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This invention relates to a workholder for a work-
piece, such for example as an optical lens element, hav-
ing a surface of revolution to be polished and aiso to the
production of such a workholder. The surface to-be
polished may be constituted for example by a spherical
surface or by an aspheric surface which deviates by only
small amounts from a basic spherical surface. '

In the polishing of a spherical surface or an approxi-
mately spherical surface or other surface of revolution;
it is often found difficult to polish such surface near its
periphery either as evealy or to such an adequate extent
as the central portion of such surface.

The object of the present invention is to provide a work-
holder for the workpiece having the surface of revolution
to be polished whereby the above-mentioned difficulty is
satisfactorily overcome.

The workholder according to the invention comprises
2 main workholder body, means for supporting the work-
piece on the workholder body, and an annular surround
for the workpiece carried by or constituted by part of the
workholder body, the inner edge of the surface of such
annular surround coming very close at all points to the
circular edge of the surface to be polished and such sur-
face of the surround being so shaped that, in any plane

through the axis of the surface to be polished, the ad-

jacent portions of such two surfaces have at least approxi-
mately the same curvature. -

Tn one arrangement the annular surround for the work-
piece is conmstituted by a mass of resinous material on
which is formed the shaped surrounding surface for the
surface to be pelished. Conveniently, such mass of
resinous material may be constituted by a moulded an-
nulus thereof on the workholder body.

Thus, in the case of an approximately spherical surface
to be polished and which deviates by only small amounts
from a basic spherical surface and does not intersect such
basic spherical surface, the shaped surface of the resinous.

annular surround may conveniently at least approximate.

to an extension of the basic spherical surface associated
with the surface to be polished. The annular surround
will thus be formed with a mould having, in the case of a:
generally convex surface to be polished, a concave spheri-
cal surface of the largest radius, and in the case of a
generally concave surface to be polished, a convex spheri-
cal surface of the smallest radius, which wiil contact the
surface to be pelished at its circular edge only.
However, the present workholder may also be applied
to a workpiece having a surface of revolution to be
polished other than an at least approximately spherical
surface, such for example as a paraboloidal surface, and
in the arrangement employing a mounlded resinous sur-
round, it is necessary to use a mould suited to such sur-
face of revolution.
- In an alternative arrangement, means are provided for
adjosting the relative positions of the workpiece support-
ing means and the annular surround for the workpiece
along the axis of such annular surround. For this pur-
pose for example, the main workholder body may be
formed in two parts, an outer annular part constituting
the annular surround and an inmer part adjustably mov-
able relatively to the outer part along the axis thereof,
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the workpiece supporting means being carried by or con-
stituted by part of the inner part of the workholder body.
In this case, the two parts of the workholder body are
preferably in screwthreaded cooperation for adjustment
purposes.

The main workholder body may alternatively be formed
in two parts however in an arrangement in which the outer
annular part constituting the annular surround is em-
ployed to carry the workpiece. In this case, the two
parts of the workholder are relatively adjusted correctly
to position the workpiece relative to the annular surround,

" whereafter the workpiece is fixed in such correct posi-
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tion to such annular surround.

The above-described workholder having a workpiece
accurately located therein may be produced in a variety
of ways. Thus, in one method of producing the work-
holder according to the invention, the workpiece is at-
tached to a main workholder body so that the surface
to be polished is left exposed, a mould is located in posi-
tion adjacent to the workpiece, such mould having a sur-
face generally corresponding to a surface of revolution
and which will contact the surface to be polished at iis
circular edge, whereby an annular space is formed be-
tween such mould and the workholder body around the
workpiece, and such annular space is filled with a mass
of resinous material which is allowed to set, whereafter
the mould is removed.

