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body. At least one heater may cooperate with the melt temperature conditioning
zone to produce a substantially homogenous thermal profile in the melt along
the melt temperature conditioning zone.
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HOT RUNNER AND COMPONENTS THEREOF WITH
A MELT CONDITIONING ZONE

FIELD
The disclosed embodiments are generally directed to hot runners of injection molding

machines, and more particularly to structures suitable to condition the melt within the hot runner.

BACKGROUND

Injection molding machines are used to produce plastic molded parts. It is well known in
the art to use manifolds in these machines to transfer melt from a melt source to one or more
nozzles. During a typical multi-cavity injection molding process, melt enters a sprue bushing
and into a manifold where it travels through flow channels coupled to respective nozzles, each of
which feeds melt to a mold cavity.

It is also well known that it is desirable to provide each mold cavity of an injection
molding machine with “balanced” melt, namely melt with substantially the same temperature,
substantially the same flow, and substantially the same shear effect. Unfortunately, while the
melt travels through the heated manifold, because melt is thermally insulative, the melt nearest
the channel walls becomes warmer while the temperature of the melt toward the center remains
relatively cooler. As a result, when the melt flow splits as it travels through the various flow
channels, as is well known, one side or area of the melt flow is relatively hot and another side or
area is relatively cold. This non-uniform thermal profile is further propagated in manifolds
where the melt continues to split while travelling through the channels and entering the nozzles.
The end result is a non-homogeneous thermal profile in the melt before entry into the mold
cavities.

This non-homogeneity is also not uniform across all channels and nozzles. Some
channels and/or nozzles witness higher melt temperatures than others, resulting in an imbalance
across the hot runner. Such an imbalance is undesirable and can lead to reduced productivity and

poor quality parts.
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SUMMARY

In one embodiment, a melt conditioning nozzle for use with a hot runner of an injection
molding machine to pass melt into a mold cavity is disclosed. The melt conditioning nozzle
includes a nozzle body with an inlet end, an outlet end, and a melt bore therebetween. A nozzle
tip is disposed at the outlet end of the nozzle body. A melt temperature conditioning zone is
defined within the melt bore and extends substantially from the inlet end to the outlet and
upstream of the nozzle tip. At least one heater cooperates with the melt temperature conditioning
zone to produce a substantially homogeneous thermal profile in the melt along the melt
temperature conditioning zone before the melt enters the mold cavity.

In another embodiment, a hot runner of an injection molding machine to pass melt into a
mold cavity is disclosed. The hot runner includes a melt flow passageway and a melt
temperature conditioning zone within the melt flow passageway. At least one heater cooperates
with the melt temperature conditioning zone to produce a substantially homogeneous thermal
profile in the melt along the melt temperature conditioning zone. A nozzle is also included and
comprises a nozzle body and a nozzle tip. The melt conditioning zone is disposed upstream of
the nozzle tip.

In still another embodiment, a melt conditioning nozzle for use with a hot runner of an
injection molding machine to pass melt into a mold cavity is disclosed. The melt conditioning
nozzle includes a nozzle body with an inlet end, an outlet end, and a melt bore therebetween. A
nozzle tip is disposed at the outlet end of the nozzle body. A melt conditioning zone is defined
within the melt bore and extends substantially between the inlet end and the outlet end and
upstream of the nozzle tip. A first heater is located adjacent the melt temperature conditioning
zone at the inlet end and a second heater is located adjacent the melt temperature conditioning
zone at the outlet end. A first thermocouple provides temperature feedback from the melt
conditioning zone near the inlet end and a second thermocouple provides temperature feedback
from the melt conditioning zone near the outlet end. The first and second heaters are
independently controlled based upon the feedback received from the first and second

thermocouples, respectively.



10

15

20

25

30

WO 2014/133702 PCT/US2014/013299

It should be appreciated that the foregoing concepts, and additional concepts discussed
below, may be arranged in any suitable combination, as the present disclosure is not limited in
this respect.

