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MANIFOLD BUSHING FOR PROMOTING UNIFORM VELOCITY PROFILES IN SPLIT
MELT STREAMS

TECHNICAL FIELD

The present disclosure relates to manifold bushings, and more particularly to manifold bushings for

promoting uniform velocity profiles in split melt streams.

BACKGROUND

An injection molding apparatus may have a manifold with a melt channel defined therein. The melt
channel may convey melt (i.e. melted molding material), such as molten resin or plastic material (e.g.
PET), to multiple injection molding locations or drops. At each drop, the manifold may have a
receptacle, such as a bore, in which a manifold bushing is received. The manifold bushing may
define at least one melt channel for carrying melt towards a gate. The manifold bushing may be used
to avoid the need to machine melt channels directly into the manifold. The manifold bushing may be

designed to receive and support a valve stem.

An injection molding apparatus may include a nozzle assembly designed to dispense an inner skin
melt stream and an outer skin melt stream. The inner and outer skin melt streams may sandwich a
core material layer in a molded article that is made using a co-injection process for example. The
inner and outer skin melt layers may comprise the same material. The core material layer may
comprise the same material as the inner and outer layers or may be comprise a different material. An
example of a core material layer is a barrier material (e.g. an oxygen barrier material), which may be
intended to protect contents of the molded article from outside contamination (e.g. oxidation).
Another example of a core material layer is post-consumer regrind material, which may be used in

order to limit material costs.

SUMMARY

According to one aspect of the present disclosure, there is provided a manifold bushing comprising: a
bushing body; a primary melt outlet channel in the bushing body configured to accommodate a
reciprocable valve stem; a pair of feeder channels in the bushing body configured to supply melt to
the primary melt outlet channel from opposite sides of the primary melt outlet channel; and a pair of

supplementary melt outlet channels flanking the primary melt outlet channel in the bushing body,
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each of the supplementary melt outlet channels branching from at least one of the primary melt outlet

channel and a respective one of the pair of feeder channels.

In some embodiments the pair of feeder channels is convergent and the pair of supplementary melt

outlet channels is divergent.

In some embodiments an angle of convergence of the pair of feeder channels is greater than an angle

of divergence of the pair of supplementary melt outlet channels.

In some embodiments the manifold bushing further comprises a peripheral groove in an exterior of
the bushing body, the peripheral groove being configured to receive melt at a melt ingress point
midway along its length and to supply the melt to the pair of feeder channels from respective melt
egress points at its distal ends, the peripheral groove being declined between the melt ingress point

and the melt egress points with respect to a longitudinal axis of the primary melt outlet channel.

In some embodiments the bushing body is cylindrical and the peripheral groove has a half-ellipse

shape.

In some embodiments the primary melt outlet channel defines an inner skin melt stream, and the pair
of supplementary melt outlet channels defines a pair of outer skin melt streams, for output to a co-

injection nozzle assembly.

In some embodiments each of the supplementary melt outlet channels branches from the respective

one of the pair of feeder channels and not from the primary melt outlet channel.

In some embodiments each of the supplementary melt outlet channels branches from the primary

melt outlet channel and not from either of the feeder channels.

In some embodiments each of the supplementary melt outlet channels branches from a junction

between the primary melt outlet channel and the respective one of the pair of feeder channels.

According to another aspect of the present disclosure, there is provided a manifold bushing
comprising: a cylindrical bushing body; a primary melt outlet channel disposed axially within the
cylindrical bushing body, the primary melt outlet channel configured to accommodate a reciprocable
valve stem; a pair of feeder channels in the cylindrical bushing body configured to supply melt to the

primary melt outlet channel from opposite sides of the primary melt outlet channel; and a pair of
2
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supplementary melt outlet channels flanking the primary melt outlet channel, each of the
supplementary melt outlet channels branching from at least one of the primary melt outlet channel

and a respective one of the pair of feeder channels.

In some embodiments the pair of feeder channels is convergent and the pair of supplementary melt

outlet channels is divergent.

