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MOLD COMPONENT

TECHNICAL FIELD

Non-Limiting embodiments disclosed herein generally relate to, but is not limited to, molding

systcms, and more specifically to mold components for use in molding systems.
BACKGROUND

Molding 1s a process by virtue of which a molded article can be formed from molding material by
using a molding system. Various molded articles can be {formed by using the molding process, such
as an injection molding process. One éxample ot a molded article that can be {ormed, for cxamplc,
from Polyethylene terephthalate (PET) material is a preform that is capable of being subsequently

blown 1nto a beverage containcer, such as, a bottle and the like.

As an dlustration, injection molding of PET material involves heating the molding material (ex.
PET pellets, etc.) to a homogencous molicn state and injectihg, under pressure, the so-melted PET
material into a molding cavity defined, at least in part, by a female cavity piece and a male core
piece mounted respectively on a cavity plate and a core plate of the mold. The cavity plate and the
corc plate are urged together and are held together by clamp force, the clamp force being sufficient
enough to keep the cavity and the core pieces together against the pressure of the injected PET
material. The molding cavity has a shape that substantially corresponds to a final cold-statc shape of
the molded article to be molded. The so-injected PET material is then cooled to a tcmperaturc
suflicient to enable ejection of the so-formed molded article from the mold. When cooled, the

moldcd article shrinks inside of the molding cavily and, as such, when the cavity and core plates are

urged apart, the molded article tends to remain associated with the core piece. Accordingly, by
urging the core plate away from the cavity plate, the molded article can be de-molded, i.e. ejected
off of the core piece. Ejection structures are known to assist in removing the molded articles from

the core halves. Examples of the ejection structures include stripper plates, ejector pins, elc.
SUMMARY

According to a first broad aspect of the present technology, there is provided a core insert. The core
insert comprises a core insert body defining: a core insert molding surface for defining, in a use, a

portion of a molding cavity for molding a molded articlc; a core inscrt cooling circuit having a
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plurality of core insert cooling channcls, the plurality of core insert cooling channels comprising

spiral channels coupled in parallel to a source of cooling fluid.

According to a second broad aspect of the present technology, there is provided a neck ring. The
neck ring comprises a neck ring body defining: a neck ring molding surface for defining, in a use, a
portion of a molding cavity for molding a molded article; a neck ring cooling circuit connected, in
use, to a source of a cooling fluid via a neck ring cooling inlet and a neck ring cooling outlet, the
neck ring cooling circuit having: a plurality of branch channels that are connected in parallel to the
neck ring cooling inlet and the neck fing cooling outlet and at least one of the branch channels

including multiple channel segments connected in parallel therein.

According to a third broad aspect of the present technology, there is provided a cavity inscrt. The
cavity insert comprises a cavity insert body defining: a cavity insert molding surface for defining, in
a use, a portion of a molding cavity for molding a molded article; a cavity insert cooling circuit
having a plurality of cavity insert cooling channels, the plurality of cavity insert cooling channels

being coupled in parallel to a source of cooling fluid.

According to a fourth broad aspect of the present technology, there is provided a gatc inscrt. The
gate 1nsert comprises a gate insert body defining: a gate insert molding surface for defining, in a
use, a portion of a molding cavity for molding a molded article; a nozzle receptacle configured to
mterlace, in use, with a hot runner nozzle; a gate configured to provide a path of {ravel for a
molding material between the hot runner nozzle and the molding cavity; a gate insert cooling circuit
having a pluralily of gate insert cooling channcls, the plurality of gate insert cooling channels

defined by a network of gate cooling channel supports within the gate body.

According 10 another broad aspect of the present technology, there is provided a member of a mold
stack. The member comprises: a member body defining: a member molding surface for delining, in
a use, a portion of a molding cavity for molding a molded article; a member connecting interface
tor coupling, in use, the member body' o a mold plate; a member cooling circuit having a plurality
ol member cooling channels, the plurality of member cooling channels being coupled in parallel to

a source of cooling fluid, the member cooling circuit being fully cncapsulated within the member

body.

According to yet another broad aspect of the present technology, there is provided a mold insert
stack. The mold stack insert comprises at least two of a conformal cooling corc insert, a conformal

cooling neck ring insert, a conformal cooling cavity insert and a conformal cooling gate insert.
2
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According to yct another broad aspect of the present technology, there 1s provided a method of
manufacturing a mold stack component using a hybrid manufacturing method. The hybrid
manufacturing method comprises manufacturing a portion of the mold stack component using a
non-DMLS process; manufacturing another portion of the mold stack component using DMLS

process.

These and other aspects and features of non-limiting embodiments will now become apparent 10
those skilled in the art upon review of the following dcscription of spccific non-limiting

embodiments in conjunction with the accompanying drawings.

DESCRIPTION OF THE DRAWINGS

The non-limiting embodiments will be more fully appreciated by reference to the accompanying

drawings, in which:

Figurc 1 depicts a perspective view of a core insert, the core insert being mmplemented in

accordance with a non-limiting embodiment of the present technology;
Figure 2 depicts a partially transparent view of the core insert of I'igure 1;

Figure 3 depicts a cooling circuit of the core insert of Figure 1, the cooling circuit being

implemented 1n accordance with a non-limiting embodiment of the present technology;

Figure 4 depicts a perspective view of a neck ring, the neck ring being implemented in accordance

with a non-limiting embodiment of the present technology;
Figure 5 depicts a partially transparent view of the neck ring of I'igure 4;
Figurc 6 depicts another partially transparent view of the neck ring of Figure 4;

Figurc 7 depicts a cooling circuit of the neck ring of Figure 4, the cooling circuit being

implemented in accordance with a non-limiting embodiment of the present technology;

Figure 8 depicts a perspective view of a cavily insert, the cavity insert being implemented in

accordance with a non-limiting embodiment of the present technology;
3
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Figure 9 depicls a partially transparcnt view of the cavity insert of Figure 8;

Figure 10 depicts a cooling circuit of the cavity insert of Figure 8, the cooling circuit being

implemented 1n accordance with a non-limiting embodiment of the present technology:

Figure 11 depicts a cooling circuit of the cavity insert of Figure 8, the cooling circuit being

implemented in accordance with another non-limiting embodiment of the present technology;

Figurc 12 depicts a perspective view of a gate insert, the gate insert being 1mplemented in

accordancc with a non-limiting embodiment of the present technology;

Figure 13 depicts a sectional view of the gate insert of Figure 12;

Figure 14 depicts another partially transparent view of the gate insert of Figure 12.

The drawings arc not nccessarily to scale and may be illustrated by phantom lines, diagrammatic
representations and fragmentary views. In certain instances, details that arc not nccessary for an

understanding ot the embodiments or that render other details difficult to perceive may have been

omitted.

DETAILED DESCRIPTION OF THE NON-LIMITING EMBODIMENT(S

Reference will now be made in detail to various non-limiting embodiment(s) of mold components
for use in a molding system and related methods for the production thereof. It should be understood
that other non-limiting embodiment(s), modifications and equivalents will be cvident to one of
ordinary skill in the art in view of the non-limiting embodiment(s) discloscd 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 embodiment(s) discussed hercafter may be modified or
omitted (i.e. non-cssential) altogether. In other instances, well known methods, procedures, and

components have not been described in detail.

With reference to Figure 1, there is depicted a core insert 100 for use in an injection mold (not

shown), the core insert 100 being implemented in accordance with a non-limiting embodiment of
| 4
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the present technology. The general purpose of the core insert 100 1s to define, 1n use, a portion of a
molding cavity (not depicted) that 1s used to define a molded article (not depicted), which in this
case comprises a prelorm, which preform 1s subscquently blow molded into a final shaped containcr
(such as a beverage bottle or the like). The general construction of the core insert 100 is known to
those of skill in the art and, as such, only a very briel description of the generally known features
will be presented herein, while the main focus of the description to be presented herein below will

be on the specitic features of embodiments of the present technology.

To that end, the core insert 100 comprises a core 1nsert body 102. The core insert body 102 defines
a connector 104, the connector 104 for coupling, in use, the core insert body 102 to a core platc of a
mold (not depicted). The core insert 100 further comprises a core insert molding surface 106. The
core insert molding surface 106, in this example, defines an inner skin of the molded article (not
depicted) to be molded. The core insert molding surface 106 is shaped in an inverse relationship to
the shape of the molded article (not depicted) to be molded — in other words, the core insert
molding surtace 106 1s the male image of the female 1image o be defined on the molded article (not

depicted) to be molded.

