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CONTROL DEVICE FOR MOTOR-DRIVEN INJECTION MOLDING

MACHINE WHICH CONSUMES LESS ELECTRIC POWER

Background of the Invention:

The present invention relates to a control device
for a motor-driven injection molding machine. More
particularly, the present invention relates to a control
device for a mold clamping system used for'clamping an
article with a toggle mechanism that is driven by a servo-
motor.

A mold clamping-system for an injection molding
machine comprises a servo-motor, a ball screw, and 5
toggle mechanism. The servo-motor has a predetermined
rated torque. The ball screw has a screw shaft and a nht
to convert rotation of the servo-motor into rectilinear
motion. The rotation of the servo-motor is transmitted
to the screw shaft. In response to this, the screw shaft
rotates and the nut moves forward, al;owing the toggle
mechanism to achieve clamping.

Molding of resins typically involves in a
plurality of processes, i.e., dispensing a resin,
filling, dwelling, and cooling. Besides these processes,
the mold clamping system carries out a clamping process.
In the mold clamping system, a torque of the servo-motor

is controlled during the clamping process in order to



provide a clamping force of which profile exhibits a
predetermined pattern-or patterns.

Conventional mold clamping systems generate a
-torque that is approximately equal to a maximum torque
when a set clamping force is generated. Such a maximum
torque is determined depending on the rating. 1In
addition, the torque that is approximately equal to the
maximum torque is kept until completion of the clamping
process. The rating of the servo-motor is determined
while taking into consideration a coefficient of friction
between individual components forming the toggle
mechanism.

The conventional mold clamping systems at any
rate maintain the maximuﬁ torque génerated by the servo-
motor from the beginning to the end of the clamping
process. This consumes a significant amount of electric
power.

Summary of the Invention:

Accordingly, an object of the present invention
is to provide a control device for a motor-driven
injection molding machine that is capable of maintaining
a set clamping force with less consumption of electric
power.

| The present invention is applicable to a control
device for a motor-driven injection molding machine that
comprises a mold ciamping system having a servo-motor and
a ball screw mechanism in which the ball screw mechanism

comprises a screw shaft and a nut for use in converting



rotation of the servo-motor into rectilinear motion.

According to an aspect of the present invention,
the control device comprises a pattern generator for
generating a set pattern for the clamping force. The
patte;n generator calculates, in response to application
of the set clamping force, a travel distance S0 of a
predetermined movable member in the mold clamping system
according to the set clamping force. The pattern |
generator then generates the set pattern having an
allowable range of deviation 2A § that is defined by an
upper limit (SO + A S) and a lower limit (S0 - A S)
relative to the travel distance S0 calculated. The mold
clamping system generétes the clamping force that is
defined by the upper 1imit (s0 + A S) by means of
rotating the screw shaft in the normal direction at the
beginning of a clamping process. In addition, the mold
clamping system continuously decreases, by means of |
rotating the screw shaft in the reverse direction during
a predetermined clamping time interval T£, the clamping
force within the range defined by the allowable range of
deviation 2A § after the clamping force reaches the value
defined by the upper limit (S0 + A S).

Brief Description of the Drawings:

Fig. 1 is a view l1llustrating a structure of the
essentials of a mold clamping system to wh;ch the present
invention is applied; |

Fig. 2 is a block diagram.illustraﬁing a

structure of a control device for a mold clamping system



according to the present invention;

Fig. 3 ié a view showing an example of a set
pattern generated by a set pattern generator illustrated
in Fig. 2; and

Fig. 4 is a flow chart for use in describing
operation of the control device illustrated in Fig. 2.

Description of the Preferred Embodiment:

Referring to Fig. 1, a mold clamping system in a
motor-driven injection molding machine is described. 1In
Fig. 1, a mold clamping system 10 comprises a fixed
platen 11, four tie bars 12, a movable platen 13, two
arms 14, a toggle support 15, a servo-motor 16, a screw
shaft 17, a cross hea&'ls, a first toggle lever 19-1, and
a second toggle lever 19;2. Only two tie bars 12 are
1llustrated in Fig. 2. A toggle mechanism is formed of
the two arms 14, the toggle support 15, the cross head
18, and the first and the second toggle levers 19-1 and
19-2. While not illustrated, the fixed and the movable
platens 11 and 13 are attached tc fixed and movable mold,
respectively, such that they are opposed to each other.
The fixed platen 11 is securely fixed to a base plate 20.

The movable platen 13 slides on the four tie bars 12
depending on the position of the two arms 14.

Rotation of the servo-motor 16 is transmitted to
the screw shaft 17. A nut 21 is thread-engaged with the
screw shaft 17. Rotation of the screw shaft 17 results
in forward movement of the nut 21, which causes thé

toggle mechanism to achieve the clamping operation.



The clamping force is kept by means of moving the
movable mold to the position required for keeping the set
clamping force. The two arms 14 of the toggle mechanism
are not fully extended when thg set clamping force is
generated in the mold clamping system 10. Instead, the
arms 14 are just short of the fully extended status in
order to avoid so-called "deadlock" of the toggle
mechanism. The deadlock is a status where the two arms
14 are locked with being fully extended and neither can
be returned to the original position at all. The
deadlock will occur only when the two arms 14 are fully
extended. More specifically, the toggle mechanism will
be locked due to a frictional force when a clamping force
exceeds a certain limit érovided during the normal use of
the system, with the two arms 14 being fully extended.

The servo-motor 16 generates a torque that is
approximately equal to a maximum torque, which is
determined depending on the rating, when the set clamping
force is provided in the mold clamping system 10. In
addition, the torque that is approximately equal to the
maximum torque is kept until completion of the clamping
process.

