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Claim

1. A control system for a reciprocating linear

motion or intermittent motion device comprising:

a servomotct for driving an operation member of the

device,

means for setting an amount of st¢roke for the operation

member,

means for setting a period of stroke time for the

operation member,

memory means for storing therein in the order of addresses

items of velocity data at stroke positions at a
specified spacing, the items of velocity data being

cbtained from a predetermined operation member

velocity diagram,
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pulse gernerator means for generating a pulse signal
having a period equal to a velocity data reading
interval determined by the stroké cime set by the
stroke time setting means and the number of velocity
data items stored in the memory means,

means for counting the number of pulses produced by
the pulse generating means,

means for rieading the velocity data from the address
in the memory means corresponding to a nenewed count

obtained by the counting means every time the count is
renewed,

means for converting the read velocity data to a
signal corresponding to a velocity obtained by
multiplying the velocity data by a ccefiicient
determined by the amount of stroke set by the stroke
amount setting means, the stroke time set by the
stroke time setting means and all items of velocity
data stored in the memory means, and

means for controlling the speed of the servomotor
according to the output signal of the ccnverting

means.

3. A control system as defined in claim 1l or
2 wherein the reciprocating linear motion or inter-

mittent motion device is a metering cylinder of a

filling device,



(11) AU-B-29647/89 3-
(10) 601315

5. A control system as defined in claim 1 or
2 wherein the reciprocating linear motion or inter-
mittent motion device is a container transport device,
and the operation member is an intermittently driven

belt ccnveyor of the transport device.
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TITLE OF THE INVENTION
CONTROL SYSTEM FOR RECIPROCATING LINEAR MOTION

OR INTERMITTENT MOTION DEVICES

BACKGROUND OF THE INVENTION

The present invention relates to control
systems for reciprocating linear motion devices or
intermittent motion devices, for example, to systems feor
controlling the metering cylinder of a filling device
in packaging machines, a lifting device for the containers
to be filled with a liquid by the filling device, a
transport device for intermittently transporting the
liguid-filled cuntainers, etc.

Conventionally, the filling stroke of filling
devices is controlled by a cam.. A cam is also used for
controlling the lift stroke of lifting devices to
maintain a constant distance between the filling nozzle
and the level of the liquid filled in containers
during filling operation. A cam is also used for control-
ling the transport stroke of transport devices for
intermittently transporting the liquid-filled containers
to a specified work station, so as to diminish the
movement of the liquid.

With conventional ccntrol systems wherein a cam

is used for an operating member, there arises a need to
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change the cam when the amount of stroke of the opersting
member or the velocity thereof is to be altered.

Accordingly, various cams must be prepared, while the

change of the cam requires a cumbersome procedure.
5 SUMMARY OF THE INVENTION

The main object of the present invention is to

overcome the above problem and to provide a control

ﬁ s system for reciprocating linear motion or intermittent
motion devices.

i o 10 The present inveﬁtion provides a control system

ve - for a reciprocating linear motion or intermittent motion

device, ccmprising: a servomotor for driving an operation
member of the device; mearis for setting an amount of

stroke for the operation member; means for setting a

15 period of stroke time for the operation member; memory

TS SN T TSN U e SR

TSN

means for storing therein in the order of addresses items

cf velocity data at stroke positions at a specified
‘ spacing, the items of velocity data being oktained from

a predetermined operation member velocity diagram; !

{ 20 pulse generator means for generating a pulse signal i

having a period equal to a velocity data reading interval

I
Nl

determined by the stroke time set by the stroke time %

setting means ard the number of velocity data items  stored f

in the memory means; means for counting the ‘number of opulses . ‘ ‘
25 produced by the pulse generating means; means for reading the

velocity data from the address in the memory means corresponding

-2
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to a renewed count obtained by the ccunting means every
time the count is renewed; means for converting the read
velocity data to a signal corresponding to a velocity obtained
by multiplying the velocity data by a coefficient
determined by the amount of stroke set by the stroke
amount setting means, the stroke time set by the stroke
time setting means and all items of wvelocity data stored
in the memory means; and means for controlling the speed
of the servomotor according to the output signal of the
converting means.

