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(54) Abnormality detecting apparatus for mold clamping device

(57) An abnormality detection apparatus for a mold
clamping device, having a simple configuration that can
be constructed inexpensively. A dog is mounted on the
crosshead of a toggle mechanism of the mold clamping
device and a proximity switch is mounted on a rear platen.
The shape of the dog and the location of the mounting
of the proximity switch are adjusted so that the proximity
switch switches ON at a mold touch position of mold touch
and switches OFF when the toggle mechanism, which
generates a predetermined clamping force, locks up. An

alarm is output if the length of time during which the prox-
imity switch is ON during the process of clamping the
mold or opening the mold exceeds a predetermined ref-
erence value. If in the interval from mold touch to lock-
up a large load is put on a servo motor and a belt that
drive the crosshead and an abnormality such as break-
age of the belt or the like occurs during this interval, it
can be detected at once. Simply by adding a dog and a
proximity switch enables breakage of the belt to be de-
tected with ease.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an abnormality
detecting apparatus for a mold clamping device in an
electric injection molding machine.

2. Description of the Related Art

[0002] In an electric injection molding machine, the
movable part of the injection molding machine is driven
by a motor. Typically, the torque of the motor is transmit-
ted to the movable part of the injection molding machine
through a belt transmission mechanism. Even in a mold
clamping mechanism that uses a toggle mechanism, the
motor torque is converted by a conversion mechanism
from the rotary movement of a ball screw/nut mechanism
or the like to straight-line movement, moving a crosshead
of the toggle mechanism so as to move a movable one
of mold halves to perform closing, clamping and opening
of the mold halves.
[0003] When a toggle-type clamping mechanism is
driven by a motor via a belt and a ball screw/nut mech-
anism or the like, after the movable one of the mold halves
touches the stationary one of the mold halves, a large
load is put on the belt during the clamping that generates
a clamping force (the interval from mold touch to the at-
tainment of a predetermined clamping force) and while
the mold is being opened (the interval from the position
at which the clamping force is generated to the opening
of the mold), abnormalities such as breakage of the belt
sometimes occur. As a result, despite the occurrence of
an abnormality such as the broken belt and the fact that
the mold clamping device has become inoperable, the
continuous injection molding operation is continued and
the injection molding machine malfunctions.
[0004] Accordingly, a technology has been developed
that has as its object to detect an abnormality such as a
broken belt or the like and to prevent the malfunctioning
of the injection molding machine.
[0005] For example, a method is known that mounts a
pulse generator on the crosshead of a toggle-type clamp-
ing mechanism, counts a number of pulses generated in
proportion to the amount of movement of the crosshead,
compares this detected pulse number with a second
pulse number that is proportional to a detected number
of revolutions of a motor generated by a pulse generator
provided on the driving side motor, and detects an ab-
normality when the ratio exceeds a predetermined range
(JP 7-16901A), as is a method that provides a first pulse
generating means that detects the rotation of a driving
shaft (on the motor side), a second pulse generating
means that detects the rotation of a driven shaft that is
driven via a power transmission belt, counts the number
of clock pulses in the interval between pulses generated

from the first and second pulse generating means re-
spectively, obtains and compares the rotation speeds of
the driving shaft and the driven shaft, and detects an
abnormality when the difference between the two ex-
ceeds a threshold value (JP 2003-174786A).
[0006] In addition, a method is known that links a driven
pulley and a driving pulley mounted on the motor by a
belt and provides one or more projections on that driven
pulley, and also provides a proximity switch that detects
these one or more projections and detects a breakage
of the belt by the presence of ON-OFF signals from that
proximity switch (JP 2003-74649A), as are such methods
as detecting tooth-skipping of a timing belt by the pas-
sage of projections detected by a proximity switch (JP
2003-184967A), detecting an abnormality in the belt by
detecting the tension on the belt (JP 11-262932A), and
using the fact that the torque of the motor that drives the
belt transmission mechanism declines when the belt
breaks to detect belt breakage by the torque of the motor
(JP 6-182845A).
[0007] However, in the methods described in JP
7-16901 A and JP 2003-17478A, which provide meas-
uring means such as pulse generators on each of the
motor side and the driven side and detect abnormalities
in the belt transmission mechanism, the cost of the in-
jection molding machine increases by the extent to which
measuring means such as pulse generators must be pro-
vided. In addition, with the method described in JP
2003-74649A, which detects abnormalities of the belt by
whether or not the driven-side pulley is rotating, even if
the driven-side pulley is rotating there is no guarantee
that the crosshead and the movable mold are moving
properly, and consequently, there are times when this
method cannot detect abnormality in the movement of
the crosshead or the movable mold due to some abnor-
mality with the transmission mechanism. Further, the
methods described in JP 2003-184967A and JP
11-262932A require tension detection means or meas-
uring means that detect the amount of rotation, which
increases the cost of the injection molding machine.
Moreover, in the method described in JP 6-182845A, if
the mold clamping device uses a toggle mechanism, in
a state in which the toggle mechanism extends and gen-
erates a predetermined clamping force, the toggle mech-
anism itself generates a clamping force that sharply re-
duces the output torque of the motor that drives the cross-
head of that toggle mechanism, making it difficult to de-
tect any abnormality in the belt transmission mechanism
(such as breakage of the belt) from the motor output
torque.

