, 1 an a@ Yx@élé af‘l'S?'&ﬁd'l'lSﬁ &r

o Z0™ "M izt s itk SR, S5 Al g0 oSR 41
by having a ﬂhbdhkahmteﬁabfsuch as a rubbepPEPIARUS sbAhatifaseetthdt dismetl bftthie ARt BI0O

In FIG 2B the petal 140 is neshed by having a plurality of
col utms 143 enmiestesiito the First gbnstiuctjon ielemeat 4100 by afhalt-and Gotket anem alhe dpicﬁnatmn
formed 30 by a . rim 147 extendi ng, around the perineter of the p

ta
thus havi ng! &b §ﬁ&@ﬂd elsmeat 1ssEupgwhat adjustable evepayhile the detgatsdigdmnd 1&? @ thgp
I' s T ?§ med ?Xcket Pi 30" 6}1 dxé Yec! I\d gl%xrntehtpﬁl()'o%er%xlnse lnnt ‘%mpflesnlgﬁ.rz ;E'tﬁa”ﬁfﬂf T110 of the first

construction element 1110. '
Because of the désign of the construction elements 100 and 1100 .is the same except
for the flexi-neck 1150 and the additional detents 1139, all the types of iﬁterconnections
20 discussed above and shown in FIGS. 4-9 may also be made using the alternate preferred
embodiment of the construction element 1100 of FIGS. 10-12. The contour of the neck 1157
between the annulus 1155 and the ball. 1110 is such that when elements 1100 are connected
by a ball-to-socket joint, the lip 1142 of a socket 1130 can be lodged between the annulus
2 1155 and the ball 11.]0 to provide additional stability to the connection. L4
In an alternate embodiment shown in cross-section in FIG; 13, a neck 1250 extends
between ilu: meniscus shoulder 1221 of the body 1220 and ball 1210. - As with the
30 embodiment of FIGS. 10-13, when the ball 1210 of this alternate _embodin"xent'_is connected
lo.a socket 130 or 1130, the lip 142 or 1142 of the socket 130 or 1130 can be lodged into the
crevice 1252 between the shoulder 1221 of the body 1220 and the ball 1210 to provide
additional stability to the connection.

35 ' As a part of forming a system for the construction elements, the cylindrical body can

have a cavity 2000 formed along the length of the body as shown in FIGS. 14 and 14A.
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149, It is to be understood that although th I J*

j aw desi gn i‘rY&ngégspet als having a 35 uni form surface V\E’Fgﬁg\%\gﬁ@
cover 50% of a ball when inserted into the jaw, it is to be _
understood that whether the petals are continuous and uniformas depicted
in FIG. 1 and 2,

-12- WD 97/ 21475 _ _

PCT/ US96/ 19716 or other designs which are not continuous as
shown in FIGs. 2A through 2D, the jaws are considered to cover 50%
of a ball inserted into the socket. In a less preferred arrangement 5

the petal s cafavgv2e00 ess gemeallhWishaped hbadihg haviag pipe2010 afd Q02 ToietARing ftwo
the jaw on a . construction elenment is that the openings on either .
si de of a pet eAnsiruction elsmentsci38rand 2040 easshewn in FIG. 14A ofCavite 2680 lcan pevfiermed in
there i3 nore than oFe ball., on _an elenent) to allow for a 90[err

+
confirmation &Woypeo %Eﬂﬁ“f‘ﬁ'oﬁlelletﬂﬁnf’éfmlha%?'&b‘f"’éh P sqckegs 2@%&%@&6’1@9 14). two
tur n_ed 90[ er ri)alls%OP 96??0 b oﬁ'é)galpﬁgg(?grrlc?ghe socket 2100 as seen in FIG. 14A.

~As a part of providing a complete construction kit or for modeling purposes, other
10 | system components are contemplated by the present invention as shoWn in FIGS. 15A through
t5C. In FIG. 15A a square element 2500 is illustrated having balls 2510, 2520, 2530 and
2540 positioned on each comer of the square. A semicircular rim 2550 is positioned between
each adjacent pair of balls to furthér provide a connection for a jaw of another construction
15 element (not shown). FIG. 15B illustrates a triangular element 2600 having balls 2610, 2620
and 2630 positioned on each corner of the triangular element. Similarly. a semicircular rim
portion 2640 is positioned between each adjacent pair of ball; to provide an additional
connection location for the socket of an additional construction element (not shown). The
20 triangular element 2600 and the square element 2500 can be designed such that a ball from
another construction element can be connected between the balls on the corners of elements
2500 and 2600. FIG. 15C shows a circular construction element 2700 having a circular rim
2800 positioned around the perimeter of the circular element providing a continuous
2 connection location for a socket of additional construction elements (not shown). Other
shapes 'are contemplated besides squares, triangles and circles. The plates as shown in
FIGS. 15A through 15C can alternatively have notches on the side that would permit balis to

30 be inserted, as well as having a hole in the center for the insertion of a ball.
| In addition the system can be scaled with a reducer element as shown in FIGS. 16A
through 16C. FIG. 16A depicts reducer element 3000 having balls 3100 and 3200 of different
“scales. FIG. 16C illustrates reducer element 3300 having sockets %400 and 3500 of different '
35 scales and FIG. 16C illustrates reducer element 3600 having ball 3700 and socket 3800 of

different scales. The preferred scaling ratio is the Fibonacci progression (golden mean

21-



I nsi de the socket 130 along the central |ongitudinal axis of the body 120
Is a protruding detent 138. The detent 138 protrudes into the
spheri calW@8V?Hy5 144 of the socket 130 by appr oxiFFA¥PH1Me sane
di stance as the depth of the dinples 112 on the ball 110. Therefore, 15
as shown in FIG 5A, when the ball 110a of a first construction el enent

100a is inserted into t he socket 130b of a second construction

el enent 100b, and when the detent (not shown in FIG 5A) of the
secopd el ement 100b protrudes into a dinple 112a in the ball 110a of the.
firs _ el enent 100a, the angle between the | ongitudi nal axes of the
first and second el enents 100a 20 and 100b is arrested or "locked." .
Since in thilpigRPadh iRet stdley Srefetre@N! 1Y tie BiboHcE] ﬂ‘@%ﬁ&%ﬁ"ﬂ;‘ ed OnVORFHEHS a
al ong the | ongi tudi nal axis, the first elfement 100a can rotate

about t he balhgiht yotowti isax’, duoif based vmceledent length, the @hetieft x FOFhere Tdaa be a
geon®try and construction of the ball 110a and socket 130b is such that 25
a manual | ynwipper efisqalascandcthe ratic befagen theesadles eotldobe tdndone Candsismn®bt meEan on
el ement 100b J‘réf))mthe di n&;ﬁ? 112a of the first construction

‘el ement  10%aredpr hasmenpic fop diffesenti meogeling pugpeses. ~of the first

construction elenent .100a relative tq the Longitudinal axis of the second
30 constr u(ngs CHop & fhhn %@8‘ é‘i’ﬁ#lgst ﬁ'@l RLs Integer gy °é§ﬁi’1gfé

a

on the bal |, groh Of thk Qgs(sem and 3—dim%d5[§ﬁP] égg&.s UFHdEd %ﬁ%rrsﬂaﬁmsps ard Qi@arllxtzg]@ §o

const@ucti on el ements 100a and 1 ock at ang erval's.
Al though atigipags redftnidiion] Iorisequehety SthfeR bqualdemuth Pafs When dRhdRE in AUGR @all
two, can be 35 positioned within cavity 144 along the inner surface
131. If f oandesoskeslconteationpcambes maved such that the center of the ball at the end of the three
connected parts can touch any point within an imaginary sphere which radius is equal to the

-

15 distance between the center of the ball and the center of the socket (the center of the socket
is determined by the center of an 'imagi_nary ball placed in the socket). Also, braﬁching parts
(parts with at least three balls, jéws or any combination thereof) have a central radially
symmetrical point/locus which places all balls on an orbital originating from a point of origin.
20 Within a particular scale, the parts are designed so that they lay out on a cartesian grid (1, 2,
3.4...). For example, the parts with one ball and one socket can be different lengths. but
those lengths are hased on simple cartesian ratio. This permits building man-made structures
such as a cube or é house, as well as other organic structures. Other embodiments of the
> system could lay out the parts IOn different grids like hafmonic, root mean squared and
Fibonacci series. |
. The construction elements preferably are manufactured with two hollow halves sonic-
30 welded together. Hollow elements permit the insertion of liquids, lights, sound chips. etc.,
within individual construction élements. All the construction elements can be made of several
parts assembled together, they can be manufactured as a single part through in-mold assembly.

