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Abstract:

A workpiece holding assembly {20) comprises a magnetic chuck (22), and first and second separate
sets of workrests for engaging with the outer circumferential surface of an annular workpiece (40,
60). The workrests are configurable such that when the outer circumferential surface of the
workpiece (40, 60) is ground with the chuck Urotating in one direction, the outer circumferential
surface is only urged in contact with the first set (26, 28) of workrests, and when an inner
circumferential surface of said workpiece is ground with the direction of rotation of the chuck
reversed, the outer circumferential surface is only urged in contact with the second set {30, 32) of
workrests. Grinding methods using such a workpiece holding assembly are also described.
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Title: A Workpiece Holding Assembly for a Grinding Machine and Grinding
Methods

5  Field of the Invention

The present invention relates to a workpiece holding assembly for a grinding machine,
and more particularly to such an assembly which is suitable for holding an annular
workpiece during grinding. Methods of grinding using such an assembly to hold the

10  workpiece are also described.

Background of the Invention

A thin annular workpiece may not be intrinsically stiff across its diameter. The
15  workpiece needs to be secured to a work spindle during grinding without causing
undue radial deformation. Workpieces of this form may be gripped using scroll
chucks, expanding mandrels and collet chucks. The amount of force used to hold the
part can be reduced to minimise distortion, but this may be at the expense of
machining cycle time as the cutting forces need to be limited to avoid causing the

20  workpiece to break free.

Magnetic faceplates or chucks are also used in both surface grinding and rotary
grinding processes. They are particularly suitable where one face of a workpiece can
be pre-machined to a flatness where any mechanical distortion caused by a magnetic
25 chuck will be significantly less than the level of precision required of the fimished

part.
Shoe or microcentric grinding provides a workholding method that allows workpieces
to be robotically loaded and machined on both outer and inner circumferential

30 surfaces.

Summary of the Invention
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The present invention provides a workpiece holding assembly for a grinding machine,
the assembly comprising:
a magnetic chuck for holding a workpiece which has an outer circumferential
surface and an inner circumferential surface located concentrically about a workpiece
5  central axis;
a chuck drive for rotating the chuck about a chuck rotational axis during
grinding; and
first and second separate sets of workrests for engaging with the outer
circumferential surface of an annular workpiece held by the chuck with a transverse
10 side surface in engagement with the chuck,
wherein the first and second sets of workrests are configurable such that:
when the outer circumferential surface of said workpiece is ground by a
grinding wheel rotating in a grinding wheel rotation direction with the chuck rotating
in a chuck rotation direction, the outer circumferential surface is only urged in contact
15  with the first set of the first and second sets of workrests; and
when an inner circumferential surface of said workpiece is ground by a
grinding wheel rotating in the grinding wheel rotation direction, with the direction of
rotation of the chuck reversed relative to the chuck rotation direction during grinding
of the outer circumferential surface, the outer circumferential surface is only urged in

20  contact with the second set of the first and second sets of workrests.

In this way, grinding forces generated during grinding of the outer and inner
circumferential surfaces of the workpiece are resisted by respective separate sets of
workrests. The assembly may thereby provide precise and robust restraint of the
25  workpiece during each grind. Furthermore, this can be achieved without needing to
remove the workpiece or reconfigure the grinding machine between the grinds,
thereby minimising the time taken and improving the accuracy of the machining

process.

30  This assembly configuration may be able to reliably constrain a workpiece against
high grinding forces. Accordingly, it may enable both outer and inner circumferential
surfaces to be ground using super-abrasive grinding wheels (such as wheels having a

grinding surface comprising cubic boron nitride (CBN) material). High value-added,
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bespoke parts, that are made in small batches, benefit from the use of super-abrasive
wheels which can be dressed with generic profiles (such as small radii) to follow
generated paths or trajectories to finish the working surface of the part. High grinding
ratios (that 1s, volumetric material removal/volumetric wheel loss) are also beneficial

5 1n small batch production with super-abrasive wheels.

The grinding of an inner circumferential surface, particularly with super-abrasive
wheels, may generate much higher forces in a direction which might otherwise push
the part away from workrests in known configurations, as the strength of a magnetic

10 chuck may be insufficient to safely retain the workpiece,

In some implementations, the workrests of the first and second sets of workrests are
located in the same positions relative to the chuck rotational axis during the steps of
grinding the outer and inner circumferential surfaces of the workpiece. With this
15  configuration, this grinding process is simplified as the workrest positions are fixed
relative to the chuck rotational axis throughout grinding of the outer and inner

circumferential surfaces of the workpiece.

At least one workrest of each of the first and second sets of workrests may be a
20 movable workrest which 1s movable relative to the chuck rotational axis

independently of the other workrests.

The workrests of at least one of the first and second sets of workrests may be movable
workrests which are movable relative to the chuck rotational axis independently of the
25 workrests of the other set. This allows the locations of the movable workrests to be
adjusted as appropriate to smt different workpiece sizes and proportions, thereby
providing a more versatile workpiece holding assembly. The extent to which the
workpiece central axis is offset laterally from the chuck rotational axis may be altered
as required for a given workpiece during a grinding operation. Also, this may enable
30  the stability of the workpiece retention by the holding assembly to be improved. In
preferred configurations, workrests of both of the first and second sets of workrests
are movable workrests which are movable relative to the chuck rotational axis

independently of the workrests of the other set.
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Each movable workrest may be movable relative to the chuck rotational axis

independently of the other workrests.

