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(57) Abstract: A pivot joint has a ball (32) mounted in and held in location with respect to a first structure (30) and a second structure
(20) which is mounted on the ball and movable thereto. “I'he second structure having a bearing surface (31, 36) which defines its
position with respect Lo the ball. The ball may be held in location by at least two positions ol contaet with the [irst structure which
may be on opposite sides of (he ball so the second structure is captured between the first structure and the ball. The positions of

contact may be adjustable.
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PIVOT JOINT

The present invention relates to a pivot joint, in

particular a high precision ball joint.

Pivot joints which comprise a ball on a stalk are
known. In such pivot joints the ball is located within
a socket with the stalk protruding from the socket.
These pivot joints have the disadvantage that they are
not high precisicn, particularly because the ball part
is not accurately spherical. A further disadvantage is

that parts cannot be cheaply replaced when worn.

Accurate spheres (i.e. ball bearings) can be made very

precisely by a lapping process.

The present invention provides a pivot joint
comprising:

a ball mounted in a first structure, wherein the
location of the ball is held with respect to the first
structure; and

a second structure mounted on and movable with
respect to the ball, wherein the second structure has
at least one bearing surface which defines its position

with respect to the ball.

The ball is preferably held in location by contact with
the first structure at at least two positions.

The at least two positions of contact are preferably on
opposite sides of the ball. They may be diametrically
opposite, but this is not essential and in some
circumstances, for example where a precision joint is

required it is preferred that the positions of contact
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are formed as the apexes of triangles whose centre

passes through the ball.

Preferably, the second structure is captured between
the first structure and the ball. Thus, the first and
second structures are interconnected via the ball. In
this configuration, at least cone contact is on either
side of the second structure i.e. at least one contact
is on each side of the bearing surface which defines
the position of the second structure with respect to
the ball.

In a preferred embodiment, at least one of the

positions of contact is adjustable.

Preferably the ball is held or fixed in location by at

least four points of contact with the first structure.

When the ball is held in location, then it may be
movable with respect to the first structure as well as
the second. However, when a high precision joint is
required, the ball needs to be stationary with respect
to the first structure and thus is fixed in position.
By having at least one adjustable position of contact,

either of these states may be used, as required.

Alternatively, the ball is held in location with
respect to the first structure or fixed by a conical

recess and at least one point of contact.

Preferably the second structure has three bearing
surfaces. Alternatively the second structure may have

two bearing surfaces.

JP 2004-534189 A 2004.11.11
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In a preferred embodiment, the second structure is
biased into contact with the ball. Such a bias may be

provided by a spring, magnet, vacuum or elastic band.

A second aspect of the invention provides a method of
holding a location of a ball with respect to a
structure wherein the ball is sited in said location by

contacting the structure at at least two positions.

Preferably, the at least two positions are on opposite
sides of the ball.

In preferred embodiments the ball is fixed or held in
location by at least four points of contact or,
alternatively, by a conical recess and at least one

point of contact.

A third aspect of the invention provides a method of
locating a structure on a ball wherein the structure is
movable with respect to the ball, the structure
comprising an aperture with a peripheral surface for
receiving the ball wherein at least one area of the
peripheral surface is configured to be in sliding
contact with the ball.

preferably, at least two areas of the peripheral
surface are configured to be in sliding contact with
the ball and areas of the peripheral surface between
said at least two areas are configured not to be in
contact with the ball.

Pivot joints according to the invention enable the
production of (high) precision joints at low cost.

Ball bearings with highly spherical surfaces can be

JP 2004-534189 A 2004.11.11



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(16) JP 2004-534189 A 2004.11.11

WO 03/006837 PCT/GB02/03294

10

15

20

25

30

4

used to produce a smooth and precise motion between two
structures that have not undergone expensive accurate
machining processes. One of the reasons that these
pivot joints are so accurate is because the ball may be
held or fixed in location without the use of a screw
stud which would affect the sphericity and smoothness

of the ball surface and joint movement.