In-mold assembly allows for multiple colors and multiple materials per part. It also allows

35 for moving parts such as a spinning ball or telescoping bodies.
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any position where they are 180[err] apart from one another angbabdodNsHs
t hrough the (%9?3?”5?

-13- WD 97/ 21475 .

PCT/ US96/ 19716 t he sphere, then the ball can be |ocked into
t he sane nunber of positions as though there was only one detent.
However, where there are two detents not 180[err] apart, or if nore than
two 5 | detents, then the nunber of positions which the detents are
able to align sinultaneously is greatly reduced to twelve. Twel ve
I's the greatest nunber of unique symmetrical positions when

consi dering geonet N@‘°§%‘I‘ ithes caRStGHieR ielpments gihthe present inventippchayet keen pr.gferably'_
o al o Jor - SHufiFY e gtang eyimeieelchodifodns hodieg ob 455 cleRenfy Gay” ke e Shaped or
dinples,” the d@e&:@r‘éﬁeﬁ d8 g«%nglé: Cq%elmrt]sg ani% s|9 hag-'snflzjdgg)\ﬁ_@%lg?* %l%slil{%ngr geh%ges oF U any

different feel, s qua
material like rubber, metal, foam or plush.. Alternatively, the bodies may have the shapes of

.bones, branches, bamboo sections, bricks, the electron clouds of atomic bonds, etc. This

10 exemplifies the open design of the system that permits almost any matérial or design to take

- the place of the cylindrical body, which among other things, permits the system to be used
as a platform toy to integréte licensed properties and to be marketed as toys other than a
building toy. The construction elements of the present invention can be used for architectural
15 or engineering purposes, or to construct temporary, semi-permanent or permanent structures.
- In addition, the socket section may be décdrated to resemble the head of an animal, e.g., by
having a pair of eyes painted on or molded into one side of the jaw; or the ball could be
replaced with a head or other object.

20 Although the above description contains many specificities, these should not be
construed as limiting the scope of the invention, but as r;terely providing illustrations of some
of the preferred embodiments of this invention. Many variations are possible and are to be
considered’ within the scope of the present invention. For instahce: the body of the
2 construction elements need not be elongated or cylindrical; the balls need not have dimples

and/or the socket need not have a detent, so that the relation of two elements interconnected

by a ball-to-socket connection is continuously adjustable; a socket may only have two detents,

10 for instance with one deﬁnt located on each petal; a socket may have more than three detents:
‘the dimples on a ball need not be arranged as specitied above; the dimples may be very

closely spaced so that small, well-controlled reorientations of 5 ball-to-socket connection can

be mgde; a socket may have a spring-loaded pin to lock the orientation of a.ball: a cotter pin

35 ma);' be used to lock a ball in place in a sockét; means may be provided to abply inwards

force to the petals of a socket to fix the orientation of a ball within the socket; for elements

223-




different size detents can exist on a single construction elenent to create

a distinct sound and 15 tonal variety and feel to distinguish between
di f f er entWaETRHIS . In configurations wher eP¢HESHAN 16135
bunps, rather than dinples, the detent 138 woul d - be designed with

a concave top as shown in FIG 3A In this design the detent woul d have

a hole in the center for the bunp to engage. Wth a single detent, a bal

and socket 20 connection axially aligned could rotate 360[err] around
the jaxis of the construction elenents. Detent 138 can be designed
with an anti-rotation section 139 to prevent two adjoi ned '
construction elenents fromrotating about the axis. Section 139 includes an

openi ng f dntetdvomnected by any bEaRé pibové-destribed 36 -15668ket Qoﬂﬁ&:\’i@% ihet RidieR-
An antirotation section could al so be used 25 for balls having

di rrpl es arhﬂ\vmld&mmmxsbe adjpstaide; ubé bedy of an element may havd fongitGiinal ridges so
| on t udi ntg %s of the first construction elenent 100a is oriented
appr oxi mat 8w (?“P hFlFH’é“q srronpertechtal it Byjassasketttacbodi sonveations theuariantaion

oo abut 14 b et mes REk P\ PR of i angles the' S0ty e st SesreALiB Y on
const ruct i e S EHEEhA ridaSs EROhAFbe BEL IFRRG WE S 0B vall il ekttt ot
100h,, t he gHedlof more addmondl)eéwxﬂ&ﬁstlbec&dﬁ@ct@d QB’e{hESﬁﬂsQ(@erﬁ&q ﬂ)?oébcﬁ@tnggdpe
I ncr ased by rotation in the plane of the 35 two el enents 100a an
100b. Howeseanectimn,cthe oriapatior of the additierat eletieatsploels aus pldrakiesmdisétete angles
relative to each other, and the additionél elements may be rotated about the axis of symmetry
of the body of the first element; the body of an elgment may have a transverse ridge at each
15 end so that when ahothcr element is connected to it by a socket-to-body connection, the other
element cannot slide off the en.ds. of the body; the neck connecting the ball to the body may
have an elhpncal or other cross-secuon rather than a circular cross section. and the ma;or axis
of the cllipse may have a length equai to the distance between basins on opposing petals of
20 a socket so that the neck can be lodged between the jaws; the neck between the ball and the
body of an element may have other cross-sectional shapes, such as square, triangular.
rectangular, star—shéped, or asterisk-shaped; the construction set need'_not include elements of
more than one size 'scale and need not include elements _Having connectors of more than one
® size scale; cdgsmction elements may have through-bores to iower the weight of the elements
and/or provide receptacles for elements of a smaller scale: elements may have a longitudinal
bore so that a chain of elements connected end-to-end can provide a conduit for fluids,
30 powders, wires, marbles, etc.; elements may be constructed of metal for use as a truss or the
like; elements may be fabricated from a non-flexible material such as metal, and may.bc
divided in half along a plane passing through the central longitudinal axis and located midway
between the jaws. so that when a metal ball is placed between the jaws of an element. and the

35 two halves of the element are secured together, the ball cannot bs removed; a clicking sound

may be produced when a ball is reoriented in a socket; elements may be adapted to function

24.



bump of the second construction el enent 100b and the neck of t idebT16
const ruct i onW EHPATS B bdden

-14- WD 97/ 21475
PCT/ US96/ 19716 -~ . . 100a can be used to renove the ball 110a from
t he socket 130b. By di sl odgi ng the detent froma series of dinples

112a, the first construction el enent 100a nay be rotated by

appr oxi r’rptel y 240[err] in the plane of the two construction el enments 100a

and 100b fromthe position shown in FIG 5A to a position where

t he neck of the first construction el enent 100a abuts the other

bunp 136b in t&ea Whistld A¥inddhsthintens deyboarddnstiune| ard/@ pes@nsion @Adrumend, the set of
In FIG 5B the longitudinal axis of the first construction element 100a" is
ori ent ed constmpion xlements| pay3igy astapied fforousetals @n |apimgtion @bjesl orspn animatiom ekeleton;
second cbnstruction el enent, 100b', and t he neck 150a'" of the first
construction etherl¢mentowy inelude an pddijgnal systennof ¢onngeiars pyshiasapagnetic connectors:
of the second gonstryction ?Ie

2 AL et i B 05 5 B, e

neck 150a' of t¥e

132b" of the 5889:«%{5 CRNEE bidGt &&Hef{oeﬁ@egt the :W:%};ts of the elements within reasonable bounds;

10 the balls may be faceted instead of dimpled ball, body and jaW can be made separately and
then assembled and reassembled based on consumer’s needs; etc.