The foregoing and other aspects, embodiments, and features of the present teachings can
be more fully understood from the following description in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are not intended to be drawn to scale. In the drawings, each
identical or nearly identical component that is illustrated in various figures is represented by a
like numeral. For purposes of clarity, not every component may be labeled in every drawing. In
the drawings:

Figure 1 is a cross-sectional view of a melt conditioning valve gate nozzle according to
one embodiment;

Figure 2 is a cross-sectional view of a melt conditioning hot-tip nozzle according to one
embodiment;

Figure 3 is a cross-sectional view of the melt conditioning valve gate nozzle according to
one embodiment;

Figures 4A and 4B are cross-sectional views of the melt temperature conditioning zone
taken along lines 4A-4A and 4B-4B of Figures 1 and 2, respectively;

Figures SA and 5B are schematic views of various embodiments of melt temperature
conditioning zones;

Figures 6A and 6B are perspective views of straight and spiral-shaped melt conditioning
fins, respectively, according to various embodiments;

Figure 7 is a sectional view of a staggered fin arrangement according to one embodiment;

Figures 8A and 8B are schematic perspective views of a rotationally offset fin
arrangement according to various embodiments;

Figure 9 is a perspective view of a melt conditioner according to one embodiment; and

Figure 10 is a cross-sectional view of a hot runner.
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DETAILED DESCRIPTION

Melt traveling through the various flow channels in the manifold and entering the nozzles
may have a non-homogeneous thermal profile resulting from the multiple sequential melt flow
splits that may occur within a manifold and from the insulative properties of the melt. This non-
homogeneity may also be experienced across all the flow channels and nozzles in an injection
molding system, resulting in reduced productivity and poor quality parts. The inventor has
recognized a desire to provide a homogeneous thermal profile in the melt before entry into the
mold cavities. Further, the inventor has recognized that conditioning the melt can yield such a
homogenous thermal profile, and may alleviate melt imbalance that may occur across the hot
runner.

As described in more detail below, the melt can be homogenized within a melt
temperature conditioning zone that is configured to maximize the contact between the surface
area of the structure defining the melt temperature conditioning zone and the volume of the melt
passing through the melt temperature conditioning zone. That is, the melt temperature
conditioning zone can be configured to maximize the ratio of the surface area of the structure of
the melt temperature conditioning zone (A) to the volume of the melt passing through the melt
temperature conditioning zone (V). In addition, the structure defining the melt temperature
conditioning zone can be configured to minimize the pressure drop of the melt through the melt
temperature conditioning zone.

In one aspect, the melt temperature conditioning zone is disposed in the melt flow path at
a location at or between the sprue bushing and just upstream of the nozzle tip. Accordingly, the
melt conditioning zone may be in the sprue bushing, in the melt flow channel in the manifold
and/or in the nozzle body. Thus, in one embodiment, the melt conditioning zone is disposed in
the sprue bushing. In yet another embodiment, the melt conditioning zone is disposed within the
manifold. In another embodiment, the melt conditioning zone is disposed in the nozzle body. A
heater cooperates with the melt conditioning zone to produce a substantially homogenous

thermal profile.
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In an embodiment where the melt temperature conditioning zone is disposed within the
melt bore of a nozzle, the melt conditioning zone is disposed in the nozzle body, and, in one
embodiment, substantially along the length of the nozzle body, upstream of the nozzle tip. At
least one heater cooperates with the melt temperature conditioning zone to produce a
substantially homogenous thermal profile in the melt.

In one embodiment, the melt conditioning zone includes fins extending from the internal
surface of the melt bore or melt channel toward the center thereof in order to transmit heat to the
central region of the melt flow. The fins may extend longitudinally along the length of the melt
channel or bore. The fins may be arranged in a straight or spiraled-shaped pattern. The fins may
also be arranged in a staggered pattern, wherein the fins include a first set of fins that extend
along a first portion of the melt channel/bore and a second set of fins that extend along a second
portion of the melt channel/bore, with the first set of fins being spaced from the second set of
fins along the length of the melt channel/bore. In another embodiment, the fins may be arranged
in a rotated pattern, wherein the fins include a first set of fins that extend in a first orientation
along a first portion of the melt channel/bore and a second set of fins that extend in a second
orientation along a second portion of the melt channel/bore and rotationally offset from the first
set of fins.

In embodiments where the melt conditioning zone is within a nozzle, the nozzle may
further comprise a valve stem reciprocally disposed within the melt bore and that is in contact
with the fins. In such an embodiment, the fins can act to support the valve stem.

In yet another embodiment, the melt temperature conditioning zone is defined by at least
one of a plurality of pins, protuberances, ripples, undulations, and surface roughness that extend
from the internal surface of the melt channel/bore toward the center thereof.

