DESCRIPTION

MOLD CLAMPING CONTROL APPARATUS

TECHNICAL FIELD
The present invention relates to a mold clamping control

apparatus.

BACKGROUND ART

In a conventional motor-driven mold clamping apparatus, mold
clamping force is generated by use of a mechanism such that an output
shaft of an electric motor such as a servomotor is connected to a
toggle mechanism via a ball screw. Rotation generated through drive of
the servomotor is transmitted via the output shaft to the ball screw
-and is then converted to thrust force by the balls crew. The thrust
force is then amplified by the toggle mechanism to thereby obtain a
mold clamping force. Further, a crosshead is disposed between the ball
screw and the toggle mechanism, and the above-described thrust force is
transmitted to the toggle mechanism via the crosshead.

In the conventional motor-driven mold clamping apparatus, in
order to generate a preset mold clamping force, the crosshead must be
moved to a precise position corresponding to the mold clamping force.

However, since the relationship between the position of the
crosshead and mold clamping force becomes nonlinear as a result of the

structural limitation of the toggle mechanism, calculation for



obtaining the position of the crosshead is difficult. Therefore, a
desired mold clamping force cannot be generated with precision. In
addition, since each individual mold clamping apparatus involves
mechanical error of a different degree, even if calculation for
obtaining the position of the crosshead is possible, the calculation
must be performed for each of the mold clamping apparatuses, resulting
in an increase in cost thereof.

Moreover, when play is produced in movable parts such as the
ball screw and pins and bushes of the toggle mechanism, or when the
friction characteristics of the movable parts change, the mold clamping
force changes accordingly, resulting in molded products of deteriorated
quality.

An object of the present invention is to solve the above-
mentioned problems in the conventional mold clamping apparatus, and to
provide a mold clamping control apparatus capable of accurately
generating mold clamping force, reducing the cost of the mold clamping

apparatus, and improving the quality of molded products.

DISCLOSURE OF THE INVENTION

To achieve the above object, a mold clamping control apparatus
according to the present inventicn comprises: a stationary platen to
which a stationary mold is attached; a movable platen to which a movable
mold is attached, the movable platen being disposed such that the
movable platen can reciprocate while facing the stationary platen; a

motor; motion conversion means for converting rctational motion



generated through drive of the motor to linear motion and for
transmitting the linear motion to a movement member; a transmission
mechanism connecting the movement member and the movable platen;
detection means for detecting the position of the movement member;
memory means for storing, in a relational manner, positions of the
movement member during movement in accordance with a predetermined
position pattern, and a mold clamping force generated at each of the
positions; a mold clamping force setting device for setting a mold
clamping force; a mold clamping force pattern generator for generating a
mold clamping force pattern on the basis of the set mold clamping
force; and position controcl means for reading from the memory means
positions of the movement member corresponding to the mold clamping
force pattern and for driving the motor.

In a mold clamping force adjustment mode, positions of the
movement member during movement in accordance with a predetermined
position pattern and a mold clamping force generated at each of the
positions are stored in the memory means in a relational manner. 1In a
mold clamping force generation mode, positions of the movement member
corresponding to the mold clamping force pattern are read from the
memory means, and the motor is driven on the basis of the read positions
of the movement member. Therefore, the movement member can be moved to
a precise position corresponding to a mold clamping force, resulting in
accurate generation of the mold clamping force.

Further, when each of a plurality of mold clamping apparatuses

has a different degree of machine error, for each mold clamping



apparatus the relationship between position of the movement member and
mold clamping force can be stored in the memory means, so that mold
clamping force can be generated accurately. Therefore, the cost of the
mold clamping apparatuses can be reduced.

Moreover, when play is produced in movable parts such as the
motion conversion means and pins and bushes used in the transmission
mechanism, or when the friction characteristics of the movable parts
change, the relationship between position of the movement member and
mold clamping force can be re-stored in the memory means, so that mold
clamping force can be generated accurately. Therefore, quality of
molded procducts is improved.

