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(57) Abstract: A joint (100) arranged to
interconnect two elements to allow relative
movement of those elements, the joint
comprising a first member (102) operative
to be connected to one of the elements and
a second member (104) operative to be
connected to the other element, the second
member being coupled to the first member so
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about a first axis, wherein the second member
includes first and second parts that are
movable relative to each other about a second
axis that intersects the first axis so as to allow
the joint to rotate through two rotational ( O1
& 02) degrees of freedom around a common
point.
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A MECHANICAL JOINT STRUCTURE

Fie:ld of the Invention

The present invention relates to a mechanical joint
to allow relative movement between two elements. The
inxentidn has been developed especially, but not
exclusively, to a mechanical joint structure for use in a
mar.ipulator. Iﬁ a -further aspect, the invention relates
to a mgnipulator element, or module, incorporating the
mechaniical joint and to a manipulator that incorporates a

plixrality of elements interconnected by the joint.

Backgrdund of the Invention

ioints are commonly employed to connect elements in
mechanical device together and to allow those elements to
be moved relative to one another. The range of movement.
permitted may be defined by means of the degrees Qf
freedom of the joint. For example, a joint may have one
decree of freedom (e.g. a hinge on a door) that allows
motement solely about one axis, or two or more degrees of
freedom (e.g. a universal joint in a vehicle d;ive train
has: two degrees of freedom) that allows mo;ement about
multiple axes.

Powered mechanical devices that provide articulation
of individual elements are generally bulky and cumbersowme.
Furthermore, devices that permit movement of elements
through multiple degrees of freedom often use multiple
joinﬁs (each allowing a single degree of freedom of
movement) that are spaced apart (e.g. the uﬁiveréal joint
in a vehiclé‘drive train). These arrangements are

pre:ferred over the use of a single joint that can provide
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multiple degrees of freedom (such as a ball and sgocket
type joint) as such joints are difficult to control

prt:cisely without the use of elaborate control mechanisms.

Surmary of the Invention

In a first aspect, the invention pfovides a joint
conpriging at least two members attached in a manner to
allow the joint structure to rotate through two rotational:
decirees of freedom around a common point.

In one form, the joint permits relative movement of
the: members along first and second arcuate paths to permit
rot.ational movemght about first and second axes that
ini:ersect one another. In this way the members are used

to rotate relative to one another through the two

-rol;:ational degrees of’freedom.

In a second aspect, the present 1nventlon provides a
joint arranged to interconnect two elements to allow
re .ative movement of those elements, the 301nt comprising
a dirst member operatlve to be connected to one of the
eluments and a second member operative to be connected to
the other element, the second member being coupled to the
fixst meﬁber~so as to be movable relative to the firét
menber about a first axis, wherein the second member
includes first and- second parts that are movable relative
to each other about a second axis that intersects the
first axis so as to allow the joint to rotate through two
rotational degrees of freedom around a common point.

~ In one form, the first and second axes are

ori:hogonal.

In one form, each of the firet and second memberé
includes attachment means enabling the jéint to be

connected to the elements. In another form, at least one
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of the members is integrally formed with the element to
whi.ch it is comnected, thereby obviating the need for the
ati:achment means. '

In one form, the first and second members are movable
along an arcuate path that constrains the relétive

movement of the first and second members to movement about

“the first axis.

In one form, the first and second parts of the second
merber are also movable along an arcuate path that
constrains the relative movement of the first and second
paxts of the second member to movement about the second
ax:.s.

In one form, the amount of rotation of the jéint

about at least one of the respective axes is restricted.

In one form, the rotation about one of the axés is less
than 180°.
In one form, the first member includes a mounting

portion that has an inner surface that defines an aperture

.in which at least a part of the second member is located.

In one form, the arcuate bearing surfaces are formed by
portions of the inner surface of the mounting portion and
the: outer surface of the second member.

In one form, the first part of the second member
connects'to the other element so that the second part is
movable relative to the other element (about the second
axis) and is movable relative to the one element (about
the: first axis).

In one form, the first part of the second member is
potiitioned at the centre of rotation of the joint.

