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(54) PRINTING APPARATUS AND PRINTING METHOD

(57) A printing apparatus (1) includes a controller
(40) for applying tension to a base material (9) to be print-
ed thereon while applying brake torque to an unwinding
roller (11) around which the base material (9) is wound,
and a tension sensor (14) for detecting the tension ap-
plied to the base material (9). The controller (40) acquires
information related to the base material (9). The controller
(40) exercises first control for rotating the unwinding roller
(11) with a constant acceleration, if the acquired infor-
mation is included in a first condition. The controller (40)
exercises control for rotating the unwinding roller (11)
with an acceleration slower than the constant accelera-
tion and/or with an S-shaped acceleration, if the acquired
information is not included in the first condition.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a printing ap-
paratus and a printing method which transport an elon-
gated strip-shaped base material to be printed thereon
while applying tension to the base material to print on the
base material.

Description of the Background Art

[0002] A printing apparatus which records an image
on an elongated strip-shaped base material to be printed
thereon by ejecting inks from a plurality of heads while
transporting the base material has heretofore been
known. For good printing results, it is necessary for the
printing apparatus of this type to exercise control so that
the tension applied to the base material approaches a
target value, thereby transporting the base material while
applying appropriate tension to the base material.
[0003] A transport apparatus which transports a mate-
rial to be recorded thereon while applying constant ten-
sion to the material is disclosed in Japanese Patent Ap-
plication Laid-Open No. 2015-61807. This transport ap-
paratus disclosed in Japanese Patent Application Laid-
Open No. 2015-61807 changes the tension applied to
the material, depending on the type and width of the ma-
terial. The material to be recorded thereon has different
expansion and contraction properties, depending on the
type thereof. Thus, changing the tension applied to the
material to be recorded thereon, depending on the type
of the material, as disclosed in Japanese Patent Appli-
cation Laid-Open No. 2015-61807 causes constant ten-
sion to be applied to the material at all times, thereby
improving recording quality.
[0004] After a base material of the type susceptible to
expansion and contraction is drawn out at the start of the
transport thereof, there are cases in which variations in
tension increases or the expansion/contraction phenom-
enon of the base material occurs when the tension ap-
plied to the base material is controlled during the subse-
quent transport. Large variations in tension give rise to
problems such that it takes time to cause the tension of
the base material to converge to the target value and
such that print quality is lowered. Japanese Patent Ap-
plication Laid-Open No. 2015-61807 is unable to solve
these problems.

SUMMARY OF THE INVENTION

[0005] It is therefore an object of the present invention
to provide a printing apparatus and a printing method
which suppress variations in tension of a base material
to be printed thereon during the transport thereof to im-
prove the printing quality of the base material.