Conveniently in this method, the workpiece may be at-
tached to the workholder body by means of a wax ma-
terial and the resinous material may be constituted by a
cold-setting resin. ’

In an aiternative method of producing the workholder
having a workpiece accurately located therein according
to the present invention, the workpiece is located within
an outer annular part of a main workholder body having
an inner workholder part axially movable within the outer
part and for engagement with the workpiece, the outer
workholder part being of a size just to receive the work-
piece with the axis thereof collinear with the axis of such
outer part and being formed with an annular surface so
shaped that, in any plane through the common axis of the
workpiece and such outer pari, the inner edge portion
of such shaped annular surface and the outer edge portion
of the surface to be polished have substantially the same
curvature, a stop effectively having a shaped annular posi-
tioning surface is located in engagement with the outer
workholder part so that the outer edge portion of the
shaped positioning surface abuts against the inner edge
portion of the shaped annular surface of such outer
workholder part, axial movement of the inner workholder
part is effected to move the workpiece so that the outer
edge portion of the surface to be polished abuts against
the inner edge portion of the shaped positioning surface,
and the stop is withdrawn to leave the workpiece correctly
located in the workholder. ‘

In this method, the workpiece may be secured by means
of wax or other suitable securing material to the inner
workholder part, or alternatively, after correctly posi-
tioning the workpiece by effecting axial movement of
the inner workholder part within the outter workhouder
part, the workpiece may be secured by means of wax or
other suitable securing material to the outer workholder
part.

In the latter case, axial movement of the inner work-
holder part is preferably effected by means of a spring
acting to urge the workpiece into its correct position, such
workpiece then being secured to the outer workholder
part before the stop is withdrawn. Thus, in one con-
venient methed, the workpiece is initially located within
the outer workholder part and secured thereto by means
of a meltable securing material, heat is applied to melt
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such securing material so as to permit movement of the
workpiece into its correct position under the action of
the spring-pressed inner workholder part, and the secur-
ing material is allowed to cool so as to resecure the
workpiece to the outer workholder part before the stop
is withdrawn.

The invention may be carried into practice in various
ways, but some convenient practical arrangements of
workholder and methods of production thereof will now
be described by way of example with reference to the
accompanying drawings, in which

FIGURE 1 shows one convenient arrangement of work-
holder,

~ FIGURE 2 indicates a convenient method of producing
the workholder of FIGURE 1,

FIGURE 3 shows a modified workholder arrange-
ment during production thereof, .

FIGURE 4 shows another modified workholder ar-
rangement during production thereof,

FIGURE 5 shows a further workholder arrangement,

FIGURE 6 indicates a method of producing yet an-
other workholder arrangement, -and

FIGURE 7 shows a modification of the method of pro-
duction of FIGURE 6.

According to the arrangement of FIGURE 1, the

workholder, for a workpiece A having a convex.spherical.

surface Al to be polished, comprises a main body B for
example of metal or of glass having a generally hemi-
spherical surface B! whose curvature is approximately
equal to that of the surface to be polished. At the centre
of its generally spherical surface Bt, the main workholder
body B is. provided with a cylindrical recess B2 of just
sufficient diameter to receive the workpiece A, which may
for example be constituted by an optical lens element,
and of depth less than the thickness of such workpiece.
The lens element A is located in such recess B2 with the
surface Al to be polished exposed and standing out from
the generally spherical surface B! of the main body B
owing to the relatively small depth of the recess -B?,
which may conveniently be equal to about ome half of
the thickness of the lens element. A. Over its generally

spherical surface B!, the main workholder body B car-
ries a moulded annular layer C of resinous material

closely surrounding the workpiece A and having a surface
C! flush with the surface Al to be polished, the spherical
curvature of such surface C! of the resinous layer C be-
ing substantially equal to that of the surface Al to be
polished. It will be appreciated that the thickness of the
resinous layer C will be of the order of one hailf of the
thickness of the lens element A but that such thickness
may not be uniform, the degree of uniformity depend-
ing on the difference between the curvature of the gen-
erally spherical surface B! of the main holder body B
and the curvature of the surface Al to be polished.

