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TITLE OF THE INVENTION:
METHOD FOR CONTROLLING DRIVE OF SCREW IN INJECTION MOLDING
MACHINE

" BAC ND OF TH Tl

' Field of the Invention:

The present invention relates to an injection molding machine and,
more particularly, to an improvement of a method for controlling drive of a
screw in a metering or dispensing process.

Description of thé Related Art:

Motor-driven 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 device using a servo motor 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 the rési_n and
thus a certain metered amount of resin is fed to a nose portion of the heating
cylinder. During this time, the screw is driven backward due to a back
pressure of the molten resin trapped in the nose portion of the heating cylinder.

An injection shatft is directly connected to the 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 with 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 control loop, as will be described more in detail below.

Then, in a filling process, the pressure plate is advanced by means of
driving the servo motor for injection. A nose portion 6f the screw serves as
a piston to fill a mold with the molten resin. -
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The molten resin fills the space within the cavity at the end of the filling
process. At this point, fhe control mode for the advancing motion of the screw
is switched from a velocity control mode toa pressure control mode. This
switching is referred to as a "V (Velocity) - P (Pressure) switching".

Following the V-P switching, the resin within the cavity of the mold 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 a 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. On the other hand, in a
clamping device, an eject operation is carried out for ejecting a solid product
out of the mold in parallel with the plasticization/metering process. The eject
operation involves in opening the mold to remove the solid product from the
mold by means of an ejector mechanism and then closing the mold for the
resin filling.

As will be described more in detail below, a rotation speed of the screw
in the metering process is determined such that the screw rotates at the
highest speed at the beginning of the metering, which is decreased stepwise
during the course of the metering. In particular, it is necessary to use a linear
or quadric function to slow down an initial (start-up) rotation of the screw at the
beginning of the metering process until the rotation speed reaches a
predetermined value N. To this end, the start-up operation should be slowed
down until the speed reaches the predetermined value N. This prolongs the
time duration before reaching the predetermined value N and, in turn, profongs
one molding cycle.

In addition, the rotation speed of the screw during the metering process
is required to be determined stepwise depending on a stroke, that is, a position
of the screw while considering a resident time of the resin. Having such
several values for the rotation speed is troublesome and bothering because
it should be done when it becomes necessary to change a diameter of the
screw.



SUMMARY OF THE INVENTION:

Therefore, an object of the present invention is to provide a method for
~controlling drive of a screw that slows down the initial rotation of the screw at
the beginning of the metering process without prolonging the time period
required before reaching the predetermined value N.

It is another object of the present invention to provide a method for
controlling drive of a screw in which rotation speed of the screw can be set
easily during the metering process. |

The present invention is applicable to an injection molding machine
comprising an injection device having a driving unit for use in rotating a screw
and a controller for controlling the driving unit.

According to a first aspect of the present invention, a rotation speed N
is previously set in the controller as a set vaiue at which the screw is rotated
in a metering process. The controller rotates the screw at a siow acceleration
A1 until the rotation speed of the screw reaches a value Nk (where Nk < N).

After that the controller carries out a control operation to rotate the screw at
an acceleration A2 until the rotation speed of the screw reaches the value N,
the acceleration A2 being higher than the acceleration A1. The rotation
speed Nk is defined at a predetermined certain ratio K relative to the rotation
speed N.

In addition, the present invention is also applicable to an injection
molding machine comprising an injection device having a first driving unit for
use in rotating a screw; a second drivihg unit for use in moving the screw in
the axial direction via an injection shaft, a position detectof for detecting a
position of the screw; and a controller for controlling the first driving unit in
accordance with a value indicative of the detected position supplied from the
position detector. ,

According to a second aspect of the present invention, rotation speeds
Ns and Ne are predetermined as set values at which the screw is rotated at
the beginning and end, respectively, of a metering process. The controller
carries out an operation to interpolate and control the rotation speed of the
screw throughout the metering process from the beginning to the end
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depending on the rotation speeds Ns and Ne and the value indicative of the
- detected position supplied from the position detector. ‘
CRIPTION D 1 |

For a more complete understanding of the present invention, reference
should be made to the appended drawings, wherein: _

Fig. 1 is a schematic view of a motor-driven molding machine which
comprises an injection device driven with a servo motor;

