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(67)  Theinvention relates to a set of customized sup-
ports (10a, 10b, 10c) for supporting workpiece blanks
(20a, 20b, 20c) of different diameters. Each customized
support (10a, 10b, 10c) is adapted to be hold by a same
mounting support (40) aligned with a spindle (112) of a
machine tool (110) or to respective mounting support
(40a, 40b, 40c) to be aligned with said spindle (112).
Each customized support (10a, 10b, 10c) has a support-
ing surface (11) for supporting a portion of a workpiece
blank (20a, 20b, 20c) during machining, wherein the
shape and/or dimensions of said supporting surface (11)
is different between each customized support (10a, 10b,
10c) of the set of customized supports so as to offset the
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difference in diameter between different workpiece
blanks (20a, 20b, 20c) having different diameter such
that a portion of a workpiece blank to be machined is
always supported by a customized support (10a, 10b
10c) when mounted on the same mounting support (40)
of the machine tool (110) or by a customized support
(10a, 10b 10c) of respective mounting support (40a, 40b,
40c) without requiring any height adjustment of the
mounting support (40; 40a, 40b, 40c). The invention also
relates to a method of machining several workpiece
blanks using the set of customized supports (10a, 10b,
10c) and to a machine tool (50) adapted to perform the
method.
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Description
Field of the invention

[0001] The present invention relates to a method of
machining several workpiece blanks, in particular cutting
tools, of different diameters. The invention also relates
to a set of customized supports for supporting workpiece
blanks of different diameters as well as an automated
system to carry out the aforesaid method.

Background of the invention

[0002] In the production by grinding of cutting tools,
grinding wheels exert significant forces during material
removal. These forces cause the tool blank to be de-
formed/displaced by bending/twisting, for example, re-
sulting in dimensional errors or vibrations that can impair
the quality of the cutting edges.

[0003] Inordertolimitdimensional errors or vibrations,
it is possible to reduce the forces exerted on the tools
during machining by reducing the machining speeds or
by reducing the amount of material removed by the grind-
ing wheels at one time. These methods lead to a consid-
erable increase in tool machining times and thus in man-
ufacturing costs. Another method that can limit dimen-
sional errors or vibrations during tool machining is to sup-
port the blanks at specific positions and at specific times
during the grinding cycle with one or more supports to
prevent the tools from bending or vibrating under the ef-
fect of the grinding forces.

[0004] Today there are several ways to support tools
during machining, including the use of fixed or retractable
supports of various shapes. However, for each tool di-
ameter, itis necessary to either replace or adapt the sup-
port by manual adjustment in order to optimize its effi-
ciency and thus reduce the deformations or vibrations
produced on the tool by the grinding forces. These ex-
changes or adaptations cause production stoppages and
thus increase manufacturing costs.

[0005] When producing large quantities of tools of the
same type and diameter, the support setting times can
be spread over a large number of machined tools and
therefore have little impact on the unit production cost.
[0006] On the otherhand, when machining small quan-
tities of tools, setup times and high changeover frequen-
cies result in high costs for each tool produced. Machine
operators have to intervene quickly for each new set-up
in order to change, adapt or adjust the supports for the
new tools and thus be able to restart production quickly.
These set-up times reduce the productivity of the ma-
chine. It often happens that several machines finish tool
production more or less at the same time and cannot be
restarted in production because there are no operators
available to adjust the supports of each machine.
[0007] In order to significantly reduce machine down-
time between the change of different types of tools or
diameters and without having to increase the number of
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machine operators, it is necessary to automate the tool
changes necessary for the production of each type of
diameter of tool, including the automatic change of the
support.

[0008] An aim of the present invention is therefore to
provide a set of customized supports for supporting a
distal portion of different workpieces during machining of
the workpiece and adapted for automated switching of
customized support as a function of the workpiece to be
machined.

[0009] Another aim of the present invention is to pro-
vide a method for changing the customized support as
as a function of the workpiece to be machined.

Brief summary of the invention

[0010] Theseaimsare achieved by asetof customized
supports for supporting workpiece blanks of different di-
ameters. Each customized support is adapted to be hold
by a same mounting support aligned with a spindle of a
machine tool or to respective mounting support to be
aligned with the spindle. Each customized support has
a supporting surface for supporting a portion of a work-
piece blank during machining. The shape and/or the di-
mensions of the supporting surface is different between
each customized support of the set of customized sup-
ports so as to offset the difference in diameter between
differentworkpiece blanks having different diameter such
that a portion of a workpiece blank to be machined is
always supported by a customized support when mount-
ed on the same mounting support of the machine tool or
by a customized support of respective mounting support
without requiring any height adjustment of the mounting
support.