When an amount of stroke and a period of stroke
time are set for the operation member of the reciprocating
linear mction or intermittent motion device, the velocity
of the operation member is determined from the set values
and the velocity data stored in the memory means, and the
operation member performs the specified amount of stroke
for the specified time at the velocity thus determined.

Accordingly, one of the amount of stroke and
the stroke time or both can be easily altered merely by
varying the value set by one of the stroke amount setting
means and the stroke time setting means or the values set
by both means. The velocity characteristics of the

operation member can also be altered easily by varying

the velocity data in the memory means.:
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram schematically showing a
container transport device for use in a packaging machine;

Fig. 2 is a diagram schematically showing a
filling device and a container lifting device included
in the packaging machine;

Fig. 3 is a time chart showing the operation
of the container transport device,. filling device and
container lifting device with time;

Fig. 4 is a block diagram showing the electrical
construction of a control system for a servomotor for
driving a metering cylinder;

Fig. 5 is a velocity diagram of the piston
stroke of the metering cylinder;

Fig. 6 is an example of velocity diagram
wherien the filling time is altered;

Fig. 7 is an example of velocity diagram
wherein the amount to be filled is altered:

Fig. 8 is an example of velocity diagram
wherein the filling time and the amount to be filled
are altered

Fig. 9 is a block diagram showing the electri-=

o e r——

cal construction of a control system for a servomotor for

driving the container lifting device; and

mevmerr o

Fig. 10 is a block diagram showing the electri-~-
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cal construction of a control system for a servomotor
for driving the container transport device.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

With reference to the drawings, embodiments
of the invention will be described below which are systems
for controlling the metering cylinder of a £illing device
in a packaging machine, a lifting device for the
conitainers to be filled with a liquid by the filling
device, and a device for intermittently transporting the
containers.
A) General Construction of the Packaging Machine
With the packaging machine, blanks each

in the form of a tube with a closed end and to be made
into containers are delivered from mandrels onto the
transport device. The blanks are intermittently fed by
the transport device to a prefolding station, filling
station, forming station and top sealing station in
succession:. At the prefolding station, folds are formed
in the open end portion of each blank for forming the
top portion of a: container. At the filling stat‘on,
a fluid food or the like is filled into container bhlank.
At the forming station, the open end portion of the blank
is folded. At the top sealing station, the folded end
portion is srzaled, whereby the céntainer is completed.

with the contents enclosed therein.
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The fluid food or like liquid is filled into
the container (blank) by the filling device which has

a metering cylinder and a filling nozzle. During the

filling operation, the container is lowered by the lifting

device to maintain a constant distance between the filling

nozzle and the.level of the liquid filled in the éonﬁainer
and thereby prevent the liquid from splashing.

Fig. 1 schematically shows the construction of .
the transport device ld, which comprises a'pair of opposed
belt cenveyors 11, 12 extending in the direction of
transpcrt. Each of_the conveydrs'll; 12 comprises a pair
of front and reaf pulleys,and a belt reeved around the
pulleys. One of the pullieys bf the conveyor 11 has é
drive shaft which is coupled by é reduction gear 13 to
1zhe ouﬁpuﬁ shaft of a servomotor 14 for driving the
transport device 10. Tﬁe rotation of this pulley is
ﬁransmitted through a gear mechanism 15 to one of the

pulleys of the other belt conveyor 12. The servomotor 14

is controlled by the control system shown in Fig. 10.

Fig. 2 schematically shows the filling device
and the container lifting device.

