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(54) APPARATUS AND METHOD FOR ASSEMBLING THE TEETH THAT CONSTITUTE THE STATOR 
POLES OF A STATOR

(57) A method for assembling the teeth (d) that con-
stitute the stator poles of a stator (S) for electric motors,
comprising at least the steps of:
a. positioning the teeth (d) between a radial expansion
device (30) and a plurality of radial compression devices
(40);
b. expanding in a coordinated manner the radial expan-
sion device (30) and the radial compression devices (40)
until all the teeth (d) are arranged at the same radial dis-
tance from a central axis (Y); the expansion of the radial
expansion device (30) and the expansion of the radial

compression devices (40) being coordinated by an elec-
tronic control unit as a function at least of the distance of
each tooth (d) from the central axis (Y) and of the pressure
applied by each one of the radial compression devices
(40) to each tooth (d);
c. mutually fixing the teeth (d) in the position reached in
point b so as to form a single stator element (S);
d. extracting the stator element (S).

The invention also relates to an apparatus for per-
forming the method.
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Description

[0001] The present invention relates to a method and
an apparatus for assembling the teeth that constitute the
stator poles of a stator for electric motors.
[0002] As is known, the rotors of electric motors nor-
mally have a cylindrical shape and comprise a plurality
of stator poles formed by teeth arranged along the inter-
nal circumference of the cylinder.
[0003] For the correct operation of the electric motor,
it is important that the teeth are arranged along an exact
circumference, i.e., all at the same distance from the lon-
gitudinal axis of the stator. A less-than-perfect roundness
of the curve defined by the teeth in fact creates an uneven
magnetic field which produces an uneven (jerky) rotation
of the rotor.
[0004] The external roundness of the cylinder instead
has no influence on the correct operation of the rotor.
[0005] The teeth are normally provided separately and
then assembled.
[0006] Accordingly, in the field of the production of
electric motors, there is the need to assemble the teeth
that form the stator poles so that they form an internal
circumference that is as precise as possible.
[0007] This goal is rendered more difficult by the fact
that the teeth often have different tolerances which are
due to the preceding machining operations to which they
are subjected.
[0008] Furthermore, sometimes the teeth have differ-
ent constructive dimensions which influence the internal
roundness.
[0009] In the background art, an attempt is made to
achieve internal roundness of the stator by acting on the
deformation of the material.
[0010] In practice, apparatuses for assembling stators
of the known type comprise a central support, having the
preset diameter, against which the teeth are pressed by
a press.
[0011] Although this known method is very practical, it
is unable to ensure a fully satisfactory precision of the
internal roundness.
[0012] In particular, the applied pressure generates in
the material of the teeth residual stresses which, once
the press is released, cause deformations and/or mutual
displacements of the teeth, with consequent negative re-
percussions on the internal roundness.
[0013] The aim of the present invention is to overcome
the limitations of the background art described above,
providing an apparatus and a method for the assembly
of the teeth that constitute the stator poles of a stator that
ensures with greater precision the internal roundness of
the stator.
[0014] Within this aim, an object of the present inven-
tion is to devise a method that allows to assemble the
teeth without deforming their material.
[0015] Another object of the invention is to devise a
method that allows to control the correctness of the as-
sembly with a higher reliability than the background art.

[0016] A further object of the invention is to provide an
apparatus for performing the method.
[0017] This aim, these and other objects which will be-
come better apparent hereinafter, are achieved by a
method for assembling the teeth that constitute the stator
poles of a stator for electric motors, characterized in that
it comprises at least the steps of:

a. positioning said teeth between a radial expansion
device and a plurality of radial compression devices
which are arranged circumferentially around said ra-
dial expansion device;
b. expanding in a coordinated manner said radial
expansion device and said radial compression de-
vices until all the teeth are arranged at the same
radial distance from a central axis; said radial expan-
sion device pushing radially the teeth so that they
move away from said central axis and each one of
said radial compression devices pushing radially a
tooth closer to said central axis; the radial distance
of each tooth from said central axis being detected
by a position detection device and the pressure ap-
plied by each one of said radial compression devices
to each tooth being detected by force detection de-
vices; the expansion of said radial expansion device
and the expansion of said radial compression devic-
es being coordinated by an electronic control unit as
a function at least of the distance of each tooth from
said central axis detected by said position detection
devices and of the pressure applied by each one of
said radial compression devices to each tooth de-
tected by said force detection devices;
c. mutually fixing the teeth in the position reached in
point b so as to form a single stator element;
d. extracting said stator element.

