
EP 0 370 788 B1 Descriptions This invention relates generally to the field
of machining three dimensional surfaces on workpieces. More particularly it
relates to the cutting of aspheric surfaces on workpieces. The invention
finds particular 5  utility in the field of optics in which it is desired
to form any of a variety of aspheric surfaces, including toric surfaces, on
a workpiece such as a lens blank. In various fields of activity it is
desirable to cut aspheric surfaces on workpieces. One such field of
activity in which this is particularly desirable is that of optics,
particularly the fields of optometry and ophthalmology, in which corrective
lenses are prescribed for individual visual defects. Simple defects such 10
as nearsightedness or farsightedness are corrected by the use of lenses
having spherical surfaces. However, more complex defects, such as
astigmatism, require a more unusual configuration of lens having at least
one aspheric surface. As described in U.S. Patent No. 4,680,998, lenses for
correcting astigmatism must have a cylindrical, rather than or in addition
to spherical, correction. Such a lens providing cylindrical correction will
necessarily 15  have a first radius- of- curvature in one plane or meridian
and a second radius of curvature in the second plane or meridian. These two
meridians are frequently orthogonal but not necessarily aligned with
horizontal and vertical planes intersecting the eye in question. The lens
configuration desired is that of a section of the surface of a torus, thus
yielding a "toric" lens. This lens provides the necessary cylindrical
correction for astigmatism  by incorporating two different radii of
curvature, one along each of the two orthogonal 20  meridians. In forming
lenses, it is sometimes necessary to provide other aspheric surfaces as
well. These may include toric lenses having non-orthogonal axes for the
differing radii of curvature, or a bifocal having a sector shape portion of
differing correction, or a progressive bifocal with increasing
non-spherical refractive power in the lens at greater distances from the
center. 25    With the foregoing explanation as background, the problem
becomes how to create the desired contours. In U.S. Patent No. 4,680,998,
there is described one form of such an apparatus, in which a conventional
lens cutting lathe is provided with an oscillating tool post. In this
apparatus a lens blank is mounted to and rotated by the lathe spindle, and
a cutting tool is moved in an arc around the end of the workpiece while the
cutting tool is oscillated in a sinusoidal motion by a rotary actuator to
move the cutting 30  tool toward and away from the workpiece in
synchronization with the rotation of the workpiece. While this apparatus is
satisfactory for cutting a predetermined toric surface, the rotary actuator
inherently limits the range of types of aspheric surfaces that can be cut.
It is known from FR-A-2378607 to provide a milling machine in which a
headstock supports a workpiece spindle for rotation about its longitudinal
axis, the headstock being rotatable about a further axis orthogonal 35  to
the rotational axis of the spindle. This allows the workpiece (which is
supported on the spindle) to be swung in an arc whilst being rotated. A
milling cutter or grinding disc is supported in a tail stock slideable in
the axial direction of the spindle towards and away from the workpiece.
Control means are provided for controlling the axial position of the
milling cutter and the angular orientation of the headstock. Measuring
sensors for measuring the positions of 40  the headstock and milling cutter
are linked to a controller to provide a simple feedback loop so that the
axial position of the cutter is adjusted according to pre-programmed
co-ordinates in response to the angular position of the headstock. The
device of FR-A-2378607 is only suitable for cutting symmetrical aspheric
lenses, because there is provided no means for cutting one portion of the
circumference of the workpiece differently from any other 45  portion. The
Journal of Optics Volume 15 No. 4 of July 1984, which forms the base of the
preamble of the claims, includes a paper entitled "Les Methodes de
Fabrication de Surfaces Aspherics", which is a review of apparatuses for
cutting aspheric surfaces on, e.g., lenses. Numerous kinds of apparatus are
provided, but none operates in a simple manner to allow the cutting of
asymmetric, aspheric lenses. so     According to the invention there is
provided both a method and a lathe for cutting an aspheric surface on a
workpiece in which the lathe includes a lathe bed, a headstock mounted on
the lathe bed, a spindle carried by the headstock and supporting a
workpiece holder and a workpiece, apparatus for selectively moving the
workplace holder relative to the spindle along the spindle axis in response
to an actuating signal, a tool support mounted on the lathe bed and having
a pivot axis generally normal to the spindle axis 



55  and being adapted to move a cutting tool mounted in the tool holder in
contact with the workpiece and along an arc of predetermined radius
generally transverse to the spindle axis, apparatus for providing a signal
indicative of the angular position of the tool holder along its arc, and
signal processing means, characterised in that the lathe includes apparatus
for providing a signal indicative of the angular position of 2    EP 0 370
788 B1 the workpiece holder during rotation of the spindle and workpiece
holder about the spindle axis, and the signal processing means is adapted
to process both signals indicating the tool holder angular position along
the arc and signals indicating the angular position of the workpiece holder
about the spindle axis and for generating an actuating signal for
controlling the axial movement of the workpiece holder relative to the 5
spindle. By use of this apparatus and method both the workpiece holder and
any workpiece held thereby are moved axially in a predetermined
relationship both with the rotation of the workpiece holder about the
spindle axis and with movement of the tool holder along its arc of movement
to cut a predetermined aspheric surface on the workpiece. Thus, there is
provided a method and apparatus for cutting an aspheric surface on a
workpiece in which 10 the workpiece holder is reciprocated relative to the
tool holder. More particularly, there is provided such a method and
apparatus in which the workpiece and its holder are reciprocated relative
to the headstock of the lathe to provide for relatively low mass of the
reciprocating components. One particularly preferred embodiment of the
apparatus of this invention and the manner of its use in practising the
method of this invention is illustrated in the attached figures in which:
15    Fig. 1 is a side elevational view of a lathe according to this
invention; Fig. 2 is a schematic representation of the basic functional
components of the lathe of this invention with certain portions shown in
section and other portions removed for clarity of illustration. Fig. 3 is
an enlarged front view of an aspheric lens formed by the method and
apparatus of the present invention; 20    Fig. 4 is a side sectional view
of the lens of Fig. 1 illustrating the two radii of curvature of a toric
lens with the larger radius shown in the solid representation and the
smaller radius, which is oriented orthogonal to the larger radius, shown by
the broken line representation; and Fig. 5 is a schematic flow chart
depicting the sequence of process steps in accordance with the method of
the present invention. 25     A particularly preferred embodiment of the
lathe for practising the present invention is illustrated in Fig. 1. Where
the workpieces to be formed by the invention comprise contact lenses having
aspheric surfaces one suitable and preferred embodiment of the lathe of
this invention may be one of the computerized numerical controlled lathes
formerly manufactured by Citycrown, Inc., and suitably modified in the
manner described below. This lathe, generally indicated by the reference
numeral 2, includes generally a lathe bed 30 4, a headstock 6 mounted to
the lathe bed, a spindle 8 carried by the headstock for supporting and
rotating a workpiece holder 10, conventionally referred as a drawbar, and a
workpiece, such as a lens blank 12 carried by the workpiece holder. The
spindle 8, workpiece holder 10 and workpiece 12 are carried by the
headstock for rotation about an axis 14 extending longitudinally through
the spindle 8. The lathe further includes tool holder assembly, which is
generally indicated by reference numeral 16 35 and is substantially similar
to the automatic quadrant tool holder formerly manufactured by Citycrown,
Inc. The tool holder assembly includes a conventional cutting tool 18 held
by clamp 20 carried by a support that is mounted to a motor driven quadrant
22 for pivoting movement about an axis 24. This axis 24 is generally normal
to the spindle axis 14, and the pivoting movement of the tool holder
assembly about the axis 24 conventionally is in an arc of about [err],
extending about 90 either side of the spindle axis 14. Attached 40  to the
headstock 6 at the end opposite the workpiece 12 is an actuating mechanism
generally indicated by reference numeral 26 for moving the workpiece holder
and workpiece relative to the spindle 8 and along the spindle axis 14, in a
manner to be described below. In the schematic and partially sectional
illustration of Fig. 2 are illustrated many of the functional elements of
the apparatus of this invention that contribute to distinguishing this
apparatus from that of a 45 conventional lens cutting lathe. In addition to
the conventional portions of the lathe described above with 



