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A coinjection molding apparatus includes a manifold, a nozzle body coupled to the manifold, a sleeve disposed within the nozzle
body and defining an outer melt channel between the sleeve and the nozzle body, a pin disposed within the sleeve and defining an

C an adg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca

OPIC - C]

PO 191

OPIC

.
DA L2 MY
N R u\'\'\‘ - :::; N7
0 . .
et / /4

'I\:;}\j-“. o N
N s A A
R RN ‘?’&'FE«’ C I P O

SRR ‘-g;}t-:q
4
3



CA 2878559 A1 2008/04/13

en 2 878 559
13) A1

(57) Abrege(suite)/Abstract(continued):

Inner melt channel between the pin and the sleeve, and a nozzle tip having an alignment portion contacting the sleeve. The sleeve
IS actuated to open and close melt communication of the outer melt channel and a cavity gate. The pin Is actuated to open and
close melt communication of the inner melt channel and an opening of the sleeve. The alignment portion aligns the sleeve with the
cavity gate along the actuated range of the sleeve.
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ABSTRACT OF THE DISCLOSURE

A coinjection molding apparatus includes a manifold, a nozzle body coupled to
the manifold, a sleeve disposed within the nozzle body and defining an outer melt
channel between the sleeve and the nozzle body, a pin disposed within the sleeve and
defining an inner melt channel between the pin and the sleeve, and a nozzle tip having an
alignment portion contacting the sleeve. The sleeve 1s actuated to open and close melt
communication of the outer melt channel and a cavity gate. The pin 1s actuated to open
and close melt communication of the inner melt channel and an opening of the sleeve.
The alignment portion aligns the sleeve with the cavity gate along the actuated range of

the sleeve.
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COINJECTION MOLDING APPARATUS AND RELATED HOT-RUNNER
NOZZLE

This application 1s a divisional application of co-pending and commonly assigned
Canadian Patent Application No. 2,606,358 filed October 9, 2007 entitled
"COINJECTION MOLDING APPARATUS AND RELATED HOT-RUNNER
NOZZLE".

FIELD OF THE INVENTION

This invention relates generally to an injection molding apparatus, and more particularly

to a hot-runner coinjection molding apparatus and related nozzle that control flow of

different molding materials through a gate and into a cavity.

BACKGROUND OF THE INVENTION

[t 1s well known in the art to co-inject different plastic melts at the same time, and it is

also known to sequentially inject different melts one after the other.

In the past, control of the flow of two or more fluids through a gate and into a cavity has
been provided by rotating a valve pin member to align different fluid channels or by
axially reciprocating a valve pin member and one or more valve sleeve members, which
surround the valve pin member, between retracted open and forward closed positions.

For example, a valve pin member can be rotated between different positions to provide

coinjection or sequential injection molding.

A valve pin member and valve sleeve member can be axially reciprocated to provide
coinjection or sequential injection of at least two different melts, although this is not
without its problems, such as inaccuracies in reciprocating movement, difficulties in
keeping the different melts adequately separated, and the problems of simplifying
manufacture, assembly, and operation of the apparatus. Another problem is that it is
difficult to align a valve sleeve member or a valve pin member with a cavity gate, such

aligning being tmportant for improving injection technique and reducing gate wear.
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BRIEF SUMMARY OF THE INVENTION

According to one aspect of the present invention, a coinjection molding apparatus
includes a manifold, a nozzle body coupled to the manifold, a sleeve disposed within the
nozzle body and defining an outer melt channel between the sleeve and the nozzle body,
a pin disposed within the sleeve and defining an inner melt channel between the pin and
the sleeve, and a nozzle tip having an alignment portion contacting the sleeve. The
sleeve 1s actuated to open and close melt communication of the outer melt channel and a
cavity gate. The pin is actuated to open and close melt communication of the inner melt

channel and an opening of the sleeve. The alighment portion aligns the sleeve with the

cavity gate along the actuated range of the sleeve.
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BRIEF DESCRIPTION OF THE FIGURES

Embodiments of the present invention will now be described more fully with reference to
the accompanying drawings in which:

Fig. 1 is a sectional view of an injection molding apparatus according to the imvention;
Fig. 2 is a sectional view of mainly the nozzle of Fig. 1;

