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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a device for
adjusting the tension applied to a sheet pulled out of a
sheet roll in a stepwise manner according to the pream-
ble of claim 1. Such a device is known from EP-A-0 608
785.

[0002] One conventional drug packaging device in-
cludes a sheet feed unit rotatably supporting a rolled
sheet of heat-fusible packaging paper, and a sealing de-
vice provided in a feed path through which the packag-
ing sheet is unwound and fed. Upstream of the sealing
device, the sheet is folded in half, drugs are supplied,
and the sheet is heat-sealed in the width direction and
along the edges by the sealing device to seal the drugs.
[0003] When the packaging sheet runs out, a new pa-
per roll is set in the paper feed unit, and the new sheet
is unwound and fed. When the sheet is fed, it has to be
tensioned uniformly so that the sealing position will not
deviate due to inaccurate folding of the sheet. But actu-
ally, the tension applied to the sheet changes gradually
because the diameter of the paper roll changes gradu-
ally as the sheet is unwound.

[0004] Examined Japanese utility model publication
1-36832 discloses a sheet tension adjusting device
which can apply uniform tension to the sheet even when
the diameter of the sheet roll changes. The sheet ten-
sion adjusting device disclosed in this publication has a
roll support cylinder on which is detachably mounted a
sheet roll. A plurality of roll diameter detection sensors
are provided at the side of the sheet roll. Signals from
these detection sensors are used to control the electro-
magnetic force produced by an electromagnetic brake
provided in the roll support cylinder so that the braking
force decreases stepwise as the roll diameter decreas-
es.

[0005] With this conventional sheet tension adjusting
device, the length of the sheet on the roll, which changes
as the sheet is unwound, is detected stepwise by the
roll diameter sensors arranged in the diametric direction
of the roll. Thus, when the roll diameter decreases to a
point where the detection sensor rank changes, the
braking force rank of the electromagnetic brake will fluc-
tuate up and down for every rotation due to deviation of
the axis of the core shaft, the weight of the sheet, or
winding strain.

[0006] If this happens, the sheet edges cannot be
aligned accurately when the sheetis folded in half. Com-
plete packaging is thus impossible. Since the braking
force rank changes sharply, the sheet may suffer a lac-
eration in the width direction.

[0007] Light reflecting type detection sensors have a
problem in that they are more likely to malfunction.
Packaging sheets used for a drug packaging device in-
clude semitransparent, or transparent heat-fusible pa-
per and many other kinds of paper. If the end position
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of such a sheet changes, light is reflected differently,
making it impossible to detect the reflected light as a
signal. This deteriorates detecting accuracy. Further, it
tends to meander under the influence of humidity vari-
ations. Detection accuracy may deteriorate due to une-
ven end faces.

[0008] A thermal printer is usually provided upstream
of the position where the sheet is folded in half for print-
ing the packaging sheet. If the sheet vibrates, its printing
dots may chip, or the durability of a remainder indicator
lamp may deteriorate.

[0009] Besides this problem, it is essential to provide
a function for detecting breakage of a sheet when a
sheet has run out of one roll or if a sheet has broken due
to excessive braking force, to prevent various devices
having the tension adjusting device from stop function-
ing, to eliminate a waste of time, and to preventinfluence
on the tension adjusting work itself. But conventional
tension adjusting devices have no such function.
[0010] An object of this invention is to provide a sheet
tension adjusting device which can stably apply suitable
tension to the paper feed portion according to the diam-
eter of a paper roll around which is wound an ultrathin
sheet by setting a braking force for every step without
producing level changes of the braking force selected
in a stepwise manner due to the influence of slight
change in the diameter of the paper roll, whereby sheets
can be processed without any trouble, and which can
cope with breakage of a sheet.

SUMMARY OF THE INVENTION

[0011] According to this invention, there is provided a
sheet tension adjusting device for adjusting tension of
a sheet fed from a paper roll mounted on a roll support
cylinder rotatably mounted on a support shaft to a sheet
processing station, the device comprising brake means
engaging the roll support cylinder for applying a braking
force, an angle sensor for detecting the rotation angle
of the roll support cylinder, a sheet length sensor for
measuring the feed length of the sheet on the sheet feed
path to the sheet processing station, and a control unit
comprising a tension adjusting unit for calculating the
current sheet length or diameter or the diameter of the
roll based on the sheet length or the rotation angle
measured by either sensor, and adjusting the tension in
the sheet being fed to the sheet processing station by
adjusting a DC voltage applied to the brake means in a
stepwise manner and constantly in each step according
to the diameter of the roll to control the braking force of
the brake means, and a sheet breakage detection unit
for judging that the sheet has broken, based on whether
or not one or both of the sheet length sensor and the
angle sensor are producing signals.

[0012] In this sheet tension adjusting device, two sen-
sors, i.e. the sheet length sensor and the angle sensor
are used. When detection signals from the two sensors
are received, a change in the amount of winding is di-
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rectly obtainable from the change in the signal from one
sensor while using a predetermined amount of the other
sensor as a reference.

[0013] By correlating a predetermined range of
change in roll length with a change in the roll diameter
beforehand, it is possible to select a stepwise control
level of the braking force simply by detecting the change
in the roll length. Thus, it is possible to adjust the sheet
tension to an optimum level for each stage by controlling
the braking force according to the roll diameter.

[0014] In this case, each rank of the braking force is
changed over from a larger to a smaller value within
such a range that there will be no trouble in sheet
processing due to a change in tension when the braking
force is changed in a stepwise manner. Thus, while in
the conventional arrangement in which the winding di-
ameter of the paper roll is directly detected by a sensor,
each rank of the braking force tends to change sharply
near the diameter where the rank of the braking force
changes over due to uneven winding, the device of this
invention is free of this problem.

