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INJECTION MOLDING APPARATUS AND
METHOD OF DETECTING MISALIGNMENT
IN THE INJECTION MOLDING APPARATUS

FIELD

[0001] This application relates to alignment of molding
structures in general and, more specifically, a misalignment
detecting system for a molding structure and a method of
detecting misalignment in the molding structure.

BACKGROUND

[0002] In many typical molding structures, the molding
process includes cycles of bringing complementary mold
parts with features defining a molded article to be molded
into close proximity or more typically into direct contact.
Generally one of the complementary parts is stationary, and
the other is moveable with respect to the stationary part. An
example of such mold parts is two mold halves, one being
associated with a stationary platen and the other one being
associated with a movable platen of a mold clamp in an
injection molding machine.

[0003] Quality of molded articles relies on many factors,
including the relative alignment of the two complementary
mold parts. As the moveable mold part is generally heavy,
undergoes fairly rapid translation during molding cycles,
and can be subject to various vibrations, it is known that
constant vigilance is needed to maintain an optimal relative
alignment between the two complementary mold parts.

[0004] It is well known in the art of molding using a
moveable mold component and a stationary mold compo-
nent to include various alignment members that must fit
together in order for the mold to close. One such alignment
member is a leader pin, which is configured to align the mold
parts during the closing of the mold parts during an appro-
priate portion of the molding cycle.

[0005] Another such known alignment member is a
straight lock. After leader pins connect, and as the mold parts
approach closer, a male portion and a female portion of the
straight lock align and are closed.

[0006] Solutions including sensors for alerting or record-
ing misalignments have also been explored in the known
solutions.

[0007] US patent publication 2015/0352766 discloses
structure and steps for positioning a first mold part of'a mold
on a mold mounting face in an injection molding machine.
In particular, the structure and steps may include a positioner
that is configured to connect the first mold part to part of the
injection molding machine, wherein the positioner is adjust-
able to position the first mold part across the mold mounting
face.

[0008] U.S. Pat. No. 6,875,384 discloses a molding appa-
ratus and method that includes an adjustable mold compo-
nent and a fixed mold component for molding precision
articles; a bias force mechanism for applying a bias force to
the adjustable mold component; and an adjustable mold
component fine position adjustment mechanism operable
exteriorly of the mold for applying a position adjustment
force to the adjustable mold component to overcome the bias
force and thereby adjust position of the adjustable mold
component relative to a fixed mold component to reduce
positional offset in at least one adjustment dimension.
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SUMMARY

[0009] Developers of the present technology have devel-
oped various embodiments thereof based on their apprecia-
tion of at least one technical problem associated with the
prior art approaches to monitoring alignment in molding
machines and, particularly, to detecting small misalignments
of molding structures or molding machines. Specifically,
Developers of the present technology have recognized struc-
ture and steps to adapt existing alignment structures, such as,
for example, the tightly fitting straight lock, to measure
deformation (e.g. strain) therein and thereby readily assess
relative alignment of the mold parts. A technical effect of the
foregoing may include reduced complexity as it is poten-
tially unnecessary to include separate means to measure the
misalignment before the straight lock engages and re-aligns
the two halves.

[0010] As such, in accordance with a first broad aspect of
the present technology, there is provided a misalignment
sensing system for a molding structure, the molding struc-
ture being positionable in use in a mold for producing
molded articles. The molding structure including a first
component and a second component, at least one of the first
component and the second component being selectively
repositionable between a closed configuration of the mold
structure and an open configuration of the mold structure.
The misalignment sensing system comprising an alignment
member comprising a male portion coupled to and extending
from the first component of the molding structure, and a
female portion defined in the second component of the
molding structure, the female portion being configured to
receive the male portion when the molding structure is in a
closed configuration. At least one sensor connected to one of
the male portion and the female portion, the at least one
sensor being configured to detect a deformation of any one
of the male portion and the female portion, the deformation
being induced by a misalignment of between the first
component of the molding structure and the second com-
ponent of the molding structure.

[0011] In some embodiments, the misalignment sensing
system further comprises a control unit communicatively
coupled to the at least one sensor, the control unit configured
to receive a sensed misalignment condition from the at least
one sensor for processing thereof.

[0012] In some embodiments, the at least one sensor is
connected to the male portion.

[0013] In some embodiments, the at least one sensor is
disposed in at least one slot defined in the male portion.
[0014] In some embodiments, the at least one sensor
includes a first sensor and a second sensor.