The filling device 20 comprises a filling
cylinder 21, a mgtering cylinder 23 having a piston 24
and connected by a pipe 22 to the filling-cylinder'Zl.at

an intermediate portion of its height, and a filling

PR S —
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nozzle 25 connected to the lower end of the filliﬁg
cylinder 2i. The filling cylinder 21'is internally
provided with check Qalves 26, 27 at its‘upper and lower
ends, respectively. ‘The upper end of the filling

.cylinder 21 is connected to a liquid tank by an unillus-

“trated cOnnécting pipe. The rod 24a of the metering

cylinder piston 24 is connected by a ball screw 38 to the

" output shaft of a servomotor 29 for driving the piston

 for the cylinder 23. Ths servomotor 29 is controlled by

the control system shown in Fig. 4.

The container lifting device 30 comprises a
lifﬁ meémber 31 for supporting the container K, a lever
33 reciprocatinély pivotaliy movable by a servomotor 32,
and a iink 34 pivoted at its one end to the lower end of
the lift member 31 and the other end to the forward end
of the lever 33. The lift member 31 has attached
thereto a holder 35 for holding the container K with
stability. The servomotor 32 is controlled by the
control system shown in Fig. 9.

Fig. 3 shows the operation of the transport
device 10, the container lifting device'30‘and the
filling device 20 with time.

When the‘transport device 10 stops, the contain-
er K is raised from a bottom dead center indicated in a

solid line in Fig. 2 to a top dead center indicated in a

“T -
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broken liné in the drawing by the lifting device 30.

At the ‘top_' dead center, the filling nozzle 25 is placed
ih the container K, with the nozzle end positioned at
the bottom of the container K.

Upon the container K reaching the top dead
center, the piston Z4 of the metering cylinder 23 rises,
thereby causing the liquid within the cylinder 23 to fill
the container K througn the connecting pipe 22, .the
filling cylinder 21 and the nozzle 25. During the filli‘ng"
operation, the lifting device 30 lowers so as to maintain
the end of the nozzle 25 at aﬁ approximately constant
distance from the liquid level in the container K.

Oon c‘,il(pletion of the filling oper‘ati-on, the
lifting device 30 stbps‘ descending. The transport device
10 is thereafter driven, while the piéton 24 of the
metering 'cy‘l'ind'er ‘23 moves down, alloWin-g the liquid to
flow out frqm the liquid tank into the mete‘ring cylinder
23 thfough the filling cy’lin'der‘ Zi and the connecting
pipe 22. |
B) Control of the Metéring Cylinder.

| Fig. 4 show$3 the electrical construction of the
control system for the metering cylinder &riving servomotor. The
rotation angular position of the output shaft of the
servomotor 29 is detected by an encoder 41, which feeds

a detection signal back to a motor drive circuit 42.
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In response to a pulse signal (motor control signal)
sent forward from a motor control circuit 50 and to the
detection signal from the encoder 41, the servomotor

29 is subjected to feedback control by the drive circuit
42 so that the rotation angular position of its output
shaft coincides with the position represented by the
pulse. signal.

The motor control circuit 50 comprises a clock
pulse generator 51, a frequency changer 52 for changing
the pulses produced by the generator 51 to a pulse signal
having a frequency f equal to A (first control coeffi-
cient) times the frequency fo of the pulses, an address
counter 53 for counting the number of pulses produced
by the frequency changer 52, a wvelocity function RCM 54
having stored therein in the order of addresses the
desired velocity ¢haracteristics data relative to the
filling stroke of the metering cylinder 23 or the time
required for the filling stroke and delivering the stored
data at '‘a particular address specified by the address
counter 53, a D/A converter 55 for converting the output
data of the ROM 54 to a voltage, a voltage changer 56
for changing the output voltage of the D/A converter 55
to a voltage equal to B (second control coefficient) times
the output voltage, a V/F converter 57 for converting

the output voltage of the changer 56 to a pulse signal

e
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~having a frequency in accordance with the voltage value

and feeding the pulse signal to the drive circuit 42, a
preset counter 58 for counting.che number of pulses
deliVered.from the.V/F converter 57, and a CPU 60 for
controlling these components. The CPU 60 has a ROM 61
having a control program stored therein, and a RAM 62

for storing various items of data.