5  The location(s) of one or more movable workrests may be adjusted between different
grinding operations. For example, the location(s) may be adjusted between the steps
of grinding the outer and inner (or vice versa) circumferential surfaces of the

workpiece.

10 Each of the workrests of at least one of the first and second sets of workrests may be
coupled to the workpiece holding assembly via a (respective or shared) coupling
which allows the workrests to be switched between predetermined advanced and
retracted positions relative to the chuck rotational axis. A workrest (or set of
workrests) may be coupled to the assembly by a respective mechanical coupling

15  which may be operated under the control of a control system of the machine tool to

switch the corresponding workrest {or set of workrests) between the two positions.

In some grinding procedures, the location(s) of one or both sets of workrests are
adjusted between the steps of gnnding the outer and inner (or vice versa)
20 circumferential surfaces of the workpiece. For example, one of the sets may be
retracted away from the chuck rotational axis or one of the sets may be advanced
towards the chuck rotational axis. In a further example, one of the sets is retracted
away from the chuck rotational axis and the other set is advanced towards the chuck
rotational axis between the steps of grinding the outer and inner (or vice versa)

25 circumferential surfaces of the workpiece.

Each movable workrest (or set of workrests) may be coupled to a respective workrest
support, and a workrest actuator may be provided in association with each movable
workrest (or set of workrests), with each workrest actuator operable t0 move the
30  respective workrest (or set of workrests) relative to its workrest support. The location
of each workrest support may be fixed and non-adjustable relative to a support

structure of the workpiece holding assembly.
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Each workrest actuator may be operable to switch the respective workrest (or set of

workrests) between predefined advanced and retracted positions,

Each actuator may be configured to only facilitate switching of the respective
5  workrest (or set of workrests) from one of the two positions to the other and vice

versa, without enabling selection of other intermediate positions.

In some implementations, each workrest actuator 1s operable to move the respective
workrest (or set of workrests) in a linear manner relative to its workrest support.

10
Each workrest actuator may be operable to move the respective workrest along a
linear reference axis, each workrest actuator may include a drive assembly having a
driven member which is coupled to the workrest, and the linear reference axis may
extend through the driven member and the workrest.

15
Aligning the line of the force exerted by the drive assembly on the driven member
with the workrest may provide a stiffer workrest actuator. The drive assembly may be

hydraulically, pneumatically or electromagnetically actuated, for example,

20  Preferably, ecach workrest actuator includes a drive assembly having a driven member
which is coupled to the workrest and is slideable relative to an actuator body between
advanced and retracted positions. The driven member and actuator body may define
complementary frustoconical surfaces which engage each other when the supporting
member is in its advanced position. The frustoconical surfaces may taper inwardly in

25 a direction towards the workrest. The complementary surfaces may provide a
kinematic coupling between the driven member and the actuator body to ensure
reliable and precise location of the respective workrest when it is in its advanced

position.
30 A central reference axis of the frustoconical surfaces may be located so as to coincide

with the linear reference axis. Alignment of the driven member, frustoconical

surfaces and the workrest along a common linear reference axis results in a stiff and
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precise mechanism for translating the workrest and for holding the workrest in its

advanced position,

Alternatively, each workrest actuator may be operable to move the respective

5  workrest (or set of workrests) in a rotary manner relative to its workrest support.

In some preferred examples, each of the first and second sets of workrests consists of

two workrests,

10 In one embodiment, the workpiece holding assembly may include four workrests

only.

A first set of workrests (for use during grinding of an outer circumferential surface of
a workpiece) may include one workrest at a location between 140 and 160°
15  (preferably around 150°) from the circumferential position relative to the chuck
rotational axis at which a grinding wheel contacts a workpiece held by the chuck
(measured clockwise or anticlockwise). The second set may include another workrest
at a location between 50 and 70° (preferably around 60°) from the circumferential
position relative to the chuck rotational axis at which a grinding wheel contacts a
20  workpiece held by the chuck (measured clockwise or anticlockwise, but in the same

sense as the one workrest).

A second set of workrests (for use during grinding of an inner circumferential surface
of a workpiece) may include a workrest at a location between 170 and 190°
25  (preferably around 180°) from the circumferential position relative to the chuck
rotational axis at which a grinding wheel in use contacts a workpiece held by the
chuck. The second set may include another workrest at a location between 80 and
100° (preferably around 90°) from the circumferential position relative to the chuck
rotational axis at which a grinding wheel contacts a workpiece held by the chuck

30  (measured clockwise or anticlockwise).
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The magnetic chuck may define a chuck engagement plane for engaging with a planar
surface of a workpiece. The locations of the workrests relative to the magnetic chuck

may be adjustable and individually fixed in selected positions.

