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Description

The present invention relates to an apparatus
for intermittentily driving an endless belt in an
automatic screen printing machine. More
particularly, the present invention relates to an
apparatus for intermittently driving an endless
belt in an automatic screen printing machine, in
which the precision of feeding of the endless belt
is enhanced irrespectively of non-uniform
mechanical properties of the endless belt which
are due to the uneven thickness and other factors.

As the apparatus for intermittently driving a
printing endless belt by a direct current electric
motor, there has been known an apparatus
comprising a direct current electric motor for
intermittently driving an endless belt, a switch for
setting a repeat length of the endless belt while
converting it to a pulse number, a pulse generator
for detecting as a pulse number the actual feed
length of the endless belt according to displace-
ment of the endless belt, a digital display device
for displaying the repeat length detected by said
detecting mechanism in the form of a numerical
figure, a digital control mechanism for generating
a starting signal, an acceleration signal, a
constant speed signal or a speed reduction and
stop signal according to the pulse number set by
said switch and an electric motor control
mechanism for controlling an input to said direct
current electric motor according to the signal
from the digital control mechanism to start the
electric motor, accelerate the electric motor, drive
the electric motor at a constant speed or
decelerate and stop the electric motor, wherein
said digital control mechanism comprises a
computing mechanism for subtracting the
detected puise number from the set pulse number
and generating a speed reduction signal so that
the endless belt is stopped at a repeat length
corresponding to the set pulse number [see
Japanese  Patent  Application Laid-Open
Specification No. 3448/79 (Japanese Patent
Publication No. 24427/80)].

In this intermittent drive apparatus, the
mechanical feed precision is excellent. However,
a feed error due to the endless belt per se is
unavoidable because the endless belt is ordinarily
composed of a reinforced rubber or the like and is
not a rigid member.

This feed error of the endless belt is due to
non-uniform mechanical properties owing to the
uneven thickness and other factors. Especially in
case of intermittent feeding, the feed error is
caused by the difference of the quantity of
elongation at the respective starting times and the
difference of the degree of contraction at the
respective stopping times. Furthermore, in the
case where there are two supporting roilers, only
the pulling roller is driven to start the endless belt
as a whole at a stroke from the stopped state as in
conventional techniques, the tension is
concentrated on the pulling side of the endless
belt, which is another cause of occurrence of the
feed error of the endless belt.
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It is therefore a primary object of the present
invention to provide an apparatus for inter-
mittently driving an endless belt in an automatic
screen printing machine, in which the tension on
the endiess belt is not concentrated but dispersed
at the time of starting the endless belt and the
precision of feeding of the endless belt can be
enhanced  irrespectively of  non-uniform
mechanical properties of the endless belt which
are due to the uneven thickness and other factors.

In accordance with the present invention, there
is provided an apparatus for intermittently driving
an endless belt in an automatic screen printing
machine, which comprises a pair of rollers, an
endless belt supported on the rollers, a direct
current electric motor for intermittently driving
said rollers and a motor control system for
controlling the rotation of the motor by setting a
pulse number representing a desired repeat
length of the movement of the endless belt,
detecting the actual feed length of the endless
belt as a pulse number and subtracting the
detected pulse number from the set pulse number
to stop the motor and thereby the movement of
the endless belt at the repeat Ilength
corresponding to the set pulse number, charac-
terised in that each of the pulling and feed-out
rollers supporting the endless belt is provided
with a direct current electric motor capable of
independently driving the respective roller, each
motor having associated therewith a respective
pulse generator for detecting a pulse number
representing the actual rotation of the associated
roller and a digital servo mechanism for
substracting the detected pulse number from the
set pulse number and reducing the speed of the
associated motor and stopping the same to stop
the belt after movement thereof through the
repeat length corresponding to the set pulse
number, and further characterised in that a
deviation comparing counter is arranged between
the respective pulse generators associated with
the two motors and one of said digital servo
mechanisms being arranged to compare the
detected pulse numbers from the respective pulse
generators and to correct and to control the input
to the associated electric motor according to the
deviation, whereby the rotational positions of the
two rollers are kept in synchronism with one
another during starting, running and stopping of
the belt.