[0011] In an embodiment, each customized support
comprises a concave surface for supporting a distal por-
tion of a workpiece blank during machining. The radius
of curvature of the concave surface of each customized
support of the set of customized supports is different in
order to offset said difference in diameter between dif-
ferent workpiece blanks having different diameter.
[0012] In an embodiment, each customized support
comprises a gripping interface for automated inter-
changeability in the mounting support of a customized
support with another customized support as a function
of the diameter of the workpiece blank to be machined.
[0013] In an embodiment, each customized support
comprises a mating part configured to be held in a com-
plementary mating part of the mounting support.

[0014] In an embodiment, the mating part of each cus-
tomized supportis a convex bottom surface and the com-
plementary mating part of the mounting support is a con-
cave surface having a radius of curvature corresponding
substantially to the radius of curvature of said convex
bottom surface of each customized support.

[0015] Another aspect of the invention relates to a
method of machining several workpiece blanks with a
machine tool, notably a grinding machine. The method
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comprises the seps of:

a. mounting a first workpiece blank of a first diameter
in a spindle of the machine tool;

b. mounting a mating part of a first customized sup-
port into a complementary mating part of a mounting
support of the machine tool, wherein the first cus-
tomized support is selected among the set of cus-
tomized supports according to any of paragraphs
[0010] - [0013], as a function of the diameter of the
workpiece blank to be machined;

c. machining the first workpiece blank and possibly
one or more additional workpiece blanks of a same
batch having the same or similar diameter as said
first workpiece blank;

d. interchanging in the spindle the machined work-
piece with a second workpiece blank having a sec-
ond diameter different from the first diameter of the
first workpiece blank;

e. interchanging said first customized support with a
second customized support in the complementary
mating part of the mounting support, wherein the
second customized support is selected among the
set of customized supports according to any of par-
agraphs [0010] - [0013], as a function of the diameter
of said second workpiece blank to be machined, and
f. machining the second workpiece blank and possi-
bly one or more additional workpiece blanks of a
same batch having the same or similar diameter as
said second workpiece blank.

[0016] In an embodiment, step b. may be performed
before step a. and step e. may be performed before step
d.

[0017] In an embodiment, a robotic arm with an end-
effector is placed within arm reach of the mounting sup-
port and of a support storage storing different customized
supports according to any of paragraphs [0010] - [0013],
the step of interchanging said customized support with
another customized support comprising:

- gripping with the end-effector of the robotic arm the
customized support in the complementary mating
part of the mounting support and placing said cus-
tomized support in the support storage, and

- gripping another customized support in the support
storage, and placing said another customized sup-
port in the complementary mating part of the mount-
ing support.

[0018] In an embodiment, the mounting support com-
prises an elastic portion and actuating means arranged
to cooperate with the elastic portion. The elastic portion
comprises a distal end which forms a portion of the com-
plementary mating part. The step of interchanging said
customized support with another customized support fur-
ther comprises:
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- bending the elastic portion outwardly with the actu-
ating means to widen the complementary mating part
before the step of gripping the customized support
in the complementary mating part, and

- releasing the actuating means to let the elastic por-
tion to return to its unbent configuration after the step
of placing said another customized support in the
complementary matin part of the mounting support.

[0019] Another aspect of the invention relates to an
automated system for automatic interchangeability of
customized supports in the mounting support. The auto-
mated system comprises a machine tool, notably a grind-
ing machine having a spindle, an automated clamping
support, a support storage for storing different custom-
ized supports of the set of customized supports according
to any one of paragraphs [0010] - [0013], and a robotic
arm comprising an end effector configured to grip a cus-
tomized support.

[0020] The robotic arm is configured to be actuated to
bring a mating part of any customized support from the
support storage into a complementary mating part of the
mounting support and vice versa. The automated clamp-
ing support is configured to bring the complementary
mating part from a clamping configuration to an un-
clamped configuration so that the robotic arm may re-
move the customized support from the mounting support
and from an unclamped configuration to a clamping con-
figuration once the robotic arm has placed another cus-
tomized support in the mounting support.

[0021] Inanembodiment, the supportstorageisacom-
partmentalized storage comprising at least six compart-
ments, preferably at least ten compartments. Each com-
partment is adapted to store a customized support ac-
cording to any one of paragraphs [0010] - [0013]. The
shape and/or dimensions of the supporting surface of
each customized support sored or to be stored in one
compartment is different from the shape and/or dimen-
sions of the supporting surface of the customized support
stored or to be stored in any other compartment of the
compartmentalized storage.