Using the above-described workholder, polishing may
be effected in the known manner by imparting suitable
relative movement to the element to be polished and a2
polishing pad. However, in order to avoid edge effects
at the periphery of the actual surface to be polished, the
area over which the polishing pad moves during polish-
ing is increased to include- a portion of the spherical
surface of the workholder around the workpiece, whereby
the actual surface of the workpiéce to be polished con-
stitutes only the central portion of the whole area polished,
which portion is polished both adequately and substan-
tially evenly.

The above-described workholder-is conveniently pro-
duced, as indicated in FIGURE 2, by moulding the layer
of resinous material after the lens element A has been
secured in the recess B2 in the main body B. of the work-
holder. by means of a suitable wax material. Thus, in
the case shown of a workpiece A having a. convex sur-
face Al to be polished, the main workholder body B
together with the workpiece A wazed therein is placed
in an inverted mould D having an internal spherical sur-
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face D! of the appropriate curvature and the annular
space E between such mould D and the workholder main
body B around the lens element A is filled with a cold
setting resin, constituted for example by an epoxy resin
or a polyester resin. After such resinous. mass has set,
the mould D is removed. :

It will be appreciated that it is not essential in the
above-described arrangement for the workholder body
to have a generally hemispherical shape, although this
is most convenient. For example as shown in FIGURE
3, the workholder may consist. of a generally flat plate F
having a central boss F! to which the workpiece A is- at-
tached, in which case a somewhat larger quantity of
resinous material is required to form the annular surround
G for the workpiece. As before, a mould D having an
internal spherical surface D! of appropriate curvature
may be used to produce the annular surround G. It will
also be clear that the above-described workholder -and
methed of production thereof may be modified to suit a
workpieceé having a concave spherical surface to be. pol-
ished. Thus, in this case (see FIGURE 4) the main body
H of the workholder is provided with a generally hemi-
spherical internal surface H! having a central recess- H2
for receiving the workpiece A whilst the mould J has an
external spherical surface J! of curvature substantially
equal to that of the concave surface Al to be polished.
The mould J in this case is placed over the workpiece A
and the annular space thus formed around such work-
piece is filled with resinous material to form the annular
surround K,

The above-described workholder is especially conven-
ient for a workpiece having a surface -of revolution to
be polished constituted by an approximately - spherical
surface, e.g. an aspheric surface deviating on one side
only of a basic spherical surface by only small amounts,
In this case, the spherical curvature of the annular sur-
round will be arranged to be substantially equal or ap-
proximately equal to the curvature of the basic spherical
surface, this being the spherical surface, of smallest curva-
ture in the case of a convex surface and of largest curva-
ture in the case of a concave surface, which will contact
the surface to be polished around its circular edge only.
In the production of such workholder, the curvature of
the generally spherical surface of the mould will of course
be appropriately chosen for this purpose.

Furthermore, the above-described workholder may also
be employed for a workpiece having a surface of revolu-
tion other than a spherical or approximately spherical
surface .of revolution to be polished, such for example
as a paraboloidal surface or any other standard surface
of revolution or surface deviating by only small amounts.
from such standard surface. Thus, in the production of
such a workholder, the surface of the mould is appropri-
ately shaped to suit the surface of revolution to be pol-
ished i.e. such mould is formed with a standard surface
of revolution corresponding to that of the surface to be
polished -or from which such surface to be polished de-
viates by only small amounts. :

An alternative arrangement of workholder shown in
FIGURE 5 comprises a main workholder body formed in
two parts, one within the other. The workholder outer
part consists of an annular member for example of metal,
having a convex hemispherical surface L, whose curva-
ture is substantially equal to the curvature of a convex
spherical surface A! to be polished on a workpiece A,
the inner diameter of such annular member L being just
greater than the diameter of such workpiece A. The
interior wall of such annular member L is cut with a
screwthread L2 cooperating with an external screwthread
M?! on the workholder inner part which is in the form
of a tube M, for example of metal, which.fits within such
annular member L. The two members L and M can thus
be relatively moved for adjustment purposes. along the
axis of the annular membr L by relatively rotating such
two members. During production of the workholder, the
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two members L and M are adjusted so that when the
workpiece A is attached to the appropriate end face M2
of the workholder inner part M by means of suitable wax
material, such workpiece A is received within the annular
member L with its surface A? to be polished flush with
the spherical surface 1.1 of such annular member L.

