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(54) AUTOMATIC HOOK NEEDLE WINDING MACHINE

(67)  The present invention relates to a hook winding
machine (1) for winding a coil (2) of wire (3) onto a toroidal
core (4) having a through hole (5), an axis (6) defined by
said through hole (5), an outer periphery (7), a first side
(8) defined by a first axial end face of the core and a
second side (9) which is opposite said first side (8) and
defined by a second axial end face of the core (4), the
hook winding machine (1) comprising

-acore holding device (10) for holding the core (4) during
the winding process,

- ahook mechanism (11) with a longitudinally driven hook
(12) for capturing the wire (3) and pulling the wire (3) from
the first side (8) of the core (4) through the through hole
of the core (4) to the second side (9) of the core (4),

- awire bending device (13) for bending the wire (3) back
from the second side (9) of the core (4) over the outer
periphery of the core (4) to the first side (8) of the core
(4), wherein the wire bending device (13) comprises a
rotatable arm (14) that is rotatable about a first rotation
axis (15) which is substantially perpendicular to the axis
(7) of the toroidal core (4) or to an axis which is parallel
to the axis (7) of the toroidal core (4), the rotatable arm
(14) comprising a wire grabbing portion for grabbing the
wire (3) and holding the wire (3) during bending the wire
3,

- and a control via which the hook winding machine (1)
is adapted to alternately perform a pulling step during
which the wire (3) is pulled by the hook mechanism (11)
from the first side (8) of the core (4) through the through
hole (5) of the core (4) to the second side (9) of the core
(4) and a bending step during which the wire (3) is bent
back by the wire bending mechanism (13) from the sec-
ond side (9) of the core (4) over the outer periphery (7)

of the core (4) to the first side (8) of the core (4), and
wherein one winding cycle of the hook winding machine
(1) is defined by a pulling step and a consecutive bending
step.

According to the invention, the wire bending device
(13) comprises a retracting mechanism for retracting the
wire grabbing portion in a retracting direction (21) which
is parallel to the first rotation axis (15) from an extended
position in which the wire grabbing portion automatically
grabs the wire (3) when the rotatable arm (14) rotates
around the first rotation axis (15) after a pulling step to a
retracted position in which the rotatable arm (14) with its
wire grabbing portion is adapted to bypass the wire (3)
when the rotatable arm (14) rotates around the first ro-
tation axis (15) after a pulling step.

Fig. 3
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Description

[0001] The presentinvention relates to a hook winding
machine according to the preamble of independent claim
1 for winding a coil of wire onto a toroidal core having a
trough hole, an axis defined by said through hole, an
outer periphery, a first side defined by a first axial end
face of the core and a second side which is opposite said
first side and defined by a second axial end face of the
core.

[0002] A hook winding machine according to the pre-
amble of independent claim 1 comprises

- acore holding device for holding the core during the
winding process,

- ahook mechanism with a longitudinally driven hook
for capturing the wire and pulling the wire from the
first side of the core through the through hole of the
core to the second side of the core,

- awire bending device for bending the wire back from
the second side of the core over the outer periphery
of the core to the first side of the core, wherein the
wire bending device comprises a rotatable arm that
is rotatable about a first rotation axis which is sub-
stantially perpendicular to the axis of the toroidal core
orto an axis which is parallel to the axis of the toroidal
core, the rotatable arm comprising a wire grabbing
portion for grabbing the wire and holding the wire
during bending the wire,

- and a control via which the hook winding machine is
adapted to alternately perform a pulling step during
which the wire is pulled by the hook mechanism from
the first side of the core through the through hole of
the core to the second side of the core and a bending
step during which the wire is bent back by the wire
bending mechanism from the second side of the core
over the outer periphery of the core to the first side
of the core, and wherein one winding cycle of the
hook winding machine is defined by a pulling step
and a consecutive bending step.

