
EP 0495 987 B1 Description TECHNICAL FIELD 5    This invention relates to a
method for controlling printing rolls in a corrugated board printing press
and a system thereof, and specifically to a method of synchronously
phase-controlling a printing roll driving system for a corrugated board
printing press having a plurality of printing rolls in order to maintain a
phase relationship between the printing rolls in a preset state, and a
system thereof. 10  BACKGROUND ART A corrugated board printing press is
provided with a plurality of printing rolls to realize multi color
printing. In order to avoid disadvantages such as misregistration, these
printing rolls must be driven so as to synchronize their phases with each
other. In order to maintain the phase relationship between these rolls 15
unchanged, they have heretofore been coupled and interlocked with each
other through a transmission such as belts and/or gears so as to be driven
from a single motor having a variable speed and a large capacity. This
arrangement however requires breaking the interlocking relation between the
printing rolls when replacing plate cylinders installed on the printing
rolls or maintaining the printing press and then recoupling them together
into an operable state. This recoupling requires a great deal of work so
that the gears are 20 properly re-engaged with each other in order to keep
the phase relationship between the printing rolls synchronous. U.S. Patent
No. 4,527,788 to Masuda, filed on August 1, 1984, discloses a printing
press making use of a sectional servodrive method to overcome the
above-described disadvantages. This apparatus comprises, on each printing
roll, a DC drive motor having a variable speed, a zero point sensor for
detecting a zero 25 point marked on the roll to determine the revolution
angle of the roll, a tachometer generator for detecting the speed of the DC
drive motor and a pulse generator for generating pulses at a preset rate
per predetermined revolution angle of the DC drive motor. First, the
initial phase for each roll is determined by the zero point sensor to set
it to a desired value. A speed command common to the individual DC drive
motors is converted by a V/F converter to a reference pulse signal. This
reference pulse signal is integrated 30 and compared with an integrated
pulse signal from the pulse generator, thereby determining a deviation.
This deviation corresponds to the difference between the ideal and actual
phases of the printing roll. Using an analog computer, the FN-converted
reference pulse signal is compared with the revolution speed of the DC
drive motor to determine a servo-controlling value. Further, the level of
servo-controlling is adjusted according to the degree of the phase
deviation, whereby the DC drive motor is servo-controlled. 35     In FIG. 4
is shown an illustrative system obtained by further improving on the system
disclosed in U.S. Patent No. 4,527,788. FIG. 4 is a block diagram
illustrating the construction of a synchronous phase-control system for
printing rolls in a corrugated board printing press having, for example, 3
printing rolls. Three printing rolls [err] are driven by servomotors [err]
, respectively. Pulse encoders [err] respectively connected to servomotors
[err] output positional 40  feedback pulse signals [err], respectively,
according to the revolution of their corresponding servomotors 13i, 132 and
133. Positional feedback pulse signals [err] are inputted as feedback [err]
in respective servodrivers [err] through their corresponding F/V converters
8 and at the same time, also in their corresponding deviation counters 5.
The term "synchronous phase-control" as used herein means that in this
apparatus of the sectional servodrive system, the phase relationship
between the 45 rotors of the individual servomotors at the beginning of
operation is kept unchanged during operation. For this purpose, reference
positional command pulse signal 9 is generated by pulse generator 3
according to speed command [err] inputted from speed setter 2. Any
deviation between this signal and positional feed back pulse signal [err]
is detected by deviation counter 5 and outputted as positional deviation
signal 15. Deviation counter 5 comprises phase pulse counter 5a, pulse
computing circuit 5b and 5o reference pulse counter 5c and is
conventionally known. After positional deviation signal 15 is D/A-
converted by D/A converter 6, the gain of the analog signal thus converted
is adjusted by analog regulator 7. The analog signal thus adjusted is added
to an analog speed command converted from reference positional command
pulse signal 9 through FN converter 4. The sum is given as revolution speed
command 11 for servomotor [err] to servodriver 121, whereby servodriver
[err] serves to drive servomotor 55  [err] To other servomotors [err],
respective revolution speed commands 112and 113 are also given by control
units similar to that described above, so that each of servomotors [err]is
synchronously phase-controlled in such a manner that the deviation of the
actual revolution from the positional command generated by common speed
command [err] becomes zero. 2 



EP 0 495 987 B1 DISCLOSURE OF INVENTION The above-described conventional
synchronous phase control system according to the sectional servodrive
method in the printing press for corrugated boards requires hardware such
as a pulse train 5  generator, an FN converter and an operational amplifier
in order to form a reference positional command. With recent development in
microprocessors, attempts to realize various kinds of control equipment by
software, which were heretofore actualized by hardware, have been made in
various places. However, it has been unfeasible to date to make up the
synchronous phase control systems described above of software for the
following reasons. Pulses which represent the movement of the printing
rolls must be integrated 10  continuously because their movement is rotary,
and it is hence impossible to avoid problems of overflow of the numeric
value, and of numerical expression (for example, according to the numerical
expression in a controller conventionally used in the system of this kind,
the negative maximum value appears next to the positive maximum value),
among others. Moreover, controllers having a CPU, which permits high-speed
computing processes, are rarely available. 15    In view of the foregoing
circumstances, the present invention has been made and is intended to
realize the synchronous phase control of printing rolls in a corrugated