SUMMARY OF THE INVENTION

[0008] The present invention provides an abnormality
detection apparatus for a mold clamping device, capable
of reliably detecting abnormalities in a driving force trans-
mission mechanism such as a belt transmission mech-
anism at low cost.
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[0009] An abnormality detecting apparatus of the
present invention is applied to a mold clamping device
for clamping mold halves using a toggle mechanism hav-
ing a crosshead in an electric injection molding machine.
According to an aspect of the present invention, the ab-
normality detecting apparatus comprises: first sensing
means for sensing arrival of the crosshead at a first po-
sition; second sensing means for sensing arrival of the
crosshead at a second position; measuring means for
measuring time lapsing from the sensing of the arrival of
the crosshead at the first position by the first sensing
means in a mold clamping process; and means for out-
putting an abnormality detection signal when the lapsing
time measured by the measuring means exceeds a ref-
erence time before the arrival of the crosshead at the
second position is sensed by the second sensing means.
[0010] According to another aspect of the present in-
vention, the abnormality detecting apparatus comprises:
first sensing means for sensing arrival of the crosshead
at a first position; second sensing means for sensing ar-
rival of the crosshead at a second position; measuring
means for measuring time lapsing from the sensing of
the arrival of the crosshead at the second position by the
second sensing means in a mold opening process; and
means for outputting an abnormality detection signal
when the lapsing time measured by the measuring
means exceeds reference time before the arrival of the
crosshead at the first position is detected by the first sens-
ing means.
[0011] The first and second sensing means may com-
prise a dog and a proximity switch for sensing proximity
of the dog. In this case, one proximity switch or two prox-
imity switches may be provided.
[0012] The first position may be set to correspond to
a mold touch position where the mold halves touch each
other or a position where the mold halves are separated
by a predetermined distance from the mold touch posi-
tion. The second position may be set to correspond to a
lock-up position where the clamping of the mold halves
is completed.
[0013] According to still another aspect of the present
invention, the abnormality detecting apparatus compris-
es: first sensing means for sensing arrival of the cross-
head at a first position; second sensing means for sens-
ing arrival of the crosshead at a second position; meas-
uring means for measuring time lapsing from the sensing
of the arrival of the crosshead at the second position by
the second sensing means in a mold opening process;
and means for outputting an abnormality detection signal
when the lapsing time measured by the measuring
means exceeds reference time before the arrival of the
crosshead at the first position is detected by the first sens-
ing means.
[0014] The reference time may be predetermined
based on the mold touch position, the lock-up position
and a speed or acceleration/deceleration of the clamping
or the opening of the mold halves.
[0015] With the above configuration, an abnormality in

the mold clamping device such as breakage of a belt of
the belt transmission mechanism can be reliably detected
at low cost by providing simple sensing means for sens-
ing the position of the crosshead.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

FIG. 1 is a diagram showing one embodiment of a
mold clamping device of an injection molding ma-
chine adapting a mold clamping device abnormality
detection apparatus of the present invention;
FIG. 2 is a diagram showing a first embodiment of a
dog and a proximity switch in the first embodiment
of the present invention;
FIG. 3 is a diagram showing a second embodiment
of a dog and a proximity switch in the first embodi-
ment of the present invention;
FIG. 4 is a schematic diagram of a controller of an
injection molding machine that constitutes the mold
clamping device abnormality detection apparatus in
the first embodiment of the present invention; and
FIG. 5 is a flow chart illustrating a process of detect-
ing an abnormality in the mold clamping device of
the first embodiment of the present invention.