In the production of the last-described workholder,
the workholder outer part L is first provided with the sur-
round surface L! suited to the surface Al to be polished
and the workpiece A is then waxed in position to the end
face M2 of the workholder inner part M, which at this
stage is retracted into the outer part L so that the surface
Al to be polished is retracted below the surround surface
1t A cylinder N (see FIGURE 5), axially aligned with
the annular member L, is then moved axially towards
such annular member L so that its annular end face N!
engages the surround suriace L1. The end face N! of
the cylinder N is accurately shaped to match that of the
surround surface L!, ie. such end face N! forms an
annular part of a concave spherical surface having a curv-
ature equal to the curvature of such convex spherical
surround surface L!. Further, the size of the cylinder
N is chosen so that its outer and inner diameters are
respectively greater than and less than the inner diameter
of the annular member L, so that such cylinder N con-
stitutes a stop for the workpiece A when the workholder
inner part M is adjusted relatively to the workholder
outer part to move the workpiece A towards such cylin-
der N. The accurate shaping of the annular end face N?
of the cylinder N thus ensures that, when the two work-
holder parts L and M have been relatively adjusted, the
surface Al to be polished is positioned precisely flush
with the surround surface L, The cylinder N is with-
drawn when the accurate positioning of the workpiece A
has been effected.

The above-described workholder can clearly be modi-
fied for a workpiece having a concave surface to be pol-
ished by forming the outer workholder part with a con-
cave generally hemispherical surround surface of curva-
ture substantially equal to that of the surface to be
polished. 1In this case, the positioning surface of the cylin-
der employed in the production of the workholder will
constitute an annular part of a convex spherical surface
of curvature substantially equal to that of the concave
surround surface.

The workholder may also be modified for an aspheric
surface to be polished, i.e. a surface deviating by only
small amounts from a basic spherical surface, by pro-
viding the workholder outer part with a surround sur-
face having curvature substantially equal to that of the
basic spherical surface. Furthermore, the workholder
meay also be modified for use with a workpiece having a
surface of revolution to be polished other than a gen-
erally spherical surface, e.g. a parabeloidal surface, the
workholder outer part being provided with a surface of
revolution corresponding ic that of the surface to be
polished.

Another alternative workholder is shown in FIGURE 6,
the main workholder body again béing formed in two
parts P and Q, one within the other.” The outer part P
is again constituted by an annular member, for example
formed of metal or glass, carrying a surround surface
P1 snited to the surface Al to be polished on the work-
piece A, and the workholder inner part Q is again con-
stituted by a tube, for example of metal or glass, axially
movable within the annular member P. However, instead
of being in screwthreaded cooperation with the outer
workholder part P, the tube Q is urged outwardly of
the annular member P towards the surface P! by means
of a spring R. In the finished workholder, the work-
piece A is again positioned with the surface Al to be
polished precisely flush with the surround surface P,
but is waxed in this position to the outer workholder
part P.