[0015] In some embodiments, the first sensor is disposed
in a first slot defined in the male portion of the alignment
member; and the second sensor is disposed in a second slot
defined in the male portion of the alignment member, the
second slot being parallel to the first slot.

[0016] In some embodiments, the first sensor is disposed
in a first groove defined on a first side portion of the male
portion of the alignment member; and the second sensor is
disposed in a second groove defined on a second side portion
of the male portion of the alignment member, the second
side being opposite the first side.

[0017] In some embodiments, the male portion is config-
ured to define at least one decoupling slot for allowing the
first side portion and the second side portion to deform at
least partially independently.
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[0018] In some embodiments, the at least one decoupling
slot is between and parallel to the first side portion and the
second side portion.

[0019] In some embodiments, the at least one decoupling
slot comprises two intersecting slots.

[0020] In some embodiments, the at least one sensor
comprises at least one Wheatstone bridge strain gauge.
[0021] In some embodiments, the at least one sensor
comprises at least one Piezo film sensor.

[0022] In accordance with another broad aspect of the
present technology, there is provided a method of detecting
misalignment in a molding structure for producing molded
articles using a misalignment sensing system. The molding
structure including a first component and a second compo-
nent, at least one of the first component and the second
component being selectively repositionable between a
closed configuration of the mold structure and an open
configuration of the mold structure. The misalignment sens-
ing system including an alignment member including a male
portion coupled to and extending from the first component
of the molding structure, and a female portion coupled to the
second component of the molding structure, the female
portion being configured to receive the male portion when
the molding structure is in a closed configuration. The
misalignment sensing system further includes at least one
sensor connected to one of the male portion and the female
portion, the at least one sensor being configured to detect a
deformation of any one of the male portion and the female
portion, the deformation being induced by a misalignment of
between the first component of the molding structure and the
second component of the molding structure. A control unit
communicatively is coupled to the at least one sensor, the
control unit configured to receive a sensed misalignment
condition from the at least one sensor for processing thereof;
the method being executed by the control unit. The method
comprising causing the at least one sensor to sense, during
a given molding cycle when the molding structure is actu-
ated toward the closed configuration, strain on the one of the
female portion and the male portion; receiving, by the
control unit, at least one strain measurement from the at least
one sensor; and determining, by the control unit, a misalign-
ment of the first component of the mold structure and the
second component of the mold structure based on the at least
one strain measurement.

[0023] In some embodiments, the method further com-
prises determining, by the control unit, based at least in part
on the at least one strain measurement, information related
to at least one of a magnitude of misalignment, and a
direction of misalignment; storing, in a storage device
coupled to the control unit, the information; and storing, in
the storage device, at least some additional information
related to the given molding cycle of the molding structure.
[0024] In some embodiments, the method further com-
prises, after the determining the misalignment, determining
that the misalignment is above a pre-determined threshold;
and indicating to an operator of the molding structure, by the
control unit, that the molding structure is misaligned, the
indicating may include, for example, one or more of: sound-
ing an alarm, turning on a light, and shutting down the
molding structure.

[0025] In some embodiments, the method further com-
prises, after the determining the misalignment, determining
that the misalignment is above a pre-determined threshold;
and presenting a message to an operator of the molding
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structure, on a human-machine interface (HMI) communi-
catively connected to the control unit, that the molding
structure is misaligned.

[0026] In some embodiments, the message further com-
prises information related to a magnitude of misalignment
and a direction of misalignment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] For a better understanding of the present technol-
ogy, as well as other aspects and further features thereof,
reference is made to the following description which is to be
used in conjunction with the accompanying drawings,
where:

[0028] FIG. 1 depicts a side, cross-sectional schematic
view of a molding structure having a misalignment sensing
system in accordance with non-limiting embodiments of the
present technology.

[0029] FIG. 2 depicts a perspective view of an alignment
feature of the misalignment sensing system in the molding
structure of FIG. 1.

[0030] FIG. 3 depicts a cross-sectional schematic view of
a molding structure with two of the misalignment sensing
system of FIG. 1.

[0031] FIG. 4 depicts a perspective view of a male portion
of the alignment feature of FIG. 2, implemented in accor-
dance with a first non-limiting embodiment of the present
technology.

[0032] FIG. 5 depicts a schematic view of a strain sensor
of the alignment feature of FIG. 2.

[0033] FIG. 6 depicts the perspective view of the male
portion of FIG. 4, with the strain sensors removed.

[0034] FIG. 7 depicts a cross-sectional view of the male
portion of FIG. 4, taken along line 7-7 of FIG. 6.

[0035] FIG. 8 depicts a cross-sectional view of the male
portion of FIG. 4, taken along line 8-8 of FIG. 6.

