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(57) Abrégée/Abstract:
A nozzle for an infection molding apparatus Is provided. The Injection molding apparatus Includes a manifold and a mold
component. The manifold has at least one runner therein that is downstream from a melt source. The mold component defines at
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(57) Abrege(suite)/Abstract(continued):

least one mold cavity and defining a gate into each mold cavity. The gate defines an axis. The mold component has a mold
component alignment surface thereon. The nozzle includes a nozzle body, a tip, a tip surrounding piece and an alignment piece.
The nozzle body defines a nozzle body melt passage, which Is adapted to be in fluid communication and downstream from the at
least one runner. The tip Is removably connected to the nozzle body. The tip defines a tip melt passage therethrough. The tip melt
passage Is downstream from and In fluild communication with the nozzle body melt passage, and Is upstream from and In fluid
communication with the gate. The tip surrounding piece Is removably cannected with respect to the nozzle body. The alignment
plece Is positioned between the tip and the tip surrounding piece. The tip contacts the alignment piece to align the tip with respect
to the alignment piece. The alignment piece contacts the tip surrounding piece to align the alignment piece with respect to the tip
surrounding piece. The tip surrounding piece Is adapted to contact the mold component to align the tip surrounding piece with
respect to the gate, so that the tip Is aligned with respect to the gate. The contact between the tip, the alignment piece, the tip
surrounding piece and the mold component Iis adapted to be axially proximate the gate.
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ABSTRACT

A nozzle for an injection molding apparatus Is provided. The injection
molding apparatus includes a manifold and a mold component. The manifold
has at least one runner therein that is downstream from a melt source. The
mold component defines at least one mold cavity and defining a gate into
each mold cavity. The gate defines an axis. The mold component has a mold
component alignment surface thereon. The nozzle includes a nozzle body, a
tip, a tip surrounding piece and an alignment piece. The nozzle body defines
a nozzle body melt passage, which is adapted to be in fluid communication
and downstream from the at least one runner. The tip is removably
connected to the nozzle body. The tip defines a tip meit passage
therethrough. The tip melt passage is downstream from and in fluid
communication with the nozzle body melt passage, and is upstream from and
in fluid communication with the gate. The tip surrounding piece is removably
connected with respect to the nozzie body. The alignment piece is positioned
between the tip and the tip surrounding piece. The tip contacts the alignment
piece to align the tip with respect to the alignment piece. The alignment piece
contacts the tip surrounding piece to align the alignment piece with respect to
the tip surrounding piece. The tip surrounding piece is adapted to contact the
moid component to align the tip surrounding piece with respect to the gate, so
that the tip is aligned with respect to the gate. The contact between the tip,
the alignment piece, the tip surrounding piece and the mold component is

adapted to be axially proximate the gate.
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Title: HOT RUNNER NOZZLE WITH A TIP, A TiP SURROUNDING PIECE
AND AN ALIGNMENT PIECE

FIELD OF THE INVENTION

This invention relates to an injection moiding apparatus, and more

particularly to a hot runner nozzle for an injection molding apparatus.

BACKGROUND OF THE INVENTIO

In a hot runner injection moiding apparatus, melt is transferred from a
melt source through a system of runners, through a nozzle and into a mold
cavity through a gate. When the mold cavity is opened for the ejection of the
molded part, it is important o prevent leakage of hot melt from the nozzle
through the gate.

A valve pin is commonly used to seal the gate into the mold cavity prior
to opening the mold cavity. The valve pin is positioned in the nozzle, and is
movable into and out of the gate to control the flow of melt therethrough.

Proper alignment of the valve pin with respect to the gate can impact
on the longevity of both the valve pin and the gate, and the effectiveness of
the seal obtained by the valve pin and the gate. To this end, some nozzles
Include some form of ailignment means to align the valve pin prior to its entry
into the gate. However, in order for the nozzle's alignment means to be
effective, the nozzie itself must be positioned in alignment with respect to the
gate. Several factors generally cause the nozzle 1o be misaligned with
respect to the gate. One such factor is a build-up of error due to tolerances in
the manufacturing of the mcld plate in which the gates are positioned, the
manifold plate o which the nozzles are attached, and the nozzles themselves.
Another factor is that the mold plate and the manifold plate may undergo
different rates of thermal expansion during the injection molding process, and
the nozzles may be moved out of alignment with respect to the gates as a

result.
The adjustment of the positioning of the nozzles on an injection

molding apparatus is typically carried out on each nozzle individually, by re-
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machining each of the nozzle components until a satisfactory alignment is
obtained. This can be a time-consuming process.

Furthermore, other problems exist with the alignment of the valve pin.
For example, during use, melt typically surrounds the valve pin, and also
surrounds the downstream end of the nozzle itself in some injection molding
machines. if the melt does not exert pressure evenly on the valve pin or on
the nozzle, the valve pin and/or the nozzle can be moved out of alignment
because of the melt pressure.

Some nozzles do not incorporate a valve pin. For example, some
nozzles inciude a 'torpedo’ which is a tip that is generally conical at its
downstream end and exiends into the gate, to control the heating of the melt
as close as possibie to the entry of the melt into the mold cauvity.

If the torpedo is even slightly misaligned, the flow into the mold cavity
can become non-uniform and can cause several problems with the guality of
the molded part. Injection molding apparatuses having nozzles with
torpedoes suffer from similar problems to valve gated machines, in terms of
misalignment and consequent re-machining of components.

A second issue exists with hot runner nozzies, and that is the need to
control the temperature of melt in the nozzle. Ternperature control of the melt

IS even more important towards the outlet of the nozzle.

SUNMARY OF THE INVENTION

In a first aspect, the invention is directed to a nozzle for an injection
molding apparatus. The injection molding apparatus includes a manifold and a
mold component. The manifold has at least one runner therein that is
downstream from a melt source. The mold component defines at least one
mold cavity and defines a gate into each mold cavity. The gate defines an
axis. The mold component has a mold component alignment surface thereon.
The nozzle includes a nozzle body, a tip, a tip surrounding piece and an
alignment piece. The nczzle body defines a nozzle body melt passage, which
IS adapted to be in fluid communication and downstream from the at least one

runner. The tip is removably connected to the nozzie body. The tip defines a
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tip melt passage therethrough. The tip melt passage is downstream from and
in fluid communication with the nozzie body melt passage, and is upstream
from and in fluld communication with the gate. The tip surrounding piece is
removably connected with respect to the nozzle body. The alignment piece is
positioned between the tip and the tip surrounding piece.

In one embodiment of the first aspect, the tip contacts the alignment
piece to align the tip with respect to the alignment piece. The alignment piece
contacts the tip surrounding piece to align the alignment piece with respect to
the tip surrounding piece. The tip surrounding piece is adapted to contact the
mold component to align the tip surrounding piece with respect to the gate, so
that the tip Is aligned with respect to the gate. The contact between the tip,
the aiignment piece, the tip surrounding piece and the moid component is
adapted to be axially proximate the gate.

In a second aspect, the invention is directed to a nozzle for an injection
moliding apparatus. The injection molding apparatus includes a mold
component. The mold component defines at least one mold cavity and
defines a gate into each mold cavity. The nozzle includes a nozzle body, a
tip, a tip surrounding piece and an alignment piece. The nozzle body defines
a hozzle body meit passage, which is adapted to be in fluid communication
and downstream from a melt source. The tip is removably connected to the
nozzle body. The tip defines a tip melt passage therethrough. The tip melt
passage is downstream from and in fluid communication with the nozzle body
melt passage, and is upstream from and in fluid communication with the gate.
The tip surrounding piece is removably connected with respect to the nozzle
body. The alignment piece is positioned between the tip and the tip
surrounding piece.

