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ASSEMBLY FOR MINIMIZING THE
SPRINGBACK OF ELECTRICAL WIRES IN
APPARATUSES FOR TWISTING SAID
WIRES

[0001] The present invention relates to an assembly for
minimizing the springback of electrical wires in apparatuses
for twisting such wires.

[0002] Twisting apparatuses operate on conducting ele-
ments (conductors of electricity, i.e. elements that are elec-
trically conductive) that are intended to constitute the induc-
tive windings (or spools) of electric machines, such as
motors, generators and, in general, any other type of electric
machine. In the present discussion, the term “wires” will be
used to mean any electrical conductor or any respective
substantially elongated portion of a specific electrical con-
ductor, independently of its shape and of its geometric
characteristics.

[0003] Each conducting element will be shaped like a
fork, normally called a “hairpin” in the jargon used in the
sector, and will conveniently be inserted into the slots of a
ferromagnetic core of either a stator or a rotor of an electric
machine. The fork has two straight shanks (substantially
parallel) which are mutually connected by a cross-piece.
Overall, each fork is shaped approximately like an upturned
U with the contoured bridge (which constitutes the “head” of
the fork) shaped like a cusp. Each shank has a free end for
inserting the fork into the slots of a core, such as an inductor
or an armature of an electric machine.

[0004] The insertion occurs by inserting the free ends of
the conductive elements through longitudinal openings of
the slots and making them slide until they come out at the
other end of the ferromagnetic core, so that they reach a
predefined external protrusion of the shanks. So at one end
of the ferromagnetic core, the bridges of the forks remain
outside, while at the other end of the ferromagnetic core the
free ends remain outside.

[0005] After insertion, the free ends must be bent (twisting
step) in order to be arranged in predetermined positions, at
which they are comnected with other free ends of other
conductive elements (forks) via welding (according to the
topology of the electric winding to be provided). The free
ends of separate shanks must therefore be arranged accord-
ing to criteria for mutual alignment that make the welding
operations simple and which ensure a high stability of the
coupling. Such alignments are achieved using twisting appa-
ratuses which deform the shanks of the fork, which protrude
from the ferromagnetic core, aligning shanks of separate
forks with each other for the purpose of facilitating their
coupling (in general, welding).

[0006] However, due to the intrinsic elasticity of the fork
material, the shanks of said forks feature a springback
behaviour after the deformation generated by the twisting
apparatus by tending to return with regards to the twisting
force they have been subject to, which compromises the
quality of the alignments obtained, in some cases making it
more difficult to couple corresponding ends of shanks of
different forks.

[0007] This problem is particularly detrimental because it
does not allow to be certain that the coupling of the ends of
the shanks is executed in accordance with predefined quality
standards: it must be noted that a poor quality coupling can
compromise the correct operation of the electric machine
that contains the winding owing to possible overheating
phenomena.
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[0008] Specific research projects have shown that the
greater 1s the springback of the shanks of the forks, after the
operation of twisting them, the greater is their play in the slot
of the ferromagnetic core in which they are accommodated.
[0009] However, it is not possible to reduce the dimen-
sions of the slots of the ferromagnetic core in order to render
the springback of the shanks negligible, because that would
make the insertion of the shanks of the forks (hairpins) into
those slots excessively complex (in some cases it would
actually be impossible to perform this operation using
automatic machines).

[0010] Therefore, through all conventional devices,
including trying to reduce, as far as possible, the existing
play between each slot and the shanks of the forks contained
in it, it is not possible to make the springback of the shanks
of the forks negligible after the twisting operation, thus
complicating considerably the subsequent operations for
their welding according 1o established procedures.

[0011] The aim of the present invention is to solve the
above mentioned drawbacks, by providing an assembly for
minimizing the springback of electrical wires in apparatuses
for twisting such wires that ensures an optimal alignment of
the wire end portions of corresponding shanks/wires of
separate forks made of conducting material which are
arranged in the slots of a ferromagnetic core.

