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Description
Field

[0001] The present invention relates to a wire rod alignment winding apparatus and a learning system and a data
collection storage system that are used for the wire rod alignment winding apparatus.

Background

[0002] A wire rod alignment winding apparatus for linearly winding a long wire rod, such as an electric cable or a
communication cable, around a winding drum has been proposed (for example, refer to Patent Literature 1). In general,
a wire rod alignment winding apparatus causes a winding drum to rotate in a given direction and winds a wire rod to be
wound using the winding drum while guiding the wire rod to the side of the winding drum using a guide unit. The guide
unit causes the wire rod to shift horizontally in a lateral direction of the winding drum (direction of the center of rotation)
in association with rotation of the winding drum and causes the wire rod to move vertically in a height direction of the
winding drum for each winding layer of the wire rod on the winding drum. In this manner, the wire rod alignment winding
apparatus is able to wind the wire rod in alignment winding around the winding drum. The winding layer refers to a layer
of the wire rod that is wound around the winding drum linearly.

[0003] For example, in the wire rod linear winging apparatus described in Patent Literature 1, a force sensor detects
a force based on displacement of a wire rod caused by a guide unit and, based on a signal of the force detection
performed by the force sensor, a control unit automatically controls the upper, lower, right, and left positions of the guide
unit. This enables the wire rod to be wound around the winding drum with a given angle of incidence and a given position
of height being maintained and accordingly the wire rod is linearly wound around a winding drum. The wire rod alignment
winding apparatus allows an operator to perform remote operations for upper, lower, right and left positions of the guide
unit using an operation unit.

[0004] As described above, linearly winding a wire rod around a winding drum is important from the point of view of
smoothly drawing the wire rod from the winding drum in a step following the step of winding the wire rod, effectively
utilization of a space in which the wire rod is wound around the winding drum, prevention of the wire rod from shifting
from the winding drum during transfer, the exterior of the wire rod wound around the winding drum (tidiness of winding), etc.

Citation List

Patent Literature

[0005] Patent Literature 1: Japanese Laid-open Patent Publication No. H10-236728
Summary

Technical Problem

[0006] Practically, however, the outer diameter of the wire rod and the width dimension of the winding drum (the interval
between its brims on both sides in the width direction) varies and thus, in order to wind the wire rod in alignment winding
around the winding drum, manual support of an operator to manually adjust the interval between the wire rods or between
the wire rod and the brim using a jig is required when the wire rod is wound near the brim of the winding drum after the
wire rod is wound linearly to the middle between the brims of the winding drum. For this reason, in the above-described
technique, even when the upper, lower, right and left positions are automatically controlled, it is difficult to wind the wire
rod around the winding drum in alignment winding without manual support like that described above when the wire rod
is wound near the brim of the winding drum, which makes the wire rod winding operation cumbersome.

[0007] The present invention was made in view of the above-described circumstances and an object of the present
invention is to provide a wire rod winding apparatus that makes it possible to reduce manual support in an operation of
winding a wire rod and easily wind the wire rod around a winding drum and a learning system and a data collection
storage system that are used for the wire rod winding apparatus.

Solution to Problem
[0008] To resolve the above problem and attain the object, a wire rod alignment winding apparatus according ot the

present invention that winds a wire rod around a winding drum, includes: a data collection storage system that collects
at least data representing manual operations on a guide device and a correction device, the guide device guiding the
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wire rod to the winding drum, the correction device correcting a position in which the wire rod is wound around the
winding drum, data representing each condition of each of the wire rod, the guide device, and the correction device, and
data representing success or failure of targeted alignment winding of the wire rod and stores the collected sets of data
in association with success or failure of the targeted alignment winding of the wire rod as wire rod winding operation
data; and a learning device that, based on the stored wire rod winding operation data, learns manual operations on the
guide device and the correction device in at least one of success and failure in the targeted alignment winding of the
wire rod and constructs a control law which allows automatic control on the guide device and the correction device such
that the wire rod is wound around the winding drum in the targeted alignment winding.

[0009] In the above wire rod alignment winding apparatus according to the present invention, the data collection
storage system further collects data representing each set of automatic control on the guide device and the correction
device, takes the further data into consideration, and updates the wire rod winding operation data, and the learning
device learns, based on the updated wire rod winding operation data, each set of automatic control on the guide device
and the correction device in at least any one of success and failure of the targeted alignment winding of the wire rod
and updates the control law.

[0010] The above wire rod alignment winding apparatus according to the present invention further includes a suc-
cess/failure determination unit that determines success or failure of the targeted alignment winding of the wire rod based
on the data representing each condition.

[0011] The above wire rod alignment winding apparatus according to the present invention further includes an alarm
unit that outputs an alarm when the success/failure determination unit determines that the targeted alignment winding
of the wire rod fails.

[0012] Further, a wire rod alignment winding apparatus according to the present invention that winds a wire rod around
a winding drum, includes: a data collection storage system that collects at least data representing manual operations
on a guide device and a correction device, the guide device guiding the wire rod to the winding drum, the correction
device correcting a position in which the wire rod is wound around the winding drum, data representing each condition
of each of the wire rod, the guide device, and the correction device, and data representing success or failure of targeted
alignment winding of the wire rod and stores the collected sets of data in association with success or failure of the
targeted alignment winding of the wire rod as wire rod winding operation data; and a learning device that has a control
law that is constructed previously in order to automatically control the guide device and the correction device and, based
on the wire rod winding operation data that is stored in the data collection storage system, learns manual operations on
the guide device and the correction device in at least any one of success and failure of the targeted alignment winding
of the wire rod, and updates the control law so that the wire rod is wound around the winding drum in the targeted
alignment winding.

[0013] Further, a learning system according to the present invention that is used for a wire rod alignment winding
apparatus that winds a wire rod around a winding drum, includes: a data collection storage system that collects at least
data representing manual operations on a guide device and a correction device, the guide device guiding the wire rod
to the winding drum, the correction device correcting a position in which the wire rod is wound around the winding drum,
datarepresenting each condition of each of the wire rod, the guide device, and the correction device, and data representing
success or failure of targeted alignment winding of the wire rod and stores the collected sets of data in association with
success or failure of the targeted alignment winding of the wire rod as wire rod winding operation data; and a learning
device that, based on the stored wire rod winding operation data, learns manual operations on the guide device and the
correction device in at least one of success and failure in the targeted alignment winding of the wire rod and constructs
a control law which allows automatic control on the guide device and the correction device such that the wire rod is
wound around the winding drum in the targeted alignment winding.

[0014] Further, a data collection storage system according to the present invention includes: a data collection device
that collects at least data representing manual operations on a guide device and a correction device, the guide device
guiding a wire rod to a winding drum of a wire rod alignment winding apparatus that winds the wire rod around the wiring
drum, the correction device correcting a position in which the wire rod is wound around the winding drum, data representing
conditions of the wire rod, the guide device, and the correction device, and data representing success or failure of
targeted alignment winding of the wire rod. Further, the data are stored in association with success or failure of the
targeted alignment winding of the wire rod.

Advantageous Effects of Invention

[0015] According to the present invention, an effect that it is possible to reduce manual support in an operation of
winding a wire rod and easily wind a wire rod around a winding drum in alignment winding is achieved.



10

15

20

25

30

35

40

45

50

55

EP 3 831 754 A1
Brief Description of Drawings
[0016]

FIG. 1 is a diagram illustrating an example of a configuration of a wire rod alignment winding apparatus according
to an embodiment of the present invention.

FIG. 2 is a diagram illustrating an example of a configuration of the wire rod winding apparatus, a master/slave
system, and a detection measurement system in the embodiment.

FIG. 3 is a top view of the wire rod winding apparatus, the master/slave system, and the detection measurement
system that are illustrated in FIG. 2.

FIG. 4 is a flowchartillustrating an example of a wire rod winding method according to the embodiment of the present
invention.

FIG. 5 is a diagram illustrating an example of wire rod winding operation data in the embodiment of the present
invention.

FIG. 6 is a flowchart illustrating an example of wire rod winging drive performed by the wire rod alignment winding
apparatus according to the embodiment of the present invention.

Description of Embodiments

[0017] With reference to the drawings, preferable embodiments of a wire rod alignment winding apparatus according
to the present invention and a learning system and a data collection storage system that are used for the wire rod
alignment winding apparatus will be described in detail below. Note that the embodiment does not limit the present
invention. The drawings are schematic and it is necessary to note that the relationship in dimension of each components
and the ratio of each component may be different from actual ones. The drawings may contain parts that are different
in dimensional relationship and ratio among the drawings.

Configuration of Wire Rod Alignment Winding Apparatus

[0018] First, a configuration of the wire rod alignment winding apparatus according to the embodiment of the present
invention will be described. FIG. 1 is a diagram illustrating an example of the configuration of the wire rod alignment
winding apparatus according to the embodiment of the present invention. As illustrated in FIG. 1, a wire rod alignment
winding apparatus 1 includes a wire rod winding device 2, a master/slave system 3, a detection measurement system
7, a data collection storage system 8, a learning device 11, and a control device 12. FIG. 2 is a diagram illustrating an
example of a configuration of the wire rod winding device, the master/slave system, and the detection measurement
system according to the embodiment. FIG. 2 illustrates the wire rod winding device 2, the master/slave system 3, and
the detection measurement system 7 that are viewed from the direction of the width of a winding drum 15. FIG. 3 is a
top view of the wire rod winding device, the master/slave system, and the detection measurement system that are
illustrated in FIG. 2.