Embodiments of the invention will now be described by
way of example and with reference to the accompanying
drawings in which:

Fig 1 is an isometric view of a coordinate
measuring machine using the pivot joint of the
invention;

Fig 2 is an isometric view of the upper stage of
the coordinate measuring machine, showing the pivot
joints;

Fig 3 is a plan view of one end of a strut of the
coordinate measuring machine;

Fig 4 is a plan view of the upper stage of the
coordinate measuring machine, showing the pivot joint;
Fig 5 is a section along line A-A of Fig 4;

Fig 6 is a plan view of an end of an alternative
strut of the coordinate measuring machine;

Figs 7 and 8 are schematic illustrations of
alternative clamping arrangements of a ball in a pivot
joint; and

Fig 9 is an isometric view of the upper stage of
the coordinate measuring machine, showing alternative

pivot joints.

A coordinate measuring machine is shown in Fig 1. The
coordinate measuring machine comprises a lower fixed

stage 10 and an upper movable stage 12. The upper and
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lower stages are linked by telescopic struts 14, each
strut being connected to the upper and lower stages at
its respective upper and lower ends by pivot joints.

Each strut has a motor 16 to increase or decrease its

length.

As the upper stage 12 is supported only by the three
telescopic struts 14 which are connected to the upper
and lower stages by pivot joints, this stage may rotate
about three perpendicular axes relative to the lower
stage 10. To prevent this, three anti-rotational
devices 20 are provided which eliminate these three
degrees of rotational freedom whilst allowing
translational movement. The devices are passive, i.e.
they have no motor or other actuator. The joints
between the anti-rotational devices 20 and the upper

and lower stages 12,10 are alsoc pivot joints.

A pivot joint between the upper stage 12 and an anti-
rotational device 20 is shown in more detail in Figs
2,4 and 5. The upper stage 12 is provided with
structured cut-outs 30. A ball 32 of the pivot joint is
supported within the cut-out 30 by surfaces defining
the periphery of the cut-out 30. Two cut-outs 30 are
shown in Fig 2, one with the other components of the
ball joint in place and the other without.

The ball 32 is supported by two opposite surfaces 34,36
of the cut-out 30. A first curved surface 34 contacts
a side of the ball 32, and a second curved surface 36
contacts a lower surface of the ball 32 with two points
of contact 36A,36B. The position of the ball 32 is
defined by these three points of contact 34,36A,36B and
a fourth point of contact provided by a clamp 38,42.
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In this example the clamp comprises a washer 38 and a
fixing device 42, such as a screw or bolt. The washer
38 sits on a shelf 41 provided in the cut-out 30 in the
upper stage 12, an edge of its lower surface in contact
with the ball 32. The upper stage 12 is provided with
a hole 40 aligned with the centre of the washer 38, to
receive the fixing device 42 which holds the washer 38
against the ball 32. The ball 32 is thus held rigidly
in a fixed position at four places around its surface
by the first curved surface 34, by two points of
contact 36A,36B on the second curved surface 36, and by
the washer 38.

An alternative pivot joint between the upper stage 12
and a strut 14 is shown in Fig 9. The upper stage 12
is provided with structured cut-outs 130. A ball 32 of
the pivot joint is supported within the cut-out 130 by
surfaces defining the periphery of the cut-out 130.

Two cut-outs 130 are shown in Fig 9, one with the other
components cf the ball joint in place and the other

without .

The ball 32 is supported by two opposite surfaces
134,136 of the cut-out 130. A first curved surface 134
contacts a lower surface of the ball 32, and a second
curved surface 136 contacts a side of the ball 32 with
two points of contact 136A,136B. The position of the
ball 32 is defined by these three points of contact
134,136A,136B and a fourth point of contact provided by
a clamp 38,42.

The orientation of the contacting surfaces, for the
cut-out 130 are rotated with respect to the cut-out 30
as the orientation of the strut 14 is rotated with
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respect to anti-rotational device 20. This can be seen

in Fig 1.