Fig. 1 is a side view illustrating arrangement of
the apparatus for intermittently driving an
endless belt according to the present invention.

Figs. 2-A, 2-B, 2-C and 2-D are time charts
showing the computing pulse, the voltage
generated at a digital/analog converter, the input
to an electric motor and the feeding of an endless
belt, respectively.

Fig. 3 shows time-speed diagrams for puliing
and feed-out rollers.

The present invention will now be described in
detail with reference to an embodiment illustrated
in the accompanying drawings.

Referring to Fig. 1, an endless belt 3 is laid out
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and supported between a pair of rollers, that is, a
pulling roller 1 and feed-out roller 2, and this
endless belt is intermittently fed by a repeat
length P and a cloth 20 to be printed, which is
placed on the belt 3, is printed.through a scrren 4
by known printing means.

More specifically, a pasting device 16 is
arranged in the vicinity of the feed-out roller 2 to
apply a printing paste to the beit 3 and a pasting
press roller 17 is arranged above the feed-out
roller 2 so that the endless belt 3 is gripped
between the rollers 2 and 17. The cioth 20 to be
printed is fed between the press roller 17 and the
belt 3 and is pasted on the belt 3. The endless belt
3 is intermittently fed by a predetermined repeat
length. The screen 4 arranged above the upper
running passage of the belt 3 is brought down
onto the cloth 20 to be printed, and a squeegee
(not shown) is scanned and moved to apply a
color paste on the screen 4 to the cloth 20. Then,
the screen 4 is elevated, and this cycle is repeated
at a frequency corresponding to the number of
colors to be printed on the cloth 20 and the
printing operation is completed. The printed cloth
20’ is separated from the endless belt 3 and fed to
the subsequent step, for example, the drying step.
The endless belt 3 is washed by a washing device
18 arranged along the lower running passage of
the belt 3, and water is removed from the endless
belt 3 by a water-removing device (mangle) 17.
The above procedures are repeated. )

In the intermittent driving apparatus of the
present invention, a roller-driving direct current
electric motor 5-1 is mounted for the pulling roller
1, if necessary, through a reduction gear 6-1, and
a roller-driving direct current electric motor 5-2 is
mounted for the feed-out roller 2, if necessary,
through a reduction gear 6-2.

Pulse generators 12-1 and 12-2 are arranged for
the driving rollers 1 and 2, respectively, to detect
the actual feed length of the endless belt 3 on
both the pulling and feed-out roller sides
according to displacements of the rollers 1 and 2,
so that these pulse generators 12-1 and 12-2 are
driven and rotated without any slip through gear
mechanisms {not shown) or-the like. These pulse
generators 12-1 and 12-2 may be connected to the
rear portions of the motors.

Furthermore, there are disposed a repeat length
setting switch 7 for setting and displaying-the
repeat length of the endless-belt and a pulse
converting mechanism {sequence computing
circuit) 8 for converting the set repeat length to a
pulse number. Two digital servo mechanisms
comprising elements 9-1, 10-1 and 11-1 and 9-2,
10-2 and 11-2, respectively are mounted for the
pulling roller 1 and the feedout roller 2,
respectively, to subtract the detected pulse
numbers supplied from the puise generators 12-1
and 12-2 from the set pulse number supplied from
the mechanism 8 and stop the direct current
electric motors 5-1 and 5-2 so as to stop the belt 3
at the repeat length corresponding to the set
pulse number.

Each of the servo mechanisms comprises a
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deviation counter 9-1, (9-2), a digital/analog
converter 10-1, (10-2) and an electric motor
control mechanism 11-1, {11-2). The set pulse
number from the pulse converting mechanism 8
is fed to the deviation counter 9-1, (9-2) through a
line 21-1, (21-2) and the detected pulse number
from the pulse generator 12-1, (12-2) is fed to the
deviation counter 9-1, (9-2) through lines 15-1 and
22-1 (15-2 and 22-2), and in the deviation counter
9-1, (9-2), compution of subtracting the detected
pulse number from the set pulse number is
performed. The computed pulse generated from
the counter 9-1, (9-2) is converted to a voltage by
the digital/analog converter 10-1, (10-2), and this
voltage signal is supplied to the electric motor
control mechanism 11-1, (11-2) and a
predetermined electric input is fed to the direct
current electric motor 5-1, {5-2) through a line
23-1, (23-2) to reduce the speed of the motor 5-1,
{56-2) and stop the motor 5-1, {5-2) according to the
set pulse number. A tachometer generator 13-1,
(13-2) is attached to the direct current electric
motor 5-1, (5-2) to detect the actual rotation speed
of the electric motor 5-1, (5-2), and the detection
signal of the tachometer generator 13-1, (13-2) is
fed back to the electric motor control mechanism
11-1, {11-2) through a line 24-1, (24-2).

