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Description

[0001] The presentinvention concerns a method and system for controlling a moulding plant according to the preambles
of claims 1 and 5, respectively, an example of such a method and system is known from JP-A-56001238.

[0002] In particular, the present invention refers to a method and system for controlling a moulding plant formed from
a plurality of work stations in each of which indirect measurement sensors of physical magnitudes, for example forces,
are arranged.

[0003] The measurement of the forces applied, amongst the supervision methods of a production process that uses
them for moulding, extrusion or shearing processes, has established itself for its ability to detect and in many cases
prevent problems of failure of the plant, and also for being able, in certain conditions, to discover defects in the product
of a size just big enough to be highlighted by an accurate quality control.

[0004] In most cases, the measurement is of the indirect type, in the sense that the sensor measures an effect of the
force that is the object of measurement, given that just a part of the magnitude that one wishes to measure passes onto it.
[0005] When the force to be measured is just one, with a suitable selection of the capturing element and of its position,
the "indirect" sensor measures a value proportional to the one that one wishes to control, since the parts of the machine
involved are well within the elastic limits: the proportionality factor can in turn be worked out experimentally, if necessary.
[0006] This is the case, for example, of metal moulding presses having a single matrix, even if with many phases,
because, indeed, one force is applied at a time, that then distributes in the body of the machine in a complex manner,
but coming from a single point of origin.

[0007] In the case of more complex machines, like for example progressive presses, the piece that is processed
undergoes different deformations in various work stations.

[0008] The Applicant has observed that by inserting a sensor, necessarily of the indirect type, at each work station, it
is crossed by the lines of force coming from all of the stations and, in particular, if the processing in a station requires
weaker forces than the forces necessary for the processing of the other stations, the part of the force that needs to be
measured is polluted by the mechanically interfering components generated in the other stations.

[0009] Generalising the example, in a rigid system in which there are n points of application of forces that can be
applied simultaneously (work stations), the use of indirect sensors, even if applied individually near to each of these
points, only allows those forces that are of a substantial size or that can be isolated from the other forces with specific
methods to be controlled with sufficient approximation.

[0010] The Applicant has found that by carrying out a calibration step of the plant, in which known forces are applied
in each station and force values are simultaneously detected by sensors associated with each station, a matrix of values
can be obtained, able to be used in normal operating conditions of the plant, to calculate the real forces to which each
work station is subjected starting from the values of the detections of the sensors carried out at predetermined time
intervals. In such a way, the force values calculated for each work station take into account the interference of the
mechanically interfering components generated in the other work stations. Indeed, the calculation carried out foresees
that the real force applied to each work station is obtained from the force detections in all of the other work stations.
[0011] A first aspect of the present invention concerns a method for controlling a moulding plant according to claim 1.
[0012] Afurther aspectof the presentinvention concerns a system for controlling a moulding plant according to claim 5.
[0013] The characteristics and the advantages of the method and system according to the present invention shall
become clearer from the following description, given as an example and not for limiting purposes, of an embodiment of
the invention with reference to the attached figure 1 that represents a block diagram of the control system according to
the present invention, for exemplifying purposes applied to a moulding plant.

[0014] Withreference to the quoted figure, the moulding plant comprises a press body 2 on which a trolley 3 is arranged
that can slide, through moving devices (not illustrated), inside a pair of guides 4 and 4’. Said trolley comprises a plurality
of work stations preferably adjacent to each other, each comprising a punch 5 suitable for compressing metal pieces P
to be shaped. The pieces are arranged on a plurality of matrices 6 associated with the press body, in a position in front
of said punches and aligned with them.

[0015] Said stations also each comprise an adjustment wedge 7, associated with each punch suitable for adjusting
the position of the punch along its axis, to suitably establish the distance between the punch and the relative matrix
when they are at their closest (trolley as far forward as possible, at the "top dead centre").

[0016] The advance of the trolley in the direction of the matrices allows the punches to mould the pieces P arranged
on the matrices themselves. At the end of the deformation of the pieces the trolley pulls back and the moulded pieces
are picked up by suitable pick-up devices, for example mechanical pincers, and are taken to the next stations, in which
further processing is carried out. The production of a piece requires n machine cycles, if n is the number of stations; by
machine cycle we mean the time between one mould and the next, which also coincides with the time for the transfer
of the pieces each from one station to the next.