[0018] This aim and these and other objects are also
achieved by an apparatus for assembling the teeth that
constitute the stator poles of a stator, comprising a sup-
porting structure provided with at least one seat for ac-
commodating said teeth during assembly, said seat hav-
ing a central axis, characterized in that it comprises fur-
thermore:

- a radial expansion device, which is arranged at said
central axis and is configured to expand radially with
respect to said central axis,

- a plurality of radial compression devices, which are
arranged substantially radially around said radial ex-
pansion device and are configured to expand radially
toward said central axis;

said radial expansion device and said radial compression
devices forming between them a cavity that is adapted
to accommodate said teeth during assembly so that the
radial expansion of said radial expansion device pushes
each tooth so as to move radially away from said central
axis and the expansion of said radial compression de-
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vices pushes radially said teeth toward said central axis,
the expansion of said radial expansion device and the
expansion of said radial compression devices being con-
trolled by at least one electronic control unit.
[0019] Further characteristics and advantages will be-
come better apparent from the description of a preferred
but not exclusive embodiment of an apparatus for the
assembly of the teeth that constitute the stator poles of
a stator, illustrated by way of nonlimiting example with
the aid of the accompanying drawings, wherein:

Figure 1 is a sectional view, taken along a vertical
plane, of a possible embodiment of the apparatus
for assembling the teeth that constitute the stator
poles of a stator, according to the invention;
Figure 2 is a top plan view of the apparatus of Figure
1;
Figure 3 is a sectional view, taken along the surface
II-II of the apparatus of Figure 1;
Figure 4 is a sectional view, taken along a horizontal
plane of the radial expansion device of the apparatus
of Figure 1;
Figure 5 is a sectional view, taken along the line V-
V of the radial expansion device of Figure 4;
Figure 6 is a perspective view of the radial expansion
device of Figure 4;
Figure 7 is a perspective view of a radial compression
device of the apparatus of Figure 1;
Figure 8 is a sectional view, taken along the line X-
X, of the radial compression device of Figure 7;
Figure 9 is a top view of the radial compression de-
vice of Figure 7;
Figure 10 is a sectional view, taken along a horizontal
plane, of the radial compression device of Figure 7;
Figures 11 to 19 are views of a sequence of steps
of the method for the assembly of the teeth that con-
stitute the stator poles of a stator, according to the
invention, performed with the apparatus of Figure 1.

[0020] With reference to the figures, the apparatus for
assembling the teeth that constitute the stator poles of a
stator, designated generally by the reference numeral 1,
comprises a supporting structure 20 which is provided
with at least one seat 21 for accommodating the teeth d
during assembly.
[0021] The term "tooth" d references, in a fully general
way, any one of the parts that must be mutually assem-
bled during a process for the assembly of a stator. The
shape and the dimensions of the teeth d can thus vary
according to the type of stator that must be assembled.
[0022] In the preferred and illustrated embodiment, the
supporting structure 22 comprises a frame 28 which is
adapted to hold together the various elements that con-
stitute the apparatus 1 and on which a horizontal resting
surface 22 is arranged.
[0023] In the illustrated example, the supporting struc-
ture 20 is furthermore provided with adjustable feet 23.
[0024] The seat 21 has a central axis Y, i.e., the lon-