It can be said that the core insert 100 plays at least two functions during the appropriate portions of
the molding cycle. On the one hand, the core nsert 100 defines a portion of the shape of the molded
article, as has been described above. Another function is to assist in cooling of the molded article.
As 1s known (o those skilled in the art, once the molding material is injected into the molding
cavity, 1t needs to be cooled in order to solidily to a state where it can be safely removed from the
molding cavity. To that end and with reference to Figure 2, the core insert 100 comprises a corc
insert cooling circuit 120. The core insert cooling circuit 120 is connected, in use, to a source of a
cooling fluid (not depicted) via a cooling coupling 122 defined in the connector 104, Typically,
walter 1S used as a cooling fluid, but this does not need to be so in every implementation of the

present technology.

According to embodiments of the present technology, the core insert cooling circuit 120 comprises
an 1nlet portion 124 and an outlet portion 126. The inlet portion 124 is for receiving fresh cooling
fluid and the outlet portion 126 is for allowing cooling {luid that has absorbed heat from the molded
article to be evacuated. As can be seen in Figure 2, the outlet portion 126 is disposed physically
within the inlet portion 124. In the specific embodiment depicted herein, the outlet portion 126 is
located coaxially within the inlet portion 124. In various alternative non-limiting cmbodiments of

the present technology, the function of the outlet portion 126 and the inlet portion 124 can be

th
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reversed. In other words, the direction of the {low of the cooling fluid 1s not particularly limited and

can tlow cither way within the core 1nsert cooling circuit 120.

The core 1nsert cooling circuit 120 further comprises a plurality of core insert cooling channels 128.
Generally speaking, the core insert cooling circuit 120 has a general shape that follows the contours
ol the core wmsert molding surface 106. As such, it can be said that the core insert cooling circuit
120 1s implemented as a “conformal cooling” channcl, in a scnsc that it “conforms” to the shapc of

the core insert molding surface 106.

Within the specific embodiment being depicted the plurality of core insert cooling channels 128
comprises three cooling lines: a first core insert cooling channel 130, a second core 1nsert cooling

channel 132 and a third core 1nsert cooling channel 134.

It should be expressly understood that the exact number of the cooling channels 130, 132, 134
within the plurality of core insert cooling channels 128 1s not particularly limited. As such, in
alternative non-limiting embodiments of the present technology, the plurality of core insert cooling
channels 128 may comprise (wo lines. In other non-limiting embodiments, the plurality of core

insert cooling channels 128 may comprise two or more cooling lines.

Each of the first core insert cooling channel 130, the second core insert cooling channel 132 and the
third core 1nsert cooling channel 134 originate from the inlet portion 124, In the specific non-
limiting embodiment depicted in Figure 2, the first core insert cooling channel 130, the second core
scrt cooling channel 132 and the third corc insert cooling channel 134 arc coupled o the inlet
portion 124 1n a spaced manncr. The first core inscrt cooling channel 130, the second core insert
cooling channel 132 and the third core insert cooling channel 134 are circumferentially spaced
around the 1nlet portion 124 and are spaced apart by approximately 120 degrees, as an example
implementation depicted in Figure 2. It should be understood that in alternative embodiments, the
first core insert cooling channel 130, the second core insert cooling channel 132 and the third core

insert cooling channel 134 can be spaced around the inlct portion 124 in a different manner.

Lrach of the first core insert cooling channel 130, the second core insert cooling channcl 132 and the

third core 1nsert cooling channel 134 terminate in the outlet portion 126.

It should be noted that in alternative embodiments of the present invention, the inlet portion 124

and the outlet portion 126 can be reversed. In other words, in alternative non-limiting embodiments

of the present invention, the inlet portion 124 can be located within the outlet portion 126.
&
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With continued reference to Figure 2 and with additional reference to Figure 3 (which depicts
schematically the perspective view of the core insert cooling circuit 120), it can be appreciated that
each of the tirst core insert cooling channel 130, the second core insert cooling channel 132 and the
third core nsert cooling channel 134 are implemented as a respective spiral channel. It can be also
appreciated that the respective spirals of the first core insert cooling channel 130, the sccond core
insert cooling channel 132 and the third core insert cooling channel 134 are nested within cach
othcr. In other words, it can be said that the first core inscrt cooling channel 130, the second core
insert cooling channel 132 and the third core insert cooling channel 134 are implemented as
multiple nested spiral channels. Put another way, each of the first core insert cooling channel 130,
the second core insert cooling channcl 132 and the third core insert cooling channel 134 defines a

helical channel.

As can be appreciated from the depiction of Figurc 3, cach of the first core insert cooling channel
130, the second core insert cooling channel 132 and the third core insert cooling channel 134 are

fluidly coupled, in parallel, between the inlet portion 124 and the outlet portion 126.

In some embodiments of the present technology, a pitch between the nested spirals of the first core
insert cooling channel 130, the second core insert cooling channel 132 and the third core insert
cooling channel 134 can be the same. For the purposes of the description to be presented herein
below in respect to the nested spirals, the term “pitch” shall mean a distance between neighboring
ones of the first core inscrt cooling channel 130, the second core insert cooling channel 132 and the

third core insert cooling channcl 134.

Needless to say that in other embodiments of the present technology and is the case in the
ilustration of Figure 2 and Figure 3, the pitch between the nested spirals of the {irst core insert
cooling channel 130, the second core insert cooling channel 132 and the third core insert cooling

channel 134 can be varied.

The exact variations of the pitch between the nested spirals of the first core insert cooling channel
130, the second core insert cooling channel 132 and the third core insert cooling channel 134 can be
varicd by those of skill in the art, based on the specific geometry of the preform being molded and

on specitic cooling ncceds for that preform.

As those skilled in the art will appreciate, the wall thickness of a preform is not uniform throughout

the length ot the preform. One will also appreciate that the cooling rate needs associaled with the
7/
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portions of the preforms with different wall thickness may also be dilterent. Thus, by varying the
pitch between the nested spirals of the first core insert cooling channel 130, the second core inscrt
cooling channel 132 and the third core insert cooling channel 134, one may ensure that the heat
transfer along a length of the preform is uniform. This can be achieved my matching tighter pitch of
the nested spirals of the first core msert cooling channel 130, the second core insert cooling channel
132 and the third core inscrt cooling channcl 134 with the thicker cross-scctional areas of the
preform. In other words, varying the pitch between the nested spirals varies the potential heat
transter ratc. One can tighten the pitch (which brings the nested spirals closer together) in those

regions of the pretorm where one wants higher heat transfer rate.

~ Alternatively or additionally, one may vary the cross section of one or more of the first core insert
cooling channel 130, the second core insert cooling channel 132 and the third core insert cooling
channel 134 to vary the cooling rates. Allernatively or additionally, one may vary a distance
between a portion of onc or morc of the first core insert cooling channel 130, the second core insert
cooling channel 132 and the third core insert cooling channel 134 and the core insert molding
surface 106 to vary the cooling rates. It should be noted that some or all of these approaches can be

combined in order to vary cooling rates.

In the specific example being depicted in Figure 2 and Figure 3, the pitch between the nested spirals
of the first core insert cooling channel 130, the second core insert cooling channel 132 and the third
core 1nsert cooling channel 134 decreases toward the bottom portion of the preform (towards the
right ol the core insert 102 as viewed in Figure 2 and Figure 3) and increases towards the neck
finish of the preform (towards the left of the core insert 102 as viewed in Figure 2 and Figurc 3).
This embodiment can be useful for molding those preforms that have a thread region of the preform
that cools much slower than the body region due to there being more PET material mass in the neck
finish zone (or in other words, the “thread-limited” preforms whereby the neck region is relatively

thicker compared to a “standard” preform design).