[0022] In an embodiment, the automated clamping
support comprises an actuator. The actuator comprises
a piston, a lever actuable by the piston, and actuating
means arranged to cooperate with an elastic portion hav-
ing a distal end which forms a portion of the complemen-
tary mating part in order to bend outwardly the elastic
portion to bring the mounting support from a clamping
configuration to an unclamped configuration.

[0023] In an embodiment, the mounting support com-
prises alongitudinal passage extending from afirstlateral
side of the mounting support through the mounting sup-
port up to a longitudinal slit extending upwardly up to the
complementary mating part. A rod is arranged inside the
longitudinal passage and comprises a first end in abut-
ment against the elastic portion of the mounting support
and a second end protruding from the first lateral side of
the mounting support.
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[0024] In an embodiment, the lever comprises an ac-
tuating part and is configured to pivot about an axis of
rotation when actuated by the piston to bring and push
the actuating part against the second end of the rod to
impart a translation movement to the rod causing the first
end of the rod, in abutment against the elastic portion of
the mounting support, to push against the elastic portion
thereby bending outwardly to widen the complementary
mating part of the mounting support to bring it into an un-
clamped configuration.

[0025] In an embodiment, the lever is arranged to co-
operate with an elastic member configured to urge the
lever in a non-actuating configuration.

Brief description of the drawings

[0026] The invention will be better understood with the

aid of the description of several embodiments given by

way of examples and illustrated by the figures, in which:

- Figure 1a shows a perspective view of a customized
support for supporting a workpiece blank of a first
diameter to be machined;

- Figure 1b shows a front view of Figure 1a;

- Figure 2a shows a perspective view of a customized
support for supporting a workpiece blank of a second
diameter to be machined;

- Figure 2b shows a front view of Figure 2a;

- Figure 3a shows a perspective view of a customized
support for supporting a workpiece blank of a third
diameter to be machined;

- Figure 3b shows a front view of Figure 3a;

- Figure 4a shows a perspective view of a customized
support according to another embodiment;

- Figure 4b shows a front view of Figure 4a;

- Figure 5a shows a perspective view of a customized
support according to another embodiment;

- Figure 5b shows a front view of Figure 5a;

- Figure 6a shows a perspective view of a customized
support according to another embodiment;

- Figure 6b shows a front view of Figure 6a;

- Figure 7a shows a perspective view of a mounting
support holding respectively a first, a second and a
third customized support supporting respective first,
second and third workpiece blank of different diam-
eters;
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- Figure 7b shows a front view of Figure 7a;

- Figure 7c shows a partial front view of a mounting
support holding a customized support according to
another embodiment;

- Figure 8 shows a perspective view of an automated
system comprising grinding machine with an auto-
mated clamping support for holding a customized
support according to an embodiment and a robotic
arm for automated change of customized support in
the clamping support;

- Figure 9 shows a perspective view of the grinding
machine of Figure 8 with a compartmentalized stor-
age for storing a plurality of customized supports,

- Figure 10 shows afrontview of the automated clamp-
ing support of Figures 7a and 8,

- Figure 11 shows a detailed view of the automated
camping support of Figure 10,

- Figure 12 shows a front view of an automated clamp-
ing support for holding a customized support accord-
ing to another embodiment in a rest configuration;

- Figure 13 shows a similar view of Figure 12 when
the automated clamping support is activated, and

- Figure 14 shows a front view of an automated sup-
portfor holding several customized supports accord-
ing to another embodiment of the invention.

Detailed description of several embodiments of the
invention

[0027] With reference to Figures 1a to 3b, each cus-
tomized support of the set of customized supports 10a,
10b, 10c comprises a supporting surface in the form of
a concave surface 12a, 12b, 12c arranged on an upper
portion of the customized support and a mating part 16
arranged on a lower portion of the customized support.
The mating part 16 of each customized support 10a, 10b,
10c of the set of customized supports, are identical and
are shaped to be locked into a complementary mating
part 42 of a mounting support 40 as shown for example
in Figure 7b.

[0028] The mating part 16 may have for example cir-
cular convex surface while the complementary mating
part 42 may a corresponding circular concave surface.
The mating part may however have other shapes, such
as a rectangular shape to be mounted on a mounting
support 40 comprising a complementary rectangular
shaped recess as shown in Figure 7c.

[0029] The respective concave surface 12a, 12b, 12c
of respective customized supports 10a, 10b, 10c, which
form together the set of customized supports, is however
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unique in the sense that their respective radius of curva-
tures R4, R,, R5 differs from one another. This unique
concave surface 12a, 12b, 12c is designed to offset the
difference in diameter between different workpiece
blanks 20a, 20b, 20c to support a distal portion of a work-
piece blank 20a, 20b, 20c with a specific diameter when
the workpiece blank is mounted in the spindle 112 of a
machine tool, notably a grinding machine 110 as shown
for example in Figure 8.

