2013/156951 AT {1100 0 P00 OO OO

S
=

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

24 October 2013 (24.10.2013)

WIPOIPCT

(10) International Publication Number

WO 2013/156951 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
B23Q 1/70 (2006.01) B23Q 5/04 (2006.01)

International Application Number:
PCT/IB2013/053052

International Filing Date:
17 April 2013 (17.04.2013)

Filing Language: Italian
Publication Language: English
Priority Data:

TV2012A000063 17 April 2012 (17.04.2012) IT

Applicant: FCS SYSTEM S.R.L. [IT/IT]; Via Belvedere,
48, Casale Sul Sile (IT).

Inventors: CALZAVARA, Andrea; Via Claudia Augusta,
17, 1-31057 Silea (IT). CANUTO, Almerino; Via S.
Michele, 13/1, I-31032 Casale Sul Sile (IT).

Agents: BOGGIO, Luigi et al.; STUDIO TORTA S.p.A.,
Via Viotti, 9, [-10121 Torino (IT).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))
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(57) Abstract: Electric spindle (1) for numerical control machines structured to lock and rotationally drive a tool (100) about a pre-
determined reference axis (A) locally coinciding with the longitudinal axis of the tool (2); the electric spindle (1) comprising: an out -
er structural casing (2) that is structured to be rigidly attachable to a generic numerical control machine; an electric motor (3) that is
housed within the structural casing (2) and is provided with a drive shaft (4), which projects/emerges with its front end (4a) outside
the structural casing (2) while remaining locally coaxial to the reference axis (A) of the electric spindle; a rotating thrust- bearing
bushing or sleeve (11), which is fitted in an axially rotatable manner on the front end (4a) of the drive shaft (4) via interposition of a
first set of annular rolling bearings (12), and is maintained coaxial to the reference axis (A) of the electric spindle by a second set of
annular rolling bearings (13), which are interposed between the rotating bushing or sleeve (11) and the structural casing (2); and at
least one disassemblable tool-holder head (5, 5") that is structured to be attachable, in a rigid and stable though easily releasable man-
ner, to the front end (4a) of the drive shaft (4), is structured so as to accommodate and retain, in a rigid and stable though easily re -
leasable manner, the shank (101) of a generic tool (100) for numerical control machines, and is provided with a peripheral crown
(14) that is dimensioned/structured to stably abut, selectively and alternatively, on the front end (4a) of the drive shaft (4) or on the
rotating thrust-bearing bushing or sleeve (11).
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“ELECTRIC SPINDLE FOR NUMERICAL CONTROL MACHINES”

TECHNICAL FIELD

The present invention relates to an electric spindle for

numerical control machines.

More in detail, the present invention relates to an electric
spindle for numerical. control milling‘machines, an application
to which the following description will make explicit
reference, but without any loss of generality.

BACKGROUND ART

As is known, the electric spindles of numerical control
machines are compoéed of a tool-holder spindle and an electric
motor that are housed inside a same outer structural casing,
aligned one after the other along the longitudinél axis of the
electric spindle, and are mechanically coupled to each other
so that the electric motor can drive the tool-holder spindle
in rotation about the longitudinal axis. Furthermore, the
outer structural casing is specifically structured for being
fixed to the spindle-holder .carriage or slide of the numerical

control machine.

More in detail, the electric motor is usually composed of a
substantially cylindrical tubular shaped stator assembly which
is rigidly fastened inside a specially provided cylindrical
cavity in the casing of the electric spindle, so as to be
coaxial to the longitudinal axis of the electric spindle; of a
drive shaft that extends coaxial\to the longitudinal axis of
the electric spindle through the pass-through cavity of the
stator assembly and the entire casing of the electric spindle;
and of a substantially c¢ylindrical tubular shaped rotor
assembly which is rigidly fitted onto the drive shaft inside
the stator assembly, so as to be perfectly coaxial to the
latter.

The tool-holder spindle in turn is basically composed of a
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rotating tool-holder hub which is located at the end of the
drive shaft of the electric motor, so as to protrude outside
the casing of the electric spindle while remaining coaxial to
the 1longitudinal axis of the electric spindle, and is
centrally provided with a truncated-cone shank-holder seat
which is structured so as to accommodate the shank of a
generic tool for numerical control milling machines, while
always maintaining the tool perfectly coaxial- to the
longitudinal axis of the electric spindle; and of a
hydraulically or pneumatically operated locking member, which
is structured so as to engage and retain, in a rigid and
stable though easily releasable manner, the shank of the tool
within the shank-holder seat of the hub, so that the drive
shaft of the electric motor can drive the tool in rotation

about the longitudinal axis of the electric spindle.

More in detail, the tool-holder hub is usually made in one
piece with the drive shaft of the electric motor and engages,
in a pass-through and axially rotatable manner, a
substantially bell-shaped front cap, which.is fastened to the
casing of the electric spindle to close the front end of the
cylindrical cavity that houses the stator assembly and the
rotor assembly of the electric motor; while the drive shaft is
supported in an axially rotatable manner by two sets of
support rolling bearings which are located at the two axial
ends of the shaft, one inside the front cap and the other
abutting on the rear end of the c¢ylindrical cavity of the

electric spindle.