DETAILED DESCRIPTION

[0017] FIG. 1 is a diagram showing an embodiment of
a mold clamping device of an injection molding machine
adapting a mold clamping device abnormality detection
apparatus of the present invention. The mold clamping
device abnormality detection apparatus of the present
invention differs from the conventional art in that a dog
20 and a proximity switch 21 that comprise an abnormal-
ity detection apparatus are added to the conventional
toggle-type mold clamping device.
[0018] A rear platen 2 is linked to a stationary platen
1 fixedly mounted on a base of the injection molding ma-
chine by a plurality of tie bars 4. A movable platen 3 is
guided by the tie bars 4 and disposed so as to move
freely. A toggle mechanism 5 is placed between the rear
platen 2 and the movable platen 3, with a crosshead 5a
of the toggle mechanism 5 mounted on a ball nut that
engages a ball crew 6, such that rotation of the ball screw
6 moves the ball nut and the crosshead 5a in the axial
direction.
[0019] The ball screw 6 is mounted on the rear platen
2 so as to rotate freely while remaining immobile in the
axial direction, with a toothed pulley 7 mounted on one
end of the ball screw 6. A servo motor M1 for a mold
clamping device that drives the toggle mechanism 5 is
mounted on the rear platen 2. A timing belt 9 is wound
between a toothed pulley 8 mounted on an output shaft
of the servo motor M1 and the toothed pulley 7 mounted
on the ball screw 6.
[0020] A stationary mold half 10a is mounted on the
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stationary platen 1 and a movable mold half 10b is mount-
ed on the movable platen 3. An ejector mechanism 11
that ejects a molded article from inside the mold is pro-
vided on the movable platen 3. Reference symbol M2
designates a servo motor that drives the ejector mecha-
nism 11, with an ejector pin driven by the servo motor
M2 via a belt transmission mechanism and a ball
screw/nut mechanism. A mold thickness adjustment
mechanism 12 that advances and retracts the rear platen
2 along the tie bars 4 is provided on the distal end of the
tie bars 4. Reference symbol M3 designates a motor that
drives the mold thickness adjustment mechanism 12.
[0021] After the mold thickness adjustment mecha-
nism 12 motor M3 is activated, and the thickness of the
mold to be used as well as the position of the rear platen
2 are determined by moving the rear platen 2 so as to
generate a set mold clamping force at a lock-up position
to which the toggle mechanism 5 link is extended and
adjusting for the thickness of the mold, the mold clamping
device servo motor M1 is driven, the toggle mechanism
5 crosshead 5a is advanced (that is, moved to the right
in FIG. 1), the movable platen 3 as well as the movable
mold half 10b are advanced, the mold is closed and the
mold is clamped. This is the mold clamping process.
Then, resin is injected into the interior of the mold by an
injection mechanism, not shown, pressurized, and
cooled, after which the servo motor M1 is activated and
the mold is opened in the execution of a mold opening
process. Once the mold is opened, the ejector mecha-
nism 11 servo motor M2 is activated and the molded ar-
ticle is removed from the interior of the mold.
[0022] The foregoing constitutes the structure and op-
eration of the mold clamping device, which are the same
as the structure and operation of the conventional pow-
ered toggle-type mold clamping device.
[0023] The present invention adds to the mold clamp-
ing device an abnormality detection apparatus that de-
tects abnormalities in the mold clamping device. As one
part of this abnormality detection apparatus, a dog 20 is
mounted on the crosshead 5a and a proximity switch 21
that detects the dog 20 is provided on the rear platen 2
opposite the dog 20.
[0024] Over an interval extending from a mold touch
position to the lock-up of the toggle mechanism 5 and
the generation of the pre-set mold clamping force in the
mold clamping process, as well as in an interval from the
start of the opening of the mold to the retreat of the mov-
able mold half 10b beyond even the mold touch position
and the opening of the mold in the mold opening process,
the load on the servo motor M1 that drives the mold
clamping device and on the timing belt 9 or other such
belt transmission mechanism is large. As a result, in this
interval, there is a strong possibility that an abnormality
in the belt transmission mechanism, such as breakage
of the timing belt 9, will occur. Consequently, in this em-
bodiment, the dog 20 and the proximity switch 21 detect
the interval of movement of the crosshead 5a in the in-
terval from the mold touch position to the lock-up f the