board printing press by making use of software in place of hardware. In
other words, an object of this invention is to provide a method of
synchronously phase-controlling a printing roll drive system for a
corrugated board printing press by making use of software, said method
being high in precision and permitting an increase in the number of rolls
20 without a substantial increase in cost, and a system suitable for use in
performing this method. According to the present invention, there is thus
provided a method of synchronously phase-controlling a printing roll drive
system for a corrugated board printing press, which comprises converting a
common speed command inputted in each of the printing rolls to its
corresponding internal speed command, forming a positional feedback pulse
signal by a pulse encoder connected to its corresponding printing roll,
detecting 25  and integrating the internal speed command at regular
intervals to multiply a predetermined coefficient by the integrated value
each time, thereby forming a reference positional command, said reference
positional command returning to 0 after it comes to a predetermined highest
value of the operation to continue the integration, counting and
integrating the positional feedback pulse signal at the same regular
intervals as the integration of the internal speed command to form a
feedback position signal, said feedback position signal 30  returning to 0
after it comes to said predetermined highest value of the operation to
continue the integration, and then subjecting any deviation between the
reference positional command and the feedback position signal to Pi
operation to add its result to the internal speed command, thereby
regarding the sum as a revolution speed command to the corresponding
printing roll to drive the corresponding printing roll according to the
revolution speed command. 35     According to this invention, there is also
provided a system for synchronously phase-controlling a printing roll drive
system for a corrugated board printing press, which comprises a controller
having a reference positional command generating circuit for converting a
common speed command inputted in each of the printing rolls to its
corresponding internal speed command, detecting and integrating the
internal speed command at regular intervals to multiply a predetermined
coefficient by the integrated value each 40 time, thereby forming a
reference positional command, said reference positional command returning
to 0 after it comes to a predetermined highest value of the operation to
continue the integration, feedback position signal forming means for
separately counting and integrating positional feedback pulse signals of
the printing rolls at the same regular intervals as the integration of the
internal speed command to form their corresponding feedback position
signals, each of said feedback position signals returning to 0 after it
comes 4s to said predetermined highest value of the operation to continue
the integration, and P1-operating means for separately subjecting
deviations between the reference positional commands and the feedback
position signals in the printing rolls to PI operation to add their results
to their corresponding internal speed commands and outputting the sums as a
revolution speed command in their corresponding servodrivers. In other
words in this invention, a speed command inputted is detected and
integrated at regular 50  intervals to multiply a predetermined coefficient
by the integrated value each time, thereby forming a reference positional
command moment by moment. This reference positional command returns to 0
after it comes to the highest value of the operation to continue the
operation. These operation processes can be executed by means of a
controller realized by a CPU. How the above-mentioned reference positional 



command is formed will hereinafter be described with reference to FIGS.
2(a) and 2(b). 55     Supposing that an internal speed command
corresponding to inputted speed command [err] a reference positional
command and a predetermined coefficient are VREF, XREF and A, respectively,
the operation process by the CPU is expressed by: 3    EP 0 495 987 B1
[err] wherein VREF(n) is internal speed command VREF detected by nth
detection. Supposing that interval to be detected (Ts), the feedback pulse
signal (FBPPR), the speed (100%) of the servomotor and the internal speed
command (100%) of the controller are the following values: Ts: 4 msec 10
FBPPR : 6,000 P/R speed (100%): 1,500 RPM internal speed command (100%):
10,000, the frequency of the feedback pulse signal at the maximum speed
(100%) is as follows: 15 [err] 20 Therefore, the number of feedback pulses
per Ts is as follows: 150,000 pps.4 [err] sec = 600 p. Accordingly, the
following relationship is satisfied: 25 A . 10,000 = 600 30 [err] This
relationship is generalized by supposing that the 100% speed is Nr (RPM),
the feedback pulse 35 signal is FBPPR (P/R) and the interval to be detected
is Ts (msec) to find the following result: [err] [err] 45 In other words,
the coefficient A is the coefficient by which the commanded integrated
revolution speed for each printing roll, which is expressed in terms of the
integrated internal speed command, is coordinated so with the actual
integrated revolution speed of the printing roll, which is expressed in
terms of the feedback position signal. FIG. 2(a) illustrates the condition
of changes in internal speed command VREF with time. The area of region S
indicated by oblique lines in the drawing shows integrated value 55 [err]
EP 0 495 987 B1 of internal speed command VREF. Area R indicated by cross
oblique lines corresponds to feedback pulses for 1 [err] (600 pulses in the
case of the above-described calculation). In addition, FIG. 2(b)
illustrates the condition in which the increment in reference positional
command XREF operated at every interval Ts is integrated serially. 5
Similarly, positional feedback pulses fed back from a pulse encoder
connected to each printing roll are integrated at the regular intervals
described above to form a feedback position signal moment by moment. This
feedback position signal returns to 0 after it comes to the highest value
of the operation to continue the operation. As described above, numerical
continuity upon integration is given to the controller, whereby in the
operation as to any deviation between the reference positional command and
the feedback position 10  signal, continuity of operation can be achieved
even in the vicinity of the upper limit or 0 of the register used.