5  The present invention further provides a grinding machine including a machine base
and a workpiece holding assembly as described herein which 1s carried by the
machine base. The machine may include a grinding wheel drive for rotating a
grinding wheel about a grinding wheel axis, wherein the grinding wheel axis is at
substantially the same height above the machine base as the chuck rotational axis.

10
The grinding machine may include a grinding wheel having a grinding surface

comprising CBN maternal.

The present invention also provides a method of grinding a workpiece having an outer
15 circumferential surface and an inner circumferential surface using a workpiece
holding assembly as described herein to hold the workpiece, the method comprising
the steps of:
rotating the workpiece in a first workpiece rotation direction during grinding
of the outer circumferential surface with a grinding wheel rotating in a grinding wheel
20  rotation direction; and
rotating the workpiece in a second workpiece rotation direction opposite to the
first workpiece rotation direction during grinding of the inner circumferential surface,

with the grinding wheel rotating in the grinding wheel rotation direction.

25  In some embodiments, the grinding wheel rotates in a direction opposite to the first
workpiece rotation direction during grinding of the outer circumferential surface, and
the grinding wheel rotates in the same direction as the first workpiece rotation
direction during grinding of the inner circumferential surface. In this way, climb
grinding may be carried out, with the workpiece and grinding wheel surfaces moving

30 in the same direction.

In further embodiments, the grinding wheel rotates in the same direction as the first

workpiece rotation direction during grinding of the outer circumferential surface, and
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the grinding wheel rotates in a direction opposite to the first workpiece rotation
direction during grinding of the inner circumferential surface. In this way, an up-
cutting grinding process may be carried out, with the workpiece and grinding wheel

surfaces moving in opposite directions.

Further combinations of grinding wheel and workpiece rotational directions may be
implemented. The location of the point of contact between a grinding wheel and the
workpiece may also be adjusted in a circumferential direction around the workpiece to
improve the reliability of retention of a workpiece by the workpiece holding

10  assembly.

Each workrest may have a workpiece engagement surface which is radially spaced
(offset) from a locus defined by the outer circumferential surface of the workpiece
when the workpiece is located with the workpiece central axis coaxial with the chuck
15  rotational axis. These offsets may be selected to allow a workpiece to move clear of

one set of workrests when moved into engagement with another set of workrests.

The workrests of the first set may be offset such that when the workpiece is engaged
with the workrests of the first set and the chuck rotates in a chuck rotation direction, a
20 resultant force is exerted on the workpiece which urges it towards the first set of
workrests. The workrests of the second set may be offset such that when the
workpiece is engaged with the workrests of the second set and the chuck rotates in a
direction opposite to said chuck rotation direction, a resultant force 1s exerted on the
workpiece which urges it towards the second set of workrests.
25
The workrests of the first and second sets of workrests may be located 1in the same
positions relative to the chuck during the steps of grinding the outer and inner

circumferential surfaces of the workpiece.
30  Alternatively, the workrests of at least one of the first and second sets of workrests

may be located in different positions relative to the chuck during the steps of grinding

the outer and inner circumferential surfaces of the workpiece, respectively.
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The assembly and methods described herein may be suitable for use in grinding a
range of workpieces having inner and outer circumferential surfaces which have a
circular cross-section in a plane perpendicular to the workpiece central axis. For
example, the workpieces may be in the form of a thin ring or sleeve, such as a bearing
5 raceway of a rolling element bearing. The outer circumferential surface may be
radially outwardly facing relative to the workpiece central axis. The inner
circumferential surface may be radially inwardly facing relative to the workpiece

central axis.

10  Brief description of the Drawings

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

reference to the accompanying schematic drawings, wherein:

15  Figure 1 is an exploded perspective view of components of a known rolling element

bearing;

Figure 2 is a side view of a workpiece holding assembly according to an embodiment
of the invention;

20
Figures 3 and 4 are diagrams representing side views of a workpiece holding
assembly according to an embodiment of the invention when grinding an outer and an

inner circumferential surface, respectively, of an annular workpiece;
25  Figure 5 1s a diagram representing a side view of a workpiece holding assembly
according to an embodiment of the invention to illustrate offset locations of a

workpiece when engaged with either the lower or upper pairs of workrests;

Figures 6 and 7 are diagrams to illustrate the possibility of interference of a workrest

30  with a grinding set-up;

Figures 8 and 9 are side views of two different configurations of a workpiece holding

assembly according to an embodiment of the invention;
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Figures 10 and 11 are side views of two further, different configurations of a

workpiece holding assembly according to an embodiment of the invention,

5 Figures 12 and 13 are side views of two altemative workrest configurations of a

workpiece holding assembly according to an embodiment of the invention;

Figures 14 and 15 are perspective and side cross-sectional views, respectively, of a
linear workrest actuation assembly;

10
Figure 16 shows a cross-sectional plan view of an alternative linear workrest actuation

assembly;

Figures 17 and 18 show two different workrest configurations in a workpiece holding

15 assembly according to an embodiment of the invention,

Figures 19 and 20 are plan views of a rotary workrest actuation assembly in two

different orientations;

20 Figure 21 is a plan view of the workrest support portion of the workrest actuation

assembly shown in Figures 18 and 19, and

Figure 22 is a side view of the workrest assembly shown in Figures 19 and 20.

