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(54) Method of controlling a device for machining forms, in particular shoemaking models, and
device for machining forms, in particular shoemaking models
(57) A method of controlling a device for machining

forms, in particular shoemaking models, and including
the steps of: providing a machining tool (3) rotated about
an axis of rotation (4) and forming, when in motion, a
toroidal machining area (10); moving the machining tool
(3) in a three-dimensional space in three perpendicular

by rotating the form (F) about at least a first form rotation
axis (A); acquiring a set of data (W) defining a reference
surface for the form, and processing (100-290) the data
to control operation of the machining tool (3) to remove
material from the form and obtain on the form a surface
conforming with the reference surface.
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Description

[0001] The present invention relates to a method of
controlling a device for machining forms, in particular
shoemaking models, and to a device for machining
forms, in particular shoemaking models.

[0002] Devices for machining forms, in particular
shoemaking models, are known which comprise a spin-
dle for rotating a form about an axis of rotation, and a
cutting tool movable to and from the form to remove ma-
terial from and shape the form to obtain a form defining
a shoemaking model.

[0003] Leather is placed on and adheres to the sur-
faces of the model, and is then shaped to form a vamp.
[0004] Known machining devices are supplied with in-
put data which forms a mathematical model describing
a three-dimensional reference surface of a reference
model, and is used to automatically control rotation of
the form and tool to produce on the form a surface con-
forming with the reference surface of the model.
[0005] Known devices require two end supporting
bodies (salvage) which are inserted in opposite portions
of the form, extend axially close to a toe portion and a
heel portion of the form, and are connected to the me-
chanical members (spindle and tailstock) by which the
form is rotated.

[0006] The supporting bodies are later removed man-
ually by a skilled worker who cuts the supporting body
without affecting the automatically machined surface;
and the cutting area must form a surface blending with
the machined surface.

[0007] The manual work involved obviously calls for
skill and, if not performed properly, may seriously impair
the automatically machined form.

[0008] It is an object of the present invention to pro-
vide a method designed to eliminate the drawbacks of
known methods, and which at the same time provides
for effectively controlling the form machining device to
ensure a good machining standard of each part of the
form.

[0009] According to the present invention, there is
provided a method of controlling a device for machining
forms, in particular shoemaking models, as claimed in
Claim 1.

[0010] The present invention also relates to a device
for machining forms, in particular shoemaking models,
as claimed in Claim 13.

[0011] A non-limiting embodiment of the invention will
be described by way of example with reference to the
accompanying drawings, in which:

Figure 1 shows a schematic view in perspective of
a device for machining forms, in particular shoe-
making models, and implementing the method ac-
cording to the present invention;

Figure 2 shows a schematic view in perspective of
a device for determining forms, in particular shoe-
making models, and for acquiring data used in the
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method according to the present invention;
Figures 3, 3a, 3b and 3c show geometric diagrams
of operations performed by the device and method
according to the present invention;

Figures 4a, 4b show flow charts of operations per-
formed in the method according to the invention.

[0012] Number 1 in Figure 1 indicates as a whole a
device for machining forms, in particular shoemaking
models.

[0013] Device 1 comprises a machining tool 3 rotating
about an axis 4 and in turn comprising, in the example
shown, a rod 5 rotated about axis 4 by drive means (not
shown), and three cutting tools 7 (e.g. in the form of cups
with peripheral cutting edges) located on the ends of re-
spective arms 9 extending radially from one end of rod
5. Rotation of rod 5 rotates cutting tools 7 to form a toroi-
dal machining area 10. More specifically, cups 7 are co-
axial with axes AB perpendicular to axis of rotation 4,
and have annular cutting edges 7b lying in planes par-
allel to axis of rotation 4.

[0014] Machining tool 3 is carried by a robot device
(not shown) and moves in a three-dimensional space in
three perpendicular directions X, Y and Z.