Each end of each of the telescopic struts 14 and anti-
rotational devices 20 is provided with a hole 45 which
fits over a ball 32 of a respective pivot joint. Each
hole 45 is shaped to have three bearing surfaces
43A,B,C, spaced at 120° apart, as shown in Fig 3. Only
the three bearing surfaces are in contact with the ball
32. These bearing surfaces have small areas of contact
with the ball 32 to maximise slide between the
surfaces. These small areas of contact also provide
repeatable positioning of the strut 14 or anti-

rotational device 20 with respect to the ball 32.

Although the examples show the second structure 14,20
encircling the ball 32, this is not essential. Thus,
the second structure may substantially encircle the
ball with a gap in the structure (the limiting size of
any gap is a function of the diameter of the ball and
the position of the bearing surfaces of the second

structure) .

It should be noted that whilst it is preferred that
both the struts 14 and anti-rotational devices 20 have
pivot joints according to the invention, this is not

essential.

Fig 6 shows an alternative arrangement of the bearing
surfaces. In this arrangement the hole 45 is oval with
only two bearing surfaces 46A,46B. As the bearing
surfaces wear, they sit further down onto the surface
of the ball, thus reducing rattle between the bearing

surfaces and the ball. This arrangement is
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particularly suitable when the force on the bearing
surface is parallel to an axis perpendicular to the
plane of the bearing surfaces (for example if the ball

joint is used in a jack).

The struts 14 and anti-rotational devices 20 are formed
from a good bearing material, such as phosphor bronze.
The strut 14 may be made by etching and then machining
or stamping the holes 45 to accurately control the
length and geometry of the holes 45.

A side view of the upper stage 12 with an anti-
rotational device 20 mounted on a pivot joint is shown
in Fig 5 which is a section along line A-A of Fig 4.
The ball 32 can be seen to be held in position by three
of the four points of contact. These are the first
curved surfaces 34 and two points of contact on the
second curved surface 36 provided on the stage 12 and
the surface 37 of the washer 38. These surfaces are
shown to be spaced around the circumference of the ball
32. The surface 37 of washer 38 in contact with the
ball 32 is a chamfered edge between the lower and side
surfaces of the washer 38 and extends all around the
circumference of the washer 38 so that this surface 37
is presented to the ball 32 whatever the orientation of
the washer 38.

In this Figure the anti-rotational device 20 is in
position and one bearing surface 43 can be seen to be
in contact with the ball 32. The other two bearing

surfaces cannot be seen in this Figure.

The location of the four points of contact between the

ball 32 and upper stage 12 and washer 38 allows
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sufficient space for the end of the anti-rotational
device 20 to move about the ball 32. 1In addition, the
structured cut-outs 30 each have cut-out lobes 31
either side of the ball 32 to allow enough room for the
end of the anti-rotational device 20 to manoeuvre. The
three bearing surfaces 43A,B,C remain in contact with
the ball yet move over the ball to allow the arm of the

anti-rotational device 20 to rotate about the ball 32.

In the event of a jolt the bearing surfaces will spring
off the ball, hit a solid stop (i.e. the edges of the
cut-out structure 30) and return to their position on
the ball. The ball joint is thus self-protecting.
Where high precision ball joints are required, coil
springs may be provided, for example between the two
parts of an anti-rotational device 20, to urge the
bearing surface(s) onto the ball 32. Such springs
would assist in returning the bearing surfaces onto the
ball after any jolt and add rigidity to the structure.
The person skilled in the art will appreciate that
biasing means would be advantageous at other locations
on an apparatus incorporating a ball joint according to

the invention.

An alternative way of urging the bearing surfaces onto
the ball 32 is by biasing the second structure 14,20,
One way to achieve this is to provide a plate which has
one end clamped to the second structure 14,20 and the
other end pressing against the ball 32. The plate thus
acts like a leaf spring. The clamp is preferably
removably fixed by, for example, a screw, to enable
removal of the ball 32 for maintenance or replacement
thereof. The word plate is intended to include all the

various shapes and structures that are suitable for

JP 2004-534189 A 2004.11.11
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providing a bias such as a washer. Such a plate could
be used in conjunction with washer 38 or as a

replacement.

The ball used in the pivot joint may be made of any
hard/low friction material or alternatively made of any

material cocated with a hard/low friction material.

