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body having front and rear opposite sides and an aperture extending through
the injection gate body between an injection gate outlet on the front side and
an opening on the rear side. The injection gate body is connectable to and dis-
connectable from a gate pad in a cavity plate from a front side of the gate pad
and from a front side of the cavity plate. In another embodiment, a cavity
flange includes a molding body defining at least a portion of a molding cavity
shaped to mold a shell of a closure for a container. The molding body is con-
nectable to and disconnectable from a gate insert in a cavity plate from a front
side of the gate insert and from a front side of the cavity plate. Other apparat-
uses are disclosed.
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INJECTION MOLDING APPARATUSES

FIELD

This disclosure relates generally to injection molding.

RELATED ART

Injection molding apparatuses may include a hot runner assembly including injection nozzles that
inject melted plastic through injection gates in a cavity plate and into molding cavities to form solid
plastic objects defined by the molding cavities. The injection nozzles may be heated to facilitate
injection of the melted plastic, whereas the molding cavities may be cooled to facilitate

solidification of the melted plastic in the molding cavities.

In some injection molding apparatuses, the molding cavities are defined at least in part by gate
inserts that are mounted to the cavity plate from the same side of the cavity plate that receives the
injection nozzles. In such injection molding apparatuses, removing the gate inserts or cleaning the
gate inserts requires detaching the cavity plate from the hot runner assembly, for example by

“latching over” the cavity plate to a movable stack assembly.

SUMMARY

According to one embodiment, there is disclosed an injection molding apparatus comprising: a first
injection gate body having front and rear opposite sides and a first aperture extending through the
first injection gate body between an injection gate outlet on the front side of the first injection gate
body and an opening on the rear side of the first injection gate body; and a second injection gate
body having front and rear opposite sides and a second aperture extending through the second
injection gate body between an opening on the front side of the second injection gate body and an
opening on the rear side of the second injection gate body, the second injection gate body
comprising an inner sealing surface defining at least a portion of the second aperture and
complementary to an outer sealing surface portion of an injection nozzle such that, when a portion
of the injection nozzle is received in the second aperture, the outer sealing surface portion of the

injection nozzle contacts the inner sealing surface of the second injection gate body to form a seal
1



10

15

20

25

30

H-802WO 2017/004697 PCT/CA2016/050616

between the outer sealing surface portion of the injection nozzle and the inner sealing surface of the
second injection gate body, wherein the first injection gate body is connectable to and
disconnectable from the second injection gate body from the front side of the second injection gate
body such that, when the rear side of the first injection gate body is connected in a connected
position to the front side of the second injection gate body, the first aperture is adjacent the second
aperture to permit the first aperture to receive at least a front portion of a nozzle tip of the injection
nozzle with at least one nozzle outlet of the nozzle tip positioned to inject fluid through the injection

gate outlet when the portion of the injection nozzle is received in the second aperture.

In some embodiments, the apparatus further comprises a molding body connectable to and
disconnectable from the first injection gate body from the front side of the first injection gate body
wherein, when the molding body is connected in a connected position to the front side of the first

injection gate body, the molding body defines at least a portion of a molding cavity.

In some embodiments, when the molding body is connected in the connected position to the front
side of the first injection gate body, the molding body and a molding surface on the front side of the

first injection gate body define at least a portion of the molding cavity.

In some embodiments, the first injection gate body is a gate insert that defines a top panel of a
closure for a container, and wherein the molding body is a cavity flange that defines a shell of the

closure.

In some embodiments, the second injection gate body is a gate pad that is configured to be received

in a cavity plate of a cavity assembly.

In some embodiments, the second injection gate body defines a recess sized to receive at least a
portion of the first injection gate body, and wherein the gate insert is connectable to the gate pad
from the front side of the gate pad when the at least a portion of the gate insert is inserted in the

recess.

In some embodiments, the second injection gate body defines a recess sized to receive at least a

portion of the first injection gate body, and wherein the first injection gate body is connectable to the
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second injection gate body from the front side of the second injection gate body when the at least a

portion of the first injection gate body is inserted in the recess.

In some embodiments, the outer sealing surface portion of the injection nozzle and the inner sealing

surface of the second injection gate body are generally cylindrical.

In some embodiments, at least one of the first injection gate body and the second injection gate body
defines at least one thermal insulation space between at least one surface of the first injection gate
body and at least one surface of the second injection gate body that are adjacent when the first
injection gate body is connected in the connected position to the front side of the second injection

gate body.

In some embodiments, the first injection gate body defines a first abutment surface on the rear side
of the first injection gate body and surrounding the opening on the rear side of the first injection gate
body. In some embodiments, the second injection gate body defines a second abutment surface on
the front side of the second injection gate body and surrounding the opening on the front side of the
second injection gate body. In some embodiments, when the first injection gate body is connected in
the connected position to the front side of the second injection gate body, the first abutment surface
abuts the second abutment surface to form a seal between the first abutment surface and the second
abutment surface, and the thermal insulation space is defined between the first abutment surface and

the second abutment surface.

In some embodiments, the apparatus further comprises the injection nozzle, wherein the injection
nozzle comprises a fluid conduit extending through the injection nozzle and terminating at the at
least one nozzle outlet, and wherein the outer sealing surface portion surrounds a portion of the fluid

conduit.

In some embodiments, when the portion of the injection nozzle is received in the second aperture,

the injection nozzle is spaced apart from the first injection gate body.

According to another embodiment, there is disclosed an injection molding apparatus for use in a
cavity plate assembly, the apparatus comprising: a first injection gate body having front and rear

opposite sides and a first aperture extending through the first injection gate body between an
3
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injection gate outlet on the front side of the first injection gate body and an opening on the rear side
of the first injection gate body; and a first molding body connectable to and disconnectable from the
first injection gate body from the front side of the first injection gate body and the cavity plate
assembly from a front side of the cavity plate assembly, wherein the first molding body defines at

least a portion of a first molding cavity shaped to mold at least a portion of a closure for a container.