[0036] FIG. 9 depicts an elevation view of a male portion
of an alignment feature implemented in accordance with
another non-limiting embodiment of the present technology.
[0037] FIG. 10 depicts a perspective view of the male
portion of FIG. 9.

[0038] FIG. 11 depicts a cross-sectional view of the male
portion of FIG. 9, taken along line 11-11 of FIG. 10.
[0039] FIG. 12 depicts a cross-sectional view of the male
portion of FIG. 9, taken along line 12-12 of FIG. 10.
[0040] FIG. 13 depicts a perspective view of a male
portion of an alignment feature implemented in accordance
with another non-limiting embodiment of the present tech-
nology.

[0041] FIG. 14 depicts an elevation view of the male
portion of FIG. 13.

[0042] FIG. 15 depicts a cross-sectional view of the male
portion of FIG. 13, taken along line 15-15 of FIG. 13.
[0043] FIG. 16 depicts a perspective view of a male
portion of an alignment feature implemented in accordance
with yet another non-limiting embodiment of the present
technology.

[0044] FIG. 17 depicts a cross-sectional view of the male
portion of FIG. 16, taken along line 17-17 of FIG. 16.
[0045] FIG. 18 depicts an elevation view of the male
portion of FIG. 16.

[0046] The drawings are not necessarily to scale and may
be illustrated by phantom lines, diagrammatic representa-
tions and fragmentary views. In certain instances, details
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that are not necessary for an understanding of the embodi-
ments or that render other details difficult to perceive may
have been omitted.

DETAILED DESCRIPTION

[0047] Reference will now be made in detail to various
non-limiting embodiments for a misalignment sensing sys-
tem for use in a molding structure. It should be understood
that other non-limiting implementations, modifications and
equivalents will be evident to one of ordinary skill in the art
in view of the non-limiting implementations disclosed
herein and that these variants should be considered to be
within scope of the appended claims. Furthermore, it will be
recognized by one of ordinary skill in the art that certain
structural and operational details of the non-limiting imple-
mentations discussed hereafter may be modified or omitted
altogether (i.e. non-essential). In other instances, well
known methods, procedures, and components have not been
described in detail.

[0048] It is to be further expressly understood that the
misalignment sensing system and its components are
depicted merely as an illustrative implementation of the
present technology. Thus, the description thereof that fol-
lows is intended to be only a description of illustrative
examples of the present technology. This description is not
intended to define the scope or set forth the bounds of the
present technology. In some cases, what are believed to be
helpful examples of modifications to the misalignment sens-
ing system and/or its components may also be set forth
below. This is done merely as an aid to understanding, and,
again, not to define the scope or set forth the bounds of the
present technology. These modifications are not an exhaus-
tive list, and, as a person skilled in the art would understand,
other modifications are likely possible.

[0049] Further, where this has not been done (i.e. where no
examples of modifications have been set forth), it should not
be interpreted that no modifications are possible and/or that
what is described is the sole manner of implementing that
element of the present technology. As a person skilled in the
art would understand, this is likely not the case. In addition
it is to be understood that the misalignment sensing system
and/or its components may provide in certain instances
simple embodiments of the present technology, and that
where such is the case they have been presented in this
manner as an aid to understanding. As persons skilled in the
art would understand, various implementations of the pres-
ent technology may be of a greater complexity. Furthermore,
where specific details of the different implementations are
presented with reference to discrete embodiments, a person
skilled in the art is expected to combine specific implemen-
tational details of one discrete implementation with specific
implementational details of another discrete embodiment,
even though such a combination may not be expressly
disclosed herein below.

[0050] FIGS. 1 and 2 schematically depict an example
embodiment a misalignment sensing system 200 utilized in
a molding structure 100 for forming molded articles from
molding material. For ease of description, the molding
structure 100 will be described as an injection molding
machine 100 in the example of FIG. 1, although this is not
meant to be limiting in any way. It is contemplated that
embodiments of the present technology of misalignment
sensing systems 200 could be applied to other types of
molding structures including, but not limited to: transfer
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molding machines, compression molding machines, injec-
tion compression molding machines and the like

[0051] As an illustrative non-limiting embodiment of the
present technology, the injection molding machine 100
comprises a fixed platen and a movable platen. In some
embodiments of the present technology, the injection mold-
ing machine 100 may include a third non-movable platen
(not depicted). Alternatively or additionally, the injection
molding machine 100 may include turret blocks, rotating
cubes, turning tables and the like (all not depicted but known
to those of skill in the art).