In some embodiments an angle of convergence of the pair of feeder channels is greater than an angle

of divergence of the pair of supplementary melt outlet channels.

In some embodiments the manifold bushing further comprises a peripheral groove in a surface of the
cylindrical bushing body, the peripheral groove configured to receive melt at a melt ingress point
midway along its length and to supply the melt to the pair of feeder channels from respective melt
egress points at its distal ends, the peripheral groove being declined between the melt ingress point

and the melt egress points with respect to an axis of the cylindrical bushing body.

In some embodiments the primary melt outlet channel defines an inner skin melt stream, and the pair
of supplementary melt outlet channels defines a pair of outer skin melt streams, for output to a co-

injection nozzle assembly.

In some embodiments each of the supplementary melt outlet channels branches from the respective

one of the pair of feeder channels and not from the primary melt outlet channel.

In some embodiments each of the supplementary melt outlet channels branches from the primary

melt outlet channel and not from either of the feeder channels.

In some embodiments each of the supplementary melt outlet channels branches from a junction

between the primary melt outlet channel and the respective one of the feeder channels.

According to another aspect of the present disclosure, there is provided a manifold bushing
comprising: a bushing body; a primary melt outlet channel in the bushing body configured to
accommodate a reciprocable valve stem; a pair of feeder channels in the bushing body configured to
supply melt to the primary melt outlet channel from opposite sides of the primary melt outlet
channel; and a plurality of supplementary melt outlet channels in the bushing body, each of the
supplementary melt outlet channels branching from at least one of the primary melt outlet channel

and one of the feeder channels.
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In some embodiments the plurality of supplementary melt outlet channels comprises three or more

supplementary melt outlet channels.

Other features will become apparent from the drawings in conjunction with the following

description.

DESCRIPTION OF THE DRAWINGS

In the figures which illustrate example embodiments,

FIG. 1 is cross-sectional view of an example injection molding apparatus including a manifold

bushing;

FIG. 2 is another cross-sectional view of the injection molding apparatus of FIG. 1;

FIG. 3 is a top perspective view of the manifold bushing of the injection molding apparatus of FIG.
1.

>

FIG. 4 is a bottom perspective view of the manifold bushing of FIG. 3;

FIG. 5 is an elevation cutaway view of one-half of the manifold bushing of FIG. 3 revealing an

internal structure of the bushing;

FIG. 6 is a perspective cutaway view of the same portion of the manifold bushing that is shown in

FIG. 5;

FIG. 7 is a perspective cutaway view of the manifold bushing of FIG. 3 with a different portion of the

bushing being cut away to reveal internal structure;

FIG. 8 is an elevation cutaway view of one-half of an alternative manifold bushing embodiment

revealing an internal structure of the bushing;

FIG. 9 is an elevation cutaway view of one-half of a further alternative manifold bushing

embodiment revealing an internal structure of the bushing; and
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FIG. 10 is an elevation cutaway view of one-half of yet another alternative manifold bushing

embodiment revealing an internal structure of the bushing; and

FIGS. 11-13 are perspective views of three alternative shapes of channels within a manifold bushing.

The drawings are not necessarily to scale and may be illustrated by phantom lines, diagrammatic
representations and fragmentary views. In certain instances, details that are not necessary for an
understanding of the embodiments or that render other details difficult to perceive may have been

omitted.

DETAILED DESCRIPTION OF THE NON-LIMITING EMBODIMENT(S

Referring initially to FIGS. 1 and 2, a portion of an example injection molding apparatus 100, which
may be a hot runner, is illustrated in cross section. The injection molding apparatus 100 may be used
for molding articles having an inner skin layer and an outer skin layer made from the same material

sandwiching an intermediate core layer, e.g. in a co-injection process.

The components illustrated in FIGS. 1 and 2 are not a complete representation of the entire molding
apparatus 100. For example, the structure used for conveying barrier material has been largely
omitted for the sake of clarity. Thus, FIGS. 1 and 2 illustrate only a subset of components of the
injection molding apparatus 100. It will accordingly be appreciated that the injection molding

apparatus 100 may include a variety of components not illustrated in FIGS. 1 or 2.