[0003] Hook winding machines according to the pre-
amble of independent claim 1 are known from the prior
art. A very common hook winding machine of the generic
type is a so-called pull winder machine. This type of ma-
chine is used to wind coils onto toroidal cores having a
through hole of very small diameter. The wire bending
device of such a machine comprises a rotatable arm that
is usually quite long and rotates about an axis which is
stationary while the toroidal core is rotated during the
winding process by means of several transport rollers
distributed around the periphery of the toroidal core. A
pull winder machine has the advantage that relatively
thick wire can be used and that, as already mentioned
above, the through hole of the toroidal core can have a
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relatively small diameter. Furthermore, the winding proc-
ess is mostly automatized. However, a pull winder ma-
chine still requires the presence of an operator because
the toroidal core has to be inserted between the transport
rollers of the rotation mechanism by hand. Furthermore,
the wire usually has to be cut and fastened by the operator
before the winding process can start. The presence of
an operator makes the production process expensive.
Moreover, the transport rollers at first roll directly along
the outer periphery of the core. After a while, however,
the transport rollers roll along windings of the already
wound portion of the coil which can have a negative effect
on the winding precision. A further disadvantage is that
the rotatable arm is quite long which makes the whole
machine bulky and also represents a safety hazard.
[0004] The object of the present invention is therefore
to provide a hook winding machine according to the pre-
amble of independent claim 1 that is compact, provides
an enhanced precision, and allows the winding process
to be fully automatized.

[0005] The object is achieved by the features of inde-
pendent claim 1. Accordingly, in a generic hook winding
machine, the object is achieved according to the inven-
tion if the wire bending device comprises a retracting
mechanism for retracting the wire grabbing portion in a
retracting direction which is parallel to the first rotation
axis from an extended position in which the wire grabbing
portion automatically grabs the wire when the rotatable
arm rotates around the first rotation axis after a pulling
step to a retracted position in which the rotatable arm
with its wire grabbing portion is adapted to bypass the
wire when the rotatable arm rotates around the first ro-
tation axis after a pulling step.

[0006] The solution according to the invention allows
the toroidal core to be held stationary by the core holding
device while the wire bending device rotates around the
toroidal core during the winding process. This allows the
use of a core holding device that can automatically be
equipped with a core such that the winding process can
be fully automatized. Furthermore, the winding precision
is enhanced and the hook winding machine can be very
compact. The possibility of bypassing the wire with the
rotatable arm also allows that the wire bending device
can be rotated back around the periphery of the toroidal
core by an angle of approximately 180° after a portion of
the coil has been wound onto a first sector of the toroidal
core such that the winding process can be continued
along a subsequent sector of the toroidal core with the
wire bending device operating from an opposite side.
Preferably, the first rotation axis is substantially perpen-
dicular to the axis of the toroidal core. In the present ap-
plication, "substantially perpendicular" is defined as an
angle in the range of from 85° to 95°, wherein an angle
of 90° is preferred.

[0007] Advantages embodiments of the presentinven-
tion are the subject matter of the subclaims.

[0008] In a particularly preferred embodiment of the
presentinvention, the controlis configured such that, dur-
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ing each winding cycle, the wire grabbing portion is
brought into the retracted position before or during the
rotatable arm, in a first rotation step, rotates around the
toroidal core in afirst rotation direction from a firstreversal
point at the first side of the toroidal core to a second
reversal point at the second side of the toroidal core, the
wire grabbing portion thereby bypassing the wire, where-
in the wire grabbing portion is brought into the extended
position before or during the rotatable arm, in a second
rotation step, rotates around the toroidal core in a second
rotation direction which is opposite to said first rotation
direction from the second reversal point to the first re-
versal point, the wire grabbing portion thereby grabbing
the wire such that the bending step is performed during
the second rotation step.

[0009] This embodiment has the advantage that the
coil can be wound onto a larger sector of the toroidal core
without the need to change the position of the core hold-
ing device along the circumference of the toroidal core.
A rotation angle between the first reversal point and the
second reversal point is preferably less than 320°. This
ensures that the rotatable arm does not collide with the
core holding device.

[0010] According to another preferred embodiment of
the invention, the control is configured such that the wire
grabbing portion is brought from the extended position
to the retracted position after the hook has been fully
extended by the hook mechanism and before the next
pulling step is performed. In this embodiment, the wire
is pulled against the shaft of the hook before the pulling
step in which the hook is pulled in a direction away from
the toroidal core which guarantees that the wire is caught
by the hook.