[0012] Within this aim, an object of the invention is to
provide an assembly for minimizing the springback of
electrical wires in apparatuses for twisting such wires that
ensures a stable alignment of the ends of corresponding
shanks/wires of separate forks made of conducting material
which are arranged in the slots of a ferromagnetic core.
[0013] Another object of the invention is to provide an
assembly for minimizing the springback of electrical wires
in apparatuses for twisting such wires that facilitates opera-
tions for coupling (welding) corresponding ends of shanks/
wires of separate forks made of conducting material.
[0014] Another object of the invention is to provide an
assembly for minimizing the springback of electrical wires
in apparatuses for twisting such wires that makes the cou-
pling (welding) of corresponding ends of shanks of separate
forks made of conducting material more stable and accurate.
[0015] Another object of the present invention is to pro-
vide an assembly for minimizing the springback of electrical
wires in apparatuses for twisting such wires which is of low
cost, easily and practically implemented and safe in use.
[0016] This aim and these objects are achieved by an
assembly for minimizing the springback of electrical wires
in apparatuses for twisting such wires according to claim 1.
[0017] This aim and these objects are also achieved by a
method for twisting the wires that constitute windings of
electric machines according to claim 8.

[0018] Further characteristics and advantages of the
invention will become better apparent from the detailed
description that follows of a preferred, but not exclusive,
embodiment of the assembly for minimizing the springback
of electrical wires in apparatuses for twisting such wires,
which is illustrated by means of non-limiting example in the
accompanying drawings wherein:

[0019] FIG. 1 isa schematic perspective view, shown from
a point of view arranged in an upper region, of a possible
embodiment of an assembly for minimizing the springback
of electrical wires in apparatuses for twisting such wires,
according to the invention, in a first step of the method
according to the invention;



US 2025/0357831 Al

[0020] FIG. 2 is a schematic perspective view, shown from
a point of view arranged in a lower region, of the assembly
of FIG. 1 in a first step of the method according to the
invention;

[0021] FIG. 3 is a schematic perspective view, shown from
a point of view arranged in a lower region, of the assembly
of FIG. 1 in a second step of the method according to the
invention;

[0022] FIG. 41is a schematic perspective view, shown from
a point of view arranged in a lower region, of the assembly
of FIG. 1 in a third step of the method according to the
invention;

[0023] FIG. 5is a schematic perspective view, shown from
a point of view arranged in a lower region, of the assembly
of FIG. 1 in a fourth step of the method according to the
invention;

[0024] FIG. 6 is a schematic perspective view, shown from
a point of view arranged in a lower region, of the assembly
of FIG. 1 in a fifth step of the method according to the
invention,;

[0025] FIG. 7is a schematic perspective view, shown from
a point of view arranged in a lower region, of the assembly
of FIG. 1 in a sixth step of the method according to the
invention, in which the wires have been completely sub-
jected to twisting;

[0026] FIG. 8 is a schematic perspective view of a pusher
provided with a shoulder in abutment against wires that
protrude from a respective seat of the ferromagnetic core of
a stator of an electric machine;

[0027] FIG. 9 is a schematic side view of the pusher, the
wires and the ferromagnetic core of FIG. 8;

[0028] FIG. 10 is a schematic perspective view of an
enlarged pusher of the type shown in the previous figures.
[0029] With particular reference to the figures, the refer-
ence numeral 1 generally designates an assembly for mini-
mizing the springback of electrical wires A (in particular of
their wire end portions T) of a winding B arranged on a
ferromagnetic core C in respective seats D, for twisting
apparatuses 2.

[0030] The apparatuses 2 for twisting wire end portions T
of wires, to which the present invention refers, comprise a
fixed body 3 (which will generally be rigidly coupled to the
fixed frame of the twisting apparatus 2) on which a carousel
4 can rotate which is provided with at least one pair of seats
designed to temporarily accommodate wire end portions T
of respective wires A (so as to be able to subject them to the
twisting operations). The remaining part of the wires A will
be accommodated in specific slots of a ferromagnetic core C
which will constitute a part of the electric machine (motor,
generator, transformer, etc.) being built, typically a stator.
The carousel 4 comprises at least two bushings 5, 6 which
are circular in cross-section (in the technical jargon of the
sector the bushings 5, 6 are termed twisting rings), and are
mutually concentric and provided with respective channels
5a, 6a (which define the temporary accommodation seats of
the wires A; in practice each seat can be identified as the
space delimited by two contiguous channels 5a, 6a) which
are substantially parallel to the axis of symmetry IV of the
carousel 4 and each defines at least one receptacle, which is,
indeed, configured to partially accommodate at least one
wire end portion T of at least one respective wire A that
protrudes from the seat D of a ferromagnetic core C. Each
receptacle will be open on a side directed toward the at least
one contiguous bushing 5, 6 (or 6, 5).
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[0031] The at least two bushings 5, 6 will be usefully
configured to be made rotate so as to perform the twisting of
the wire end portions T of wires A that protrude from the
seats D of the ferromagnetic core C and are partially
accommodated in the channels 5a, 6a.