respect to Fig. 1, the illustration of Fig. 2 shows how the spindle 8
preferably is a hollow member supported within the headstock on bearings
such as ball bearings 28 and 30. Preferably these bearings are preloaded to
restrain the spindle against any radial or axial movement while permitting
free rotation about the axis 14. Suitably mounted to each end of the
spindle 8 for rotation therewith are resiliently deflectable means 32 and
50  34, such as metallic diaphragms, for mounting the drawbar 36 and its
workpiece holder 10 to the spindle 8 for rotation therewith and for
permitting some axial movement of the workpiece holder along the axis 14
while preventing any movement radial to that axis. These resiliently
deflectable diaphragms 32 and 34 are formed such that, absent axial force
exerted on such drawbar 36, the drawbar and workpiece holder will remain in
a predetermined axial position while remaining capable of axial deflection.
Of course, it is to be 55  understood that spring or fluid pressure
operated devices could be substituted as full equivalents for the
resiliently deflectable diaphragms 32 and 34. At the end of the drawbar 36
opposite the workpiece holder 10 is provided a rotary coupling, which may
conveniently comprise a preloaded ball bearing assembly, to provide for
rotary motion between two elements while restraining any radial or axial
motion. This rotary 3    EP 0 370 788 B1 coupling may conveniently comprise
a mounting 38 for receiving the outer race of a ball bearing 40, the inner
race of which engages a portion of means 42, which suitably may be in the
form of a leaf spring structure, that is mounted to the headstock 6. This
structure 42, which could be a leaf spring or numerous other forms of
linkages well known to those in the art, provides for axial deflection of
the central portion 5  thereof, proximal the axis 14, while maintaining
support adjacent the outer edges to prevent any radial movement about that
axis 14. Also connected to this supporting member 42 is an element, such as
an electromagnetic coil 44. This coil 44 is received within the poles of
magnetic means, such as an annular permanent magnet 46 that is mounted to
the headstock 6 by suitable attachments or brackets 47. In connection with
this magnet 46, the coil 44, which receives electrical signals described
below, functions in a 10  manner akin to the voice coil of an audio
speaker, providing for controlled axial movement of that coil 44 and,
through the rotary coupling, to the drawbar 36, workpiece holder 10 and
workpiece 12, all for purposes to be described below. Connected to the
lathe spindle 8 for rotation with both that spindle and with the workpiece
holder 10 and workpiece 12 are means for providing a signal indicative of
the angular position of the axis and thus of 15  the workpiece-holder
during rotation of the spindle 8 and workpiece holder 10 about the spindle
axis 14. One convenient form the signal providing means suitably comprises
a digital shaft encoder assembly including a pair of conventional chopper
rings 46 and 48, a portion of each of which are received within the
assembly 50, conveniently comprising a pair of light emitting diodes
providing for projecting light through the gaps in the chopper rings 46 and
48 for reception by conventional optical sensors. The light emitting 20
diodes of this assembly 50 are powered by a conventional power supply 52.
Preferably one of the chopper rings, such as ring 46, has a single radial
slot positioned within it for permitting passage of light, while the other
chopper ring, such as ring 48, possesses a plurality, such as 36, equally
spaced such slots. The optical sensors within the assembly 50 provide
output signals indicative of the angular position of rotation of the
spindle to a binary input device 54 and then into a computer 56 for
purposes to be described below. 25     As described above, the tool holder
assembly 16 includes a tool mount 20 for holding a cutting tool 18 mounted
on a conventional motor drive quadrant 22 for swinging the assembly in an
arc about axis 24. Connected to this quadrant drive are means for providing
a signal indicative of the angular position of the tool holder along the
arc about axis 24. The signal providing means may include an output shaft
58 that rotates with the tool support 20 about the axis 24 and a signal
generating device, such as a potentiometer 30  60 or an absolute position
rotary shaft encoder. The potentiometer 60 is operatively connected to
output shaft 58 by any convenient means, such as a gear assembly including
driving gear 62 attached to shaft 58 and pinion 64 attached to the shaft of
potentiometer 60 for driving that potentiometer. The potentiometer 60,
which is conventional in the art, receives electrical power for an
appropriate source, such as power supply 52, and provides an output signal
indicative of the rotation and thus angular position [err] of shaft 58 to
the 35  analog-to-digital converter input device 66. The signal thus
provided to the input device 66 is therefore indicative of the angular
position [err]about the axis of rotation 24. This analog-to-digital
converter input device 



66 provides a signal indicative of the angular position of the tool mount
assembly 16 to the computer 56, and the binary input device 54 provides its
signal indicative of the angular position of rotation of the spindle and
workpiece about the spindle axis 14 also to the computer. While the
computer may be any of a variety 40 of digital computers, in this preferred
embodiment it comprises a Compaq Deskpro Model 386/20 digital computer
programmed in compiled Basic. This computer 56 provides an output signal to
a digital-to-analog converter output device 68, which subsequently provides
a signal to a signal conditioner circuit 70 and thus to a power amplifier
72 and ultimately to the coil 44 for actuation of the coil 44 and thus
movement of the workpiece holder and workpiece along the axis 14, in a
manner to be described below. The analog-to-digital 45  converter input
device 66, binary input device 54 and digital-to-analog converter output
device 68 conveniently may comprise an IBM Data Acquisition and Control
Adapter 74. This adapter is commercially available from IBM and comprises a
16-bit binary input device, a 12-bit analog-to-digital converter device and
a 12-bit digital-to-analog output device. While the apparatus and method of
the present invention may be utilized to cut any of a wide range of so
aspheric surfaces on numerous types of workpieces, for purposes of
illustration it will be described in connection with the cutting of a
convex toric surface on a contact lens. Such description is in no way to be
considered limiting of the application or types of surfaces that may be
cut. Such a lens 76, as illustrated in Figs. 3 and 4, has a spherical
concave surface 78 for contacting the cornea. That spherical surface may be
formed in any of the conventional manners, such as by use of a Citycrown,
Inc. automatic base curve lathe. 55  The convex face 80 of the lens 76 has
a basic spherical surface 82 that extends about the periphery of the lens
from the edge 84 to an annular blend zone 86. The toric surface 88 is
positioned in the optical zone of the lens whose extent is indicated
generally by the extension line and the arrow 90. The toric surface 88
generally comprises an area of less than one-half the total area of the
convex surface of the lens and 4    EP 0 370 788 B1 preferably less than
one-fourth that total area. Where the blend zone 86 meets the basic
spherical front surface 82 of the  lens the juncture is indicated by the
solid inner circle on Fig. 3. However, the joining of the blend zone 86
with the the portion 90 is gradual and is indicated by the broken circular
line on Fig. 3. As best shown in Fig. 4, the toric surface 88 has a first
radius of curvature [err], which is also referred to 5 as flat radius.
Orthogonally to that flat radius [err] is a second radius of curvature
[err], which is also known as the steep radius. The radius [err] is the
radius of curvature along the meridian [err] of Fig. 3, and the radius R2
is the radius of curvature along the meridian M2 orthogonal to [err] in
Fig. 3. These differing radii of curvature impart the desired toricity to
this lens. The curves defined by the two radii of curvature [err] and [err]
meet at the center or common apex 92 of the lens. 10    In Fig. 4 is also
indicated the tip of cutting tool 18 engaging the convex outer surface of
the lens 76 in the manner generally as would occur during the cutting of
such a lens. With the foregoing explanation of both the lathe and one
exemplary type of lens that may be cut thereby, the manner and method of
operation of this invention may now be explained. The operation is carried
out by mounting a workpiece 12, such as a lens blank, in the workpiece
holder or chuck 10 attached is to the drawbar 36 of the lathe 2 of this
invention. The computer is then provided by the operator with the necessary
information and programming to achieve the desired cut. This information
includes the following: (a) average radius of curvature of the optical zone
90 of the lens, in millimeters, this average being between the flat radius
[err] and the steep radius [err]; (b) the radius difference, s, equal to
the difference between the flat radius [err] and the steep [err], in 20
millimeters; (c) the axis angle a (Fig. 3) between the meridians of the
toricity and the standard orientation of the lens, from 0  to [err],
suitably in [err] increments; (d) the diameter in millimeters of the
optical zone 90; and (e) the diameter in millimeters of the blend zone 86.
25 When all of these parameters have been entered into the computer, as by
the keyboard, for application in a computer program, such as that
illustrated in the flow chart of Fig. 5, the cutting of the lens may
proceed. Because the coding of the program of Fig. 5 can be implemented in
numerous ways, depending upon the 



programming language and other minor variables by a programmer of average
skill, the program is set forth in the form of this flow chart. 30 After
the prompting 96 for entering the parameters has resulted in the entry 98
of those parameters, the program enters a subroutine 100 to compute the
output arrays and store them in memory. Specifically, the subroutine
creates a waveform array with 18 numerical values varying from 0 to 4,096
that are expressed by: 35  waveform array value = 4,096 ([err]) where.[err]
equals the angular position of the spindle along its axis of rotation in
[err] increments from 0  to [err]. The subroutine also creates an axis
shifted waveform array that uses the axis angle [err] input by the user as
expressed by: 40 shifted waveform array value = 4,096 ([err]) where [err]
equals 0  to [err] in [err] increments as above and a equals the axis shift
in [err] increments. Next, the subroutine computes the blend zone angle and
optical zone angle. The blend zone angle is 45  expressed as the angle of
the lathe quadrant measured from the spindle center line. Both angles are
computed in radians and converted to values that correspond to the digital
values received from the A to D converter 66 that enters the analog values
from the quadrant angle transducer or potentiometer 60. These angles are
expressed as: 50 otical  zone diameter optical zone angles  = arcsin
2(average radius) blend zone angle = arcsin  ( blend zone  diameter) This
provides the digital equivalent of the optical zone angle and the blend
zone angle. 5    EP 0 370 788 B1 Next, the subroutine computes a multiplier
M for each quadrant position number from the optical zone angle to 0 (the
center line) according to the following equation: M = K(A) 5 where K equals
the scaling factor and A = [err] 10  where r equals the average radius,
between [err] and [err], s equals the difference between [err] and [err]
and [err] equals the quadrant angle. Next, the subroutine computes a
multiplier N for each quadrant position number from the optical zone to the
blend zone angle according to the following relationship: N = [err]-
(current angle  - optical zone angle) [err] where [err] equals the value of
multiplier M at the optical zone angle. 20     Next the subroutine computes
a unique, 18 element array for every quadrant angle value from the largest
angle, which is in the blend zone, to 0. The array values are computed in
the following manner: From the blend zone start angle to the optical zone
start angle, Array Values = (axis shifted waveform array)N 25 From the
optical zone angle to 0 (the center line), Array Values = (axis shifted
waveform array)M 30     Finally, the subroutine converts each 18 element
array to high and low byte values and stores them in memory. The location
of each array is mapped according to the relationship that: Memory Offset
28672 + 3N, 35 where N = Quadrant Angle =[err] 40 The number 28672 is an
arbitrary memory boundary of the computer used in this embodiment. The
number 