Figs. 3a-d are sectional views of actuation of the sleeve and the pin of Fig. 1; and

Figs. 4a-d are sectional views of actuation of the actuators and yoke plate of Fig. 1.
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DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 shows a sectional view of a coinjection molding apparatus 100. The coinjection
molding apparatus 100 comprises a backing plate 101, mold plates 102, 104, 106, 108, a
cavity plate 110, a yoke plate 113, and a manifold 112. The backing plate 101, mold
plates 102, 104, 106, 108, and cavit'y plate 110 are stacked. The yoke plate 113 1s
surrounded by the mold plate 102 and the backing plate 101. The manifold 1s located on
the mold plate 104 by a locating ring 114 and separated from the mold plate 102 by valve
discs 115. The coinjection molding apparatus 100 further comprises a pair of nozzles
116, each corresponding to a mold insert 118, a second mold insert 120, and a third mold
insert 122, which are disposed within the mold plates 106, 108. Each nozzle 116 1s
adapted to receive a sleeve 124 and a pin 126 (not hatched 1n the figures). Disposed 1n the
yoke plate 113 are two actuators 117, each for actuating the pin 126 of the respective
nozzle 116. Disposed in the backing plate 101 are two actuators 119 for actuating the
yoke plate 113, in which the tops of the sleeves 124 are fixed. The backing plate 101
comprises at least a fluid channel 121 for feeding the attached actuators 119, and the yoke

plate 113 compnises at least a fluid channel 123 for feeding the attached actuators 117.

In the comnjection molding apparatus 100, two nozzles 116 and two sets of related
components merely serve as an example, and more or fewer nozzles and sets of related
components could rcadily be used without altering the principles of the invention.

Moreover, the b‘acking plate 101, mold plates 102, 104, 106, 108, and cavity plate 110 are
shown as an example. More or fewer plates could be used, depending on specific
applications. The number of plates, kinds of plates, and the maternials of which the plates
are made are not central to the invention. Equally, the mold insert 118, the second mold
insert 120, and the third mold insert 122 are also exemplary. Other embodiments can

have more or fewer of these components, and one embodiment may not have any, 1nstead

simply having a well in a mold plate.

In the following, the direction of molding matenal flow from the manifold 112 to the

cavity plate 110 1s known as downstream, while the opposite direction 1s known as
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upstream. Forward mecans the direction from thc backing platc 101 to the cavity plate 110

and rearward means the opposite direction. Howcver, the orientation, geometry, and

structure of the coinjection molding apparatus 100 are not imited by these terms.

Disposed among the mold plates 102, 104 is the manifold 112, which comprnises a first
manifold melt channel 128, a second manifold melt channel 130, and guide bores 132 1in
which are disposed bevel-ended valve disc spigots 144 of the valve discs 115. The
manifold melt channels 128, 130 are independent and do not communicate with each
other, such that different melts or resins or other molding materials do not mix 1n the
manifold 112. The manifold melt channels 128, 130 are fed by one or more sprues (not
shown) connected to one or more molding machines (not shown) or other molding
material sources. The lengths, diameters or widths, and general geometry of the manifold
melt channels 128, 130 depend on the specific application and the amounts and natures of
the molding materials. In this embodiment, both manifold melt channels 128, 130 are
cylindrical bores and the first manifold melt channel 128 1s of a larger diameter than the
second mahifold melt channel 130, although other melt channel shapes and sizes are
equally suitable. It is known to make manifolds out of a single plate, a group of plates
(with different melt channels in different plates), piping or tubing, and modular bars, and
the manifold 112 could equally be any of these kinds of manifolds. For example, 1n
another embodiment the manifold 112 can compnse two separate plates, each having one
of the manifold melt channels 128, 130 therein. In addition, the manifold 112 may be is

provided with a heater 134. Generally, when used as part of a hot-runner application, the

manifold 112 is heated and separated from the surrounding mold plates by an insulating

air space 136.