In a third aspect, the invention is directed to a nozzle for an injection
moiding apparatus. The injection molding apparatus includes a mold
component. The mold component defines at least one mold cavity and
defines a gate into each mold cavity. The nozzle includes a nozzle body, a
tip, a tip surrounding piece and a tip retaining piece. The nozzle body defines
a nozzle body melt passage, which is adapted to be in fluid communication
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and downstream from a melt source. The tip is removably connected to the
nozzle body. The tip defines a tip melt passage therethrough. The tip melt
passage is downstream from and in fluid communication with the nozzle body
meilt passage, and is upstream from and in fluid communication with the gate.
The tip surrounding piece is removably connected with respect to the nozzle
pody. The tip retaining piece is positioned between the tip surrounding piece
and the tip. The tip surrounding piece retains the tip through the tip retaining
piece.

in a fourth aspect, the invention relates {© a nozzle for an injection
molding machine. The injection molding machine has a mold block that
defines at least one mold cavity with a gate leading thereto. The nozzle has a
nozzle body, a tip, a tip surrounding piece and an alignment piece. The tip Is
mounted with respect to the nozzle body, such as by being mounted directly
to the nozzle body, or by being mounted to ancther component that is
connected to the nozzle body. The tip has an upstream end and a
downstream end. The tip has at least one upstream alignment surface that
cooperates with an alignment surface on another component of the nozzle,
such as the nozzle body, to align the tip with respect to the nozzle body
upstream from the downstream end. The alignment piece is positioned
between the tip surrounding piece and the tip. The alignment piece contacts
and aligns the tip downstream from the upstream alignment surface, which
provides alignment of the tip closer toc the gate than is provided by the
upstream alignment surface. The alignment of the tip by the alignment piece
cooperates with the alignment provided upstream at the upstream alignment
surface to capture the tip by some alignment means at at least two positions
along its length. Capturing the tip In this way resists misalignment from
operational influences during the operation of the injection molding machine.
One of the at least two positions at which the tip is captured is preferably
proximate the downstream end of the tip.

In a fifth aspect, the invention relates to a nozzle for an injection
molding machine. The injection molding machine has a mold block that

defines at least one mold cavity with a gate leading thereto. The gate defines
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an axis. The nozzle has a nozzile body, a tip, a tip surrounding piece and an
alignment piece. The tip iIs mounted with respect to the nozzle body, such as
by being mounted directly to the nozzle body, or by being mounted to another
component that is connected to the nozzie body. The tip and the tip
surrounding piece each have an upstream end and a downstream end. The
downstream ends of both the tip and the tip surrcunding piece are generally
axially close to the gate. The alignment piece is positioned between the tip
surrounding piece and the tip and is proximate the downstream end of at least
one of the tip surrounding piece and the tip, thereby aligning the tip generally
close to the gate while still being positioned between the tip and the tip
surrounding piece.

In a sixth aspect, the invention relates to a nozzle for an injection
molding machine. The injection molding machine has a mold block that
defines at least one mold cavity with a gate leading thereto. The gate is
positioned at the end of a nozzie well. The nozzle has a nozzle body, a tip, a
tip surrounding piece and an alignment piece. The tip is mounted with respect
to the nozzle body, such as by being mounted directly to the nozzle body, or
by being mounted to ancther component that is connected to the nozzie body.
The tip surrounding piece is mounted with respect to the nozzle body. The tip
surrounding piece contacts the mold block in the nozzle well, and is aligned
by the nozzle well. The alignment piece is positioned between the tip
surrounding piece and the tip. The alighment piece is aligned by the tip
surrounding piece. The tip is aligned by the alignment piece. In this way, the
alignment plece provides the fip 36 with alignment that is based on the nozzle
well, which surrounds the gate 28, instead of being based on alignment with
respect to the nozzle body 31. By aligning with respect to the nozzie well,
some sources of misalignment which are related to the nozzle body 31 are
eliminated.

In a seventh aspect, the present invention is directed to an injection

molding apparatus that incorporates at least one of the nozzles described
above.
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In any of the aspects described above, a valve pin may be provided
that I1s movable in the nozzle melt channel to provide control of the melt flow
through the gate. In at ieast one position, the valve pin enters the gate and
cooperates therewith to prevent melt flow through the gate. The tip may
include internal alignment surfaces that contact the valve pin to align the valve

pin prior to its entry into the gate.

DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention and to show more
clearly how it may be carried into effect, reference will now be made by way of
example to the accompanying drawings, in which:

Figure 1 is a sectional view of an injection moiding apparatus having a
plurality of nozzles in accordance with a first embodiment of the present
invention;

Figure 2 is a magnified sectional view of a portion of the nozzle shown
in Figure 1,

Figure 2a is a cross-sectional view along section 2a-2a of the nozzle
shown in Figure Z;

Figure 2b is a magnified perspective view of the alignment piece shown
in Figure 2, shown with optional grooves on a tip contacting surface;

Figure 3 is a magnified secticnal view of a portion of a nozzie In
accordance with another embodiment of the present invention;

Figure 3a is a cross-sectional view along section 3a-3a of the nozzie
shown In Figure 3;

Figure 4 is a magnified sectional view of a portion of a nozzle in
accordance with another embodiment of the present invention; and

Figure 5 is a magnified sectional view of a portion of a nozzle In

accordance with yet another embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Reference is made to Figure 1, which shows an injection molding

apparatus 10, which includes a manifold 12, a moid component 14 and a
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plurality of nozzles 16 in accordance with a first embodiment of the present
invention.

The manifold 12 includes a plurality of runners 18, which transfer melt
from a main runner iniet 20 to the nozzles 16. The manifold 12 may be
heated by a heater 22.

The mold component 14 is made up of a plurality of mold plates, which
together define a plurality of mold cavities 24. A gate 28 into each mold cavity
24 1s defined in the mold component 14. Each gate 28 is positioned
downstream from one of the nozzles 16. Each gate 28 defines an axis 29.

A plurality of cooling channels 30 may be included in the mold
component 14. The cooling channels 30 transport a cooling fluid throughout
the mold component 14 to cool and solidify melt in the mold cavities 24. It is
alternatively possible that the mold component 14 be cooled by any other
means known in the art.

Reference is made to Figure 2. Each nozzle 16 transfers melt from the
manifold 12 (Figure 1) to one of the mold cavities 24 in the mold component
14. Each nozzle 16 includes a nozzle body 31, a valve pin system 32 (Figure
1), a heater 34, a tip 36, a tip surrounding piece 38 and an alignment piece 40
and an optional thermocouple 41.

The nozzle body 31 defines a nozzle body melt passage 42 which
receives melt from one of the runners 18 (Figure 1). The heater 34 is
connected to the nozzie body 31 for heating melt in the nozzle 16. The heater
34 may be any suitable kind of heater, such as a resistive wire heater, or a
sleeve heater, as long as it is thermally connected to the nozzle body 31, ie.
as long as the heater 34 is connected such that heat is transferable from the
heater 34 to the nozzle body 31. For example, the heater 34 may wrap
around the nozzle body 31 in a groove in the outer surface of the nozzle body
31.

The tip 36 defines a tip meit passage 44, and is connected to the
nozzle body 31 so that the tip melt passage 44 is in fluid communication with
and downstream from the nozzle body melt passage 42.
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As melt passes through and exits the tip 36, it can cause wear to the tip
36, particularly at the outlet of the tip melt passage 44, which is shown at 45.
By making the tip 36 removably connected to the nozzle body 31, the tip 36
can be removed and replaced as necessary without requiring the replacement
of the entire nozzle body 31.

The removable connection of the tip 36 to the nozzle body 31 may be
made in any suitable way. For example, the tip 36 may include a first
threaded portion 46, which mates with a corresponding second threaded
portion 48 on the nozzie body 31. In the embodiment shown in Figure 2, the
tip 36 is externally threaded, and the nozzie body 31 is internally threaded.
However, the tip 36 could alternatively have an internally threaded portion,
and could mate with an externally threaded portion on the nozzle body 31.
The tip 36 may mate with the nozzle body 31 in any suitable way.

The threaded portions 46 and 48 may provide some alignment of the
tip 36 with respect to the nozzle body 31. However, because the surfaces 46
and 438 are threaded, they are limited in the precision with which they can be
used to align the tip 36.

To provide improved alignment of the tip 36, relative to any alignment
provided by threaded portions 46 and 48, the tip 36 may further include a first
upstream alignment surface 47 which cooperates with a second upstream
alignment surface 49 on the nozzle body 31.

The tip 36 may be made from a wear resistant material, to resist wear
that can occur as a result of the melt flow therethrough. For example, the tip
36 may be made from Be-Cu (Beryllium-Copper) which is a wear resistant
matenal.