Many other variations are also to be considered within the scope of the present

invention. Thus the scope of the invention should be determined not by the examples given

15 herein, but rather by the appended claims and their equivalents.

20

25
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the angle between the two el enents 100a' and 100b' cannot be increased by

rotation in the _plane of the two elenents 100a' and 100b' :
di sl odgi W ¥fid4det ent of the second —construction g’lcgﬁésﬁf’wf(‘)ﬁb from
a series of dinples 112a’ struction el enment 20 100a’,
the first construction el uwmmm)mmumﬂe rotated approximately 90 in the
pl ane of the two ¢onStructw on ekenents 100a’ and 100b' so that the
neck 150a' of the first construction : el erent 100a' abuts the other
basiin (not visible) in the lip 142b' of the second construction
el ement 100b'. 25 : It should be noted that the avail able
solid angle for orientation of elenents in a ball-to- socket .
| nterconnMﬂﬂlﬁﬁbAMQ[err] steradians in the present invention,
e., an el enent - having a ball held in a socket -can be ori ent ed
ﬁ)l nt to appr OX|'ﬁfd1°§Ft9“°$'G%SU$‘ct1h‘é’f%Rﬁsﬂft&:e 30 of a sphere centered
abo the ball. This

to th | I d | abl e b
Cocket whi ch has & BISARPORCROR R g P (oL ARBmETD HPna e do ok

Cross sectz‘@%nggt eaps; and t he socket nust cover an arc greater than

180[ err] SO be noted that if the arc subtended fromthe
edge of the neck 159 sb&nidh& gﬁﬁ&% QbmERChdViKa 2

of a ball 35 b )n g | ess thanmt he arc. Sljﬂg)‘ t%larﬁ%?(o%mutrﬁ%ghfseéﬁts
to the neamashme:dgaeszs t»vhereinl p 142 (as
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at least one of the first attachment means or the second attachment means of the
first and second construction elements comprising a socket having at least two spaced apart

petals configured to form a spheroid when the petals of the sockets are interconnected.

15

2. The construction system of claim | wherein the other of the first or second
attachment means is a second socket having at least two spaced apart petals configured to
form a spheroid when the petals of the sockets are connected.

20

3. The construction system of claim 1 wherein the other of the first or second

attachmem means is a ball sized to fit within the socket.
25

4. The construction system of claim 3 wherein the first and second construction

elements include a body portion positioned between the first and second attachment means.
30 5. The construction system of claim 4 wherein the construction elements further
include a neck portion positioned between the body portion and the ball.

6. The construction system of claim 3 wherein the construction elements further

35 include means for locking a position of the ball within the socket.
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RCT/ US96/ 197%8 9721475 seen fromthe center of the Socggg‘/ulszz/)l?ﬂ? hen
the pattern of dinples 112 on th not extend all the
way to the neck 150. 5 s of chain 300 of
construction el enments 310, 320, SSOEL\BMM!‘““M“&“ 370 (to be
referred to collectively by the r nesal* 310+), sone of which have
flexi- j necks 328.338. 348. 349, 358 and 368 (the geonetry and
function of which is discussed in 10 detail below), connected by the
type of ball-to-socket connection shown in FIGs. 5A and 5B. As
shown in FIG 6, the coHsteanstriction eystemenf claizi 6-whessim thydaskingemeansreompfises at least
varyi ng | engt hs. Construction el enent 360 has .a body 364 which is
| onger %han tmac Btept Brihegocked vdneh epgagss at least one dimpledna %%cewﬁﬂ@hbdﬂls in
turn | oAger than the body 344 of construction el enent 340. 15

Construction el enents 320 and 310 have bodies 324 and 314 which are the

and 374 of the. contt ruclsSiiol Su e dhint 7Uhdelf RESISRE o Pl Bt el

l'arger di anet gpanaddofiss Bueky BaIlPhedmnt s 310 and 320 have balls 312

10
9. The construction system of claim 3 further including a third construction element

having first attachment means and second attachment means wherein the first, second and
third construction elements can be interconnected such that the third construction element can

15 be articulated to any location within the volume of a sphere.

10.  The construction system of claim 3 wherein the socket is configured to provide
at least 27 steradians of movement for a ball and socket connection between the first and

20 second construction elements.

11.  The construction system of claim 3 further including a third construction element
having a first attachment means and a second attachment means wherein the f{irst construction
clement and the second construction and the third construction element can be interconnected

to form a closed loop.

30 12.  The construction system of claim 2 wherein said sockets are cenfigured to form

a connection with said body portion.

13. A construction system comprising:
35 ~a first construction element having a body portion and at least one socket

connector positioned on the body portion;
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and'322 and sockets 316 and 326 with a smaller dianeter than the balls

342, 343, 352 and 20 362 and sockets 356, 366 and 376 of construction
el enent's WQP72845, 360 and 370. .Construction el ffeHYS%A18as
balls 342 and 343 at both en T (Simlarly, a
construction el ement may have nds of the body section, and
the jaws of the s-ockzgﬂﬁ'mum" E“Bd; of fset by 90[err], or

of fset some internediate angl e. nseructison* - el enent 330 has a

sockpt 336 with a cavity dianmeter |arger than the dianmeter of the ball 332
of the construction el ement 330, and can therefore function to change the
"scale" of the chain of elenments 310+. The body 334 of the

"scal e- changi ng" comssecond iconsteictior relenB0 Hasimgaa b3y portionemg! Bt WabtChnd Bals 0
short as to be al nost nonexistent. Although only two scale sizes are

depi ¢t ed- i pormegtor gxtepdias fepm seidibedy iortioay i ncl ude el enents with ot her -
scale sizes, and nmay I ncl ude scal.e-changi ng el ements to _connect

el enents of adj acent?isoskshhaying meansdaryegerving the ball and configured to provigieafdeashe
t fL,rhe li-ps 142C ' f h id - |G 7 I mat
om0t of 4 e L R R R S et LB =

120D, anot her possible connecti on between construction el enents
is the socket-to-body connection where the socket

- 16- 10 14.  The construction system of claim 13 wherein the means for receiving the ball
arc at least two spaced apart petals, said socket further includes means for locking the ball

within the socket.

15 : 15.  The construction system of claim 14 wherein the locking means comprises at
least one detent positioned within the socket which engages at least one dimple in a surface
of the ball.

20 16.  The construction system of claim 14 wherein the means for locking the ball

within the socket comprises a detent in the socket and at least one protrusion from the surface

of the ball, the detent having means for receiving the protrusion.

-17.- | The construction system of claim 16 wherein there are a plurality of protrusions
on the surface of the ball and the detent includes means for limiting rotation of the ball within
the socket. |
30

t8.  The construction system of claim 13 wherein said second construction element
further includes a socket connector having two spaced apart petals configured o form a

spheroid when the petals of the first and second construction elements are interconnected.