In some embodiments, the apparatus further comprises the cavity plate assembly.

In some embodiments, when the first molding body is disconnected from the front side of the first
injection gate body and from the cavity plate assembly, the apparatus is free from any structure that
would prevent the first injection gate body from being connectable to or disconnectable from the

cavity plate assembly from the front side of the cavity plate assembly.

In some embodiments, when the first molding body is connected to the front side of the first
injection gate body, the first molding body and a molding surface on the front side of the first

injection gate body define at least a portion of the first molding cavity.

In some embodiments, the apparatus further comprises a second injection gate body having front
and rear opposite sides and a second aperture extending through the second injection gate body
between an opening on the front side of the second injection gate body and an opening on the rear
side of the second injection gate body, wherein the first injection gate body is connectable to and
disconnectable from the second injection gate body from the front side of the second injection gate
body such that, when the rear side of the first injection gate body is connected in a connected
position to the front side of the second injection gate body, the first aperture is adjacent the second

aperture.

In some embodiments, the second injection gate body comprises a front surface on the front side of
the second injection gate body and substantially coplanar with the molding surface on the front side
of the first injection gate body when the first injection gate body is connected in the connected

position to the front side of the second injection gate body.

In some embodiments, the apparatus further comprises a second molding body connectable to and

disconnectable from the first injection gate body from the front side of the first injection gate body
4
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and the cavity plate assembly from the front side of the cavity plate assembly, wherein the second
molding body defines at least a portion of a second molding cavity shaped to mold at least a portion
of a closure, for a container, having a height different from a height of the at least a portion of the

closure defined by the first molding body.

According to another embodiment, there is disclosed a gate insert comprising: an injection gate body
having front and rear opposite sides and an aperture extending through the injection gate body
between an injection gate outlet on the front side of the injection gate body and an opening on the
rear side of the injection gate body, wherein the injection gate body is connectable to and
disconnectable from a gate pad in a cavity plate from a front side of the gate pad and from a front

side of the cavity plate.

In some embodiments, the injection gate body has a tapered alignment surface on the rear side of the

injection gate body to facilitate aligning the injection gate body with the gate pad.

In some embodiments, the injection gate body has a molding surface on the front side of the

injection gate body that defines a top panel of a closure for a container.

According to another embodiment, there is disclosed a cavity flange comprising: a molding body
defining at least a portion of a molding cavity shaped to mold a shell of a closure for a container,
wherein the molding body is connectable to and disconnectable from a gate insert in a cavity plate

from a front side of the gate insert and from a front side of the cavity plate.

In some embodiments, the molding body has a tapered alignment surface on the rear side of the

molding body to facilitate aligning the molding body with the gate insert.

Other aspects and features will become apparent to those ordinarily skilled in the art upon review of

the following description of illustrative embodiments in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded perspective view of an injection molding apparatus according to one

embodiment.
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FIG. 2 is a front perspective view of a cavity flange of the injection molding apparatus of FIG. 1.

FIG. 3 is a rear perspective view of the cavity flange of FIG. 2.

FIG. 4 is a front perspective view of the cavity flange of FIG. 2, also showing a tool that facilitates

connecting and disconnecting the cavity flange.

FIG. 5 is a perspective view of a gate insert of the injection molding apparatus of FIG. 1.

FIG. 6 is a cross-sectional view of the gate insert of FIG. 5, taken along the line 6-6 in FIG. 5.

FIG. 7 is another perspective view of the gate insert of FIG. 5, also showing a tool that facilitates

connecting and disconnecting the gate insert of FIG. 5.

FIG. 8 is a perspective view of a gate pad of the injection molding apparatus of FIG. 1.

FIG. 9 is a cross-sectional view of the gate pad of FIG. 8, taken along the line 9-9 in FIG. 8.

FIGS. 10-12 are cross-sectional views of the injection molding apparatus of FIG.1 partially

assembled.

FIG. 13 is a perspective view of the injection molding apparatus of FIG. 1 assembled.

FIG. 14 is a cross-sectional view of the injection molding apparatus of FIG. 1 assembled as shown
in FIG. 13, taken along the line 14-14 in FIG. 13.

FIG. 15 is a cross-sectional view of the injection molding apparatus of FIG. 1 assembled as shown
in FIG. 13, taken along the line 15-15 in FIG. 13.

FIG. 16 is a cross-sectional view of an injection molding apparatus according to another

embodiment including a cavity flange different from the cavity flange of FIG. 2.
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DETAILED DESCRIPTION

Referring to FIG. 1, an injection molding apparatus according to one embodiment is shown
generally at 100. The injection molding apparatus 100 includes a hot runner assembly illustrated
schematically and shown generally at 102, and a mold shown generally at 103. The mold 103
includes a cavity plate assembly shown generally at 104, and a movable mold assembly 105 that

includes a movable stack assembly shown generally at 106 and arranged in a mold shoe.

The hot runner assembly 102 includes a manifold plate 108 and injection nozzles 110, 112, 114, and
116. Although the embodiment shown includes four injection nozzles, alternative embodiments may
include more or fewer injection nozzles. In general, each of the injection nozzles includes a nozzle
tip (such as a nozzle tip 118 of the injection nozzle 112, for example) having at least one nozzle
outlet (as described below with reference to FIGS. 14 and 15, for example), a fluid conduit
extending through the injection nozzle and terminating at the at least one nozzle outlet (as also
described below with reference to FIGS. 14 and 15, for example), and an outer sealing surface
portion (such as a generally cylindrical outer sealing surface portion 120 of the injection nozzle 112,

for example) surrounding a portion of the fluid conduit.

The cavity plate assembly 104 includes a cavity plate 122, which has a front side shown generally
at 124 and a rear side shown generally at 126 and opposite the front side 124. The cavity plate 122
also defines gate openings shown generally at 128, 130, 132, and 134, each extending between, and
open to, the front side 124 and the rear side 126. Further, the gate openings are aligned with
respective nozzles such that when the rear side 126 of the cavity plate 122 is mounted against the
manifold plate 108, the injection nozzle 110 is received in the gate opening 128, the injection
nozzle 112 is received in the gate opening 130, the injection nozzle 114 is received in the gate
opening 132, and the injection nozzle 116 is received in the gate opening 134. Again, although the
embodiment shown includes four gate openings, alternative embodiments may include more or

fewer gate openings.

