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(57) Abstract: A machine tool (1) driven by linear motors (8, 9, 10) along a plurality of axes (X, Y, Z) and unusually robust and
rigid, comprises a bed (2) which defines at least a first axis (X), at least one column (3) operably connected and supported only at
one of its ends (7) by said bed (2), for its guided movement along the first axis (X), said at least one column (3) extending away from
the bed (2) to define a second axis (Y), at least one saddle mount (4), for its guided movement along a third axis (Z) and supporting
a spindle (6) for the movement of a tool, wherein said at least one column (3) comprises a portal structure having a first shoulder
(11) opposed to a second shoulder (12) such as to define a window (13) within which the saddle mount (4) is arranged, and wherein,
between said opposed shoulders (11, 12) and the saddle mount (4), linear motors (9) are interposed such as to move the saddle mount
(4) along said second axis (Y), producing an effect of attraction of the shoulders (11, 12) towards the saddle mount (4).
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DESCRIPTION

"™ulti-axis linear motor machine tool"

The present invention relates to a machine tool
according to the preamble of claim 1.

More particularly, the subject of the invention is
a machine tool of the type having three axes, wherein
the tool, for example a chip removing tool, such as a
milling cutter, is moved along a feed path at high speed
by the use of linear motors.

The requirement to be fulfilled with this type of
machine is to succeed in moving the tool rapidly and
with high accelerations, even of 0.5 G, while at the
same time guaranteeing the precision of the machining to
be carried out. This involves the need for having a
structure designed so that it is strong enough not to be
distorted during the machining and at the same time to
be rigid in the sense of not starting to vibrate either
because of the effect of operation of the motors or the
effect of the dynamic stresses which develop during the
machining.

Generally, these machines comprise a column,
extending in a vertical direction (Y axis), which column
is slidingly supported by horizontal guides (X axis) of

a bed. Along the column extend vertical guides on which
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a saddle mount is operably connected and supported. The
aforesaid saddle mount is provided in its turn with
horizontal guides which serve to slidingly support a
main saddle, for its guided movement along a third axis
(Z axis). The main saddle then serves to support a
spindle for the movement of the tool.

A machine having the aforesaid ;haracteristics is
known from the docuﬁent US 5,368425.

The machine tool referred to in US Patent 5,368425
has the drawback that the aforesaid requirement can be
fulfilled only' by the use of a very heavy and bulky
structure, also with regard to the parts of the dynamic
structure thereof, or the parts of the machine tool
which are intended to be moved during the machining,
above all the column constituting the Y axis of the
machine. It 1s obvious that the presence of large
dynamic masses to be moved at high accelerations is an
extremely undesirable drawback, involving significant
problems with regard to the design and dimensioning of
the parts of the machine tool. In fact, this 1is
manifested in an increase in the costs of the machine
and an increase in the overall weight thereof.

The problem on which the present invention is based
is that of devising a machine tool of the type specified

which allows the aforesaid requirement to be fulfilled
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while at the same time obviating the drawbacks that have
been mentioned with reference to the machine tools of
the prior art.

This problem is solved by a machine tool according
to claim 1.

The present invention also relates to a machining
centre according to claim 42.

Further characteristics and advantages of the
machine tool and of the machining centre according to
the invention will become clear from the following
description of some preferred embodiments, provided by
way of non-limiting example, with reference to the
appended drawings, in which:

Figure 1 illustrates axonometrically a diagrammatic
view of a machine tool according to the present
invention;

Figure 2 illustrates axonometrically a machining
centre including the machine in Figure 1;

Figure 3 illustrates a front view of the machining
centre in Figure 2;

Figure 4 illustrates a side view of the machining
centre in Figure 2;

Figure 5 i1llustrates a view from above of the
machining centre in Figure 2.

With reference to the aforesaid drawings, a machine
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tool is indicated as a whole by 1. The machine tool 1
comprises a bed 2 which supports at least one column 3
on which at least one saddle mount 4 can slide. In said
saddle mount 4 there is provided a main saddle 5 adapted
to support a spindle 6 for the movement of a tool.