[0017] The control system of such a plant according to the present invention comprises a plurality of force sensors S,
each associated with a work station, suitable for measuring the force exerted by the punches themselves. The strain
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exerted by the processing in each station necessarily crosses said wedges, and consequently the sensors are preferably
arranged in a position close to them. Such sensors are preferably of the piezoelectric type and are suitable for carrying
out an indirect measurement of the stress; the electric signal generated by the sensors is by close approximation
proportional to the force developed, the proportionality factor of which, however, is a priori unknown.

[0018] The system also comprises an electronic instrument 8 for measuring and controlling the plant, which commu-
nicates with an electronic processing unit 9, for example a personal computer.

[0019] The system also comprises a gauged calibration sensor ST that can be inserted into the position of each matrix,
once they have been removed from the press plane. Such a calibration sensor can be connected to the electronic
measurement instrument. As an alternative to using a sensor ST that can move from one matrix to the other so that just
one station is engaged at a time and the force passes totally on it, if the machine allows it, a fixed sensor can be used
that detects the overall force applied to the machine, and the machine can be forced in other ways to work one station
at a time.

[0020] The control of the production process is carried out by processing the signals received by the sensors S through
the instrument 8 for measuring and controlling the plant, which compares the shapes of the waves obtained during the
course of a machine cycle with the expected values based upon statistical processing of the previous cycles and decides
upon the action to be carried out based upon the calculated relative deviation, for example if the deviation is greater
than the predetermined minor alarm threshold, but not greater than the serious alarm threshold, the piece can be
discarded, preventing it from passing to the subsequent stations; or, if the machine is not set up for discarding, an
indicator light can come on and, if the error keeps repeating with a frequency greater than a predetermined limit, the
machine stop is activated. If the deviation exceeds the serious alarm threshold production is stopped.

[0021] The instrument is able to carry out different actions, in general it is in any case at least able to stop the process
in the case of an anomaly. Preferably, there are as many sensors as there are work stations, and a signal is supposed
to be obtained from each station that describes the deformation stress developed in the relative station, as far as possible
free from the interference generated by the stress on the adjacent stations, which is inevitably captured and added to
the useful signal.

[0022] The controlling method according to the present invention concerns the separation of said interferences, which
affect the measurement taken by the sensors S, using the measurements carried out in a calibration step.

[0023] In said calibration step the press activates without material and the wedge is adjusted that works on the station
in which the calibration sensor ST is positioned replaced at the matrix 6, so as to obtain predetermined force values,
coherent with the performance of the machine. Preferably, many measurements are carried out at different force levels
in the position of each matrix, to simultaneously control which is the zone of linearity of the system and to intervene if
anomalies are detected. In these conditions the signals obtained from all of the sensors S at the same moment in time
are also read on the measuring instrument and a table of calibration force values is obtained.

[0024] Contrary to that which occurs during the course of the process, multiple samples are not taken to reconstruct
a wave shape, but rather the reading of all of the sensors at the same moment in time is detected, approximately
coinciding with that of maximum stress.

[0025] Therefore, in short, in the calibration step known forces, at least in the sense that the mutual relationships are
known, are applied at the different application points; of course, if there were no interference it would be sufficient to
apply known forces individually in the n points and each of the sensors could thus be calibrated, which in this hypothetical
case are only crossed by the force that they are intended to measure. In the general situation, even applying just one
force, values are detected in each of the sensors.

[0026] For the purposes of the present invention let us consider L; as the value of the signal detected on the sensor
arranged on the jth station when a force f; is applied onto the it station.

[0027] Thus, for each test carried out in the calibration step applying a force, if there are n work stations, and therefore
n sensors, n detections are obtained L;q, Lio-—-L,.

[0028] Such a test is carried out n times applying the force f to each of the n work stations, obtaining a matrix of the
detected values.

|Lj;| with i and j that vary from 1 to n.

[0029] Assuming the hypothesis of linearity of the system and consequently applying the principle of overlapping of
effects, starting from the matrix of values detected with this calibration, it is possible to construct the system,of equations
that allows the value of the force applied at a certain moment in time to be obtained, during the normal operation of the
plant, in each of the n points of application, knowing the readings of the sensors at the same moment in time.