Although working very well, this type of electric spindle has
limited operability, because the maximum rotational speed
achievable by the electric spindle is closely conditioned by
the structure and overall dimensions of the tool-holder
spindle, which in turn are closely connected to the type of

tool that the tool-holder spindle is designed to use.
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Obviously, this operational constraint and the fact that the

tool-holder hub is formed in one piece directly on the end of
the drive shaft, compel the manufacturers of electric spindles
to dimension the entire electric motor of the electric spindle
so that its maximum performance is substantially equal to that

permitted by the tool-holder spindle.

It 1is evident that these performance 1limits create major
problems when the same numerical control milling machine must
be used for mechanical machining that contemplates using, in
rapid succession and on the same workpiece, two different
types of tool that respectively require high driving torque
and low rotational speeds (roughing tools typically require
rotational speeds below 20,000 rpm), or low driving torque and
high rotational speeds (finishing tools typically require
rotational speeds above 20,000 rpm and usually below 50,000
rpm) .

In this case, as electric spindles capable of using both types
of tool cannot physically be made, when changing from a high-
speed tool to a low-speed tool or vice versa, it is necessary
to replace the entire electric spindle block mounted on the
milling machine en masse, with all of the problems that this

entails in terms of machining times and costs.

To at least partially obviate this problem, disassemblable
electric spindles have been recently developed, in which the
outer structural casing houses just the electric motor and is
structured so as to be stably anchored to the numerical
control machine. The outer casing and the electric ‘motor
housed therein are moreover structured so as to indifferently
connect to two different and distinct tool-holder spindles,
each of which is structured to be coupled to the electric
motor, in a rigid and stable though easily releasable manner,
so as to be driven in rotation by the motor with the correct

rotational speed.
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Even if the tool-change times of the numerical control milling
machine are drastically reduced, tool-holder spindles of the
disassemblable type have resulted in a significant increase on
the overall length of the electric spindle and, even more
important, have significantly complicated the structure of the

electric spindle.

Each disassemblable tool-holder spindle, in fact, must be
provided with its own hydraulically or pneumatically operated
locking member that, obviously, must be adequately lubricated
and, even more important, must be controllable by the
numerical control machine. Requirements that impose to
arrange, in the coupling =zone between the electric motor and
the tool-holder spindle, a considerable number of hydraulic
and/or pneumatic connectors necessary for connecting the tool-
holder spindle to the outer casing of the electric spindle
that, in turn, is connected to the rest of the numerical

control machine.

Despite the drastic reduction in weight with respect to
monobloc electric spindles, even the disassemblable tool-
holder spindles still have an overall weight of many tens of
kilograms, with all of the drawbacks that this entails during
the spindle change.

DISCLOSURE OF INVENTION

Aim of the present invention is therefore to produce an
electric spindle which is capable to mount all types of tools
without the above-mentioned drawbacks, and which is also cheap

to manufacture.

In compliance with the above aims, according to the present
invention there is provided an electric spindle as defined in
claim 1 and preferably, though not necessarily, in any of its
dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS




10

15

20

25

30

35

WO 2013/156951 PCT/IB2013/053052

The present invention will now be described with reference to
the attached drawings, which illustrate a non-limitative
embodiment, where:

- Figure 1 is a partially exploded side view, with parts in
cross-section and parts removed for clarity, of an electric
spindle for numerical control machines made according to the
teachings of the present invention;

- Figure 2 1is a sectional view of the front part of the
electric spindle shown 1in Figure 1 in a first working
configuration;

- Figure 3 1is a sectional view of the front part of the
electric spindle shown in Figure 1 in a second working
configuration; whereas

- Figure 4 1s a sectional view of the front part of the
electric spindle shown in Figure 1 in an optional third
working configuration.

BEST MODE FOR CARRYING OUT THE INVENTION

With reference té Figures 1, 2 and 3, reference numeral 1
indicates, as a whole, an electric spindle for numerical
control machines, which has a longitudinal reference axis A
and is structured to selectively lock and drive into rotation
a generic tool 100 while maintaining the tool locally coaxial
to the electric spindle axis A. The electric spindle 1 also
finds particularly advantageous use in numerical control

milling machines.

The electric spindle 1 1is basically made up of an outer
structural casing 2 which 1is structured to be rigidly
attachable to the spindle holder carriage or slide (not shown)
of any numerical control milling machine or similar; of an
electric motor 3 which is stably housed within the structural
casing 2, and 1is provided with a drive shaft 4 which
projeéts/emerges with its front end 4a outside the structural
casing 2 While remaining locally coaxial to the electric
spindle axis A; and of at least one tool-holder head 5 which

is structured to be attachable, in a rigid and stable though
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easily releasable manner, to the front end 4a of the drive
shaft 4, and is also structured to be able to accommodate and
retain, in a rigid and stable though easily releasable manner,
a milling cutter 100 or other tool for numerical control
machines, maintaining the above-stated tool 100 locally

coaxial to the electric spindle axis A.