toggle mechanism 5 and detect any abnormality in the
belt transmission mechanism from the movement time
of the crosshead 5a in this interval.
[0025] FIG. 2 is a diagram illustrating a first embodi-
ment of the dog 20 and the proximity switch 21 (this first
embodiment is that shown in FIG. 1). The proximity switch
21 outputs an ON signal when a projecting surface (de-
tection surface) of the dog 21 approaches the proximity
switch 21. As shown in FIG. 1, the crosshead 5a moves
to the right, closing and clamping the mold in the mold
clamping process, and the proximity switch 21 is dis-
posed so as to detect the right edge of the projecting
surface (the detection surface) of the dog 20 that moves
together with the crosshead 5a at a mold touch position
or when the mold is open at a predetermined distance
from the mold touch position. Specifically, during the
process of clamping the mold, when the crosshead 5a
and the dog 20 have moved to the mold touch position
or to a position removed a predetermined distance from
the mold touch position (hereinafter this position is called
a first position P1), the proximity switch 21 detects the
right edge of the projecting surface (the detection sur-
face) of the dog 20 and switches ON. Then, at a position
at which the toggle mechanism 5 extends and locks up
and generates a pre-set clamping force (hereinafter this
position is called a second position P2), the left edge of
the projecting surface (the detection surface) of the dog
20 is positioned opposite the proximity switch 21 and the
proximity switch 21 switches OFF. In this first embodi-
ment, the dog 20 and a single proximity switch 21 con-
stitute first and second means for detecting the first po-
sition P1 and the second position P2.
[0026] In the interval from mold touch to toggle mech-
anism 5 lock-up and generation of the pre-set clamping
force, the amount of movement of the crosshead 5a
changes depending on the size of the pre-set clamping
force. However, since the extent of change is slight, it is
sufficient if the length of the projecting surface (the de-
tection surface) of the dog 20 is given a certain amount
of leeway, that is, a length extending from a position prior
to mold touch to the lock-up position. Specifically, differ-
ences in the pre-set clamping force produce slight vari-
ations in the distance between the mold touch position
and the first position P1. In addition, the length of the
projecting surface (the detection surface) of the dog 20
may be made adjustable, and further, multiple dogs 20
having different projecting surface (detection surface)
lengths may be easily provided, with the optimum dog
20 mounted on the crosshead 5a.
[0027] FIG. 3 is a diagram showing a second embod-
iment of the dog and the proximity switch in the first em-
bodiment of the present invention. In this embodiment,
two proximity switches 21 a, 21 b detect a dog 20’, with
the first proximity switch 21 a disposed at a position at
which it detects the first position P1 described above and
switches ON and the second proximity switch 21 b posi-
tioned at a position at which it detects the second position
P2 and switches ON. It should be noted that the second
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proximity switch 21b maintains an ON state in a state in
which the movement of the crosshead 5a has stopped
in a lock-up state.
[0028] FIG. 4 is a block diagram of essential parts of
a controller for controlling the injection molding machine.
[0029] The structure of a controller 30 is the same as
that of the conventional controller, an outline of which is
shown schematically in FIG. 4. The controller 30 com-
prises a processor (CPU) 31, a ROM, RAM or other such
memory 32, a display/input device 33 composed of a
display device consisting of a CRT or LCD and input
means consisting of a keyboard and the like, an axial
control circuit 34 that controls the driving of the servo
motors that move the movable parts of the injection mold-
ing machine such as the mold clamping device and the
injection mechanism, and an input/output interface, all
connected by a bus 36.
[0030] Although the structure of the above-described
controller 30 differs not at all from the conventional injec-
tion molding machine controller 30, it does differ from the
conventional art insofar as software for detecting abnor-
malities in the mold clamping device is loaded into the
memory 32 in order to configure the controller 30 as the
mold clamping device abnormality detection apparatus
of the present invention. In addition, the proximity switch-
es 21 (21 a, 21 b) described above are connected to the
input/output interface 35 in relation to this invention.
[0031] FIG. 5 is a flow chart illustrating steps in the
processes of clamping the mold and of opening the mold
that the processor 30 of the controller 30 executes as the
mold clamping device abnormality detection apparatus.
[0032] The steps shown in FIG. 5 are of an example
in which a combination of the dog 20 and the proximity
switch 21 of the first embodiment shown in FIG. 1 and
FIG. 2 is used.
[0033] When the mold clamping process is started, the
processor 31 starts the mold clamping device abnormal-
ity detection processing shown in FIG. 5. First, it is de-
termined whether or not the proximity switch 21 is ON.
As the crosshead 5a advances and arrives at either the
mold touch position or a position removed a predeter-
mined distance from the mold touch position at which the
mold is opened first position P1, the proximity switch 21
switches ON. The ON signal from the proximity switch
21 is detected (step S1) and the processor 31 resets and
starts a timer T (step S2). Next, the processor 31 deter-
mines whether or not the time measured by the timer T
exceeds a pre-set reference time Ts, and determines
whether or not the proximity switch 21 has switched OFF
(step S3, S4). If the proximity switch 21 switches OFF
before the time measured by the timer T reaches the
reference time, mold clamping device abnormality detec-
tion processing ends. If the proximity switch 21 does not
switch OFF and the time measured by the timer T ex-
ceeds the pre-set reference time Ts, an alarm signal is
output and the operation of the injection molding machine
is stopped (step S5).
[0034] The pre-set reference time Ts is set so as to be