[0030] A portion of a workpiece blank 20a, 20b, 20c to
be machined is therefore always supported by a custom-
ized support 10a, 10b 10c designed specifically for the
specific diameter of that portion when the corresponding
customized support is mounted on the same mounting
support 40 of the machine tool without requiring any
height adjustment of the mounting support between the
machining of two workpiece blanks of different diameters,
which significantly reduce machine downtime.

[0031] The number of customized supports 10a, 10b,
10c, with a unique concave surface 12a, 12b, 12c, form-
ing the set of customized supports may vary according
to the application but the greater the number is, the more
diverse the machined workpieces are without requiring
human intervention for the height adjustment of the
mounting support 40. The set of customized supports
10a, 10b, 10c may comprise at least ten customized sup-
ports with a unique concave surface, for example 15
unique customized supports or even more.

[0032] With reference to Figures 1a to 3b, each cus-
tomized support 10a, 10b, 10c comprises a gripping in-
terface 14 for automated interchangeability in the mount-
ing support 40 of a customized support 10a with another
customized support 10b, 10c as a function ofthe diameter
of the workpiece blank 20a, 20b, 20c to be machined.
The gripping interface 14 may take different forms for
example a hole or a protruding part.

[0033] Asillustrated in Figures 4ato 6b, the supporting
surface 11 of each customized support adapted to sup-
port a distal end of the workpiece blank does not neces-
sarily have a continuous concave surface as shown in
Figures 1a to 3b.

[0034] For example, the supporting surface 11 may
have a non-continuous concave surface having two
rounded portions and a notch 13 therebetween as shown
in Figures 4a and 4b. According to another variant, the
supporting surface 11 is in the form of a V-shaped surface
as shown in Figure 5a to 6b. The mating part may also
have a shape different than a circular convex surface,
for example a triangle prism to be fitted inside a corre-
sponding V-shaped mating part as shown in Figures 6a
and 6b.

[0035] In an embodiment, an automated system 100
for automated interchangeability of customized supports
in the mounting support 40 is illustrated for example in
Figure 8. The automated system 100 comprises the ma-
chine tool 110 for example a grinding machine, a support
storage 130 having a plurality of compartment 132 (Fig-
ure 9) for sorting in each compartment a customized sup-
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port 10a, 10b, 10c with a unique concave surface 12a,
12b, 12c, an automated clamping support 30 and a ro-
botic arm 120 placed within arm reach of the automated
clamping support 30 and of the support storage 130.
[0036] According to an embodiment shown in Figures
10 and 11, the automated clamping support 30 comprises
the mounting support 40 and an actuator 60 configured
to actuate the mounting support 40 to bring it from a
clamping configuration to an unclamped configuration
and vice versa as described in detail subsequently. A
customized support 10a is firmly held by the mounting
support 40 in the clamping configuration while the cus-
tomized support can be removed from the mounting sup-
port 40 in the unclamped configuration.

[0037] The support storage 130 is preferably compart-
mentalized storage comprising different compartments
132. Each compartment 132 stores or is adapted to store
a customized support with a unique concave surface.
The robotic arm 120 comprises an end-effector 122 for
gripping the gripping interface 14 of any customized sup-
port lodged in their respective compartment 132 to bring
the mating part 16 of a particular customized support,
chosen as a function of the diameter of the workpiece
blank 20a, 20b, 20c to be machined, inside the comple-
mentary mating part 42 of the mounting support 40,
whereupon the mounting support is actuated to bring it
in a clamping configuration.

[0038] To that effect, the mounting support 40 is con-
figured to cooperate with the actuator 60. The mounting
support 40 comprises an elastic portion 46 having a distal
end which forms a portion of the complementary mating
part 42 of the mounting support. The elastic portion 46
is separated from the main part of the mounting support
40 by a longitudinal slit 44 extending upwardly to the com-
plementary mating part 42.

[0039] The actuator 60 comprises a connecting part
68 fixed to the elastic portion 46 and an actuable assem-
bly configured to actuate the connecting part 68 in aradial
direction to bend the elastic portion 46 outwardly so as
to widen the complementary mating part 42 of the mount-
ing support 40 such that the end-effector 122 of the ro-
botic arm 120 may position the mating part 16 of any
customized support 10a, 10b, 10c in the complementary
mating part 42 of the mounting support.

