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The subject matter of this application is related to

U.S. Patent No. 5,199,919, granted April 6, 1993, and to

5 U.S. Patent No. 5,137,486, granted August 11, 1992, and to

U.S. Patent No. 5,061,219, granted October 29, 1991. The

disclosures of said U.S. patents are incorporated herein by
reference.

Backaround and Summa;x_of the Invention
10 Therabove mentioned patents disclose a novel form of
construction toy system which is comprised of a plurality
of rod-like strut elements and a plurality of hub-like
ccnnectcr elements. - While reference should be made to the
prior patent documents themselves for full details of the
15 disclosure the earlier documents deal generally with a
novel form of strut and connector which are configured to
allow lateral, snap-in assembly of the strut ends into
sockets formed in the connector elements by pairs of
gripping arms. The ends of the strut elements, and the
20 gripping arms of the connector elements are contoured such
that, when the parts are snapped together, the struts are
gripped and held firmly against both axial and lateral
movement in relation to the connector elements. This
unigque configuration of parts, as explained in the above
25 mentioned patents, enables the construction of complex,
coherent skeletal'stfuctures.

Many of the st*uctures possible'to assemble using the
struts and connectors of the above-mentioned patents can
involve moving parts. By way of example only, it is

30 possible to construct ferris wheels, carrousels, elevators,
cranes and. the like, all providing for driven motion of
certain components. An advantageous and highly simplified
motor mount structure can be incorporated into a coherent
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such structures and enabling convenient, motor-controlled
operation of movable elements of such structures. The
lateral spacing between the respective <tubular guide
members of the motor mount corresponds precisely to the
center-to-center spacing of a pair of connector elements
joined by a strut element of standard length oriented
transversely of the axis of the tubular guide members and
engaging connector element assemblies to which the struts,
supporting the motor mount, are engaged.

‘Associated with the motor mount arrangement is a
series of gears, arranged in a novel manner to be driven
by an electric motor carried in the motor mount, and
adapted to be supported by standard strut elements,
utilized throughout the construction toy system, and by the
use of standard connector elements used throughout the
construction toy system. The. gears are adapted to be
mounted for free rotation on a strut element, but can be
fixed for rotation with the struts by means of special
drive blocks, known from the before-mentioned U.S. patents,
which grip non-circular portions of the strut elements and
are provided with laterally projecting lugs, received in
correspondingly 1located recesses within the gears.
Utilizing a standard pinion and gear set, it is possible to
construct, within skeletal framework of the construction
toy, gear drives of a variety of speed and mechanical
advantage combinations, to provide for motor driven
actuation of a wide variety of constructed devices.

In the new ccnstruction toy system, a plurality of
connector elements and a plurality of rod-like struts are
assembled by snap-in engagement-to form a coherent skeletal
structure wherein the struts aﬁd connector elements are
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engageable to form elemental structural units in the form
of isosceles right triangles. The struts are provided in
a graduated progression of-lenghts, in which the struts of
one length are appropriate to form the hypotenuse side of
an isosceles right triangle in which the base sides are
formed by struts of the next smaller length. Incorporated
in such a skeletal structure is a gear mechanism comprising
one or more pinion gears of equal size and one or more spur
gears of equal size adapted to mesh with similar spur gears
or with pinion gears. The respective pitch diameters of
the pinion and spur gears are such that the center-to-
center spacing between the meshing pinion and spur gears
equals the center-to-center distance between a pair of
connector elements joined by a strut element of a first
predetermined length, and the center-to-center spacing
between a pair of meshing spur gears equals the center-to-

center distance between a pair of connector elements joined
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by a- strut of a length next greater in the size
progression. The pinion and spur gears are rotatably
mounted by strﬁt elements, but can be locked for rotation
therewith by means of drive elements adapted to grippingly
engage the struts and to have driving engagement with the
spur and pinion gears.

For a more complete understanding of the above and
other features and advantages of the invention, reference
should be made to the following detailed description of
preferred embodiments of the invention and to the
accompanying drawings.

Description of the Drawings

Fig. 1 is a side elevational view, partly in section,
of a coherent structure, assembled with struts and
connector elements as dlsclosed in my prior patents and
incorporating a novel motor’ mount and gear drive
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Fig. 2 is a cross sectional view as taken generally
on line 2-2 of Fig. 1.

Fig. 3 is a cross sectional view as taken generally
on line 3-3 of Fig. 1.

wm

Fig. 4 is an end elevational view of the structure of

Fig. 1.

Fig. 5 is an exploded perspective view showing the
new motor mount structure and the manner in which it is

10 combined with strut elements for incorporation in the
structure of Fig. 4.

Fig. 6 is an enlarged, fragmentary perspective view

illustrating details of a connector element incorporated in

the structure of Fig. 1.

15 Figs. 7 and 8 are exploded perspective views of
specific forms of connector elements which may usefully be

employed in the structure of Fig. 1.

Fig. 9 is a perspective view of a drive block element
for engaging a gear or other rotary element for fixed

20 rotation with a strut element.

Fig. 10 is an elevational view of the drive block of

Fig. 9, illustrating the manner of its engagement with a

strut.

Fig. 11 is an elevational view of a simple structure

25 of struts and connector elements, employing struts of two

graduated sizes and illustrating an advantageocus size
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Description of Preferred Embodiments

Referring now to the drawing, Figs. 1-4 illustrate a
coherent skeletal structure assembled from a plurality of
strut and connector elements of the type described in my
above patents. It is to be understood that the specific
structure shown in the drawing is only for purposes of
illustrating the principles of the invention, and the
structure may in practice take any one of a'variety of
forms, of various levels of simplicity and complexity. The
illustrated structure 10 is of generally rectangular
configuration and is provided at each of eight corners with
connector assemblies 11 (or 1lla) which, for purposes of
illustration, may be of the type shown in Fig. 7 (or Fig.
8), wherein each of two connector elements 12, 13 (or 12,
13a) are joined together in nested relation and at right
angles providing sockets, generally designated by the
reference numeral 14, for the reception and engagement of
structural elements extending in two richt angularly
related planes.

The individual connector elements are provided with
radially disposed pairs of gripping arms 15, 16 forming
strut-receiving sockets 17, as shown in Fig. 6. Outer
portions of the gripping arms are formed with axially
disposed grooves 18. Adjacent to but spaced from an inner
end wall 19 of the socket are transversely disposed ribs
20, which project into the recess space and extend
transverse to the axis defined by the grooves 18.

Strut elements employed in the construction toy
system are of a standard configuration, but are provided in
graduated lengths according to a predetermined length
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progression such that each next larger strut length is
appropriate to enable that strut to serve as the hypotenuse
for an isosceles right triangle constructed utilizing
struts of the next-smaller length as the base elements. At
each end, the struts are formed with a region 21 (see Fig.
4) of cylindrical contour, an annular groove 22, and an end
flange 23. The end portion of a strut element can be
joined with a connector element by a lateral snap-in
assembly motion. The connector elements desirably are
injection molded of structural plastic material, such that
the gripping arms 15, 16 may deflect outwardly ¢to
accommodate the lateral snap-in assembly, after which the
gripping arms snugly engage and grip the end of the strut,
with the strut being held firmly in axial alignment with
the socket 17 by the arcuate grooves 18, and being
restrained against axial movement by the transverse ribs
20.

In the illustrative structure of Figs. 1-4, the
several connector assemblies 11, located at the corners of
the structure, are joined top to bottom by vertical struts
25 at each of the four corners. Spaced-apart
longitudinally extending struts 26 Jjoin connector
assemblies front to back at the bottom of the structure,
and transversely extending struts 27 join connector
assemblies side to side at the top of the structure and
also (strut 28) at the bottom of the structure, at one end.

For reasons that will become evident, the upper
connector assemblies 11 are connected in a longitudinal
direction not by a single unitary strut element but by an
assembly comprising a centrally positioned connector
element 29 and short strut elements 30. The 'combined
length of the struts 30, and the central connector element
29 with which they are engaged, is identical to the length
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A motor mount is provided, for incorporation in a
coherent skeletal structure such as shown in Figs. 1-4,
enabling a small electric drive motor to be incorporated
into the system for operating movable elements. The motor
mount arrangement, shown best in Pigs. 1, 2 and 5,
comprises a unitary plastic injection molded main housing
part 31, which comprises a pair of spéced—apart, preferably
tubular guide members 32. These are rigidly joined by a
connecting structure 33 which, in <the illustrated
embodiment, may be in the form of a platform-like web. The
guide members 32 are spaced apart a distance equal to the
lateral spacing between struts 26, extending longitudinally
between connector assemblies 11 at the lower corners of the
coherent structure (see Fig. 2). The guide members are
provided with internal tubular passages 34 adapted to
Cclosely receive the strut elements 26, which are configured
to have a substantially uniform circular cross sectional
envelope throughout their length..

To advantage, the length of the tubular gquide members
32 is related to the length of a selected-size strut 26
received within the tubular passages 34, such that only
short, predetermined end portions of the struts 26 project
from the opposite ends of the guide member. When the ends
of the struts 26 are snapped in place in the lower
connector assemblies 11, the end surfaces of the tubular
guide members abut or lie closely adjacent tc the ends of
the respective gripping arms in which the struts 26 are
engaged (see Fig. 1l). Accordingly, the unitary motor mount
31 is effectively locked against longitudinal movement
along the struts 26 on which it is mounted. In some cases,
where it was necessary or desirable to support the motor
mount 31 on the struts of greater length than the struts 26
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Fig. 3, could be applied to the strut elements at one or
both sides of the motor mount guide members, in order to

retain the motor mount in a predetermined axial position
along longer struts.