35
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WO 97/ 21475

PCT/ US96/ 197X 721478 - 130C of a first canstruction el ent 100¢
grasps the body 120D of a second construction el enent 100D.
Because of the cylindrical symet HWUMOD of the second
construction el enent 100D, the IOH“\“LN“ml\ f the body 120C of the
first elenment 100C : can bevortented af any angle relative to the
pl ane midway between the petals 140D of the second el enent 100D.
In addition basin 132C all ows socket 130C to be connected to body 10
120D at an angle fromthe center_ axis of the bodg such that t hree

construction el enehl.s cbhe eonstruction sysiamnod claigsdd fughber sicludinga third construction

socket -t o- body, connections.. I n addition, | enent, na
scal | oped. ShoISTRAmFRINEL s LRI BRI 8 ForaP AUREamet ey, wherein'the fis

Second conat r GoriRORN st bt e EASHbelPrnd g IR ROl pRlochiBp be
the | ongi tudi @ﬁgﬁgﬁh&t&ftotﬂgﬁngogg 32196, of the first element 100C may | ock

at fixed orlentations re ative to the plane mdway between the
petal s 140D of the second el enent 100D.
10 20.  The construction system of claim 13 further including a third construction

element having first attachment means and a second attachment means wherein the first,
second and third construction elements can be interconnected such that the third construction
element can be artictllated to any location within the volume of a sphere.
15 |
21. A connection comprising:
a first jaw having at least two petals covering 2n steradians of a sphere; and
a second jaw having at least two petals covering 21’: steradians of a sphere;
20 ' '

wherein |
the petal§ of the first jaw interconnect with the petals of the second jaw to lock
the jaws together.
2‘5 :
22. A construction system comprising:
a plurality of construction elements including first and second construction
elements, each construction element having a body portion and a coupling portion extending
30 therefrom configured to interconnect with another construction element within the system;
wherein the coupling portion of the first construction element includes a
generally ball shaped structure which has a two dimensional array of surface features defined
thereon, and the coupling poruon of the second construction element includes a generally
35 socket shaped structure configured to receive the ball shaped structure, said socket shaped

structure having stationary surface means for releasably interlocking with said surface features

-29- THIS SHEET HAS BEEN
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The preferred design for the body 120 is cylindrical as shown in FIG 7.
O her designs 20 for the body are also contenplated as illustrated in
Fl Gs. 7A WO®IMRIA7S/C. By way of nanlimiting exanpl ECTYSIMAKI67A t he
body 120 is perforated. I'n FIG 7B_the body 120. has an |-beam

configuration. In FIG 7C the bod“ﬂ"ﬁ&ﬂmmmr’mar al l el cylinders 151 and
153 of different dianete y ' the scales of the system
so that three different scale jaws 25 * % ¢chn simultaneousl y engage

t he Pody. Simlarly the shoulder 160, see FIG 1, of the body can

have’ vari ous configurations. Shoul der 160 preferably is rounded, however
ot her designs are contenpl ated such as a neni scus shape 1221

shown in F : : ] ' abav, '

ocket -1 o- Stk 2 shahld sivetue to resst RTaFE MY Al e bk shalled s ang the
out er port kgyket Ghapel Sstiuciive Ien ME BalesHapedstuckdiReisOfecavid it ith€ sSORN shafide
are § conpl enmentary to the contours of the inner portions of the

| i ps 142f sttucursecond el ement 100f, and vice versa, so that the
petals 140e and 140f of two construction el enents 100e and 100f - 35 may

interlock with a distinct popping sound to forma conplete sphere, nuch as
hal ves of a tennis ball on oglﬁosite sides of the seamform a

sphere. In thi s¥socKefoRsYuciRn Bystem, AOBRKHITIBH '

-7 10 ‘a plurality of construction elements each having a body portion and first and

second coupling portions configured to interconnect with another construction element within
the system;
wherein the first coupling portion of each construction element -include a
15 generally ball shaped structure which has a predefined two dimensional array of surface
features. and the second coupling portion- of each second cpnstruétio_n element include a
generally socket shaped structure configured to receive said ball shaped structure of the first
coupling portion, said socket shaped structure havihg stationary surface means for releasably
20 interlocking the second coupling portion of one construction element with said surface features
of the ball shaped structure of another construction element when the ball shaped structure is
received in the socket shaped structure, thereby to resist rotation of the ball shaped structure
in the socket shaped structure.
25
24, A construction system as claim 22 above wherein the surface means of the
socket shaped structure and the surface features of the ball shaped sti'ucture are configured to
30 mate in a snap fit manner as the ball shaped structure is rotated in the socket shape-d structure,
thereby releasably interlocking. the first and second coupling portions of two construction

elements.

35 25. A construction system as claim 23 above wherein the surface means of the

socket shaped structure and the surface features of the ball shaped structure are configured to

— e
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WO 97/ 21475

- 97/21475 . . PCT/US96/19716
PCT/ US96/ 1971v the | ongi tudi nal axes of the bodies 120e and
120f of the elenents 100e and 100f are collinear, and the pl anes

bet ween the petals 140e and 140f of—the—twe—elenents 100e and 100f are 5
ort hogonal . No adjustnent of the oriﬁlmm' ﬁn bet ween the el ements 100e and

100f is possible. The el erne mnmﬁﬁm may be engaged and
di sengaged by a manual 'y applied for c Loy I n anot her type of

socket -t o- socket connection shown in FIG 8 the inner edges of the 10

| i ps 142g and 142h of the petals 140g and 140h of the two connecting

el enent s 100g naaelin a snap fit nifbr asiibe balhsidpehsnetreis mtgpisinahe souket sipped 4@ycture.
and 142h of the petals 140g and 140h of each el ement 100g and 100h
grasp the boditessetn2otleasably npggloging ke iy avdrigcends peunlipg Impahionsef two construction
100g. IR this connection the longitudinal axes of the bodies 120g and 120h

of the eIenenF@"@ﬂ? 100g and 100h are collinear, the planes between
the petals 140g and 140h of the two el enents 100g and 100h are
orthogonal . The orientation between the el enents 100g and 100h may be

adj ust ed somewhat by pu,{a 'cita.gggrah% %&@Mt ai&oi%gab%gg é«%g%hﬁ%gﬁﬂﬁé&qg%tgﬁegl}ftthe ball

ot her, applying ue to one elenent 0ro

about it 3 | onghipedi sidktud b coRfigaien! tsidefind imeriocking 6¥a66nst Br Ol the surface
Iongltudlnal axi's of one elenment 100g or 10h so it is no |longer collinear

means such that the ball shaped structure may be rotatably indexed from one interlocking

location to another by application of an external force.
15 27. A construction system as. claim 26 wherein the surface features and surface

means are configured to be unitary to the socket shaped and ball shaped structures,

respectively, with no moving pafts.