In still another embodiment the melt conditioning nozzle includes a first heater adjacent
to the melt temperature conditioning zone near the inlet end and a second heater adjacent to the
melt temperature conditioning zone near the outlet end. In this embodiment, a first thermocouple
provides temperature feedback from the melt temperature conditioning zone near the inlet end, a
second thermocouple provides temperature feedback from the melt temperature conditioning
zone near the outlet end, and the first and second heaters are controlled based on the feedback

received from the first and second thermocouples, respectively.
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It should be further appreciated that the melt conditioning zone can be defined by
structure(s) integrally formed in the melt flow passage or it can be defined by a discrete
component inserted into the melt flow passage.

Turning now to the figures, Figure 1 shows a nozzle 10 having a melt conditioning zone.
The nozzle 10 includes a nozzle body 12 with an inlet end 14, an outlet end 16, and a melt bore
18 therebetween. A nozzle tip 20 is disposed at the outlet end 16 of the nozzle body 12 and is
configured to pass melt through a gate 21 and into a mold cavity (not shown). The nozzle tip 20
is a separate component screwed into the outlet end 16 of the nozzle body 12. However, in some
embodiments, the nozzle body 12 and nozzle tip 20 may be integrally formed. In still other
embodiments, the nozzle tip 40 may be held to the nozzle body 32 via a retainer 41, such as
depicted in Figure 2. A sealing piece 23 (as is shown in Figure 1) may be disposed around nozzle
tip (as is well known) in order to seal the nozzle at the gate area. The seal piece may be formed
integral with the tip or with the tip retainer. Figure 2 depicts a seal piece 43 integrally formed
with the retainer 41, though the seal may be otherwise joined to the retainer via brazing, beam
welding, press fitting or utilizing other bonding techniques. The nozzle seal piece may be
formed of a low thermal conductivity material to limit heat transfer loss to the gate area. The
nozzle body may also be made from any suitable material such as tool steel or stainless steel. The
nozzle tip may be formed from a material having a relatively high thermal conductivity, such as
beryllium copper. Wear resistant materials, such as carbide, may be utilized in the nozzle tip.
Other suitable materials may be employed, as the current disclosure is not limited in this regard.

A melt temperature conditioning zone 22 is defined within the melt bore 18 and extends
between the inlet end 14 and the outlet end 16, and, in one embodiment, extends substantially
between the inlet end 14 and the outlet end 16. In this embodiment, the nozzle 10 is configured
in a valve gate nozzle and therefore also includes a valve stem 24 that is substantially extending
and reciprocally disposed within the melt bore 18. As is well known, valve gate nozzles start
and stop melt flow into the mold cavity by reciprocally moving the valve stem into open and
closed positions, respectively.

In one embodiment, at least one heater 26, 28 cooperates with the melt temperature
conditioning zone 22. The heater 26, 28, controlled by a controller (not shown) as is
conventional, cooperates with the melt temperature condition zone 22. Thus, heat from the

heater 26, 28 is transferred to the melt via at least the melt conditioning zone 22 to produce a
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substantially homogeneous thermal profile in the melt along the melt temperature conditioning
zone 22 before the melt enters the mold cavity. Heat, therefore, can be effectively transmitted
via the melt conditioning zone 22 to the central region of the melt flow. In this embodiment, the
fins, extending toward the center of the melt, can distribute heat to the central portion of the melt
aiding in producing a more homogenous melt. The heater controller may communicate with a
thermocouple (not shown) in the nozzle 10 to receive temperature feedback information so that
the amount of heat supplied to the melt conditioning zone 22 can be controlled. As seen in
Figure 1, in one embodiment, the melt conditioning nozzle 10 includes front heater 26 and a back
heater 28 that individually or together cooperate with the melt temperature conditioning zone 22.
Although two heaters are shown in this embodiment, another embodiment may include one
heater that is disposed substantially along the length of the nozzle. Other heater arrangements
may also be employed, as the present disclosure is not limited in this regard.

As depicted in Figure 1, the nozzle is disposed within a manifold plate 104, as will be
further discussed with reference to Figure 9. The outlet end of the nozzle body including the tip
is disposed in a mold plate 105.

