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@ Device for guiding and regulating the forward step in operating machines with intermittent forward
motion, particularly automatic screen printing machines.

@ This invention relates to a device for the control
and regulation of the intermittent forward step of a
machine equipped with a closed loop conveyor belt,
or similar device, where the intermittent forward step
must be highly precise, in particular when the belt is
e\ very long, even 80 m or more, said device having a
<primary specific application on machines for auto-
mmatic screen-printing for which it was first produced.

© It consists of the fact that a flexible magnetic
transducer (11) is applied along the whole length of
¢one of the edges of the conveyor belt (2), mag-
€ netised with alternating polarity at a constant step P,
e with which two magnetic sensors (12-13) interact,
said sensors being positioned above the transducer
(11) at an appropriate pre-set distance apart, equal
to the real printing step Sr and in correspondance to
the vertical axis of the transducer (11), the sensors

(12-13) being connected to a step counter and being
capable of communicating with one anocther via a
control unit (16), of a basically known design, so that
the signal received by the sensor (13) and emitted
from the point of the transducer (11), which at a
given point of the operating cycle is located beneath
the sensor (13), is sent by sensor (13) to sensor
(12), which will cause the machine to stop beneath it
only when it has read an identical signal, the ma-
chine stopping in correspondance to the same exact
point of the transducer (11) and therefore of the
conveyor belt (2) which was previously located be-
neath the sensor (13).

The distance Sr between the two sensors (12)
and (13) can be varied since one of the sensors, for
example sensor (13), is mobilely mounted on a rod
(14) fixed to the machine and can run longitudinally
along the rod (14) actuateed by a smail motor (15)
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and thus vary its distance from the sensor (12).
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DEVICE FOR GUIDING AND REGULATING THE FORWARD STEP IN OPERATING MACHINES WITH
INTERMITTENT FORWARD MOTION, PARTICULARLY AUTOMATIC SCREEN PRINTING MACHINES

This invention relates to a device for the-con-
trol and regulation of the intermittent forward mo-
tion of machine equipped with a closed loop con-
veyor belt or equivalent device, where the intermit-
tent forward step must be extremely precise, par-
ticularly when the belt is very long, of the order of
80 m and more.

The primary specific application of this device
is for automatic screen-printing machines for which
it was first created, but it can also be applied in all
those cases and to all those intermittent forward
motion machines of considerable length in which
extreme step precision is required and in which
this precision must not be compromised by the
increment of errors caused by the fength of the
machine and the functioning conditions of the ma-
chine.

In the screen-printing field certain types of
automatic screen-printing machines are already
known, i.e. those with a closed loop belt and the
rotary tables.

When the screen-printing system has fo be
used to print panels on pieces of fabric glued to
long conveyor belts, or pre-cut garments or other
articles where extreme precision is necessary, both
between one print and the next in the case of a
consecutive repetitive design and in the superim-
position of colours in the case of a multi-colour
design, then the devices which controf the advance
of the means (conveyor belt, table etc.) on which
the products are supported, generally fabric to be
printed, became of the greatest importance.

Up to now many systems have been adopted
such as providing holes in the mat of the conveyor
belt to be matched up with pins of a wheel with an
incorporated encoder, or the more efficient system
of printing markings on the substratum of the con-
veyor belt before the first colour is printed, repeat-
ing the process for each color, together with means
which intercept these markings and control the
intermittent forward motion of the conveyor belt
(see EP-A2-0130751).

However, this system requires a marking print-
er on the edge of the support web of the piece to
be printed each time and therefore the markings
must also be cancelled as the length of the design
varies.

Magnetic transducers provided with position
readers are also known, but these employ a rigid
length scale of not more than about 3 metres and,
therefore, while they are very useful when applied
to machine tools, they have no practical application
on long belts or equivalent devices (large diameter
rotary tables etc.).
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The present invention proposes a completely
new system for the control of the intermittent for-
ward motion which is extremely precise and reli-
able and has none of the negative features of the
known systems.

The invention consists of the application of a
non-rigid magnetic position transducer to one of
the edges of the conveyor belt, specifically, of a
band of special flexible thermoplastic material
which can be magnetised, said band being mag-
netised with alternating polarity at constant inter-
vals. Two magnetic sensoring devices are mounted
on the vertical axis of the band, a suitable distance
apart, arranged one each side of the printing frame,
or in a different position but always as close to the
frame as possible, and are coupled to a step count-
ing device, the step being constituted by the move-
ment which has to be made, which in the case of
the screen-printing machine corresponds to the ex-
act nominal printing step. One of the two sensors is
mounted on a bar whose length can be adjusted to
adapt the machine to the various printing steps, the
distance corresponding to the nominal step being
used at that moment. The two sensors can commu-
nicate with one another, the first transmitting to the
second the data it has monitored so that the sec-
ond sensor can stop the belt in correspondance to
the same lines of force recorded by the first sensor
as the starting point, after a precise interval which
corresponds to the exact distance between the two
Sensors.