As shown in Figs. 2 and 5, a hollow cylindrical
housing 35, forming an integral part of the motor mount
unit 31, is rigidly carried between the guide members 32.
For this purpose, portions of the motor housing are
integrally associated with the structural web 33, and also
with strengthening flanges 36, which extend from the guide
members 32 to the sidewalls of the motor housing.

The motor housing 35 is adapted to closely and snugly
receive a small electrical motor 37 having an output shaft
38. The motor mount housing 35 is provided with a
generally closed end 39 and an open end 40. The motor 37
is inserted through the open end 40 of the housing, and its
shaft 38 is allowed to project through a central opening 41
provided in the otherwise closed end of the housing.
Desirably, a cylindrical closure cap 42 is provided, which
is telescopically received within the open end of the
housing 35 to completely enclose and seal the motor 37.
An electrical socket 43 (Fig. 2) may be provided in the
housing cap 42 to provide electrical connection to the
motor 37 within. A detachable plug 44, with connections 45
to a suitable power source (e.g., 12 volts) is provided for
establishing a power connection to the motor 37.
Typically, a suitable control (not. shown) is provided to
enable off-on and reversing control as well as variable
speed.

As shown particularly in Figs. 1-3, the output shaft
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38 of the motor is provided with a driving gear 47, most

advantageously a worm. A worm gear 48, arranged to mesh
with the worm 47, is mounted in the assembled coherent
structure by means of a "shaft" 49, which is in fact one of
the standard strut elements of the construction toy system.
With reference to Fig. 4, the structure includes a pair of
opposed, centrally mounted, eight-position connector
elements 50, which are Supported from each of four corner
connector assemblies 11, by means of standard strut
elements 51. Desirably, in a length progression of
standard strut elements in the construction toy system, the
elements 30, shown in Fig. 4, are the shortest. The
elements 51 are of the next greater size, 'and it will be
evident in Fig. 4 that the elements 51 are of appropriate
length to form the hypotenuse side of an isosceles right
triangle structure including the shortest strut elements 30
as the base sides. The strut elements 25, forming the
vertical connections between upper and lower connector
assemblies 11 are of the next longer size in the
progression, and serve as the hypotenuse side of an
isosceles right triangle in which the connector elements 51
form the base sides. These relationships are evident in
Fig. 4. '

The connector elements 50, at each side of the
structure, have a central opening 52 of a size to closely
but freely receive the strut 49 for rotation. The strut
49,‘which can be of any length sufficient to be engaged at
both ends by the spaced-apart connector elements 50, can be
positioned by, for example, applying single socket
connector elements 46 at each end, in such manner that the
transverse ribs 20 of the socket engage and grip
longitudinal grooves 53 of the strut.

The worm gear 48 also is _adapted to be closely
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received over the strut 49 while being normally rotatable
with respect thereto. The worm gear is formed with a
stabilizing and driving hub 54 and has a pair of
longitudinal bores 55 extending through both the gear and
the driving hub at a predetermined distance from the axis
of the worm gear.

For positioning the worm gear, and drivingly
connecting it to the strut 49, driving blocks 56 are
provided, the configuration of which is shown in Figs. 9
and 10. Referring to the last mentioned figures, the drive
blocks 56 include a body portion 57 and a socket portion 58
comprising spaced-apart gripping arms 59, 60 having axial
grooves 61 and transverse ribs 62, in the same manner as
all of the connector elements of the system and in the same
manner as, for example, illustrated in Fig. 6. The drive
block 56 .is adapted to be mounted with the axis of its
gripping socket oriented transversely to the axis of a
strut element to which it is connected, as shown
particularly in Fig. 10. In applying the drive block, the
gripping arms 59, 60 are resiliently forced apart, and the
ribs 62 allowed to snap into the longitudinal grooves 53 of
the strut. This not only locks the drive block 56 against
rotation with respect to the strut, but the friction of the
gripping action also holds the drive block in axial
position on the strut against all but intentional movement.

A drive lug 63 extends laterally from the body 57 of
the drive block and is located such as to be receivable in
the bores 55 provided in the worm gear 48. Accordihgly,
after mounting the worm gear 48 on its strut shaft 49,
drive blocks 56 are applied to the strut on opposite sides

~of the worm gear, pressed tightly against the opposite

sides of the worm gear and located along the shaft so as to
accurately align the worm gear 48 with its driving worm 47,
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€ controllably rotated by means of the electric drive
motor 37,

A set of drive gears is provided, for utiliziné the
oatput of the motor 37 in a manner that is fully integrated
With the geometry of the construction toy system. The new
system includes at least one size of pinion gear 70 and at
least ane size of spur gear 71 adapted for engagement with
tr.1e' Pinion gear. The proportioning and sizing of the
Plnion and spur gears 70, 71 is significant in order, in a
Structure of standard struts and connector elements, that
a4 gear drive may be assembled in which the pinioa gears
properly engage with the Spur gears, to provide various
combinations of mechanical advantage, and spur gears may
engage with other spur gears as necessary or desirably to
achieve a desired output. With reference particularly to
Figs. 1 and 3, a pinion gear 70, formed with an integral
driving hub 72, is mounted on the strut shaft 49.
Desirably, the pinion gear is designed to be received
closely but freely over the strut shaft,49 and, in the
illustrated drive mechanism, is pos:i“-ioned snugly against
the outer surface of one of the drivz %locks 56 associated
with the worm gear 48. an additicn: 1 drive block.73 is
applied to the strut shaft 49 and :as its drive lug 74
engaged with the driving hub 72 of tk- Pinion. The pinion
gear 70 is thus locked for rotation w- -h the strut shaft 49
(and therefore with the worm gear 48) and also is fixed in
axial position along the strut shaft 49.

The spur gear 71, which is also formed with a driving
hub 75, is mounted on a strut 76, which is supported a;
each end for rotation in central openings 77 formed in the
connector elements 29 (Fig. 4)-. The connector elements 2¢
are located directly above thé eight-position connector
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elements 50 which support the worm gear 48 and the pinion
70. i i
! _A? shown in Fig. 4, the respective connectors 29, 50

re ?01ned by a strut 30 of the shortest size, extending
vertically from one connector to the other Th

. € upper

connector element 29, shown as a five-socket Cconnector, ma
also be an eight-socket connector like the connector Sé :
will be understood. e

The pinion and spur gear 70, 71 are Proportioned such
Fhat the center-to-center distance, between.these two gears
1? mesh, is exactly the Same as the Center-to-center .
distance between the connector elements 29, 50, joined b;
one of the short struts 30. In addition, the center-to-
center distance between a pair of meshing spur gears 71
exactly quals the center-to-center distance between two
c?nnector elements joined by a strut 51 of the next larger
s:.?e. Accordingly, in a coherent structure, assembled
using standard struts and connector elements of +the
construction toy system, it is pPossible to assemble a
complex gear. drive mechanism, comprising multiple Pinion
and spur gear combinations, in order to achieve a desired
result.

In a specific embodiment of the invention, the spur
gear 71 could have a typical pitch diameter of about 5.28
c? (2.08 inch), while the Pinion gear 70 might have a pitch
diameter of about 2.18 cm (0.86 inch), pProviding a total
center-to-center distance between two meshing spur gears of
about 5.28 cm (2.08 inch) and between a meshing spur gear
a?d'pinion of about 3.76 cm (1.48 inch). The ratio of th;
Pinion to the spur gear is approximately 14,34, (more
accurately, approximately (1 =- «707) * 2 , 1.414). These
s?ecific dimensions are of course exemplary only. More
significant is that a spur gear and Pinion mesh properly
along an axis between connecting'elements joined by a strut
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connector el enents of I 5B lgcebd in nmy above patents. It is to be
understood that the spﬂ, t e shown in the drawing is only for
purposes of illustrati il es of the invention, and the structure

may in practice take any one of a variety of ig%gs of various |evels of
sinplicity and conplexity. The illustrated strUCture 10 is of generally
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elements 12, 13 largé% size, ideally where the shorter size strut bears
. a
length ratio to the strut of the next longer size of

5 L, / Lh*,”, where

(1.414)%" % p . < (2 » d), where
Length of the n"™ strut of a series of 1 to "N"
Dmn =the spacing between hub axes of two connecto;
elements (50, e.gq.,) joined by the shortest
10 structural element (30) of the series, and
d = the distance from the axis of the hub opening
(77) to the end wall (19) of the
socket-forming section.

L,
L,

In the illustrated exgmple, L, represents the shortest

15 strut of the series and Lh*-ﬂ represents the next longer
strut.