slightly longer than the time from when the proximity
switch 21 detects the projecting surface (the detection
surface) of the dog 20 and outputs an ON signal to when
the proximity switch 21 outputs an OFF signal when the
mold clamping operation is proceeding normally. This
time is obtained from a pre-set lock-up speed when the
mold clamping device clamps the mold and the length of
the projecting surface (the detection surface) of the dog
20, in other words the distance from the fist position P 1
to the second position P2, which is to say that this time
is obtained from the pre-set mold touch position, lock-up
position, and lock-up speed.
[0035] In addition, in the mold opening process as well,
mold clamping device abnormality detection processing
like that shown in FIG. 5 is executed. When opening of
the mold is started the processor 31 starts the processing
shown in FIG. 5. However, the difference between this
processing and the processing carried out during the
mold clamping process is that the value that is set as the
reference time Ts is different. During the mold opening
process, the crosshead 5a is accelerated from a stopped
state until it reaches the pre-set mold opening speed,
after which the crosshead 5a is retracted (in a direction
in which the mold is opened) at that mold opening speed.
The reference time Ts is set based on the acceleration
speed and the mold opening speed, the mold touch po-
sition and the lock-up position. The only difference be-
tween this mold opening process abnormality detection
processing and the mold clamping process abnormality
detection processing is the value of this reference time
Ts.
[0036] In addition, in a case in which the abnormality
detection apparatus is composed of two proximity switch-
es 21 and the dog 20’ shown in FIG. 3, in the abnormality
detection processing carried out during the mold clamp-
ing process, step S 1 shown in FIG. 5 changes to deter-
mining if the first proximity switch 21a that detects the
first position P1 is ON, and step S4 changes to determin-
ing whether the second proximity switch 21 b that detects
the second position P2 is ON. The remainder of the
processing is the same as that in the case of the dog 20
and the proximity switch 21 of the first embodiment shown
in FIG. 2.
[0037] In addition, in abnormality detection processing
during the mold opening process, since the second prox-
imity switch 21 b is ON in the lock-up state, step S 1
shown in FIG. 5 changes to determining if the second
proximity switch 21 b has switched OFF. Alternatively,
the determination of step S 1 may be eliminated and step
S2 commenced immediately after the start of opening of
the mold. In addition, step S4 changes to determining if
the first proximity switch 21 has switched ON. The rest
is the same as the processing shown in FIG. 5.
[0038] When the opening of the mold is started, it is
determined whether or not the second proximity switch
21 b has switched OFF (step S1). If the second proximity
switch 21b is OFF, processing proceeds to step S2. Al-
ternatively, step S2 may be executed immediately after
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the start of opening of the mold without making the de-
termination in step S 1 as to whether the second proximity
switch 21 b has switched OFF and the timer T may be
reset and starts counting (step S2). Then, it is determined
whether or not the timer T has exceeded the pre-set ref-
erence time Ts (step S2) and whether or not the first
proximity switch 21a is ON (step S4). If the first proximity
switch 21 a switches ON before the timer T reaches the
reference time, abnormality detection processing ends.
If the time measured by the timer T exceeds the reference
time Ts, an alarm is output and the operation of the in-
jection molding machine is stopped (step S5).
[0039] In the above-described embodiments, the dog
20 and the proximity switch 21 (21 a, 21 b) are used to
as the detection means for detecting the passage of the
crosshead 5a through the first position P1 and the second
position P2. However, the present invention is not limited
thereto, and alternatively the detection means may be
constituted as a limit switch, a light sensor or the like.
[0040] It should be noted that, since the movable plat-
en 3 and the movable mold half 10b move together with
the crosshead 5a, it would seem possible to detect the
movement of the movable platen 3 or the movable mold
half 10b from mold touch to toggle mechanism lock-up
with the detection means. However, the amount of move-
ment of the movable platen 3 or the movable mold half
10b from mold touch to toggle mechanism lock-up is
small relative to the amount of movement of the cross-
head 5a, and thus more accurate detection can be
achieved by detecting the position of the crosshead 5a.

