(19 DANMARK (10 DK/EP 3123109 T3

(12) Overseettelse af
europaeisk patentskrift

Patent- og
Varemeaerkestyrelsen

(51) Int.Cl.: G 01C 19/00 (2013.01) B 63 B 29/12 (2006.01) F16 M 11/02 (2006.01)
G 01 C 19/26 (2006.01) G 01 C 19/44 (2006.01)

(45) Oversaettelsen bekendtgjort den: 2020-02-24

(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgerelse om meddelelse af patentet: 2019-11-20

(86) Europaeisk ansggning nr.: 15770215.0

(86) Europaeisk indleveringsdag: 2015-03-25

(87) Den europeeiske ansggnings publiceringsdag: 2017-02-01
(86) International ansggning nr.: ZA2015000016

(87) Internationalt publikationsnr.: W02015149087

(30) Prioritet: 2014-03-26 ZA 201402240

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE Sl SK SM TR

(73) Patenthaver: Wanfuteng (Pty) Ltd, Regus Sandton West Tower 2nd Floor, Nelson Mandela Square, Maude Street,
Johannesburg, Gauteng, 2146, Sydafrika

(72) Opfinder: BURGER, Henri Louis, 108 Platinum. Junction, School Road, Milnerton, Cape Town 7441, Sydafrika
(74) Fuldmaegtig i Danmark: Gotapatent AB, Box 3127, S-550 03 J6nképing, Sverige
(54) Bensevnelse: EN LASENDE BALANCEB@JLE
(56) Fremdragne publikationer:
WO-A1-2004/067373
US-A- 926 665

US-A1- 2012 273 537
US-B1- 6 257 125



DK/EP 3123109 T3



DK/EP 3123109 T3

DESCRIPTION

BACKGROUND OF THE INVENTION

[0001] THIS invention relates to locking gimbal. More specifically, the invention relates to a
locking gimbal for: automatically locking a gimballed object against motion arising from an
external force applied thereto; and automatically releasing the gimballed object on removal of
the external force.

[0002] It is well known that objects such as stoves, ovens, tables, beds, etc. upon
transportation craft (i.e. boats, automobiles, trains or aeroplanes) are often gimballed in order
for them to remain substantially level despite the rocking motion of the craft. In order for these
gimballed objects to remain level, they must be able to swing freely, which is inherently
dangerous.

[0003] It will be appreciated that it is very possible for a person to accidentally bump into or fall
onto the gimballed object thereby exposing it to an external direct load and throwing it and
anything supported thereon out of a level condition. In the case of a gimballed stove supporting
a pot of boiling water, such an event would certainly cause severe injuries.

[0004] One solution implemented to counter this danger is a manual mechanical lock, which
locks the gimballed object against any motion. Although the locked gimballed object is locked
against motion arising from exposure to an external direct load, it is incapable of self-levelling
and as such, remains dangerous under the rocking motion of the craft.

[0005] Another possible solution is taught by MCKINNON in US patent no. 926,665, which
relates to a self-levelling table, cot or other supporting device which is adapted to remain level
despite movement or variations in the position of the bottom or floor supporting the device.

[0006] Although MCKINNON teaches of a pawl-pendulum member, that is pivotally supported
on a table and configured to operatively engage with a toothed rack to lock relative movement
between the table and the pawl-pendulum member, it has at least two clear disadvantages.
The first is its seemingly limited locking range. The second is that the force require to bring the
pawl-pendulum member into engagement with the locking rack, and thereafter to retain such
engagement, is related to the magnitude of the pendulum moment. To this end, MCKINNON
requires either a very heavy counterweight on its pendulum or a very long pendulum with a
lighter counterweight, with each being unnecessarily heavy, large and cumbersome.

[0007] Yet another possible solution is taught by MERRILL in US patent no. 284,879, which
relates to a self-levelling berth. Although MERRILL teaches of a suspended oscillating
pendulum member and a suspended oscillating berth having thereon a primary toothed rack
meshed with a secondary toothed rack on a support object, it has at least two clear
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disadvantages.

[0008] The first is that the toothed racks are mainly for the transfer of the weight of the berth
(and occupant lying thereon) to the support object rather than for locking relative movement.
The second is its limited locking range.

[0009] It is therefore an object of the present invention to address the shortcomings of the
known prior art and provide a locking gimbal that allows the gimballed object to swing freely to
self-level, but to automatically lock in the event of the gimballed object being exposed to an
external direct load that would otherwise force it from a level condition.

SUMMARY OF THE INVENTION

[0010] According to the invention there is provided a locking gimbal for automatically locking a
gimballed object against motion arising from an external force applied thereto, the locking
gimbal comprising:

a first object pivotally connectible to a support, and being pivotable about a first pivot axis (Pg),
wherein the centre of gravity (CGg) of the first object is spaced from the first pivot axis (Pg),
and further wherein the first object defines a first reference axis (ARg) passing through the first

pivot axis and the centre of gravity of the first object;

a second object having a centre of gravity (CGg) movable along an arc centred substantially at
a second axis (Pg) and defining a second reference axis (Arg) passing through the second

axis and the centre of gravity of the second object, the first and second objects being movable
relative to one another between a first aligned condition, wherein the first and second
reference axes are substantially aligned, and a second displaced condition, wherein the first
and second reference axes are angularly displaced relative to one another;

a locking member fixed in position relative to the support;

a connector, having a first end connected to a locking formation and a second end connected
to the second object, wherein pivotal displacement of the first object relative to the second
object to the displaced condition in a first direction drives movement of the connector,
consequentially forcing at least a portion of the locking formation from a disengaged position to
an engaged position, wherein the locking member arrests further pivotal displacement of the
first object in such first direction via the locking formation;

characterised in that the locking formation is operatively movable relative to both the first and
the second objects.