As.reflected in Fig. 1, the drive hub 75 for the
larg?r. sSpur gear 71 forms enclosed openings 80 for
receiving driye lugs 63 of the drive blocks 54. In the

20 case of the smaller diameter Pinion 70, extending the drive
hub ?2 radially outward far enough to completely enclose
openings for the drive hub 72 could result in ocutermost
portions of the drive hubs overlapping the tooth profile of
the pinion. Accordingly, the drive hub 72 of the pinion is

25 formed with radially outwardly facing cylindrically
contoured grooves 81 which receive only the radially ihner
portions of the driving lug 74 of the drive block 73 (see
Figs. 1 and 3). '

In the specific, representative mechanism shown in
30 the drawing, an output element 90, in the form of a grooved
pullev or the like (Fig. 3) is mounted on the strut 76. 1In
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ual connector elenents are provided
gri

angularly related pl an
with radially disposed pairs of
strut-receiving sockets 17, as shown in Fig.

ing arng,13, 16 formng
3 Quter portions of the

gripping arns atdef onamdeni blf dHl byndiS - ooves 18. Adjacent to but
19 of the s%gk%g'fg’g#% PF ak8fedrive dsystesd the

spaced from an
ribs 20, which

10

15

20

25

30

' r,.en I
Pc%ﬁeecf gr‘?\t,\,gi‘fﬁe ?e&ﬁ?%ﬁacﬁpmﬁhgxtﬁgbted to closely but
treely receive the strut 76, and the pulley is both

therewith by means of Opposed drive blocks 91 92 The
pu%ley 1s formed with a suitable axial opening to receive
drive lugs 93 provided on the drive bilocks

. As will be readily appreciated, instead of the output
device 90, a further Pinion 70, for exampie, -could be

mounted on the strut 76, for meshing with a still further
spur g?ar (not shown) to provide Yet another level of speed
reduction and mechanical advantage increase. Almost an

variety of gear train may be employed, includinz

- combinations of spur gears with pinions and sSpur gears with

Spur gears, provided the before déscribed center-to-center
relationships are observed. '

| The invention provides a drive gear system which is
uniquely adapted to be incorporated into a coherent
structure of known construction toy parts utilizing strut
elements of progressively increasing sizes, with each néxt-
largér size being appropriate to Serve as a hypotenuse of
a right isesceles triangle, where struts of the next
smaller size form the base sides of such triangle. In this
struc.:tural context, a set of pinion and spur gears is
prov1de§, in which a pinion and Spur gear properly mesh
when mounted in connector elements joined by a strut of one
size, - and a pa;r of spur gears properly mesh when mounted
b? connector elements joined by a strut of the next-larger
size. The system is extraordinarily simple, but
nevertheless allows for the construction of rather complex
geéar mechanisms, affording a variety of speeds and
mechanical advantages and enabling drive s;stems of
considerable complexity to be assembiled.



in the construction toy systemare of a standard configuration,
provi ded i n graduated Replaogl t 0 a predeterm ned | ength
progression such that e strut length is appropriate to
enabl e that strut to se tenuse for an.isosceles right

triangle constructed utilizing struts of the
base el enments.

Fig.

' WO 94/17888
transverse to the axi-s defined hy the grooves 18. Strut el enents mrpUSyRsi3s3

10

15

but are

-smaller length as the
At each end, the struts are formed with a region 21 (see

ar?anged in a rectangular configuration. y e
::;r: of the connector elements are joined hiiiio:::l;ow:r
theucznizczir:hirzh?rﬁest size 30, while vertical pair: oi
oo omnec : ?01ned by struts s1 of the next-larger
. own 1n Fig. 4, for eéXample, the short st
are.of Sultable length to Serve as base ele T
efullateral right triangle, of which the 1::::: ‘:i wt
zlfzzzzzti 51 form a hypotenuse element. In tr::
on, three of the connectors 50 rotatably support

51. i ' ‘
The horizontally Spaced shafts 96, 97 support a spur
e N
gfazh71 and a pinion gear 70 respectively, and the diamete
o i . .
° €se gears is such as to pProperly mesh when supported
Y connectors spaced by a shorter strut 30 )
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4) of cylindrica

The end portion of a strut elenent can be joined with a connector el enent

by a lateral sn
are injection no
arns 15, 16 may
assenbly, after
the strut, with

ap-in_-assenbly npotion. The connector el enents desirably

| ded of structural pl astic material, such that the gripping

\cliﬁ-f Fﬁ]ﬁh"ﬁﬂiﬂﬂ@i ITE‘ accorrrmld_iié_t he q ateral “snap-in f
) T e e AN

socket 17 by the arcuate grooves 18, and being restrainetl against axi a

nmovenent by the
1l

W 0 3 600 U & W N

W WwwwNNnN NN NN R e
ump—aomm\lmm.huNHommq:G:Bstg

transverse ribs 20.

1. In a construction toy system of the type comprising
a plurality of connector elements (11) and a plurality of
rod-like struts (25,26,27,28) engageable with said connec-

tor elements by lateral, snap-in eéngagement to form a-

coherent skeletal structure, and wherein said struts and
connector elements are engageable to form elemental struc-
tural units in the form of isosceles right triangles, and
wherein said struts are provided in a graduated progression
in which struts of one size are appropriate to form the
hypotenuse side of an isosceles right triangle in which the
base sides are formed by struts of the next smaller size,
and wherein said connector elements have a center opening
(52,77) for rotatably receiving a strut (49,76) and a
plurality of pairs of gripping arms (15,16) extending
radially from said center opening and adapted for the
lateral snap-in engagement of struts, a drive system which
comprises
(a) one or more pinion gears (70) of equal size and
having a pinion gear pitch diameter,
(b) one or more spur gears (71) of equal size and having
a spur gear pitch diameter, _
(c) said spur gears being adapted for meshing engagement
with a pinion gear or with another spur gear,
(d) the respective pitch diameters of said pinion and
spur gears being such that

(i) | the center-to-center spacing between

a meshing pinion and spur gear equals the

center-to-center distance between a pair of

connector elements joined by a strut element of

a first predetermined length, and

(ii) the center-to-center spacing between

a pai; of meshing spur gears equals the center-

to-center distance between'a pair of connector



In the il WRPHAT888e structure—ofFigs. 1-4, the several connect oPCT/US94/01383

assenblies 11
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Iongitudin
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mined length.

2. A construction toy system according to claim 1,
further characterized by

(a) said pinion and spur gears being rotatzbly received
over struts (49,76),

(b) said struts having portions of non-circular cross
section,

(c) drive elements (56,73,91,92) gripping non-circular
portions of said struts and having drive lugs (63) engaging

said gears for fixing said gears against rotation with

respect to the struts on which they are received.

3. A construction toy system according to clalm 1,
further characterlzed by )
(a) said pinion gears and said spur gears having respec-

tive pitch diameters in the ratio of approximately 14 to
34.

4. A construction toy system according to claim 1,
further characterized by

(a) a motor (37) mounted by said coherent skeletal
structure and having a rotatable output shaft (38),

(b) a first drive gear (47) mounted on said output shaft,
(c) a second drive gear (48) positioned in meshing
relation with said first drive gear,

(d) a support shaft (49) for said second drive gear,
comprising one of said rod-like struts,

(e) said second drive gear being rotatably mounted on
salid support shaft, -



assenbly WON¥W1788%hg a central ly positioned connector el ement 29 PERJUSIA@I 183
strut el enents 30. The conbined I ength of the struts 30, and the central
connector elenment 29 with which they are engaged, i § T denticar—to—the—

| engt h 24 APR 1997 -7- of the lower, |ongitudinall 26.
A nmotor nount is provided, for |ncorporat|on |n a co%ﬂ Iﬁﬂﬂﬁ "&"FW”ﬂ

structure such as shown in Figs. 1-4,
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(£) a first drive element (56) connecting said second
drive gear to said support shaft for rotation therewith,
(g) a first pinion gear (70) rotatably mounted on said
support shaft, _

(h) a second drive element (73) connecting said first
pinion gear to said support shaft for rotation with said
support shaft and said second drive gear (48),

(i) a second support shaft (76) supported for rotation in
said coherent skeletal structure,

(3) a first spur gear (71) rotatably mounted on said
second support shaft and meshing with said first pinion
gear (70),

(k) a third drive element (75) connecting said first spur
gear (71) for rotation with said second support shaft (76),
(1) a drive output element (90) rotatably mounted on said
second support shaft (76), and

(m) a fourth drive element (91,92) connecting said drive
output element (90) for rotation with said second support
shaft (76) and said first spur gear (71).

5. A construction toy system according to claim 4,
further characterized by

(a) said first and second support shafts (49,76) compris-
ing two of said struts, :

(b) said struts having portions (53) of non-circular
cross section,

(c) said drive blocks each having a body portion (57) and
a pair of gripping arms (59,60) extending therefrom and
adapted to grip said struts in said portions of non-circu-
lar cross section, and having a drive element (63) extend-
ing therefrom and engageable with a gear, a pinion, or a

. drive output element.

- This Sheet Has Been Reﬂlaced :




enabling WPHIT88&| ectric drive notor to be incorporated into tRETAISISEIAS3
for operating novable el ements. The notor nount arrangement, shown best in
Ffgs. 1, 2 and 5, [ ' Lo i :

part 31, which conprises a pair of spaced-apart, pref erabﬁ t ubul ar gui de

menbers 32. These are rigidly joined by a connecting Hﬂ““ﬂzﬂmmll,

which, in the illustrated enbodi nent, 9b'elnt
pl atformlike web. The guide nmenbers 32 are spaced apart a di st ante equal
to the laterhl Spacing bEPRSEFUGHIAR XY o BYFhAMg acgapdingnatoy dbaiment,
connector aszenpurehet]l catderépigedcpiners of the coherent structure (see
Fig. 2). T_J,'ue ? sde nenber s .ar.e

sald pinion gears (70) and said spur gears (71)

4 hav1ng respective pitch diameters in the ratio of approxi-
5 mately 1.414 / (1-.707)*2.

