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(57) Abstract: A set of building elements (900), comprising one or more building elements (101;701;901..907) with a housing (119)
which is selected from a group of straight, bend, L-shaped, and T-shaped bodies with one or more end-portions (121); wherein the
building elements are configured with at least one connector (103) configured as a plug integrated with or installed in at least some
of the end-portions (121). The connectors (103) comprise: an abutment face (201) with a centre portion (202); a diagonally magnet-
ized magnet arranged behind the abutment face (201); and a pair of a female engagement member (504) extending radially from the
centre portion (202) and a male engagement member (503) extending from the centre portion (202); wherein a depth (D) of the fe-
male engagement member and a height (H) of the corresponding male engagement member is greater than a width (Wm) of the male
engagement member or greater than a width (Wf) of the female engagement member. At least a first building element among the
building elements (101;701) comprises at least a first one of the connectors (103); wherein the at least first one of the connectors
(103) is rotatable mounted in a bearing (108) tixed to the first building element. A drive unit (114) is coupled to turn the first one of
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A set of robotic building elements

INTRODUCTION/BACKGROUND

Building elements that can be interconnected with other building elements in
a set of building elements in accordance with some type of modular system
have been known for decades and for a variety of purposes such as for
education and play.

Such building elements are often characterised by being extremely intuitive
to use and interconnect, by enabling numerous different constructions to be
built, and by not requiring tools or special skills. Often systems of building
elements addresses children say from age 6 and up.

In recent years robotic toys and educational systems have become
increasingly popular and there is a demand to construct robots or other
constructions e.g. vehicles which resembles professional robots and other
constructions as far as possible — and which may serve as prototypes to

solve real automatization problems.

In connection therewith it is discovered that known building elements and

their interconnection means are not sufficient to meet the demand.

RELATED PRIOR ART

WO 2011/011084-A1 discloses a module for building robots having a
connector rotated by a gear motor having a drive shaft. The connector
comprises a number of magnets for engagement with a connector on another
module as well as a flange/slot structure suitable for transferring the

momentum from the drive shaft to an attached module.

EP 1287869-B1 discloses a module in a robotic toy modular system for
building robots comprising a rotatable connection plate rotated by a
servomotor. The connection plate has flanges and slots suitable for

transferring the momentum from the drive shaft to an attached module.
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WO 2013/066901-A1 discloses a module in modular kinematic construction
kit for building robots having a connector rotated by a gear motor having a
drive shaft. The connector comprises a number of magnets for engagement

with a connector on another module.

US 2014/227939-A discloses a modular toy block comprising a connector
with a sawtooth structure having an inner part and an outer part. The inner
part and the outer part may be rotated in fine angular steps determined by
the sawtooth structure with respect to each other. A magnet is used for
releaseably attaching one module to another.

However, these and other types of robotic toy or educational building
systems suffer from the common problem that interconnections are not
strong enough to enable building of a robot that can spread out its limbs to
reach out to a range as is known for instance from industrial or “real-world”

robots.

Further, these and other types of building elements have a configuration that
allows a robot build from them to carry barely their own weight when trying to

reach out to some range.
SUMMARY

There is provided a set of building elements, comprising: one or more first
building elements with a housing which is selected from a group of straight,
bend, L-shaped, and T-shaped bodies with one or more end-portions;
wherein the building elements are configured with at least one first connector
configured as a plug integrated with or installed in at least some of the end-
portions; wherein the connectors comprise: an abutment face with a centre
portion; a diagonally magnetized magnet rotatably arranged behind the
abutment face; and a pair of a female engagement member extending
radially from the centre portion and a male engagement member extending
from the centre portion; wherein a depth of the female engagement member
and a height of the corresponding male engagement member is greater than
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a width of the male engagement member or greater than a width of the
female engagement member; wherein at least a first building element among
the building elements comprises at least a first one of the connectors;
wherein the at least first one of the connectors is rotatable mounted in a
bearing fixed to the first building element; a drive unit coupled to turn the first
one of connectors in response to a control signal; and an energy storage unit

coupled to supply operating power the drive unit.