[0032] The assembly 1, in addition to the twisting appa-
ratus 2, according to the invention profitably comprises a
plurality of radial pushers 7 which are arranged circumfer-
entially and are configured to be positioned axially between
the ferromagnetic core C and the carousel 4, in a configu-
ration of substantial alignment with the spaces defined
between wires A that can be arranged in contiguous channels
5a, 6a.

[0033] Such pushers 7 are advantageously provided with a
terminal element 9 and with a shoulder 8 that is contiguous
with said element 9.

[0034] According to a preferred embodiment, the pushers
7 are efficiently movable in a radial direction between a
passive configuration, in which the terminal element 9 is
arranged outside the carousel 4, 1.e. separate from and facing
toward the wire end portions T of the wires A that protrude
from the seats D of the ferromagnetic core C (the passive
configuration is shown for the purposes of example in the
accompanying FIGS. 1, 2, 6 and 7), and an active configu-
ration, in which the terminal element 9 of each pusher 7
enters into spaces defined between the wire end portions T
of wires A that protrude from the contiguous seats D of the
ferromagnetic core C and are partially accommodated in the
contiguous channels 5a, 6a of the carousel 4, so as to be
interposed between the wire end portions T of circumferen-
tially contiguous wires A and the front 8a of the respective
shoulder 8 abuts against the wire end portion T of the wire
Al of the wires accommodated in the corresponding chan-
nels 5a, 6a (and in a corresponding seat D of the ferromag-
netic core C) that is arranged outermost and is therefore
nearer to the terminal element 9 of the respective pusher 7,
so forcing such wire end portions T of the wires A, arranged
in respective seats D of the ferromagnetic core C, against the
internal, bottom walls E of said seats D, radially compacting
them so as to temporarily eliminate their play inside the
respective seats D, prior to the steps of twisting achieved by
means of rotation of the bushings 5, 6.

[0035] However, the possibility is not ruled out of adopt-
ing an alternative embodiment in which the pushers 7 are
radially inside the wire end portions T of the wires A, with
the terminal element 9 further away from the axis of
symmetry IV with respect to the shoulder 8 (example not
shown in the figures), when they are in their passive con-
figuration: according to this additional embodiment the
kinematic sequences would be substantially inverted with
respect to the embodiment described in the previous para-
graph. In this additional alternative embodiment, the wire
Al will be arranged internally between the wires accom-
modated in the corresponding seat D of the ferromagnetic
core C and the channels 5a, 6a. In this case, the walls E onto
which the wire end portions T of the wires are forced would
be the external walls (external with respect to the axis of
symmetry V).

[0036] This compaction of the wires A inside the seat D
(the slot) of the ferromagnetic core C determines, in fact, a
temporary elimination of the play present between the seat
D and the wires A, which are thus locked inside the seat D
(forced against the internal, bottom walls E of the respective
seats D). The action of the pushers 7 and of the respective
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shoulders 8 is to (temporarily) eliminate the play present
inside each seat D and the wires A contained in it.

[0037] The elimination of such play is an essential factor
in that it makes it possible to execute twisting operations on
the wires A which will be far less prone (even negligibly
prone) to the phenomenon of springback.

[0038] During the study of the problems of springback of
wire end portions T subjected to twisting, it was necessary
to identify the mechanical characteristics of the material that
constitutes the wires A, the geometric characteristics of the
wires A, the characteristics of the twisting devices and the
extent of the play existing between the wires A and the seats
D that accommodate them.