The cross section of FIG. 1 is taken along a plane in the X-Y dimension (the "X-Y dimensional
plane"), and the cross section of FIG. 2 is taken along a plane in the X-Z dimension (the "X-Z
dimensional plane"), where the dimensions X, Y and Z are mutually orthogonal dimensions in three-
dimensional space. As such, the cross-sections of FIGS. 1 and 2 are made along mutually orthogonal
planes. The planes intersect at axis A, which acts as a longitudinal axis for a nozzle assembly and a
manifold bushing of the injection molding apparatus 100 (described below). The X, Y and Z

dimensions are represented as Cartesian coordinates in each of FIGS. 1-7.

For clarity, the terms "horizontal," "vertical," “top” or “bottom™ used in the description that follows
should not be understood to necessarily connote a particular orientation of the disclosed articles

during use.
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Referring to FIGS. 1 and 2, the injection molding apparatus 100 includes a manifold 102, a manifold
bushing 104, and a nozzle assembly 106.

The manifold 102 defines melt channels for conveying a melted molding material, such as molten
PET for example, to multiple drops for injection molding. Only one of the melt channels 108 is
illustrated in the figures (see FIG. 2). The orientation of the illustrated melt channel 108 is horizontal.
The melt channel 108 terminates at a receptacle 110 (e.g. bore) in the manifold 102, which is

cylindrical in the illustrated embodiment.

The manifold bushing 104 is an insert shaped to be received within the receptacle 110 of manifold
102. As such, the manifold bushing is cylindrical in the present embodiment. The bushing 104 is
configured to receive a melt stream from the terminus of the melt channel 108 and to split it into
multiple melt streams to be conveyed to the nozzle assembly 106. One of the split melt streams will
be used to form inner skin layer of a co-injected molded article, and of split melt streams will be used
to form an outer skin layer of the molded article. More specifically, the manifold bushing 104 of the
present embodiment outputs a single inner skin melt stream from a central or axial primary melt
outlet channel 138 and two outer skin melt streams from a pair of supplementary melt outlet channels
140, 142 flanking the central channel. The melt channels within the manifold bushing 104 are
configured to promote a uniform velocity profile in each of the resultant streams, as will be

described.

The manifold bushing 104 also defines a valve stem guide 112 that receives reciprocable valve stem
114 axially through the manifold bushing 104. The valve stem 114 is used to selectively open and
close a gate 116 of the nozzle assembly 106 during injection molding. The manifold bushing 104 will

be described in greater detail below.

The nozzle assembly 106 is a component that receives the melt streams output by the manifold
bushing 104 and conveys them to a gate for co-injection into a molding cavity (not illustrated). The
nozzle assembly 106 is aligned with and abuts the manifold bushing 104. The nozzle assembly 106
has an axial passageway 118 whose purpose is twofold. Firstly, the passageway 118 acts as a
longitudinal melt channel for the inner skin melt stream received from the primary melt outlet
channel 138 of the manifold bushing 104 towards the gate 116. Secondly, the passageway 118
accommodates the reciprocable valve stem 114, which may have a rod or pin shape. Collectively, the

cylindrical passageway 118 and valve stem 114 may define an annular inner skin melt channel 124.
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The nozzle assembly 106 also defines two opposed outer skin melt channels 120, 122, on opposite
sides of the axial passageway 118, for receiving melt from the two supplementary melt outlet
channels 140, 142, respectively, of the manifold bushing 104. The melt received via channels 120,
122 is conveyed through the nozzle assembly 106 and is reshaped to form an annular stream at a
distal end of the nozzle assembly 106 within annular outer skin melt channel 126. The channels used
to reshape the two received outer skin melt streams into a single annular stream are omitted from

FIGS. 1 or 2 for the sake of clarity.

The example nozzle assembly 106 of FIGS. 1 and 2 further defines an intermediary annular channel
128 that may be used for conveying an annular layer of core material that will be sandwiched
between annular inner and outer skin layers. The nozzle assembly 106 and manifold bushing 104
may define additional channel structures for providing the core material to this channel 128 which

are not shown in FIGS. 1 and 2.