[0040] Inanembodiment, the actuable assembly com-
prises a piston 62, a rigid linking part 64 and a lever 66.
The lever 66 comprises a first end pivotally connected to
the rigid linking part 64, a second end pivotally mounted
around a pivot 70 fixed to the connecting part 68, and a
cylindrical hole 67 mounted around a pivot 48 which is
for example a pin which forms an integral part with the
mounting support 40 or which is partly fitted inside a cor-
responding hole 48a of the mounted support 40 as illus-
trated in Figures 7a and 7b.

[0041] Upon actuation of the actuator 60, the piston 62
is actuated to produce a stroke, for example along an
upward direction, which causes the rigid linking part 64
to move upwards, thereby pivoting the lever 66 in a coun-
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terclockwise direction around the pivot 48 of the mounting
support 40 in order to exert on the connecting part 68 a
radial force to bend the elastic portion 46 outwardly to
bring the mounting support 40 from a clamping configu-
ration to an unclamped configuration.

[0042] The end-effector 122 of the robotic arm 120 can
position the mating part 16 of any customized support
10a, 10b, 10c inside the complementary mating part 42
of the mounting support 40 as a function of the diameter
of the workpiece blank 20a, 20b, 20c to be machined.
[0043] At this point, the piston 62 of the actuator 60 is
actuated to produce a stroke along a downward direction,
in order to stop the lever 66 from exerting a radial force
on the connecting part 68. This causes the elastic portion
46 to move inwardly in a resting position in which the
mating part 16 of the customized support 10a, 10b, 10c
is held tight in the complementary mating part 42 of the
mounting support 40.

[0044] Figures 12 and 13 show another embodiment
of an automated clamping support 30 of the automated
system 100 for automatic interchangeability of custom-
ized supports 10a, 10b, 10c in the mounting support 40.
Figure 12 shows the automated clamping support 30,
whereby a customized support 10 is firmly held in the
complementary mating part 42 of the mounting support
40 while Figure 13 shows the automated clamping sup-
port 30, whereby the elastic portion 46 is about to be bent
outwardly to widen the complementary part 42 of the
mounting support 40 to bring the latter from a clamping
to an unclamped configuration.

[0045] With reference to Figure 12, the automated
clamping support 30 comprises a mounting support 40
comprises a longitudinal passage 50 extending from a
first lateral side of the mounting support 40 through the
mounting support 40 up to the longitudinal slit 44. A rod
52 is arranged inside the longitudinal passage 50. The
rod 52 comprises a first end in abutment against the elas-
tic portion 46 of the mounting support 40 and a second
end protruding from the first lateral side of the mounting
support 40. The second end of the rod 52 may comprise
for example a ball bearing 53 configured to cooperate
with a lever 74 as explained in detail subsequently.
[0046] Therod52comprisesaninnerthreaded portion.
A through-hole 55 extends from a second lateral side of
the mounting support 40, opposite the first lateral side,
through the elastic portion 46 to face the inner threaded
portion of the rod 52. A screw 54 is screwed into the
threaded portion of the rod 52 with its screw head 54a
resting in the second lateral side of the mounting support
40.

[0047] The automated clamping support 30 further
comprises an actuator 60 comprising a piston 72, a lever
74 mounted on a lever support 86 and arranged to be
actuated by a distal end of the piston 72 to pivot about
an axis of rotation 78. The upper portion of the lever sup-
port 86 may for example comprise a ball 88 fitted inside
a corresponding semi-spherical cavity arranged on the
lever 74 to ensure pivoting of the lever 74 about the axis
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of rotation 78.

[0048] The lever 74 comprises an actuating part 76
designed to cooperate with the second end of the rod 52
protruding from the first lateral side of the mounting sup-
port 40 for example with the ball bearing 53 fitted in the
end portion of the rod. The lever 74 is arranged to coop-
erate with an elastic member 90, for example a tension
spring configured to urge the lever in a non-actuating
configuration.

[0049] In that respect, the lever 74 may comprise for
example a first pin 82 and a second pin 96 is mounted
on a pin support 94 arranged below the lever 74. Each
extremity of a tension spring 90 is anchored to the first
pin 82, respectively the second pin 96.

[0050] Asiillustrated in Figure 12, the actuation part 76
of the lever 74 is disengaged from the second end of the
rod 52 protruding from the firstlateral side of the mounting
support 40. The tension spring 90 maintains the lever in
the position illustrated in this Figure.