A specilfic technical effect that may be attributable to these embodiments of the present technology

may include a more uniform reduction in bulk tempcrature of the preform (due to the non-uniform
pitch between the nested spirals of the first core insert cooling channel 130, the second corc insert
cooling channel 132 and the third core insert cooling channel 134 or alternatively due to the varied
distance between the respective onc of the first core insert cooling channel 130, the second core
insert cooling channel 132 and the third core insert cooling channel 134 and the core molding
surface 106 or alternatively due to the varied cross scctions of portions of one or more of the first

corc 1nsert cooling channel 130, the second core insert cooling channel 132 and the third corc insert
S
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cooling channel 134 and the core molding surface 106) and, therefore, may assist in reducing

preform defects associated with the prior art solutions.

One can further appreciate that the plurality of core insert cooling channels 128 is defined by the
core 1nsert body 102. Therefore, 1t can be said that the plurality of core insert channels 128 is fully
encapsulated within the core insert body 102, at least in somc embodiments of the present
lechnology. In other words, the plurality of core insert cooling channels 128 is defined by and
intcrmeshed within a network ot core cooling channel supports 136 (sce Figure 2). The network of
core cooling channel supports 136 is a residual portion of the body 102 that defines the plurality of
core insert cooling channels 128. Put another way, the matenal ol the core insert body 102 thal
defines the core insert cooling channels 128 constitutcs the nctwork of corc cooling channcl
supports 136. Therefore, it can be said, that the plurality of core insert cooling channcls 128 is fully

contained within the core insert body 102.

A technical effect attributable at least partial to the embodiments of the present technology includes
improved heat transfer between the molded article and the cooling fluid and, thus, increase the rate
of heat removal (1.e. comparatively faster cooling). This is at least partially attributable to the
provision ol network of core cooling channel supports 136, which in a sense, provides support to
the corc 1nsert molding surtace 106. That in turn may allow to make the walls of the core insecrt
body 102 thinner, compared to the prior art designs. That, in turn, may hclp to minimize distance
between the core insert molding surface 106 and the cooling [luid travelling through the plurality of

corc inscrt cooling channcls 128.

It can also be appreciated from both figure 2 and Figure 3, that the provision of the nested spiral
channels (1.e. the plurality of core msert cooling channcls 128) allows for creation of a turbulent
[Tow ol a cooling fluid through the enclosed plurality of core insert cooling channels 128. One will
appreciate that turbulent flow of the cooling fluid Icads to a decrease in the thermal boundary layer,

which in turn, may lead to improved cooling of the molded article.

One skilled 1n the art may further appreciate that the design of the plurality of corc inscrt cooling
channels 128 may lcad to reduced pressure losses of the cooling fluid. The reduced pressure losscs
may be attributable, at least in part, to the constant cross-sectional area of the plurality of core insert
cooling channels 128. A technical etfect of cmbodiments of the present technology, at Icast partially
attributable to reducing pressure losses of the coolant fluid circulating through the plurality of core
insert cooling channels 128 may be helpful in reducing the encrgy requirements of the system.

Another technical effcct of non-limiting embodiments of the present technology may include ability
| 9
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to design the core insert cooling channels 128 such that there are no abrupt directional changes,

which result 1in lower encrgy loss.

With reference to Figure 4, there is depicted a neck ring 400, the neck ring 400 being implemented
in accordance with a non-limiting embodiment of the present technology. The gencral purposc of
the neck ring 400 18 to define, 1n use, a portion of a molding cavity (not depicted) that is used to
define the preform. Specilically, the neck ring 400 is configured to define the neck portion of the
preform (i.e. a portion that comprises at least some of a thread finish, a support ledge and tamper-
evident band). As is known to those of skill in the art, the neck ring 400 typically comes in pair,
which complementary pair consists of substantially similar (but not necessarily identical) neck rings

400, which together define the full circumference of the neck f{inish of the preform (not depicted).

The general construction of the neck ring 400 1s known to those of skill in the art and, as such, only
a very brietf description of the features generally known will be presented herein, while the main
focus of the description to be presented herein will be on the specific features of embodiments of

the present technology.

To that ¢nd, the neck ring 400 comprises a neck ring body 402. The body 402 defines a flange 404,
the tlange 404 for coupling, in use, the neck ring body 402 to a slide of the mold (not depicted). The
neck ring body 402 further comprises a neck ring molding surface 406. The neck ring molding
surface 406, 1n this example, defincs an outer skin of the molded article (not depicted) to be molded

(namely, the neck finish of the preform to be molded).

The neck ring molding surface 406 1s shaped in an inverse relationship to the shape of the molded
article (not depicted) to be molded — in other words, the neck ring molding surface 406 is the
generally female 1mage of the male image to be defined on the molded article (not depicted) to be

molded (for example, of the support ledge to be defined on the preform).

It can be said that the neck ring 400 plays scveral functions during the appropriate portions of the
molding cycle. On the one hand, the neck ring 400 defines a portion of the shape of the molded
article, as has been described above. Another function of the neck ring 400 is to assist in stripping
the preform olf the core insert 100 during the appropriate portions of the molded cycle and,
cventually, to allow all the projecting portions of the preform to be released from the neck ring 400

by virtue of transverse separation of the pair of the neck rings 400.

10
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Another tunction of the neck ring 400 1s to assist in cooling of the molded article. To that end and
with reference to Figure 5 and Figure 6 (in which the neck ring 400 is shown partially transparent),
the neck ring 400 comprises a neck ring cooling circuil 420. With additional reference to Figure 7
(in which the neck ring cooling circuit 420 is shown), the nceck ring cooling circuit 420 is
connected, 1n use, to a source ot a cooling fluid (not depicted) via a neck ring cooling inlet 422 (for
recerving fresh cooling fluid) and to a neck ring cooling outlet 426 (for allowing cooling fluid that
has absorbed heat from the molded article to be evacuated). It can be said that the neck ring cooling
circuit 420 1s [ully encapsulated within the neck ring body 402, at least in some embodiments of the

present technology.

Generally speaking, according to non-limiting embodiments of the present technology, the neck
ring cooling circuit 420 comprises a plurality of branch channels that are connected in parallel to
the neck ring cooling inlet 422 and the neck ring cooling outlet 426 and at least one of the branch

channels includes muluple channel segments connected in parallel therein.

More specifically, in accordance with embodiments of the present technology, the neck ring cooling
circuit 420 comprises a first cooling sub-network 428 and a second cooling sub-network 430. With
continued reference to Figure 5 and Figure 6, as well as with reference to Figure 7 (in which the
neck ring cooling circuit 420 1s shown), it can be said that the first cooling sub-network 428 and the
second cooling sub-network 430 are fluidly coupled, in parallel, to the neck ring cooling inlet 422
and the neck ring cooling outlet 426. Thus, the first cooling sub-network 428 and the second
cooling sub-network 430 are examples of implemcntation of the above-referenced plurality of

branch channels.

As 1s best seen in Figure 7, the first cboling sub-network 428 and the second cooling sub-network
430 are substantially mirror images of each othcr. As such, the description below will usc the first
cooling sub-network 428 for the purposes of the description of structurc thereof, which description

will apply to the second cooling sub-network 430.

The first cooling sub-network 428 comprises a cooling channel 432. The neck ring cooling channel
432 has a general shape that tollows the contours of the neck ring molding surface 406. As such, it
can bc said that the neck ring cooling channel 423 i1s implemented as a “conformal cooling”
channel, 1n a sense that if “conforms™ to the shape of the neck ring molding surface 406. In the
depicted ecmbodiment, the cooling channel 432 comprises two branches — a first cooling nctwork
sub-branch 440 and a second cooling network sub-branch 442. The first cooling nctwork sub-

branch 440 and the second cooling network sub-branch 442 are fluidly coupled (directly or
11
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indirectly) to the neck ring cooling inlet 422 and the neck ring cooling outlet 426 in sequence. More
specilically, the cooling fluid cnters through the neck ring cooling 1nlet 422 to the second cooling
network sub-branch 442 (arrow A 1n Figure 7), then flows through the second cooling nctwork sub-
branch 442 to the first cooling network sub-branch 440 (Arrow B in Figurc 7) and then (owards the

neck ring cooling outlet 426 (Arrow C in Figure 7).