Therefore, this deviation is subjected to PI operation and then added to
the speed command to control the revolution speed of a drive motor through
a servodriver in such a manner that the deviation 



becomes 0. At this time, it is convenient to carry out not only P
(proportional) control proportional to the deviation but also I (integral)
control, because an operational output corresponding to torque required
upon is  acceleration or deceleration of the speed can be obtained. The
above-described control making use of the common speed command to all the
drive motors permits the realization of synchronous phase control. In
addition, the execution of the whole operation by the CPU permits the
provision of a system which is both reliable in operation and cheap. 20
BRIEF DESCRIPTION OF THE DRAWING FIG. 1 is a block diagram illustrating the
constitution of a synchronous phase control system of a servo system
according to an embodiment of this invention; FIG. 2(a) is a characteristic
diagram illustrating changes in internal speed command VREF, and FIG. 2(b)
25   is a characteristic diagram illustrating formation of reference
positional command XREF; FIG. 3 is a characteristic diagram illustrating
how to integrate both reference positional command XREF and a feedback
position signal; and FIG. 4 is a block diagram illustrating the
constitution of a conventional synchronous phase control system for
printing rolls in a corrugated board printing press having, for example, 3
printing rolls. 30 BEST MODE OF CARRYING OUT THE INVENTION Embodiments
according to the present invention will hereinafter be described with
reference to the drawings. 35     FIG. 1 is a block diagram illustrating
the constitution of a synchronous phase control system making use of a
method for synchronously phase-controlling a printing roll driving system
for a corrugated board printing press according to an embodiment of this
invention. In this embodiment, a series of hardware ranging from pulse
train generator 3 to adding operational amplifiers 8, which have been used
in the prior art described above with reference to FIG. 4, are replaced 40
by controller 21 composed of a CPU. In FIG. 1, controller 21 is represented
by a circuit diagram as a matter of convenience for the purpose of
explaining the contents of operation executed by controller 21. Three
printing rolls [err] are connected to driving servomotors 13i, 132 and 13s,
respectively. Servomotors [err] are respectively driven through
servodrivers [err] and directly connected to pulse encoders [err]. These
pulse encoders 141, 142 and 143 are adapted to 45  generate respective
positional feedback pulses [err] whenever servomotors 13i, 132 and 133
rotate by a predetermined angle, i.e., whenever printing rolls [err] rotate
by the predetermined angle. Controller 21 comprises A/D converter 22 and
reference positional command generating circuit 23, which are commonly
provided for printing rolls [err], and D/A converters 6, counters 24,
positional so  feedback pulse generating circuits 25 and PI computing
circuits 26, which are separately provided on each of printing rolls [err].
AID converter 22 is adapted to convert speed command [err] which is an
analog signal fed from the outside for indicating the revolution speed of
each of printing rolls [err] to internal speed command VREF, which is a
digital signal used in controller 21. Internal speed command [err] is
inputted in reference position command generating circuit 23, and then for
each of printing rolls [err] 55  [err], added to an output from its
corresponding Pi computing circuit 26, which will be described
subsequently, to be inputted in its corresponding D/A converter 6. Each of
D/A converters 6 D/A-converts the input signal to a revolution speed
command [err] inputted in its corresponding servodriver 12i, 122 or 123. 5
EP 0 495 987 B1 Reference positional command generating circuit 23 contains
register 27 having a predetermined bit length therein, and is adapted to
detect and integrate internal speed command VREF at regular intervals,
store a product obtained by multiplying above-described coefficient A by
this integrated value in register 27 and output the data stored in register
27 as reference positional command XREF. In this case, after reference 5
positional command XREF comes to the highest value depending upon the bit
length of register 27, the value of (the highest value + 1) is regarded as
0 to continue the integration. In other words, integration in this register
27 is executed without consideration for the so-called sign bit and in
disregard of overflow. On the other hand, counters 24 in which their
corresponding positional feedback pulses [err] and 



103 are inputted through respective servodrivers [err] are adapted to count
positional feedback 10  pulses [err] at the same intervals as the
integration in reference positional command generating circuit 23 and to
send the counts to their corresponding positional feedback pulse
integrating circuits 25. Positional feedback pulse integrating circuits 25
each have the same bit length as that of register 27 and are adapted to
integrate their corresponding counts of positional feedback pulses 101, 102
and 103 at the same intervals as the integration in reference positional
command generating circuit 23. In this integration 15  as well, after the
integrated value comes to the highest value depending upon the bit length
of feedback pulse integrating circuit 25, the value of (the highest value +
1) is regarded as 0 to continue the integration, as in the case of
reference positional command XREF. Regarding this integrated value, its
deviation 15 from reference positional command XREF is found. Deviation 15
is inputted in its corresponding Pi computing circuit 26. As described
below, the calculation for finding deviation 15 is executed with
consideration for the 20  so-called sign bit so as to be able to process
positive and negative numbers. Pi computing circuits 26 are those well
known in the art for performing Pi (proportional plus integral) control.