The example nozzle assembly 106 of FIGS. 1 and 2 is formed from three nested components, namely
a housing 130, an insert 132 that fits over a head portion of the housing 130, and a tip 134 that fits
over the insert 104. The nozzle assembly could have a different structure, e.g. may be unitary, in

alternative embodiments.

The example manifold bushing 104 is illustrated in perspective view in FIGS. 3 and 4 and in cutaway
view in FIGS. 5-7. The manifold bushing 104 has a cylindrical bushing body 144 with a peripherally
protruding base 146, a curved exterior face 148, and peripheral groove 150 in face 148 for conveying
melted molding material. The bottom of the base 146 acts as a mating surface for the top of the
nozzle assembly 106, which in this example is defined by the housing 130. The peripheral groove
150 in the exterior face 148 of the bushing 104 has a central melt ingress point 152 for receiving the
melted molding material from a terminus of the manifold melt channel 108 and two melt egress
points 154, 156 at its distal ends for supplying melt to inlets of respective feeder channels 160, 162
(see FIG. 5). The melt ingress point is situated midway along a length of the groove 150. The
peripheral groove 150 thus splits the melt stream received from melt channel 108 into two
substantially equal streams. The peripheral groove 150 may have a curved (e.g. hemispheric) cross-

sectional profile, which is perhaps best seen in FIG. 7.

Between the melt ingress point 152 and the melt egress points 154, 156, the peripheral groove 150 is
declined with respect to the longitudinal axis A of the primary melt outlet channel 138. In other
words, the peripheral groove 150 occupies a plane that is declined with respect to longitudinal central

axis A of the manifold bushing 104. In view of the decline, each of the melt egress points 154, 156 is
7
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closer to the base 146 of the manifold bushing 104 (and to an outlet of the primary melt outlet
channel 138) than the melt ingress point 152. Because the bushing body 144 is cylindrical, the
decline of the peripheral groove 150 on the face of the bushing 104 imparts a part-ellipse shape (a
half ellipse in the illustrated example) to the peripheral groove 150.

The melt channels defined within the bushing body 144 are perhaps best seen in the cutaway views
of FIGS. 5-7. As illustrated, the bushing body 144 defines a primary melt outlet channel 138 that, in
the present embodiment, is axial and is aligned with valve stem guide 112. The diameter of the
primary melt outlet channel 138 is somewhat larger than that of valve stem guide 112 to

accommodate melt around the valve stem 114.

The bushing body 144 defines a pair of feeder channels 160, 162 which are configured to supply melt
to the primary melt outlet channel 138 from opposite sides of the channel 138. Supplying melt from
opposite sides of the channel 138, and thus from opposite sides of the valve stem 114, may promote a
uniform velocity profile in the melt stream output from primary melt outlet channel 138, at least in
relation to an embodiment in which melt is supplied to a valve stem-containing melt outlet channel

from only one side of the channel.

The inventor has observed that, when melt is supplied from only one side of a valve stem in a
channel, a seam or join may form in the downstream side of the valve stem as melt wraps around the
valve stem and rejoins on the opposite side. Such a join could yield possibly undesirable downstream
effects, including a non-uniform melt velocity profile in a downstream nozzle assembly and gate.

More specifically, when melt is supplied from only one side of a valve stem in a channel, the melt
flow velocity on the downstream side of the valve stem may be slower than that on the upstream side
of the stem. This may in turn yield different melt viscosities on the upstream versus downstream
sides of the valve stem, e.g. due to splitting (shear heating) effects or low flow effects (lower flow
being more susceptible to the heating or cooling effects the surrounding bushing structure). The
resultant annular flow surrounding the valve stem may be asymmetrical. The difference in
viscosities, or melt rheology, may cause a leading edge of the resulting flow have an asymmetrical
shape (e.g. a “tip” or “slant”). If such a leading edge were to flow into a molding cavity, undesirable
molded article characteristics may result. Undesirable characteristics may include incompletely
molded articles (“short shots™) or uneven leading edges (“dips” or “slants”, e.g. in the case of co-

injected articles).