More in detail, with reference to Figures 2 and 3, the drive
shaft 4 of the electric motor 3 has, at its front end 4a
directly facing the outside of the structural casing 2, a
preferably, though not necessarily, substantially truncated-
cone shaped, shank-holder seat 6 which extends within the
drive shaft 4 while remaining locally coaxial to the electric
spindle axis A; and the disassemblable tool-holder head 5 is
provided in the back with a preferably, though not
necessarily, substantially truncated-cone shaped, locking
shank 7 which is specifically structured/dimensioned to engage
with and be stably engaged/locked in the shank-holder seat 6
of the drive shaft 4.

Instead, the front part of the disassemblable tool-holder head
5 1is provided with a preferably, though not necessarily,
truncated-cone shaped, central shank-holder seat 8 which is
locally coaxial to the locking shank 7 of the tool-holder head
5 so to be arranged perfectly coaxial to the electric spindle
axis A when the tool-holder head 5 is rigidly fastened/locked
onto the front end 4a of the drive shaft 4, and it is lastly
specifically' stfuctured/dimensioned. to accommodate and lock,
in a rigid and stable though easily releasable manner, the
rear shank 101 of a generic milling cutter 100 or other tool
for numerical control machines, maintaining the tool 100

coaxial to the electric spindle axis A.

With reference to Figures 1, 2 and 3, in the example shown, in
particular, the structural casing 2 is preferably consists of

a rigid, internally hollow, oblong body 2 preferably, though
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not necessarily, with a monolithic structure, and which is
provided with a preferably substantially cylindrical-shaped,
oblong rectilinear cavity 2a which extends coaxial to the
electric spindle axis A and communicates directly with and

terminates on the outside the structural casing 2.

The electric motor 3 1s thus located inside the structural
casing 2, more or less on the bottom of the oblong cavity 2a,
with the drive shaft 4 coaxial to the electric spindle axis A

and with the front end 4a of the drive shaft 4 arranged at the

entrance/mouth of the oblong cavity 2a; while the

disassemblable tool-holder head 5 1is suitable for being
rigidly fastened/locked on the front end 4a of the drive shaft

4, at the entrance/mouth of the oblong cavity 2a.

Instead, with reference to Figure 1, the electric motor 3 is
preferably, though not necessarily, structured so as to be
able to drive the drive shaft 4 in rotation about the electric
spindle axis A with an angular speed adjustable/selectable at
will within a range comprising the typical rotational speeds
of roughing milling cutters or other tools for numerical
control machines specifically structured to operate with high
driving torque and 1low rotational speeds (the rotational
speeds of roughing‘tools are typically between 0 and 20,000
rpm), and the typical rotational speeds of finishing milling
cutters or other tools for numerical control machines
specifically structured to'operate with low driving torque and
high rotational speeds (the rotational speeds of finishing

tools are typically between 20,000 and 50,000 rpm).

In the example shown, in particular, the electric motor 3 is
preferably structured so as to drive the drive shaft 4 into
rotation about the electric spindle axis A with an angular
speed adjustable/selectable at will within a range preferably,

though not necessarily, between 0 and 50,000 rpm.
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In other words, the electric motor 3 can be dimensioned ffom
the beginning so that its maximum rotational speed coincides
with the highest value of the rated speeds of all the tools
100 that can be used by the numerical control milling machine
or similar (for example 50,000 rpm), and such that its maximum
deliverable torque coincides with the highest value of all the
maximum torques supported by all the tools 100 that can be

used by the numerical control milling machine or similar.

More in detail, in the example shown, the electric motor 3 is
preferably consists of é permanent-magnet rotor, three-phase
electric motor or similar, which comprises a substantially
cylindrical tubular shaped, stator assembly 9 which is locked
inside the cavity 2a of the casing 2 so as to be coaxial to
the electric spindle axis A and completely surround a section/
segment of the drive shaft 4; and of a substantially
cylindrical tubular shaped, rotor assembly 10 which is rigidly
fitted on the drive shaft 4 inside the central cavity of the
stator assembly 9, so as to be perfectly coaxial to, and

completely surrounded by, the stator assembly 8.

With reference to Figures 1, 2 and 3, the electric spindle 1
also comprises an external rotating thrust-bearing bushing or
sleeve 11, which is fitted in an axially rotatable manner on
the front end 4a of the drive shaft 4, i.e. at the entrance/
mouth of the oblong cavity 2a, via interposition of a first
sét of annular rolling bearings 12, so as to be coaxial to the
electric spindle axis A and be able to rotate about axis A
independently of the drive shaft 4. Furthermore, the rotating
bushing or sleeve 11 is maintained coaxial to the electric
spindle axis A by a second set of annular rolling bearings 13,
which are interposed between the rotating bushing or sleeve 11
and the structural casing 2, and therefore have a nominal
diameter greater than that of the annular rolling bearings 12
interposed between the rotating bushing or sleeve 11 and the

drive shaft 4.
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The annular rolling bearings 12 placed inside the rotating
bushing or sleeve 11 are preferably structured/dimensioned so
as to have an operating limit speed higher than the maximum
rotational speed of the drive shaft 4. In particular, the
inner annular rolling bearings 12 in the example shown are
preferably structured/dimensioned so as to have an operating

limit speed higher than 50,000 rpm.