Figs. 2A and 2B are explanatory views illustrating a configuration of a
screw in Fig. 1;

Figs. 3A and 3B are graphical representations illustrating a back
pressure of a screw and a rotation speed of a screw at which the screw is
rotated in a metering process in a conventional motor-driven molding machine;

Fig. 4 is a graphical representation of a rotation speed of a screw at
which the screw is rotated in a metering process, which is for use in describing
how to control drive of the screw according to a first embodiment of the present
invention; and ' '

Fig. 5 is a graphical representation of a rotation speed of a screw at
which the screw is rotated in the metering process, which is for use in
describing how to control drive of the screw according to a second
embodiment of the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENT.:

Referring to Fig. 1, a configuration of a motor-driven injection molding
machine is described that 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 transmitfing a
rotation motion of the servo motor into a linear motion through a ball screw and
a nut.

In Fig. 1, rotation of an injection servo motor 11 is transmitted to a ball
screw 12. A nut 13 is fixed to a pressure plate 14 such that it 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 fixed to a base frame (not
shown). The back and forth movement of the pressure plate 14 is transmitted
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- 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 it is rotatable and
movabile in the axial direction. The heating cylinder 21 corresponding to the

_ rear portion of the screw 20 is provided with a hopper 22 for feeding a resin.
The rotation motion of a screw-rotatibn servo motor 24 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 screw-rotation servo motor 24.

In a plasticization/metering pfocess, a molten resin is stored in the
heating cylinder 21 at the head 6f the screw 20, that is, on the side of a nozzle
21-1 when the screw 20 goes backward while rotating in the heating cylinder
21. The molten resin in front of the screw 20 is then filled in a mold and
pressurized for molding by advancing the screw 20 in the heating cylinder 21.
A force acting upon the resin is detected by the load cell 18 as a reaction force,
namely, a pressure. 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 cui'rent (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
screw-rotation servo motor 24 by means of controlling a driving current for the
screw-rotation servo motor 24. The injection servo motor 11 and the screw-
rotation servo motor 24 are provided with 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. In particular, the rotation speed
detected by' the encoder 32 is used for determining a rotation speed of the
screw 20. '
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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, the screw 20 is described in detail. In
Fig. 2A, the screw 20 is formed of four sections: a feed section 20-1, a
compression section 20-2, a metering section 20-3, and a head section 20-4.

The feed section 20-1 is for feeding the resin from the hopper 22 (Fig. 1)
ahead a solid state or a partially molten state. A temperature of the resin is
increased to around a molten point at the feed section 20-1. Considering this,
the feed section 20-1 typically has a rod-shaped member 20' (Fig. 2B) of a
generally constant diameter along the length thereof and has a helical groove
in the peripheral surface thereof.

The resin particles supplied from the feed section 20-1 to the
compression section 20-2 are spaced away from each other. Therefore, a
molten resin in the compression section 20-2 has an approximately half the
volume of the resin before melting. The compression section 20-2 is for
reducing the space through which the resin is allowed to pass, in order to
make up for the reduced volume. This can be achieved by means of tapering
the rod-shaped member 20 at the position corresponding to the compression
section 20-2 to make the helical groove shallow. The compression section
20-2 compresses the molten resin, enhances an exothermic effect caused by
friction, and increases the pressure of the resin to push back the air in the
heating cylinder 21, the moisture and a volatile gas or gases contained in the
air and contaminated in the resin to the hopper 22. As apparent from the
above, the resin pressure in the heating cylinder 21 is at the highest level in
the compression section 20-2.

The rod-shaped member 20' has the largest diameter in the region
corresponding to the metering section 20-3. The metering section 20-3 has
the shallowest helical groove formed in the rod-shaped member 20'. The
resin is subjected to a large shearing force in the metering section 20-3 and
heated to a uniform temperature with an internal exothermic reaction. A
certain amount of resin is then fed towards the nozzle side in the heating
cylinder 21.
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The feeding of the molten resin from the metering section 20-3 to the
nozzle side is performed through a check-valve ring 20-5 in the head section
20-4. The check-valve ring 20-5 is located at a position closer to the left side
in the figure during the metering process. In this state, the molten resin can
be fed to the metering section 20-3 to the nozzle side.