25  Detailed description of the Drawings

Components of a known rolling element bearing are shown in Figure 1. In the
assembled bearing, the location of the bearings 2 is constrained by a cage 4. The
bearings roll around an inner race 6 and within an outer race 8. Seals 10 and 12 are
30  located on opposite sides of the bearings. High dimensional accuracy of the finished
races 0 and 8 in terms of the surface finishes, roundness and concentricity of the inner
and outer circumferental surfaces 1s desirable to mimmise vibration and heat

generation. The time taken to machine both inner and outer circumferential surfaces

CA 03157298 2022- 5-4



WO 2021/094756 PCT/GB2020/052877

11

may be minimised if both surfaces can be machined without having to transfer the

workpiece to another machine after grinding one surface in order to grind the other.

A workpiece holding assembly 20 according to an embodiment of the invention is
5  shown in Figure 2. It includes a magnetic chuck 22 and a drive (not shown) for
rotating the chuck about a chuck rotational axis 24 which is perpendicular to the plane
of the drawing. The magnetic chuck drive is carmied by an assembly body 21 which
provides a support structure for the assembly. In use the assembly body 1s mounted
onto a machine base of a machine tool (not shown).
10
Figures 3 and 4 schematically illustrate grinding of an annular workpiece 40 using a

grinding wheel 42.

A first set of workrests comprises first and second lower workrests 26, 28 and a
15 second set of workrests comprises first and second upper workrests 30, 32. The
workrests may be in the form of finger supports. They may be selectively fixed in
position relative to the magnetic chuck. Each workrest may include an adjustable
slide to facilitate fine adjustment of the location of the workpiece engagement surface
of each workrest relative to the magnetic chuck.
20
In the configuration shown in Figure 2, the workrests are arranged such that the
location of workrest 26 is adjustable by its slide in a horizontal direction (that is,
parallel to the reference plane of the machine base). The workrests 28, 30 and 32 are
adjustable using their respective slides in radial directions relative to the chuck

25 rotational axis.

A first set of workrests comprises two lower workrests which are lower than the
chuck rotational axis in use when the workpiece holding assembly is mounted on a
grinding machine. Preferably, the first lower workrest 26 is located at a radial
30  position relative to the chuck rotational axis 24 which is in a range of 120 to 180°
measured in a circumferential direction from a vertical reference line extending from
the chuck rotational axis. Preferably, the first lower workrest is located at a radial

position around 150° from the vertical reference line.
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Preferably, the second lower workrest 28 1s located at a radial position relative to the
chuck rotational axis which is in a range of 210 to 270° measured in the same
circumferential direction from a vertical reference line extending from the chuck
5  rotational axis. The second lower workrest may be located at a radial position around

240° from the reference line.

The second set of workrests comprises two upper workrests 30, 32 which 1n use are
higher than the two lower workrests.

10
Preferably, the first upper workrest 30 is located at a radial position relative to the
chuck rotational axis which i1s in a range of 240 to 300° measured 1n the same
circumferential direction from a wvertical reference line extending from the chuck
rotational axis. More particularly, the first workrest may be located at a radial

15  position around 270° from the vertical reference line.

Preferably, the second upper workrest 32 is located at a radial position relative to the
chuck rotational axis which is in a range of 330 to 30° measured in the same
circumferential direction from a vertical reference hine extending from the chuck
20 rotational axis. More preferably, the second upper workrest may be located at a radial

position around the vertical reference line.

The lower workrests may be located at approximately 5 o’clock and 8 o’clock relative
to the magnetic chuck rotational axis 24. The pair of upper workrests may be located
25 at approximately 9 o’clock and 12 o’clock relative to the magnetic chuck. It will be
appreciated that the radial onentations of the workrests may alternatively correspond
to these positions when reflected through vertical or horizontal planes of symmetry

passing through the chuck rotational axis.
30 Each workrest may include a tip or shoe in the form of a wear resistant insert 34 to

provide a workpiece engagement surface. The inserts may be formed of tungsten

carbide or another matenal of similar physical properties, such as a ceramic matenial,
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polycrystalline diamond, or hard coated steel. When fixed in position, the workrests

may allow a degree of rocking motion of their tips relative to the magnetic chuck.

In use of the assembly, of the workrests are adjusted relative to the magnetic chuck so

5  that their workpiece engagement surfaces or tips are offset radially from a locus
defined by the outer circumferential surface of a workpiece to be ground when its
central axis is coaxial with the chuck rotational axis, by 0.6 to 0.8mm for example.

To achieve this, a master part, ground to the fimshed size, may be gripped centrally
with respect to the chuck rotational axis 24 by the magnetic chuck and then offset to a

10 position which will define the workrest settings. The clamps on the adjustment slides
for the lower pair of workrests are loosened to allow movement of their tips until they
touch the offset master part. Once the lower pair of tips is set to be in contact with the
part, the adjustment slides are clamped firmly in place. A similar operation is
performed for the upper pair of workrests using a slightly modified offset position for

15  the master part.