In another embodiment, the nozzle is configured in a hot-tip nozzle 30, as shown in
Figure 2. In this embodiment, the nozzle 30 includes a nozzle body 32 with an inlet end 34, an
outlet end 36, and a melt bore 38 therebetween. A nozzle tip 40 is disposed at the outlet end 36
of the nozzle body 32 to pass melt through gate 21 and into a mold cavity. A melt temperature
conditioning zone 22 is defined within the melt bore 38 and extends between, and, in one
embodiment, substantially between, the inlet end 34 and the outlet end 36. As with the valve-
gate embodiment, in this hot-tip embodiment, at least one heater 44, 46 cooperates with the melt
temperature conditioning zone 22 to deliver heat to the melt conditioning zone to the produce a
substantially homogeneous thermal profile in the melt along the melt temperature conditioning
zone 22. Although a front heater 44 and a back heater 46 are shown in this embodiment, only
one heater or more than two heaters may also be employed as the present disclosure is not
limited in this regard. As with the valve-gate embodiment, the heaters in this embodiment are
also controlled by a suitable controller (not shown) and other suitable heater arrangements may
be employed. However, unlike the valve-gate nozzle, as is well known, hot-tip nozzles start and
stop the flow of melt into the mold cavity by controlling the temperature of the melt at the tip

such that, to inhibit melt flow, the pressure and temperature at the gate are reduced to effectively
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“freeze” a small portion of the melt material to block flow out of the nozzle, and, to allow flow,
the pressure is increased to reopen the gate during injection by pushing the small portion of
material.

In one embodiment, as depicted in Figure 3, each heater has its own independent
thermocouple to monitor the melt temperature so that the heaters can be independently
controlled. In this embodiment, the nozzle 11 includes a first heater 13 adjacent the melt
temperature conditioning zone 22 near the inlet end 14 of the nozzle body 12 and a second heater
15 adjacent the melt temperature conditioning zone 22 near the outlet end 15 of the nozzle body
12. In one embodiment, a first thermocouple 17 monitors and provides temperature feedback
from the melt temperature conditioning zone 22 near the inlet end 14 of the nozzle body 12 and a
second thermocouple 19 monitors and provides temperature feedback from the melt temperature
conditioning zone 22 near the outlet end 16 of the nozzle body 12. In one embodiment, the first
and second thermocouples 17, 19 are connected to and communicate with a controller 23. In
turn, the controller 23 processes the feedback from the first and second thermocouples 17, 19 to
control the first and second heaters 13, 15. The controller 23 may have two inputs, each input
being connected to one thermocouple 17, 19. However, two controllers 23 may be used, each
controller 23 being connected to one thermocouple 17, 19 and each controller 23 controlling one
heater 13, 15, respectively. Although two heaters 13, 15 with two corresponding thermocouples
17, 19 are shown in this embodiment, it should be appreciated that in other embodiments there
may be two heaters 13, 15 with only one thermocouple or just one heater with a corresponding
thermocouple. There also may be more than two heaters with at least one thermocouple in other
embodiments. It also should be appreciated while this embodiment is shown in a valve gate
nozzle, in other embodiments, a hot-tip nozzle may be used.

Turning to Figures 4A and 4B, cross sections of the nozzle at the melt temperature
conditioning zone 22 along lines 4A-4A in Figure 1 and along lines 4B-4B in Figure 2,
respectively, are shown. In these embodiments, the melt temperature conditioning zone 22 is
defined by a plurality of fins 48 extending from an internal surface 50 of the melt bore towards a
center 52 of the melt bore. In one embodiment, shown in Figure 4A, a valve stem 24 extends
within the melt bore and is supported by fins 48. Although the valve stem 24 is shown to be in

contact with the fins 48 in Figure 4A, it is to be appreciated that the fins and valve stem need not
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be in contact in all embodiments. In Figure 4B, where a hot-tip embodiment is shown, the fins
48 extend toward the center 52 of the melt bore but no valve stem is employed.

Although six fins 48 are shown in these embodiments, it should be appreciated that more
or less fins 48 could be used in the melt temperature conditioning zone 22. It should also be
appreciated that the shape and thickness of the fins 48 could vary. In one embodiment, the size
and shape of the fins 48 may be uniform throughout the melt temperature conditioning zone 22,
however, in other embodiments, the size and shape of the fins 48 could vary from fin to fin. In
yet another embodiment, the distance the fins 48 extend inward from the internal surface 50 of
the melt bore toward the center 52 of the melt bore may vary. Although not shown in the hot-tip
embodiment in Figure 4B, the fins 48 could extend completely into the center of the melt bore,
thus contacting each other. Other suitable fin arrangements may also be employed for
conducting heat to the center portion of the melt, as the present disclosure is not limited in this
regard.