[0019] In the embodiment, for the purpose of illustration, as illustrated in FIGS. 2 and 3, directions of an X-axis, a Y-
axis and a Z-axis of a three-axis orthogonal coordinate system are set. For example, the direction of the depth of the
winding drum 15 corresponds to an X-axis direction. For example, the direction of the width of the winding drum 15
corresponds to a Y-axis direction. The direction orthogonal to the width direction of the winding drum 15 is a direction
orthogonal to the width direction of the winding drum 15 viewed from the depth direction (X-axis direction) of the winding
drum 15 and corresponds to the Z-axis direction. Particularly, in the embodiment, as illustrated in FIGS. 2 and 3, the Z-
axis direction is a vertical direction and the Y-axis direction is the horizontal direction. In this case, the width direction of
the winding drum 15 is also referred to as a lateral direction of the winding drum 15. The direction orthogonal to the
width direction of the winding drum 15 is also referred to a direction of the height of the winding drum 15 (top-down
direction).

[0020] The wire rod winding device 2 is a device for winding a wire rod 16 to be wound around the winding drum 15.
As illustrated in FIG. 2, the wire rod winding apparatus 2 includes a winding driver 2a that supports the winding drum
15 such that the winding drum 15 is rotatable. As illustrated in FIG. 3, the winding drum 15 includes brims 15a and 15b
on both sides of a drum body 15c in a direction of the width of the drum body 15c. As illustrated in FIGS. 2 and 3, the
wire rod winding device 2 rotates the winding drum 15 using the mechanism of the winding driver 2a with the Y-axis
direction serving as the direction of the center of rotation of the winding drum 15 and winds the wire rod 16 between
both the brims 15a and 15b of the winding drum 15. As the wire rod 16 that is wound around the winding drum 15, for
example, a long wire rod, such as an electric cable or a communication cable, is considered.

[0021] As illustrated in FIG. 1, the master/slave system 3 includes a guide device 4, a correction device 5, and an
operation device 6. The master/slave system 3 is a system for manually controlling the guide device 4 and the correction



10

15

20

25

30

35

40

45

50

55

EP 3 831 754 A1

device 5 based on manual operations of the operator on the operation device 6.

[0022] The guide device 4 shifts the wire rod 16 in the width direction of the winding drum 15 (the Y-axis direction)
and the direction orthogonal to the width direction (x-axis direction) and guides the wire rod 16 between the brims 15a
and 15b of the winding drum 15. In the embodiment, as illustrated in FIGS. 2 and 3, the guide device 4 includes a width-
direction guide 41 and a vertical-direction guide 42.

[0023] The width-direction guide 41 includes a width-direction driver 41a for a shift along rails 45 that are laid such
that the Y-axis direction corresponds to a longitudinal direction and a traverse roller pair 43 formed of a pair of guide
rollers arrayed in the Y-axis direction. As illustrated in FIGS. 2 and 3, the traverse roller pair 43 is arranged rotatably on
a device upper surface of the guide device 4 (specifically, the device upper surface of the vertical-direction guide 42).
The traverse roller pair 43 is configured to rotate in association with delivery of the wire rod 16 to the winding drum 15
while sandwiching the wire rod 16 on a path line toward the winding drum 15 in the Y-axis direction. The width-direction
guide 41 is configured to guide the wire rod 16 with respect to the Y-axis direction to the space between both the brims
15a and 15b of the winding drum 15 using the mechanism of the width-direction driver 41a and the traverse roller pair 43.
[0024] The vertical-direction guide 42 includes a vertical-direction driver 42a for a shift in the Z-axis direction and a
support roller 44 formed of a guide roller that supports the wire rod 16 while rotating. As illustrated in FIGS. 2 and 3, the
support roller 44 is arranged rotatably on the device upper surface of the vertical-direction guide 42 in a mode where
the Y-axis direction corresponds to the longitudinal direction. The support roller 44 is configured to rotate in association
with delivery of the wire rod 16 to the winding drum 15 while supporting the wire rod 16 on the path line toward the
winding drum 15 such that the wire rod 16 is lifted up from the bottom. The vertical-direction guide 42 is configured to,
using the mechanism of the vertical-direction driver 42a and the support roller 44, guide the wire rod 16 with respect to
the Z-axis direction to the space between both the brims 15a and 15b of the winding drum 15.

[0025] The correction device 5 is a device for correcting the position in which the wire rod 16 is wound around the
winding drum 15. In the embodiment, as illustrated in FIGS. 2 and 3, the correction device 5 includes a hitting arm 51
including a hitting part 52 at the tip of the hitting arm 51 and an arm driver 53 and is arranged in the guide device 4. The
hitting arm 51 extends from the side of the guide device 4 to the side of the winding drum 15 on the wire rod winding
device 2 and is configured to be rotatable about the Y-axis direction corresponding to a center of rotation and reciprocate
in the Y-axis direction and the longitudinal direction of the hitting arm 51. The arm driver 53 is configured to enable the
hitting arm 51 to rotate and reciprocate. The correction device 5 is configured to hit the wire rod 16 with the hitting part
52 in order to correct the position in which the wire rod 16 is wound around the winding drum 15 using the mechanism
of the hitting arm 51 and the arm driver 53.

[0026] The operation device 6 is a device for manually operating the guide device 4 and the correction device 5. In
the embodiment, as illustrated in FIGS. 2 and 3, the operation device 6 includes an operation lever 61, a display unit
62, an input unit 63, a start button 64, a stop button 65, an interruption button 66, a mode switch 67, and an alarm 68.
[0027] The operationlever 61 is used by the operator to manually operate the guide device 4 and the correction device
5. The display unit 62 displays various types of information necessary to manually operate the guide device 4 and the
correction device 5. As information to be displayed on the display unit 62, for example, information, such as the winding
condition of the wire rod 16 that is wound around the winding drum 15, is included. The input unit 63 is for inputting
various types of information to the control device 12 according to input operations of the operator. As information that
is input by the input unit 63, for example, the distance between both the brims 15a and 15b of the winding drum 15 and
product information, such as the outer diameter and density of the wire rod 16, is included.

[0028] The start button 64 is operated to start automatic control on the guide device 4 and the correction device 5
using the control device 12. The stop button 65 is operated to stop the automatic control on the guide device 4 and the
correction device 5 using the control device 12. The interruption button 66 is operated to interrupt (urgently stop) the
automatic control on the guide device 4 and the correction device 5 using the control device 12. The mode switch 67 is
operated to switch the mode of control on the guide device 4 and the correction device 5 to manual control using the
operation device 6 or automatic control using the control device 12. The alarm 68 outputs an alarm to notify the operator
of occurrence of a trouble in winding the wire rod 16 around the winding drum 15.

[0029] The detection measurement system 7 detects or measures the condition of the wire rod 16, the condition of
the guide device 4, and the condition of the correction device 5. In the embodiment, as illustrated in FIGS. 2 and 3, the
detection measurement system 7 is formed of encoders 71 and 72 for detecting or measuring the condition of the guide
device 4; ranging units 77 and 78 and an encoder 80 for detecting or measuring the condition of the correction device
5; counters 73, 74, and 75, ranging units 76 and 79, and imaging devices 81 and 82 for detecting or measuring the
condition of the wire rod 16. As the condition of the wire rod 16, for example, a physical quantity representing the winding
condition of the wire rod 16 around the winding drum 15, a tension of the wire rod 16 toward the winding drum 15, and
a physical quantity representing a position of the path line are considered. As the condition of the guide device 4, physical
quantities representing the conditions of the traverse roller pair 43 and the support roller 44 are considered. As the
condition of the correction device 5, a physical quantity representing a positional relationship between the wire rod 16
and the hitting arm 51 is considered.
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[0030] The data collection storage system 8 is an example of a data collection storage system according to the present
invention. For example, the data collection storage system 8 is a system that collects and store data necessary for a
learning process that is performed by the learning device 11. In the embodiment, as illustrated in FIG. 1, the data collection
storage system 8 is formed of a data collection device 9 and a data storage device 10. The data collection device 9
includes a processor that performs operations necessary for a data determination process, etc., a memory that stores
a program and data for performing the operations, and an input/output interface for transmitting and receiving data and
signals. The data collection device 9 collects at least data representing each manual operation performed on the guide
device 4 and the correction device 5 using the operation device 6, data representing each of the above-described
conditions (the respective conditions of the wire rod 16, the guide device 4, and the correction device 5) that are detected
or measured by the detection measurement system 7, and data representing success or failure of targeted alignment
winding of the wire rod 16. In the data collection storage system 8, the collected data are stored in association with
success or failure of targeted alignment winding of the wire rod 16. Specifically, the data collection device 9 associates
sets of collected data with success or failure of targeted alignment winding of the wire rod 16, for example, in chronological
order. The data storage device 10 includes a memory that stores data such that the data can be updated and an
input/output interface for transmitting and receiving data and signals. As described above, the data storage device 10
stores data that is processed by the data collection device 9 as wire rod winding operation data.

[0031] The learning device 11 performs machine learning, such as reinforcement learning or the like, in order to
construct a control law for the control device 12 to control the guide device 4 and the correction device 5. For example,
the learning device 11 includes a processor that performs operations necessary for machine learning, a memory that
stores a program and data for performing the operations, and an input/output interface for transmitting and receiving
data and signals. In the embodiment, the learning device 11 learns each manual operation on the guide device 4 and
the correction device 5 in at least one of success and failure of targeted alignment winding of the wire rod 16 (in the
embodiment, both success and failure of targeted alignment winding) based on wire rod winding operation data that is
stored by the data storage device 10. Accordingly, the learning device 11 constructs a control law 11a according to
which the guide device 4 and the correction device 5 are controllable such that the wire rod 16 is wound in targeted
alignment winding between both the brims 15a and 15b of the winding drum 15.