[0052] The injection molding machine 100 further com-
prises an injection unit (not separately depicted) for plasti-
cizing and injection of the molding material. The injection
unit can be implemented, for example, as a single stage or
a two-stage injection unit. The injection molding machine
100 can included multiple instances of the injection unit
106—each one for preparing and injection a different type of
molding material, e.g. a first molding material and a second
molding material.

[0053] In operation, the movable platen is moved towards
and away from the fixed platen by means of stroke cylinders
(not separately depicted) or any other suitable means. Clamp
force (also referred to as closure or mold closure tonnage)
can be developed within the injection molding machine 100,
for example, by using tie bars (not separately depicted) 110
and a clamping mechanism (not separately depicted). It will
be appreciated that clamp tonnage can be generated using
alternative means, such as, for example, using a column-
based clamping mechanism, a toggle-clamp arrangement
(not separately depicted) or the like.

[0054] A first mold half can be associated with the fixed
and a second mold half can be associated with the movable
platen. The first mold half (not separately numbered) com-
prises one or more mold cavities (not separately numbered).
As will be appreciated by those of skill in the art, the one or
more mold cavities (not separately depicted) may be formed
by using suitable mold inserts (such as a cavity insert, a gate
insert and the like) or any other suitable means. As such, the
first mold half can be generally thought of as a “mold cavity
half”. The first mold half may be further associated with a
melt distribution network (not separately depicted), com-
monly known as a hot runner, for distributing molding
material from the injection unit to each of the one or more
mold cavities.

[0055] The second mold half comprises one or more mold
cores (not separately depicted) complementary to the one or
more mold cavities. As will be appreciated by those of skill
in the art, the one or more mold cores may be formed by
using suitable mold inserts or any other suitable means. As
such, the second mold half can be generally thought of as a
“mold core half”.

[0056] Therefore, it can be said that the injection molding
machine 100 has a stationary component 102 and a move-
able component 104 between which is a mold cavity is
formed. The stationary component 102 can be the afore-
mentioned first mold half. The moveable component 104 can
be the aforementioned second mold half.

[0057] Within the embodiment depicted in FIG. 1, there is
also provided a machine control unit 142. The machine
control unit 142 generally executes one or more functions to
control operations of one or more of the components of the
injection molding machine 100. Within various embodi-
ments of the present technology, the machine control unit
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142 can be implemented as a computing apparatus which
could include, but is not limited to: a processor, a memory,
computer executable instructions, a human-machine inter-
face (HMI), a display screen, etc. Other hardware and
software, conventional and/or custom, may also be included
depending on the requirements of any particular embodi-
ment of the molding structure 100.

[0058] The moveable component 104 is moveable with
respect to the stationary component 102 between a closed
position (not shown), and an open position (depicted in FIG.
1) in which the moveable component 104 is withdrawn away
from the stationary component 102 along axis “a-a” (re-
ferred to as an “operational axis” of the injection molding
machine 100).

[0059] In order to detect and monitor the relative align-
ment of the components 102, 104, the injection molding
machine 100 has been provided with the misalignment
sensing system 200 for sensing a misalignment between the
moveable component 104 and stationary component 102.
[0060] The misalignment sensing system 200 includes an
alignment member formed from two complementary por-
tions: a male portion 202 and a female portion 240. In the
present embodiment, the alignment member is implemented
as a straight lock. However, it should be expressly under-
stood that the alignment member is not limited (in form
factor or otherwise) to the straight lock. As such, any other
implementation of the alignment member is feasible.
[0061] One of the male portion 202 and the female portion
240 are associated with the stationary component 102 and
the moveable component 104, and the other one of male
portion 202 and the female portion 240 are associated with
the other one of the stationary component 102 and the
moveable component 104. Broadly speaking, when the
stationary component 102 and the moveable component 104
are aligned, the male portion 202 and the female portion 240
are also aligned. As the stationary component 102 and the
moveable component 104 become misaligned, the male
portion 202 and the female portion 240 also become mis-
aligned (same applies to other cooperating male and female
parts associated with the stationary component 102 and the
moveable component 104, such as alignment features, mold-
ing components, etc.). As the male portion 202 and the
female portion 240 start to collide, portions of the male
portion 202 and/or the female portion 240 start to be subject
to wear.

[0062] Inthe specific embodiment illustrated in FIG. 1, the
male portion 202 is connected to and extends from the
stationary component 102 and the female portion 240 is
defined in the moveable component 104. As has been
alluded to above, this is not meant to be limiting, however.
In some embodiments, for example, the relative positions of
the male and female portions 202, 240 could be reversed.
The male portion 202 could be connected to and extend from
the moveable component 104 and the female portion 240
could be defined in the stationary component 102.