In this embodiment, the mold inserts 118, 120, 122 are cavity-forming inserts and each
mold nsert 118 comprises a cavity gate 138. The mold inserts 118, 120, 122 partially
define a mold cavity 140 that is fed by the cavity gate 138 and in which molding material
1s sohidified to form an imjection molded product (not shown). The mold insert 122 has
cooling channels for circulating cooling fluid to assist 1in solidifying the molding matenal

1n the mold cavity 140. In other embodiments, ‘the mold inserts 118, 120, 122 could be
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replaced by a gate insert or other known type of insert that does not typically form a

substantial part of a mold cavity. In still other embodiments, the mold mmserts 118, 120,

122 need not be provided, with the mold plate 108 having a cavity gate nstead.

The cavity plate 110, which is illustrated in simplified form for ease of 1llustration, also
partially defines the cavity 140. The cavity plate 110 can be retracted when the molding

material injected into the cavity 140 solidifies so that the molded product can be gjected,

typically by ejector pins, a stripper plate, or the like (not shown).

Coupled to the manifold 112 are the nozzles 116, each of which 1s disposed 1n a well 142
of the mold plate 104. As shown in the sectional view of Fig. 2, the well 142 1s larger
than the nozzle 116 such that an insulating air space 202 i1s created around the nozzle 116,
so that heat in the nozzle 116 1s not readily lost to the mold plate 104. The nozzle 116
comprises a nozzle body 204, a nozzle tip 206, and a tip retaining piece 208 that connects
the nozzle tip 206 to the nozzle body 204. The nozzle 116 further comprises a spirally
wound heater 210 (e.g., an electric heater) having varying pitch and embedded in the
nozzle body 204 from the head to the area of the nozzle tip 206. A nozzle flange 214 is
provided at the head of the nozzle body 204 and serves to support the nozzle 116 1n the
mold plate 104. The nozzle flange 214 1s disposed 1n the well 142. The heater 210 1s
covered by a cover 212 (e.g., a plate or coating) and the nozzle flange 214, which both
surround the nozzle body 204. To measure the temperature of the nozzle 116 or molding
material therein, a thermocouple 215 may be situated inside a thermocouple well.
Additionally, a nozzle seal 216 1s provided at the head of the nozzle 116 to seal the

connection of the nozzle 116 and the mamitold 112.

The nozzle body 204 is generally cylindrical and comprises a longitudinal bore 218,
which 1s also generally cylindrical. The longitudinal bore 218 of the nozzle 116 1s aligned
with the guide bore 132 of the mantfold 112.

The nozzle tip 206 1s disposed 1n a frontal bore 220 of the nozzle body 204 and comprises

an alignment portion 222. The nozzle tip 206 can be viewed as having two tubular
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portions, a first tubular portion 224 and a second tubular portion 226 downstream of the

first tubular portion 224. The first and second tubular portions 224, 226 can have
cylindrical, conical, curved, or 1rregular shapes, provided that the second tubular portion
226 1s of generally smaller inner diameter than the first tubular portion 224. In this
embodiment, the first and second tubuliar portions'224, 226 are generally cylindrical. The
definition of the nozzle tip 206 as having two tubular potions 224, 226 does not mean that
the nozzle tip 206 must be made of two pieces; it is merely a convenient way of viewing
the nozzle tip 206. The nozzle tip 206 can be made of a single piece or multiple pieces.
The nozzle tip 206 has a nozzle tip melt channel 227 in communication with the
longitudinal bore 218 of the nozzle body 204. The nozzle tip 206 1s set back from the

mold insert 118 such that a forward melt area 229 exists.

In this embodiment, the alignment portion 222, which corresponds to the second tubular
portion 226, has an alignment bore 228, which can be considered the inner diameter of
the second tubular portion 226. The nozzle tip 206 further comprises a plurality of release
melt channels 230 disposed upstream of the alignment portion 222 or between the second
tubular portion 226 and the first tubular portion 224, with one relcase melt channel 230
being the minimum number required and the maximum simply limited by geometry,
molding material, and the desired structural integrity of the nozzle tip 206. Each release
channel 230 can be said to be lateral in that it allows molding maternal to flow sideways
relative to the general flow of molding material in the nozzle tip 206. Each release melt

channel 230 can be a bore, a slit, a hole, an opening, or any other type of channel
structure. The plurality of release melt channels 230 may be of different shapes or of the

same shape.

The tip retaining piece 208 has threads 232 that are mated into corresponding threads 234
of the nozzle body 204, and 1n this way retains the nozzle tip 206 1n the nozzle body 204.