[0006] To solve the aforementioned problem, a first as-
pect of the present invention is intended for a printing
apparatus for transporting an elongated strip-shaped
base material to be printed thereon while applying ten-
sion to the base material to print on the base material.
The printing apparatus comprises: a roller around which
a base material to be printed thereon is wound; a trans-
port part for unwinding the base material from the roller
to transport the base material; a tension controller for
applying brake torque to the roller to apply tension to the
base material unwound from the roller; a printing part for
printing on the base material under tension; and a tension
sensor for detecting the tension applied to the base ma-
terial, the transport part including an acquisition part for
acquiring information related to the base material, and
an acceleration controller for accelerating the base ma-
terial until the transport speed of the base material reach-
es a predetermined speed when the transport of the base
material is at rest, wherein the acceleration controller ex-
ercises first control for accelerating the base material with
a constant acceleration, if the information acquired by
the acquisition part is included in a first condition, and
wherein the acceleration controller exercises second
control for accelerating the base material with an accel-
eration slower than the constant acceleration, third con-
trol for accelerating the base material with an S-shaped
acceleration, or fourth control for accelerating the base
material with an acceleration slower than the constant
acceleration and for accelerating the base material with
an S-shaped acceleration, if the information acquired by
the acquisition part is not included in the first condition.
[0007] A second aspect of the present invention is in-
tended for the printing apparatus of the first aspect,
wherein the information related to the base material in-
cludes the thickness of the base material; and the thick-
ness of the base material is not less than a threshold
value under the first condition.
[0008] A third aspect of the present invention is intend-
ed for the printing apparatus of the second aspect, where-
in the information related to the base material includes
the width of the base material; and the width of the base
material is not less than a threshold value under the first
condition.
[0009] A fourth aspect of the present invention is in-
tended for the printing apparatus of the third aspect fur-
ther comprising: a storage part for storing the type of the
base material and the thickness and width of the base
material in association with each other; and an input part
for inputting the type of the base material, wherein the
acquisition part acquires the thickness and width of the
base material corresponding to the type inputted via the
input part from the storage part.
[0010] A fifth aspect of the present invention is intend-
ed for the printing apparatus of the third or fourth aspect,
wherein the information related to the base material in-
cludes the winding diameter of the base material wound
around the roller; and the winding diameter of the base
material is not less than a threshold value under the first
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condition.
[0011] A sixth aspect of the present invention is intend-
ed for the printing apparatus of any one of the first to fifth
aspects, wherein after the first control, the second con-
trol, the third control, or the fourth control is exercised,
the tension controller increases the brake torque of the
roller if the tension detected by the tension sensor is less
than a target value determined depending on the type of
the base material, and decreases the brake torque of the
roller if the tension detected by the tension sensor is
greater than the target value.
[0012] A seventh aspect of the present invention is in-
tended for the printing apparatus of the sixth aspect fur-
ther comprising a judging part for judging whether a var-
ied value of the tension detected by the tension sensor
is less than a threshold value or not if the information
acquired by the acquisition part is not included in the first
condition, wherein the tension controller fixes the brake
torque of the roller if the judging part judges that the varied
value is not less than the threshold value.
[0013] An eighth aspect of the present invention is in-
tended for the printing apparatus of the sixth aspect fur-
ther comprising a judging part for judging whether a var-
ied value of the tension detected by the tension sensor
is less than a threshold value or not if the information
acquired by the acquisition part is not included in the first
condition, wherein the tension controller acquires the
winding diameter of the base material wound around the
roller to define a torque calculated from the acquired
winding diameter and the target value as the brake torque
of the roller if the judging part judges that the varied value
is not less than the threshold value.
[0014] A ninth aspect of the present invention is intend-
ed for a method of transporting an elongated strip-shaped
base material to be printed thereon while applying ten-
sion to the base material to print on the base material
through the use of a printing apparatus, the printing ap-
paratus including a roller around which a base material
to be printed thereon is wound, a transport part for un-
winding the base material from the roller to transport the
base material, a tension controller for applying brake
torque to the roller to apply tension to the base material
unwound from the roller, a printing part for printing on the
base material under tension, and a tension sensor for
detecting the tension applied to the base material. The
method comprises the steps of: a) acquiring information
related to the base material; and b) accelerating the base
material until the transport speed of the base material
reaches a predetermined speed, the steps a) and b) be-
ing performed when the transport of the base material is
at rest, wherein first control for accelerating the base ma-
terial with a constant acceleration is exercised in the step
b), if the information acquired by the acquisition part is
included in a first condition, and wherein second control
for accelerating the base material with an acceleration
slower than the constant acceleration, third control for
accelerating the base material with an S-shaped accel-
eration, or fourth control for accelerating the base mate-

rial with an acceleration slower than the constant accel-
eration and for accelerating the base material with an S-
shaped acceleration is exercised in the step b), if the
information acquired by the acquisition part is not includ-
ed in the first condition.
[0015] The first to ninth aspects of the present inven-
tion are capable of suppressing variations in tension of
the base material being transported. This provides good
print quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Fig. 1 is a diagram showing a configuration of a print-
ing apparatus according to one preferred embodi-
ment of the present invention;
Fig. 2 is a block diagram showing an electrical con-
figuration of the printing apparatus;
Fig. 3 shows data about information related to a base
material to be printed thereon;
Fig. 4 is a flow diagram showing an operation for a
transport process in the printing apparatus;
Fig. 5 is a graph showing the transport speed of the
base material under normal control and under accel-
eration-varied control; and
Fig. 6 is a flow diagram showing an operation for a
tension adjustment process.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

