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PIVOTAL JOINT COMPRISING FIRST AND SECOND FRAMES

Technical Field of the Invention

This invention relates to a pivotal joint comprising first and second frames, in particular

wherein the first and second frames are pivotable with respect to one another.

Background to the Invention

Known pivotal joints typically provide movement along one or more specified pivot axes,
and can be used to connect two parts of a system together whilst allowing some relative

movement between the parts.

One of the problem‘é with known pivotal joints is that they often take up significant space
between the parts to be connected, particularly as the number of axes of pivoting required

between the parts is increased.

For example, US Patent No. 5,452,912 describes an articulated bus having .a pulling vehicle,
a pulled vehicle, and a pivotal joint therebetween to allow the pulling and pulled vehicles to
' pivol‘ with respect to one another. A si gnificant part of the length of the articulated bus is
takéll up by the pivotal joint section between the pulling and pulled vehicles, partly to allow
the articulated bus to turn tightly without the ends of the pﬁlling and pulled vehicles clashing

with one another during turning.

It would be desirable to provide a pivotal joint that could be applied to connect two or more

parts of a system together, without taking up too large a space between the parts.

It is therefore an aim of the invention to improve upon the known art. -
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Summary of the Invention

According to an embodiment of the invention, there is provided a pivotal joint comprising:
first and second frames that are pivotable with respect to one_another about a first axis
~and a second axis, the first and second axes being parallel to one another and at a constant
non-zero distance apart from one another;
a first rod connected to the first frame by a first pivot attachment ali gxiedz@vith the first
axis, and connected to the second frame by a _thi'rd pivot attachment aligned with the secbhd.
axis; and
a second rod connected (o the first frame by a fourth pivot attachment aligned with the
second axis, and connected to the-second frame by a second pivot attachment aligned with the

first axis.

The provision of two spaced apart axes that are parallel to one another means that the pivotal
joint can pivot about either the first axis or the second axis depending upon which direction

b . : . ) :

the turn is being made in. Since theré are two axes instead of only one, the first and second
frames can pivot about one another over a wider angle before they come into contact with one

another, and so the distance required between the first and second {rames can be reduced.

The geometry of the first rod being connected to the first frame at the first axis and the
sccond [rame at the second axis, and the second rod being connected the first frame at the
second axis and the second frame at the first axis, means that the two frames must pivot
around only one of the first and second axes at a time. Attempting to pull the first and second
.. frames apart from one another gives a scissor-like action betWeen the rods that attempts to
pull the first and second.axes closer to one.another, although since the distance between the
first and secdnd axis is fixed constant by the first to fourth pivot attachments connected to the
frames, the frames cannot be pulled apart. Instead, the frames must pivot about one or the

other of the first and second axes.

‘When the frames are pivoted about the first axis, the first pivot ‘att‘ac-hment and fhe second
pivot attachment are axially aligned and so enable rotation about the first axis, and at least
one of the third pivot attachment P3 and the fourth pivot attachment P4 move away from the
second axis thereby preventing rotation about the second axis. When the frames are pivoted

aboul the second axis, the third-pivot attachment and the fourth pivot attachment are axially
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aligned and so enable rotation about the second axis, and at least one of the first pivot
attachment P1 and the second pivot attachment P2 move away [rom the first axis thereby

preventing rotation-about the first axis.

In order to impf‘dve the tensile strength of the joint and place less stress on the pivot
attachments, the pivotal joint may further comprise a plurality of locking pins. The locking
pins may be configured to lock the first and se.cond pivot attachments in axial alignment with
one another when the first and second frames are pivoted about the first axis, and to lock the
third and fourth or pivot attachments in axial alignment with one another when the first and
second frames are pivoted about the second axis. The locking pins may be inserted thrbugh
apertures in the pivot attachments to hold the pivot attachments in axial alignment with one
another. Respecti\}e apertures of the first and second pivot attachments may beAaxially aligned
with the first axis, and respective apertures of the third and fourth pivot attachments may be

axially aligned with the second axis.

Accordingly, a first locking pin may be inserted through the apertures of the first and second
pivol attachments and a second locking pin may be withdrawn [rom the apertures of the third
and lourth pivot attachments, to ensurc pivoting movement about the first axis and to allow
the third and fourth pivot attachments to swing away from one another. Furthermore, the first
locking pin may be withdrawn from the apertures of the first and second pivot attachments,
and the second locking pin may be inserted into the apertures of the third and fourth pivot
attachments, to allow the first and second pivot attachments to swing away from one another

and to ensure pivoting movement about the second axis.