In the illustrated embodiment, both the tirst cooling network sub-branch 440 and the second cooling
network sub-branch 442 comprise a first sub-sub-branch line 448 and a second sub-sub-branch line
450. The first sub-sub-branch line 448 and the second sub-sub-branch line 450 are {luidly coupled
in parallel (indirectly) to the neck ring cooling inlet 422 and the neck ring cooling outlet 426. In
other words, as the cooling tluid tlows from neck ring cooling inlet 422 to the second cooling
network sub-branch 442 (Arrow A), 1t splits off in parallel into the (irst sub-sub-branch line 448 and
the second sub-sub-branch line 450 ol thc sccond cooling nctwork sub-branch 442. In the same
manner, as the cooling tluid flows from the second cooling sub-branch 442 towards the lirst cooling
sub-branch 440 (Arrow B), it splits off in parallel into the first sub-sub-branch line 448 and the
second sub-sub-branch line 450 of the first cooling network sub-branch 440 and, then cventually,

rejoins towards the neck ring cooling outlet 426 (Arrow C).

Thus, first sub-sub-branch line 448 and the sccond sub-sub-branch line 450 are examples of

implementation of the above-references multiple channel segments.

[t should be expressly understood that even though within the depicted cmbodiments both the [irst
coohing network sub-branch 440 and the second cooling network sub-branch 442 are depicied as
having the first sub-sub-branch line 448 and the second sub-sub-branch line 450 fluidly coupled in
parallel, this needs not be so 1in every embodiment of the present technology. As such, in alternative

embodiments of the present technology, only one of the first cooling network sub-branch 440 and
the second cooling network sub-branch 442 may be implemented having the {irst sub-sub-branch

line 448 and the second sub-sub-branch line 450 fluidly coupled in parallel.

[t should be also understood that even though the cooling channel 432 is depicted as having two
branches, this needs not be so in every embodiment of the present technology. As such, in an
alternative cmbodiment of the present technology, it is contemplated that the cooling channel 432
may includc only a single cooling network sub-branch 440, 442, That single cooling network sub-
branch 440, 442 may be implemented as having the first sub-sub-branch line 448 and the second

sub-sub-branch line 450 fluidly coupled in parallel.
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Furthermore, even though the first cooling sub-network 428 and the second cooling sub-network
430 are depicted as being substantially mirror images of cach other, this also needs not to be so in
every embodiment of the present technology. As such, in alternative embodiments of the present
technology, at least onc of the first cooling sub-network 428 and the second cooling sub-network
430 may be implemented as having the first cooling network sub-branch 440 and the second
cooling network sub-branch 442 that in turn include the first sub-sub-branch line 448 and the

second sub-sub-branch linc 450 fluidly coupled in parallel.

Furthermore, 1t should be expressly understood that the exact number of the [irst sub-sub-branch
line 448 and the second sub-sub-branch line 450 is not limited. As such, even though only two havc
been depicted within the respective one of the first cooling network sub-branch 440 and the second
cooling network sub-branch 442, in alternative embodiments of the present technology, additional

ones of the first sub-sub-branch line 448 and the second sub-sub-branch line 450 may be provided.

Accordingly and broadly speaking, according to cmbodiments of the present technology, there can
be provided a neck ring 400 that comprises the neck ring body 402 that defines (i) a neck ring
molding surface 406 for defining, in a use, a portion of a molding cavity for molding a molded
article; and a (i1) a flange 404 for coupling, in use, the neck ring body 402 to a slide of a mold. The
neck ring body 402 further includes a neck ring cooling circuit 420 connccted, in use, to a source of
a cooling fluid via a ncck ring cooling inlet 424 and a ncck ring cooling outlet 426. The neck ring
cooling circuit 420 can be said to have a first cooling sub-network 428 and a second cooling sub-
network 430, 1n use, fluidly coupled in parallcl to the neck ring cooling inlet 424 and the neck ring
cooling outlet 426. At least one of the first cooling sub-nctwork 428 and the sccond cooling sub-
nelwork 430 includes a cooling network sub-branch 440, 442 having a first sub-sub-branch line 448

and a sccond sub-sub-branch line 450 fluidly coupled in parallel.

As can be appreciated from Figure 7, a pitch between (i) the first sub-sub-branch line 448 and the
second sub-sub-branch line 450 within a given onc of the first cooling network sub-branch 440 and
the sccond cooling network sub-branch 442 (such as, for example, a distance “P1” shown in Figure
7) and (11) the neighboring ones of the first sub-sub-branch line 448 of the first cooling network
sub-branch 440 and the second sub-sub-branch 450 of the second cooling network sub-branch 442
(such as, for cxample, a distance “P2” shown in Figure 7) is different. The exact differences in the
pitch will depend on the design of and the cooling rate needs ol the particular neck finish of the
preform being molded. Similarly, the pitch between (i) the first sub-sub-branch line 448 and the
second sub-sub-branch linc 450 within the first cooling network sub-branch 440 and (ii) the first

sub-sub-branch line 448 and the second sub-sub-branch linc 450 within the second cooling network
13
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sub-branch 442 also can be different, depending on the cooling rate needs of the particular neck
finish of the preform to be molded. Alternatively or additionally, one may vary the cross section of
a portion of the cooling channel 432. Alternatively or additionally, one may vary a distance |
between a portion of the cooling channel 432 and the nceck ring molding surface 406 to vary the
cooling rates. It should be noted that some or all of these approaches can be combined in order to

vary cooling rates.

A specific technical effect that may be attributable to these embodiments of the present technology
may include a more uniform reduction in bulk temperature of the neck region of the preform (due to
the ability to vary the protile of the neck ring cooling circuit 420 along the neck ring molding
surface 406). As is appreciated by those skilled in the art, the distribution of the molding materal
within the neck {inish of the preform 1s non-uniform. Varying the pitch betwceen the various sub-
sub-branch line 448 and second sub-sub-branch line 450 allows creating different rate of cooling

within clements being cooled by the neck ring 400.

Another technical effect of embodiments of the present technology may be attributable to the fact
that the various components of the neck ring cooling circuit 420 are fluidly coupled 1n parallel. That
allows to reduce the distance that the cooling {luid particles have to travel within the neck ring
cooling circuit 420 and, therefore, allow for less ol a temperature dilferential in the cooling fluid
temperature as it travels through the neck ring cooling circuit 420. That, 1in turn, allows tor morc

uniform cooling of the pretform.

With reference to Figure 8, there 1s depicted a cavity insert 800, the cavity insert 800 being
implemented in accordance with a non-limiting embodiment of the present technology. The general
purposc of the cavity insert 800 is to define, 1n use, a portion of a molding cavity (not dcpicted) that
1s used to define a molded article (not depicted), which 1n this case comprises a preform, which
preform is subsequenily blow molded into a final shaped container (such as a bottle or the like). The
general construction of the cavity insert 800 1s known to those of skill in the art and, as such, only a
very briet description of the generally known features will be presented herein, while the main

focus will be on the specilic features ol embodiments of the present technology.

To that end, the cavity msert 800 comprises a cavity insert body 802. In use, the cavily msert body
802 1s positioned within a cavity plate (not depicted). To that end, the cavity inscrt body 802
defines a connecting interface 804, the connecting interface 804 for coupling, in use, the cavitly
insert body 302 to the cavity plate of the mold (not depicted). The cavity insert body 802 further

defines a cavity insert molding surface 806. The cavity insert molding surface 806, in this example,
' 14
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detines an outer skin of the molded article (not depicted) to be molded. The cavity insert molding
surface 806 1s shaped 1n an 1nverse relationship to the shape of the molded article (not depicted) to

be molded — in other words, the cavity insert molding surface 806 is the female image of the male

1image to be defined on the molded article (not depicted) to be molded.

It can be said that the cavity insert 800 plays at least two functions during the appropriate portions
of the molding cycle. On the one hand, the cavity insert 800 defines a portion of the shape of the
molded article, as has been described above. Another function is to assist in cooling of the molded
article. To that end and with reference to Figure 9, the cavitly insert 800 comprises a cavity insert

cooling circuit 820.

The cavity insert cooling circuit 820 comprises a cavity cooling inlet 822. Within the depicted
embodiment of the present technology, the cavity cooling inlet 822 comprises a first cavity cooling
mlet portion 824 and a second cavity cooling inlet portion 826, the function of which will be

described herein below. The cavity cooling inlet 822 is for receiving {resh cooling fluid.

