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METHOD AND APPARATUS FOR CONTROLLING
INJECTION MOLDING MACHINE CAPABLE OF REDUCING
VARIATIONS IN WEIGHT OF MOLDED PRODUCTS

BACKGROUND OF THE INVENTION
The present invention relaftes to a method and an apparatus for
controlling an injection molding machine. In particular, this invention relates to

a method and an apparatus for controlling mold internal pressure in order to

‘reduce variations in weight of molded products.

~ Referring to Fig. 1, a motor-driven injection molding machine will be

described focusing on an injection unit. The motor-driven injection molding -

machine has the injection unit which is driven by a servomotor. In such an
injection unit, rotation of the servomotor is converted into linear motion by a ball
sérew and a nut, thereby moving a screw forward an.d backward.

In Fig. 1, the rotation of an injection servomo_tor 11 is transmitted to a

ba“ screw 12. A nut 13 is fixed on a pressure plate 14 and is moved forward

~ .and backward by rotation of the ball screw 12. The pressure plate 14 is

movable along four guide bars 15 and 16 _(only two are shown in the figure)
fixed on a base frame (not shown). Forward and backward motion 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 rotatably and axially movably |
disposed in a heating cylinder 21. The heating cylinder 21 includes a hopper
22 fbr feeding a resin to a position corresponding to the rear portion of the
screw 20. Rotating motion of a servomotor 24 for rotating the screw 20 is

transmitied to the injection shaft 19 via a connecting member 23 which may be



2

a belt, pulleys, etc. in other WOrds, the servomotor 24 rotates the injection shaft
19 which in turn rotates the screw 20.

In a plasticizing/measuring process, the screw 20 rotates and moves
- backward in the heating cylinder 21 so that a molten resin is stored in front of
the screw 20, that is, in the heating cylinder 21 on the side of a nozzle 21-1.
The backward movement of the screw 20 is caused by pressure due to gradual
increase in the amount of molten resin stored in front of the screw 20.

' In a filling and injecting process, the forward movement of the screw 20
in the heating cylinder 21 is caused by a driving force from ihe injection
servomotor 11, so that the molten resin stored in front of the 'screw 20 is forced
into and is pressurized in a metal mold. In this case, the'force for pressing the
‘molten resin is measured by the load cell 18 as an i'njectidn preésure. The
measured injection pressure is amplified by a'load cell amplifier 25 and is fed
into a controller 26. The pressure plate 14 has a position detector 27 for
measuring the_- amount of movement of the screw 20. The measuring signal
outputted from the position detector 27 is amplified by a position detector
amplifier 28 and is fed into the controller 26.

The controller 26 outputs current (torque) instruction values
corresponding to the respective processes and based on some values preset by
a display/setiing unit 33 via a man-machine controller 34. The current
instruction valués are fed to a drive 29 and a drive 30. The drive 29 controls a
current for driving the servomotor 11 to control an output torque of the
servomotor 11.  The drive 30 controls a current for driving the servomotor 24 to
control 'the number of revolutions of the servomotor 24, The servomotor 11
and the servomotor 24 comprise encoders 31 and 32, respectivély, for
measuririg the number of revolutions. The number of revolutions detected by
the encoders 31 and 32 are fed to the controller 26. In particular, the number

of revolutions detected by the encoder 32 is used to determine the number of



revolutions of the screw 20. _
If an injection molding machine is a hydraulic injection molding machine,
a hydraulic injection cylinder may be used to replace the conversion system for
converting a rotary movement into a linear movement, which is effected by
means of the ball screw and the nut involved in the injection apparatus. In this
~ case, the oil pressure within the injection cylinder is measured. Since the
construction of the Hydraulic 'injection molding machine is already well known in
the art, it will not be illustrated and described in this specification.
“ However, one subject associated with the above-dé_scribe_d injection
molding machine is to manufacture, in a shortened time period and at reduced
production cost, a large number of molded products of uniform-quality. Here,
‘one factor that has an influence on the quality of'the' molded products is their
weights. . _
" Inorderto manufécture molded products of uniform weight, there has
been suggested a mold internal pressure feedback control system. In this
mold internal pressure feedback control system, a mold internal pressure
sensor is provided in the metal mold for measuring resin pressure in the metal
mold. - in this way, the injection servomotor or oil pressure in the hydraulic
“injection cylindér may be controlled in accordance with a difference between.a
mold internal pressure measured -by the mold internal pressure sensor and a
preset value of the mold internal pressure given as a target value, with the
“control itself being effected by reducing the difference to zero.
Fig. 2 is a block diagram showing the above-mentioned mold internal
pressure feedback control system.
Hov'vex)er, the mold internal pressure feedback control system shown ih
Fig. 2 has been found 1o have the following problems. That is, it is difficult to
stabilize the pressure within the metal mold, merely by measuring the pressure

variations within the metal mold since there are some limits to the response
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time of the overall control system. As aresult, it is difficult to stabilize the mold
internal pressure, hence making it difficult to manufacture molded products of
uniform weight. |

