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(67) A printer contains a ribbon holding shaft; a rib-
bon winding shaft; a printing section to print using an ink
ribbon and a print head; a winding motor to rotationally
drive the ribbon winding shaft; a damper section, provid-
ed on a conveyance path of the ink ribbon; a controller
to control an operation of the ribbon winding shaft at the
start of driving by increasing an input voltage applied to
the winding motor; a detection section configured to de-

PRINTER AND RIBBON WINDING FEATURES

tect movement of the damper section; a calculation sec-
tion to calculate a winding diameter of the ink ribbon on
the ribbon winding shaft side using the input voltage when
the movement of the damper section is detected and
characteristics of the damper section; and a voltage de-
termination section to determine an input voltage to be
applied to the motor according to the calculated winding
diameter.
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Description
FIELD

[0001] Embodimentsdescribed hereinrelate generally to a printer and ribbon winding features of an ink ribbon employed
by the printer and a method related thereto.

BACKGROUND

[0002] A thermal printer of a thermal transfer system is widely used as a printer such as a barcode printer or a label
printer, which transfers ink coated on an ink ribbon with a thermal head by melting the ink by heat. As a result, in a printer
using the ink ribbon, an unused ink ribbon fed from a ribbon holding shaft is wound by a ribbon winding shaft through a
printing position where a thermal head and a platen face each other to perform thermal transfer. On the other hand, a
print medium is conveyed by a conveyance section, but it is desired that the ink ribbon and the print medium are conveyed
synchronously in the same direction and at the same speed at the above-mentioned printing position, thereby preventing
rubbing and dirt and further improving printing quality.

[0003] Conventionally, there is a method of detecting a rotation speed of each rotation shaft using an encoder that
detects transmitted light by providing a slit in each of the ribbon winding shaft and the ribbon holding shaft or a gear
attached to each rotation shaft, and further calculating a ribbon diameter (a winding diameter of the ink ribbon) for each
shaft. As a result, the printer applies an input voltage corresponding to the ribbon diameter at that time to a motor for
driving each rotation shaft and controls a torque of each rotation shaft, thereby controlling a conveyance speed and
tension of the ribbon and further improving the printing quality.

[0004] However, at the time of turning on a power supply or at a time point before the start of the conveyance of the
ink ribbon immediately after the ink ribbon is replaced, the ribbon diameter cannot be calculated since the rotation shafts
do not rotate. Therefore, conventionally, at the start of conveyance of the ink ribbon, an intermediate value between the
ribbon diameter at the start of use of the ink ribbon and the ribbon diameter at the time when there is no ink ribbon is
used to set an initial input voltage applied to the motor which corresponds to the ribbon diameter.

[0005] Asaresult, since the initial input voltage is set using the ribbon diameter different from the actual ribbon diameter,
there is a case in which the motor input voltage at the start of the winding operation of the ink ribbon does not match
the actual ribbon diameter. There is also a problem that wrinkles occur in the ink ribbon and phenomena such as smudge
occur where the ribbon and the paper are not synchronized in speed and are rubbed and stained. Therefore, conven-
tionally, a technology capable of more appropriately setting the motor input voltage at the start of the winding operation
of the ink ribbon is desired.

SUMMARY OF THE INVENTION
[0006] To solve the above-cited problems, there is provided a printer, comprising:

a ribbon holding shaft around which an ink ribbon is wound;

a ribbon winding shaft around which the ink ribbon pulled from the ribbon holding shaft is wound;

a printing section configured to print using the ink ribbon and a print head on a print medium conveyed to a printing
position where the print head and a platen face each other;

a winding motor configured to rotationally drive the ribbon winding shaft;

a damper section, provided on a conveyance path of the ink ribbon between a position where the ink ribbon is pulled
from the ribbon holding shaft and a position where the ink ribbon is wound around the ribbon winding shaft through
the printing position, configured to elastically abut against the ink ribbon when conveyance of the ink ribbon is stopped;
a controller configured to control an operation of increasing an input voltage applied to the winding motor;

a detection section configured to detect movement of the damper section;

a calculation section configured to calculate a winding diameter of the ink ribbon wound on the ribbon winding shaft
side using the input voltage when the movement of the damper section is detected and characteristics of the damper
section; and

avoltage determination section configured to determine an input voltage to be applied to the winding motor according
to the calculated winding diameter.

[0007] Preferably the detection section may be configured to detect movement of the damper section with a switch
mechanism.

[0008] Preferably the detection section may be configured to detect movement of the damper section using an optical
sensor.
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[0009] Preferably the printer may further comprise:

a feed motor configured to rotationally drive the ribbon holding shaft;

asecond damper section, provided on the conveyance path between the ribbon holding shaft and the printing position;
a second controller configured to control an operation of increasing a second input voltage applied to the feed motor;
a second detection section configured to detect movement of the second damper section after the second controller
starts increasing the second input voltage;

a second calculation section configured to calculate a second ribbon diameter which is a winding diameter of the
ink ribbon wound on the ribbon holding shaft side using the second input voltage when the second damper section
moves and characteristics of the second damper section; and

a second voltage determination section configured to determine a second input voltage which is an input voltage to
be applied to the feed motor according to the calculated second ribbon diameter.

[0010] Preferably the second detection section may be configured to detect movement of the second damper section
with a switch mechanism.

[0011] Preferably the second detection section may be configured to detect movement of the second damper section
using an optical sensor.

[0012] Preferably the printer may further comprise:

a feed motor configured to rotationally drive the ribbon holding shaft; and

a reception section configured to receive input of an initial value of a ribbon diameter of a ribbon roll to be set around
the ribbon holding shaft, wherein

the calculation section is configured to calculate the winding diameter of the ink ribbon wound on the ribbon holding
shaft side by subtracting the winding diameter on the ribbon winding shaft side calculated by the calculation section
from the initial value of the ribbon diameter, and

the voltage determination section is configured to determine an input voltage to be applied to the feed motor according
to the winding diameter of the ink ribbon on the ribbon holding shaft side calculated by the calculation section.

[0013] In another exemplary embodiment, there is also provided a winding method for a printer, comprising:

conveying a print medium conveyed to a printing position using a print head and a platen facing each other;
printing on the print medium using an ink ribbon, the ink ribbon wound around a ribbon holding shaft and pulled from
the ribbon holding shaft to a ribbon winding shaft around which the ink ribbon is wound;

rotationally driving the ribbon winding shaft;

on a conveyance path of the ink ribbon between a position where the ink ribbon is pulled from the ribbon holding
shaft and a position where the ink ribbon is wound around the ribbon winding shaft through the printing position,
elastically abutting a damper section against the ink ribbon when conveyance of the ink ribbon is stopped;
controlling an amount of an input voltage applied to the winding motor;

detecting movement of the damper section;

calculating a winding diameter of the ink ribbon wound on the ribbon winding shaft side using the input voltage when
the movement of the damper section is detected and characteristics of the damper section; and

determining an input voltage to be applied to the winding motor according to the calculated winding diameter.