[0011] Inanother preferred embodiment of the present
invention, the retracting mechanism comprises a rotata-
ble cam disc and a drive for rotating the cam disc, wherein
the retracting mechanism is configured such that rotation
of the cam disc causes a displacement of the grabbing
portion in the retracting direction. This embodiment pro-
vides a simple, precise, fast and inexpensive design of
the retracting mechanism. The cam disc is preferably ro-
tatable relative to the rotatable arm around the first rota-
tion axis. This adds to a simple and compact design.
[0012] According to another preferred embodiment of
the present invention, the rotatable arm comprises an
eccentric shaft arranged eccentrically with respect to the
first rotation axis and extending in the retracting direction,
wherein the eccentric shaft is slidable in the retracting
direction, wherein a first axial end of the eccentric shaft
carries the wire grabbing portion, and wherein the cam
disc acts on a second axial end of the eccentric shaft.
This embodimentalso adds to a simple and cost-effective
design.

[0013] In yet another particularly preferred embodi-
ment of the present invention, the wire grabbing portion
is formed by a pulley comprising two pulley halves that
are pre-tensioned against each other and adapted to re-
ceive and hold the wire in a gap formed between the
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pulley halves when the wire is grabbed. This embodiment
has the advantage that the wire is reliably grabbed and
held tight during the bending step. Furthermore, this em-
bodiment also adds to a simple and compact design. The
pulley halves preferably taper towards each other such
that the wire is reliably caught and grabbed by the pulley.
[0014] Inanother preferred embodiment of the present
invention, afirst pulley half of the two pulley halves which
is arranged further away from the second end of the ec-
centric shaft than a second pulley half of the two pulley
halves, is smaller in axial length and maximum diameter
then the second pulley half. This makes the whole design
even more compact while it is still guaranteed that the
wire is reliably caught and grabbed by the pulley.
[0015] According to another particularly preferred em-
bodiment of the present invention, the core holding de-
vice is configured to hold the toroidal core stationary while
the wire bending device rotates, after each winding cycle,
around the core by a certain advancing angle about a
second rotation axis. The second rotation axis preferably
corresponds to the axis of the core. The advancing angle
between consecutive winding cycles preferably remains
constant. It is particularly preferred if the hook mecha-
nism is configured to rotate together with the wire bending
device about the second rotation axis. This ensures that
the hook is always ideally positioned in relation to the
wire.

[0016] Inanother preferred embodiment of the present
invention, the core holding device is a first core holding
device holding the core at a first sector of the core, where-
in the hook winding machine further comprises a second
core holding device configured to take over after a portion
of the coil has already been wound onto a second sector
of the core, wherein the second holding device holds the
core at the second sector of the core, wherein the first
core holding device and the second core holding device
both are retractable, and wherein the first core holding
device is retracted after the second core holding device
has taken over such that another portion of the coil can
be wound onto the first sector of the core. This embodi-
ment allows that a single coil can be wound onto the full
circumference of the core.

[0017] The object is alternatively achieved by the fea-
tures of independent claim 12. Accordingly, in a generic
hook winding machine according to the preamble of
claims 1 and 12, the object is achieved according to the
invention if the hook winding machine further comprises
a wire feeding device for feeding at least a first portion
of a used length of wire required for the coil from the first
side of the core through the through hole of the core be-
fore the winding process starts. This solution allows that
the winding process is further automatized. The solution
according to claim 12 can be combined with the solution
according to claim 1 and with all the aforementioned em-
bodiments.

[0018] Inanotherpreferred embodiment, the wire feed-
ing device is movable in a direction perpendicular to the
axis of the core in order to hold a second portion of the
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used length of wire, which remains at the first side of the
core, eccentrically with respect to the axis of the core
during the winding process without the used length of
wire required for the coil being cut off before the winding
process has been finished. This embodiment makes an
additional component for fixing the wire unnecessary. It
is further preferred if the wire feeding device can be po-
sitioned along three axes.