Said bed 2 defines at  least a first axis (X)
arranged longitudinally to the bed 2. For example, said
first axis (X) is arranged horizontally. To said first
axis (X) said at least one column 3 is operably
connected sﬁch that it is supported by the bed only by
one of its ends 7 and can be guided along said first
axis (X). The at least one column 3 extends away from
the bed 2, defining a second axis (Y). For example, said
second axis (Y) 1s arranged orthogonally to the first
(X) and, in particular, vertically. The at least one
saddle mount 4 is supported on the at least one column 3
so as to be guided along sald second axis (Y). The at
least one saddle mount in its turn defines a third axis
(Z), for example arranged orthogonally to the first and
second axis (X, Y) and, in particular, horizontally.
Said saddle mount 4 supports the main saddle 5 so that
it is guided along said third axis (Z). In the main
saddle 5 the spindle 6 is received so that its operative
end can receive the tang of a tool (Figure 1).

Said axes are driven by means of linear motors 8, 9
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and 10, so as to permit the tool, supported by the
spindle, to reach any point whatever of a working volume
facing the machine 1 and having dimensions equal to the
strokes that can be executed by the column 3, by the
saddle mount 4 and respectively by the main saddle 5
along said first, second and third axis (X, Y and Z).

Advantageously, said at least one column comprises
a portal structure having a first shoulder 11 opposed to
a second shoulder 12. Said shoulders 11, 12 define or
bound a window 13 within which is arranged the saddle
mount 4 operably connected to the second axis (Y).

Between the shoulaers 11, 12 and the saddle mount 4
are interposed the linear motors 9, which permit the
movement of the saddle mount 4 along said second axis
(Y) and have an effect of attraction (a) of the
shoulders 11, 12 towards the saddle mount 4.

To further advantage, the - column 3 has a
symmetrical structure and is equipped with identical and
opposed linear motors 9. Said linear motors 9 move the
flanks of the saddle mount so as to exert an identical
but opposed effect of attraction (a) of the shoulders
11, 12 towards the saddle mount 4. In other words, both
the column 3 and the saddle mount 4 are subjected to an
action, balanced overall, which does not alter the

structural symmetry of the portal column but, unusually,
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increases its robustness and rigidity.

According to one embodiment, the bed 2 comprises a
box-type structure reinforced by stiffening ribs. Said
box-type  structure is advantageously filled with
material suitable for damping the vibrations induced by
the movement of the machine and by the machining
operations. For example, the box-type structure of the
bed 2 is filled with polymeric cement. The box-type
structure of the bed 2 is, in particular, bounded by a
front wall 14 facing towards the working volume of the
machine tool 1, and also by an upper wall 15 bounded by
a horizontal upper surface having longitudinal edges.
Underneath, the bed 2 is adapted to bear on a foundation
to which it is fixed, for example, by means of self-
levelling bolts 16 (Figures 2, 3, 4).

Integral with the surface of the upper wall 15, a
pair of linear guides 17 is provided, defining the first
of said axes (X). Preferably, the linear guides 17 of
the pair of guides are spaced from each other. 1In
particular, each of said linear guides 17 is fixed to
the bed 2 in proximity to its longitudinal edges.
According to one embodiment, each of said linear guides
17 has a cross-section provided with undercut flanks or,
in other words, re-entrant flanks having a recumbent V-

shape. Said flanks define pairs of tracks for the
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sliding of balls or, preferably, ;ollers, having oblique
and crossed normals to one another.

Between the pair of linear guides 17, groups of
stator elements of linear motors are provided, for
example, groups of permanent magnets. Advantageously,
said groups of stator elements constitute stator
elements of a pair of linear motors arranged between the
spaced linear guides 17 to constitute a traction bed.

According to one embodimént, the linear motors of
said pair are arranged side by side with each other and,
for example, cover substantially the entire distance
provided between the linear guides. In particular, the
linear motors of the pair of linear motors are arranged
to be electromagnetically aligned with one another, in
other words, so as to exert on the column an action
which is balanced and aligned in the direction of the
axis (X), avoiding or limiting the development of
thrusts on the column such as to cause reactions
transverse to the linear guides.