gitudinal axis, which in the preferred and illustrated em-
bodiment is vertical.
[0025] Advantageously, the feet 23 can be adjusted so
as to ensure the perfect verticality of the central axis Y.
[0026] According to the invention, the apparatus 1
comprises a radial expansion device 30 which is ar-
ranged at the center of the seat 21, at the central axis Y,
and is configured to expand radially with respect to the
central axis Y.
[0027] The radial expansion device 30 is a device that
is capable of imparting to each of the teeth d, in a con-
trolled manner, a mechanical force that is directed toward
from the central axis Y outward; the radial expansion de-
vice 30 that is present in the preferred embodiment will
be described in greater detail hereinafter.
[0028] According to the invention, the apparatus 1
comprises furthermore a plurality of radial compression
devices 40 which are arranged substantially radially
around the radial expansion device 30 and are configured
to expand radially toward said central axis Y.
[0029] The radial compression devices 40 are devices
capable of imparting in a controlled manner a mechanical
force, which is directed outward toward the central axis
Y, to each one of the teeth d, such as for example press-
es; the radial compression devices 40 that are present
in the preferred embodiment will be described in greater
detail hereinafter.
[0030] It is useful to clarify that the expression "ar-
ranged radially around the radial expansion device 30"
means that they are arranged so that the expansion axis
is oriented like the radius of a circumference that is cen-
tered on the central axis Y.
[0031] In the illustrated example (see Figure 2), the
radial compression devices 40 are arranged along a cir-
cumference centered on the central axis Y, all at the same
distance from said central axis Y.
[0032] In some embodiments, which are not shown,
the elements can be arranged equivalently again radially
but offset at different distances from the central axis Y.
[0033] In any case, the radial expansion device 30 and
the radial compression devices 40 form between them a
cavity 23 which is adapted to accommodate the teeth d
during assembly.
[0034] It should be noted, with particular reference to
Figures 1 and 2, that a cavity 23 is formed which has
substantially an annular cross-section, which is symmet-
rical with respect to the central axis Y, of which the radial
expansion device 30 and the radial compression devices
40 define respectively the internal wall and the external
wall.
[0035] In practice, the radial expansion device 30 and
the radial compression devices 40 are arranged so that
the radial expansion of the radial expansion device 30
pushes each tooth d radially away from the central axis
Y and the expansion of the radial compression devices
40 pushes said teeth d radially toward the axis Y.
[0036] In other words, the radial expansion device 30
and the radial compression devices 40 act in an antag-
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onistic manner on each tooth d, adjusting its distance
from the central axis Y.
[0037] According to the invention, the expansion of the
radial expansion device 30 and the expansion of the ra-
dial compression devices 40 are controlled by at least
one electronic control unit (not shown), in manners which
will become better apparent hereinafter.
[0038] It is noted right now that by virtue of these par-
ticularities of the invention the radial expansion device
30 and the radial compression devices 40 can act in a
coordinated manner on each tooth d, so as to arrange
all the teeth d at the same distance from the central axis
Y, and thus provide a very precise internal circumference
of the rotor S without deforming the teeth d.
[0039] The electronic control unit is constituted by one
or more programmable electronic devices, which are
adapted to control electronically all or part of the compo-
nents of the apparatus 1 and can comprise one or more
control interfaces. For example, the electronic control unit
can comprise an electronic device for the control of the
radial expansion device 30 and one for the control of
each radial compression device 40, which are connected
to a single programmable electronic controller.
[0040] Preferably, the apparatus 1 also comprises one
or more laser emitters 60 configured to perform laser
welding on the teeth d once they have been positioned
correctly.
[0041] According to an optional and advantageous
characteristic, the laser emitters 60 are mounted on a
base 70 which can rotate about the central axis Y and
more precisely are arranged externally with respect to
the radial compression devices 40 relative to the central
axis Y (i.e., outside the circumference along which the
radial compression devices 40 are arranged).
[0042] In the illustrated example, the base 70 has the
shape of a sprocket and is determined by means of a
gear 71, which is actuated by a motor 66.
[0043] Furthermore, between each radial compression
device 40 and the adjacent radial compression device
40 there is a channel 72 which is adapted to be crossed
by a laser beam and is arranged radially toward the cen-
tral axis Y.
[0044] In this manner, by rotating the base 70 it is pos-
sible to arrange the laser emitters 60 at the various chan-
nels 72, performing in sequence the welding of all the
joints between the teeth d.
[0045] With particular reference to Figures 4, 5 and 6,
the radial expansion device 30 that is present in the pre-
ferred embodiment of the apparatus 1 is now described
in greater detail.
[0046] The radial expansion device 30 comprises a
central pusher element 32, which is coaxial to the central
axis Y and is configured to push radially away from the
central axis Y a plurality of pusher sectors 31 arranged
circumferentially around the central pusher element 32.
More precisely, each one of the pusher sectors 31 is con-
figured to push a single tooth d.
[0047] As shown in Figure 4, in which the radial expan-

