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Description

The invention described here is a control device
for regulating the intermittant forward feed step of a
machine that is fitted with a closed loop conveyor belt
or similar piece of equipment, where great precision
in the intermittant forward feed step is required, es-
pecially when the belt is of a considerable length, 80
metres or more.

The device is especially applicable to automatic
silk-screen printing machines, but can equally well be
applied to all machines with an intermittant feed of
considerable length, where the step is required to be
particularly precise, without the precision being com-
promised by errors caused by the length of the ma-
chine or the conditions in which it operates.

In the field of silk-screen printing, there already
exist several types of machines which work automat-
ically; those which are fitted with closed loop convey-
or belts and rotating tables.

Whether dealing with silk-screen printing sys-
tems for printing long pieces of cloth glued to long
conveyor belts, or pre-cut sections of cloth, or other
articles which require great precision and that suc-
cessive prints are equally precise, or whether dealing
with printing a repeat pattern which requires careful
alignment, or overprinting a pattern in a different col-
our, the system which controls the feed movement of
the machinery (conveyor belt, rotating table, etc.) on
which the items, generally textiles, to be printed are
placed is of extreme importance.

There are numerous systems around today for
this purpose, and they can be divided into two differ-
ent categories: those with mechanically operated
sensors; and those that use optical or magnetic sen-
sors.

In the first category there is: the device where a
rotating incremental encoder transducer which meas-
ures movement is turned by a rubber roller attached
to the encoder shaft that rubs against the rubber belt
on the machine; the type where the encoder is turned
by a toothed belt which is stretched around two tooth-
ed rollers and whose flat side, suitably ridged, is
placed in contact with and drawn along by the convey-
or belt on the machine, and movement is measured
by the encoder having a toothed shaft which is in con-
tact with either one of the two toothed wheels that
tension the belt or with the teeth on the belt itself; the
type where either the belt or a steel strip which is at-
tached to the side of the belt and fuctions as a guide,
support, and gives additional lengthwise rigidity, has
holes at regular intervals which engage with teeth on
the edges of the drive rollers and the encoder shares
the same axle as the drive roller; and the system
which is commonly used on machine tools for meas-
uring spindle head movement where the encoder is
connected to a rack.

The second category includes the system using
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a position marker which is printed on the conveyor
belt before the first colour is printed, and a sensor is
used to detect these markers and thus control the
forward feed of the conveyor belt; and the system
where magnetic transducers with a position detector
are used to read a rigid scale which is no more than
about three metres in length, so that, although this
system has proved useful on machine tools, it cannot
be practically applied to long belts or similar items of
equipment (large diameter rotating tables, etc.).

In the systemreferred to the European patent Ap-
plication N° 88201918.5 by the same applicant, a
non-rigid magnetic position transducer is applied to
one of the sides of the conveyor belt. The transducer
is made of a strip of flexible magnetizeable material,
and is magnetized with an alternate polarity atregular
intervals, and magnetic detectors are placed at suit-
able intervals. They are coupled to a step counting
device which corresponds to the precise nominal
printing distance step, and one of the two detector de-
vices is mounted on a bar whose length can be adjust-
ed so that the machine can be adapted to different
printing step lengths. The two detector heads can
communicate, so that the first detector head trans-
mits the data it has detected to the second, so that
the second detector head stops the belt in correspon-
dence to to the power line that the first head recorded
as the start point, at a distance which corresponds to
the precise distance between the two heads, thus en-
suring that each distance along the strip corresponds
to one printing step and becomes an element in itself,
and the system functions as if it was controlled by the
system which uses a rigid magnetic detector trans-
ducer.

The invention described here is similar to the
systems in the first category where a rotating incre-
mental type encoder is mechanically driven by the
conveyor belt.

It is characterized by the fact that the encoder is
inserted in a structure consisting of two gear wheels
around which a rubber belt which is toothed on both
sides passes. The beltis of a high pecision type, such
as those currently normally used in robots or plotters,
and is in contact with either a second toothed belt
which runs along one side of the conveyor belt or its
side strengthening strip. In the second of these two
cases, the teeth on the transducer assembly engage
with teeth on the upper surface of the side strength-
ening strip, so as to form a flexible rack, and the two
rollers at the ends of the conveyor belt are both mo-
torized and their speeds are perfectly synchronized.