[0051] Referring now to Figure 13, the actuator 60 is
actuated such that a stroke is imparted to piston 72 to
move the piston preferably in an upward direction so that
the distal end of the piston 72 pushes a portion of the
lever 74 situated near one extremity and which may com-
prise a ball-bearing 84 to cooperate with the piston 72.
The pushing action of the piston 72 rotates the lever 74
to bring its actuating part 76 with the second end of the
rod 52 as shown in Figure 13.

[0052] At this point, the distal end of the piston contin-
ues to push the above portion of the lever 74 which caus-
es the actuating part 76 of the lever 74 to impart a trans-
lation movementto the rod 52. This translation movement
causes the first end of the rod 52 in abutment against the
elastic portion 46 of the mounting support 40 to push
against the elastic portion 46 thereby bending outwardly
to widen the complementary part 42 of the mounting sup-
port to bring it into an un-clamped configuration where
the customized support may be removed by the end ef-
fector 122 of the robotic arm 120 of the automated system
100.

[0053] Theroboticarm 120 will then positionin the cus-
tomized support in a compartment 132 of the support
storage and grip another customized support 10a, 10b,
10c from another compartment to bring it into the com-
plementary part 42 of the mounting support 40 of the
automated clamping support 30.

[0054] Upon positioning of said another customized
support into the complementary part 42 of the mounting
support 40, the actuator 60 is actuated such that a stroke
is imparted to the piston 72 in a downward direction. At
this point, the lever 74 is no longer in contact with the
piston which causes the lever 74 to rotate about the axis
of rotation 78 in a clockwise direction through the action
of the tension spring 92, whereupon the actuating part
76 of the lever 74 is disengaged from the end potion of
therod 52. The elastic portion 46 of the mounting support
40 can return in its rest position thereby clamping the
customized support in the complementary mating part
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42 of the support 40.

[0055] In another embodiment illustrated in Figure 14,
at least a first, a second and a third customized support
10a, 10b, 10c are fixed on respective first, second and
third support 40a, 40b, 40c. Each customized support
10a, 10b, 10c comprises a concave surface with a unique
radius of curvature. Each support 40a, 40b, 40c is con-
nected to a rotary unit 210 mounting on bearings (not
shown). The rotary unit 210 comprises a wheel 212 en-
gaging a rack 214. The rack 214 is coupled to linear ac-
tuator 216 configured to drive in translation the rack 214,
thereby rotating the rotary unit 210 to adjust any support
40a, 40b, 40c in correspondence with the spindle of a
machine tool, for example a grinding machine. In an al-
ternative non-illustrated embodiment, the rotary unit is
mounted on a rotor of an electrical motor.

[0056] In a further non-illustrated embodiment, each
customized support may form an integral part with a
mounting support, wherein each mounted support com-
prises a unique customized support. Each mounted sup-
port may be brought by the end-effector of a robotic arm
in alignment with a spindle of a machine tool and secured
in that position such that a portion of a workpiece blank
to be machined is always supported by a customized
support of a corresponding mounting support without re-
quiring any height adjustment of the mounting support.

Reference list
[0057]
Set of customized support 10a, 10b, 10c
Supporting surface 11

Concave surface 12a, 12b, 12¢c
Radius of curvature R1, R2, R3
V-shape surface
Non-continuous concave surface

Notch 13

Gripping interface 14
Mating part 16

First, second and third workpiece blanks 20a, 20b,
20c

Automated clamping support 30
Mounting support 40
Complementary mating part 42
Longitudinal slit 44
Elastic portion 46
First embodiment

Cylindrical hole 48a
Pivot 48
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Second embodiment
Longitudinal passage 50
Rod 52

Rod ball bearing 53
Screw 54

Screw head 54a
Through-hole 55

Actuator 60

First embodiment
Piston 62

Rigid linking part 64
Lever 66

Cylindrical hole 67
Connecting part 68
Pivot 70

Second embodiment
Piston 72

Lever 74

Actuating part 76
Axis of rotation 78
Cylindrical cavity 80
First pin 82

Ball bearing 84

Lever support 86
Ball 88

Elastic member 90
Tension spring

Pin support 94
Second pin 96

Automated system 100

Machine tool 110 (e.g. grinding machine)
Spindle 112

Robotic arm 120

End effector 122

Support storage 130 (e.g. compartmentalized
storage)