[0015] Also, when the signals form the two sensors,
i.e. the sheet length sensor and the angle sensor are
inputted into the control unit, the fact that the sheet has
broken is judged by the judging unit based on whether
or not there exist signals from the two sensors, sepa-
rately from the operation for the tension adjustment.
Based on the results of judgment, feed of the sheet is
stopped, or the tension adjusting device is stopped.
[0016] Other features and objects of the present in-
vention will become apparent from the following descrip-
tion made with reference to the accompanying draw-
ings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS
[0017]

Fig. 1 is a partial schematic view of a paper feed
unit and a packaging unit of a packaging device;
Fig. 2 is a vertical sectional view of the paper feed
unit with a roll of paper mounted thereon;

Fig. 3 is a schematic block diagram of a control cir-
cuit of a tension adjusting device for a packaging
sheet;

Fig. 4 is a side view a paper feed unit as viewed in
the direction of arrow VI-VI of Fig. 2;

Fig. 5is a side view of the paper feed unit as viewed
in the direction of the arrow V-V of Fig. 2;

Fig. 6 is a schematic view of an angle sensor;

Fig. 7A-7D are schematic views of different type an-
gle sensors;

Fig. 8A and 8B are views showing basic function of
the tension adjusting device;

Fig. 9 is a flowchart showing a special operation
mode;

Fig. 10 is a flowchart showing a normal operation
mode;
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Fig. 11 is a graph showing the relationship between
the DC voltage applied and the winding length dur-
ing the special mode;

Fig. 12 illustrates how a slip detection sensor de-
tects slipping;

Fig. 13 is a flow chart for explaining the function of
detecting the breakage of sheet; and

Fig. 14 is a diagram for explaining how the signals
from the sensor are used.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0018] Embodiments of this invention are described
with reference to the drawings. Fig. 1 is a schematic di-
agram of a drug packaging machine, showing mainly a
paper feed unit and a packaging unit. The paper feed
unit has a support shaft 1 on which is rotatably mounted
a core pipe P on which is wound a roll R of a drug pack-
aging paper sheet S. The sheet S is unwound from the
roll R, and fed through feed rollers 2, 3 to the packaging
unit.

[0019] Inthe packaging unit, the sheet is longitudinal-
ly folded in half by a triangular plate 4. Drugs are
dropped into the space defined in the folded sheet. The
sheet is then heat-sealed widthwise and along both side
edges at predetermined intervals by heating rollers 6
with perforators. While the packaging unit includes nu-
merous other parts, only essential parts are shown for
simplicity.

[0020] Fig. 2 is a partial vertical section of the paper
feed unit in which the roll paper R and the core pipe P
are set. As shown, the support shaft 1 comprises a cent-
er shaft 1a having one end thereof fixed to a support
plate 11 by a nut, an outer shaft 1b integrally mounted
around the center shaft 1a, and a hollow shaft 1c rotat-
ably mounted on the outer shaft 1b through bearings 12
provided near both ends of the outer shaft 1b.

[0021] The center shaft 1a has a shaft head 13 at one
end. The outer shaft 1b has a flange 14 at the same one
end. The hollow shaft 1c has a flange 15 at the other
end. The core pipe P and the roll paper R, mounted on
the hollow shaft 1c, are rotatable relative to the support
shaft 1. A plurality of magnets 16 are provided on the
inner peripheral surface of the flange 15 at suitable in-
tervals. Ferromagnetic (iron) members 17 are provided
along the circumference of an end face of the core pipe
P. The magnets 16 attract the ferromagnetic member 17
to detachably mount the core pipe P and the roll paper
R on the hollow shaft 1c.

[0022] Packaging sheet S unwound from the roll pa-
per R is suitably tensioned by a motor brake 20 engag-
ing the hollow shaft 1c. The motor brake 20, mounted
on the support plate 11, is connected to a gear unit 21
through a transmission belt, not shown. The gear unit
21 has an output shaft on which is mounted a pinion 22
in mesh with a large gear 23 provided on the outer pe-
ripheral surface of the flange 15. Thus, by activating the
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motor brake 20, braking force is applied to the hollow
shaft 1c.

[0023] The motor brake 20 is a small AC motor pow-
ered by a DC voltage. As will be described below, brak-
ing force is variable in four stages according to the ten-
sion in the packaging sheet S being unwound by chang-
ing the DC voltage applied in four stages.

[0024] As shown in Fig. 3, the control unit 30 receives
the signals from a rotary angle sensor assembly com-
prising four magnets 24 and four Hall element sensors
25, and a sheet displacement sensor comprising a prox-
imity switch 26 and projections 27.

[0025] Specifically, the control unit accurately calcu-
lates the length of the sheet S unwound from the paper
roll R based on the sheet length sensor signal of the first
embodiment and the signal from the rotation angle sen-
sor, and adjusts the braking force corresponding to the
variation in diameter of the roll R to adjust the tension
applied to the sheet.

[0026] As shown in Fig. 6, the four magnets 24 of the
second embodiment are provided on the inner periph-
eral surface of the core pipe P at angular intervals of
67.5° around the axis of the pipe P, while the four Hall
element sensors 25 are provided at one end of the sup-
port shaft 1 at equal angular intervals of 90° around the
axis of the pipe P.

[0027] The numbers and positions of magnets 24 and
sensors 25 are however not limited to those shown in
Fig. 6. Fig. 7 shows some variations of their numbers
and arrangement. In any variation, the Hall element sen-
sor or sensors 25 produces a pulse signal every time
the core pipe P rotates 22.5°.

[0028] Also, instead of the combination of magnets 24
and Hall elements 25, photosensors may be used to de-
tect the rotation of the core pipe P. Such photosensors
comprise light emitting diodes and light interceptors and
are fixed to one end of the support shaft 1 (outer shaft
1b) as with the Hall elements 25.

[0029] More particularly, such photosensors are
mounted on an extension or mounting seats provided
on the flange end of the outer shaft 1b, while projections
are provided on the core pipe P at angular intervals of
22.5° so as to pass between the light emitting diodes
and the light interceptors of the photosensors. The num-
bers of the photosensors and the projections are the
same as the Hall element sensors 25 and the magnets
24.