The insertion and withdrawal of the first and second locking pins fnay Be controlled by a
wide variety of methods, for example by electrical and/or hydraulic and/or mechanical
controls. Electronic sensors may be used to determine the first of the first énd second pivot
attachments and the third and fourth pivot attachments to move more than a certain distance.
apart from onc another, and insert the relevant locking pin into the apertures of the other two
pivot attachments. Aiternatively, first and second cams may be used to move the first and

second locking pins against first and second springs to set the position of the locking pins.

Both the first and second locking pins may also be inserted -simultaneously to lock the pivotal

joint so that no pivoting is possible about cither one of the first and second axes.
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Advantageously, the first and sccond axes may be at opposite sides of the first frame (and/or
opposite sides of the second frame) to help maximise the angle-over which the first and

second frames can pivot about one another.

The first frame may comprise a first plaie, the first and fourth pivot attachments being fixed
to the first plate, aﬁd the second frame may comprise a second plate, the second and third
pivot attachments being fixed to the second plate. The use of plates rather than open
frameworks can help improve the rigidity of the frame.and prevent un-wanted movement of
the pivot attachments with respect to one another. Each one of the plates may comprise a hole
passing therethrough, the holes being large enough for an adult person to pass through them.
Accordingly, a person may mové bet‘ween' two units that are connected together by the frames
via the holes in the frames. The holes may be linked by a flexible tube through which the

person can move from the first frame to the second frame.

The pivotal joint may comprise eleventh and twelfth frames that are pivotable with respect tb
one another about a eleventh axis and a twelfth axis, the eleventh and twelfth axes being
parallel to one another and at a constant non-zero distance apart from one another, the joint
.comprising: ' ‘ |
an eleventh rod connected to the eleventh frame by an eleventh pivot attachment
aligned with the eleventh axis, and connected to the twelfth frame by a thirteenth pivot
attachment-aligned with the twelfth axis; and
a twelfth rod connected to the eleventh frame by a fourteenth pivot attachment aligned
with the twelfth axis, and connected to the twelfth frame by a twelfth pivot attachment

aligned with the eleventh axis.

Then, one of the [lirst and second frames may be connected to one of the eleventh and twelfth
frames, or one of the first and second frames may be the same frame as one of the eleventh
and twelfth frames, so that the pivotal joint can provide pivoting about four axes, i.e. about

the first, second, eleventh, and twelfth axes.

The eleventh frame may comprise an eleventh plate, the eleventh and fourteenth pivot
attachments being fixed to the eleventh plate, and the twelfth frame may comprise a twelfth

pléle, the twelfth and thirteenth pivot attachments being fixed to the twelfth plate.
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Furthermore, each one of the eleventh and twelfth plates may comprise a hole passing

- through the plate, the hole being large enough for an adult person to pass therethrough.

The pivotal joint may be arranged with the first and second axes perpendicular to the eleventh
and (welfth axés to form a universal joint allowing relative movement in both up/down and
left/right directions. In the case where one of the first and second frames is connected to one
of the eleventh and twelfth frames, the relative rotation between the frames that are connected
may be fixed. Or, in the case where one of the first and second frames is the same frame as
one of the eleventh and twelfth frames, the same frame may have the pivot attachments fixed
at one end of the same frame to set the first and second axes, and may haye the pivot
attachments fixed at an opposite end of the same frame to set the eleventh and twelve axes

perpendicular to the first and second axes.

Alternatively, ihe first and second axes may define a first plane, the eleventh and twelfth axes
may define a second plane, and one of the first and second frames may be connected to one
of the eleventh and twelfth frames by a rotatable connection allowing the first and second
axes to rotate within the first plane and the eleventh and twelfth axes 10 rotate within the

second plane. Then, the pivotal'joint may form a universal joint that also allows rotation. .

The eleventh and twelfth frames may also have holes, with the tube passing through the holes
of the ﬁrst,.second, cleventh, and twelfth frames. The tube is not necessarily circular in cross
section, although a circular cross section may be advantageous to allow bending of the tube in
any direction. When a rotatable connection is used to connect one of the first and second
frames to one of the eleventh and twelfth frames, the rotatable connection may comprise a set
of bearings sﬁrrounding the holes through the one of the first and second frames and the one

of the eleveﬁth and iwelﬁh frames.