In one form, the mounting portion of the first

member, and the second member, are generally planar

"structureé. Iﬁ a particular form, the first part of the

second member is positioned at the centre of rotation of
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the: joint, with the second part being displaced radially
out:wardly from the first part in a first plane. The
mounting portion of the first member, which is also
disgplaced outwardly from the first part of the second
meriber, lies in a second plane that is orthogonal to the
fiirgt plane.

In one form, a first actuétor is connected to the
first member, to proVide relative movement of the first
aml gecond members about the first axis.

In one form, the second part of the second member is
connected to a second actuator that is operative to
provide relative movement of the first and second parts of
the second member abouf the second axis.

In a further aspect, the invention relates to a
manipulator that incorporates first and second elements
that are intercomnected by a joint, the joint permitting
relative movement of the elements along first and second
arcuate pathg to permit rotational movement about first
ancl second axes which intersect one another to allow the
elements to rotate through two rotational degrees of
freedom around a common point.

In one form, the joint is in accordance with the
gecond aspect described above, with the first member
connected to one of the elements, and the second member
cornnected to the other element.

It is to be appreciated that the connection between .
either or both of the joint members and the manipulator
elements may be such that those parts are integrally
formed together, or the parté may be formed separately and
be subsequently interconnected.

In yet a further aspect, the invention relates to a
marnipulator module compriging a body having spaced apart

first and second ends, a joint connected to the body at or
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“adjacent the first end and incorporating attachment means

al..owing connection of the module with the second end of
annther said module, wherein when so connected, the joint
all.ows the connected modules to rotate relative to one
another thrdugh two rotétional degrees of freedom.

In one form, the joint is in accordance with any form
deycribed above. In a particular embodiment, the second
meriber of the joint is connected to the module body, aﬁd
thr first member incorporates the attachment means that
al.ows for connection of the module with another said

moclule.

In one form, the attachment means is in the form of a

plate that is spaced from the first end of the module
bocly . ‘

In one form, the module includes an actuation system
that is disposed within the module body and is operative
to move the module relative to another module to which it
is connected through the joint through the two degrees of
freredom.

In one form, the actuation system comprises first and
second actuators operative to move the joint through
respective ones of the first and second degrees of
freedom.

In one form, the actuatorg are gable drives and the
actuation system further comprises at least one drive
mounted within the body and operative to impart

translation to the cables to induce relative wmovement in

the: joint.

Del.ailed Description of the Drawings

Features of the present invention will be presented

in a description of an embodiment thereof, by way of
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example, with reference to the accompanying drawings, in
whi.ch:
Figures la, 1b and 1lc are a top view, a side view and
a perspective view (respectively) of a joint in accordance
wilh an embodiment of the present invention;

Figures 2a and 2b are a side view and a perspective
view (respectively) of a manipulator module frame in
acvordance with an embodiment of the present invention;

Figures 3a and 3b are a side view and a berspective
view (respectively) of the joint structure of Figures 1la,
1b and lc when located within the manipulator module frame
of Figures 2a and 2b;

' Figures 4a and 4b are a gide view and a perspective
view (respectivelyf of a portion of an actuation means in
acuordance with an embodiment of the present invention;

Figure 5 is a representative diagram depicting the
int:erconnection betweeﬁ elements of the actuation ﬁeans in
accordance with an embodiment of the preéent invention;

Figures 6a, 6b and 6c are a top view, a side view and
a perspective view (respectively) of a pulley which forms
parﬁ of the actuation means in accordancé with an
embodiment of the present invention; |

Figures 7a and 7b are a side view and a perspective
view (respectively) of a manipulator module in accordance
with an embodimént of the present.invention; and

Figures 8a and 8b are a side view and a perspective
view (respectively) of an assembled manipulator in

acrordance with an embodiment of the present invention.
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Desicription of a Specific Embodiment

In the following description of an embodiment of the
pregent invention, the same numeration has been utilised
across all Figures, unless indicated otherwise.