With reference to Figure 10, which depicts a schemaltic perspective view of the cavity insert cooling
circuit 820, the cavity insert cooling circuit 820 further comprises a cavity cooling outlet 827 for
allowing cooling fluid that has absorbed heat from the molded article to be evacuated. It is briefly
noted (and as will be described in further detail herein below), in the embodiments of the instant
technology depicted and described with reference to Figure 9 and Figure 10, there are two instances
of cooling fluid inlets (namely, the [irst cavity cooling inlet portion 824 and the second cavity
cooling 1nlet portion 826) tluidly terminating in a single instance of the cooling fluid outlet
(namely, the cavity cooling outlet 827). The sizing of the conduits within the cavity insert cooling
circuit 820 1s determined based on real estate availabilily within the cavity insert body 802 and the

cooling rate requirements.

Ncecedless to say, the placement of the cavity cooling inlet 822 and the cavity cooling outlet 827 may
be reversed. This is depicted with reference to Figure 11, which depicts another embodiment of a
cavity insert cooling circuit 820°. Within the embodiment of the present technology depicted with
reference to Figure 11, the cavity inscrt cooling circuhit 802" compriscs a cavity cooling inlet 822
and a cavity cooling outlet 827°. Within this embodiment of the present technology, the cavity
cooling outlet 827" comprises a first cavity cooling outlet portion 824" and a sccond cavity cooling

outlet portion 827,
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Returning to the description of Figure 9 and 10 (but appreciating that the following description will
apply to the embodiments depicted in Figure 11 as well), the cavity inscrt cooling circuit 820
turther comprises a plurality of cavity insert cooling channcls 829. Within the specific embodiment
being depicted the plurality of cavity insert cooling channels 829 compriscs two cooling lines: a
first cavity insert cooling channel 830 and a second cavity insert cooling channel 832. It should be
expressly understand that the exact number of cavity cooling channels 830, 832 within the plurality
of cavity insert cooling channels 829 1s not particularly limited to the four parallel lines depicted
within the 1llustrated embodiment. As such, in alternative non-limiting embodiments of the present

technology, the plurality of cavily insert cooling channels 128 may comprise more than two lines.

Fach of the first cavity insert cooling channel 830 and the second cavity insert cooling channel 832
originate from the inlet portion 822 (or, more precisely, from a respective onc of the first cavity
cooling 1nlet portion 824 and the sccond cavity cooling inlet portion 826). Each of the first cavity
insert cooling channel 830 and the second cavity insert cooling channel 832 terminate in the cavity

cooling outlet 827.

It may be further appreciated that each ol the first cavity insert cooling channel 830 and the second
cavily inscrt cooling channel 832 are ﬂuidly coupled, 1n parallcl, between the cavity cooling inlet

824 and the cavity cooling outlet 827.

Within embodiments of the present technology, cach of the first cavity insert cooling channcl 830
and the second cavity insert cooling channel 832 comprises respective ones of a first cavity insert
cooling sub-network 880 and a second cavity insert cooling sub-network 882 (only onc instance in
association with the second cavity insert cooling channel 832 is actually specifically numbered).
Within the respective one of the first cavity insert cooling channel 830 and the second cavity inscrt
cooling channel 832, thc first cavity inscrt cooling sub-network 880 and the second cavity insert
cooling sub-network 882 arc¢ fluidly coupled, in parallel, directly or indirectly, between the cavity

cooling inlet 824 and the cavity cooling outlet 827.

One can [urther appreciate that the plurality of cavity inscrt cooling channels 829 is defined by and
within the cavity insert body 802. It can be said that the plurality of cavity insert cooling channels
829 1s fully encapsulated within the cavity insert body 802, at least in some embodiments of the
present technology. Put another way, the plurality of cavity insert cooling channels 829 is defined
and 1ntermeshed with a network of cavity cooling channel supports 836 (see Figure 9). The network
of cavity cooling channel supports 836 is a residual portion of the cavity insert body 802 that

defines the plurality of cavity insert cooling channels 829.
16
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Accordingly and broadly speaking, what has been described herein above 1s the cavity inscrt 300
that includes the cavity insert body 802 that defines: (1) the cavity insert molding surface 806 for
deflining, 1n a use, a portion of a molding cavily [or molding a molded article; (i1) the connecting
interface 804 for coupling, 1n usc, the cavity inscrt body 802 (o the cavity plate (not depicted) and
(11) the cavity insert cooling circuit 820 having the plurality of cavity insert cooling channels 829,
the plurality of cavity insert cooling channels 829 being coupled in parallel to a source of cooling

fluid via the cavity cooling inlet 824 and the cavity cooling outlet 827.

It 1s noted that the plurality of cavity insert cooling channels 829 has a general shape that follows
the contours of the cavity insert molding surface 806. As such, 1t can be said that the plurality of
cavily insert cooling channels 829 1s implemented as a “conformal cooling” channel, 1n a sense that

it “conforms” to the shapce of the cavity insert molding surface 806.

It should be understood that even though both the first cavity insert cooling channel 830} and the
second cavity 1nsert cooling channel 832 have been described as including respective ones of a [irst
cavily 1nsert cooling sub-network 830 and a second cavity insert cooling sub-network 882, this
needs not be so in every embodiment of the present technology. The first cavity insert cooling
channel 830 and the second cavity insert cooling channel 832 do not have to be mirror images of

cach other and can be implemented differently comparable therebetween.

Furthermore, even though the respectiife ones of the first cavity insert cooling channel 830 and the
second cavity insert cooling channel 832 have been depicted as both having the first cavity nsert
cooling sub-network 880 and the second cavity 1nsert cooling sub-network 882 fluidly coupled, 1n
parallel, directly or indirectly, between the cavity cooling inlet 824 and the cavity cooling outlet

627, this nceds not be so 1n every embodiment.

As such, 1n alternative embodiments, only one of the first cavity inscrt cooling channel 830 and the
seccond cavity insert cooling channel 832 may include the first cavity insert cooling sub-network
830 and the second cavity insert cooling sub-network 832 {luidly coupled, 1n parallel, dircctly or

indirectly, between the cavity cooling inlet 824 and the cavity cooling outlet 827.

Furthermore, the exact number and shape of the {irst cavity insert cooling sub-network 880 and the
second cavity insert cooling sub-network 882 may be varied from what has been depicled in the

illustrations of Figure 9, Figure 10 and Figure 11.
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A technical etfect of embodiments of the present invention may include increased “wetted area” of
the plurality of cavity insert cooling channcls 829. Another technical effect of embodiments of the
present invention may include a constant distance between various portions of the plurality of
cavity insert cooling channels 829 and the respective portions of the preform being cooled. This
may lead, i some embodiments, to a higher ratc of heat removal and, potentially, to improved

preform quality and the increased throughout of the system (i.c. reduced cycle time).

Furthermore, provision of the network of cavity cooling channcl supports 836 may allow to
minimize the distance between the plurality of cavity insert cooling channcls 829 and the cavity
insert molding surface 806. This in turn may have another technical effect of improving the heat
removal rate. Furthermore, the nctwork of cavity cooling channel supports 836 may in themself
assist in removing heat away from the cavity insert molding surface 806 and “placing” the heat in
the path of the cooling fluid circulating through the plurality of cavity inscrt cooling channels 829.
It should be noted that alternatively or additionally, one may vary the cross section of a portion of
the cavity insert cooling circuit 820. Alternatively or additionally, one may vary a distance between
a portion of the cavity insert cooling circuit 820 and the cavity insert molding surface 806 to vary
the cooling rates. It should be noted that some or all of these approaches can be combined in order

to vary cooling rates.

With reference to Figure 12, there is depicted a gate insert 1200, the gate insert 1200 being
implemented in accordance with a non-limiting embodiment of the present technology. The general
purpose ol the gate insert 1200 is to define, in use, a portion of a molding cavity (not depicted) that
1s uscd to deline a molded article (not depicted), which in this case comprises a preform, which
preform is subsequehtly blow molded into a final shaped container (such as a bottlc or the like). The
general construction of the gate insert 1200 is known to those of skill in the art and, as such, only a
very brief description of the gencrally known features will be presented hercin, while the main

focus will be on the specific features of embodiments of the present technology.