[0039] The empirical model identified is the following:

AD = - Dtheoretical = (a-&-D/Z +b-g- c-prt) - Dtheoretical

0040] where:

0041] g is the total radial play in the slot;

0042] O is the twisting angle;

0043] H_pt is the final distance between the slot of the
twisting device and the stator;

[0044] AD is the difference between the post-twisting
outside diameter, measured experimentally, and the
theoretical diameter;

[0045] a, b, c being empirical coefficients (which must
be evaluated in each instance for each geometry/mate-
rial) for which the condition b>c>a is true (this dem-
onstrates the greater influence of radial play in the slot
g, associated with a multiplier coefficient of greater
size).

[0046] Using this empirical model (obtainable experimen-
tally and verifiable and extendable, for example, via the
application of the Finite Element Method, FEM) it is pos-
sible to find that the parameter that has the greatest influence
on the end result is the play of the wires A inside the seat D
of the ferromagnetic core C: this is because the multiplier
coefficient of g is greater than the other factors.

[0047] It is therefore evident that the adoption of the
pushers 7 provided with shoulders 8, by ensuring the pos-
sibility of temporarily cancelling out the play in the slot (i.e.
constitutes an innovation of extreme importance in a twist-
ing apparatus 2 because it minimizes (to the point of almost
eliminating) the springback of the wires A after their twist-
ing.

[0048] With particular reference to an embodiment of
undoubted practical and applicative interest, it should be
noted that the pusher 7 can positively have a substantially
prism-like elongated shape with the terminal element 9
tapered.

[0049] The front 8a of the shoulder 8 comprises a pair of
steps 11 arranged at the flanks of the terminal element 9,
which are adapted to abut against a respective wire end
portion T of wire Al which protrudes from a corresponding
seat D.

[0050] With particular reference to the preferred embodi-
ment described above, the pusher 7 is configured to perform
a movement towards the axis of symmietry IV of the carousel
4 when it passes from the passive configuration to the active
configuration, passing from a position further away from the
axis of symmetry IV of the carousel 4, in the passive

[
[
[
[
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configuration, to a position closer to the axis of symmetry IV
of the carousel 4, in the active configuration.

[0051] In such case the pusher 7 will preferably comprise,
in its inner end part, i.e. the part that is directed toward the
inside and adapted to be interposed between respective wires
A arranged in contiguous channels 5a, 6a, a tapered terminal
element (coinciding with the terminal element 9) which has
a smaller width that the width of its outer part.

[0052] It is important to note that the shoulder 8 is
arranged substantially at the connection region between the
inner part of the terminal element 9 and at the outer part 10
of the pusher 7, defining two lateral steps 11 which protrude
externally with respect to the inner part of the terminal
element 9.

[0053] Such lateral steps 11 are adapted to abut against the
wire A arranged outermost in each one of the corresponding
channels 5a, 6a (and in the seat D of the ferromagnetic core
(), as illustrated by way of non-limiting example in the
accompanying FIGS. 8 and 9.

[0054] As mentioned previously, the pusher 7 comprises a
terminal element 9 that can be interposed between wires A
that are present in contiguous channels 5a, 6a (and also in
a corresponding seat D of the ferromagnetic core C). Each
seat D accommodates the respective wires A and a layer of
insulating paper P interposed between its internal wall and
the external surface of the wires A themselves: the function
of this paper P is to electrically insulate the wires A from the
ferromagnetic core C (which is constituted by an electrically
conducting material, ie. an electrical conductor) so as to
prevent, in the event of damage to the layer of superficial
insulation that is integral with each wire A, the flow of
electric current from it to the ferromagnetic core C.

[0055] The terminal element 9 of the pusher 7 is conve-
niently configured for the mechanical protection of the layer
of paper during the step of twisting the wires A.

[0056] In fact, while it exerts pressure on the wires A
through the shoulder 8, the pusher 7, through its terminal
element 9, also ensures that the layer of paper P is kept
perfectly in adherence to the surface of the wires A, so
preventing the movements of these wires A, caused by their
twisting, from damaging the layer of paper P.

[0057] Finally it should be noted that, between the pushers
7 and the fixed body 3 at least one actuator 7a can advan-
tageously be interposed which is configured for the synchro-
nous radial movement of all the pushers 7. By virtue of the
synchronous movement in a radial direction (which ensures
the transition from the mentioned first, passive configuration
to the mentioned active configuration) it is possible to
intervene on all the wire end portions T of the wires A that
are in the seats D of the ferromagnetic core C simultane-
ously, so as to avoid the application of uneven external
forces on those wires A.