The retaining 1s assisted by a concave shoulder 236 1n the nozzle body 204 and a
corresponding convex shoulder 238 on the nozzle tip 206 and by the shape of the contact
area 240 between the corresponding surfaces of the nozzlc tip 206 and the tip retaimng

piece 208. Other coupling schemes, such as brazing, could also be used. The tip retaining
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piece 208 further comprises a sealing portion 242 that fits or seals against the mold nsert

118 and prevents molding material from entering the insulating air space 202.

An annular melt channel 244 exists between the tip retaining ptece 208 and the alignment
portion 222 of the nozzle tip 206, the annular melt channel 244 circumferentially
surrounding a portion of the nozzle tip 206 that 1s downstream of the release melt
channels 230. The one or more release melt channels 230 provide molding material
communication between the nozzle tip melt channel 227 and the annular melt channel
244. The annular melt channel 244 communicates molding material from the release melt

channels 230 to the forward melt area 229, which can communicate with the cavity gate

138.

Running through the manifold 112 and the nozzle 116 are the sleeve 124 and the pin 126
disposed within the sleeve 124. The sleeve 124 is sometimes known as a sleeve pin, and

the pin 126 1s sometimes called a valve pin or a needle.

The sleeve 124 is disposed within the guide bore 132 of the mamfold 112, the
longitudinal bore 218 of the nozzle body 204, and the nozzle tip melt channel 227 of the
nozzle tip 206. The sleeve 124 has a hollow section 245 and a section 247 narrower than
the guide bore 132, the longitudinal bore 218, and the nozzle tip melt channel 227, thus
defining an outer melt channel 246 between the sleeve 124 and the nozzle body 204 as
well as between the sleeve 124 and the manifold 112 and nozzle tip 206. In this
embodiment, the hollow section 245 and the narrower section 247 both span from the
first manifold melt channel 128 to the cavity gate 138. The sleeve 124 can have stepped
diameters, such that the sleeve 124 i1s narrower at the nozzle tip 206 than at the yoke plate
1 13. The outer melt channel 246 communicates with the first manifold melt channel 128.
In this embodiment, the outer melt channel 246 has an annular cross-section. The sleeve
124 has a tip portion 248 and an opening 250 1n the tip portion 248. In this embodiment
the tip portion 248 1s a narrowed or pointed section of the sleeve 124 and the opening 250

1s a central opeming in such narrowed section. The sleeve 124 1s slidably disposed in the

valve disc spigot 144 in the guide bore 132, and the sleeve 124 can shde or reciprocate to
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open and close melt communication of the outer melt channel 246 to the cavity gate 138
with the tip portion 248. As such, the sleeve 124 can be said to have opened and closed
positions. The sleeve 124 also has a lateral opening 252 near the second mamfold melt

channel 130, and the valve disc spigot 144 has an opening corresponding to the lateral

opening 252.

The alignment portion 222, and more specifically in this embodiment, the alignment bore
228 of the nozzle tip 206 aligns or guides the sleeve 124 over the sliding range of
movement of the sleeve 124 to prevent lateral deflection of sleeve 124 during shiding. In
this embodiment, alignment means in a straight line. However, in other embodiments,
alignment may mean to be in communication with. This aligning or guiding function of
the alignment portion 222 (alignment bore 228) can reduce wear of the cavity gate 133
caused by the sleeve 124 and can further improve injection technique. The alignment
bore 228 can also prevent resistance against movement of the sleeve 124. Additionally,
an inside surface of the alignment bore 228 can be coated with a coating that aids 1n the
movement (a friction-reducing coating), reduces wear to the alignment bore 228 (a wear-
resistant coating), and/or improves alignment of the slecve 124 with respect to the cavity
cate 138. The coating can be, but is not limited to, a nickel-based material. The coating

can also be implemented to improve the hardness of the alignment portion 222 surface in

contact with the sleeve 124. In addition, the fit between sleeve 124 and alignment bore
228 can be configured to not allow molding matenal to flow between the sleeve 124 and

the alignment bore 228.