The invention can be better understood by the
following example of its use, to which it is not limited,
where it has been applied to a silk-screen printing ma-
chine with a closed loop conveyor belt, although the
invention can equally be applied to silk-screen print-
ing machines with rotating tables, or silk-screen print-
ing machines for pre-cut fabrics, or to any machine of
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considerable length which uses a flexible support and
to which the system where an encoder is driven by a
rack cannot be applied.

The example of how it can be applied is shown in
the attached tables and drawings, in which:

Figure 1 outlines a plan view of a textile silk-

screen printing machine;

Figure 2 is a side elevation of figure 1;

Figure 3 is a detail of one way the device can be

constructed according to the invention;

Figure 4 is a detail of a second way the device

can be constructed according to the invention.

With reference to figures 1 and 2, (1) is an auto-
matic silk-screen printing machine for fabrics, con-
sisting of a conveyor-belt (2) which is tensioned
around two drive rollers (3 and 4) which are driven by
two DC motors (5 and 6). Their speed is perfectly syn-
chronized so the the conveyor belt (2) is perfectly ten-
sioned both on its upper and lower surfaces.

The length of fabric to be printed (7) is glued to
the conveyor belt, shown as a dotted line in figure 1,
so that an 80 metre length of cloth can be printed on
a machine 40 metre long.

The direction in which the belt rotates is shown in
figure 1 by an arrow.

A drying kiln (8) is mounted on the final upper
part of the machine, according to the direction in
which the belt rotates, and is heated by infra-red
lamps (9), for example. The automatic silk-screen
printing device (10) is mounted on the other end of
the belt, preferably but not necessarily in its initial
area, as is outlined in the figures.

Along the entire length of the sides of the con-
veyor belt (2), a toothed belt (11) has been applied as
shown in figure 3, consisting of a flexible belt made
of a suitable material, such as rubber or thermoplas-
tic, and one of its sides is toothed.

The detection device (12) is attached to the
structure of the machine so that it is above and en-
gages with the toothed belt (11), in such a way that it
is driven by the toothed belt (11).

The detection device is constructed as in figure
3, and consists of a support structure, which is not
shown in the figure, with a gear wheel (14) at one end
and two smaller gear wheels (15 and 186) at the other
end which keep a flexible belt loop with teeth on both
sides (13) tensioned and in a loop. This double tooth-
ed belt is of the type commonly used in industrial ro-
bots and plotters, and forms a kind of track. A gear
wheel which is attached to the drive shaft of an en-
coder (17) is positioned between the two smaller di-
ameter gears and engages with the external teeth on
the toothed belt (13).

The above described structure forms a type of
track, and there is a guide (18) on its base that en-
sures that the external teeth in the double-toothed
belt (13) engage correctly with the teeth on the sin-
gle-toothed belt (11) which is attached to the side of
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the conveyor belt on the machine.

Figure 4 shows a variation to the example shown
in figure 3. The drive assembly for the encoder (22)
is again driven by a kind of track (23), however in this
example the two gear wheels (24 and 25) are of the
same diameter, and a gear wheel which is attached
to the encoder drive shaft (27) is mounted between
the two belt tensioning gear wheels in such a way that
the gears engage with the teeth on the internal part
of the double-toothed drive belt (23).

If the conveyor belt for transporting the fabric to
be printed is fitted with a metal strip along its side
making it more rigid, teeth (21) with the same length
as the double-toothed drive belt teeth (23) can be ap-
plied directly to it, instead of using a toothed belt that
has been glued to the metal strip. The external teeth
on the drive belt (23), as shown in figure 4, engage
equally well with the teeth (21) on the side rigidity
strip because there is a guide (28) in between the two
gear wheels (24 and 25) on the device (22), which en-
sures that the teeth on the belt (23) engage with the
teeth on the side strip (21).

The rotating transducer (17 or 27) outputs elec-
tric signals corresponding to the rotation of its drive
shaft on the basis of movements of the drive belt (13
or 23), and therefore of the movement of the conveyor
belt on the machine. These signals are transmitted to
a calculator which processes them, and are then
transferred to the conveyor belt (2) drive motors (5
and 6) on the machine, so that precisely equal move-
ments between one print and the next can be ob-
tained.

The system works as follows:

The exact step distance (Sr) between one print
and the next is calculated depending on the pattern
to be printed, on the basis of the number of encoder
drive shaft turns or fractions of turns.