In the production of such workholder (see FIGURE 6)
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an oven S is employed having on its base an externally
screwthreaded boss S! on which can be mounted the
workholder outer part P, which is provided with a screw-
threaded central recess in its generally flat base sur-
face for this purpose. Such screwthreaded recess will in
any case usually be provided in such workholder base to
enable the workholder to be mounted on a suitable work
support during polishing. In axial alignment with the
screw-threaded boss SY, the roof of the oven S carries
a cylindrical fitting T for receiving a stop cylinder V of
a size suited to the diameter of the workpiece and hav-
ing an annular end face V! shaped to match that of the
surround surface Pl. The fitting T constitutes a guide
for a peripheral flange V2 provided on the cylinder V,
which is urged downwardly to engage the surround sur-
face P! by means of a spring W. The guide preferably
aliows sufficient freedom of lateral movement for the
cylinder V to ensure that it seats itself correctly on the
surround surface P! under the pressure of the spring W.
The abutment for the spring W is constituted by a plug
Tt which can be screwed downwardly into the upper
end of the fitting T. Preferably, as shown, the lower
end of the fitting T carries an inward projection T2 for
preventing the cylinder V passing right through such

- fitting T into the oven S when no workholder is in posi-

tion, and a light spring T3 is provided to press the cylinder
V upwardly out of engagement with the workholder when
the plug T! is unscrewed upwardly to reduce the down-
ward pressure of the spring W.

The workpiece A is first waxed within the workholder
outer part P so that the surface Al to be polished lies
below the surround surface Pl The production of the
workholder is shown in this stage in FIGURE 6. The
spring R presses the workholder inner part Q against the
underside of the workpiece so that when operation of
the oven S is effected to melt the wax securing the work-
piece A to the workholder outer part P, the workpiece A
is urged upwardly until the surface A! to be polished
engages the shaped annular positioning surface V! on
the lower end of the cylinder V. The spring W is
arranged to exert a considerably stronger downward pres-
sure than the upward pressure of the spring R, so that
further upward movement of the workpiece is prevented
when the surface Al to be polished has been moved into
a position in which it is flush with the surround surface
P, The oven S is then allowed to cool so that the wax
resolidifies to resecure the workpiece A to the work-
holder outer part P, whereafter the plug T? is unscrewed
to reiease the downward pressure of the spring W on
the stop cylinder V and thus to permit the workholder to
be removed from the oven S.

A modified method of production shewn in FIGURE 7
conveniently also shows a modified workholder outer
part consisting of a metal base element W! and rigidly
secured thereto an annular glass element W2 carryving
the surround surface W3. Within the workholder outer
part WW? is a workholder inner part again in the form
of a tube W* pressed outwardly of the outer part WiW2
by means of a spring W5, The base element W! of the
workholder outer part is secured to a base plate X carry-
ing on opposite sides of the workholder two supporting
posts X1X2 for a cross-piece X3 passing above the work-
holder. In accurate vertical alignment with the axis of.
the workholder, the cross-piece X3 carries a cylindrical
fitting X* for a weighted plunger Y withdrawable up-
wardly through such fitting X% The stop cylinder Z
has a closing end wall Z! at its upper end and the upper
face of such end wall Z! is provided with a central
shallow recess Z2 with which the lower end of the
plunger Y cooperates. Means are provided, as indicated
at X5, for adjusting the height of the cross-piece X3 to
suit the height above the base plate X of the inner periph-
ery of the surround surface W3, since this height may
vary considerably from one workpiece and workholder
therefor to another workpiece and workholder therefor,
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both according to whether the surface to be polished
is- convex or concave and to the size of such workpiece.

As before, the workpiece A is initially waxed within
the outer workholder part W'W2 with the surface Al
to be polished below the level of the surround surface W3,
The plunger Y is at this stage withdrawn so that the
stop cylinder Z can be placed approximately in its correct
position on the workholder. The plunger-is then lowered
through the fitting X* into engagement with the stop
cylinder Z exactly to position such cylinder with its axis
collinear with the axis of the workholder, the recess Z2
in the top wall Z! of the cylinder Z being so shaped that
the cooperation thereof with the lower end of the down-
wardly urged plunger Y ensures the correct seating of
the shaped lower annular face of the cylinder Z on the
surround surface W3.. The whole assembly is then placed
in an'oven for the purpose of axially displacing the work-
piece A to-its correct position in the manner previously
‘described, the plunger Y being so weighted that the down-
ward pressure on the ‘cylinder Z considerably exceeds
the upward pressure on the workpiece A due to the spring
W5,

