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A LOCKING G11V1BAL 

BACKGROUND OF THE INVENTION 

5 

THIS- invention relates to locking gimbai yore specifically, the invention relates to a 

locking gimbai for: automatically locking a girnfoajied object against motion arising from 

an external force applied thereto: and automatically releasing the gimbaiied. object on 

removal of the externa! fores. 

10 

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 gimbaiied in 

order for them to remain substantially level despite the rocking motion of the craft, in 

order for these gimbaiied objects to remain level, they must be able to swing freely, 

15 which is inherently dangerous:. 

It will be appreciated .•that it is very possible for a person to accidentally bump into or fall 

onto the gimbaiied 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 gimbaiied 

28 stove supporting: &•. pot of boiling water, such an event would; certainly cause severe 

Injuries. 

One. solution: implemented to counter this danger is a manual mechanical lock, which 

locks the gimbaiied object against any motion. Although the locked gimbaiied object is 

25 locked against motion arising from exposure to an external direct load, it is incapable of 

salt-levelling and as such, remains dangerous under the rocking motion of the craft, 

it is therefore an object of the present invention to provide a locking gimbai that allows 

the gimbaiied object, to swing freely to selMevei, but to automatically lock in the event 

3G of the gimbaiied object being exposed to an external direct load that would otherwise 

force it from a ievei condition. 
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SUMMARY OF THE INVENTION 

According to the invention there is provided a locking gimbai inducting: 

a first object pivotaliy connectibleto a support, and being pivotable about a first 

pivot axis, wherein the centre of gravity of the first object is spaced from the first 

pivot axis, and further wherein the first object defines a first reference axis 

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

a second object having a centre of gravity movable along art- arc centred 

substantially- at a second axis and' defining a second reference axis passing 

through ih& 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 

ailgned, and a second displaced: condition, wherein the first and second 

reference axes are angularly displaced relative to one another; 

a locking member fixes? in position relative to the: support; and 

:a locking formation for locking the first object wherein the iocking formal: cn, 

actuated 'fey- displacement between the first and second objects, is radially 

movable: relative .to. the: first: pivot axis between engaged and disengaged 

positions, wherein, when: 

(I) the first and second objects are in the first aligned condition, the locking 

formation is in the disengaged; position in which the locking formation Is 

spaced from the locking member, permitting rotation of the first object 

about the first pivot axis; and 

(ii) the first and second objects are In the second displaced condition, the 

locking formation is In the engaged position in which the: locking 

formation makes contact with the locking member and. prevents rotation 

of the first object about the first pivot axis. 
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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 rest position in which the centre o? gravity of the -first object operativeiy 

comes to rest at a position underneath the pivot support. 

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 he understood 

10 to mean vertical or any angular offset from vertical of up to 30 degrees either side of 

vertical. 

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 roiling or sliding 

15 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 oo-ilnear with the first pivot axis. 

Typlcally; the locking formation is one or more formations on a locking arm plvotally 

20 mounted on the first object and p-votaliy movable relative thereto from the disengaged 

position into the engaged position by contact of the second object thereon In the 

displaced condition. 

In a first alternative embodiment of the invention, the second object is pivotally 

25 supported, to act as a second pendulum, and the locking formation is a terminal end of 

one or more looking 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 

30 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. 
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The locking gsmbal 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 

5 forced by the connector into the retracted disengaged position, and when the first and 
second objects «re in the second displaced position, the locking pin is forced by the 
connector into the extended engaged position. 

•Generally, the locking pin is slidabiy mounted on the first object and the connector 
10 comprises first and second ends, each of the ends being pivotaily connected to the 

locking pin and to the second object respectively. Preferably, the locking pin is slidabiy 
mounted on the first object within guides such that an axis along which: the looking pin 
is slldabls remains substantially paralielwlthithe first, reference axis. 

15 in a second ;aiternstive embodiment of the invention, the locking gimbai may have at 
least two locking pins slidabiy mounted on the first or second object, each being 
capable of actuation by one of the respective connectors, the connectors each having 
first and second ends wherein the first ;ends thereof are pivotaily connected to one of 
the respective locking pins and the second ends thereof being configured to ;eo~. 