Thereby two first building elements can be magnetically interconnected at
their respective first connectors. When the connectors of the respective two
first building elements are brought together, the rotatably arranged diagonally
magnetized magnets rotate by mutual magnetic repulsive force such that at
least one of them rotate until they face each other in an angular position
whereat magnetic attractive forces keeps the two first building elements
connected. Should the respective rotatably arranged diagonally magnetized
magnets already be in the right (magnetically attacting) angular position with
respect to each other, the magnets will not rotate. Thus, in case the
connectors allow interconnection at two or more mutual angles about an axis
at right angles to the abutment face, the rotatably arranged diagonally
magnetized magnets adjust themselves by rotation to keep the first building
elements connected by magnetic attractive force. In this way it is possible to
magnetically interconnect two connectors despite of a relatively small
diameter of the connector.

In some embodiments a first building element, as defined above, may
connect with a second building element, defined by a metal disc arranged
behind the abutment face instead of a diagonally magnetized magnet. Then,
when the connectors of the respective first building element and the second
building element are brought together, the diagonally magnetized magnet of
the first building element need not rotate. In some embodiments the second
building element has a larger diameter than the first building element. The

second building element may have magnets arranged at other positions than
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at the centre portion, but have a metal disc positioned at the centre position
to connect magnetically with the first building elements. This greatly improves

flexibility of a building system, such as a toy building system.

This set of building elements comprises connectors that enables rotation of
the elements with respect to each other, while the geometry of the
connectors gives a strong coupling between the building elements, which can
be made longer to resemble a robot that has manoeuvrability and reach as is

known for instance from industrial or “real-world” robots.

In some embodiments, the bearing is a ball bearing. In other embodiments
the bearing is a plain bearing. The plain bearing may be a sleeve bearing.

In particular the connector effectively locks two interconnected building
elements together in such a way that even if a significant bending force is
applied between two connected building elements, the building elements will
remain connected and with only limited deflection. This is a major advantage
since it makes the robots much less fragile. Yet, the connector remains

intuitive to connect and disconnect.

Since the male and female engagement members extend radially from the
centre portion, it is possible to interconnect connectors with different
diameters. Thereby, building elements with a larger diameter may form a
core of a construction, while building elements with a smaller diameter may
form limbs or more remote elements of a construction to save one or both of

weight and cost.

The magnets synergistically work with the engagement members since they
can withstand a substantial torque and since once connected, friction
between the male engagement member and the female engagement

member keeps the interconnected connectors securely locked.

In some aspects the male engagement member and the female engagement
member have a tapered and matching shape. Thereby, once taken slightly
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apart by a user, both magnetic force and frictional coupling will decrease
quickly with distance. While the connectors are interconnected both magnetic
coupling and frictional coupling will keep the connectors securely
interconnected and able to withstand significant bending forces.

In some embodiments the body member is tubular or tubular with one or
more branches terminated by a connector. With a tubular shape it is possible
to produce building elements that can reach out over a significant distance as
enabled by the connector. Further, tubular body members can be
manufactured at a reasonable cost level even at lengths of about 20 cm and
more. The diameter of the body members may be in the range of about 3 cm

to 12 cm or more.

In some embodiments at least some of the end-portions of said body
member have a round cross-section. The round cross-section may be

substantially circular.

In some embodiments at least one of the body members is configured to
taper off towards at least one of the end portions. Thereby an improved cost-
to-strength ratio over that of same-diameter body-members is achievable.

In some embodiments the female engagement member is configured as a
recess and the male engagement member is configured as a protrusion with
respective side walls extending in a radial direction from the centre portion;
and wherein a sidewall of the recess abuts a sidewall of the protrusion such
that a plane sidewall is formed from a bottom portion of the recess to a top
portion of the protrusion. The sidewall serves a dual purpose: namely that of
guiding connectors together for interconnection and that of reinforcing the

frictional coupling once connected.

In some embodiments the set of building elements comprises multiple pairs
of a radially extending male engagement member and a radially extending
female engagement member. In some aspects the connector is configured

with two, three or four pairs of engagement members.
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In some embodiments the multiple pairs of a radially extending male
engagement member and a radially extending female engagement member
are arranged at 90 degrees angles with respect to each other. The
engagement members are arranged at 90 degrees angles with respect to
each other with respect to an axis that is normal, i.e. at right angles, to the
abutment face.