[0030] Fig. 3 schematically shows a block diagram of
a circuit for controlling various parts of the device for
feeding packaging sheet from the paper feed unit and
packaging drugs. Its control unit 30 receives signals
from an end sensor 31, those from a rotary encoder 32
provided near the feed rollers 3, and those from a re-
volving speed counter 33 mounted on the output shaft
of a motor 6a coupled to the shaft of one of the heating
rollers 6, and produces, based on one of the above sig-
nals, outputs for activating the motor brake 20 or the
motor 6a. Numeral 34 indicates an input unit for inputting
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external data.

[0031] Fig. 5 is a side view as viewed in the direction
of arrow VI-VI of Fig. 2, and mainly shows the position
of the displacement detection sensor for the packaging
sheet. In this example, a single proximity switch 26 is
provided on the support plate 11. Sixteen projections 27
are provided on the flange 15 of the rotatable hollow
shaft 1c of the support shaft 1.

[0032] If there is a difference in pitch between the ro-
tation angle sensor signal detected by the Hall element
sensors 25 and the signal detected by the displacement
detection sensor, the control unit determines that there
is a displacement.

[0033] In the drug packaging device, drugs are pack-
aged while adjusting the sheet tension in the following
manner.

[0034] In this embodiment, the maximum diameter
dmax @nd the minimum diameter do of the roll paper R
to be set in the paper feed unit are known beforehand.
As shown in Fig. 8, braking force produced by the motor
brake 20 is varied in four stages according to the signal
from the rotary encoder 32 to apply suitable tension to
the sheet by adjusting the braking force according to the
changing diameter of the paper roll R.

[0035] The roll paper R shown has a maximum diam-
eter d5x = 160 mm, minimum diameter dy = 64 mm,
and sheet thickness y = 30 um. In this case, braking
force produced by the motor brake is varied every time
the diameter of the paper roll R decreases (160 - 64)/4
=24 mm.

[0036] The length L of the sheet forming a roll R of a
given diameter is given by the following formula:

L = [(dg+2X7) + (dp+2X2y) +-++ (dy+2X(n-1)y
+(dgt2Xny)l n
=[ndy + 2(1+2+-+n-1+n) y]n

=[ndy +2 X

n(n2+1) VI

= [do* (n+1)y)] nn (1)

(wherein n is the number of turns)
[0037] The diameter of the roll R is given as follows:

e = do +2 X Ny )

max

[0038] From Formula (1), the length L5, of the sheet
forming the roll R when the roll diameter is maximum is:

I‘max =[64 X n+n(n+1) X 30n X 10-3] T

[0039] From Formula (2),
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= 64 +2 % 300 x 10™° = 160 (mm)

[0040] Thus,

n=96/6 x 107 = 1600

[0041] Hence,

Linax = (64+1601x 30X 10°) x 16007

= 562,688 (m)

[0042] Now, let the diameter range of the roll paper
divide into four stages N = 1 (largest), 2 (second largest),
3 (third largest) and 4 (smallest). The maximum sheet
length of the roll in each stage is given by the following
formulas:

where N =1, L, = 562,688 (m), (n = 1600, d,,x
=160)

where N =2, L, = 376,800 (m), (n = 1200, d,x
=136)

where N = 3, L., = 221,056 (m), (n = 800, d;,ax
=112)

where N =4, L, = 95,456 (m), (n =400, d;,ox =
88)
[0043] In Figs. 8A, 8B, for the convenience of the de-
scription of operation, the number and arrangement of
magnets 24 and Hall element sensors 25 are different
from those in the abovesaid embodiment. But its basic
operation is the same in that one pulse signal is pro-
duced for every 22.5° rotation.
[0044] Asshown Fig. 8A, when the radius of the paper
roll is large, the angle sensor produces fewer pulses
while the packaging sheet is unwound by the length 1.
As the paper roll radius decreases as shown in Fig. 8B,
the number of pulses increases. If the pulse numbers
when the paper roll radius is at its maximum and mini-
mum is 3 and 10, respectively, the range of pulse num-
bers from 3-10 are divided into four stages so as to apply
D/C currents that can apply suitable tension corre-
sponding to the respective stages to the motor brake 20
to adjust the braking force.
[0045] There is the following relationship between the
above tension level N = 1-4 and the pulse number. Pro-
vide the maximum and minimum diameters of the paper
roll R are 160 mm and 64 mm, respectively, the length
of the sheet unwound from the roll when the roll diameter
is maximum will be T X 160 mm. Since the angle sensor
25 produces one pulse signal for every 22.5° rotation
(16 pulses for every full turn), the sheet is unwound by
7 X 160/16 = 314 m/m. For the unwound length of 3140
m/m, the pulse number will be 10.
[0046] When the roll diameteris minimum, there is the
following relation between the length of sheet unwound
and the pulse number. That is, since © X 64/16 = 129.5
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m/m, for the unwound length of 3140 m/m, the pulse
number will be 3140/1295 X 10 = 24.2.

[0047] The pulse number and the DC voltage for eve-
ry tension level N are determined as follows:

Tension Level N | Pulse Number | DC Voltage
N=1 10-13 25V
N=2 14-17 16V
N=3 18-21 12v
N=4 22-24.2 8V

[0048] In the above description, the tension level N is
adjusted according to the pulse number for a given un-
wound length of sheet. But the tension level may be de-
termined based on the unwound length of sheet when
a predetermined number of pulses have been produced.
More detailed description of this method follows:
[0049] Figs. 9 and 10 are flowcharts showing the op-
eration of the tension adjusting device. Specifically, Fig.
10 is a flowchart of a special mode to be carried out be-
fore the normal mode of the tension adjusting device.
Fig. 10 is a flowchart of the normal mode.

[0050] Inthe special mode shown in Fig. 9, the control
unit checks various conditions for the normal packaging
operations in the packaging unit so that the normal
mode can be carried out smoothly. Before the normal
packaging operation, packaging sheet has to be correct-
ly setin the packaging unit. The packaging sheet is usu-
ally set manually by inching. The control mode passes
this special mode.