In addition, as controlled by the position of the sleeve 124, the nozzle tip 206 distributes
molding material from the outer melt channel 246 through release melt channels 230 and

to the annular melt channel 244, such that the tlow, velocity, and/or pressure of the

molding matenal are balanced. This can result in an even and balanced flow of the

molding material.

The pin 126 1s disposed within the hollow section 245 of the sleeve 124. The pin 126 has

a section 254 narrower than the hollow section 245 of the sleeve 124, thus defining an
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inner melt channcl 256 between the pin 126 and the sleeve 124. The pin 126 can have

stepped diameters, such that the pin 126 1s narrower at the nozzle tip 206 than at the yoke
plate 113. The inner melt channel 256 can communicate with the Seéond mantfold melt
channel 130. In this embodiment the inner melt channel 256 has an annular cross-section.
The pin 126 comprises a tip 258. The pin 126 is slidably disposed in the sleeve 124 by
virtue of an upper section 260 that slidably mates with the mner wall of the hollow
section 245 of the sleeve 124. The pin 126 can slide or reciprocate to open and close melt
communication of the inner melt channel 256 to the opening 250 of the sleeve 124 with
the tip 258 of the pin 126. The opened and closed positions of the pin 126 are with
respect to the sleeve 124. From the frame of reference of, say, the nozzle body 204, the
pin 126 actually has three positions. The pin 126 can further have at least one fin 262 that
contacts the inner wall of the hollow section 245 of the sleeve 124 to align the pin 126
within the sleeve 124. In this embodiment, the pin 126 has upstream fins 262 in the

vicinity of the nozzle body 204 and downstream fins 262 near the nozzle tip 206.

The lateral opening 252 of the sleeve 124 allows molding matenal to flow from the
second manifold melt channel 130 to the inner melt channel 256. Correspondingly, the
pin 126 can further comprise a shut-off portion 264, which can be a section of the pin 126
having an outer diameter substantially equally to an inner diameter of the sleeve 124 at
the lateral openming 252. The shut-off portion 264 is located so as to obstruct the lateral
opening 252 when the pin 126 i1s in the closcd position, and to not qbstruct the lateral

opening 252 when the pin 126 is in the opened position. The shut-off portion 264 i1s

cntirely optional since flow of molding material is also controlled by the tip 258 of the

pin 126.

Figs. 3a-d show 1n section the possible positions of the sleeve 124 and the pin 126 and the

related access of the different molding materials to the cavity 140.

Controlling the shding or reciprocating of the sleeve 124 and the pin 126 are actuators

119, 117 shown 1n section 1n Figs. 4a-d.

10
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As can be seen in Figs. 4a-d, the actuators 119 (one not shown) control the position of the

yoke plate 113 and each of the actuators 117 (one not shown) control the position of one

-of the pins 126. The actuator 117 is disposed in a well 402 of the yoke plate 113 and the

actuator 119 1s disposed 1n a well 404 of the backing plate 101. Each actuator 117, 119
comprises a cylindrical actuator body 406, a cylinder top 408, a piston 410, and a piston
cap 412. The actuator body 406 comprises a circumferential first fluid channel 414 and a
second fluid channel 416 for delivering hydraulic fluid from the fluid channel 121 or 123
to the underside of the piston 410 so as to urge the piston 410 rearward. The cyhinder top
408 comprises a fluid channel 418 for dehvenng hydraulic fluid from a fluid source (not
shown) to the topside of the piston 410 so as to urge the piston 410 forward. In the
actuator 117, the pin 126 1s secured between the piston 410 and the piston cap 412. The
actuator 119 connects to the yoke plate 113 by a bolt 420 that 1s threaded 1nto a bolt hole
422 of the yoke plate 113. In the actuator 119, the head of the bolt 420 1s secured between
the piston 410 and the piston cap 412. The actuators 117, 119 are hydraulic actuators,
although pneumatic actuators, electrical actuators, and spring-loaded types of actuators
are equally suitable. In addition, the common fluid channel 121 means that actuation of
the actuators 119 is synchronized and the common fluid channel 123 means that actuation

of the actuators 117 1s synchronized. In other embodiments, separate fluid channels can

be provided to allow for independent actuation.

