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(54) METHOD FOR PROCESSING METAL STRIP, MARK APPLICATION METHOD, AND MARK 
PRINTING DEVICE

(57) To carry out reprinting of a mark with high accu-
racy in a processing line different from a processing line
in which printing has been performed. Processing is ap-
plied to a metal strip in a plurality of processing lines. A
method for processing a metal strip includes: printing a
defect mark (K) to a metal strip in a first processing line;
printing a plurality of reference marks (S) arranged at
equal intervals in the longitudinal direction to the metal
strip in the first processing line or in a processing line
upstream of the first processing line; cutting a portion of
the metal strip, to which the first position specification
mark has been applied, in a downstream second
processing line;, after the cutting, reprinting a defect mark
(K) at the same longitudinal position as the longitudinal
position of the defect mark (K) to the metal strip; and,
before applying the defect mark (K), detecting at least
one of the plurality of reference marks (S) and calibrating
tracking information for applying the defect mark (K)
based on position information of the detected reference
mark in the second processing line.
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Description

Technical Field

[0001] The present invention relates to a technology
for sequentially applying processing to a metal strip in a
plurality of processing lines, such as a processing line of
manufacturing a cold-rolled steel sheet. The present in-
vention particularly relates to a technology having a fea-
ture in a position tracking method between a plurality of
processing lines.

Background Art

[0002] As conventional position tracking processing,
there is a technology described in Patent Literature 1, for
example.
[0003] Patent Literature 1 uses, in a thin steel sheet
continuous processing line, a point tracking system using
welding points and a method for calculating the convey-
ance position and the coil length based on detection val-
ues of the number of rotations of a roll using a PLG (pulse
generator).

Citation List

Patent Literature

[0004] Patent Literature 1: JPH07-32017 A

Summary of Invention

Technical Problem

[0005] The tracking by the PLG has a risk of the oc-
currence of a deviation (error) due to slippage or the like
between the steel sheet to be conveyed and a detection
roll. Therefore, there is a risk that a deviation occurs be-
tween a measured value by one processing line and a
measured value by another processing line, i.e., a devi-
ation occurs in the tracking position.
[0006] Patent Literature 1 corrects the deviation
caused by the slippage of the metal strip at the welding
point. However, when a coil length deviation occurs, the
deviation remains until the welding point with the next
coil. Therefore, in Patent Literature 1, even when the
amount of each deviation is small, the deviation of the
tracking position becomes large when the slip occurs
several times. This poses a problem of the occurrence
of a longitudinal direction error exceeding the allowable
length at the tracking position in the next processing line.
[0007] In a processing line of applying electroplating
to a steel sheet to which a defect mark has been applied,
there is a tendency that the plating adhesion amount to
an edge part of the steel sheet increases due to a current
concentration. Therefore, the trimming of the edge part
is required to improve the quality. However, there is a
possibility that a customer uses portions other than a

defect part even for a portion of the metal strip with the
defect mark. Therefore, it is preferable to print the defect
mark as close to the edge part as possible. Therefore, in
cutting the edge part where the plating adhesion amount
is excessive large, the defect mark (position specification
mark) already printed in the edge part is also cut at the
same time. Therefore, in a processing line of cutting the
edge part, reprinting of the defect mark needs to be per-
formed to the metal strip.
[0008] However, conventionally, there is a risk of the
occurrence of a deviation of an amount equal to or larger
than a predetermined amount in the tracking position be-
tween the processing lines. Therefore, when printing is
carried out in another processing line based on the print-
ing performance at the coil longitudinal position based
on the tracking position in one processing line, the print
position greatly deviates due to a deviation amount re-
sulting from the slippage or the like described above.
[0009] Therefore, the reprinting of a mark requiring
high accuracy, such as defective printing, has been con-
ventionally required to be manually performed.
[0010] It is considered that, when the defect mark is
printed to the inside in the width direction to be trimmed,
the reprinting is not required. However, in general, the
required accuracy for edge printing is 2 mm, for example,
which is stricter than the meandering amount in the
processing line. For the meandering of the metal strip,
the printing to the edge can be always put on standby at
the edge of the metal strip with the accuracy within 2 mm
by moving a mark printing apparatus body using an edge
following device. However, a trimmer body cannot be
moved. Therefore, it is considered that, after cutting the
edge with the trimmer, the reprinting to the edge can be
performed. However, a method for leaving defective
printing before the trimming is not realistic. Therefore,
under present circumstances, the reprinting is carried out
after the cutting of the edge.
[0011] The present invention has been made focusing
on the above-described points. It is an object of the
present invention to carry out the reprinting of a mark
with high accuracy in a processing line different from a
processing line in which the printing has been performed.