In some embodiments the set of building elements comprises multiple pairs
of magnets sitting behind the abutment face, with their polarity arranged
opposite to one another, at substantially the same radial distance to the
centre portion such that magnetic polarity alternates with a clockwise or
anticlockwise rotation of the connector. In this way all such arranged
magnets of two interconnected connectors will engage with opposite polarity
for best possible interconnection force.

In some embodiments the diagonally magnetized magnet is substantially
cylindrical and rotatably arranged. The diagonally magnetized magnet is
rotatable about its axial axis. The north pole of the diagonally magnetized
magnet is located at an angular range of approximately 180° about the axial

axis and the south pole is located at an angular range of the opposing 180° .

In some embodiments the diagonally magnetized magnet is accommodated
in a substantially cylindrical compartment, a skirt or a bore. A diameter of
diagonally magnetized magnet and a diameter of the substantially cylindrical
compartment, skirt or bore may have a clearance with respect to each other
such that the diagonally magnetized magnet is free to rotate or can rotate at
least when exposed to a magnetic force caused by a magnet of similar
strength as itself. The diagonally magnetized magnet may be shaped as a
substantially cylindrical wafer or a cylinder. The diagonally magnetized
magnet may have another shape.

In some embodiments the set of tubular building elements comprises one or

more second building elements with a housing which is selected from a
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group of straight, bend, L-shaped, and T-shaped bodies with one or more
end-portions; wherein the building elements are configured with at least one
second connector; wherein the second connector comprise: an abutment
face with a centre portion; a metal disc arranged behind the abutment face;
and a pair of a female engagement member extending radially from the
centre portion and a male engagement member extending from the centre
portion; wherein a depth of the female engagement member and a height of
the corresponding male engagement member is greater than a width (Wm) of
the male engagement member or greater than a width of the female
engagement member. In this way it is possible to magnetically interconnect
two connectors despite of a relatively small diameter of the connector. Also it
is possible to connect a connector with both a similar-sized connector and a

smaller-sized connector.

In some embodiments the drive unit is coupled to the connector via a
coupling. The coupling may be configured to withstand misalignments

between shaft and drive unit, such that the drive unit last longer.

In some embodiments the set of building elements comprises a wireless
communications circuit operative to generate the control signal to the drive
unit. The wireless communications circuit may be a circuit for communicating
in accordance with the Bluetooth standard or a Wi-Fi standard or another

wireless communications standard e.g. at a frequency about 2.4 GHz.

BRIEF DESCRIPTION OF THE FIGURES

A more detailed description follows below with reference to the drawing, in

which:
fig. 1 shows a cross-sectional longitudinal view of a first building element;
fig. 2 shows an end-view of a connector;

fig. 3 shows an exploded view of the first building element;
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fig. 4 shows a perspective bottom-view of a connector;
fig. 5a and fig. 5b show a perspective view of a connector;

fig. 6 shows a perspective top-view of a connector, a side-view, a top-view

and a bottom-view;

fig. 7 shows a top-view of a second building element;

fig. 8 shows a cross-sectional view of the second building element;
fig. 9 shows a set of building elements; and

fig. 10 shows a robotic construction made from building elements.

DETAILED DESCRIPTION

Fig. 1 shows a cross-sectional longitudinal view of a first building element.
The first building element 101 comprises a body member 119 with a tubular
shape which extends between two end-portions, both designated 121. The
body member 119 tapered off towards its end-portions 121 such that its
diameter at both ends is smaller than its diameter halfway between the end-
portions 121.

A connector, generally designated 103, is accommodated at the end-portions
121 of the body member 119. A part of the connector 103 is accommodated
as a plug into the body member 119. The connector 103 has a cross-section

that matches the end-portion of the body member.

A drive unit 114, e.g. an electrical motor such as a DC motor, servo motor or
stepper motor is accommodated in the body member 119 to turn the
connector 103 or at least engagement members thereof relative to the body
member 119. The drive unit 114 may comprise a gear e.g. to increase the
amount of torque for turning the connector 103.

The drive unit 114 is coupled to the connector 103 via a coupling 111 and a

drive shaft 110 with a flange for fixing the drive shaft to the connector 103.
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The coupling 111 may be configured to accept misalignments between the
drive shaft 110 and the drive unit 114 such that the drive unit 114 is released
from strains caused by misalignments, such as those caused by production

tolerances.