[0014] Preferablythe detecting step may comprise detectingmovement of the damper section with a switch mechanism.
[0015] Preferably the detecting step may comprise detecting movement of the damper section using an optical sensor.
[0016] Preferably the winding method may further comprise:

rotationally driving the ribbon holding shaft;

controlling an amount of a second input voltage applied to the feed motor;

detecting movement of a second damper section after the second controller starts increasing the second input
voltage, the second damper section provided on the conveyance path between the ribbon holding shaft and the
printing position;

calculating a second ribbon diameter which is a winding diameter of the ink ribbon wound on the ribbon holding
shaft side using the second input voltage when the second damper section moves and characteristics of the second
damper section; and

determining a second input voltage which is an input voltage to be applied to the feed motor according to the
calculated second ribbon diameter.
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[0017] Preferably the detecting step may comprise detecting movement of the second damper section with a switch
mechanism.

[0018] Preferably the detecting step may comprise detecting movement of the second damper section using an optical
sensor.

[0019] Preferably the winding method may further comprise:

rotationally driving the ribbon holding shaft; and

receiving input of an initial value of a ribbon diameter of a ribbon roll to be set around the ribbon holding shaft, wherein
calculating the winding diameter of the ink ribbon wound on the ribbon holding shaft side by subtracting the winding
diameter on the ribbon winding shaft side calculated from the initial value of the ribbon diameter, and

determining an input voltage to be applied to the feed motor according to the winding diameter of the ink ribbon on
the ribbon holding shaft side calculated.

DESCRIPTION OF THE DRAWINGS

[0020] The above and other objects, features and advantages of the present invention will be made apparent from
the following description of the preferred embodiments, given as non-limiting examples, with reference to the accompa-
nying drawings, in which:

Fig. 1 is a perspective view illustrating an external appearance of a printer according to an embodiment;

Fig. 2 is a sectional view schematically illustrating an example of an internal configuration of the printer;

Fig. 3 is a diagram illustrating a conveyance path and a position of a damper section when the ink ribbon is being
conveyed;

Fig. 4 is a diagram illustrating another example of arrangement of the damper section and a damper sensor;

Fig. 5 is a diagram (perspective view) schematically illustrating an example of a configuration of the damper section;
Fig. 6 is a diagram illustrating an example of torque characteristics of a DC motor;

Fig. 7 is a block diagram illustrating a hardware configuration of the printer;

Fig. 8 is a flowchart depicting an example of a procedure of a ribbon feed control processing executed by the printer;
and

Fig. 9 is a flowchart depicting an example of a processing procedure of a ribbon feed initial control executed by the
printer.

DETAILED DESCRIPTION

[0021] Inlight of the above-described problems in thermal printing, a technology capable of more appropriately setting
the motor input voltage at the start of the winding operation of the ink ribbon is desired and provided herein.

[0022] In accordance with an embodiment, a printer comprises a ribbon holding shaft around which an ink ribbon is
wound; a ribbon winding shaft around which the ink ribbon pulled out from the ribbon holding shaft is wound; a printing
section configured to perform printing using the ink ribbon and a print head on a print medium conveyed to a printing
position where the print head and a platen face each other; a winding motor configured to rotationally drive the ribbon
winding shaft; a damper section, provided on a conveyance path of the ink ribbon from a position where the ink ribbon
is pulled out from the ribbon holding shaft to a position where the ink ribbon is wound around the ribbon winding shaft
through the printing position, configured to elastically abut against the ink ribbon when the conveyance of the ink ribbon
is stopped; a controller configured to control an operation of the ribbon winding shaft at the start of driving by increasing
an input voltage applied to the winding motor in stages; a detection section configured to detect that the damper section
moves; a calculation section configured to calculate a winding diameter of the ink ribbon at the ribbon winding shaft
using the input voltage when the movement of the damper section is detected and characteristics of the damper section;
and a voltage determination section configured to determine an input voltage to be applied to the motor according to
the calculated winding diameter.

[0023] Hereinafter, an embodiment of a printer is described in detail with reference to the accompanying drawings. In
the embodiment described below, an example in which a label printer which performs printing on a label paper is applied
as the printer is described. The embodiment described below is an embodiment of a printer, and does not intend to limit
the configuration and the specification thereof.

[0024] Fig. 1 is a perspective view illustrating an external appearance of a printer 1 according to the embodiment. As
shown in Fig. 1, the printer 1 includes a casing 2 on the left side, and a casing 8 connected to the right side of the casing
2 with a hinge 7. A front panel 3 of the casing 2 has a display section 4 and an operation section 5. The display section
4 is a liquid crystal display attached with a backlight, but other types of display devices may be used as the display
section 4. The operation section 5 includes a plurality of operation buttons 6.
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[0025] The casing 8 on the right side can largely open the inside of a housing (i.e., the casings 2 and 8) by pivoting
the hinge 7. As described later with reference to Fig. 2, the printer 1 has a label paper 20 wound in a roll shape, an ink
ribbon 30 stretched around two shafts, and a printing section 23 for performing printing on the ink ribbon (refer to Fig.
2 for all of them) in the housing. Therefore, by pivoting the hinge 7 to raise the casing 8 towards an upper portion, it is
easy to replace the ink ribbon 30 and the label paper 20 (refer to Fig. 2) or to facilitate internal maintenance. In a front
panel 9 of the casing 8, a label issuing port 10 is provided. The printer 1 issues a label after printing from the label issuing
port 10.

[0026] Fig. 2 and Fig. 3 are cross-sectional views schematically illustrating an example of an internal configuration of
the printer 1. Fig. 2 shows a state in which the conveyance of the ink ribbon 30 is stopped. Fig. 3 shows a state in which
the ink ribbon 30 is being conveyed. As shown in Fig. 2 and Fig. 3, the printer 1 mainly includes a paper holding shaft
21, a paper conveyance section 22, the printing section 23, a frame 26 and an ink ribbon supply device 27 in the housing
thereof.

[0027] The paper holding shaft 21 is a shaft around which the label paper 20 is wound and held in a roll shape. The
label paper 20 is pulled out from the paper holding shaft 21 and finally discharged from the label issuing port 10 after
printing by the printing section 23 via the paper conveyance section 22. The label paper 20 may be a label paper formed
by affixing a label to a mount. The print medium is not limited to the label paper 20, and the paper holding shaft 21 may
hold another print medium. As an example of another print medium, a tag paper which is thick and card-shaped printing
paper may be used.

[0028] The paper conveyance section 22 mainly includes a paper conveyance roller 41, a pinch roller 42, a frame 43,
a support section 44 and a leaf spring 45. The pinch roller 42 is rotatably supported by the support section 44. The paper
conveyance roller 41 and the pinch roller 42 abut against each other across the label paper 20 conveyed along the
conveyance path 24. The paper conveyance roller 41 is rotatably attached to the frame 26 and is driven by a driving
structure (not shown) to rotate.

[0029] The support section 44 is attached to the frame 43 in a shakable manner. One end of the leaf spring 45 is
attached to the frame 43, and the other end of the leaf spring 45 abuts against the pinch roller 42. The pinch roller 42
is energized by the leaf spring 45 to abut against the paper conveyance roller 41.

[0030] The printing section 23 mainly includes a platen 31 and a print head 32 which is a line type thermal printer
head. The configuration of the print head 32 may be any configuration as long as it corresponds to a printing method
used by the print head 32. For example, in the case of a printer of an impact dot system, the print head 32 of the impact
dot system is used. The platen 31 is rotatably attached to the frame 26 and is driven to rotate by a driving section (not
shown).