The linear guides 17 defining the first axis (X)
have associated with them sliding blocks 18 integral
with a carriage 19. Said carriage 19 is provided with an
upper surface, a lower surface facing the bed 2,
longitudinal edges directed along the first axis (X) and

transverse edges, for example orthogonal to the first
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axis (X). Advantageously, said sliding blocks 18 are
preloaded for their movement along the guides 17 without
play. To further advantage, said sliding blocks are
sliding blocks with recirculating rollers, for example,
of the lubricated type, acting on the tracks of the
linear guides 17 of the bed 2. According to one
embodiment, the sliding blocks 18 are four in number and
arranged below and in proximity to the vertices of the
carriage 19.

Below the carriage, and facing the groups of stator
elements of the bed 2, groups of driven elements of
linear motors are provided, advantageously a pair of
groups of driven elements, for example, groups of coil
packs. Said pair of groups of driven elements are
operably coupled to the pair of groups of stator
elements so as to move the carriage along said linear
guides 17 defining the first axis (X).

According to one embodiment, first groups of driven
elements, constituting an element of a first linear
motor, are placed alongside a second group of driven
elements, constituting a second linear motor. Said first
and second groups of driven elements are
electromagnetically aligned with one another so as to
exert on the column the balanced and aligned actions

described above.
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According to a further embodiment, said driven
groups can be positioned below the carriage so as to be
adjustable in the direction of the axis (X), so as to
align the action of the linear motors on the column. For
example, at least one of the coil packs of the first or
second linear motor is connected to the carriage by way
of bolts received in slots which extend in the direction
of the axis (X). Owing to the provision of the
adjustable connections it 4is possible to align the
electromagnetic effect generated by the linear motors
arranged side by side at the expense of the geometric
alignment thereof.

The groups of coil packs are operably connected to
a drive device 20 controlled by a control unit 21.
Advantageously, said drive is operated in a controlled
manner also owing to a series of feedbacks, for example,
in current and in velocity, as well as in position. In
particular, the position feedback is effected by means
of the operable connection of the control unit 21 with a
position transducer 22, such as, for example, a linear
position transducer, for example of the magnetic,
optical (optical rule) or laser type. Said transducer 22
is for example provided on the bed in proximity to the
linear guides 17 (Figure 2).

Transversely to the first axis (X), from the
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carriage 19, away from the bed 2 and preferably in a
vertical direction, rise up the two shoulders 11, 12
which are identical and opposed to each other. According
to one embodiment, the shoulders 11, 12 are alongside
the longitudinal edge of the carriage facing the working
volume of;the machine tool 1. Said shoulders 11, 12 are
reinforced at the rear owing to the provision of ribs or
reinforcing plates which connect an end of the shoulders
which is fixed to the carriage, or base of the
shoulders, to the carriage itself. Further ribs or
reinforcing plates are also provided which are arranged
externally to the shoulders 11, 12, opposed to one
another and arranged in the direction of the first axis
(X) for further reaction for the stresses induced on the
shoulders by the acceleration of the carriage in the
direction of said first axis (X). The ends of the
shoulders 11, 12 remote from the bed 2, or free ends of

the shoulders, are firmly fixed to each other by means

of a cross-member 23, which with the shoulders 11, 12

defines the portal column 3.

Together with the carriage 19, the shoulders 11, 12
and the cross-member 23 constitute a closed structure
defining a symmetrical ring with opposed parallel sides.
Said portal column 3 bounds the window 13 within which

the saddle mount 4 is arranged.
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The structure of the shoulders 11, 12 and of the
cross-member 23 1is advantageously of the box type,
preferably provided with cellular internal
reinforcements. According to one embodiment, said box-~
type structure comprises a shell of thin metallic
material which includes «ribs or a self-supporting
structure with reinforcing baffles, as well as a
framework. Advantageously, the spaces bounded by the
box-type structure are filled with damping material
which is at the same time light, such as, for example,
polymeric resin in which light, «rigid fillers are
embedded.

