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TITLE OF THE INVENTION:

INJECTION CONTROLLING METHOD FOR AN INJECTION
MOLDING MACHINE

BACKGROUND OF THE INVENTION:
Field of the Invention:

The present invention relates to an injection controlling method for an
injection molding machine and, more particularly, to an injection controlling
method suitable for molding an article having a small thickness.

~ Description of the Related Art:

Motor-driven injection molding machines have increasingly been used
in recent years, in which a servo motor is used as a substitute for a hydraulic
actuator, Operations of such injection devices using servo motors are
summarized below. | '

A screw is rotated with a servo motor for screw rotation in a
plasticization/metering process. The screw is located within a heating
cylinder. A resin is fed from a hopper to a rear portion of the screw in the
heating cylinder. Rotation of the screw melts and advances a certain metered

- amount of the supplied resin to a nose portion of the heating cylinder. During

this time, the screw is retracted due to pressure (back pressure) of the molten
resin stored in the nose portion of the cylinder.

An injection shatft is directly connected to a rear end portion of the
screw. The injection shaft is rotatably supported by a pressure plate through
a bearing. The injection shaft is driven in the axial direction by a servo motor
for injection that is supported on the pressure plate. The pressure plate
moves forward and backward along guide bars in response to the operation
of the servo motor for injection through a ball screw. The above-mentioned
back pressure of the molten resin is detected by using a load cell and is
controlled with a feedback control loop, as will be described more in detail

below.
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Then, in a filling process, the pressure plate is advanced by driving the
servo motor for injection.. The nose portion of the screw serves as a piston
to fill a mold with the molten resin.

The molten resin fills the space within the cavity at the end of the filling
process. At this point, the control mode for the advancing motion of the screw
is switched from a velocity control mode to a pressure control mode. This
switching is referred toasa "V (velocity) to P (pressure) switching" and
affects the quality of resultant molded articles.

Following the V-P switching, the resin within the mold cavity is allowed
to cool under a predetermined pressure. This process is referred to as a
dwelling process. In this dwelling process, the pressure of the resin is
controlled in the feedback control loop as in the above-mentioned back
pressure control. '

Then, the injection device returns to the plasticization/metering process
after the completion of the dwelling process. A mold clamping device
performs an eject operation for ejecting a solid product out of the mold in
parallel with the plasticization/metering process. In the eject operation, the
mold is opened to remove the solidified product from the mold by an ejector
mechanism, and then the mold is closed for the filling process.

As well known in the art, injection control is performed in the ﬁllﬁng
process. The injection control should be changed depending on the thickness
of an article. If the injection control for a molded product having a large
thickness is applied to the molding of a thin molded article, a number of
problems will arise. For example, with the application of such injection control
to the molding of a thin molded article, an excessive pressure exerted to the
molded article may generate flash and/or residual stress, which may result in
a defective or flawed article. Therefore, the pressure exerted to the molded
article should be reduced. However, the conventional injection control
methods cannot effectively reduce the pressure suddenly because the
maximum traveling velocity or the acceleration of the screw is smaller in the
dwelling process than in the filling process.
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SUMMARY OF THE INVENTION:

Therefore, an object of the present invention is to provide an injection
control method which is improved to ensure weight and dimensional stability
of a molded article between adjacent shots in molding a thin molded article.

The present invention is applied to an injection molding machine which

carries out a molding cycle including a resin plasticization/metering process
and a resin filling process.

BRIEF DESCRIPTION OF THE DRAWINGS:

Fig. 1 is a view illustrating a schematic configuration of an electric
injection molding machine;

Figs. 2A and 2B illustrate an example of a conventional screw traveling
velocity and screw positions at which the screw traveling velocity is changed;

Figs. 3A and 3B illustrate an example of a screw traveling velocity and
screw positions at which the screw traveling velocity is changed, according to
a first embodiment of the present invention;

Figs. 4A and 4B illustrate an example of a screw traveling velocity and
screw positions at which the screw traveling velocity is changed, according to
a second embodiment of the present invention;

Fig. 5 illustrates an example of a screw traveling velocity and screw
positions at which the screw traveling velocity is changed, according to a third
embodiment of the present invention; and

Fig. 6 is a view illustrating a modification of the embodiment in Fig. 5.