The CPU 60 receives a setting signa; from means
63 for setting a desired period of filling.time for the
metering cylinder 23, a setting signal from means 64 for
setting the desired amount (stroké amount) to be filled
by the metering cylinder 23, a'coﬁnt;up signal from the
preset counter 58, a start signal forwarded from én
unillustrated packaging machine control system ét.a
specified time. |

~The CPU 60 produces a drive initiation signal
and_drive.terminaﬁioh signal for the clock pulée generator
51, a first control coefficient A setting signal for the
frequency chanéer 52, a reset signal for the addfess
counter 53, a Seéond control coefficient B setting signal

for the voltage changer 56, a preset signal for the preset

counter 58, etc.

Fig. 5 is a velocity diagram showing the
relationship between the filiing stroke S of the metering

cylinder piston 24 and the velocity thereof. Although
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modified sine curves or the like are usually used for
velocity diagrams, an inverted V-shaped line is herein
used for th= convenience of description.

The velocity function ROM 54 has stored therein
in the order of addresses items of velocity data at
stroke positions obtained by J&:vif.ng the filling stroke
S by a predetermined number n (e.g., n = 4000).

Before the metering cylinder 23 starts a fill-
ing operation, the system is initialized first. In the
initialization step, the first control coefficient A is
determined in the following manner based on the filling
time Ts set by the filling time setting means 63 and the
velocity data stored in the velocity function ROM 54.

When the filling time is Ts, the interval ds
at which the data is read from the ROM 54 is Ts/n.
Accordingly the frequency f of reading pulses is n/Ts.
Assuming that the clock pulse generator 51 produces
pulses with a frequency of fo, f = A.fo, so that the
first control coefficient A is given by: A = f/fo
=n/(Ts-fo).

Further the second control efficient B is
determined in the following manner based on the filling
time Ts set by the means 63, the filling amount Ws set
by the filling amount setting means 64 and the vclocity

data stored in the ROM 54. With reference to the

-11-
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velocity diagram representing the velocity data stored
in the ROM 54, the amount Ws to be filled by the stroke
S which requires the time Ts is the product Sv-:Ts/n of
the sum Sv of the velocities at the respective points of
time obtained by dividing the filling time Ts by n,
multiplieéd by the divided time interval Ts/n.
Accordingly, the seccnd ccntrol coefficient B is given
by B = Ws/Wx = Ws/(Sv-Ts/n).

After the system has been thus initialized, the
start signal is fed to the CPU 60, whereupon a value
(preset value) corresponding to the filling amount Ws set
by the setting means 64 is preset in the preset counter
58. The address counter 53 is reset, and the clecck
pulse generator 51 is thereafter initiated into operation.

The pulse signal produced by the generator 51
is changed by the frequency changer 52 to a pulse signal
with a frequency £ = A-fo. The pulses delivered from
the frequency changer £2 are sent to the address counter

53 and counted by counter 53.° Every time the count of ' i

the address counter 53 is renewed, the velocity data

is read from the address of the ROM 54 corresponding to ﬁ

o g

the renewed count and converted to a voltage by the D/A
converter 55.
The output voltage of the converter 55 is |

multiplied by B in the voltage changer 56 and then sent
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to the V/F converter 57, by which the voltage is converted

to a pulse siénal with a frequency corresponding to the
voltage value. The pulse signal is fed to the motor
drive circuit 42, which in turn drives the servomotof
29 at a speed corresponding to the freQuency of the
pulse signal, whereby the meterihg cylinder 23 is driven.
The output pulses from the V/F convefter 57 are
fed also to the preset coﬁnter 58 and thereby‘ceunted.
When the count of the preset counter 58 feaches the
preset value, i.e., when the amount of movement of the
piston 24 of the meﬁering cylinder 23 becohes equal‘to
the stroke length corresponding to the amount to be filled,
the preset counter 58 ccmpletes iﬁs operation te feed
a count—up‘signal to the CPU 60,‘Whereupon the CPU 60 feeds
a drive termination signal‘to the pdlse generator 51
to discontinue theioperation of the‘geheretor 51 and stop
the servomotor 29.‘
‘Thus, the piston 24 of the metering cylinder
23 performs £he specified amount of stroke ccrresponding
.= the specified filling amount for the specified filling
time a£ the velocities determined from tihe velocity
data stored in the ROM 54 and in accordance with the
velocity diagram.
For example, it is possible to alter the filling