[0032] Accordingto the control law 11a thatis constructed by the learning device 11, the control device 12 automatically
controls the guide device 4 and the correction device 5. The control device 12 includes a success/failure determination
unit 12a. The success/failure determination unit 12a determines whether targeted alignment winding of the wire rod 16
succeeds or fails based on data representing each of the above-described conditions that are detected or measured by
the detection measurement system 7. In other words, the control device 12 is configured to be able to automatically
determine whether targeted alignment winding succeeds or fails using the success/failure determination unit 12a based
on the data that is acquired from the detection measurement system 7.

[0033] Inthe embodiment, the detection measurement system 7, the data collection storage system 8, and the learning
device 11 form a learning system that is used for the wire rod alignment winding apparatus 1 including the wire rod
winding device 2, the master/slave system 3 (the guide device 4, the correction device 5, and the operation device 6)
and the control device 12.

Wire Rod Alignment Winding Method

[0034] A wire rod alignment winding method according to the embodiment of the present invention will be described.
FIG. 4 is a flowchart illustrating an example of the wire rod alignment winding method according to the embodiment of
the present invention. In the wire rod alignment winding method, the wire rod alignment winding apparatus 1 winds the
wire rod 16 around the winding drum 15 based on manual operations performed by the operator using the operation
device 6 or automatic control performed by the control device 12 according to the control law 11a.

[0035] In other words, as illustrated in FIG. 4, the wire rod alignment winding apparatus 1 performs a data collection
storage process of collecting and storing historic data on winding the wire rod 16 around the winding drum 15 by manual
operations on the guide device 4 and the correction device 5 (step S101). The collected historic data are stored as wire
rod winding operation data in the data collection storage system 8.

[0036] Based on the stored wire rod winding operation data, the wire rod alignment winding apparatus 1 performs a
learning process of learning each manual operation on the guide device 4 and the correction device 5 performed when
the wire rod 16 is wound around the winding drum 15 and constructing the control laws 11a for linearly winding the wire
rod 16 around the winding drum 15 (step S102). In the wire rod alignment winding apparatus 1, the learning process is
performed by the learning device 11.

[0037] Subsequently,the wire rod alignmentwinding apparatus 1 performs a wire rod winding operation of automatically
controlling the guide device 4 and the correction device 5 according to the constructed control law 11a to wind the wire
rod 16 around the winding drum 15 (step S103). Automatic control on the guide device 4 and the correction device 5 is
performed by the control device 12. At step S103, manual operation on the guide device 4 and the correction device 5
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are performed as required using the operation device 6.

[0038] Thereafter, when winding the wire rod 16 to be wound around the winding drum 15 has not ended, the wire
rod alignment winding apparatus 1 does not end the wire rod winding operation (NO at step S104), returns to step S103,
and repeats the process at and after step S103. On the other hand, when winding the wire rod 16 to be wound around
the winding drum 15 has ended, the wire rod alignment winding apparatus 1 ends the wire rod winding operation (YES
at step S104) and ends the process.

Data Collection Storage Process

[0039] Theaforementioned data collection storage process atstep S101 will be described in detail. In the data collection
storage process, historic data obtained when the operator manually operates the guide device 4 and the correction
device 5 using the operation device 6 and thus winds the wire rod 16 around the winding drum 15 is collected and is
stored as wire rod winding operation data. As the collected historic data, for example,

(1) data acquired by the detection measurement system 7 (detection measurement data as appropriate below),
(2) data representing each manual operation performed on the guide device 4 and the correction device 5 using the
operation device 6 (referred to as manual operation data as appropriate below), and

(3) data representing whether targeted alignment winding of the wire rod 16 succeeds or fails (referred to as suc-
cess/failure data as appropriate)

are taken.

[0040] In the data collection and storage process at step S101, when the guide device 4 and the correction device 5
are manually operated in order to wind the wire rod 16 around the winding drum 15, the detection measurement system
7 detests or measures the condition of the guide device 4, the condition of the correction device 5, and the condition of
the wire rod 16.

[0041] As the condition of the guide device 4, for example, the position of the traverse roller pair 43 in the Y-axis
direction and the position of the support roller 44 in the Z-axis direction are taken. The position of the traverse roller pair
43 in the Y-axis direction is detected by the encoder 71 that is arranged in the width-direction driver 41a of the width-
direction guide 41 that shifts integrally with the traverse roller pair 43 in the Y-axis direction. The position of the support
roller 44 in the Z-axis direction is detected by the encoder 72 that is arranged in the vertical direction driver 42a of the
vertical-direction guide 42 that shifts integrally with the support roller 44 in the Z-axis direction.

[0042] Asthe condition ofthe correction device 5, for example, physical quantities representing a positional relationship
between the hitting arm 51 and the wire rod 16, physical quantities representing positional relationships between the
hitting arm 51 and the brims 15a and 15b of the winding drum 15, a position of rotation of the hitting arm 51, and a
position of the hitting arm 51 in the longitudinal direction are considered. The physical quantities representing the positional
relationship between the hitting arm 51 and the wire rod 16 are measured by the ranging unit 77 that is arranged in the
hitting part 52 of the hitting arm 51. Specifically, the ranging unit 77 measures, as the physical quantities, distances each
between the hitting part 52 and the wire rod 16 in the X-axis direction and the Y-axis direction. The physical quantities
representing positional relationships each between the hitting arm 51 and each of the brims 15a and 15b are measured
by the ranging unit 78 that is arranged in the hitting arm 51. Specifically, the ranging unit 78 measures, as the physical
quantities, the distances from the hitting arm 51 to the brims 15a and 15b in the Y-axis direction. The position of rotation
and the longitudinal direction position of the hitting arm 51 are detected by the encoder 80 that is arranged in the arm
driver 53 of the correction device 5.

[0043] As the condition of the wire rod 16, for example, a rate at which the wire rod 16 toward the winding drum 15 is
sent (linear velocity), the number of winds of the wire rod 16 around the winding drum 15 and the number of layers of
the wound wire rod 16, physical quantities representing positional relationships between the brims 15a and 15b of the
winding drum 15 and the wire rod 16, a physical quantity representing a tension of the wire rod 16, the exterior of the
wire rod 16 wound around the winding drum 15, and clearance between the wire rods 16 wound around the winding
drum 15 are considered.

[0044] The linear velocity of the wire rod 16 is measured by the counter 73 that is arranged in the traverse roller pair
43. For example, the counter 73 counts the number of rotations of the traverse roller pair 43 associated with delivery of
the wire rod 16 and measure the linear velocity of the wire rod 16 through the count of the number of rotations. The
number of winds of the wire rod 16 around the winding drum 15 is measured by the counter 74 that is arranged in the
wire rod winding device 2. For example, the counter 74 measures the number of rotations of the winding drum 15 and,
through the count of the number of rotations, measures the number of winds of the wire rod 16 using a wind of the wire
rod 16 caused by one rotation of the winding drum 15 as a unit (one wind). The number of layers of the wire rod 16
wound around the winding drum 15 is the number of layers of the wire rod 16 that is wound around the drum body 15¢
between both the brims 15a and 15b of the winding drum 15 in alignment winding and the number of layers is measured
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by the counter 75. For example, the counter 75 counts the number of times the guide device 4 replicates to the positive
side or the negative side in the Y-axis direction between both the brims 15a and 15b of the winding drum 15 and, through
the count of the number of times, measures the number of layers of the wound wire rod 16.

[0045] The physical quantities representing the positional relationships between the brims 15a and 15b of the winding
drum 15 and the wire rod 16 are measured by the ranging unit 76. Specifically, the ranging unit 76 measures, as the
physical quantities, distances from the path line of the wire rod 16 that is delivered from the side of the guide device 4
to the side of the winding drum 15 to the brims 15a and 15b in the Y-axis direction. The physical quantity representing
the tension of the wire rod 16 is measured by the ranging unit 79 that is arranged on the device upper surface of the
guide device 4 (in the embodiment, the device upper surface of the vertical-direction guide 42 in the embodiment).
Specifically, the ranging unit 79 measures, as the physical quantity, the distance from the device upper surface of the
vertical-direction guide 42 to the wire rod 16. The tension of the wire rod 16 increases in association with an increase
in the distance from the device upper surface to the wire rod 16.

[0046] The exterior of the wire rod 16 wound around the winding drum 15 is detected as an image by the imaging
device 81. For example, as illustrated in FIGS. 2 and 3, the imaging device 81 is arranged on an upper side such that
the drum body 15c¢ (a part around which the wire rod 16 is wound) between both the brims 15a and 15b of the winding
drum 15 is captured within the field of view. The imaging device 81 captures an image representing the exterior of the
wire rod 16 wound around the winding drum 15. The clearance between the wire rods 16 wound around the winding
drum 15 is detected by the imaging device 82 that is arranged near the hitting arm 51 of the correction device 5.
Specifically, the imaging device 82 captures an image of the wire rod 16 that is wound around the winding drum 15 and
performs given image processing on the acquired image, thereby detecting the clearance between the wire rods 16.
[0047] Alist of sets of detection measurement data (physical quantities and images) in the embodiment is exemplified
in Table 1 below.