In the last described ‘method of producing the work-

holder, it is not essential to employ an cven, for if for

example at-least the workholder outer part is made of
metal, heat may be applied to such workholder part to
cause the wax securing the workpiece to melt. Further,
instead of a complete cylinder, the stop may be constituted
by twe or more cylindrical segments having suitably
shaped end faces. Clearly, as above-mentioned with
reference to the workholder of FIGURE 35, the last-
described workholder may be modified to suit a work-
piece having a concave spherical surface or an aspheric
surface or any other surface of revolution to be polished.

It should also be mentioned that a workholder of the
kind shown in FIGURE 5 or FIGURE 6 or FIGURE 7
is preferred when it is desired to polish many workpieces
of the same size and shape, whilst a workholder having
a moulded resinous surround is preferred when only one
workpiece or only a smaller number of simliar work-
pieces are to be polished.

What I claim as my invention and desire to secure by
Letters Patent is:

1. A method of accurately securing a workpiece in
position to be polished on a workholder, said workpiece
having an aspheric surface of revolution which deviates
by only small amounts from a basic spherical surface,
and said workholder being of the type comprising an
outer workholder part having a spherical end surface
substantially conforming to said basic spherical surface
and encircling a cylindrical hole dimensioned to closely
encircle said workpiece, the axis of said hole being
collinear with a radius of such spherical end surface,
and an axially movable inner workholder part which fits
closely into said hole, said method comprising the steps
of retracting the inner workholder part within the outer
‘workholder part, inserting the workpiece in the outer
workholder part, supporting said workpiece. therein on
the inner workholder part with its axis collinear with
the axis of the cylindrical hole and its aspheric surface
exposed towards the opening of the cylindrical hole,
locating a removable stop member having a rigid abut-
ment surface curved to match the spherical end surface.
on the outer workholder part in a position in engagement
with the edge portion of said spherical end -surface sur-
rounding said cylindrical hole in which a portien of said
abuiment surface substantially smaller than said aspheric
workpiece surface overlies said hole, applying an adjust-
ing force to. effect axial movement of the inner work-
holder part within the outer workholder part to bring

the workpiece into an operative position with a small
- portion of its' aspheric surface in engagement with the
stop member, securing the workpiece in such operative
position  against further movement relative to the outer
workholder part, and removing the stop member,
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2. A method of accurately securing a workpiece in
position to be polished on a workholder, said workpiece
having an aspheric surface of revolution which deviates
by only small amounts from a basic spherical surface,
and said workholder being of the type having an outer
workholder part having a spherical end surface substan-
tially conforming to said basic spherical surface and a
cylindrical hole whose axis is collinear with a radius of
such spherical end surface and within which an axially
movable inner workholder part and said workpiece cach
closely fit, said .method comprising the steps of re-
tracting the inner workholder part within the outer work-
holder part, inserting the workpiece in the outer work-
holder part, fixing said workpiece therein with its axis
collinear with the axis of the. cylindrical hole and iis
aspheric surface exposed towards the opening of the -
cylindrical hole by means of a heat-softenable material,
locating in engagement with the spherical end surface a
removable stop member having a rigid spherically curved
abutment face matched to such spherical end surface and
having a small contact area therewith, said step of lo-
cating such stop member. consisting in engaging the abut-
ment. surface with the. edge: portion of the spherical end
surface surrounding the cylindrical hole in a position
such that-a portion of such abutment surface substantiaily
smaller than said aspheric workpiece surface overlies the
opening of such cylindrical hole, heating the heat soften-
able material to permit axial movement of the inner
workholder part. within the outer workholder part to
bring the workpiece into an operative position with a
small portion of its aspheric surface in engagement with
the stop member, resecuring the workpiece against move-
ment relative to the outer workholder part by allowing
the heat-softenable material to cool, and removing-the
stop member,