DESCRIPTION OF THE PREFERBED EMBODIMENT:

Referring to Fig. 1, a motor-driven injection molding machine is
described which comprises an injection device operated by servo motors, for
the purpose of facilitating the understanding of the present invention. The
injection device rotates a screw by means of transmitting a rotation motion of
a servo motor into a linear motion through a ball screw and a nut.

In Fig. 1, rotation of a servo motor 11 for injection is transmitted to a
ball screw 12. The nut 13 is fixed to a pressure plate 14 such that the nut 13
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advances and is retracted in response to the rotation of the ball screw 12.
The pressure plate 14 is movable along guide bars 15 and 16 which are fixed
to a base frame (not shown). The back and forth movement of the pressure
plate 14 is transmitted to a screw 20 via a bearing 17, a load cell 18, and an
injection shaft 19. The screw 20 is positioned within a heating cylinder 21
such that the screw 20 is rotatable and movable in the axial direction. The
heating cylinder 21 corresponding to the rear portion of the screw 20 is
equipped with a hopper 22 for feeding a resin. The rotation motion of a servo
motor 24 for screw rotation is transmitted to the injection shaft 19 via a
coupling member 23 comprised of, for example, a belt and a pulley. In other
words, the screw 20 rotates as a result that the injection shaft 19 is rotation
driven by the servo motor 24 for the screw rotation.

In the plasticization/metering process, a molten resin is stored in the
heating cylinder 21 at the head of the screw 20, that is, on the side of a nozzle
21-1, when the screw 20 is retracted while rotating in the heating cylinder 21.
By advancing the screw 20 in the heating cylinder 21, the molten resin stored
in front of the screw 20 is filled in a mold and pressurized for molding. A force
acting upon the resin is detected by the load cell 18 as a réaction force. The
detected pressure is amplified by a load cell amplifier 25 and is then supplied
to a controller 26. |

- A position detector 27 is attached to the pressure plate 14 for detecting
an amount of movement of the screw 20. A detection signal from the position
detector 27 is amplified by an amplifier 28 and is then supplied to the
controller 26. The controller 26 supplies a current (torque) command to servo
amplifiers 29 and 30 depending on the above-mentioned processes for each
of the values set by an operator. The servo amplifier 29 controls an output
torque of the servo motor 11 by means of controlling a driving current for the
servo motor 11. The servo amplifier 30 controls a rotation speed of the servo
motor 24 by means of controlling a driving current for the servo motor 24. The
servo motors 11 and 24 have encoders 31 and 32, respectively, for detecting
a rotation speed. The rotation speed detected by the encoders 31 and 32 are
supplied to the controller 26.
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It is noted that the configuration illustrated in Fig. 1 is for the sake of
simplicity and convenience. A specific configuration of the injection device is
described in, for example, Japanese Patent Laid-open No. 9-174626.

Referring to Figs. 2A and 2B, a conventional injection control method

s described. Fig. 2A shows an example of a screw traveling velocity and a

screw position, as a function of time, from the filling process following the
plasticization/metering process by the end of the dwelling process. The screw
position and the screw traveling velocity are previously determined in two or
more segments as shown in Fig. 2B. More specifically, screw 20 fravels at a
traveling velocity of V1 for a first segment from the beginning of the filling
process to the time when the screw position reaches S1. The screw 20
travels at a traveling velocity of V2 for a second segment between the
positions S1 and 82. The screw 20 travels at a traveling velocity of V3 for a
third segment between the positions S2 and 83. At position S3, the filling
process is switched to the dwelling process (V-P switching). The settings for
the above are previously given to the controller 26 through an input unit 35
(Fig. 1). The controlier 26 controls the switching of the screw traveling
velocity in accordance with the above-mentioned settings and a detection
signal supplied from the position detector 27.