The above-described undesirable downstream effects may be reduced or avoided when melt is

introduced from opposite sides of the channel 138 (and thus from opposite sides of the valve stem
8
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114). This may be due to a more uniform or symmetric velocity in the resulting annular flow than in

the case when melt is supplied from only one side of a channel.

As illustrated in FIGS. 5 and 6, the feeder channels 160, 162 are convergent, i.e. are inclined towards
one another as they approach the primary melt outlet channel 138. The incline of the feeder channels
may limit or mitigate pressure drop within the manifold bushing 104 during operation, e.g. in relation
to embodiments in which the feeder channels are strictly radial (i.e. not inclined). Mitigating pressure
drop may limit the amount of energy required to force melted molding material through injection
molding apparatus 100, which may limit operating costs in some embodiments. The feeder channels
are not necessarily inclined in all embodiments or may be differently inclined in alternative

embodiments.

A pair of supplementary melt outlet channels 140, 142 flanks the primary melt outlet channel 138 in
the bushing body 138. In the present embodiment, each of the supplementary melt outlet channels
140, 142 branches from a respective one of the feeder channels 160, 162. In alternative embodiments,
the supplementary melt outlet channels may branch from only the primary melt outlet channel or
from a junction between the primary melt outlet channel and a respective one of the pair of feeder
channels. This is discussed in more detail below. In view of the narrow angle between each of
supplementary melt outlet channels 140, 142 and primary melt outlet channel 138 in the present

embodiment, sharp or “feathered” edges 149, 151 are formed within the bushing body 144.

The supplementary melt outlet channels 140, 142 may promote a uniform velocity profile the
resultant outer skin melt streams for the following reasons. When melt flows through a melt channel,
the melt will generally be hottest around a periphery of the stream due to shear heating effects. In a
cylindrical channel, this may be envisioned as a hot peripheral sleeve of melt that is generally
symmetric about the periphery of the channel. When such a melt stream is split into two, the hot melt
sleeve is also split, such that the thermal profiles of the split streams may become asymmetric.
Because thermal effects may be tied to velocity effects (given the relationship between temperature
and viscosity in melted molding materials such as resins), the velocity profile of the split melt
streams may be asymmetric in view of the asymmetry of the thermal profiles of the split melt
streams. This may lead to undesirable molded article characteristics, e.g. due to uneven or

asymmetric melt flow, as discussed above.

In the present embodiment, the melt stream is split by the supplementary melt outlet channels 140,
142 within the manifold bushing 104. By splitting the stream within the manifold bushing 104, a

distance between the split and the gate 116 may be maximized or increased, at least in relation to a
9
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split made closer to the gate. As a result, the split melt streams may have more time to redevelop a
uniform thermal and/or velocity profile in comparison to apparatuses in which the split is within the
nozzle assembly. The manifold bushing 104 may thereby promote uniform velocity profiles in the

split outer skin melt streams of injection molding apparatus 100.

It will be appreciated that the manifold bushing 104 may thus promote a uniform velocity profile in

both of an inner skin melt stream and a pair of outer skin melt streams.

As illustrated in FIGS. 5 and 6, the supplementary melt outlet channels 140, 142 are divergent, i.e.
are inclined away from one another or are arranged so as to spread apart in the downstream direction
of melt flow, in the illustrated embodiment. In the illustrated example, the angle of divergence of the
supplementary melt outlet channels 140, 142 is less than the angle of convergence of the feeder
channels 160, 162 (i.e. the supplementary melt outlet channels are closer to a vertical orientation

within the bushing than the feeder channels). This may vary between embodiments.

Various alternative embodiments are possible.

For example, the manifold bushing 104 described above is cylindrical. Other embodiments of
manifold bushings may have different shapes. Generally the manifold bushing will have a

complementary shape to its associated receptacle within the manifold.

In some embodiments of the manifold bushing, the base may not protrude like base 146 of FIG. 3.