Solution to Problem

[0012] To solve the problems, one aspect of the
present invention is a method for processing a metal strip
for sequentially applying processing to the same metal
strip in a plurality of processing lines including: applying
a first position specification mark to the metal strip in a
first processing line selected from the plurality of process-
ing lines; applying a plurality of reference marks arranged
with a predetermined regularity along the longitudinal di-
rection to the metal strip in the first processing line or in
a processing line upstream of the first processing line;
cutting a portion of the metal strip, to which the first po-
sition specification mark has been applied, in a second
processing line as a processing line downstream of the
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first processing line;, after the cutting, applying a second
position specification mark to the metal strip at the same
longitudinal position as the longitudinal position of the
first position specification mark; and, before applying the
second position specification mark, detecting at least one
of the plurality of reference marks and calibrating tracking
information for applying the second position specification
mark based on position information of the detected ref-
erence mark in the second processing line.
[0013] An aspect of the present invention is a method
for processing a metal strip for sequentially applying
processing to the same metal strip in a plurality of
processing lines including: applying a first position spec-
ification mark to the metal strip in a first processing line
selected from the plurality of processing lines; applying
a plurality of reference marks arranged with a predeter-
mined regularity along the longitudinal direction to the
metal strip in the first processing line or in a processing
line upstream of the first processing line; cutting a portion
of the metal strip, to which the first position specification
mark has been applied, in a second processing line as
a processing line downstream of the first processing line;
and, after the cutting, applying a second position speci-
fication mark to the metal strip at the same longitudinal
position as the longitudinal position of the first position
specification mark, in which the longitudinal position of
the first position specification mark is associated with a
reference mark selected from the plurality of reference
marks, and, in the second processing line, the longitudi-
nal position of the first position specification mark is spec-
ified based on position information of the selected refer-
ence mark, and the application position of the second
position specification mark is determined.
[0014] An aspect of the present invention is a mark
application method for applying a mark to a metal strip
in sequentially applying processing to the same metal
strip in a plurality of processing lines including: applying
a first position specification mark specifying the position
to the metal strip in a first processing line selected from
the plurality of processing lines; applying a plurality of
reference marks arranged with a predetermined regular-
ity along the longitudinal direction to the metal strip in the
first processing line or in a processing line upstream of
the first processing line; applying a second position spec-
ification mark at the same longitudinal position as the
longitudinal position of the first position specification
mark in a second processing line as a processing line
downstream of the first processing line; and, in applying
the second position specification mark, determining a po-
sition at which the second position specification mark is
applied by specifying the longitudinal position of the first
position specification mark based on the position of a
reference mark selected from the plurality of reference
marks.
[0015] An aspect of the present invention is a mark
application device for applying, in a second processing
line selected from a plurality of processing lines in se-
quentially applying processing to the same metal strip in

the plurality of processing lines, a second position spec-
ification mark at the same longitudinal position of the met-
al strip as the longitudinal position of a first position spec-
ification mark which has been applied in a first processing
line upstream of the second processing line including: a
printing device for reference marks arranged in the first
processing line or in a processing line upstream of the
first processing line and printing a reference mark to the
metal strip; a reference mark printing processing unit car-
rying out processing of printing a plurality of reference
marks arranged with a predetermined regularity along
the longitudinal direction to the metal strip via the printing
device for reference marks; an associated information
acquisition unit obtaining associated information in which
the reference mark selected from the plurality of refer-
ence marks is associated with the first position specifi-
cation mark; a mark detection unit provided in the second
processing line and detecting the reference mark; a re-
printing device arranged in the second processing line
and applying the second position specification mark to
the metal strip; and a reprinting processing unit carrying
out processing of specifying the longitudinal position of
the metal strip of the first position specification mark from
the associated information obtained by the associated
information acquisition unit and position information of
the reference mark detected by the mark detection unit,
and printing the second position specification mark via
the reprinting device based on the specified longitudinal
position.

Advantageous Effects of Invention

[0016] According to the aspects of the present inven-
tion, a position tracking deviation is compensated (cali-
brated) by the reference marks arranged in the longitu-
dinal direction according to a certain rule. As a result, the
aspects of the present invention enable printing with high
accuracy at the same longitudinal position in different
processing lines. More specifically, the aspects of the
present invention can suppress a tracking deviation to a
low degree. Therefore, the aspects of the present inven-
tion make it possible to automatically perform printing
processing which has been manually performed until now
in performing reprinting at the same position.

Brief Description of Drawings

[0017]

FIG. 1 is a view for illustrating an equipment config-
uration of a first processing line according to an em-
bodiment based on the present invention.
FIG. 2 is a plan view for illustrating an arrangement
of printing devices.
FIG. 3 is a view for illustrating a configuration of a
first processing control unit.
FIG. 4 is a view illustrating a printing performance
data group 11.
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FIG. 5 is a view illustrating a printing example cor-
responding to FIG. 4.
FIG. 6 is a view illustrating a printing performance
data group 11.
FIG. 7 is a view for illustrating an equipment config-
uration of a second processing line according to the
embodiment based on the present invention.
FIG. 8 is a view for illustrating a configuration of a
second processing control unit.
FIG. 9 is a view illustrating a printing example cor-
responding to FIG. 4.
FIG. 10 is a view illustrating an example of reprinting.
FIG. 11 is a view for illustrating a comparative ex-
ample.

Description of Embodiments

[0018] Next, an embodiment of the present invention
will be described with reference to the drawings.
[0019] This embodiment relates to a method for
processing a metal strip and processing equipment se-
quentially applying processing to the same metal strip
(steel sheet or the like) in a plurality of processing lines.
This embodiment gives a description assuming a
processing line of manufacturing a metal strip, particu-
larly a processing line of manufacturing a cold-rolled steel
sheet.
[0020] It is noted that the present invention is not limited
to the processing line of manufacturing a metal strip. The
present invention is applicable to any processing equip-
ment of sequentially applying processing to the same
metal strip in a plurality of processing lines.
[0021] This embodiment gives a description taking a
case where a metal strip is processed while unwinding
the metal strip in the form of a coil, and then the metal
strip is wound up again in each processing line as an
example. Therefore, the metal strip is sometimes ex-
pressed as a coil. The present invention is applicable
even when the metal strip is not wound up in each
processing line.
[0022] The term "longitudinal direction" as used herein
refers to a longitudinal direction (conveyance direction)
of the metal strip to be processed.
[0023] This embodiment includes at least a first
processing line and a second processing line as the plu-
rality of processing lines.
[0024] The first processing line is a processing line of
applying a first position specification mark to the metal
strip. The second processing line is a processing line
downstream of the first processing line. The second
processing line is a processing line of applying a second
position specification mark at the same longitudinal po-
sition as the longitudinal position of the first position spec-
ification mark. In this embodiment, the first position spec-
ification mark is a defect mark indicating the longitudinal
position of a defect present in the metal strip. The second
position specification mark is a reprinted mark of the de-
fect mark. The first position specification mark and the

second position specification mark may not have the
same shape.
[0025] One or more other processing lines may be pro-
vided between the first processing line and the second
processing line. In this embodiment, the first processing
line is an electroplating processing line.
[0026] The first processing line may not be the elec-
troplating processing line.