The machine operator gives the control unit the
OK to set the machine in motion, and the operating
cycle that then takes place includes the following
steps:

The control unit gives the OK for the forward feed
of the conveyor belt, and the motors (5 and 6) begin
to operate and drive the belt forward in the direction
of the arrow for a distance equal to the set step dis-
tance (Sr) on the basis of the number of encoder drive
shaft (17 or 27) turns or fractions of turns. Once the
step length has been reached, a signal is sent to the
control unit which stops the motors and the conveyor
belt (2) stops.

The silk-screen printing device (10) then begins
to operate and prints the first section.

This completes the first cycle of the machine,
and the machine now begins a second cycle, and so
forth, and thus there is an equal movement of a set
length (Sr) at each step of the entire length of the belt.

Obviously, there is acceleration when the belt be-
gins moving, and deceleration before it comes to a
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halt, but these are design details which do not affect
the essence of the invention.

Each section (Sr) of the previously printed fabric
is ready to have a second colour printed on top and
is in precisely the same position as it was when the
first colour was printed, so that alignment and printing
are virtually perfect. This is also due in part to the fact
that the two rollers (3 and 4) over which the conveyor
belt is tensioned each have a drive motor (5 and 6)
which are perfectly synchronized so that the teeth (11
or 21) on the conveyor belt always perfectly engage
those on the detector drive belt (12 or 22).

In conclusion, although the description is based
on how the system can be applied to an automatic
silk-screen printing machine for fabrics, the invention
can also be applied to cylinder presses for fabrics,
where the system is used to synchronize the rotation
of the roller and movement of the belt beneath.

Claims

1. Device which guides and regulates the forward
feed step of a conveyor (2) in machines with an
intermittant forward feed, with special reference
to automatic silk-screen printing machines, com-
prising a rotating incremental type encoder (17 or
27) which determines the distance of each step
(Sr) of the conveyor (2), characterised in that the
rotating incremental type encoder (17 or 27) is in-
serted in a track type structure formed of two or
more gear wheels (14 - 15 -16 or 24 - 25) around
which passes a rubber high precision drive belt
with teeth on both sides (13 or 23), which is en-
gaged with a second toothed belt (11) which runs
along one of the sides of the conveyor (2) on the
machine, or with one of the steel side strips which
make the conveyor (2) more rigid and which has
teeth (21) applied to its upper surface so as to
form a flexible rack.

2. Device as per Claim 1, characterized by the fact
that the two rollers (3 and 4) which tension and
drive the conveyor belt (2) are each fitted with a
motor (5 and 6), and that the speeds of these mo-
tors are perfectly synchronized so that the con-
veyor belt is perfectly tensioned and the teeth on
the belt (11 or 21) engage perfectly with the teeth
on the encoder drive belt (12 or 22).

3. Device as per Claim 1, characterized by the fact
that the rotating incremental type encoder can
either be coupled with the external teeth (17 in
figure 3), or the internal teeth (27 in figure 4) of
the double toothed belt (13 or 23) which sup-
ports, drives and connects the encoder (17 or 27)
to the conveyor belt on the machine to which the
fabric is glued.
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4. Device as per Claims 1 and 2, characterized by
the fact that there is a guide (18 or 28) on the
base of the toothed belt (13 or 23) which has the
function of ensuring that the external teeth on
the drive belt (13 or 23) engage perfectly with the
teeth on the toothed belt (11) or with the teeth
(21) either fitted to the belt (2) or the metal side
strip which makes it more rigid.

Patentanspriiche

1. Vorrichtung zum Fihren und Regulieren des Vor-
wartsschrittes beim Betrieb von Maschinen mit
intermittierender Vorwartsbewegung, insbeson-
dere fiirautomatische Siebdruckmaschinen, wel-
che durch einen Inkrementalencoder (17 oder 27)
den Schrittabstand (Sr) des Férderers (2) ermit-
telt, dadurch gekennzeichnet, daR der
Inkrementalencoder (17 oder 27) in eine bahnfor-
mige Struktur mit zwei bzw. mehreren Zahnra-
dern (14 - 15 - 16 oder 24 - 25) eingesetzt ist, um
welche ein hochpraziser Antriebsriemen mit beid-
seitigen Zahnen (13 oder 23) |4uft, der wiederum
in einen zweiten, langs einer der Seiten des For-
derers (2) an der Maschine laufenden Zahnrie-
men (11) eingreift bzw., nach Art einer elasti-
schen Zahnstange, in einen der seitlichen Stahl-
streifen zur Versteifung des Férderers (2) mit
Zahnen (21) auf der Oberflache.