This Sheet Has B
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provi ded MA W& nal tubul ar passages 34 gdgpted to closely r BEEUSR4/0 1383
strut elenents 26, which are configured to have a substantially uniform
ctrcul ar cross sectional envel ope throughout their I ength. To advant age,
the length of the tubular guide nenbers 32 is related to the length of a
sel ected-size strut 26 received within the tubul ar passages 34, such that
only short, predeterm ned end portions of the struts 26 project fromthe
opposite ends of the guide nenber. When the ends of the struts 26 are
snapped in place in the |ower connector assenblies 11, the end
surfaces of the tubul ar guide nenbers abut or lie closely adjacent to the
ends of :

This Sheet Has Been Re{i]aced

e
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v .
t he respegt?“\;lengzﬁi pping arms in which t8e/ |ruts 26 are engageBCTAISM/H3E

1). Accordingly, the unitary notor nmount 31 is effectively |ocked agai nst
| bngi t udi nal novenent along the struts 26 on which it is nounted. In sone
cases, where it was necessary or desirable to support the notor nmount 31 on
the struts of greater length than the struts 26 shown in Fig. 4,
clip-like I ocking neans, preferably in the form of single-socket connector
el enent as shown at 46 in Fig. 3, could be applied to the strut el enents at
one or

FIG. 2

[32 o
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33— = 18 42
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Y F 7 y.avd 35
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bot h si des of tlhsessrmtor nount gui de menberd,/ i§h order to retai n FOTEUSA4{03383

mount in a predeterm ned axial position along |longer struts. As shown in
Ffgs. 2 and 5, a hollow cylindrical housing 35, formng an integral part of
the notor nount unit 31, is rigidly carried between the guide nenbers 32.
For this purpose, portions of the notor housing are integrally associated
with the structural web 33, and also with strengthening flanges 36, which
extend fromthe guide nmenbers 32 to the sidewalls of the notor housing. The
notor housing 35 is adapted to closely and snugly receive a snal

el-ectrical notor 37 having an out put shaft

FIG. 3 |
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38 ThE MV EB8ount housi ng 35 is pro Ifig with a gener al PGT/USHEHISI
ePd 39 and an open end 40. The notor 37 iszin rted through the open end 40
of the housing, and its shaft 38 is allowed to project through a central
opening 41 provided in the otherwi se closed end of the housing. Desirably,
a cylindrical closure cap 42 is provided, which is telescopically received
~w thin the open end of the housing 35 onpl etely encl ose and seal the
notor 37. An electrical socket 43 (Figtfél(ggé provi ded in the housing
cap 42 to provide electrical connectioh t tor 37 within. A

det achabl e plug 44, with connections 45 to a suitable power source (e.g.,
12 volts) is provided for

] 29 77 I
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LR

T

' 4 1
Qgg[li’QﬂD -

il

N 30

A AN/
10 B 52
51~ AT 5

34 L

F16.5 il



WO 94/17888 -

establishing a power connecti § /ngtor 37. Typi cal PGT/U§S4/01383
suitable control (not sShDM§Shed:§ E,(gv'd d to enable off-on and reversing
control as well as vari abl . Y wn particularly in Figs. 1-3, the
out put shaft REPLACENEM‘IMI’ the notor is provided with a
driving gear 47, nost adv worm A worm gear 48, arranged to

mesh with the worm 47, is nmounted in the assenbl ed coherent




W W
structure l?y%r%-ggss of a "shaft" 49, which ﬁéle fact one of thePCTAISHMIOLIE3

strut elenments of the construction toy sys Wth reference to Fig. 4,
the structure includes a pair of opposed, centrally nounted,

ei ght-position connector elenments 50, which are supported from each of
four corner connector assenblies 11, by nmeans of standard strut el enents
51. Desirably, in a Ilength progression of standard -strut elenments in
the construction toy system the elements 30, shown in Fig. 4, are the

shortest. The eleqifs 5 re the next greater size, and it wll be
evident in Fig. 4 th the enéﬁts 51 are of appropriate length to form

t he hypot enuse side of an isosceles right
iT{iiTed
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trianglje® t—ructarf’é pisudi igpaged l§ho&test ST T S HdsB aced
si des. elagptayt ep@'ﬁén-t-‘-stoz*é:- s=flofimi ng the yerti Cf?EFP g

upper anf PowerzebnpectiolTassantilles] 11  ake T

in the¢ Ea-’rﬁga‘tessl ongagddmsxeryzegcas-l e hypot enuse side of- an |sosce
trianglfe in which the connector ele

rel at i gnglipEEARBISwRPPh DR IE ¥E Y FOThCOYBTRUGEIRE ToY 5?83’%
si de of*thestructure—have—a—t€e opening 52 of a size to closely but

freely receive the strut 49 for rotation. The strut 49, which can be of
any length sufficient to be engaged at

Related Patents

nts 51 formthe base sides.

The subject matter of this application is related to
U.S. Patent No. 5,199,919, granted April 6, 1993, and to
U.S. Patent No. 5,137,486, granted August 11, 1992, and to -
U.S. Patent No. 5,061,219, granted October 29, 1991. The
disclosures of said U.S. patents are incorporated herein by

reference.
Backaround and Summary of the Invention

The above mentioned patents disclose a novel form of
construction toy system which is comprised of a plurality
of rod-like strut elements and a2 plurality of hub-like
ccnnectcr elements. While reference should be made to the
prior patent documents themselves for full details of the
disclosure the earlier documents deal generally with a
novel form of strut and connector which are configured to
allow lateral, snap-in assembly of the strut ends into
sockets formed in the connector elements by pair_s of
gripping arms. The ends of the strut elements, and the
gripping arms of the connector elements are contoured such
that, when the parts are snapped together, the struts are
gripped and held firmly against both axial and lateral
movement in relation to the connector elements. This

funique configuration of parts, as explained in the above

mentioned patents, enables the construction of complex,
coherent skeletal structures.

Many of the structures possible to assemble using the

REPLACEMENT SHEEY
24 APR 1997

st>uts and connectors of the above-mentioned patents can

Jinvolve moving pars<s. By way of example only, it is
possible to construct ferris wheels, carrousels, elevators,
cranes and. the like, -all providing for driven motion of
certain components. An advantageous and highly simplified
motor mount strucTure can be incorporated into a coherent



|
both ends by the spaced-apart connector elenents 50[]§§QA@gwmussaeﬁm d by,
for exanple, applying single socket connector el eneht nd, in
such manner that the transverse ribs 20 of the sockgt e§ﬁ€§$ agg grli p
| ongi tudi nal grooves 53 of the strut. The worm gear| 4 & 7ada ed to
be cl osely REPLACEMENT SHEET - 10- received over jyhip stryt 49 whi bei ng
normal |y rotatable -2 .

(1))

structure, assembled from struts and connector elements the
above-mentioned U.S. patents, to in effect form part of
such structures and enabling convenient, motor-controlled
operation of movable elements of such structures. The
lateral spacing between the respective tubular guide
members of the motor mount corresponds precisely to the
center-to-center spacing of a pair of connector elements
joined by a strut element of standard length oriented
transversely of the axis of the tubular guide members and
engaging connector element assemblies to which the struts,
supporting the motor mount, are engaged.

Associated with the motor mount arrangement is a
series of gears, arranced in a novel manner to be driven
by an electric motor carried in the motor mount, and
adapted to be supported by ' standard strut elements,
utilized throughout the construction toy system, and by the
use of standard connector elements used throughout the
construction toy system. The. gears are adapted to be
mounted for free rotation on a ‘strut element, but can be
fixed for rotation with the struts by means of special
drive blocks, known from the before-mentioned U.S. patents,
which grip non-circular portions of the strut elements and
are provided with laterally projecting lugs, received in
correspondingly located recesses within the gears.
Utilizing a standard pinion and gear set, it is possible to
construct, within skeletal framework of the construction
toy, gear drives of a variety of speed and mechanical
advantage combinations, to provide for motor driven
actuation of a wide variety of constructed devices.

In the new ccnstruction toy system, a plurality of
connector elements and a plurality of rod-like struts. are
assembled by snap-in enéﬁgément-to form a coherent skeletal

structure wherein the struts arid connector elements are



with respect thereto. The worm gear is fornmed{ vREFAGEMENTD SHEET
pS—5—ext-ereh-Ag

driving hub 54 and has a pair of |ongitudinal bpr

both the gear and the driving hub at a predeter71;e di sta fir
of the worm gear. For positioning the worm gear an&ﬂﬁi’k %&y Ic
l_the anfngr

it to the strut 49, driving blocks 56 are provife
which is shown in Figs. 9 and 10. RefeLging to
the drive blocks 56 include a body portion 57 a

he [ ast nentione

and

t hr ough
mthe axis
necting

i on of
figures,
n 58

conpri si eable HRPI 9 i axi.al grooves 61 and’
TPri si renoggeatiapard H61RDE1emENES PO ORAMLY XiEL 4,0%es 85,8

transven%%rigs 62, in the same nmanner

OsCeles right triangles. The struts are provided in
a2 graduated progression of lenghts, in which the struts of
one.length are appropriate to form the hypotenuse side of
an lsosceles right triangle in which the base sides are
?ormed by struts of the next smaller length. Incorporated
in such a skeletal structure is a gear mechanism comprising
one or more pinion gears of equal size and one or mo;e spur
gear% of equal size adapted to mesh with similar spur gears
or with pinion gears. The respective pitch diameters of
the pinion and spur gears are such that the center-to-
center spacing between the meshing pinion and spur gears
equals the center-to-center distance between a pair of
connector elements joined by a strut element of a first
predetermined length, and the center-to-centér spacing
between a pair of meshing spur gears equals the center-to-
center distance between a pair of connector elements joined
by a strut of a length next greater in the size
progression. The pinion and spur gears are rotatably
mounted by strut elements, but can be locked for rotation
therewith by means of drive elements adapted to grippingly
engage the struts and to have driving engagement with the
spur and pinion gears.

For a more complete understanding of the -above and
other features and advantages of the invention, reference
should bé made to the following detailed description of
preferred embodiments of the invention and to the
accompanying drawings.

Descrivtion of the Drawinas

Fig. 1 is a side elevational view, partly in section,
of a coherent structure, assembled with struts and
connector elements as disclosed in my prior patents and

incorporating a novel motor  mount and gear drive



exanple, illustrated in Fig. 6. The drive block 56 is

with the axis of its gripping socket oriented transver
strut element to which it is connected, as shown particpllar
In applying the drive block, the gripping arnms 59, 60 afe
forced apart, and the ribs 62 allowed to sé=a&p into the

53 of the stgut ' ot_only | ocks the drive block 56 . ot ation
with respect Tba?ﬁgh%ﬂ' ac%%gd%ﬁﬁ Fri theorpmésene drivaigignget i on al so

hol ds the drive block in axial position on the strut against all but
I ntenti onal nnvenepgg

B 7s lof a
e

e V

2

2 is a cross sectional vie
on line 2-~2 of Fig. 1.