< 1. Configuration of Printing Apparatus>

[0017] Fig. 1 is a diagram showing a configuration of
a printing apparatus 1 according to one preferred em-
bodiment of the present invention. Fig. 2 is a block dia-
gram showing an electrical configuration of the printing
apparatus 1. The printing apparatus 1 is an apparatus
which prints a multi-color image on an elongated strip-
shaped base material 9 to be printed thereon by ejecting
inks from a plurality of head units 21 toward the base
material 9 while transporting the base material 9. Exam-
ples of the base material 9 include paper and film.
[0018] The printing apparatus 1 includes a transport
mechanism 10, an image recorder 20, a light irradiator
30, a controller 40, and an input part 50. Of these com-
ponents, at least the transport mechanism 10, the image
recorder 20, and the light irradiator 30 are housed in an
apparatus housing 100. The input part 50 accepts ma-
nipulations from a user. The user inputs various neces-
sary pieces of information including information related
to the base material 9 and the like via the input part 50.
[0019] The transport mechanism 10 is a mechanism
for transporting the base material 9 in a transport direction
along the length of the base material 9. The transport
mechanism 10 includes an unwinding roller 11, a plurality
of transport rollers 12, a winding roller 13, and a tension
sensor 14.
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[0020] The base material 9 is wound around the un-
winding roller 11. Nip rollers 121 to be described later
draw out the base material 9 wound around the unwinding
roller 11, whereby the unwinding roller 11 rotates. The
unwinding roller 11 has a rotary shaft provided with a
powder brake 11A. The powder brake 11A is controlled
by the controller 40 to be described later to produce brake
torque of the unwinding roller 11. The powder brake 11A
applies the brake torque to the unwinding roller 11,
whereby the rotation of the unwinding roller 11 is sup-
pressed.
[0021] The transport rollers 12 include the nip rollers
121 to be described later. The base material 9 is drawn
out from the unwinding roller 11, and is transported along
a transport path formed by the transport rollers 12. Each
of the transport rollers 12 rotates about a horizontal axis
to guide the base material 9 downstream along the trans-
port path. The transported base material 9 is wound and
collected on the winding roller 13.
[0022] The base material 9 is moved substantially hor-
izontally under the image recorder 20 in a direction in
which the head units 21 are arranged. During this move-
ment, a recording surface of the base material 9 faces
upwardly (toward the head units 21).
[0023] The nip rollers 121 are disposed downstream
from the light irradiator 30 to be described later along the
transport path. The nip rollers 121 serve as a draw-out
part for drawing out the base material 9 from the unwind-
ing roller 11. As shown in Fig. 2, the nip rollers 121 are
connected to a motor 121A serving as a power source.
The motor 121A is driven by a driving circuit 121B re-
ceiving a signal from the controller 40. The nip rollers 121
are rotated by driving the motor 121A.
[0024] The nip rollers 121 rotate to transport the base
material 9 while contacting the opposite surfaces of the
base material 9 to hold the base material 9 therebetween.
This causes the base material 9 to be drawn out from the
unwinding roller 11, so that the unwinding roller 11 ro-
tates. At this time, the powder brake 11A is caused to
produce the brake torque, so that the rotation of the un-
winding roller 11 is suppressed. This causes the rotation
speed of the unwinding roller 11 to differ slightly from the
rotation speed of the nip rollers 121 during the transport
of the base material 9. As a result, tension is applied to
the base material 9 to prevent slack or wrinkles in the
base material 9 during the transport.
[0025] The tension sensor 14 measures the tension
applied to the base material 9 being transported. The
tension sensor 14 includes a roller disposed between
and above two horizontally arranged transport rollers 12.
A downward load is imposed on the roller of the tension
sensor 14 by the base material 9 running around the two
transport rollers 12. The tension sensor 14 includes a
piezoelectric element or a load cell not shown which
measures the load imposed on the roller. The tension
sensor 14 outputs an analog voltage proportional to the
measured value. This analog voltage is amplified by an
amplifier not shown, and the amplified analog voltage is