The side of the shoulders which faces towards the
window 13 1is Dbounded by facing walls 24 having
longitudinal edges, for example arranged vertically. On
each of said facing walls 24 is provided a pair of
linear guides 25 opposed to each other. On each of the
shoulders 11, 12, the guides 25 of said pair of linear
guides are arranged so as to be spaced from each other,
for example, in proximity to the longitudinal edges of
the facing walls 24. Said opposed pairs of linear guides
25 define the second of said axes (Y axis). Said second
axis is advantageously orthogonal to the first axis (X)
and 1is, for example, vertical. Analogously to the linear

guides 17 defining the first axis (X), each of said
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guides 25 of the column 3 has a cross-section provided
with undercut flanks or, in other words, with re-entrant
flanks having a recumbent V-shape. Said flanks define
pairs of tracks for the sliding of balls or, preferably,
rollers, having oblique and crossed normals to one
another.

On each of the facing walls 24 are provided groups
of stator elements of linear motors 9, for example coil
packs. Said groups are arranged between the guides 25 of
the pairs of linear guides of the shoulders 11, 12 so as
to face one another.

According to one embodiment, the facing groups of
stator elements are adjustably connected to the walls in
order to be able to align the action exerted by the
linear motors on the saddle mount.

The guides 25 of the column 3 defining the second
axis (Y) have associated with them sliding blocks 26
integral with the saddle mount 4. According to one
embodiment, the saddle mount 4 comprises a box-type
symmetrical structure provided with flanks facing the
shoulders 11, 12. In particular, said box~type structure
comprises a closed section which defines internally a
support and guide seat for the main saddle 5. Said seat
constitutes a through aperture bounded by a polygonal

shell having surfaces which are preferably horizontal
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and transverse to said first and second axis (X, Y).
According to one embodiment, the sliding blocks 26 are
provided in proximity to the eight vertices of said box-
type structure, so as to be associated with the
respective linear guides 25 of the facing pairs of
guides of the shoulders 11, 12. Said sliding blocks 26
are preloaded and of the type with recirculating
lubricated rollers, and have characteristics analogous
to those described above for the coupling of the sliding
blocks 18 to the guides 17 defining the first axis (X).

Associated with the flanks of the saddle mount 4,
groups of driven elements of linear motors 9, for
example permanent magnets, are provided. Said groups of
driven elements are operably coupled to the groups of
stator elements provided on the shoulders 11, 12. As for
the linear motors 8 of the first axis (X), the pair of
motors associated with the flanks of the saddle mount 4
are also operated in a controlled manner, by means of a
drive 20 controlled by a control unit 21. In particular,
the linear motors 9 acting on the flanks of the saddle
mount 4 are operated so as to be synchronised with one
another for movement of the saddle mount 4 along said
guides 25 of the second axis (Y).

Analogously to the first axis (X), the drive 20 and

the control unit 21 of the linear motors 9 are operated



WO 02/28592 PCT/IT01/00067

10

15

20

25

.14,

with feedback, in particular with a saddle mount
position transducer, for example a linear transducer of
the magnetic, optical 27 or laser type (Figure 2).

With the saddle mount 4 there 1is advantageously
interlocked a device for balancing its weight, for
example a device with balancing cylinder and piston with
hydraulic or pneumatic drive.

Associated With the polygonal shell bounding the
seat for the main saddle 5, sliding blocks 28 are
provided. Preferably, pairs of sliding blocks 28 are
provided at the eight vertices of the polygonal shell.
In other words, sixteen sliding blocks 28 are associated
with both the walls bounding the eight vertices of the
polygonal shell. Analogously to the first and second
axis (X, Y), said sliding blocks 28 are preloadable and
with, for example, recirculation of lubricated rollers.

Between said sliding blocks 28 and at each wall of
the polygonal shell, groups of stator elements of linear
motors 10 are provided.