[0063] The male portion 202 includes two sensors 250
(see FIG. 2) configured to detect a deformation of the male
portion 202, with specific details of the male portion 202 and
the sensors 250 being described in more detail below. The
deformation detected by the sensors 250 is that induced by
a misalignment between the moveable component 104 and
the stationary component 102 of the injection molding
machine 100 (the misalignment being translated to one or
bot of the male portion 202 and the female portion).
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[0064] The specific depicted embodiment of the male
portion 202 including two sensors 250 is not meant to be
limiting, however. It is contemplated that the male portion
202 may include more or fewer than two sensors 250. It is
also contemplated that the female portion 240, rather than
the male portion 202, could include one or more sensors 250
in some embodiments (in addition or instead of the male
portion 202 housing the two sensors 250).

[0065] While only one misalignment sensing system 200
is illustrated in FIG. 1, the molding structure 100 could
include two, three, or more misalignment sensing systems
200. Such an embodiment of a molding structure 100' is
illustrated as one non-limiting example in FIG. 3. In this
example, the molding structure 100" includes two identical
misalignment sensing systems 200, one disposed generally
vertically above the other.

[0066] While the molding structure 100" only has mis-
alignment sensing systems 200 arranged along a same
vertical axis, it is contemplated that the plurality of the
misalignment sensing systems 200 could be disposed along
different positions along the vertical and horizontal axes of
the molding structure 100'". It is contemplated that a plurality
of misalignment sensing systems 200 could be implemented
along different axes and/or with different orientations in
order to additionally determine not tip/tilt errors, along with
the vertical misalignment (sag) as described above.

[0067] FIGS. 4 to 8 depict the male portion 202 and the
sensor 250 of the misalignment sensing system 200 in
greater detail.

[0068] The male portion 202 is connected to stationary
component 102, as is illustrated in FIGS. 1 and 3. The male
portion 202 defines two counter-bored through-holes 207
through which bolts are inserted for fastening the male
portion 202 to stationary component 102.

[0069] In the depicted non-limiting embodiment of the
present technology, the sensor 250 is implemented as a strain
gauge 250, which will be described in more detail herein
below. It is however contemplated that the sensor 250 can be
implemented differently and can take different forms with-
out departing from the scope of the present technology. As
will also be described in more detail herein below, the sensor
250 can also be implemented as a Piezo film sensor.

[0070] The sensor 250 (being implemented as the strain
gauge 250 in this embodiment) is shown in more detail in
FIG. 5. Only the upper strain gauge 250 (shown in FIG. 4)
will be described; the lower sensor 250 is an identical strain
gauge 250 oriented in a mirror image orientation to the upper
strain gauge 250.

[0071] The strain gauge 250 includes a flexible substrate
255, the bottom side of which is coupled to a groove 210
(also referred to as a slot). Disposed on the flexible substrate
255 is a resistor 252 with two lead contact pads 254. A lead
260 is soldered to each of the lead contact pads 254. As
would be understood by a person of skill in the art, the
resistor 252 has a variable resistance depending on the
bending of the resistor 252. Bending of the resistor 252 is
caused by bending of the flexible substrate 255, which in
turn is caused by deformation of the male portion 202. As
mentioned above, the male portion 202 is deformed when
the components 102, 104 are misaligned, as the male portion
202 and the female portion 240 push against one another (or
otherwise interact with each other) as the molding structure
100 is actuated into the closed position.
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[0072] Although not shown, it would also be understood
by the person of skill in the art that the resistor 252 is
connected, via the leads 260, in a Wheatstone bridge
arrangement to determine the resistance of the resistor 252.
By determining the resistance of the resistor 252, or at least
the change in resistance from an unloaded state, the defor-
mation of the male portion 202 can be determined. Once
calibrated to the molding structure 100, the misalignment of
the moveable component 104 with respect to the stationary
component 102 can then be thus calculated.

[0073] In accordance with the non-limiting embodiments
of the present technology, the sensors 250 are communica-
tively coupled, via the leads 260, to the machine control unit
142. The machine control unit 142 then carries out the
calculation of the misalignment, based on the signal
received from the sensors 250. In some additional embodi-
ments of the present technology, the machine control unit
142 also executes alerting an operator of the molding
structure 100 of the misalignment, as will be described
below with respect to a method executable by the machine
control unit 142. It should be noted that it is contemplated
that the misalignment sensing system 200 could include a
control unit separate from the machine control unit 142, or
a control unit distinct from, but in communication with, the
machine control unit 142.