The cavity plate assembly 104 also includes a molding body, which is a cavity flange 136 in the
embodiment shown. The cavity flange 136 is a unitary structure that is made from a tool steel,
although it may alternatively consist of a number of complementary parts and/or be made from other

suitable materials known in the art. Referring to FIGS. 1-3, the cavity flange 136 has a front side
7
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shown generally at 138 and a rear side shown generally at 140 and opposite the front side 138. The
cavity flange 136 also defines a portion of a molding cavity shown generally at 142 and extending
between, and open to, the front side 138 and the rear side 140. More specifically, the cavity
flange 136 defines a peripheral surface 144 of the portion of the molding cavity 142 that molds, in
use, a peripheral outer surface (i.e. shell) of a closure for a container, as described below. The cavity
flange 136 also defines threaded openings shown generally at 146, 148, 150, and 152 for receiving
respective fasteners (not shown) to connect the cavity flange 136 to the front side 124 of the cavity
plate 122. Further, referring to FIG. 4, the threaded openings may receive fasteners 154 and 156 to
connect the cavity flange 136 to a tool 158 to facilitate connecting the cavity flange 136 to, and
disconnecting the cavity flange 136 from, the front side 124 of the cavity plate 122 (shown in
FIG. 1).

Referring back to FIG. 3, on the rear side 140, the cavity flange 136 includes a generally annular
abutment surface 159 including a tapered alignment surface 160, the abutment surface 159 also
surrounding a portion of the molding cavity 142. The tapered alignment surface 160 may facilitate
alignment of the cavity flange 136 while connecting the cavity flange 136 to the front side 124 of
the cavity plate 122 (shown in FIG. 1) as described below. Still referring to FIG. 3, on the rear
side 140, the cavity flange 136 also defines cooling spaces (such as cooling spaces shown at 162

and 164 for example).

Referring back to FIG. 1, the cavity plate assembly 104 also includes a first injection gate body,
which is a gate insert 166 in the embodiment shown. The gate insert 166 is a unitary structure that is
made from a tool steel, although it may alternatively consist of a number of complementary parts
and/or be made from other suitable materials known in the art. In the embodiment shown, the cavity
flange 136 and the gate insert 166 are separate unitarily formed injection gate bodies, but in
alternative embodiments the cavity flange 136 and the gate insert 166 may be a single unitarily

formed injection gate body.

Referring to FIGS. 1, 5, and 6, the gate insert 166 has a front side shown generally at 168 and a rear
side shown generally at 170 and opposite the front side 168. The gate insert 166 defines an aperture
shown generally at 172. The aperture 172 extends through the gate insert 166 between an injection
gate outlet, shown generally at 174 on the first side 168, and an opening shown generally at 176 on

the rear side 170 of the gate insert 166. The aperture 172 is also sized to receive the nozzle tip 118
8
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(shown in FIG. 1), as described below, such that melted plastic forced out of the fluid conduit of the
injection nozzle 112 (also shown in FIG. 1) through the injection nozzle outlet at the nozzle tip 118

may be forced through the injection gate outlet 174 and out the front side 168 of the gate insert 166.

On the front side 168, the gate insert 166 includes a molding surface 178 adjacent the injection gate
outlet 174. The molding surface 178 defines a generally circular outer top surface of a closure for a
container as described below. Also on the front side 168, the gate insert 166 includes a generally
annular abutment surface 179 including a tapered alignment surface 180. The abutment surface 179
is complementary to the abutment surface 159 (shown in FIG. 3), and more particularly the tapered
alignment surface 180 is complementary to the tapered alignment surface 160 (also shown in

FIG. 3) to facilitate aligning the cavity flange 136 to the gate insert 166 as described below.

On the rear side 170, the gate insert 166 also includes a tapered alignment surface 181 and a
generally annular abutment surface 182 surrounding the opening 176 to the aperture 172. The
abutment surface 182 is generally planar, except that a recess shown generally at 183 in the

abutment surface 182 defines a thermal insulation space as described below.

The gate insert 166 also defines cooling fluid openings (such as cooling fluid openings shown
generally at 184 and 185, for example), and fluid conduits open to respective cooling fluid openings
(such as a cooling fluid conduit 186 open to the cooling fluid opening 184, for example) that direct
cooling fluid to adjacent cooling fluid openings. For example, cooling fluid received in the gate
insert 166 at the cooling fluid opening 185 may travel through the cooling fluid conduit 186 and
then exit the gate insert 166 at the cooling fluid opening 184.

Referring to FIGS. 5 and 7, on the front side 168, the gate insert 166 also defines threaded openings
shown generally at 188, 190, 192, and 194 for receiving threaded fasteners 196, 198, 200, and 202
respectively to connect the gate insert 166 to a tool 204 to facilitate inserting the gate insert 166 in,
and removing the gate insert 166 from, the gate opening 130 (shown in FIG. 1) in the cavity
plate 122 or gate pad as described below.

Referring back to FIG. 1, the cavity plate assembly 104 also includes a second injection gate body,
which is a gate pad 206 in the embodiment shown. The gate pad 206 is a unitary structure that is

made from a tool steel, although it may alternatively consist of a number of complementary parts
9
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and/or be made from other suitable materials known in the art. Referring to FIGS. 8 and 9, the gate
pad 206 has a front side shown generally at 208, and a rear side shown generally at 210 and opposite
the front side 208. The gate pad 206 defines an aperture shown generally at 216. The aperture 216
extends through the gate pad 206 between an opening 213 on the front side 208 of the gate pad 206
and an opening shown generally at 217 on the rear side 210 of the gate pad 206. The gate pad 206
includes a generally cylindrical wall 211 that defines a recess shown generally at 212 in the
aperture 216 and sized to receive at least a portion of the gate insert 166 from the opening 213 on
the front side 208 of the gate pad 206 as described below. On the front side 208, the gate pad 206
includes a tapered alignment surface 215 that cooperates with the tapered alignment surface 181
(shown in FIGS. 5 and 6) to facilitate aligning the gate insert 166 to the gate pad 206 as described

below.