[0051] In Step SO, the control unit determines if the
current mode is the special mode. The special mode
starts if any one of the following conditions is met: i.e.
the actuation of the end sensor or joint seal, and the
detection of inching mode or reverse rotation of the
winding length sensor. The joint seal is activated while
one paper roll has run out and a new roll is being set
and spliced to the preceding sheet.

[0052] The inching mode starts by switching on the
control unit before the start of all of the operations, and
the packaging sheet is manually set in the above-de-
scribed manner.

[0053] The special mode is necessary because a
new, complete paper roll is not always set but there is
the possibility that a used roll paper having e.g. half the
diameter of a new roll may be set. If the roll set has only
half the diameter of a new paper roll, the tension is ini-
tially adjusted to an intermediate level smaller than the
tension corresponding to the diameter of the new roll.
[0054] If the current mode is judged to be the special
mode in Step SO, the tension is set at the maximum level
in Step SS1, and various sensors (reference sensor, ro-
tation number counter, winding length sensor, core pipe
slip sensor) are activated (Step SS2). In this state, the
packaging sheet is fed little by little by manual inching,
and the signals from the sheet length sensor or rotary
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encoder 32, and the angle sensors or Hall element sen-
sors 25.

[0055] In Step SS5, the control unit calculates the
sheet length of the paper roll based on these signals
using the above-described formulas to determine
whether the roll has the maximum diameter or not, e.g.
half the maximum diameter. If this calculation is not pos-
sible (NO), Step SS3 is carried out again. If possible,
the control unit determines in Step SS7 if the conditions
for reentering the special mode are all removed. If they
are, the tension is adjusted to a suitable level in Step
SS8. Steps SS9 and SS10 are steps for detecting slip-
ping of the core pipe, which will be described later.
[0056] During tension adjustment in Step SS8, a DC
voltage corresponding to maximum tension is set at 25
V if the paper roll has a maximum diameter (new) and
at about 20 V if the paper roll diameter is about half the
maximum diameter to prevent any abrupt change in ten-
sion.

[0057] When the tension has been adjusted to a suit-
able level, the program returns to Step SO to determine
whether or not to carry out the special mode operation
again. This time, the program proceeds to the normal
mode [A].

[0058] In the normal mode shown in Fig. 10, an inch-
ing mode switch is manually changed over, and then in
Step S1, the previously set data is read out, and the var-
ious sensors are kept turned on (S2). By this time, the
normal operation of the packaging unit has started. At
the start of the normal operation, the tension is control-
led to the DC current value suitably set in the special
mode.

[0059] Thenin Steps S3, S4 and S5, the sheet length
signal and angle sensor signal are inputted in the same
manner as in the special mode to calculate the sheet
length of the roll. This calculation is carried out substan-
tially in the above-described manner. If, as a result of
calculation, the roll R turns out to be an unused, full-
volume roll, the DC voltage is setat 25V, 16 V, 12V or
8Vin Step S7, S9, S11 or S13 according to the judgment
in Steps S6, S8, S10 and S12, in the same way as in
the first embodiment. Fig. 11 shows the relationship be-
tween the above-described winding length and the DC
voltage control.

[0060] After the tension control has been carried out
via any of the abovementioned routes, the control unit
determines if the core pipe is slipping in Step S14 based
on the signal from the proximity switch 26. As shown in
Fig. 5, the switch 26 is provided opposite to the 16 fer-
romagnetic projections, and produces a pulse signal
every time the core pipe rotates 22.5° in exactly the
same manner as the Hall element angle sensors 25.
[0061] Inthe embodiments, the angle sensors 25 and
26 are different types, but they may be of the same type.
The time chart of Fig. 12 shows the relationship between
the pulse signals produced by the angle sensors and
the rotation angle. As shown, the pulse signals by the
slip detection sensor can be obtained synchronously
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with the pulse signals by the winding length detecting
sensor unless the winding condition changes with ten-
sion.

[0062] Butif the rotation resistance of the motor brake
20 produced by each of the above-described DC volt-
ages is inappropriate, for example, if the tension is too
large at the tension level N = 2, the paper roll R will rotate
strongly together with the core pipe P. This may cause
a shift in the position where the ferromagnetic members
17 are attracted to the magnets 16. If this happens, al-
though the Hall element sensors 25 keep producing
pulse signals at regular angular intervals of 22.5° , the
proximity switch 26 may produce two pulse signals si-
multaneously and fails to produce a signal when the
core pipe rotates another 22.5° .

[0063] Fig. 12 shows how pulse signals change when
such a position shift occurs. As shown, the slip detection
sensor fails to produce pulse signals at positions C and
D after the core pipe has made a complete turn. Instead,
pulse signals are produced between D and A with some
displacement.

[0064] In such a case, the control unit can determine
that the slip detection sensor has failed to produce a
pulse signal at position C by referring to the signal from
the winding length detection sensor. If, for example, the
DC current of 16 V is too high at the level N = 2, so that
the tension is too high, the voltage may be reduced to
14 V to adjust the tension to a suitable level. With this
voltage adjustment, a pulse signal can be produced at
any desired position after position D.

[0065] After adjusting any position shift of the core
pipe P due to sheet tension variation, the control unit
checks in Step S16 if paper is still wound on the pipe P
based the signal from the end sensor 31. If the sensor
31 has not yet detected the terminal end of the paper,
the Step S3 operation is carried out, that is, the sheet
tension is controlled according to the winding length of
the paper roll by repeating the above calculations.
[0066] The tension control mode ends when the end
sensor 31 detects the terminal end of the packaging
sheet S. If it is necessary or desired to continuous pack-
aging thereafter, the program returns to the special
mode to replace the roll R with a new one and connect
the sheet ends.