sion device 30 is seen from above, the pusher sectors
31 are T-shaped in plan view, with the distal wall 311
(i.e., distal with respect to the central pusher element 32)
curved. The distal wall 311 is conveniently complemen-
tary to the internal wall of the tooth d with which it inter-
faces.
[0048] In the condition in which the radial expansion
device 30 is completely retracted, shown in Figure 4, the
pusher sectors 31 are moved mutually closer until they
substantially match up, so that the distal walls 311 form
as a whole the outer wall of a cylinder.
[0049] During the expansion, the pusher sectors 31
move mutually apart symmetrically, translating radially
so that the distal walls 311 are aligned along circumfer-
ences the radius of which increases as expansion pro-
ceeds.
[0050] As mentioned, the radial translation of the push-
er sectors 31 is caused by the mechanical action of the
central pusher element 32, which comprises one or more
surfaces 35 which are inclined with respect to the axis Y
and are configured so as to impart a radial thrust to the
pusher sectors 31 when the central pusher element 32
itself moves in a direction along the central axis Y.
[0051] In greater detail, in the illustrated example, the
central pusher element 32 is provided with two conical
surfaces 35 which interface with the internal walls of the
pusher elements 31. In this manner, when the central
pusher element 32 moves upward, the inclined planes
constituted by the conical walls 35 produce a horizontal
thrust on the pusher sectors 31, making them move ra-
dially. The longitudinal movement of the pusher sectors
31 is instead prevented by a locking element 36.
[0052] The movement along the central axis Y of the
central pusher element 32 is in turn preferably induced
by an actuator 33.
[0053] The preferred radial expansion device 30 in fact
also comprises an actuator 33 which, by means of a
transmission assembly 34, actuates the movement of the
central pusher element 32 along the central axis Y.
[0054] In greater detail, the transmission assembly 34
comprises a series of motion transmission elements
which are mutually connected so that the thrust of the
actuator 33 is transmitted to the central pusher element
32, and include, for example, a stem 341, which is actu-
ated by the actuator 43 and is coupled mechanically to
a connecting element 342, which in turn is rigidly coupled
to the central pusher element 32.
[0055] In other possible embodiments, the transmis-
sion assembly 34 comprises motion transmission ele-
ments of a different type, such as for example threaded
shafts, pistons, belts, etc.
[0056] In the preferred and illustrated embodiment, as
is evident in Figures 1 and 3, the actuator 33 and all the
motion transmission elements 341, 342 are aligned along
the central axis Y; however, embodiments are possible
in which the actuator 33 has a different position and mo-
tion transmission occurs along different axes (for exam-
ple along a first horizontal axis and then along the central
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axis Y), according to known kinematic transmission
methods.
[0057] With particular reference to Figures 7, 8 and 9,
the radial compression devices 40 that are present in the
preferred embodiment of the apparatus 1 are now de-
scribed in greater detail.
[0058] In this embodiment, each radial compression
device 40 is configured to push a single tooth d and all
the radial compression devices 40 are identical; therefore
a single radial compression device 40 is described here-
in, it being understood that that all the described elements
are present in each one of the radial compression devices
40.
[0059] Going back to the figures, the radial compres-
sion device 40 comprises at least one force detection
device 41 for measuring the thrust that said radial com-
pression device 40 applies to the single tooth d; prefer-
ably, said force detection device 41 is constituted by a
load cell.
[0060] Furthermore, the radial compression device 40
comprises at least one position detection device 42 for
the direct or indirect detection of the radial distance of
the single tooth d from the central axis Y; preferably, the
position detection device 42 is a linear encoder capable
of detecting movements with respect to a reference po-
sition.
[0061] The radial compression device 40 also compris-
es a drive unit 43, which by means of a kinematic chain
44 induces the radial movement, with respect to the cen-
tral axis Y, of a pusher head 45, which is configured to
push the tooth d radially toward the central axis Y.
[0062] The pusher head 45 is the element which during
thrust makes direct contact with the tooth d, can have
any shape according to the requirements and according
to the shape of the tooth and, and preferably is provided
with an interface surface 451 which is complementary to
the surface of the tooth d with which it interfaces.
[0063] In greater detail, in the illustrated example, the
kinematic chain 44 comprises a pusher shaft 441 which
is actuated by the drive unit 43 and is functionally con-
nected to a pusher wedge 442 in order to actuate the
linear movement of the latter along a direction that is
parallel to the central axis Y. The pusher wedge 442 is
in turn kinematically connected to the pusher head 45 so
that by moving along such linear direction it imparts to
said pusher head 45 a radial thrust toward the central
axis Y.
[0064] The kinematic connection between the pusher
wedge 442 and the pusher head is preferably provided
by means of a transmission cylinder 444, which rotates
on an inclined plane 445 of the pusher wedge 442, and
an intermediate transmission element 446, which kine-
matically connects the transmission cylinder to the push-
er head 45.
[0065] Furthermore, the kinematic chain 44 is also pro-
vided with a compensation spring 443 which is arranged
around the pusher shaft 441 so as to contrast the move-
ment of the latter toward the pusher wedge 442.