20
25

© 30
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e . 96/ p
with the ot her el ement 1' or 100g. The el enents 100g & %Exlr g B 1‘@9%
r op

engaged and’ di sengag'ed by a hehualby—apptied fo S ne” can

nover between the FIG % and FIL.& 8 ion without pulli ngk
apart %he s emll“‘s‘ u mﬁ pe of socket-to-socket .
connec%mnfés own 'F/r(]}Sé.?P%l 9 the el “ 420, 430,. 440, 450 and
460 forma chain 400 with the |ongi tudi nal axes of the el enents 410,

420, 430, 440WHAT I CI4MEDiI I8y copl anar and orthogonal to the direction

401 of the chain 30 400. This type of socket-to-socket connection 400
i's achi eved. by havi ng Aacénstrattiguesyateno tompfising:t el ement and a
seconddpetal of a second el ement | odged between the petals of a third

el ement . Fo fifs§tconsteuction elerpont having @ figst tatlechmeitt mpansdansb nasecond
412 of el enmen 410 and t he | efthand petal 431 of el errent 430 are

| odged bet welipchentmeanssand 1 and 422 of el ement 420 such t hat d f tEe
out si de surfaces of t e 431 cont act uter e t he
petals 412 and _ 45 % S%glé% ?ﬁ@eﬂﬁa ‘IMW atﬁ%& ég?ﬁ%ﬂp %eag @niﬁ‘ff’nd
420, and t he @hRlenCR@sss; sthe}éh? petals 421 WO 97/ 21475

pcT/ ust®/ 19716
at least one of the first attachment means or the second attachmen; means of the

first and second construction elements comprising a socket having at least two spaced apart

. petals configured to form a rigid spheroid when the petals of the sockets are interconnected. |
15

2. ~ The constructiont system of claim 1 wherein the other of the first or second -
attachment means is a second socket having at least two spaced apart petals configured to
form a spheroid wheén the petals of the sockets are connected. |

20 '
3. The construction system of claim 1 wherein the other of the first or second
- attachment means is a ball sized to fit within the socket.
25 ' _

4, The construction system of claim 3 wherein the first and second construction

elements include a body 'portion'positioned between the first and second attachment means.
30 S. The construction system of claim 4 wherein the construction elements further

include a neck portion positioned between the body portion and the ball.

6. The construction system of claim 3 wherein the construction elements further
35 include means for locking a position of the ball within the socket.
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Lo - ‘f 0/ ,L‘; I
and 422 contact the wal I.of cavities 415 and 435 of eI qtﬁgotggg
of nment 0

respectively. Simlarly, the right-hand petal
and the | éfthand petal” 441 of ﬁmmmqull”“‘] are Iodged bet ween the
pet al 3%96?9%’ /?SZ, % ment t e outside surfaces of

t he petal ﬁ cont act, the outer edges of the petals 422 and 441
contact the wall of" cavity 435 of elenent 430, and the outer edges
of the petals 431 andifIdngRBHACysteRfof\@Aihs6 vﬂa@rem the 166kirfghbdrs RnpASesit deast
445 of el enents 420 and 440, respectively. Thi's type of contact between

pet al s cont bfiedétetoin thsodiengthichoéngabes atliaast o4 dimpledn ausubfase of dierbadl00 can
clear$y be extended i ndefinitely. The geonetry of the petals
411,412, 421,422, 431,432, 441, 442, 451,452, 461 and- 462 (to be
referred to coIIectlver W|th he reference numeral, 411 +) is such that the
crests 15 (%ot |Tahs=e1=<§t$trmqv Fystem of Claimy Arpyhereintherp|ate agplurglity gE dimplgs
edges of the g%ég 6§a1? Hf{tSl de the socket cavities

415. 425, 435%% 38 &, Hd%' PRSP chai n configuration 400 permts sone
rotation of the elenments 410, 420, 430, 440, 450 and 460 perpendicular to
the pl@ne of the el ements 410, 420, 430, 440, 450 and 460, as wel |
as some rotationgin 1R haARSH systieh SOclaim 3 TR WchudiiOa thiriondARtioft 4fbment
450 and 460. In an alternate enbodi mrent of the present i nvention,
detents at hheingdiinst attechneatimeais aid sdtend uttactoient undans @shetdin tthe fipst] sdcond nd

and 431, 432 and 451, 422 and 441, and 442 and 461 stabilize the
chai n conf i thirdaeonsruction elements can be interconnected such that the third construction element can

15 be articulated to any location within the volume of a sphere.

10.  The construction system of claim 3 wherein the socket is configured to provide

af léast 27 steradians of movement for a ball and socket connection between the first and

20 second construction elements.
11.  The construction system of claim 3 further including a third construction element
’s having a first attachment means and a second attachment means wherein the first construction
element and the second construction and the third construction element can be interconnected
i to form a closed loop.
30 12.  The construction system of claim 2 wherein said sockets are configured to form
a connection with said body portion.
35
; -27-
REPLACEMENT SHEET

0 4 FEB 1998

AMACAIPESD QUIERT




Yet a fourth type of so n i /U&gﬁ/llrﬂ 716
FIG 9A 25 - const ctlon el e and 520 are
construction el ement 530. | n “uml Ili nfiguration Ja %ﬂygf eéFé'nEB( 1998

510 is attached to petal 550 imlarly jaw 560 of
el enedt 529630P @Efﬁge"féé 1to pet aI 570 of el ement 530. In this configuration

petal 550 30 i's in between the petals of jaw 540 and petal 570 is in
bet ween the peta

k@ of , j aw 56‘3:8 ] connection is referred to as a
pendul um connect Bn tf%é’ﬁ %Pﬁ‘ém SHHISRE 520 swi ng freely

| i ke a pendul um about éeagg
enbodisment of the bas gﬁ %%%@s?ﬁ%@ﬂ%leﬁ%g%%\{mﬁ fOBO%‘ poﬁlg npiéemseng gﬁ@ socket
i nventi on i Sofhkdt degni@,ﬁé@@ﬁ(ﬂ;é y@ay Portibfe 10 and in cross-section in FIGS.

11 and 12. This construction el ement 1100 has the sane desi gn as

t he construction el eraalecthOcmbmwuomnelement having a body portion and at least one ball
-19- WO 97/ 21475
PCT/ US96/ 19 tegnector extending from said body portion;

10  said socket having means for receiving the ball and is configured to provide at
least 27 steradians range of movement between the first and the second construction elements,

said socket further including at least one detent for temporarily locking the ball within the

socket.
15
14.  The construction syétem of claim 13 wherein the means for receiving the ball are
at least two spaced apart petals.
20 15.  The construction system of claim 13 wherein the detent is positioned within the
socket and engages at least one dimple in a surface of the ball.
’s 16.  The construction system of claim 14 wherein the detent is positioned in the socket

and includes means for receiving a protrusion from a surface of the ball.
. 17.  The construction system of claim 16 wherein there are a plurality of protrusions
30 on the surface of the ball and the detent includes means for limiting rotation of the ball within
the socket.

18.  The construction system of claim 13 wherein said second construction element
35 further includes a socket connector having two spaced apart petals configured to form a

spheroid when the petals of the first and second construction elements are interconnected.

..
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FIGS. 1, 2 and 3, except at

enent .
and 12-has a "f"8xi - neck” 1150 1 ocated between 4 a TO b
the body 1120, and either a si jﬂ:lllltﬂml!m”lllll”“'e 1138 or two detents 1139
in"the interior of the socket ck 1150 has a

centrdl aRMACRCTGSLRASLh is symétric Bbout the |ongitudinal axis of the
body. and is connected by narrow necks 1157 and 1 153 to the ball

1110 and body 11 /f Be tlvelé{s} 10 narrow necks 1157 and 1153
(or possibly the ant it § 1o, HhC%‘PB%H& 1100) are nade of a
flexible material, syc S r L f_a ond ele

of thiks type 1100 4 ﬁr& co?‘é%@ﬁeﬁg%gﬁtm‘}éafl rdéﬁ ggﬁlﬁ&?’lﬂcgfgﬁ?me%ﬁéﬂ c

1100 by a babhnedith poSitibRdd bif i bodyor@dd;ent ati on of the second

el enent is sonewhat adjustable evén whil'e the detents 1138 and 1139 in the

15 socket 1 130 af sédond soastrudtich @lenint hkQthgr @rwdysmrﬁoﬂldml &Sleddtlend Ball
the ball 1110 of the first construction elenent 111

'Because of thanegtosieytendingtfnem saiddody qortion; @hdément s 100 and 1100 is the same
except for the flexi-neck 1150 and the additional detents 1139, all
the types of intercorfngitd 6‘?@“261011 clement having a sy eattashmeniomeansy, amd @Ssecond

Constr uct i oAUPEH e erin BE e, SoPTacton sement a5k the Soeapl Sopekuopips and ihe
ar e connect S0 CorfciotclBfEn o HehlerchphPessd e e A MRl 15,5 G2 Societ

1130 can be | odged between the annul us 25 1155 and the ball 1110 to
provi de additional stability to the connection.
15 20.  The.construction system of claim 13 further including a third construction

element having first attachment means and a second attachment means wherein the first,
second and third construction elements can be interconnected such that the third construction

element can be articulated to any location within the volume of a sphere.