(First processing line)

[0027] As illustrated in FIG. 1, the equipment configu-
ration of the first processing line includes a payoff reel 1,
a tension reel 2, a PLG 3, a plating processing unit 4, a
defect inspection device 5, a printing device 6, and a first
line control unit 7.

<Payoff reel 1 and Tension reel 2>

[0028] The present invention is configured such that
the payoff reel 1 and the tension reel 2 carry out unwind-
ing/winding processing of a metal strip 10 in the form of
the coil, and the metal strip 10 is conveyed from the payoff
reel 1 to the tension reel 2.

<Plating processing unit 4>

[0029] The plating processing unit 4 is arranged on the
upstream side of the defect inspection device 5 and car-
ries out processing of applying plating to the surface of
the metal strip 10.

<PLG 3>

[0030] The PLG 3 containing an encoder and other
components detects the number of rotations of rollers
rotating with the conveyance of the metal strip 10, and
supplies a detection signal to the first line control unit 7.

<Defect inspection device 5>

[0031] The defect inspection device 5 is a device for
detecting defects of the surface and the inside of the met-
al strip 10 to be conveyed, and, upon detecting a defect,
supplies a defect detection signal to the first line control
unit 7.

<Printing device 6>

[0032] The printing device 6 is arranged on the down-
stream side of the defect inspection device 5. The printing
device 6 includes a printing device for defect marks 6A
and a printing device for reference marks 6B as illustrated
in FIG. 2.

[Printing device for defect marks 6A]

[0033] The printing device for defect marks 6A of this

5 6 



EP 4 223 429 A1

5

5

10

15

20

25

30

35

40

45

50

55

embodiment is arranged on the side of an operator (here-
inafter also referred to as "OP side") of the metal strip
10, for example. The printing device for defect marks 6A
prints a defect mark K by ejecting ink to an end part on
the OP side of the metal strip 10 based on a printing
signal from the first line control unit 7.

[Printing device for reference marks 6B]

[0034] The printing device for reference marks 6B in
this embodiment is arranged on a drive side (hereinafter
also referred to as "DR side") of the metal strip 10, for
example. The printing device for reference marks 6B se-
quentially prints a reference mark S by ejecting ink to the
end part on the DR side of the metal strip 10 based on
the printing signal from the first line control unit 7. More
specifically, in this embodiment, the defect mark K is
printed on one end part in the width direction of the metal
strip 10 and the reference mark S is printed on the other
end part.
[0035] The OP side is the side of an operator in the
width direction of the metal strip 10. The DR side refers
to the side opposite to the OP side, and refers to the
equipment side in the width direction of metal strip 10.

<First line control unit 7>

[0036] The first line control unit 7 contains a program
logic controller (PLC) or the like. The first line control unit
7 includes a first position tracking unit 7A, a defect mark
printing processing unit 7B, and a reference mark printing
processing unit 7C as illustrated in FIG. 3.

<First position tracking unit 7A>

[0037] The first position tracking unit 7A carries out the
detection of the line speed of the metal strip 10 and known
tracking processing for the longitudinal position from a
tip part of the metal strip 10 based on the detection signal
from the PLG 3, and arithmetically operates position
tracking information.

<Defect mark printing processing unit 7B>

[0038] Once the defect detection signal from the defect
inspection device 5 is input, the defect mark printing
processing unit 7B acquires the longitudinal position of
the defect detection position based on the position track-
ing information from the first position tracking unit 7A.
The defect mark printing processing unit 7B supplies a
printing signal to the printing device for defect marks
when the defect detection position in the longitudinal di-
rection comes to the print position by the printing device
for defect marks 6A based on the line speed. The defect
mark printing processing unit 7B supplies the printing sig-
nal considering an operation delay. Thus, the defect mark
K is printed on the end part on the OP side of the metal
strip 10.

[0039] The defect mark printing processing unit 7B out-
puts a printing performance data 11 of the printing of the
defect mark K via the printing device for defect marks 6A
to a database 8. Each printing performance data 11 in-
cludes a data of a mark type and the print position which
is longitudinal position information of the metal strip 10,
for example.

<Reference mark printing processing unit 7C>

[0040] The reference mark printing processing unit 7C
performs processing based on the tracking information
from the first position tracking unit 7A and the line speed
of the metal strip 10. More specifically, the reference mark
printing processing unit 7C sequentially outputs a printing
signal to the printing device for reference marks 6B such
that the reference marks S are printed at equal intervals
along the longitudinal direction from a predetermined ref-
erence position. The predetermined reference position
is the reference position in the longitudinal direction away
from the unwinding tip of the metal strip 10 by a preset
distance. Thus, the reference marks S are sequentially
applied at equal intervals (e.g., every 10 m) along the
longitudinal direction to the end part on the DR side of
the metal strip 10. The plurality of reference marks S may
not be printed at equal intervals but may be printed to be
arranged with a predetermined regularity along the lon-
gitudinal direction.
[0041] The reference mark printing processing unit 7C
outputs the printing performance data 11 of the printing
of the reference mark S via the printing device for refer-
ence marks 6B to the database 8. Each printing perform-
ance data 11 includes a data of a mark type and the print
position which is the longitudinal position information, for
example.
[0042] It is preferable to apply identification information
for identifying each reference mark S to each of the plu-
rality of reference marks S. As the identification informa-
tion, numbers in ascending order of the printing can be
exemplified.
[0043] The processing line of printing the plurality of
reference marks S may be a line on the upstream side
of the first processing line.
[0044] When the processing line of printing the plurality
of reference marks S and the processing line of printing
the defect marks K are the same line (first processing
line), the following configuration is preferable. More spe-
cifically, it is preferable that the printing device for defect
marks 6A and the printing device for reference marks 6B
face each other in the width direction of the metal strip
10 across the conveyance direction of the metal strip 10
as illustrated in FIG. 2. When the processing line of print-
ing the plurality of reference marks S and the processing
line of printing the defect mark K are the same line, the
configuration is as follows, for example. More specifically,
the processing of printing the defect mark by the printing
device for defect marks 6A and the processing of printing
the reference marks by the printing device for reference
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marks 6B need not be performed at the same time. It
does not matter which one is carried out first insofar as
the processing is carried out in the same line (first
processing line). This is because, when the processing
is carried out in the same processing line, the position
information of the defect mark and the position informa-
tion of the reference marks do not have a relative devi-
ation or only a slight deviation in the longitudinal position.
[0045] Between the lines, the tracking information in
each line deviates by, for example, about 3% due to the
influence of slippage or the like. This causes a deviation
of about 30 m at 1000 m, for example.
[0046] The plurality of reference marks S is arranged
at equal intervals, for example, along the longitudinal di-
rection of the metal strip 10. Therefore, the first or last
reference mark S can be printed close to an end part in
a longitudinal direction of the metal strip 10 for example,
and therefore information accuracy of the tracking posi-
tion is high. Herein, a case is assumed in which the defect
mark K is applied in a processing line subsequent to the
processing line of applying the reference marks S. In this
case, when the print position of the defect mark K is spec-
ified while the tracking position is calibrated by the posi-
tion of the reference mark S, the relative relationship be-
tween the longitudinal positions of the reference mark S
and each defect mark K is in a highly accurate state.