Fig. 3 is a cross sectional vi

ew
on line 3-3 of Fig. 1. as taken generally

Fi - i
i g. 5 1is an exploded perspective view showing the
eW motor mount structure and the manner in which it is

ccmbined with strut elements for incorporation in th
Structure of Fig. 4. )

" ‘Flg: 6 1s an enlarged, fragmentary perspective view
lllustrating details of a connector element incorporated i
the structure of Fig. 1. B

. lf‘:.gs. 7 and 8 are exploded bperspective views of
specific forms of connector elements which may usefully be
employed in the structure of Fig. 1.

Fig. 9 is a perspective view of a drive block element

for engaging a gear or other rotary element .. for fixed
rotation'with a strut element. |

Flg. 10 is an elevational view of the drive block of
Fig. 9, illustrating the ma .
=} ’ G nner of its enga - .
strut. . gagement with a

Fig. 11 is an elevational vieyw of a simple structure
of struts and conneczor elements, employing struts of two
graduated sizes and illustrating an advantageous size



A drive lug 63 extends laterally fromthe body 57 of t
| ocated such as to be receivable in the bores 55 provi eﬁ | Ne..WorF m gear
48. Accordingly, after nmounting the worm gear 48 on ifis{strut shaft_49,
drive bl ocks 56 are applied to the strut on opposite sijdgs 284 AH’BWm

gear, pressed tightly against the opposite sides of tHe jworm gear
ear 48 mnth qts

| ocated al ong the shaft so as to accurata-y align the
driving worm 47, REPLACEMENT SHEET .

relationship of gears and pinions to accommodate assembly
of complex drive arrangements.

'f bJook and is

-

Description of Preferred Embodiments

Referring now to the drawing, Figs. 1-4 illustrate a
coherent skeletal structure assembled from a plurality of
Strut and connector elements of the type described in my
above patents. It is to be understood that the specific
structure shown in the drawing is only for purposes of
illustrating the principles of the invention, and the
structure may in practice take any one of a variety of
foras, of various levels of simplicity and complexity. The
illustrated structure 10 is of generally rectangular
cenfiguration and is provided at each of eight corners with
connector assemblies 11 (or 1la) which, for purposes of
illustration, may be of the type shown in Fig. 7 (or Fig.
8), wherein each of two connector elements 12, 13 (or 12,
132) are joined together in nested relation and at right
angles providing sockets, generally designated by the
reference numeral 14, for the reception and engagement of

structural elements extending in +two richt angularly
related planes.

The individual connector elements are provided with
radially disposed pairs of gripping arms 15, 16 forming
strut-receiving sockets 17, as shown in Fig. s. OQuter
portions " of the gripping arms are formed with axially
disposed grooves 18. Adjacent to but spaced from an inner
end wall 19 of the socket are transversely disposed ribs
20, which project into the recess space and extend

ransverse to the axis defined by the grooves 18.

Strut elements employed in <the construction toy
system are of a standard configuration, but are provided in

graduated lengths according to a predetermined length



-11- all as shown in Fig. 3. By this neans, the strut Y -
controllably rotated by nmeans of the electric drive nDtorREBDACEMEmltg@ET }
tor 37 in a}l ¢

drive gears is provided, for utilizing the output of t d
manner that is fully integrated with the geonetry of t CoRSt KPR 1997 tloy:
ipbnTgear 70 andg at
t h—the—ptnmon ge‘g{.

system The new systemincludes at |east one size of p
The proportiqni d sizing of the pinion and spur geafs 70, 71 is
bi(}lr%grdl'ﬁ'q?'cfgs[;l,Dﬁ'l n SBSH r F¥ak eeachst nestdr dlargets FEPREOMERL O is

| east one size of spur gear 71 adapted foré-engagenent
signi ficant

el enents, tR@Propriate to enable that strut to serve as the hypotenuse
for an isosceles right triangle constructeq utilizin
Struts of the next-smaller length as the base elements Az
each end, the struts are formed with a region 21 (se .F.
4) of cylindrical contour, an annular groove 22, and zn ::é

Fl?nge 23. The end portion of & strut element can be
jolned with a connector element by a lateral snap-i

?s?embly' motion. The connector elements desirabl -a;n
injection molded of structural plastic material, suc;rtha:
the gripping arms 15, 16 may deflect outwardly to
ac?om?odate the lateral snap-~in assembly, after which the
gflpplng arms snugly engage and grip the end of the strut

with the strut being held firmly in axial alignment witg
the socket 17 by the arcuate grooves 18, and being

In the illustrative structure of Figs. 1-4, the
Several connector assemblies 11, located at the corners of
the structure, are joined top to bottom by vertical struts
23 at each of the four corners. Spaced-apart
longitudinally extending struts 26 join  connector
assemblies front to back at the bottom of the structure
and transversely extending struts 27 join connecto;
assemblies side to side at the top of the structure ang

L]

also (strut 28) at the bottom of the structure, at one end
’ -

For reasons that will become evident, the upper
c?nnec?or assemblies 11 are connected in a longitudi;al
direction not by a single unitary strut element but by an
assembly comprising a centrally positioned connector
element 29 and shor: strut elements 30. The combined
lenth of the struts 30, and the central Connector element
2% with which they are engaged, is identical to the length



a gear drive may be assenbled in which the pinion gears‘ﬁhe dE
with the spur gears,

advant age,

desirably to achieve a desired output.
1 and 3, a pinion gear 70,

. | | ni or gage
to provide various conbi nations of

and spur gears may engage with other spur gedr
Wth reference pqr

formed with an integral drivin

asS necessary or

mount ed on the strut shaft 49. Desirably=7=he pinion gedr is desrgned th

recei ved cl gse but freely ove I |
drive nechaﬁ?s%%e'l lsi%’s-’hiiﬁéalﬁ@gmbmi ﬂikpb@.‘éd)%*@f-g\égré ce of one of
8. n-addi‘tion 1 drive

over the strut shaft 49 andkdo.the j]]ustrat;

the drive blocks 56 associated with the worm gear 4

block 73 is

A motor mount is i
Provided, for j .
: ilncorpo 3
coherent skeletal structure such ration in a

enabling a small electric drive p
mount arrangement, show
n best in pj
gs. 1, 2 and s

part 31, which comprises a pair of Spaced-apart, pref
tubular.guide members 32. These are rigidly gjlne:mzbly
co?ne?tlng' sStructure 33 which, in the- illust ced
em?cdlment, may be in the form of a Platform-like web e
guide members 32 are Spaced apart a distance equ :Eé oo
lateral Spacing between struts 26, extending lon‘ii d'o oy
bereen Cconnector assemblies 11 at the lower co;ie;i l:ally
cone?ent structure (see Fig. 2). The guide membe:, o
provided with internal tubular Passages 34 ada tsd o
closely receive the strut elements 26, which are co:;zau t:
to have a substantially uniform circular cross sec*zc:el
envelope throughout their length. T

. To advantage, the length of the tubular gquide members
32 15 related to the length of a selected-size strut ;6
received within the tubular pPassages 34, such that onl
short, predeternined end portions of the struts 26 proy f
ffom the opposite ends of the guide member. When-tie :::b
ol the "struts 26 are snapped in plaée in the lo;ej
cpé?ec:or assemblies 11, the eng surfaces of the tubular
guide members abut or lie closely adjacent to the end a;
the respective gripping arms in which the struts 26s .
engaged (see Fig. 1). Accordingly, the unitary motor mo::f
31 is effectively locked against longitudina} movemen:
along the struts 26 on which it is mounted. 1 some cas )
where it was necessary or desirable to Support the mo::;

-mount 31 on the struts of greater length than the struts 26

i At ARR 1997 Fi gs.
hub 72, is E

e
d



applied to the strut shaft 49 and [err] its drive |lug 74'ﬂ3§ﬁﬁfEM§WWS*W9w

driving hub 72 of the pinion. The pinion gear 70 is thus
rotation with the strut shaft 49 (and therefore with the jwfm gear 48 and
also is fixed in axial position along the strut shaft 49.| The 2 &PRy

which is also formed with a driving hub 75, is nounted onlajstrut 76, mh

I S supported at each end for rotation imB8eentral openings|77 torned in the

h{-

connectorsﬁtenen s 29 (Fig. The connector elenents 29}are ] ocated
directly abovEthB tht4po§ﬁﬁﬂmikkﬁwkmch1ng means, preferably in the

forn of single-socket connector element as shown at 46 in
Fig. 3, could be applied to the strut elements at one or
both sides of the motor mount guide members, in order to

retain the motor mount in a Predetermined axial position
along longer struts.

As shown in Figs. 2 and 5, a hollow cylindrical
ho?sinq 35, forming an iptegral part of the motor mount
unit 31, is rigidly carried between the guide members 32.
For this purpose, portions of the motor housing are
integrally associated with the structural web 33, and also
with strengthening flanges 36, which extend from the guide
members 32 to the sidewalls of the motor housing.

The motor houSLng 35 is adapted to closely and snugly
receive a small electrical motor 37 having an output shaft
38. The motor mount housing 35 is provided with a
generally closed end 39 and an open end 40. The motor 37
is inserted through the open end 40 of the housing, and its
shaft 38 is allowed to project through a central opening 41
provided in the otherwise closed end of the housing.
Desirably, a cylindrical closure cap 42 is provided, which
is telescopically received within the open end of the
housing 35 to completely enclose and seal the motor 37.
An electrical socket 43 (Fig. 2) may be provided in the
housing cap 42 to provide electrical connection to the
motor 37 within. A detachable plug 44, with connections 45
to a suitable power source (e.g., 12 volts) is provided for
establishing a power connection to the motor 37.
Typically, a suitable control (not shown) is provided to
enable off-on and reversing control as well as variable
speed.