[0015] Device 1 also comprises a supporting and po-
sitioning device 14 (shown schematically) for supporting
a form F for machining, and for rotating form F about a
first axis of rotation A and about a second axis of rotation
B perpendicular to first axis of rotation A.

[0016] Supporting and orienting device 14 comprises
an elongated (e.g. L-shaped) portion 15 which rotates
about axis A and terminates with an end portion 15a to
which is fixed a portion of form F corresponding to the
edge portion of the foot-insertion opening of the respec-
tive shoe.

[0017] Form F is roughly parallelepiped-shaped and
made of material (e.g. plastic or wood) which can be ma-
chined easily by tool 3 to obtain a finished shoemaking
model at the end of a machining cycle described later
on.

[0018] The finished shoemaking model is used in
known manner to support and shape leather into a
vamp.

[0019] More specifically, machining tool 3 is operated
on the basis of a memorized mathematical reference
model to obtain a shoemaking model defined by an out-
er surface conforming with the arrangement of points of
a reference surface defined by the mathematical model.
[0020] For a clear understanding of how the cutting
tool is operated, the following is a brief description of the
way in which the mathematical reference model points
describing the outer surface of the model are located.
[0021] The mathematical model is determined using
a device 20 for determining forms, in particular shoe-
making models 22, which may be made manually by a
model-maker, e.g. from wood or plastic.

[0022] In the embodiment shown, device 20 (Figure
2) comprises a rotating device 26 for supporting and ro-



3 EP 1 279 346 A1 4

tating model 22 about a vertical axis 30. More specifi-
cally, rotating device 26 comprises a cylindrical base 32;
and a shaft 33 coaxial with axis 30 and rotated by an
electric motor (not shown) with respect to cylindrical
base 32.

[0023] More specifically, the top end of shaft 33 fits
inside a coaxial hole (not shown) in model 22, which is
fixed firmly to shaft 33 and rotated about axis 30.
[0024] A known viewing device 35 determines three-
dimensional coordinates P(z,c,p) of points Pi on the sur-
face S of model 22.

[0025] Three-dimensional coordinates P(z,c,p) are
expressed with respect to a number of machine refer-
ences, wherein axis Z is a vertical axis parallel to axis
30, quantity ¢ is an angle value indicating the angle of
rotation about axis 30 with respect to a vertical reference
plane PR, and coordinate p indicates a determined
depth.

[0026] Device 35 preferably comprises a viewing de-
vice 37 - in particular a television camera - movable re-
versibly along axis Z to and from model 22.

[0027] More specifically, model 22 is rotated about ax-
is 30 when locating points Pi so as to determine, for a
given value along axis Z, the three-dimensional coordi-
nates P(z,c,p) of a number of points P1, P2, ... Pi...
Pmax located along a parallel profile Pp of model 22
and lying in a plane Kp perpendicular to axis 30. Device
35 locates points Pi for different values along axis Z, so
as to scan model 22 in a number of parallel planes Kp.
More specifically, adjacent planes Kp; and Kp;,4 are
separated along axis 30 by a generally constant spacing
z.

[0028] The set W of all the points located in the vari-
ous planes defines the mathematical reference model
describing the outline in space of reference surface S of
model 22, which is therefore used as a reference.
[0029] The located point setis used in the method ac-
cording to the present invention to control device 1 and
shape a form having an outer surface conforming with
- e.g. identical with or related by a scale factor to - the
reference surface.

[0030] More specifically, processing of set W compris-
es a first block 100 (Figure 4a) which, by means of
known mathematical procedures, extracts the two-di-
mensional information relative to the longitudinal sec-
tion SL (Figure 3) of the shoemaking model.

[0031] Longitudinal section SL is defined by a number
of connected portions, and comprises a front toe portion
P; a front arch portion B corresponding to the portion of
the shoe supporting the articulation of the foot; a heel
portion T corresponding to the portion of the shoe to
which the heel is applied; an instep portion C; and a rear
portion TL corresponding to the rear portion of model 22.
[0032] Block 100 is followed by a block 110 which, for
the longitudinal section of toe portion P, calculates a first
and second line R1, R2 (Figure 3a) approximating (a
known approximation method, such as the least
squares method, may be used) sides L1, L2 defining toe
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portion P. The section of toe portion P in fact has a typical
triangular outline, two adjacent sides L1, L2 of which
may be approximated by lines R1 and R2.