[0031] The print head 32 is fixed to a head holding section 33 rotatably attached to a frame (not shown).

[0032] The conveyance path 24 of the label paper 20 starts from a location where the label paper 20 is pulled out from
the paper holding shaft 21. The conveyance path 24 passes through a position at which the pinch roller 42 and the paper
conveyance roller 41 abut against each other in the paper conveyance section 22. Further, the conveyance path 24 is
terminated at the label issuing port 10 through a position (printing position) where the print head 32 and the platen 31
of the printing section 23 abut against each other.

[0033] Inthe conveyance path 24, alabel peeling plate 25 is provided on a downstream side in a conveyance direction
with respect to the printing section 23. The label peeling plate 25 bends the label paper 20 being conveyed to separate
the label and the mount. The mount after separation is wound around a winding shaft (not shown), while the label after
separation from the mount is issued from the label issuing port 10.

[0034] Next, the ink ribbon supply device 27 is described.

[0035] The ink ribbon supply device 27 mainly includes a ribbon holding shaft 35, a ribbon winding shaft 36 and a
ribbon end sensor 34. The unused ink ribbon 30 is wound around the ribbon holding shaft 35 in a roll shape.

[0036] The ink ribbon supply device 27 is provided with guide rollers 11 and 12 on the ribbon holding shaft 35 side,
and guide rollers 13 and 14 on the ribbon winding shaft 36 side. The ink ribbon supply device 27 includes a damper
section 15 on the ribbon holding shaft side, and a damper section 17 on the ribbon winding shaft 36 side. The ink ribbon
supply device 27 includes a damper sensor 16 on the ribbon holding shaft 35 side, and a damper sensor 18 on the
ribbon winding shaft 36 side.

[0037] The guide rollers 11 and 12 are rotatably attached to the frame (not shown). The guide rollers 11 and 12 guide
the ink ribbon 30 pulled out from the ribbon holding shaft 35. By providing the guide rollers 11 and 12, the conveyance
path between the two rollers is fixed, and thus, even if the ribbon diameter on the ribbon holding shaft 35 side changes,
a positional relationship between the ink ribbon 30 and the damper section 15 does not change.

[0038] The guide rollers 13 and 14 are rotatably attached to the frame (not shown). The guide rollers 13 and 14 guide
the ink ribbon 30 after transfer at the printing position where the print head 32 and the platen 31 face each other to the
ribbon winding shaft 36. By providing the guide rollers 13 and 14, the conveyance path between the two rollers is fixed,
and thus, even if the ribbon diameter on the ribbon winding shaft 36 side changes, a positional relationship between the
ink ribbon 30 and the damper section 17 does not change.
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[0039] As a result, regardless of whether the conveyance of the ink ribbon 30 is stopped or the ink ribbon 30 is being
conveyed, the guide rollers 11 to 14 abut against the ink ribbon 30 to maintain the conveyance path of the ink ribbon 30.
[0040] The damper section 15 is arranged on a conveyance path 28 of the ink ribbon 30 from a position where the ink
ribbon 30 is pulled out from the ribbon holding shaft 35 to a position where the ink ribbon 30 is wound around the ribbon
winding shaft 36 through the printing position. The damper section 17 (second damper section) is arranged on the
conveyance path 28 of the ink ribbon 30 from the printing position to a ribbon winding end of the ribbon holding shaft
35. The damper sections 15 and 17 having elastic characteristics (elastic modulus, elastic force) are arranged at positions
where they elastically abut against the ink ribbon 30 at the time of stop of conveyance.

[0041] Here, the conveyance path of the ink ribbon 30 and the operations of the damper sections 15 and 17 in both
the state in which the ink ribbon 30 is conveyed and the state in which the conveyance of the ink ribbon 30 is stopped
are described with reference to Fig. 2 and Fig. 3, respectively. In Fig. 2, a solid line between the guide rollers 11 and 12
and a solid line between the guide rollers 13 and 14 indicate positions of the ink ribbon 30 when conveyance of the ink
ribbon 30 is stopped. A dotted line between the guide rollers 11 and 12 and a dotted line between the guide rollers 13
and 14 indicate positions of the ink ribbon 30 when the ink ribbon 30 is being conveyed.

[0042] As shown in Fig. 2, since a tension of the ink ribbon 30 is relaxed when the conveyance of the ink ribbon 30 is
stopped, the ink ribbon 30 is pressed by elastic forces of the damper sections 15 and 17 at the positions indicated by
the solid line between the guide rollers 11 and 12 and the solid line between the guide rollers 13 and 14. The ink ribbon
30 is pressed by the damper sections 15 and 17 at positions where the tension of the ink ribbon 30 balances with the
elastic forces of the damper sections 15 and 17.

[0043] At the start of conveyance of the ink ribbon 30, the tension of the ink ribbon 30 increases as a driving force
from DC (direct current) motors (a winding motor 84 and a feed motor 83 described later with reference to Fig. 7) is
applied, and the position of the ink ribbon 30 changes from the position indicated by the solid line in Fig. 2 to a position
indicated by the dotted line in Fig. 2 or Fig. 3. As the tension of the ink ribbon 30 increases, the damper sections 15 and
17 are pushed out by the ink ribbon 30 to move towards an outer circumferential direction of the conveyance path 28.
In other words, as shown in Fig. 3, the damper sections 15 and 17 are separated from the ink ribbon 30 during the
conveyance of the ink ribbon.

[0044] The damper sections 15 and 17 need not be completely separated from the ink ribbon 30 at the time of
conveyance of the ink ribbon, and may abut against the ink ribbon 30 with elastic forces thereof to such an extent that
they do not interfere with the conveyance of the ink ribbon 30. In this case, the damper sections 15 and 17 at the time
of conveyance of the ink ribbon are also located at positions different from those at the time of stop of the conveyance
of the ink ribbon.

[0045] As aresult, if the tension of the ink ribbon 30 increases, the positions of the damper sections 15 and 17 change
from the positions shown in Fig. 2 to positions shown in Fig. 3. The damper sensors 16 and 18 respectively detect the
movement of the damper sections 15 and 17.

[0046] The damper sensors 16 and 18 are mechanical switch mechanisms to detect change in the positions of the
damper sections 15 and 17 (i.e., movement of the damper sections 15 and 17) before and after the start of conveyance
of the ink ribbon.

[0047] In a state in which the conveyance of the ink ribbon 30 is stopped and the tension of the ink ribbon 30 is lower,
the damper sensors 16 and 18 are arranged at positions where the damper sensors 16 and 18 respectively contact with
the damper sections 15 and 17 and the damper sensors 16 and 18 are turned on. On the other hand, when the tension
of the ink ribbon 30 increases, and the conveyance of the ink ribbon 30 is started, the ink ribbon 30 pushes back the
damper sections 15 and 17 to move them. Therefore, the damper sections 15 and 17 and the damper sensors 16 and
18 are respectively separated from each other, and the damper sensors 16 and 18 are turned off. As a result, the damper
sensors 16 and 18 can detect the movement of the damper sections 15 and 17.