[0058] It should further be noted that the at least one
receptacle will be defined by respective pairs of channels 5a,
6a by virtue of the fact that each one of them will be open
onto the side directed toward the corresponding contiguous
bushing 6, 5.

[0059] According to the alternative embodiment, the push-
ers 7, in the passive configuration, are inside the wire end
portions T, and will therefore be adapted to force the wire
end portions T toward the external walls E (external with
respect to the axis IV).
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[0060] The present invention also extends its protection to
include a method for twisting the wire end portions of wires
A that constitute windings B of electric machines.

[0061] According to the known art, such a method entails
aligning a ferromagnetic core C of an electric machine
which accommodates, in respective seats D, a plurality of
conducting wires A which have wire end portions T that
protrude from a front of such core C, with a twisting
apparatus 2 for twisting such wire end portions T which
comprises a fixed body 3 on which a carousel 4 can rotate
which is provided with at least a pair of seats for respective
wires A (in particular for the protruding wire end portions of
such wires A). More precisely, the carousel 4 comprises at
least two bushings 5, 6 which are circular in cross-section
and are mutually contiguous, concentric and provided with
respective channels 5a, 64 which are substantially parallel to
the axis IV of the carousel 4, each channel 5a, 6a defining
at least one receptacle.

[0062] Also according to the known art. it is necessary to
insert such wire end portions T of the wires A into the
channels 5a, 6a of the bushings 5, 6. Then it is possible to
rotate such bushings 5, 6 according to preset angles, in so
doing performing a twisting of the wire end portions T of the
wires A. Then the wire end portions of the wires A can be
extracted from the channels 5a, 6a.

[0063] In addition, there is a plurality of radial pushers 7
which are arranged circumferentially and positioned axially
between the front of the ferromagnetic core C and the
carousel 4, so that they are aligned radially at spaces defined
between wires A that are arranged circumferentially con-
secutive and can be arranged in radially contiguous channels
5a, 6a.

[0064] In such case each one of the pushers 7 will be
provided with a terminal element 9 and a shoulder 8 con-
tiguous with such terminal element 9.

[0065] According to the invention, before the step of
twisting the wire end portions T by means of the rotation of
the bushings 5, 6, there is a step of moving radial pushers 7
in a radial direction from a passive configuration, in which
the terminal element 9 is arranged separate from and facing
the wire end portions T of wires A that protrude from the
seats D of the ferromagnetic core C, to an active configu-
ration, in which each terminal element 9 enters into spaces
defined between respective wire end portions T of wires A
that protrude from the contiguous seats D of the ferromag-
netic core C and which are partially accommodated in the
contiguous channels 5a, 6a of the carousel 4, so as to be
interposed between the wire end portions T of circumferen-
tially contiguous wires A until it abuts against the terminal
element T of the wire Al (the one closest to the pusher 7),
by way of a front 8a of the respective shoulder 8.

[0066] Before the step of twisting, there is also an addi-
tional step of forcing the wires A (more precisely, their wire
end portions T) that are arranged in a common seat D of the
ferromagnetic core C against a wall E of the respective seat
D. This step of forcing the wires A (more precisely, their
wire end portions T) therefore entails their radial compac-
tion in order to temporarily eliminate their play inside the
respective seats D.

[0067] As seen previously, the elimination of the play
existing between the wires A and the seat D that contains
them makes it possible to minimize (even render negligible)
the springback of those wires A after their twisting.
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[0068] It is convenient to note that a layer of insulating
paper P can be interposed between the internal wall of the
seats D of the ferromagnetic core C and the wires A
contained in them. Each terminal element 9 of these pushers
7 is configured in such a way that, when it is brought into
interposition between wires A arranged in contiguous seats
D (and therefore also in contiguous channels 5a, 6a during
the twisting operations), it is adapted to keep the layer of
paper P resting on the surface of the wires A that are
contiguous to it (therefore maintaining this mutual arrange-
ment of the layer of paper P and of the wires A even during
the twisting operations), in this way protecting this layer of
paper P from mechanical damage.