inputted to the controller 40.
[0026] The image recorder 20 is a mechanism for eject-
ing ultraviolet ray curable inks toward the base material
9 being transported by the transport mechanism 10. The
image recorder 20 includes the four head units 21 ar-
ranged in the transport direction of the base material 9.
The four head units 21 eject ink droplets of respective
colors, i.e. C (Cyan), M (Magenta), Y (Yellow), and K
(Black), which are color components of a multi-color im-
age toward the recording surface of the base material 9.
The head units 21 are disposed fixedly with respect to
the apparatus housing 100.
[0027] The light irradiator 30 includes a first light irra-
diator 31 positioned downstream from the image recorder
20 as seen in the transport direction, and a second light
irradiator 32 downstream from the first light irradiator 31
as seen in the transport direction. The first light irradiator
31 directs light including ultraviolet rays, for example,
from a plurality of LED light sources toward the recording
surface of the base material 9. This places the inks on
the base material 9 in a semi-cured state. The second
light irradiator 32 directs light including ultraviolet rays,
for example, from a metal halide lamp toward the record-
ing surface of the base material 9. The amount of light
from the second light irradiator 32 at the time of light
emission is greater than the amount of light from the first
light irradiator 31 at the time of light emission. Thus, when
irradiated with light from the second light irradiator 32,
the inks on the base material 9 are completely cured and
fixed on the recording surface of the base material 9.
[0028] The controller 40 is a means for controlling the
operations of the components in the printing apparatus
1. The controller 40 is formed by a computer including
an arithmetic processor 41 such as a CPU, a memory 42
such as a RAM, and a storage part 43 such as a hard
disk drive. As indicated by broken lines in Fig. 1, the con-
troller 40 is electrically connected to the unwinding roller
11, the powder brake 11A, the winding roller 13, the ten-
sion sensor 14, the four head units 21, the first light irra-
diator 31, the second light irradiator 32, and the nip rollers
121 described above. The controller 40 temporarily reads
a computer program P stored in the storage part 43 onto
the memory 42. The arithmetic processor 41 performs
arithmetic processing based on the computer program
P, so that the controller 40 controls the operations of the
aforementioned components. Thus, the printing process
in the printing apparatus 1 proceeds. The controller 40
is an example of a tension controller according to the
present invention. The arithmetic processor 41 performs
arithmetic processing, whereby the controller 40 func-
tions as an "acquisition part" and an "acceleration con-
troller" according to the present invention.
[0029] Data required for operation control, e.g. infor-
mation related to the base material 9, is stored in the
storage part 43. Fig. 3 shows data about information re-
lated to the base material 9. The type of the base material
9, the width and thickness of the base material 9, and a
target tension value (referred to hereinafter as a target
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value) are associated with each other in the data shown
in Fig. 3. The target value is an ideal tension value to be
provided to the base material 9 during the printing. The
base material 9 has different expansion and contraction
properties, depending on the type thereof. For this rea-
son, the base material 9 is transported while tension hav-
ing a corresponding target value is applied to the base
material 9 during the transport of the base material 9.
This improves printing quality independently of the type
of the base material 9. This data may be previously stored
in the storage part 43 before shipment from the factory
or be inputted by a user via the input part 50, as appro-
priate.

<2. Transport Process>

[0030] Upon starting the printing process, the printing
apparatus 1 starts the transport of the base material 9
wound around the unwinding roller 11. At this time, the
base material 9 is transported under tension. Then, inks
are ejected from the head units 21 of the image recorder
20 toward the base material 9 being transported, based
on a designated piece of image data. The process of
transporting the base material 9 will be described below.
[0031] Fig. 4 is a flow diagram showing an operation
for the transport process in the printing apparatus 1. The
unwinding roller 11, the nip rollers 121, and the like are
at rest at the start of the transport process shown in Fig. 4.
[0032] The controller 40 judges whether the type of the
base material 9 has been inputted via the input part 50
or not (Step S1). For the input of the type of the base
material 9, a number assigned to each type or the name
of each type may be inputted. If the type of the base
material 9 has not yet been inputted (NO in Step S1), the
controller 40 is on standby pending the input of the type
of the base material 9.
[0033] If the type of the base material 9 has been in-
putted (YES in Step S1), the controller 40 acquires base
material information about the base material 9 corre-
sponding to the inputted type (Step S2). The base ma-
terial information includes the thickness and width of the
base material 9 and the winding diameter of the base
material 9 wound around the unwinding roller 11.
[0034] The controller 40 acquires the thickness and
width of the base material 9 corresponding to the inputted
type from the data stored in the storage part 43 and shown
in Fig. 3. The controller 40 also computationally calcu-
lates the winding diameter of the base material 9. The
controller 40 acquires the angular speed of the unwinding
roller 11 and the transport speed of the base material 9
to calculates the winding diameter of the base material
9 with the use of these parameters. The controller 40
stores the calculated values of the winding diameter one
by one in the storage part 43. Storing the winding diam-
eter allows the winding diameter to be acquired even
when the transport is resumed after once suspended. A
sensor may be used to measure the winding diameter of
the base material 9.