Advantageously, to further strengthen the pivotal joint, the pivotal jo.int may further
comprise: '

a further first rod connected to the first frame by a further first pivot attachment
aligined with the fifst axis, and connected to the second frame by a further third pivot

attachment aligned with the second axis; and
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a further second rod connected to the first frame by a further fourth pivot attachment
aligned with the second axis, and connected (0 the second frame by a further second pivot

attachment aligned with the first axis.

Furtherrriore, the pivotal joint may further comprise:

a further eleventh rod connected to the eleventh frame by a further eleventh pivot
attachment aligned with the eleveﬁth axis, and connected to the twelfth frame by a furthér.
thirteenth pivot attachment aligned with the twelfth axis; and |

a further twelfth rod connected to the eleventh frame by a further fourteenth pivot
attachment aligned with the tw‘elfth'ax'is, and connected to the twelfth frame by a further
twelfth pivot attachment aligned with the eleventh axis.

Further locking pins may be provided for the pivot attachments besides the first, second, third
and fourth pivot atfachmems, in just the same manner as the first and second locking pins that

are provided fqr the first, second, third and fourth pivot attachments.

The pivotal joint may for example be used to connect between two carriages, transporters, or
other vehicular units. The pivolal joint could also be used to move an earth moving bucket
attached to a vehicle. In one example, the pivotal joint could be used to tip the contents of
the bucket either side of the vehicle or in another example, the jéint could be rotated before -
tipping the contents of the bucket out. The pivotal joint could also be used as an aerodynamic
~ control surface. For example one frame of the pivotal joint could be raised and lowered to act
as a control surface to adjust the direction of a portion of air over the frame surface, the frame
surface acting like an aileron or taileron and the other frame surface could be raised to act -
like an airbrake. Othqr such combinations of uses of the pivotal joint could be used for
adjusting airflow, the'shépe of the surface of the frame does not need to be limited to a flat
surface but could be curved-or another shape. The pivotal joint could also be used b?tweén

various parts in other smaller-scale applications, as will be apparent to those skilled in the art..

The terminology first, second, third, fourth, eleventh, twelve, thirteenth, and fourteenth is
purely used to label the various parts of embodiments of the invention, and does not imply
any particular ordering or the presence of any differently labelled parts such as fifth to tenth

parts.
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Brief Description of the Drawings

Embodiments of the invention will now be described by way of example only and with -

reference to the accompanying drawings, in which:

Fig. I shows a schematic perspective diagram of a pivotal joint according to a first
embodiment of the. invention when the pivotal joint is in a closed position; |

Fig. 2 shows a schematic perspective diagram of the pivotal joint of Fig. 1 when the pivotal
~ jointis pivoted about a second axis;

Fig. 3 shows a schematic perspective diagi'am of the pivotal joint of Fig. 1 when the pivotal
joint is pivoted about a first axis; ' | ' »
Fig. 4 shows a schematic perspective diagram of a pivotal joint according to a second
embodiment of the invention when the pivotal joint is in a closed posAitibn;

Fig. 5 shows a schematic perspective diagram of the pivotal joint of Fig. 4 when the pivotal
joint is pivoted about a second dxis and a twelfth axis; .

Fig. 6 shows a schematic perspéctive diagram of the pivoétal joint of Fig. 4 when the pivotal
joint is pivoted about a second axis and; and an eleventh axis;

Fig. 7 shows a schematic pcrspecﬁve diagram of a pivotal joiht according to a third

embodiment of the invention when the pivotal joint is in an open position;

The drawings are purely illustrative and are not to scale. Same or similar reference signs

denote same or similar features. -

Detailed Description

A first embodiment of the invention will now be described with reference to Figs | - 3. The
schematic diagram of Fig. 1 shows a pivotal joint 100 when in a closed position. The pivotal
joint comprises a first franie FI and a second frame F2 that face towards one another, the first
" [rame FI being a plate that has a hole H1 and the second frame F2 being a plate that has a

hole H2.

The first frame F1 and the second frame F2 can pivot with respect to one another about an
axis AX1 at one side of the pivotal joint, or about an axis AX2 at an opposite side of the

pivotal joint. Visible in Fig. 1 are a first pivot attachment P1, a third pi\}ot attachment P3, a
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fourth pivot attachment P4, a further third pivot attachment P3f. and a further fourth pivot
attachment P4(. The pivot attachments are formed as protrusions upon the plates of frame F1

_and F2, and are attached to rods going between the pivot attachments of the frames.