The relation between the detected pulse and
the set pulse and the operations of the digital
servo mechanisms and electric motor based on
this relation will now be described with reference
to times charts of Figs. 2-A through 2-D. Figs. 2-A,
2-B, 2-C and 2-D are diagrams illustrating the
computed pulse, the voltage generated in the
digital/analog converter, the input to the electric
motor and the feeding of the belt, respectively.

At first, the difference between the pulse
number L set as the repeat length by the switch 7
and pulse converting mechanism 8 and the
detected pulse number R from the pulse
generator 12-1, (12-2) is computed by the
deviation counter 9-1, (9-2), that is, a computer.

The computed pulse number (L—R) is abruptly
increased with initiation of driving of the electric
motor, as shown in Fig. 2-A, and it is then
decreased with increase of the rotation time.

The computed pulse number {L—R} is fed to the
digital/analog converter 10-1, (10-2) and is
converted to a voltage. However, in order to
prevent reckless driving of the electric motor, the
maximum value of the voltage is controlled to a
certain level, as shown in Fig. 2-B.

As shown in Fig. 2-B, the generated voltage is
expressed by an exponential function curve E.
Since precise contro! becomes difficult if the time
is prolonged, this curve is converted to a function
or integration curve F as shown in Fig. 2-C.

Accordingly, the rotation of the electric motor,
that is, the feeding of the belt, is performed along
the line A—B—C—D, namely, the accelerated
driving section AB, the constant speed driving
section BC and the decelerated driving section
CD. After this belt-feeding course, there is present
the belt-stopping section DA. One cycle of the
printing operation consists of these sections
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A—B, B—C, C—D and D—A. in Fig. 2-D, the area
surrounded by the line A—B—C—D corresponds
to the feed length of the belt.

A respective digital servo mechanism, pulse
generator and direct current electric motor are
provided for each of the pulling roller and the
feed-out roller, and the detected pulses from both
the pulse generators are compared with each
other and the inputs to the direct current motors
are controlled according to the difference
between the two detected pulses.

For embodying the above idea, in the
embodiment shown in Fig. 1, the detected pulse
number from the pulse generator 12-2 on the
feed-out roller side is directly fed back to the
deviation counter 9-2 on the feed-out roller side
through the lines 15-2 and 22-2, and simulta-
neously, the detection signal from the pulse
generator 12-2 on the feed-out roller side is
supplied to the deviation comparing counter 14
through the lines 15-2 and 25-2 and the detection
signal from the pulse generator 12-1 on the
pulling roller side is supplied to the deviation
comparing counter 14 through the lines 15-1 and
25-1. In this deviation counter 14, both the
detected pulse numbers are compared with each
other, and the difference is converted to a
correcting voltage and this correcting voltage is
supplied to the electric motor control mechanism
11-2 on the feed-out roller side through a line 26.

More specifically, the deviation comparing
counter 14 compares the pulse number from the
pulse generator 12-2 on the feed-out roller side
with the pulse humber from the pulse generator
12-1 on the pulling roller side, and when the pulse
number on the feed-out roller side is different
from the pulse number on the pulling roller side,
the counter immediately controls the gate signal

to the electric motor control mechanism 11-2 on

the feed-out roller side, that is, the electric input to
the electric motor 5-2 on the feed-out roller side,
so that the detected pulse number of the pulse
generator 12-1 is made equal to the detected
pulse number of the pulse generator 12-2.