In relation to the separate issue of heat transfer, the tip 36 may be
made from a tip material having a relatively high thermal conductivity to
reduce losses in the heat transferred from the heater 34 to the melt in the tip
melt passage 44. Some examples of suitable tip materials for the tip 36 are
Be-Cu (Beryllium-Copper), Beryllium-free Copper such as, for example,
Ampco 940™ TZM (Titanium/Zirconium carbide), Aluminum or Aluminum-

based alloys, Inconel™, Molybdenum or suitable Molybdenum alloys, H13,
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mold steel or AerMet 100™. Be-Cu is a material of construction for the tip 36
that has both suitably high thermal conductivity and suitably high wear-
resistance.

The tip 36 may include a tool engagement portion 50 for receiving a
tool (not shown), to facilitate the installation and removal of the tip 36 with
respect to the nozzle body 31.

The tip surrounding piece 38 may be removably attached to the nozzle
body 31. The tip surrounding piece 38 may include a third threaded portion
52 which mates with a corresponding fourth threaded portion 54 on the nozzle
body 31. It is contemplated that an alternative configuration (not shown) of
the nozzle body 31, the tip 36 and the tip surrounding piece 38 could be made
whereby a first threaded portion and a third threaded portion could mate with
a common second threaded portion adapted to receive both. As another
alternative (not shown), the tip surrounding piece 38 could attach to the mold
component 14 instead of the nozzle body 31.

In the embodiment shown in Figure 2, the threaded portion 52 is
externally threaded, and the threaded portion 54 is internally threaded.
Alternatively, however, the threaded portions 52 and 54 may be threaded in
any suitabie fashion for the removable attachment of the tip surrounding piece
38 to the nozzle body 31.

The tip surrounding piece 38 includes a first alignment surface 56,
which cooperates with a second alignment surface 58 on the mold component
14 to align the tip surrounding piece 38 with respect to the gate 28. The first
alignment surface 56 may, for example, comprise an outer cylindrical surface
60 of the tip surrounding piece 38, which mates with a bore 62 that is part of
the nozzle well in the mold component 14.

In addition to aligning the tip surrounding piece 38 with respect to the
gate 28, the first and second alignment surfaces 56 and 58 may also function
as a first sealing surface 64 and a second sealing surface 66 respectively, to

seal against melt leakage out of the space between the tip 36 and the gate
28.
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The seal formed by the first and second sealing portions 64 and 66

may be any sultable type of seal. For example, they may contact each other

to form a mechanical seal.

The tip surrounding piece 38 may include a tool engagement portion 68

for receiving a tool (not shown) to facilitate the installation of the tip

surrounding piece 38 on the nozzle body 31 and removal therefrom.

The tip surrounding piece 38 may be positioned between portions of
the nozzle 16 that contain melt, such as the nozzle body 31 and the mold
comporent 14. For at least some portion of an injection molding cycle, the '
melt in the mold component 14 and the melt in the nozzle 16 may be
maintained at different temperétures. For example, once the mold cavity 24 is
filled with melt, the mold component 14 may be cooled to solidify the melt in
the mold cavity 24. However, the nozzle 16 may be heated to keep the melt
contained therein hot and ready for the next injection phase. In order to
reduce unwanted heat transfer between the nozzle 16 and the mold
component 14, the tip surrounding piece 38 may be made from a tip
surrounding piece material that is comparatively less thermally conductive
than the tip material of the tip 36. Suitable materials for the tip surrounding

plece 38 include titanium, stainless steel, and chrome steel. Other alternative

materials include ceramics and plastics. Other suitable materials for the tip

surrounding piece 38 are disclosed in US Patent No. 5,879,727 (Puri).

Puri discloses such materials for use as an insulative layer for a nozzle.

The tip surrounding piece 38 may be made from the same material as
the tip 36, however. For example, the tip surrounding piece material may be
made from H13 or mold steel. Regardless of the material of manufacture for

the tip surrounding piece 38, the tip surrounding piece 38 may be configured
to have a relatively small contact surface area with the mold component 14 at
the sealing portion 64 and/or the alignment surface 56, to reduce heat transfer
between the tip surrounding piece 38 and the mold component 14.

The tip surrounding piece 38 is subject to wear from sliding movement

between the first and second alignment surfaces 56 and 58. Such movement
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occurs as a result of the repeated cycles of thermal expansion and contraction
of the nozzie 16 that occur during an injection molding operation. The tip
surrounding piece 38 is preferably made from a wear resistant material so as
to resist the wear that is incurred during use. In light of the above
considerations, the tip surrounding plece 38 is preferably made from a
material having a low thermal conductivity and high wear resistance.

The tip surrounding piece 38 includes a shoulder 76 for retaining the
alignment piece 40, and a third alignment surface 78 which mates with a
fourth alignment surface 80 on the alignment piece 40. The\thrd and fourth
alignment surfaces 78 and 80 cooperate to align the alignment piece 40 with
respect to the tip surrounding piece 38 and also with respect to the gate 28.

The alighment piece 40 is positioned on the shoulder 76 and, in turn,
aligns the tip outlet 45 with respect to the gate 28. The alignment piece 40
includes a fifth alignment surface 82 which mates with a sixth alignment
surface 83 on the tip 36. The fifth and sixth alignment surfaces 82 and 83
may be frusto-conical surfaces to facilitate the installation of the tip
surrounding piece 38 and the alignment piece 40 on the nozzle body 31.

The alighment piece 40 provides alignment for the tip 36 at a position
closer to the gate 28 than the alignment provided by the upstream alignment
means for the tip 36. In the embodiment shown in Figure 2, the alignment
piece 40 provides alignment relatively close to the gate 28 relative to the
alignment that is provided further upstream for the tip 36 by the cooperation of
the surfaces 47 and 48.

The alignment of the tip 36 by the alignment piece 40 cooperates with
the alignment provided upstream to resist misalignment from operational
influences during the operation of the injection molding machine. This is
because the tip 36 is captured by some alignment means at at least two
positions along its length. One of the at least two positions is preferably
proximate the downstream end of the tip 36, which is the end nearest the gate
28.

The alignment piece 40 provides the tip 36 with alignment that is based

on the nozzle well, which surrounds the gate 28, instead of being based on
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alignment with respect to the nozzle body 31. By aligning with respect to the
nozzle well, some scurces of misalignment which are related to the nozzie
body 31 are eliminated.

The alignment piece 40 is positioned proximate the downstream end of
at least one of the tip 36 and the tip surrounding piece 38, thereby aligning the
tip 36 close to the gate 28 while still being positioned between the tip 36 and
the tip surrounding piece 38. In the embodiment shown in Figure 2, the
alignment piece 40 is positioned proximate the downstream end of the tip
surrounding piece 38.

The alignment piece 40 may be made to inhibit heat losses from the tip
36 to the tip surrounding piece 38. For example, the alignment piece 40 may
be made from an alignment piece material that has a thermal conductivity that
Is lower than that of the tip 36. For example, the alignment piece 40 may be
made from ceramic or titanium. As another alternative material of fabrication,
the alignment piece 40 may be made from Beryllium-Copper (Be-Cu).

As another example of making the alignment piece 40 in a way that
Inhibits heat loss from the tip 36, the alignment piece 40 may have a
configuration as shown in Figure 2b. As shown in Figure 2b, the alignment
piece 40 may be made to have a reduced surface area on its fifth alignment
surface 82. The reduction in the surface area of contact for surface 82 may
be achieved in any suitable configuration. For example, the surface 82 may
have longitudinal grooves 82a therein.

By inhibiting heat loss from the tip 36, more heat is transferred to the
melt contained in the tip 36, which assists in maintaining the melt therein at a
desired temperature.

Referring to Figure 1, the valve pin systems 32 are used o open and
close the gates 28. Each valve pin system 32 includes an actuator 84 and a
valve pin 85. The actuator 84 moves the valve pin 85 into and out of the gate
28 to control melt flow through the gate 28. The actuator 84 may be any

sultable type of actuator, such as a pneumaticaily or hydraulically actuated
piston in a chamber.
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Referring to Figure 2, the valve pin 85 may be removably attached to
the actuator 84 for easy replacement when desired. The valve pin 85
includes a valve pin tip portion 86 which has a closing surface 87. The
closing surface 87 is adapted to cooperate with the gate 28 to close the gate
28 against melt flow.