Another mold clamping apparatus according to the present
invention further comprises a mold clamping force detector for
detecting mold clamping force, and feedback control means for effecting
feedback control on the basis of the above-described mold clamping force
pattern and detected mold clamping force.

In this case, the feedback control enables the mold clamping

force to be generated more accurately.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1. is a schematic diagram of a mold clamping control
apparatus according to an embodiment of the present invention; FIG. 2 is
a schematic view of a mold clamping apparatus according to the
embodiment of the present invention; FIG. 3 is a first graph showing the

characteristics of the crosshead in the embodiment of the present



invention; FIG. U4 is a second graph showing the characteristics of the
crosshead in the embodiment of the present invention; FIG. 5 is a third
graph showing the characteristics of the crosshead in the embodiment of
the present invention; FIG. 6 is a first graph showing the
characteristics of the mold clamping control apparatus according to the
embodiment of the present invention; FIG. 7 1s a second graph showing
the characteristics of the mold clamping control apparatus according to
the embodiment of the present invention; and FIG., 8 is a third graph
showing the characteristics of the mold clamping control apparatus

according to the embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

An embodiment of the present invention will next be described in
detail with reference to the drawings.

FIG. 2 is a schematic view of a mold clamping apparatus
according to an embodiment of the present invention.

In FIG. 2, reference numeral 11 denctes a stationary platen; 12
denotes a toggle support serving as a base plate; 13 denotes tie bars
disposed to extend between the stationary platen 11 and the toggle
support 12; and 34 denotes a movable platen disposed to face the
stationary platen 11 such that the movable platen can advance and
retract (move in the right/left direction in FIG. 2) along the tie bars
13. A stationary mold 15 and a movable mold 16 are attached to the
stationary platen 11 and the movable platen 34, respectively, such that

the stationary mold 15 and the movable mold 16 face each other.



A toggle mechanism 21 serving as a transmission mechanism is
disposed between the toggle support 12 and the movable platen 34,
Through reciprocation between the toggle support 12 and the movable
platen 34 df a crosshead 22 serving as a movement member, the movable
platen 34 is advanced and retracted along the tie bars 13 in order to
bring the movable mold 16 into contact with and separate the same from
the stationary mold 15, Thus, mold closing, clamping, and opening
operations are performed.

The toggle mechanism 21 comprises toggle levers 23 pivotally
supported by the crosshead 22, toggle levers 24 pivotally supported by
the toggle support 12; and toggle arms 25 pivotally supported by the
movable platen 34, The toggle levers 23 and the toggle levers 24 are
link-connected with each other, and the toggle levers 24 and the toggle
arms 25 are link-connected with each other. Pins pl are disposed
between the crosshead 22 and the toggle levers 23; pins p2 are disposed
between the toggle support 12 and the toggle levers 24; pins p3 are
disposed between the movable platen 34 and the toggle arms 25; pins pl
are disposed between the toggle levers 23 and 24; and pins pb are
disposed betuween the toggle levers 24 and the toggle arms 25. Bushes
b2-b5 are disposed to surround the pins p2-p5, respectively.

Further, a ball screw shaft 41 is rotatably supported by the
toggle support 12 and is in screw-engagement with a ball nut 43
disposed on the crosshead 22. The ball screw shaft 41 and the ball nut
43 constitute a ball screw 44 serving as motion conversion means for

converting rotational motion generated by a servomotor 18 (an electric



motor serving as drive means) to linear motion and for transmitting the
linear motion to the crosshead 22,

In order to rotate the ball screw shaft 41, the servomotor 18 is
attached to a rear face of the toggle support 12, and an unillustrated
output shaft of the servomotor 18 is connected to the ball screw shaft
41. Reference numeral 17 denotes a mold thickness ad juster, and
reference numeral 19 denotes an encoder serving as detection means for
detecting the position of the crosshead 22 through detection of the
number of revolutions of the servomotor 18.