The drive unit 114 is fixated to a cross-mounted board 113 fixated to the
body member 119. The body member 119 may comprise one or more slots
(not shown) to accept the board.

The drive unit 114 is powered from an energy storage unit 117, such as an
electrical battery, coupled to supply operating power the drive unit. The drive
unit 114 is coupled to receive operating power from the energy storage unit
117 via an electrical circuit on a printed circuit board, PCB 116. The electrical
circuit may connect to a computer (not shown) via a wired or wireless
connection as it is known in the art. The electrical circuit 116 may comprise a

programmable controller.

Fig. 2 shows an end-view and a perspective view of the connector. The
connector 103 has an abutment face 201, with a rim 203. The abutment face
201 may be at right angles with respect to a longitudinal axis of the building
element. With respect to the perspective view, one or more male
engagement members 503 extends outwards from the abutment face 201
and one or more female engagement members 504 extends inwards through
the abutment face 201.

The female engagement member 504 is configured as a recess and the male
engagement member 503 is configured as a protrusion with respective side
walls 124 extending in a radial direction from a centre portion 202; and a
sidewall 124 of the recess abuts a sidewall of the protrusion such that a
plane sidewall 124 is formed from a bottom portion 123 of the recess to a top
portion 122 of the protrusion.

It can be seen that the centre portion 202 has a face that lies in the same
plane as the abutment face and that the face of the centre portion forms a
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portion of the abutment face. The engagement members extend radially from
the periphery of the centre portion. The centre portion may have a diameter
which is in the range of 20% to 60% e.g. about 30% of the diameter of the

connector 103 as indicated by the rim 203.

Fig. 3 shows an exploded view of the first building element. A rotating shell
118 is freely rotatable with the connector 103 and may be turned manually
independently of the connector or it may be fixed to the connector 103 to turn
with it. The shown elements such as the body member 119 are mentioned
above.

Fig. 4 shows a perspective bottom-view of a connector. In this view of the
connector 103 it can be seen that the connector 103 comprises an inwardly
extending connector skirt 404 that extends from the periphery of the
connector or the rim 203 of the abutment face 201. The connector skirt has a

length such that the skirt covers the female engagement member 504.

Enclosed by the connector skirt 404 are four pair of magnet skirts 403 each
configured with a bore to accommodate rod magnets 401 and 402. A set of
rod magnets 401 is arranged with their positive polarity to face inwards, away
from the abutment face 201. Between the rod magnets 401 and alternately
therewith are arranged another set of rod magnets 402 with their positive
polarity to face outwards, out through the abutment face 201. Thus, along a
circle, arranged concentrically with the connector skirt 404, and with its
periphery going through the rod magnets 401 and 402 the magnetic polarity

alternates.

In some embodiments of the connector 103 a disc 406 of magnetisable
material is arranged at a centre portion of the connector 103 e.g. in a centre
skirt 405, which thereby centres the disc and accommodates it.

Fig. 5a and fig. 5b show a perspective view of a connector. The depicted
connector 506 may have a smaller diameter than the connector 103 shown in
the previous figures. However, the connector 506 is compatible with the
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connector 103 in the sense that the connector 103 may connect with the
connector 506.

The connector 506 also has female engagement members 503 and male
engagement members 504. The male engagement members 503 of the
connector 506 also extend radially from a centre portion 202. Likewise, the
female engagement members 504 of the connector 506 also extend radially
from the centre portion 202. Both the female engagement members and the
male engagement members of the connector 506 has a radial distance to the
centre portion which is the same as the radial distance at which the female
engagement members 504 and the male engagement members 503 of the
connector 103. It should be noted that the term ‘same’ in connection with the
radial distance means that they are substantially the same and that a
clearance is built in to allow a good trade-off between a rattle-free connection

and not too much friction.

A pair of magnets 501 and 502 is arranged as a centre piece in a centre skirt
505. The pair of magnets connects with the disc 406 of the connector 103 or
another pair of magnets of a similar connector 506. The pair of magnets may
be rotatable in the skirt 505 to allow them to connect when two connectors
are pressed together. The pair of magnets may be embodied as a single
diagonally magnetized magnet e.g. such as those made available at

www.supermagnete.de with a diameter of e.g. 10 mm and a height of e.g. 5

mm. The magnet or magnets may be of the neodymium type.