[0066] Preferably, the pusher shaft 441 comprises a
ballscrew 447 which is rotationally actuated by the drive
unit 43, converting the rotation imparted thereto by the
drive unit 43 into a translation of the pusher shaft 441
along a vertical axis.
[0067] In other possible embodiments, the kinematic
chain 44 comprises motion transmission elements of a
different type, such as for example pistons, gears, belts,
etc.
[0068] In the preferred and illustrated embodiment, as
is evident in Figures 1 and 3, the drive unit 43 is accom-
modated in the frame 28 below the resting surface 22,
the pusher shaft 441 and the pusher wedge 442 move
along an axis which is parallel to the central axis Y, at
right angles to the direction of motion of the pusher head
45, and therefore motion transmission occurs along two
mutually perpendicular axes; however, embodiments are
possible in which the drive unit 43 has a different position
and motion transmission occurs along different axes (for
example along a single horizontal axis, with the drive unit
arranged above the resting surface 22), according to
known kinematic transmission methods.
[0069] Advantageously, the radial compression device
40 is provided so as to have micrometer resolution, i.e.,
the drive unit 43 is capable of determining movements
of the pusher head 45 with a precision on the order of 1
micron.
[0070] It should be noted that in this illustrated example
the force detection device 41, constituted by a load cell,
is interposed between the pusher shaft 441 and the push-
er wedge 442.
[0071] Also in the illustrated example, the position de-
tection device 42, constituted by a linear encoder, is ar-
ranged proximate to the pusher head 45 and is configured
to detect the position of the latter. In this manner, the
position detection device 42 indirectly detects the posi-
tion (and more precisely the distance from the central
axis Y) of the tooth d by detecting the position of the
pusher head 446 that acts on said tooth d.
[0072] Both the position detection device 42 and the
force detection device 41 are functionally connected to
the electronic control unit so as to transmit thereto the
acquired data.
[0073] The electronic control unit is in fact configured
to control the expansion of the radial expansion devices
30 and the expansion of the radial compression devices
40 as a function of the values detected by said position
detection device 42 and by such force detection device
41, so as to be able to provide the method that will be
described hereinafter.
[0074] In practice, in the preferred embodiment, the
electronic control unit actuates the expansion of the radial
expansion device 30 and the expansion of the radial com-
pression devices 40 by actuating the drive unit 43 and
the actuator 33.
[0075] The operation of the apparatus 1 is clear and
evident from what has been described.
[0076] The method for assembling the teeth d accord-