[0011] Generally, the first object is biased towards an in rest position in which a support
surface of the first object is substantially level. Typically, the first object is biased toward the in
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rest position in which the centre of gravity of the first object operatively comes to rest at a
position underneath the pivot support.

[0012] In the in rest position, the first reference axis is preferably substantially upright, the first
object being biased towards the in rest position under its own weight or under the weight of a
first counterweight connected thereto such that the first object acts as a first pendulum. It will
be appreciated that the term "substantially upright” will be understood to mean vertical or any
angular offset from vertical of up to 30 degrees either side of vertical.

[0013] In one embodiment of the invention, the second object may be movable along a track
connected to the first object, with the second object being capable of rolling or sliding along the
track. Typically, the track is arcuate. Preferably, the track is arced having a centre located
substantially at the second axis, and further wherein the second axis is substantially co-linear
with the first pivot axis.

[0014] Typically, the locking formation is one or more formations on a locking arm pivotally
mounted on the first object and pivotally movable relative thereto from the disengaged position
into the engaged position by contact of the second object thereon in the displaced condition.

[0015] In a first alternative embodiment of the invention, the second object is pivotally
supported to act as a second pendulum, and the locking formation is a terminal end of one or
more locking pins being movable between the engaged and disengaged positions. In the
engaged position, the locking pin generally extends such that the locking formation thereof
comes into engagement with the locking member when the first and second objects are in the
second displaced condition. In the disengaged position, the locking pin is typically retracted
such that the locking formation thereof is spaced from the locking member when the first and
second objects are in the first aligned condition.

[0016] The locking gimbal may include one or more connectors for driving the locking pins
between the respective disengaged and engaged positions, the connector being co-operative
between the first object or the second object, and the locking pin such that when the first and
second objects are in the first aligned position, the locking pin is forced by the connector into
the retracted disengaged position, and when the first and second objects are in the second
displaced position, the locking pin is forced by the connector into the extended engaged
position.

[0017] Generally, the locking pin is slidably mounted on the first object and the connector
comprises first and second ends, each of the ends being pivotally connected to the locking pin
and to the second object respectively. Preferably, the locking pin is slidably mounted on the first
object within guides such that an axis along which the locking pin is slidable remains
substantially parallel with the first reference axis.

[0018] in a second alternative embodiment of the invention, the locking gimbal may have at
least two locking pins slidably mounted on the first or second object, each being capable of
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actuation by one of the respective connectors, the connectors each having first and second
ends wherein the first ends thereof are pivotally connected to one of the respective locking pins
and the second ends thereof being configured to co-operatively engage the first object thereby
to transmit, on engagement between the first object and the respective second ends of the
connectors in the first aligned and second displaced conditions, a corresponding force
imparted onto the connectors by the first object to the locking pins such that the respective
locking pin is driven towards the retracted disengaged or extended engaged positions
respectively.

[0019] In a third alternative embodiment of the invention, the locking gimbal may have at least
two locking pins slidably mounted on the first or second object, and connectors in the form of a
plurality of gears for driving the locking pins, the gears being co-operatively engagable with the
first object thereby to transmit, on engagement between the first object and at least one of the
gears in the first aligned or second displaced conditions, a corresponding force imparted on
the gears by the first object to the locking pins such that the respective locking pin is driven into
the retracted disengaged or extended engaged positions.

[0020] Preferably, the locking pins are slidably mounted on the first or second object within
guides such that axes along which the locking pins are slidable remain substantially parallel
with the respective first or second reference axis. More preferably, the second object is
pivotally supported about the first pivot axis on the support, or about the second axis located
on a secondary support, the second axis being a second pivot axis.

[0021] In a fourth alternative embodiment of the invention, the second object is pivotally
supported on the first object and pivotable relative thereto about the second axis, the second
axis being a second pivot axis spaced from the first pivot axis.

[0022] The locking formation may be a locking pin configured to ride between a cog formation
on the second object and the locking member, with the locking pin capable of riding freely
along the locking member between in the disengaged position, when the first and second
objects are in the first aligned condition.

[0023] In the engaged position, when the first and second objects are in the second displaced
condition, the locking pin is captured between projections on the cog formation and the locking
member, thereby to lock the first and second objects to the locking member and prevent
rotation of the first object about the first pivot axis.

[0024] In a fifth alternative embodiment of the invention, the second object may be pivotally
supported about the second axis to act as a second pendulum such that the second axis is a
second pivot axis, and further wherein the locking formation is one or more formations on a
locking arm, the locking arm being pivotally mounted on the first object and pivotable relative
thereto about a third pivot axis.

[0025] Generally, the locking gimbal includes one or more connectors having first and second
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ends, the first end thereof being pivotally connected to a first connection point on the locking
arm and a second end thereof being pivotally connected to a second connection point on the
second object, wherein the first connection point and the third pivot axis lie on a primary plane
and the second connection point and the second pivot axis lie on a secondary plane. Although
not necessary, the primary and secondary planes, in use, remain substantially parallel
throughout the range of pivotal movement of the first and second objects.

[0026] Typically, the centre of gravity of the second object and the second pivot axis lie on a
transverse plane being substantially perpendicular to the secondary plane.