The computing operation of this system will hereinafter be described. A
speed command [err] inputted for indicating the revolution speed of
printing rolls [err] is converted to corresponding internal speed command
VREF by A/D converter 22 and inputted in reference 25  positional command
generating circuit 23. This internal speed command VREF is used as a
reference of the speed upon driving servomotors 13i, 132 and 13s. Reference
positional command generating circuit 23 serves to detect internal speed
command VREF inputted at regular intervals, integrate it serially to
multiply above-described coefficient A by this integrated value, and then
store the product each time in register 27 to output it as reference
positional command [err]  In this case, as described above, reference
positional 30  command XREF returns to 0 after it comes to the highest
value to continue the integration. Therefore, reference positional command
XREF always represents a fraction where an integrated revolution angle
determined for each of printing rolls [err] is divided by a fixed number.
This fixed number is a value corresponding to the bit length of register
27. On the other hand, positional feedback pulses 10i, 102 or 103 from
pulse encoders 141, 142 or 143 are s5  counted by its corresponding counter
24. This count is integrated in positional feedback pulse integrating
circuit 25 at the same intervals as to the case of the detection of
internal speed command VREF described above. This integrated value is a
feedback position signal, which represents a fraction where the actual
integrated revolution angle of each of printing rolls [err] is divided by a
fixed number. This fixed number is the same as that in the case of
reference positional command XREF described above. Any 40  deviation
between the feedback position signal and reference positional command XREF
represents the difference between the actual revolution angle of its
corresponding printing roll [err] and the revolution angle based on the
speed command at that point of time. Therefore, the speed to be commanded
to its corresponding servomotor 13i, 132 or 133 will be accelerated or
decelerated by a degree corresponding to the deviation of the revolution
angle by executing Pi operation in Pi computing circuit 26 45  on the basis
of this deviation and adding the result to internal speed command [err]
Internal speed command VREF added to the result of the Pi operation is
D/A-converted by D/A converter 6 to revolution speed command 11, 112 or
113, which is to be outputted to its corresponding servodriver [err] .
Servodriver [err] serves to drive its corresponding servomotor [err]
according to revolution speed command [err]  Servomotor [err] is driven
according to 5o  a command obtained by using common internal speed command
VREF as a reference and correcting common internal speed command VREF on
the basis of the deviation between its corresponding feedback position
signal and reference positional command XREF. Therefore, servomotor [err]
are driven so that their phases will synchronize with one another according
to speed command vt. Here, how to find the deviation between the feedback
position signal and reference positional command 55  XREF will be
described. As described above, the feedback position signal and reference
positional command XREF have the same bit length and are integrated by
regarding values, (the highest value + 1), of respective positional
feedback pulse generating circuit 25 and register 27 as 0 upon their
integration. The description will hereinafter be given about reference
positional command XREF by considering the bit length to be 16 6    EP 0
495 987 B1 bits. It goes without saying that this applies exactly to the
case of the feedback position signal. This 



integration does not take the sign bits into consideration as described
above, and is hence processed as so-called unsigned integer operation. The
highest value expressed as a number is 65535 (= 216 - 1). Here, if
hexadecimal notation is expressed in (H), the highest value, 65535, is
[err] In addition, the internal 5 expression in both positional feedback
pulse generating circuit 25 and register 27 is [err] For example, 4(H) as a
new value to be integrated, [err] is integrated to this number, resulting
in [err] + [err] = 10003(H) as illustrated in FIG. 3. Since (the highest
value + 1) is regarded as 0, however, it makes 3(H)- In the deviation on
the other hand, the computation is made by so-called signed integer
operation in which positive and negative numbers are distinguished from
each other as described above. The signed io integer operation is an
operation wherein if the most significant bit is 0, the value represents a
positive number, while if the most significant bit is 1, the value
represents a negative number. The reason why this operation is used is that
neither the feedback position signal nor reference positional command XREF
becomes negative, whereas the deviation can have either positive and
negative values. The deviation is obtained by subtracting the feedback
position signal from reference positional command XREF. For example, 15
when reference positional command XREF and the feedback position signal are
[err] and [err] respec- tively, the deviation is to be [err] from the above
description. Subtracting [err] from [err] leaves FFFC(H) in terms of the
internal expression. This means 65532 in the unsigned operation and -4(=
[err] in the signed operation. It is to be understood that a positive or
negative deviation can be found exactly in a range of numbers (if 16 bits,
from -32768 to +32767), which are represented by the bit length where the
most 20 significant bit is made a sign bit, by executing the signed
operation. The bit lengths of the feedback position signal and reference
positional command XREF will hereinafter be described. Controller 21 shown