On the other hand, as discussed above, the mold internal pressure has
a significant influence on the quality of the molded products, especially on the
weights thgreof. In view of this, there have been suggested some other control
methods for stabilizing the mold internal pressure, which methods are different
from that shown in Fig. 2. For example, a method has been suggested which
requires that a mold iﬁternal pressure control system be cohnected in cascade
with an injection pressure control system, a preset value of the mold internal
pressure and a measured value of the same are compared with each other, so
‘that a preset value of an'injection préssure may be changéd so as to adjust the
injection pressure. |

' Inthe use of the above method, it is necessary that the injection
pressure and the mold internal pressure be set at the same time when setting
operation conditions. However, since the response of the mold internal
préssure has an extremely large time lag in the injection pressure feedback
system, it is not easy to adjust the injection pressure, nor is it easy to set the
mold internal pressure, hence making it difficult to set operation conditions.

In fact, the rﬁold internal pressure often changes in the manner shown
in Fig. 3. In order to obtain molded products of a good quality, it is necessary
that the mold internal pressure be set so that it can change in accordance with
the graph shown in Fig. 3. This, however, makes it more difficult to set

operation conditions.

SUMMARY OF THE INVENTION _
Accordingly, it is an object of the present invention to proVide.a control

method for controlling an injection molding machine, which is effective for.



5

producing molded products of a uniform weight. _

Furthermore, another object_of the present invention is to provide a
control apparatus for controlling an injection molding machine, which is capable
of stabilizing a mold internal pressure by an easy operation.

The control method of the present invention is suitable for use in an
~ injection molding machine including a mold internal pressure sensor for
measuring a mold internal resin pressure as a measured mold internal pressure
value. The measured mold internal pressure value is fed to a nozzle internal
resin pressure feedback control system. A nozzle internal pressure preset
value in the nozzle internal resin pressure feedback control system is chahged
in accordance with a difference between the measured mold internal pressure
‘value and an mold internal pressure preéet value. |

The control apparatus of the present invention is suitable for use in an
injécﬁon molding machine which comprises a mold internal pressure sensor for
'measuring resin pressure within a metal mold cavity or within a resin flow

passage extending to the cavity, a pressure sensor for detecting injection and
dwell pressures, an injection and dwell pressure setting section, and a mold
internal pressure setting section. The mold internal pressure setting section
includes a memory. With respect to an injection and dwell pressure preset
vélue fed from the injection and dwell pressure setting section, a detected value
from t'he”pressure sensor is fed back so as to set operation conditions. A
pattern detected by the mold internal préssure sensor obtained when a molded
product of a goo_d quality was produced, is stored as the mold internal pressure
preset value in the memory. In an actual molding process, a detected value
from the pressure sensor is fed back, and a difference is also fed back between
the mold internal pressure preset value stored in the memory and a measured
value fed from the mold internal pressure sensor, thereby'adjusting an injection

and dwell pressure preset value fed from the injection and dwell pressure
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setting section. In this way, an injection and dwell pressure feedback loop is
used as a minor loop to perform a mold internal pressure feedback, thereby

regulating an instruction value for injection and dwell.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an explanatory block diagram showing the construction of a
motor-driven injection molding machine which is one example of an injection
molding machine;
Fig. 2 is a block diagram showing a conventional mold internal pressure
feedback control system;
~ Fig. 3 is a graph showing changes in mold infnernal pressure during one
‘shot of an injection molding procesé; ' |
| Fig. 4 is a block diagram showing a control apparatus' according to a
first embodiment of the present invention; and |
Fig. 5 is a block diagram showing the construction of a control

apparatus according to a second embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

With reference to Fig. 4, a control method will be described which is for
controlling an injection molding machine according to a first embodiment of the
present invention. Fig. 4 is a block diagram sh'owing' a control system for
carrying out the present invention. .In Fig. 4, the control system comprises a
mold internal pressure sensor 41 for measuring the pressure of resin injected in
a metal mold. A mold internal pressure value measured by the mold internal
pressure sensor 41 is fed to a nozzle internal resin pressure feedback control
system 40. In the control system, a difference between a measured mold
internal pressure value (measured by the mold internal pfessure sensor 41)' and

a mold internal pressure target value is calculated by a subtracter 42. A main
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control system is provided to change, in accordance with the calculated
difference, a nozzle internal pressure preset value in the nozzle internal resin
pressure feedback control system 40.