.000462 is an arbitrary angle (radians) to digital equivalent angle
conversion factor. This step completes the computation and storing of block
100 in the flow chart of Fig. 5. 45     When the output arrays have been
stored, the program then prompts the user, as in flow chart box 102, to
select one of three options, to run the program, to enter new lens
parameters or to quit the program. Then the user chooses to cut an aspheric
surface on the workpiece by running the program, the lathe operator first
sets the average radius r for the radius of curvature, as shown on Fig. 2.
In Fig. 2 the size of the radius is greatly exaggerated for purposes of
illustration. With that average radius then set, the user so starts the
lathe into its automatic cutting sequence. At that point the computer
begins a high speed loop 104 that reads the quadrant position and performs
an A to D conversion on the input signal from the quadrant transducer 60.
The computer makes a comparison with the blend zone angle previously
computed to determine if the current angle is greater than or less than the
blend zone angle desired. If it is greater, then the quadrant position is
reread. If the current angle is less than the blend zone angle, the program
proceeds 55 to box 106. When the angle of the quadrant appears to be
satisfactory, the computer begins a high speed loop 106 that reads in the
status of the once per revolution shaft encoder bit from the optical sensor
of assembly 50 as generated by the chopper ring 46. The bit is normally a
"1". When the bit changes to "0," the beginning 6    EP 0 370 788 B1 of a
revolution is detected and the program proceeds to functional block 108. At
this point the computer begins another high speed loop, that selects an
array from memory corresponding to the current quadrant position. The low
byte and high byte values of the array are read and stored as temporary
variables. The computer then begins to read in the status of the 36 per
revolution shaft encoder bit generated by the 5. chopper ring 48 and sensor
of the assembly 50. When the bit changes from "1" to "0," this signifies
that the shaft has rotated [err]. The program then reads out the low and
high bytes into the appropriate output registers for the digital to analog
conversion to be made by the D to A converter 68. The next sequential array
values of low and high bytes are read from memory, and the process is
repeated 18 times, until 180 of shaft rotation have been completed. When
that rotation has been completed the cycle of functional block 10  108 is
repeated for 14 more cycles (box 110). During the final four of those
output cycles, the quadrant position signal is entered and the next array
selection is made. At this same time, a test is performed to detect if the
center line quadrant position has been reached, which would signal the end
of a cut. If it has been reached, the program disengages from the high
speed output subroutines and prompts the user for additional direction in
functional block 102. If the center line quadrant position has not been
reached, the 15  once per revolution binary output bit generated by chopper
ring 46 is read and the last array value is output to functional block 108
for repeat processing. As a result of this program the computer provides
the necessary actuating signal through D to A converter output device 68 to
a signal conditioner circuit 70. This signal conditioner circuit steps down
the D to A converter output voltage in a conventional manner by a dropping
resistor and smoothes the voltage in 20  the conventional manner by
capacitor. This conditioned signal thus is a direct computer synthesized
waveform, synchronized with the rotation of the lathe spindle at two
complete cycles per revolution. The amplitude of the signal is also
modulated by a mathematical transfer function generated by the computer
from the quadrant position indicating signal from the transducer 60, with
that transfer function tapering the signal to zero amplitude at the center
of the lens. The signal amplitude tapers linearly from zero to 25 maximum
as the quadrant moves from the beginning of the blend zone to the edge of
the optical zone and tapers according to the desired curvature from the
beginning of the optical zone to the lens centerline. This conditioned
signal is then applied to a power amplifier 72, which may conveniently be
an audio amplifier that is set to a fixed gain, typically on the order of
10 to 35. The amplified signal from power amp 72 is then fed to the
actuating coil 44 that is positioned within the pole pieces of the annular
magnet 46, which magnet 30  provides a radial magnetic field. The signal
from amplifier 72 applied to the coil 44 thus creates an electromotive
force in an axial direction along the spindle axis 14, which force is a
linear function of the current of that amplified signal, in a manner
analogous to that of the voice coil of an audio speaker. Because the coil
44 is suspended on resilient members 42, such as leaf springs, these
members 42 



prevent any rotational movement of the coil 44 but permit such axial
movement. The engagement of the 35 shoulder of the member 42 with the inner
race of the rotary coupling, which conveniently comprises the ball bearing
assembly 40, transmits the axial movement of the coil 44 to the drawbar 36
that is supported within the spindle 8 by the resiliently deflectable
members 32 and 34. These members 32 and 34 preferably are preloaded against
one another to eliminate any lost motion and to urge the drawbar to a
predetermined axial position in the absence of axial force from the coil
44. As shown in Fig. 2, the workpiece holder or 40  arbor 10 holds the
workpiece, such as a contact lens blank, for rotation and axial movement
with the drawbar 36. Thus, any movement by the coil 44 is transmitted
through the rotary coupling to the drawbar 36 and ultimately to the
workpiece 12. As the spindle 8 rotates, the cutting tool 18 mounted on the
quadrant 22 swings through a circular arc about the axis of rotation 24.
During this time the lens is rotated by the spindle 8 and is reciprocated
in an axial direction a distance equal to the difference in the sagittal
depth between the flat curve of radius [err] and the steep curve of radius
[err] of the desired toric surface. This axial movement tapers to zero as
the quadrant swings the cutting tool to the center line, which is the axis
14. By reciprocating the workpiece 12 while the cutting tool 18 is pivoted
about the axis 24, and with this reciprocation being synchronized with the
rotation of the workpiece 12 about the axis 14, the desired aspheric
surface, in this case a toric surface, 50  is cut by the cutting tool. When
the signal from transducer 60 indicates that the quadrant has reached the
center line (the axis 14), the computer program disengages from the high
speed output subroutine and returns to functional block 102, prompting the
user for direction. The user may respond either by entering new parameters
to cut another surface or, if finished with the work, may quit and end the
program. 55     By the use of the apparatus and method of this invention
any of a wide variety of aspheric surfaces may be produced. The detailed
description above sets forth the manner of producing a conventional toric
surface having orthogonal, flat and steep radii. Alternatively, by the use
of a different amplitude modulated waveform an enhanced toric surface
having a convex or concave optical zone may be produced. Such a 7    EP 0
370 788 B1 waveform may be defined by y = [err] 5  where K equals a scale
factor,  equals the angle of rotation of a predetermined point on a
workpiece about the spindle axis and A = [err] 10  where [err] equals the
quadrant angle, r equals the average radius and s equals the radius
difference. By the use of this relationship the general form is identical
to the conventional toric surface except that the power N, which is a
non-negative number may be altered to enhance the toric characteristics.
Specifically, for: N = 2, pure toricity is produced 15     N = 3, the flat
curve is narrowed N [err] 4, the flat curve is very narrow or "banded" N =
1, the flat curve is broadened N < 1, the steep curve is narrowed or
"banded" As an additional type of surface, other convex or concave optical
zones on a toric surface may be 20  produced by using the amplitude
modulated waveform y = [err] where 25 B =[err] where [err],.. [err] are
selected constants, [err].. [err] are non-negative numbers. This
relationship changes the amplitude modulation function to produce increased
or decreased power in the central or 30  peripheral zones of the optical
zone. Non-orthogonal toric surfaces may also be produced with convex or
concave optical zones by use of 



the amplitude modulated waveform y = [err] 35 for [err]  = [err]  to [err]
and for [err] = [err] to (180 + [err] 40 for [err] = [err] to 180  and from
180  + [err] out to [err] the relationship is 45 y = [err] where M, N and P
are constants. By proper selection of these constants this method and
apparatus can produce a non-orthogonal toric surface in which the flat and
steep radii are not perpendicular to one 50  another. Another application
of interest in the optometric field is the production of a sector bifocal
having a convex optical zone. This lens is identical to the conventional
toric described above, except that the axis of the cylindrical radius is
fixed at 90 with a flat radius in the vertical plane and the waveform is
blanked or set to zero for half of the spindle rotation. The half
revolution "toric" becomes a bifocal add zone for minus 55  power lenses,
or the axis can be fixed at zero and a bifocal add zone can be produced for
a plus power lens. The bifocal thus produced will have no jump, so that the
optical center of the reading and distance points will meet at the center
of the optical zone. The size of this sector bifocal add zone can be
reduced by confining the "pseudo-toricity" to less than half a revolution,
such as [err] rather than a full [err]. 8    EP 0 370 788 B1 An additional
type of lens that may be produced by this method and apparatus is the
progressive bifocal having a convex optical zone. This lens is produced in
a manner similar to the sector bifocal described above, except that an
aspheric amplitude modulation similar to that described with respect to the
aspheric toric is utilized. The net effect is to provide an add zone with
increasing nonspherical refractive 5  power in the add periphery zone. Yet
another and even more complex lens that may be produced by this invention
is that of the field mapped multi-local lens having convex or concave
optical zones. Such a lens has no mathematically describable optical
surface in the lens optical zone. Instead, the visual field of the lens is
mapped by using a central peripheral vision method that gives an
accumulated plot of the required lens powers, with varying 10  power being
applied to differing sectors and differing radial portion of the lens. To
achieve this structure the amplitude modulated waveform arrays would be
calculated by using a ray tracing technique to produce a multiplicity of
local lens powers and thus radii of curvature to match the desired power
map of the lens. In addition to the various optical applications noted
above, the apparatus and method of this invention can be used in numerous
other areas with equal facility. For example, the apparatus and method
would be 15 useful for the grinding of complex topographies in metals and
rigid plastics to produce desired nonspherical surfaces. Such capability
would have application on molds to be used to make precision shapes such as
optical lenses. The single point cutting tool of a conventional radius
turning lathe might be replaced with a high speed grinding tool to provide
for grinding of such materials. While the foregoing sets forth in detail a
particularly preferred embodiment of the method and 20 apparatus of this
invention, along with a number of applications thereof, it is to be
understood that these examples are to be considered illustrative solely of
the principles of the invention and are not to be considered limitative
thereof. Claims 25 1. A lathe (2) for cutting an aspheric surface on a
workpiece, said lathe comprising: a lathe bed (4); a headstock (6) mounted
on said lathe bed; a spindle (8) carried by said headstock for supporting
and rotating a workpiece holder (10) and a 