The actuator 84 moves the valve pin 85 between a closed position
wherein the closing surface 87 cooperates with the gate 28 to prevent melt
flow through the gate 28, and an open position wherein the vaive pin 85, and
in particular, the closing surface 87, is spaced from the gate 28 to permit melt
to flow through the gate 28. The valve pin 85 is shown in part in both the
open and closed positions in Figures 2, 3 and 5.

The valve pin 85 may also optionally include a seventh alignment
surface 88 that is upstream from the valve pin tip portion 86. The seventh
alignment surface 88 is adapted to cooperate with an eighth alignment
surface 89 that is positioned on the tip 36 to align the valve pin 85 with
respect to the tip 36 (see Figure 2a).

The seventh alignment surface 88 may be on a portion of the valve pin
85 that has a larger diameter than the valve pin tip portion 86. During
movement of the valve pin 85, the seventh alignment surface 88 incurs wear
from the sliding contact with the eighth alignment surface 89, as it aligns the
valve pin 85. By having the wear occur on the seventh alignment surface 88
and by having the closing surface 87 aligned with respect 1o the gate 28, the
closing surface 87 incurs reduced wear during entry into the gate 28, and the
gate 28 itself incurs reduced wear.

It is alternatively possible, however, for the valve pin 85 to not include a
separate seventh alignment surface and for the closing surface 87 on the
valve pin tip portion 86 to act as a seventh alignment surface. In that case,
the valve pin tip portiorn 86 may have the same diameter from the portion of
the valve pin 85 immediately upstream. The closing surface 87 would
cooperate with the eighth alignment surface 89 to align the valve pin 85 prior
fo entry into the gate 28. In this alternative, the closing surface 87 would incur
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wear, however, the gate 28 would still incur reduced wear because the valve
pin 85 would be alighed prior to entry therein.

The eighth alignment surface 89 may be positioned on one or more fins
81 that extend from the wall of the tip melt passage 44.

When the nozzle 16 is assembied with the mold component 14, the
second alignment surface 58 in the bore 62 aligns tnhe tip surrounding piece
38, which, in turn aligns the alignment piece 40. The fifth and sixth alignment
surfaces 82 and 83 on the alignment piece 40 and the tip 36 can cooperate as
necessary {o aiign the tip 36, and, in turn, the valve pin 85 with the gate 28.

All of the alignment surfaces 56, 58, 78, 80, 82, 83, 88 and 89 are
generally positioned axially proximate the gate 28. In other words, the
aiignment surfaces 56, 58, 78, 80, 82, 83, 88 and 89 are all positioned
generally near the gate 28 along axis 29, regardless of their lateral position
with respect to the gate 28. By positioning the alignment surfaces 56, 58, 78,
80, 82, 83, 88 and 89 axially proximate the gate 28, the tip 36 and the valve
pin 85 are better secured in alignment with respect to the gate 28. The
alignment is less prone {o error due to tolerances in the manufacture of the
manifold 12 and the mold component 14, because the alignment is done
substantially entirely from the bore 62 of the nozzle well laterally over to the
tip 36 without regard to the exact positioning of the nozzle body 31 and
without regard to the accuracy of the location of the attachment of the nozzle
to the manifoid 12. Furthermore, the alignment of the tip 36 and the valve pin
85 Is less easily upset by external sources, such as asymmetry in the meilt
pressure or differences in the rates of thermal expansion of the manifold 12
and the mold component 14. |t is not necessary, though it is preferable for the
alignment surfaces 56, 58, 78, 80, 82, 83, 88 and 89 to overlap axially.

The optional thermocouple 41 may be mounted in any suitable way in
the nozzle 16 for sensing the temperature of melt flowing through the nozzle
16. The thermocoupie 41 sends a signal corresponding to the sensed
temperature back toc a control system (not shown), which can be used to
control the heat output of the heater 34.
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Reference is made to Figure 3, which shows a nozzle 90 in accordance
with another embodiment of the present invention. The nozzle 90 includes a
nozzie body 92, a heater 93, a tip 94, a tip surrounding piece 96, an alignment
piece 97, the valve pin system 32 (Figure 1) and an optional thermocouple 98.
The nozzle body 92 may be similar to the nozzle body 31 (Figure 2), and may
include a first threaded portion 100 for receiving a corresponding second
threaded portion 102 on the tip surrounding piece 96. In the embodiment
shown in Figure 3, the nozzle body 92 does not include a threaded portion for
receiving the tip 94.

The nozzle body 92 defines a nozzle body melt passage 104, which
may be similar to the nozzle body melt passage 42 (Figure 2). The heater 93
may be similar to the heater 34 and may be positioned anywhere suitable for
heating melt in the nozzle 30.

The tip 94 may be similar to the tip 36 (Figure 2) and defines a tip melt
passage 106 therethrough. The tip melt passage 106 ends at a tip outlet 107.

The tip 94 does not have a threaded portion thereon for attachment to
the nozzle body 92, and is instead retained in place in the nozzle 90 by the tip
surrounding piece 96.

The tip 94 fits within a bore 108 in the nozzle body 92, whereby the tip
melt passage 106 is in fluid communication with the nozzle body melt
passage 104. An outer surface 109 on the tip 94 may cooperate with the bore
108 to align the tip 94 with respect to the nozzie hody 92.

The tip 94 abuts a shoulder 110 in the bore 108, and forms a seal
therewith to prevent melt leakage therepast from within the nozzle body melt
passage 104.

The tip 94 may be made from a relatively thermally conductive
material, such as any of the materials used for the tip 36 (Figure 2). As
discussed above, the tip 94 may also be subject to a relatively abrasive or
corrosive melt composition. Thus, the tip 94 may be made from a wear
resistant material, such as Tungsten Carbide to provide an increasea
operating life. Depending on the material selected for the tip 94, a threaded

portion can be relatively difficult to machine. Furthermore, such a threaded
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portion can be brittie and subject to premature failure, depending on the
material of manufacture for the tip 94. Thus, by making the tip 94 threadless,
a greater number of materials are available for its manufacture.

Also, by making the tip 94 threadless, some cost of manufacture is
saved for the tip 94 and correspondingly for the nozzle body 92. in addition,
by eliminating the need to include threads on the tip 94, the cost of
replacement sets of tips 94 can be reduced.

The tip surrounding piece 96 may be similar to the tip surrounding
piece 38 (Figure 2), and inciudes a first alignment surface 112 for mating with
the second alignment surface 58 on the bore 62, to align the tip surrounding
piece 96 with the gate 28. The tip surrounding piece 96 also includes a
shoulder 114 for retaining the alignment piece 97 and a third alignment
surface 116 for mating with a fourth alignment surface 118 on the alignment
piece 97.

The tip surrounding piece 96 retains the tip 94 in place in the bore 108
through the alignment piece 97. The tip surrounding piece 96 may include an
alignment surface 119a which cooperates with a surface 119b on the tip 94 to
align the tip 94.

The tip surrounding piece 96 must be made strong enough to resist the
melt pressures that can be exerted axially on the tip 94 during an injection
molding operation. Furthermore, as described above, it is preferable for the
tip surrounding piece 96 to have a relatively lower thermal conductivity than
that of the nozzle body 92, and to have high wear resistance. The tip
surrounding piece 96 may be made from any of the same materials as the tip
surrounding piece 38 (Figure 2), provided that it is configured to be strong
enough to retain the tip 94.

The tip surrounding piece 96 may include a tool engagement portion
120 for the engagement of a tool (not shown), to facilitate the installation of
the tip surrounding piece 96 on the rest of the nozzie 90 and removal
therefrom.

The cooperation of one or more of the surfaces 108 and 109 and the

surfaces 119a and 119b constitute upstream alignment means for the tip 94.
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The alignment piece 97 may be similar to the alignment piece 40, and
is positioned between the tip 94 and the fip surrounding piece 96 to align the
tip 94 with respect to the gate 28. The alignment piece 97 also directly retains
the tip 84. The alignment piece 97 possesses sufficient rigidity to resist meilt
pressures that are exerted on the tip 94 during an injection molding operation.

The alignment piece 97 includes a fifth alignment surface 122 for
mating with a sixth alignment surface 124 on the tip 94. The fifth and sixth
alignment surfaces 122 and 124 may be frusto-conical to facilitate their mating
during the installation of the tip surrounding piece 96 and the alignment piece
97 on the nozzle body 92.