20 operative^ ersgage 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 .fay the first 
object to the locking pins such that the respective locking pin is .driven towards the 
retracted disengaged or extended engaged positions respectively. 

25 
In a third alternative embodiment of the invention, the locking girnbaf may have at least 
two locking pins slidabiy 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 

30 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. 
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Preferably. the locking pins are slidabiy mounted on the first or second object within 

guides -such, that axes along which the looking pins are slldable 'remain substantially 

parallel with the respective first or second reference axis. More preferably, the second 

object is pivoiaHy supported about the first pivot axis on the support, or about the 

S second axis located on a secondary support, the second axis being a second pivot 

axis. 

in a fourth alternative embodiment of the Invention, the second object is pivotaily 

supported on the first object and pivotable relative thereto about the second axis, the 

10 second axis being a second pivot axis spaced from the first pivot axis. 

The locking formation may be a locking pin configured to ride between a cog formation 

on the second object and the Socking member, with the lacking pin capable of riding 

freely along the locking member between in the disengaged position; when the first and 

I S second objects are in the first aligned condition. 

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 

20 prevent rotation of the first o bject about the first pivot axis. 

In a fifth alternative embodiment of the invention, the second object may be pivotaily 

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 

25 formations on a locking arm, the locking arm being pivotaily mounted on the first object 

and pivotabie relative thereto about a third pivot axis. 

Generally, the locking gimbai includes one or more connectors having first and second 

ends, the first end thereof being pivotaily connected to a first connection point on the 

30 locking arm and a second end thereof being pivotaily 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 
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planes, in use, remain substantially parallel -throughout the range of pivotal movement 
o? the first and second objects. 

Typically, the. centre of. gravity of the second object and the second pivot axis M on a 
5 transverse plane being substantially perpendicular -to -the secondary plane. 

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

10 linear. 

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

15 To enable the. locking gimbai to arrest oscillations, it is preferable that a first length, as 
measured c etwee r 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 
pivotaily supported and the centre of gravity of the second object, are unequal such 
that a period of osculation of the first object Is different to a period of oscillation of the 

20 second object. 

The centre of gravity of the first object and the first pivot axis may lie on a transverse: 
plans being substantially perpendicular to the support surface of the first object The 
locking member Is curved, preferably arced, and may have repeating projections 

25 spaced from one another circumferehtialiy there along. More- preferably, the centre of 
the arced locking member coincides with the first pivot axis. 

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 

30 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. 
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Generally, the socking 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 looking member in the disengaged position;. 

5 Typically, the locking formation Is •mo.vabSy- 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 

10 of the swivel slot and corresponding abutment formations capable of abutting one 
another in the engaged position. 

The first pivot axis may be one of two or more gimbai axes about which the first object 
is pivotaily supported, the at least two gimbai axes being angularly offset relative to one: 

15 another thereby to maintain the first object and/or the .support surface thereof 
substantially level. Preferably, the.at least two gimbai axes are angularly offset relative 
to one.an other by::Sf) degrees, 

©eneraliy, wherein in the first aligned condition, the first and second reference axes are 
20 substantially co-planar and/or oo-llnear. 

According to a second aspect of the invention, there is provided a gimbai object 
including a primary locking gimbai and at least a second Socking gimbai wherein the 
first pivot axes of the respective primary and secondary locking gimbals are angularly 

25 offset relative to one another. Preferably, th©: first pivot axes of the respective primary 
and secondary locking gimbals are angularly offset relative to one another by about 90 
degrees. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

The Invention will now be described in more detail, by way of example only, with 
reference to the accompanying drawings in which: 
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Figure 1A~1€ are side views, of a. preferred embodiment of a locking gimbai In 
accordance with the invention, figure 1A and IB showing the locking 
gimbai in first aiigned conditions under motionless and in motion 
states respectively, with figure 1G showing the locking gimbai in a 
second displaced condition; 