30     workpiece (12) carried thereby about an axis (14) extending
longitudinally through said spindle, said workpiece holder being mounted on
said spindle for movement relative to said spindle along said spindle axis;
means (26) for selectively moving said workpiece holder relative to said
spindle along said spindle axis in response to an actuating signal; 35
a tool support (16) mounted on said lathe bed and having a pivot axis (24)
generally normal to said spindle axis, said tool holder being adapted to
move a forming tool (18) mounted in said tool holder in contact with said
workpiece and along an arc of predetermined radius generally transverse to
said spindle axis; means (60) for providing a signal indicative of the
angular position of said tool holder along said 40     arc; and signal
processing means (56, 74), characterized in that the lathe includes means
(46, 48, 50) for providing a signal indicative of the angular position of
said workpiece holder during rotation of said spindle and workpiece holder
about said spindle axis, and in that 45        the signal procesing means
is adapted to process both said signals indicating said tool holder angular
position along said arc and said signals indicating said angular position
of said workpiece holder about said spindle axis and for generating an
actuating signal for controlling said axial movement of said workpiece
holder (10) relative to said spindle, whereby the workpiece holder and any
workpiece held thereby are moved axially in a predetermined relationship
both with the rotation of the workpiece 50     holder about the spindle
axis and with movement of the tool holder along its arc of movement to form
a predetermined aspheric surface on the workpiece. 2. The lathe of claim 1,
wherein said moving means (26) comprises two elements, the first said
element comprising a magnetizable member (46) and the second said element
comprising an electromagnetic 55     coil (44) connected to receive said
actuating signal, with one (44) of said elements being attached to said
workpiece holder for movement with said workpiece holder along said spindle
axis and relative to said headstock and the other (46) said element being
attached to said headstock, such that said two elements will move relative
to one another along said spindle axis in response to said actuating
signal. 9    EP 0 370 788 B1 An additional type of lens that may be
produced by this method and apparatus is the progressive bifocal having a
convex optical zone. This lens is produced in a manner similar to the
sector bifocal described above, except that an aspheric amplitude
modulation similar to that described with respect to the aspheric toric is
utilized. The net effect is to provide an add zone with increasing
nonspherical refractive power in the add periphery zone. Yet another and
even more complex lens that may be produced by this invention is that of
the field 5   mapped multi-focal lens having convex or concave optical
zones. Such a lens has no mathematically describable optical surface in the
lens optical zone. Instead, the visual field of the lens is mapped by using
a central peripheral vision method that gives an accumulated plot of the
required lens powers, with varying 10  power being applied to differing
sectors and differing radial portion of the lens. To achieve this structure
the amplitude modulated waveform arrays would be calculated by using a ray
tracing technique to produce a multiplicity of local lens powers and thus
radii of curvature to match the desired power map of the lens. In addition
to the various optical applications noted above, the apparatus and method
of this invention can be used in numerous other areas with equal facility.
For example, the apparatus and method would be is  useful for the grinding
of complex topographies in metals and rigid plastics to produce desired
nonspherical surfaces. Such capability would have application on molds to
be used to make precision shapes such as optical lenses. The single point
cutting tool of a conventional radius turning lathe might be replaced with
a high speed grinding tool to provide for grinding ofsuch materials. While
the foregoing sets forth in detail a particularly preferred embodiment of
the method and 20  apparatus of this invention, along with a number of
applications thereof, it is to be understood that these examples are to be
considered illustrative solely of the principles of the invention and are
not to be 



considered limitative thereof. Claims 1. A lathe (2) for cutting an
aspheric surface on a workpiece, said lathe comprising: a lathe bed (4); a
headstock (6) mounted on said lathe bed; a spindle (8) carried by said
headstock for supporting and rotating a workpiece holder (10) and a 30
workpiece (12) carried thereby about an axis (14) extending longitudinally
through said spindle, said workpiece holder being mounted on said spindle
for movement relative to said spindle along said spindle axis; means (26)
for selectively moving said workpiece holder relative to said spindle along
said spindle axis in response to an actuating signal; 35         a tool
support (16) mounted on said lathe bed and having a pivot axis (24)
generally normal to said spindle axis, said tool holder being adapted to
move a forming tool (18) mounted in said tool holder in contact with said
workpiece and along an arc of predetermined radius generally transverse to
said spindle axis; means (60) for providing a signal indicative of the
angular position of said tool holder along said 40     arc; and signal
processing means (56, 74), characterized in that the lathe includes means
(46, 48, 50) for providing a signal indicative of the angular position of
said workpiece holder during rotation of said spindle and workpiece holder
about said spindle axis, and in that 45        the signal procesing means
is adapted to process both said signals indicating said tool holder angular
position along said arc and said signals indicating said angular position
of said workpiece holder about said spindle axis and for generating an
actuating signal for controlling said axial movement of said workpiece
holder (10) relative to said spindle, whereby the workpiece holder and any
workpiece held thereby are moved axially in a predetermined relationship
both with the rotation of the workpiece so     holder about the spindle
axis and with movement of the tool holder along its arc of movement to form
a predetermined aspheric surface on the workpiece. 2. The lathe of claim 1,
wherein said moving means (26) comprises two elements, the first said
element comprising a magnetizable member (46) and the second said element
comprising an electromagnetic 55     coil (44) connected to receive said
actuating signal, with one (44) of said elements being attached to said
workpiece holder for movement with said workpiece holder along said spindle
axis and relative to said headstock and the other (46) said element being
attached to said headstock, such that said two elements will move relative
to one another along said spindle axis in response to said actuating
signal. 9    EP 0 370 788 B1 3. The the of claim 2, wherein said first
element is attached to said headstock and said second element is attached
to said workpiece holder for movement therewith along said spindle axis and
relative to said headstock. 4. The lathe of claim 3, wherein said second
element is attached to said workpiece holder (10) by a rotary coupling
(38), whereby the second element moves with the workpiece holder along the
spindle axis without rotating about that axis. 5. The lathe of claim 3,
wherein said second element is also mounted on said headstock by means 10
permitting movement relative thereto along said spindle axis. 6. The lathe
of any preceding claim, wherein said workpiece holder is mounted on said
spindle by resiliently deflectable means (32, 38) for permitting axial
movement of said workpiece holder (10) about a predetermined axial position
while restraining radial movement of said workpiece holder about said 15
spindle axis (44). 7. The lathe of any preceding claim, wherein said signal
processing means (56, 74) comprises means (54, 56, 66) for combining said
tool holder position signal and said workpiece angular position signal with
a contour signal indicative of the contour desired for different portions
of said workpiece surface. 



20 20  8. The lathe of claim 7, wherein said signal processing means
comprises a programmable digital computer (56). 9. A method of forming an
aspheric surface on a workpiece, comprising the steps of: 25
mounting a workpiece (12) on a workpiece holder (10) that is rotatably
carried by the spindle (8), headstock (6) and bed (4) of a lathe (2);
rotating said spindle, said workpiece holder and said workpiece about the
axis of rotation (14) of said spindle; engaging a surface of said workpiece
with a forming tool (18)and moving said forming tool through 30     an
arcuate path about an axis (24) that is fixed relative to said lathe bed
during said engagement and is generally transverse to said spindle axis
(14); determining the time-varying angular position of said forming tool
(18) along said arcuate path; and reciprocating said workpiece holder (10)
and siad workpiece (12) held thereby relative to said lathe headstock (6)
and to said forming tool, 35         characterized in that the method
includes the step of determining the time-varying angular position of a
point on said workpiece about said spindle axis, thereby permitting said
reciprocation of said workpiece holder and workpiece to be in
synchronization with both said movement of said forming tool (18) and with
said rotation of said workpiece (12) about said spindle axis (14) such that
said synchronized reciprocation of said workpiece during said forming tool
engagement and movement 40     effects forming of a contoured surface (76)
having different radii of curvature on said workpiece (12). 10. The method
of claim 9, wherein said receprocation of said workpiece holder (10) is
effected by applying to an electromagnetic actuator (26) a time-varying
actuating signal synchronized with both said movement of said forming tool
and said rotation of said workpiece. 45 11. The method of claim 10 wherein:
said forming tool position is determined by generating an electronic signal
indicative thereof; said workpiece angular position is determined by
generating an electronic signal indicative thereof; and 50         said
actuating signal is generated by combining said forming tool position and
said workpiece angular position signal with a contour signal indicative of
the radii of curvature desired for different portions of said surface (76).
12. The method of claim 11, wherein said contoured surface (76) comprises a
toric surface (88), which toric 55     surface comprises a first portion
having a first selected radius of curvature (R2) generated by the maximum
excursion of said workpiece towards said forming tool and at least a second
portion having a second radius of curvature (R1) generated by the maximum
excursion of said workpiece away from said forming tool, with said first
radius of curvature and said second radius of curvature being oriented 10
EP 0 370 788 B1 at an angle ([err]) to one another. 13. The method of claim
1,2, wherein said angle ([err]) between said first an said second radii of
curvature is substantially a right angle. 5 14. The method of claim 12,
wherein said second portion of said surface comprises an area of less than
half the tool area of said surface. 15. The method of claim 12, wherein
said second portion of said surface comprises an area of less than 10
one-fourth the total area of said surfaces. 16. The method of claim 12,
wherein said contoured surface comprises one section comprising said toric
surface and another section (82) comprising a generally spherical,
non-toric section. 15 17. The method of claim 16, wherein said contoured
surface (76) further comprises a blend zone (86) to blend said toric
section with said non-toric section. 18. A lathe as claimed in any of
claims 1 to 8, wherein the moving means (26) is operable to move said 