[0019] In another particularly preferred embodiment of
the present invention, the hook winding machine further
comprises an automatic core feeding device, a cutting
unit for cutting the wire and an automatic discharge unit
for discharging completed products such that the hook
winding machine is fully-automatically operable without
any operator’s assistance. The cutting unit can be inte-
grated into the wire feeding device. The automatic core
feeding device may comprise a magazine and/or a sep-
arating unit with a vibration plate as is state of the art.

[0020] One embodiment of the present invention will
be illustrated more in detail below with reference to draw-
ings.

[0021] In the drawings:

Figure 1: shows a perspective view of a hook wind-
ing machine according to the invention,

Figure 2: shows a perspective view of the wire bend-
ing device of the hook winding machine of
Figure 1,

Figure 3: shows an exploded perspective view of the
wire bending device shown in Figure 2,

Figure 4: shows a perspective view of the hook
mechanism of the hook winding machine
of Figure 1,

Figure 5: shows a schematic perspective view of a
toroidal core illustrating a wire feeding
step,

Figure 6: shows a schematic sectional view of the
toroidal core illustrating a first bending step
of the winding process,

Figure 7: shows a detailed view of the pulley of the
wire bending device shown in Figures 2
and 3,

Figure 8: shows the pulley of Figure 7 with the wire
being grabbed between two pulley halves
of the pulley,

Figure 9: shows a schematic sectional view of the

toroidal core as shown in Figure 6 after the
first bending step and prior to the first pull-
ing step,
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shows a schematic sectional view of the
toroidal core shown in Figure 9 with the
section plane shifted by 90°,

Figure 10:

Figure 11:  shows a top view of the toroidal core cor-
responding to the sectional view shown in
Figure 9,

Figure 12:  shows the same view as Figure 11 with the
pulley of the wire bending device retracted
from its extended position to its retracted

position,

shows a sectional view of the toroidal core
during the first pulling step,

Figure 13:

Figure 14:  shows a top view of the toroidal core after
the first pulling step with the wire bending
device being rotated around the core by an
advancing angle 3, and

Figure 15:  shows a top view of the toroidal core with
a partly wound coil during a change of the

core holding device.

[0022] Inthefollowingillustrations, equal parts are des-
ignated by equal reference numerals. If a figure contains
reference numerals which are not explicitly discussed in
the pertaining description of the figures, reference is
made to previous or subsequent descriptions of the fig-
ures.

[0023] Figure 1 shows a perspective view of a hook
winding machine 1 according to an embodiment of the
present invention. The hook winding machine 1 compris-
es inter alia an automatic core feeding device 37, a core
holding device 10, a wire feeding device 33, a display
and input unit 40 as well as a hook mechanism 11 and
awire bending device 13 to be discussed below in further
detail. All components and subsystems of the hook wind-
ing machine 1 are arranged on a common worktable
and/or attached to a common frame of the hook winding
machine 1.

[0024] The wire bending device 13 is shown in further
detail in figures 2 and 3. It comprises a rotatable arm 14
that is rotatable about a first rotation axis 15 and that is
driven by a rotating drive 42 shown in the exploded view
in figure 3. The rotatable arm 14 comprises an eccentric
shaft 22 arranged eccentrically with respect to and par-
allel to the first rotation axis 15. The eccentric shaft 22 is
slidably supported in another component of the rotatable
arm such that the eccentric shaft 22 can be shifted along
its longitudinal direction. At its first axial end 23, the ec-
centric shaft 22 carries a pulley 16 forming a wire grab-
bing portion of the rotatable arm 14. A cam disk 19 is
rotatably supported concentrically to the first rotation axis
15 of the rotatable arm. The cam disc 19 is driven via a
spur gear by a drive 20. A cam surface of the cam disc
19 is in contact with the second end 24 of the eccentric
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shaft 22 such that rotation of the cam disc 19 causes an
axial displacement of the eccentric shaft 22 and the pulley
16 at the eccentric shaft’s first end along the longitudinal
direction of the eccentric shaft which corresponds to a
retracting direction 21 parallel to the first rotation axis 15.
[0025] As can be seen infigures 7 and 8, the pulley 16
comprises two pulley halves 25 and 26 that are pre-ten-
sioned against each other by a pre-tensioning spring 27
acting between the second pulley half 26 and an axial
stop surface of the eccentric shaft 22. As shown in the
figures, the pulley halves taper towards each other. More-
over, the second pulley half 26 is bigger in diameter and
axial length than the first pulley half 25.