In the case where the pulling roller 1 and the
feed-out rolier 2 are independently driven, even if
the feed length of the roller 1 is equal to the feed
length of the roller 2, it frequently happens that
the time-speed diagram (ABCD) of the pulling
roller 1 is different from the time-speed diagram
(AB’C’D’) of the feed-out roller 2 (incidentally, the
area ABCD is equal to the area AB’C’'D’), as shown
in Fig. 3.

When the time-speed diagram of the pulling
roller 1 is thus different from the time-speed
diagram of the feed-out roller 2, even if the feed
length as a whole is the same in both the rollers 1
and 2, an abnormal stress is imposed on the
endless belt and it is difficult to maintain the feed
precision correctly.

In the present invention, by the deviation
comparing counter 14, the difference between the
detected pulse number on the feed-out roller side
and the detected pulse. number on the pulling
roller side is detected at every moment and the
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inputs to the electric motors are corrected so that
in Fig. 3, the time-speed diagram ABCD is made
equal to the time-speed diagram AB'C'D’ with
respect to not only the area (feed length) but also
the trapezoidal shape. For example, supposing
that the difference of the feed length between the
two rollers, that is, the difference of area, is Ax
after the time t from the start of the feeding of the
belt, the pulse number corresponding to this
difference Ax is added to the side of the feed-out
roller 2 to effect correction. Of course, this
correction is not performed after the lapse of the
time t, but the correction is made at every
moment for each pulse.

According to the present invention, as will be
apparent from the foregoing description, the
pulling roller 1 and the feed-out roller 2 are driven
by different electric motors, the detected pulse
numbers are independently subtracted from the
set pulse number and the electric motors are
stopped at the pulse number corresponding to
the set pulse number. Simultaneously, the
detected pulse number from the pulling roller is
compared with the detected pulse number from
the feed-out roller and the inputs to the electric
motors are conirolled according to the difference
between the two detected pulse numbers. By
virtue of such characteristic features, according to
the present invention, the endless belt feed
precision can be maintained at a very high level
without imparting excessive tension or abnormal
stress locally to the endless belt while reducing
and controlling elongation or contraction of the
endless belt.

Ordinarily, the pulse number to the repeat
length is in the range of from 0.005 mm/pulse to
0.1 mm/pulse, and the precision of comparison
and correction attainable in the deviation
comparing counter 14 is +1 pulse. The level of the
correcting electric signal from the deviation
comparing counter 14 can be freely adjusted by a
variable resistor (not shown) according to the
capacitance of the electric motor.

In the embodiment illustrated in the drawings,
the pulling roller 1 is regarded as the main roller
and the feed-out roller 2 is regarded as the
subsidiary roller, and driving of the feed-out roller
2 is compared and corrected based on the pulse
number generated from the side of the pulling
roller 1. As is obvious to those skilled in the art,
the above-mentioned characteristic features can
similarly be attained even if the reverse structure
is adopted. )

The distribution of the capacitance between the
direct current electric motors 5-1 and 5-2 is
appropriately determined according to the size of
the printing machine, that is, the load of the
intermittent feeding of the endless belt, and other
loads. For example, in the case where 7.5 KW is
necessary for driving one roller alone as in the
conventional techniques, this may be divided
equally so the capacity of 3.7 KW is distributed to
each electric motor. Furthermore, it is possible to
distribute 5.5 KW to the electric motor on the
pulling roller side and 2.2 KW to the electric. motor
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on the feed-out roller side. Of course, it is
preferable that the diameter of the pulling roller 1
should be equal to the diameter of the feed-out
roller 2 and the rotation rate and pulse-generating
number of the pulse generator 12-1 should be
equal to those of the pulse generator 12-2.
However, the difference of the processed
dimension of the diameter can be adjusted and
corrected, for example, by F/F conversion
{frequency conversion) in the deviation counters
9-1 and 9-2.