Fig. 6 shows a perspective view of a connector, a side-view, a top-view and a
bottom-view. From the perspective view it can be seen that the female
engagement member 504 is configured as a recess and the male
engagement member 503 is configured as a protrusion with respective side
walls extending in a radial direction from the centre portion, wherein a
sidewall 124 of the recess abuts a sidewall of the protrusion such that a
plane sidewall 124 is formed from a bottom portion 123 of the recess to a top
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portion 122 of the protrusion. The plane sidewall 124 makes it more intuitive
to connect two connectors. The connectors may simply be held against each
other at a random angle, but such that the male engagement members
touches the abutment face, and then turned while pressed together until
engagement is achieved. The magnets may then hold the connectors
securely together.

With respect to the side-view, a width, Wf, of the female engagement
member 504 is shown and a width, Wm, of the male engagement member
503 is shown. A height, H, of the male engagement member and a depth, D,

of the female engagement member is also shown.

In some embodiments the height or depth of the engagement members is
greater than the width of the engagement members, such as greater by a
factor in the range of 1.1 times to 5 times, e.g. a height and depth that are

about 1.2 times greater than the width or e.g. about 2.5 times greater. .

The width, Wf, may be measured at the bottom portion 123 or at the level of
the abutment face. Likewise, width, Wm, may be measured at the top portion
122 or at the level of the abutment face.

Fig. 7 shows a top-view of a second building element. The second building
element 701 has a bend shape.

Fig. 8 shows a cross-sectional view of the second building element.

Fig. 9 shows a set of building elements. The set of building elements
comprises one or more of building elements 901, 101, 701, 902, 903, 904,
905, 906, 907. All of the shown building elements have a generally tubular
shape or a tubular shape with one or more branches terminated by a
connector 103.

Building elements 901 and 101 have a body member which has straight
shape. One end of the building element 901 is terminated by a connector,

whereas both ends of building element 101 are terminated by a connector.
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Building element 701 has a body member with a bend shape; both ends of

building element 701 are terminated by a connector.

Building element 902 has a body member with a T-shape; all three ends of

building element 902 are terminated by a connector.

Fig. 10 shows a robotic construction made from building elements. Due to the
configuration of the connector the robotic construction may have a fairly long
reach without falling apart and without deflecting significantly.

ltem 1:. A set of building elements (900), comprising:

one or more building elements (101;701;901..907) with a housing (119)
which is selected from a group of straight, bend, L-shaped, and T-shaped
bodies with one or more end-portions (121); wherein the building elements
are configured with at least one connector (103) configured as a plug
integrated with or installed in at least some of the end-portions (121);

wherein the connectors (103) comprise:
an abutment face (201) with a centre portion (202);

a diagonally magnetized magnet or a first pair of magnets
(501,502;401,402) sitting behind the abutment face (201) with their polarity
arranged opposite to one another; and

a pair of a female engagement member (504) extending radially from
the centre portion (202) and a male engagement member (503) extending
from the centre portion (202); wherein a depth (D) of the female engagement
member and a height (H) of the corresponding male engagement member is
greater than a width (Wm) of the male engagement member or greater than a

width (Wf) of the female engagement member;

wherein at least a first building element among the building elements
(101;701) comprises at least a first one of the connectors (103); wherein the
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at least first one of the connectors (103) is rotatable mounted in a bearing
(108) fixed to the first building element;

a drive unit (114) coupled to turn the first one of connectors (103) in response

to a control signal,

an energy storage unit (117) coupled to supply operating power the drive

unit.
ltem 2: A set of building elements (900), comprising:

one or more first building elements (101;701;901..907) with a housing (119)
which is selected from a group of straight, bend, L-shaped, and T-shaped
bodies with one or more end-portions (121); wherein the building elements
are configured with at least one first connector (506) configured as a plug

integrated with or installed in at least some of the end-portions (121);
wherein the first connector (506) comprises:
an abutment face (201) with a centre portion (202);

a diagonally magnetized magnet (501,502) rotatably arranged behind
the abutment face (201); and

a pair of a female engagement member (504) extending radially from
the centre portion (202) and a male engagement member (503) extending
from the centre portion (202); wherein a depth (D) of the female engagement
member and a height (H) of the corresponding male engagement member is
greater than a width (Wm) of the male engagement member or greater than a

width (Wf) of the female engagement member.