in this embodiment usually consists of a CPU. CPUs are usually constructed
so as to permit the operation of 8, 16 or 32 bits, or even longer bits. If
16 bits are made single- length data and 32 bits double-length data, it is
possible to process numbers in a range of from -32768 to 25 + 32767 for the
single-length data and from -2147483648 to + 2147483647 for the
double-length data. If the number of positional feedback pulses per
revolution of each of printing rolls 11, 12 and 13 is made greater in order
to enhance the resolution of the system, the value of the deviation in the
single-length data may momentarily depart from the above range when a great
load change occurs. For example, in U.S. Patent No. 4,527,788 cited above,
there is a description to the effect that 15,000 pulses per revolution of
the drive 3o motor are generated. Such a departure of the deviation from
the range may cause an operation error, so that the synchronous phase
relationship between printing rolls [err] may be discontinued, resulting in
unavoidable stop of the printing press. Further, since the data in the
course of operation must fall within the range of the data length, it is
desirable that the bit lengths of the feedback position signal and
reference position signal XREF, i.e., the bit lengths of positional
feedback pulse generating circuit 25 and register 27, 35  are made 32 bits
(double-length data) or more. In the above description, the progress of the
operation has been explained as represented by the circuit diagram
illustrated in FIG. 1 as a matter of convenience. In reality, the whole
operation is however executed according to a program stored in controller
21 (CPU), 40  INDUSTRIAL APPLICABILITY As described above, the present
invention brings about the following effects. Since the whole operation is
executed by means of a CPU which is a controller capable of carrying out
the processes to maintain numerical continuity upon integration, the mere
application of a speed command to the controller from the 45 outside
permits synchronous phase control, and no hardware incident to the outside
is required. In addition, since all the processes are carried out by
digital software, it is also possible to use double-length data. It is
hence possible to synchronously phase-control the printing roll drive
systems for corrugated board printing presses with high precision and
without a substantial increase in cost even when the number of drive shafts
to be controlled is increased. 50 Claims 1. A method of synchronously
phase-controlling a printing roll drive system for a corrugated board
printing press having a plurality of printing rolls [err] in order to
maintain a phase relationship between 55     the printing rolls [err] in a
preset state, which comprises: converting a common speed command [err]
inputted in each of the printing rolls to its correspond- ing internal
speed command (VREF), forming a positional feedback pulse signal [err] by a
pulse encoder [err] 7  



EP 0 495 987 B1 bits. It goes without saying that this applies exactly to
the case of the feedback position signal. This integration does not take
the sign bits into consideration as described above, and is hence processed
as so-called unsigned integer operation. The highest value expressed as a
number is 65535 (= [err] - 1). Here, if hexadecimal notation is expressed
in [err] the highest value, 65535, is [err] In addition, the internal 5
expression in both positional feedback pulse generating circuit 25 and
register 27 is [err]  For example, 4(H) as a new value to be integrated,
AXREF, is integrated to this number, resulting in [err] + [err] = [err] as
illustrated in FIG. 3. Since (the highest value + 1) is regarded as 0,
however, it makes [err] In the deviation on the other hand, the computation
is made by so-called signed integer operation in which positive and
negative numbers are distinguished from each other as described above. The
signed io integer operation is an operation wherein if the most significant
bit is 0, the value represents a positive number, while if the most
significant bit is 1, the value represents a negative number. The reason
why this operation is used is that neither the feedback position signal nor
reference positional command XREF becomes negative, whereas the deviation
can have either positive and negative values. The deviation is obtained by
subtracting the feedback position signal from reference positional command
XREF. For example, 15  when reference positional command XREF and the
feedback position signal are [err] and [err] respec- tively, the deviation
is to be [err] from the above description. Subtracting [err] from [err]
leaves [err] in terms of the internal expression. This means 65532 in the
unsigned operation and -4(= [err] in the signed operation. It is to be
understood that a positive or negative deviation can be found exactly in a
range of numbers (if 16 bits, from -32768 to +32767), which are represented
by the bit length where the most 20  significant bit is made a sign bit, by
executing the signed operation. The bit lengths of the feedback position
signal and reference positional command XREF will hereinafter be described.
Controller 21 shown in this embodiment usually consists of a CPU. CPUs are
usually constructed so as to permit the operation of 8, 16 or 32 bits, or
even longer bits. If 16 bits are made single- length data and 32 bits
double-length data, it is possible to process numbers in a range of from
-32768 to 25  + 32767 for the single-length data and from -2147483648 to +
2147483647 for the double-length data. If the number of positional feedback
pulses per revolution of each of printing rolls 11, 12 and 13 is made
greater in order to enhance the resolution of the system, the value of the
deviation in the single-length data may momentarily depart from the above
range when a great load change occurs. For example, in U.S. Patent No.