[0069] In the preferred embodiment, it should be noted
that the pushers 7 are moved toward the axis of symmetry IV
of the carousel 4 when they pass from the passive configu-
ration to the active configuration, i.e., in more detail, passing
from a position further away from the axis of symmetry IV
of the carousel 4, in the passive configuration, to a position
closer to the axis of symmetry IV of the carousel 4, in the
active configuration.

[0070] In the preferred embodiment, the movement of the
pushers 7 between the passive configuration and the active
configuration will therefore be simultaneous, guarding
against the generation of uneven stresses on the wires A of
the same winding B (arranged on the same ferromagnetic
core C).

[0071] In the alternative embodiment, it should be noted
that the pushers 7 are moved radially away from the axis of
symmetry IV of the carousel 4 when they pass from the
passive configuration to the active configuration, i.e., in
more detail, passing from a position closer to the axis of
symmetry [V of the carousel 4, in the passive configuration,
to a position farther away from the axis of symmetry IV of
the carousel 4, in the active configuration.

[0072] Also in this alternative embodiment, the movement
of the pushers 7 between the passive configuration and the
active configuration will therefore be simultaneous, guard-
ing against the generation of uneven stresses on the wires A
of the same winding B (arranged on the same ferromagnetic
core C).

[0073] In the preferred embodiment, it should furthermore
be noted that the step of forcing the wires A against the wall
E of the respective seat D, during which a radial forcing is
performed of the wires A against the internal, bottom walls
E of the respective seats D, with consequent compaction
thereof, is maintained until the completion of the step of
twisting.

[0074] A similar contrivance (while providing for opposite
movement criteria due to the structural geometric differ-
ences described previously) will be adopted also in the
alternative embodiment previously illustrated.

[0075] It should be noted that the present invention also
entails a step of radially spacing the pushers 7 away from the
twisting apparatus 2 prior to the extraction of the wire end
portions T of the wires A from the channels 5a, 6a and after
the step of twisting via rotation of the bushings 5, 6 is
completed.

[0076] By virtue of the compaction of the wires A against
the bottom of the seat D exerted by the pusher 7 using the
walls 11 of the shoulder 8 (which abut against wires Al of
contiguous seats), during the twisting operations the wires A
remain immobile inside the respective seats D and only their
wire end portion T undergoes deformation.
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[0077] This condition ensures that, at the end of the
twisting operations, there is no springback of the wire end
portions T of the wires A that could compromise the correct
alignments thereof (necessary for the subsequent steps of
welding).

[0078] At the same time, keeping the terminal elements 9
of the pushers 7 between the wires A also ensures a protec-
tion of the layer of insulating paper P arranged between the
internal walls E of the seat D and the wires A contained in
it: in this manner therefore, damage to the layer of paper P
is also prevented, which could result in a non-conformance
of the winding B (for the specific operation type for which
it will be intended).

[0079] Finally it should be noted that in each one of the
channels 5a, 6a of the respective bushings 5, 6 that define at
least one receptacle, such receptacle is open and directed
toward the respective contiguous bushing 6, 5.

[0080] Conveniently, by virtue of the present invention an
operating mode has been identified that makes it possible to
reduce (even eliminate) the play existing between the seats
D of the ferromagnetic core C and the wires contained in
them, before executing the twisting operations.

[0081] The twisting operations performed with the wires A
thus immobilized in abutment against the walls E by the
shoulders 8 of the pushers 7 will therefore be less prone to
post-twisting phenomena of springback, insofar as this nega-
tive phenomenon is strongly linked to the play present
between the wires A and the seats D that accommodate them
(as indicated by the empirical formula given previously).

[0082] Advantageously the present invention solves the
above mentioned problems, by providing an assembly 1 for
minimizing the springback of electrical wires A in appara-
tuses 2 for twisting those wires A that is adapted to ensure
an optimal alignment of the ends of corresponding shanks of
separate forks (contoured wires A) made of conducting
material arranged in the slots of a ferromagnetic core (such
optimal alignment is ensured precisely by the fact that, by
performing the twisting of the wire end portions of the wires
A while these are immobilized in the respective seats D by
the pushers 7, the post-twisting springback thereof will be
substantially negligible because the deformations made dur-
ing the step of twisting will be limited exclusively to the
wire end portion T of the wire A).