Compartments 132

Automated mounting support 30

Claims

1. Asetof customized supports (10a, 10b, 10c) for sup-
porting workpiece blanks (20a, 20b, 20c) of different
diameters, each customized support (10a, 10b, 10c)
being adapted to be hold by a same mounting sup-
port (40) aligned with a spindle (112) of a machine
tool (110) or to respective mounting support (40a,
40b, 40c) to be aligned with said spindle (112), each
customized support (10a, 10b, 10c) having a sup-
porting surface (11) for supporting a portion of a
workpiece blank (20a, 20b, 20c) during machining,
wherein the shape and/or dimensions of said sup-
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porting surface (11) is different between each cus-
tomized support (10a, 10b, 10c) of the set of cus-
tomized supports so as to offset the difference in
diameter between different workpiece blanks (20a,
20b, 20c) having different diameter such that a por-
tion of a workpiece blank to be machined is always
supported by a customized support (10a, 10b 10c)
when mounted on the same mounting support (40)
of the machine tool (110) or by a customized support
(10a, 10b 10c) of respective mounting support (40a,
40b, 40c) without requiring any height adjustment of
the mounting support (40; 40a, 40b, 40c).

A set of customized support (10a, 10b, 10c) accord-
ing to claim 1, wherein the supporting surface (11)
of each customized support comprises a concave
surface (12a, 12b, 12c) for supporting a portion of a
workpiece blank (20a, 20b, 20c) during machining,
the radius of curvature (R4, Ry, R3) of the concave
surface (12a, 12b, 12c¢) being different between each
customized support (10a, 10b, 10c) to offset said
difference in diameter between different workpiece
blanks (20a, 20b, 20c).

The set of customized supports (10a, 10b, 10c) ac-
cording to claim 1 or 2, wherein each customized
support comprises a gripping interface (14) for au-
tomated interchangeability in the mounting support
(40) of a customized support (10a) with another cus-
tomized support (10b, 10c) as a function of the di-
ameter of the workpiece blank (20a, 20b, 20c) to be
machined.

The set of customized supports (10a, 10b, 10c) ac-
cording to any preceding claim, wherein each cus-
tomized support (10a, 10b, 10c) comprises a mating
part (16) configured to be held in a complementary
mating part (42) of the mounting support (40).

The set of customized supports (10a, 10b, 10c) ac-
cording to the preceding claim, wherein the mating
part (16) of each customized support (10a, 10b, 10c)
is a convex bottom surface and the complementary
mating part (42) of the mounting support (40) is a
concave surface having a radius of curvature corre-
sponding substantially to the radius of curvature of
said convex bottom surface of each customized sup-
port.

Method of machining several workpiece blanks with
a machine tool, notably a grinding machine (110),
the method comprising:

a. mounting a first workpiece blank (20a) of a
first diameter in a spindle (112) of the machine
tool (110);

b. mounting a mating part (16) of a first custom-
ized support (10a) into a complementary mating
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part (42) of a mounting support (40) of the ma-
chine tool (110), wherein the first customized
support (10a) is selected among the set of cus-
tomized supports (10a, 10b, 10c) according to
any preceding claim, as a function of the diam-
eter of the workpiece blank (20a) to be ma-
chined;

c. machining the first workpiece blank (20a) and
possibly one or more additional workpiece
blanks of a same batch having the same or a
similar diameter as said first workpiece blank
(20a);

d. interchanging in the spindle (112) the ma-
chined workpiece with a second workpiece
blank (20b, 20c) having a second diameter dif-
ferent from the first diameter of the first work-
piece blank (20a),

e. interchanging said first customized support
(10a) with a second customized support (10b,
10c) in the complementary mating part (42) of
the mounting support (40), wherein the second
customized support (10b, 10c) is selected
among the set of customized supports accord-
ing to any preceding claim, as a function of the
diameter of said second workpiece blank (10b)
to be machined, and

f. machining the second workpiece blank (20a)
and possibly one or more additional workpiece
blanks of a same batch having the same or a
similar diameter as said second workpiece
blank.

The method according to the preceding claim,
wherein step b may be performed before step a. and
step. e may be performed before step d.

The method according to claim 6 or 7, wherein a
robotic arm (120) with an end-effector (122) is placed
within arm reach of the mounting support (40) and
of a support storage (130) storing different custom-
ized supports (10a, 10b, 10c) according to any of
claims 1 to 5, the step of interchanging said custom-
ized support (10a) with another customized support
(10b) comprising:

- gripping with the end-effector (122) of the ro-
botic arm (120) the customized support (10a) in
the complementary mating part (42) of the
mounting support (40) and placing said custom-
ized support (10a) in the support storage (130),
and

- gripping another customized support (10b) in
the support storage (130), and placing said an-
other customized support (10b) in the comple-
mentary mating part (42) of the mounting sup-
port (40).