As shown in Figure SA (which shows portions of the melt flow channels/bores) rather
than employing fins, the melt temperature conditioning zone 22 is structured to include at least
one of a plurality pins, protuberances, ripples and undulations 54 that extend from the internal
surface 50 of the melt bore 49 toward the center 52 of the melt bore 49. As with the fin
arrangement, it can be appreciated that the number, size, and thickness of the plurality of pins,
protuberances, ripples, and undulations can also be varied. In some embodiments, the distance
that the pins, protuberances, ripples, or undulations extend from the internal surface 50 of the
melt bore to the center 52 of the melt bore may vary. The melt temperature conditioning zone
may also be defined by a surface roughness 56 of the melt bore 49, as shown Figure 5B. Other
suitable arrangements for conditioning heat to the center portion of the melt bore 49 may also be
employed, as the present disclosure is not limited in this respect.

In one embodiment, the melt temperature conditioning zone 22 is configured to maximize
contact between the surface area of the structure of the melt conditioning zone (for example, the
fins, pins, protuberances, ripples, undulations, and/or surface roughness, described above) and
the melt. The melt temperature conditioning zone 22 may also be configured to maximize the
ratio of the surface area of the structure of the melt conditioning zone (A) and the volume of the
melt in the melt conditioning zone (V). As described above, the volume of melt passing through

the melt channel/bore can be adjusted by varying the number, size, and thickness of the fins,
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pins, protuberances, ripples, undulations, or surface roughness. In one embodiment, the melt
temperature conditioning zone is configured such that for a melt bore with a diameter (D), the
A/V ratio is substantially greater than 4/D. In one embodiment, the A/V ratio is approximately
1.77 (1/mm) for a diameter (D) equal to § mm. The melt temperature conditioning zone 22 may
be further configured to minimize the pressure drop of the melt along the melt temperature
conditioning zone 22. In one embodiment, the melt temperature conditioning zone is configured
such that the pressure drop does not exceed 4MPa. In one embodiment, the melt temperature
conditioning zone is configured such that the pressure drop does not exceed 1.11MPa

In another embodiment, the fins defining the melt temperature conditioning zone 22
extend longitudinally along the length of the melt bore 18. As shown in the schematic
perspective view of Figures 6A, in one embodiment, the fins 58 are configured in a straight
pattern. In the embodiment depicted in the schematic perspective view of Figure 6B, the fins 60
are configured in a spiral-shape pattern. Although only two fins are shown in these embodiment,
it should be appreciated that the number, size, and shape of fins, as well as the distance the fins
extend from the internal surface 50 of the melt bore to the center 52 of the melt bore could differ,
as previously described. The length of the melt conditioning fins 58, 60 can also be longer or
shorter in other embodiments that those shown in Figures 6A and 6B. Other suitable
arrangements for the melt conditioning fins may also be employed, as the present disclosure is
not limited in this respect.

Turning to Figure 7, in another embodiment, the melt conditioning zone 22 may extend in
a non-uniform manner along the length of the melt flow passage, which, in this example, is along
the length of the melt bore of a nozzle. It should be appreciated that not all components of the
nozzle are labeled in Figure 7. In this embodiment, the melt temperature conditioning zone 22
includes subzones (whether incorporating the straight fins 58 or the spiral-shaped fins 60, the
protuberances, pins, ripples, undulations 54, or surface roughness 56, or any combination
thereof), with one subzone extending along a first portion of a first length of the melt flow
passage and a second subzone extending along a second portion of the melt flow passage such
that the first subzone and the second subzone are spaced apart from one another. Although
Figure 7 shows a melt temperature conditioning zone 22 with three subzones 64a, 64b, 64c
spaced apart from one another, it should be appreciated that the melt conditioning zone 22 can

have more or less subzones. In other embodiments, the length of each subzone 64a, 64b, 64c
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may be longer or shorter than the length shown in Figure 7. It should also be appreciated that the
length of each subzone 64a, 64b, 64c does not have to be uniform and could vary between
individual subzones. In another embodiment, the space 65 between each subzone can be
increased or decreased. In other embodiments, the space 65 between the subzones need not be to
uniform and could vary along the length of the melt bore. Other subzone arrangements may also
be employed, as the present disclosure is not limited in this regard.