(Upper computer 9)

[0047] An upper computer 9 is an upper computer with
respect to the first line control unit 7 and a second line
control unit 26 described later. The upper computer 9
includes an associated information acquisition unit 9A.

<Associated information acquisition unit 9A>

[0048] The associated information acquisition unit 9A
is executed after the completion of the processing in the
first processing line. The associated information acqui-
sition unit 9A carries out processing of arranging the print-
ing performance data 11 in the database 8 in ascending
order with the longitudinal position as a key to create a
printing performance data group 12 as illustrated in FIG.
4. FIG. 4 illustrates a case of cutting the final end of the
coil with a cutting device (not illustrated). A processing
performance data of the cutting position is also obtained
as a part of the printing performance data 11. Herein, the
printing performance data group 12 illustrated in FIG. 4
is an example of a case where the defect mark K and the
reference marks S illustrated in FIG. 5 are applied to the
metal strip 10.
[0049] This makes it possible to associate each defect
mark K with one or two or more reference marks S se-
lected from the plurality of reference marks S.
[0050] At this time, in a case where identification infor-
mation is applied to the reference mark S, for example,
a symbol to that effect may be imparted to the reference
mark S for specifying the position of the defect mark K

in the printing performance data group 12. For example,
an identification number may be printed as the reference
mark S together with the mark itself. As numbers to be
printed, numbers changed in ascending order or in de-
scending order in each printing using a counter, for ex-
ample, are used.
[0051] Further, a data group of information of the ref-
erence mark S for specifying the position of the defect
mark K and information of the separation distance from
the reference mark S to the target defect mark K may be
separately provided.
[0052] The reference mark S for specifying the position
of the defect mark K may not be the reference mark S
closest to the defect mark K.
[0053] Herein, a case is assumed in which an odd
number of other processing lines are present between
the first processing line and the second processing line.
In this case, the unwinding directions of the coil forming
the metal strip 10 in the first processing line and the sec-
ond processing line are the same.
[0054] On the other hand, a case is assumed in which
there are no other processing lines or an even number
of other processing lines are present between the first
processing line and the second processing line. In this
case, the directions of the coil to be processed in the first
processing line and the second processing line are op-
posite directions. Therefore, the winding outside of the
coil to be processed in the first processing line is the core
of the coil to be processed in the second processing line.
[0055] In this case, processing of arranging the printing
performance data 11 in the database 8 in descending
order with the longitudinal position as a key is carried out.
Then, processing of converting the print position to the
longitudinal position from the tip side of the coil is carried
out and the printing performance data group 12 is created
as illustrated in FIG. 6. In this case, the shear cut position
that has become the trail end in the first processing line
becomes the leading end in the second processing line.
[0056] The processing of the associated information
acquisition unit 9A may be carried out by the first line
control unit 7 and the second line control unit 26 de-
scribed later.

(Second processing line)

[0057] As illustrated in FIG. 7, the equipment configu-
ration of the second processing line includes a payoff
reel 20, a tension reel 21, a PLG 22, a printed mark rec-
ognition device 23, a trimming device 24, a reprinting
device 25, and the second line control unit 26.

<Payoff reel 20 and Tension reel 21>

[0058] The payoff reel 20 and the tension reel 21 carry
out the unwinding/rewinding processing of the metal strip
10 in the form of the coil. The present invention is con-
figured such that the metal strip 10 is conveyed from the
payoff reel 20 toward the tension reel 21.

9 10 
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<PLG 22>

[0059] The PLG 22 including an encoder and the like
detects the number of rotations of rollers rotating with the
conveyance of the metal strip 10, and supplies a detec-
tion signal to the second line control unit 26.

<Printed mark recognition device 23>

[0060] The printed mark recognition device 23 consti-
tutes a mark detection unit. The printed mark recognition
device 23 contains an imaging device, such as a camera,
detects the reference mark S applied to the surface of
the metal strip 10, and outputs a detection signal to the
second line control unit 26. At this time, it may be accept-
able that a recognition counter is provided, and, once the
reference mark S is detected, the counter is decreased
or increased to improve the identification degree of the
detected reference mark S.