[0033] Block 110 s followed by a block 120 which cal-
culates the bisector Rb of the acute angle between lines
R1 and R2. Bisector Rb corresponds to the bisector of
toe portion P.

[0034] Block 120 is followed by a block 130 which ori-
ents the work form by rotating it about first axis of rota-
tion A. More specifically, the form is rotated to shape a
toe portion in which the bisector of the longitudinal sec-
tion is aligned (i.e. parallel) with the vertical.

[0035] Block 130 is followed by a block 140 which
commands machining of toe portion P of the work form.
More specifically, machining tool 3 moves about the por-
tion of the work form corresponding to toe P, and re-
moves material to form a surface reproducing the refer-
ence surface described by point set W and having the
bisector physically aligned with the vertical.

[0036] Block 140 is followed by a block 150 which
commands machining of front arch portion B of the work
form. More specifically, machining tool 3 moves about
the portion of the work form corresponding to front arch
B, and removes material to form a surface reproducing
the reference surface described by point set W.

[0037] Block 150 is followed by a block 160 which cal-
culates, on longitudinal section SL, the line Ry (Figure
3b) joining front arch portion B to heel portion T.
[0038] Block 160 is followed by a block 170 which ori-
ents the work form (rotates it about axis A) to shape a
form in which line Ry is aligned with the vertical.
[0039] Block 170 is followed by a block 180 which
commands machining of the arch portion (shank) ex-
tending between the front arch and heel portions of the
work form. More specifically, machining tool 3 moves
about the arch portion of the work form, and removes
material to form a surface reproducing the correspond-
ing reference surface described by point set W and hav-
ing line Ry physically aligned with the horizontal.
[0040] Block 180 is followed by a block 185 which ad-
justs the position of the work form (rotates it clockwise/
anticlockwise about axis A) to machine the instep por-
tion of the form while preventing rod 5 of machining tool
3 from contacting the toe portion of the work form.
[0041] Block 185 is followed by a block 190 which
commands machining of instep portion C of the work
form. More specifically, machining tool 3 moves about
the portion of the work form corresponding to instep C,
and removes material to form a surface reproducing the
corresponding reference surface described by point set
W.

[0042] Block 190 is followed by a block 200 (Figure
4b) which calculates, on longitudinal section SL, the line
R; tangent to heel portion T (Figure 3c).

[0043] Block 200 is followed by a block 205 which ori-
ents the work form (rotates it about axis A) to shape a
form in which line R, is perpendicular to the vertical.
[0044] Block 205 is followed by a block 210 which ma-
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chines rear portion TL of the work form. More specifical-
ly, machining tool 3 moves about the portion of the work
form corresponding to heel TL, and removes material to
form a surface reproducing the corresponding reference
surface described by point set W.

[0045] Block 210 is followed by a block 220, which de-
termines whether the above machining cycles are to be
repeated. If they are not (end of cycles), block 220 is
followed by a block 230; conversely (cycles to be repeat-
ed), block 220 is followed by a block 240 in which the
system waits for machining tool 3 to be changed. Once
the tool is changed, block 240 goes back to block 110
to repeat machining of the form using a different tool 3,
in particular with smaller cutting tools 7 for greater pre-
cision machining.

[0046] Repetition of the machining cycles may com-
prise repetition of a smaller number of blocks to repeat
only some of the machining operations; and the order
in which the machining operations are performed (the
first time and subsequent repetitions) may be other than
as shown.