[0067] Steps SS9 and SS10 are shown by chain lines
in the flow chart for the special mode, which means that
these steps are not essential. If provided, though, their
functions are the same as Steps S14, S15 in the slip
detection operation in the normal mode.

[0068] The above description has been made on the
assumption that the paper roll R is a full-volume roll. If
a roll about half the maximum diameter is set in the pa-
per feed unit, after the tension has been adjusted in the
special mode to a level slightly larger than the tension
during the normal mode when the full-volume roll is un-
wound to about half the maximum diameter, the normal
mode is started. It is thus possible to smoothly start the
normal mode without the possibility of an abrupt rise in
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tension.

[0069] In the description of the above embodiments,
we have described the sensor assembly comprising the
proximity switch 26 and projections 27 as a sensor for
detecting "slip" of the pipe P relative to the hollow shaft
K. But this sensor assembly may be used as a substitute
for the sensor assembly comprising the magnets 24 and
Hall element sensor 25 as an angle detector sensor.
[0070] The former sensor assembly comprising the
proximity switch 26 and projections 27 keeps outputting
a pulse signal at the same timing as the angle detection
by the Hall element sensor 25 as shown in Fig. 12., as
long as no abnormal braking force is applied from the
motor 20 (due e.g. to failure of the braking motor 20).
Thus, it is possible to use this pulse signal as an angle
detection signal.

[0071] If the proximity switch is used as an angle de-
tection sensor, the Hall element sensor 25, which is
used as an angle detection sensor, is unnecessary and
can be omitted. In this case, the angle sensor including
the proximity switch 26 acts both as an angle sensor
and a slip detection sensor. In order for this sensor to
act as a slip detection sensor, a reference signal is need-
ed. Such a reference signal can be provided by the ro-
tary encoder 32.

[0072] If abnormal braking force is applied form the
braking motor 20, that is, if the motor 20 stops, the hol-
low shaft K and its flange 15 will stop. Slip thus occurs
between the pipe P and the flange 15. If paper is being
fed even slightly in this state, the rotary encoder 33 will
produce a signal. Thus, the proximity switch 26 can de-
tect that the pipe is slipping relative to the flange 15 from
the fact that the pulse signal from the encoder 33 does
not coincide with the pulse signal from the proximity
switch 26.

[0073] Inthe above embodiments, the angle detection
sensor, shift detection sensor and winding length detec-
tion sensor (rotary encoder) are all used to determine
the diameter of the winding. But it is also possible to
detect that the sheet has been cut, using some of these
sensors. This function is useful because the sheet ten-
sion adjusting device of each embodiment is used with
a drug packaging device, and a sheet fed to the pack-
aging device may be cut due to an excessive braking
force applied thereto or due to the fact that one of the
sheet rolls has run out of sheet.

[0074] In the above embodiment, the feed length is
detected by the rotary encoder 32. Based on the feed
length detected, the sheet length wound on the roll is
calculated. Based on the winding length thus calculated,
which is a pulse signal of the angle detection sensor or
Hall element sensor 25, a winding radius is calculated
to adjust the braking force. Also, the "shift" of the core
pipe P relative to the flange 15 is detected by the prox-
imity switch 26 as a shift detection sensor. The signals
from these sensors can also be used to detect that the
sheet has been cut, in the following manner. There are
two cases in which the cutting of the sheet is detected.
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[0075] Inthefirstcase, sheetis cut between the paper
roll R and the rotary encoder 32. In this case, one or
either of the angle detection sensor, which is the Hall
element sensor 25 and the shift detection sensor, which
is the proximity switch 26 is not producing pulse signals,
while the rotary encoder 32 is producing a length meas-
uring signal of the sheet feed length.

[0076] In this case, the control circuit 30 can deter-
mine that the sheet has been cut by the addition of a
program for determining that the sheet has been cut.
Based on this judgment, the control circuit 30 transmits
a control signal to the motor 6a of the heating rollers 6
to stop the rollers 6, and also transmits a control signal
to the feed device for feeding drugs to the packaging
device to stop the feed of drugs. The fact that the sheet
has been cut is displayed on a display (not shown).
[0077] In Fig. 3, the rotary encoder 32 is shown to be
mounted on the shaft of a feed roller 3. The rollers 3
shown are a pair of rollers for feeding sheet by sand-
wiching it therebetween. One of the rollers is driven by
a motor, not shown. The rotary encoder 32 is mounted
on the shaft of the other roller 3 that is not driven. The
unillustrated motor is driven synchronously with the mo-
tor 6a for the heating rollers 6. But it may be omitted,
and the feed rollers 3 may be driven by the motor 6a
through a belt.

[0078] Fig. 13 shows a flowchart of an embodiment
having the above-described program for judging that the
sheet has broken. As shown, steps S17-S19 are insert-
ed between Steps S4 and S5 of the flowchart of Fig. 10.
In S$17, itis judged whether or not signals from the sheet
length sensor and the angle sensor have been obtained.
If data are obtained, the program proceeds to S5.
[0079] But if data are not obtained (No), its time is
measured in S18. If data are not obtained for a prede-
termined time, it is judged that the sheet has broken.
Thus, an error message is displayed, and if necessary,
the abovementioned drive control is stopped. The state
of sensor signals when such data are not obtained is
shown in Fig. 14. For the second and subsequent rota-
tions of the core pipe P, the state of sensor signals is
shown in Fig. 14. For the second and subsequent rota-
tions of the core pipe P, the state in which no sensor
signals are inputted is shown. The above process is the
same for the next case, too.

[0080] The second case is the case where the sheet
is not being fed at all. In this case, among the three de-
tection sensors, one or either of the angle detection sen-
sor and the shift detection sensor, and the sheet feed
length detection sensor by the rotary encoder 32 are not
producing signals at all, whereas the revolution number
counter 33, shown in Fig. 3, can count the revolution
number signal. In this case, it is possible to detect the
cutting of the sheet by providing the judgment program
so as to judge that the sheet has been cut. The control
after the judgment that the sheet has been cut is the
same as in the first case.