[0030] If the hypothesis of linearity is not valid, it is in any case possible in certain hypotheses to reconstruct the forces
from the readings, if in the calibration step sufficient data has been acquired to characterise the process under exami-
nation. Given that this analysis can be carried out before operating on the process, the time spent does not constitute
an obstacle to treating complex realities. The calculation can possibly be carried out by the additional unit 9 (PC) if the
capacity of the unit 8 is insufficient.

[0031] In mathematical terms, one obtains
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[0032] Where L-—--L,, are the readings of the n sensors at a certain moment in time and with a certain processing and
the forces g—g,, are the real forces to be calculated, referring to the same moment in time, f;----f, are the forces
measured in the calibration step of the sensor ST in each work stations and Lij are the parameters memorised in the
calibration step. Concerning a linear system with the same number of equations and unknowns, a solution shall be
found, for each force g;, of the type:

gi=b1i°Ll+b2i°L2+ ......... b.eoL (2)

[0033] In the real system the forces, and therefore the readings, evolve with continuity in time; by carrying out a
sampling with frequency suitably adapted to the band of the signals detected, a faithful representation of the process is
in any case obtained. The formula resolving the system is applied to each of the samples at that moment, in this way
reconstructing the complete progression of the forces applied on the punches.

[0034] The detections carried out by the sensors are suitably decoded by the electronic measuring instrument, which
can also carry out mathematical calculations since it is provided with a microprocessor. Alternatively, such calculations
are carried out by such an electronic processing unit connected to said measuring instrument.

[0035] In practice, the method according to the present invention introduces the concept that to correctly measure the
force applied in a work station simultaneous measurements are necessary, of at least part or preferably all of them,
carried out on the other work stations.

[0036] The steps of the method according to the present invention can be summarised as follows.

[0037] In the calibration step of the plant:

- detecting, through a calibration sensor arranged in place of the matrix, the values f; of the forces exerted by the
punches on each matrix and, at the same time, through the sensors associated with the punches, detecting the
values L;; of the forces on the punches,

- memorising a matrix of such values L; and f;.

- Solving the system of equations (1) obtaining the coefficients b,

[0038] In normal operating conditions of the plant:

- detecting, at predetermined time intervals, the values from the sensors associated with the punches, constructing
a "wave shape" with them.

- Using the coefficients b to calculate the real values of the forces on the punches, in each of the aforementioned
moments in time, obtaining the real wave shape of the force applied

- Comparing such calculated values with those expected according to the statistical forecast,

- Emitting a control signal for said press according to such a comparison.

Claims
1. Method for controlling a moulding plant, said plant comprising at least one press having a plurality of work stations,
each of which carries out the processing of at least one piece,

comprising the steps of

- obtaining, for each work station, the value of the force applied at predetermined time intervals during the course
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of each machine cycle,

- comparing, for each work station, the value of the force obtained at an ith moment in time with that obtained
by processing the values obtained in at least one previous cycle with statistical processes,

- adjusting the operation of the press or its possible stopping based upon the calculated relative deviation,

characterised in that for each work station, such a step of obtaining the value of the force applied at a predetermined
moment in time comprises the step of calculating such a value from force detections carried out on said station and
from detections carried out at the same moment in time in at least part of the other work stations.

2. Method according to claim 1, wherein said step of obtaining the value of the force applied at a predetermined moment
in time comprises obtaining, in a calibration operation of the plant, a matrix of force values from the application of
predetermined forces.

3. Method according to claim 2, wherein said calibration operation comprises the steps of:

- applying a predetermined force in each work station and detecting, from force sensors associated with each
station, values of said forces in all of the stations of the press,
- memorising the force values detected by the sensors in such a matrix.

4. Method according to claim 3, wherein said step of calculating the force values in each work station at a predetermined
moment in time comprises combining the detections carried out at said moment on the work stations, with the
coefficient values worked out from said matrix obtained in the calibration operation of the plant.

5. System for controlling a moulding plant , said plant comprising at least one press having a plurality, of work stations,
each of which carries out the processing of at least one piece, said system comprises

- a plurality of force sensors each associated with a work station of said plurality of stations,

- an electronic instrument for measuring and controlling the plant connected to said sensors,
characterised in that
for each work station at predetermined time intervals, said measuring instrument is adapted to calculate the value
of the force applied from force detections carried out by the sensor associated with said station and from detections
carried out at the same moment in time by at least part of the other force sensors associated with the other work
stations.