With this double magnetic sensor system, in
which the second receives from the first exact
information on the precise point monitored by the
first sensor. each section of the belt corresponding
to a printing step in the case of screen-printing
machines constitutes a discrete element and thus
any errors due to the conditions of one section of
the belt are not added to those of sub-sequent
sections, therefore, the system operates as if it
were controlled by the known rigid magnetic {rans-
ducer monitoring system which however cannot be
adapted to machines which are more than 2-3
metres long, while the system of this invention can
be applied to belts of any length required, 80
metres or more.

The aforesaid control unit, made up of the
magnetic transducer, the two sensors and the step
counter, performs the function of reading and con-
trolling the intermittent movement of the machine
and is connected to another control and memory
unit complete with man-machine interface of a ba-
sically known type. During the first run of the belt,
this unit memorises the exact position of each of
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the prints made, reproducing these positions per-
fectly on the next run so that the subsequent
colours are superimposed in a way which is prac-
tically perfect because of the extremely high preci-
sion of the monitoring system which is capable of
sensing the exact position of a point, since it can
read the intensity of the field between two poles of
the same name and also the direction of the lines
of force.

This invention will be more clearly understood
from the description of the embodiment given here
as a non-limiting example applied to a closed loop
screen-printing machine. Once again it is em-
phasised that it can be applied to other types of
screen-printing machines such as rotary tables,
screen-printing machines for pre-cut fabrics and all
machines having a particular length and operating
on flexible supports. fo which the known system of
the monitoring by a rigid magnetic bar cannot be
applied.

The example embodiment is illustrated in the
attached drawings where:

Fig. 1 shows a schematic plan view of a
machine for screen-printing fabric on a conveyor
beit;

Figure 2 is a side view of figure 1;

Figure 3 shows a detail of the transducer
and monitoring device according to this invention.

Referring now to figures 1, 2 and 3, the auto-
matic machine for screen-printing on fabric 1 is
basically constituted by a conveyor belt 2 stretched
between the motor rollers 3 and 4 driven by two
D.C. motors 5 and 6.

The fabric to be printed 7 is glued to this belt.
indicated with the broken line in figure 1, thus for
example an 80 m long machine can print pieces of
fabric which are 160 m long.

The direction of rotation of the belt is shown by
an arrow in figure 1.

At the final upper end of the belt in the direc-
tion of rotation, a known type of drying oven 8 is
mounted, heated for example by a battery of in-
frared lamps 9.

The automatic screen-printing device 10 is lo-
cated on another section of the machine, preferably
but not necessarily in the starting area. It is shown
schematically in the drawings because its compo-
nents are of a known type.

A magnetic transducer tape 11 is applied to the
whole length of one of the edges of the belt 2, as
can be seen in fig. 3. This is constituted by a
flexible tape of a suitable known magnetisable ma-
terial, magnetised with alternating polarity accord-
ing to an appropriate pre-set step P.

Two magnetic sensors are fixed to the struc-
ture of the machine and arranged in a position
above the vertical axis of the fransducer tape 11.
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The first sensor 12 is in a fixed position and the
second 13 is mounted so that it can slide on a rod
14 and thus can be moved in order to vary its
distance from the first sensor 12 to adjust this
distance to the various possible real printing steps
Sr by means of a small motor 15. The rod 14 is of
a length appropriate to cover all the possible widths
of the screen-printing screens which are commonly
used.

On the other side of the machine, the operator
side, a control unit and man-machine interface 16
of a basically known type is mounted. suppiied with
a keyboard and video screen, which memorises the
data which are monitored and provides the com-
mands to the working parts of the machine in
accordance with the sequence of the operating
cycle.

For construction reasons, in figures 1 and 2 the
screen-printing device is located immediately after
the sensors 12 and 13 of the device which conirols
the forward step of the machine, but according to
the invention it can also be located either before or
between the two sensors 12 and13.

The device operates in the following way.