A supplementary melt outlet channel can branch either solely from the primary melt outlet channel,
solely from a feeder channel, or both (i.e. from a junction between the primary melt outlet channel
and a feeder channel). In the example shown in FIGS. 5 and 6, the supplementary melt outlet
channels 140, 142 branch solely from their respective feeder channels 160, 162. A variation of this

design is shown in FIG. 8.

Referring to FIG. 8, an alternative embodiment of manifold bushing is illustrated in elevation
cutaway view. As illustrated, the bushing body 244 of manifold bushing 204 defines a central
primary melt outlet channel 238 that is aligned with a valve stem guide 212. The bushing body 244
further defines a pair of feeder channels 260, 262, similar to feeder channels 160, 162 described
above, which are configured to supply melt to the primary melt outlet channel 238 from opposite
sides of the channel 238. As in the previously described embodiment, each of the supplementary melt

outlet channels 240, 242 of the present embodiment branches from a respective one of the feeder
10
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channels 260, 262. However, in this embodiment the branch points are further away from the central
primary melt outlet channel 238 than in the previous embodiment. As a result, the orientation of each
of the supplementary melt outlet channels 240, 242 is closer to vertical than that of the previously
described supplementary melt outlet channels 140, 142,

A tapered edge 249, 251 is formed within the bushing body 244 between each respective
supplementary melt outlet channel 240, 242 and its respective feeder channel 260, 262. It will be
appreciated that the edges 249, 251 are less sharp than the edges 149, 151 between the supplementary
melt outlet channels 160, 162 and the primary melt outlet channel 138 of the previously described
embodiment. As a result, the edges 249, 251 of manifold bushing 204 may be less susceptible to wear
or damage during use than the edges 149, 151 of the earlier described embodiment. The reason is that
wear or damage of edges between branching channels may be more prevalent when the edges are thin

(i.e. when the angle between branching or merging channels is narrow).

In general, the angle formed between branching channels (e.g. between a supplementary melt outlet
channel and either of a feeder channel or a primary melt outlet channel) within a particular
embodiment may be a design choice that is based on a compromise between competing interests:
maximizing component strength (resistance to wear or damage) and another interest, such as limiting
stagnation or low flow regions. If the former is considered more important, the angle may be

increased; if the latter is considered more important, the angle may be decreased.

Moreover, if a bushing embodiment is intended for use in a multi-drop mold, the range of angles that
a designer may implement between a pair of branching or merging melt channels may depend, at
least in part, upon the pitch of the mold. A larger pitch may permit the diameter and/or height of the
bushing body to be increased, which may in tum provide a greater range of possible angles from
which to choose for arriving at a suitable compromise between component strength and another

benefit, such as beneficial flow (as described above).

An alternative embodiment of manifold bushing in which supplementary melt outlet channels branch
solely from a primary melt outlet channel is shown in FIG. 9. As illustrated, a bushing body 344 of
the manifold bushing 304 of FIG. 9 defines a central primary melt outlet channel 338 that is aligned
with a valve stem guide 312. A pair of feeder channels 360, 362 is configured to supply melt to the
primary melt outlet channel 338 from opposite sides of the channel 338. Each of a pair of opposing
supplementary melt outlet channels 340, 342 extends horizontally from the primary melt outlet

channel 338 at a right angle thereto. In this embodiment, no sharp or highly tapered edges are formed

11
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within the bushing body 244 between the supplementary melt outlet channels 340, 342 and another

channel. This may promote component strength, as discussed above.

An alternative embodiment of manifold bushing in which each supplementary melt outlet channel
branches from a junction between the primary melt outlet channel and a respective one of the pair of
feeder channels is shown in FIG. 10. As illustrated, a bushing body 444 of the manifold bushing 404
of FIG. 10 defines a central primary melt outlet channel 438 that is aligned with a valve stem guide
412. A pair of feeder channels 460, 462 is configured to supply melt to the primary melt outlet
channel 438 from opposite sides of the channel 438. Each of a pair of opposing supplementary melt
outlet channels 440, 442 branches from a respective junction 441, 443 between the primary melt
outlet channel 438 and a respective feeder channel 460, 462. In this embodiment, no sharp or highly
tapered edges are formed within the bushing body 444 between the supplementary melt outlet

channels 440, 442 and another channel. This may promote component strength, as discussed above.