In this embodiment, the first and second frames F1 and F2 are formed of metal plates, for
example steel plates, and each pivot attachment comprises two protrusions supporting
opposite ends of a pivot axle that extends through a respective rod. In this embodiment, the.
pivot axles are inserted through the pivot attachments and the respective rods to pivotally- .
attach the rod to lhé pivot attachments. Alternatively, the pivot axle may be comprised within
the pivot attachment or within the corresponding rod, for example if the pivot axle is formed
integrally with the pivot attachment or formed integrally with the corresponding rod. In this
embodiment, the pivot axes AXI and AX2 are at opposite sides of the first frame F1 and at
opposite side of the first frame F2, althou gh one of the frames could extend further outwardly
in a direction perpendicular to the axes if desired. For example,' the axes AX1 and AX2 could
be placed at opposite sid'es of the first frame, but the second frame could be wider so that tﬁe
axis AX1 fell 1/3 of the way across the second frame and the axis AX2 fell 2/3 of the way

across the second {rame.”

The schematic diagram of Fig. 2 shows the pivotal joint 100 of Fig. 1 vwhen the pivofal joint -
has been pivoted through 120 degrees about the secoﬁd axis AX2. The first frame F1 is at the
left side of the figure and the second frame F2 is at the right side-of the figure. A first rod R1
is connected (o the first frame F1 by a first pivot attachment P1, and is-connected to the -
second frame F2 by a third pivot atta.chmenf P3. A second rod R2 is connected to the first
frame F1 by a fourth pivot attachment P4, and is connected to the second frame F2 by a:

sccond pivot attachment P2.

In order to provide further stabilisation to the pivotal joint, a further first rod Rif is connected
to the first frame F1 by a further first pivot attachment P1f, and is connected to the second
frame F2 by a further third pivot attachment P3f. A further second rod R2f is connected to the
first frame F1 by a further fourth pivot attachment P4f, and is connected to the second frame

F2 by a further second pivot attichment P2f.

In the position shown in Fig. 2, the first and further first rods R1 and R1f lie along the first

frame F1, and the scéond and further second rods R2 and R2f lie along the second frame F2. -
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The First frame F1 is [’ittcd.wilh a second locking pin LP2 that has been slid along the second
axis AX2 from a position between the fourth P4 and further foufth P4( pivot attachments to a
position inside the fourth P4 and third pivot attachments P3 to hélp hold the fourth and third
pivot attachments in alignment along the second axis. The second frame F2 is fitted with a
first locking pin LP1 that has been withdrawn from the sécond P2 and first P1 pivét .
attachments along the first axis, to between the second P2 and further second P2f pivot

attachments.

The schematic diagram of Fig. 3 shows the pivotal joint 100 of Fig. 1 when the pivotal joint

* has been pivoted through 120 degrees about the first éxis AX1. The second frame F2 is at the
left side of the figure and the first frame F1 is at the right side of the figure. In this position,

- the first and further first rods R1 and R1f now lie along the second frame F2, and the second

>a,nd further second rods R2 and R2f now lie along the second frame F2.

The second locking pin LP2 has been withdrawn from the fourth P4 and third pivot
attachments P3 along the second axis AX2 to a position between the fourth. P4 and further
fourth P4f pivot attachrﬁents, and the first iocking pin LP1 has been inserted into the second .
P2 and first P1 pivot attachrﬁeﬁls along the first axis, to help hold the first and second pivot

attachments in axial alignment.

The pivotal joint 100 may for example be used to form a connection between two vehicles to
allow left/right turns, without the pivotal joint takiﬁg up too much space béfween the two
vehicles. The holes H1 and H2 in the first and second plates respectively may enable a person
to move between the two vehicles that are joined by the pivotal joint 100. A tube (not shown
in Figs for c]arily‘) may b.e provided betwceen the two vchicles and through the holes Hl’and
H2, to assist movement of a person therethrough. The holes and tubes could have shapes

other than circular shapes, for example rectangular shapes.

In the cloée'd position shown in Fig. 1, the first pivot attachment P1 and the second pivot
attachment P2 are aligned with the first axis AX1, and the third p'ivo't attachment P3 and the
fourth pivot attachment P4 are aligned with the second axis AX2. Accordingly, in use the
rods R1 and R2 can pivot in opposite directions to one another about the pivot attachments P1

and P2 to allow the frames to pivot about the first axis (refer to Fig. 3), and the rods R1 and
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R2 can also pivot in opposite directions to one another about the pivol attachments P3 and P4

to allow the frames to pivol about the second axis AX2 (refer o Fig. 2).