7 8 



EP 3 525 328 A1

6

5

10

15

20

25

30

35

40

45

50

55

ing to the invention can be provided by means of the
apparatus 1, as illustrated for example in the sequence
shown in Figures 11 to 19, and is described hereinafter.
[0077] First of all (Figure 11), the teeth d are arranged
between the radial expansion device 30 and the radial
compression devices 40.
[0078] Once the teeth d have been positioned, the
method provides for expanding in a coordinated manner
the radial expansion device 30 and the radial compres-
sion devices 40 until all the teeth d are arranged at the
same radial distance from the central axis Y (Figures
12-16). As is already evident, in this step the radial ex-
pansion device 30 pushes the teeth d radially away from
the central axis Y, while each one of the radial compres-
sion devices 40 pushes radially a tooth d toward said
central axis Y.
[0079] Also in this step, the expansion of the radial ex-
pansion device 30 and the expansion of the radial com-
pression devices 40 are coordinated by the electronic
control unit as a function at least of the distance of each
tooth d from the central axis Y (detected by the position
detection devices 42) and of the pressure applied by each
one of said radial compression devices 40 to each tooth
d (pressures detected by force detection devices 41).
[0080] In practice, the radial expansion device 30 and
the radial compression devices 40 are actuated alter-
nately, according to an appropriate sequence, under the
control of the electronic control unit until the electronic
control unit, by interpolating the detections of the force
detection devices 41 and of the position detection devic-
es 42, detects that all the teeth d are at the same distance
from the central axis Y.
[0081] In greater detail, in the preferred embodiment
of the method provided by means of the apparatus 1, in
this step the following substeps are performed in se-
quence:

- (Figure 12) the radial expansion device 30 is made
to expand up to a predetermined nominal radius;

- (Figure 13) the radial compression devices 40 are
made to expand in order to keep the teeth d in posi-
tion;

- (Figure 14) the radial expansion device 30 is made
to expand so as to mutually space the teeth d and
simultaneously the radial compression devices 40
are made to retract in a manner that is proportional
to the expansion of the radial expansion device 30;

- (Figure 15) each radial compression device 40 is
made to expand until it touches a tooth d, detecting
that contact has occurred by means of the force de-
tection device 41 (so that a pressure that might de-
form the tooth is not applied thereto);

- (Figure 16) the position detection devices 42 are set,
defining the position that has just been reached by
each radial compression device 40 as the reference
position;

- (Figure 16) the radial expansion device 30 is made
to retract to said nominal radius and the radial com-

pression devices 40 are made to expand until all the
force detection devices 41 detect the same contact
value (i.e., up to contact with the teeth d, without
causing any deformation thereon);

- (Figure 16) the position variation of each radial com-
pression device 40 with respect to said reference
position is detected by means of said position detec-
tion devices 42;

- (Figure 16) if in the preceding substep the position
variations detected by the position detection devices
42 are not all the same, the radial expansion device
30 is made to expand further and at the same time
the radial compression devices 40 are made to re-
tract; then the radial compression devices are made
to expand until the force detection devices 41 detect
the same contact value and then the preceding sub-
step is repeated. When the position variations de-
tected by the position detection devices 42 are all
the same, then one proceeds with the fixing of the
teeth d.

[0082] Once the teeth d have all been arranged at the
same radial distance from the central axis Y, the teeth d
are fixed, preferably by means of laser welding performed
by the laser emitters 60, so as to form a single stator
element S (Figure 17).
[0083] Finally, the stator element S formed by the teeth
d is extracted.
[0084] It should be noted that the method that has just
been described allows to keep the quality of the internal
roundness of the stator constantly under control in a proc-
ess for the serial production of parts.
[0085] Furthermore, with reference to the actual inside
diameter, ensured by the contact with the pusher sectors
31, the tolerances and any consequent irregularities are
shifted toward the outside diameter.
[0086] Finally, it is important to stress that the teeth d,
differently from the background art, are not subjected to
mechanical stresses and therefore are not subjected to
deformations after release.
[0087] In practice it has been found that the method
and apparatus for assembling the teeth that constitute
the stator poles of a stator, according to the present in-
vention, achieve the intended aim and objects, since they
allow to ensure with higher precision the internal round-
ness of the stator with respect to the background art.
[0088] Another advantage of the method and of the
apparatus according to the invention resides in that the
teeth are assembled without deforming their material.
[0089] A further advantage of the method and of the
apparatus according to the invention resides in that they
allow to control the correctness of the assembly with a
higher reliability than the background art.
[0090] The method and the apparatus for assembling
the teeth that constitute the stator pole of a stator thus
conceived are susceptible of numerous modifications
and variations, all of which are within the scope of the
appended claims.
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[0091] All the details may furthermore be replaced with
other technically equivalent elements.
[0092] In practice, the materials used, so long as they
are compatible with the specific use, as well as the con-
tingent shapes and dimensions, may be any according
to the requirements.
[0093] The disclosures in Italian Patent Application No.
102018000002533 from which this application claims pri-
ority are incorporated herein by reference.
[0094] Where technical features mentioned in any
claim are followed by reference signs, those reference
signs have been included for the sole purpose of increas-
ing the intelligibility of the claims and accordingly such
reference signs do not have any limiting effect on the
interpretation of each element identified by way of exam-
ple by such reference signs.