The alignment piece 97 provides alignment of the tip 94 proximate the
gate 28. Furthermore, the alighment piece 97 provides alignment of the tip 94
further downstream, ie. closer to the gate 28, than is provided by the
upstream alignment means for the tip 94.

The alighment piece 97 may be made from a material that has a
relatively lower thermal conductivity than that of the tip 84, and may be made
from the same material as the alignment piece 40 (Figure 2).

The valve pin 8% is movable in the nozzie body melt passage 104 and
the tip melt passage 106 to open and close the gate 28. The seventh
alignment surface 88 on the valve pin 85 mates with an eighth alignment
surface 126 on the tip 94 (see Figure 3a). The eighth alignment surface 126
may be positioned on cne or more fins 128 extending from the wall of the tip
melt passage 44.

When the nozzie 90 is assembled with the mold component 14, the
bore 62 aligns the tip surrounding piece 96, which in turn aligns the alignment
piece 97, which In turn aligns the tip 94, which in turn aligns the valve pin 85
with the gate 28. The alignment surfaces 58, 112, 116, 118, 122, 124, 88 and
126 are all generally axially proximate the gate 28.

Reference is made to Figure 4, which shows a nozzle 130 in
accordance with another embodiment of the present invention. The nozzle
130 may be similar to the nozzie 90 except that the nozzle 130 does not

Include a valve pin system. The nozzie 130 inciudes a nozzle body 132, a
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heater 134, a tip 136, a tip surrounding piece 138 and an alignment piece 140
and an optional thermocouple 142.

The nozzie body 132 may be similar to the nozzle body 92 (Figure 3)
and defines a nozzle melt passage 144. The heater 134 may be similar to the
heater 93 (Figure 3) and may be positioned anywhere suitable for heating
melt in the nozzle 130.

The tip 136 may be similar to the tip 94 (Figure 3) and defines a tip
meit passage 146 therethrough. The tip 136, however, is not adapted for
receiving a valve pin, and instead includes a torpedo portion 148. The
torpedo portion 148 may extend to the gate 28 or alternatively into the gate
28. The torpedo portion 148 transfers heat from the heater 134 to the meilt for
Improved control of the melt temperature as the meilt enters the gate 28.

The tip 136 does not have a threaded portion thereon for attachment to
the nozzle body 132, and is instead retained in place in the nozzle 130 by the
tip surrounding piece 138.

The tip 136 fits within a bore 150 in the nozzie body 132, whereby the
tip melt passage 146 is in fluid communication with the nozzie body melt
passage 144. A surface 151 on the tip 136 may cooperate with the bore 150
to align the tip 136 with the nozzle body 132.

The tip 136 abuts a shoulder 152 in the bore 150, and forms a seal
therewith to prevent melt leakage therepast from within the nozz!le body melt
passage 144.

The tip 136 may be made from a relatively thermally conductive
material, such as any of the materials used for the tips 36 (Figure 2) and 94
(Figure 3).

Thermal gating may be used to ciose the gate 28 instead of a valve
pin. Thus, when the mold cavity 24 is filled, coolant is run through the cooling
channels to cool the mold component 14, thereby cooling and solidifying the
molded part. As a consequence, melt that is present in the gate 28 is aiso
cooled and solidifies. Thus, when the mold cavity 24 is opened for the
ejection of the molded part, the solidified melt in the gate 28 prevents molten

melt further upstream from leaking therepast. After the molded part is
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ejected, the mold cavity 24 is closed, the coolant flow is stopped and the
heater 134 is activated to melt the solidified melt in the gate 28.

The tip surrounding piece 138 may be similar to the tip surrounding
piece 96 (Figure 3), and includes a first alignment surface 156 for mating with
the second alignment surface &8 on the bore 62, to align the tip surrounding
plece 138 with the gate 28. The {ip surrounding piece 138 also includes a
shoulder 158 for retaining the alignment piece 140 and a third alignment
surface 160 for mating with a fourth alignment surface 162 on the alignment
piece 140.

The tip surrounding piece 138 retains the tip 136 in place in the bore
150 through the alignment piece 140. The tip surrounding piece 138 may be
made from any of the same materials as the tip surrounding piece 138 (Figure
2).

A surface 159a on the tip surrounding piece 138 may cooperate with a
surface 159b on the tip 136 to align the tip 136 with the tip surrounding piece
138.

The alignment piece 140 may be similar to the alignment piece 97
(Figure 3), and is positioned between the tip 136 and the tip surrounding piece
138 to align the tip 136 with respect to the gate 28. The alignment piece 140
also directly retains the tip 136. The alignment piece 140 possesses sufficient
rigidity to resist melt pressures that are exerted on the tip 136 during an
Injection molding operation.

The tip surrounding piece 138 may include an optional tool
engagement portion 163, which can be engaged by a tool (not shown) to
facilitate the instailation of the tip surrounding piece 138 in the bore 62 and
removal therefrom.

The alignment piece 140 includes a fifth alignment surface 164 for
mating with a sixth alignment surface 166 on the tip 136. The fifth and sixth
alignment surfaces 164 and 166 may be frusto-conical to facilitate assembly
of the nozzie 130.

When the nozzle 130 is assembled with the mold component 14, the
bore 62 aligns the tip surrounding piece 138, which in turn aligns the
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alignment piece 140, which In turn, aligns the tip 136 with respect to the gate
28. The alignment surfaces on the bore 62, the tip surrounding piece 138, the
alignment piece 140 and the tip 136 are all generally axially proximate the
gate 28.

The alignment piece 97 provides alignment of the tip 94 proximate the
gate 28. Furthermore, the alignment piece 97 provides alignment of the tip 94
further downstream, ie. closer to the gate 28, than is provided by the
upstream alignment means for the tip 94.

The alignment piece 140 may be made from a material that has a
relatively lower thermal conductivity than that of the tip 136, and may be made
from the same material as the alignment pieces 40 (Figure 2) and 97 (Figure
3).

Reference is made to Figure 5, which shows a nozzie 200 in
accordance with an alternative embodiment of the present invention. The
nozzle 200 includes a nozzle body 202, a heater 204, a tip 206, an insulator
piece 207, a tip surrounding piece 208 and an alignment piece 210, and may
Include an optional thermocouple 213. The nozzle 200 may be similar to the
nozzle 16 except that in the nozzie 200, the tip surrcunding piece 208 is not
directly connected to the nozzle body 202, and is instead connected to the
insulator piece 207, which itself may be directly connected to the nozzle body
202.

The nozzle body 202 may be similar to the nozzle body 31 (Figure 2),
and defines a nozzle body melt passage 214. The heater 204 may be similar
to the heater 34 (Figure 2) and may be mounted on the nozzie body 202 to
heat melt in the nozzle 200. The optional thermocouple 213 may be similar to
the thermocouple 41 and may be mounted in any suitable way in the nozzle
200 for sensing the temperature of melt flowing through the nozzie 200.

The tip 206 may be similar to the tip 36 (Figure 2) and defines a tip
melt passage 216. The tip 206 may be connected to the nozzle body 202 by
means of a first threaded portion 218 and a corresponding second threaded

portion 220, or by any other suitable connection means.
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The cooperation of the surfaces 220 and 218 may serve tc align the tip
206 with respect to the nozzie body 202. Optionally, surfaces 221a and 221b
on the tip 206 and the nozzle body 202 respectively, may be provided to
provide improved alignment relative to the tnreaded surfaces 220 and 218.

The Insulator piece 207 may include a third threaded portion 222 for
mounting to a fourth threaded portion 224 on the nozzle body 202. The
Insulator piece 207 may be made from a material having a relatively lower
thermal conductivity than that of the piece to which it is mounted, which in the
embodiment shown is the nozzile body 202. The reason for the lower thermal
conductivity iIs discussed below.

The tip surrounding piece 208 may be similar to the tip surrounding
piece 38 (Figure 2). The tip surrounding piece 208 may be subject to wear
from repeated thermal expansion and contraction during injection moiding
cycles. Furthermore, it may be desirable to reduce the amount of heat that is
conducted from the rest of the nozzle 200 into the mold component 14,
through the tip surrounding piece 208.