A second embodiment of the invention will now be described with reference to Figs. 4 - 6.
The schematic diagram of Fig. 4 shows two units U1 and U2 that are connected together by a
pivotal joint that comprises two of the pivotal joints of Figs. 1 — 3 when fixed at a rotation of
90 degrees with respect to one another: In particular, the pivotal joint comprises eleventﬁ and
twelfth frames F11 and F12 with corresponding pivotal attachments and rods that are similar
to the pivotal attaeh‘méntg and rods of the first and second frames F1 and F2 described in |

relation to the first embodiment.

The first frame F1 is connected to the eleyenfh frame F11 at a 90 degree angle, and so
cnables pivoting about eleventh and twelfth axes AX11 and AX12 that arc perpendicular to

*the first and second axes AX1 and AX2.

The schematic diagram of Fig..5 shows the units Ul and U2 when they have been pivoted by
90 degrees about the second axis AX2 by the first and second frames F1 and F2, and 90
degrees abduf the twelfth axis AX12 by the eleventh and twelfth frames F11 and F12. An
_eleventh rod R11 is connected to the eleventh frame F11 by an eleventh pivot attachment
P11,'and is connected to the twelfth frarhe F12 by a thirteenth pivot attachment P13. A

. twelfth rod R12 is connected to the eleventh frame F11 b’y a fourteeﬁth pivbt attachment P14,

and is connected to the twelfth frame F12 by a twelfth pivot attachment P12.

In order to pr_o?ide further stabilisation to the pivotal joint, a further-eleventh rod R11f is
connected to the cleventh 'ﬁhlﬂ@ F11 by a further eleventh pivot attachment, and is connected
10 the twelfth frame F12 by a further thirteenth pivot attachment. A further twelfth tod R12f
1s connected to the eleventh frame F11 by a further fourteenth pivot attachment, and is

connected to the twelfth frame F12 by a further twelfth pivot attachment P12f.
The schematic diagram of Fig. 6 shows the units U1 and U2 when they have been pivoted by

90 degrees about the second axis AX2 by the first and second frames F1 and F2, and 90
degrees about the eleventh axis AX11 by the eleventh and twelfth frames F11 and F12.

10
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‘The second and twelfth frames F2 and F12 are formed as part of the units Ul and U2
respectively. and the first and eleventh frames abut one another. Alternatively, the first and
_eleventh frames may'be formed as a single frame having the various pivot attachments

formed on either side of it.

The eleventh and twelfth frames F11 and F12 are plates that each comprise a hole for
allowing the passage of an adult person therethrough. In a similar manner to the first
embodiment, the holes thf()ﬁgh the first, second, eleventh_, and twelfth plates may be fitted
with a flexible tube connecting between the first and second units Ul and U2 for supporting

the adult person. : ' : '

The second embodiment of the invention allows pivoting of the units U1 and U2 in left/right
and up/down directions, improving the range of movement compared (o the pivotal joint of

the first embodiment.

The schematic diagram of Fig. 7 shows a pivotal joint according to a third embodiment of the
invention. The third embodiment differs from the second embodiment in that the pivotal jo'int
futther comprises a rotatable connection RC between the first and eleventh frames F1 and
F11, so that the units U1 and U2 can rotate with respect to one another, as well as pivot in
left/right and up/down difections. In this embodiment, the fotatéble-connection RC é_omprises

a set of bearings surrounding the holes through the first and eleventh frames.

" - The units U1 and U2 are shown in Fig. 4 -7 with large pivot angles between them so that the
various pivot attachments and rods can be easily seen, although in some applications such as

for connecting vehicular units the pivot angles are obviously likely to be much smaller.

Various other embodiments of the invention falling within the scope of the appended élaims

will be apparent to those skilléd in the art. For example, although the described embodiments
are shown with particular types of frames and particular types of pivots, other types of frames
and pivots could alternatively be used, for exémple frames formed of open frameworks rather

than plates.

BT
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CLAIMS

I “A pivotal joint comprising:

first and second frames that are pivotable with respect to one another about a first axis
and a second axis, the first and second axes being parallel to one another and at a constant
non-zero distance apart [rom one another; (

a first rod connected to the first frame by a [irst pivot attachment aligned with the first
axis, arid connected to the second frame by a third pivot attachment aligned with the second
axis; and | .

a second rod connected (o the first frame by a fourth pivot attachment aligned with the
sccond axis, and conneeted (o the second frame by a sccond pivot attachment aligned with the

first axis. ' o,

2. The pivotal joint of ¢laim 1, wherein the first and second axes are positioned at:
- opposile sides of the first frame;
- opposite sides of the second frame; or

- opposite sides of the first frame and at opposite sides of the second frame.