It will be appreciated that the second object may be pivotally supportable on a second support
such that the first and second pivot axis are spaced relative to one another. Alternatively, the
second object is pivotally supportable on the support on which the first object is pivotally
supportable such that the first and second pivot axes are co-linear.

[0027] It will be further appreciated that the second object, acting as a second pendulum,
comprises a second counterweight pivotally supported on a second pendulum arm.

[0028] To enable the locking gimbal to arrest oscillations, it is preferable that a first length, as
measured between the first pivot axis and the centre the gravity of the first object, and a
second length, as measured between the axis about which the second object is pivotally
supported and the centre of gravity of the second object, are unequal such that a period of
oscillation of the first object is different to a period of oscillation of the second object.

[0029] The centre of gravity of the first object and the first pivot axis may lie on a transverse
plane being substantially perpendicular to the support surface of the first object. The locking
member is curved, preferably arced, and may have repeating projections spaced from one
another circumferentially there along. More preferably, the centre of the arced locking member
coincides with the first pivot axis.

[0030] Preferably, the locking member is two or more spaced parallel locking members
orientated relative to one another such that the projections on one of the locking members are
staggered relative to the projections on the other locking members thereby increasing the
engaging responsiveness of the locking formation on the locking member.

[0031] Generally, the locking formation is movably supported on the locking arm and movable
relative thereto such that the locking formation engages the locking member in the engaged
position and disengages the locking member in the disengaged position.

[0032] Typically, the locking formation is movably supported on a swivel pin on the locking
formation or the locking arm, the swivel pin being captured within a swivel slot defined on the
other of the locking formation or the locking arm. The swivel pin and swivel slot preferably
enable the locking formation to swivel and slide relative to the locking arm, with the range of
motion of the locking engagement member being limited by the length of the swivel slot and
corresponding abutment formations capable of abutting one another in the engaged position.
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[0033] The first pivot axis may be one of two or more gimbal axes about which the first object
is pivotally supported: the at least two gimbal axes being angularly offset relative to one
another thereby to maintain the first object and/or the support surface thereof substantially
level. Preferably, the at least two gimbal axes are angularly offset relative to one another by 90
degrees.

[0034] Generally, wherein in the first aligned condition, the first and second reference axes are
substantially co-planar and/or co-linear.

[0035] According to a second aspect of the invention, there is provided a gimbal object
including a primary locking gimbal and at least a second locking gimbal wherein the first pivot
axes of the respective primary and secondary locking gimbals are angularly offset relative to
one another. Preferably, the first pivot axes of the respective primary and secondary locking
gimbals are angularly offset relative to one another by about 90 degrees.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The invention will now be described in more detail, by way of example only, with
reference to the accompanying drawings in which:

Figure 1A-1C
are side views of a preferred embodiment of a locking gimbal in accordance with the
invention, figure 1A and 1B showing the locking gimbal in first aligned conditions under
motionless and in motion states respectively, with figure 1C showing the locking gimbal
in a second displaced condition;

Figure 2A-2D
are side views of the locking gimbal of figure 1, having responsiveness and effectiveness
enhancements included therein;

Figure 3A-3C
are side views of a second embodiment of a locking gimbal in accordance with the
invention, figure 3A and 3B showing the locking gimbal in first aligned conditions under
motionless and in motion states respectively, with figure 3C showing the locking gimbal
in a second displaced condition;

Figure 4A-4C
are side views of a third embodiment of a locking gimbal in accordance with the
invention, figure 4A and 4B showing the locking gimbal in first aligned conditions under
motionless and in motion states respectively, with figure 4C showing the locking gimbal
in a second displaced condition;

Figure 5
is a side view of a fourth embodiment of a locking gimbal in accordance with the
invention;

Figure 6
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is a side view of a variation of the fourth embodiment of the locking gimbal of figure 5;
and

Figure 7A-7B
are side views of a fifth embodiment of a locking gimbal in accordance with the invention,
figure 7A showing the locking gimbal in a first aligned condition and figure 7B shewing
the locking gimbal in a second displaced condition.

DETAILED DESCRIPTION OF THE DRAWINGS

[0037] A locking gimbal according to a preferred embodiment of the invention is designated
generally in the accompanying figures with reference numeral 10. With reference now to figure
1A to figure 1C, the locking gimbal 10 includes a first object 12, a second object 14, a locking
member 16 and a locking formation 18.

[0038] Although the first and second objects 12,14 have been illustrated for the ease of
description as substantially T-shaped first and second pendulums respectively, it will be
appreciated that the first and second objects may take any form. For example, the first object
12 may in fact be a gimballed object (i.e. a stove) pivotally supported about a point spaced
from its centre of gravity.

[0039] Furthermore, although the locking gimbal 10 has been illustrated in the accompanying
figures in respect of objects gimballed in a single plane, it will be appreciated that practically
the objects may be gimballed on multiple planes with one or more locking gimbals 10 for
locking the objects in one or more of the planes.

[0040] Turning back to the figures, the first object 12 is pivotally connectible to a support 20,
for example a shaft, and pivotable thereon about a first pivot axis "Pg", with the centre of

gravity "CGg" of the first object 12 spaced from the first pivot axis "Pg", to lie operatively below

the first pivot axis "Pg".

[0041] As such, the first object 12 is biased under its own weight, or under the weight of a first
counterweight 22, towards an in rest position in which the centre of gravity "CGg" of the first

object 12 lies substantially vertically below the first pivot axis "Pg" with a support surface 24 of

the first object 12 retained in a substantially level condition. The first object 12 defines a first
reference axis "Agg" passing through the first pivot axis "Pg" and the centre of gravity "CGg" of

the first object 12.