[0047] Block 230 determines whether a further ma-
chining cycle is required to obtain an orthopaedic form
2. If it is not, block 230 is followed by an end block 250;
conversely (orthopaedic machining required), block 230
is followed by an orthopaedic cycle start block 260.
[0048] More specifically, block 260 calculates, on lon-
gitudinal section SL, the line Rp-t (Figure 3c) joining toe
P to heel T of section SL.

[0049] Block 260 is followed by a block 270 which ori-
ents the work form by rotating it about second axis of
rotation B. More specifically, the form is rotated to shape
a form having a longitudinal section in which toe-heel
line Rp-t is aligned with (i.e. parallel to) the horizontal.
[0050] Block 270 is followed by a block 280 which
commands engraving of a portion of the form. This is
done using a tool (burin) for forming underside cavities
in the form, and which may be controlled on the basis
of memorized data other than data set W.

[0051] Block 280 is followed by a block 290 which de-
termines whether the form is to be rotated 90° about axis
B. If it is, the form is rotated and block 280 is again se-
lected to machine another portion of the form; converse-
ly, the cycle is terminated. Repetition of blocks 280 and
290 provides for machining different portions of the
form, such as a portion corresponding to the toe, a por-
tion corresponding to the right side, a portion corre-
sponding to the sole, and a portion corresponding to the
left side.

[0052] The advantages of the method according to
the presentinvention will be clear from the foregoing de-
scription. In particular, using tool 3 defining a toroidal
cutting area 10 combined with rotation of the form about
axis A provides for precision machining the whole outer
surface of the form with no need for two end supporting
bodies.

[0053] The only portion which is not machined com-
pletely is the contact portion between the form and end
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15a, which, corresponding on the shoe to the edge por-
tion of the foot-insertion opening, is not particularly crit-
ical technically and, if necessary, can easily be worked
manually later.

[0054] The particular toroidal geometry provides for
easily shaping the outer surfaces of the form, which, as
is known, vary considerably in slope with respect to ro-
tation axis. Shaping as described with reference to Fig-
ures 4a, 4b provides for machining all parts of the form
(toe, front arch, heel, instep, rear) to obtain surfaces
conforming perfectly with the reference surfaces of the
mathematical model.

[0055] Clearly changes may be made to the method
of controlling a device for machining forms, in particular
shoemaking models, and to the device for machining
forms, in particular shoemaking models, as described
and illustrated herein without, however, departing from
the scope of the present invention.

Claims

1. A method of controlling a device for machining
forms, in particular shoemaking models, character-
ized by comprising the steps of:

- providing a machining tool (3) rotated by drive
means about an axis of rotation (4) and forming,
when in motion, a toroidal machining area (10);

- moving said machining tool (3) in a three-di-
mensional space;

- supporting and orienting (14) a work form (F)
by rotating the form (F) about at least a first form
rotation axis (A);

- acquiring a set of data (W) defining a reference
surface for said form, and processing (100-290)
said data to control operation of said machining
tool (3) to remove material from said form and
obtain on the form a surface conforming with
the reference surface.

2. Amethod as claimed in Claim 1, and comprising the
step of rotating said form (F) about a second form
rotation axis (B) perpendicular to the first form rota-
tion axis (A).

3. Amethodasclaimedin Claim 1 or 2, and comprising
a step of processing said data to extract (100) two-
dimensional information relative to the longitudinal
section (SL) of a shoemaking model (22) repro-
duced from said reference surface;

said longitudinal section (SL) being defined by
a number of connected portions, and comprising at
least one of the following portions:

a front toe portion (P);
a front arch portion (B) corresponding to the
portion of the shoe supporting the articulation
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of the foot;

a heel portion (T) corresponding to the portion
of the shoe to which the heel is applied;

an instep portion (C);

a rear portion (TL) corresponding to the rear
portion of the model.

A method as claimed in Claim 3, and comprising a
step of calculating (110) a first and a second line R1
R2 approximating the sides L1, L2 defining said toe
portion (P);

said method also comprising the steps of:

- calculating the bisector Rb of the acute angle
between the first and second line R1, R2;

- orienting (130) the work form by rotating said
form about the first form rotation axis (A) to
shape a toe portion of the form in which the bi-
sector of the longitudinal section is aligned with
the vertical;

- machining (140) the toe portion (P) of the form
by removing material to form a surface repro-
ducing a respective surface described by the
reference surface and having the bisector
physically aligned with the vertical.