3. A method of accurately securing a workpiece in
position to be polished on a workholder, said workpiece
having an aspheric surface of revolution which deviates
by only small amounts from a basic spherical surface, and
said workholder being of the type having an inner work-
holder part and an annular outer workholder part pro-
vided with a central hole dimensioned to fit closely about
said workpiece and within: which said inner workholder
part fits closely and. is axially movable, said outer work-
holder having a spherical end surface substantially con-
forming to said basic spherical surface, said method com-
prising the steps of retracting the inner workholder part
within the outer workholder part, inserting the workpiece
in the outer workholder part and supporting said work-
piece therein on the inner workholder part with its axis.
collinear with the axis of the cylindrical hole and its
aspheric surface exposed towards the opening of the cen-
tral hole, locating in engagement with the spherical end
surface a removable annular stop member having a rigid
annular abutment face-spherically curved to match the
spherical end surface, said step of lccating such stop
member consisting in engaging the outer zone of the abut-
ment face with the inner edge portion of the spherical end
surface on the outer workholder part with a portion of
said abutment face substantially smaller than said aspheric
workpiece surface overlapping the opening of the central
hole, applying an adjusting force to effect relative axial
movemeint between the inner and outer workholder parts
to bring the workpiece into an operative position with a
smell portion of its aspheric surface in engagement with
the stop member, securing the workpiece in such opera-
tive position against further movement relative to the
cuter workholder part, and removing the stop member.

4. A method of accurately securing a workpiece in a
workholder as claimed in claim 3, including the steps of
initially securing the workpiece against movement rela-
tively to the outer workholder part by means of a heat-
softenable material, heating such heat softenable material
to permit the workpiece to be moved to its operative
position, and resecuring the workpiece against movement



8,079,739

relative to the outer workholder part by allowing the heat-
softenable material to cool.

5. Apparatus for accurately securing a workpiece in
position to be polished on a workholder, said workpiece
having an aspheric surface of revolution which deviates
by only small amounts from a basic spherical surface, and
said workholder being of the type having an outer work-
holder part having a spherical end surface substantially
conforming to said basic spherical surface and a cylindri-
cal hole whose axis is collinear with a radius of such
spherical end surface and wherein closely fits an axially
movable inner workholder part, said apparatus comprising
a support for the outer workholder part, means for effect-
ing relative axial movement between the inner and outer
workholder parts, thereby enabling the inner part to be
retracted within the outer part to permit insertion of the
workpiece into such outer part to be supported therein
on the inner part with its axis collinear with the axis of the
cylindrical hole and iis aspheric surface facing the opening
of such cylindrical hole, a removable stop member having
for engagement with the spherical end surface a rigid
abutment face spherically curved to match such spherical
end surface, means carried by the support for holding the
stop member in a position in which its abutment surface
engages the edge portion of the spherical end surface sur-
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rounding the cylindrical hole with a portion of such abut-
ment surface having an area substantially less than the
cross-sectional area of the cylindrical hole overlying the
opening of such cylindrical hole, thereby enabling the two
workholder parts to be axially moved relatively to one
another to bring the workpiece into an operative position
in which a small portion of its aspheric surface engages
the stop member, means for securing the workpiece in
such operative position relative to the outer workholder
part, and means for releasing the holding means for the
stop member to permit such stop member to be removed.

References Cited in the file of this patent
UNITED STATES PATENTS

689,533 Underwood e coeeee e Dec. 31, 1901
949,760 Flad - Feb. 22, 1910
995,393 Witmer oo June 13, 1911
1,911,153 Hill May 23, 1933
2,286,319 Sunskes e June 16, 1942
2,352,178 Bolsey v June 27, 1944
2,409,108 Crowley memcme Oct. 8, 1946
2,600,815 Turner - June 17, 1952
FOREIGN PATENTS
449,319 Italy o June 11, 1949