The nozzle internal resin pressure feedback control system 40 i'ncludes
a nozzle internal pressure sensor 43 fof measuring the nozzle internal resin
| pressure and outputting a measured nozzle internal pressure.value, and a
subtracter 44 for calculating a difference between the nozzle internal pressure
preset value changed by the above main control system and a measured nozzle
internal pressure value. In this way, the injection pressure.can be controlled in
accordance with the difference calculated by the subtracter 44.

The control system according to the present embodiment is not a
‘system fon; directly feeding back a méasured mold internal presSure .value.'
Instead, it is a system for changing a preset value of the nozzle internal resin
pressure feedback control system 40, in accordance with a measured mold
internal pressure value. That is, the control system according to the present
embodiment can be called a cascade control. Of course, the fundamental
portion of the control system is a conventional nozzle internal resin pressure
feedback control. However, the gain of the overall control system has been
increased, and thus its response chéracteristic has been improved, by changing
the preset value of the nozzle internal resin pressure feedback control system
40 in accordance with a measured mold internal pressure value. In other
words, since ihe nozzle internal pressure sensor 43 is located at a position
closer to an injection device than the mold internal pressure sensor 41, and
since a measured nozzle internal pressure value from the nozzle internal
pressure sensor 43 is used, it is possible for a measured nozzle internal

pressure value to be more quickly responsive to the operation of the injection

device.



Therefore, with the use of the control system according to the present
embodiment, since the mold internal pressure can be maintained constant, it is
possible to manufacture molded products of a uniform weight.

If an injection molding machine is a motor-driven injection molding
machine as shown in Fig. 1, a control process can be carried out in the
following manner. That is, the nozzle internal resin pressure feedback control
system 40 is caused to perforfn control to make the difference between a nozzle
internal pressure preset value (to be changed in-accordance with the difference
calculated by the subtracter 42) and the measured nozzle ihternal pressure
value (detected by the nozzle internal pressure sensor 43) zero. Specifically,
the position of the screw 20 which is driven by the injection servomotor 11, i.e.
‘the ihiecﬁon 'pressure, will be controll.ed in accordance wifh the above difference.

On the othe_'r hand, when an injection molding machine is a hydraulic
injection molding machine, the control process can be carried out in the
following manner. That is, the nozzle internal resin pressure feedback control
system 40 is caused to perform control to make the difference between the
nozzle internal pressure preset value (to be changed in accordance with the
difference calculated by the subtracter 42) and the measured nozzle internal
pressure value (detected by the nozzle internal pressure sensor 43) zero.
Specifically, the oil pressure of the hydraulic injection cylinder will be controlied
in accordance with the above difference. '

In this way, with the use of the first embodiment of the present invention,
the mold internal pressure can be maintained constant so that the weights of
molded products can be made uniform, thereby ensuring improvement in the
quality of molded products.

With reference to Fig. 5, a control apparatus formed according to a
second embodiment of the present invention will be described. The control

apparatus is suitable for use in an injection and dwell process which is one of
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several brocesses for an injection molding process. In fact, an object to be
controlled by the control apparatus of the present embodiment is the injection
servomotor (represented by a reference numeral 11 in Fig. 1) if the injection
molding machine is a motor-driven injection molding machine.

In Fig. 5, the control apparatus according to the present embodiment
includes an mold internal pressure sensor 51 for measuring a resin pressure
within a metal mold cavity or a resin pressure within a resin flow passage
extending to the cavity, a pressure sensor 52 for measuring injection and dwell
pressure, an injection and dwell pressure setting section 53, and a mold internal
pressure setting section 54.

A preset pressure value for injection and-dwgll pressure which has been

“fed from the injection and dwell pressure setting section 53, is transmitted as a
| speed instruction value to the injection servomotor by way of a calculator 55
effec'ting primary delay, an adder 56, a éubtracter 57,and a caléulator 58
serving as a limiter. |

A switch SW1 is inserted and connected between the mold internal
pressure sensor 51 and the mold internal pressure setting section 54. The
mold interhal pressure setting section 54 has a calculation function which will be
described later and also has a memory 54-1 for storing a mold internal pressure
preset value. The mold internal pressure preset value fed-from the memory
54-1 is supplied to the adder 56 by way of a subtracter 59, a calculator 60 for
providing a gain, and a switch SW2. The detected value fed from the mold
internal pressure sensor 51 is fed to the subtracter 59. As will be described
- later, the switch SW1 is set ON when settihg operation conditions, and the
switch SW2 is also set ON during an actual molding process.