[0042] The second object 14 is similarly pivotally connectible to the support 20 and pivotable
thereon about the first pivot axis "Pg", with the centre of gravity "CG." of the second object 14

spaced from the first pivot axis "Pg" to lie operatively below the first pivot axis "Pg". It will be
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appreciated that the second object 14, instead of being pivotally supported about the first pivot
axis "Pg" may be supported about a second pivot axis spaced from the first pivot axis "Pg".

[0043] As such, the second object 14 is biased under its own weight, or under the weight of a
second counterweight 26, towards an in rest position in which the centre of gravity "CG4" of the

second object 14 lies substantially vertically below the first pivot axis "Pg". The second object
14 defines a second reference axis "Ars" passing through the first pivot axis "Pg" and the

centre of gravity "CG4" of the second object 14.

[0044] The locking member 16 is arced having its centre lying substantially on the first pivot
axis "Pg" and being fixed in position relative to the support 20 such that the locking member 16

is restricted from movement. Preferably, the locking member 16 comprises repeating
projections spaced from one another circumferentially there along as shown in figure 2C, in
respect of an alternative embodiment of the invention.

[0045] The locking formations 18 are located on a locking arm 19 pivotally mounted on the first
object 12 and pivotable relative thereto about a third pivot axis "P3". Furthermore, the locking

gimbal 10 includes one or more connectors 28 having first and second ends, the first ends
thereof being pivotally connected to a first connection point 28A on the locking arm 18 and a
second end thereof being pivotally connected to a second connection point 28B on the second
object 14 to define a quadrangular pendulum structure.

[0046] The quadrangular pendulum structure is movable between a substantially rectangular
form (as illustrated in figure 1A) and a substantially parallelogram form (as illustrated in figure
1C). In this manner a primary plane on which the first connection point 28A and the third pivot
axis "P3" lie, as well as a secondary plane on which the second connection point 28B and the

first pivot axis "Pg" lie, remain substantially parallel throughout the range of pivotal movement

of the first and second objects 12,14.

[0047] Although the quadrangular pendulum structure has been described and illustrated as
being movable between substantially rectangular and parallelogram forms, it will be
appreciated that it may instead be movable between any first and any second quadrangular
forms, where the primary and secondary planes at not necessarily parallel.

[0048] With the components of the locking gimbal 10 configured as described, it will be
appreciated that the first and second objects 12, 14 are movable relative to one another
between a first aligned condition, wherein the first and second reference axes "Arp, Ars" are

substantially aligned (as shown in figure 1A and 1B), and a second displaced condition,
wherein the first and second axes "Arp, Ars" are angularly displaced relative to one another

(as shown in figure 1C).

[0049] It will be appreciated further from the configuration of the components of the locking
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gimbal 10 that locking formations 18 on the locking arm 19 are radially movable relative to the
first pivot axis "Pg" between engaged and disengaged positions.

[0050] In the disengaged position, and with the first and second objects 12,14 in the first
aligned condition (figures 1A and 1B), the locking formations 18 are spaced from the locking
member 16 permitting rotation of the first object 12 about the first pivot axis "Pg".

[0051] In the engaged position, and with the first and second objects 12,14 in the second
displaced condition (figure 1C), the locking formations 18 make contact with the locking
member 16 preventing rotation of the first object 12 about the first pivot axis "Pg".

[0052] In use, with the first and second objects 12,14 in the first aligned condition, the first
object 12 is free to swing relative to the locking member 16 to enable the support surface 24
thereof to self-level into the in rest position. Although it may not be clear from the illustrations,
figure 1A (as well as figures 2A, 3A, 4A and 7A) illustrates the locking gimbal 10 in the first
aligned condition in a motionless state, i.e. a boat supported on a trailer, whereas figure 1B (as
well as figures 2B, 3B, 4B and 7B) illustrates the locking gimbal 10 also in the first aligned
condition, but in a state of motion, i.e. the boat rocking or yawing in a body of water.

[0053] With reference now to figure 1C, in the event of an external force "Fg" being applied to
the first object 12, for example as a result of a crewman breaking his fall by contact with the
support surface 24 of the first object 12, the first object 12 is displaced from the first aligned
condition into the second displaced condition.

[0054] Consequently, the locking formation 18 on the locking arm 19 is radially moved from the
disengaged position into the engaged position, with contact between the locking formation 18
and the locking member 16 preventing any further rotation of the first object 12 about the first
pivot axis "Pg", thereby to counter the external force "Fg" and to retain, as far as possible, the

support surface 24 in the level condition.

[0055] It will be appreciated that the parallelogram form that the quadrangular pendulum
structure is capable of taking coincides with second displaced condition of the first and second
objects 12, 14, and that release of the external force "Fg" from the first object 12 will cause the

first and second objects 12, 14 to return to the first aligned condition, in which condition the
quadrangular pendulum structure will return to the rectangular form.

[0056] Although not necessary, it is clear from the illustrations that a first length, as measured
between the first pivot axis "Pg" and the centre the gravity "CGg" of the first object 12, and a

second length, as measured between the first pivot axis "Pg" and the centre of gravity "CGg" of

the second object 14, are unequal such that a period of oscillation of the first object 12 is
different to a period of oscillation of the second object 14.