Table 1
Condition of guide Position of traverse roller pair in Y-axis direction
device Position of support roller in Z-axis direction

Physical quantities representing positional relationships between hitting arm and wire rod
(Each of distances from hitting part to wire rod in X-axis direction and Y-axis direction)

Condition of

correction device Physical quantities representing positional relationships between hitting arm and brims of

winding drum (Distances from hitting arm to brims in Y-axis direction)

Position of rotation of hitting arm and position of hitting arm in longitudinal direction

Linear velocity of wire rod

Number of winds of wire rod

Number of layers of wound wire rod

Physical quantities representing positional relationships between brims of winding drum and
Condition of wire rod | wire rod (Distances from path line of wire rod to brims)

Physical quantity representing tension of wire rod (Distance from device upper surface of
vertical direction guide unit to wire rod)

Exterior of wound wire rod (Image representing exterior of wind)

Clearance between wore rods wound around winding drum (Image of wound wire rod)

[0048] Asdescribed above, among the physical quantities and images (refer to Table 1) that are detected or measured
by the detection measurement system 7, the physical quantity representing the positional relationship between the hitting
arm 51 and the wire rod 16, the physical quantities representing the positional relationships between the hitting arm 51
and the brims 15a and 15b of the winding drum 15, the position of rotation of the hitting arm 51 and the position of the
hitting arm 51 in the longitudinal, and the clearance between the wire rods 16 wound around the winding drum 15 are
information useful to appropriately hit the wire rod 16 using the hitting part 52 of the correction device 5 in order to correct
the position in which the wire rod 16 is wound around the winding drum 15. The position of the traverse roller pair 43 in
the Y-axis direction, the position of the support roller 44 in the Z-axis direction, the linear velocity of the wire rod 16, the
number of winds, and the number of layers of winds are information useful to appropriately shift (guide) the wire rod 16
to be wound around the winding drum 15 in the Y-axis direction and the Z-axis direction, using the guide device 4. The
physical quantities representing the positional relationships between the brims 15a and 15b of the winding drum 15 and
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the wire rod 16 are information that is useful to sense that the guide device 4 replicates to the positive side or the negative
side in the Y-axis direction between both the brims 15a and 15b of the winding drum 15. The physical quantity representing
the tension of the wire rod 16 is information useful to sense that the wire rod 16 inappropriately overlays the wire rod 16
on the winding drum 15. The exterior of the wire rod 16 wound around the winding drum 15 is information useful to
determine whether targeted alignment winding of the wire rod 16 wound around the winding drum 15 succeeds or fails.
[0049] Particularly, the physical quantity representing the positional relationship between the hitting arm 51 and the
wire rod 16, the physical quantities representing the positional relationships between the hitting arm 51 and the brims
15a and 15b of the winding drum 15, the position of the traverse roller pair 43 in the Y-axis direction, the position of the
support roller 44 in the Z-axis direction, the clearance between the wire rods 16 wound around the winding drum 15,
and the exterior of the wire rod 16 wound around the winding drum 15 are important to determine, in order to wind the
wire rod 16 around the winding drum 15 in targeted alignment winding, which part of the wire rod 16 should be hit to
correct the winding position, in which of the Y-axis direction and the Z-axis direction the path line of the wire rod 16
guided to the winding drum 15, and into what condition the winding condition of the wire rod 16 turns because of correction
of the position in which the wire rod 16 is wound and a shift of the path line.

[0050] On the other hand, as the data representing each manual operation performed on the guide device 4 and the
correction device 5 using the operation device 6, for example, each operation signal that is transmitted from the operation
device 6 to each of the guide device 4 and the correction device 5 according to operations of the operator on the operation
lever 61, etc., is taken.

[0051] Operation signals to the guide device 4 includes an operation signal to the width-direction guide 41 and an
operation signal to the vertical-direction guide 42. The operation signal to the width-direction guide 41 serves as data
representing whether a manual operation to shift the width-direction guide 41 to any position in the Y-axis direction has
been performed. The operation signal to the width-direction guide 41 serves as data representing whether a manual
operation to shift the vertical-direction guide 42 to any position of the Z-axis direction has been performed. The operation
signal to the correction device 5 serves as data representing whether a manual operation to shift the hitting part 52 of
the hitting arm 51 to any position in the three-axis orthogonal coordinate system of the Z-axis, Y-axis and Z-axis has
been performed.

[0052] Alist of each set of manual operation data on the guide device 4 and the correction device 5 of the embodiment
is exemplified in Table 2 below.

Table 2
Data representing manual operation on Operation signal to guide device (Operation signal to width direction
guide device guide unit and operation signal to vertical direction guide unit)

Data representing manual operation on

. . Operation signal to correction device
correction device

[0053] On the other hand, as data representing success or failure of targeted alignment winding of the wire rod 16,
for example, a stop signal that is output from the operation device 6 according to an operation of the operator on the
stop button 65 and an interruption signal that is output from the operation device 6 according to an operation of the
operator on the interruption button 66 are taken. In the embodiment, the stop button 65 is operated to stop the wire rod
alignment winding apparatus 1 when winding the wire rod 16 around the winding drum 15 in targeted alignment winding
completes. A stop signal corresponding to such an operation on the stop button 65 serves as data representing that
targeted alignment winding of the wire rod 16 around the winding drum 15 has succeeded. In the embodiment, the
interruption button 66 is operated to interrupt the wire rod alignment winding apparatus 1 when the wire rod 16 is not
wound around the winding drum 15 in targeted alignment winding. An interruption signal corresponding to such an
operation on the interruption button 66 serves as data representing that targeted alignment winding of the wire rod 16
around the winding drum 15 does not succeed (failure in targeted alignment winding).

[0054] A list of data on success and failure of targeted alignment winding of the wire rod 16 in the embodiment is
exemplified in Table 3 below.

Table 3
Stop signal (Data representing success of targeted
Data representing success or failure of targeted alignment winding)
alignment winding of wire rod Interruption signal (Data representing failure of targeted

alignment winding)
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[0055] Inthe embodiment, as the success/failure data on targeted alignment winding of the wire rod 16, success/failure
data obtained by the success/failure determination unit 12a by automatically determining whether alignment winding
has succeeded or failed can be employed in addition to the data that is exemplified in FIG. 3. In this case, the success
failure determination unit 12a determines whether alignment winding of the wire rod 16 has succeeded or failed in every
given period based on whether the above-described interruption signal is input. Accordingly, it is possible to classify,
with respect to each given period, the above-described wire rod winding operation data into data on the case where
alignment winding of the wire rod 16 succeeds or data on the case where alignment winding of the wire rod 16 fails.
Specifically, among the wire rod winding operation data, data on each period without input of any interruption signal to
the success/failure determination unit 12a can be classified into data representing success of targeted alignment winding
of the wire rod 16. Data on each period in which an interruption signal is input to the success/failure determination unit
12a can be classified into data representing failure of targeted alignment winding of the wire rod 16. As the given period,
for example, a period in which wire rod winding operation data are acquired, a period in which the wire rod 16 is wound
around the winding drum 15 in one wind, a period in which one winding layer of the wire rod 16 is formed around the
winding drum 15 are exemplified.

[0056] The historic data that is collected in the data collection storage process at step S101 preferably contains data
representing each specification of the winding drum 15 and the wire rod 16 that are subjects. As the specification of the
winding drum 15, for example, the distance by which both the brims 15a and 15b separate from each other is considered.
As the specification of the wire rod 16, for example, the outer diameter and density of the wire rod 16, etc., are considered.
In the embodiment, each of the specifications of the winding drum 15 and the wire rod 16 is input as product information
according to operations of the operator on the input unit 63. Such product information is useful to deal with multiple
winding drums 15 whose specifications are different from each other and multiple wire rods 16 whose specifications are
different from each other.

[0057] In the data collection storage process at step S101, as described above, the data collection device 9 collects
the data that is acquired by the detection measurement system 7, the data representing each manual operation performed
on the guide device 4 and the correction device 5 using the operation device 6, the data representing success or failure
of targeted alignment winding of the wire rod 16, and the data representing each of the specifications of the winding
drum 15 and the wire rod 16. The data collection device 9 then associates the collected sets of data with success or
failure of the targeted alignment winding of the wire rod 16. Specifically, the data collection device 9 associates the sets
of collected data in association with success or failure of alignment winding in chronological order.

[0058] For example, the data collection device 9 classifies the physical quantities and the images obtained by the
detection measurement system 7, each operation signal from the operation device 6 to the guide device 4 and the
correction device 5, and the product information on the winding drum 15 and the wire rod 16 that is input using the input
unit 63 into data corresponding to the interruption signal resulting from an operation on the interruption button 66 and
information not corresponding to the interruption signal (such as information corresponding to a stop signal resulting
from an operation on the stop button 65). The data collection device 9 associates each set of data that is classified into
data not corresponding to the interruption signal (for example, data corresponding to the stop signal) as a group of
historic data on the case where targeted alignment winding of the wire rod 16 has succeeded (a alignment winding
success historic data group below as appropriate) in chronological order. The data collection device 9 associates each
set of data that is classified as data corresponding to the interruption signal as a group off historic data on the case
where targeted alignment winding of the wire rod 16 has failed (a alignment winding failure historic data group below as
appropriate) in chronological order.

[0059] Thereafter, the data storage device 10 acquires at least one of the alignment winding success historic data
group and the alignment winding failure historic data group from the data collection device 9. The data storage device
10 stores the historic data group that is acquired from the data collection device 9 as wire rod winding operation data.