[0081] The rotary encoder 32 may be provided on the
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shaft of a feed roller 3 as shown, or on the shaft of the
motor 6a for the heating rollers 6. The judgment pro-
grams are exactly the same for both of the abovemen-
tioned two cases.

[0082] If the sheet is cut in either of the above two
cases, the judgment program is provided so as to judge
that the sheet has been cut if no signal is detected by
one or either of the shift detection sensor and the angle
detection sensor, while signals are detected by both the
rotary encoder 32 and the revolution number counter 33.
The control after the judgment that the sheet has been
cut is the same as in the first case.

[0083] This embodiment is applied to the arrange-
ment in which as shown in Fig. 2 the magnets 16 and
ferromagnetic members 17 are provided between the
core pipe P and the flange portion 15 of the hollow shaft
1c¢ so that the core pipe P can shift relative to the hollow
shaft 1c (flange 15). But this embodimeent is applicable
to the arrangement, too, in which instead of such mag-
netic fixing means, protrusions made up of integral mag-
nets 16 and ferromagnetic members 17 are provided on
the flange portion 15 (or on the core pipe P) so that the
core pipe P cannot shift in the rotational direction relative
to the flange portion 15. In this case, no shift detection
sensor is provided because the core pipe P does not
shift.

[0084] In this case, the proximity sensor 26 can be
used as an angle detection sensor. Thus, this sensor or
the angle detection sensor comprising the Hall element
sensor 25 is used. In this example, even if the sheet is
cut halfway or the sheet is not fed at all, no detection
signal is produced by the angle detection sensor. Thus,
depending on whether the rotary encoder 32 is mounted
on the shaft of a roller 3 or the shaft of the motor 6a, the
fact that the sheet has been cut is detected by the judg-
ment program which judges that the rotary encoder 32
is or is not producing a signal while the rotation counter
33 is producing a signal.

[0085] The sheet cut detection function by means of
various sensors and judgment program is necessary in
adevice of the type in which such data as the feed length
of the sheet, winding length, winding diameter are tem-
porarily stored in a memory (RAM), because if the de-
vice is stopped and turned off while sheet is being fed,
interim data disappear and cannot be used at the restart.
[0086] By storing final results in an electrically erasa-
ble/programmable read only memory (EEPROM), the
judgment results are not erased when reset, so that the
device can be restarted correctly.

[0087] According to the presentinvention, the current
winding length of the roll and the winding diameter are
determined based on the change in the signal from one
of the sheet length sensor and the angle sensor relative
to the signal from the other sensor, and the sheet tension
is adjusted by selecting a braking force corresponding
to the diameter. Also, breakage of the sheet can be de-
tected from the presence or absence of the signals from
the sheet length sensor and the angle sensor. In this
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arrangement, even if data on the full winding length is
not known, it is possible to adjust the sheet tension by
selecting a braking force corresponding to the roll diam-
eter corresponding to the current winding length deter-
mined based on the measurement data. Thus, it is pos-
sible to smoothly adjust the sheet tension without the
possibility of abrupt change in tension. Also breakage
of the sheet can be detected.

Claims

1. A sheet tension adjusting device for adjusting ten-
sion of a sheet (S) fed from a paper roll (R) mounted
on a roll support cylinder (P) rotatably mounted on
a support shaft (1) to a sheet processing station,
said device comprising brake means (20) engaging
said roll support cylinder (P) for applying a braking
force, an angle sensor (24, 25; 26, 27) for detecting
the rotation angle of the roll support cylinder (P), a
sheet length sensor (32,33) for measuring the feed
length of the sheet (S) on the sheet feed path to the
sheet processing station, and a control unit (30)
comprising a tension adjusting unit for calculating
the current sheet length or diameter or the diameter
of the roll (R) based on the sheet length or the ro-
tation angle measured by either sensor, and adjust-
ing the tension in the sheet (S) being fed to the sheet
processing station by adjusting a DC voltage ap-
plied to said brake means (20) in a stepwise manner
and constantly in each step according to the diam-
eter of the roll (R) to control the braking force of said
brake means (20)
characterized by
a sheet breakage detection unit for adjusting that
the sheet (S) has broken, based on whether or not
one or both of said sheet length sensor (32, 33) and
said angle sensor (24, 25; 26, 27) are producing sig-
nals.

2. Asheet tension adjusting device as recited in claim
1 wherein the control unit (30) includes a special
mode in which, before a normal mode in which the
tension in the sheet (S) is adjusted while the sheet
(S) is being fed, the paper winding length of the roll
(R) is calculated based on the signals from the
sheet length sensor and the angle sensor (24,25)
in the same manner as in the normal mode by an
inching operation in which the sheet (S) is intermit-
tently fed by a predetermined length, and based on
the roll diameter calculated from the paper winding
length, the braking force is adjusted to a intermedi-
ate level before the start of the normal mode to ad-
just the tension in the sheet (S) beforehand.

3. Asheet tension adjusting device as recited in claim
1 wherein the control unit (30) detects any deviation
in position between the paper roll (R) detachably
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mounted on the roll support cylinder (P) and the roll
support cylinder (P) in the normal mode and/or the
special mode based on an inconsistency between
the signal from an angle sensor (26, 27) provided
between the roll support cylinder (P) and a support
plate (11) of the support shaft (1) for detecting the
rotation angle of the roll support cylinder (P) and the
signal from the angle sensor (26, 27) provided be-
tween the paper roll (R) and the support shaft (P)
for detecting the rotation angle of the paper roll (R).

A sheet tension adjusting device as set forth in any
of claims 1-3 wherein said sheet length sensor is a
rotary encoder (32) or a rotation number counter
(33).

A sheet tension adjusting device as recited in any
of claims 1-3 wherein said angle sensor (24, 25)
comprises a Hall element sensor (25) and a magnet
(24).

A sheet tension adjusting device as recited in any
of claims 1-3 wherein said angle sensor comprises
a photosensor and a projection (27).