[0026] Figure 4 shows a detailed view of the hook
mechanism 11 of the hook winding machine 1 shown in
figure 1. The hook winding mechanism comprises a lon-
gitudinally driven hook 12 connected to the slider 38 of
a belt drive driven by hook mechanism drive 39. It should
be mentioned that other types of drive for actuating the
hook mechanism are generally possible. The hook mech-
anism may, for example, comprise a pneumatic cylinder
instead of the beltdrive showninfigure 4. The hook mech-
anism 11 can be rotated with respect to the stationary
frame of the hook winding machine around a second ro-
tation axis 29 by the rotating unit 41. A connecting flange
43 of the wire bending device 13 shown in figures 2 and
3 is firmly connected to a connecting flange 44 of the
hook mechanism 11 such that the wire bending device
13 rotates together with the hook mechanism 11 around
the second rotation axis 29.

[0027] When the hook winding machine 1 is operated,
the automatic core feeding device 37 transfers a toroidal
core to the core holding device 10 which then moves the
core to the wire bending device 13 and the hook mech-
anism 11 such that an axis of the core coincides with the
second rotation axis 29. Figure 5 shows the core holding
device 10 holding the toroidal core 4 in a position ready
for the winding process. As shown in figure 5, the toroidal
core 4 has a through hole 5, and axis 6 defined by said
through hole, an outer periphery 7, a first side 8 defined
by a first axial end face of the core and a second side 9
opposite said first side 8 and defined by a second axial
end face of the core.

[0028] Before the actual winding process can start, the
wire feeding device 33, which is only schematically
shown in figure 5, automatically moves over the toroidal
core 4 and feeds a first portion 35 of a used length 34 of
wire 3 required for the coil from the first side 8 of the core
4 through the through hole 5 of the core 4. The wire feed-
ing device then moves in a direction perpendicular to the
axis 6 of the core 4 in order to hold a second portion 36
of the used length 34 of wire 3, which remains at the first
side 8 of the core 4, eccentrically with respect to the axis
6 of the core 4.

[0029] Inafirstbending step showninfigure 6, the wire
3 is then bent back by the wire bending mechanism 13
from the second side 9 of the core 4 over the outer pe-
riphery 7 of the core 4 to the first side 8 of the core 4. To
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this end, the rotatable arm 14 of the wire bending device
13 rotates around the first rotation axis 15 by a rotation
angle a in afirst rotation direction 17 such that the pulley
16 moves from position A in which no contact between
pulley 16 and wire 3 exists over position B in which the
wire 3is grabbed by the pulley 16 to position C. At position
B, the wire 3 is caught by the pulley 16 and guided, by
the tapered surfaces of the two pulley halves 25 and 26,
into a gap 28 between the two pulley halves which forms
when the wire 3 is trapped between the two pulley halves
25 and 26 as shown in figure 8.

[0030] Next, the hook mechanism 11 moves the hook
12 upwards to a fully extended position as shown in fig-
ures 9, 10 and 11. A special shape of the hook 12 as well
as a certain flexibility of the hook 12 thereby allow the
head of the hook 12 to slide past the wire 3.

[0031] In a next step as shown in figure 12, the pulley
is broughtfromits extended position indicated with dotted
lines to its retracted position indicated with solid lines.
Thereby, the wire 3 is pulled against the shaft of the hook
12 before the pulling step in which the hook 12 is pulled
down which guarantees that the wire 3 is caught by the
hook 12.

[0032] The following pulling step during which the wire
3 is pulled by the hook mechanism 11 from the first side
8 of the core 4 through the through hole 5 of the core 4
to the second side 9 of the core 4 is shown in figure 13.
As the wire 3 is pulled down, the wire 3 slides out of the
gap 28 between the two pulley halves 25 and 26. The
rotatable arm 14 of the wire bending device 13 rotates
back in a second rotation direction 18 indicated in figure
6 which is opposite to the first rotation direction 17 such
that the pulley moves from position C to position A, there-
by bypassing the wire 3 as the pulley 16 remains in its
retracted position until position A is reached.