To that end, the gate insert 1200 comprises a gate inscrt body 1202. In usc, the gate insert body
1202 1s positioned within a cavity plate of the mold (not depicted). To that end, the gate insert body
1202 detines a gatc inscrt connecting interface 1205, the gate insert connecting interface 1205 for
coupling, in use, the gate insert body 1202 to the cavity plate (not depicted). It is noted that in some
non-limiting embodiments of the present technology, the gate insert body 1202 may interface with
portions ot multiple plates — such as the cavity plate, the hot runner manifold plate, eic. (the plates

not being depicted in the drawings).
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With additional reference to Figure 13, which depicts a cross section of the gate insert 1200 taken
along an operational axis thercof, the gate insert body 1202 comprises a nozzle receptacle 1204,
The nozzle receptacle 1204 is configured to interface, 1n use, with a hot runner nozzle (not
depicted) for accepting a stream of molding matcrial from the hot runner (not depicted). The gate
insert body 1202 further includes a gate insert molding surfacc 1206. The gate insert molding
surface 1206, in this cxample, defines an outer skin of the molded article (not depicted) to be
moldcd. The gate insert molding surface 1206 is shaped in an inverse relationship (o the shape of
the molded article (not depicted) to be molded — in other words, the gate insert molding surface
1206 1s the temale image of the male image to be defined on the molded article (not depicted) to be

molded.

The gate insert body 1202 further defines a gate 1210. The purpose of the gate 1210 is to provide a
path of travel for the molding material between the hot runner nozzle (not depicted) accepted within
the nozzle receptacle 1288 and the molding cavity (nor depicted) defined in part by the gate insert

molding surface 1206.

It can be said that the gate insert 1200 plays at least two [unctions during the appropriate portions of
the molding cycle. On the onc hand, the gate inscrt 1200 defines a portion of the shape of the
molded article, as has been described above. Another function is to assist in cooling of the molded
article. 'To that end and with additional reference to Figure 14 (which depicts the gate insert 1200 in

a partially transparent view), the gate insert 1200 comprises a gale insert cooling circuit 1220.

The gate insert cooling circuit 1220 comprises a gate cooling inlet portion 1224 and a gate cooling
outlet portion 1226. The gate cooling inlet portion 1224 is for receiving fresh cooling fluid and the
gate cooling outlet portion 1226 is for allowing cooling fluid that has absorbed heat from the
molded article to be evacuated. Needless to say, the placement of the gate cooling inlet portion

1224 and the gate cooling outlet portion 1226 may be reversed.

The gate insert cooling circuit 1220 further comprises a plurality of gate insert cooling channels
1228. The plurality of gate insert cooling channels 1228 has a gencral shape that follows the
contours of the gate nsert molding surface 1206. As such, it can be said that the plurality of gate
insert cooling channels 1228 is implemented as a “conformal cooling” channel, in a sense that it

“conforms” to the shapc of the gate insert molding surface 1206.

One can [urther appreciate that the plurality of gate insert cooling channcels 1228 is defined by the

gate insert body 1202. Thercfore, it can be said that the plurality of gate inscrt cooling channels
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1228 1s tully encapsulated within the gate insert body 1202, at least in some embodiments of the
present technology. In other words, the plurality of gate insert cooling channels 1228 is defined and
intermeshed with a network of gate cooling channel supports 1236. The network of gate cooling
channel supports 1236 is a residual portion of the gate body 1202 that defines the plurality of gate

insert cooling channels 1228 therebetween.

As can be seen from the depiction in Figure 14, the network ol gale channel supports 1236 (and
hence the plurality of gate insert cooling channels 1228) is equally spaccd along the surface of the
gate insert molding surface 1206. In other words, the structural support that the network of gate
cooling channcls supports 1236 provides that .the “conformal” plurality of gatc insert cooling

channels 1228 is evenly distributed along the plurality of gate insert cooling channels 1228.

Alternatively or additionally, one may vary the cross section of a portion of the plurality of gate
inscrt cooling channels 1228. Altemﬁlively or additionally, one may vary a distance between a
portion of the plurality of gatc insert cooling channels 1228 and the gate insert molding surface
1206 to vary the cooling rates. It should be noted that some or all of these approaches can be
combined 1n order to vary cooling rates. It is noted that some or all of the plurality of gatc insert
cooling channels 1228 can be fluidly coupled, in parallel, betwecen the gate cooling inlel portion
1224 and the gate cooling outlet portion 1226. Alternatively, some or all of the plurality of gatc
inscrt cooling channels 1228 can be fluidly coupled, in scquence, between the gate cooling inlet
portion 1224 and the gate cooling outlet portion 1226. In further alternative non-limiting
embodiments of the present technology, some of the plurality of gate insert cooling channels 1228
can be fluidly coupled, in sequence, between the gate cooling inlet portion 1224 and the gate
cooling outlet portion 1226; while the others of the plurality of gate insert cooling channcls 1228
can be fluidly coupled, in parallel, between the gale cooling inlet portion 1224 and the gate cooling

outlet portion 1226.

A technical etfect of embodiments of the present invention may include increased “wetted area” of
the plurality of gate insert cooling channels 1228. Another technical effect of embodiments of the
present mvention may include a constant distance between various portions of the plurality of eate
insert cooling channels 1228 and the respective portions of the preform being cooled. This may
lead, 1n some embodiments, to a higher rate of heat removal and, potentially, to improved preform

quality and the increascd throughout of the system (i.c. reduced cycle time).

Furthermore, provision of the network of gate inscrt cooling channcl supports 1236 provides

additional support to the gate insert molding surface 1206, which may allow to make the wall of the
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gate msert body 1204 thinner. That in turn may allow to minimize the distance between the
plurality of gate insert cooling channels 1228 and the gate insert molding surface 1206. This 1n turn
may have another technical cffect of improving the heat removal rate. Furthermore, the network of
gate insert cooling channel supports 1236 may in themsell assist in removing hcat away from the
gate 1nsert molding surface 1206 and “placing” the heat in the path ol the cooling [luid circulating

through the plurality of gate insert cooling channels 1228.

Additionally or alternatively, provision of the network of gate insert cooling channel supports 1236
allows for creation of a turbulent flow of a cooling fluid through the enclosed plurality of gate insert
cooling channels 1228. One will appreciate that turbulent flow of the cooling fluid leads to a
decrcasc in the thermal boundary layer, which in turn, may lead to improved cooling of the molded
article. Therefore, the network of gate insert cooling channel supports 1236 can be thought of as a

turbulence inducing structure provided in the “conformal” plurality of gatc insert cooling channels

1228.

In some embodiments of the present invention, some of the cooling channels described hercin (such
as the plurality ot core insert cooling channels 128, the neck ring cooling circuit 420, plurality of
cavity insert cooling channels 829, plurality of gate insert cooling channels 1228) can be dcfined by
using 3D printing techniques and other such methods of {rce form fabrication. An example of such
3D printing technique is a process called direct metal lascr sintering (DMLS). An example of such

technology is available {from EOS of Robert-Stirling-Ring 1, 82152 Krailling, Germany.

Generally speaking and not as a Iimitation, the DMLS process involves use of a 3D CAD model,
which ts then used the DMLS machine “builds” the part. The DMLS machine uses a high-powcred

optic laser. Inside a build chamber arca, there is a material dispensing platform and a build platform

along with a re-coater blade used to move new powder over the build platform. The DMLS
technology luscs mctal powder into a solid part by melting 1t locally using the focused laser beam.
Parts are built up additively layer by layer, typically using lavers of a certain, pre-defined thickness.
The DMLS process may be used to form the entire part of the mold stack component, or other mold
component such as a nozzle or manifold of a melt distributor, or only a portion thercof. In the latter
case, the DMLS process may be used to form the selected portion of the mold componcent onto a
base of the mold component, which base is produced by more conventionally mcans (e.g.
machined). A technical ctlect of the foregoing may include cost saving (less sintered material
and/or lower building time). Therefore, it can be said that in accordance with embodiments of the
present technology, there 1s a provided a method of manufacturing a mold component using a

hybrid manutacturing method. The hybrid manufacturing method includes manufacturing a portion
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of the mold component using a non-DMLS process (for cxample, by means of machining or other
known methods) and manufacturing another portion of the mold component uSing DMLS process.
In some 1mplementations, the portions defined by the DMLS process include but arc not limited to:
the plurality of core insert cooling channels 128, the neck ring cooling circuit 420, plurality of
cavity insert cooling channcls 829, plurality of gate insert cooling channels 1228. The mold can
include onc or more of: the core insert 100, the ncck ring insert 400, the cavity insert 800 and the

gatc insert 1200, or a mold component of a melt distribulor (not shown).