[0035] The controller 40 judges whether the acquired
base material information about the base material 9 is
included in a first condition or not (Step S3). An example
of the first condition is that "the thickness, width, and
winding diameter of the base material 9 are not less than
threshold values". The threshold values are previously
set values of the thickness, width, and winding diameter.
The threshold values are also reference values based
on which the base material 9 is judged to be susceptible
to expansion and contraction, and are values obtained
by experiment.
[0036] If the base material information about the base
material 9 is included in the first condition (YES in Step
S3), the controller 40 judges that the expansion/contrac-
tion phenomenon of the base material 9 is less prone to
occur, thereby starting the transport of the base material
9 under normal control (Step S4). On the other hand, if
the base material information about the base material 9
is not included in the first condition (NO in Step S3), the
controller 40 judges that the expansion/contraction phe-
nomenon of the base material 9 is prone to occur, thereby
starting the transport of the base material 9 under accel-
eration-varied control (Step S5).
[0037] The normal control and the acceleration-varied
control will be described. Fig. 5 is a graph showing the
transport speed of the base material 9 under the normal
control and under the acceleration-varied control.
[0038] The normal control is control (first control) for
transporting the base material 9 with a constant acceler-
ation. The controller 40 controls the driving of the nip
rollers 121 to start the transport of the base material 9.
At this time, the controller 40 accelerates the rotation of
the nip rollers 121 until the transport speed of the base
material 9 reaches a predetermined speed. In this case,
a plotted line for the transport speed of the base material
9 is bent at an acceleration start time t1 and at an accel-
eration end time t2, as indicated by the solid line in the
graph of Fig. 5. That is, the transport speed of the base
material 9 changes abruptly at the acceleration start time
t1 and at the acceleration end time t2. If the normal control
is exercised over the base material 9 in which the expan-
sion/contraction phenomenon is prone to occur, varia-
tions in tension of the base material 9 is increased.
[0039] The acceleration-varied control is control
(fourth control) for transporting the base material 9 with
an acceleration slower than the constant acceleration
used under the normal control and for transporting the
base material 9 with an S-shaped acceleration. Under
the acceleration-varied control, the nip rollers 121 are
rotated with an S-shaped acceleration. That is, the ac-
celeration of the nip rollers 121 is gradually increased
and thereafter gradually decreased. Thus, a plotted line
for the transport speed of the base material 9 is curved
at the acceleration start time t1 and at an acceleration
end time t3, as indicated by the broken line in the graph
of Fig. 5. In this case, the transport speed of the base
material 9 changes gradually at the acceleration start
time t1 and at the acceleration end time t3.
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[0040] The controller 40 starts to transport the base
material 9 with an acceleration slower than the acceler-
ation of the base material 9 used under the normal con-
trol. Because of the slower acceleration, the time required
until the transport speed of the base material 9 reaches
the predetermined speed, i.e. the time interval between
the acceleration start time t1 and the acceleration end
time t3, under the acceleration-varied control is longer
than that under the normal control. The time interval be-
tween the times t1 and t3 under the acceleration-varied
control is twice the time interval between the times t1 and
t2 under the normal control in the present preferred em-
bodiment. In this case, tension is applied gradually to the
base material 9 drawn out from the unwinding roller 11,
so that variations in tension of the base material 9 are
small at the start of the transport. Thus, the acceleration-
varied control exercised over the base material 9 in which
the expansion/contraction phenomenon is prone to occur
reduces variations in tension of the base material 9.
[0041] The base material 9 has different expansion and
contraction properties, depending on the type thereof, e.
g. the thickness or width thereof. In a tension adjustment
process to be described later, the tension applied to the
base material 9 being transported is adjusted to the target
value. At this time, there is apprehension that the varia-
tions in tension of the base material 9 increase if the
acceleration of the base material 9 changes abruptly at
the start of the transport. This results in lowered print
quality. To prevent this, the expansion/contraction phe-
nomenon of the base material 9 after the start of the trans-
port is suppressed by gradually changing the accelera-
tion of the base material 9 at the start of the transport as
in Step S5 when the base material 9 is susceptible to
expansion and contraction.
[0042] Referring again to the process in Fig. 4, the con-
troller 40 controls the tension of the base material 9 (Step
S6). Under this control, the controller 40 drives the pow-
der brake 11A to vary the brake torque so that the value
measured by the tension sensor 14 agrees with the target
value. It is not necessary that the value measured by the
tension sensor 14 is in perfect agreement with the target
value. For example, the value measured by the tension
sensor 14 may be within 65% of the target value.
[0043] The controller 40 judges whether the transport
speed has reached the predetermined speed after the
start of the transport of the base material 9 in Step S4 or
S5 or not (Step S7). If the transport speed of the base
material 9 has not reached the predetermined speed (No
in Step S7), the controller 40 exercises the tension control
while accelerating the transport speed of the base ma-
terial 9 until the predetermined speed is reached.
[0044] If the transport speed of the base material 9 has
reached the predetermined speed (YES in Step S7), the
controller 40 performs the tension adjustment process to
be described later while printing by means of the image
recorder 20 (Step S8). Then, the controller 40 judges
whether to complete the transport of the base material 9
or not (Step S9). To complete the transport (YES in Step