[0048] In this way, in the present embodiment, by providing the damper sections 15 and 17, paths (positions) of the
ink ribbon 30 are different when the ink ribbon is being conveyed and when the conveyance of the ink ribbon is stopped.
The change in the path of the ink ribbon 30 can be detected by detecting the change in the positions of the damper
sections 15 and 17 by the damper sensors 16 and 18.

[0049] InFig.2and Fig. 3, the damper sections 15 and 17 press the ink ribbon 30 towards the inside of the conveyance
path 28 when the conveyance is stopped. However, the arrangement of the damper sections 15 and 17 and the damper
sensors 16 and 18 is not limited thereto.

[0050] Fig. 4 is a diagram illustrating another example of the arrangement of the damper sections 15 and 17 and the
damper sensors 16 and 18. As shown in Fig. 4, the guide rollers 11, 12a, 12b, 13a, 13b and 14 and the damper sections
15 and 17 may be arranged so as to distort the conveyance path 28 of the ink ribbon 30 towards the outer side thereof
when the conveyance of the ink ribbon is stopped. In this case, when the conveyance of the ink ribbon 30 is stopped,
the damper sections 15 and 17 press the ink ribbon 30 towards the outer circumferential direction of the conveyance
path 28 due to the elasticity thereof. Then, if the input voltage applied to the DC motor (i.e., the winding motor 84 and
the feed motor 83 in Fig. 7) gradually increases, and the tension of the ink ribbon 30 balances with the elastic forces of
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the damper sections 15 and 17, the damper sections 15 and 17 move in a direction indicated by an arrow in Fig. 4,
respectively, and the damper sensors 16 and 18 detect the movement of the damper sections 15 and 17, respectively.
[0051] Returning to Fig. 2 and Fig. 3, the conveyance path of the ink ribbon 30 is described.

[0052] If the conveyance of the ink ribbon 30 is started, the ink ribbon 30 before printing abuts against the guide rollers
11 and 12 on the ribbon holding shaft 35 side, then passes through a detection target area of the ribbon end sensor 34,
and reaches the printing position where the print head 32 and the platen 31 abut against each other. The transfer is
performed by the print head 32 on the ink ribbon 30. After printing, the ink ribbon 30 abuts against the guide rollers 13
and 14 on the ribbon winding shaft 36 side, and is then wound around the ribbon winding shaft 36 to be recovered.
[0053] Specifically, the conveyance path 28 of the ink ribbon 30 starts from a position where the ink ribbon 30 is pulled
out from the ribbon holding shaft 35, and passes through the positions where the ink ribbon abuts against the guide
rollers 11 and 12 on the ribbon holding shaft 35 side. Then, the conveyance path 28 sequentially passes through the
detection target area of the ribbon end sensor 34 and the position where the print head 32 and the platen 31 abut against
each other (i.e., the printing position). Furthermore, the conveyance path 28 passes through the positions where the ink
ribbon 30 abuts against the guide rollers 13 and 14 on the ribbon winding shaft 36 side, and is terminated at a portion
where the ink ribbon 30 is wound around the ribbon winding shaft 36.

[0054] The ribbon end sensor 34 is used for detecting a ribbon end, i.e., an end of the ink ribbon 30. As shown in Fig.
2 and Fig. 3, the ribbon end sensor 34 is arranged on the conveyance path 28 between the printing section 23 and the
ribbon holding shaft 35. As shown in Fig. 2 and Fig. 3, the ribbon end sensor 34 is preferably arranged along the
conveyance path 28 of the ink ribbon 30, and between the printing section 23 and the guide roller 12 on the conveyance
path 28. More preferably, the ribbon end sensor 34 is provided between the position where the print head 32 and the
platen 31 abut against each other in the printing section 23 (i.e., the printing position, or a transfer position) and the
guide roller 12.

[0055] Next, an example of structures of the damper sections 15 and 17 is described. The structures of the damper
sections 15 and 17 are the same, and thus, the structure of the damper section 17 shown below can be applied to the
structure of the damper section 15.

[0056] Fig. 5 is a diagram (perspective view) schematically illustrating an example of the structure of the damper
section 17. As shown in Fig. 5, the damper section 17 includes a shaft 171, a cylindrical portion 172 and a damper 173.
[0057] The cylindrical portion 172, which is hollow, is made of a resin having a straw-like shape. The shaft 171 made
of metal passes through the inside of the cylinder of the cylindrical portion 172, and the shaft 171 is held by a holding
section (not shown). The shaft 171 is shakable in a lateral direction in Fig. 5, and is held with a position thereof being
variable in the lateral direction in Fig. 5 according to the tension of the ink ribbon 30.

[0058] The sizes of the outer diameter of the shaft 171 and the inner diameter of the cylindrical portion 172 are formed
in such a manner that a gap can be formed between an outer circumferential surface of the shaft 171 and an inner
circumferential surface of the cylindrical portion 172, and the cylindrical portion 172 is provided to be rotatable around
the shaft 171. The cylindrical portion 172 can rotate as the ink ribbon 30 is conveyed. Since the cylindrical portion 172
is made of a resin which has a small coefficient of friction, the conveyance speed of the ink ribbon 30 is not influenced
even when the damper section 17 abuts against the ink ribbon 30.

[0059] The damper 173 is arranged at a position where it abuts against the cylindrical portion 172 by an elastic force
F173 thereof. The damper section 17 may have a plurality of dampers 173. If there is a plurality of dampers 173, the
elastic force F173 is a resultant force of the elastic forces of the respective dampers 173.

[0060] When the conveyance of the ink ribbon 30 is stopped, the tension of the ink ribbon 30 is small. Therefore, the
damper section 17 (i.e., the damper 173, the cylindrical portion 172 and the shaft 171) moves to a position where a force
of the damper 173 (elastic force F173) pressing the cylindrical portion 172 balances with a resultant force of the tension
F31 and F32 of the ink ribbon 30. In the example in Fig. 5, the damper section 17 moves in the right direction in Fig. 5.
The damper sensor 18 detects the movement of the damper section 17. If the damper sensor 18 is a sensor of a switch
type, the damper sensor 18 is turned on to detect that the damper sensor 18 and the cylindrical portion 172 are in contact
with each other.

[0061] On the other hand, at the start of conveyance of the ink ribbon 30 (immediately before conveyance), a torque
of the DC motor is transmitted to the ink ribbon 30, and thus, the tension of the ink ribbon 30 increases. The resultant
force of the tensions F31 and F32 of the ink ribbon 30 becomes larger than the elastic force F173 of the damper 173,
and the damper section 17 (i.e., the damper 173, the cylindrical portion 172 and the shaft 171) moves in the left direction
in Fig. 5. The damper sensor 18 detects that the damper section 17 moves away. Specifically, if the damper sensor 18
is the sensor of the switch type, the damper sensor 18 is turned off to detect that the damper sensor 18 and the cylindrical
portion 172 are separated from each other.