[0057] It will be appreciated that in many gimballed applications, the gimballed object is prone
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to oscillations. For example, a gimballed object aboard a waterborne boat is prone to induced
oscillations by the wake of passing vessels, which can lead to the violent swinging of the
gimballed object. It is envisaged that the different periods of oscillations of the first and second
objects 12, 14, arising from unequal first and second lengths, will cause the first and second
objects 12, 14 to swing out of synchronisation.

[0058] Consequently, the first and second objects 12, 14 are forced into the second displaced
condition, placing the locking formations 18 into the engaged position, thereby locking the first
object 12 against the locking member 16 and arresting such oscillations. Accordingly, the
locking gimbal 10 is capable of arresting unwanted oscillations in addition to locking the first
object 12 when exposed to an external force "Fg"

[0059] Figures 2A to 2D illustrates possible improvements to the locking gimbal 10 shown in
figures 1A to 1C. The improvements are the inclusion of a series of projections 30 spaced
circumferentially along the locking member 16, and making the locking formation 18 movable
on the locking arm 19. The projections 30 may be, amongst others, a series of posts, notches
or teeth on a gear-like locking member 16.

[0060] The more closely spaced the projections 30, the greater the responsiveness of the
locking effect of the locking gimbal 10. To further increase the responsiveness of the locking
effect, and with reference to figure 2D, the locking gimbal may comprise a pair or more of
locking formations 18, 18' co-operative with a pair of spaced parallel locking members 16, 16',
the spaced parallel locking members 16, 16' orientated relative to one another such that the
projections 30 on one of the locking members 16 are staggered relative to the projections 30'
on the other locking member 16'.

[0061] The locking formation 18 is movably supported on a swivel pin 32 located on the locking
arm 19 being captured within a swivel slot 34 defined by the locking formation 18. It will be
appreciated that the location of the swivel pin and swivel slot could be swopped such that the
swivel pin is located on the locking formation 18 and the swivel slot defined by the locking arm
19.

[0062] Co-operation between the swivel pin 32 and the swivel slot 34 enable the locking
formation 18 to swivel and slide relative to the locking arm 19, with the range of motion of the
locking formation 18 being limited by the length of the swivel slot 34 and corresponding
abutment formations 36A. 36B located on the locking formation 18 and the locking arm 19
respectively.

[0063] In use, with the first and second objects 12, 14 moving into the second displaced
condition, the locking formation 18 swivels and slices along the swivel pin 32 from the
disengaged position, wherein the locking formation 18 is raised from the locking member 16 as
shown in figures 2A and 2B, into the engaged position, wherein the locking formation is
lowered into engagement with a projection 30 of the locking member 16, thereby to check
further rotation of the first object 12 about the first pivot axis "Pg", as shown in figure 2C.
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[0064] In this manner, with a greater surface area of the locking formation 18 coming into
contact with the projection 30 of the locking member 16, the effectiveness of the locking effect
of the locking gimbal 10 is greatly increased.

[0065] Figures 3A to 3C, with like references designating like parts, illustrates an alternative
embodiment of the invention where instead of the second object being a pendulum, the second
object 114 rolls or slides within a track 140. Preferably, the second object 114 is a rolling
spherical weight 114, with the arced track fixed to the first object 112 having a centre point
substantially coinciding with the first pivot axis "Pg".

[0066] The locking formations 118 are located on a locking arm 119, pivotally supported on the
first object 112 about a pivot support 142. In the first aligned condition, as illustrated in figures
3A and 3B, the first object 112 is free to swing relative to the locking member 116.

[0067] It will be appreciated that the pivot support 142 may be configured on the locking arm
119 as illustrated in the accompanying figures, or such that it's centre of gravity lies operatively
beicw the pivot support 142, thereby enabling the locking arm 119 to automatically reset to the
disengaged position with the first and second objects in the first aligned condition.

[0068] In the event of the first and second objects 112, 114 moving into the second displaced
condition, the rolling spherical weight 114 abuts one of the upper sides of the locking arm 119
causing the locking arm 119 to pivot about the pivot support 142 such that the respective
locking formation 118 is brought into the engaged position with the locking member 116,
thereby to check further rotation of the first object 112 about the first pivot axis "Pg", as shown

in figure 3C.

[0069] Figures 4A to 4C, with like references designating like parts, illustrates yet a further
alternative embodiment of the invention where instead of having a concave locking member
located proximate the free ends of the first and second pendulum-like objects 212, 214, the
locking member 216 is convex or circular and located proximate the first pivot axis "Pg".

[0070] The locking formation 218 is a terminal end of a locking pin 244 being slidably mounted
on the first object 212 by guides 246. The locking pin 244 being slidably movable between the
disengaged and engaged positions. In the disengaged position, the locking formation 218 is
retracted towards the first counterweight end 222 of the first object 212 and spaced from the
locking member 216 as shown in figures 4A and 4B.

[0071] in the engaged position, the locking formation 218 extends towards the locking member
216 to engage the projections 230 as shown in figures 4C. The locking pin 244 is actuated
between the disengaged and engaged positions by a connector 248 pivotally connected at
opposing ends 248A, 248B to the second object 214 and the locking pin 244 respectively.

[0072] In the first aligned condition, as illustrated in figures 4A and 4B, the connector 248
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retains the connection point 248B (as shown in figure 4C) at an initial spaced distance from the
first pivot axis "Pg" such that the locking pin 244 is retained in the retracted disengaged

position, allowing the first object 212 to swing freely relative to the locking member 216.