in this way, when a measured vélue from the pressure sensor 52 is fed
to the subtracter 57, an injection and dwell pressure feedback control loop is

thus formed.
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The operation of the control apparatus according to the present
embodiment will be described in the following. First, operation condition
setting is performed under a condition where both the switch SW1 and the
switch SW2 are turned OFF. That is, with respect to the injection and dwell
pressure preset value fed from the injection and dwell pressure setting section
- 53, the measured value from the pressure sensor 52 is fed back, thereby setting

operation conditions. Then, when it has become possible to obtain molded
products of a good quality, the switch SW1 is turned ON, a detected pattern of
the mold internal pressure sensor 51 corresponding to one shot of the molding
process (when a molded product havihg good quality was obtained) is stored as
‘the mold internal pressure preset value in the memory 54-1. -

DurinQ an actual molding process, the switch SWi is turned OFF while
the switch SW2 is turned ON. At this time, the detected value from the
pressure sensor 52 is fed back to the subtracter 57, while the subtracter 59 is
operated to calculate the difference between the mold internal pressure preset
value stored in the memory 54-1 and the measured value from the mold internal
pressure sensor 51. The difference thus calculated is fed to the adder 56
through the calculator 60 and the switch SW2. As a result, the injection and
dwell pressure preset value fed from the injection and dwell pressure setting
section 53 is adjustéd in accordance with the above difference. ' This means
that the injection and dwell pressure feedback loop is used as a minor loop to
effect mold internal pressure feedback, thereby regulating an instruction value
to be fed to the injection servomotor. |

In this way, during the actual molding process, when the switch SW1 is
turned OFF and the swiich SW2 is turned ON, t'he difference may be calculated
between the mold internal pressure preset value stored in the memory 54-1 and
the measured mold internal pressure value from the mold internal preséure |

sensor 51, and the injection and dwell pressure feedback loop may be used as
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a minor loop to effect mold internal pressure feedback, thereby making it
bossible to obtain a highly precise and exactly stabilized mold internal pressure
capabile of producing molded products of a good quality. Therefore, it has
become possible to realize an easy setting of the mold internal pressure which
would otherwise be difficult to deal with, thereby ensuring a stabilized injection
| molding process. |

Furthermore, the control apparatus of the present embodiment can also
be expected to operate in the following examples in the same manner as
described. As afirst exan_\ple, various types of measured batterns
corresponding to different types of molded products, i.e., various mold intérhal
pressure preset values corresponding to different typ_es of molded products are
‘stored in advance in the memory 54-’i of th'e mold intern_ai preséure setting
section 54. This is because an injection molding machine is required to
change its molding conditions from time to time in accordance with different -
requiremenis for producing different types of molded products. Accordingly,
operation conditions are set in advance for each type of moided product. At
this time, each measured pattern (obtained when a molded product of each type
having a good quality was obtained) fed from the mold internal pressure sensor
51 is stored in the memory 54-1. Then, when the molded product to be
manufactured must be changed from one type to another, a mold internal
pressure presét value corresponding to the molded product of the new type is
selected and read out from the memory 54-1, so as to be used as the mold
internal pressure preset value for carrylng out the actual molding process

As a second example, a plurality of measured patterns’ (obtamed when
a molded product of each type of a good quality was obtained) are obtained and
the average of the plurality of the measured patterns is stored as mold internal
pressure preset values in the memory 54-1. For this reason, the mold internal

pressure setting section 54 has a calculation function. That is, the mold
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internal pressure setting section 54 can operate to sample one measured
pattern and to store a sampled value. SubseqUently, a calculation is
performed in which an average value is calculated from a plurality of sampled
values obtained at the same sampling timing with respect to a plurality of
detected patterns, thereby calculating, and thus obtaining an average value
 froma plurality of measured pattems.
As a third example, the sampling process for obtaining a detected
pattern is not carried out during the entire time period for one shot of molding
process, but for only during a part of the time period. At this time, for example,
a mold internal pressure will change in accordance with the graph shown in Fig.
3. However, the time period during which a fluid resin can maintain its
“flowability is not cm./ered by the entire time period shown -inl Fig.' 3, butis
coveied only by the first portion T of the time period. In other words, the above
control according to the present invention meané that the time period T shown

in Fig. 3 will function effectively. Taking the above into account, the above-
described sampling process is carried out only in the time period T shown in Fig.
3, while measured patterns obtained in the time period T are stored as mold
internal pressure preset value in the memory 54-1. At this time, the calculation’
for obtaining the difference between the measured pattern stored in the memory
54-1 and the measured value fed from the mold internal préssure sensor 51, is
required to be carried out only in the time period T of the above one shot.