workpiece holder relative to said spindle such that the distance between
said forming tool movement 20     axis (24) and said workpiece surface (76)
varies selectively between a first distance [err] and a second distance R2;
and wherein said actuating signal has a waveform defining said axial
movement of said workpiece holder (10) in the y direction along said
spindle axis as y = [err], 25 where K is a scale factor, N is a positive,
non-negative number, [err] is the angle of rotation of a predetermined
point on said workpiece (12) about said spindle axis and A = [err] 30 where
[err] is the angular position of said cutting tool (18) along said arc of
movement, r is the average of [err] and [err], and s equals the difference
between [err] and [err]. 19. A lathe as claimed in any of claims 1 to 8,
wherein the moving means (26) is operable to move said 35     workpiece
holder (10) relative to said spindle (14) such that the distance between
said forming tool movement axis (24) and said workpiece surface (76) varies
selectively betwen a first distance [err] and a second distance[err] and
wherein said actuating signal has a waveform defining said axial movement
of said workpiece holder (10) in the y direction along said spindle axis as
40     [err] where K is a scale factor, [err] is the angle of rotation of a
predetermined point on said workpiece about said spindle axis and 45     B
= [err] where [err] are selected constants, [err] are non-negative numbers,
and [err] equals the angle of movement of said cutting tool (18) along said
arc. 50  20. A lathe as claimed in any of claims 1 to 8, wherein the moving
means (26) is operable to move said workpiece holder (10) relative to said
spindle (8) such that the distance between said forming tool movement axis
(24) and said workpiece surface varies selectively between a first distance
[err] and a second distance R2; and wherein said actuating signal having a
waveform defining said axial movement of said workpiece holder in the y
direction along said spindle axis as 55 y = [err] for 11    EP 0 370 788 B1
[err] = [err] to (90/M) and for [err] = [err] to (180 + (90/M)), and y =
[err] for [err]=   (90/M) to [err] and for [err]  (180 + (90/M)) up to
360', where K is a scale factor, M, N and P are constants and 10 A = [err]
where [err] is the angular position of said cutting tool along said arc of
movement, r is the average of [err] and [err], and s equals the difference
between [err] and [err]. 15 21. A method as claimed in any of claims 9 to
17, wherein the contoured surface (76) which is formed has at least two
different radii of curvature [err] and[err] on said workpiece, said
reciprocation along said spindle y axis having a relationship with said
workpiece rotation and said forming tool movement defined by 20 y = [err]
where K is a scale factor, N is a positive, non-negative number, [err]is
the angle of rotation of a predetermined oint on said workpiece about said
spindle axis and 



25 A =[err] where [err] is the angular position of said cutting tool along
said arc of movement, r is the average of[err] and [err, and s equals the
difference between [err] and [err]. 30 22. A method as claimed in any of
claims 9 to 17, wherein the contoured surface (76) which is formed has at
least two different radii of curvature [err] and [err] on said workpiece,
said reciprocation along said spindle y axis having a relationship with
said workpiece rotation and said forming tool movement defined by 35 y =
[err] where K is a scale factor,[err] is the angle of rotation of a
predetermined point on said workpiece about said spindle axis and B   1
-[err] where [err]are selected constants, [err] ... [err] are non-negative
numbers, and [err] equals the angle of movement of said cutting tool along
said arc. 45 23. A method as claimed in any of claims 9 to 17, wherein the
contoured surface which is formed has at least two different radii of
curvature [err] and [err] on said workpiece (12), said reciprocation along
said y axis (14) having a relationship with said workpiece rotation and
said forming tool movement defined by so     y = [err] for [err] = (90/M)
and for [err] = [err] to (180 + (90(M)) and 55     y = [err] for    EP 0
370 788 B1 [err]  = [err] to [err] and for [err] = (180 +[err] up to[err]
where K is a scale factor, M, N and P are constants and 5      A = [err]
where [err] is the angular position of said cutting tool along said arc of
movement, r is the average of [err] and [err], and s equals the difference
between [err] and [err]. 10  24. A lathe or method as claimed in any
preceding claim, wherein the surface of the workpiece (12) to be formed
faces axially outward from the spindle (8) and workpiece holder (10), and
wherein the axis (24) of the arc of travel of.the tool holder (16) is
intermediate the workpiece surface and the headstock. Patentanspruche 5 1.
Drehbank (2) zum Schleifen einer aspharischen Oberflache auf einem
WerkstUck, wobei die Drehbank aufweist: ein Drehbankbett; einen
Spindelkasten (6), der auf dem Drehbankbett montiert ist; 20         eine
Spindel (8), die von dem Spindelkasten getragen ist fOr die Abst()tzung und
Drehung eines WerkstUckhalters (10) und eines von diesem getragenen
WerkstUckes (12) um eine Achse (14), die sich langs durch die Spindel
erstreckt, wobei der WerkstUckhalter auf der Spindel angebracht ist fUr die
relative Bewegung zu der Spindel entlang der Spindelachse; Mittel (26) zum
wahlweisen Bewegen des WerkstOckhalters relativ zu der Spindel entlang der
25     Spindelachse in Abhangigkeit von einem Betatigungssignal; einen
Werkzeugsupport (16), der auf dem Drehbankbett montiert ist und eine
Schwenkachse (24) hat im allgemeinen senkrecht zur Spindelachse; wobei der
Werkzeughalter geeignet ist, ein in dem Werkzeughalter angebrachtes
Formungswerkzeug (18) in Kontakt mit dem Werkstuck und langs dines Bogens
von vorbestimmtem Radius im aligemeinen quer zur Spindelachse zu bewegen;
30         Mittel (60) zur Schaffung eines Signales zur Anzeige der
Winkelposition des Werkzeughalters langs 



des Bogens; und Signalverarbeitungsmittel (56,74), dadurch  gekennzeichnet,
daB die Drehbank Mittel (46,48,50) aufweist fOr die Schaffung eines Signals
fOr die Anzeige der Winkelposition des WerkstOckhalters wahrend der Drehung
der Spindel und 35     des Werkstfckhalters um die Spindelachse und daB das
Signalverarbeitungsmittel geeignet ist, sowohl die Signale zur Anzeige der
Werkzeughalterwin- kelposition entlang des Bogens als auch die Signale fOr
die Anzeige der Winkelposition des WerkstOck- halters um die Spindelachse
zu verarbeiten und fOr die Erzeugung eines Betatigurigssignals fOr die
Steuerung der Axialbewegung des WerkstOckhalters (10) relativ zur Spindel,
wobei der WerkstOckhalter 40     und jedes von diesem gehaltene WerkstOck
axial in einer vorbestimmten Lage sowohl mit der Drehung des
WerkstOckhalters um die Spindelachse als auch mit der Bewegung des
Werkzeughalters langs seines Bewegungsbogens bewegt werden, um eine
bestimmte aspharische Oberflache auf dem WerkstUck zu bilden. 45  2.
Drehbank nach Anspruch 1, wobei das Bewegungsmittel (26) zwei Elemente
aufweist, das erste Element ein magnetisierbares Teil (46) hat und das
zweite Element eine elektromagnetische Spule (44) hat, die verbunden ist,
um das Betatigungssignal zu empfangen, wobei eines (44) der Elemente an dem
WerkstUckhalter angebracht ist fOr die Bewegung mit dem Werksttckhalter
entlang der Spindel- achse und relativ zu dem  Spindelkasten und das andere
(46) Element an dem  Spindelkasten 50     angebracht ist, derart, daB die
zwei Elemente sich langs der Spindelachse in Abhangigkeit von dem
Betitigungssignal relativ zueinander bewegen. 3. Drehbank nach Anspruch 2,
wobei das erste Element an dem Spindelkasten angebracht ist und das zweite
Element an dem WerkstOckhalter angebracht ist fjr die Bewegung mit diesem
entlang der 55      Spindelachse und relativ zu dem Spindelkasten. 4.
Drehbank nach Anspruch 3, wobei das zweite Element an dem WerkstOckhalter
(10) durch eine Drehkupplung (38) angebracht ist, wobei das zweite Element
sich mit dem WerkstOckhalter langs der 13    EP 0 370 788 B1 Spin-achse
ohne Drehung um diese Achse bewegt. 5. Drehbank nac- Anspruch 3, wobei das
zweite Element auch auf dem Spindelkasten durch Mittel montiert ist, welche
eine Bewegung relativ zu diesem langs der Spindelachse erlauben. 6.
Drehbank nach einem vorhergehenden Anspruch, wobei der Werkstuckhalter auf
der Spindel durch federnd elastische, w6lbbare Mittel (32,38) angebracht
ist zur Erm5glichung einer axialen Bewegung des WerkstUckhalters (10) um
eine vorbestimmte axiale Position, wahrend die radiale Bewegung des
WerkstUckhalters um die Spindelachse (44) gehemmt ist. 10 7. Drehbank nach
einem vorhergehenden Anspruch, wobel das Signalverarbeitungsmittel (56,74)
Mittel (54,56,86) aufweist fUr das Kombinieren des
Werkzeughalterpositionssignales und des WerkstUckwin- kelpositionssignals
mit einem Kontursignal fir die Anzeige der gewinschten Kontur fUr
unterschiedliche Teile der WerkstUckoberfl~che. 15 8. Drehbank nach
Anspruch 7, wobei das Signalverarbeitungsmittel einen programmierbaren
digitalen Rechner (56) aufweist. 9. Verfahren zurn Formen einer
aspharischen Oberflache auf einem Werkstuck mit den Schritten: 20
Anbringen eines Werkstickes (12) auf einem WerkstUckhalter (10), der
drehbar von der Spindel (8), dem Spindelkasten (6) und dem Bett (4) der
Drehbank (2) getragen ist; Drehen der Spindel, des WerkstUckhalters und des
WerkstUckes um die Drehachse (14) der Spindel; Ineingriffbringen einer
Oberflache des WerkstUckes mit einern formenden Werkzeug (18) und 25
Bewegen dieses Formwerkzeuges Uber einen bogenf6rmigen Weg um eine Achse
(24), die fest ist relativ zu dem Drehbankbett wahrend des Eingriffes und
im allgerneinen quer zu der Spindelachse (14) liegt;
i Bestimmen der zeitlich variierenden Winkelposition des Formwerkzeuges
(18) langs des bogenfor- 