When the servomotor 18 1s driven to rotate its output shaft, the
rotational force is converted to thrust force by the ball screw Uy, and
the thrust force is transmitted to the crosshead 22. Therefore, when
the servomotor 18 is driven to rotate in the forward and backward
directions, the ball screw shaft 41 is rotated in the forward and
backward directions, so that the crosshead 22 reciprocates.

When the crosshead 22 is advanced (moved rightward in FIG. 2),
the toggle mechanism 21 extends, so that the movable platen 3% and the
movable mold 16 are advanced to effect the mold closing and clamping
operations. As a result, an unillustrated cavity is formed between the
movable mold 16 and the stationary mold 15. When the crosshead 22 is
retracted (moved leftward in FIG. 2), the toggle mechanism 21
contracts, so that the movable platen 34 and the movable mold 16 are
retracted to effect the mold opening operation.

In the mold clamping operation, as the toggle mechanism 21

extends, mold clamping force is generated, resulting in extension of



the tie bars 13, At this time, the amount of extension of the tie bars
13 1s detected by the mcld clamping force detector 33; and the
rotational angle of the servomotor 18 is detected by the encoder 19 in
order to indirectly detect the position of the crosshead 22. The mold
clamping force detector 33 may be a distortion sensor which is attached
to a member of the mold clamping apparatus other than the tie bars 13
in order to detect an amount of distortion of the member stemming from
the mold clamping force.

The mold clamping force is set by use of an unillustrated mold
clamping force setting device. In arder for the mold clamping force
thus set to be generated, the crosshead 22 must be accurately moved to a
position corresponding to the mocld clamping force,

However, since the relationship between the position of the
crosshead 22 and mold clamping force becomes nonlinear as a result of
the structural limitation of the toggle mechanism 21, calculating the
position of the crosshead 22 is difficult. Therefore, a desired mold
clamping force cannot be generated with precision. In addition, since
each individual mold clamping apparatus involves mechanical error of a
different degree, even if such caiculation for obtaining the position of
the crosshead 22 is possible, the calculation must be performed for
each of the mold clamping apparatuses, resulting in an increase in cost
thereof,

Moreover, when play is produced in movable parts such as the
ball screw 44, the pins pi1-p5, or the bushes b2-b5, or when the

friction characteristics of the movable parts change, the mold clamping



force changes accordingly, resulting in molded products of deteriorated
quality.

in view of the foregoing, a mold clamping control apparatus is
disposed in order to enable accurate generation of mold clamping force,
reduce the cost of the mold clamping apparatus, and improve the quality
of mclded products.

FIG. 1. is a schematic diagram of a mold clamping control
apparatus according to the embodiment of the present invention; FIG. 3
is a first graph showing the characteristics of the crosshead in the
embodiment of the present invention; FIG. ¥ is a second graph showing
the characteristics of the crosshead in the embodiment of the present
inventionj FIG. 5 is a third graph showing the characteristics of the
crosshead in the embodiment of the present invention; FIG. 6 is a first
graph showing the characteristics of the mold clamping control apparatus
according to the embodiment of the present invention; FIG. 7 is a
second graph showing the characteristics of the mold clamping control
apparatus according to the embodiment of the present invention: and
FIG. 8 is.a third graph showing the characteristics of the mold
clamping control apparatus according to the embodiment of the present
invention. In FIG. 3, the horizontal axis represents time, and the
vertical axis represents the position of the crosshead. In FIGS. Y and
8, the horizontal axis represents time, and the vertical axis
represents mold clamping force. In FIG. 5, the horizontal axis
represents the position of the crosshead, and the vertical axis

represents mold clamping force. 1In FIG. 6, the horizontal axis
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represents time, and the vertical axis represents a mold clamping force
pattern. In FIG, 7, the horizontal axis represents time, and the
vertical axls represents a position pattern with respect to the
crosshead.