[0074] In accordance with the non-limiting embodiments
of the present technology, the sensor 250 is configured to
detect a misalignment from about 30 micrometers up to
about 100 micrometers. In many molding structures 100, a
relative displacement of less than 30 micrometers is not
sufficiently severe to be problematic. It is contemplated,
however, that in some alternative non-limiting embodiments
of the present technology, it may be beneficial to reliably
detect misalignments of less than 30 micrometers. Thus, in
accordance with alternative non-limiting embodiments of
the present technology, the sensor 250 can be configured to
detect a misalignment of a different range.

[0075] FIGS. 9 to 12 depict another embodiment of a male
portion 302 of an alignment member of a misalignment
sensing system 300 according to alternative non-limiting
embodiments of the present technology. It should be noted
that same or similar features between the misalignment
sensing system 300 and the misalignment sensing system
200 retain their same reference numeral.

[0076] The male portion 302 has two sensors 250 (not
shown) disposed in the grooves 210 on the top and bottom
sides 204, 206 (as is the case with the male portion 202). In
accordance with these alternative non-limiting embodiments
of the present technology, the male portion 302 further
defines a decoupling slot 320.

[0077] Broadly speaking, the decoupling slot 320 is con-
figured to allow a top portion of the male portion 302
(including the top groove 210 and the sensor 250) to deform
at least partially independently from a bottom portion of the
male portion 302 (including the bottom groove 210 and the
sensor 250). As can be seen in FIG. 12, the decoupling slot
320 extends through part of the male portion 302, into at
least the exterior surface of the stationary component 102. It
is contemplated that the decoupling slot 320 could extend
through more or less of the male portion 302, depending on
the particular embodiment of the present technology.
[0078] The male portion 302 also defines two counter-
bored through-holes 307 for receiving bolts (not shown) for
connecting the male portion 302 to stationary component
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102. As can be seen in FIG. 11, the counter-bored portion of
the counter-bored through-holes 307 are recessed further
into the male portion 302, such that the bolt heads, once the
male portion 302 is installed on the molding structure 100,
do not overlap (or otherwise interfere) with the decoupling
slot 320.

[0079] Itis contemplated, as for the misalignment sensing
system 200, that the misalignment sensing system 300 could
be reversed where the male portion 302 is instead coupled to
the moveable component 104, and a female portion (not
shown) of the misalignment sensing system 300 could be
defined in stationary component 102.

[0080] Remaining portions of the misalignment sensing
system 300 are substantially the same as the misalignment
sensing system 200 described above and as such will not be
described here.

[0081] FIGS. 13 to 15 depict another non-limiting
embodiment of a male portion 402 of an alignment member
of a misalignment sensing system 400 according to yet
further non-limiting embodiments of the present technology.
Same or similar features between the misalignment sensing
system 400 and the misalignment sensing system 200 retain
their same reference numeral.

[0082] The male portion 402 has two sensors 250 (not
shown) disposed in the grooves 210 on the top and bottom
sides 204, 206, as with the male portion 202. The male
portion 402 further defines two intersecting decoupling slots
422 to allow a top portion of the male portion 402 (including
the top groove 210 and sensor 250) to deform at least
partially independently from a bottom portion of the male
portion 402 (including the bottom groove 210 and sensor
250). Each intersecting decoupling slot 422 extends diago-
nally across the face of the male portion 402, from one upper
corner to one lower corner, with the two intersecting decou-
pling slots 422 intersecting at a middle of the face of the
male portion 402 (see FIG. 15). It is contemplated that the
intersecting decoupling slots 422 could be differently
arranged depending on the specific embodiment. As can be
seen in FIG. 15, the intersecting decoupling slots 422 extend
through part of the male portion 402. It is contemplated that
the decoupling slots 420 could extend through more or less
of the male portion 402.

[0083] Remaining portions of the misalignment sensing
system 400 are substantially similar to the misalignment
sensing system 200 described above and as such need not be
repeated here.

[0084] FIGS. 16 to 18 depict yet another embodiment of
a male portion 502 of an alignment member of a misalign-
ment sensing system 500 according to the present technol-
ogy. Same or similar features between the misalignment
sensing system 500 and the misalignment sensing system
200 retain their same reference numeral.