migen Weges; und 30         Hin- und Herbewegen des WerkstOckhalters (10)
und des von diesem gehaltenen WerkstUckes (12) relativ zu dem
Drehbankspindelkasten (6) und zu dem Formwerkzeug. dadurch gekennzeichnet,
daBl das Verfahren den Schritt des Bestimmens der zeitlich variierenden
Winkelposition eines Punktes auf dem WerkstUck um die Spindelachse
aufweist, wobei die hin- und hergehende Bewegung des Werkstickhalters und
WerkstUckes in Synchronisation sowohl mit der 35     Bewegung des
Formwerkzeuges (18) als auch mit der Drehung des Werkstuckes (12) um die
Spindelachse (14) ermoglicht wird, derart, daB die sychronisierte hin- und
hergehende Bewegung des WerkstUckes wahrend des Formwerkzeugeingriffes und
der Bewegung das Formen einer konturierten Oberflache (76) mit
unterschiedlichen Krdmmungsradien auf dem Werkstuck (12) bewirkt. 40  10.
Verfahren nach Anspruch 9, wobei die hin- und hergehende Bewegung des
WerkstOckhalters (10) (                    dadurch- erfolgt, daB man auf
einen efektromagnetischen Betatiger (26) ein zeitlich variierendes
Betatigungssignal aufbringt, welches sowohl mit der Bewegung des
Formwerkzeuges als auch mit der Drehung des Werkstickes synchronisieit ist.
45 .11. Verfahren nach Anspruch 10, wobel die Formwerkzeugsposition durch
Erzeugen eines diese anzeigenden elektronischen Signals be- stimmt wird;
die WerkstOckwinkelposition bestimmt wird durch Erzeugen eines
elektronischen Signals zur Anzeige derselben; und 50         das
Betatigungssignal erzeugt wird durch Kombinieren des Positionssignals fir
das Formwerkzeug und die Werkst~ckwinkelposition mit einem Konturensignal
far die Anzeige der Krtimmungsradien, die far unterschiedliche Teile der
Oberflache (76) erwunscht sind. 12. Verfahren nach Anspruch 11, wobei die
konturierte Oberflache (76) eine torische Oberfl~che (88) 55     aufweist,
die einen ersten Teil hat mit einem ausgewghlten Krummungsradius (R2),
welcher durch die maximale Auslenkung des Werkstickes zum Formwerkzeug hin
erzeugt ist, und mindestens einen zweiten Tell hat mit einem zweiten
Krimmungsradius (R1). der durch die maximale Auslenkung des WerkstOuckes
von dem Formwerkzeug fort erzeugt ist, wobei der erste KrOmmungsradius und
der 14    EP 0 370 788 B1 zweite KrOmmungsradius unter einem Winkel (a)
zueinander ausgerichtet sind. 13. Verfahren nach Anspruch 12, wobei der
Winkel (a) zwischen dern ersten und dem zweiten Krdmmungs- radius im
wesentlichtn ein rechter Winkel ist. 5 14. Verfahren nach Anspruch 12,
wobei der zweite Teil der Oberflache eine FlIche von weniger als die Halfte
der Werkzeugflfche der Oberflfche aufweist. 15. Verfahren nach Anspruch 12,
wobei der zweite Teil der Oberfliche eine Flache kleiner als ein Viertel 10
der Gesamtfliche der Oberflichen aufweist. 16. Verfahren nach Anspruch 12,
wobei die konturierte Oberflache einen AbschniKt aufweist mit der torischen
Oberflfche und einen anderen Abschnitt (82) mit einem im allgemeinen
spharischen, .nicht torischen Abschnitt. 15 17. Verfahren nach Anspruch-16,
wobei die konturierte Oberfldche (76) ferner eine Mischzone (86) aufweist,
urn den torischen Abschnitt mit dem nicht torischen Abschnift zu
vermischen. 18. Drehbank nach einem der Anspruche 1 bis 8, wobei das
Bewegungsmittel (26) betreibbar ist, um den 20     Werkst~ckhalter relativ
zu der Spindel derart zu bewegen, dal der Abstand zwischen der Formwerk-
zeugbewegungsachse (24) und der Werkstackoberflfche (76) selektiv zwischen
einem ersten Abstand Ri und einem zweiten Abstand R2 variiert; und wobei
das Betftigungssignal eine Wellenform hat, welche die axiale Bewegung des
Werkstickhalters (10) in der y-Richtung lfngs der Spindelachse als 25     y
= K(sinN4) A definiert, wobei K ein Mal3stabfaktor ist, N eine positive,
nicht negative Zahl ist, I der Drehwinkel eines bestimmten Punktes auf dem
Werkstuck (12) um die Spindelachse ist und 



30     A = Jr2cos2 9 + s2 + 2rs - /r2cos2 O + s2 + 2rs cos a wobei B die
Winkelposition des Schleifwerkzeuges (18) lfngs des Bewegungsbogens ist, r
das Mittel von R1 und R2 ist und s die Differenz zwischen R, und R2 ist. 35
19. Drehbank nach einem der Ansprfche 1 bis 8, wobei das Bewegungsmittel
(26) betreibbar ist, um den Werkstuckhalter (10) relativ zu der Spindel
(14) derart zu bewegen, daB der Abstand zwischen der
Formwerkzeugsbewegungsachse (24) und der Werkstuckoberflache (76) selektiv
variiert zwischen einem  ersten Abstand R1 und einem zweiten Abstand R2;
und wobei das Betftigungssignal eine Wellenform hat, welche die
Axialbewegung des Werkstuickhalters (10) in der y-Richtung lungs der 40
Spincielachse definiert als y = K(sin2l)B wobei K ein Malstabfaktor ist, 4
der Drehwinkel eines vorbestimmten Punktes auf dem WerkstOck 45     urn die
Spindelachse ist und B = 1 - KMlcosNiO - KM2cosN2 ... KMmCcosN , wobei KM1,
KM2 ... KMm ausgewghlte Konstanten sind, Ni, N2 ... N, nicht negative
Zahlen sind und a so     gleich dern Bewegungswinkel des Schneidwerkzeuges
(18) lings des Bogens ist. 20. Drehbank nach einem der Ansprache t bis 8,
wobei das Bewegungsmittel (26) betreibbar ist, urn den WerkstOckhalter (10)
relativ zur Spindel (8) derart zu bewegen, daB der Abstand zwischen der
Formwerkzeugsbewegungsachse (24) und der WerkstOckoberflache selektiv
variiert zwischen einem 55     ersten Abstand R1 und einem zweiten Abstand
R2; und wobei das Betatigungssignal eine Wellenform hat, welche die axiale
Bewegung des Werkstickhalters in der y-FRichtung lfngs der Spindelachse
definiert als 15    EP 0 370 788 B1 y =[err] fUr = 0  bis (90/M) und fUr$ =
180- bis (180 + (90/M)) und y = K(sin2(f/N + P))A fir 0o     $ = (90/M) bis
180  und fUr$ = (180 + (90/M))' bis 360, wobei K ein Malstabfaktor ist, M,
N und P Konstanten sind und A =/r2cos2 a + s2 + 2rs - /r2cos2 @+ s2 + 2rs
cos O, 15             --   .- _ wobel a die Winkelposition des
Schleifwerkzeuges entlang des Bewegungsbogens ist, r das Mittel von R1 und
R2 ist und s die Differenz zwischen R, und R2 ist. 21. Verfahren nach einem
der Ansprfiche 7 bis 19, wobei die konturierte Oberfliche (76), dle geformt
wird, 20     mindestens zwei unterschiedliche Krlmmungsradien R, und R2 auf
dern WerkIstack hat, die hin- und hergehende Bewegung langs der
Spindel-y-Achse eine Beziehung zu der Werkstuckdrehung und der
Formwerkzeugsbewegung hat, definiert durch y = K(sinN4f)A, 25 wo K ein
MaBstabfaktor ist, N eine positive, nicht negative Zahl ist, 4 der
Drehwinkel eines bestimmten Punktes auf dem Werkstuck urn die Spindelachse
ist und  A = vr2cos2 e + s2 + 2rs - lr2cos2 6 + s2 + 2rs cos a wobei 6 die
Winkelposition des Schleifwerkzeuges langs des Bewegungsbogens ist, r das
Mittel von R, und R2 ist und s die Differenz zwischen Ri und R2 ist. 22.
Verfahren nach einem der AnsprOche 9 bis 17, wobei die konturierte
Oberflache (76), die geformt wird, 35     mindestens zwei unterschiedliche
KrOmmungsradien R1 und R2 auf dem WerkstUck hat, die hin- und hergehende
Bewegung langs der Spindel-y-Achse eine Beziehung hat zu der
WerkstOckdrehung und der Formwerkzeugbewegung, definiert durch y =
K(sin2t)B, 40 