S9), the controller 40 completes this process. Not to com-
plete the transport (NO in Step S9), the controller 40 per-
forms the tension adjustment process in Step S8.
[0045] Fig. 6 is a flow diagram showing an operation
for the tension adjustment process. The controller 40 ad-
justs the tension applied to the base material 9 being
transported (Step S11). Specifically, the controller 40
makes a comparison between the value measured by
the tension sensor 14 and the target value. If the value
measured by the tension sensor 14 is greater than the
target value, the controller 40 decreases the brake torque
of the powder brake 11A. If the value measured by the
tension sensor 14 is less than the target value, the con-
troller 40 increases the brake torque of the powder brake
11A. This causes the value measured by the tension sen-
sor 14 to approach the target value.
[0046] Next, the controller 40 judges whether the base
material information about the base material 9 acquired
in Step S2 is included in the first condition or not (Step
S12) in the same manner as in Step S3. If the base ma-
terial information about the base material 9 is not included
in the first condition (NO in Step S12), i.e. if the base
material 9 is susceptible to expansion and contraction,
the controller 40 judges whether the variations in tension
of the base material 9 being transported are less than a
threshold value or not (Step S13). Specifically, if the value
measured by the tension sensor 14 falls outside the 65%
range of the target value, the controller 40 judges that
the variations in tension of the base material 9 being
transported are not less than the threshold value.
[0047] If the variations in tension of the base material
9 are not less than the threshold value (NO in Step S13),
the controller 40 fixes the brake torque of the powder
brake 11A (Step S14). This decreases the variations in
tension of the base material 9 being transported.
[0048] On the other hand, if the base material informa-
tion about the base material 9 is included in the first con-
dition (YES in Step S12) or if the variations in tension of
the base material 9 being transported are less than the
threshold value (YES in Step S13), the controller 40 per-
forms the process in Step S9 of Fig. 4.
[0049] In the case of stopping the transport of the base
material 9, the base material 9 is subjected to an S-
shaped deceleration in the same manner as the S-
shaped acceleration executed at the start of the trans-
port, so that the transport thereof is stopped when the
base material 9 is susceptible to expansion and contrac-
tion.
[0050] As described above, this printing apparatus 1
slows down the acceleration of the base material 9 at the
start of the transport to reduce changes in tension applied
to the base material 9 when the base material 9 is sus-
ceptible to expansion and contraction. This suppresses
the expansion/contraction phenomenon of the base ma-
terial 9 transported after the start of the transport.