[0060] FIG. 5 is a diagram illustrating an example of the wire rod winding operation data in the embodiment of the
present invention. In the wire rod winding operation data illustrated in FIG. 5, the detection measurement data acquired
by the detection measurement system 7 and each set of manual operation data on the guide device 4 and the correction
device 5 are associated with success or failure of targeted alignment winding of the wire rod 16 in chronological order.
[0061] Forexample, asillustratedin FIG. 5, sets of detection measurementdata D11, D12, D13, ..., and D1nrepresent
the conditions resulting from each manual operation on the guide device 4 and the correction device 5 and are associated
in chronological order with Time T1 serving as a point of origin. The sets of detection measurement data D11, D12, D13,
..., and D1n contain the physical quantities and images illustrated in Table 1 described above. Sets of manual operation
data C11, C12, C13, ..., and C1n represent the path (procedure) of each manual operation on the guide device 4 and
the correction device 5 performed in order to wind the wire rod 16 around the winding drum 15 and are associated in
chronological order from Time T1. The sets of manual operation data C11, C12, C13, ..., and C1n contain operation
signals to the guide device 4 and operation signals to the correction device 5. The sets of detection measurement data
D11, D12,D13, ..., and D1n and the sets of manual operation data C11, C12, C13, ..., and C1n are associated with data
"S" representing success of targeted alignment winding of the wire rod 16. In other words, the sets of detection meas-
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urement data D11, D12, D13, ..., and D1n represent conditions on each of the wire rod 16, the guide device 4, and the
correction device 5 at the time when alignment winding succeeds. The sets of manual operation data C11, C12, C13,
..., and C1n represent a correct procedure of each manual operation on the guide device 4 and the correction device
5 that leads to the sets of detection measurement data D11, D12, D13, ..., and D1n.

[0062] Association of sets of detection measurement data D21, D22, D23, ..., and D2n and sets of manual operation
data C21, C22, C23, ..., and C2n with Time T2 serving as a point of origin and what is meant by the sets of data are the
same as those of the sets of detection measurementdata D11, D12, D13, ..., and D1n and the sets of manual operation
data C11, C12, C13, ..., and C1n.

[0063] On the other hand, sets of detection measurement data Dm1, Dm2, Dm3, ..., and Dmn and sets of manual
operation data Cm1, Cm2, Cma3, ..., and Cmn are associated in chronological order with Time Tm serving as a point of
origin and are associated with data "F" representing failure of targeted alignment winding of the wire rod 16. In other
words, the sets of detection measurement data Dm1, Dm2, Dm3, ..., and Dmn represent conditions of each of the wire
rod 16, the guide device 4, and the correction device 5 in the case of failure of alignment winding. The sets of manual
operation data Cm1, Cm2, Cm3, ..., and Cmn represent a procedure of each manual operation on the guide device 4
and the correction device 5 that leads to the sets of detection measurement data Dm1, Dm2, Dm3, ..., and Dmn (a
procedure by which alignment winding fails).

[0064] Inthe embodiment, the time series starting from Times T1, T2, ..., and Tm correspond to a period from the start
of winding the wire rod 16 until when the stop button 65 or the interruption button 66 is operated, a period of acquisition
of wire rod acquisition operation data, a period in which the wire rod 16 is wound around the winding drum 15 once, a
period in which a layer of the wire rod 16 wound around the winding drum 15 is formed, or the like.

[0065] When wire rod winding operation data like that represented in FIG. 5 serves as training data, manual operations
on the guide device 4 and the correction device 5 that lead to the condition that is represented by the detection meas-
urement data, such as the sets of detection measurement data D11, D12, D13, ..., and D1n, that is associated with the
success/failure data "S" can be learnt as manual operations on the guide device 4 and the correction device 5 that
enable the wire rod 16 to be wound around the winding drum 15 in targeted alignment winding. Manual operations on
the guide device 4 and the correction device 5 that lead to the condition that is represented by the detection measurement
data, such as the sets of detection measurement data Dm1, Dm2, Dm3, ..., and Dmn, that is associated with the suc-
cess/failure data "F" can be learnt as manual operations on the guide device 4 and the correction device by which the
targeted winding of the wire rod 16 fails.

[0066] In the data collection storage process at step S101, the data collection device 9 performs, with respect to
multiple winding drums 15 and multiple wire rods 16, the above-described process of collecting and associating the
alignment winding success historic data group and the alignment winding failure historic data group. In association with
this, the data storage device 10 performs the process of storing the above-described wire rod winding operation data
with respect to the multiple winding drums 15 and the multiple wire rods 16.

Learning Process

[0067] The aforementioned learning process at step S102 will be described in detail. In the learning process, based
on the wire rod winding operation data that is stored by the data storage device 10, the learning device 11 learns each
manual operation on the guide device 4 and the correction device 5 in at least any one of (both in the embodiment) the
success and failure of targeted alignment winding of the wire rod 16.

[0068] Specifically, the learning device 11 acquires the wire rod winding operation data from the data storage device
10. Subsequently, the learning device 11 performs machine learning according to a given algorithm based on the
alignment winding success historic data group from among the acquired wire rod winding operation data. Accordingly,
the learning device 11 learns each manual operation on the guide device 4 and the correction device 5 in the case where
targeted alignment winding of the wire rod 16 succeeds. The learning device 11 performs machine learning according
to a given algorithm based on the alignment winding failure historic data group from among the acquired wire rod winding
operation data. Accordingly, the learning device 11 learns each manual operation on the guide device 4 and the correction
device 5 in the case where targeted alignment winding of the wire rod 16 fails. As a result, the learning device 11 identifies
a method of operating the guide device 4 and the correction device 5 toward success of targeted alignment winding of
the wire rod 16 on how the guide device 4 and the correction device 5 should be operated manually in order to succeed
in targeted alignment winding of the wire rod 16 or how, when the targeted alignment winding of the wire rod 16 fails,
the guide device 4 and the correction device 5 can be operated manually to succeed in alignment winding. These sets
of machine learning are realized by applying a known algorithm of reinforcement learning or imitation learning.

[0069] Thereafter, according to the method of operating the guide device 4 and the correction device 5 that is identified
as described above, the learning device 11 constructs the control law 11a according to which the guide device 4 and
the correction device 5 are controllable such that the wire rod 16 is wound in targeted alignment winding between the
brims 15a and 15b of the winding drum 15.
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Wire Rod Winding Operation

[0070] The wire rod winding operation at step S103 described above will be described in detail. FIG. 6 is a flowchart
illustrating an example of the wire rod winding operation performed by the wire rod alignment winding apparatus according
to the embodiment of the present invention. The wire rod alignment winding apparatus 1 executes each process from
step S201 to step S217 illustrated in FIG. 6 during the wire rod winding operation at step S103 described above.
[0071] Specifically, as illustrated in FIG. 6, the wire rod alignment winding apparatus 1 first of all acquires the product
information on the winding drum 15 and the wire rod 16 that are subjects of the wire rod winding operation (step S201).
At step S201, in response to an operation of an operator on the input unit 63, the operation device 6 inputs the product
information on the winding drum 15 and the wire rod 16 to the data collection device 9 and the control device 12. The
data collection device 9 acquires the input product information as new historic data on the winding drum 15 and the wire
rod 16. The control device 12 acquires the input product information as product information on the winding drum 15 and
the wire rod 16 that are subjects of the current wire rod winding operation and, for example, identifies the distance by
which the brims 15a and 16b of the winding drum 15 separate and the outer diameter and density of the wire rod 16, etc.
[0072] Subsequently, when the mode of control on the guide device 4 and the correction device 5 is automatic control
(automatic control at step S202), the wire rod alignment winding apparatus 1 goes to step S203 and, when the mode of
control on the guide device 4 and the correction device 5 is manual control (manual control at step S202), the wire rod
alignment winding apparatus 1 goes to step S213. For example, in the wire rod alignment winding apparatus 1, an
operation of the operator on the mode switch 67 makes it possible to switch the mode of control on the guide device 4
and the correction device 5 to automatic control or manual control.

[0073] When the control mode is automatic control, the wire rod alignment winding apparatus 1 automatically controls
the wire rod winding operation (step S203). At step S203, the operation device 6 transmits, to the control device 12, a
signal representing that the control mode is set at automatic control using the mode switch 67 and a signal representing
that an operation of the operator on the start button 64 issues an instruction to start the wire rod winding operation. The
control device 12 starts automatic control on the guide device 4 and the correction device 5 based on the input signals.
Note that the wire rod alignment winding apparatus 1 starts the wire rod winding operation according to an operation on
the start button 64. In this case, not depending on the control mode, the wire rod winding device 2 causes the winding
drum 15 to rotate in a given direction using the winding driver 2a to start winding the wire rod 16 around the winding
drum 15. The display unit 62 of the operation device 6 displays an image that is captured by the imaging device 81.
[0074] According to the control law 11a that is constructed by the learning device 11, the control device 12 transmits
control signals respectively to the guide device 4 and the correction device 5 such that the wire rod 16 is wound in
targeted alignment winding between both the brims 15a and 15b of the winding drum 15. The control device 12 acquires
the condition of the guide device 4, the condition of the correction device 5, and the condition of the wire rod 16 that are
detected or measured by the detection measurement system 7. Each of the conditions is obtained by the detection
measurement system 7 as in the case of the data collection storage process at step S101 described above.