Referring to Figures la, 1b and 1c in»particular,

there is shown a joint structure 100 in accordance with an

- embodiment of the bresent invention. The joint structure

100 includes at least two members 102 and 104 which are
arranged to permit relative movement of the members about
fixst and second axes. This allows the two members to
rotate relative to one another through two degrees of
freeedom.  The joint structure is capable of
int:erconnecting two elements (not shown. in Figures la, 1b
and 1c), so that the tﬁo elements may move, relative to
each other, about a common axis. The joint structure 100,
anc in particular members 102 and 104, tc actuation means
(not shown in Figures la, 1b and 1c¢) to provide controlled
morrement . ‘

In more detail, the joint structure 100 includes a
first member 102 and a second member 104 which are coupled
togjether so that first member 102 is moveable relative to
second member 104. That is, the joint can move in the
directions generally denoted by angles 0; and 0. Thé axes
of first member 102 and second member 104 intersect so
that they provide a joint structure which has two degrees
of freedom about a common point. As can be seen in
Fi¢ures la, 1b and 1lc, in a particular embodiment, the
axe:g are orthogonal. V

The first member 102 and the second member 104 are
connected through a.bearing 106, such that each member may

mowve independently of the other.
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The first member. 102 includes attachment first part
10¢, being a substantially planar structure in the form of
a plate. The first part 108 allows the joint to
interconnect to a first element (not shown)., An
attachmeﬁt second part 110 ié also provided to connect the
second member 104 to a second element (not shown). This
alliows the joint to move the first element relétive to‘the
second element. The attachment second part 110 may also
be substantially planar. } .

It will be understood that the attachment parts may
be integrally moulded with the element.

Ag may be seen from Figures la/ 1b and l1lc¢, the first
anct second members 102 and 104 are each movable along an
arcuate path that constrains the movement of first and
second members 102 énd 104 to movement about a first axis
0. | |

The second member 104 includes a first part 10%a and
an arcuate second part 109b which are constrained to
movement in an ércuaﬁe path about a second axis 6;. In the
emhodiment shown, the first part 109a is located at the
centre of rotation of the joint 100.

Furthermore, as is apparént from the embodiment
dimclosed herein, the amount of rotation of the joint
about each axis is necessarily limited by interference
with the elements. Generaily, the .total rotation about
each one of the axes will be less than 180°, and most
likely around 90°. ' ‘

The first member 102 includes a mounting portion 105,
ini:o which the second member 104 is located. The mounting
portion has an inner surféce 107 in which the bearing 106
rettides. The inner surface 107 (in combination with the

out:er surface of the second member 104) defines the

- arvuate path through which the two members may move.
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A second attéchment part 110 is prévided on the first
part 10%9a $o that the joint 100 can be conrnected to the
otler element. This allows the second attachment part 110
to move relative to the second element about the axis 8,
anc¢. moveable to the first element about the axis 0,. The
second attachment part 110 is displaced radially outward

frcm the arcuate second part 108b in the direction of the

-first axisg 0;. Conversely, the first attachment part 108

iz displaced outwardly from the second attachment part
11¢, and lieg in a plane which is orthogonal to axis 8;.

In the present embodiﬁent, there i; provided a
further bearing 112 between the first part 109a and the
second member 104. ' ‘

Figures 2a and 2b depict a body 114 for a manipulator
mocule. The body 114 is arranged to receive thé joint
structure 100 at an end 116, and is capable of interfacing
with another body for a manipulator module {(not shown) at
another end 118.

Figures 3a and 3b depict the joint structure 100
loclated within the frame 114 to form a bare‘manipulator
moctule 120. The frame 114 is also arranged to receive the
actuation means 122, a portion of which is depicted at
Figufes 4a and 4b. A First actuator is comnected to the
fil'st member 102, to prqvide relative movement of the
first and second members 102 and 104 about the axis 6.
Co:'respondingly, a second actuator is connected to the

gsecond member 104, to provide relative movement of the

) first'arcuate part 109 and the attachment second part 110

about the axis ..
The actuation means 122 includes a motor 124 which

dr.ves a gear head 126. The gear head drives a belt drive
or a screw drive (not shown in the Figures) which in turn

dr:ves a linear actuator in the form of a ball screw 128
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(shiown in Figure 5). The linear actuator 128 drives a
tengion drive 130,_which in the present eﬁbodiment
includes a cable 132. The cable 132 is connected at one
encd to the arc shaped portion of the joint 134, and at the
otller end to a pulley 136 (shown in detail in Figures 6éa,
6b and 6c), to allow for bidirectional control of the
jont. ' '