9 10 



EP 3 456 543 A1

7

5

10

15

20

25

30

35

40

45

50

55

<3. Modifications>

[0051] While the main preferred embodiment accord-
ing to the present invention has been described herein-
above, the present invention is not limited to the afore-
mentioned preferred embodiment.
[0052] In the aforementioned preferred embodiment,
the brake torque of the powder brake 11A is fixed in Step
S14 of Fig. 6. However, the brake torque may be varied
to apply tension having the target value to the base ma-
terial 9, thereby reducing the variations in tension of the
base material 9 being transported. Specifically, the wind-
ing diameter of the base material 9 is acquired, and a
required torque of the powder brake 11A is calculated by
multiplying the acquired winding diameter (radius) by the
target value of the base material 9. Then, the obtained
torque is defined as the brake torque of the powder brake
11A. This applies the tension having the target value to
the base material 9. In this case, it is not necessary to
acquire the value measured by the tension sensor 14.
[0053] In the aforementioned preferred embodiment,
the acceleration-varied control is exercised when the
base material 9 is susceptible to expansion and contrac-
tion. However, the acceleration-varied control is not lim-
ited to this. For example, the acceleration-varied control
may be control (second control) for transporting the base
material 9 with an acceleration slower than the constant
acceleration used under the normal control. In this case,
the base material 9 need not be transported with the S-
shaped acceleration. Alternatively, the acceleration-var-
ied control may be control (third control) for transporting
the base material 9 with the S-shaped acceleration. In
this case, the acceleration may be the same as the con-
stant acceleration used under the normal control. In other
words, the time interval between the start of acceleration
and the end of acceleration may be the same as the time
interval between the times t1 and t2 under the normal
control with reference to Fig. 5. Further, any one of the
second control, the third control, and the fourth control
may be exercised as the acceleration-varied control, de-
pending on the type of the base material 9.
[0054] Although the base material information is stored
in the storage part 43 in the aforementioned preferred
embodiment, the thickness and width of the base material
9 may be inputted via the input part 50 each time the
printing process is performed. In the aforementioned pre-
ferred embodiment, the base material 9 is judged to be
susceptible to expansion and contraction when all of the
thickness, width, and winding diameter of the base ma-
terial 9 are less than the threshold values. However, the
base material 9 may be judged to be susceptible to ex-
pansion and contraction independently of the width and
winding diameter of the base material 9 when the thick-
ness of the base material 9 is less than the threshold
value. Alternatively, the base material 9 may be judged
to be susceptible to expansion and contraction independ-
ently of the winding diameter of the base material 9 when
the thickness and width of the base material 9 are less

than the threshold values.
[0055] Also, which control is to be exercised, the nor-
mal control or the acceleration-varied control, may be
previously determined for each type of the base material
9 independently of the thickness or the like of the base
material 9, and either the normal control or the acceler-
ation-varied control may be exercised depending on the
inputted type of the base material 9.
[0056] In the tension adjustment process shown in Fig.
6, the variations in tension are observed in Step S13 if
the base material information about the base material 9
is not included in the first condition in Step S12. However,
the variations in tension may be observed if the winding
diameter of the base material 9 is less than the threshold
value although the thickness and width of the base ma-
terial 9 are not less than the threshold value, and the
brake torque may be fixed if the variations in tension are
large.
[0057] The numerical values in the aforementioned
preferred embodiment are merely examples. The
present invention is not limited to these values.
[0058] The configuration of the details of the printing
apparatus 1 may be different from that shown in the fig-
ures of the present invention. The components described
in the aforementioned preferred embodiment and in the
modifications may be combined together, as appropriate,
without inconsistencies.
[0059] While the invention has been described in de-
tail, the foregoing description is in all aspects illustrative
and not restrictive. It is understood that numerous other
modifications and variations can be devised without de-
parting from the scope of the invention.