<Trimming device 24>

[0061] The trimming device 24 of this embodiment is
arranged on both sides in the width direction of the metal
strip 10 and continuously cuts both end edge parts of the
metal strip 10 to be conveyed. The trimming device 24
in this embodiment performs the cutting before reprinting
in the reprinting device 25.
[0062] A case is assumed in which the reprinting of the
defect mark is carried out only on one end part side in
the width direction. In this case, it may be acceptable that
the trimming device is arranged on the downstream side
of the reprinting device 25 and an end part on the refer-
ence mark S side (DR side) is cut after reprinting. The
trimming device is a trimming device cutting the end part
on the reference mark S side (DR side) present on the
other end part side.
[0063] In this embodiment, the defect marks are re-
printed on both end parts in the width direction, and there-
fore the end parts on both sides are cut at the same time.
[0064] It is also considered that, after the reprinting by
the reprinting device 25, the cutting processing by the
trimming device 24 is performed. However, in this case,
the reprinting is performed inside the defect mark printed
in the first processing line. However, a metal strip to be
subjected to such processing does not require the appli-
cation of reference marks and also does not require re-
printing in many cases. Further, there is also a problem
that, when the reprinting is performed before the cutting
of the end parts, the cutting width becomes larger than
necessary.

<Reprinting device 25>

[0065] The reprinting device 25 of this embodiment
ejects ink to the end part of the metal strip 10 based on
the printing signal from the second line control unit 26 to
reprint the defect mark K serving as the second position

specification mark.

<Second line control unit 26>

[0066] The second line control unit 26 contains a pro-
gram logic controller (PLC) or the like. The second line
control unit 26 includes a second position tracking unit
26A and a reprinting processing unit 26B as illustrated
in FIG. 8.

<Second position tracking unit 26A>

[0067] The second position tracking unit 26A carries
out the detection of the line speed of the metal strip 10
and known tracking processing for the longitudinal posi-
tion from the tip part of the metal strip 10 based on the
detection signal from the PLG 22, and arithmetically op-
erates the position tracking information.
[0068] The second position tracking unit 26A of this
embodiment refers to the created printing performance
data group 12 whenever a detection signal of the printing
from the printed mark recognition device 23 is input.
Then, the second position tracking unit 26A calibrates
the longitudinal position information (tracking informa-
tion) obtained by the detection by the PLG 22 of the cor-
responding reference mark S by the longitudinal position
of the printing performance data 11, thereby improving
the accuracy of the tracking position information.

<Reprinting processing unit 26B >

[0069] The reprinting processing unit 26B refers to the
created printing performance data group 12 based on
the position tracking information from the second position
tracking unit 26A. Then, the reprinting processing unit
26B determines whether the longitudinal position of the
printing performance data 11 to the next defect mark K
comes to the print position by the reprinting device 25 in
the longitudinal direction. When determined as described
above, the reprinting processing unit 26B supplies a print-
ing signal to the reprinting device 25. The printing signal
is supplied considering an operation delay. Thus, the de-
fect mark K is reprinted on the end part trimmed on the
OP side in the metal strip 10.
[0070] Alternatively, if a detection signal of the refer-
ence mark S from the printed mark recognition device 23
is input, the reprinting processing unit 26B refers to the
created printing performance data group 12. The reprint-
ing processing unit 26B determines whether the detected
reference mark S is the previous reference mark S on
the upstream side of the printing performance data 11 to
the next defect mark K. When the detected reference
mark S is the previous reference mark S on the upstream
side of the printing performance data 11 to the next defect
mark K, the reprinting processing unit 26B performs the
following processing. More specifically, the reprinting
processing unit 26B specifies the longitudinal position of
the defect mark K from the position information of the
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reference mark S detected by the printed mark recogni-
tion device 23 and the printing performance data group
12. Then, the reprinting processing unit 26B supplies a
printing signal to the reprinting device 25 based on the
line speed. This processing is carried out when it is de-
termined that the position obtained by adding the sepa-
ration distance from the reference mark S to the defect
mark K to the longitudinal position of the determined mark
position in the longitudinal direction comes to the print
position by the reprinting device 25. The printing signal
is supplied considering an operation delay. Thus, the de-
fect mark K is reprinted on the end part trimmed on the
OP side in the metal strip 10.

(Operations and others)

[0071] In this embodiment, the reference marks S are
printed at equal intervals on the end part on the DR side
of the metal strip 10 as illustrated in FIG. 5 in the first
processing line. In the first processing line, the defect
mark K is printed on the OP side of the metal strip 10. In
the first processing line, the printing performance data
11 of the defect mark K and the plurality of reference
marks S are sequentially stored in the database 8.
[0072] The plurality of printing performance data 11
stored in the database 8 is sorted in ascending order or
in descending order with the longitudinal position as a
key to form the printing performance data group 12 (see
FIGS. 4, 6).
[0073] Further, in the embodiment, the reference mark
S is detected, and the position tracking information is
calibrated by print position information in the printing per-
formance data 11 of the detected reference mark S in
the second processing line. Thus, a printing deviation is
calibrated. As a result, the accuracy of the position track-
ing information to the defect mark K position in the second
processing line is improved.
[0074] In the second processing line, the end part on
the OP side of the metal strip 10 is trimmed, and then
the defect mark K is reprinted at the same longitudinal
position as the longitudinal position of the printed defect
mark K.
[0075] At this time, the longitudinal position for reprint-
ing is specified with the position of the reference mark S
as a reference.
[0076] Herein, a case is assumed in which the longi-
tudinal directions of the coil in the first processing line
and the second processing line are the same. In this case,
the reprint position of the defect mark K can be specified
from a separation distance LA in the longitudinal direction
from the reference mark S on the upstream side of the
target defect mark K as illustrated in FIG. 5 based on the
printing performance data group 12.
[0077] On the other hand, a case is assumed in which
the longitudinal directions of the coil in the first processing
line and the second processing line are reversed. In this
case, the reprint position of the defect mark K can be
specified from a separation distance LB in the longitudi-