20
21. A connection comprising:
a first jaw having at least two petals covering 2n steradians of a sphere; and
55 : a second jaw having at least two petals covering 2w steradians of a sphere;
wherein
the petals are configured such that the petals of the first jaw interconnect with
the petals of the second jaw to rigidly lock the jaws together.
30
22. . .A construction system comprising;:
a plurality of construction elements including first and second construction
elements, each construction element having a body portion and a coupling portion extending
35 'therefrom configured to interconnect with another construction element within the system;
REPLACEMENT SHEET >
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In an alternate enbodi r‘t shown in cross-section E_ ?@!n@f&é&@a

ext ends : bet ween the meni scus shoul der 1221 og%EB/ %
en t.he ball

bal | 1210 As with the ”ummlm u{j FI GS.

ﬁég teiqqiga‘;lélg(%ﬁ’/%@znbgglthe sot!g’!mgsgguor 1130 can E)g ?ozgggeit n%go-t (r)\;
creV|ce.1252 between the shoul der 1221 of the body 1220 and the ball 1210
to provide vfddihl @i@%u?hﬂ? | drtidn (dF HHRCAFPBREHIcRRN elﬁéent includes-a

As a part of formng a systemfo construction el enents.

cylindrical éﬂéﬁﬁﬂgm shaped structureR@iéh BasCawid MimeHatorab b of b fite tBAUTeR H2Eied
of th®# body as shown in FIGS 14 and 14A

- 20- thereon\\@né the tduflling portion of the second construction element includes a generally
PCT/ US96/ 19716 Cavity 2000 is a gener ally U shaped housing
havi ng | i psseukeb shaned Ameturereonfiguaidhionggceine the ball shamdrmwm,usexd sacketeshaped

2030 and 2040 as shown | FIl G

0 f
structure Dt acine Qti:l

aving at east one ]detent or relteasa%?y interlocking wi r;gl((j] surface features of

10 the ball shaped structure to temporarily resist relative rotation between the ball shaped
sfructure and the socket shaped structure When the ball shaped structure is received in the
socket shaped structure.

15 23. A construction system compfising:
a plurality of construction elements each having a body portion and first and
second coupling portions configured to interconnect with another construction element within
the system;
20 wherein the first coupling portion of each construction element include a
generally ball shaped structure which has a predéfined two dimensional array of surface
features, and the second coupling portion of each second construction element include a

generally socket shaped structure configured to receiye said ball shaped structure of the first
2 coupling pbrtion, said socket shaped structure having at least one detent for releasably
interlocking the second coupling portion of one construction element with said surface features
of the ball shaped structure of another construction element when the ball shaped structure is
30 received in the socket shaped structure, thereby to resist rotation of the ball shaped structure

in the socket shaped structure.

35
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. o | HOTI Y 0f 12 Lo
5 any type of co ruction elenent, such *as’ oheY h t _so,ck% _
2050 and 2060 (FIG 14). two “bal I's 2070, 2080 GrprghA Bl & Banat

one, socket” 2100 as seetf in Fl G”“t“tmlu“mumumlp As a part of providing
avcorrpLétc;ggQ?)tr {c}é @it or Mioses, ot her system
conporent £98¢% &# w ed by t'he®préseht_invention as shown in FIGS. 15A -
t hr ough 15C. In FIG 15A a square elenment 2500 is illustrated
havi ng balls 251 2520 . an . RQSL4 I on h

of 'the square. AZen b SRR otpm gs clain 2 hil er R iR MeRP Gla B fyce

adj acent paif@aflaéest@é the lb"aﬂ shagéd%c&wwed&ng?ﬁ&a&s%g Fhuﬁ%aa;js‘ﬁi anRér 2@k RN

constrauction el enent™ (not shown). G 15B 1| strates a triangul ar
el enment 260Qhised shtictatd isTottetOin tBE636cket shaped stradttre? GREebyasicasabie thtéiockaidithe
corner of the triangular element. Simlarly, a semcircular rim

portion 264firssambsécond ceuplingt purtonseafttwoachnatrectionpsiements. bal s to provi de
an additi onal connection |l ocation for the socket of an additional
construction el enment (not shown). The 20 triangul ar el enent 2600 and

t he square el ene be desi gned suc

2500 can h.that a pall fro
anot hego const r uctson %&W%Sw 3% TP ARANReWRET ‘He&ﬁéﬂ%‘t 3pd the, surface
corners of g t 5 600.~ F 5C.s agscircul ar
Conetr veti orfeBEALT s bl shapstSeRE afedtihsiehied to8ote R4S £ WiebiibPhe the bal
around t he %'fgpg,ﬁk?ﬁg-t ' gﬁg%;g L di | :
connecti on F%(E:l t1on orlsalla?ct)ﬁ{élfmg%% diti o%gpﬁ%eg%b?i o%‘%ﬂyrre%#tégqc rll%% the

shown) . Ct hefirst and second Shaplafy RirfoRoOst @RPLeHsedctR@SHdgesquar es, triangl es
and circles. The plates as shown in FI GS. 15A through 15C can

alternitively have notches on the side that would pernit balls to

26. A construction system as claim 25 above wherein the surface features of the ball
shaped structure are configured to define interlocking locations for mating with the detent

such that the ball shaped structure may be rotatably indexed from one interlocking location

20 to another by application of an external force on the ball shaped structure.
27. A construction system as claim 26 wherein the surface features and the detent
05 are configured to be umtary to the socket shaped and ball shaped structures, respectively, with
: no moving parts.
30
35
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30 be inserted, as well as having a hole in the center for the

insertion of a ball. I n addition the systempggiydsgnsnal ed
with a re¥t¥21&enent as shown in FIGS. 16A through 16C. FIG 16A
depi cts reducer el enent 3000 having balls 3100 and 3200 of different

scales. FIG 16C illustrates reducer el ement 3300 havi ng sockets 3400 and
3500 of different 35 scal es and FII&1816C il lustrates reducer el enent
3600 having ball 3700 and socket 3800 of different scales. The

preferred scaling ratio is the Fi bonacci progression (gol den nmean
-21 - WO 97/ 21475