Claims

1. A printing apparatus for transporting an elongated
strip-shaped base material to be printed thereon
while applying tension to said base material to print
on said base material, said printing apparatus com-
prising:

a roller around which a base material to be print-
ed thereon is wound;
a transport part for unwinding said base material
from said roller to transport said base material;
a tension controller for applying brake torque to
said roller to apply tension to said base material
unwound from said roller;
a printing part for printing on said base material
under tension; and
a tension sensor for detecting the tension ap-
plied to said base material,
said transport part including
an acquisition part for acquiring information re-
lated to said base material, and
an acceleration controller for accelerating said
base material until the transport speed of said
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base material reaches a predetermined speed
when the transport of said base material is at
rest,
wherein said acceleration controller exercises
first control for accelerating said base material
with a constant acceleration, if the information
acquired by said acquisition part is included in
a first condition, and
wherein said acceleration controller exercises
second control for accelerating said base mate-
rial with an acceleration slower than said con-
stant acceleration, third control for accelerating
said base material with an S-shaped accelera-
tion, or fourth control for accelerating said base
material with an acceleration slower than said
constant acceleration and for accelerating said
base material with an S-shaped acceleration, if
the information acquired by said acquisition part
is not included in said first condition.

2. The printing apparatus according to claim 1, wherein:

the information related to said base material in-
cludes the thickness of said base material; and
the thickness of said base material is not less
than a threshold value under said first condition.

3. The printing apparatus according to claim 2, wherein:

the information related to said base material in-
cludes the width of said base material; and
the width of said base material is not less than
a threshold value under said first condition.

4. The printing apparatus according to claim 3, further
comprising:

a storage part for storing the type of said base
material and the thickness and width of said
base material in association with each other; and
an input part for inputting the type of said base
material,
wherein said acquisition part acquires the thick-
ness and width of said base material corre-
sponding to the type inputted via said input part
from said storage part.

5. The printing apparatus according to claim 3 or 4,
wherein:

the information related to said base material in-
cludes the winding diameter of said base mate-
rial wound around said roller; and
the winding diameter of said base material is not
less than a threshold value under said first con-
dition.

6. The printing apparatus according to any one of

claims 1 to 5, wherein
after said first control, said second control, said third
control, or said fourth control is exercised, said ten-
sion controller increases the brake torque of said roll-
er if the tension detected by said tension sensor is
less than a target value determined depending on
the type of said base material, and decreases the
brake torque of said roller if the tension detected by
said tension sensor is greater than said target value.

7. The printing apparatus according to claim 6, further
comprising
a judging part for judging whether a varied value of
the tension detected by said tension sensor is less
than a threshold value or not if the information ac-
quired by said acquisition part is not included in said
first condition,
wherein said tension controller fixes the brake torque
of said roller if said judging part judges that the varied
value is not less than the threshold value.

8. The printing apparatus according to claim 6, further
comprising
a judging part for judging whether a varied value of
the tension detected by said tension sensor is less
than a threshold value or not if the information ac-
quired by said acquisition part is not included in said
first condition,
wherein said tension controller acquires the winding
diameter of said base material wound around said
roller to define a torque calculated from the acquired
winding diameter and said target value as the brake
torque of said roller if said judging part judges that
the varied value is not less than the threshold value.

9. A method of transporting an elongated strip-shaped
base material to be printed thereon while applying
tension to said base material to print on said base
material through the use of a printing apparatus, said
printing apparatus including a roller around which a
base material to be printed thereon is wound, a trans-
port part for unwinding said base material from said
roller to transport said base material, a tension con-
troller for applying brake torque to said roller to apply
tension to said base material unwound from said roll-
er, a printing part for printing on said base material
under tension, and a tension sensor for detecting the
tension applied to said base material, said method
comprising the steps of:

a) acquiring information related to said base ma-
terial; and
b) accelerating said base material until the trans-
port speed of said base material reaches a pre-
determined speed,

said steps a) and b) being performed when the trans-
port of said base material is at rest,
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wherein first control for accelerating said base ma-
terial with a constant acceleration is exercised in said
step b), if the information acquired by said acquisition
part is included in a first condition, and
wherein second control for accelerating said base
material with an acceleration slower than said con-
stant acceleration, third control for accelerating said
base material with an S-shaped acceleration, or
fourth control for accelerating said base material with
an acceleration slower than said constant accelera-
tion and for accelerating said base material with an
S-shaped acceleration is exercised in said step b),
if the information acquired by said acquisition part is
not included in said first condition.
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