[0085] The male portion 502 defines two parallel slots 516
for receiving sensors 550. In contrast to the non-limiting
embodiments described above, a top surface 504 and a
bottom surface 506 of the male portion 502 no longer define
any grooves for receiving the sensors 550. Within each slot
516 is disposed one sensor 550, which is implemented as a
Piezo film sensor 550 in this embodiment. The Piezo film
sensor 550 detects misalignment of the male portion 502
with respect to its corresponding female portion (not shown)
by sensing the force applied to the top surface 504 or the
bottom surface 506 of the male portion 502 by the female
portion.
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[0086] It is contemplated, in some embodiments, that the
sensors 550 could be inserted into slots defined in the female
portion of the alignment member of the misalignment sens-
ing system 500.

[0087] Remaining portions of the misalignment sensing
system 500 are identical to the misalignment sensing system
200 described above and as such need not be repeated here.
[0088] It should be expressly understood that the form
factor of the male portion and the female portion of the
alignment member is depicted as an illustration only and
other shapes are possible. Thus, while the above embodi-
ments are all generally rectangular and are similar to straight
locks generally known in the art, it is contemplated that the
concepts presented above according to the present technol-
ogy could also be implemented with different alignment
members.

[0089] Thus, given the various embodiments of the mis-
alignment detection systems described above, it is possible
to implement a method of detecting a misalighment in a
molding structure.

[0090] The method comprises:

[0091] causing the at least one sensor to sense, during a
given molding cycle when the molding structure is
actuated toward the closed configuration, strain on the
one of the female portion and the male portion;

[0092] receiving, by the control unit, at least one strain
measurement from the at least one sensor; and

[0093] determining, by the control unit, a misalignment
of the first component of the mold structure and the
second component of the mold structure based on the at
least one strain measurement.

[0094] In some non-limiting embodiments of the method,
the method further comprises determining, by the control
unit, based at least in part on the at least one strain mea-
surement, information related to at least one of:

[0095] a magnitude of misalignment, and

[0096] a direction of misalignment; and the method
further comprises:

[0097] storing, in a storage device coupled to the
control unit, the information; and
[0098] storing, in the storage device, at least some
additional information related to the given molding
cycle of the molding structure.
[0099] In some non-limiting embodiments of the method,
the method further comprises after the determining the
misalignment determining that the misalignment is above a
pre-determined threshold; and indicating to an operator of
the molding structure, by the control unit, that the molding
structure is misaligned, the indicating including at least one
of:

[0100] sounding an alarm,
[0101] turning on a light, and
[0102] shutting down the molding structure.
[0103] The pre-determined threshold can be pre-set by the

operator based on empirical studies or the like.

[0104] In some non-limiting embodiments of the method,
the method further after the determining the misalignment
determining that the misalignment is above a pre-determined
threshold; and presenting a message to an operator of the
molding structure, on a human-machine interface (HMI)
communicatively connected to the control unit, that the
molding structure is misaligned. The message can further
include information related to a magnitude of misalignment
and a direction of misalignment.
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[0105] It is noted that the foregoing has outlined some of
the more pertinent non-limiting embodiments. It will be
clear to those skilled in the art that modifications to the
disclosed non-limiting embodiments can be effected without
departing from the spirit and scope thereof. As such, the
described non-limiting embodiments ought to be considered
to be merely illustrative of some of the more prominent
features and applications. Other beneficial results can be
realized by applying the non-limiting embodiments in a
different manner or modifying them in ways known to those
familiar with the art.

[0106] The mixing and/or matching of features, elements
and/or functions between various non-limiting embodiments
are expressly contemplated herein as one of ordinary skill in
the art would appreciate from this disclosure that features,
elements and/or functions of one embodiment may be incor-
porated into another embodiment as appropriate, unless
expressly described otherwise, above. Although the descrip-
tion is made for particular arrangements and methods, the
intent and concept thereof may be suitable and applicable to
other arrangements and applications.

1. A misalignment sensing system for a molding structure,
the molding structure being positionable in use in a mold for
producing molded articles, the molding structure including
a first component and a second component, at least one of
the first component and the second component being selec-
tively repositionable between a closed configuration of the
mold structure and an open configuration of the mold
structure, the misalignment sensing system comprising:

an alignment member comprising:

a male portion coupled to and extending from the first
component of the molding structure; and

a female portion defined in the second component of
the molding structure, the female portion being con-
figured to receive the male portion when the molding
structure is in a closed configuration; and

at least one sensor connected to one of the male portion
and the female portion, the at least one sensor being
configured to detect a deformation of any one of the
male portion and the female portion, the deformation
being induced by a misalignment of between the first
component of the molding structure and the second
component of the molding structure.