PCT/ US96/ 19716 1 = 1.618x) with three scales preferred. If
t he Fi bonacci progression is based on volune of a ball, the
growh is x[err], but if based on elenent length, the gromh is x[err].
There can be a "~ nunber of scales and the ratj,0- between the scal es

could be random Cartesian. root nean . ~ .QQ




squaréd or harnonic for different nodeling purposes. PCT/US96/19716
Constructi oW@®Y&HM s exist in polar coordinates that indicate integer or

| esser changes 10 in gromh of the sy%em and 3-di nensi onal space.
These pol ar relationships are realized whér the parts are in
notion. Consequently, three equal length parts when attached in a line .
(bal l and socket connection) can be noved such that the center of
the ball at the end of the three connected parts can touch any
point within an imagi nary sphere which radius is equal to the 15

di stance between the center of the ball and the center of the socket (the

center of the socket is determned by the center of an imaginary
ball placed in the socket). Also, branchjng parts (parts with at
| east three balls, jawst%h any conbi nat+on there have a central radially
symetrical point/locus ich pla bal | s oQ.an orbit 2O;HIBY{ hat i ng
froma point of origin. 28 particul ar scal ,8@%@ s are
designed so that they |aysout on th an gri 1, 2, ogogoo 3, 4
...). For exanple, the ts wit y and opre’ socket o r1ferent

| engt hs. but magse l'en based o i npl el/c n ratio.
This permts. building - made ructures suclf as a cube or a
house, as well as other oMgani costr@ctures. O her enbodBr&ts of the 25

system coul d lay out the parts @n d-f f er ent grids |ike karfionic, root nean
squared and FiLbonacci series. The construction

el enents preferably are uf actu two hoM~ew hal ves sonic- 30
wel ded toget her. Hol | ow~alenent ’o P \ e i nseMmhon of ;

- R
sound chips. etc., ".
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wi thin individual construction elenments. Al the construction elenents can

be made of_ several parts assenbl ed together, theeTasseeris
nanufactuﬁ@ﬂgaghﬁssingle part through in-nold assenbly. I n- ol d
assenbly allows for multiple colors and3/téltiple materials per part. It

al so all ows 35 for nmoving parts such as a spinning ball or

t el escopi ng bodi es.

-22- WO 97/ 21475

PCT/ US96/ 19716 Al t hough the construction el enents of
the present invention have been preferably depicted as having-

cylindrical bodies, the bodies of the elements can al so be shaped or 5
decorated to resenble plants, animals, man-nade objects or the |ike or be
made of al nost any material |ike rubber, metal, foam or plush.

Al ternatively, the bodies may have the shapes of bones, branches,
banboo sections, bricks, the electron clouds of atom c bonds, etc. This

FIG.2 .
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10 " exenplifies the open design of the systemthat perm tgcpissabrRNY
materi al or WedHto take the place of the cylindrical body, which
anong ot her things, permts the systemto be used as a platform
toy to integrate |licensed properties and tg/1% marketed as toys other than
a bui l'ding toy. The construction el enents of the present invention
can be used for architectural 15 or engi neering purposes, or to
construct tenporary, sem -permanent or .pernmanent structures. In
addition, the socket section nmay be decorated to resenble the head of an
animal, e.g., by having a pair of eyes painted on or nolded into
one side of the jaw, or the could b repl aced with a head or
ot her object. 20 :§§§ & B eME i ption contains nany
specificities, these should as limting the scope
of the invention, but as ner ns of some of
the preferred enbodi nents of g ations are possible
and are to be consi cewgd Wi t h[P of t he present

invention. For instance: th ody of (e construction el enments
need not be el ongated or cylindrical; s need not have di npl es

and/ or the socket need not have a dete su,that the relation of two

el enents i nterconnected by a bé I-Tiisocket connection is
continuously adjustable; a socket nay emy ftave two detents, 30 for
instance with one detent |oc on each petal; a socket may have nore than
three detents; t he d?éifes on a_kai 3 be arranged as

speci fied above; the dinples be ve {/ \ [ dsely spaced so that
small, well-controlled reorieeﬂgtions ket connection can

FI

FIG.2B

FIG.2A




be made; a socket may have a spring-loaded pin to |lock the orientation of a
ball; a cotter pin 35 may be used to lock a ball inp ' ockeft ;
means nay WRIIANE ded to apply inwards force to tkgeﬁ’é?g}”g"‘;f a
socket to fix the orientation of a balls/ygthin the socket; for elenents

- 23- WO 97/ 21475

PCT/ US96/ 19716 I nterconnected by any of the above-descri bed
socket -t o-socket connections, the relation ' bet ween el enents may be
adj ust abl e; the body of an el enent may have | ongitudinal ridges so

t hat when anot her elenent is connected to it by a socket-to-body

connection, the orientation of the other elenent may | ock at a
plurality of discrete angles; the body of a first elenment may have
| ongi tudinal ridges and may be free to rotate relative to the ball and
socket, so that when 10 one . iffsgfitional el ements i s connected-

to the first element by socket-t




connections, the orientation of the additional elenents |ock gbrayspéigrasity
of discrete W@AT24475 relative to each other, and the additional

el enents may be rotated about the axis of symetry of the body of
the first elenment; the body of an el enent &fd§ have a transverse ridge at
each 15 end so that when another elenent is connected to it by a
socket -t o- body connection, the other el enrent cannot slide off the
ends of the body; the neck connecting the ball to the body may

have an elliptical or other cross-section rather than a circular cross

section. and the major axis of the ellipse may have a | ength equa
to the di stance between basins on opposing petals of 20 a socket so
that the neck can be | odged between the jaws; the neck between the ball and
t he body of an el enent may have ot her cross-sectional shapes, such
as square, triangular, rectangul ar, star-shaped, or '

asteri sk-shaped; the construction set need not include elefepts of

nore than one size scale and need not include é&enmentg~Hayidgdoynect ors of

nore than one 25 si ze scal e; constructfan ge ey Dy e
t hrough-bores to | ower the wei ght of the el enent
receptacles for elenents of a smaller scale; eIeneﬁ?
| ongi t udi nal bore so that a chain of eleg
end-to-end can provide a conduit for fluids, 30

mar bl es, etc.; elenents nmay be constructed of netal uss or

t he i ke, elements may be fabricated from PN = mat eri al

such as netal, and may be di vi in pas : SN ocH | arie passing

through the central |ongitudinal axis an ocayed nﬁs¢@ﬁ7 bet ween
. : 7 A .

the jaws, so that when a netal ball is placed/agtween N aws of an

el enent. and the /




35 ‘ two halves of the elenent are secured together, the ball cannot be
renmoved; a clicking sound may be produced when a haliisdeti9716
reori ent eWOR7348pcket; el ements may be adapted to function

- 24- . WD 97/ 21475

PCT/ US96/ 19716 as a whi syie, wind instrunent, keyboard

i nstrument, and/or percussion instrunment; the set of construction
el enents may be adapted for use as an ani mati on object or an animation

skel eton; 5 the el enents may include an additional system of
connectors, such as nmagnetic connectors; the set of construction

el ements may include wi ngs, wheels and axles; |arge construction

el ements can be bl ow nol ded to keep the weights of the elenents within
reasonabl e bounds; 10 the balls may be faceted instead of dinpled
ball, body and jaw can be nmade separately and’ _ t hen assenbl ed and
_reassenbl ed based on consuner's needs; etc.