[0083] Conveniently the assembly 1 according to the
invention ensures that such an alignment will be stable over
time, by virtue of the precise localization of the deforma-
tions due to twisting only in the wire end portions T of the
wires A that are downstream of the terminal ends 9 and of
the shoulders 8 of the pushers 7.

[0084] Advantageously the assembly 1 according to the
invention facilitates the operations for coupling (welding)
corresponding ends of shanks of separate forks (bent wires
A) made of conducting material, by virtue of their precise
and stable positioning at the end of the twisting.

[0085] Profitably the assembly 1 according to the inven-
tion renders the coupling (welding) of corresponding wire
end portions of wires A of separate forks made of conducting
material (called “hairpins” in the sector) more stable and
accurate, by virtue of the fact that these will arrive at the
mutual welding device in conditions of optimal alignment.
[0086] Positively the assembly 1 for minimizing the
springback of electrical wires in apparatuses for twisting
those wires according to the invention is easily and practi-
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cally implemented and is of low cost: such characteristics
make the assembly 1 according to the invention an innova-
tion that is safe in use.

[0087] The invention, thus conceived, is susceptible of
numerous modifications and variations, all of which are
within the scope of the appended claims. Moreover, all the
details may be substituted by other, technically equivalent
elements.

[0088] In the embodiments illustrated, individual charac-
teristics shown in relation to specific examples may in
reality be interchanged with other, different characteristics,
existing in other embodiments.

[0089] In practice, the materials employed, as well as the
dimensions, may be any according to requirements and to
the state of the art.

[0090] The disclosures in Italian Patent Application No.
102022000011924 from which this application claims pri-
ority are incorporated herein by reference.

[0091] Where technical features mentioned in any claim
are followed by reference signs, those reference signs have
been included for the sole purpose of increasing the intel-
ligibility of the claims and accordingly, such reference signs
do not have any limiting effect on the interpretation of each
element identified by way of example by such reference
signs.

1-13. (canceled)

14. An assembly for minimizing the springback of wire
end portions of electrical wires that are arranged in seats of
a ferromagnetic core when the wire end portions are sub-
jected to twisting, said assembly comprising a twisting
apparatus which comprises a fixed body on which a carousel
is mounted so that it can rotate, said carousel comprising at
least two bushings which are circular in cross-section and
are mutually contiguous, concentric and provided with
respective channels which are substantially parallel to an
axis of symmetry of said carousel, each channel defining at
least one receptacle configured to partially accommodate at
least one respective wire end portion of a wire that protrudes
from a seat of a ferromagnetic core, and said at least two
bushings being configured to be made rotate in order to
perform the twisting of said wire end portions of wires that
protrude from the seats of the ferromagnetic core and are
partially accommodated in the channels, further comprising
a plurality of radial pushers which are arranged circumfer-
entially and are configured to be axially positioned between
said ferromagnetic core and said carousel, each one of said
radial pushers being provided with a terminal element and a
shoulder contiguous with said terminal element, said push-
ers being moreover movable in a radial direction between a
passive configuration, wherein said terminal element is
arranged distally from the wire end portions of wires that
protrude from the seats of the ferromagnetic core, and an
active configuration, wherein said terminal element enters
into spaces defined between the wire end portions of wires
that protrude from the contiguous seats of the ferromagnetic
core and are partially accommodated in said contiguous
channels of the carousel, so as to be interposed between the
wire end portions of circumferentially contiguous wires, and
wherein a front of the respective shoulder abuts against the
wire end portion of the wire that is contiguous with the
pusher so as to force the wires that are arranged in a common
seat of the ferromagnetic core against a wall of the respec-
tive seat, radially compacting said wires so as to temporarily
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eliminate play thereof inside the respective seats, prior to a
step of twisting via rotation of said bushings.

15. The assembly according to claim 14, wherein said
radial pusher has a substantially prism-like elongated shape
with the terminal element being tapered.

16. The assembly according to claim 14, wherein said
front of the shoulder comprises a pair of steps arranged at
flanks of the terminal element, which are suitable to abut
against a respective wire end portion of wire which pro-
trudes from a corresponding seat.