After the compietion of the metering process, the check-valvé ring 20-5
moves to the right side in the figure because of a pressure difference. As a
result, the resin is prevented from flowing back away from the nozzle side to
the metering section 20-3. The head section 20-4 is typically formed
separately from the rod-shaped member 20'. The head section 20-4 has a
male thread formed in the root portion thereof. The rod-shaped member 20'
has a female thread formed in an end thereof. The head section 20-4 is
coupled to the rod-shaped member 20' by means of engaging the male thread
formed in the head section 20-4 with the female thread in the rod-shaped
member 20'. To this end, the root portion of the head section 20-4 is
significantly smaller in diameter than the rod-shaped member 20'.

Referring now to Figs. 3A and 3B, how to determine the rotation speed
of the screw in the metering process is described. Fig. 3A shows a metering
position, that is, a screw position in relation to a back pressure of the screw.
On the other hand, Fig. 3B shows the metering position in relation to a rotation
speed of the screw. Both Figs. 3A and 3B are for an example of a four-stage
setting operation.

Among the four stages of the setting, the former three stages are
generally used to equalize the temperature of the resin. In these three -
~ stages, the resin at a high temperature is metered in combination with a
relatively high screw rotation speed and a low back pressure in the former half
of the heating cylinder 21. During the course of the metering, the residence
time for the resin is increased. The rotation speed is decreased in a stepwise
manner in order to increase the exothermic amount due to the shearing of the
resin while the back pressure is increased. The fourth, final stage is for
providing a setting to improve the accuracy of the metered value used at the
" beginning of the filling process. More specifically, a very low rotation speed
and a very low back pressure value are set in order to avoid overrun of the
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screw at the position two or three millimeters short of the completion point of
the metering, and aiso avoid back flow of the resin.

As apparent from the above, the rotation speed of the screw 20 in the
metering procéss is the highest at the beginning"'of the metering, and is
decreased stepwise thereafter. Thus, the head section 20-4 of the screw 20
receives a large load at the beginning of the rotation of the screw 20. Such
a large load may damage the threaded portion of the head section 20-4.

The check-valve ring 20-5 is almost in contact with the inner wall of the
heating cylinder 21. Because of this, the screw 20 does not move at the
beginning of the rotation of the screw 20 upon the initiation of the metering.

This means that the rotation of the screw 20 causes a local heating due to the
friction between the check-valve ring 20-5 and the inner wall of the heating
cylinder 21 to generate a heat. The heat may adversely affect the resin.
With respect to this, a linear or quadric function is used to siow down an initial
(start-up) rotation of the screw at the beginning of the metering process for a
predetermined value N of the rotation speed at the beginning of the metering.

However, this requires the start-up operation to be slowed down until the
speed reaches the predetermined value N. It prolongs the time duration
before reaching the predetermined value N and, in turn, prolongs one molding
cycle. Furthermore, the rotation speed of the screw 20 during the metering
process is required to be determined stepwise depending on a stroke, that is,

a position of the screw 20 while considering a resident time of the resin.
Having such several values for the rotation speed is troublesome and
bothering because it should be done when it becomes necessary to change
a diameter of the screw 20.

Referring to Fig. 4, a method for controlling drive of a screw according
to a first embodiment of the present invention is described. This method can
be applied to a motor-driven injection device driven with a servo motor as
described in conjunction with Fig. 1. However, with the method for controlling
the drive of the screw according to this embodiment being applied to the
injection device illustrated in Fig. 1, control operations achieved by the
controller 26 are different from those obtained in the conventional injection |
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device. The following description is made with reference to Figs. 1, 2A and
* 2B as well as Fig. 4. .

To perform the method for controlling the drive of the screw according -
to this embodiment, an operator must set a value (rotation speed) N in the
controller 26 for the rotation speed of the screw 20 at the beginning of the
metering. The controller 26 carries out a control operation to rotate the screw
20 at a slow acceleration A1 until the rotation speed of the screw 20 reaches
a value (rotation speed) Nk. The rotation speed Nk is defined at a
predetermined certain ratio K relative to the rotation speed N. Following the
rotation speed of the screw reaches the rotation speed Nk, the controlier 26
carries out a control operation to rotate the screw at an acceleration A2 until
the rotation speed of the screw 20 reaches the rotation speed N. The
acceleration A2 has a value larger than that of the acceleration A1. In
addition, the ratio K is determined such that the rotation speed Nk depending
on it does not cause a sudden load to be applied to the head section 20-4 of
the screw 20 that may result in a damage.