nal direction from the reference mark S on the upstream
side of the target defect mark K as illustrated in FIG. 9.
Since a distance L0 between the reference marks S ad-
jacent to each other is already known, the separation
distance LB can be determined based on L0 - LA = LB.
[0078] At the position advanced by the separation dis-
tance LA or LB from the tracking position of the reference
mark S selected from the plurality of reference marks S,
the defect mark K as the second position specification
mark is reprinted as illustrated in FIG. 10. In FIG. 10, the
reprinting of the defect mark K is carried out in both right
and left end parts, but the reprinting may be carried out
in only one side. In FIG. 10, the reference numerals 10A
indicate cut portions of the end parts in the metal strip 10.
[0079] Alternatively, in this embodiment, the reprinting
is performed by specifying the reprint position in the lon-
gitudinal direction based on the printing performance of
the defect mark K while the tracking information is cali-
brated by the reference mark S in the second processing
line.
[0080] It is theoretically possible to detect the defect
mark K, which has been printed in the first processing
line, in the second processing line and print it at the same
longitudinal position of the steel sheet as the longitudinal
position of the defect mark K, without printing the plurality
of reference marks S. However, there is a possibility that
the defect mark K cannot yet be detected or overlooked.
[0081] This is because of the following reasons. When
the printed mark is detected at the line speed, a camera
cannot recognize the type of the mark, and therefore only
the presence or absence of the printing is detected.
Therefore, when the defect marks K are densely contin-
uous as illustrated in FIG. 11, there is a possibility that
the plurality of marks is recognized as one mark and
some of the defect marks K are not detected. There is
also a possibility of recognizing and over-detecting a dirt
30 as the defect mark K. When such two identification
errors occur, the defect marks K are shifted by one, for
example. This results in a difference between the defect
type and the printed mark for all defects after the mark
for which the identification error occurs, which leads to a
serious quality error.
[0082] In contrast thereto, in this embodiment, the use
of the plurality of reference marks S arranged according
to a predetermined rule enables the reprinting of the de-
fect mark K based on the distance from the reference
mark S. Therefore, the possibility of the occurrence of
non-detection due to the dense defect marks K can be
reduced. Further, the recognition of the dirt 30 as the
defect mark K can be prevented.
[0083] Further, in this embodiment, the reference
marks S are printed at predetermined intervals, such as
fixed length intervals. Therefore, an interval deviation be-
tween the reference marks S is small, and parts other
than the periphery of parts of the printed marks can be
masked. This makes it possible to prevent the overlook-
ing caused by recognizing a dirt or the like as a mark.
Further, since the non-detection of the reference mark S
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can be determined depending on the presence or ab-
sence of the detection in a part where the reference mark
S is to be detected, the non-detection can be early found.
[0084] As described above, in this embodiment, the
plurality of reference marks S is printed and the reprinting
is performed with the plurality of reference marks S as a
reference, and thus the defect mark K can be reprinted
with higher accuracy.

(Advantageous effects)

[0085]

(1) This embodiment is a method for processing a
metal strip for sequentially applying processing to
the same metal strip in a plurality of processing lines
including: applying a first position specification mark
to the metal strip in a first processing line selected
from the plurality of processing lines; applying a plu-
rality of reference marks arranged with a predeter-
mined regularity along the longitudinal direction to
the metal strip in the first processing line or in a
processing line upstream of the first processing line;
cutting a portion of the metal strip, to which the first
position specification mark has been applied, in a
second processing line as a processing line down-
stream of the first processing line;, after the cutting,
applying a second position specification mark to the
metal strip at the same longitudinal position as the
longitudinal position of the first position specification
mark in the second processing line; and, before ap-
plying the second position specification mark, de-
tecting at least one of the plurality of reference marks
and calibrating tracking information for applying the
second position specification mark based on position
information of the detected reference mark in the
second processing line.

[0086] The processing of the metal strip 10 is process-
ing of manufacturing the metal strip 10, for example. The
processing is processing of the metal strip 10 for manu-
facturing a cold-rolled steel sheet.
[0087] According to this configuration, the position de-
viation of the position tracking for applying the second
position specification mark is calibrated by the reference
marks S arranged in the longitudinal direction according
to a certain rule in the second processing line. As a result,
this embodiment makes it possible to perform printing at
the same longitudinal position in different processing
lines. More specifically, according to this configuration,
the tracking deviation can be suppressed to a low degree.
This makes it possible to automatically perform printing
processing which has been manually performed until now
in performing reprinting at the same position.
[0088] (2) This embodiment is a method for processing
a metal strip for sequentially applying processing to the
same metal strip in a plurality of processing lines includ-
ing: applying a first position specification mark to the met-