[0062] The elastic force F173 applied by the damper 173 to the ink ribbon 30 (the cylindrical portion 172) is determined
by the characteristics (elastic modulus) of the damper 173. The elastic modulus of the damper 173 is appropriately set
according to the configuration of the printer 1 such as a state of an initial feed operation of the ink ribbon, a performance
of start, a specification of the DC motor, a type of the ink ribbon, and the like.
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[0063] For example, in a case in which the elastic force F173 of the damper 173 of the damper section 17 is 400 df,
when the input voltage applied to the DC motor gradually increases and the resultant force of the tension F31 and F32
of the ink ribbon 30 becomes 400 df, the elastic force F173 and the resultant force of the tension F31 and F32 balance
with each other. At this time, the following equation is established:

(elastic force F173)*(ribbon radius) = (torque immediately before the ribbon shaft
rotates) (Equation 1)

[0064] Here, the ribbon radius refers to a winding radius on the ribbon winding shaft 36 side. The torque refers to the
torque of the ribbon winding shaft 36 in the example in Fig. 5. The torque immediately before the ribbon shaft rotates is
derived from torque characteristics of the DC motor (the winding motor 84) shown below.

[0065] Fig. 6 is a diagram illustrating an example of torque characteristics of the DC motor. A vertical axis indicates
a rotation speed [rpm] for each input voltage applied to the DC motor, and a horizontal axis indicates a torque [gf * cm]
for each input voltage applied to the DC motor. The characteristics shown in Fig. 6 can be applied to both the rotation
speed of the ribbon winding shaft 36 for each input voltage applied to the winding motor 84 and the rotation speed of
the ribbon holding shaft 35 for each input voltage applied to the feed motor 83. Below, the above description is continued
using an example of the input voltage applied to the winding motor 84 and the torque of the ribbon winding shaft 36.
[0066] As shown in Fig. 6, the torque (horizontal axis) of the ribbon winding shaft 36 increases in accordance with the
input voltage applied to the DC motor (i.e., the winding motor 84). Similarly, the torque when the rotation speed is 0 rpm,
i.e., just before the ribbon shaft (the ribbon winding shaft 36 in this case) starts to rotate takes a value corresponding to
the input voltage applied to the DC motor (the winding motor 84). For example, if the input voltage applied to the winding
motor 84 is 9 V, the torque immediately before the ribbon winding shaft 36 starts to rotate (i.e., when the rotation speed
is 0 rpm) is 1,365 rpm in Fig. 6.

[0067] Therefore, from Equation 1, (ribbon radius)*400 [gf] = 1,365 [gf * cm], and the ribbon radius of the ribbon winding
shaft 36 can be calculated to be 6.8 cm.

[0068] As aresult, in the present embodiment, it is possible to calculate the winding diameter (ribbon diameter) of the
ink ribbon 30 from the balance of the forces immediately before the rotation of the ribbon winding shaft 36 (at the start
of rotation). Therefore, even when the ribbon diameter cannot be calculated by the encoder, it is possible to calculate
the ribbon diameter and to set a more appropriate input voltage applied to the DC motor at the start of rotation.

[0069] Next, a hardware configuration of the printer 1 is described.

[0070] Fig. 7 is a block diagram illustrating the hardware configuration of the printer 1. As shown in Fig. 7, the printer
1 includes a CPU (Central Processing Unit) 61, a ROM (Read Only Memory) 62 and a RAM (Random Access Memory)
63. The CPU 61 is connected to a communication interface (I/F) 64, a display controller 65, an operation section controller
66, a head driver 67, motor drivers 68, 69, 71, and 72, the ribbon end sensor 34, and the damper sensors 16 and 18
via a bus or an interface.

[0071] The display section 4 (refer to Fig. 1) is connected to the display controller 65. The operation section 5 (refer
to Fig. 1) is connected to the operation section controller 66. The print head 32 (refer to Fig. 2) is connected to the head
driver 67. In the print head 32, heating elements are provided in a line in a direction orthogonal to the conveyance
direction of the label paper 20. The head driver 67 switches ON/OFF of power distribution to the heating elements of
the print head 32 based on print data to thermally transfer a printed image onto the label paper 20.

[0072] A platen motor 81 for rotationally driving the platen 31 of the printing section 23 (refer to Fig. 2 for both of them)
is connected to the motor driver 68. A conveyance motor 82 which rotationally drives the paper conveyance roller 41 of
the paper conveyance section 22 (refer to Fig. 2 for both of them) is connected to the motor driver 69. For example, the
conveyance motor 82 may be a Stepping motor or other types of motors.

[0073] A feed motor 83 for rotationally driving the ribbon holding shaft 35 (refer to Fig. 2) is connected to the motor
driver 71. A winding motor 84 for rotationally driving the ribbon winding shaft 36 (refer to Fig. 2) is connected to the motor
driver 72. The feed motor 83 and the winding motor 84 are DC motors, and the CPU 61 controls the input voltage to
these DC motors.

[0074] The ROM 62 stores programs to be executed by the printer 1 and various kinds of data. The RAM 63 is a
memory for copy or decompression in which programs and data are temporarily stored when the CPU 61 executes the
various programs. The communication I/F 64 connects the printer 1 to a host computer (not shown) to establish data
communication between the printer 1 and the host computer. The host computer transmits the print data (or a print
command) to the RAM 63 via the communication I/F 64. The print data may be input via the operation section 5.
[0075] Next, the programs to be executed by the printer 1 of the present embodiment are described.

[0076] Furthermore, the programs executed by the printer 1 of the present embodiment are provided by being stored
in the ROM 62 in advance. The programs executed by the printer 1 of the present embodiment may be provided by
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being recorded in a computer-readable recording medium such as a CD-ROM (Compact Disc Read-Only Memory), a
FD (Flexible Disk), a CD-R (Compact Disk-Recordable), a DVD (Digital Versatile Disk) and the like in the form of installable
or executable file.

[0077] Furthermore, the programs executed by the printer 1 of the present embodiment may be stored in a computer
connected with a network such as the Internet and downloaded via the network to be provided. The programs executed
by the printer 1 of the present embodiment may be provided or distributed via the network such as the Internet.

[0078] AsshowninFig.7,the programs executed by the printer 1 of the presentembodiment has a module configuration
including a printing controller 51, a motor controller 52, a detection section 53 and a calculation section 54. The CPU
61 (processor) reads out the programs from the storage medium such as the ROM 62 to load the above sections on a
main storage device (for example, the RAM 63). As a result, the printing controller 51, the motor controller 52, the
detection section 53 and the calculation section 54 are generated on the main storage device.

[0079] Next, the function of each section is described.

[0080] If the print data is input via the communication I/F 64 or the operation section controller 66, the printing controller
51 outputs the print data to the head driver 67, and meanwhile controls the operation of the print head 32 in response
to various commands to perform printing on the label paper 20 according to the print data.

[0081] The motor controller 52 controls the rotation speed of the Stepping motor for conveying the paper, and the
rotation speed of the DC motor for conveying the ink ribbon. Specifically, the motor controller 52 controls the rotational
driving of the platen motor 81 via the motor driver 68 and the rotational driving of the conveyance motor 82 via the motor
driver 69 to control the conveyance of the paper. The motor controller 52 controls the rotational driving of the feed motor
83 via the motor driver 71 and the rotational driving of the winding motor 84 via the motor driver 72 to control the
conveyance of the ink ribbon. The motor controller 52 then controls the rotation speed of each of these motors to
synchronize the conveyance speeds of the label paper 20 and the ink ribbon 30 so that the label paper 20 and the ink
ribbon 30 are conveyed in the same direction and at the same speed at the printing position.