The annular rolling bearings 13 placed outside of the rotating
bushing or sleeve 11 are preferably structured/dimensioned so
as to have an operating limit speed lower than the operating
limit speed of the inner annular rolling bearings 12 and, if
necessary, also lower than the maximum rotational speed of the
drive shaft 4. 1In particular, the outer annular rolling
bearings 13 in the example shown are preferably structured/
dimensioned so as to have an operating limit speed lower than
half the maximum rotational speed of the drive shaft 4, i.e.
an operating limit speed preferably lower than 20,000425,000

rpm.

As a consequence of this, the inner annular rolling bearings
12 have a nominal diameter preferably 1less than 80
millimetres. Instead, the outer annular rolling bearings 13
have a nominal diameter preferably greater than 80

millimetres.

In the example shown, in particular, the inner annular rolling
bearings 12 have a nominal diameter preferably equal to 50
millimetres and in any case preferably, though not
necessarily, less than 60 millimetres. Instead, the outer
annular rolling bearings 13 have a nominal diameter preferably
equal to 100 millimetres and in any case preferably, though

not necessarily, greater than 90 millimetres.

Having a relatively small diameter, the annular rolling
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bearings 12 can consequently be dimensioned to support low
levels of radial mechanical stress and particularly high
rotational speeds which are obviously higher than the maximum

rotational speed of the drive shaft 4.

Having a relatively llarge diameter, the annular rolling
bearings 13 can instead be dimenéioned to support particularly
high radial mechanical stress which are in any case higher
than the maximum value of radial mechanical stress tolerated/
transmitted by the tool-holder head 5, and low rotational
speeds preferably, though not necessarily, lower than the

maximum rotational speed of the drive shaft 4.

With particular reference to  Figures 2 and 3, the
disassemblable tool-holder head 5 is also provided with a
peripheral circular crown 14 which is arranged coaxial to the
locking shank 7 of the tool-holder head 5 so as to be arranged
coaxial to the electric spindle axis A when the tool-holder
head 5 is rigidly fastened/locked on the front end 4a of the
drive shaft 4, and 1is also dimensioned/structured so as to
engage, or in any case to stably abut and lock, selectively
and alternatively, on the circular rim of the front end 4a of
the drive shaft 4, or on the circular rim of the axial end of
the rotating bﬁshing or sleeve 11 that protrudes/faces the

outside the structural casing 2.

More in detail, with reference to Figure 2, when the shank-
holder seat 8 present on the front part of the tool-holder
head 5 is structured/dimensioned to accommodate the rear shank
101 of a roughing milling cutter 100 or other tool for
numerical control machines specifically structured to operate
with high driving torque values and low rotational speeds (for
example rotational speeds preferably, though not necessarily,
less than 20,000 rpm), the circular crown 14 of the tool-
holder head 5 is dimensioned so as to engage, or in any case

to stably abut/rest, on the circular rim of the rotating
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bushing or sleeve 11. In this way, the tool-holder head 5 is
able to transfer/discharge the high-intensity radial stress
discharged onto the tool-holder head 5, during workpiece
roughing, directly onto the rotating bushing or sleeve 11, and
therefore directly onto the structural casing 2 through the

annular rolling bearings 13.

Instead, with reference to AFigure 3, when the shank-holder
seat 8 present on the front part of the tool-holder head 5 is
structured/dimensioned to accommodate the rear shank 101 of a
finishing milling cutter 100 or other tool for numerical
control machines specifically structured to operate with low
driving torque values and high rotational speeds (for example,
rotational speeds preferably, though not necessarily, higher
than 20,000 zrpm), the circular crown 14 of the tool-holder
head 5 is dimensioned so as to engage, or in any case to
stably abut/rest, on the circular rim of the front end 4a of
the drive shaft 4. In this way, the tool-holder head 5 is able
to transfer/discharge the low-intensity radial stress

generated during workpiece finishing onto the drive shaft 4.

In other words, with reference to Figures 1, 2 and 3, the
electric spindle 1 is preferably provided with two distinct
disassemblable tool-holder heads 5 and 5’, each of which 1is

provided, on the back, with a locking shank 7 structured for

"being rigidly engaged/locked inside the shank-holder seat 6 on

the front end 4a of the drive shaft 4.