A workpiece is then loaded approximately centrally within the four workrests and
gripped by the magnetic chuck. The workpiece 40 is loaded into a position where its
central axis 1s displaced shightly from the chuck rotational axis 24 in a direction
20 generally towards the pair of workrests to be contacted in the next grinding operation.
The workhead 1s then set to rotate the magnetic chuck in a direction dependent on the
subsequent grinding operation. The workpiece is caused to move across the face of
the chuck against the magnetic holding force by the centrifugal action on the offset
workpiece, and into contact with one of the pairs of workrest shoes in preparation for
25 a rotating grinding wheel to be brought into contact with the workpiece. The
workpiece 1s further caused to be secured 1n contact with the pair of workrests by

grinding forces exerted on the workpiece by the grinding wheel.

In the grinding operation, the grinding wheel may be brought into contact with an
30  outer circumferential surface of a workpiece. In another grinding operation on the
workpiece, the grinding wheel may be brought into contact with an inner
circumferential surface of the workpiece. By reversing the direction of rotation of the

chuck in one of these grinding operations relative to the other {and not reversing the
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direction of rotation of the grinding wheel), the workpiece is urged into contact with a

different set of workrests in each grinding operation.

The workrests may be configured such that reversing the direction of rotation of the
5 chuck causes the workpiece to move from one set of workrests to the other
automatically between grinds, without requiring any other intervention. This may
simplify the process of switching between grinding the inner and outer surfaces of the

workpiece and reduce the time taken to switch between the two grinds.

10  In the implementation shown in Figure 3, the grinding wheel is machining an outer
circumferential surface of the workpiece. The workpiece is rotated clockwise by the
magnetic chuck 22 as indicated by arrow 44. The grninding wheel 42 is rotated anti-
clockwise as indicated by arrow 46. The workpiece 1s urged into contact with the
lower workrests 26 and 28. A grinding force is created during material removal by

15 locating the central axis of the grinding wheel above that of the workpiece. This
urges the workpiece towards the lower workrests. In this example, the workpiece is
machined by climb grinding, with the workpiece and wheel surfaces moving in the

same direction,

20  Figure 4 illustrates an operation to grind an inner circumferential surface of the
workpiece 40. The workpiece is rotated anti-clockwise (when viewed in Figure 4) as
indicated by arrow 50 so as to cause the workpiece to be moved into contact with the
workrests 30 and 32. The grinding wheel 42 is brought into contact with the inner
circumferential surface of the workpiece. It is located on the opposite side of the

25  workpiece 1n the radial direction to the workrest 30, The grninding wheel 1s rotated
anti-clockwise as indicated by arrow 52. The central axis of the grinding wheel is
located below that of the workpiece which urges the workpiece into engagement with
the workrests 30 and 32. The inner circumferential surface is ground by climb
grinding, with the workpiece and wheel surfaces moving in the same direction.

30
The inner circumferential surface may instead be ground before the outer
circumferential surface. Once both surfaces have been ground to their fimshed size

and finish, the workpiece can be released from the magnetic chuck and removed by an
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unloading mechanism. In other implementations, the inner and outer circumferential
surfaces of a workpiece may be ground by up-cutting, with the workpiece and wheel

surfaces moving in opposite directions.

5  Displacement of a workpiece across the face of a chuck between two sets of workrests
is illustrated in Figure 5. Circle 60 indicates the location occupied by the workpiece
when its central axis is coincident with the chuck rotational axis 24. When grinding
the outer circumferential surface, the workpiece 1s rotated clockwise by the chuck and
15 in contact with the lower set of workrests 26 and 28. In this location, it 1s displaced

10 from the position of circle 60 to the position of circle 60° (in a radial direction
corresponding to around 4 o’clock relative to the central axis of the chuck when
viewed as shown in Figure 5). When grninding the inner circumferential surface, the
workpiece is rotated anti-clockwise and is in contact with the upper set of workrests
30 and 32. In this location, it is displaced from the position of circle 60 to the position

15 of circle 60’ (in a radial direction corresponding to around 2 o’clock relative to the
central axis of the chuck when viewed as shown in Figure 5). These offsets cause the
workpiece to be urged towards the respective sets of workpieces when the chuck is

rotated as indicated above,

20 It has been found that both the inner and outer circumferential surfaces of many
workpieces may be ground using a workpiece holding assembly as described herein
using a single set-up for the workrests. In these circumstances, the position of the
workrests can be fixed initially and then grinding of both the inner and outer
circumferential surfaces can be camried out without changing the locations of

25 workrests,

With some workpiece geometries however, it may be possible for the workrest
locations desired for one or both of the inner and outer grinds to interfere with the
workpiece location intended for the other grind. This issue is illustrated in Figures 6

30 and 7.

In Figure 6, workpiece 40 15 shown in the location intended for gnnding of its inner

circumferential surface. In order to carry out this grind, it is supported by the upper
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workrests 30 and 32. However, in the region 70 marked in the drawing, it can be seen
that the lower workrest 28 (in the position desired during gnnding the outer
circumferential surface of the workpiece) interferes with the desired intended

positioning of the workpiece.