The precise distance between the two sensors
12 and 13 corresponding to the desired printing
step Sr is defined - adjustable within a given range
according to the design - and the machine is
started up and the operating cycle commences
with the following operations. Sensor 13 receives
the signal sent to it by the transducer which is in
axis beneath it at that moment and transmits the
information to sensor 12. The control unit 16 gives
consent for the forward movement of the beit and
motors 5 and 6 come into action, moving the belt
in the direction shown by the arrow. When sensor
12 intercepts exactly the same signal as the one
previously read by sensor 13, it transmits a signal
to the control unit 16 which stops the motors and
thus the belt 2 stops in a front of sensor 12 in
precisely the same position as it was found to be in
front of sensor 13. The screen-printing device
comes into action and prints the first screen and a
first operating cycle has than terminated.

Once again, sensor 13 reads the signal from
the transducer located beneath it and transmiis it to
sensor 12 via the control unit 16. The controi unit
16 gives the command for the forward movement
of the belt 2 and stops the belt when sensor 12
intercepts beneath it the same signal as that read
and transmitted to it by sensor 13. The screen-
printing device then proceeds to print the second
screen and so on. With this system sections of the
conveyor belt 2, and thus of the fabric 7 to be
printed, of a width Sr measured for each specific
section of the belt are disposed under the screen-
printing device.

Obviously, as in the known machines, there is
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acceleration when the belt starts and deceleration
before the belt stops, but these are design details
which have nothing to do with the essence of this
patent.

It must be remembered that the resolution of
such an apparatus, i.e. the smallest amount of
movement which it can detect, is 4 thousandths of
a millimetre. Therefore, taking into account other
components of the machine such as mass inertia,
belt tension efc., it is possible to print with an
accuracy of lower than one tenth of a millimetre
both in sequence and in superimposition, a level of
accuracy which has never been previously
achieved with machines of this type.

All the data reiating to the various subsequent
printings are recorded by the control unit 16 for the
whole length of the belt and thus, in the case of
printing with several colours, the data are taken and
repeated exactly as they were in the first run as
many times as are required to print the colours of
which the design is composed.

Therefore, each specific element of the printing
step Sr of the belt which has already been printed
is re-presented for printing the next colour in pre-
cisely the same position under the screen-printing
device as it was when the first colour was printed,
thus obtaining a superimposition and alignment
which are perfect in practice.

The embodiment described here has been pro-
vided purely as a non-limiting example and other
different embodiments can be implemented while
still remaining with the scope of this patent.

For example, the flexible strip of thermoplastic
material which can be magnetised can be inserted
in the belt instead of being produced separately
and applied to the belt, or it can be manufactured
at the same time as the belt incorporating a side
strip composed of thermoplastic material or mag-
netisable rubber.

Claims

1. Device for guiding and regulating the for-
ward step of operating machines with intermittent
forward motion, in particutar automatic sereen-print-
ing machines, characterised by the fact that a
flexible magnetic transducer, magnetised with al-
ternating polarity at a constant step (P) is applied
to or inserted into one of the edges of the conveyor
belt (2) or incorporated in it during manufacture,
and that two magnetic sensors (12-13) positioned
above the transducer (11) an appropriate pre-set
distance apart in correspondance to the vertical
axis of the transducer (11) interact with it, said
sensors (12-13) being connected to a step counter
and being able to communicate with one another
via a control unit (16) of a basically known design,
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so that the signal received by the sensor (13) and
emitted by the transducer (11), which at a given
moment of the operating cycle is located beneath
the sensor (13), is sent by the sensor (13) to the
sensor (12), whereby only when an identical signal
has been read, the machine stops in correspon-
dance to the same exact point of the transducer
(11) and therefore of the belt (2) which was pre-
viously located beneath the sensor (13).

2. Device according to claim 1, characterised
by the fact that the non-rigid transducer is con-
situted by a strip of a special magnetisable thermo-
plastic material of a known type.

3. Device according to claim 1, characterised
by the fact that the appropriate pre-set distance
between the sensors (12) and (13) corresponds to
the real printing step of the printing screen being
used on the machine at the time.

4, Device according to claim 3, characterised
by the fact that in order to be able to vary the
operating distance Sr between the two sensors (12)
and (13), sensor (12) is attached to a fixed point of
the machine while sensor (13) is mobilely mounted
on a rod (14) fixed to the machine and can run
longitudinally along the rod (14), actuated by a
small motor (15), and thus can vary its distance
from the sensor {12) in order to adapt the distance
to the real printing step Sr of the screen mounted
at that moment on the machine.
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