[0033] Before the following bending step, the pulley 16
is brought into its retracted position again and the wire
bending device 13 is rotated togetherwith the hook mech-
anism 11, as shown in figure 14, around the core 4 by
an advancing angle 3 about the second rotation axis 29
which coincides with the axis 6 of the toroidal core 4.
[0034] The pulling and bending steps are repeated
such that a coil 2 is finally wound onto a sector 32 of the
toroidal core 4 as shown in figure 15. The hook winding
machine 1 may comprise a second core holding device
30 that takes over after a portion of the coil has been
wound onto sector 32. The second core holding device
30 is adapted to hold the already wound sector 32 such
that the first core holding device 10 can be retracted and
another portion of the coil can be wound onto the sector
31 of the core 4. In this manner, it is possible to wind a
coil that covers 360° of the toroidal core 4.

[0035] The hook winding machine 1 according to the
described embodiment further comprises a cutting unit
for cutting the wire 3 after the winding process has been
finished and an automatic discharge unit for discharging
completed products such that the hook winding machine
1 is fully-automatically operable without any operator’s
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It should be mentioned that the hook winding

machine may, for example, comprise several core hold-
ing devices thatare arranged on a holding device revolver
in order to speed up the production process. It is also %
conceivable that the hook winding machine comprises
several wire bending devices and hook mechanisms
such that two or more coils can be wound at the same

time.
List of reference numerals
[0037]

Hook winding machine

Coil

Wire

Toroidal core

Through hole of the toroidal core
Axis of the toroidal core

Outer periphery of the toroidal core
First side of the toroidal core

9 Second side of the toroidal core
10  Core holding device

11 Hook mechanism

12 Hook

13  Wire bending device

14  Rotatable arm

15  First rotation axis

16  Pulley

17  First rotation direction

18  Second rotation direction

19 Camdisc

20  Drive

21  Retracting direction

22  Eccentric shaft

23  First axial end of the eccentric shaft
24  Second axial end of the eccentric shaft
25  First pulley half

26  Second pulley half

27  Pre-tensioning spring

28  Gap between pulley halves

29  Second rotation axis

30 Second core holding device

31 First sector of the core

32  Second sector of the core

33  Wire feeding device

34  Used length of wire

35  First portion of used length of wire
36  Second portion of used length of wire
37  Automatic core feeding device

38  Slider

39  Hook mechanism drive

Display and input unit

41  Rotating unit

0 ~NOO O WN =

42  Rotating drive
43  Connecting flange of wire bending device
44  Connecting flange of hook mechanism
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OW>™>R

Rotation angle

Advancing angle

Position A in the first reversal point

Position B in which the wire is grabbed by the pulley
Position C in the second reversal point

Claims

Hook winding machine (1) for winding a coil (2) of
wire (3) onto a toroidal core (4) having a trough hole
(5), an axis (6) defined by said through hole (5), an
outer periphery (7), a first side (8) defined by a first
axial end face of the core and a second side (9) which
is opposite said first side (8) and defined by a second
axial end face of the core (4), the hook winding ma-
chine (1) comprising:

- a core holding device (10) for holding the core
(4) during the winding process,

- a hook mechanism (11) with a longitudinally
driven hook (12) for capturing the wire (3) and
pulling the wire (3) from the first side (8) of the
core (4) through the through hole of the core (4)
to the second side (9) of the core (4),

- awire bending device (13) for bending the wire
(3) back from the second side (9) of the core (4)
over the outer periphery of the core (4) to the
first side (8) of the core (4), wherein the wire
bending device (13) comprises a rotatable arm
(14) that is rotatable about a first rotation axis
(15) which is substantially perpendicular to the
axis (7) of the toroidal core (4) or to an axis which
is parallel to the axis (7) of the toroidal core (4),
the rotatable arm (14) comprising a wire grab-
bing portion for grabbing the wire (3) and holding
the wire (3) during bending the wire (3),