[0073] In the event of the first and second objects 212, 214 moving into the second displaced
condition, the spaced distance between the connection point 248B on the locking pin 244 and
the first pivot axis "Pg" decreases, causing the locking pin 244 to move towards the locking

member 216 and bringing the locking formation 218 into the extended engaged position with
the locking member 216. In this manner, further rotation of the first object 212 about the first
pivot axis "Pg", as shown in figure 4C, is checked.

[0074] Figure 5, with like references designating like parts, shows an alternative to the sliding
locking pin embodiment of figures 4A to 4C having a pair of locking pins 344 slidably mounted
on the second pendulum like object 314 by guides 346, the locking pins 344 being configured
to engage a locking member 316 located proximate the counterweight ends 322, 326 of the
first and second pendulum-like objects 312, 314.

[0075] In use, as the first and second objects 312, 314 move into the second displaced
condition, an abutment surface 350 of the first object 312 contacts a first end 348A of a
connector 348 such that a force imparted thereon by the first object 312 is transmitted to the
respective locking pin 344 connected to a second end 348B of the connector 348. In this
manner, the respective locking pin 344 is forced into the extended engaged position with the
locking member 316, thereby to check further rotation of the first object 312 about the first
pivot axis "Pg".

[0076] Yet another variation of the double locking pin embodiment of figure 5 is illustrated in
figure 6, wherein instead of connectors actuating movement of the locking pins 444, gears 452.
452A, 452B are used.

[0077] In respect of the embodiments illustrated in figure 5 and 6, instead of the locking pins
344, 444 being slidably mounted on the second object as illustrated, it will be appreciated that
they may be slidably mounted on the first object.

[0078] Figure 7A and 7B, with like references designating like parts, illustrate one more of
many other possible alternative embodiments, where the second pendulum-like object 514 is
pivotally supported at or near the free end of the first pendulum-like object 512.

[0079] The locking formation is in the form of a locking pin 518 configured to ride between a
cog formation 554 on the second object 514 and the locking member 516. In the first aligned
condition as shown in figure 7A, the locking pin 518 is received between projections 556 on the
cog formation 554 such that the locking pin 518 is spaced from the locking member 516 in the
disengaged position.
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[0080] In the second displaced condition as shown in figure 7B, the locking pin 518 rides to the
top of a respective projection 556 on the cog formation 554 of the second member 514,
thereby placing the locking pin 518 into the engaged position with the locking member 516,
such that the locking pin 518 is captured between respective projections 530 on the locking
member 516 thereby checking any further rotation of the first object 512 about the first pivot
axis "Pg".

[0081] Although the invention has been described above with reference to preferred
embodiments, it will be appreciated that many modifications or variations of the nvention are
possible without departing from the scope of the invention. For example, the gimbal lock may
be applied to applications beyond the application of transportation, i.e. manufacturing and
industrial applications.

[0082] Furthermore, electronic devices and/or actuators could be employed for even greater
responsiveness. Also, the second object, instead of being a pendulum, sliding or rolling object
as described herein, could be any other similar mechanism relying on gravity to determine a
level position. As previously mentioned herein, the gimbal lock may be applied in all three
dimensions and is not limited to one dimension.
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EN LASENDE BALANCEB@JLE

PATENTKRAV

1. En lasende balancebgjle (10) til automatisk lasning af et
kardanophangt objekt imod bevagelse frembragt af en ekstern kraft
pafert objektet, den lasende balancebgjle omfatter:

et forste objekt (12) drejeligt forbundet med en stotte
(20) og det kan drejes omkring en feorste drejeakse (Pr),
hvori tyngdepunktet (CGr) hos det forste objekt er
placeret i afstand fra den feorste drejeakse (Pr) 0g
endvidere hvori det fgrste objekt definerer en forste
reference akse (Arr) passerende gennem den forste
drejeakse og tyngdepunktet hos det forste objekt;

et andet objekt (14) med et tyngdepunkt (CGs) som kan
bevages langs en bue centreret vasentligst ved den anden
akse (Pr) og definerende en anden reference akse (Ags)
passerende gennem den anden akse og tyngdepunktet hos det
andet objekt, det forste og det andet objekt er
bevagelige i forhold til hinanden mellem en ferste
justeret tilstand, hvori den ferste og den anden
reference akse er vasentligst justerede og en anden
forskudt tilstand, hvori den forste og den anden
reference akse er vinkel forskudt i forhold til
hinanden;

en lasedel (1lo0) fastgjort 1 position i forhold til
steotten;

en forbindelse (28) med en forste ende forbundet til en
lasedannelse og en anden ende forbundet til det andet
objekt, hvori drejelig forskydning af det forste objekt 1
forhold til det andet objekt til den forskydelige
tilstand i1 en feorste retnings fremdriver bevagelse af
forbindelsen, som fewlge deraf tvinger i1 det mindste en
del af lasedannelsen fra en frakoblet position til en
tilkoblet position, hvori lasedelen (16) standser
yderligere drejelig forskydning af det forste objekt 1
sadadan en forste retning via lasedannelsen;
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kendetegnet ved, at lasedannelsen (18) er operativt
bevagelig i forhold til bade det ferste (12) og det andet (14)
objekt.

2. En lasende balancebgjle i1 henhold til patentkrav 1, hvori det
forste objekt er forspandt imod en hvile position i hvilken en
stotteflade (24) i det forste objekt er i det wvasentlige i niveau
og/eller i hvilken tyngdepunktet hos det forste objekt operativt
kommer i hvile i en position under en drejelig steotte (142) og
endvidere hvori det i hvileposition, den feorste reference akse er
vasentligst oprejst, det forste objekt er forspandt imod
hvilepositionen under dets egen vagt eller under vagten af en
forste modvaegt (22) forbundet dertil ved en forste pendul arm
sdledes at det forste objekt optraeder som et forste pendul.