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

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

Figura; 4A-4G are side yiews: of a third embodiment of a locking- gimbai in 
accordance with the invention, figure 4A and 4.B showing the locking 
gimbai in first aligned conditions under motionless and in motion 
states respectively, with figure 4G showing the locking gimbai in a 
second displaced condition; 

Fig tins § is a side view of a fourth embodiment of a- locking gimbai In 
accordance with the invention; 

Hg.yrs'6 .is: a side view of s variation of the fourth -.-embodiment of the locking 
gioibal of figure 5: and 

Figure 7A-7B are side views of a fifth embodiment of a. locking gimbai in 
accordance with the invention, figure 7 A. showing the locking gimbai 
in a first aligned condition and figure 78 showing the locking gimbai in 
a second displaced condition. 



WO 2015/149087 
9 

PCT/ZA2015/000016 

SETA!LED.DESCRIPTION Of THE DRAWINGS 

A locking gimbai seconding to a preferred embodiment of the invention is designated 

generally in the accompanying figures with reference numeral 10. With reference now 

5 to figure 1A to figure 10, the locking gimbai 10 includes a first object 12, a second 

object 14, a locking member 18 and a locking formation 18. 

Although the first and second objects 1:2,14 have been illustrated for the ease o? 

description as substantially T-shaped first and second pendulums respectively, it will be 

1G appreciated that the first and second objects may take any form:. For example, the first 

object 12 may in fad be a gimbaiied object (i.e. a stove) pivotaily supported about a: 

point spaced from sis centre of gravity. 

Furthermore, although the lacking gimbai 10 has been illustrated in the accompanying 

15 figures in respect of .object's gimballeel in a single plane, it will fee appreciated that 

practically the objects may be gimbaiied on multiple planes with one or more locking: 

gimbals 10 for locking the objects in one or more .of the planes. 

Turning back to the figures, the first object 12 Is pivotaily connectible to a support 20, 

20 for example a shaft, and pivctabie thereon about a first pivot axis: "PFS, with the centre 

of gravity '•CGF* of the first, object 12 spaced from the first pivot axis: "PF , to lie 

operatlvely below the first pivot axis T?" 

As such, the first object 12 is feiased under Its own weight, or under the weight of a first 

25 counterweight 22, towards an in rest position In which the centre :of gravity "GGpOf the 

first object 12 Ires substantially vertically below the first pivot axis: 'W 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 KARF" passing through the first pivot axis "PF" and 

the centre of gravity i:CGf:" of the first object 12, 

30 

The second object 14 is similarly pivotaily connective to the support 20 and pjvotable 

thereon about the first pivot axis :i'V\ with the centre of gravity ::CG; of the second 

object 14 spaced from the first pivot axis "Pp1 id. lie operatively below the first pivot axis 

"PF", it will be appreciated that the second object 14. instead of being pivotaily 
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supported about tins first pivot axis "Pf" may be supported about a second pivot axis 
spaced from the first pivot axis "PF", 

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

aCGs" of the second object 14 yes substantially vertically below the first pivot axis "P;:". 
The second object 14 defines a second reference axis '7Wr passing through the first 
pivot axis "Pp" an.d the centre of gravity ilCGs" of the second object 14, 

ID The locking member 18 is arced having its centre lying substantially on the first pivot: 
axis UPF! and being fixed In position relative to the support 20 such that the locking 
member IS is restricted from movement. Preferably, the locking: member 16 comprises 
repeating projections spaced -from one -aiKHIief circumferential-ly there along as shown 
In figure 2C. in respect of an alternative embodiment of the invention. 

15 

The locking formation® 18 are located on a locking arm 19 pivotaily /mounted on the: 
first object 12 and pivotable relative thereto about a third pivot axis ":P3'\ Furthermore, 
the locking glmbgl TO includes one or more connectors 28 having first: and second 
ends, the first ends/thereof being pivotaily connected to a first connection point 23A on 

20 the locking arm 18 and a second end thereof being pivotaily connected to a second 
connection point 298 on the second object: 14 to define a quadrangular pendulum 
structure. 