As shown schematically in Figures 8A and 8B, in other embodiments, the subzones (in
these examples, the fins) are configured in a rotationally offset arrangement along the length of
the melt bore, wherein the first subzone extends in a first orientation along a first portion of the
length of the melt bore and a second subzone extends in a second orientation along a second
portion of the length of the melt bore and rotationally offset from the first subzone.

As shown in Figure 8A, in one embodiment, straight subsets of fins 68a, 68b, 68c, 68d
are rotationally offset along the length of the melt bore. In another embodiment, as shown in
Figure 8B, spiral-shaped subset of fins 70a, 70b, 70c, 70d are rotationally offset along the length
of the melt bore. Although in one embodiment, as shown, the rotational offset is approximately
90 degrees, it should be appreciated that other angular rotational offsets could be employed, as
the present disclosure is not limited in this regard. Also, it should be appreciated that the number
of subsets can vary.

Additionally, while the melt temperature conditioning zone 22 has been shown as
integrally formed with the nozzle melt bore, it should be appreciated that the melt temperature
conditioning zone 22 could also be a separate component that is installed in such a melt flow
channel. It should also be appreciated that this melt conditioning component could also be
installed in a manifold channel or in a sprue bushing bore. In the embodiment shown in Figure
9, a melt conditioner 80 includes a body 82 having an outer surface 84 for disposition within the
melt flow passage, an inner surface 85 for allowing melt to pass therethrough and, in this
example, fins 86 extending from the inner surface 85 toward the center 88 of the melt
conditioner 80, to define the melt temperature conditioning zone 22. In one embodiment, the
melt conditioning zone 22 is configured to maximize contact between the surface area of the
melt conditioner and the melt passing through the melt conditioner to produce a substantially
homogeneous thermal profile in the melt. As can be appreciated, a number of melt conditioners

80 can be included in the melt flow passageway and, as discussed above, the melt conditioners
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80 may be staggered or rotationally offset along the melt temperature conditioning zone. The
melt conditioner can be inserted into the melt flow passage way in any suitable manner,
including press fit, brazing, or clamping in place. Further, as described above, though the melt
conditioner shown in Figure 9 includes fins 86, any other or additional melt conditioning
structure may be utilized, including pins, protuberances, ripples, undulations, or surface
roughness. Also, more or less fins 86 than those depicted may be employed.

Although various structures defining a melt conditioning zone has been shown and
described in a nozzle, as explained, the melt conditioning zone may be located anywhere in a hot
runner, such as in a sprue, in a manifold, and/or anywhere else along the melt flow path.
Accordingly, any and all of the above-described configurations, whether singularly or in
combination, may be employed in one or more other locations along the melt flow path.

One example of a hot runner is depicted in Figure 10. The hot runner 100 includes a first
plate 102, a second plate 104, a manifold 224, a nozzle assembly 400, and a nozzle-support
structure 101. The first plate 102 may also be referred to as a manifold-backing plate and the
second plate 104 may be referred to as a manifold plate. Plate 102 and/or plate 104 may be made
from a low-strength steel alloy. Generally, the second plate 104 is coupled with the first plate
102 (preferably by fasteners, such as fastener 223). Once they are coupled together, the second
plate 104 and the first plate 102 define a manifold pocket 213.

The manifold 224 includes or defines one or more melt channel(s) 221 configured to
convey the melt from the input to the outputs of the manifold 224. The manifold 224 defines a
plug receiver 227 that connects with the melt channel 221. The plug receiver 227 is configured to
receive a manifold plug (known and not depicted). One purpose of the plug receiver 227 and the
manifold plug is to allow gun drilling of the manifold channels, as is well known to those skilled
in the art and therefore will not be further described in any detail. However, other suitable
manifold manufacturing processes may be employed (such as a split and subsequently bonded 2-
piece manifold), as the present disclosure is not limited in this regard.