Claims

1. A method for assembling the teeth (d) that constitute
the stator poles of a stator (S) for electric motors,
characterized in that it comprises at least the steps
of:

a. positioning said teeth (d) between a radial ex-
pansion device (30) and a plurality of radial com-
pression devices (40) which are arranged cir-
cumferentially around said radial expansion de-
vice (30);
b. expanding in a coordinated manner said radial
expansion device (30) and said radial compres-
sion devices (40) until all the teeth (d) are ar-
ranged at the same radial distance from a central
axis (Y); said radial expansion device (30) push-
ing radially the teeth (d) so that they move away
from said central axis (Y) and each one of said
radial compression devices (40) pushing radially
a tooth (d) closer to said central axis (Y); the
radial distance of each tooth (d) from said central
axis (Y) being detected by a position detection
device (42) and the pressure applied by each
one of said radial compression devices (40) to
each tooth (d) being detected by force detection
devices (41); the expansion of said radial ex-
pansion device (30) and the expansion of said
radial compression devices (40) being coordi-
nated by an electronic control unit as a function
at least of the distance of each tooth (d) from
said central axis (Y) detected by said position
detection devices (42) and of the pressure ap-
plied by each one of said radial compression
devices (40) to each tooth (d) detected by said
force detection devices (41);
c. mutually fixing the teeth (d) in the position
reached in point b so as to form a single stator
element (S);
d. extracting said stator element (S).

2. The method according to claim 1, characterized in
that step b in turn comprises at least the steps of:

b1. expanding said radial expansion device (30)
to a preset nominal radius;
b2. expanding the radial compression devices
(40) in order to keep said teeth (d) in position;
b3. expanding the radial expansion device (30)
so as to mutually space said teeth (d) and at the
same time retract the radial compression devic-
es (40) in a manner proportional to the expan-
sion of the radial expansion device (30);
b4. expanding each radial compression device
(40) until it touches a tooth (d), detecting that
contact has occurred by means of said force de-
tection device (41);
b5. setting the position detection devices (42),
defining the position reached by each radial
compression device (40) in the preceding step
as a reference position;
b6. retracting said radial expansion device (30)
to said nominal radius and expanding each ra-
dial compression device (40) until it touches a
tooth (d), detecting that contact has occurred by
means of said force detection device (41);
b7. detecting the position variation of each radial
compression device (40) with respect to said ref-
erence position by means of said position de-
tection devices (42); if the position variations de-
tected by the position detection devices (42) are
not all the same, proceed with step b8; if the
position variations detected by the position de-
tection devices (42) are all the same, then pro-
ceed with step c.
b8. expanding further the radial expansion de-
vice (30) and at the same time retracting the
radial compression devices (40), subsequently
expanding each radial compression device (40)
until it touches a tooth (d), detecting that contact
has occurred by means of said force detection
device (41), and then repeating the preceding
step.

3. The method according to claim 1 or 2, characterized
in that in step c the teeth (d) are mutually fixed by
performing a laser welding.