In particular, the controller 26 in this embodiment calculates a time
interval T1 from the beginning of the metering process to the time when the
rotation speed reaches the rotation speed N, by using the predetermined
value N of the rotation speed. The controller 26 controls the screw-rotation
servo motor 24 to ensure that the screw 20 rotates at the acceleration of A1
during the calculated time interval T1. Then, the controller 26 calculates a
time interval T2 between the point when the rotation speed N is achieved to
the point when the rotation speed reaches the rotation speed N. Upon
reaching the vaiue Nk of the rotation speed of the screw 20, the controller 26
shifts to control of the screw-rotation servo motor 24 to ensure that the screw
20 at the acceleration of A2 during the caiculated time interval T2.

The start-up of the screw rotation is made gradually and no significant
load is thus applied to the head section 20-4. This is similar to a situation
where a cushioning effect is obtained during the start-up operation. The
screw starts up at the acceleration A2, during the time interval between the
rotation speed Nk to the rotation speed N, that is significantly larger than the
acceleration A1. Therefore, the time duration required to reach the rotation
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speed N is not so much prolonged. Furthermore, the movement of the screw
begins before the start-up at the acceleration A2. No local heating is thus
generated which otherwise may occur due to the friction between the check-
valve ring 20-5 and the inner wall of the heating cylinder 21. This means that
any adverse effect on the resin due to the local heating can be avoided. '

As described above, according to the present embodiment, the start-up
of the screw at the beginning of the metering process is provided in the
manner with the automatic cushioning effect by means of simply setting the
predetermined value N of the rotation speed at which the screw is rotated at
the beginning of the metering process, while avoiding any damage of the head
section and the adverse local heating. .

Referring to Fig. 5, a method for controlling the drive of the screw
according to a second embodiment of the present invention is described. This
method can also be applied to a motor-driven injection device driven with a
servo motor as described in conjunction with Fig. 1. However, with the
method for controlling the drive of the screw according to this embodiment
being applied to the injection device illustrated in Fig. 1, control operations
achieved by the controller 26 are different from those obtained in the
‘conventional injection device. The following description is made with
reference to Figs. 1, 2A and 2B as well as Fig. 5.

For providing the method for controlling the drive of the screw according
to this embodiment, the only thing which an operator is required to do is to set
values Ns and Ne in the controller 26 for the rotation speed of the screw at the
beginning and end, respectively, of the metering process. The controller 26
interpolates the rotation speed of the screw 20 from the beginning to the end
of the metering process, by using the predetermined values Ns and Ne for the
rotation speed as well as a position detection value supplied from the position
detector 27. The controller 26 controls the screw-rotation servo motor 24 in
accordance with the interpolated value. More specifically, the controller 26
uses a linear interpolation as shown in a solid line in Fig. 5 for the rotation
speed of the screw 20 from the beginning to the end of the metering process
in accordance with the position detection value, that is, the current screw
position, based on the values Ns and Ne of the predetermined rotation speed
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and screw positions Ss and Se at the beginning and end, respectively, of the
metering process. The Screw position Ss-at the beginning of the metering
process corresponds to the position of the screw when the rotation speed of
the screw 20 reaches the vaiue Ns.

Let the current screw position be X for the case illustrated in Fig. 5, an
interpolated rotation speed Y of the screw is given as follows:

Y = Ne + {(Ns - Ne)/(Se - Ss)} x (Se - X).

The controller 26 may use the value Ns as the rotation speed of the
screw until the screw reaches a position S1 between the screw position Ss at
the beginning of the metering and the screw position Se at the end of the
metering and thereafter, upon the screw reaches the position S1, the controller
may carry out a control operation with the interpolation, as depicted by a dotted
line in Fig. 5. The position S1 is given by (Ss + Se)/2, which is half the course
in Fig. 5. In this case, the controller 26 also uses a linear interpolation for the
rotation speed of the screw with the current screw position X in accordance
with the values Ns and Ne as well as the mid bosition (Ss + Se)/2 and the
screw position Se, as in the interpolation described above. The position
where the rotation speed Ns reaches is not limited to 'the mid position. It may
be any other position obtained according to a predetermined ratio. .