As shown particularly in Figs. 1-3, the output shaft

.



-12- elenents 50 which support the worm gear 48 and t hd rory ) g)
in Fig. 4, the respective connectors 29, 50 are joined|b EEL@MTG}%W 1
shortest size, extending vertically from one connector {t¢ the other. T

upper connector element 29, shown as a five-socket conje¢t @4 ARR %¥9%0[Db
an ei ght-socket connector |ike the connector 50, as wilf
pi ni on and spur gear 70, 71 are proport+8med such that the Center-to-cen

di st ance,
center-to-

be under st ood

he
he

fhe
er

getmeeqnghesettwo gears in mesh, is exactly the sane as the
8nPdr the motor is provided with a driving gear 47, most

advantageously a worm. A worm gear 48, arranged to mesh
with the worm 47, is mounted in the assembled coherent
Structure by means of a "ghaftn 49, which is in fact one of
the standard strut elements of the construction toy systen.
With reference to Fig. 4, the structure includes a pair of
opposed, central;y mounted, eight-position connector
elements 50, which are Supported from each of four corner
connector assemblies 11, by means of standard strut
elements 51. Desirably, in a length progression of
standard strut elements in the construction toy system, the
elements 30, shown in Fig. 4, are the shortest. The
elements 51 are of the next greater size, ‘and it will be
evident in Fig. 4 that the elements 51 are of appropriate
length to form the hypotenuse side of an isosceles right
triangle structure including the shortest strut elements 30

as the base sides. The strut elements 25, forming the -

vertical connections between upper and lower connector
assemblies 11 are of the next longer size in the
pProgression, and serve as the hypotenuse side of an
isosceles right triangle in which the connector elements 51
form the base sides. These relationships are evident in
Fig. 4.

The connector elements 50, at each side of the
structure, have a central opening 52 of a size to closely
but freely receive the strut 49 for rotation. The strut
49, which can be of any length sufficient to be engaged at
both ends by the spaced-apart connector elements S0, can be

positioned by, for example, applying single socket

connector elements 46 at each end, in such manner that the
transverse ribs 20 of +the socket engage and grip
longitudinal grooves 52 of the st~ut.

The worm gear 48 also is adapted to be closely



di stance between the connector elenents 29, 50, joined oyﬂmgcmmh%ﬂsﬁbrlt
struts 30. In addition, the center-to- center distance}b ' f
meshi ng spur gears 71 exactly equals the center-to-cent
two connector elenents joined by a strut 51 of the next

Accordingly, in a coherent structure,'_g senbl ed usi ngj si
connector elenents of the construction t @ system it ip possible to

Spur gear o et aner; e S e LBid S Besngemammi Ty tatacapad fic

arbodi rrentwégp‘t hESFREER | BAereke -spuThe worm gear is formed with a
stab%lizing and driving hub 54 and has a pair of
longitudinal bores 55 extending through both the gear and
the driving hub at a predetermined distance from the axis

of the worm gear.

-

Fer Positioning the worm gear, and drivingly
connectlng it to the strut 49, driving blocks 56 are
provided, the configuration of which is shown in Figs. 9
and 10. Referring to the last mentioned figures, the dr;ve
blocks 56 include a body portion 57 ang a socket’portion 58
comprising spaced-apart gripping arms 59, 60 having axial
grooves 61 and transverse ribs 62, in the same manner as
all of the connector elements of the System and in the same
manner as, for example, illustrated in Fig. 6. The drive
bleck 56 is adapted to be mounted with the axis of its
gripping socket oriented transversely to the axis of a
Strut element to which it is connected, as shown
pa?tieularly in Fig. 10. 1In applying the drive block, the
gelpplng arms 59, 60 are resiliently forced apart, and the
ribs 62 allowed to snap into the longitudinal grooves 53 of
the strut. This not only locks the drive block 56 against
roeat%on with respect to the strut, but the friction of the
grleplng action also holds the drive block in axial
position on the strut against all but intentional movement.

A drive lug 63 extende ;aterally from the body 57 of
the drive block and is located such as to be receivable in
the bores 55 provided in the worm gear 48. Accordingly
after mounting the worm gear 48 on its strut sharft 49’
drive blocks 56 are applied to the strut on opposite side;
o? the worm gear, pressed tightly against the opposite
slides of the worn gear and located along the shaft so as to
accurately align the worm gear 48 with its driving worm 47,



gear 71 could have a typical pitch dianeter of about 5.28 MRERL LS MENT FSHEET
while the pinion gear 70 m ght have a pitch diameter of ab gt : sh" 'u

inch), providing a total center-to-center distance between jtJo gg Aéﬁgﬂaf

gears’of about 5.28 cm (2.08 inch) and between a meshing squr g rh @

pi nion of about 3.76 cm (1.48 inch). Thg ratio of the pinijon ao t $07) —
gear is approximately 14/34, (nore accur ]éTy, approximately (1 - .

il ' [ | ar yl.Qaly More
/ 1.414). SP8RKEIC ; ions age course exenp y :
signifi )can;alﬁ&? hat l;‘gw?pd'(rili ;F_ea“‘gi aﬂd phﬂ g?%#%ﬁ%pethye &tk sshagts49
bet ween coffettRfigcensredilallr neotayed Yy Weans of the electric drive

motor 37. _

A set of drive gears is provided, for utilizing the
output of the motor 37 in a manner that is fully integrated
with the geometry of the construction toy System. The new
system includes at least one size of pinion gear 70 and at
least one size of spur gear 71 adapted for engagement with
the pinion gear. The propcrtioning and sizing of the
pinion and spur gears 70, 71 is significant in order, in a
structure of standard struts and connector elements, that
8 gear drive may be assembled in which the pinion gears
properly engage with the spur gears, to provide various
combinations of mechanical advantage, and Spur gears may
engage with other SPuUr gears as necessary or desirably to
achieve a desired output. With reference particularly to
Figs. 1 and 3, a pinion gear 70, formed with an integral
driving hub 72, is mounted on the strut shaf:t 49.
Desirably, the pinion gear is ‘designed to be received
closely but freely over the strut shaft 49 and, in-the
illustrated drive mechanism, is posi=~ioned snugly against
the outer surface of one of the driva blocks 56 associated
with the worm gear 48. Aan additicn: 1 drive block 73 is
applied to the strut shaft 49 and a1s its drive lug 74
engaged with the driving hub 72 of tk-: Pinion. The pinion
gear 70 is thus locked for rotation w- =h the strut shaft 49
(and therefore with the worm gear 48) and also is fixed in
axial position along the strut shaft 49,

The spur gear 71, which is also formed with a driving
hub 75, is mounted on a strut 76, which is supported at
each end for rotation in central openings 77 formed in the
connector elements 29 (Fig. 4).. The connector elements 29
are located directly above thé eight-position connector



-13- of one size, and two spur gears nesh properly al ong aRE%M’chEET
two connector elenents joined by a strut of a larger sizg¢ p eal 'y where
the shorter size strut bears a length ratio to the strut jofl thg gPRiPFPnYe
size of [err] where [err] - (2 * d), where Length of tHel[err] strut o

series of 1 to "N', [err] =the spacing%¥§yeen hub axes df |
elements (50, e.g.,) joined by the shortest

elements 50 which support the worm gear 48 and the pinion
70. As shown in Fig. 4, the respective connectors 29, $50

are joined by a strut 30 of the shortest size, extending

vertically from one connector to the other. The upper
connector element 29, shown as a five-socket connector, may
also be an eight-socket connector like the connector 50, as

will be understood.

The pinion and spur gear 70, 71 are proportioned such
that the center-to-center distance, between these two gears
in mesh, is exactly the same as the center-to-center
distance between the connector elements 29, 50, joined by
one of the short struts 30. In addition, the center-to-
center distance between a pair of meshing spur gears 71
exactly equals the center-to-center distance between two
connector elements joined by a strut 51 of the next larger
size. Accordingly, in a coherent structure, assembled
using standard struts and connector elements of the
construction toy system, it is possible to assemble a
complex gear drive mechanism, comprising multiple pinion
and spur gear combinations, in order to achieve a desired
result. '

In a specific embodiment of the invention, the spur
gear 71 could have a typical pitch diameter of about 5.28
cm (2.08 inch), while the pinion gear 70 might have a pitch
diameter of about 2.18 cm (0.86 inch), providing a total
center-to~center distance between two meshing spur gears of
about 5.28 cm (2.08 inch) and between a meshing spur gear
and pinion of about 3.76 cm (1.48 inch). The ratio of the
pinion to the spur gear is approximately 14/34, (more
accurately, approximately (1 - .707) * 2 / 1.414). These
specific dimensions are of course exemplary only. More
significant is that a spur gear and pinion mesh properly
along an axis between ccnnecting-elements joined by a strut



structural

of the hub opening (77) to the end wall (19) of the socket-iform ng sectidn.
In the illustrated exanple, [err] represents the shortest] sitr@i4 APRt997
series and [err] represents the next longer strut. As refljected in Fig. |1,

the drive hub 75 for the larger spur gear .71 forns enclos or.
3RS 54.

el ement (30) of the series, and d = the distanqéfﬁﬂ&ﬂﬂﬂﬂéﬁﬁﬂ?ﬁ

receiving drive lugs 63 of the drive blo In the se of the snmaller
di amet er piofi one/ & i £} eagdiNguwbhe i hub 72 radially outward far enough
to conpletgly encloge ol Wedks désh properly along an axis
€n TtWo connector elements joined by a strut of a
larger size, ideally where the shorter size strut bears a
length ratio to the strut of the next longer size of
Lx / L(x+1)r where

L= (1.41)™ " * p. = (2 % q), where

L, = Length of the n" strut of 2 series of 1 to "Nw

Dmin =the spacigg between hub axes of two connecto;
elements (S0, €.9.,) Jjoined by the shortest
structural element (30) of the series, and

d = the distance from the axis of the hub opening
(77) to the end wall (19) of the
socket-forming section.