The first disassemblable tool-holder head 5 (see Figure 2) has
the front shank-holder seat 8 structured/dimensioned to
accommodate the rear shank 101 of a roughing milling cutter
100 or other tool for numerical control machines specifically
structured to operate with high driving torque values and low
rotational speeds, and the circular crown 14 dimensioned so as
to engage, or in any case to stably abut/rest, on the circular

rim of the rotating bushing or sleeve 11.
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Instead, the second tool-holder head 5’ (see Figure 3) has a
shank-holder seat 8 structured/dimensioned to accommodate the
rear shank 101 of a finishing milling cutter 100 or other tool
for numerical control machines specifically structured to
operate with low driving torque values and high rotational
speeds, and the circular crown 14 of the tool-holder head 5 is
dimensioned so as to engage, or in any case to stably
abut/rest, on the circular‘ rim of the front end 4a of the

drive shaft 4.

In the example shown, in particular, both tool-holder heads 5
and 5’ are preferably, though not necessarily, formed by an
approximately ogival hub 15 preferably with a monolithic
structure, which has a rear tailpiece 7 shaped so as to form a
shank specifically dimensioned to engage in the shank-holder
seat 6 of the drive shaft 4, and is provided on the front with
a shank-holder seat 8 specifically structured/dimensioned to

accommodate the rear shank 101 of the tool 100.

The ogival hub 15 1is also provided on the back with a
peripheral circular crown or shoulder 14 that protrudes while
remaining locally coaxial to the rear shank-shaped tailpiece
7, and is dimensioned so as to engage, or in any case to
stably abut, selectively and alternatively, on the circular
rim of the front end 4a of the drive shaft 4, or on the
circular rim of the axial end of the rotating bushing or

sleeve 11 that protrudes/faces the outside the casing 2.

The rear shank-shaped tailpiece 7, the peripheral c¢ircular
shoulder 14 and the shank-holder seat 8 are obviously aligned
along the axis of symmetry L of hub 15, so as to be arranged
perfectly coaxial to the electric spindle axis A when the hub

15 is locked on the drive shaft 4.

Finally, the ogival hub 15 1is preferably provided with a
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central through-hole 15a which is able to connect the bottom
of the shank-holder seat 8. with the axial end of the rear
shank-shaped tailpiece 7, and extends coaxial to‘the axis of
symmetry L of the hub so as to be arranged perfectly coaxial
to the electric spindle axié A when the hub 15 is locked on

the drive shaft 4.

Finally, with reference to Figure 1, the electric spindle 1 is
equipped with a head locking and unlocking assembly 16 and
with a tool locking and wunlocking assembly 17, both
preferably, though not necessarily, hydraulically or

pneumatically operated.

The head locking and unlocking assembly 16 is structured so as

to selectively couple and lock/retain, in a rigid and stable

‘though easily releasable manner, the locking shank 7 of the

tool-holder head 5 inside the shank-holder seat 6 on the front
end 4a of the drive shaft 4, so as to allow the drive shaft 4
to drive the tool-holder head 5 in rotation about the electric

spindle axis A.

Instead, the tool 1locking and unlocking assembly 17 is
structured so as to selectively couple and lock/retain, in a
rigid and stable though easily releasable manner, the rear
shank 101 of the milling cutter 100 or other tool for
numerical control machines, inside the shank-holder seat 6
present on the tool—hdlder head 5, so as to allow the tool-
holder head 5 to drive the tool 100 in rotation about the

electric spindle axis A.

With reference to Figures 1, 2 and 3, in the example shown, in
particular, the head 1locking and wunlocking assembly 16
preferably comprises: a command rod 18 which extends in a
pass-through and axially sliding manner through the entire
drive shaft 4 while remaining coaxial to the electric spindle

axis A, so as to protrude within the shank-holder seat 6
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present on the front end 4a of the drive shaft 4; and an
expansion coupling head 19 which is slidingly fitted on the
end of the command rod 18 protruding within the shank-holder
seat 6 of the drive shaft 4, and is structured so as to be
able to open in an umbrella-like manner inside a cavity
specifically made at the centre of the rear locking shank 7 of
the tool-holder head 5, 57, under the thrust of command rod
18.

More in detail, the command rod 18 is axially movable inside
the drive shaft 4 between a retracted position wherein the rod
18 arranges the coupling head 19 against the bottom of the
shank-holder seat 6 and simultaneously forces the coupling
head 19 to open in an umbrella-like manner;'and an extracted
position wherein the command rod 18 moves the coupling head 19
away from the bottom of the shank-holder seat 6, allowing the

coupling head 19 to close in an umbrella-like manner.

Finally, the head locking and unlocking assembly 16 comprises
an elastic member 20 which is interposed between the command
rod 18 and the structural casing 2 and is structured so as to
exert axial thrust on the rod 18 that tends to continuatively
maintain the command rod 18 in the retracted position; and a
push member 21 which, when operated, 1is able to push the
command rod 18 from the retracted position to the extracted
position, overcoming the elastic force of the elastic member
20, so as to move the coupling head 19 away from the bottom of
the shank-holder seat 6 and simultaneously allow the coupling
head 19 to close in an umbrella-like manner, freeing the
locking shank 7 of the tool-holder head 5 that is currently
locked on the front end 4a of the drive shaft 4.