[t should be expressly understood that thc various cooling channel described herein can be
produced by using any other known methods and are not limited to the use of DMLS technology,

specitically, or 3D printing 1n general.

According to another non-limiting embodiment of the present technology, there is provided a
member of a mold stack. The member of the mold stack can be implemented aS the above described
core insert 102 or the cavity insert 802. To that end, the member of the mold stack compriscs a
member body 102, 802. The member body 102, 802 dcfines a member molding surface 106, 806 for
defining, in a use, a portion of a molding cavity for molding a molded article; and a member
connecting interface 104, 804 for coupling, in use, the member body 102, 802 (o a mold plate (such
as the core plate or the cavity plate, both not depicted). The member body 102, 802 further defines a
member cooling circuit 120, 820 having a plurality of member cooling channels 128, 829, the
plurality of member cooling channels 128, 829 being coupled in parallel to a source of cooling

fluid, the member cooling circuit being 120, 820 being fully encapsulated within the member body.

According to yct another non-limiting embodiment of the present technology, there is provided

mold insert stack, the mold stack insert comprising at lcast two of the conformal cooling core inscrt
102, the conformal cooling neck ring insert 400, the conformal cooling cavity insert 800 and the

conformal cooling gate insert 1200.

It 1s noted that the foregoing has outlined some of the more pertincnt non-limiting embodiments. It
will be clear to those skilled in the art that modifications to the disclosed non-embodiment(s) can be
cttected without departing from the spirit and scope thereof. As such, the described non-limiting
embodiment(s) 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.

This includes the mixing and matching of features, elements and/or functions between various non-

limiting embodiment(s) is expressly contemplated herein so that onc of ordinary skill in the art
22

CA 2923089 2017-09-06



H-7891-0-CA

would appreciate from this disclosure that features, elements and/or functions of one embodiment
may be mcorporated into another cmbodiment as skill in the art would appreciate from this
disclosure that features, elements and/or {unctions of one embodiment may be incorporated into
anothcr embodiment as appropriate, unless described otherwise, above. Although the description is
made for particular arrangements and methods, the intent and concept thercof may be suitable and

applicable to other arrangements and applications.
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WIHAT IS CLAIMED IS:

1. A coreinsert (100) comprising:

a core 1nsert body (102) detining:

a core insert molding surface (106) for defining, in a use, a portion of a molding cavity for
molding a moldcd article;

a core 1nsert cooling circuit (120) having a plurality of core inscrt cooling channels (128), the
plurality of core insert cooling channels (128) comprising spiral channels coupled in parallel to a

source of cooling fluid.

2. The core insert (100) of claim 1, wherein the plurality of core insert cooling channels (128)

comprises at least two core insert cooling channels (130, 132, 134).

3. The core msert (100) of claim 1, wherein the plurality of core insert cooling channels (128)
comprises a first core insert cooling channel (130), a second corc insert cooling channel (132) and a

third core insert cooling channel (134).

4. The core insert (100) of claim 3, wherein the first core insert cooling channcl (130), the second
core 1nsert cooling channel (132) and the third core insert cooling channel (134) are implemented as

nested spiral channel.

5. The core inscrt (100) of claim 4, wherein a pitch in-between the spirals of at lcast some of the
first core insert cooling channel (130), the second core insert cooling channel (132) and the third core

insert cooling channel (134) is the samc.

6.  The core insert (100) of claim 4, wherein a pitch in-between the spirals of at least some of the
Lirst core 1insert cooling channel (130), the second core insert cooling channel (132) and the third core

insert cooling channel (134) is varied.

/.. The core insert (100) of claim 6, wherein in the pitch is varied based on cooling requirements

associatled with the molded article.

s. The core insert (100) of claim 7, wherein the pitch is larger in association with relatively
thinner portions of the molded article and the pitch is smaller in association with relatively thicker

portions of the molded article.
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9. The core insert (100) of claim 1, wherein a distance between the plurality of core inscrt cooling

channels (128) and the core insert molding surface (106) is varied to impart different cooling rates

onto the molded article.

10. The core nsert (100) of claim 1, wherein a cross section of a portion of the plurality of core

insert cooling channels (128) is varied to impart different cooling rates onto the molded article.

11. The core msert (100) of claim 1, wherein the plurality of core insert cooling channels (128) is
tfluidly coupled, in use, to an inlet portion (124) for receiving cooling fluid therefrom and to an outlet

portion (126) for evacuation of the cooling fluid after it has absorbed heat from the molded article.

12. The core insert {100) ol claim 11', wherein the outlet portion (126) is disposed physically

within the inlet portion (124).

13. "The core wnsert (100) of claim 11, wherein the inlet portion (124) is disposed physically within

the outlet portion (126).

14. "The core insert (100) of claim 1, wherein the plurality of core insert cooling channels (128) are

implemented in a shape that conforms to a profile of the core insert molding surface (106).

15. The core insert (100) of claim 1, wherein the plurality of core insert cooling channcls (128) is

encapsulated within the core insert body (102).

16.  The core insert (100) of claim 1, wherein the plurality of core insert cooling channcls (128)

have been delined by direct metal laser sintering (DMLS).

1'7. "T'he core insert (100) of claim 1, wherein the plurality of core insert cooling channels (128) is

detined and is intermeshed between a network of core cooling channel supports (136).

18. The core insert (100) of claim 17, whercein the network of core cooling channel supports (136)

1s nstrumental in drawing a portion of heat from the core insert molding surface (106).

19. A neck ring (400) comprising:
a neck ring body (402) defining:
a neck ring molding surface (406) for defining, in a use, a portion of a molding cavity for

molding a molded article;
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a neck ring cooling circuit (420) connected, in use, to a source of a cooling fluid via a neck ring
cooling inlet (424) and a neck ring cooling outlet (426), the neck ring cooling circuit (420) having: a
plurality of branch channcls that are connected in parallel to the neck ring cooling inlet (422) and the
neck ring cooling outlet (426) and at Icast onc of the branch channels including multiple channel

segments connected in parallel therein.

20.  The neck ring (400) of claim 19, wherein said plurality of branch channels comprises a first
cooling sub-network (428) and a second cooling sub-network (430), in use, fluidly coupled in

parallel to the neck ring cooling inlet (424) and the neck ring cooling outlet (426).

21, The neck rink (400) of claim 20, wherein at least one of the first cooling sub-network (428) and
the second cooling sub-network (430) including a cooling nctwork sub-branch (440, 442), and
wherein said multiple channel segments are implemented as the cooling network sub-branch (440,
442) having a first sub-sub-branch linc (448) and a sccond sub-sub-branch line (450) fluidly coupled

1n parallel.

22, "The neck ring (400) of claim 21, whercin at least one of the first cooling sub-network (428) and
the second cooling sub-network (430) comprise a respective one of a first cooling sub-branch (440)

and a second cooling sub-branch (442).

23.  'The neck ring (400) of claim 22, wherein the first cooling sub-branch (440) and the second
cooling sub-branch (442) are fluidly connected in sequence to the neck ring cooling inlet (422) and

the neck ring cooling outlet (426).

24.  'The neck ring (400) of claim 22, wherein only one of the first cooling sub-branch (440) and the
second cooling sub-branch (442) comprises the first sub-sub-branch line (448) and the second sub-

sub-branch line (450) fluidly coupled in parallel.

25.  The neck ring (400) of claim 22, wherein (i) the first cooling sub-branch (440) includes the
first sub-sub-branch line (448) and the second sub-sub-branch line (450) fluidly coupled in parallel
and (11) the sccond cooling sub-branch (442) comprises the first sub-sub-branch line (448) and the

second sub-sub-branch line (450) {luidly coupled in parallel.

26.  The neck ring (400) of claim 22, wherein both the first cooling sub-network (428) and the
second cooling sub-network (430) comprise a respective one of the first cooling sub-branch (440)

and the sccond cooling sub-branch (442).
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27. The neck ring (400) of claim 26, whercin onc of the respective cooling network sub-branch
(440, 442) has the first sub-sub-branch line (448) and the second sub-sub-branch line (450) fluidly

coupled 1n parallel.