Claims

1. An apparatus for intermittently driving an
endless belt (3) in an automatic screen printing
machine, which comprises a pair of rollers (1, 2)
an endless belt (3) supported on the rollers, a
direct current electric motor for intermittently
driving said rollers and a motor control system for
controlling the rotation of the motor by setting a
pulse number representing a desired repeat
length of the movement of the endless belt,
detecting the actual feed length of the endless
belt as a pulse number and subtracting the
detected pulse number from the set puise number
to stop the motor and thereby the movement of
the endless belt at the repeat length correspond-
ing to the set pulse number, characterised in that
each of the puiling and feed-out rollers (1, 2)
supporting the endless belt is provided with a
direct current electric motor (5-1; 5-2) capable of
independently driving the respective roller, each
motor having associated therewith a respective
pulse generator (12-1; 12-2) for detecting a pulse
number representing the actual rotation of the
associated roller and a digital servo mechanism
(9-1, 10-1, 11-1; 8-2, 10-2 11-2) for subtracting the
detected pulse number from the set pulse number
and reducing the speed of the associated motor
and stopping the same to stop the belt after
movement thereof through the repeat length
corresponding to the set pulse number, and
further characterised in that a deviation
comparing counter (14} is arranged between the
respective pulse generators (12-1; 12-2)
associated with the two motors and one of said
digital servo mechanisms being arranged to
compare the detected pulse numbers from the
respective pulse generators and to correct and to
control the input to the associated electric motor
according to the deviation, whereby the rotation
positions of the two rollers are kept in
synchronism with one another during starting,
running and stopping of the beit.

2. An apparatus as set forth in claim 1, wherein
the first mentioned _digital servo mechanism
comprises a deviation counter (9-1, 9-2) for
subtracting the detected pulse number from the
set pulse number, a digital/analog converter 10-1,
10-2) for converting the computed pulse from the
deviation counter to a voltage and an electric
motor control mechanism (11-1, 11-2) for
stopping the electric motor at the set pulse
number according to the voltage signal from the
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digital/analog converter, and said deviation
comparing counter converts the difference
between both the pulse numbers to a correcting
voltage signal and feeds said voltage signal to the
electric motor control mechanism.

Revendications

1. Dispositif pour entrainer par intermittence
une bande sans fin (3} dans une machine
d'impression séragraphique automatique qui
comprend une paire de rouleaux (1, 2}, une bande
sans fin (3) supportée sur les rouleaux, un moteur
électrique pour entrainer de facon intermittente
lesdits rouleaux et un systéme de commande de
moteur pour commander la rotation du moteur en
fixant un nombre d'impulsions représentant une
longueur de répétition désirée de la bande sans
fin, en détectant la longueur d’alimentation
effective de la bande sans fin sous forme d'un
nombre d'impulsions et en soustrayant le nombre
dimpulsions détecté du nombre d'impulsions
fixé pour arréter le moteur et de ce fait le
mouvement de la bande sans fin a la longueur de
répétition qui correspond au nombre d'impulsion
fixé, caractérisé en ce que chacun des rouleaux de
traction et d’alimentation (1, 2) qui supportent la
bande sans fin est équipé d'un moteur électrique
(5-1; 5-2) capable d'entrainer de fagon
indépendante les rouleaux respectifs, un
générateur d'impulsions (12-1; 12-2) étant associé
respectivement a chaque moteur pour détecter un
nombre d'impulsions représentant la rotation
effective du rouleau associé et un servo-
mécanisme numérique (9-1, 10-1, 11-1; 9-2, 10-2,
11-2) pour soustraire le nombre d'impulsions
détecté du nombre d'impulsions fixé et réduire la
vitesse du moteur associé et arréter ce moteur
pour arréter la bande aprés son mouvement sur
une longueur de répétition correspondant au
nombre d'impuisions fixé, et caractérisé en outre
en ce qu'un compteur comparatif de déviation
(14) est disposé entre les générateurs
d'impulsions respectifs (12-1; 12-2) associés aux
deux moteurs et en ce qu'un desdits servo-
mécanismes numériques est aménagé pour
comparer les nombres d'impulsions détectés
provenent des générateurs d'impulsions
respectifs et pour corriger et commander |'entrée
du moteur électrique associé en fonction de la
déviation, les positions de rotation des deux
rouleaux étant ainsi maintenues en synchronisme
mutuel pendant le démarrage, la rotation et I'arrét
de la bande.