The quadrangular peih'duiunl structure Is movable between a substantially rectangular 
25 form (as illustrated In figure 1A) and a substantially parallelogram form (as illustrated in 

figure T€). In this manner a primary: plane on which the first connection point 28A and 
the third pivot axis "P/ lie, as well as a secondary plane on which the second 
connection point 288 and the first pivot axis "PF" lie, remain substantially parallel 
throughout the range of pivotal movement of the first and second objects 12,14. 

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 
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parallel. 

With the components of the locking gimbai 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 

"ARFl ASB" are -substantially aligned. (as shown in figure 1A and IB), and a second 

displaced condition, wherein the first and second axes "A«r, A*..' are angularly 

displaced relative to one another (as shown in figure 1C). 

If will be appreciated further from the configuration ef the components of the locking 

gimbai 10 that locking formations 18 on the locking arm 19 are radially movable relative 

to the Urst pivot:axis 'W between engaged and disengaged positions. 

In the disengaged position, and with tile first and second objects: 12y14 in the first: 

aligned condition (figures 1A and 18), the looking formations 18 are spaced from the 

looking member 18 permitting rotation ©? the first object 12 about the first pivot axis 
••pF» 

In the engaged position, and with the first and second objects 12,14 in the second 

displaced condition (figure IC). the looking formations 18 make contact with the locking 

member 16 preventing rotation of the first object 12 about the first pivot axis !'PFn 

in use, with the first and second objects 12,14 in the first aligned condition:, the first 

object 12 is tree to1 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 2 A, 3A, 4A and ?A) illustrates .the 

locking gimbai 10 in the first aligned condition in a motionless state, i.e. a beat 

supported on a trailer, whereas figure IS (as well as figures 28, 38, 48 and 7B) 

•ilustrates the locking gimbai 10 also In the first aligned condition,, but in a state of 

motion, i.e. the boat rocking or yawing in a body of wafer. 

With reference now to figure TC, in the event of an external force "FY1 being applied to. 

the first object 12, for example as a result of a crewman breaking his fail by contact 

with the support surface 24 of the first object 12, the first object 12 is displaced from the 
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firs! aligned condition into the second displaced condition. 

Consequently, the locking formation 18 on the locking arm 18 is radially moved from 

the disengaged position Into the engaged position, with contact between the locking 

5 formation 18 and the locking member 16 preventing any further rotation of the first 

object; 12 about the first pivot axis "P?", thereby to counter the externa! force "FV and to 

retain, as far as possible, the support surface 24 in the level condition. 

St will be appreciated that the parallelogram form that the quadrangular pendulum 

10 structure is capable of taking coincides with second displaced condition of the first and 

second objects 12, 14. and that release ©f the externa! force KF£" 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 wiii return to; the rectangular 

form. 

15 

Although not necessary: it is clear from the Illustrations that a first length, as measured 

between the first pivot axis "?V! and the centre the gravity "CGF" of the first object 12, 

sno a. second length, as measured between the first pivot axis "p^" and the centre of 

gravity t;COs' of the second object 14, are unequal such that a period of oscillation of 

20 the first object 12 is different to a period of oscillation of the second object 14. 

it wsH.be appreciated that in many gimbaiied applications, the gimbaiied object is prone 

to oscillations. For example, a gimbaiied object aboard a waterborne boat is prone to 

induced oscillations by the wake of passing vessels, which can lead to the violent: 

25 swinging of the gimbaiied 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. 

Consequently, the first and second objects 12, 14 are forced into the second displaced 

30 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 -gimbai 10 Is capable of arresting unwanted oscillations In 

addition to locking the first object 12 when exposed to an externa! force "P£" 
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Figures 2A,.to 2D Illustrates possible improvements to the locking gimbai 10 shown in 

figures 1A to 10'. The Improvements are the inclusion .of a series of projections 30 

spaced eircqmfere.ntia.lly- 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 feeth on a gear-like locking member 1S> 

The more closely spaced the projections 30, the greater the responsiveness of the 

locking effect of the locking gimbai 10, To further increase the responsiveness of the 

locking effect, and with reference to figure 2D, the locking gimbai may comprise a pair 

or mors of locking formations 18, 1-8' co-operative with a pair of spaced parallel locking 

members 16, Wl, the spaced parallel locking members 18, 16s 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-. 