In éaid internal seat of the box-type structure of
the saddle mount 4, the main saddle 5 is received such
that four pairs of linear guides 29 fixed to the main
saddle 5 are associated with the eight pairs of sliding
blocks 28 of the saddle mount 4 to define said third

axis (z).
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Said main saddle 5 comprises a box-type structure
having a polygonal outer surface and a front portion
facing towards the working volume of the machine tool 1.
Said linear guides 29 are fixed to the outer polygonal
surface so as to be spaced from. one anocther, for
example, in proximity to the longitudinal edges of the
main saddle 5, so as to receive between them groups of
driven elements of linear motors 10 fixed to the main
saddle 5 such as to be operably coupled to said groups
of stator elements provided in the saddle mount, for
movement of the main saddle along the guides 29 defining
said third axis (Z).

As for the linear motors 8, 9 of the first and
second axis (X, Y), the four motors associated with the
polygonal outer surface of the main saddle 5 are also
adjustably connected to that surface in order to align
the actions exerted by the linear motors on the main
saddle 5. Said motors are further operated in a
controlled manner, by means of a drive 20 operated by a
control unit 21. In particular, the linear motors 10
acting on the main saddle 5 are operated so as to be
synchronised with one another for movement of the main
saddle 5 along said guides 29 of the third axis (Z).
Analogously to the first and second axis (X, Y), the

drive 20 and the control unit 21 for the linear motors



WO 02/28592 PCT/IT01/00067

10

15

20

25

.1le.

10 are operated with feedback, in particular with a main
saddle position transducer, for example a linear
transducer of the magnetic, optical or laser type.

The main saddle 5 firmly comprises the spindle 6
adapted for the controlled movement of a machining tool.
Said spindle 6 1is firmly fixed to the main saddle so
that the operative end thereof extends from the front
portion of the main saddle, projecting into the working
volume.

In other words, owing to the drive, operated in a
controlled manner, of the linear motors interlocked with
the three axis (X, Y, Z), the main saddle reaches with
its front portion a predefined position of the working
volume of the machine tool 1, following the desired
trajectory and law of motion (time law).

From the drawings it 1s further possible to observe
a machining centre including a machine tool 1 of the
type described above (Figures 2, 3, 4 and 5).

According to one embodiment, the machine tool 1 has
associated with it a frame structure 30 which permits
free movement of the machine along its axes (X, Y, Z)
and at the same time makes it possible to interlock with
the machine service devices, such as, for example, a
tool change device 31, for rapid and automatic

substitution of the tool supported by the spindle 6, as
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well as an automatic device fo; feeding the tools to the
tool change device, operably connected to a tool
magazine. Saild frame structure further makes it possible
to interlock with the machine tool 1 a cutting fluid
feed device, as well as a chip removal device. In
particular, said frame structure makes it possible to
support panels which constitute protective barriers
enclosing the machine and its working volume.

From the above it will be appreciated how providing
the column with portal structure within which the saddle
mount is supported and guided, together with the
provision of linear motors interposed between shoulders
of the column and flanks of the saddle mount, producing
an effect of attraction of the shoulders towards the
saddle mount, allows the drawbacks of the prior art to
be ocbviated.

Advantageously, said interaction of the portal
structure and the attraction effect of the linear motors
makes it possible to Aproduce a machine tool and a
machining centre of low weight and bulk while
maintaining an equal working volume. In particular, the
solution proposed makes it possible to obtain a light
structure which is wunusually robust and rigid to the
point of allowing accelerations of the axes even greater

than 1 G, for example from 1 G fo 2 G and preferably of
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1.1 G. A further advantage of the solution proposed lies
in its wunusual structural simplicity, which makes it
possible to produce the machine and the machining centre
at a contained cost and also obtain easier assembly of
the machine.

For greater understanding of the solution proposed,
emphasis 1s placed on the simplicity of control,
described above, of the movement of the axes (X, Y, 2)
and in particular of the first axis (X). The solution
proposed makes 1t possible to obtain a column of
particular robustness and rigidity which in the prior
art can be obtained. only by way of the much more
complicated known production techniques such as a
gantry, where the column is supported and guided from
both ends. With the solution proposed it is possible to
obtain a high degree of robustness and rigidity while
avoiding the complex and costly task of supporting and
moving ;ynchronously the two ends of the column.