- and a control via which the hook winding ma-
chine (1)is adapted to alternately perform a pull-
ing step during which the wire (3) is pulled by
the hook mechanism (11) from the first side (8)
of the core (4) through the through hole (5) of
the core (4) to the second side (9) of the core
(4) and a bending step during which the wire (3)
is bentback by the wire bending mechanism (13)
from the second side (9) of the core (4) over the
outer periphery (7) of the core (4) to the first side
(8) ofthe core (4), and wherein one winding cycle
of the hook winding machine (1) is defined by a
pulling step and a consecutive bending step,

characterized in that

the wire bending device (13) comprises a retracting
mechanism for retracting the wire grabbing portion
in a retracting direction (21) which is parallel to the
first rotation axis (15) from an extended position in
which the wire grabbing portion automatically grabs
the wire (3) when the rotatable arm (14) rotates
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around the first rotation axis (15) after a pulling step
to a retracted position in which the rotatable arm (14)
with its wire grabbing portion is adapted to bypass
the wire (3) when the rotatable arm (14) rotates
around the first rotation axis (15) after a pulling step.

Hook winding machine (1) according to claim 1,
characterized in that the control is configured such
that, during each winding cycle, the wire grabbing
portion is brought into the retracted position before
or during the rotatable arm (14), in a first rotation
step, rotates around the toroidal core (4) in a first
rotation direction (17) from a first reversal point (po-
sition A) at the first side (8) of the toroidal core (4) to
a second reversal point (position C) at the second
side (9) of the toroidal core (4), the wire grabbing
portion thereby bypassing the wire (3), wherein the
wire grabbing portion is brought into the extended
position before or during the rotatable arm (14), in a
second rotation step, rotates around the toroidal core
(4) in a second rotation direction (18) which is oppo-
site to said first rotation direction (17) from the sec-
ond reversal point (position C) to the first reversal
point (position A), the wire grabbing portion thereby
grabbing the wire (3) such that the bending step is
performed during the second rotation step.

Hook winding machine (1) according to claim 2,
characterized in that a rotation angle (o) between
the first reversal point (position A) and the second
reversal point (position C) is less than 320°.

Hook winding machine (1) according to claim 2 or 3,
characterized in that the control is configured such
that the wire grabbing portion is brought from the
extended position to the retracted position after the
hook (12) has been fully extended by the hook mech-
anism (11) and before the next pulling step is per-
formed.

Hook winding machine (1) according to any one of
claims 1 to 4, characterized in that the retracting
mechanism comprises a rotatable cam disc (19) and
a drive (20) for rotating the cam disc (19), wherein
the retracting mechanism is configured such that ro-
tation of the cam disc (19) causes a displacement of
the grabbing portion in the retracting direction (21),
wherein the cam disc (19) is preferably rotatable rel-
ative to the rotatable arm (14) around thefirst rotation
axis (15).

Hook winding machine (1) according to claim 5,
characterized in that the rotatable arm (14) com-
prises an eccentric shaft (22) arranged eccentrically
with respect to the first rotation axis (15) and extend-
ing in the retracting direction (21), wherein the ec-
centric shaft (22) is slidable in the retracting direction
(21), wherein a first axial end (23) of the eccentric
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10.

1.

12.

13.

shaft (22) carries the wire grabbing portion, and
wherein the cam disc (19) acts on a second axial
end (24) of the eccentric shaft (22).

Hook winding machine (1) according to any one of
claims 1 to 6, characterized in that the wire grab-
bing portion is formed by a pulley (16) comprising
two pulley halves (25, 26) that are pre-tensioned
against each other and adapted to receive and hold
the wire (3) in a gap (28) formed between the pulley
halves (25, 26) when the wire (3) is grabbed.

Hook winding machine (1) according to claim 7,
characterized in that the pulley halves (25, 26) ta-
per towards each other.

Hook winding machine (1) according to claim 8,
characterized in that a first pulley half (25) of the
two pulley halves (25, 26) which is arranged further
away from the second end (24) of the eccentric shaft
(22) than a second pulley half (26) of the two pulley
halves (25, 26), is smaller in axial length and maxi-
mum diameter then the second pulley half (26).