[0075] Specifically, the control device 12 transmits a control signal to the width-direction guide 41 of the guide device
4 according to the control law 11a in consideration of each of the acquired conditions. Accordingly, the control device
12 controls the width-direction guide 41 such that the width-direction guide 41 shifts in the Y-axis direction according to
rotation of the winding drum 15. The control device 12 controls the width-direction guide 41 such that, each time the
wire rod 16 is wound around the winding drum by the layer of one wind, the width-direction guide 41 reciprocates from
the side of the brim on one end (for example, the brim 15a) of the winding drum 15 to the side of the brim on the other
end (for example, the brim 15b) for a required number of times. Furthermore, the control device 12 transmits a control
signal to the vertical-direction guide 42 of the guide device 4 according to the control law 11a in consideration of each
of the acquired conditions. Accordingly, each time the wire rod 16 is wound around the winding drum 15 by the layer of
one wind, the control device 12 controls the vertical-direction guide 42 such that he vertical-direction guide 42 shifts in
the Z-axis direction by each given distance (for example, a distance corresponding to the outer diameter of the wire rod 16).
[0076] The control device 12 transmits a control signal to the correction device 5 according to the control law 11a in
consideration of each of the acquired conditions (for example, the exterior of the wound wire rod 16 and the clearance
between the wire rods 16 that are acquired by the imaging devices 81 and 82, etc.). Accordingly, the control device 12
controls the correction device 5 such that the correction device 5 hits the wire rod 16 in the X-axis direction, the Y-axis
direction, or the Z-axis direction using the hitting part 52 of the hitting arm 51 in order to correct the clearance and
inappropriate overlay between the wire rods 16 wound around the drum body 15c between both the brims 15a and 15b
of the winding drum 15. When the wire rod 16 is wound around a part of the drum body 15c of the winding drum 15 near
a brim (near the brim 15a or the brim 15b), the control device 12 controls the correction device 5 such that the correction
device 5 hits the wire rod 16 in the X-axis direction, the Y-axis direction, or the Z-axis direction with the hitting part 52
of the hitting arm 51 in order to appropriately keep an interval between the wire rods 16 or the wire rod 16 and the brim.
[0077] Subsequently, the wire rod alignment winding apparatus 1 collects data on automatic control on wire rod winding
operation (step S204). At step S204, the data collection device 9 collects the condition of the guide device 4, the condition
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of the correction device 5, and the condition of the wire rod 16 in the case where the control device 12 automatically
controls the guide device 4 and the correction device 5 from the detection measurement system 7. Each of the conditions
is acquired by the detection measurement system 7 as in the case of the data collection storage process at step S101
described above. The data collection device 9 further collects data representing each set of automatic control of the
control device 12 on the guide device 4 and the correction device 5. For example, the data collection device 9 collects,
as data representing each set of automatic control, control signals during each set of automatic control on the guide
device 4 and the correction device 5 from the control device 12.

[0078] Subsequently, the wire rod alignment winding apparatus 1 determines success or failure of targeted alignment
winding of the wire rod 16 that is wound around the winding drum 15 (step S205). At step S205, a determination of
success or failure of targeted alignment winding of the wire rod 16 is made by the success/failure determination unit 12a
of the control device 12. Specifically, the control device 12 acquires an image representing the exterior of the wire rod
16 wound around the winding drum 15 from the imaging device 81 of the detection measurement system 7. Based on
the acquired image, the success/failure determination unit 12a determines success of failure of targeted alignment
winding of the wire rod 16 around the winding drum 15. For example, when the exterior of the wound wire rod 16
represented by the image is acceptable as targeted alignment winding, the success/failure determination unit 12a de-
termines that alignment winding has succeeded. On the other hand, when the exterior of the wound wire rod 16 repre-
sented by the image deviates from targeted alignment winding, the success/failure determination unit 12a determines
that the alignment winding has failed. The control device 12 transmits, to the data collection device 9, the result of the
success/failure determination as data representing success or failure of targeted alignment winding of the wire rod 16.
In other words, when the control device 12 automatically controls the guide device 4 and the correction device 5, the
data collection device 9 collects data representing success or failure of targeted alignment winding of the wire rod 16
from the control device 12.

[0079] When itis determined that targeted alignment winding of the wire rod 16 around the winding drum 15 has failed
as a result of the success/failure determination at step S205 (NO at step S206), the wire rod alignment winding apparatus
1 goes to step S207. At step S207, the alarm 68 outputs an alarm for notifying the operator that targeted alignment
winding of the wire rod 16 has failed. Note that the alarm that is output by the alarm 68 may give an auditory notification,
may give a visual notification, or may give a combination thereof.

[0080] The wire rod alignmentwinding apparatus 1 determines whether there is an instruction to interrupt the automatic
control on the wire rod winding operation that fails in targeted alignment winding of the wire rod 16 (step S208). At step
S208, when no interruption signal corresponding to an operation on the interruption button 66 of the operation device 6
has been received, the control device 12 determines that there is no instruction to interrupt the automatic control (NO
at step S208), returns to step S207, and repeats the process at and after step S207.

[0081] On the other hand, at step S208, when an interruption signal corresponding to an operation on the interruption
button 66 of the operation device 6 is received, the control device 12 determines that there is an instruction to interrupt
the automatic control (YES at step S208) and goes to step S209. At step S209, based on the interruption instruction
made using the interruption signal, the control device 12 stops the alarm 68 from outputting the alarm and interrupts
transmission of control signals to the guide device 4 and the correction device 5. Accordingly, the control device 12
interrupts each operation of the guide device 4 and the correction device 5 and interrupts the automatic control on the
wire rod winding operation.

[0082] The wire rod alignment winding apparatus 1 then switches the mode of control on the guide device 4 and the
correction device 5 from automatic control to manual control (step S210). At step S210, interruption of the automatic
control at step S209 may trigger the control device 12 to switch the control mode to manual control or switching the
control mode to manual control using the mode switch 67 of the operation device 6 (a signal representing this) may
trigger the control device 12 to switch the control mode to manual control.

[0083] The wire rod alignment winding apparatus 1 then stores alignment winding failure data (step S211) and then
goes to step S216. At step S211, the data collection device 9 associates each of the sets of data that are collected at
step S204 and step S205 in chronological order as historic data on the case where targeted alignment winding of the
wire rod 16 has failed, that is, the alignment winding failure data. Taking the alignment winding failure data into consid-
eration, the data storage device 10 updates the above-described wire rod winding operation data. At that time, the data
storage device 10 adds the alignment winding failure data as part of the alignment winding failure historic data group
that is already stored, thereby updating the wire rod winding operation data.

[0084] On the other hand, at step S206, when it is determined that targeted alignment winding of the wire rod 16
around the winding drum 15 has succeeded (YES at step S206), the wire rod alignment winding apparatus 1 stores
alignment winding success data (step S212) and then goes to step S216. At step S212, the data collection device 9
associates each of the sets of data that are collected at step S204 and step S205 in chronological order as historic data
on the case where targeted alignment winding of the wire rod 16 has succeeded, that is, the alignment winding success
data. Taking the alignment winding success data into consideration, the data storage device 10 updates the above-
described wire rod winding operation data. At that time, the data storage device 10 adds the alignment winding success
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data as part of the alignment winding success historic data group that is already stored, thereby updating the wire rod
winding operation data.

[0085] Thereafter, the wire rod alignment winding apparatus 1 determines whether winding the wire rod 16 around
the winding drum 15 has completed (step S216). At step S216, when no stop signal corresponding to an operation on
the stop button 65 of the operation device 6 has not been received, the control device 12 determines that the wire rod
winding operation to wind the wire rod 16 around the winding drum 15 has not completed. Alternatively, when the number
of layers of the wound wire rod 16 obtained from the detection measurement system 7 has not reached a number required
for a subject product, the control device 12 determines that the wire rod winding operation has not completed. When
the wire rod winding operation has not completed (NO at step S216), the wire rod alignment winding apparatus 1 returns
to step S202 described above and repeats the process at and after step S202.

[0086] On the other hand, at step S202 described above, when the mode of control on the guide device 4 and the
correction device 5 is manual control (manual control at step S202), the wire rod alignment winding apparatus 1 manually
controls the wire rod winding operation (step S213). At step S213, the operation device 6 transmits, to the control device
12, a signal representing that an instruction to start wire rod winding operation by manual control has been issued by
the operator by operating the start button 64. Based on the input signal, the control device 12 enters a condition in which
the control device 12 transmits no control signal to the guide device 4 and the correction device 5. In other words, the
guide device 4 and the correction device 5 enter a condition in which the guide device 4 and the correction device 5 can
be controlled manually (also described as manually operated) based on operation signals from the operation device 6.
[0087] Specifically, at step S213, the operator views information, such as an image, that is displayed on the display
unit 62 of the operation device 6 and identifies the condition of the wire rod 16 that is wound around the winding drum
15, the path line of the wire rod 16 that is shifted by the guide device 4, and the condition of the hitting arm 51 of the
correction device 5. While identifying the conditions, the operator manually operates the guide device 4 and the correction
device 5 using the operation lever 61 in order to wind the wire rod 16 around the winding drum 15 in targeted alignment
winding. According to the operations of the operator on the operation lever 61, the operation device 6 transmits an
operation signal to shift the width-direction guide 41 in the Y-axis direction and an operation signal to shift the vertical-
direction guide 42 in the Z-axis direction to the guide device 4 and transmits an operation signal to operate the hitting
arm 51 to the correction device 5.