In the illustrated example, L, represents the shortest

As reflected in Fig. 1, the drive hub 75 for the
larg?r. Spur gear 71 forms enclosed openings 80 for
receiving drive lugs 63 of the drive blocks S54. In the
case of the smaller diameter pinion 70, extending the drive
hub 72 radially outward far enough to completely enclose
open%ngs for the drive hub 72 could result in outermost
portions of the drive hubs overlapping the tooth profile of
the pinion. Accordingly, the drive hub 72 of the‘binion is
formed with radially outwgrdly facing Ccylindrically
cont?ured grooves 81 which receive only the radially inner
p?rtlons of the driving lug 74 of the drive block 73.(see
Figs. 1 and 3).

In the specific, representative mechanism shown in
the drawing, an output element 90, in the form of a grooved
pulley or the like (Fig. 3) is mounted on the strut 76. In



openings for the drive hub 72 could result in outernpst porr-onsfmmmsmﬂ’
drive hubs overlapping the tooth profile of the pinion. Acfopein

drive hub 72 of the pinion is formed with radially outward}y fgﬁi %

cylindrically contoured grooves 81 which receive only the [afi '3 Fhﬁ@?
portions of the driving lug 74 of the drive block 73 (see Fifps. 1 and 3.
In the specific, representative mechart4rshown in the drap ng., an output

el enent 90, in the formof a grooved pulley or the |like (Fkg °‘ -s—trotrrted
on the stm@g‘m@nmgr of the other elements of the drive systen, the

pulley 90 has a center opening adapted to closely but
freely receive the strut 76, and the pulley is both
positioned axially on the strut and connected for rotation
therewith by means of opposed drive blocks 91, 92. The
pulley is formed with a suitable axial opening to receive
drive lugs 93 provided on the drive blocks.

As will be readily appreciated, instead of the cutput
device 90, a further pinion 70, for exampie, could be
mounted on the strut 76, for meshing with a still further
spur gear (not shown) to provide yet another level of speed
reduction and mechanical advantage increase. Almost any
variety of gear train may be employed, including
combinations of spur gears with pinions and spur gears with
spur gears, provided the before described center-to-center
relationships are observed.

The invention provides a drive gear system which is
unigquely adapted to be incorporated into a coherent
structure of known construction toy parts utilizing strut
elements.of progressively increasing sizes, with each next-
larger size being appropriate to serve as a hypotenuse of
a right isosceles triangle, where struts of the next
smaller size form the base sides of such triangle. In this
structural context, a set of pinion and spur gears is
provided, .  in which a pinion and spur gear pronérly mesh
when mounted in connector elements joined by a strut of one
size, and a pair of spur gears properly mesh when mounted
by connector elements joined by a strut of the next-larger
size. The system 1s extraordinarily simple, but
nevertheless allows for the construction of rather complex
gear mechanisms, affording a variety of speeds and
mechanical advantages and enabling drive systems of
considerablé complexity to be assembled.



-14- the manner of the other elements of the drive system the pulley 90

has a center opening adapted to closely but freely re

T 6]
and the pulley is both positioned axially on the stru BHﬂA@gﬁﬁgtt £ of

rotation therewith by neans of opposed drive bl ocks 9%,

The pul | gy

formed with a suitable axial opening to receive drive Itngaag aqdpe
the drive blocks. As will be readily ap¥¥-eciated, instjedd
device 90, a further pinion 70, for exanple, could be}nd t

of the outpgt

meshing with a still further

S
hN

ut

An example of the above is shown in fig. 11, which is
a simple structure comprised of four connector elements 50
arranged in a rectangular configquration. Upper and lower
pairs of the connector elements are 301ned horizontally by
Struts 30 of the shortest size 30, while vertical pairs of
the connectors are joined by struts 51 of the next- -larger
size. As shown in Fig. 4, for example the short struts 30
are of suitable length to serve as base elements of an
equilateral right trlangle, of which the longer strut
elements 51 form a hypotenuse ' element. In the
illustration, three of the connectors 50 rotatably support
in their hub portions 94 gear shafts 95, 96 and 97. The
two vertlcally spaced shafts 95, 96 support spur gears 71,
and the diameter of these gears is such that they properly
mesh when supported by connectors spaced apart by a strut
51. The horizontally spaced shafts 96, 97 support a spur
gear 71 and a pinion gear 70 respectively, and the diameter
of these gears is such as to Properly mesh when supported
by connectors spaced by a shorter strut 30. a



spur gear (not shown) to provide yet another |evel of speed reduction and
nmechani cal advant age i ncrease. Al nost any variety of gear train may

be enpl oyed, i ncl udi ng conbi nati ons of spur s and spur
gears with spur gears, provi ef ore dedc ent er
rel ati onshi ps are omﬁghggﬁasggggu ac ntlon proVi des ﬁEBMG&E‘Q gear {system

whi ch is uniquely ad
known construction t iﬂ ing strut elenents of ess ve
i ncreasi ng si zes, arger size belng ‘B ”u ve as

a hypot enuse of a rlght | soscel es tri'angl e, where st

1. In a construction toy system of the type comprising
a plurality of connector elements (11) and a plurality of
rod-like struts (25,26,27 +28) engageable with said connec-
tor elements by 1lateral, snap-in engagement to form a
coherent skeletal structure, and wherein said struts and
connector elements are engageable to form elemental struc-
tural units in the form of isosceles right triangles, and
wherein said struts are provxded in a graduated progression
in which struts of one size are appropriate to form the
hypotenuse side of an iscosceles right triangle in which the
base sides are formed by struts of the next smaller size,
and wherein said connector elements have a center opening
(52,77) for rotatably receiving a strut (49,76) and a
plurality of pairs of gripping arms (15,16) extending
radially from said center opening and adapted for the
lateral snap-in engagement of struts, a drive system which

comprises

(a) one or more pinion gears (70) of equal size and
having a pinion gear pitch diameter, .

(b) one or more spur gears (71) of equal size and having

a spur gear pitch diameter,

(c) said spur gears being adapted for meshing engagement
with a pinion gear or with another spur gear,

(d) the respective pitch diameters of said pinion and
spur gears being such that

(i) the center-to-center spacing between

a meshing pinion and spur gear equals the
center-to-center distance between a pair of
connector elements joined by a strut element of
a first predeﬁermined length, and

(ii) the center-to-center spacing between

"REPLACEMENT SHEET
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a pai; of meshing spur gears equals the center-

to-center distance between a pair of connector



smal l er size formthe base sides of such triangle. In this structural

context, a set of pinion and spur gears is provided, in-whieh—a—ptnion and
spur gear properly mesh when nounted in connector elenents |oi
strut of one size, and a pair of spur gears properlﬂ Hﬂ“ “““ﬁ“ﬂﬂed by
connector elenents joined by a strut of the next il

system is extraordlnarlly S|nple bu}7nevertheless al | ows for t he
construction of t her conpl ex g mechani sns, affording a varlety of

speeds and macharﬁ' efeqivand 248 Meﬁaﬁ?ﬁ@td@f/easy%@@% ofM&sdhsi der abl e
conplexity to be pssgapl ¢fl. progression than said first predeter-

mined length.

2. A construction toy system accordlng to claim 1,
further characterized by

(a) said pinion and spur gears being rotat: bly received
over struts (49,76),

(b) said struts having' portions of non-circular cross
section,

(c) drive elements (56,73,91,92) gripping non-circular
porticns of said struts and having drive lugs (63) engaging
said gears for fixing said gears against rotation with
respect to the struts on which they are received.

3. A construction toy system according to claim 1,
further characterized by

(a) said pinion gears and said spur gears having respec-
tive pitch diameters in the ratioc of approximately 14 to
34.

4. A construction toy system according to claim 1,

further characterized by .

(a) a motor (37) mounted by said coherent skeletal
structure and having a rotatable output shaft (38),

(b) a first drive gear (47) mounted on said output shaft,

(c) a second drive gear (48) positioned in meshing
relation with said first drive gear,

(d) a support shaft (49) for said second drive gear,
comprising one of said rod-like struts,

(e) said second drive gear being rotatably mount
said support shaft, REPLACEMENY SHEEV

24 APR 197 J
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-15- An exanple of the above is shown in Fig. 11, which is a sinple

structure conprised of four connector elenments 50 arranged in a rectangul ar
configuration. Upper and | ower pairs of the connect

or ned
horizontally by struts 30 of the shortest size 30, \M“ ﬂm““lgﬂ s of
the connectors are joined by struts 51 of the next-1argere sizem

in Fig. 4, for exanple, the short strutd830 are of suitable Iength to serve

as base elements of an equilateral right triangle, of which the |onger
strut . (£) a first drive element (56) connecting said second

drive gear to said support shaft for rotation therewith,

(g) a first pinion gear (70) rotatably mounted on said
support shaft,

(h) a second drive element (73) connecting said first
pinion gear to said support shaft for rotation with said
support shaft and said second drive gear (48),

(i) a second support shaft (76) supported for rotation in
said coherent skeletal strgcture,

(3) a first spur gear (71) rotatably mounted on said
second suppeort shaft and meshing with said first pinion
gear (70),

(k) a third drive element (75) connecting said first spur
gear (71) for rotation with said second support shaft (76),
(1) a drive output element (90) rotatably mounted on said
second support shaft (76), and

(m) a fourth drive element (91,92) connecting said drive
output element (90) for rotation with said second support
shaft (76) and said first spur gear (71).