In other words, when the motor 124 is activated, the
gear head 126 is driven, which in turn drives the linear

act:uator 128, causing the cable drive 130 to move, thereby

" moving the joint through an angle 8. It will be

unclerstood that a similar actuator means is utilised for

bot:h arc shaped portiong, thereby providing motorised

control for both degrees of freedom.of the joint

stiucture.

An assembled manipulator module 138 is shown in
Figures 7a and 7b.. As can be seen, the manipulator module
is relatively compact in size, 1s completely self
contained (i.e. all driving parts are contained within the
manipulator module), and the attachment plates allow the
manipulator module to be easily connected to another
moclule, as shown in Figures 8a and 8b. In another
embodiment, the maﬁipulator may be integrally forﬁed,-such
that the joint is integrally formed with either one or
boi:h of the elements on each side of the joint.

The manipulator module may include communication
meing, which may take the form of an electronié interface
(i e. an electronic bus) that interfaces the motors to a
control means. The control means may use any type of
cormunication téchnology, such as wireless, electrical
wiired or optical wired interfaces. The control means may
be a control pad (such as a joystick) in the case of a

maiually controlled manipuiator module, or it may be a
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coiputing means (such as a microcontroller or a computer)

in the casgse of a programmable manipulator module. In

otiier embodiments, the communication means and the
minrocontroller (or equivalent) may be wholly contained

within each module, such that each module may operate

independently of other modules.

The control means may also be assisted by any one oxr
moire of a variety of external sensors or other input
derices. The manipulator module may also incorporate
appropriate sensors which may be required to sense the
gurrounding environment, to aveid obstacles or to provide
infiormation oﬁ gome external condition, suéh‘as
tenperature, humidity, etc. In one particular embodimeht,
the sensor may be an optical encoder or a camera, which
ma:r be used to measure the proximity of obstacles.
Another possible sensor could be a pressure sensor, which
marr be used to determine whether the manipulator module
ha;s come into contact with an external object.

" Whilst the joint structure described herein is shown
located within a conventional manipulator module, it will
be understood that the joint can find use in any suitable
application where such a joint is regquired.

It will also be understood that whilst manipulator
moclules of a similar size are depicted in the Figures,
moudules of different sizes may be coupled tbgether( as
rermuired for particular applications. For example, a
laiger module may be used at the base of the manipulator,
to improve stability. Such variatibns and modifications

are contemplated by embodiments of the present invention. -
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CLAIMS :

1. A joint comprising at least two members attached in a
ma:iner to allow the joint structure to rotate through two

roational degrees of freedom around a common point.

2. The joint in accordance with Claim 1, wherein the
jo.nt permits relative movement of the members along first
anid second arcuate paths to permit rotational movement

about first and second axes that intersects one another.

3. A joint-arrangéd to interconnect two elements to

all.ow relative movement of those elements, the joint

conprising a first member operative to be connected to one

of the elements and a second member operative to be
connected to the other element, the second member being
coipled to the first member so as to be movable relativé
to the first member about a first axis, wherein the second
meriber includes first and second parfs that are movable
re..ative to each other about a second axis that inte:éects
the first axis so as to allow the joint to rotate through

two rotational degrees of freedom around a common point.

4. A joint in accordance with Claim 3, wherein the first

anil second axes are orthogonal.

5. A joint in accordance with Claim 4, wherein each of
the first and second members includes attachment means

enabling the joint to be connected to the elements.

6. © A joint in accordance with Claim 5, wherein the first

ancl second members are movable along an arcuate path that
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cor.gtrains the relative movement of the first and second

menbers to movement about the first axis.