3. The pivotal joint of claim 1 or 2, furthér comprising a plurality of locking pins, the
locking pins configured to Tock the first and second pivot attachments in axial alignment with
one another when the fir‘st and second frames are pivoted about the first axis, and to lock the
third and fourth or pivot attachments in axial alignment with one another when the first and

second frames are pivoted about the second axis.

4, The pivotal joint of any preceding claim, wherein the first frame comprises a first
plate, the first and fourth pivot attachments being fixed to the first plate, and wherein the
second frame comprises a second plate, the second and third pivot attachments being fixed to-

the second plate.
5. The pii/otal joint of claim 4, wherein each one of the first and second plates comprises *

a hole passing through the plate, the hole being large enough for an adult person to pass

therethrough.

12
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6. The pivotal joint of any preceding claim, further comprising:

eleventh and twelfth frames that are pivotable with respect to one another about é
eleventh axis and a twelfth axis, the eleventh and twelfth axes being parallel to one another
and at a constant non-zero distance apart from one another, the joirit comprising: |

an eleventh rod connected to the eleventh frame by an eleventh pivot attachment
aligned with the eleventh axis, and connected to the twelfth frame by a thirteenth pivot
attachment dligned with the twelfth axis; and

a twelfth rod connected to the eleventh frame by a fourteenth pivot attachment aligned
with the twelfth axis, and connected to the twellth [rame by'.a twelfth pivot attachment

aligned with the eleventh axis.

7. The pivotal joint of claim 6, wherein the eleventh frame comprises an eleventh plate,
the eleventh and fourteenth pivot attachments being fixed to the eleventh plate, and wherein
the twelfth frame comprises a twelfth plate, the twelfth and thirteenth pivot attachments being

fixed to the twelfth plate.

8. The pivotal joint of claim 7, wherein each one of the eleventh and twelfth plates
comprises a hole passing through the plate, the hole being large enough for an adult person to -

pass therethrou gh.

9. The pivotal joint of claim 6, 7, or 8, wherein the first and second axes define a first
_plane, wherein the eleventh and twelfth axes define a second plane, and wherein one of the
. first and second frames is connected to one of the €leventh and twelfth frames by a rotatable
connection allowing the ['irsi and second axes (o rotate within the first planc and the eleventh

and twelfth axes to rotate within the second plane.

10. The pivotal joint of claim 9 when appended to claim 8, wherein claim 6 is appended
to ¢laim 5. and wherein the rotatable connection comprises a set of bearings surrounding the
holes through the one of the first and second frames and the one of the eleventh and twelfth

frames.
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11. . The pivotal joint of claim 6, 7, or 8, wherein one of the first and second frames is
connected to one of the eleventh and twelfth frames at a fixed rotation setting the first and
second axes perpendicular to the eleventh and twelfth axes.

.

2. The pivetal joint of claim 6, 7 or 8, wherein one of the first and second frames is the

same frame as one of the eleventh and twelfth frames, the first and second axes being

perpendicular to the eleventh and twelfth axes.

13. The pivotal joint of anyﬁ preceding claim, further comprising:

a further first rod connected to the first frame by a further first pivot attachment
aligned with the first axis, and Connected to the second frame by a further third piv.ot
attachment aligned with the second axis; and

a further second rod connected to the first frame by a further fourth pivot attachment
aligned with the second axis, and connected to the second frame by a further second pivot

‘

attachment aligned with the first axis.

14, The pivotal joint of any one of claims 6 _ 12, or of claim 13 when claim 13 is
appended to any one of claims 6 — 12, wherein the pivotal joint further comprises:

a further eleventh rod connected to the eleventh frame by a further eleventh pivot
attachment. aligned with the eleventh axis, and connected to the twelfth frame by a further
thirteenth pivot attachment aligned with the twelfth axis; and

* a further twelfth rod connected to the eleventh frame by a further fourteenth pivot
attachment aligned with the twelfth axis, and connected to the twelfth frame by a further
twelfth pi‘vot attachment aligned with the eleventh axis.

15. The plvotal joint of any preceding c]alm wherein the pwotal jointis a plvotal joint

between two carriages, transporters, or other vehlculau units.

16. An earih moving vehicle compusmg an earth moving bucket having a plvotal joint

according to any one of claims 1 to claim 14.

17. A pivotal joint substantially as described herein with reference to the accompanying

drawings.
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