al strip in a first processing line selected from the plurality
of processing lines; applying a plurality of reference
marks arranged with a predetermined regularity along
the longitudinal direction to the metal strip in the first
processing line or in a processing line upstream of the
first processing line; cutting a portion of the metal strip,
to which the first position specification mark has been
applied, in a second processing line as a processing line
downstream of the first processing line; and, after the
cutting, applying a second position specification mark to
the metal strip at the same longitudinal position as the
longitudinal position of the first position specification
mark in the second processing line, in which the longitu-
dinal position of the first position specification mark is
associated with a reference mark selected from the plu-
rality of reference marks, and, in the second processing
line, the longitudinal position of the first position specifi-
cation mark is specified based on position information of
the selected reference mark, and the application position
of the second position specification mark is determined.
[0089] According to this configuration, the position
tracking deviation is compensated by the reference
marks S arranged in the longitudinal direction according
to a certain rule. As a result, the printing at the same
longitudinal position in different processing lines is ena-
bled. More specifically, according to this configuration,
the tracking deviation can be suppressed to a low degree.
This makes it possible to automatically perform printing
processing which has been manually performed until now
in performing reprinting at the same position.
[0090] (3) In this embodiment, after the processing of
cutting (trimming) a portion of the metal strip 10, to which
the first position specification mark has been applied, the
second position specification mark (reprinting mark) is
applied to a portion of an end part in the width direction
of the metal strip 10 which has not been removed in the
cutting processing in the second processing line.
[0091] In this case, the processing of cutting the portion
of the metal strip 10, to which the first position specifica-
tion mark has been applied, is carried out before applying
the second position specification mark.
[0092] According to this configuration, the second po-
sition specification mark can be applied to the end part
of the metal strip 10 with high position accuracy.
[0093] A method for performing reprinting before the
trimming has no advantages. This is because the printing
in the first processing line and the reprinting have the
same information, and therefore there is no need for re-
printing.
[0094] (4) In this embodiment, identification informa-
tion for identifying each reference mark S is applied to
the plurality of reference marks S.
[0095] According to this configuration, each reference
mark S can be individually identified.
[0096] (5) In this embodiment, the longitudinal position
of the first position specification mark is specified from
the separation distance in the longitudinal direction of the
metal strip 10 from the selected reference mark S.
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[0097] According to this configuration, the longitudinal
position of the first position specification mark can be
associated with the selected reference mark S.
[0098] (6) In this embodiment, processing of cutting
the portion of the metal strip 10, to which the plurality of
reference marks S has been applied, is performed in the
second processing line.
[0099] For example, the processing of cutting the por-
tion of the metal strip 10, to which the plurality of reference
marks S has been applied, is carried out before applying
the second position specification mark.
[0100] According to this configuration, the reference
mark S can be removed.
[0101] (7) In this embodiment, the first position speci-
fication mark and the second position specification mark
are defect marks K indicating the longitudinal position of
a defect present in the metal strip 10.
[0102] According to this configuration, the defect mark
K can be reprinted with high accuracy.
[0103] (8) This embodiment is a mark application meth-
od for applying a mark to a metal strip in sequentially
applying processing to the same metal strip in a plurality
of processing lines including: applying a first position
specification mark specifying the position to the metal
strip in a first processing line selected from the plurality
of processing lines; applying a plurality of reference
marks arranged with a predetermined regularity along
the longitudinal direction to the metal strip in the first
processing line or in a processing line upstream of the
first processing line; applying a second position specifi-
cation mark at the same longitudinal position as the lon-
gitudinal position of the first position specification mark
in a second processing line as a processing line down-
stream of the first processing line; and, in applying the
second position specification mark, determining a posi-
tion at which the second position specification mark is
applied by specifying the longitudinal position of the first
position specification mark based on the position of a
reference mark selected from the plurality of reference
marks.
[0104] According to this configuration, the position
tracking deviation is compensated by the reference
marks S arranged in the longitudinal direction according
to a certain rule. As a result, the printing at the same
longitudinal position in different processing lines is ena-
bled. More specifically, according to this configuration,
the tracking deviation can be suppressed to a low degree.
This makes it possible to automatically perform printing
processing which has been manually performed until now
in performing reprinting at the same position.
[0105] (9) This embodiment is a mark application de-
vice for applying, in a second processing line selected
from a plurality of processing lines in sequentially apply-
ing processing to the same metal strip in the plurality of
processing lines, a second position specification mark at
the same longitudinal position of the metal strip as the
position of a first position specification mark which has
been applied in a first processing line upstream of the

second processing line including: a printing device for
reference marks arranged in the first processing line or
in a processing line upstream of the first processing line
and printing a reference mark to the metal strip; a refer-
ence mark printing processing unit carrying out process-
ing of printing a plurality of reference marks arranged
with a predetermined regularity along the longitudinal di-
rection to the metal strip via the printing device for refer-
ence marks; an associated information acquisition unit
obtaining associated information in which the reference
mark selected from the plurality of reference marks is
associated with the first position specification mark; a
mark detection unit provided in the second processing
line and detecting the reference mark; a reprinting device
arranged in the second processing line and applying the
second position specification mark to the metal strip; and
carrying out processing of a reprinting processing unit
specifying the longitudinal position of the metal strip of
the first position specification mark from the associated
information obtained by the associated information ac-
quisition unit and position information of the reference
mark detected by the mark detection unit, and printing
the second position specification mark via the reprinting
device based on the specified longitudinal position.
[0106] According to this configuration, the position
tracking deviation is compensated and calibrated by the
reference marks S arranged in the longitudinal direction
according to a certain rule. As a result, the printing at the
same longitudinal position in different processing lines is
enabled. More specifically, according to this configura-
tion, the tracking deviation can be suppressed to a low
degree. This makes it possible to automatically perform
printing processing which has been manually performed
until now in performing reprinting at the same position.
[0107] (10) The plurality of reference marks S may be
applied with identification information for identifying each
reference mark S.
[0108] According to this configuration, the identifica-
tion of each reference mark S is facilitated.
[0109] (11) In this embodiment, the associated infor-
mation includes information of the separation distance in
the longitudinal direction of the metal strip 10 between
the longitudinal position of the first position specification
mark and the longitudinal position of the reference mark
S selected from the plurality of reference marks S.
[0110] According to this configuration, the longitudinal
position of the first position specification mark can be
associated with the selected reference mark S.
[0111] The entire contents of JP 2020-164011 A (filed
September 29, 2020), for which this application claims
priority, form part of this disclosure by reference. Herein,
the description is given with reference to a limited number
of embodiments, but the scope of the invention is not
limited thereto and modifications of each embodiment
based on the disclosure above are obvious to those
skilled in the art.
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Reference Signs List

[0112]

1 payoff reel
2 tension reel
2, PLG
4 plating processing unit
5 defect inspection device
6 printing device
6A printing device for defect marks
6B printing device for reference marks
7 first line control unit
7A first position tracking unit
7B defect mark printing processing unit
7C reference mark printing processing unit
8 database
9 upper computer
9A associated information acquisition unit
10 metal strip
11 printing performance data
12 printing performance data group
20 payoff reel
21 tension reel
21, PLG
23 printed mark recognition device
24 trimming device
25 reprinting device
26 second line control unit
26A second position tracking unit
26B reprinting processing unit
K defect mark
S reference mark