Other circumstances under which this issue may arise are shown in Figure 7. The
workrest configuration depicted in the schematic drawing of Figure 7 differs from that
of preceding drawings in that workrest 32 of the first set of workrests is in a location
diametrically opposite to that shown 1n preceding drawings. A workpiece 40 is shown
10 1n two offset locations desired during grinding of its inner and outer circumferential
surfaces. These offsets and the associated displacements of the workrests are
exaggerated 1n this drawing for the purposes of illustration. In practice, the offsets
may be very small. It can be seen that when workpiece 40 is in engagement with
workrests 30 and 32 during grinding of its inner circumferential surface by grinding
15 wheel 80, workrest 28 interferes with its desired location. Similarly, with the
workpiece in engagement with workrests 26 and 28 or grinding of its outer
circumferential surface by the grinding wheel 82, workrest 32 of the other set

interferes with the desired position for the workpiece.

20 To address the interference issue described with reference to Figures 6 and 7, a
workpiece holding assembly according to the present disclosure may include one or
more workrests which are switchable between advanced and retracted positions.
Thus, a workrest can be held in its advanced position during a grind when it is
intended to engage the workpiece and then switch to its retracted position when it is

25 intended to be clear of the workpiece. The magmtude of the displacement needed
between the advanced and retracted positions may be less than a millimetre, for

example,

Figures 8 and 9 show a workpiece holding assembly with its workrests in two
30  different configurations. In Figure 8, the workrests are in a configuration suitable for
holding a workpiece 40 during grinding of its inner circumferential surface.
Workrests 30 and 32 are in their advanced positions and in contact with the

workpiece. Workrests 26 and 28 are in their retracted positions, spaced from the outer
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circumferential surface of the workpiece (by around 6mm in this example). In Figure
9, the workrests are 1n a configuration suitable for holding the workpiece 40 dunng
grinding of its outer circumferential surface. In this case, workrests 30 and 32 are in
their retracted positions, spaced from the outer circumferential surface workpiece (by
5 around 6mm in this example). Workrests 26 and 28 are in their advanced positions

and in contact with the workpiece.

Figures 10 and 11 show a workpiece holding assembly with its workrests in two
different configurations, in a siimlar manner to Figures 8 and 9. In the examples of
10  Figures 10 and 11, workrest 32 is shown in an alternative location, diametrically
opposed to that in Figures 8 and 9. In each of the configurations shown in Figures 10
and 11, the central axis of the grninding wheel is preferably located above that of the
workpiece so as to drive the workpiece towards the respective workrests. The
directions of rotation for the grinding wheel and chuck shown in these Figures result
15 in climb grinding of the workpiece. The direction of rotation of the wheel or the

chuck may be reversed to carry out up-cutting grinding.

Further workpiece holding assemblies are shown in Figures 12 and 13 to illustrate
other vanations in the circumferential arrangement of the workrests which are also
20 suitable for supporting a workpiece during grinding of its inner and outer
circumferential surfaces. The arrangement shown in Figure 12 corresponds to that of
Figure 10 when reflected in a horizontal plane extending through the chuck rotational
axis 24. The arrangement shown in Figure 13 corresponds to that of Figure 12 when
reflected in a vertical plane extending through the chuck rotational axis 24. The
25  arrangements of Figures 12 and 13 may be preferable in machine tool configurations
where it would be advantageous to locate the workrests away from the lower region of
the workpiece holding assembly, for example to avoid conflict with other parts of the

machine tool.
30 In each of the configurations shown in Figures 12 and 13, the central axis of the

grinding wheel is preferably located below that of the workpiece during grinding of

both the inner and outer surfaces of the workpiece, so as to drive the workpiece
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towards the respective workrests during each grind. The grinding wheel moves right

to left to grind the workpiece in Figure 12 and left to right in Figure 13.

The direction in which a workpiece central axis is offset from the magnetic chuck
5  rotational axis during grinding, together with the direction of rotation of the chuck,
determines the direction of the resultant force on the workpiece during grinding. If
the chuck is rotated clockwise (when viewed from the workpiece mounting side), a
workpiece offset to the right leads to a downward force, a workpiece offset to the left
leads to an upward force, an upward offset leads to a force to the right, and a
10 downward offset leads to a force to the left. If chuck is rotated anti-clockwise (when
viewed from the workpiece mounting side), a workpiece offset to the left leads to a
downward force, a workpiece offset to the right leads to an upward force, an upward
offset leads to a force to the left, and a downward offset leads to a force to the right.
The workrests of each set may be positioned as appropriate to correspond to the

15  desired offset and counteract the associated resultant force on the workpiece.

In Figure 12, during grinding of the inner surface of the workpiece, clockwise rotation
of the chuck in combination with a workpiece offset down and to the left causes the
workpiece to be driven towards the pair of shoes 30 and 32. Dunng grinding of the

20 outer surface of the workpiece, anticlockwise rotation of the chuck in combination
with a workpiece offset up and to the right causes the workpiece to be driven towards
the pair of shoes 26 and 28.