As will be appreciated from the above-described embodiments, the supplementary melt outlet
channels are not necessarily inclined in all embodiments and, if inclined, may be differently inclined
between embodiments. The shape of supplementary melt outlet channels may also vary between
embodiments. In some embodiments, the supplementary melt outlet channels may be purely
cylindrical, like the example supplementary melt outlet channel 180 of FIG. 11. In some
embodiments, the supplementary melt outlet channels may be curved, like the example
supplementary melt outlet channel 182 of FIG. 12. In some embodiments, the supplementary melt
outlet channels may have a transitional shape like the example supplementary melt outlet channel
184 of FIG. 13, which has a circular inlet 186 and a partly annular outlet 188. Other shapes are

possible.

The feeder channels may also adopt various shapes, including shapes similar to those shown in FIGS.
11 to 13 for the supplementary melt outlet channels. The cross-sectional shape of feeder channels
may vary between embodiments, and may include circular, square, polygonal with rounded comers,

oval cross sectional or other shapes.

Similarly, the cross-sectional shape of the primary melt outlet channel may vary between
embodiments and may include circular, square, polygonal with rounded corners, oval, or other cross-
sectional shapes. The shapes need not necessarily be symmetric. The valve stem will typically be
centrally disposed within the cross-sectional profile of a primary melt outlet channel, although this is

not absolutely required.

12
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Depending upon the shape of a channel, the channel can be manufactured using an appropriate one of
a variety of techniques, such as by drilling or by way of electrical discharge machining (EDM) for

example.

The peripheral groove of a manifold bushing may have various profile (cross-sectionals) shapes, such
as hemispheric, trapezoidal, square or rectangular. Polygonal cross-sectional shapes may have

rounded corners.

The number of supplementary melt outlet channels may be greater than two in some embodiments. In
embodiments having more than two supplementary melt outlet channels, the supplementary melt
outlet channels may branch from either or both of a primary melt outlet channel and a feeder channel.
In some embodiments, multiple supplementary melt outlet channels may branch from a single feeder
channel (whether or not the supplementary melt outlet channels also branch from the primary melt
outlet channel. Supplementary melt outlet channels may be symmetrically arranged, or equally

spaced, about a primary melt outlet channel.

Other modifications may be made within the scope of the following claims.

13



WO 2016/131130 PCT/CA2016/050005

WHAT IS CLAIMED IS:

1. A manifold bushing (104, 204, 304, 404) comprising;

a bushing body (144, 244, 344, 444),

a primary melt outlet channel (138, 238, 338, 438) in the bushing body configured to
accommodate a reciprocable valve stem;

a pair of feeder channels (160, 162, 260, 262, 360, 362, 460, 462) in the bushing body
configured to supply melt to the primary melt outlet channel from opposite sides of the
primary melt outlet channel; and

a pair of supplementary melt outlet channels (140, 142, 240, 242, 340, 342, 440, 442)
flanking the primary melt outlet channel in the bushing body, each of the supplementary melt
outlet channels branching from at least one of the primary melt outlet channel and a

respective one of the pair of feeder channels.

2. The manifold bushing of claim 1 wherein the pair of feeder channels is convergent and

wherein the pair of supplementary melt outlet channels is divergent.

3. The manifold bushing of claim 2 wherein an angle of convergence of the pair of feeder
channels is greater than an angle of divergence of the pair of supplementary melt outlet

channels.

4, The manifold bushing of any one of claims 1 to 3 further comprising a peripheral groove
(150, 250, 350, 450) in an exterior (148) of the bushing body, the peripheral groove being
configured to receive melt at a melt ingress point (152) midway along its length and to supply
the melt to the pair of feeder channels from respective melt egress points (154, 156) at its
distal ends, the peripheral groove being declined between the melt ingress point and the melt

egress points with respect to a longitudinal axis of the primary melt outlet channel.