Advantageously, the provision between the column
and the bed of preloaded roller guides and a bed of
linear motors allows connection between the latter which
is rigid and at the same time capable of rapid responses
to movement commands issued by the drive (increased
readiness) .

A person skilled in the art, in order to fulfil



WO 02/28592 PCT/IT01/00067

.19.

contingent and specific requirements, may apply to the
preferred embodiment of the machine tool described above
many modifications, adaptations and substitutions of
elements with other functionally equivalent elements,
5 without thereby departing from the scope of the

following claims.

*hkk Kk kkk
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CLAIMS

1 A machine tool driven by linear motors along a
plurality of axes, comprising

- a bed which defines at least a first axis (X),

- at least one column operably connected and
supported only at one of its ends by said bed, for its
gulded movement along the first axis (X), said at least
one column extending away from the bed to define a
second axis (Y),

- at least one saddle mount operably connected
and supported by the at least one column, for its guided
movement along the second axis (Y),

- at least one main saddle supported by the
saddle mount, for its guided movement along a third axis
(2) and supporting a spindle for the movement of a tool,

characterized in that

- said at least one column comprises a portal
structure having a first shoulder opposed to a second
shoulder such as to define a window within which the
saddle mount is arranged, and that

- between said opposed shoulders and the saddle
mount, linear motors are interposed such as to move the
saddle mount along sald second axis (y) while producing

an effect of attraction of the shoulders towards the
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saddle mount.

2 A machine according to claim 1, wherein said
at least one column comprises a symmetrical structure.

3 A machine according to claim 1 or 2, wherein
said at least one column comprises a box-type body
structure with internal reinforcements in a cellular
arrangement.

4 A machine according to any one of claims 1 to
3, wherein said at least one column comprises a
structure which widens out from a free end thereof to an
end connected to the bed.

5 A machine according to claim 4, wherein the at
least one column comprises reinforcing plates in
proximity to a base by which it is connected to the bed.

6 A machine according to any one of claims 1 to
5, wherein the shoulders of the at least one portal
column are Jjoined mechanically at their free end by
means of a cross-member.

7 A machine according to any one of claims 1 to
6, wherein the at least one column is supported at a
carriage to form a closed ring structure within which
the saddle mount is received.

8 A machine according to any one of the
preceding claims, wherein said first, second and third

axis (X, Y, %) are orthogonal to one another.
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9 A machine according to any one of the
preceding claims, wherein each axis (X; Y; %) is driven
by means of at least one linear motor.

10 A machine according to any one of the
preceding claims, wherein each linear motor is operably
connected to a drive and control unit with feedback.

11 A machine according to claim 10, wherein said
drive and control unit is provided with feedback at
least by means of a position transducer interlocked with
each axis.

12 A machine according to claim 11, wherein said
transducer i1s a linear transducer.

13 A machine according to claim 12, wherein said
transducer is a magnetic type transducer.

14 A machine according to claim 12, wherein said
transducer is an optical type transducer.

15 A machine according to any one of the
preceding claims, wherein each linear motor comprises a
group of stator elements and a group of driven elements.

16 A machine according to claim 15, wherein said
group of stator elements is provided in the bed, while
said group of driven elements is provided in the at
least one column.

17 A machine according to claim 15, wherein said

group of stator elements is provided in the shoulders of
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the at least one column, while said group of driven
elements i1s provided in the saddle mount.

18 A machine according to claim 15, wherein said
group of stator elements 1is provided in the saddle
mount, while said group of driven elements is provided
in the main saddle.

19 A machine according to any one of the
preceding claims, wherein the first axis (X) is defined
by at least one pair of linear guides, integral with the
bed, on which travel sliding blocks integral with the at
least one column.

20 A machine according to claim 19, wherein the
guides of said at least one pair of linear guides are
arranged in proximity to longitudinal edges of the bed.