To satisfy the potentially conflicting needs of low thermal conductivity
and high strength and wear resistance, the tip surrounding piece 208 may
attach removably to the insulator piece 207. Because the insulator piece 207
have a lower thermal conductivity than that of the component to which it is
attached (eg. the nozzle body 202), the heat transfer from that component is
reduced to the tip surrounding piece 208. Thus, in this case, the tip
surrounding piece 208 may be made from any suitably strong and wear
resistant material, with less regard for its thermal conductivity.

The insulator piece 207 may also be positioned between the tip
surrounding piece and the nozzle body in any of the embodiments described
In Figures 2, 3 and 4.

The alignment piece 210 may be similar to the alignment piece 40
(Figure 2). The alignment piece 210 aligns the tip 206 proximate the gate.
The alignment piece 210 align the tip 206 closer to the gate than any

alignment provided by the cooperation of the surfaces 220 and 218 or the
surfaces 221a and 221b.
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When nozzles 16, 90, 130 and 200 are assembled to the mold
component 14, alignment of the nozzle with the gate i1s obtained
automatically, without requiring jig grinding or other re-machining of
components. Because the nozzies 16, 90 and 200 are aligned with respect to
the gate 28, the valve pin 85 is positioned In alignment with the gate 28 by
means of the cooperation between the seventh and eighth alignment
surfaces. Similarly, because the nozzle 130 is in alighment with the gate 28,
the torpedo 148 is positioned in alighment with the gate 28.

It has been described in each of the embodiments shown in Figures 2,
3, 4 and 5, that the alignment surfaces between the alignment piece 40, 97,
140, 210 and the tip 36, 94, 136, 206 are frusto-conical to facilitate nozzie
assembly. It will be noted that other mating pairs of alignment surfaces can
be frusto-conical instead of those between the alignment piece and the tip.
For example, the frusto-conical alignment surfaces may be between the tip
surrounding piece and the alignment piece. Alternatively, an embodiment is
contemplated where none of the mating pairs of alignment surfaces are
frusto-conical, and are all instead generally cylindrical.

In the embodiments described above, the same surfaces serve as both
the first and second sealing portions 64 and 66 and the first and second
alignment surfaces 58 and 60. It is aternatively possible for the nozzle and
mold component to each have separate surfaces for alignment and for
sealing. In other words, the first and second sealing portions 64 and 66 may
pe separate surfaces from the first and second alignment surfaces 56 and 58.

It will be appreciated that some of the components described above
may be attached to the mold component 14, instead of the nozzle 16, where
suitable. For example, the tip surrounding piece may attach directly to the
mold component 14.

While the above description constitutes the preferred embodiments, it
will be appreciated that the present invention is susceptiblie to modification

and change without departing from the fair meaning of the accompanying
claims.
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1. A nozzle for an injection molding apparatus, said injection molding
apparatus including a manifold and a mold component, said mold component
defining at least one mold cavity, said mold component defining a gate into
each mold cavity, said gate defining an axis, said mold component having a
mold component alignment surface thereon, said nozzle comprising.

a nozzle body, wherein said nozzle body defines a nozzle body melt
passage;

a tip that is removably connected to said nozzle body, wherein said tip
defines a tip melt passage, said tip melt passage is downstream from and in
fluid communication with said nozzle body melt passage, and said tip melt
passage is adapted to be upstream from and in fluid communication with said
gate,

a tip surrounding piece that is removably connected with respect to said
nozzle body; and

an alignment piece positioned between said tip and said tip surrounding
piece and free from contact with said nozzle body, and wherein said tip
contacts said alignment piece to align said tip with respect to said alignment
plece,

wherein said alignment piece contacts said tip surrounding piece to
align said alignment piece with respect to said tip surrounding piece, and
wherein said tip surrounding piece is adabted to contact said mold component
to align said tip surrounding piece with respect to said gate, so that said tip is
aligned with respect to said gate, and wherein said contact between said tip,
said alignment piece, said tip surrounding piece and said mold component are

all adapted to be axially proximate said gate.

2. A nozzle as claimed in claim 1, wherein said tip has a tip thermal
conductivity, said alignment piece has an alignment piece thermal
conductivity, and said alignment piece thermal conductivity is less than said

tip thermal conductivity.
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3. A nozzle as claimed in claim 1, wherein said tip surrounding piece has a
tip surrounding piece thermal conductivity and said tip has a tip thermal
conductivity and said tip surrounding piece thermal conductivity is less than

said tip thermal conductivity.

4. A nozzle as claimed in claim 1, wherein said tip surrounding piece Iis
adapted to inhibit heat transfer between said nozzle and said mold

component.

5. A nozzle as claimed in claim 1, wherein said tip surrounding piece is
adapted to cooperate with said mold component to form a seal to inhibit melt

leakage therebetween.

6. A nozzle as claimed in claim 1, wherein said tip has a first threaded
portion and said nozzle body has a second threaded portion that mates with

said first threaded portion.

/. A nozzle as claimed in claim 6, wherein said tip surrounding piece has a
third threaded portion and said nozzle body has a fourth threaded portion that

mates with said third threaded portion.

8. A nozzle as claimed in claim 1, wherein said tip surrounding piece

retains said tip in place.

0. A nozzle as claimed in claim 1, wherein a portion of said tip surrounding
piece is adapted to contact said mold component and said portion is sized so
that a selected heat transfer occurs between said tip surrounding piece and

said mold component.

10. A nozzle as claimed in claim 1, wherein said tip includes a torpedo
portion that extends at least to said gate, said torpedo portion being

configured for transmitting heat from a heater into melt entering said gate.
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11. A nozzle as claimed in claim 1, further comprising a valve pin system
that includes a valve pin and an actuator, wherein said valve pin has a closing
surface and is movable through said tip melt channel between a closed
position wherein said closing surface is adapted to cooperate with said gate to
inhibit melt flow through said gate, and an open position wherein said valve
pin is adapted to be spaced from said gate to permit melt flow through said
gate, said valve pin has a valve pin alignment surface, said tip has a tip
alignment surface positioned in said tip melt channel, and said valve pin
alignment surface and said tip alignment surface are adapted to cooperate to
align said valve pin with respect to said tip and with respect to said gate, and

wherein said actuator is operatively connected to said valve pin.

12. A nozzle as claimed in claim 11, wherein said valve pin alignment

surface is separate from said closing surface.

13. A nozzle as claimed in claim 1, wherein said tip has a tip alignment
surface that is frusto-conical and said alignment piece has an alignment piece

alignment surface that is configured to mate with said tip alignment surface.

14. A nozzle as claimed in claim 1, further comprising a heater, wherein
said heater is thermally connected to said nozzle body for heating melt in said

nozzle body melt passage.

15. An injection molding apparatus, comprising:

a manifold, a mold component and at least one nozzle,

wherein said manifold has at least one runner therein and said at least
one runner is adapted to be downstream from a melt source,

wherein said mold component defines at least one mold cavity, said
mold component defines a gate into each mold cavity, each said gate defines
an axis, and said mold component has at least one mold component

alignment surface thereon,



CA 02450411 2011-01-26

- 26 -

wherein each said nozzle includes a nozzie body, a tip, a tip
surrounding piece, and an alignment piece, _

wherein said nozzle body includes a first threaded portion and defines a
nozzle body melt passage, and said nozzle body melt passage is in fluid
communication with and downstream from one of said at least one runner,

wherein said tip includes a second threaded portion and is removably
connected to said nozzle body through mating of the first and second
threaded portions of the nozzle body and the tip, wherein said tip defines a tip
melt passage, said tip melt passage is downstream from and in fluid
communication with said nozzle body melt passage, and is upstream from and
in fluid communication with said gate,

wherein said tip surrounding piece is removably connected with respect
to said nozzle body,

wherein said alignment piece is positioned between said tip and said tip
surrounding piecé, and

wherein said tip contacts said alignment piece to align said tip with
respect to said alignment piece, wherein said alignment piece contacts said tip
surrounding piece to align said alignment piece with respect to said tip
surrounding piece, and wherein said tip surrounding piece contacts one of said
at least one mold component alignment surface to align said tip surrounding
piece with respect to said gate, so that said tip is aligned with respect to said
gate, and wherein said contact between said tip, said alignment piece, said tip

surrounding piece and said mold component are all axially proximate said

gate.

16. An injection molding apparatus as claimed in claim 15, wherein said tip
has a tip thermal conductivity, said alignment piece has an alignment piece
thermal conductivity, and said alignment piece thermal conductivity is less

than said tip thermal conductivity.