In Fig. 2B, the relation among the positions at which the velocity is
changed is typically as S3 < S2 < 81, Ifit is determined accidentally as 82 <
83 < 81, this means that the screw 20 is retracted during the filling process.
The controller 26, however, determines that the setting S3 is an incorrect
input and ignores the setting S3 because such retracting is performed in the
dwelling process, as apparent from Fig. 2A. The reason the screw 20 is
retracted is to avoid defective moldings including flash, by means of reducing
the resin filling pressure.

The injection control based on the settings as shown in Fig. 2A is
typically suitable for molded articles having a large thickness., After the
completion of the filling process, the molded article receives the pressure of
the resin. For the molded article having a large thickness, the molded article

contracts significantly after the filling process. The application of the pressure
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to the molded article during the dwelling process can compensate for this
contraction.

On the other hand, when this injection control is used for the molding
of a thin molded article, an excessive pressure exerted to the molded article
may generate flash and/or residual stress, which may result in a flawed or
defective article. Therefore, the pressure exerted to the molded article should
be reduced. However, conventional injection control methods cannot
effectively reduce the pressure suddenly because the maximum travéling
velocity or the acceleration of the screw is smaller in the dwelling process than
in the filling process. In other words, for molded articles having a small
thickness, the resin is contracted less. Although a small volume of resin is
required to be supplemented, a large resin pressure is applied continuously
to the molded article.

Referring to Figs. 3A and 3B, an injection control method according to
a first embodiment of the present invention is described. Description herein
is made for the case where the present invention is applied to a motor-driven
injection molding machine similar, for example, to that which is shown in Fig.
1.

In Fig. 3A, a feature of this embodiment includes a step for retracting
the screw 20 in the latter half of the filling process before the filling process
is switched to the dwelling process. Fig. 3A shows an example of a screw
traveling velocity and a screw position, as a function of time, from the filling
process following the plasticization/metering process to the dwelling process.
The screw position and the screw traveling velocity are previously determined
in five segments as shown in Fig. 3B. More specifically, the screw 20 travels
forward at a traveling velocity of V1 for a first segment from the beginning of
the filling process to the time when the screw position reaches S1. The screw
20 travels forward at a traveling velocity of V2 for a second segment between
the positions S1 and S2. The screw 20 travels forward at a traveling velocity
of V3 for a third segment between the positions S2 and S3. This is similar in

operation to the conventional control method. A difference lies in the
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subsequent operation during which the screw 20 begins to be retracted at the
position S3.

In this embodiment, the retraction is made for the last two segments
(i.e., fourth and fifth segments from the beginning of the filling process). The
screw 20 travels backward at a traveling velocity of V4 for the fourth segment
between positions S3 and S4. The screw 20 travels backward at a traveling
velocity of V5 for the fifth segment between positions S4 and S5. At position
S5, the filling process is switched to the dwelling process. The relation among
the positions at which the velocity is changed is typically as $S3 < §2 < 84 <
S5 < 81. '

With the previous settings as described above, the timing at which the
step of retracting the screw 20 begins is determined according to the set
position of the screw 20 by using the detection signal supplied from the
position detector 27.

As described above, not only the forward movement of the screw 20
but also the backward movement of it are allowed during certain segments in
the latter half of the filling process, to rapidly drop the resin filling pressure.
As apparent from the above, the undesired filling pressure can be reduced by
means of the maximum traveling velocity or the acceleration which the
injection molding machine has. This provides the advantages of avoiding any
flash and of reducing the residual stress in molded articles having a small
thickness. It is noted that the molded articles may be varied in weight
between the adjacent shots when the screw 20 is retracted during the

dwelling process (pressure control). On the contrary, in the present

- embodiment, the screw 20 is retracted while controlling the velocity or the

position during the filling process, so that the weight and the dimension of the
molded articles are constant.