4,527,788 cited above, there is a description to the effect that 15,000
pulses per revolution of the drive 30 motor are generated. Such a departure
of the deviation from the range may cause an operation error, so that the
synchronous phase relationship between printing rolls [err] may be
discontinued, resulting in unavoidable stop of the printing press. Further,
since the data in the course of operation must fall within the range of the
data length, it is desirable that the bit lengths of the feedback position
signal and reference position signal XREF, i.e., the bit lengths of
positional feedback pulse generating circuit 25 and register 27, 35 are
made 32 bits (double-length data) or more. In the above description, the
progress of the operation has been explained as represented by the circuit
diagram illustrated in FIG. 1 as a matter of convenience. In reality, the
whole operation is however executed according to a program stored in
controller 21 (CPU). 40  INDUSTRIAL APPLICABILITY As described above, the
present invention brings about the following effects. Since the whole
operation is executed by means of a CPU which is a controller capable of
carrying out the processes to maintain numerical continuity upon
integration, the mere application of a speed command to the controller from
the 45 outside permits synchronous phase control, and no hardware incident
to the outside is required. In addition, since all the processes are
carried out by digital software, it is also possible to use double-length
data. It is hence possible to synchronously phase-control the printing roll
drive systems for corrugated board printing presses with high precision and
without a substantial increase in cost even when the number of drive shafts
to be controlled is increased. 50 Claims 1. A method of synchronously
phase-controlling a printing roll drive system for a corrugated board
printing press having a plurality of printing rolls [err] in order to
maintain a phase relationship between 55     the printing rolls [err] in a
preset state, which comprises: converting a common speed command (vef)
inputted in each of the printing rolls to its correspond- 



ing internal speed command [err] forming a positional feedback pulse signal
[err] by a pulse encoder [err] 7    EP 0 495 987 B1 connected to its
corresponding printing roll [err] detecting and integrating the internal
speed command (VREF) at regular intervals (Ts) to multiply a predetermined
coefficient (A) by the integrated value (S) each time, thereby forming a
reference positional command [err] said reference positional command (XREF)
returning to 0 after it comes to a 5       predetermined highest value of
the operation to continue the integration, counting and integrating the
positional feedback pulse signal (101, 102, 10s) at the same regular
intervals as the integration of the internal speed command to form a
feedback position signal, said feedback position signal returning to 0
after it comes to said predetermined highest value of the operation to
continue the integration, and then 10         subjecting any deviation
between the reference positional command [err] and the feedback position
signal to Pi operation to add its result to the internal speed command
(VREF), thereby regarding the sum as a revolution speed command [err] to
the corresponding printing roll [err] to drive the corresponding printing
roll according to the revolution speed command  [err] 15  2. A system for
synchronously phase-controlling a printing roll drive system for a
corrugated board printing press having a plurality of printing rolls [err]
in order to maintain a phase relationship between the printing rolls [err]
in a preset state, said printing roll drive system comprising drive motors
[err] which are separately connected to the printing rolls [err], pulse
encoders (141, 142, 143) which are separately connected to the printing
rolls [err]  and which generate a 20     positional feedback pulse signal
[err], and servodrivers [err] which are separately provided on the drive
motors (131, 132, 133) and which serve to drive their corresponding drive
motors [err], which comprises: a controller (21) having a reference
positional command generating circuit (22, 23) for converting a common
speed command [err] inputted in each of the printing rolls (11, 12, 13) to
its corresponding 25     internal speed command (VREF), detecting and
integrating the internal speed command (VREF) at regular intervals (Ts) to
multiply a predetermined coefficient (A) by the integrated value (S) each
time, thereby forming a reference positional command [er] said reference
positional command [err] returning to 0 after it comes to a predetermined
highest value of the operation to continue the integration; feedback
position signal forming means (24, 25) for separately counting and
integrating positional feedback pulse 30     signals (10,, 102, 103) of the
printing rolls [err] at the same regular intervals as the integration of
the internal speed command to form their corresponding feedback position
signals, each of said feedback position signals returning to 0 after it
comes to said predetermined highest value of the operation to continue the
integration; and P1-operating means (26) for separately subjecting
deviations between the reference positional commands (XREF) and the
feedback position signals in the printing 35     rolls (11, 12, 13) to PI
operation to add their results to their corresponding internal speed
commands (VREF) and outputting the sums as a revolution speed command (11i,
112, 113) in their corresponding servodrivers (121, 122, 123).