wo K ein MaBstabfaktor ist, 4 der Winkel der Drehung eines vorbestimmten
Punktes auf dem Werkstick urn die Spindelachse ist und B = 1 - KMlcosNIO -
KM2cosN2O ... KMmCo5Nfn, 45 wobei KM,. KM2 ... KMm ausgew~hIte Konstanten
sind, N1, N2, ... Nn nicht negative Zahlen sind und - gleich dern Winkel
der Bewegung des Schneidwerkzeuges langs des Bogens ist. 23. Verfahren nach
einem der AnsprUche 9 bis 17, wobei die konturierte Oberfliche, die geformt
wird, so      mindestens zwei unterschiedliche Krrnmmungsradien R, und R2
auf dem Werkstuck (12) hat, die hin- und hergehende Bewegung lings der
y-Achse (14) eine Beziehung zu der WerkstOckdrehung und der
Formwerkzeugbewegung hat, definiert durch y = K(sin2l2m))A 55 fur * =
(90/M)- und f~r  = 180- bis (180 + (90/M)) und 16    EP 0 370 788 B1 y =
K(srn1/N + P))A fur         _- 5        = C90/M) bis 180& und fur  = (180 +
(90/M)) bis 360, wo K ein MaBstabfaktor ist, M, N und P Konstanten sind und
A =/r2cos2 C + s2 + 2rs - lr2cos2 9 + s2 + 2rs cos 9 10 wo e die
Winkelposition des Schleitwerkzeuges langs das Bewegungsbogens ist, r das
Mittel von RI und R2 ist und s gleich der Differenz zwischen R1 und R2 ist.
24. Drehbank oder Verfahren nach einem vorhergehenden Anspruch, wobei die
Oberflache des Werkstik- is     kes (12), welches geformt werden soil,
axial nach aui~en von der Spindel (8) und dem Werkst~ckhalter (10)
gerichtet ist und wobei sich die Achse (24) des Bogens des Laufes des
Werkzeughalters (16) zwischen der Werkstickoberflache und dem Spindelkasten
befindet. Revendications 20 1. Tour (2) pour usiner une surface aspherique
sur une piece d'oeuvre, ledit tour comprenant: un banc de tour (4); une
poup6e fixe (6) mont6e sur ledit banc de tour; une broche (8) port6e par
ladite poupee fixe pour supporter et faire tourner un support de piece 25
d'oeuvre (10) et une piece d'oeuvre (12) ainsi supportee autour d'un axe
(14) traversant longitudinale- ment ladite broche, ledit support de piece
d'oeuvre etant monte sur ladite broche pour un deplacement par rapport a
ladite broche suivant ledit axe de broche; un moyen (26) pour deplacer de
maniere s6lective ledit support de piece d'oeuvre par rapport a ladite
broche suivant ledit axe de broche en r6ponse a un signal de mise en
oeuvre; 30         un porte-outil (16) monte sur ledit banc de tour et
comportant un axe de pivotement (24) globalement perpendiculaire audit axe
de broche ; ledit porte-outil 6tant conqu pour dbplacer un outil de
fagonnage (18) mont6 dans ledit porte-outil en contact avec ladite piece
d'oeuvre et suivant un arc d'un rayon pred6terrin6, globalement transversal
audit axe de broche; un moyen (60) pour delivrer un signal indicatif de la
position angulaire dudit porte-outil suivant ledit 35     arc; et, un moyen
de traitement de signal (56, 74); caract6rise en ce quo le tour comprend un
moyen (42, 48, 50) pour delivrer un signal indicatif de la position
angulaire dudit support de piece d'oeuvre pendant la rotation de ladite
broche et dudit support de pibce d'oeuvre autour dudit axe de broche ; et
en ce que 40        le moyen de traitement de signal est concu pour traiter
a la fois lesdits signaux indicatifs de ladite position angulaire de
porte-outil suivant ledit arc et lesdits signaux indicatifs de ladite
position angulaire 



dudit support de piece d'oeuvre autour dudit axe de broche, at pour
produire un signal de mise en oeuvre pour commander ledit d6placement axial
dudit support de piece d'oeuvre (10) par rapport a ladite broche, ce par
quoi le support de pikce d'oeuvre et une piece d'oeuvre quelconque
maintenue 45     par ce moyen sont d6plac6s axialement dans une relation
pr6d6terminne a la fois par rapport a la rotation du support de piece
d'oeuvre autour de l'axe de broche et par rapport au deplacement du
porte-outil suivant son arc de d6placement pour former, sur la piece
d'oeuvre, une surface asph6rique pr6d6terminee. so  2. Tour selon la
revendication 1, dans lequel ledit moyen de d6placement (26) comprend deux
elements, le premier desdits el6ments comprenant un element magnetisable
(46) et le second desdits 6l6ments comprenant une bobine electromagnetique
(44) connectee pour recevoir ledit signal de mise en oeuvre, I'un (44)
desdits 6l6ments 6tant fixe audit support de piece d'oeuvre pour
d6placement avec ledit support de piece d'oeuvre suivant ledit axe de
broche et par rapport a ladite poupee fixe, et l'autre (46) 56     desdits
el6ments etant fixe a ladite poupee, de telle maniere que lesdits deux
6l6ments se d6placeront l'un par rapport a l'autre suivant ledit axe de
broche en r6ponse audit signal de mise en oeuvre. -           17 *    C
L    M     S    *    EP 0 370 788 B1 3. Tooselon la revendication 2, dans
lequel ledit premier 6lement est fixe a ladite poup6e fixe et ledit second
e6lment est fixe audit support de piece d'oeuvre pour deplacement avec
celui-ci suivant ledit axe de broche-et par rapport a ladite poupee fixe. t
4. T-our selon la revendication 3, dans lequel ledit second 6elment est
fixe audit support de piece d'oeuvre (10) par un accouplement tournant
(38), ce par quoi le second 6elment se deplace avec le support de piece
d'oeuvre suivant I'axe de broche sans tourner par rapport a cet axe. A.
S5. Tour solon la revendication 3, dans lequel ledit second el6ment est
6galement mont6 sur ladite poup6e to     fixe par un moyen permettant le
d6placement relatif de celui-ci suivant ledit axe de broche. 6. Tour selon
l'une quelconque des revendications precedentes, dans lequel ledit support
de piece d'oeuvre est monte sur ladite broche par un moyen pouvant etre
flechi de fagon elastique (32, 38) pour permettre le.. d6placement axial
dudit support de piece d'oeuvre (10) autour d'une position axiale 1 5
predetermin6e-tout- en limitant le deplacement radial dudit support de
piece d'oeuvre par rapport audit T;                    axe de broche (44).
7. Tour solon l'une quelconque des revendications precedentes, dans lequel
ledit moyen de traitement de signal (56, 74Y comprend un moyen (54, 56, 66)
pour combiner ledit signal de position de porte-outil et 20     ledit
signal de position angulaire de piece d'oeuvre avec un signal de profil
indicatif du profil souhaite K.-'                  pour les differentes
parties de ladite surface de piece d'oeuvre. 8. Tour solon la revendication
7, dans lequel ledit moyen de traitement de signal comprend un calculateur
numerique programmable (56). 25 9. Proc6d6 de formation d'une surface
asph6rique sur une piece d'oeuvre, comprenant les 6tapes: de montage d'une
pikce d'oeuvre (12) sur un support de piece d'oeuvre (10) qui est pjrt6
mobile en rotation par la broche (8), la poupee fixe (6) et le banc (4)
d'un tour (2); d'entrainement en rotation de ladite broche, dudit support
de piece d'oeuvre et de ladite piece sa     d'oeuvre autour de l'axe de
rotation (14) de ladite broche; de mise en contact d'une surface de ladite
piece d'oeuvre avec un outil de fagonnage (18) et de d6placement dudit
outil de faconnage suivant une trajectoire en arc autour d'un axe (24) qui
est fixe par rapport audit banc de tour pendant ladite mise en contact et
qui est globalement transversal audit axe de broche (14); 35         de
determination de la position angulaire variant dans le temps dudit outil de
fagonnage (18) suivant ladite trajectoire en arc ; et, do deplacement an un
mouvement de va et vient dudit support de piece d'oeuvre (10) et de ladite
.1                    pibce d'oeuvre (12) ainsi support6e, par rapport a
ladite poupee fixe de tour (6) et audit outil de fagonnage; 