21 A machine according to claim 20, wherein at
least one pair of linear motors, adapted to move the at
least one column, is provided between the guides.

22 A machine according to any one of claims 19 to
21, wherein the sliding- blocks have roller
recirculation.

23 A machine according to claim 22, wherein the
rollers of the sliding blocks with roller recirculation
act on tracks, provided on the guides, in oblique and
crossed directions.

24 A machine according to any one of claims 19 to
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23, wherein said sliding blocks are coupled to the
guides with preloading.

25 A machine according to any one of the
preceding claims, wherein the second axis (Y) is defined
by at least two opposed pairs of linear guides, integral
with +the shoulders, on which travel sliding blocks
integral with the saddle mount.

26 A machine according to claim 25, wherein the
sliding blocks are at least eight in number and are
arranged in proximity to the vertices of the structure
of the saddle mount.

27 A machine according to claim 25 or 26, wherein
the guides of each of said at least two pairs of linear
guides are arranged in proximity to the longitudinal
edges of the shoulders.

28 A machine according to claim 27, wherein
between the guides of each shoulder at least one linear
motor is provided, adapted to move the saddle mount and
exerting opposed and balanced effects of attraction of
the shoulders towards the saddle mount.

29 A machine according to any one of claims 25 to
28, wherein the sliding blocks have roller
recirculation.

30 A machine according to claim 29, wherein the

rollers of the sliding blocks with roller recirculation
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act on tracks, provided on the guides, in oblique and
crossed directions.

31 A machine according to any one of claims 25 to
30, wherein said sliding blocks are coupled to the
guides with preloading.

32 A machine according to any one of the
preceding claims, wherein the saddle mount comprises a
box-type structure of closed section which defines’
internally a support and guide seat for the main saddle.

33 A machine according to any one of the
preceding claims, wherein the third axis (Z) is defined
by at least four opposed pairs of linear guides,
integral with the main saddle, on which travel sliding
blocks integral with the saddle mount.

34 A machine according to claim 33, wherein the
sliding blocks are at least sixteen in number and are
arranged in proximity to the vertices of the seat for
the main saddle provided in the saddle mount.

35 A machine according to claim 33 or 34, wherein
the guides of each of said at least four pairs of linear
guides are arranged in proximity to the longitudinal
edges of the main saddle.

36 A machine according to claim 35, wherein
between each pair of guides at least one linear motor

adapted to move the main saddle is provided.
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37 A machine according to any one of claims 33 to
36, wherein the sliding blocks 'have roller
recirculation.

38 A machine according to claim 37, wherein the
rollers of the sliding blocks with roller recirculation
act on tracks, provided on the guides, in obligque and
crossed directions.

39 A machine according to any one of claims 33 to
38, wherein sald sliding blocks are coupled to the
guldes with preloading.

40 A machine according to any one of the
preceding claims, wherein material capable of damping
the vibrations is provided in the bed.

41 A machine according to claim 41, wherein
polymeric cement is provided in the bed.

42 A machine according to any one of the
preceding claims, wherein the column comprises a box-
type structure having a thin shell which includes
reinforcing ribs.

43 A machine according to any one of the
preceding claims, wherein the column comprises a box-
type structure containing damping material.

44 A 'machine according to any one of the
preceding claims, wherein the column comprises a box-

type structure containing polymeric resin incorporating
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light and rigid fillers.

45 A machine according to any one of the
preceding claims, wherein, associated with each axis (X,
Y, z), a position transducer of the laser type 1is
provided.

46 A machine according to any one of the
preceding claims, wherein each palir of linear motors
associated with the same axis (X; Y; Z) is adjustably
connected to the structure of the machine to balance and
align the action exerted by the linear motors on the
axis.

a7 A machining centre comprising a machine as
described in any one of the preceding claims.

48 A machining centre according to claim 47,
wherein an automatic tool change is included.

49 A machining centre according to claim 48,
wherein an automatic tool feeding device which 1is
operably connected to a tool magazine is interlocked

with said tool change.
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