3. En léasende balancebgjle i henhold til patentkrav 1, hvori det
andet objekt (114) kan bevages langs et spor (140) forbundet til
det forste objekt (112), det andet objekt kan rulle eller glide
langs sporet og endvidere hvori sporet er buet med et centrum
placeret vasentligst ved den anden akse, den anden akse er
vasentligst co-linear med den forste drejelige akse.

4., En léasende balancebgjle 1 henhold til patentkrav 3, hvori
lasedannelsen er en eller flere dannelser pa en lase arm (119)
drejeligt monteret pa det forste objekt og drejeligt bevageligt i
forhold hertil fra en frakoblet position til en tilkoblet position
ved kontakt af det andet objekt derpd i en anden forskudt
tilstand.

5. En léasende balancebgjle i henhold til patentkrav 1, hvori det
andet objekt (214) er drejeligt stottet for at optrade som et
andet pendul og lasedannelsen er en sidste ende (218) af en eller
flere lasestifter (244) bevagelige imellem den tilkoblede og
frakoblede position hvori i den tilkoblede position, lasestiftet
udstrakkes saledes at lasedannelsen hertil kommer i forbindelse
med lasedelen (216) nar det forste og det andet objekt er i den
anden forskudte tilstand og hvori i den frakoblede position,
lasestiftet er tilbagetrukket saledes at lasedannelsen hertil er i
afstand fra lasedelen nar det feorste og det andet objekt er i den
forste justerede tilstand.

6. En lasende balancebgjle i henhold til patentkrav 5, hvori
forbindelsen kan arbejde sammen mellem: (i) det feorste objekt og
lasestiftet; eller (ii) det andet objekt og lasestiftet; saledes
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at nar det forste og det andet objekt er i den ferste forskudte
position, er lésestiftet tvunget af forbindelsen ind i den
tilbagetrukne frakoblede position og nar det feorste og det andet
objekt er i1 den anden frakoblede position, er léasestiftet tvunget
af forbindelsen ind i den udvidede tilkoblede position.

7. En léasende balancebgjle 1 henhold til patentkrav 6, hvori
lasestiftet er forskydeligt monteret pa det forste objekt og
forbindelsen omfatter feorste og anden ende, hver af forste og
anden ende er drejeligt forbundet til henholdsvis lasestiftet og
det andet objekt, lasestiftet er monteret pa det forste objekt og
forskydelig i1 forhold dertil langs en akse som forbliver
vesentligst parallel med den forste reference akse.

8. En lasende balancebgjle i henhold til patentkrav 6, hvori:

(i) en af flere lésestifter er et par af léasestifter (344)
forskydeligt monteret pa det forste eller andet objekt (312, 314);
og

(ii) forbindelsen er et par af forbindelser (348) hvert par kan
aktivere en af lasestifterne;

hvori hver af forbindelserne omfatter en forste ende (348B),
drejeligt forbundet til en af lasestifterne og en anden ende
(348R) udformet til at sammen kunne kobles ind i det forste
objekt, for derved at overfore gennem forbindelsen og ved
koblingen mellem det feorste objekt og den anden ende af en sadan
forbindelse en tilsvarende kraft bibringes derpad til lasestiftet
for derved at feore léasestiftet imod henholdsvis de tilbagetrukne
frakoblede eller udvidede tilkoblede positioner, hvori lasestiftet
er monteret pa det forste eller andet objekt og forskydeligt i
forhold dertil langs en akse som forbliver vasentligst parallel
med den respektive fgrste eller anden reference akse.

9. En lasende balancebgjle i henhold til patentkrav 6, hvori:

(1) en eller flere af lasestifterne er et par af lasestifter
(444) forskydeligt monteret pa det forste eller andet
objekt (412, 414); og

(11) forbindelsen er flere gear til drift af lésestifterne,
gearene kan sammen ga 1 indgreb med det forste objekt for
derved at overfgre, gennem gearene og ved indgreb mellem
det forste objekt og mindst et af sadanne gear, en
tilsvarende kraft tilfert derpa til léasestiftet for
derved at drive lasestiften imod henholdsvis de
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tilbagetrukne frakoblede eller udvidede tilkoblede
positioner, hvori lasestifterne er monteret péd det forste
eller andet objekt og forskydeligt i forhold hertil langs
en akse som forbliver vasentligst parallel med
henholdsvis den fgrste eller anden reference akse.

10. En lasende balancebgjle i1 henhold til patentkrav 1, hvori det
andet objekt (514) er drejeligt steottet pa det feorste objekt (512)
og drejeligt i forhold hertil om den anden akse, den anden akse er
en anden drejeakse anbragt vak fra den forste drejeakse og
endvidere hvori lasedannelsen er et lasestift (518) udformet til
at bevaege sig mellem en kugledannelse (554) pa det andet objekt og
lasedelen, léasestiftet kan bevage sig frit langs lasedelen (516) i
den frakoblede position nar det forste og det andet objekt er i
den fgrste justerede tilstand og bliver indfanget mellem frem-
spring pa kugledannelsen og lasedelen 1 den tilkoblede position
nar det feorste og det andet objekt er i den anden forskudte
tilstand, derved lases det forste og det andet objekt til
lasedelen og forhindrer rotation af det forste objekt om den
drejelige akse.