In Figure 13, during grinding of the inner surface of the workpiece, anticlockwise
25 rotation of the chuck in combination with a workpiece offset down and to the right
causes the workpiece to be dnven towards the pair of shoes 30 and 32. Duning
grinding of the outer surface of the workpiece, clockwise rotation of the chuck in
combination with a workpiece offset up and to the left causes the workpiece to be
driven towards the pair of shoes 26 and 28.
30
Figures 14 and 15 depict a workrest actuation assembly 90 for mechanically switching
a workrest in a linear direction between advanced and retracted positions. The

assembly includes a pair of shoe arm clamp blocks 92 for clamping a workrest finger
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(not shown) therebetween. The shoe arm clamp blocks are mounted on a supporting
member 94, An actuator housing 96 contains an actuation mechamism for moving the
supporting member 94 relative to it. The actuator housing includes a lower carriage
98 for fixing to a supporting surface of a workpiece holding assembly. A hydraulic
5 piston 100 is provided to drive the supporting member 94 relative to the lower
carriage 98. The piston may be able to exert a force of up to 5 tonnes, for example, to

reliably hold the associated workrest in its advanced position during grinding.

The actuation assembly is shown in Figures 14 and 15 in a configuration
10 corresponding to a retracted workrest position. The piston 100 is operable to drive the
supporting member 94 towards the right-hand side of Figure 15 into a configuration
corresponding to an advanced workrest position. The actuation mechanism includes a
device to precisely locate the supporting member 94 in its advanced position relative
to the lower carriage 98. For example, this device may be in the form of a kinematic
15 mounting 102. One or more further kinematic mountings 104 may also be included.
The kinematic mountings may be in the form of 3V kinematic mountings for example.
The piston acts against a return spring 106. The kinematic mountings and the spring

are surrounded by a bellows 108,

20  Figure 16 shows another workrest actuation assembly 130 for mechanically switching
a workrest in a linear direction between advanced and retracted positions. A drive
component 132 is coupled to a piston 136. The actuation assembly includes a
hydraulic piston driving assembly 134 which is operable to drive the piston towards
an advanced position. The piston acts against return springs 133, When the force

25 exerted on the piston by the piston driving assembly is relaxed, the drive component is

returned to its retracted position by the return springs.

The opposite end of the drive component 132 is pivotably coupled via a pivot 140 to a
workrest 142, Actuation of the piston causes the drive component 132 to move
30 relative to an actuator body 144. Anti-rotation pins 154 are mounted on the actuator
body and are slidably engaged with the drive component. These pins serve to prevent
rotation of the drive component (and therefore the workrest 142) relative to the

actuator body.
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The assembly 130 i1s shown in 1ts advanced configuration in Figure 16. In this
configuration, a frustoconical surface 146 defined by the drive component 132 is
engaged with a complementary surface 148 defined by the actuator body. This
5 interface provides kinematic location of the drive component relative to the actuator

body. The frusto-conical surface 146 has a central axis 150. This axis also extends
through the centre of the piston 136 and the workrest 142, Alignment of the force
exerted by the piston with the frusto-conical surface 146 and the workrest serves to
increase the stiffness of the actuation assembly in its advanced configuration.

10
Figures 17 and 18 illustrate a workpiece holding assembly having a circumferential
arrangement of workrests similar to that shown in Figure 8. In this example, the
workrests are movable between retracted and advanced positions using workrest
actuation assemblies which operate in a rotary manner.

15
In the configuration shown in Figure 17, workrests 26 and 28 are in their advanced
positions for carrying out grinding of the outer circumferential surface of a workpiece.
The workrests 30 and 32 have been pivoted into retracted positions where they are
spaced from the outer circumferential surface of the workpiece. Conversely, in Figure

20 18, workrests 30 and 32 are in their advanced positions for carrying out grinding of
the inner circumferential surface of the workpiece. The workrests 26 and 28 have

been pivoted into their retracted positions,

Figures 19 to 22 relate to a workrest actuation assembly 110 for mechanically
25  switching a workrest in a rotary manner between advanced and retracted positions as
illustrated by Figures 17 and 18. The assembly 110 includes a pair of shoe arm clamp
blocks 112 for clamping a workrest finger support (not shown) therebetween. The
shoe arm clamp blocks are mounted on an upper shoe support plate 114. The
assembly also includes a lower support plate 116. In use, the assembly is fixed to a

30  supporting surface using securing bolts 118.

The upper support plate 114 1s pivotably coupled to the lower support plate 116 by a
pivot 120. In Figure 20, the upper support plate has been pivoted relative to the lower
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support plate about the pivot 120, The assembly includes three swivel action pistons

122 for dnving the upper support plate between its pivoted and non-pivoted positions.

The pistons may be pneumatically or hydraulically operated.