Many ot her vari%;li“gl)ns are also to be considered within the scapgyueds/iohss
present. WO3 Tnvention. Thus the scope of the invention should be

determ ned not by the exanples given, 158/19 herein, but rather by the
appended cl ai ns and their equival ents. 20 25 30
35




- 25- 29620- PCT/ GSL/ P461 VWHAT |S CLAIMED | S:
1: A construction system conprising: 5 §9ﬁ§ﬁs
construct i@ 9%RETENt having a first attachnent neans and a PR 8

attachnent neans; and g9/182 second construction el ement

having a first attachment means and a second 10 “attachnent neans;
wher ei n at | east one of the first attachnment neans or
the second attachnent neans of the first and second construction

el enents conprising a socket having at | east two spaced apart
petals configured to forma r|g|-l31n; d when the petals of the sockets

are interconnected. 15 C3 e construction system of claim
1 wherein the other of the fi attachnment nmeans is a

second socket having at |east t g3 petals configured to
forma spheroid when the petals ol are connected. 20

3. The construction system of the other of the first or
second attachment mean€N's a sized to fit within the socket.
: -
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25 4. The construction system of claim3 wher g} h¢ St
and second cW®21€1S on ‘el ement s ijgg{gide a body portiggﬁgiggﬂgi&’gf]ed
between the first and second attachment neans. 30 . 5. The
construction systemof claim4 wherein the construction elenents further
I nclude a neck portion positioned between the body portion and the ball.

6. The construction systemof claim 3 wherein the construction el enents
further 35 i nclude nmeans for |ocking a position of the ball within the
socket . ' - 26-

29620- PCT/ GSL/ P461 7. The construction systemof claim®6
wherein the | ocking neans conprises at | east one detent in the
socket which engages at |east one dinple in a surface of the ball. 5

8. The construction systemof claim7 wherein there are a plurality of

di mpl es arranged in a Bucky Ball pattern




10 9. The construction systemof claim3 further including
a-third construction el enent having first attachnme d -
second at t¥OARBH’Sneans wherein the first, second and !cﬂ@%?ﬁ%ﬂe
construction elenents can be interconnected such that the third

construction el enment can 15 be articulated to any |location within the
vol unme of a sphere. 10r1/38he construction system of claim
3 wherein the socket is configured to provide at least 2[err]

steradi ans of novenent for a ball and socket connection between the first
and 20 second construction el enents. - 11. The
construction systemof claim3 further LEL[CGQ, a7jzﬂ4d construction

el enent having a first attachment neans and a second attachnent

means wherein the first constru tgz 25 el enent and t he second
construction and the third const'r i nt er connect ed

to forma cl osed | oop. 30 Gt i on system of
claim?2 wherein said sockets are con <\ a connecti on
with said body portion. 35 @) - 27-

' ' Z./




29620- PCT/ GSL/ P461 13. A construction syste YWyTel
a-first conswPWRIBA el enent having a body portion and at Ie2%§8@ﬁ%¢§g§ket

5 connector positioned on the body portion; a
second construction el enent having a bodylptt&ion and at |east one bal
connector extending from said body portion; 10 sai d

socket having neans for receiving the ball and is configured to provide at
| east 2[err] steradi ans range of novenent between the first and the second
construction el enents, " said socket further including at |east one
detent for tenporarily locking the ball within the socket. 15
14. The construction systemof claim 13 wherein the neans for receiving
the ball are at | east two spaced apart petals. 20

15. The construction systemof claim 13 wherein the detent is positioned
within the '




socket and engages at | east one dinple in a surface of the ball. .
16. The c¢on t%% ion system of claim14 wherein the detentpdguiabiiconed

in the sodk&?” and includes nmeans for receiving a protrusion
froma surface of the ball. 13/18 17. The construction system
of claim 16 wherein there are a plurality of protrusions 30 on the
surface of the ball and the detent includes neans for limting rotation of
the ball within . t he socket. 18. The construction
systemof claim 13 wherein said second construction elenment 35 further

I ncl udes a socket connector havi ngjr éo spacg part g tals configured to
forma - spheroi d when thé&fgtals o e fi4 and second
construction el enents aFr{Ger nnegt ed. _ 1 0620- PCT/ GSL/ P461
19. A construction systerh CONDTIi si ng« T > a first
construction el enent haviﬁg body p@es S8e socket
connector positioned on the dy porid 1




a second construction el enent having a bod ortion and at le I
connect or eX¥WerARMISfr om sai d body gortiony gnd 10 ﬁé&n%gaj;é$
third construction elenment having a first attachnment nmeans and a second
attachment means wherein the first constrbttli®n el ement and the second
construction and the third construction el enent can be

I nterconnected to forma cl osed | oop. 15 20. The construction
systemof claim 13 further including a third construction el enent
having first attachnent neans.-and a second attachnent neans wherein the
first, second and third construction elenents can be interconnected
such that the third construction el enent can be articulated to any
| ocation within the volune of a sphere. 20 21. A connection
conpri si ng: ~a first jaw having Qiileast two petals
covering 2[err] steradians of a sphere; and AN a second
j aw having at |least two petals covering 2[ ek 'steradi an¥X of a sphere;

wher ei n .the petal s are™on{i gured suc at the petals
of the first jaw interconnect with t e&ﬁetals of £h e&qnd jaw to
rigidly lock the jaws together. 30 §§ 22. co r§&gion
system conpri si ng: 45\ iE& of ¢gonst ¢ uction

el enents including first and second const i/




-

el ements, each construction el enment having a body- portion and a coupling
portion extending 35 therefrom configured to interconn .%ﬁb ot her
construct WR%ERMAENt within the system 29620- PCT/ G%E#Igﬁgg e
wherein the coupling portion of the firgi,gonstruction elenment includes a
generally ball shaped structure which has a two di nensional array of
surface features defined t hereon, and the coupling portion of the
second construction elenent includes a generally socket shaped
structure configured to receive the ball shaped structure, said socket
shaped structure having at | east one detent for rel easably
interlocking wth said surface features of 10 the ball shaped
structure to tenporarily resist relative rotation between the ball shaped
structure and the socket shaped structure when the ball shaped structure is
received in the " socket shaped structure. 15 23. A

construction system conpri sing: 134@Qurality of
construction el enents each hayiywgya 'b(E;/_[th.i fin lnd fifrsy1ao
second coupling portions configuyfed to N connect wit anqtﬁ?é
construction element within 2() : .
g ‘ géﬁl ncl ude a
' si onal

wherein the first couplin Do

generally ball shaped s _ /}0 ;

array of surface : -;W d4ion of each
¢

second construction ele ’% oG oekEThl BP e¥4shaped
structure configured to,[® J‘i/ SALESLL DS & ;4: the first
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25 ) couglin portion, said socket shaped structure having at |east

one detent foYOPHRMISab!y i nterl ocking the second couRfFT/HSP6HBTISI on
of one construction element with said surf Fifeatures of the bal
shaped structure of another construction el enent when the ball shaped
structure is 30 received in the socket shaped structure, thereby to
resist rotation of the ball shaped structure I n the socket shaped
structure. 35

- 30- 1 29620- PCT/ GSL/ P461 '24. A construction

system as' cl aim 22 above wherein the detent and the surface

features of the ball shaped structure are configured to nmate in a snap fit
manner as the ball shaped structure is rotated in the socket shaped
structure, thereby rel easably interlocking the first and second
coupling portions of two construction el enents. '




10 25. A construction systemas claim 23 above wherein the
detent and the surface features of the ball shaped sk are °
confi gured”PP"H4’8 in a snap fit manner as the ball ﬁEs'ﬁlapeggﬁ6
structure is rotated in the socket shaped structure, thereby rel easably

I nterl ocking the first and secoqgé%pupling portions of two
construction elenents. 15 A construction system as

cl ai m 25 above wherein the surface features of the ball shaped
structure are configured to define interlocking locations for mating with
the detent such that the ball shaped structure nay be rotatably

I ndexed fromone interlocking | ocation 20 to another by application of
an external force on the ball shaped structure. 27. A
construction systemas claim26 wherein the surface features and the detent
are configured to be unitary to the socket. shaped and ball shaped
structures, respectively, wth 25 no novi ng parts. 30 35
-31- : .
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