The locking formation 18 is movabiy supported on a swivel pin 32 located on the 

locking arm 13 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 thaithe swivel pin is located on the locking formation 18 and the swivel 

slot defined by the locking arm 19'. 

Co-operation between the swivel pin 32 and the swivel slot 34 enable the locking 

formation I S to swivel and slide relative to the locking arm 1'9-, with the range of motion, 

of the locking formation 18 being limited by the length of the swivel slot 34 ana 

corresponding abutment formations 38A, 368 located on the locking formation IS and 

the locking arm 19 respectively. 

In use, with the first and second objects 12, 14 moving into the second displaced 

condition, the locking formation 18 swivels and slides 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 20, 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 *;PF", as shown in figure 2C, 
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Irs this manner, with a greater surface area of the locking formation 18 coming Into 
contact with 'the projection 3G or the locking member 16. the effectiveness of the 
locking effect of the locking gimbaf 10'is.greatly increased. 

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 roils or slides within a track 140, Preferably, the second object 114 
is a roiling spherical weight 114, with the arced track fixed to the first object 112 having 
a centre point substantially coinciding with the first pivot axis "PF*. 

The locking formations 118 are located on a locking arm 119, pivotaily supported on 
the first object 112 afoouf a pivot support 142. In the first aligned condition, as illustrated 
in figures 3.A and 38, the first object 112 is free to swing relative to the looking member 
118. 

it will be appreciated that the pivot support 142 may be configured on the locking arrrv 
119 as illustrated In the accompanying figures, or such that ifs centre of gravity lies 
operativeiy below the pivot support 142, thereby enabling the locking arm 118 to 
automatically reset to the disengaged position with the first and second objects in the 
first aligned condition. 

in the event of the first and second objects: T12, 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 1 IS. thereby forcheck further rotation of the flrsi;obj:ect:112 about the first pivot 
axis as shown in figure 3C. 

Figures 4A to 40, 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 WY 
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The locking formation 218 is a terminal end of a locking pin 244 being sociably mounted 

on the first object 212 by guides 248. The locking pin 244 being slidabiy movable 

between the disengaged and engaged positions. In the disengaged position, the 

locking formation 218 is retracted towards the firs! counterweight end 222 of the first 

S object 212 and spaced from the locking member 216 as -shown in figures 4A and 48. 

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 

10 pivotaily connected at opposing ends 248A, 248B to the second object 214 and the 

locking pin 244 respectively. 

In the first, aligned condition, as: illustrated in figures 4A and 43. the connector 248 

retains the connection point .2488 (as shown in figure 4C) at an initial spaced distance 

IS from the first pivot axis 'W such that the locking pin 244 is retained in- tha retracted, 

disengaged position, allowing the first object 212 to swing freely relative to the loosing 

mer?iber21S, 

in the event of the first and second objects 212, 214 moving into the second displaced 

20 condition, the spaced distance between the connection point 2488 oh the locking pin 

244 and the first pivot axis. VP/ decreases, causing the locking pin 244 to move 

towards the locking member 216 and bringing the locking formation 218 info the 

extended engaged position with the locking member 216. In this manner, further 

rotation of the first object £12: about the first pivot axis:"Pp:\ as shown in figure 4C, is 

25 checked. 

Figure 5, with like references designating like parts, shows an alternative to the sliding 

locking pin embodiment of figures 4A to AC having a pair of locking pins 344 slidabiy 

mounted on the second pendulum like object 314 by guides 346, the locking pins 344 

30 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, 

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 
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connector 348 such that g.:force imparted -theneon by the first object 312 is transmitted 
to the respective locking pin 344 connected to a second end 3488 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 fo check further rotation of the first 

5 object 312 about the first pivot axis "FV". 