28. The neck ring (400) of claim 26, wherein both respective cooling network sub-branch (440,
442) have the first sub-sub-branch line (448) and the second sub-sub-branch line (450) are {luidly

coupled 1n parallel.

29.  The neck ring (400) of claim 28, each of the respective ones of {irst the sub-sub-branch line

(448) and the second sub-sub-branch line (450) arc associated with a pitch therebetween.

30. The neck ring (400) of claim 29, wherein a pitch between (1) the {irst sub-sub-branch line (448)
and the second sub-sub-branch line (450) within a given one ol the first cooling network sub-branch
(440) and the second cooling network sub-branch (442) and (11) the neighboring oncs of the first sub-
sub-branch line (448) of the {irst cooling network sub-branch (440) and the second sub-sub-branch

(450) of the second cooling network sub-branch (442) is different.

31. The neck ring (400) of claim 29, wherein a pitch between (1) the first sub-sub-branch line (448)
and the second sub-sub-branch linc (450) within the first cooling network sub-branch (44()) and (11)
the tirst sub-sub-branch line (448) and the second sub-sub-branch line (450) within the second

cooling nctwork sub-branch (442) is different.

32. The neck ring (400) of claim 30 or 31, wherein the diffcrence in the pitch is selected based on

the cooling rate needs of a particular neck finish of the preform being molded.

33. The neck ring (400) of claim 19, wherein a distance between a portion of the neck ring cooling
circuit (420) and the neck ring molding surface (406) is varied to impart diffcrent cooling ratcs onto

the molded article.

34.  The neckring (400) of claim 19, wherein a cross section of a portion of the neck ring cooling

circuit (420) is varied to impart different cooling rates onto the molded article.

35.  The neck ring (400) of claim 19, wherein the neck ring cooling circuit (420) is conformal to the

neck ring molding surface (406).
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36. The neck ring (400) of claim 19, wherein the ncck ring cooling circuit (420) has been defined

by dircct metal laser sintering (DMLS).

37. A cavity insert (800) comprising:

a cavity insert body (802) defining:

a cavity insert molding surface (806) for defining, in a usc, a portion of a molding cavity for
molding a molded article;

a cavity insert cooling circuit (820) having a plurality of cavity insert cooling channels (829),
the plurality of cavily msert cooling channels (829) being coupled in parallel to a source of cooling

fluid.

38.  The cavity insert (800) of claim 37, wherein the plurality of cavity insert cooling channels
(829) comprises a {irst cavity insert cooling channcl (830) and a second cavity insert cooling channel
(832) that are fluidly coupled, in parallel, between a cavity cooling inlet (824) and a cavity cooling

outlet (827).

39.  'The cavity insert (800) of claim 38, wherein at least one of the first cavity insert cooling
channel (830) and the second cavity insert cooling channel (832) includes a first cavity inscrt cooling

sub-nctwork (880) and a sccond cavity insert cooling sub-nctwork (882).

40.  'The cavity inscrt (800) of claim 39, wherein at least one of the first cavity insert cooling sub-
network (880) and the second cavity insert cooling sub-network (882) are fluidly coupled, in parallel,

between the cavity cooling inlet (824) and the cavity cooling outlet (827).

41.  'The cavity insert (800) of claim 39, wherein both the {irst cavity insert cooling channel (830)
and the second cavity 1nsert cooling channel (832) include the first cavity insert cooling sub-network

(880) and the second cavity insert cooling sub-network (882).
42.  The cavity inscrt (800) of claim 40, wherein both the first cavity insert cooling sub-network
(880) and the second cavily insert cooling sub-network (882) are fluidly coupled, in parallcl, between

the cavity cooling inlet (824) and the cévity cooling outlet (827).

43.  The cavity insert (800) of claim 37, wherein the plurality of cavity insert cooling channels

(829) 1s conlormal o the cavity molding surface (406).

44.  The cavity insert (800) of claim 37, wherein the plurality of cavity insert cooling channels
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(829) has been defined by direct metal laser sintering (DMLS).

45.  The cavity insert (800) of claim 37, wherein the plurality of cavity insert cooling channels

(829) 1s encapsulated within the cavity insert body (802).

46. The cavity insert (800) of claim 45, wherein the plurality of cavity insert cooling channels

(829) is detined and is intermeshed between a network of cavity cooling channel supports (836).

47.  The cavity insert (800) of claim 45, wherein the network of cavity cooling channel supports

(836) is instrumental in drawing a portion of heat from the cavity inscrt molding surface (806).

48.  The cavity 1nsert (800) of claim 37, wherein a distance between a portion of the cavity insert
cooling circuit (820) and the cavity insert molding surface (806) is varied to impart different cooling

rates onto the molded article.

49.  The cavity insert (800) of claim 37, wherein a cross section of a portion of the cavity insert

cooling circuit (820) 1s varied to impart different cooling rates onto the molded article.

50. A gate mnsert (1200) comprising:

a gatc mscrt body (1202) defining:

a gatc insert molding surface (1206) for defining, in a use, a portion of a molding cavity for
molding a molded article;

a nozzle receptacle (1204) configurcd to interface, in use, with a hot runner nozzle;

a gate (1210) configured to provide a path of travel for a molding material between the hot

runner nozzle and the molding cavity;

a gate msert cooling circuit (1220) having a plurality of gate insert cboling channels (1228), the
plurality of gate insert cooling channels (1228) defined by a network of gate cooling channcl
supports (1236) within the gate body (1202).

51. 'The gate msert (1200) of claim 50, wherein the plurality of gate insert cooling channels (1228)

are 1mplemented in a shape that conforms to a profile of the gate insert molding surface (1206).

52.  The gate insert (1200) of claim 50, wherein the plurality of gate insert cooling channels (1228)
have been defincd by direct metal laser sintering (DMLS).

53.  The gate insert (1200) of claim 50, wherein the plurality of gate insert cooling channels (1228)
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CA 2923089 2017-09-06



H-7891-0-CA

is encapsulated within the gate insert body (1202).

54. The gate insert (1200) of claim 50, wherein the network of gate insert cooling channel supports

(1236) 1s instrumental in drawing a portion of heat [rom the gate insert molding surface (1206).

55.  The gate insert (1200) of claim 50, wherein the network of gate cooling channel supports

(1236) 1s evenly distributed along the gatc insert molding surlace (1206).

56.  The gate insert (1200) of claim 50, wherein the network of gate cooling channel supports

(1236) provides structural support to the gate insert molding surface (12006).

57.  The gate insert (1200) of claim 50, wherein the network of gate cooling channel supports

(1236) provides a turbulence inducing feature for the cooling fluid flowing, in use, through the gate

insert cooling circuit (1220).

58. 'The gate insert (1200) of claim 50, wherein a distance between a portion of the gatce insert
cooling circuit (1220) and gate insert molding surface (1206) is varied to impart different cooling

rates onto the molded article.

59.  The gate insert (1200) of claim 50, wherein a cross section of a portion of the gate insert

cooling circuit (1220) is varicd to impart different cooling rates onto the molded article.

60. A member of a mold stack (100, 800), the member comprising:

a member body (102, 802) defining:

a member molding surface (106, 806) for defining, in a use, a portion of a molding cavity for
molding a molded article;

a member cooling circuit (120, 820) having a plurality of member cooling channcls (128, 829),
the plurality of member cooling channels (128, 829) being cOupled in parallel to a source of cooling

[luid, the member cooling circuit (120, 820) being fully encapsulated within the member body (102,
302).

01. The member of a mold stack (100, 300) ot claim 60, the member being implemented as a core

insert (100).

62.  'The member of a mold stack (100, 800) of claim 60, the member being implemented as a cavity

insert (800).
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63. 'The member of a mold stack (100, 800) of claim 60, wherein the plurality of member cooling
channels (128, 829) has been defined direct metal laser sintcring (DMLS).

64. Thc member of a mold stack (100, 800) of claim 60, wherein the plurality of member cooling

channels (128, 829) is defined by and intermeshed between a nctwork of member cooling channel

supports (1306, 836).

65. The member of a mold stack (100, 800) of claim 60, wherein the network of member cooling

channcl supports (136, 836) 1s mnstrumental in drawing some heat away {rom the member molding

surface (106, 806).
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