The manifold 224 is supportively received in the manifold pocket 213. The manifold 224
has an output (usually called a drop 225), an input that is usually connected with a sprue bushing
260, and a distribution network of channels 221 that connects the input with the output (it will be
appreciated that there may be more than one output). In one embodiment, the manifold includes

a melt conditioning zone 300 within the melt channel 221. The sprue bushing 260 is coupled
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with a machine nozzle (known and not depicted) of an injection unit (known and not depicted).
In one embodiment, the sprue bushing 260 includes a melt conditioning zone 310. Figure 10
depicts the manifold 224 having two drops 225, and it will be appreciated that the manifold 224
may have a single drop or may have multiple drops (or outputs). The nozzle assembly 400 is
supportively received in the nozzle hole 229 of the second plate 104. The nozzle assembly 400 is
operatively connected with the drop 225 of the manifold 224, so that the nozzle assembly 400
may receive the melt from the drop 225. The nozzle assembly 400 is also received in a mold gate
of a mold assembly (known but not depicted) so that melt may flow from the nozzle assembly
400 to a mold cavity (via the mold gate) of the mold assembly. Figure 10 also depicts two
examples of the nozzle assembly 400, which are a valve-type nozzle 240, and a thermal-type
nozzle 250, though it is conventional that only one type of valve arrangement is typically used in
a particular hot runner such that Figure 10 is for illustrative purposes only. As discussed above,
in one embodiment, the nozzle includes a melt conditioning zone 320. Although three melt
conditioning zones 300, 310, 320 are shown in this figure, it should be appreciated that the hot
runner may include only one or two melt conditioning zones in some embodiments or more than
three melt conditioning zones in other embodiments.

The manifold plate 104 is configured to receive a guide pin 209 that is used to locate the
manifold plate 104 with the mold assembly (known and not depicted). The manifold plate 104
includes or defines a cooling circuit 201 (which is well known in the art and therefore will not be
described here in detail), and the nozzle hole 229 that is configured to receive the nozzle
assembly 400 and to permit connection of the nozzle assembly 400 with the drop 225 of the
manifold 224. The manifold-backing plate 102 defines a cooling circuit 203 (the cooling circuit
203 is well known in the art). The manifold-backing plate 102 is configured to receive the sprue
bushing 260, so that the sprue bushing 260 may connect with the input of the manifold 224. A
sprue-bushing heater 261 is coupled with the sprue bushing 260. A sprue-bushing fastener 263
couples or connects the sprue bushing 260 with the manifold-backing plate 222.

The melt conditioning zone (whether integrally formed in the melt flow passage or
structured as an insert) may be made of a conductive material, such as but not limited to copper
alloys. The melt conditioning zone (whether integrally formed in the melt flow passage or
structured as an insert) may also be made of a wear resistant material, such as vanadium steel and

powder metallurgy alloys. The melt conditioning zone (whether integrally formed in the melt



10

WO 2014/133702 PCT/US2014/013299
14

flow passage or structured as an insert) may be formed using any suitable manufacturing process,
such as machining, casting, electro discharge machining (EDM), laser cutting, water jet cutting,
stamping, powder sintering, etc., as the present disclosure is not limited in this regard.

While the present teachings have been described in conjunction with various
embodiments and examples, it is not intended that the present teachings be limited to such
embodiments or examples. On the contrary, the present teachings encompass various
alternatives, modifications, and equivalents, as will be appreciated by those of skill in the art.
Accordingly, the foregoing description and drawings are by way of example only.

What is claimed is:
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CLAIMS

1. A melt conditioning nozzle for use with a hot runner of an injection molding
machine to pass melt into a mold cavity, the nozzle comprising:

a nozzle body having an inlet end, an outlet end, and a melt bore therebetween;

a nozzle tip disposed at the outlet end;

a melt temperature conditioning zone defined within the melt bore and extending
substantially from the inlet end to the outlet end and upstream of the nozzle tip; and

at least one heater cooperating with the melt temperature conditioning zone to produce a
substantially homogeneous thermal profile in the melt along the melt temperature conditioning

zone before the melt enters the mold cavity.

2. The melt conditioning nozzle of claim 1, wherein the melt bore includes a
plurality of fins extending from an internal surface of the melt bore toward a center of the melt

bore to define the melt temperature conditioning zone.

3. The melt conditioning nozzle of claim 2, wherein the fins extend longitudinally

along a length of the melt bore.

4. The melt conditioning nozzle of claim 3, wherein the fins extend in a straight

pattern along the length of the melt bore.