In particular, the elastic member 20 in the example shown is
preferably composed of a stack of Belleville springs 20 or
similar which are fitted on the command rod 18, or directly on

the drive shaft 4, and are interposed between the command rod
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18 and the structural casing 2 so as to exert an axial thrust
on the rod 18 that tends to continuaﬁively maintain the
command rod 18 in the retracted position. Instead, the push
member 21 preferably consists of a single or double-acting
hydraulic or pneumatic piston 21 which is housed within the
casing 2, aligned with the drive shaft 4 of the electric motor
3, obviously on the opposite end with respect to the front end
4a of the drive shaft 4, and is mechanically connected to the
command rod 18 so that it can axially move the latter inside

the drive shaft 4.

With reference to Figures 1, 2 and 3, similarly to the head
locking and unlocking assembly 16, in the example shown also
the tool 1locking and unlocking assembly 17 preferably
comprises: a command rod 22 which extends in a pass-through
and axially sliding manner through the entire command rod 18
while remaining coaxial to the electric spindle axis A, so as
to protrude from the shank-holder seat 6 on the front end 4a
of the drive shaft 4, to engage in a pass-through and axially
sliding manner the tool-holder head 5, 5’ currently locked on
the front end 4a of the drive shaft 4 and finally protrude
inside the shank-holder seat 8 present on the front part of
the tool-holder head 5, 5’; and an expansion coupling head 23
which is slidingly fitted on the end of the command rod 22
protruding within the shank-holder seat of the tool-holder
head 5, 5’, and is structured so as to be able to open in an
umbrella-like manner inside a cavity specifically made at
centre of the shank 101 of the tool 100, under the thrust of

the command rod 22.

Thus, in this case as well, the command rod 22 is axially -
movable within the command zrod 18 between a retracted
position, wherein the rod 22 arranges the coupling head 23
against the Dbottom of the shank-holder éeat 8, and
simultaneously forces the coupling head 23 to open 1in an

umbrella-like manner; and an extracted position, wherein the
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command rod 22 moves the coupling head 23 away from the bottom
of the shank-holder seat 8, allowing the coupling head 23 to

close in an umbrella-like manner.

Finally, the tool locking and unlocking assembly 17 comprises
an elastic member (not shown) which is interposed between the
command rod 22 and the structural casing 2 and is structured
so as to exert an axial thrust on the rod 22 that tends to
continuatively maintain the command rod 22 in the retracted
position; and a push member 24 which, when operated, is able
to push the command rod 22 from the retracted position to the
extracted position, overcoming the elastic force of the
associated elastic member, so as to move the coupling head 23
away from the bottom of the shank-holder seat 8 and
simultanéously allow the coupling head 23 to close in an
umbrella-like manner, freeing the shank 101 of the tool 100
that is currently 1locked on the tool-holder head 5, 5/
integral with the drive shaft 4.

In the example shown ,in particular, the elastic member (not
shown) of the tool locking and unlocking assembly 17
preferably consists of a stack of Belleville springs (not
shown) or gimilar which are fitted on the command rod 22, or
directly on the command rod 18, and are interposed between the
command rod 22 and the structural casing 2 so as to exert an
axial thrust on the rod 22 that tends to continuatively
maintain the command rod 22 in the retracted position.
Instead, the push member 24 preferably consists of a single or
double-acting hydraulic or pneumatic piston 24 which is housed
within thevcasing 2, aligned with the drive shaft 4 of the
electric motor 3, obviously on the opposite end with respect
to the front end 4a of the drive shaft 4, and is mechanically
connected to the command rod 22 so to be able to axially move
the latter inside command rod 18 which, in turn, is slidingly

inserted inside the drive shaft 4.
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Finalyy, with reference to Figure 4, the electric spindle 1
can optionally also comprise a third disassemblable tool-
holder head 5”7, which is provided with a rear locking shank 7
specifically structured/dimensioned to be stably engaged and
locked in the shank-holder seat 6 of the drive shaft 4, and a
circular crown 14 specifically dimensioned so as to engage, oOr
in.any case to stably abut/rest, on the circular rim of the
structural casing 2 that delimits the entrance/mouth of the
oblong cavity 2a, so as to rigidly lock the tool-holder head
57 directly on the structural casing 2, i.e. to prevent any
rotation of the tool-holder head 5” about the electric spindle

axis A.

Operation of the electric spindle 1 is easily inferable from
the foregoing description and does not require further

explanations.

The advantages deriving from the particular structure of the

electric spindle 1 are remarkable and numerous.

The passage from the configuration for low-speed tools to the
cbnfiguration for high-speed tools requires the simple
substitution of the disassemblable tool-holder head 5, 5’, 5”.
An operation that is extremely simple and rapid as the tool-
holder head 5, 5’, 5”, or rather the ogival hub 15, has
significantly less weight and overall dimensions than those of

normal tool-holder spindles of the disassemblable type.