PatentansprUche 40 1. Verfahren zur synchronisierten Phasensteuerung eines
Druckwalzen-Antriebssystems fur eine Wellpap- pen-Druckmaschine, welche
eine Mehrzahl von Druckwalzen (ii, 12, 13) hat, mit dem Ziel eine
Phasenbeziehung zwischen den Druckwalzen (i,, 12, 1i) gemif  einem
vorbestimmten Zustand einzuhalten, watches folgendes aufweist: 45
Konvertieren eines gerneinsamen Geschwindigkeitsbefehis (Vf), welcher mit
flr die jeweiligen Druckwalzen als zugeordneter interner
Geschwindigkeitsbefohl (/REF) eingegeben wird, Bildung eines
Positionsrflckkopplungs-lmpulssignals (10,, 102, 103) mit Hilfe eines
Impulscodierers (141, 142, 143), watcher der zugeordneten Druckwalze (ii,
12, 13) verbunden ist, Detektieren und Integrieren des intemen
Geschwindigkeitsbefehis (VREF) in regelmdBigen Interval- 50     len (Ts),
urn einen vorbestimmten Koeffizienten (A) mit dem  integrierten Wert (S)
jedes Mal zu multiplizieren, wodurch emn Bezugspositionsbefehl VXREF)
gebildet wird, wobei der Bezugspositionsbe- 



fehl (XREF) auf 0 zurUckgeht, nachdem er einen vorbestimmten h6chsten
Betriebswert eingenommen hat, um die Integration fortzusetzen, ZAhlen und
Integrieren des Positionsruckkopplungsimpulssignals (101, 102, 103) zu den
gleichen 55     regelmlBigen Intervallen wie die Integration des internen
Geschwindigkeitsbefehis, urn ein ROckkopp- lungspositionssignal zu bilden,
wobei das RUckkopplungspositionssignal auf 0 zurUckgeht, nachdem es den
vorbestimmten hdchsten Betriebswert eingenommen hat, um die Integration
fortzusetzen, und anschlie~endes Verarbeiten jeglicher Abweichung zwischen
dem Bezugspositionsbefehl (XREF) und 8    EP 0 495 987 B1 dem
RUckkopplungspositionssignal gemaB einer P1-Operation, um das Ergebnis zu
dem  intemen Geschwindigkeitsbefohl (VREF) ZU addieren, wobei die Summe als
ein Umdrehungsgeschwindigkeitsbe- fehl (111, 112, 113) fUr die zugeordnete
Druckwalze (ii 12, 13) betrachtet wird, urn die zugeordnete Druckwalze nach
MaBgabe des Umdrehungsgeschwindigkeitsbefehis (lii 112, 113) anzutreiben.
2. Vorrichtung zur synchronisierten Phasensteuerung eines
Druckwalzen-Antriebssystems far eine Well- pappen-Druckmaschine, welche
eine Mehrzahl von Druckwalzen (11, 12, 13) hat, um eine Phasenbezie- hung
zwischen den Druckwalzen (i,, 12, 13) mit einem vorgegebenen Zustand
aufrechtzuerhalten, wobei das Druckwalzenantriebssystem Antriebsmodule
(13i, 132, 133) aufweist, welche gesondert mit tO     den Druckwalzen (1i,
12, is) verbunden sind, ferner Impulscodierer (141, 142, 143) aufweist,
welche gesondert mit den Druckwalzen (1i, 12, 13) verbunden sind und welche
ein Positionsr(Ickkopplungsim- pulssignal (10i, 102, 10s) erzeugen, sowie
Servotreiber (121, 122, 123) aufweist, welche gesondert an den
Antriebsmotoren (131, 132, 133) vorgesehen sind und dazu dienen, die
zugeordneten Antriebsmo- toren (131, 132, 139) anzutreiben, wobei die
Vorrichtung folgendes aufweist: 15         eine Steuereinrichtung (21),
welche eine Bezugspositionsbefehlserzeugungsschaltung (22, 23) zum
Konvertieren eines gemeinsamen Geschwindigkeitsbefohis (Vf), welcher fUr
die jeweilige Druckwalze (11, 12, 13) eingegeben wird, zu einem
zugeordneten internen Geschwindigkeitsbefehl (VREF), welche den internen
Geschwindigkeitsbefohl (VREF) in regelmaBigen Intervallen (Ts) detektiert
und integriert, urn einen vorbestimmten Koeffizienten (A) mit dem
integrierten Wert (S) jedes Mal zu multiplizieren, 20     wodurch ein
Bezugspositionsbefehl (XREF) gebildet wird, der Bezugspositionsbefehl
(XREF) auf 0 J,     .    zurUckgeht, nachdem  er einen vorbestimmten
hochsten Betriebswert eingenommen hat, um die Integration fortzusetzen;
eine RUckkopplungspositionssignal-Bildungseinrichtung (24, 25) zum
gesonder- ten Zahlen und Integrieren der
Positionsrllckkopplungsimpulssignale (101, 102, 103) der Druckwalzen (11,
12, 1i) zu dem gleichen regelmaBigen Intervall wie die Integration des
internen Geschwindigkeits- 25     befehis, um zugeordnete
RUckkopplungspositionssignale zu bilden, wobei jedes der RUckkopplungspo-
sitionssignale auf 0 zurflckgeht, nachdem das jeweilige Signal den
vorbestimmten hochsten Betriebs- wert erreicht hat, um die Integration
fortzusetzen; und PI-Operationseinrichtungen (26), welche geson- dert die
Abweichungen zwischen den Bezugspositionsbefehlen (XREF) und den
RUckkopplungsposi- tionssignalen in den Druckwalzen (11, 12, 13) mit einer
P1-Operation bearbeiten, um die Ergebnisse zu 30     den zugeordneten
internen Geschwindigkeitsbefehlen (VREF) zu addieren und die Summen als
einen Umdrehungsgeschwindigkeitsbefehl (111, 112, 11s) zu den zugeordneten
Servotreibern (121, 122, 123) auszugeben. RevendIcations 35 1. Procdde de