5. The melt conditioning nozzle of claim 4, wherein the fins comprise a first set of
fins extending along a first portion of a length of the melt bore and a second set of fins extending

along a second portion of a length of the melt bore and spaced from the first set of fins.

6. The melt conditioning nozzle of claim 4, wherein the fins comprise a first set of
fins disposed in a first orientation along a first portion of a length of the melt bore and a second
set of fins disposed in a second orientation along a second portion of the length of the melt bore

that is rotationally offset from the first set of fins.
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7. The melt conditioning nozzle of claim 3, wherein the fins extend in a spiral-
shaped pattern along a length of the melt bore.
8. The melt conditioning nozzle of claim 7, wherein the fins comprise a first set of

fins extending along a first portion of a length of the melt bore and a second set of fins extending

along a second portion of a length of the melt bore and spaced from the first set of fins.

9. The melt conditioning nozzle of claim 7, wherein the fins comprise a first set of
fins disposed in a first orientation along a first portion of a length of the melt bore and a second
set of fins disposed in a second orientation along a second portion of the length of the melt bore

that is rotationally offset from the first set of fins.

10. The melt conditioning nozzle of claim 2, further comprising a valve stem

extending within the melt bore, wherein at least a portion of the fins contact the valve stem.

11. The melt conditioning nozzle of claim 1, wherein the melt bore includes at least
one of a plurality of pins, protuberances, ripples, undulations, and surface roughness extending
from an internal surface of the melt bore toward a center of the melt bore to define the melt

temperature conditioning zone.

12. The melt conditioning nozzle of claim 1, wherein the melt temperature
conditioning zone is configured to maximize contact between a surface area of the melt bore and

the melt.

13. The melt conditioning nozzle of claim 12, wherein A is defined as the surface
area of a structure defining the melt conditioning zone and V is defined as a volume of the melt
in the melt conditioning zone and wherein the melt temperature conditioning zone is configured

to maximize an A/V ratio.

14. The melt conditioning nozzle of claim 13, wherein D is defined as a diameter of

the melt bore and wherein the A/V ratio is greater than 4/D.
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15. The melt conditioning nozzle of claim 12, wherein the melt temperature
conditioning zone is configured to minimize a pressure drop of the melt along the melt

temperature conditioning zone.

16. The melt conditioning nozzle of claim 15, wherein the pressure drop is less than 4

MPa.

17. A hot runner of an injection molding machine to pass melt into a mold cavity, the
hot runner comprising:

a melt flow passageway;

a melt temperature conditioning zone within the melt flow passageway;

at least one heater cooperating with the melt temperature conditioning zone to produce a
substantially homogeneous thermal profile in the melt along the melt temperature conditioning
zone; and

a nozzle including a nozzle body and a nozzle tip, wherein the melt temperature

conditioning zone is disposed upstream of the nozzle tip.

18. The hot runner of claim 17, wherein the melt temperature conditioning zone is

disposed in a sprue bushing.

19. The hot runner of claim 17, wherein the melt temperature conditioning zone is

disposed in a manifold.

20. The hot runner of claim 17, wherein the melt temperature conditioning zone is

disposed in the nozzle body.

21. The hot runner of claim 17, wherein the melt temperature conditioning zone

includes a plurality of fins extending towards a center of the melt flow passageway.
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22. The hot runner of claim 17, wherein the melt temperature conditioning zone is
configured to maximize contact with the melt.
23. The hot runner of claim 17, wherein the melt temperature conditioning zone

comprises a melt conditioner disposed within the melt flow passageway.

24. A melt conditioning nozzle for use with a hot runner of an injection molding
machine to pass melt into a mold cavity, the nozzle comprising:

a nozzle body having an inlet end, an outlet end, and a melt bore therebetween;

a nozzle tip disposed at the outlet end;

a melt temperature conditioning zone defined within the melt bore and extending
substantially from the inlet end to the outlet end and upstream of the nozzle tip;

a first heater disposed adjacent to the melt temperature conditioning zone near the inlet
end;

a second heater disposed adjacent the melt temperature conditioning zone at the outlet
end;

a first thermocouple providing temperature feedback from the melt temperature
conditioning zone near the inlet end; and

a second thermocouple providing temperature feedback from the melt temperature
conditioning zone near the outlet end;

wherein each of the first and second heaters are independently controlled based on

feedback from the first and second thermocouples.
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