5  In embodiments described herein, “approximately”, “substantially” and “around” may

mean plus or minus 5% or 5° of the stated value.
It will be appreciated that references herein to perpendicular or parallel relative

orientations and the like are to be interpreted as defining perpendicular or parallel

10 relationships between components within practical tolerances.
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Claims
1. A workpiece holding assembly for a grinding machine, the assembly
comprising;
5 a magnetic chuck for holding a workpiece which has an outer circumferential

surface and an inner circumferential surface located concentrically about a workpiece
central axis;
a chuck drnive for rotating the chuck about a chuck rotational axis during
gnnding; and
10 first and second separate sets of workrests for engaging with the outer
circumferential surface of an annular workpiece held by the chuck with a transverse
side surface in engagement with the chuck,
wherein the first and second sets of workrests are configurable such that:
when the outer circumferential surface of said workpiece is ground by a
15  grinding wheel rotating in a grinding wheel rotation direction with the chuck rotating
in a chuck rotation direction, the outer circumferential surface is only urged in contact
with the first set of the first and second sets of workrests; and
when an inner circumferential surface of said workpiece is ground by a
grinding wheel rotating in the grinding wheel rotation direction, with the direction of
20 rotation of the chuck reversed relative to the chuck rotation direction during grinding
of the outer circumferential surface, the outer circumferential surface is only urged in

contact with the second set of the first and second sets of workrests.

2, An assembly of claam 1, wherein the workrests of the first and second sets of
25  workrests are located in the same positions relative to the chuck rotational axis during

the steps of grinding the outer and inner circumferential surfaces of the workpiece.
3. An assembly of claim 1 or claim 2, wherein the workrests of at least one of the
first and second sets of workrests are movable workrests which are movable relative

30  to the chuck rotational axis independently of the workrests of the other set.

4, An assembly of claim 3, wherein each of the workrests of at least one of the

first and second sets of workrests 1s coupled to the assembly via a coupling which
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allows the workrests to be switched between predetermined advanced and retracted

positions relative to the chuck rotational axis.

5. An assembly of claim 3 or claim 4, wherein each movable workrest is coupled
5 to a respective workrest support, and a workrest actuator is provided in association
with each movable workrest, with each workrest actuator operable to move the

respective workrest relative to its workrest support.

6. An assembly of claim 5 when dependent on claim 4, wherein each workrest
10  actuator is operable to switch the respective workrest between its advanced and

retracted positions.

7. An assembly of claim 5 or claim 6, wherein each workrest actuator i1s operable
to move the respective workrest in a linear manner relative to its workrest support.

15
8. An assembly of claim 7, wherein each workrest actuator is operable to move
the respective workrest along a linear reference axis, each workrest actuator includes a
drive assembly having a driven member which is coupled to the workrest, and the
linear reference axis extends through the driven member and the workrest.

20
9. An assembly of claim 7 or claim 8, wherein each workrest actuator includes a
drive assembly having a driven member which is coupled to the workrest and is
slideable relative to an actuator body between advanced and retracted positions, and
the driven member and actuator body define complementary frustoconical surfaces

25  which engage each other when the driven member is in 1ts advanced position.

10. An assembly of claim 9 when dependent on claim 8, wherein a central

reference axis of the frustoconical surfaces coincides with the linear reference axis.

30 11, An assembly of claim 5 or claim 6, wherein each workrest actuator is operable

to move the respective workrest in a rotary manner relative to its workrest support.
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12, An assembly of any preceding claim, wherein each of the first and second sets
of workrests consists of two workrests.
13. A grinding machine including a machine base and a workpiece holding

5  assembly of any preceding claim which is carried by the machine base.

14 A machine of claim 13 including a grinding wheel having a grinding surface

comprising CBN matenal.

10 15 A method of grinding a workpiece having an outer circumferential surface and
an inner circumferential surface using a workpiece holding assembly of any of claims
1 to 12 to hold the workpiece, the method comprising the steps of:
rotating the workpiece in a first workpiece rotation direction during grinding
of the outer circumferential surface with a grinding wheel rotating in a grinding wheel
15  rotation direction; and
rotating the workpiece in a second workpiece rotation direction opposite to the
first workpiece rotation direction during grinding of the inner circumferential surface,

with the grinding wheel rotating in the grinding wheel rotation direction,

20 l6. A method of claim 15, wherein the grinding wheel rotates in a direction
opposite to the first workpiece rotation direction during grinding of the outer
circumferential surface; and

the grinding wheel rotates in the same direction as the first workpiece rotation
direction during grinding of the inner circumferential surface.

25
17. A method of claim 15, wherein the grinding wheel rotates in the same
direction as the first workpiece rotation direction during grinding of the outer
circumferential surface; and

the grinding wheel rotates in a direction opposite to the first workpiece

30  rotation direction during grinding of the inner circumferential surface.

18. A method of any of claims 15 to 17, wherein each workrest has a workpiece

engagement surface which is spaced radially from a locus defined by the outer
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circumferential surface of the workpiece when the workpiece is located with the

workpiece central axis coaxial with the chuck rotational axis.

19. A method of any of claims 15 to 18, wherein the workrests of the first and
5  second sets of workrests are located in the same positions relative to the chuck during

the steps of grinding the outer and inner circumferential surfaces of the workpiece.

20. A method of any of claims 15 to 18, wherein the workrests of at least one of
the first and second sets of workrests are located in different positions relative to the

10 chuck during the steps of grinding the outer and inner circumferential surfaces of the

workpiece, respectively.
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