A method as claimed in Claim 3 or 4, and comprising
a step of machining (150) the front arch portion (B)
to form a surface reproducing a respective surface
described by said reference surface.

A method as claimed in Claim 3, 4 or 5, and com-
prising a calculating step (160) to determine, on
said longitudinal section (SL), the line R, joining
the front arch portion (B) to the heel portion (T);
said method also comprising the steps of:

- orienting (170) the work form by rotating said
form about the first form rotation axis (A) to
shape the form so that a corresponding line Ry,
is aligned with the vertical,

- machining (180) the form at the arch portion ex-
tending between the front arch portion and the
heel portion, by moving the machining tool to
form a surface reproducing the corresponding
surface described by the reference surface and
having a line Ry physically aligned with the
horizontal.

A method as claimed in any one of Claims 3 to 6,
and comprising an adjusting step (185) by which the
form is rotated about the first form rotation axis (A)
to permit subsequent machining of the instep por-
tion while preventing any contact between said ma-
chining tool (3) and the toe portion of the work form

(F).

A method as claimed in any one of Claims 3 to 7,
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10.

1.

12.

13.

and comprising a step (190) of machining the instep
portion (C) of the form to produce a surface repro-
ducing a respective surface described by said ref-
erence surface.

A method as claimed in any one of Claims 3 to 8,
and comprising a calculating step (200) to calculate,
on said longitudinal section (SL), the line R, tangent
to the heel portion (T);

said method also comprising the steps of:

- orienting (205) the work form by rotating said
form about the first form rotation axis (A) to
shape the form so that a corresponding line R;
is perpendicular to the vertical;

- machining (210) the rear portion (TL) of the
work form to produce a surface reproducing the
corresponding surface described by the refer-
ence surface.

A method as claimed in any one of Claims 3 to 9,
and comprising repetition of all or some of the pre-
vious machining operations.

A method as claimed in any one of Claims 3 to 10
dependent on Claim 2, and comprising the step of
calculating (260), on said longitudinal section (SL),
the line Rp-t joining the toe portion (P) to the heel
portion (T) of the longitudinal section (SL);

said method also comprising the steps of:

- rotating said form about the second form rota-
tion axis (B) so that the line Rp-t joining the toe
portion to the heel portion of the form is aligned
with the horizontal;

- engraving (280) a portion of the form to produce
at least one underside cavity in the form;

- rotating said form about the second form rota-
tion axis (B) to machine another portion of the
form.

A method as claimed in any one of the foregoing
Claims, characterized in that said step of support-
ing said form (F) comprises the step of fixing the
portion of the form (F) corresponding, on the re-
spective shoe, to the edge portion of the foot-inser-
tion opening to one end of a body (15) rotating about
said first form rotation axis (A).

A device for machining forms, in particular shoe-
making models, characterized by comprising:

- a machining tool (3) rotated by drive means
about an axis of rotation (4) and forming, when
in motion, a toroidal machining area (10);

- actuating means for moving said machining
tool (3) in a three-dimensional space;

- supporting and orienting means (14) for sup-
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porting and orienting a work form (F) and for
rotating the form (F) about at least a first form
rotation axis (A);

- said device receiving a set of data (W) defining
areference surface for said work form; said da-
ta controlling said machining tool (3) to remove
material from said form to obtain on the form a
surface conforming with the reference surface.

14. A device as claimed in Claim 13, wherein said sup-
porting and orienting means (14) comprise an elon-
gated portion (15) which rotates about said first form
rotation axis (A) and terminates with an end portion
(15a) to which is fixed a portion of the form (F) cor-
responding, on the respective shoe, to the edge
portion of the foot-insertion opening.
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