As described above, the conventional mold
clamping system at any rate maintains -the maximum torque
generated by the servo-motor 16 from the beginning to the
end of the clamping process. This consumes a significant

amount of electric power.



Referring to Fig. 2, it is described a control
device for a mold clamping system according to a
preferred embodiment of the present invention. The
control device comprises a pattern generator 31. The
pattern generator 31 generates a set pattern Sr as
illustrated in Fig. 3. The pattern generator 31 produces
an instruction signal indicative of an instructed value
in accordance with the set pattern Sr generated. In Fig.
3, the clamping force is illustrated as a position of the
cross head 18 in the mold clamping system because the
profile of the clamping force reflects that of the
displacement of the cross head 18. The control device
further comprises a pbsition'sensor 32 for use in sensing
a position of the cross head 18. The position sensor 32
produces a positioﬂ sensor signai indicative of the
sensed position. A subtracter 33 calculates a difference
between the instruction signal supplied from the pattern
generator 31 and the position sensor signal obtained by
the position sensor 32. The subtracter 33 then supplies
a calculated difference signal indicative of the
difference to an amplifier 34. The amplifier 34 has
functions including PID compensation. The_amplifier 34
amplifies the calculated difference signal and produces a
torque instruction signal indicative of an instructed
torque value for the servo-ﬁotor 16. A motor drive 35
drives the servo-motor 16 in accordance with the

instructed torque value provided by the amplifier 34.



In Fig. ‘3, features of the present invention lie
in the following. The pattern generator 31 calculates,
in response to application of the set clamping force, an
amount of diéplacement of the cross head 18 that 1is
requirgd to generate the set clamping force as a travel
distance S0. A deviation A S is determined depending on
the allowable range of deviation within which the
clamping force may change.

The set pattern Sr is generated such that the
travel distance of the cross head 18 reaches the upper
limit, i.e., (S0 + A S), upon coméletion of the clamping.

Furthermore, the travel distance should be smaller than
the upper limit of (S0 + A S) during a clamping time
interval Tf before the eﬁd of the clamping process and be
within the deviation of 2A § from the upper limit of
(SO + AS).

With such a set pattern Sr, the screw shaft 17
rotates by an amount of rotation necessary for generating
the set clamping force plus the amount of rotation
corresponding to the allowable range of deviation for the
clamping force (corresponding to the distance A S). This
allows the mold clamping system 10 to generate the
clamping force that is larger than the set clamping force
by the amount corresponding to the.allowable range of
deviation. The screw shaft 17 is continuously rotated
within the range between the upper limit (S0 + A S) and
the lower limit (S0 - A S) in the revefse direction

during the clamping time interval of Tf. ~



As described above, the screw shaft 17 is rotated
in the reverse direction in the range (usually * 1% of
the set clamping force) within which the deviation of the
clamping force is allowed, once the set clamping force is
achieyed. As a result, the torque of the servo-motor 16
can be decreased while taking the advantages of the
negative efficiency of the screw shaft 17 or the toggle
mechanism.

Referring to Fig. 4, the control device
determines, at step S1 at the beginning of the clamping,
whether the value Sr(t) of the set pattern Sr exceeds the
upper limit (S0 + A S) to determine whether the clamping
i1s completed. When détermining that the clamping is
completed, the control dévice rotates the screw shaft 17
in the reverse direction at step S2 to retract gradually
the movable mold at a rate of 2A S/Tf. The value Sr(t)
that is t (time) after the completion of the clamping is
given by the equation: (S0 + A S - 2A S*t/Tf).

As mentioned above, the control device according
to the present invention provides the clamping force that
is larger than the set clamping force and is within the
allowable range of deviation upon completion of the
clamping. The control device then continues to decrease
the clamping force within the allowable range of
deviation during the subsequent clamping time by means of
rotating the screw shaft 17 in the reverse direction.
Accordingly, the torque of the servo-motor 16 can be

decreased. In other words, it is possible to maintain



the clamping force at or around the set clamping force
only by applying a micro-current.

The present invention has thus been described in
conjunction with a preferred embodiment thereof in which
the position sensor 32 senses the position of the cross
head 18 in the mold clamping sYstem. However, the
position sensor 32 may sense a position of other movable
member in the mold clamping system. Examples of such
other movable member include the nut 21 and the-movable

mold.
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WHAT IS CLAIMED IS:

1. A control device for a motor-driven injection
molding machine that comprises a mold clamping system
having a servo-motor and a ball scfew mechanism in which
the ball screw mechanism comprises a screw shaft and a
nut for use in converting rotation of the servo-motor
into rectilinear motion, wherein:

the contﬁol device comprises a pattern generator
for generating a set pattern for the clamping force, said
pattern generator calculating, in response to application
of the set clamping force, a travel distance S0 of a
predetermined movable'membe: in the mold clamping system
according to the set claﬁping force, generating the set
pattern having an allowable range of deviation 2A S that
is defined by an upper 1limit (SO0 + A S) and a lower limit
(S0 - A S) relative to the travel distance S0 calculated,
said mold clamping system continuouslf decreasing, by
rotating the screw shaft in the reverse direction during
a predeterminéd clamping time interval Tf, such that the
clamping force is within the range defined by the
allowable range of deviationHZA_s, after the clamping
force reaches the value defined by the upper limit
(s0O + As).

2. A control device for a motor-driven injection
molding machine as claimed in Claim 1, wherein a rate of

decrease of the clamping force is given by 2A S/Tf.
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