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

10 
In respect of the embodiments illustrated in figure 5 and 8, instead of the locking pins 
344, 444 being slidabiy mounted on the second object as illustrated, It will bs 
appreciated that they may be slidabiy mounted on the first object. 

15 Figure 7A and 78, with like references designating like parts. Illustrate one more of 
many other possible alternative embodiments, where the second peneiuium-iike object 
514 is pivotaily supported at or near the free end of the first pendulum-like object SI 2. 

The locking formation is in the form of a locking pin 518 configured to ride between s 
20 cog, formation 554 on the second object 514 and the locking: member 515. In the first 

aligned condition as shown in figure 7A,. the locking pin 513 Is received between 
projections 556 on the cog formation 554 such that the locking pin: 518 is spaced from 
the locking member 515 In the disengaged position. 

35 in the second displaced condition as shown In figure 78, the looking 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 

3D 512 about the first pivot axis 'W. 

Although the invention has been described gboye with reference to preferred 
embodiments, it will be appreciated that many modifications or variations of the 
invention are possible without departing from the spirit or scope of the invention. For 
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example., the gimbai lock may be applied to: applications beyond the application of 

transportation, i.e. manufacturing and industrial applications. 

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 gimbai lock may be 

applied in all three dimensions and is not limited to one dimension. 
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The invention claimed is:  

 

1.  A locking gimbal including:  

 

a first object pivotally connectible to a support, and being pivotable about a first 

pivot axis, wherein the center of gravity of the first object is spaced from the 

first pivot axis, and further wherein the first object defines a first reference axis 

passing through the first pivot axis and the center of gravity of the first object; 

 

a second object having a center of gravity movable along an arc centered 

substantially at a second axis and defining a second reference axis passing 

through the second axis and the center 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, wherein pivotal displacement of the first object relative to the 

second object to the displaced condition in a first direction causes movement 

of the connector to a driving position; and 

 

a locking formation associated with the connector such that movement of the 

connector to the driving position drives 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; 

 

characterized in that the locking formation is operatively movable relative to 

both the first and the second objects. 

 

2.  A locking gimbal according to claim 1, wherein the first object is biased towards an in 

rest position in which at least one of: (i) a support surface of the first object is 

substantially level, and (ii) the center of gravity of the first object operatively comes to 

rest at a position underneath the first pivot axis, and further wherein in the in rest 

position, the first reference axis is substantially upright, the first object being biased 
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towards the in rest position under its own weight or under the weight of a first 

counterweight connected thereto by a first pendulum arm such that the first object acts 

as a first pendulum. 

 

3.  A locking gimbal according to claim 1, wherein the second object is movable along a 

track connected to the first object, the second object being capable of rolling or sliding 

along the track, and further wherein the track is arcuate having a center located 

substantially at the second axis, the second axis being substantially co-linear with the 

first pivot axis. 

 

4.  A locking gimbal according to claim 3, wherein the locking formation is one or more 

formations on a locking aim 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 second displaced condition. 

 

5.  A locking gimbal according to claim 1, wherein 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 

wherein in the engaged position, the locking pin 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, and wherein in the disengaged 

position, the locking pin is 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. 

 

6.  A locking gimbal according to claim 5, wherein the connector is co-operative between: 

(i) the first object and the locking pin; or (ii) 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. 

 

7.  A locking gimbal according to claim 6, wherein the locking pin is slidably mounted on 

the first object and the connector comprises first and second ends, each of the first 

and second ends being pivotally connected to the locking pin and to the second object 

respectively, the locking pin being mounted on the first object and slidable relative 

thereto along an axis which remains substantially parallel with the first reference axis. 
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8.  A locking gimbal according to claim 6, wherein  

 

(i) the one or more locking pins are a pair of locking pins slidably mounted 

on the first or second object; and 

(ii)  the connector is a pair of connectors each being capable of actuating 

one of the locking pins; 

 

characterized in that each of the connectors comprises a first end pivotally connected 

to one of the locking pins, and a second end configured to co-operatively engage the 

first object, thereby to transmit through the connector and on engagement between the 

first object and the second end of such connector, a corresponding force imparted 

thereon to the locking pin thereby driving the locking pin towards the retracted 

disengaged or extended engaged positions respectively, characterized in that the 

locking pins are mounted on the first or second object and slidable relative thereto 

along an axis which remains substantially parallel with the respective first and second 

reference axis. 