[0082] If the printing controller 51 receives the input of the print data, the motor controller 52 (i.e., a controller or a
second controller) performs a ribbon feed initial control processing. The motor controller 52 increases the input voltage
applied to the feed motor 83 and the input voltage (second input voltage) applied to the winding motor 84 in stages in
the ribbon feed initial control processing. As shown in Fig. 6, the motor controller 52 gradually increases the input voltage
applied to the feed motor 83, for example, to 3V, 6 V, 9V, 12 V.... The processing procedure of the ribbon feed initial
control is described later with reference to Fig. 9.

[0083] If the axial rotation of the ribbon winding shaft 36 and the ribbon holding shaft 35 starts, the motor controller
52 changes its control from a ribbon feed initial control to a ribbon feed constant control. In the ribbon feed constant
control, the motor controller 52 controls rotation of the winding motor 84 and the feed motor 83 at the input voltage which
corresponds to the ribbon diameter calculated by the encoder (not shown).

[0084] The motor controller 52 forward rotates the winding motor 84 to pull out the ink ribbon 30 from the ribbon holding
shaft 35, to feed it to the printing section 23 and to wind the ink ribbon 30 around the ribbon winding shaft 36 in the
ribbon feed constant control. In the ribbon feed constant control, the motor controller 52 controls the rotation of the
winding motor 84 to apply a back tension to the ink ribbon 30. The motor controller 52 may control the rotation of the
feed motor 83 at a rotation speed slower than that of the winding motor 84 to apply a back tension. Alternatively, the
motor controller 52 may control the feed motor 83 to rotate in a direction reverse to that of the winding motor 84 to apply
a back tension to the ink ribbon 30. In this way, the motor controller 52 holds the ink ribbon 30 in a stretched state
between the ribbon holding shaft 35 and the ribbon winding shaft 36.

[0085] If the amount of light received by the ribbon end sensor 34 becomes equal to or less than a threshold value for
detecting slackness, and the slackness of the ink ribbon 30 is detected, the motor controller 52 reversely rotates the
feed motor 83 to tense the ink ribbon 30 between the ribbon winding shaft 36 and the ribbon holding shaft 35. For
example, the motor controller 52 stops driving the winding motor 84 when the ribbon feed control is stopped. If the ribbon
end sensor 34 detects the slackness of the ink ribbon 30, the motor controller 52 reversely rotates the feed motor 83
while stopping the winding motor 84 to tense the ink ribbon 30 and to remove the slackness of the ink ribbon 30.
[0086] The detection section 53 detects the movement of the damper section 17 after the motor controller 52 starts
the ribbon feed initial control and starts the control of increasing the input voltage to the winding motor 84 in stages.
[0087] The detection section 53 (second detection section) detects the movement of the damper section 15 after the
motor controller 52 starts the ribbon feed initial control and starts the control of increasing the input voltage to the feed
motor 83 in stages.

[0088] Specifically, as shown in Fig. 2 and Fig. 3, the tension of the ink ribbon 30 which gradually increases as the
input voltage applied to the winding motor 84 increases balances with a press force of the damper section 15 or the
damper section 17 on the ink ribbon 30, and the ink ribbon 30 moves while pushing the damper section 15 or the damper
section 17 back. The detection section 53 receives a detection signal indicating switching on or switching off from the
damper sensors 16 and 18 when the damper sensors 16 and 18 respectively detect the movement of the damper sections
15 and 17 to detect movement of the damper sections 15 and 17. If the damper sensors 16 and 18 are optical sensors,
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the detection section 53 detects the movement of the damper sections 15 and 17 based on the received amount of
reflected light. Incidentally, the increase of the input voltage to the feed motor 83 and the winding motor 84 is not
necessarily in stages and may be changed continuously.

[0089] The calculation section 54 uses the input voltage to the feed motor 83 when the detection section 53 detects
the movement of the damper section 17 and the elastic characteristics (e.g., elastic force or elastic modulus) of the
damper section 17 to calculate the winding diameter (ribbon diameter) of the ink ribbon 30 on the ribbon winding shaft
36 side.

[0090] Specifically, the calculation section 54 reads the input voltage when the damper sensor 18 is operated and the
damper 173 is moved by being pushed back by the ink ribbon 30. The calculation section 54 calculates the ribbon
diameter of the ink ribbon 30 from the following Equation 2 using the read input voltage.

F*r=1 (Equation 2)

F: elastic force by which the damper 173 presses the ink ribbon 30
r: winding radius of the ink ribbon 30
1: torque with respect to rotation speed 0

[0091] The ribbon radius r of the ink ribbon 30 is the winding radius of the ink ribbon 30 on the ribbon winding shaft
36 side with respect to the response of the damper section 17. The torque z refers to a torque (torque value indicated
by the intercept of the horizontal axis in Fig. 6) when the rotation speed is 0, which corresponds to the input voltage
applied to the DC motor (winding motor 84) when the detection section 53 detects the movement of the damper section 17.
[0092] The calculation section 54 (second calculation section) calculates the ribbon diameter (second ribbon diameter)
of the ink ribbon 30 on the ribbon holding shaft 35 side using the input voltage (second input voltage) to the feed motor
83 when the detection section 53 detects the movement of the damper section 15 and the elastic characteristics (e.g.,
the elastic force or the elastic modulus) of the damper section 15.

[0093] The method of calculating the ribbon diameter on the ribbon holding shaft 35 side may be any method as long
as the ribbon diameter on the ribbon holding shaft 35 side is calculated using Equation 2 in the same manner as the
method of calculating the ribbon diameter on the ribbon winding shaft 36 side described above. In this case, the elastic
force F in Equation 2 refers to the elastic force by which the damper (not shown) of the damper section 15 presses the
ink ribbon 30. The ribbon diameter r of Equation 2 refers to the winding radius of the ink ribbon 30 on the ribbon holding
shaft 35 side. The torque t in Equation 2 refers to a torque when the rotation speed is 0, which corresponds to the input
voltage applied to the DC motor (feed motor 83) when the detection section 53 detects the movement of the damper
section 15.

[0094] A calculation target may be a winding outer diameter (i.e., diameter) for each shaft or a winding radius for each
shaft.

[0095] The motor controller 52 (voltage determination section) determines the input voltage applied to each DC motor
according to the ribbon diameter of the ink ribbon 30 calculated by the calculation section 54. Specifically, the motor
controller 52 determines the input voltage applied to the winding motor 84 according to the ribbon diameter of the ink
ribbon 30 on the ribbon winding shaft 36 side. The motor controller 52 (second voltage determination section) determines
the input voltage (second input voltage) applied to the feed motor 83 according to the ribbon diameter (second ribbon
diameter) of the ink ribbon 30 on the ribbon holding shaft 35 side.

[0096] Since a conventional technology can be used for determining the input voltage applied to each DC motor
suitable for the ribbon diameter of the ink ribbon 30, the detailed description thereof is omitted.

[0097] Next, an example of the procedure of the ribbon feed control processing executed by the printer 1 is described.
[0098] Fig. 8 is a flowchart depicting an example of the procedure of the ribbon feed control processing executed by
the printer 1 (CPU 61).