Embodiments of the above items are set out in the above and in the below

dependent claims.
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CLAIMS
1. A set of building elements (900), comprising:

one or more first building elements (101;701;901..907) with a housing (119)
which is selected from a group of straight, bend, L-shaped, and T-shaped
bodies with one or more end-portions (121); wherein the building elements
are configured with at least one first connector (506) configured as a plug
integrated with or installed in at least some of the end-portions (121);

wherein the first connector (506) comprises:
an abutment face (201) with a centre portion (202);

a diagonally magnetized magnet (501,502) rotatably arranged behind
the abutment face (201); and

a pair of a female engagement member (504) extending radially from
the centre portion (202) and a male engagement member (503) extending
from the centre portion (202); wherein a depth (D) of the female engagement
member and a height (H) of the corresponding male engagement member is
greater than a width (Wm) of the male engagement member or greater than a
width (Wf) of the female engagement member;

wherein at least a first building element among the building elements
(101;701) comprises at least a first one of the connectors (103); wherein the
at least first one of the connectors (103) is rotatable mounted in a bearing
(108) fixed to the first building element;

a drive unit (114) coupled to turn the first one of connectors (103) in response
to a control signal; and

an energy storage unit (117) coupled to supply operating power the drive

unit.
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2. A set of building elements (900) according to claim 1, wherein the body
member (119) is tubular or tubular with one or more branches terminated by

a connector (103).

3. A set of building elements (900) according to claim 1 or 2, wherein at least
some of the end-portions (121) of said body member (119) have a round

cross-section.

4. A set of building elements (900) according to any of claims 1-3, wherein at
least one of the body members is configured to taper off towards at least one
of the end portions (121).

5. A set of building elements (900) according to any of claims 1-4, wherein
the female engagement member (504) is configured as a recess and the
male engagement member (503) is configured as a protrusion with
respective side walls extending in a radial direction from the centre portion
(202); and wherein a sidewall (124) of the recess abuts a sidewall of the
protrusion such that a plane sidewall (124) is formed from a bottom portion

(123) of the recess to a top portion (122) of the protrusion.

6. A set of building elements (900) according to any of claims 1-5, comprising
multiple pairs of a radially extending male engagement member (503) and a
radially extending female engagement member (504).

7. A set of building elements (900) according to claim 6, wherein the multiple

pairs of a radially extending male engagement member (503) and a radially



WO 2017/144505 PCT/EP2017/054002

10

15

20

25

17

extending female engagement member (504 ) are arranged at 90 degrees
angles with respect to each other.

8. A set of building elements (900) according to any of claims 1-7, comprising
multiple pairs of magnets (401;402) sitting behind the abutment face (201),
with their polarity arranged opposite to one another, at substantially the same
radial distance to the centre portion (202) such that magnetic polarity
alternates with a clockwise or anticlockwise rotation of the connector (103).

9. A set of building elements (900) according to any of claims 1-8, wherein
the diagonally magnetized magnet is substantially cylindrical and rotatably

arranged. .

10. A set of building elements (900) according to claim 9, wherein the
diagonally magnetized magnet (501, 502) is accommodated in a substantially
cylindrical compartment, a skirt or a bore.

11. A set building elements (900) according to any of claims 1-10,

comprising:

one or more second building elements (101;701;901..907) with a
housing (119) which is selected from a group of straight, bend, L-shaped,
and T-shaped bodies with one or more end-portions (121); wherein the

building elements are configured with at least one second connector (103);
wherein the second connector (103) comprise:

an abutment face (201) with a centre portion (202);
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a metal disc (406) arranged behind the abutment face (201); and

a pair of a female engagement member (504) extending radially from
the centre portion (202) and a male engagement member (503) extending
from the centre portion (202); wherein a depth (D) of the female engagement

5 member and a height (H) of the corresponding male engagement member is
greater than a width (Wm) of the male engagement member or greater than a
width (Wf) of the female engagement member.

12. A set of building elements (900) according to any of claims 1-11, wherein
10  the drive unit (114) is coupled to the connector via a coupling (111).

13. A set of tubular building elements (900) according to any of claims 1-12,
comprising a wireless communications circuit operative to generate the

control signal to the drive unit (114).

15
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