[0088] The wire rod alignment winding apparatus 1 then collects data on the manual control on the wire rod winding
operation (step S214). At step S214, the data collection device 9 collects, from the detection measurement system 7,
the condition of the guide device 4, the condition of the correction device 5, and the condition of the wire rod 16 in the
case where the guide device 4 and the correction device 5 are manually operated using the operation device 6. As in
the case of the data collection storage process at step S101 described above, each of the conditions is acquired by the
detection measurement system 7. The data collection device 9 further collects data representing each manual operation
performed on the guide device 4 and the correction device 5 using the operation device 6. For example, the data collection
device 9 collects, from the operation device 6, each operation signal to the guide device 4 and the correction device 5
as data representing each of the above-described manual operations. When each manual operation on the guide device
4 and the correction device 5 succeeds in targeted alignment winding of the wire rod 16, the data collection device 9
collects, from the operation device 6, a signal representing success of alignment winding according to operations on the
operation device 6 such as the operation lever 61 or the input unit 63. On the other hand, when each manual operation
on the guide device 4 and the correction device 5 fails in targeted alignment winding of the wire rod 16, the data collection
device 9 collects, from the operation device 6, a signal representing failure of alignment winding according to an operation
of the operator on the operation device, such as the interruption button 66 or the input unit 63. In other words, when the
guide device 4 and the correction device 5 are manually operated using the operation device 6, the data collection device
9 collects, from the operation device 6, data representing success or failure of targeted alignment winding of the wire
rod 16.

[0089] Subsequently, the wire rod alignment winding apparatus 1 stores data on the manual control on the wire rod
winding operation (step S215) and then goes to step S216. At step S215, the data collection device 9 associates each
of the sets of data that are collected at step S214 in chronological order with success or failure of targeted alignment
winding of the wire rod 16. Taking each of the sets of data processed by the data collection device 9 as described above
into consideration, the data storage device 10 updates the above-described wire rod winding operation data.

[0090] On the other hand, at step S216, for example, when a stop signal corresponding to an operation on the stop
button 65 of the operation device 6 is received, the control device 12 determines that the wire rod winding operation to
wind the wire rod 16 around the winding drum 15 has completed. Alternatively, when the number of layers of the wound
wire rod 16 obtained from the detection measurement system 7 has reached the number required for the subject product,
the control device 12 determines that the wire rod winding operation has completed. When the wire rod winding operation
has completed (YES at step S216), the wire rod alignment winding apparatus 1 updates the control law 11a used for
automatic control on wire rod winding operation (step S217) and returns to step S103 illustrated in FIG. 4.

[0091] At step S217, based on the wire rod winding operation data updated by the data storage device 10 at step
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S211 or step S212 described above, the learning device 11 learns each set of automatic control on the guide device 4
and the correction device 5 in at least one of success and failure of targeted alignment winding of the wire rod 16 and
updates the control law 11a. Based on the wire rod winding operation data updated by the data storage device 10 at
step S215 described above, the learning device 11 learns each manual operation on the guide device 4 and the correction
device 5 that can correct the winding condition of the wire rod 16 that fails in targeted alignment winding in the automatic
control on the wire rod winding operation to a condition that succeeds in the alignment winding and updates the control
law 11a.

[0092] As described above, the control law 11a that is reset by the learning device 11 as described above is reset in
the control device 12. At the next step S203, according to the control law 11a, the control device 12 automatically controls
the guide device 4 and the correction device.

Modification

[0093] A modification of the wire rod alignment winding apparatus 1 according to the embodiment of the present
invention will be described with reference to FIG. 1. In the wire rod alignment winding apparatus 1 according to the
modification, the learning device 11 includes the control law 11a that is constructed previously in order to automatically
control the guide device 4 and the correction device 5. For example, simulations of wire rod winding operation are
performed and the control law 11a is constructed as a control law that causes the guide device 4 and the correction
device 5 to perform operations that are considered to be necessary to wind the wire rod 16 around the winding drum 15
in targeted alignment winding.

[0094] In the data collection storage system 8 of the modification, the data collection device 9 performs data collection
at step S214 (data collection on manual control on wire rod winding operation) when actual wire rod winding operation
at step S103 described above is performed. Accordingly, the data collection device 9 collects at least data representing
each manual operation performed on the guide device 4 and the correction device 5 using the operation device 6, data
acquired by the detection measurement system 7, and data representing success or failure of targeted alignment winding
of the wire rod 16. The data collection device 9 performs data collection at steps S204 and S205 (data collection on
automatic control on wire rod winding operation) and accordingly collects data representing each set of automatic control
of the control device 12 on the guide device 4 and the correction device 5, data acquired by the detection measurement
system 7, and data representing success or failure of targeted alignment winding of the wire rod 16. The data collection
device 9 associates the collected sets of data, for example, in chronological order with success or failure of targeted
alignment winding of the wire rod. The data storage device 10 sores the data that is processed by the data collection
device 9 as wire rod winding operation data. The data storage device 10 adds the data that is further processed by the
data collection device 9 to the wire rod winding operation data and updates the wire rod winding operation data.
[0095] In the modification herein, as described above, based on the wire rod winding operation data that is stored in
the data storage device 10, the learning device 11 learns each automatic operation on the guide device 4 and the
correction device 5 in at least one of (both in the modification) success and failure of targeted alignment winding of the
wire rod 16. Accordingly, the learning device 11 updates the control law 11a such that the wire rod 16 is wound in targeted
alignment winding between both the brims 15a and 15b of the winding drum 15. The control device 12 automatically
controls the guide device 4 and the correction device 5 based on the control law 11a that is constructed previously in
the learning device 11. Thereafter, when the control law 11a is updated as described above, the control device 12
automatically controls the guide device 4 and the correction device 5 based on the updated control law 11a.

[0096] Other configurations of the wire rod alignment winding apparatus 1 according to the modification are the same
as those of the above-described embodiment. For example, the wire rod winding device 2, the guide device 4, the
correction device 5, the operation device 6, and the detection measurement system 7 in the modification have the same
configurations as those of the above-described embodiment.

[0097] As described above, in the embodiment and modification of the present invention, at least data representing
each manual operation performed on the guide device 4 and the correction device 5 using the operation device 6, each
set of data acquired by the detection measurement system 7, and data representing success or failure of targeted
alignment winding of the wire rod 16 are collected and the collected sets of data are stored, for example, in chronological
order in association with success or failure of targeted alignment winding of the wire rod 16 as wire rod winding operation
data and, based on the stored wire rod winding operation data, each manual operation on the guide device 4 and the
correction device 5 in at least one of success and failure of targeted alignment winding of the wire rod 16 is learnt, the
control law 11a is constructed or updated such that the guide device 4 and the correction device 5 are controllable in
order to wind the wire rod 16 around the winding drum 15 in targeted alignment winding and, based on the constructed
or updated control law 11a, the guide device 4 and the correction device 5 are controlled automatically.

[0098] This makes it possible to learn manual operations on the guide device 4 and the correction device 5 toward
success of targeted alignment winding of the wire rod 16, such as, not only a manual operation on the guide device 4
for winding the wire rod 16 at given pitches between both the brims 15a and 15b of the winding drum 15, but also a

15



10

15

20

25

30

35

40

45

50

55

EP 3 831 754 A1

manual operation on the correction device 5 for correcting the clearance between the wire rods 16 wound around the
drum body 15c of the winding drum 15, a manual operation on the correction device 5 for appropriately adjust the interval
between the wire rods 16 or between the wire rod 16 and the brims 15a and 15b in order to return (reciprocate) the path
line of the wire rod 16 between the brims 15a and 15b of the winding drum 15 without inappropriate overlay and falling-
in of the wire rods 16, and manual operations on the guide device 4 and the correction device 5 for recovering from the
condition of the wire rod 16 around the winding drum 15 that fails in targeted alignment winding to a condition that
succeeds in targeted alignment winding, and utilize the result of learning to construct or update the control law 11a. This
enables the guide device 4 and the correction device 5 to, by automatic control based on the control law 11a, reproduce
manual operations during wire rod winding drive including manual operations of the operator performed on the guide
device 4 by operating the operation lever 61, etc., and manual operations performed by the operator using a jig in order
to adjust the interval between the wire rods 16 on the winding drum 15 or the intervals between the brims 15a and 15b
of the winding drum 15 and the wire rod 16. As a result, it is possible to reduce manual support in operations to wind
the wire rod 16 and easily wind the wire rod 16 around the winding drum 15 in alignment winding, thereby implementing
labor saving during the wire rod winding operation.

[0099] Accordingto the learning system according to the presentinvention, itis possible to learn the manual operations
on the guide device 4 and the correction device 5 described above and construct and update the control law 11a that
enables the guide device 4 and the correction device 5 to reproduce manual operations during wire rod winding operation
for succeeding in targeted alignment winding of the wire rod 16. According to the data collection storage system according
to the present invention, it is possible to collect at least data representing each manual operation performed on the guide
device 4 and the correction device 5 using the operation device 6, each set of data acquired by the detection measurement
system 7, and data representing success or failure of targeted alignment winding of the wire rod 16 and store the sets
of collected data as wire rod winding operation data in association with success or failure of targeted alignment winding
of the wire rod 16. The wire rod winding operation data that is stored as described above can be utilized for machine
learning for constructing and updating the control law 11a.

[0100] In the above-described embodiment and modification, the learning device 11 is arranged in the single wire rod
alignment winding apparatus 1 but the present invention is not limited thereto. For example, the wire rod alignment
winding apparatus 1 may be in a cloud and the learning device 11 that is shared by multiple wire rod alignment winding
apparatuses 1 may configured.