4. The apparatus (1) for assembling the teeth (d) that
constitute the stator poles of a stator (S) comprising
a supporting structure (20) provided with at least one
seat (21) for accommodating said teeth (d) during
assembly, said seat (21) having a central axis (Y),
characterized in that it further comprises:

- a radial expansion device (30), which is ar-
ranged at said central axis (Y) and is configured
to expand radially with respect to said central
axis (Y),
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- a plurality of radial compression devices (40),
which are arranged substantially radially around
said radial expansion device (30) and are con-
figured to expand radially toward said central
axis (Y);

said radial expansion device (30) and said radial
compression devices (40) forming between them a
cavity (23) that is adapted to accommodate said
teeth (d) during assembly so that the radial expan-
sion of said radial expansion device (30) pushes
each tooth (d) so as to move radially away from said
central axis (Y) and the expansion of said radial com-
pression devices (40) pushes radially said teeth (d)
toward said central axis (Y),
the expansion of said radial expansion device (30)
and the expansion of said radial compression devic-
es (40) being controlled by at least one electronic
control unit.

5. The apparatus (1) according to claim 4, character-
ized in that each radial compression device (40) is
configured to push a single tooth (d) and comprises:

- a force detection device (41) for measuring the
thrust that said radial compression device (40)
applies to said single tooth (d),
- a position detection device (42) for detecting
the radial distance of said tooth (d) from said
central axis (Y);

said electronic control unit being configured to con-
trol the expansion of said radial expansion device
(30) and the expansion of said radial compression
devices (40) as a function of the values detected by
said position detection device (42) and by said force
detection device (41).

6. The apparatus according to one or more of claims 4
to 5, characterized in that said position detection
device (42) is a linear encoder and in that said force
detection device (41) is a load cell.

7. The apparatus according to one or more of claims 4
to 6, characterized in that each one of said radial
compression devices (40) comprises a drive unit (43)
which, by means of a kinematic chain (44), induces
the radial movement, with respect to said central axis
(Y), of a pusher head (45) which is configured to
push radially said tooth (d) toward said central axis
(Y); said drive unit (43) being controlled by said elec-
tronic control unit.

8. The apparatus (1) according to claim 7, character-
ized in that said kinematic chain (44) comprises a
pusher shaft (441) which is actuated by said drive
unit (43) and is functionally connected to a pusher
wedge (442) in order to actuate the linear movement

of the latter along a direction that is parallel to said
central axis (Y), said pusher wedge (442) being con-
nected kinematically to said pusher head (45) so that
by moving along said linear direction it imparts to
said pusher head (45) a radial thrust toward said
central axis (Y); said force detection device (41) be-
ing interposed between said pusher shaft (441) and
said pusher wedge (442), said position detection de-
vice (42) being configured to detect the position of
said pusher head (45).

9. The apparatus (1) according to one or more of claims
4 to 8, characterized in that said kinematic chain
(44) further comprises:

- a compensation spring (443), which is ar-
ranged around said pusher shaft (441) so as to
contrast the movement of the latter toward said
pusher wedge (442);
- a transmission cylinder (444), which rotates on
an inclined plane (445) of said pusher wedge
(442) and
- an intermediate transmission element (446),
which connects kinematically said transmission
cylinder (444) to said pusher head (45);

said pusher shaft (441) comprising a ballscrew (447)
which is actuated rotationally by said drive unit (43).

10. The apparatus (1) according to one or more of claims
4 to 9, characterized in that said radial expansion
device (30) comprises a central pusher element (32),
which is coaxial to said central axis (Y) and is con-
figured to push radially away from said central axis
(Y) a plurality of pusher sectors (31) which are ar-
ranged circumferentially around said central pusher
element (32); each one of said pusher sectors (31)
being configured to push a single tooth (d).

11. The apparatus (1) according to one or more of claims
4 to 10, characterized in that said radial expansion
device (30) comprises an actuator (33) which, by
means of a transmission assembly (34), actuates
the movement of said central pusher element (32)
along said central axis (Y); said central pusher ele-
ment (32) comprising one or more surfaces (35)
which are inclined with respect to said central axis
(Y) and are configured so as to impart a radial thrust
to said pusher sectors (31) when said central pusher
element (32) moves in a direction along said central
axis (Y).

12. The apparatus (1) according to one or more of claims
4 to 11, characterized in that it comprises one or
more laser emitters (60) configured to perform laser
welding on said teeth (d).

13. The apparatus (1) according to claim 12, character-
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ized in that said laser emitters (60) are mounted on
a base (70) which can be rotated about the central
axis (Y); said laser emitters (60) being arranged ex-
ternally to the radial compression devices (40) with
respect to the central axis (Y).
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