The gate pad 206 also includes a generally cylindrical inner sealing surface 214 surrounding a
portion of the aperture 216. The inner sealing surface 214 is complementary to the outer sealing
surface portion 120 (shown in FIG. 1) of the injection nozzle 112 such that a portion of the injection
nozzle 112 may be received in the aperture 216 with the outer sealing surface portion 120 of the
injection nozzle 112 in close contact with the inner sealing surface 214 of the gate pad 206 to form a

seal between the outer sealing surface portion 120 and the inner sealing surface 214.

The gate pad 206 includes a generally annular abutment surface 218 in the recess 212 and
surrounding the aperture 216 on the front side 208 of the gate pad 206. The abutment surface 218 is
positioned to abut the abutment surface 182 of the gate insert 166 when the gate insert 166 is
received in the recess 212. The gate pad 206 also defines cooling fluid openings shown generally
at 220 and 222, and when the gate insert 166 is received in the recess 212 with the abutment
surface 182 of the gate insert 166 abutted against the abutment surface 218 of the gate pad 206, the
cooling fluid openings 220 and 222 are positioned to direct fluid in or out of cooling fluid openings
(such as the cooling fluid openings 184 and 185 shown in FIG. 5, for example) of the gate
insert 166. Also, on the rear side 210, the gate pad 206 includes a flange 224 positionable against the
rear side 126 (shown in FIG. 1) of the cavity plate 122 when the generally cylindrical wall 211 of
the gate pad 206 is received in the gate opening 130 (also shown in FIG. 1) of the cavity plate 122.

Referring back to FIG. 1, the movable stack assembly 106 includes a stripper sleeve 226, an outer

core 228, an inner core 230, and a slide 232. The outer core 228, the inner core 230, and the
10
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slide 232 also include molding surfaces that define surfaces of a closure for a container, as described

below.

Referring to FIG. 10, the injection molding apparatus 100 may be assembled by inserting the gate
pad 206 into the cavity plate 122 such that the generally cylindrical wall 211 is received in the gate
opening 130 and the flange 224 is positioned in a recess of the cavity plate 122 on the rear side 126
of the cavity plate 122, and the recess 212 of the gate pad 206 is open towards the front side 124 of
the cavity plate 122. Then, a portion of the injection nozzle 112 may be inserted through the
aperture 216 such that the outer sealing surface portion 120 of the injection nozzle 112 contacts, and
forms a seal with, with the inner sealing surface 214, and such that the nozzle tip 118 extends into
the recess 212. A vespel insulator 225 may be positioned around the nozzle tip 118 to insulate the
space between the nozzle tip 118 and the aperture 172 with the gate insert 166 positioned in the
recess 212. As shown with reference to FIG. 7, the tool 204 may be employed to insert the gate
insert 166 from the front side 208 of the gate pad 206 and from the front side 124 of the cavity
plate 122.

Still referring to FIG. 10, if the gate insert 166 is not aligned with the recess 212 as the gate
insert 166 is positioned in the recess 212, then the tapered alignment surface 181 on the gate
insert 166 may contact the tapered alignment surface 215 on the gate pad 206 to facilitate aligning
the gate insert 166 with the recess 212. The tapered alignment surfaces 181 and 215 are spaced apart
from surfaces that define the molding cavity, so any damage to the tapered alignment surfaces 181
and 215 that may be caused by contact between the tapered alignment surfaces 181 and 215 may be

spaced apart from surfaces that define the molding cavity.

When the gate insert 166 is positioned in the recess 212, the abutment surface 182 of the gate
insert 166 abuts the abutment surface 218 of the gate pad 206, as shown in FIG. 11. Further, as
shown in FIG. 11, when the gate insert 166 is positioned in the recess 212 with the abutment
surface 182 abutting the abutment surface 218, the inner sealing surface 214 of the gate pad 206
extends to an adjacent surface (the abutment surface 182 in the embodiment shown) of the gate
insert 166, and the molding surface 178 of the gate insert 166 is substantially coplanar with a front
surface 234 of the gate pad 206. In this context, “substantially coplanar” refers to surfaces that may

not be perfectly coplanar, but that may function substantially similar to coplanar surfaces.

11
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Further, as shown in FIGS. 10 and 11, the cavity plate 122 includes cooling fluid channels, such as
cooling fluid channels shown generally at 236 and 238 for example, and as shown in FIG. 11, when
the gate insert 166 is positioned in the recess 212 with the abutment surface 182 of the gate
insert 166 abutting the abutment surface 218 of the gate pad 206, the cooling fluid channels 236
and 238 are aligned with the cooling fluid openings 220 and 222 respectively. Further, as shown in
FIG. 11, when the abutment surface 182 of the gate insert 166 abuts the abutment surface 218 of the
gate pad 206, the recess 183 in the abutment surface 182 defines a thermal insulation space shown
generally at 240. Although the thermal insulation space 240 in the embodiment shown is formed by
the recess 183 in the gate insert 166, one or more thermal insulation spaces in alternative
embodiments may be formed by one or more surfaces of at least one of the gate insert 166 and the

gate pad 206.

Referring to FIGS. 11 and 12, the cavity flange 136 may be positioned on the front side of the gate
insert 166, using the tool 158 (shown in FIG. 4) for example. If the cavity flange 136 is not aligned
with the gate insert 166 as the cavity flange 136 is positioned on the front side 168 of the gate
insert 166, then the tapered alignment surface 160 of the cavity flange 136 may contact the tapered
alignment surface 180 on the gate insert 166 to facilitate aligning the cavity flange 136 with the gate
insert 166. The tapered alignment surfaces 160 and 180 are spaced apart from surfaces that define
the molding cavity, so any damage to the tapered alignment surfaces 160 and 180 that may be
caused by contact between the tapered alignment surfaces 160 and 180 may be spaced apart from

surfaces that define the molding cavity.