6. System according to claim 5, wherein said measuring and control instrument comprises a matrix of coefficients
worked out from the force values obtained in a calibration step of the plant from the application of predetermined
forces.

7. System according to claim 6, comprising a calibration sensor, able to be connected to said measuring and control
instrument, able to be applied in the calibration step to each work station, suitable for calibrating said predetermined
forces.

8. System according to claim 5, further comprising an electronic processing unit connected to said measuring instru-
ment.

9. System according to claim 8, wherein said electronic processing unit is a personal computer.

Patentanspriiche

1. Verfahren zum Steuern einer Formanlage, wobei die Anlage zumindest eine Presse umfasst, die eine Vielzahl von

Arbeitsstationen besitzt, von denen jede die Bearbeitung zumindest eines Stlicks ausfihrt,
mit den Schritten, dass:

- fur jede Arbeitsstation der Wert der Kraft, die zu vorbestimmten Zeitintervallen wahrend des Verlaufes jedes
Maschinentaktes aufgebracht wird, erhalten wird,
- fur jede Arbeitsstation der Wert der Kraft, die zu einem i-ten Zeitpunkt erhalten wird, mit dem verglichen wird,
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der durch Verarbeitung der Werte, die in zumindest einem vorhergehenden Takt erhalten wurden, mit statisti-
schen Prozessen erhalten wird,

- auf Grundlage der berechneten relativen Abweichung der Betrieb der Presse oder ihr méglicher Stopp einge-
stellt wird,

dadurch gekennzeichnet, dass

fur jede Arbeitstation ein derartiger Schritt zum Erhalten des Wertes der Kraft, die zu einem vorbestimmten Zeitpunkt
aufgebracht wird, den Schritt umfasst, dass ein derartiger Wert aus Kraftdetektionen, die an der Station ausgefiihrt
werden, und aus Detektionen berechnet wird, die zu demselben Zeitpunkt in zumindest einem Teil der anderen
Arbeitsstationen ausgefiihrt werden.

Verfahren nach Anspruch 1,

wobei der Schritt zum Erhalten des Wertes der Kraft, die zu einem vorbestimmten Zeitpunkt aufgebracht wird,
umfasst, dass bei einem Kalibrierungsvorgang der Anlage eine Matrix von Kraftwerten aus der Aufbringung vorbe-
stimmter Krafte erhalten wird.

Verfahren nach Anspruch 2,
wobei der Kalibrierungsvorgang die Schritte umfasst, dass:

- eine vorbestimmte Kraft in jeder Arbeitsstation aufgebracht wird und aus Kraftsensoren, die jeder Station
zugeordnet sind, Werte der Kréfte in allen der Stationen der Presse detektiert werden,
- die Kraftwerte, die durch die Sensoren detektiert werden, in einer derartigen Matrix gespeichert werden.

Verfahren nach Anspruch 3,

wobei der Schritt zum Berechnen der Kraftwerte in jeder Arbeitsstation zu einem vorbestimmten Zeitpunkt umfasst,
dass die Detektionen, die zu dem Zeitpunkt an den Arbeitsstationen ausgefiihrt werden, mit den Koeffizientenwerten
kombiniert werden, die aus der Matrix berechnet werden, die in dem Kalibrierungsvorgang der Anlage erhalten wird.

System zum Steuern einer Formanlage, wobei die Anlage zumindest eine Presse umfasst, die eine Vielzahl von
Arbeitsstationen besitzt, von denen jede die Bearbeitung zumindest eines Stlicks ausfihrt,
wobei das System umfasst:

- eine Vielzahl von Kraftsensoren, von denen jeder einer Arbeitsstation der Vielzahl von Stationen zugeordnet ist,
- ein elektronisches Instrument zum Messen und Steuern der Anlage, das mit den Sensoren verbunden ist,

dadurch gekennzeichnet , dass:

das Messinstrument derart ausgebildet ist, dass fiir jede Arbeitsstation zu vorbestimmten Zeitintervallen der
Wert der angelegten Kraft aus Kraftdetektionen, die durch den Sensor ausgefiihrt werden, der der Station
zugeordnet ist, und aus Detektionen berechnet wird, die zu demselben Zeitpunkt durch zumindest einen Tell
der anderen Kraftsensoren, die den anderen Arbeitsstationen zugeordnet sind, ausgefiihrt werden.