A sheet tension adjusting device as recited in claim
5 wherein said angle sensor (25, 24) comprises a
single Hall element sensor (25) or photosensor and
a plurality of magnets (24) or projections (27), or a
plurality of Hall element sensors (24) or photosen-
sors and a single magnet (24) or projection (27) so
that a pulse signal is produced for each of equally
divided angular pitches for one full rotation.

A sheet tension adjusting device as recited in any
of claims 1-3 wherein said angle sensor comprises
a proximity switch (26) and a ferromagnetic member
17).

A sheet tension adjusting device as recited in any
of claims 5 wherein said paper roll (R) is a sheet (S)
of paper wound around a core pipe (P), said magnet
(24) or said projection being provided on the core

pipe (P).

Patentanspriiche

1.

Bahnspannungsregelungsvorrichtung zum Regeln
der Spannung einer Bahn (S), die von einer auf ei-
nem drehbar auf einer Lagerwelle (1) abgestitzten
Rollenlagerzylinder (P) gehaltenen Papierrolle (R)
einer Bahnbearbeitungsstation zugefiihrt wird, wo-
bei die Vorrichtung ein Bremsmittel (20), welches
an dem Rollenlagerzylinder (P) zum Aufbringen ei-
ner Bremskraft anliegt, einen Winkelsensor (24,25;
26,27) zum Erfassen des Drehwinkels des Rollen-
lagerzylinders (P), einen Bahnlangensensor
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(32,33) zum Messen der auf dem Bahnzufiihrweg
zu der Bahnbearbeitungsstation zugefiihrten Lan-
ge der Bahn (S) und eine Steuereinheit (30) um-
fasst, welche eine Spannungsregelungseinheit
zum Berechnen der aktuellen Bahnlange oder des
Durchmessers oder des Durchmessers der Rolle
(R) basierend auf der/dem von einem der Sensoren
gemessenen Bahnldnge oder Drehwinkel und Re-
geln der Spannung der der Bahnbearbeitungsstati-
on zugefuhrten Bahn (S) durch Regeln einer auf
das Bremsmittel (20) zur Regelung der Bremskraft
des Bremsmittels (20) schrittweise und in jedem
Schritt konstant gemaR dem Durchmesser der Rol-
le (R) aufgegebenen Gleichstromspannung um-
fasst,

gekennzeichnet durch

eine Bahnbrucherfassungseinheit, mit der ein
Bruch der Bahn (S) abhangig davon geregelt wird,
ob der Bahnléangensensor (32,33) und/oder der
Winkelsensor (24,25; 26,27) Signale erzeugen
oder nicht.

Bahnspannungsregelungsvorrichtung nach An-
spruch 1, dadurch gekennzeichnet, dass die Kon-
trolleinheit (30) einen Spezialmode umfasst, in
dem, seitlich vor einem Normalmode, in dem die
Spannung in der Bahn (S) beim Zuflihren der Bahn
(S) geregelt wird, die Wickellange des Papiers auf
der Rolle (R) basierend auf den Signalen des Bahn-
langensensors und des Winkelsensors (24,25) in
derselben Weise berechnet wird, wie in dem Nor-
malmode durch Betrieb mit millimeterweiser Bewe-
gung, in welchem die Bahn (S) schrittweise um eine
vorbestimmte Léange zugefuhrt wird, und basierend
auf dem von der Wickellange des Papiers berech-
neten Rollendurchmesser die Bremskraft vor dem
Start des Normalmodes auf ein mittleres Niveau ge-
regelt wird, um die Spannung in der Bahn (S) im
voraus einzustellen.

Bahnspannungsregelungsvorrichtung nach An-
spruch 1, dadurch gekennzeichnet, dass die Kon-
trolleinheit (30) jede Abweichung hinsichtlich der
Position zwischen der Papierrolle (R), die I6sbar auf
dem Rollenlagerzylinder (P) gehalten ist, und dem
Rollenlagerzylinder (P) in dem Normalmode und/
oder dem Spezialmode basierend auf einem Wider-
spruch zwischen dem Signal von einem Winkelsen-
sor (26,27), welcher zwischen dem Rollenlagerzy-
linder (P) und einer Tragerplatte (11) der Lagerwelle
(1) zum Erfassen des Drehwinkels des Rollenlager-
zylinders (P) vorgesehen ist, und dem Signal des
Winkelsensors (26,27), welcher zwischen der Pa-
pierrolle (R) und dem Lagerzylinder (P) zur Erfas-
sung des Drehwinkels der Papierrolle (R) vorgese-
hen ist, ermittelt.

Bahnspannungsregelungsvorrichtung nach einem
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der Anspriiche 1 bis 3, dadurch gekennzeichnet,
dass der Bahnlangensensor eine Drehkodierein-
richtung (32) oder ein Umdrehungszahler (33) ist.

5. Bahnspannungsregelungsvorrichtung nach einem
der Anspruche 1 bis 3, dadurch gekennzeichnet,
dass der Winkelsensor (24,25) einen Hallelement-
sensor (25) oder einen Magneten (24) umfasst.

6. Bahnspannungsregelungsvorrichtung nach einem
Anspriche 1 bis 3, dadurch gekennzeichnet,
dass der Winkelsensor einen Photosensor und ei-
nen Vorsprung (27) umfasst.

7. Bahnspannungsregelungsvorrichtung nach An-
spruch 5, dadurch gekennzeichnet, dass der
Winkelsensor (25,24) einen einzigen Hallelement-
sensor (25) oder Photosensor und eine Mehrzahl
von Magneten (24) oder Vorspriingen (27) oder
aber eine Mehrzahl von Hallelementsensoren (24)
oder Photosensoren und einen einzigen Magneten
(24) bzw. Vorsprung (27) umfasst, so dass ein Puls-
signal fur jeden im Gleichmalf} abgeteilten Winkel-
abschnitt oder eine volle Umdrehung erzeugt wird.