2. The misalignment sensing system of claim 1, further

comprising:

a control unit communicatively coupled to the at least one
sensor, the control unit configured to receive a sensed
misalignment condition from the at least one sensor for
processing thereof.

3. The misalignment sensing system of claim 1, wherein
the at least one sensor is disposed in at least one slot defined
in the male portion.

4. The misalignment sensing system of claim 1, wherein
the at least one sensor includes a first sensor and a second
sensor.

5. The misalignment sensing system of claim 4, wherein:

the first sensor is disposed in a first slot defined in the male

portion of the alignment member; and

the second sensor is disposed in a second slot defined in

the male portion of the alignment member, the second
slot being parallel to the first slot.
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6. The misalignment sensing system of claim 4, wherein:

the first sensor is disposed in a first groove defined on a
first side portion of the male portion of the alignment
member; and

the second sensor is disposed in a second groove defined

on a second side portion of the male portion of the
alignment member, the second side being opposite the
first side.

7. The misalignment sensing system of claim 6, wherein
the male portion is configured to define at least one decou-
pling slot for allowing the first side portion and the second
side portion to deform at least partially independently.

8. The misalignment sensing system of claim 7, wherein
the at least one decoupling slot is between and parallel to the
first side portion and the second side portion.

9. The misalignment sensing system of claim 7, wherein
the at least one decoupling slot comprises two intersecting
slots.

10. The misalignment sensing system of claim 1, wherein
the at least one sensor comprises at least one of a Wheatstone
bridge strain gauge and a Piezo film sensor.

11. A method of detecting misalignment using a misalign-
ment sensing system in a molding structure for producing
molded articles, the molding structure including a first
component and a second component, at least one of the first
component and the second component being selectively
repositionable between a closed configuration of the mold
structure and an open configuration of the mold structure,
the misalignment sensing system including:

an alignment member including:

a male portion coupled to and extending from the first

component of the molding structure, and

a female portion coupled to the second component of the

molding structure, the female portion being configured
to receive the male portion when the molding structure
is in a closed configuration;

at least one sensor connected to one of the male portion

and the female portion, the at least one sensor being
configured to detect a deformation of any one of the
male portion and the female portion, the deformation
being induced by a misalignment of between the first
component of the molding structure and the second
component of the molding structure; and

a control unit communicatively coupled to the at least one

sensor, the control unit configured to receive a sensed
misalignment condition from the at least one sensor for
processing thereof;

the method being executed by the control unit, the method

comprising:

causing the at least one sensor to sense, during a given

molding cycle when the molding structure is actuated
toward the closed configuration, strain on the one of the
female portion and the male portion;
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receiving, by the control unit, at least one strain measure-

ment from the at least one sensor; and

determining, by the control unit, a misalignment of the

first component of the mold structure and the second
component of the mold structure based on the at least
one strain measurement.

12. The method of claim 11, further comprising:

determining, by the control unit, based at least in part on

the at least one strain measurement, information related
to at least one of:

a magnitude of misalignment, and

a direction of misalignment;

storing, in a storage device coupled to the control unit, the

information; and

storing, in the storage device, at least some additional

information related to the given molding cycle of the
molding structure.

13. The method of claim 11, further comprising, after the
determining the misalignment:

determining that the misalignment is above a pre-deter-

mined threshold; and

indicating to an operator of the molding structure, by the

control unit, that the molding structure is misaligned,
the indicator including at least one of:

sounding an alarm,

turning on a light, and

shutting down the molding structure.

14. The method of claim 12, further comprising, after the
determining the misalignment:

determining that the misalignment is above a pre-deter-

mined threshold; and

presenting a message to an operator of the molding

structure, on a human-machine interface (HMI) com-
municatively connected to the control unit, that the
molding structure is misaligned.

15. The method of claim 14, where the message further
comprises information related to a magnitude of misalign-
ment and a direction of misalignment.

16. The misalignment sensing system of claim 2, wherein
the at least one sensor is disposed in at least one slot defined
in the male portion.

17. The misalignment sensing system of claim 2, wherein
the at least one sensor includes a first sensor and a second
Sensor.

18. The misalignment sensing system of claim 2, wherein
the at least one sensor comprises at least one of a Wheatstone
bridge strain gauge and a Piezo film sensor.

19. The misalignment sensing system of claim 4, wherein
the at least one sensor comprises at least one of a Wheatstone
bridge strain gauge and a Piezo film sensor.

20. The misalignment sensing system of claim 9, wherein
the at least one sensor comprises at least one of a Wheatstone
bridge strain gauge and a Piezo film sensor.
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