time Ts only with the £filling amount unchanged as

..;13-
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represented by line b relative to line 'a in Fig. 6
(the filling amount corresponding to the area inside
each flexed line), or to alter the filling amount with
the filling time Ts unchanged as represented by line c¢
relative to line a in Fig. 7, or to alter the filling
time Ts and the filling amount without changing the
velocities at the respective points of time obtained
by dividing the filling time Ts by n as represented by
line d relative to line a in Fig. 8.

The alteration shown in Fig. 6 is accomplished
by verying the value set by the filling time'setting
means &§3. In this case, both the control coefficients
A and B are varied. The alteration of Fig. 7 is
realized by varying only the value set by the filling
emount setting means 64. In this case, the control
ccefficient B only is altered without changing the
coefficient A. The alteration of Fig. & ~an be done
by varying the control efficient A only.

Although the speed of the servomotor 29 is

ccntrolled by the pulse signal‘as‘ccnverted:&om the

‘output voltage of the voltage changer 56 by the V/F

ccnverter 57 in the above embndiment, the‘motor‘speed
may altfrnatlvely be controlled by the output voltage of
the voltage changer 56

‘Further the detectlon SLgnal of the encoder 4]

N
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is usable for recognizing that the piston éf the metering
Cyindér 23 has moved by an amrount corresponding to the
set amount to be filled so as to deenergize the pulse
generatbr 51 upon the recognition.

In place of the velocity function ROM 54, it
is possible to use other memory, such as ROM 61, having
stored therein data as to different velocity diagrams,
in combination with a memory adapted for writing and
reading, such that the data as to the specified one of
the velccity diagrams is transferred from the FOM 61 to

the latter memory in the initiation step. 'This

facilitates selective use of one of the different diagrams.

With the above embodiment, thé data read_from

the velocity function RO 54 is first subjected'to D/A

conversion, and the resulting voltage value is multiplied

by 3, whereas the digital velocity data may be multiplied

by B before the D/A conversion. 'Furthermore, the B-fold

digital.véloéity data may be used without D/A conversion

for controlling the servomotor 29 according to the B-fold
digitai value. '

c) Control of Container Lifting Device

| Fig. 9 shows the electrical construction of

rhe control system for the servomotor 32 for driving the

container lifting device. In Figs. 4 and 9, like parts

are designated by like reference numerals, and the

-15-
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difference of the system from the system of Fig. 4 only
will be described.

The velocity function ROM 54 has stored fherein
data as to the desired velocity characteristics of the
lift member 31 of the lifting device 30 during its
desiccending stroke (or the time required for the descend-
ing stroke), e.g. characteristics represented by the
same line as in the velocity diagram of Fig. 5. More
specifically, the ROM 54 has stored therein in the order
of addresses items of velocity data at cthe respective
stroke positions obtained by dividing the descending
stroke 'S of the lift member 31 by a predetermined number
(e.g., n = 4000). Stroke time setting means 63 sets
the desired period of time required for the descending
stroke of the 1lift member (hereinafter referred to as
"stroke time"). Stroke amount setting means 64 sets
a value in accordance with the desired amount of descend-
ing stroke of the lift member 31.

The velocity characteristics, stroke time and
stroke amount of the 1lift member 31 involved in its .
descending stroke are so determined that the end of the
filling nozzle 25 is maintained at an approximately
constant distance from the liquid level in the container

K during the operation of the filling device 20.