7. A jpint in accordance with Claim 6, wherein the first
anc second‘parts of the second member ‘are also movable
aleng an arcuate path that constraing the relative

movement of the first and second parts of the second

menber to movement about the second axis.
8. A joint in aeccordance with Claim 7, wherein the
am¢unt of rotation of the joint about at least one of the

respective axes ig restricted.

9. A joint in accordance with Claim 8, wherein the

rotation about one of the axes is less than 180°.

10. A joint in accordance with Claim 9, wherein the first

- merber includes a mounting portion that has an inner

su: face that defines an aperture in which at least a part
of the gecond member is located. 1In one form, the arcuate
path is defined by portions of the innetr surface of the
mownting portion and the outer surface of the gecond

merber.

11. A joint in accordance with Claim 10, wherein the
first part of the second member connects to the other
element so that the second part ig movable relative to the
otler element (about the second axis) and is movable

relative to the one element (about the first axig).

12. A joint in accordance with Claim 11, wherein the
first part of the second member is positioned at the

certre of rotation of the joint.
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13. A joint in accordance with Claim 12, wherein the
molnting portion of the f£irst member, and the second

metber, are generally planar structures.

14. A joint in accordance with Claim 13, wherein Ehe
first part of the second member is positioned at the
qentre of rotation of the joint, with the second part
being displaced radially outwardly from the first part in

a firxst plane.

15. A joint in accordance with Claim 14, wherein the
molnting portion of the first member, which ig also
displaced outwardly from the first part of the second

meriber, lies in a second plane that is orthogonal to the

first plane.

16. A joint in accordance with Claim 15, wherein a first
acl:uator isg connected to the first member, to provide
re. .ative movement of the first and second members about

the: first axis.

17 A joint in accordance with Claim 16, wherein the
seizond part of the second member is connected to a second
actuator that is operative to provide relative movement of

the first and second parts of the second member about the

seiond axis.

i8. A manipulator comprising first and second elements
that are interconnected by a joint, the joint permitting
rel.ative movement of the elements along first and second

arcuate paths to permit rotational movement about first

anl second axes which intersects one another to allow the.
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elements to rotate through two rotational degrees of

freedom around a common point.

19. A manipulator in accordance with Claim 18, including
the: joint in accordance with Claim 3, wherein the first
meriber is connected to one of the elements, and the gecond

menber is connected to the other element.

20. A manipulator module comprising a body having spaced
apert first and second ends, a joint connected to the body
at or adjacent the first end and incorporating attachment

mezns allowing connection of the module with the second

'end of another said module, wherein when so connected, the

joint allows the connected modules to rotate relative to

one: another through two rotational degrees of freedom.

21. A manipulator module in accordance with Claim 20,
wherein the second member of the joint is connected to the
moclule body, and the first member incorporates the
att:achment means that éllows for conhection of the module

wilh another said module.

22, A manipulator module in accordance with Claim 21,
wherein the attachment means is in the form of a- plate

thut is spaced from the first end of the module body.

23 A manipulator module in accordance with Claim 22,
ineluding an actuation system that is disposed within the
morlule body and is operative to move the module relative

to another module to which it is comnected through the

jornt through the two degrees of freedom.
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24, A manipulator module in accordance with Claim 23,
wherein the actuation system further comprises firét and
second actuators operative to wmove the joint Ehrough
respective ones of the first and second degrees of

freedom.

25, A manipulator module in accordance with Claim 24,

wharein the actuators are tension drives and the actuation
system further comprises at least one drive mounted within
the. body and operative to impart translation to the cables

to induce relative movement in the joint.

26, A manipulator module in accordance with Claim 25,
further comprising a proximity sensor arranged to detect
the: distance between the manipulator module and at least

one: external object. -

27. A manipulator module in accordance with any one of
Cleims 20 to 26, further comprieing means to communicate

with a control source.

28, A manipulator module in accordance with Claim 27,

wherein the control source is a computational means.

29. A manipulator module in accordance with Claim 28,
wherein the computational means is a microprocessor housed

within the manipulator module.
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