Claims

1. A method for processing a metal strip for sequentially
applying processing to a same metal strip in a plu-
rality of processing lines comprising:

applying a first position specification mark to the
metal strip in a first processing line selected from
the plurality of processing lines;
applying a plurality of reference marks arranged
with a predetermined regularity along a longitu-
dinal direction to the metal strip in the first
processing line or in a processing line upstream
of the first processing line;
cutting a portion of the metal strip, to which the
first position specification mark has been ap-
plied, in a second processing line as a process-
ing line downstream of the first processing line;
after the cutting, applying a second position
specification mark to the metal strip at the same
longitudinal position as a longitudinal position of
the first position specification mark in the second
processing line; and

before applying the second position specifica-
tion mark, detecting at least one of the plurality
of reference marks and calibrating tracking in-
formation for applying the second position spec-
ification mark based on position information of
the detected reference mark in the second
processing line.

2. A method for processing a metal strip for sequentially
applying processing to a same metal strip in a plu-
rality of processing lines comprising:

applying a first position specification mark to the
metal strip in a first processing line selected from
the plurality of processing lines;
applying a plurality of reference marks arranged
with a predetermined regularity along a longitu-
dinal direction to the metal strip in the first
processing line or in a processing line upstream
of the first processing line;
cutting a portion of the metal strip, to which the
first position specification mark has been ap-
plied, in a second processing line as a process-
ing line downstream of the first processing line;
and
after the cutting, applying a second position
specification mark to the metal strip at a same
longitudinal position as a longitudinal position of
the first position specification mark in the second
processing line, wherein
the longitudinal position of the first position spec-
ification mark is associated with a reference
mark selected from the plurality of reference
marks, and
in the second processing line, the longitudinal
position of the first position specification mark is
specified based on position information of the
selected reference mark, and an application po-
sition of the second position specification mark
is determined.

3. The method for processing a metal strip according
to claim 1 or 2, comprising applying identification in-
formation for identifying each reference mark to the
plurality of reference marks.

4. The method for processing a metal strip according
to claim 2 or 3, comprising specifying the longitudinal
position of the first position specification mark from
a separation distance in a longitudinal direction of
the metal strip from the selected reference mark.

5. The method for processing a metal strip according
to any one of claims 1 to 4, comprising performing
processing of cutting a portion of the metal strip, to
which the plurality of reference marks has been ap-
plied, in the second processing line.
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6. The method for processing a metal strip according
to claim 5, wherein the processing of cutting the por-
tion of the metal strip, to which the plurality of refer-
ence marks has been applied, is carried out before
applying the second position specification mark.

7. The method for processing a metal strip according
to any one of claims 1 to 6, wherein the first position
specification mark and the second position specifi-
cation mark are defect marks indicating a longitudi-
nal position of a defect present in the metal strip.

8. A method for manufacturing a metal strip comprising:
the method for processing a metal strip according to
any one of claims 1 to 7.

9. The method for manufacturing a metal strip accord-
ing to claim 8, wherein a cold-rolled steel sheet is
manufactured.

10. A mark application method for applying a mark to a
metal strip in sequentially applying processing to a
same metal strip in a plurality of processing lines,
the mark application method comprising:

applying a first position specification mark spec-
ifying a position to the metal strip in a first
processing line selected from the plurality of
processing lines;
applying a plurality of reference marks arranged
with a predetermined regularity along a longitu-
dinal direction to the metal strip in the first
processing line or in a processing line upstream
of the first processing line;
applying a second position specification mark at
a same longitudinal position as a longitudinal
position of the first position specification mark in
a second processing line as a processing line
downstream of the first processing line; and
in applying the second position specification
mark, determining a position at which the sec-
ond position specification mark is applied by
specifying the longitudinal position of the first
position specification mark based on a position
of a reference mark selected from the plurality
of reference marks.

11. A mark printing device for applying, in a second
processing line selected from a plurality of process-
ing lines in sequentially applying processing to a
same metal strip in the plurality of processing lines,
a second position specification mark at a same lon-
gitudinal position of the metal strip as a longitudinal
position of a first position specification mark which
has been applied in a first processing line upstream
of the second processing line,
the mark printing device comprising:

a printing device for reference marks arranged
in the first processing line or in a processing line
upstream of the first processing line and config-
ured to print a reference mark to the metal strip;
a reference mark printing processing unit con-
figured to carry out processing of printing a plu-
rality of reference marks arranged with a prede-
termined regularity along the longitudinal direc-
tion to the metal strip via the printing device for
reference marks;
an associated information acquisition unit con-
figured to obtain associated information in which
the reference mark selected from the plurality of
reference marks is associated with the first po-
sition specification mark;
a mark detection unit provided in the second
processing line and configured to detect the ref-
erence mark;
a reprinting device arranged in the second
processing line and configured to apply the sec-
ond position specification mark to the metal strip;
and
a reprinting processing unit configured to carry
out processing of specifying the longitudinal po-
sition of the metal strip of the first position spec-
ification mark from the associated information
obtained by the associated information acquisi-
tion unit and position information of the refer-
ence mark detected by the mark detection unit,
and printing the second position specification
mark via the reprinting device based on the
specified longitudinal position.

12. The mark printing device according to claim 11,
wherein the plurality of reference marks is applied
with identification information for identifying each ref-
erence mark.

13. The mark printing device according to claim 11 or
12, wherein the associated information includes in-
formation of a separation distance in a longitudinal
direction of the metal strip between a longitudinal
position of the first position specification mark and a
longitudinal position of the reference mark selected
from the plurality of reference marks.

14. The mark printing device according to any one of
claims 11 to 13, wherein the first position specifica-
tion mark and the second position specification mark
are defect marks indicating a longitudinal position of
a defect present in the metal strip.
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