A first control coefficient A is given by

-16-
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A = f/fo = n/(Ts.fo) wherein Ts is the stroke time set
by the setting means 63, £ is the frequency of pulses
for reading the velocity data from the velocity function
ROM 54, and fo is the frequency of pulses produced by the
clock pulse generator 5l.

A second control coefficient B is given by

-B = Ws/Wx = Ws/(Sv-:-Ts/n) wherein Ts is the stroke time

set by the stroke time setting means 63, Ws is the amount
of descending stroke set by the descending stroke amount
setting means 64, Wx is the amount of descending stroke
when the stroke time Ts is required for the descending
stroke S in the velocity characteristics corresponding
to the velocity data stored in the ROM 54, and Sv is the
sum of velocities at the respective points of time
obtained by dividing the stroke time Ts by n.

When a start signal is fed to the CPU 60, a
value (preset value) corresponding to the descending
amount Ws set by the setting means 64 is preset in the
preset ccunter 58. The address counter 53 is reset, and
the clock pulse generator 51 is thereafter initiated into
operation.

The pulse signal produced by -he generator 51
is changed by the frequency changer 52 to a pulse signal
with a frequency f = A:-fo. The pulses delivered from

the frequency changer 52 are sent to and counted by the

-17-
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address counter 53. Every time the count of the address
ccunter 53 is renewed, the velocity data is read from
the address of the ROM 54 corresponding to the renewed
count and converted to a voltage by the D/A converter 55.

The output voltage of the converter 55 is
multiplied by B in the voltage changer 56 and then sent
to the V/F converter 57, by which the voltage is converted
to a pulse signal with a frequency corresponding to the
voltage value. The pulse signal is fed to the motor
drive circuit 42, which in turn drives the servomotor
32 at a speed corresponding to the frequency of the
pulse signal, whereby the lifting device 30 is driven.

The output pulses from the V/F converter 57 are
fed also to the preset ccunter 58 and thereby counted.
When the count of the preset counter 58 reaches the
preset value, i.e., when the amount of movement of the
1lift member 31 becomes equal to the stroke length
corresponding to the set amount of descending stroke, the
preset counter 58 completes its operation to feed a
count-up signal to the CPU 60, whereupon the CPU 60 féeds
a drive termination signal to the pulse generator 51 to
discontinue the operation of the generator 51 and stop
the servomotor 32.

Thus, the lift member 31 performs a descending

stroke corresponding to the specified amount of

-18-
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descending stroke for the specified period of descending
time at the velocities determined from the velocity data
stored in the ROM 54.

The control system described automatically
controls the container lifting device 30 so that the
lift member 31 descends with velocity characteristics
in conformity with the predetermined velocity diagram,
with the descending strcke time and amount made to equal
"0 the respective set values. During the operation of
the filling device 20, therefore, the end of the filling
nozzle 25 is maintained at an approximately constant
distance from the liquid level within the ccntainer K.

Further as is the case with the ccntrol system
for the metering cylinder driving servomotor shown in
Fig. 4, it is possible to alter the strnke time only with
the amount of descending stroke (corresponding to the

area inside the flexed line) unchanged, to alter the

amount of descending stroke with the stroke time unchanged,

or to alter the descending stroke time and the amount of
descending stroke without changing the velocities at éhe
respective points of time oktained by dividing the
descending stroke time by n.

Although the speed of the servomotor 32 is

ccntrolled by the pulse signal as converted from the

output voltage of the voltage changer 56 by the V/F

-19-
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converter 57 in the above embodiment, the motor speed
may alternatively be ccntrolled by thé output voltage of
the voltage changer 56.

Further the detection signal of the encoder 41
is usable for recognizing that the lift member 3l:has

moved by an amcount corresponding to the set amount of

- descending stro.:e so as to deenergize the pulse

generator 51 uponfthe recognitidn.

In place of the velocity.function ROM 54, it

is possible to use other memory, such as ROM 61, having

stored therein data as to different velocity diagrams,
in combination with a memory adapted for writing and

reading, such that the data as to the Speéified one of
the velocity diagrams is transferred from the.ROM 61 to

the latter memory in the initialization Step} This

facilitates selective use of one of the different diagrams.