17. The assembly according to claim 14, wherein said
radial pusher is configured to perform a movement towards
the axis of symmetry of said carousel when the radial pusher
passes from the passive configuration to the active configu-
ration, passing from a position further away from the axis of
symmetry of said carousel, in the passive configuration, to a
position closer to the axis of symmetry of said carousel, in
the active configuration.

18. The assembly according to claim 14, wherein said
terminal element is dimensioned to contact a layer of
insulating paper interposed between an internal wall of said
seat and an external surface of said wires, so as to ensure a
mechanical protection of said layer of insulating paper
during the twisting of the wire end portions of the wires
accommodated in said channels.

19. The assembly according to claim 14, further compris-
ing at least one actuator configured for a synchronous radial
movement of all the radial pushers.

20. The assembly according to claim 14, wherein the at
least one receptacle of each channel is open on a side
directed toward the respective contiguous bushing.

21. A method for twisting wires that constitute windings
of electric machines, said method including the steps of:

aligning a ferromagnetic core of an electric machine

which accommodates, in respective seats, a plurality of
conducting wires which have wire end portions that
protrude from a front of said core, with a twisting
apparatus for twisting said wire end portions which
comprises a fixed body on which a carousel can rotate,
said carousel comprising at least two bushings which
are circular in cross-section and are mutually contigu-
ous, concentric and provided with respective channels
which are substantially parallel to an axis of symmetry
of said carousel, each channel defining at least one
receptacle,

partially inserting said wire end portions of said wires in

said channels of said bushings,

twisting said wire end portions of wires by way of the

rotation of said bushings according to preset angles,
extracting said wire end portions of said wires from said
channels,

providing a plurality of radial pushers which are arranged

circumnferentially and positioned axially between the
front of the ferromagnetic core and the carousel and are
aligned radially at spaces defined between wires that
are arranged circumferentially consecutive and can be
accommodated in said radially contiguous channels,
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each one of said radial pushers being provided with a
terminal element and a shoulder contiguous with said
terminal element,

which consists, prior to said step of twisting said wire end

portions by means of the rotation of the bushings, in:

moving said radial pushers in a radial direction from a

passive configuration, wherein said terminal element is
separate from and facing the wire end portions of wires
that protrude from the seats of the ferromagnetic core,
to an active configuration, wherein said terminal ele-
ment enters into spaces defined between the wire end
portions of wires that protrude from the contiguous
seats of the ferromagnetic core and which are partially
accommodated in said contiguous channels of the car-
ousel, so as to be interposed between the wire end
portions of circumferentially contiguous wires until it
abuts against the terminal element of the wire that is
contiguous with the respective radial pusher by means
of a front of the respective shoulder, and

forcing the wires that are arranged in a common seat of

the ferromagnetic core against a wall of the respective
seat, radially compacting the wires so as to temporarily
eliminate play thereof inside the respective seats, prior
to the step of twisting the wire end portions of wires
that are accommodated in said channels by means of
the rotation of said bushings.

22. The method according to claim 21, wherein a layer of
insulating paper is interposed between the internal walls of
said seats and said wires, said terminal element of said
pushers being interposed between wires arranged in con-
tiguous seats so as to keep said layer of paper resting on the
surface of the wires that are contiguous thereto during the
step of twisting of the wire end portions of wires accom-
modated in said channels by means of the rotation of said
bushings, thus protecting said layer of paper against
mechanical damage.

23. The method according to claim 21, wherein said radial
pushers are moved toward the axis of symmetry of said
carousel when said radial pushers pass from the passive
configuration to the active configuration, passing from a
position further away from the axis of symmetry of said
carousel, in the passive configuration, to a position closer to
the axis of symmetry of said carousel, in the active configu-
ration.

24. The method according to claim 21, wherein step of
forcing the wires against the wall of the respective seat is
prolonged until the twisting step is completed.

25. The method according to claim 21, further comprising
a step of radially spacing the radial pushers away from said
twisting apparatus prior to the extraction of the wire end
portions of the wires from the channels and after the step of
twisting via rotation of the bushings is completed.

26. The method according to claim 21, wherein in each
one of the channels of the respective bushings that define at
least one receptacle, said receptacle is open and facing
towards the respective contiguous bushing.
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