1/7. An injection molding apparatus as claimed in claim 15, wherein said tip

surrounding piece has a tip surrounding piece thermal conductivity and said
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tip has a tip thermal conductivity and said tip surrounding piece thermal

conductivity is less than said tip thermal conductivity.

18. An injection molding apparatus as claimed in claim 15, wherein said tip
surrounding piece is adapted to inhibit heat transfer between said nozzle and

said mold component.

19. An injection molding apparatus as claimed in claim 15, wherein said tip
surrounding piece cooperates with said mold component to form a seal to

inhibit melt leakage therebetween.

20. An injection molding apparatus as claimed in claim 15, wherein said tip
surrounding piece has a third threaded portion and said nozzle body has a
fourth threaded portion that mates with said third threaded portion.

21. An injection molding apparatus as claimed in claim 15, wherein said tip

surrounding piece retains said tip in place.

22. An injection molding apparatus as claimed in claim 15, wherein a
portion of said tip surrounding piece contacts said mold component and is
sized so that a selected heat transfer occurs between said tip surrounding

piece and said mold component.

23. An injection molding apparatus as claimed in claim 15, wherein said tip
includes a torpedo portion that extends at least to said gate, said torpedo
portion being adapted for transmitting heat from a heater into melt entering

said gate.

24. An injection molding apparatus as claimed in claim 15, further
comprising a valve pin system that includes a valve pin and an actuator,
wherein said valve pin has a closing surface and is movable through said tip

melt channel between a closed position wherein said closing surface
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cooperates with said gate to inhibit melt flow through said gate, and an open
position wherein said valve pin is spaced from said gate to permit melt flow
through said gate, said valve pin has a valve pin alighment surface, said tip
has a tip alignment surface positioned in said tip melt channel, and said valve
pin alignment surface and said tip alignment surface are adapted to cooperate
to align said valve pin with respect to said tip and with respect to said gate,

and wherein said actuator is operatively connected to said valve pin.

25. An injection molding apparatus as claimed in claim 24, wherein said

valve pin alignment surface is separate from said closing surface.

26. An injection molding apparatus as claimed in claim 15, further
comprising a heater, wherein said heater is thermally connected to said nozzle

body for heating melt in said nozzle body melt passage.

2/. A nozzie for an injection molding apparatus, said injection molding
apparatus including a manifold, and a mold component, said manifold having
at least one runner therein, said at least one runner being downstream from a
melt source, said mold component defining at least one mold cavity, said
mold component defining a gate into each mold cavity, said gate defining an
axis, said mold component having a mold component alignment surface
thereon, said nozzle comprising:

a nozzle body, wherein said nozzle body defines a nozzle body melt
passage, said nozzle body melt passage is adapted to be in fluid

communication with and downstream from said at least one runner;

a tip that is removably connected to said nozzle body, wherein said tip
defines a tip melt passage, said tip melt passage is downstream from and in
fluid communication with said nozzle body melt passage, and said tip melt
passage is adapted to be upstream from and in fluid communication with said
gate;

a tip surrounding piece that is removably connected with respect to said

nozzle body; and
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an alignment piece positioned between said tip and said tip surrounding

piece, the alignment piece having non-parallel inner and outer surfaces.

28. A nozzle as claimed in claim 27, wherein said tip has a tip thermal
conductivity, said alignment piece has an alignment piece thermal
conductivity, and said alignment piece thermal conductivity is less than said

tip thermal conductivity.

29. A nozzle as claimed in claim 27, wherein said tip surrounding piece has
a tip surrounding piece thermal conductivity and said tip has a tip thermal
conductivity and said tip surrounding piece thermal conductivity is less than

said tip thermal conductivity.

30. A nozzle as claimed in claim 27, further comprising a valve pin system
that includes a valve pin and an actuator, wherein said valve pin has a closing
surface and is movable through said tip melt channel between a closed
position wherein said closing surface is adapted to cooperate with said gate to
inhibit melt flow through said gate, and an open position wherein said valve
pin is adapted to be spaced from said gate to permit melt flow through said
gate, said valve pin has a valve pin alignment surface, said tip has a tip
alignment surface positioned in said tip melt channel, and said valve pin
alignment surface and said tip alignment surface are adapted to cooperate to

align said valve pin with respect to said tip and with respect to said gate, and

wherein said actuator is operatively connected to said valve pin.

31. A nozzle as claimed in claim 30, wherein said valve pin alignment

surface is separate from said closing surface.

32. A nozzle as claimed in claim 27, wherein said tip has a tip alignment
surface that is frusto-conical and said alignment piece has an alignment piece

alignment surface that is configured to mate with said tip alignment surface.
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33. A nozzle for an injection moliding apparatus, said injection molding
apparatus including a mold component, said mold component defining at least
one mold cavity, said mold component defining a gate into each mold cavity,
said nozzle comprising:

a nozzle body, wherein said nozzle body defines a nozzle body melt
passage, sald nozzle body melt passage is adapted to be in fluid
communication with and downstream from a melt source:

a tip that is removably connected to said nozzle body, wherein said tip
defines a tip melt passage, said tip melt passage is downstream from and in
fluid communication with said nozzle body melt passage, and said tip melt
passage is adapted to be upstream from and in fluid communication with said
gate;

a tip surrounding piece that is removably connected with respect to said
nozzle body; and

an alignment piece having upper and lower ends, the lower end being
located upstream from a gate, and the alignment piece being positioned
between said tip surrounding piece and said tip, wherein said tip surrounding

piece retains said tip through said alignment piece.

34. A nozzle as claimed in claim 33, wherein said tip is made from a tip
material having a first thermal conductivity, and said tip retaining piece is
made from a tip retaining piece material having a second thermal conductivity

that is lower than the first thermal conductivity.

35. A nozzle as claimed in claim 33, wherein said tip and said tip

surrounding piece are free of contact with one another.

36. A nozzle for an injection molding apparatus, said injection molding
apparatus including a mold component, said mold component defining at least
one mold cavity, said mold component defining a gate into each mold cavity,

said gate defining an axis, said nozzle comprising:
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a nozzile body, wherein said nozzle body defines a nozzle body melt
passage, said nozzle body melt passage is adapted to be in fluid
communication with and downstream from said at least one runner;

a tip that is removably connected with respect to said nozzle body,
wherein said tip defines a tip melt passage, said tip melt passage is
downstream from and in fluid communication with said nozzle body melt
passage, and said tip melt passage is adapted to be upstream from and in
fluid communication with said gate, the tip having an upstream end and a
downstream end, the tip having at least one upstream alignment surface that
cooperates with an alignment surface on another component of the nozzle to
align the tip with respect to the nozzle body upstream from said downstream
end;

a tip surrounding piece that is removably connected with respect to said
nozzle body; and

an alignment piece having upper and lower ends, the lower end being
located upstream from a gate, and the alignment piece being positioned
between said tip and said tip surrounding piece, wherein the alignment piece

contacts and aligns the tip downstream from the upstream alignment surface.

37. A nozzle as claimed in claim 36, wherein said tip has a tip thermal
conductivity, said alignment piece has an alignment piece thermal
conductivity, and said alignment piece thermal conductivity is less than said

tip thermal conductivity.

38. A nozzle as claimed in claim 36, wherein said tip surrounding piece has
a tip surrounding piece thermal conductivity and said tip has a tip thermal
conductivity and said tip surrounding piece thermal conductivity is less than

said tip thermal conductivity.

39. A nozzle as claimed in claim 36, further comprising a valve pin system
that includes a valve pin and an actuator, wherein said valve pin has a closing

surface and is movable through said tip melt channel between a closed
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position wherein said closing surface is adapted to cooperate with said gate to
inhibit melt flow through said gate, and an open position wherein said valve
pin is adapted to be spaced from said gate to permit melt flow through said
gate, said valve pin has a valve pin alignment surface, said tip has a tip
alignment surface positioned in said tip melt channel, and said valve pin
alignment surface and said tip alignment surface are adapted to cooperate to
align said valve pin with respect to said tip and with respect to said gate, and

wherein said actuator is operatively connected to said valve pin.

40. A nozzle as claimed in claim 39, wherein said valve pin alignment

surface is separate from said closing surface.