With the above embodiment, the data read froi

the velocity_fuhction ROM 54 is first subjected to D/A

conversion, and the resulting voltage value is multiplied

by B, whereas the digital velocity data may be multiplied

by B before the D/A conversion. Furthermore, the B-fold

digital velocity data may be used without D/A conversion

for controlling the servomotor 32 according to the B-fold

digital value.

D) Control of Container Transport Device

~20-
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Fig. 10 shows the electrical ccnstruction of
the controul system for the servomotor 14 for driving the
transport device. 1In Figs. 4 and 10, like parts are
designated by like reference numerals, and the difference
of the system from the system of Fig. 4 only will be
described.

The velocity function ROM 54 has stored therein
i, the order of addresses items of velocity data at the
respective stroke positions obtained by dividing the
stroke S of intermittent movement of the conveyors 11, 12
of the transport device 10 by a predetermined number
(e.g., n = 4000). Stroke time setting means 63 sets the
desired period of time required for the stroke of the
transport device 10 (hereinafter referred to as "stroke
time"). Stroke amount setting means 64 sets a value
in acrordance with the desired amount of stroke of the
transport device 10.

The conveyor velocity diagram of the transport
device 10, the stroke time and the stroke amount are so
determined as to diminish the movement of the liquid in
the container K when the container is transported.

A first control coefficient A is given by
A = f/fo = n/(Ts-fo) wherein Ts is the stroke tire set
by the setting means 63, £ is thke frequency of pulses

for reading the velocity data froin the velocity function

=21=
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ROM 54, and fo is the frequency of pulses produced by the
clock pulse generator 51.

A second control coefficient B is given by
B = Ws/Wx = Wx/(Sv-Ts/n) wherein Ts is the stroke time
set by the stroke time setting means 63, Ws is the amount
of stroke set by the stroke amount setting means 64, Wx is
the amount of stroke when the stroke time Ts is required
for the stroke S in the velocity characteristics
corresponding to the velocity data stored in the ROM 54,
and Sv is the sum of velocities at the respective points
of time obtained by dividing the stroke time Ts by n.

When a start signal is fed to the CPU 60, a
value (preset value) ccrresponding to the stroke amount
Ws set by the setting means 64 is preset in the preset
counter 58. The address counter 53 is reset, and the
clock pulse generator 51 is thereafter initiated into
operation.

The pulse signal produced by the generator 51
is changed by the frequency changer 52 to a pulse signal
with a frequency £ = A-fo. The pulses delivered from
the frequency changer 52 are sent to and counted by the
address counter 53. Every time the ccunt of the address
counter 53 is renewed, the velocity data is read from
the address of ﬁhe ROM 54 corresponding to the renewed

count and ccnverted to a voltage by the D/A converter 55.

-22-
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The output voltage of the converter 55 is
multiplied by B in the vcltage changer 56 and then sent
to the V/F converter 57, by which the voltage is ccnverted
to a pulse signal with a frequency corresponding to the
voltage value. The pulse signal is fed to the motor
drive circuit 42, which in turn drives the servomotor
14 at a speed ccrresponding to the frequency of the
pulse signal, whereby the transport device 10 is driven.

The output pulses from the V/F converter 57 are
fed also to the preset counter 58 and thereby counted.
When the count of the preset ccunter 58 reaches the
preset value, i.e., when the amount of travel of the
transport device 10 becomes equal to the stroke length
corresponding to the set ‘amount of traveling stroke, the
preset ccunter 58 completes its operation to feed a
count-up signal to the CPU 60, whereupon the CPU 60 feeds
a drive termination signal to the pulse generator 51 to
disccntinue the operation of the generator 51 and stop
the servomotor l4.

Thus, the transport device 10 moves by zn amount
corresponding to the specified amount of traveling stroke
for the specified stroke time at the velocities determined
from the velocity data strored in the ROM 54.