[0099] If the print data is input from the communication I/F 64 or the operation section 5 (Yes in Act S1), the motor
controller 52 outputs a ribbon feed start signal to the motor drivers 71 and 72 (Act S2) to start the ribbon feed initial
control (Act S3). The processing procedure of the ribbon feed initial control in Act S3 is described later with reference
to Fig. 9. If the print data is not input (No in Act S1), the CPU 61 stands by in Act S1. If the feed of the ink ribbon 30 is
started and the calculation of the ribbon diameter of the ink ribbon 30 by the encoder (not shown) is started after the
ribbon feed initial control, the motor controller 52 changes its control to the ribbon feed constant control (Act S4).
[0100] The motor controller 52 controls the rotational driving of the feed motor 83 and the winding motor 84 via the
motor drivers 71 and 72 to perform the ribbon feed constant control (Act S4). The motor controller 52 controls the platen
motor 81 and the conveyance motor 82 to start the rotational driving of the platen 31 and the paper conveyance roller
41 to start the paper feed control. As a result, the label paper 20 is pulled out from the paper holding shaft 21 and
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conveyed along the conveyance path 24 towards the printing section 23. The motor controller 52 controls the rotation
speed of each motor so that the paper conveyance speed and the ribbon feed speed are synchronized with each other.
[0101] On the other hand, the printing controller 51 outputs the print data to the head driver 67, and starts a printing
operation with the print head 32. If the label paper 20 reaches the position of the print head 32 (the printing position),
the printing controller 51 controls a heat generation operation of the print head 32 to start printing based on the print data.
[0102] Ifa stop button (notshown)is operated in the operation section 5, and an instruction to stop the printing operation
is received (Yes in Act S5), the motor controller 52 performs a stop processing for stopping the driving of each motor
(Act S6). If the printing operation is completed, i.e., if a paper discharge sensor (not shown) provided at the label issuing
port 10 detects that the label paper 20 after printing is discharged to the label issuing port 10 (Yes in Act S5), the motor
controller 52 performs the stop processing on each motor (Act S6).

[0103] In Act S6, the motor controller 52 controls the motor drivers 71 and 72 to stop the feed motor 83 and the winding
motor 84. If the slackness of the ink ribbon 30 is detected by the ribbon end sensor 34, the motor controller 52 reversely
rotates the winding motor 84 to remove the slackness of the ink ribbon 30. The motor controller 52 controls the motor
drivers 68 and 69 to stop driving the platen motor 81 and the conveyance motor 82. The printing controller 51 stops
power distribution to the print head 32 to terminate the heat generation operation. If issuing of a plurality of labels is
instructed according to a print command, when the discharge of the labels, the number of which is equal to the designated
number, is detected, the driving of the motor and the head is stopped.

[0104] Next, an example of a processing procedure of the ribbon feed initial control in Act S3 is described.

[0105] Fig. 9 is a flowchart depicting an example of a processing procedure of the ribbon feed initial control executed
by the printer 1 (CPU 61). The motor controller 52 performs the processing in Act S11 to Act S17 in Fig. 9 independently
for each of the feed motor 83 and the winding motor 84. Since the procedure of the control for each DC motor is the
same, in the following, an example of the control on the winding motor 84 is described.

[0106] If the print data is input, the motor controller 52 outputs a ribbon feed start signal to the motor driver 72 (Yes
in Act S11) and controls the motor driver 72 to start applying the input voltage to the winding motor 84. Specifically, as
shown in Fig. 6, the motor controller 52 increases the input voltage to, for example, 3V, 6V, 9V, 12V,..., in stages to
apply it to the winding motor 84 (Act S12). If the print data is not input and the ribbon feed is not started (No in Act S11),
the CPU 61 stands by in Act S11.

[0107] The detection section 53 determines whether the damper sensor 18 is turned on (Act S13). If the damper sensor
18 is not turned on (No in Act S13), the CPU 61 stands by in Act S12. If the damper sensor 18 is turned ON (Yes in Act
S13), the calculation section 54 calculates the ribbon diameter on the ribbon winding shaft 36 side using the elastic
characteristic of the damper section 17 and the torque t (refer to Fig. 6 and Equations 1 and 2) when the rotation speed
is 0 which corresponds to the input voltage applied to the winding motor 84 when the damper sensor 18 is turned on
(Act S15). The motor controller 52 determines the input voltage applied to the winding motor 84 which corresponds to
the ribbon diameter calculated in Act S15 (Act S16). The motor controller 52 outputs and applies the input voltage
determined in Act S16 to the winding motor 84 (Act S17), and then terminates the processing of the ribbon feed initial
control. Thereafter, the flow proceeds to the processing in Act S4 in Fig. 8 to perform the ribbon feed constant control.
[0108] As described above, according to the present embodiment, since the ribbon diameter can be calculated from
the operations of the damper sections 15 and 17 and the balance of forces immediately before the ribbon feed operation
is started, the actual ribbon diameter for each shaft can be estimated before the rotation of the ribbon holding shaft 35
and the ribbon winding shaft 36 is started. Therefore, a more appropriate input voltage corresponding to the actual ribbon
diameter is applied to the DC motors (the winding motor 84 and the feed motor 83) for rotationally driving the ribbon
holding shaft 35 and the ribbon winding shaft 36, and the initial conveyance speed of the ink ribbon 30 can be adjusted
more accurately.

[0109] Asdescribedabove, while certainembodiments have been described, these embodiments have been presented
by way of example only, and are notintended to limit the scope of the invention. Indeed, the novel embodiments described
herein may be embodied in a variety of other forms; furthermore, various omissions, substitutions and changes in the
form of the embodiments described herein may be made without departing from the scope of the invention. The accom-
panying claims and their equivalents are intended to cover such forms or modifications as would fall within the scope of
the invention.

[0110] For example, in the above description, the damper sections 15 and 17 and the damper sensors 16 and 18 are
separately provided on the ribbon winding shaft 36 side and the ribbon holding shaft 35 side to separately calculate the
ribbon diameters for the respective shafts. The embodiment is not limited thereto. For example, a pair of a damper
section and a damper sensor may be provided on either the ribbon winding shaft 36 side or the ribbon holding shaft 35
side to calculate the corresponding one ribbon diameter. Then, it is assumed that the CPU 61 has a reception section
for receiving an input of a ribbon diameter (i.e., an initial value of the ribbon diameter) of a ribbon roll to be placed around
the ribbon holding shaft 35. Then, the other ribbon diameter may be calculated by subtracting the ribbon diameter
calculated as described above according to the initial value of the ribbon diameter received by the reception section
from the initial value of the ribbon diameter.
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[0111] For example, the calculation section 54 may calculate the ribbon diameter on the ribbon holding shaft 35 side
by subtracting the ribbon diameter on the ribbon winding shaft 36 side calculated as in the above embodiment from the
initial value of the ribbon diameter described above.

[0112] In the above description, the DC motor is provided on the ribbon winding shaft 36 and the ribbon holding shaft
35, but the embodiment is not limited thereto. For example, a DC motor may be provided only on the ribbon winding
shaft 36, and the shaft of the ribbon holding shaft 35 may follow the ribbon winding shaft 36. In this case, it is sufficient
that the damper portion 17 and the damper sensor 18 are provided only on the ribbon winding shaft 36 side as the
damper portion and the damper sensor. In this case, the calculation section 54 may calculate only the ribbon diameter
on the winding shaft 36 side.