regulation de phases synchronisdes dans un systbme de commande de rouleaux
d'impres- sion pour une presse d'impression de carton ondule ayant une
pluralite de rouleaux d'impression (11, 12, 13) de fagon a maintenir une
relation de phase entre les rouleaux d'impression (11, 12, 13) dans un etat
pr44tabli, qui consiste: 40         a transformer une commande de vitesse
commune (V,) d6livrde en entr6e dans chacun des rouleaux d'impression, en
sa commande de vitesse interne correspondante (VSEF), & fornmer un signal
d'impulsions de rdtroaction positionnelle (101, 102, 103) par un codeur
d'impulsions (14i, 142, 143) relie a son rouleau d'impression correspondant
(1i, 12, 13), A d6tecter et A integrer la commande de vitesse inteme (VREF)
a des intervalles reguliers (Ts) pour 45     multiplier un coefficient
predetermind (A) par la valeur integrde (S) & chaque moment, afin de former
une commande positionnelle de reference (XREF), ladite commande
positionnelle de ref6rence (XREF) 



revenant A z6ro apres avoir pris une plus grande valeur predeterminee de
l'operation pour poursuivre l'integration, a compter et a integrer le
signal d'impulsions de retroaction positionnelle (101, 102, 103) aux 50
mrnmes intervalles r~guliers que l'integration de la commande de vitesse
interne pour former un signal de position de retroaction, ledit signal de
position de retroaction revenant a z6ro aprbs qu'il a pris ladite valeur la
plus elevee preddterminee de l'operation pour continuer l'integration et
ensuite a soumettre n'importe quelle d6viation entre la commande
positionnelle de reference (XREF) et le signal de position de retroaction &
une operation IP pour ajouter son resultat A la commande de vitesse 55
interne (VREF) de fagon & considdrer la somme comme une commande de vitesse
de revolution (1i1, 112, 11s) du rouleau d'impression correspondant (i,,
12, is) pour commander le rouleau d'impression correspondant conform6ment a
la commande de vitesse de revolution (11i, 112, 113).    EP 0 495 987 B1 2.
Appareil de r6gulation de phases synchroniseos dans un systeme de commande
de rouleau d'impres- sion pour une presse d'impression de carton ondule
ayant une pluralite de rouleaux d'impression (1,, 12, 13) afin de maintenir
une relation de phase entre les rouleaux d'impression (1i, 12, 13) dans un
etat pre-etabli, ledit systeme de commande de rouleau d'impression
comprenant des moteurs de comman- , 5    do (13,, 132, 133) qui sont relies
separement aux rouleaux d'impression (1,, 12, 13), des codeurs d'impulsions
(141, 142, 143) qui sont reli6s de fagon s6par6e aux rouleaux d'impression
(1,, 12, 13) et qui genbrent un signal d'impulsions de retroaction
positionnelle (10, 102, 103) et des servo-entra~ineurs (12,, 122, 129) qui
sont prdvus sdpardment sur les moteurs de commande (13i, 132, 133) et qui
servent a entraTher leurs moteurs de commando correspondents (13i, 132,
133), comprenant: 10         un dispositif de commando (21) ayant un
circuit generant une commande positionnelle de reference (22, 23) pour
transformer une commando de vitesse commune (Vmf) d6livroe en entr6e dans
chacun des rouleaux d'impression (1i, 12, 13) A sa commande de vitesse
interne correspondante (VREF), detecter et integror la commando de vitesse
interne (VREF) a des intervalles reguliers (Ts) pour multiplier un
coefficient prdddtermine (A) par la valeur integree (S) & chaque moment, de
facon & 15     former une commando positionnelle de reference (XREF),
ladito commando positionnelle de ref6rence (XREF) revenant a zero aprbs
qu'olle a pris une valour la plus 4lev6o predetormin6e de l'operation pour
continuer l'integration, des moyens formant des signaux de position de
retroaction (24, 25) pour compter et int~grer s6par6ment los signaux
d'impulsions de retroaction positionnollo (10,, 102, 103) des rouleaux
d'impression (1,, 12, is) aux memes intervalles reguliers quo l'integration
de la comman- 20     do de vitesse interne pour former lours signaux de
position de retroaction correspondants, chacun K..-'      desdits signaux
de position de retroaction revenant A zero aprbs qu'il a pris ladite valeur
ia plus elevde predetormineo de l'op~ration pour continuer l'int~gration et
des moyens (26) pour effectuer une op6ration IP pour soumettre separ6ment
les deviations ontre les commandes positionnelles de reference (XREF) et
les signaux de position de retroaction dans les rouleaux d'impression (1,,
12, 13) & 25     l'operation IP pour ajouter lours r6sultats aux commandos
de vitesse interne correspondantes (VREF) ot delivrer en sortie los sommes
comme une commande de vitesse de revolution (II,, 112, 113) dans leurs
servo-entraineurs correspondants (121, 122, 123). 30 35 40 45 50 55 10    