In fact, electric motor 3, rotating bushing or sleeve 11, head
locking and unlocking assembly 16 and the tool 1locking and
unlocking assembly 17 remain always fixed to the structural
casing 2 which is anchored to and supported by the spindle
holder slide or carriage of the numerical control milling

machine or similar.

Furthermore, the structure of the disassemblable tool-holder
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head 5, 5’, 5” 1s extremely simple and inexpensive to

manufacture, with all the advantages that this entails.

Moreover, the particular structure of electric spindle 1
allows to use, as electric motor 3, the most recent,
electronically controlled, electric “torque” motors with an

angular speed variable at will between 0 and 50,000 rpm.

Last, but not least, the electric spindle 1 also lends itself
to being mounted in numerical control machines already on the
market: in fact, it is sufficient to make the casing 2 of the
electric motor so that it follows the form of the casing of

the traditional electric spindles.

Finally, it is clear that modifications and variants can be
made to the above-described electric spindle 1 without however

departing from the scope of the present invention.

For example, in a different embodiment, instead of being
formed by a stack of Belleville springs, the elastic member 20
of the head 1locking and unlocking assembly 16 and/or the
elastic member of the tool locking and unlocking assembly 17
could be formed by gas springs, sleeves made of an elastomeric

material or other types of elastic devices.
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} CLAIMS
1. An electric spindle (1) for numerical control machines
structured to lock and drive into rotation a tool (100) about
a predetermined reference axis (A) locally coinciding with the
longitudinal axis of the tool (2); the electric spindle (1)
comprising an outer structural casing (2) which is structured
to be rigidly attachable to a generic numerical control
machine, and an electric motor (3) which is housed within the
structural casing (2) and is provided with a drive shaft (4),
which projects/emerges with its front end (4a) outside the
structural casing (2) while remaining locally coaxial to the
reference axis (A) of the electric spindle;
the electric spindle (1) being characterized by also
comprising:
- a thrust-bearing rotating bushing or sleeve (11)
which is fitted in an axially' rotatable manner on the
front end (4a) of the drive shaft (4) via interposition
of a first set of annular rolling bearings (12), and is
maintained coaxial to the electric spindle reference axis
(A) by a second set of annular rolling bearings (13)-
which are interposed between the rotating bushing or
sleeve (11l) and the structural casing (2); and
- at least one disassemblable tool-holder head (5, 5')
which is structured to be fixable in a rigid and stable,
though easily releasable manner to the front end (4a) of
the drive shaft (4), 1is structured so as to accommodate
and retain in a rigid and stable though easily releasable
manner the shank (101) of a generic tool (100) for
numerical control machines, and is finally provided with
a peripheral crown (14) which is dimensioned/structured
to stably abut, selectively and alternatively, on the
front end (4a) of the drive shaft (4) or on the rotating

thrust-bearing bushing or sleeve (11).

2. Electric spindle according to claim 1, characterized in

that the front end (4a) of the drive shaft (4) is provided
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with a first shank-holder seat (6) 1locally coaxial to the
reference axis (A) of the electric spindle; and in that the
disassemblable tool-holder head (5, 5’) is provided in the

back with a 1locking shank (7) wich 1is specifically

structured/dimensioned to be engaged and locked in the shank-

holder seat (6) of the drive shaft (4).

3. Electric spindle according to claim 1 or 2,
characterized in that the front part of the disassemblable
tool-holder head (5, 5’) 1s provided with a second shank-
holder seat (8) which is coaxial to the locking shank (7) of
the disassemblable tool-holder head (5, 5’) and is structured/
dimensioned to accommodate and lock in a rigid and stable,
though easily releasable manner, the shank (101) of said tool

(100) for numerical control machines.

4. Electric spindle according to claim 3, characterized by
comprising a first disassemblable tool-holder head (5) which
is provided in the back with a locking. shank (7) structured/
dimensioned to engage and lock in the shank-holder seat (6) of
the drive shaft (4), which has a front shank-holder seat (8)
structured/dimensioned to accommodate the sghank (101) of a
tool (100) for numerical control machines specifically
structured to operate with high driving torque values and low
rotational speeds, and which finally has a peripheral crown
(14) dimensioned so as to engage or stably abut/rest on the

rotating thrust-bearing bushing or sleeve (11).

5. Electric spindle according to claim 3 or 4,
characterized by comprising a second disassemblable tool-
holder head (5') which is provided in the back with a locking
shank (7) structured/dimensioned to engage and lock in the
shank-holder seat (6) of the drive shaft (4), which has a
front shank-holder seat (8) structured/dimensioned to
accommodate the shank (101) of a tool (100) for numerical

control machines specifically structured to operate with low
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driving torgque values and high rotational speeds, and which
has a peripheral crown (14) dimensioned so as to engage or

stably abut/rest on the front end (4a) of the drive shaft (4).