Next, referring to Figs. 4A and 4B, a second embodiment of the
present invention is described. The feature of this embodiment is a step for
stopping the screw 20 at least once during the retraction of the screw 20
achieved by two or more segments of the operation. The timing when the

operation to stop the screw 20 begins is determined based on a
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predetermined position of the screw 20. More specifically, the screw 20

travels forward at a traveling velocity of V1 for the first segment from the

beginning of the filling process to the time when the screw position reaches

S1. The screw 20 travels forward at a traveling velocity of V2 for the second
segment between the positions S1 and S2. The screw 20 travels forward at
a traveling velocity of V3 for the third segment between the positions S2 and
83. This is completely similar to the operation described in the first

embodiment.

Next, the screw 20 begins to be retracted at the position S3. In this
embodiment, the retraction is also made for the last two segments (i.e., the
fourth and the fifth segments from the beginning of the filling process). The
stop operation is set at the end of each retracting segment. As a resutt, the
screw 20 travels backward at a traveling velocity of V4 for the fourth segment
between the positions 83 and S4. The screw 20 then stops for a time interval
T1 at the position S4. After the elapse of the time interval T1, the screw 20
begins to travel backward at a traveling velocity of V5 for the fifth segment by
the position S5. Furthermore, the screw 20 stops for a time interval T2 at the
position S5. After the elapse of the time interval T2, the filling process is
switched to the dwelling process. The relation among the positions at which
the velocity is changed is typically as S3 < 82 < S4 < 85 < S1.

Referring to Fig. 5, a third embodiment of the present invention is
described. The feature of this embodiment is a step for stopping the screw
20 during the latter half of the filling process. The timing when the operation
to stop the screw 20 begins is determined based on a predetermined position
of the screw 20. More specifically, the screw 20 travels forward at a traveling
velocity of V1 for the first segment from the beginning of the filling process to
the time when the screw position reaches S1. The screw 20 travels forward
at a traveling velocity of V2 for the second segment between the positions St
and S2. The screw 20 travels forward at a traveling velocity of V3 for the third
segment between the positions S2 and S3. This is completely similar to the
operation described in the first embodiment.
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The screw 20 then stops for a time interval T1 at the position S3. After
the elapse of the time interval T1, the screw 20 begins to travel backward at
a traveling velocity of V4 for the fourth segment by the position S4. The
relation among the positions at which the velocity is changed is typically as S3
<82<84<81,

It is noted that, as shown in Fig. 6, the screw 20 may be stopped for a
time interval T1 at the position S3 and begin to travel forward at a traveling
velocity of V4 for the fourth segment by the position S4 after the elapse of the
time interval T1. The relation among the positions at which the velocity is
changed is typically as S4 < 83 < 82 < 81. '

If the screw 20 advances or is retracted suddenly during the latter half
of the filling process, a void may be incorporated into the molded article to
provide defective moldings, depending on conditions and/or a shape of the
molded articles. This is because the traveling flow of the resin cannof catch
up with the motion of the screw 20. However, the temporal stop of the screw
20 advantageously stabilize the conditions of the resin.

The filling process in any one of the mentioned embodiments may be
switched directly to a cooling process without the dwelling process. The
present invention can be applied to hydraulically operated injection molding
machines, and also to other configurations of motor-driven ihjecﬁon
machines.

As described above, according to the present invention, the screw is
refracted during the latter half of the filling process to make it possible to
suddenly drop the filling pressure. This advantageously reduces the residual

- stress on the molded articles having a small thickness in particular. In

addition, it is possible to avoid any flash on the molded articles and to stabilize
the weight and the dimension of the molded articles.
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1. A method for controlling injection in an injection molding machine
which carries out a molding cycle including a resin plasticization/metering
process and a resin filling process, said method comprising retracting a screw
during the filling process.