In FIG. 1, reference numeral 49 denotes a mold clampihg control
apparatus, and 56 denotes a switch. The switch 56 has a mechanically or
electronically switchable structure, and is switched automatically or
mahually by an operator between a mold clamping force adjustment mode
and a mold clamping force generation mode.

In the mold clamping force adjustment mode, as shown in FIG. 1,
connection is established between terminals a and b and between
terminals d and e, and a crosshead position pattern generator 52 is
operated to generate a preset position pattern with respect to the
crosshead 22 (FIG. 2), As a result, a crosshead position control
section b4 generates a speed command on the basis of a detection signal
output from the encoder 19, The speed command is fed to a servo
amplifier 55 via an adder 61. The servo amplifier 5% generates current
corresponding to the speed command and supplies the generated current to
the servomctor 16 in order to drive the servomotor 18. As a result,
the crosshead 22 is moved in accordance with the position pattern.

As the crosshead 22 moves to a predetermined position, as shown
in FIG., 3, a value indicating the position of the crosshead 22 decreases
gradually, and mold clamping force 1is generated in accordance
therewith, as shown in FIG. 4., During this operation, the mold

clamping force is detected by the mold clamping force detector 33.
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Accordingly, data representing the relationship between mold
clamping force and position of the crosshead 22 as shown in FIG. 5 can
be obtained on the basis of the position pattern generated by the
crosshead position pattern generator 52, as well as the mold clamping
force detected by the mold clamping force detector 33. An unillustrated
CPU stores in a relational manner in a memory 57 serving as memory
means positions of the crosshead 22 and corresponding mold clamping
forces.

When the switch 56 1s switched to the mold clamping force
generation mode, connection is established between terminals a and c and
between terminals d and f, and a mold clamping force preset by use of a
mold clamping force setting device 50 is generated.

That is, on the basis of the mold clamping force that is set in
advance by use of the mold clamping force setting device 50, a mold
clamping force pattern generator 51 generates a mold clamping force
pattern as shown in FIG. 6, and outputs the mold clamping force pattern
to a mold clamping force/crosshead position converter 53. Upon receipt
of the mold clamping force pattern, the mold clamping force/crosshead
position converter 53 reads from the memory 57 positions of the
crosshead 22 corresponding to the mold clamping force pattern and
generates a position pattern as shown in FIG., 7. The position pattern
is output to the crosshead position control section b,

The crosshead position control section HY4 generates a speed
command on the basis of a detection sighal from the encoder 19. The

thus-generated speed command is output to a servo amplifier 55 via the



12

adder 61. The servo amplifier 5% generates current corresponding to the
speed command and supplies the generated current to the servomotor 18
in order to drive the servomotor 18. As a result, the crosshead 22 is
moved in accordance with the position pattern. The mold clamping
force/crosshead position converter 53, the crosshead position control
section 54, and the servo amplifier 55 constitute position control
means.

When the position of crosshead 22 is controlled in an actual
operation on the basis of the position pattern, as shown in FIG, 8, the
mold clamping force preset by use of a mold clamping force setting
device 50 is generated accurately. If necessary, an operation for
correction may be performed such that the switch 56 is switched, and
the mold clamping force is detected by use of the mold clamping force
detector 33 in order to correct the data which are stored in the memory
57 and represent the relationship between mold clamping force and the
position of the crosshead 22.

As described above, in the mold clamping force adjustment mode,
positions of the crosshead 22 during movement in accordance with a
predetermined position pattern and a mold clamping force generated at
each of the positions are stored in the memory 57 in a relational
manner. In the mold clamping force generation mode, positions of the
crosshead 22 corresponding to the mold clamping force patterns are read
from the memory 57, and the servomotor 18 is driven on the basis of the
read positions of the crosshead 22. Therefore, the crosshead 22 can be

moved to a precise position corresponding to a mold clamping force,
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resulting in accurate generation of the mold clamping force.