Hook winding machine (1) according to any one of
claims 1 to 9, characterized in that the core holding
device (10) is configured to hold the toroidal core (4)
stationary while the wire bending device (13) rotates,
after each winding cycle, around the core (4) by a
certain advancing angle (B) about a second rotation
axis (29), wherein the second rotation axis (29) pref-
erably corresponds to the axis (7) of the core (4).

Hook winding machine (1) according to claim 10,
characterized in that the hook mechanism (11) is
configured to rotate together with the wire bending
device (13) about the second rotation axis (29).

Hook winding device according to claim 10 or 11,
characterized in that the core holding device (10)
is a first core holding device holding the core (4) at
a first sector (31) of the core (4), wherein the hook
winding machine (1) further comprises a second core
holding device (30) configured to take over after a
portion of the coil has already been wound onto a
second sector (32) of the core (4), wherein the sec-
ond holding device holds the core (4) at the second
sector (32) of the core (4), wherein the first core hold-
ing device (10) and the second core holding device
(30) both are retractable, and wherein the first core
holding device (10) is retracted after the second core
holding device (30) has taken over such that another
portion of the coil can be wound onto the first sector
of the core (4).

Hook winding machine (1), in particular according to
any one of claims 1 to 12, for winding a coil of wire
(3) onto a toroidal core (4) having a trough hole (5),
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an axis (6) defined by said through hole (5), an outer
periphery (7), a first side (8) defined by a first axial
end face of the core (4) and a second side (9) which
is opposite said first side (8) and defined by a second
axial end face of the core (4), the hook winding ma-
chine (1) comprising:

- a core holding device (10) for holding the core
(4) during the winding process,

- a hook mechanism (11) with a longitudinally
driven hook (12) for capturing the wire (3) and
pulling the wire (3) from the first side (8) of the
core (4) through the through hole of the core (4)
to the second side (9) of the core (4),

- awire bending device (13) for bending the wire
(3) back from the second side (9) of the core (4)
over the outer periphery of the core (4) to the
first side (8) of the core (4), wherein the wire
bending device (13) comprises a rotatable arm
(14) that is rotatable about a first rotation axis
(15) which is substantially perpendicular to the
axis (7) of the toroidal core (4) or to an axis which
is parallel to the axis (7) of the toroidal core (4),
the rotatable arm (14) comprising a wire grab-
bing portion for grabbing the wire (3) and holding
the wire (3) during bending the wire (3),

- and a control via which the hook winding ma-
chine (1) is adapted to alternately perform a pull-
ing step during which the wire (3) is pulled by
the hook mechanism (11) from the first side (8)
of the core (4) through the through hole (5) of
the core (4) to the second side (9) of the core
(4) and a bending step during which the wire (3)
isbentback by the wire bending mechanism (13)
from the second side (9) of the core (4) over the
outer periphery (7) of the core (4) to the first side
(8) ofthe core (4), and wherein one winding cycle
of the hook winding machine (1) is defined by a
pulling step and a consecutive bending step,

characterized in that

the hook winding machine (1) further comprises a
wire feeding device (33) for feeding at least a first
portion (35) of a used length (34) of wire (3) required
for the coil (2) from the first side (8) of the core (4)
through the through hole (5) of the core (4) before
the winding process starts.

Hook winding machine (1) according to claim 13,
characterized in that the wire feeding device (33)
is movable in a direction perpendicular to the axis
(7) of the core (4) in order to hold a second portion
(36) of the used length (34) of wire (3), which remains
at the first side (8) of the core (4), eccentrically with
respect to the axis (7) of the core (4) during the wind-
ing process without the used length (34) of wire (3)
required for the coil (2) being cut off before the wind-
ing process has been finished.
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15. Hook winding machine (1) according to claim 13,

characterized in that the hook winding machine (1)
further comprises an automatic core feeding device
(37), a cutting unit for cutting the wire (3) and an
automatic discharge unit for discharging completed
products such that the hook winding machine (1) is
fully-automatically operable without any operator’s
assistance.
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