5. A construction toy system according to claim 4,
further characterized by

(a) said first and second support shafts (49, 76) compris-
ing two of said struts,

(b) said struts having portions (53) of non-circular
cross section,

(c) said drive blocks each having a body portion (57) and
a pair of gripping arms (59,60) extending therefrom and
adapted to grip said struts in said portiens of non-circu-
lar cross section, and having a drive element (63) extend-
ing therefrom and engageable with a gear, a pinion, or a
drive output element.

REPLACEMENT SHEET.

24 APR W97




elements 51 form a hypotenuse elenent. e___ﬁ—__Lbﬁ_Lll¢§4+{ﬁion
three of the connectors 50 rotatably support in theit hub portions 94 gear
shafts 95, 96 and 97. The two vertically spaced shaft nﬂm‘(m ‘Lépur
gears 71, and the diameter of these gears is such tha\‘j mumm |

when supported by connectors spaced apart by a strut 54. Whé-h&rlzontally
spaced shafts 96, 97 support a spur gear-ﬂ&-and a pinion gear 70

respectively, and the dianmeter of these gears is such as to properly nesh
when supportéed by Xomenstryctpasedtpy asyatemeraccoxdidty to claim 4,

2 further characterized by

3 (a) sald pinion gears (70) and said spur gears (71)
4 having respective pitch diameters in the ratio of approxi-
5 mately 1.414 / (1-.707)*2.
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16 1. A construction toy systemof the type conprising a plurality of
connector elenents (11) and a plurality of rod-like struts (25, 26, 27, 28)
engageabl e with said connec- tor elenents by |ateral, snap-in engagenent to
forma coherent skeletal structure, and wherein said struts and connector
el enents are engageable to form el enegygl struc- tural units in the form of
| soscel es right triangles, and wherein said struts are provided in a
graduat ed progression in which struts of one size are appropriate to form

the: hypot epuae 78 SRR bR EOREI IR Ty Sey

ABSTRACT OF THE DISCL.OSURE

A gearing and drive mechanism is provided for a construction toy system, in which
a coherent structure can be assembled from a series of rod-like struts (25. 26. 27. 28) and
hub-like connectors (11), wherein the struts have specially contoured ends engageable by
lateral, snap-in assembly with pairs of contoured gripping arms on the connector
elements. Upon snap-in assembly, the struts are effectively rigidly joined with the .
connectors. Spur gears (71) and pinions (70) can be rotatably supported in the structure
using struts and connector elements providing a gear train for converting the output of a
mot(.)r (37) to the driving of an element of the construction toy system. The construction
system has a graduated progression of strut lengths. Such that a first length is of a size
to form a base of an isosceles right triangle for which the next length of the progression
is of a to form a hypothenuse. Spur and pinion gears have a size ratio of approximately
2.4 at the pitch diameter to acommodate assembly, in structures of connected struts

provided in such a size progression, of useful drive gear mechanisms of various speed

ratios and mechanical advantages.
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FIGURE 1.



base sides are forned by struts of the next smaller size, and wherein said
connector elenents have a center opening (52,77) for rotatably receiving a
strut (49,76) and a plurality of pairs of gripping arnms (15, 16) extending
radially fromsaid center opening and adapted for the lateral snap-in
engagenent of struts, a drive systemwhich conprises (a) one or nore

pi nion gears (70) of equal size and having a pinion gear pitch dianeter
(b) one or nore spur gears (71) of equdl size and having a spur gear
pitch dianeter, (c) said spur gears bei ng-adapted for neshing engagenent
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wWith a pinion gear or with another spur gear, (d) the respective pitch

di aneters of said pinion and spur gears being such that (i) t he
center-to-center spacing between a meshing pinion and spur gear equals the
center-to-center distance between a pair of connector elenents joined by a
strut element of a first predetermned |ength, and (ii) t he
center-to-center spacing between a pair2f meshing spur gears equals the
center- to-center distance between a pair of connector

FIG.2
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el ements joined by a strut of a length next larger in progression than said
first predeter- mned |l ength. 2. A construction toy systemaccording to
~claim1l, further characterized by (a) sai d pinion and spur gears being
rotatably received over struts (49,76), (b) said struts having portions

of non-circular cross section, (c) drive elements (56,73,91,92) gripping
non-ci rcul ar 3
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portions of said struts and having drive lugs (63) engaging said gears for
fixing said gears against rotation with respect to the struts on which they
are received. 3. A construction toy syste ; t-o—Cdai Mm 1,
further characterized by (a) said pinion g¢edHsS SHEEEHAS BERM | gear s havi ng
respec- tive pitch dianeters in the rat#o of [appr oRERUACEDY 14 o 34. 4.

A construction toy systemaccording to claim— I, fTurtner—characteri zed by
(a) a notor (37) nmounted by said coherent skeletal structure and

havi ng a rotatabl e output shaft (38)F_— IG 4

—
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(b)
drive gear (48)
gear, (d) a support shaft (49)

one of said rod-like struts, (e)
nount ed on said support shaft,

connecting said second drive gear to sald support shaft for

therew t h,

()

a first drive gear (47) nounted on said output shaft,
positioned in meshing relation with said
for said second drive gefr
said second drive gear bg
52 first drive el emept
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(9) a first pinion gear (70) rotatably nounted on said support shaft, (h)
a second drive elenent (73) connecting said first pinion gear to said
support shaft for rotation with said support shaft and said second drive
gear (48), (i) a second support shaft (76) supported for rotation in said
coherent skeletal structure, (j) a firgt spur gear (71) rotatably nounted
on said second support shaft and meshing"with said first pinion gear (70),
(k) athird drive elenment (75) connecting said first spur gear (71) for

rotation with said sFt;on @pp@H shaft (76),




(1) a drive output element (90) rotatably nounted on said second support
shaft (76), and (m a fourth drive elenent (91,92) connecting said drive
out put elenent (90) for rotation with said second support shaft (76) and
said first spur gear (71). 5. A constyuction toy system according to
claim4, further characterized by (a) said first and second support
shafts (49,76) conpris- ing two of said struts, (b) said struts having
portions (53) of non-circular cross section, (c) said drive bl ocks each

havi ng a body portFBnl(@.anp']
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Abbgos1-3 xvos

ne—adant..odt o © H

a pair.of gripping arns.(59,60) extending therefrem=a thf‘t : ’13 s § sg

- lar cf Y ; -

sald struts in said portlons of non-circu T4 Fﬁ"%}%é to&aced .....
| enent (63) extend- ing therefrom and engh T ed =

S.”n.vﬁne or dElv)e out put el enent. -19- 1 6.] BChigdhst racesbh.. te ape

' ' iFEUas) (za)a 24 .78 40 gaged .=
ccording to claim4, 2 further charactey % Layes 80 gagec.
f)?lfnt gnm ggars (78) and said spur gears (71) O Abstract  :paged ... to peged
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DATE OF RECEIPT..2M7L¥ ..

GEARING AND DRIVE MECHANTSM FOR CORETRUCTION TOY gvsTeN

Belaced Pagents

The subject matter of this application is related to
U.S. Patent No. §,199, 919, granted April 6, 1993, and to
U.S. Patent Nag. §, 137,486, granted August 11, 1992, and to
u.s. Patent No. 5,061,219, granted October 29, 1s91.

kerau

The above menticned patents disclose a novel form of
canstructicn Loy system whkich is comprised of a plurality
of rad-like strut elsments and a plurality of hub-like
connectar elements. WHhile reterence should be made to the
pricr patent documents thenselves for full details of the .
disclosure the earlier documents deal generally. with a
novel form aof strut and connector which are configured to
allow lateral, snap-in .assembly of the strut ends into -
sockets formed in the connector elements hy pa.:.:s of
qr:.nm.rxg arms. The ends -of the strut elenents and the
qr:.pa:.ng armus of the connector elements are contoured such
that, when the Parts are snapped together, the struts are
qr-pned and held firmly against both axial and ‘lateral
movement in relation to the .connector clenents. .. This
unique c:nfzgurat on of pa.r:s as explained in the above
'nent:z.oned patencs, enables the construction .ef"- complcx,
csherent skelnta.l structures..

uany o: the structures possible to assexble using the

STruts and connectors of the abave-nentioned .patents can
.involve wmoving par:s. - By way of example’ only, it is
.. pessible to construct ferris whee].s, carrocusels, d.mt:o:s. )
- cranes and. the like, all providing for driven: ‘motion of
certain components. an advantadeous and highly supltz.tcd
MOTOr mount sStIucture can be incorporatad in%o 2" '&hérént



i i - ly 1.414
4 havj ng respective pitch dianetersin the ratio of approxi- 5 mately .

I (1-.707)*2.

)

rod-like struts (25,26,27,28) engageable with said connec-
tor elements by lateral, shap-in engagement to form a
Coherent skeletal structure, and Wherein said struts ang
connector elements are engageable to form elemental struc-

hypotenuse side of an isosceles right triangle in which the
base sides are formed by struts of the next smaller size,'
and wherein said connector elements have a center opéning
(52,77) for rotatably receiving a strut (49,76) and a
plurality of pairs of gripping arms (15,16) extending
radially from " said center opening and adapted for the
lateral snap-in engagement of struts, a drive system which
comprises

(a) Gne or more pinion gears (70) of equal size ang
having a pinion gear Pitch diameter,

(b) Cne or more spur gears (71) of equal size and having
a spur gear pitctg diameter,

(c) said spur gears being adapted for meshing engagement
with a pinion gear or with another spur gear, |

-} the respective pitch diameters of saig pinion and
Spur gears being such that '
(i) the cem:er-to-_center spacing between

-a meshing pinion ang Spur gear equals the
center-to-center distance between a pair of
connector elements joined by a strut ‘element of
3 first predetermined length, ang ‘

(ii) the center-t:o-_cez'zter spacing betweer _
a pair of meshing SPuUr gears equals the center-
to-center distance between a pair of connector