System nach Anspruch 5,
wobei das Mess- und Steuerinstrument eine Matrix aus Koeffizienten umfasst, die aus den Kraftwerten berechnet
werden, die in einem Kalibrierungsschritt der Anlage aus der Aufbringung vorbestimmter Krafte erhalten werden.

System nach Anspruch 6,

mit einem Kalibrierungssensor, der in der Lage ist, mit dem Mess- und Steuerinstrument verbunden zu werden, und
in der Lage ist, bei dem Kalibrierungsschritt an jeder Arbeitsstation angewendet zu werden und der zum Kalibrieren
der vorbestimmten Krafte geeignet ist.

System nach Anspruch 5,
ferner mit einer elektronischen Verarbeitungseinheit, die mit dem Messinstrument verbunden ist.

System nach Anspruch 8,
wobei die elektronische Verarbeitungseinheit ein Personalcomputer ist.
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Revendications

Procédé de commande d’une installation de moulage, ladite installation comprenant au moins une presse ayant
une pluralité de postes de travail, chacun exécutant le traitement d’au moins une piéece,
comprenant les étapes consistant a :

- obtenir, pour chaque poste de travail, la valeur de la force appliquée a des intervalles de temps prédéterminés
au cours de chaque cycle de la machine,

- comparer, pour chaque poste de travail, la valeur de la force obtenue a un ime moment dans le temps a celle
obtenue en traitant les valeurs obtenues dans au moins un cycle précédent avec des traitements statiques,

- régler le fonctionnement de la presse ou son éventuel arrét en se basant sur I'écart relatif calculé,

caractérisé en ce que pour chaque poste de travail, I'étape d’obtention de la valeur de la force appliquée a un
moment prédéterminé dans le temps comprend I'étape consistant a calculer cette valeur a partir de détections de
force effectuées sur ledit poste et a partir de détections de force effectuées au méme moment dans au moins une
partie des autres postes de travail.

Procédé selon la revendication 1, dans lequel ladite étape d’obtention de la valeur de la force appliquée a un moment
prédéterminé dans le temps comprend le fait d’obtenir, dans une opération d’étalonnage de l'installation, une matrice
de valeurs de force a partir de I'application de forces prédéterminées.

Procédé selon la revendication 2, dans lequel ladite opération d’étalonnage comprend les étapes consistant a :

- appliquer une force prédéterminée dans chaque poste de travail et détecter, a partir de capteurs de force
associés a chaque poste, des valeurs desdites forces dans tous les postes de la presse,
- mémoriser les valeurs de force détectées par les capteurs dans cette matrice.

Procédé selon la revendication 3, dans lequel ladite étape de calcul des valeurs de forces dans chaque poste de
travail a un moment prédéterminé dans le temps comprend le fait de combiner les détections effectuées audit
moment sur les postes de travail, avec les valeurs de coefficients déduites a partir de ladite matrice obtenue dans
I'opération d’étalonnage de I'installation.

Systéme permettant de commander une installation de moulage, ladite installation comprenant au moins une presse
ayant une pluralité de postes de travail, chacun exécutant le traitement d’au moins une piece, ledit systéme
comprenant :

- une pluralité de capteurs de force associés chacun a un poste de travail de ladite pluralité de postes,
- un instrument électronique pour mesurer et commander l'installation connectée auxdits capteurs,

caractérisé en ce que, pour chaque poste de travail, a des intervalles de temps prédéterminés, ledit instrument
de mesure est adapté pour calculer la valeur de la force appliquée a partir de détections de forces effectuées par
le capteur associé audit poste et a partir de détections effectuées au méme moment par au moins une partie des
autres capteurs de force associés aux autres postes de travail.

Systéme selon la revendication 5, dans lequel ledit instrument de mesure et de commande comprend une matrice
de coefficients dérivée des valeurs de forces obtenues dans une étape d’étalonnage de l'installation a partir de
I'application de forces prédéterminées.

Systéme selon la revendication 6, comprenant un capteur d’étalonnage, apte a étre connecté audit instrument de
mesure et de commande, apte a étre appliqué dans I'étape d’étalonnage a chaque poste de travail, adapté pour

étalonner lesdites forces prédéterminées.

Systéme selon la revendication 5, comprenant en outre une unité de traitement électronique connectée audit ins-
trument de mesure.

Systéme selon la revendication 8, dans lequel ladite unité de traitement électronique est un ordinateur personnel.
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