The cavity flange 136 may be connected to the front side 124 of the cavity plate 122, and thus to the
front side 168 of the gate insert 166, using fasteners (not shown) through the threaded openings 146,
148, 150, and 152 (shown in FIGS. 2 and 3), and using additional retainers 242 and 244 (shown in
FIGS. 13-15). More generally, the cavity flange 136 is connectable to, and disconnectable from, the
cavity plate 122 from the front side 124 of the cavity plate 122 and the gate insert 166 from the front
side 168 of the gate insert 166 without requiring separating the cavity plate 122 from the manifold
plate 108 of the hot runner assembly 102 (for example by “latching over” the cavity plate 122 to the
shoe (not shown) that retains the movable stack assembly 106), and more generally without
requiring removal of any components of the injection molding apparatus 100. In other words, the

injection molding apparatus 100 is free from any structure that would prevent the cavity flange 136

12
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from being connectable to, or disconnectable from, the cavity plate 122 from the front side 124 of

the cavity plate 122 and the gate insert 166 from the front side 168 of the gate insert 166.

Further, as shown in FIG. 12, when the cavity flange 136 is positioned on the front side of the gate
insert 166, the abutment surface 159 on the cavity flange 136 abuts the abutment surface 179 on the
gate insert 166. Therefore, when the cavity flange 136 is connected (in a connected position shown
in FIG. 12) to the front side 124 of the cavity plate 122, the cavity flange 136 retains the gate
insert 166 within the gate pad 206. More generally, the gate insert 166 is connectable to, and
disconnectable from, the cavity plate 122 from the front side 124 of the cavity plate 122 and the
front side 208 of the gate pad 206 without requiring separating the cavity plate 122 from the
manifold plate 108 of the hot runner assembly 102 (for example by “latching over” the cavity
plate 122 to the shoe (not shown) that retains the movable stack assembly 106), and more generally
without requiring removal of any components (other than the cavity flange 136) from the injection
molding apparatus 100. In the embodiment shown, the gate insert 166 is connectable to the gate
pad 206 from the front side 208 of the gate pad 206 when at least a portion of the gate insert 166 is
received in the recess 212 of the gate pad 206. Further, the gate insert 166 is connectable to, and
disconnectable from, the cavity plate 122 from the front side 124 of the cavity plate 122 and the
front side 208 of the gate pad 206 without requiring removal of any components (other than the
cavity flange 136) from the injection molding apparatus 100. In other words, when the cavity
flange 136 is disconnected from the front side 124 of the cavity plate 122 and the front side 168 of
the gate insert 166, the injection molding apparatus 100 is free from any structure that would prevent
the gate insert 166 from being connectable to, or disconnectable from, the cavity plate 122 from the
front side 124 of the cavity plate 122 and the gate pad 206 from the front side 208 of the gate
pad 206.

Referring to FIG. 13, once the injection molding apparatus 100 is assembled as shown in FIGS. 10-
12 and with closing of the mold 103, the peripheral surface 144 of the cavity flange 136, the
molding surface 178 of the gate insert 166, and a molding surface 248 of the slide 232 collectively
define an outer surface of a closure for a container, and a molding surface 246 defined on the inner
core 230 and the outer core 228 defines inner surfaces of the closure. Therefore, when the cavity
flange 136 is connected (in the connected position shown in FIG. 12) to the front side 124 of the
cavity plate 122, the cavity flange 136 defines a portion of a molding cavity (shaped to mold an

outer surface of a shell of a closure for a container in the embodiment shown), and the molding
13
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surface 178 of the gate insert 166 also defines a portion of such a molding cavity (shaped to mold a

top surface of a top panel of a closure for a container in the embodiment shown).

Referring to FIGS. 14 and 15, the injection nozzle 112 is shown in greater detail and includes a
nozzle housing 249 and a fluid conduit shown generally at 250. The fluid conduit 250 extends
through the injection nozzle 112 and terminates at nozzle outlets shown generally at 252 and 254
(or, more generally, at least one nozzle outlet) in the nozzle tip 118. The outer sealing surface
portion 120 is on the nozzle housing 249, surrounds a portion of the fluid conduit 250, and contacts
the inner sealing surface 214 of the gate pad 206 when a portion of the injection nozzle having the
outer sealing surface portion 120 is received in the aperture 216. The nozzle tip 118 extends forward
(namely in a direction towards the front sides 124, 138, and 168) of the outer sealing surface

portion 120 and may be connectable to and disconnectable from the nozzle housing 249.

As shown in FIGS. 14 and 15, when the gate insert 166 is received in the gate pad 206, the
aperture 172 of the gate insert 166 accommodates at least a front portion of the nozzle tip 118
therein with the nozzle outlets 252 and 254 positioned to inject fluid (not shown) through the
injection gate outlet 174. Further, the injection nozzle 112 does not contact the gate insert 166
(except indirectly through the vespel insulator 225) and the injection nozzle 112 is spaced apart from

the gate insert 166.