2. Appareil selon la revendication 1, caractérisé
en ce que la servo-mécanisme numérique
premiérement mentionné comprend un compteur
de déviation (9-1, 9-2) pour soustraire le nombre
d'impulsions détecté du nombre d'impulsions
fixé, un convertisseur numérique/analogique (10-
1, 10-2) pour convertir 'impulsion calculée par le
compteur de déviation en une tension et un
dispositif de commande de moteur électrique
(11-1, 11-2) pour arréter les moteurs électriques
au nombre d’impulsions fixé en fonction du
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signal de tension provenant du convertisseur
numeérique/analogique, et en ce que ledit
compteur de comparaison de déviation convertit
la différence entre les deux nombre d'impulsions
en un signal de tension de correction et applique
ledit signal de tension au dispositif de commande
de moteur électrigue.

Patentanspriiche

1. Vorrichtung zum intermittierenden Antrieb
des Endiosbandes in einer automatischen
Siebdruckmaschine, die ein Paar das Endlosband
(3) tragende Walzen (1, 2}, einen elektrischen
Gleichstrommotor zum intermittierenden Antrieb
der Walzen und ein Motorsteuersystem aufweist
zur Steurung der Drehung des Motors durch
Vorgabe einer der gewiinschten Wiederholldnge
der Bewegung des Endlosbandes entsprech-
enden Impulszahl, Erfassen der tatsdchlichen
Vorschubldange des Endlosbandes als eine
Impulszahl und Subtraktion der erfal3ten Impuls-
zahl von der vorgegebenden Impulszahl zum
Anhalten des Motors und damit der Bewegung
des Endlosbandes an der der vorgegebenen
Impulszahl entsprechenden Wiederholldnge,
dadurch gekennzeichnet, dal} jede der das
Endlosband tragenden Zug- und Ausgabewalzen
{1, 2) mit einem elektrischen Gleichstrommotor
(5-1; 5-2) zum unabhédngigen Antrieb der jeweili-
gen Walze versehen ist, jedem Motor jeweils ein
Impulsgenerator (12-1; 12-2) zum Erfassen einer
der tatsachlichen Rotation der zugehdrigen Walze
entsprechenden Impulszahl und eine digital
arbeitende Servovorrichtung (9-1, 10-1, 11-1; 9-2,
10-2, 11-2) zugeordnet ist, zur Subtraktion der
erfasten Impulszahl von der vorgegebenen
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impulszahi und zur  Reduzierung der
Geschwindigkeit des zugehdrigen Motors und
Anhalten desselben zum Anhaiten des Bandes
nach Bewegung desselben um die der vorgege-
benen Impulszahl entsprechende Wieder-
holldnge, und daf} zwischen den zu den zwei
Motoren jeweils zugehérigen Impulsgeneratoren
(12-1; 12-2} ein verglechender Zahler (14) zur
Erfassung der Abweichung angeordnet ist und
eine der digital arbeitenden Servovorrichtungen
vorgesehen ist zum Vergleichen der erfa3ten
Impulszahlen von den jeweiligen Impuls-
generatoren und zum Korrigieren und Steuern
der Eingabe zum zugehoérigen Elektromotor
gemaR der Abweichung, wodurch die Dreh-
positionen der zwei Walzen wahrend des Starts,
wahrend des Laufes und wahrend des Anhaltens
des Bandes miteinander in Synchronisation
gehalten werden.

2. Vorrichtung nach Anspruch 1, dadurch
gekennzeichnet, dal’ die digital arbeitende Servo-
anlage einern Zéhler (9-1; 9-2) zur Erfassung der
Abweichung durch Subtraktion der erfal3ten
Impulszahl von der vorgegebenen Impulszahl,
einen Digital/Analog-Wandler (10-1, 10-2) zur
Umwandlung der berechneten Impulse aus dem
Zahler zur Erfassung der Abweichung in einen
Spannung und eine Elektromotor-Steuer-
vorrichtung (11-1, 11-2) zum Anhalten des Elektro-
motors bei der vorgegebenen Impuiszahl
entsprechend dem Spannungssignal vom Digital/
Analog-Wandler aufweist, und der vergleichende
Zahler zur Erfassung der Abweichung die
Differenz zwischen den beiden Impulszahlen in
ein korrigierendes Spannungssignal umwandelt
und diese Spannungssignal in die
Elektromotor-Steuervorrichtung eingibt.
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