 

9.  A locking gimbal according to claim 6, wherein:  

 

(i)  the one or more locking pins are a pair of locking pins slidably mounted 

on the first or second object; and 

(ii)  the connector is 

 

a plurality of gears for driving the locking pins, the gears being co-operatively 

engagable with the first object thereby to transmit through the gears and on 

engagement between the first object and at least one of such gears, a corresponding 

force imparted thereon to the locking pin thereby driving the locking pin towards the 

retracted disengaged or extended engaged positions respectively, characterized in 

that the locking pins are mounted on the first or second object and slidable relative 

thereto along an axis which remains substantially parallel with the respective first and 

second reference axis. 

 

10.  A locking gimbal according to claim 1, wherein 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, and further wherein the 

locking formation is a locking pin configured to ride between a cog formation on the 
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second object and the locking member, the locking pin being capable of riding freely 

along the locking member in the disengaged position when the first and second objects 

are in the first aligned condition, and of being captured between projections on the cog 

formation and the locking member in the engaged position when the first and second 

objects are in the second displaced condition, thereby to lock the first and second 

objects to the locking member and prevent rotation of the first object about the first 

pivot axis. 

 

11.  A locking gimbal according to claim 1, wherein the second object is 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, characterized in that the second 

object is pivotally supportable on a second support such that the first and second pivot 

axes are spaced relative to one another, or 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. 

 

12.  A locking gimbal according to claim 11, wherein the connector is one or more 

connectors having first and second 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, the primary and 

secondary planes in use remaining substantially parallel throughout the range of 

pivotal movement of the first and second objects, and further wherein the center of 

gravity of the second object and the second pivot axis lie on a transverse plane being 

substantially perpendicular to the secondary plane, characterized in that the second 

object is pivotally supportable such that the first and second pivot axes axis are spaced 

relative to one another or are co-linear. 

 

13.  A locking gimbal according to claim 1, wherein the second object, acting as a second 

pendulum, comprises a second counterweight pivotally supported on a second 

pendulum arm. 

 

14. A locking gimbal according to claim 5, wherein a first length, as measured between the 

first pivot axis and the center of gravity of the first object, and a second length, as 
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measured between the axis about which the second object is pivotally supported and 

the center 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. 

 

15.  A locking gimbal according to claim 2, wherein the center of gravity of the first object 

and the first pivot axis lie on a plane being substantially perpendicular to the support 

surface of the first object. 

 

16.  A locking gimbal according to claim 1, wherein the locking member is arcuate with its 

center substantially coinciding with the first pivot axis and having repeating projections 

spaced from one another circumferentially there along. 

 

17.  A locking gimbal according to claim 16, wherein 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. 

 

18.  A locking gimbal according to claim 4, wherein 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. 

 

19.  A locking gimbal according to claim 18, wherein 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, the locking formation being 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, and further wherein the swivel pin and swivel slot 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. 

 

20.  A locking gimbal according to claim 2, wherein:  
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the first pivot axis is at least two 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 at least one of the first object and the support 

surface thereof substantially level; and 

 

the locking formation is radially movable relative to the first pivot axis between 

the engaged position, wherein the locking formation and the locking member 

operatively make contact, and the disengaged position, wherein the locking 

formation and the locking member operatively make less contact or are spaced. 

 

21.  A locking gimbal according to claim 20, wherein the at least two gimbal axes are 

angularly offset relative to one another by 90 degrees, and further wherein in the first 

aligned condition, the first and second reference axes are at least one of substantially 

co-planar and substantially co-linear. 

 


	description for PF14
	claim amendments for PF13 (clean copy) (1)