2. A method as claimed in claim 1, wherein the timing at which
retracting the screw begins is determined based on a predetermined position
of the screw, and wherein a retraction velocity for the screw is arbitrarily
determined.

3. A method as claimed in claim 2, wherein the retraction velocity for
the screw is determined such that beginning of the retraction is performed at
a highest velocity of the screw.

4. A method as claimed in claim 2, further comprising stopping the
screw at least once during the retraction of the screw.

5. A method for controlling injection in an injection molding machine
which carries out a molding cycle including a resin plasticization/metering
process and a resin filling process, said method comprising stopping a screw
during the filling process.

6. A method as claimed in claim 5, wherein a timing at which stopping
the screw begins is determined based on a predetermined position of the
screw.

7. A method for controlling injection in an injection molding machine,
said method comprising:

metering an injection shot into a heating cylinder of an injection
molding machine;

injecting at least part of the injection shot into a mold by advancing an

‘injection screw in an injection direction within the heating cylinder; and
retracting the injection screw In a retraction direction within the heating
cylinder.

8. A method as recited in claim 7, wherein injecting the injection shot
comprises controlling a speed of the injection screw in the injection direction

in a plurality of control segments.
-
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9. A method as recited in claim 7, wherein retracting the injection
screw comprises retracting the screw at a plurality of different retracting
speeds.
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10. A method as recited in claim 7, said method further comprising:

holding the injection screw in a fully advanced position for a selected
time period after the injection shot is injected into the mold,

then retracting the injection screw before retracting the injection screw
within the heating cylinder.

11. A method for controlling injection in an injection molding machine,
said method comprising:

metering an injection shot into a heating cylinder of an injection
molding machine;

injecting a portion of the injection shot into a mold by advancing an
injection screw in an injection direction within the heating cylinder; and

retracting the injection screw in a retracting direction by a first selected
distance to a first retracted position within the heating cylinder.

12. A method as recited in claim 11, further comprising:

retracting the injection screw by a second selected distance within the
heating cylinder.

13. A method as recited in claim 11, further comprising:

holding the injection screw at the first retracted position after said
retracting for a first selected time period; and

retracting said injection screw by a second selected distance to a
second retracted position.

14. A method as recited in claim 13, further comprising a step of
holding the injection screw in the second retracted position for a second
selected time period.

15. A method for controlling injection in an injection molding machine,
said method comprising:

metering an injection shot into a heating cylinder of an injection
molding machine;

—_—
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injecting a first portion of the injection shot into a mold by advancing an
injection screw in an injection direction by a first selected distance;

injecting a second portion of the injection shot into a mold by advancing
the injection screw by a second selected distance;

holding the injection screw in a holding position for a first selected
period of time; and |

injecting a third portion of the injection shot into the injection mold by
advancing the injection screw by a third selected distance.

16. A method as recited in claim 15, further comprising:

after the injection screw is advanced by the second selected distance,
and before the holding of the injection screw for the selected time period,
advancing the injection screw by an additional selected distance to inject an
additional portion of the injection shot into the mold.

17. An apparatus for controlling injection in an injéction molding
machine, said apparatus comprising:

a controf unit for controlling movement of an injection screw within a
heatihg cylinder;

a pressure sensing unit for sensing an injection pressure of resin in the
heating cylinder;

a speed sensing unit for sensing a speed of the injection screw in the
injection cylinder;

stopping and retracting means for stopping and retracting the injection
screw within the heating cylinder, |

wherein the control unit is configured to control the speed of the
injection screw and to sense a forward speed of the injection screw based
upon signals from the speed sensing unit, and to sense the pressure of the
resin being injected into the mold based upon signals from the pressure
sensing unit, said stopping and retracting means stopping and retracting the
injection screw based upon said signals.

18. An apparatus as recited in claim 17, wherein said control unit is
configured to advance the injection screw at selected speeds by selected

distances in a first series of steps, and wherein said control unit is configured

-
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to control said stopping and retracting means to stop and retract the injection

screw in a second series of steps.
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