41. A nozzle as claimed in claim 36, wherein said tip has a tip alignment
surface that is frusto-conical and said alignment piece has an alignment piece

alignment surface that is configured to mate with said tip alignment surface.

42. A nozzle for an injection molding apparatus, said injection molding
apparatus including a mold component, said mold component defining at least
one mold cavity, said mold component defining a gate into each mold cavity,
said gate defining an axis, said nozzle comprising:

a nozzle body, wherein said nozzle body defines a nozzle body melt
passage, said nozzle body melt passage is adapted to be in fluid
communication with and downstream from said at least one runner;

a tip that is removably connected with respect to said nozzle body,
wherein said tip defines a tip melt passage, said tip melt passage is
downstream from and in fluid communication with said nozzle body melt
passage, and said tip melt passage is adapted to be upstream from and in
fluid communication with said gate, the tip having an upstream end and a
downstream end, wherein the downstream end of the tip is generally axially
close to the gate;

a tip surrounding piece that is removably connected with respect to said

nozzle body, the tip surrounding piece having an upstream end and a



CA 02450411 2011-01-26

- 33 -

downstream end, wherein the downstream end of the tip surrounding piece is
generally axially close to the gate; and

an alignment piece having upper and lower ends, the lower end being
located upstream from a gate, and the alignment piece being positioned
between said tip and said tip surrounding piece, wherein the alignment piece
is proximate the downstream end of at least one of the tip surrounding piece

and the tip, to align the tip generally close to the gate.

43. A nozzle as claimed in claim 42, wherein said tip has a tip thermal
conductivity, said alignment piece has an alignment piece thermal
conductivity, and said alignment piece thermal conductivity is less than said

tip thermal conductivity.

44. A nozzle as claimed in claim 42, wherein said tip surrounding piece has
a tip surrounding piece thermal conductivity and said tip has a tip thermal
conductivity and said tip surrounding piece thermal conductivity is less than

said tip thermal conductivity.

45. A nozzle as claimed in claim 42, further comprising a valve pin system
that includes a valve pin and an actuator, wherein said valve pin has a closing
surface and is movable through said tip melt channel between a closed
position wherein said closing surface is adapted to cooperate with said gate to
inhibit melt flow through said gate, and an open position wherein said valve
pin is adapted to be spaced from said gate to permit melt flow through said
gate, said valve pin has a valve pin alignment surface, said tip has a tip
alignment surface positioned in said tip melt channel, and said valve pin
alignment surface and said tip alignment surface are adapted to cooperate to
align said valve pin with respect to said tip and with respect to said gate, and

wherein said actuator is operatively connected to said valve pin.

46. A nozzle as claimed in claim 45, wherein said valve pin alignment

surface is separate from said closing surface.
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47. A nozzle as claimed in claim 42, wherein said tip has a tip alignment
surface that is frusto-conical and said alignment piece has an alignment piece

alignment surface that is configured to mate with said tip alignment surface.

48. A nozzle for an injection molding apparatus, said injection molding
apparatus including a mold component, said mold component defining at least
one mold cavity, said mold component defining a gate into each mold cavity,
the gate is positioned at the end of a nozzle well in the mold component, said
nozzle comprising:

a nozzle body having a threaded portion, wherein said nozzle body
defines a nozzle body melt passage, said nozzle body melt passage is adapted
to be in fluid communication with and downstream from said at least one
runner;

a tip including a threaded portion that is removably connected with
respect to said nozzle body through mating of the threaded portions of the
nozzle body and the tip, wherein said tip defines a tip melt passage, said tip
melt passage is downstream from and in fluid communication with said nozzle
body melt passage, and said tip melt passage is adapted to be upstream from
and in fluid communication with said gate;

a tip surrounding piece that is removably connected with respect to said
nozzle body, the tip surrounding piece is adapted to contact the mold block in
the nozzle well to align the tip surrounding piece with respect to the nozzle
well: and

an alignment piece positioned between said tip and said tip surrounding
piece, wherein the alignment piece is aligned by the tip surrounding piece,

and wherein the tip is aligned by the alignment piece.

49. A nozzle as claimed in claim 48, wherein said tip has a tip thermal
conductivity, said alignment piece has an alignment piece thermal
conductivity, and said alignment piece thermal conductivity is less than said

tip thermal conductivity.
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50. A nozzle as claimed in claim 48, wherein said tip surrounding piece has
a tip surrounding piece thermal conductivity and said tip has a tip thermal
conductivity and said tip surrounding piece thermal conductivity is less than

said tip thermal conductivity.

51. A nozzle as claimed in claim 48, further comprising a valve pin system
that includes a valve pin and an actuator, wherein said valve pin has a closing
surface and is movable through said tip melt channel between a closed
position wherein said closing surface is adapted to cooperate with said gate to
inhibit melt flow through said gate, and an open position wherein said valve
pin is adapted to be spaced from said gate to permit melt flow through said
gate, said valve pin has a valve pin alignment surface, said tip has a tip
alignment surface positioned in said tip melt channel, and said valve pin
alignment surface and said tip alignment surface are adapted to cooperate to
align said valve pin with respect to said tip and with respect to said gate, and

wherein said actuator is operatively connected to said valve pin.

52. A nozzle as claimed in claim 51, wherein said valve pin alignment

surface is separate from said closing surface.

53. A nozzle as claimed in claim 48, wherein said tip has a tip alignment
surface that is frusto-conical and said alignment piece has an alignment piece

alignment surface that is configured to mate with said tip alignment surface.

54. An injection molding apparatus, comprising:

a manifold, a mold component and at least one nozzle,

wherein said manifold has at least one runner therein and said at least
one runner is adapted to be downstream from a melt source,

wherein said mold component defines at least one mold cavity said
mold component defines a gate into each mold cavity,

wherein the gate is positioned at the end of a nozzle well in the mola

component,
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wherein each said nozzle includes a nozzle body, a tip, a tip
surrounding piece, and an alignment piece,

wherein said nozzle body includes a threaded portion and defines a
nozzle body melt passage, and said nozzle body melt passage is in fiuid
communication with and downstream from one of said at least one runner,

wherein said tip is removably connected to said nozzle body,

wherein said tip defines a tip melt passage, said tip melt passage is
downstream from and in fluid communication with said nozzle body melt
passage, and is upstream from and in fluid communication with said gate,

wherein said tip surrounding piece includes a threaded portion and is
removably connected with respect to said nozzle body through mating of the
threaded portions of the nozzle body and the tip surrounding piece, the tip
surrounding piece is adapted to contact the mold block in the nozzle well to
align the tip surrounding piece with respect to the nozzle well,

wherein said alignment piece is positioned between said tip and said tip
surrounding piece, and

wherein the alignment piece is aligned by the tip surrounding piece,

and wherein the tip is aligned by the alignment piece.

55. An injection molding apparatus as claimed in claim 54, wherein said tip
has a tip thermal conductivity, said alignment piece has an alignment piece
thermal conductivity, and said alignment piece thermal conductivity is less

than said tip thermal conductivity.

56. An injection molding apparatus as claimed in claim 54, wherein said tip
surrounding piece has a tip surrounding piece thermal conductivity and said
tip has a tip thermal conductivity and said tip surrounding piece thermal

conductivity is less than said tip thermal conductivity.

57. An injection molding apparatus as claimed in claim 54, further
comprising a valve pin system that includes a valve pin and an actuator,

wherein said valve pin has a closing surface and is movable through said tip
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melt channel between a closed position wherein said closing surface is
adapted to cooperate with said gate to inhibit melt flow through said gate,
and an open position wherein said valve pin is adapted to be spaced from said
gate to permit melt flow through said gate, said valve pin has a valve pin
alignment surface, said tip has a tip alignment surface positioned in said tip
melt channel, and said valve pin alignment surface and said tip alignment
surface are adapted to cooperate to align said valve pin with respect to said
tip and with respect to said gate, and wherein said actuator is operatively

connected to said valve pin.

58. An injection molding apparatus as claimed in claim 57, wherein said

valve pin alignment surface is separate from said closing surface.

59. An injection molding apparatus as claimed in claim 54, wherein said tip
has a tip alignment surface that is frusto-conical and said alignment piece has
an alignment piece alignment surface that is configured to mate with said tip

alignment surface.
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FIG. 2b
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