As indicated above, the molding surface 178 of the gate insert 166 defines a generally circular outer
top surface (i.e. top panel) of a closure for a container, and the outer top surface of such a closure
may include text, logos, or other shapes or images defined by the molding surface 178. Therefore,
such text, logos, or other shapes or images on the outer top surface of such a closure may be
changed by substituting a different gate insert for the gate insert 166, and because the gate insert 166
is connectable to, and disconnectable from, the cavity plate 122 and the gate pad 206 without
requiring separating the cavity plate 122 from the hot runner assembly 102 and without requiring
removal of any components (other than the cavity flange 136) from the injection molding
apparatus 100 as indicated above, such text, logos, or other shapes or images on the outer top
surface of such a closure may be changed more easily or efficiently, or for lower cost, than in other

injection molding apparatuses.
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Further, other characteristics of such a closure may be changed more easily or efficiently, or for
lower cost, than in other injection molding apparatuses. For example, referring to FIG. 16, an
injection molding apparatus according to another embodiment is shown generally at 256 and
includes the cavity plate 122, the gate insert 166, and the gate pad 206 assembled as described
above, but includes a different molding body, which in the embodiment shown is a unitarily formed
cavity flange 258. The cavity flange 258 includes a peripheral surface 260 that defines a portion of a
molding cavity shown generally at 262 that molds, in use, a peripheral outer surface (i.e. shell) of
the closure, and the cavity flange 258 is similar to the cavity flange 136 described above, but the
peripheral surface 260 has a height 263 that differs from a height 264 (shown in FIG. 15) of the
peripheral surface 144 of the cavity flange 136. Therefore, by replacing the cavity flange 136 with
another cavity flange such as the cavity flange 258, the height (or other characteristics of the
peripheral outer surface of a closure) may be changed more easily or efficiently, or for lower cost,

than in other injection molding apparatuses.

Also, because the cavity flange 136 and the gate insert 166 are both connectable to, and
disconnectable from, the cavity plate 122 and the gate pad 206 without requiring separating the
cavity plate 122 from the hot runner assembly 102 and without requiring removal of any
components (other than the cavity flange 136) from the injection molding apparatus 100 as indicated
above, cleaning one or more of the cavity flange 136, the gate insert 166, and the recess 212, and
servicing the portion of the injection nozzle 112 (such as the nozzle tip 118) that extends to the front
side of the abutment surface 218, may be easier or more efficient, or may involve a lower cost, than

in other injection molding apparatuses.

Further, as indicated above and shown in FIGS. 11-15, the outer sealing surface portion 120 (shown
in FIG. 1) of the injection nozzle 112 forms a seal with the inner sealing surface 214 of the gate
pad 206, which does not form any portion of the molding cavity, and the injection nozzle 112 does
not form a seal with the gate insert 166, which does form a portion the molding cavity. Therefore,
the outer sealing surface portion 120 (shown in FIG. 1) of the injection nozzle 112 forms a seal with
an injection gate body different from an injection gate body that forms a portion the molding cavity,
which may reduce transmission of heat from the heated injection nozzle 112 to the cooled molding
cavity, and which may thus reduce waste of heat and conserve energy. In the embodiment shown,

the thermal insulation space 240 may further reduce waste of heat and conserve energy.

15
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Although specific embodiments have been described and illustrated, such embodiments should be
considered illustrative only and not as limiting the invention as construed according to the

accompanying claims.
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CLAIMS

What is claimed is:

1. An injection molding apparatus (100) comprising:

a first injection gate body (166) having front (168) and rear (170) opposite sides and a first
aperture (172) extending through the first injection gate body between an injection gate outlet (174)
on the front side of the first injection gate body and an opening (176) on the rear side of the first
injection gate body; and

a second injection gate body (206) having front (208) and rear (210) opposite sides and a
second aperture (216) extending through the second injection gate body between an opening (213)
on the front side of the second injection gate body and an opening (217) on the rear side of the
second injection gate body, the second injection gate body comprising an inner sealing surface (214)
defining at least a portion of the second aperture (216) and complementary to an outer sealing
surface portion (120) of an injection nozzle (112) such that, when a portion of the injection nozzle is
received in the second aperture (216), the outer sealing surface portion of the injection nozzle
contacts the inner sealing surface (214) of the second injection gate body (206) to form a seal
between the outer sealing surface portion (120) of the injection nozzle (112) and the inner sealing
surface (214) of the second injection gate body (206),

wherein the first injection gate body (166) is connectable to and disconnectable from the
second injection gate body (206) from the front side (208) of the second injection gate body such
that, when the rear side (170) of the first injection gate body (166) is connected in a connected
position to the front side of the second injection gate body, the first aperture (172) is adjacent the
second aperture (216) to permit the first aperture to receive at least a front portion of a nozzle tip
(118) of the injection nozzle (112) with at least one nozzle outlet (252, 254) of the nozzle tip
positioned to inject fluid through the injection gate outlet (174) when the portion of the injection

nozzle is received in the second aperture (216).

2. The apparatus of claim 1 further comprising a molding body (136) connectable to and
disconnectable from the first injection gate body (166) from the front side (168) of the first injection
gate body wherein, when the molding body (136) is connected in a connected position to the front
side (168) of the first injection gate body (166), the molding body defines at least a portion of a
molding cavity.

17
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3. The apparatus of claim 2 wherein, when the molding body (136) is connected in the
connected position to the front side (168) of the first injection gate body (166), the molding body
and a molding surface (178) on the front side (168) of the first injection gate body (166) define at

least a portion of the molding cavity.

4. The apparatus of claim 2 wherein the first injection gate body is a gate insert (166) that
defines a top panel of a closure for a container, and wherein the molding body is a cavity flange

(136) that defines a shell of the closure.

5. The apparatus of claim 4 wherein the second injection gate body is a gate pad (206) that is

configured to be received in a cavity plate (122) of a cavity assembly (104).

6. The apparatus of claim § wherein the second injection gate body (206) defines a recess (212)
sized to receive at least a portion of the first injection gate body (166), and wherein the gate insert
(166) is connectable to the gate pad (206) from the front side (208) of the gate pad when the at least

a portion of the gate insert is inserted in the recess (212).

7. The apparatus of claim 1 wherein the second injection gate body (206) defines a recess (212)
sized to receive at least a portion of the first injection gate body (166), and wherein the first injection
gate body (166) is connectable to the second injection gate body (206) from the front side (208) of
the second injection gate body when the at least a portion of the first injection gate body is inserted

in the recess (212).

8. The apparatus of claim 1 wherein the outer sealing surface portion (120) of the injection
nozzle (118) and the inner sealing surface (214) of the second injection gate body (206) are

generally cylindrical.