5. The manifold bushing of claim 4 wherein the bushing body is cylindrical and wherein the

peripheral groove has a half-ellipse shape.
6. The manifold bushing of claim 1 wherein the primary melt outlet channel defines an inner

skin melt stream, and the pair of supplementary melt outlet channels defines a pair of outer

skin melt streams, for output to a co-injection nozzle assembly (106).

14
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The manifold bushing of any one of claims 1 to 6 wherein each of the supplementary melt
outlet channels branches from the respective one of the pair of feeder channels and not from

the primary melt outlet channel.

The manifold bushing of any one of claims 1 to 6 wherein each of the supplementary melt
outlet channels branches from the primary melt outlet channel and not from either of the

feeder channels.

The manifold bushing of any one of claims 1 to 6 wherein each of the supplementary melt
outlet channels branches from a junction between the primary melt outlet channel and the

respective one of the pair of feeder channels.

A manifold bushing (104, 204, 304, 404) comprising;

a cylindrical bushing body (144, 244, 344, 444);

a primary melt outlet channel (138, 238, 338, 438) disposed axially within the cylindrical
bushing body, the primary melt outlet channel configured to accommodate a reciprocable
valve stem;

a pair of feeder channels (160, 162, 260, 262, 360, 362, 460, 462) in the cylindrical
bushing body configured to supply melt to the primary melt outlet channel from opposite
sides of the primary melt outlet channel; and

a pair of supplementary melt outlet channels (140, 142, 240, 242, 340, 342, 440, 442)
flanking the primary melt outlet channel, each of the supplementary melt outlet channels
branching from at least one of the primary melt outlet channel and a respective one of the pair

of feeder channels.

The manifold bushing of claim 10 wherein the pair of feeder channels is convergent and

wherein the pair of supplementary melt outlet channels is divergent.

The manifold bushing of claim 11 wherein an angle of convergence of the pair of feeder
channels is greater than an angle of divergence of the pair of supplementary melt outlet

channels.

The manifold bushing of any one of claims 10 to 12 further comprising a peripheral groove
(150, 250, 350, 450) in a surface (148) of the cylindrical bushing body, the peripheral groove
configured to receive melt at a melt ingress point (152) midway along its length and to supply

the melt to the pair of feeder channels from respective melt egress points (154, 156) at its
15
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distal ends, the peripheral groove being declined between the melt ingress point and the melt

egress points with respect to an axis of the cylindrical bushing body.

The manifold bushing of claim 10 wherein the primary melt outlet channel defines an inner
skin melt stream, and the pair of supplementary melt outlet channels defines a pair of outer

skin melt streams, for output to a co-injection nozzle assembly.

The manifold bushing of any one of claims 10 to 14 wherein each of the supplementary melt
outlet channels branches from the respective one of the pair of feeder channels and not from

the primary melt outlet channel.

The manifold bushing of any one of claims 10 to 14 wherein each of the supplementary melt
outlet channels branches from the primary melt outlet channel and not from either of the

feeder channels.

The manifold bushing of any one of claims 10 to 14 wherein each of the supplementary melt
outlet channels branches from a junction between the primary melt outlet channel and the

respective one of the feeder channels.

A manifold bushing (104, 204, 304, 404) comprising;

a bushing body (144, 244, 344, 444),

a primary melt outlet channel (138, 238, 338, 438) in the bushing body configured to
accommodate a reciprocable valve stem;

a pair of feeder channels (160, 162, 260, 262, 360, 362, 460, 462) in the bushing body
configured to supply melt to the primary melt outlet channel from opposite sides of the
primary melt outlet channel; and

a plurality of supplementary melt outlet channels (140, 142, 240, 242, 340, 342, 440, 442)
in the bushing body, each of the supplementary melt outlet channels branching from at least

one of the primary melt outlet channel and one of the feeder channels.

The manifold bushing of claim 18 wherein the plurality of supplementary melt outlet

channels comprises three or more supplementary melt outlet channels.
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