9. The method according to any of claims 6 to 8, where-
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in the mounting support (40) comprises an elastic
portion (46) and actuating means (52; 66, 68, 70)
arranged to cooperate with the elastic portion (46),
wherein said elastic portion comprises a distal end
which forms a portion of the complementary mating
part (42), the step of interchanging said customized
support (10a) with another customized support (10b)
further comprising:

- bending the elastic portion (46) outwardly with
the actuating means to widen said complemen-
tary mating part (42) before the step of gripping
the customized support(10a)inthe complemen-
tary mating part (42), and

- releasing the actuating means to let the elastic
portion (46) to return to its unbent configuration
after the step of placing said another customized
support (10b) in the complementary mating part
(42) of the mounting support (40).

An automated system (100) for automatic inter-
changeability of customized supports (10a, 10b,
10c¢) in the mounting support (40), the automated
system (100) comprising a machine tool, notably a
grinding machine (110) having a spindle (112), an
automated clamping support (30), a support storage
(130) for storing different customized supports (10a,
10b, 10c) of the set of customized supports accord-
ing to any one of claims 1 to 5 and a robotic arm
(120) comprising an end effector (122) configured to
grip a customized support (10a, 10b, 10c), wherein
the robotic arm (120) is configured to be actuated to
bring a mating part (16) of any customized support
(10a, 10b, 10c) from the support storage (130) into
a complementary mating part (42) of the mounting
support (40) and vice versa, and wherein automated
clamping support (30) is configured to bring said
complementary mating part (42) from a clamping
configuration to an unclamped configuration so that
the robotic arm (120) may remove the customized
support (10a, 10b, 10c) from the mounting support
(40) and from an unclamped configuration to a
clamping configuration once the robotic arm (120)
has placed another customized support in the
mounting support.

The automated system (100) according to the pre-
ceding claim, wherein the support storage is a com-
partmentalized storage (130) comprising at least six
compartments (132), preferably atleast ten compart-
ments, each compartment (132) is adapted to store
a customized support (10a, 10b, 10c) according to
any one of claims 1 to 5, wherein the shape and/or
dimensions of the supporting surface (11) of each
customized support sored or to be stored in one com-
partment (132) is different from the shape and/or di-
mensions of the supporting surface (11) of the cus-
tomized support stored or to be stored in any other
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12.

13.

14.

15.

compartment (132) of the compartmentalized stor-
age (130).

The automated system (100) according to claim 10
or 11, the automated clamping support (110) com-
prising an actuator (60), wherein said actuator (60)
comprises a piston (62; 72), a lever (66; 74) actuable
by the piston, and actuating means (52; 66, 68, 70)
arranged to cooperate with an elastic portion (46)
having a distal end which forms a portion of the com-
plementary mating part (42) in order to bend out-
wardly said elastic portion (46) to bring the mounting
support (40) from a clamping configuration to an un-
clamped configuration.

The automated system according to the preceding
claim, wherein the mounting support (40) comprises
a longitudinal passage (50) extending from a first
lateral side of the mounting support (40) through the
mounting support up to a longitudinal slit (44) ex-
tending upwardly up to the complementary mating
part (42), a rod (52) being arranged inside the lon-
gitudinal passage (50) and comprising a first end in
abutment against the elastic portion (46) of the
mounting support (40) and a second end protruding
from the first lateral side of the mounting support 40.

The automated system (100) according to the pre-
ceding claim, wherein the lever (74) comprises an
actuating part (76) and is configured to pivot about
an axis of rotation (78) when actuated by the piston
(72) to bring and push the actuating part (76) against
said second end of the rod (52) toimpart a translation
movement to the rod (52) causing the first end of the
rod (52) in abutment against the elastic portion (46)
of the mounting support (40) to push against the elas-
tic portion (46) thereby bending outwardly to widen
the complementary matin part (42) of the mounting
support to bring it into an un-clamped configuration.

The automated system (100) according to any of
claims 12 to 14, wherein the lever (74) is arranged
to cooperate with an elastic member (90), configured
to urge the lever (74) in a non-actuating configura-
tion.
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1. claims: 1-7

A set of customized supports as defined in claim 1,
characterised by the special technical feature that each
customized support comprises a mating part configured to be
held in a complementary mating part of the mounting support
(claim 4).

Problem solved: precisely holding the customised support in
the mounting support.

2. claims: 8, 10, 11

Method or automated system using a set of customized
supports as defined in claim 1, characterised by the special
technical feature of a robotic arm (claim 8).

Problem solved: automatic exchanging of the customized
supports.

3. claims: 9, 12-15

Method or automated system using a set of customized
supports as defined in claim 1, characterised by the special
technical feature that the mounting support comprises an
elastic portion and actuating means arranged to cooperate
with the elastic portion (claim 9).

Problem solved: grip the customized supports by the mounting
support.
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