11. En lasende balancebgjle i henhold til patentkrav 1, hvori det
andet objekt er drejeligt steottet om den anden akse for at virke
som et andet pendul saledes at den anden akse er en anden
drejeakse og endvidere hvori lasedannelsen er en eller flere
dannelser (18) pa en léasearm (19), léasearmen er drejeligt monteret
pra det forste objekt og drejeligt i forhold hertil om en tredje
drejeakse (P3), k en de t e gn e t ved, at det andet objekt (14)
kan drejeligt stottes péd en anden stotte sadledes at den forste og
den anden drejeakse er anbragt med afstand i forhold til hinanden,
eller alternativt, det andet objekt er drejeligt stottet pa
steotten pad hvilken det feorste objekt er drejeligt stottet sdledes
at den forste og den anden drejeakse er co-lineer.

12. En lasende balancebgjle i henhold til patentkrav 11, hvori
forbindelsen er en eller flere forbindelser med feorste og anden
ende (28A, 28B), den forste ende (28A) heraf er drejeligt
forbundet til et forste forbindelses punkt pa lasearmen og en
anden ende (28B) heraf er drejeligt forbundet til et andet
forbindelses punkt pa det andet objekt, hvori det forste
forbindelses punkt og den tredje drejeakse ligger pa et primzrplan
og det andet forbindelses punkt og den anden drejeakse ligger pa
et sekunderplan, det primere og det sekundazre plan forbliver under
brug vasentligst parallelt igennem rakkevidden af drejebevagelsen
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af det forste og det andet objekt og endvidere hvori tyngdepunktet
for det andet objekt og den anden drejeakse ligger pa et
tvaergaende plan vasentligst vinkelret i forhold til det sekundare
plan, hvori det andet objekt er drejeligt stettet sdledes at den
forste og den anden drejeakse er anbragt med afstand i forhold til
hinanden eller co-lineart.

13. En léasende balancebgjle i1 henhold til patentkrav 1, hvori det
andet objekt, fungerende som et andet pendul, omfatter en anden
kontravegt (20) drejeligt stettet pad en anden pendul arm.

14. En lasende balancebgjle i henhold til patentkrav 5, hvori en
forste laengde, som malt mellem den forste drejeakse og
tyngdepunktet for det forste objekt, og en anden langde, som malt
mellem aksen omkring hvilken det andet objekt er drejeligt stottet
og tyngdepunktet for det andet objekt, er ulige saledes at en
periode af oscillation af det fgrste objekt er forskellig fra en
periode af oscillation af det andet objekt.

15. En lasende balancebgjle i henhold til patentkrav 2, hvori
tyngdepunktet for det forste objekt og den forste drejeakse ligger
pra et plan som er vasentligst vinkelret pad steotte fladen pa det
forste objekt.

16. En lasende balancebgjle i henhold til patentkrav 1, hvori
lasedelen er buet med dets center vasentligst sammenfaldende med
den forste drejeakse og har flere fremspring (30) anbragt i
afstand fra hinanden periferisk placeret der.

17. En lasende balancebgjle i henhold til patentkrav 16, hvori
lasedelen er to eller flere léasedele anbragt parallelt orienteret
i forhold til hinanden saledes at fremspringene (30, 30') pa en af
lasedelene er forskudt i forhold til fremspringene pa de andre
lasedele derved foreges mulighederne for kobling af lasedannelsen
pra lésedelen.

18. En lasende balancebgjle i henhold til patentkrav 4 eller
patentkrav 11, hvori lasedannelsen (18) er bevageligt stottet pa
lasearmen (19) og bevagelig i1 forhold hertil saledes at
lasedannelsen tilkobler léasedelen i den tilkoblede position og
frakobler lasedelen i1 den frakoblede position.

19. En lasende balancebgjle i henhold til patentkrav 18, hvori
lasedannelsen er bevageligt steottet pad lasearmen og bevagelig i
forhold dertil saledes at lasedannelsen tilkobler léasedelen i den
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tilkoblede position og frakobler lasedelen i den frakoblede
position, lasedannelsen bliver bevaegeligt stettet pad et
omdrejningsstift (32) pa lasedannelsen eller lasearmen,
omdrejningstiftet bliver optaget inden i en omdrejningsrille (34)
defineret pa den anden lasedannelse eller lasearmen, og endvidere
hvori omdrejningsstiftet og omdrejningsrillen ger det muligt for
lasedannelsen af dreje og glide i1 forhold til lasearmen, med
rakkevidden for bevagelse af lasedelen er begranset til laengden af
omdrejningsrillen og tilsvarende understgottende dannelser kan
understegtte hinanden i den tilkoblede position.

20. En lasende balancebegjle i henhold til patentkrav 1, hvori:
den forste drejeakse er mindst to balancebgjle akser
omkring hvilke det forste objekt er drejeligt stottet,
de mindst to balancebgjle akser er vinklet forskudt i
forhold til hinanden derved fastholder det forste objekt
og/eller stotte fladen deraf i det vasentlige niveau; og

lasedannelsen er radialt bevagelig i forhold til den
forste drejeakse mellem den tilkoblede position, hvori
lasedannelsen og lasedelen operativt kommer i forbindelse
og den frakoblede position, hvori lasedannelsen og
lasedelen operativt er separeret fra hinanden.

21. En lasende balancebgjle i henhold til patentkrav 20, hveori de
mindst to balancebgjle akser er vinklet forskudt i forhold til
hinanden pa 20 grader og endvidere hvori i den forste justerede
tilstand, den fgrste og den anden reference akse er vasentligst
coplaner eller/og co-linezr.
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