9. The apparatus of claim 1 wherein at least one of the first injection gate body (166) and the
second injection gate body (206) defines at least one thermal insulation space (240) between at least
one surface (182) of the first injection gate body (166) and at least one surface (218) of the second
injection gate body (206) that are adjacent when the first injection gate body is connected in the

connected position to the front side (208) of the second injection gate body.
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10.  The apparatus of claim 9 wherein:

the first injection gate body (166) defines a first abutment surface (182) on the rear side
(170) of the first injection gate body and surrounding the opening (176) on the rear side of the first
injection gate body;

the second injection gate body (206) defines a second abutment surface (218) on the front
side (208) of the second injection gate body and surrounding the opening (213) on the front side of
the second injection gate body; and

when the first injection gate body (166) is connected in the connected position to the front
side (208) of the second injection gate body (206), the first abutment surface (182) abuts the second
abutment surface (218) to form a seal between the first abutment surface and the second abutment
surface, and the thermal insulation space (240) is defined between the first abutment surface (182)

and the second abutment surface (218).

11.  The apparatus of claim 1 further comprising the injection nozzle (112), wherein the injection
nozzle comprises a fluid conduit (250) extending through the injection nozzle (112) and terminating
at the at least one nozzle outlet (252, 254), and wherein the outer sealing surface portion (120)

surrounds a portion of the fluid conduit (250).

12.  The apparatus of claim 11 wherein, when the portion of the injection nozzle (112) is received
in the second aperture (216), the injection nozzle (112) is spaced apart from the first injection gate
body (166).

13.  Aninjection molding apparatus (100) for use in a cavity plate assembly (104), the apparatus
comprising:

a first injection gate body (166) having front (168) and rear (170) opposite sides and a first
aperture (172) extending through the first injection gate body between an injection gate outlet (174)
on the front side of the first injection gate body and an opening (176) on the rear side of the first
injection gate body; and

a first molding body (136) connectable to and disconnectable from the first injection gate
body (166) from the front side (168) of the first injection gate body and the cavity plate assembly
(104) from a front side (124) of the cavity plate assembly, wherein the first molding body (136)
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defines at least a portion of a first molding cavity shaped to mold at least a portion of a closure for a

container.

14.  The apparatus of claim 13 further comprising the cavity plate assembly (104).

15.  The apparatus of claim 13 wherein, when the first molding body (136) is disconnected from
the front side (168) of the first injection gate body (166) and from the cavity plate assembly (104),
the apparatus (100) is free from any structure that would prevent the first injection gate body (166)
from being connectable to or disconnectable from the cavity plate assembly (104) from the front

side (124) of the cavity plate assembly.

16.  The apparatus of claim 13 wherein, when the first molding body (136) is connected to the
front side (168) of the first injection gate body (166), the first molding body (136) and a molding
surface (178) on the front side (168) of the first injection gate body (166) define at least a portion of

the first molding cavity.

17.  The apparatus of claim 13 further comprising a second injection gate body (206) having
front (208) and rear (210) opposite sides and a second aperture (216) extending through the second
injection gate body between an opening (213) on the front side of the second injection gate body and
an opening (217) on the rear side of the second injection gate body, wherein the first injection gate
body (166) is connectable to and disconnectable from the second injection gate body (206) from the
front side (208) of the second injection gate body such that, when the rear side (170) of the first
injection gate body (166) is connected in a connected position to the front side (208) of the second

injection gate body (206), the first aperture (172) is adjacent the second aperture (216).

18.  The apparatus of claim 17 wherein the second injection gate body (206) comprises a front
surface (234) on the front side (208) of the second injection gate body and substantially coplanar
with the molding surface (178) on the front side (168) of the first injection gate body (166) when the
first injection gate body is connected in the connected position to the front side (208) of the second

injection gate body (206).

19.  The apparatus of claim 13 further comprising a second molding body (258) connectable to

and disconnectable from the first injection gate body (166) from the front side (168) of the first
20
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injection gate body and the cavity plate assembly (104) from the front side (124) of the cavity plate
assembly, wherein the second molding body defines at least a portion of a second molding cavity
shaped to mold at least a portion of a closure, for a container, having a height (263) different from a

height (264) of the at least a portion of the closure defined by the first molding body (136).

20. A gate insert (166) comprising:

an injection gate body having front (168) and rear (170) opposite sides and an aperture (172)
extending through the injection gate body between an injection gate outlet (174) on the front side of
the injection gate body and an opening (176) on the rear side of the injection gate body,

wherein the injection gate body is connectable to and disconnectable from a gate pad (206)
in a cavity plate (122) from a front side (208) of the gate pad (206) and from a front side (124) of the
cavity plate (122).

21.  The gate insert of claim 20 wherein the injection gate body has a tapered alignment surface
(180) on the rear side (170) of the injection gate body to facilitate aligning the injection gate body
with the gate pad (206).

22.  The gate insert of claim 20 wherein the injection gate body has a molding surface (178) on

the front side (168) of the injection gate body that defines a top panel of a closure for a container.

23. A cavity flange (136) comprising:

a molding body defining at least a portion of a molding cavity shaped to mold a shell of a
closure for a container,

wherein the molding body is connectable to and disconnectable from a gate insert (166) in a
cavity plate (122) from a front side (168) of the gate insert and from a front side (124) of the cavity
plate.

24.  The cavity flange of claim 23 wherein the molding body has a tapered alignment surface

(160) on the rear side (140) of the molding body to facilitate aligning the molding body with the
gate insert (166).

21



PCT/CA2016/050616

WO 2017/004697

1/12




WO 2017/004697 PCT/CA2016/050616

FIG. 2

144
160 159
148 (\/ 136

\\152

=N
géﬁ =)
=1

™

L6

FIG. 3



WO 2017/004697 PCT/CA2016/050616

3/12

FIG. 4



180\
>
___
e
N\
y

.