In this embodiment, it is just necessary to.determine and set the two
values for the rotation speed of the screw at the beginning and end of the
metering process in the manner described above. This facilitates the
operation required for setting the value(s) and changing the set value, if
necessary.

While the above mentioned embodiments have been described in
conjunction with the motor-driven injection molding machine, the present
invention may be applied to hydraulic-driven injection molding machines.

Numerous modifications may be apparent to one of skill in the art, while
remaining within the spirit and scope of the invention. To determine the scope
of the invention, reference shouid be made to the appended claims.
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WHAT IS CLAIMED IS: _
1. A method for controlling drive of a screw in an injection molding

machine, said method comprising the steps of: ) '
| providing an injection de.vide- having a driving source for rotating the
screw and a controller for controliing the driving source, wherein the controiler
has a rotation speed N which is previously set therein as a set value at which
the screw is rotated in a metering process; said method further comprising the
steps of

first rotating the screw at a first acceleration A1 until the rotation
speed of the screw reaches a value Nk (where Nk < N);

second rotéting the screw at a second acceleration A2 until the
rotation speed of the screw reaches the rotation speed N, second acceleration
A2 being higher than first acceleration A1, the value Nk being defined at a
predetermined certain ratio K relative to said rotation speed N.

2. A method as recited in claim 1, wherein said first and second
rotating steps comprise controlling the driving source with the controller.

3. A method as claimed in claim 1, further comprising the step of
detecting a rotation speed of a servo motor of the driving source, thereby
detecting a rotation speed of the screw.

4, A method as claimed in claim 3, further comprising a step of
calculating a time interval T1 by using said rotation speed N, said time interval
T1 being calculated from the beginning of the metering process to the point
where value Nk is reached, and carries out a control operation to rotate the
screw at first acceleration A1 during the calculated time interval T1.

5. A method for controlling drive of a screw in an injection molding
machine, said method comprising the steps of:
. providing an injection device having a first driving source for use in
rotating the screw; a second driving source for use in moving the screw in the
axial direction via an injection shaft; a position detector for detecting a position

* < L M S *
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of the screw; and a controller for controlling said first driving source.' in
accordance with a value indicative of the detected position supplied from the
position detector;

providing rotation speeds Ns and Ne which are previously set in the
“ controller as set values at which said screw is rotated at the beginning and
end, respectivély, of a metering process;

interpolating the rotation speed of the screw throughout the metering
process from the beginning to the end based on the rotation speeds Ns and
Ne and the value indicative of the detected position supplied from said position
detector; and .

controlling the rotation speed of the screw throughout the metering
process from the beginning to the end based on the rotation speeds Ns and
Ne and the value indicative of the detected position supplied from said position
detector.

6. A method as recited in claim 5, wherein the step of controlling the
rotation speed of the screw comprises controlling a rotation speed of a servo
motor forming the first driving source.

7. A method as claimed in claim 5, wherein said interpolating step
comprises interpolating the rotation speed of the screw from the beginning to
the end of the metering process in accordance with the position detection
value, using the rotation épeeds Ns and Ne and screw positions Ss and Se at
the beginning and end, respectively, of said metering process.

8. A method as claimed in claim 7, wherein the screw position Ss at
the beginning of the metering process corresponds to the position of the screw
when the rotation speed of the screw reaches the rotation speed Ns.

9. A method as claimed in claim 6, further comprising a step of
determining a position S1 between the screw position Ss at a beginning of the
metering process and the screw position Se at an end of the metering process,
the position S1 being determined between the screw positions Ss and Se

LT
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according to a predetermined ratio, and wherein the controiler controls said
rotation speed to be Ns until the screw reaches the position S1 from the screw
positiqn Ss, and when the screw reaches said position S1, the controller
performs the interpolation.

10. A method as recited in claim 5, wherein said controlling step
controls the rotation speed according to a linear control function.

11. A method as recited in claim 5, wherein said controlling step
controls the rotation speed in a continuously variable manner.

12. A method as recited in claim 5, wherein said controlling step
controls the rofation speed from the beginning to the end of the metering
process according to a linear control function.

13. A method as recited in claim 5, wherein said controlling step
controls the rotation speed from the beginning to the end of the metering
process in a continuously variable manner.
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