Further, when each of a plurality of mold clamping apparatuses
has a different degree of machine error, for each of the mold clamping
apparatuses the relationship between position of the crosshead 22 and
mold clamping force can be stored in the memory 57, so that mold
clamping force can be generated accurately. Therefore, the cost of the
mold clamping apparatuses can be reduced.

Moreover, when play 1s produced in movable parts such as the
ball screw Ui, the pins pl-p5, or the bushes b2-b5, or when the
friction characteristics of the movable parts change, the relationship
between the position of the crosshead 22 and mold clamping force can be
re~stored in the memory 57, so that mold clamping force can be generated
accurately. Therefore, quality of molded products is improved.

The above-described structure may be modified such that the mold
clamping force pattern generated by the mold clamping force pattern
generator 51 and the mold clamping force detected by the mold clamping
force detector 33 are fed to a subtracter 62 serving as a feedback
control means, in order to calculate a deviation between the mold
clamping force pattern and the detected mold clamping force. In this
case, the deviation is fed to the adder 61 via a mold clamping force
compensater 38, so that the deviation is added to the speed command in
the adder 61. This feedback control enables the mold clamping force to
be generated more accurately.

The present invention is not limited to the above-described

embodiments. Numerous modifications and variations of the present
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invention are possible in light of the spirit of the present invention,

and they are not excluded from the scope of the present invention.

INDUSTRTAL APPLICABILITY
The present invention can be applied to mold clamping apparatus

provided in injection molding machines,
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CLAIMS

1. A mold clamping control apparatus comprising:

(a) a stationary platen to which a stationary mold is attached;

(b} a movable platen tc which a movable mold is attached, said
movable platen being disposed such that said movable platen can
reciprocate while facing said stationary platen;

(¢c) drive means;

(d) a movement member which is moved through drive of said drive
means;

(e) a transmission mechanism connecting said movement member and
sald movable platen;

(f) detection means for detecting the position of said movement
member;

(g) memory means for storing, in a relational manner, positions
of said movement member during movement in accordance with a
predetermined position pattern, and a mold clamping force generated at
each of the positions;

(h) a mold clamping force setting device for setting a mold
clamping force;

{1) a mold clamping force pattern generator for generating a
mold clamping force pattern on the basis of the set mold clamping
force; and

(j) position control means for reading from said memory means

positions of said movement member corresponding to the mold clamping

T
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force pattern and for driving said drive means.

2, A mold clamping control apparatus comprising:

(a) a stationary platen to which a stationary mold is attached;

(b) a movable platen to which a movable mold is attached, said
movable platen being disposed such that said movable platen can
reciprocate while facing said stationary platen;

(c) a motor;

(d) motion conversion means for converting rotational motion
generated through drive of said motor to linear motion and for
transmitting the linear motion to a mcvement member;

(e) a transmission mechanism connecting said movement member and
said movable platen;

(f) detection means for detecting the position of said movement
member;

(g) memory means for storing, in a relational manner, positions
of said movement member during movement in accordance with a
predetermined position pattern, and a mold clamping force generated at
each of the positions;

(h) a mold clamping force setting device for setting a mold
clamping force;

(1) a mold clamping force pattern generator for generating a
mold clamping force pattern on the basis of the set mold clamping
force; and

(j) position control means for reading from said memory means

positions of said movement member corresponding to the mold clamping

| OER) O
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force pattern and for driving said motor.

3. A mold clamping control apparatus according to Claim 1 or 2,
further comprising a mold clamping force detector for detecting mold
clamping force.

4, A mold clamping control apparatus according to Claim 1 or 2,
further comprising

(a) a mold clamping force detector for detecting mold clamping
force; and

(b) feedback control means for effecting feedback control on the
basis of the mold clamping force pattern and detected mold clamping

force,
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