2. Vorrichtung nach Patentanspruch 1, dadurch ge-
kennzeichnet, dal® die beiden Spannungs- und
Antriebsrollen (3 und 4) des Férderriemens (2) je-
weils an einen Motor (5 und 6) gepaart und die
Drehzahlen dieser Motoren einwandfrei synchro-
nisiert sind, wodurch die ordnungsgemafe Span-
nung des Riemens gewdhrleistet wird, die Z&hne
des Riemens (11 oder 12) aulRerdem perfekt in
die Zdhne des Encodertriebriemens (12 oder 22)
eingreifen.

3. Vorrichtung nach Patentanspruch 1, dadurch ge-
kennzeichnet, dal} der Inkrementalencoder ent-
weder mit dem externen (17 in Abb. 3) oder mit
dem internen Zahn (27 in Abb. 4) des doppelsei-
tig verzahnten Riemens gepaart werden kann,
wobei letzterer den Encoder (17 oder 27) ab-
stiitzt, antreibt und diesen mit dem Férderriemen
der Maschine verbindet.

4. Vorrichtung nach den Patentanspriichen 1 oder
2, dadurch gekennzeichnet, daB sich an der Ba-
sis des Zahnriemens (13 oder 23) eine Fihrung
(18 oder 28) befindet, durch die der externe Zahn
auf dem Antriebsriemen (13 oder 23) einwandfrei
in den Zahn des Zahnriemens (11) bzw. in den
Zahn (21) eingreift, welcher entweder am Rie-
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men (2) oder am metallen Seitenstreifen mit ver-
steifender Funktion angebracht ist.

Revendications

1. Dispositif pour guider et régler le pas d’avance
lors du fonctionnement de machines & mouve-
ment d’avance intermittent, en particulier pour 10
les machines automatiques de sérigraphie,
comprenant un type d’encodeur rotatif supplé-
mentaire (17 ou 27) qui fixe la longueur de cha-
que pas (sr) du convoyeur (2) caractérisé par le
fait que le type d’encodeur rotatif supplémentaire 15
(17 ou 27) est inséré dans une structure de rou-
lement formée de 2 ou de plusieurs roues a en-
grenages (14-15-16 ou 24-25) autour desquelles
court un tapis roulant de haute précision doté de
dents sur les deux c6tés (13 ou 23) quis’engage 20
sur une deuxiéme ceinture dentelée (11) qui tour-
ne autour de I'un des cbtés du convoyeur (2) sur
la machine, ou avec I'une des lames de co6té
d’acier qui renforcent le convoyeur (2) et dont les
dents (21) s’appuient sur sa surface supérieure 25
de fagon a former une crémaillére flexible.

2. Dispositif comme de Revendication 1, caractéri-
sé par le fait que les deux rouleaux (3 et4) qui ten-
dent et guident le convoyeur (2) sont tous deux 30
raccordés a un moteur (5 et 6), et que la vitesse
de ces deux moteurs est parfaitement synchroni-
sée de fagon a ce que le convoyeur soit parfaite-
ment tendu et que les dents du ruban (11 ou 12)
s’encastrent parfaitement dans les dents dela 35
ceinture de guide de I'encodeur (12 ou 22).

3. Dispositif comme de Revendication 1, caractéri-
sé par le fait que le type d’encodeur rotatif sup-
plémentaire peut étre aussi bien accouplé avec 40
les dents externes (17, figure 3) qu'avec les
dents internes (27, figure 4) du double tapis rou-
lant dentelé (13 ou 23) qui soutient, guide et rac-
corde I'encodeur (17 ou 27) au convoyeur de la
machine sur lequel le tissu est fixé. 45

4. Dispositif comme de Revendications 1 et 2, ca-
ractérisé par le fait qu’il y a un guide (18 ou 28)
sur la base du tapis roulant dentelé (13 ou 23)
dont le but est de s’assurer que les dents exter- 50
nes de tapis roulant (13 ou 23) s’encastrent par-
faitement dans les dents du ruban dentelé (11) ou
avecles dents (21) assemblées au convoyeur (2)
ou a la lame de métal de coté qui le renforce.
55
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