~s40 -     caracterise on ce quo le proced6 comprend l'etape de
determination de la position angulaire variant dans le temps d'un point sur
ladite piece d'oeuvre par rapport audit axe de broche, en permettant ainsi
quo ledit mouvement de va et vient dudit support de pibce d'oeuvre et de la
piece d'oeuvre soit en synchronisme a Ia fois avec ledit deplacement dudit
outil de fagonnage (18) et avec ladite rotation de ladite piece d'oeuvre
(12) autour dudit axe de broche (14), de telle fagon quo ledit 45
mouvement de va et vient synchronise de ladite piece d'oeuvre pendant
ladite mise en contact avec I'outil de fagonnage et le deplacement aient
pour resultat la formation d'une surface profilee (76) ayant differents
rayons de courbure sur ladite pibce d'oeuvre (12). 10. Proced6 sclon la
revendication 9, dans loquel ledit mouvement de va et vient dudit support
de piece so     d'oeuvre (10) est effectue en appliquant a un actionneur
electromagn6tique (26) un signal de mise en oeuvre variant dans le temps,
synchronis a la .fois avec ledit deplacement dudit outil de fagonnage et
avec ladite rotation de ladite piece d'oeuvre. 11. Procede sclon la
revendication 10, dans lequel: ss        ladite position d'outil de
fagonnage est determinee par la production d'un signal electronique
indicatif de celle-ci; ladite position angulaire de pibce d'oeuvre Ost
determin~e par la production d'un signal Ielctroni- quo indicatif de
celle-ci; et, 18    EP 0 370 788 B1 ledit signal de mise en oeuvre est
produit par combinaison dudit signal de position d'outil de fagonnagWet
dudit signal de position angulaire de piece d'oeuvre avec un signal de
profil indicatif des rayons de courburesouhaitds pour les diff6rentes
parties de ladite surface (76). s  12. Proced6 selon la revendication 11,
dans lequel ladite surface profilee (76) comprend une surface torique (78),
laquelle surface torique comprend une premiere partie ayant un premier
rayon de courbure (R2) selectionne, produit par l'excursion maximale de
ladite piece d'oeuvre en direction dudit outil de faconnage, at au moins
une seconde partie ayant un second rayon de courbure (R1), produit par
I'excursion maximale de ladite piece d'oeuvre en s'6cartant dudit outil de
fagonnage, ledit premier 10     rayon de courbure et ledit second rayon de
courbure 6tant orientes suivant un angle (a) P'un de lautre. 13. Proc6dd
selon la revendication 12, dans lequel ledit angle (a) entre ledit premier
et ledit second rayons de courbure est sensiblement un angle droit. 15 14.
Proc6d6 selon la revendication 12, dans lequel ladite seconde partie de
ladite surface comprend une superficie plus petite que la moiti6 de la
superficie totale de ladite surface. 15. Procede selon la revendication 12,
dans lequel ladite seconde partie de ladite surface comprend une superficie
plus petite quo le quart de la superficie totale de ladite surface. 20 16.
Proced6 selon la revendication 12, dans lequel ladite surface profilee
comprend une partie comprenant ladite surface torique et une autre partie
(82) comprenant une partie non torique, globalement sph6rique. 25  17.
Procede selon la revendication 16, dans lequel ladito surface profilee (76)
comprend en outre une zone de raccordement (86) pour raccorder ladite
partie torique avec ladite partie non torique. 18. Tour selon l'une
quelconque des revendications 1 a 8, dans lequel le moyen de deplacement
(26j est utilisable pour deplacer ledit support de piece d'oeuvre par
rapport a ladite broche de telle fagon quo la 30     distance entre ledit
axe de deplacement d'outil de fagonnage (24), et ladite surface de piece
d'oeuvre (76) varie de maniere selective entre une premiere distance R1 et
une seconde distance R2 ; et dans lequel ledit signal de mise en oeuvre a
une forme d'onde d6finissant ledit d6placement axial dudit support de piece
d'oeuvre (10) dans la direction y suivant ledit axe de broche par: 35     y
= K (sinNO) A, ou K est un facteur d'6chelle, N est un nombre positif, non
ndgatif, 0 est l'angle de rotation d'un point pr6determine sur ladite piece
d'oeuvre (12) autour dudit axe de broche, et: 40     A = J r2cos2e + s2 +
2rs - r2cos2 e + s2 + 2rs cose oCd e est la position angulaire dudit outil
de coupe (18) suivant ledit arc de d6placement, r est la 



moyenne de R1 et R2, et s est egal a la difference entre R. et R2. 45  19.
Tour selon l'une quelconque des revendications 1 a 8, dans lequel le moyen
de d6placement (26) est utilisable pour deplacer ledit support de piece
d'oeuvre (10) par rapport a ladite broche (14) de telle fason quo la
distance entro ledit axe de d6placement d'outil de fagonnage (24), et
ladite surface de pibce d'oeuvre (76) varie de maniere s6lective entre une
premiere distance Ri et une seconde distance R2 ; et dans lequel ledit
signal de miso en oeuvre a une forme d'onde definissant ledit deplacement
so     axial dudit support de piece d'oeuvre (10) dans la direction y
suivant ledit axe de broche par: y = K (sin24) B, oCu K est un facteur
d'echelle, * est l'angle de rotation d'un point predetermin6 sur ladite
piece ss     d'oeuvre autour dudit axe de broche, et: *        B  = 1 -
KMlcosl1?9 - KM2cosN2EB... KMmCosNnEl,    EP 0 370 788 B1 OU KM,. KM2 ...
6Mm sont des constantes s6lectionn6es, N1, N2... Nn sont des nombres non
negatifs et e est~al a l'angle de deplacement dudit outil de coupe (18)
suivant ledit arc. 20. Tour selon l'une quelconque des revendications 1 a
8, dans lequel le moyen de deplacement (26) est s      utilisable pour
deplacer ledit support de pibce d'oeuvre (10) par rapport A ladite broche
(8) de telle Fason que la distance entre ledit axe de d6placement d'outil
de fagonnage (24), et ladite surface de piece d'oeuvre varie de manibre
selective entre une premiere distance Rt et une seconde distance R2 et dans
lequel.ledit signal de mise en oeuvre a une forme d'onde d6finissant ledit
deplacement axial dudit support de piece d'oeuvre dans la direction y
suivant ledit axe de broche par: 10 y = K (sin2(M4,) A, pour 15       = 0 a
(90/M) et pour .   180 A (180 + (90/M)), et par: y   K(sin2(O/N + P)) A, 20
pour ( = (90/M) a 180 et pour* = (180 + (90/M)) 25     jusqu'A 360, ou K
est un facteur d'6chelle, M, N et P sont des constantes et A =   r2cos2 E +
s2 + 2rs -1 r2cos2 8 + s2 + 2rs cos e ou 0 est la position angulaire dudit
outil de coupe suivant ledit arc de deplacement, r est la moyenne 30     de
R. et R2, et s est 6gal a la difference entre R. et R2. 21. Procede selon
lune quelconque des revendications 9 a 17, dans lequel la surface profilee
(76) qui est form6e a au moins deux rayons de courbure differents R. et R2
sur ladite piece d'oeuvre, ledit mouvement de va et.vient suivant ledit axe
de broche y ayant une relation avec ladite rotation de piece. 35
d'oeuvre et ledit deplacement d'outil de faconnage d~finie par: y = K
(sinNO) A, oQ K est un facteur d'echelle, N est un nombre positif, non
negatif, 4 est l'angle de rotation d'un point 40     pred6termine sur
ladite piece d'oeuvre autour dudit axe de broche, et: A = >/ r2cos2 0 + s2
+ 2rs - I/ r2cos2 e + s* + 2rs cos e oO 0 est la position angulaire dudit
outil de coupe suivant ledit arc de d6placement, r est la moyenne 45     de
R1 et R2, et s est 6gal a (a difference entre R, et R2. 22. Proced6 selon
l'une quelconque des revendications 9 a 17, dans lequel la surface profil6e
(76) qui est formee a au moins deux rayons de courbure differents R. et R2
sur ladite piece d'oeuvre, ledit mouvement de va et vient suivant ledit axe
de broche y ayant une relation avec ladite rotation de piece so
d'oeuvre et ledit deplacement d'outil de fagonnage definie par: y = K
(sin2o) B, o b K est un facteur d'echelle, * est l'angle de rotation d'un
point predetermin6 sur ladite piece ss     d'oeuvre autour dudit axe de
broche, et: * B = 1 - KMlcosmle - KfA2cosN2E... KMmCOSNq9, 



EP 0 370 788 B1 OU KM1,. Ka ... KMm sent des constantes s6lectionnees, Ni,
N2... N, sont des nombres non n6gatifs et e est egal a l'angle de
d6placement dudit outil de coupe suivant ledit arc. 23. Proced6 selon l'une
quelconque des revendications 9 a 17, dans lequel la surface profil6e qui
est s      formee a au moins deux rayons de courbure differents R1 et R2
sur ladite pibce d'oeuvre (12). ledit mouvement de va et vient suivant
ledit axe y (14) ayant une relation avec ladite rotation de pibce d'oeuvre
et ledit deplacement d'outil de fagonnage d6finie par: y = K (sin2(M0) A,
70 pour * = (90/M) et pour  = 180, a (180 + (90/M)), 15     et par: y
K(sin2(,/N + P)) A, pour 20 * = (90/M) a 180  et pour  = (180 + (90/M))
jusqu'a 360-, ou K est un facteur d'echelle, M, N et P sont des constantes
et 25     A = J r2cos2 0 + s2 + 2rs - ; r2cos2 e + s2 + 2rs cos E ou E est
la position angulaire dudit outil de coupe suivant ledit arc de
deplacement, r est la moyenne de R. et R2, et s est egal a la diff6rence
entre RI et R2. 30 24. Tour ou proc6de selon lune quelconque des
revendications precedentes, dans lesquels la surface de la piece d'oeuvre
(12) a former est tournee axialement vers l'ext6rieur par rapport a la
broche (8) et audit support de piece d'oeuvre (10), et dans lesquels l'axe
(24) de i'arc de d6placement du porte outil (16) est situe entre la surface
de pibce d'oeuvre et la poup6e fixe. 35 40 45 50 55    