6. Electric spindle according to any one of the preceding
claims, characterized in that the disassemblable tool-holder
head (5, 5’) is formed by an approximately ogival hub (15),
which has a rear tailpiece (7) shaped so as to form a shank
specifically dimensioned to engage 1in the shank-holder seat
(6) of the drive shaft (4), and is provided on the front_with
a shank-holder seat (8) spécifically structured/dimensioned to
accommodate the rear shank (101) of the tool (100) for
numerical control machines; said hub (15) being also provided
with a peripheral circular crown or shoulder (14) which
protrudes while remaining locally coaxial to the rear shank-
shaped tailpiece (7), and is dimensioned so as to engage or
stably abut, selectively and alternatively, on the front end
(4a) of the drive shaft (4), or on the rotating thrust-bearing

bushing or sleeve (11).

7. Electric spindle according to claim 6, characterized in
that said approximately ogival hub (15) is provided with a
central through-hole (15a) which connects the bottom of the
shank-holder seat (8) of the hub with the end of the rear
shank-shaped tailpiece (7) of the hub, and extends coaxial to
the axis of symmetry of the hub (L) so as to be arranged
coaxial to the reference axis (A) of the electric spindle when
the hub (15) is locked on the drive shaft (4).

8. Electric spindle according to claim 6 or 7,
characterized in that said approximately ogival hub (15) has a

monolithic structure.

9. Electric spindle according to any one of the preceding
claims, characterized by also comprising a head locking and

unlocking assembly (16) which is structured to selectively
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couple and lock/retain, in a rigid and stable though easily
releasable manner, the disassemblable tool-holder head (5, 57)
on the front end (4a) of the drive shaft (4), so as to allow
the drive shaft (4) to drive the tool-holder head (5) in

rotation about the reference axis (A) of the electric spindle.

10.  Electric spindle according to any one of the preceding
claims, characterized by also comprising a tool locking and
unlocking assembly (17) which is structured to selectively
couple and lock/retain, in a rigid and stable though easily
releasable manner, the shank (101]) of the tool (100) for
numerical control machines, so as to allow the disassemblable
toocl-holder head (5, 5’) to drive the tool (100) in rotation

about the reference axis (A) of the electric .spindle.

11. Electric spindle according to claim 9 or 10,
characterized in that the head locking and unlocking assembly
(16) comprises: a first command rod (18) which extends in a
pass-through and axially sliding manner through the drive
shaft (4) while remaining coaxial to the reference axis (A) of
the electric spindle, so as to protrude within the shank-
holder seat (6) present on the front end (4a) of the drive
shaft (4); and a first expansion coupling head (19) which is
slidingly fitted on the end of the first command rod (18)
protruding within the shank-holder seat (6) of the drive shaft
(4), and is strﬁctured so as to be able to open in umbrella-
manner within a cavity specifically realized at centre of the
rear locking shank (7) of the tool-holder head (5, 5’), under
the thrust of the first command rod (18).

12. Electric spindle according to claim 11, characterized
in that the tool 1locking and unlocking assembly (17)
comprises: a second command rod (22) which extends in a pass-
through and axially sliding manner through the first command
rod (18) while remaining coaxial to the reference axis (A) of

the electric spindle, so as to prdtrude from the shank-holder
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seat (6) on the front end (4a) of the drive shaft (4), to
engage 1in a pass-through and axially sliding manner the
disassemblable tool-holder head (5, 5’) currently locked on
the front end (4a) of the drive shaft (4), and finally to
protrude within the shank-holder seat (8) present on the front
part of the tool-holder head (5, 5’); and a second expansion
coupling head (23) which is slidingly fitted on the end of the
second command rod (22) that protrudes within the shank-holder
seat (8) on the disassemblable tool-holder head (5, 5’), and
is structured so as to be able to open in umbrella-manner
within a cavity specifically made at centre of the shank (101)
of the tool (100) for numerical control machines, under the

thrust of the second command rod (22).

13. Electric spindle according to any one of the preceding
claims, characterized in that the first set of annular rolling
bearings (12) 1is structured/dimensioned so as to have an
operating limit speed higher than the maximum rotational speed
of the drive shaft (4).

14; Electric spindle according to any one of the preceding
claims, characterized in that the second set of annular
rolling bearings (13) is structured/dimensioned so as to have
an operating limit speed 1lower than the maximum rotational
speed of the drive shaft (4).

15. Electric spindle according to any one of the preceding
claims, characterized in that the electric motor (3) is
structured so as to be able to drive into rotation the drive
shaft (4) about the reference axis (A) of the electric spindle
with an angular speed adjustable/selectable in a range which
comprises the typical rotational speeds of roughing cutters or
other tools for numerical control machines specifically
structured to operate with high driving torque values and low
rotational speeds, ‘and the typical rotational speeds of

finishing cutters or other tools for numerical control
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machines specifically structured to operate with low driving

torque values and high rotational speeds.

16. Electric spindle according to any one of the preceding
claims, characterized 1in that the electric motor (3) is
structured/dimensioned so as to be able to drive in rotation
the drive shaft (4) about the reference axis (A) of the
electric spindle with an angular speed adjustable/selectable

in a range between 0 and 50,000 rpm.
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