Although the above example describes the use of a pivot
joint in a coordinate measuring machine, this pivot
joint is not limited to use with such machines and may

be used in other applications.

Furthermore the invention is not limited to the method
of locating a ball as described above. Although the
embodiment describes four points of contact with the
ball, one of which is adjustable, it is possible to
have more than a total of four points of contact with
the ball. 1In addition it is possible to have more than
one adjustable point of contact, for example all four

points of contact could be adjustable.

An alternative method of clamping a ball rigidly in a
precise location is shown in Fig 7. The ball 32 is
located in a conical recess 48 and held in place by a
securing device 52 (for example a screw) with one point
of contact 54 with the ball 32. Of course the securing
device 52 may have more than one point of contact with

the ball 32 (for example a v-groove).

Fig 8 shows another method of clamping a ball rigidly
in a precise location. The ball 32 is located on a
flat surface 50 and is held in place by a securing

device 52 which has a conical recess 56 in contact with
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The ball may also be held in position by permanent
methods such as bonding, braising and welding. However
these methods have the disadvantage that the ball is
then no longer replaceable.

This pivot joint has the advantages that it is both

cheap to manufacture and easy to assemble.

The cut-out structure which holds the ball is easy to
machine. Repeatable positioning of a free ball within
this structure enables the ball to be easily replaced.
Furthermore use of commercially available accurate
spheres (for example ball bearings) combined with
precise positioning in the structure produces a high
precision ball joint.

The use of the word pivot in the phrase pivot joint
throughout this specification is defined as including
pivot joints with one, two and three degrees of freedom
as well as universal joints having two or three degrees

of freedom.
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a ball mounted in a first structure, wherein the
location of the ball is held with respect to the first
structure; and

a second structure mounted on and movable with
respect to the ball, wherein the second structure has
at least one bearing surface which defines its position
with respect to the ball.

2. A pivot joint according to claim 1 wherein the
ball is held in location by contact with the first

structure at at least two positions.

3. A pivot jeoint according to claim 2 wherein the at
least two positions of contact are on opposite sides of
the ball.

4. A pivot joint according to claim 3 wherein the
second structure is captured between the first

structure and the ball.

5. A pivot joint according to any of claims 2 to 4
wherein at least one of the positions of contact is
adjustable.

6. A pivot joint according to any preceding claim
wherein the ball is held or fixed in location by at

least four points of contact with the first structure.

7. A pivot joint according to any of claims 1 to 5
wherein the ball is held or fixed in location with

respect to the first structure by a conical recess and

JP 2004-534189 A 2004.11.11
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at least one point of contact.

8. A pivot joint accerding to any preceding claim
wherein the second structure has three bearing

surfaces.

9. A pivot joint according to any preceding claim
wherein the second structure is biased into contact
with the ball.

10. A method of holding the location of a ball with
respect to a structure wherein the ball is sited in
said location by contacting the structure at at least

two positions.

11. A method according to claim 10 wherein the at

least two positions are on opposite sides of the ball.

12. A method according to claim 10 or claim 11 wherein
the ball is sited in said location by contacting the

structure at four points of contact.

13. A method according to claim 10 or claim 11 wherein
the ball is sited in said location by contacting the
structure in a conical recess and at least one point of

contact.

14. A method of locating a structure on a ball wherein
the structure is movable with respect to the ball, the
structure comprising an aperture with a peripheral
surface for receiving the ball wherein at least one
area of the peripheral surface is configured to be in

sliding contact with the ball.

JP 2004-534189 A 2004.11.11
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15. A methed according to claim 14 wherein at least
two areas of the peripheral surface are configured to
be in sliding contact with the ball and areas of the
peripheral surface between said at least two areas are

configured not to be in contact with the ball.

16. A pivot joint comprising:

a ball mounted in a first structure, wherein the
location of the ball is held with respect to the first
structure at at least two positions the at least two
positions being on opposite sides of the ball; and

a second structure mounted on and movable with
respect to the ball, wherein the second structure has
at least one bearing surface which defines its position
with respect to the ball and the second structure is

captured between the first structure and the ball.

JP 2004-534189 A 2004.11.11
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