8. Bahnspannungsregelungsvorrichtung nach einem
der Anspriche 1 bis 3, dadurch gekennzeichnet,
dass der Winkelsensor einen Naherungsschalter
(26) und ein ferromagnetisches Bauteil (17) um-
fasst.

9. Bahnspannungsregelungsvorrichtung nach An-
spruch 5, dadurch gekennzeichnet, dass die Pa-
pierrolle (R) eine Papierbahn (S) ist, welche um ei-
ne Kernhohlstange (P) gewickelt ist, und dass der
Magnet (24) oder der Vorsprung an der Kernhohl-
stange (P) vorgesehen sind.

Revendications

1. Undispositif pour ajuster la tension appliquée a une
bande (S) fournie depuis un rouleau de papier (R)
monté sur un cylindrique support de rouleau (P),
monté en rotation sur un arbre support (1), a un pos-
te de traitement de bande, ledit dispositif compre-
nant des moyens de freinage (20) venant en prise
avec ledit cylindrique support de rouleau (P) pour
appliquer une force de freinage, un capteur d'angle
(24, 25; 26, 27) pour détecter I'angle de rotation du
cylindre support de rouleau (P), un capteur de lon-
gueur de bande (32, 33) pour mesurer la longueur
d'alimentation de la bande (S) sur le chemin d'ali-
mentation en bande, au poste de traitement de ban-
de, et une unité de commande (30) comprenant une
unité d'ajustement de tension pour calculer la lon-
gueur ou le diameétre actuel de la bande ou bien le
diametre du rouleau (R) en se basant sur la lon-
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gueur de bande ou bien sur I'angle de rotation me-
suré par le capteur, et ajuster la valeur de tension
régnant dans la bande (S) en cours de fourniture au
poste de traitement de bande, par ajustement d'une
tension de courant continu appliquée auxdits
moyens de freinage (20), de fagon graduée pas a
pas et continue, a chaque étape de graduation, en
fonction du diameétre du rouleau (R) pour comman-
der la force de freinage exercée par lesdits moyens
de freinage (20),

caractérisé par

une unité de détection de rupture de bande, pour
détecter le fait que la feuille (S) s'est déchirée,
d'aprés le fait qu'un, ou aucun ou les deux dudit cap-
teur de longueur de bande (32, 33) et dudit capteur
d'angle (24, 25; 26, 27) sont en cours de production
de signaux.

Un dispositif pour ajuster la tension appliquée selon
larevendication 1, dans lequel I'unité de commande
(30) comprend un mode spécial dans lequel, avant
un mode normal, dans lequel la tension régnant
dans la bande (S) est ajustée tandis que la bande
(S) est en fourniture, la longueur d'enroulement de
papier du rouleau (R) est calculée d'apres les si-
gnaux émis depuis le capteur de longueur de bande
et le capteur d'angle (24, 25), de la méme maniére
que dans le mode normal, par une opération de dé-
placement pas a pas, dans laquelle la bande (S) est
fournie fagon intermittente d'une longueur prédéter-
minée et d'aprés le diamétre du rouleau calculé a
partir de la longueur d'enroulement de papier, la for-
ce de freinage est ajustée a un niveau intermédiaire
avant le démarrage du mode normal dans le but
d'ajuster la tension régnant préalablement dans la
bande (S).

Un dispositif pour ajuster la tension appliquée selon
larevendication 1, dans lequel I'unité de commande
(30) détecte toute variation de position, entre le rou-
leau de papier (R) monté de fagon détachable sur
le cylindrique support de rouleau (P) et le cylindri-
que support de rouleau (P) en mode normal et/ou
en mode spécial, d'aprés une incohérence se ma-
nifestant entre le signal, émis par un capteur d'angle
(26, 27) prévu entre le cylindrique support de rou-
leau (P) et une plaque support (11) de I'arbre de
support (1) pour détecter I'angle de rotation du cy-
lindrique support du rouleau (P), et le signal émis
par le capteur d'angle (26, 27) prévu entre le rou-
leau de papier (R) et le cylindre support (P), dans
le but d'effectuer I'angle de rotation du rouleau de
papier (R).

Un dispositif pour ajuster la tension appliquée selon
I'une quelconque des revendications 1 a 3, dans le-
quel ledit capteur de longueur de bande est un co-
deur de rotation (32) ou bien un compteur de nom-
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bre de tours de rotation (33).

Un dispositif pour ajuster la tension appliquée selon
I'une quelconque des revendications 1 a 3, dans le-
quel ledit capteur d'angle (24, 25) comprend un cap-
teur a élément a effet Hall (25) et un aimant (24).

Un dispositif pour ajuster la tension appliquée selon
I'une quelconque des revendications 1 a 3, dans le-
quel ledit capteur d'angle comprend un photocap-
teur et une saillie (27).

Un dispositif pour ajuster la tension appliquée selon
la revendication 5, dans lequel le capteur d'angle
(25, 24) comprend un capteur a élément a effet Hall
(25) ou un photocapteur unique et une pluralité
d'éléments a effet Hall (24) ou de saillies (27), ou
une pluralité de capteurs a éléments a effet Hall (24)
ou de photocapteurs et un aimant (24) unique ou
une saillie (27) unique, de maniére qu'un signal pul-
satoire soit produit pour chaque pas angulaire, par-
mi une pluralité de pas échelonnés en valeurs an-
gulaires égales, pour un tour de rotation complet.

Un dispositif pour ajuster la tension appliquée selon
I'une quelconque des revendications 1 a 3, dans le-
quel ledit capteur d'angle comprend un interrupteur
de proximité (26) et un organe ferromagnétique
17).

Un dispositif pour ajuster la tension appliquée selon
I'une quelconque des revendications 1 a 5, dans le-
quel ledit rouleau de papier (R) est une bande (S)
de papier, enroulée autour d'un tube de noyau (P) ;
ledit aimant (24) ou ladite saillie étant prévus sur
ledit tube de noyau (P).
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