Claims

1. An abnormality detecting apparatus for a mold
clamping device for clamping mold halves using a
toggle mechanism having a crosshead in an electric
injection molding machine, said apparatus compris-
ing:

first sensing means for sensing arrival of the
crosshead at a first position;
second sensing means for sensing arrival of the
crosshead at a second position;
measuring means for measuring time lapsing
from the sensing of the arrival of the crosshead
at the first position by said first sensing means
in a mold clamping process; and
means for outputting an abnormality detection
signal when the lapsing time measured by said
measuring means exceeds a reference time be-
fore the arrival of the crosshead at the second
position is sensed by said second sensing
means.

2. An abnormality detecting apparatus for a mold
clamping device for clamping mold halves using a
toggle mechanism having a crosshead in an electric

injection molding machine, said apparatus compris-
ing:

first sensing means for sensing arrival of the
crosshead at a first position;
second sensing means for sensing arrival of the
crosshead at a second position;
measuring means for measuring time lapsing
from the sensing of the arrival of the crosshead
at the second position by said second sensing
means in a mold opening process; and
means for outputting an abnormality detection
signal when the lapsing time measured by said
measuring means exceeds reference time be-
fore the arrival of the crosshead at the first po-
sition is detected by said first sensing means.

3. An abnormality detecting apparatus for a mold
clamping device according to claim 1 or 2, wherein
said first and second sensing means comprise a dog
and a proximity switch for sensing proximity of the
dog.

4. An abnormality detecting apparatus for a mold
clamping device according to claim 3, wherein one
proximity switch is provided.

5. An abnormality detecting apparatus for a mold
clamping device according to claim 3, wherein two
proximity switches are provided.

6. An abnormality detecting apparatus for a mold
clamping device according to any one of claims 1-5,
wherein the first position corresponds to a mold
touch position where the mold halves touch each
other or a position where the mold halves are sepa-
rated by a predetermined distance from the mold
touch position.

7. An abnormality detecting apparatus for a mold
clamping device according to any one of claims 1-6,
wherein the second position corresponds to a lock-
up position where the clamping of the mold halves
is completed.

8. An abnormality detecting apparatus for a mold
clamping device for clamping mold halves using a
toggle mechanism having a crosshead in an electric
injection molding machine, said apparatus compris-
ing:

sensing means for sensing arrival of the cross-
head at a position corresponding to a mold touch
position where the mold halves touch each other
or to a position where the mold halves are sep-
arated by a predetermined distance from the
mold touch position;
measuring means for measuring time lapsing
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from a start of opening the mold halves in a mold
opening process; and
means for outputting an abnormality detection
signal when the lapsing time measured by said
measuring means exceeds reference time be-
fore the arrival of the crosshead is detected by
said sensing means.

9. An abnormality detecting apparatus for a mold
clamping device according to any one of claims 1-8,
wherein the reference time is predetermined based
on the mold touch position, the lock-up position and
a speed or acceleration/deceleration of the clamping
or the opening of the mold halves.
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