[0101] In the above-described embodiment and modification, each manual operation on the guide device 4 and the
correction device 5 in both success and failure of targeted alignment winding of the wire rod 16 is learnt and the above-
described control law 11a is constructed or updated, but the present invention is not limited thereto. For example, the
learning device 11 of the present invention may learn each manual operation on the guide device 4 and the correction
device 5 in success of the alignment winding and construct or update the control law 11a or learn each manual operation
on the guide device 4 and the correction device 5 in failure of the alignment winding and construct or update the control
law 11a.

[0102] In the above-described embodiment and modification, the width direction of the winding drum 15 serves as the
horizontal direction (lateral direction), but the present invention is not limited thereto. For example, the width direction
of the winding drum (direction of center of rotation) may be a direction parallel with or oblique to the vertical direction.
[0103] In the above-described embodiment and modification, the wire rod 16 is shifted horizontally and wound around
the winding drum 15 but the present invention is not limited thereto. For example, a mode where, instead of shifting the
wire rod 16 performed by the width-direction guide 41, or in addition to shifting the wire rod 16 performed by the width-
direction guide 41, the winding drum 15 shifts horizontally and winds the wire rod 16 therearound may be employed.
[0104] In the above-described embodiment and modification, during automatic control on the guide device 4 and the
correction device 5, when the winding condition of the wire rod 16 around the winding drum 15 is a condition deviating
from targeted alignment winding (condition that fails in targeted alignment winding), the alarm 68 outputs an alarm but
the present invention is not limited thereto. For example, when the physical quantities and images that are acquired by
the detection measurement system 7 have a problem (an unexpected value or an image with significant noise), it may
be determined that a trouble has occurred in the detection measurement system 7 and the alarm 68 may output an alarm.
[0105] Inthe above-described embodiment and modification, the distance from the device upper surface of the vertical-
direction guide 42 to the wire rod 16 is measured as the physical quantity representing the tension of the wire rod 16,
but the present invention is not limited thereto. For example, as a physical quantity representing the tension of the wire
rod 16, a height from a reference position (for example, the floor surface) of a pulley (not illustrated in the drawings) that
veers out the wire rod 16 toward the winding drum 15 may be measured, or a load meter, such as a load cell, may be
arranged on the support roller 44 and a load applied on the support roller 44 may be measured with the load meter.
[0106] In the above-described embodiment and modification, the clearance between the wire rods 16 wound around
the winding drum 15 is detected by performing the given image processing on the image that is acquired by the imaging
device 82, but the present invention is not limited thereto. For example, the clearance between the wire rods 16 may be
measured with a shape measurement machine of a photo cutting system or an optical displacement meter, such as a
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time of flight (TOF) camera or may be measured (detected) using a method of a combination of measurement performed
using the measurement machine and the image processing on the image performed by the imaging device 82.

[0107] In the above-described modification, the learning device 11 learns each manual operation on the guide device
4 and the correction device 5 and updates the control law 11a that is constructed previously but the present invention
is not limited thereto. For example, the learning device 11 may learn each automatic control on the guide device 4 and
the correction device 5 and update the control law 11a that is constructed previously. In this case, the operation device
6 need not have a function for manually operating the guide device 4 and the correction device 5.

[0108] Inthe above-described embodimentand modification, in the data collection storage system 8, the data collection
device 9 associates the collected data with success or failure of targeted alignment winding of the wire rod 16, but the
present invention is not limited thereto. For example, in the data collection storage system 8, the data storage device
10 may store the data that is collected by the data collection device 9 in association with success or failure of targeted
alignment winding of the wire rod 16.

[0109] The above-described embodiment and modification do not limit the present invention and the present invention
covers one configured by appropriately combining the above-described components. Other embodiments, examples,
practical techniques, etc., achieved by those skilled in the art based on the embodiment and modification described
above are all within the scope of the present invention.

Industrial Applicability

[0110] As described above, the wire rod alignment winding apparatus and a learning system and a data collection
storage system that are used for the wire rod alignment winding apparatus are suitable to a wire rod alignment winding
apparatus that makes it possible to reduce manual support in an operation of winding a wire rod and easily wind a wire
rod around a winding drum in alignment winding and a learning system and a data collection storage system that are
used for the wire rod alignment winding apparatus.

Reference Signs List

[0111]

1 WIRE ROD ALIGNMENT WINDING APPARATUS
2 WIRE ROD ALIGNMENT WINDING DEVICE
2a WINDING DRIVER

3 MASTER/SLAVE SYSTEM

4 GUIDE DEVICE

5 CORRECTION DEVICE

6 OPERATION DEVICE

7 DETECTION MEASUREMENT SYSTEM

8 DATA COLLECTION STORAGE SYSTEM

9 DATA COLLECTION DEVICE

10 DATA STORAGE DEVICE

11 LEARNING DEVICE

11a CONTROL LAW

12 CONTROL DEVICE

12a SUCCESS/FAILURE DETERMINATION UNIT
15 WINDING DRUM

15a,15b BRIM

15¢ DRUM BODY

16 WIRE ROD

41 WIDTH-DIRECTION GUIDE

41a WIDTH-DIRECTION DRIVER

42 VERTICAL-DIRECTION GUIDE

42a VERTICAL-DIRECTION DRIVER

43 TRAVERSE ROLLER PAIR

44 SUPPORT ROLLER

45 RAIL

51 HITTING ARM

52 HITTING UNIT

53 ARM DRIVER

17



10

15

20

25

30

35

40

45

50

55

EP 3 831 754 A1

61 OPERATION LEVER

62 DISPLAY UNIT

63 INPUT UNIT

64 START BUTTON

65 STOP BUTTON

66 INTERRUPTION BUTTON
67 MODE SWITCH

68 ALARM

71,72 ENCODER

73,74,75 COUNTER

76,77,78,79 RANGING UNIT

80 ENCODER

81, 82 IMAGING DEVICE
Claims

1. A wire rod alignment winding apparatus that winds a wire rod around a winding drum, the apparatus comprising:

a data collection storage system that collects at least data representing manual operations on a guide device and
a correction device, the guide device guiding the wire rod to the winding drum, the correction device correcting a
position in which the wire rod is wound around the winding drum, data representing each condition of each of the
wire rod, the guide device, and the correction device, and data representing success or failure of targeted alignment
winding of the wire rod and stores the collected sets of data in association with success or failure of the targeted
alignment winding of the wire rod as wire rod winding operation data; and a learning device that, based on the stored
wire rod winding operation data, learns manual operations on the guide device and the correction device in at least
one of success and failure in the targeted alignment winding of the wire rod and constructs a control law which
allows automatic control on the guide device and the correction device such that the wire rod is wound around the
winding drum in the targeted alignment winding.

The wire rod alignment winding apparatus according to claim 1, wherein the data collection storage system further
collects data representing each set of automatic control on the guide device and the correction device, takes the
further data into consideration, and updates the wire rod winding operation data, and the learning device learns,
based on the updated wire rod winding operation data, each set of automatic control on the guide device and the
correction device in at least any one of success and failure of the targeted alignment winding of the wire rod and
updates the control law.

The wirerod alignmentwinding apparatus according to claim 1 or 2, further comprising a success/failure determination
unitthat determines success or failure of the targeted alignment winding of the wire rod based on the data representing
each condition.

The wire rod alignment winding apparatus according to claim 3, further comprising an alarm unit that outputs an
alarm when the success/failure determination unit determines that the targeted alignment winding of the wire rod fails.

A wire rod alignment winding apparatus that winds a wire rod around a winding drum, the apparatus comprising: a
data collection storage system that collects at least data representing manual operations on a guide device and a
correction device, the guide device guiding the wire rod to the winding drum, the correction device correcting a
position in which the wire rod is wound around the winding drum, data representing each condition of each of the
wire rod, the guide device, and the correction device, and data representing success or failure of targeted alignment
winding of the wire rod and stores the collected sets of data in association with success or failure of the targeted
alignment winding of the wire rod as wire rod winding operation data; and a learning device that has a control law
that is constructed previously in order to automatically control the guide device and the correction device and, based
on the wire rod winding operation data that is stored in the data collection storage system, learns manual operations
on the guide device and the correction device in at least any one of success and failure of the targeted alignment
winding of the wire rod, and updates the control law so that the wire rod is wound around the winding drum in the
targeted alignment winding.

A learning system that is used for a wire rod alignment winding apparatus that winds a wire rod around a winding
drum, the system comprising: a data collection storage system that collects at least data representing manual
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operations on a guide device and a correction device, the guide device guiding the wire rod to the winding drum,
the correction device correcting a position in which the wire rod is wound around the winding drum, data representing
each condition of each of the wire rod, the guide device, and the correction device, and data representing success
or failure of targeted alignment winding of the wire rod and stores the collected sets of data in association with
success or failure of the targeted alignment winding of the wire rod as wire rod winding operation data; and a learning
device that, based on the stored wire rod winding operation data, learns manual operations on the guide device and
the correction device in at least one of success and failure in the targeted alignment winding of the wire rod and
constructs a control law which allows automatic control on the guide device and the correction device such that the
wire rod is wound around the winding drum in the targeted alignment winding.

A data collection storage system comprising: a data collection device that collects at least data representing manual
operations on a guide device and a correction device, the guide device guiding a wire rod to a winding drum of a
wire rod alignment winding apparatus that winds the wire rod around the wiring drum, the correction device correcting
a position in which the wire rod is wound around the winding drum, data representing conditions of the wire rod, the
guide device, and the correction device, and data representing success or failure of targeted alignment winding of
the wire rod,

wherein the data are stored in association with success or failure of the targeted alignment winding of the wire rod.
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