"

\
7

A
186 1‘\72 ////



WO 2017/004697 PCT/CA2016/050616

5/12




WO 2017/004697 PCT/CA2016/050616

6/12

216
218 [ 214 212 < g

'\ FIG. 9

220~ ) ™ |
) 1 % %

216



WO 2017/004697

PCT/CA2016/050616

234
136 —

166

168

—112

— 120
_—206
| —224
122
126
222
( N 206
NN
NONSER YL
\\ A
@ L 218
N »249

%J»nz

FIG. 11



WO 2017/004697

124

PCT/CA2016/050616

—+—122

_—— 206

238

\ M/

N\

LR

179 — - NN
159 — N

A 7 |
160 =7 7NN\

Bl
i, |E __

| = et
178 —

7 /,anz
\:
R \\\\\\\\\\
180 —1
136 —
4
NN
=\
235"



PCT/CA2016/050616

WO 2017/004697

9/12

¢l "OId

14!



PCT/CA2016/050616

WO 2017/004697

10/12

6¥¢C

Y

0G¢

/)

D

cll

N

e
e

S /////“VVVV/\\/ 1Y
A MR

=9
2

\N\Q} %
////V -hw .ﬂ~vn~ﬁ~§‘ﬁ\§\\§§

melg N

ns

1) | 87T

L Ny

I "OIA

7

sl |

VILLL LIl A

0Ll Ll llldd

rrra '~ | —

e

SRR D g

I\

MM

‘__
AN M _

VLLLLLL LA I

0€¢

\
22220772727 2777772722] /

TAYAR:) 14 972

\§--a
TN gl

Gec

~ J
8¢¢



WO 2017/004697

244
ff

242

PCT/CA2016/050616

//////K/,'

FIG. 15



WO 2017/004697 PCT/CA2016/050616

12/12
258 122 238
N
256 \Y 3& \V
N~ 206
A ;
260 > /\\\\166
262 s &
G
263-—’/

FIG. 16



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CA2016/050616

A. CLASSIFICATION OF SUBJECT MATTER

IPC: B29C 45/18 (2006.01)

According to International Patent Classification (IPC) or to both national classification and TPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: B29C 45/% (2006.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic database(s) consulted during the international search (name of database(s) and, where practicable, search terms used)

Questel-Orbit (Fampat), CPD  with key words, such as: mould, mould, nozzle, drop, gate, body, cavity, insert and plate

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 7566216 B2 (KMOCH, S. et al.) 28 July 2009 (28-07-2009) 13 and 16-19
*figs. 3, 6 and 11%*
A EP 0374549 B1 (SHEFFIELD, J. 8.) 15 March 1995 (15-03-1995) 1-24
*whole document*
A CN 1824485 A (TOSHIYUKI, E. et al.) 30 August 2006 (30-08-2006) 1-24
*whole document*
| Further documents are listed in the continuation of Box C. W See patent family annex.
* |Special categories of cited documents: “T” |later document published after the international filing date or priority
“A” |document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E” |earlier application or patent but published on or after the international “X” |document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L” |document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “Y” |document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0” |document referring to an oral disclosure, use, exhibition or other means combined with one or more other such documents, such combination
being obvious to a person skilled in the art
“P” |document published prior to the international filing date but later than “&” |document member of the same patent family
the priority date claimed

Date of the actual completion of the international search
19 July 2016 (19-07-2016)

Date of mailing of the international search report
20 July 2016 (20-07-2016)

Name and mailing address of the ISA/CA
Canadian Intellectual Property Office

Place du Portage I, C114 - 1st Floor, Box PCT
50 Victoria Street

Gatineau, Quebec K1A 0C9

Facsimile No.: 819-953-2476

Authorized officer

Pengfei Zhang (819) 639-7928

Form PCT/ISA/210 (second sheet ) (January 2015)

Page 2 of 3




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT / C A2016 /0506 16

Patent Document Publication Patent Family Publication

Cited in Search Report Date Member(s) Date

US 7566216 B2 28 July 2009 (28-07-2009) US2008268089A1 30 October 2008 (30-10-2008)
AT530322T 15 November 2011 (15-11-2011)
CA2681012A1 06 November 2008 (06-11-2008)
CA2681012C 18 December 2012 (18-12-2012)
CN101668622A 10 March 2010 (10-03-2010)
CN101668622B 25 December 2013 (25-12-2013)
CN102848524A 02 January 2013 (02-01-2013)
EP2152491A1 17 February 2010 (17-02-2010)
EP2152491A4 14 July 2010 (14-07-2010)
EP2152491B1 26 October 2011 (26-10-2011)
KR20100013317A 09 February 2010 (09-02-2010)
KR101155771B1 03 July 2012 (03-07-2012)
WO2008131516A1 06 November 2008 (06-11-2008)

EP 0374549 B1 15 March 1995 (15-03-1995) EP0374549A2 27 June 1990 (27-06-1990)
EP0374549A3 03 July 1991 (03-07-1991)
AT119822T 15 April 1995 (15-04-1995)
CA1314370C 16 March 1993 (16-03-1993)
CN1043280A 27 June 1990 (27-06-1990)
CN1022390C 13 October 1993 (13-10-1993)
DE3939870A1 07 June 1990 (07-06-1990)
DE3939870C2 02 July 1998 (02-07-1998)
DE68921711D1 20 April 1995 (20-04-1995)
DE68921711T2 13 July 1995 (13-07-1995)
ES2069567T3 16 May 1995 (16-05-1995)
JPH02194920A 01 August 1990 (01-08-1990)
JP2771285B2 02 July 1998 (02-07-1998)

CN 1824485 A 30 August 2006 (30-08-2006) CN1824485A 30 August 2006 (30-08-2006)
CN100429065C 29 October 2008 (29-10-2008)
JP2006231687A 07 September 2006 (07-09-2006)
JP4369381B2 18 November 2009 (18-11-2009)
TWI289500B 11 November 2007 (11-11-2007)

Form PCT/ISA/210 (patent family annex ) (January 2015)

Page 3 of 3




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - wo-search-report
	Page 37 - wo-search-report