Further as is the case with the control system

for the metering cylinder driving servomot:or shown in

-23-
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Fig. 4, it is possible to alter the stroke time only with
the amount of traveling stroke (corresponding to the area
inside the flexed line) unchanged, to alter the amount

of traveling stroke with the stroke time unchanged, or

to alter the traveling stroke time and amount without
changing the velocities at the respective points of

time obtained by dividing the stroke time by n.

Although the speed of the servomotor 14 is
controlled by the pulse signal as converted from the
output voltage of the voltage changer 56 by the V/F
converter 57 in the above embodiment, the motor speed
may alternatively be controlled by the output voltage of
the voltage changer 56.

Further the detection signal of the encoder 41
is usable for recognizing that the transport device 10
has moved by an amount corresponding to the set amount of
traveling stroke so as to deenergize the pulse generator
51 upon the recognition.

In place of the velocity function ROM 54, it is
possible to use other memory, such as ROM 61, having
stored therein data as to different velocity diagrams,
in combination with a memory adapted for writing and
reading, such that the data as to: the specified one of
the velocity diagrams is transferred from the ROM 61 to

the latter memory in the initialization step. This

-24~-
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facilitates selective use of one of the difference
diagrams.

With the above embodiment, the data read from
the velocity function ROM £4 is first subjected to D/A
convers.on, and the rrsulting voltage value is multiplied
by B, whereas the digital velocity data may be multplied
by B before the DfA ccnversion. iurthermore, “he B-fold
digital velocity data may be used without D/A conversion
for controlling the servomotor 14 «ccording to the B=fold

digital wvalue.
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THE CLAIMS DFFINING THF INVENTION ART AS FOLLOWS:

Wrat—i-s—e-laimed—i-s-

1. A control system for a reciprccating linear

motion or intermittent motion device comprising:

a servomotor for driving an operation membcr of the

device,

means for gsetting an amount of stroke for the operation

member,

means for setting a period of stroke time for the

operaticn member,

memory means for storing

therein in the order of addresses

items of velocity data at stroke positions at a

specified spacing, the items of velocity data being

obtained from a predetermined operation member

velocity diagram,

pulse generator means for generating a pulse signal

having a period equal to a velocity data reading

interval determined by the stroke time set by the

stroke time setting means and the number of velocity

data items stored in the memory means,

means for counting the number of pulses produced by

the pulse generating means,

means for reading the velocity data from the address

in the memory means corresponding to a nenewed count

obtained by the counting means every time the count is

renewed,

R




25 means for converting the read velocity data to a
signal corresponding to a velocity obtained by
multiplying the velocity data by a ccefficient
determined by the arount of stroke set by the stroke
amount setting means, the stroke time set by the

30 stroke time setting means and all items of velocity
data stored in the memory means, and

means for controlling the speed of the servomotor
according tc the output signal of the converting

means.

2, A control system as defined in claim 1
further comprising:
means for detecting the amount of stroke of the opera-
tion member reaching a length corresponding to the
5 stroke amount set by the stroke amount setting
means, and
means for discontining tii2 operation of the servomotor
based on the detection by the detecting means.
3. A control system as defined in claim 1 or

2 wherein the reciprocating linear motion or inter-

mittent motion device is a metering cylinder of a

e

filling device,
4. A control system as defined in claim 1 or

2 wherein the reciprocating linear motion or inter-

-27-
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mittent motion device is a device for lifting containers
filled with a liquid by a filling device, and the
operation member is a lift member of the lifting device
for supporting the container.

5. A control system as defined in claim 1 or
2 wherein the reciprocating linear motion or inter-
mittent motion device is a container transport device,
and the oreration member is an intermittently driven
belt conveyor of the transport device.

6. A control system substantially as
hereinbefore described with reference to the accompanyihg

drawings.

Dated this 3rd day of February 1989

SHITKXOKU KAKOKI CO., LTD.
By their Patent Attorney
GRIFFITH HACK & CO.
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