In the second embodiment of the present invention, the injection and
dwell pressure feedback loop is used as a minor loop to effect an mold internal
pressure feedback, thereby making it possible to obtain a highly precise and
exactly stable mold internal pressure capable of producing molded products of a
good quality. Therefore, it has become possible to realize an easy setting ofa

mold internal pressure which would otherwise be difficult to control, thereby
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ensuring a stabilized injéction molding process capable of producing molded
products having low variation in weight.
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WHAT IS CLAIMED IS:

| 1. A method for controlling an injection molding machine comprising a
nozzle internal resin pressure feedback control system including a mold internal
pressure sensor for detecting a mold internal resin pressure as a mold internal
pressure detected value, the method comprising: |

measuring the mold internal pressure value and feeding the measured

mold internal pressure value to the nozzle internal resin pressure feedback
control system; providing a nozzle internal pressure preset value in the nozzle
internal resin pressure feedback control system; and changing the nozzle
internal resin pressure in accordance with a difference between the measured
‘mold internal pressure value and the mold internal pressure préset value.

- 2.. A method for controlling an injection molding machine according to
claim 1, wherein the nozzle internal resin pressure feedback control sysiem :
includes a nozzle internal pressure sensor for measuring a nozzle internal resin
pressure as a measured nozzle internal pressure value, so as to control an
injection pressure in accordance with the difference between the nozzle internal
pressure preset value and the measured nozzle internal pressure value.

| 3. A method for controlling an injection molding machine according to
claim 2, wherein the injection molding machine is a hydraulic injection molding
machine, and the nozzle internal resin pressure feedback control system
operates so as to control an oil pressure in a hydraulic injection cylinder in
accordance with the difference between the nozzle internal pressure preset .
value and the measured nozzle internal pressure value.

4. A method for controlling an injection molding machine according to
claim 2, wherein the injection molding machine is a motor-driven injection
molding machine, the nozzle internal resin pressure feedback control system

operates to control the position of a screw driven by an injection servomotor, in
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accordance with the difference between the nozzle internal pressure preset

15

value and the measured internal nozzle pressure value.

5. An apparatus for controlling an injection molding machine,
comprising a mold internal pressure sensor for measuring a resin pressure
within a metal mold cavity or within a resin flow passage extending to the cavity,
a pressure sensor for measuring an injection and dwell pressure, an injection
and dwell pressure setting section, and a mold internal pressure setting section,
wherein:

the mold internal pressure setting section includes a memory;

with respect to an injection and dwell pressure preset vaiue fed from the
injection and dwell pressure setting section, a measured value from the
‘pressure sensor is fed back .so as to set operation cond'itions, a measured
pattern of the mold internal pressure sensor, obtained when a molded product
ofa good quality Was produced, is stored as mold internal préssure preset
values in the memory; |

and wherein in an actual molding process, a measured value fed from
the pressure sensor is fed back, a difference betweén a mdld internal pressure
preset value stored in the memory and a measured value fed from the mold

. ihternal pressure sensor is fed back, thereby adjusting the injection and dwell
pressure preset value fed from the injection and dwell préssure setting section,
so that an injection and dwell pressure feedback loop is used as a minor loop to
';.Jerform mold internal pressure feedback, theréby regulating an instruction value
for injection and dwell pressure. .

| 6. An apparatus for controlling an injection molding machine according
to claim 5, wherein a plurality of measured patterns corresponding to different-
types of molded products are stored in advance in the memory and are

optionally selectable.
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7. An apparatus for controlling an injection molding machine according
to claim 5, wherein a plurality of measured patterns for one type of ‘molded
product are obtained, and average values obtained from the measured patterns
are stored as mold internal pressure preset values in the memory.

8. An apparatus for controlling an injection molding machine according
to claim 5, wherein a sampling process for obtaining the measured patterns is
performed within a predetermined time period during one shot of molding
processing. _ .

9. An apparatus for controlling an injection molding machine according
to claim 8, wherein with respect to the injectidn and dwell pressure preset valué
fed from_ the injection and dwell pressure setting sect_ion, a difference is fed
‘back between a measured pattern stored iﬁ the memory'and'a measured value
fed from the mold internal pressure éensor, said feedback being effected only

within a predetermined time period during one shot of-moldihg processing.