[0113] In the above description, the ON and OFF of the damper sensors 16 and 18 are switched depending on a
contact state with the damper sections 15 and 17, respective; however, the embodiment is not limited thereto. For
example, it is possible to detect the movement of the damper sections 15 and 17 using optical sensors or the like as the
damper sensors 16 and 18. Specifically, a distance between the damper section 15 or 17 (a cylindrical portion 152 (not
shown) or the cylindrical portion 172) and the damper sensor 16 or 18 is measured to detect that the damper section
15 or 17 (the cylindrical portion 152 (not shown) or the cylindrical portion 172) and the damper sensor 16 or 18 are
separated from each other, respectively. The damper sensor 16 or 18 is turned off when they are separated from each
other, and is turned on when the distance therebetween becomes an approach or contact distance which is equal to or
less than a predetermined distance.

[0114] For example, in the above description, as an example of the printer of the present embodiment, a label printer
that performs printing on the label paper wound in a roll shape is applied; however, the embodiment is not limited thereto.
The print medium is not limited to the label paper, and may be another print medium such as a tag paper, a receipt
paper, etc., and the printer may be a printer that performs printing on another print medium such as a tag paper, a receipt
paper, etc. The print medium is not limited to a medium wound in a roll shape, and may be a sheet-like medium, and
the printer may be a printer that feeds the sheet-like print medium to the printing section.

[0115] Inthe embodiment described above, the printer of the thermal transfer system (thermal printer) using a thermal
transfer ribbon as the ink ribbon is used, but the above embodiment may be applied to other types of printers using the
ink ribbon. For example, the present embodiment may be applied to a typewriter or a printer of the impact dot system
to automatically eliminate the slackness of the ink ribbon, thereby improving the printing quality.

Claims
1. A printer, comprising:

a ribbon holding shaft around which an ink ribbon is wound;

a ribbon winding shaft around which the ink ribbon pulled from the ribbon holding shaft is wound;

a printing section configured to print using the ink ribbon and a print head on a print medium conveyed to a
printing position where the print head and a platen face each other;

a winding motor configured to rotationally drive the ribbon winding shaft;

a damper section, provided on a conveyance path of the ink ribbon between a position where the ink ribbon is
pulled from the ribbon holding shaft and a position where the ink ribbon is wound around the ribbon winding
shaft through the printing position, configured to elastically abut against the ink ribbon when conveyance of the
ink ribbon is stopped;

a controller configured to control an operation of increasing an input voltage applied to the winding motor;

a detection section configured to detect movement of the damper section;

a calculation section configured to calculate a winding diameter of the ink ribbon wound on the ribbon winding
shaft side using the input voltage when the movement of the damper section is detected and characteristics of
the damper section; and

a voltage determination section configured to determine an input voltage to be applied to the winding motor
according to the calculated winding diameter.

2. The printer according to claim 1, wherein
the detection section is configured to detect movement of the damper section with a switch mechanism.

3. The printer according to claim 1, wherein
the detection section is configured to detect movement of the damper section using an optical sensor.

4. The printer according to any one of claims 1 to 3, further comprising:
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a feed motor configured to rotationally drive the ribbon holding shaft;

a second damper section, provided on the conveyance path between the ribbon holding shaft and the printing
position;

a second controller configured to control an operation of increasing a second input voltage applied to the feed
motor;

a second detection section configured to detect movement of the second damper section after the second
controller starts increasing the second input voltage;

a second calculation section configured to calculate a second ribbon diameter which is a winding diameter of
the ink ribbon wound on the ribbon holding shaft side using the second input voltage when the second damper
section moves and characteristics of the second damper section; and

a second voltage determination section configured to determine a second input voltage which is an input voltage
to be applied to the feed motor according to the calculated second ribbon diameter.

The printer according to claim 4, wherein
the second detection section is configured to detect movement of the second damper section with a switch mech-
anism.

The printer according to claim 4, wherein
the second detection section is configured to detect movement of the second damper section using an optical sensor.

The printer according to any one of claims 1 to 6, further comprising:

a feed motor configured to rotationally drive the ribbon holding shaft; and

a reception section configured to receive input of an initial value of a ribbon diameter of a ribbon roll to be set
around the ribbon holding shaft, wherein

the calculation section is configured to calculate the winding diameter of the ink ribbon wound on the ribbon
holding shaft side by subtracting the winding diameter on the ribbon winding shaft side calculated by the cal-
culation section from the initial value of the ribbon diameter, and

the voltage determination section is configured to determine an input voltage to be applied to the feed motor
according to the winding diameter of the ink ribbon on the ribbon holding shaft side calculated by the calculation
section.

8. A winding method for a printer, comprising:

10.

11.

conveying a print medium conveyed to a printing position using a print head and a platen facing each other;
printing on the print medium using an ink ribbon, the ink ribbon wound around a ribbon holding shaft and pulled
from the ribbon holding shaft to a ribbon winding shaft around which the ink ribbon is wound;

rotationally driving the ribbon winding shaft;

on a conveyance path of the ink ribbon between a position where the ink ribbon is pulled from the ribbon holding
shaft and a position where the ink ribbon is wound around the ribbon winding shaft through the printing position,
elastically abutting a damper section against the ink ribbon when conveyance of the ink ribbon is stopped;
controlling an amount of an input voltage applied to the winding motor;

detecting movement of the damper section;

calculating a winding diameter of the ink ribbon wound on the ribbon winding shaft side using the input voltage
when the movement of the damper section is detected and characteristics of the damper section; and
determining an input voltage to be applied to the winding motor according to the calculated winding diameter.

The winding method according to claim 8, wherein the detecting step comprises:
detecting movement of the damper section with a switch mechanism.

The winding method according to claim 8, wherein the detecting step comprises:
detecting movement of the damper section using an optical sensor.

The winding method according to any one of claims 8 to 10, further comprising:

rotationally driving the ribbon holding shaft;
controlling an amount of a second input voltage applied to the feed motor;
detecting movement of a second damper section after the second controller starts increasing the second input
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voltage, the second damper section provided on the conveyance path between the ribbon holding shaft and
the printing position;

calculating a second ribbon diameter which is a winding diameter of the ink ribbon wound on the ribbon holding
shaft side using the second input voltage when the second damper section moves and characteristics of the
second damper section; and

determining a second input voltage which is an input voltage to be applied to the feed motor according to the
calculated second ribbon diameter.

The winding method according to claim 11, wherein the detecting step comprises:
detecting movement of the second damper section with a switch mechanism.

The winding method according to claim 11, wherein the detecting step comprises:
detecting movement of the second damper section using an optical sensor.

The winding method according to any one of claims 8 to 13, further comprising:

rotationally driving the ribbon holding shaft; and

receiving input of an initial value of a ribbon diameter of a ribbon roll to be set around the ribbon holding shaft,
wherein

calculating the winding diameter of the ink ribbon wound on the ribbon holding shaft side by subtracting the
winding diameter on the ribbon winding shaft side calculated from the initial value of the ribbon diameter, and
determining an input voltage to be applied to the feed motor according to the winding diameter of the ink ribbon
on the ribbon holding shaft side calculated.
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