Also shown in Figs. 4a-d 1s a disc 424 that assists in holding the sleeve 124 to the yoke
plate 113, and a gap 426 that exists between the yoke plate 113 and the backing plate 101
when the actuator 119 1s 1n the forward position (as shown). In addition, the various
positions of the shut-off portion 264 of the pin 126 and the lateral opening 252 of the

sleeve 124 can be seen n Figs. 4a-d as well.

The possible positions of the sleeve 124 and the pin 126 shown in Figs. 3a-d directly

correspond to the actuator positions shown in Figs. 4a-d.

Fig. 3a shows both the sleeve 124 and the pin 126 1n their closed positions. As can be

seen, the tip portion 248 of the sleeve 124 is disposed in an optional concave recess 302

11
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(e.g., a conical recess) of the mold 1nsert 118. In this way, the tip portion 248 of the
sleeve 124 obstructs or closes the cavity gate 138, thereby preventing molding material in
the outer melt channel 246 from passing through the cavity gate 138&. As for the pin 126,
its tip 258 1s 1nserted nto the opening 250 of the sleeve 124, thereby closing the opening
250 of the sleeve 124 and preventing molding maternal present in the inner melt channel

256 from passing through the cavity gate 138. This state of the sleeve 124 and the pin 126

- 1s accomplished by the positions of the actuators 119, 117 as Shown in Fig. 4a.

Specifically, hydraulic fluid 1s apphed to the fluid channels 418 of the actuators 117, 119
and hydraulic fluid 1s allowed to withdraw from the fluid channels 414 via the fluid
channels 121, 123, so as to urge the yoke plate 113, which has the sleeve 124 attached,

forward and urge the pin 126 forward as well.

Fig. 3b shows the sleeve 124 in its open position and the pin 126 in its closed position.
The sleeve 124 is retracted from the concave recess 302 of the mold insert 118, so that
the tip portion 248 of the sleeve 124 allows molding material present in the outer melt
channel 246 to pass through the cavity gate 138. While the sleeve 124 1s being retracted,
the alignment bore 228 keeps the sleeve 124 in alignment with the cavity gate 138. The
tip 258 of the pin 126 still closes the opening 250 of the sleeve 124, preventing molding
matenal present in the inner melt channel 256 from passing through the cavity gate 138.
Though the position of the pin 126 has not changed relative to the sleeve 124, the pin 126
can be considered retracted relative to the nozzle body 204. This state of the sleeve 124

and the pin 126 1s accomplished by the positions of the actuators 119, 117 as shown in

‘Fig. 4b. Specifically, hydraulic fluid is applied to the fluid channel 414 of the actuator

119 via the fluid channel 121 and hydraulic fluid is allowed to withdraw from the fluid
channel 418, so as to urge the yoke plate 113 and the attached sleeve 124 rearward.
Hydraulc fluid 1s also applied to the tluid channel 418 of the actuator 117 and hydraulic

fluid 1s allowed to withdraw from the fluid channel 414 via the fluid channel 123, so as to

urge the pin 126 forward.

Fig. 3¢ shows the sleeve 124 in the closed position and the pin 126 in the opened

posttion. The tip portion 248 of the sleeve 124 is moved forward into the concave recess

12
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- 302 of the mold insert 118. While the sleeve 124 1s moved forward, the alignment bore

228 keeps the sleeve in alignment with the cavity gate 138. As such, the tip portion 248
of the sleeve 124 obstructs or closes the cavity gate 138, preventing molding material 1n
the outer melt channel 246 from passing through the cavity gate 138. The pin 126 1s
retracted from the opening 250 of the sleeve 124 such that the tip 258 of the pin 126 does
not obstruct the opening 250 of the sleeve 124 and allows molding matenal present 1n the
inner melt channel 256 to pass through the cavity gate 138. While the pin 126 1s being
retracted, the fins 262 keep the pin 126 in alighment with the opening 250 of the sleeve.
This state of the sleeve 124 and the pin 126 1s accomplished by the positions of the
actuators 119, 117 as shown 1n Fig. 4c. Specifically, hydraulic flmid 1s applied to the fluid
channel 418 of the actuator 119 and allowed to withdraw from the fluid channel 414 via
the flmd channel 121, so as to urge the yoke plate 113 and attached sleeve 124 forward.
Hydraulic fluid 1s also applied to the fluid channel 414 of the actuator 117 via the fluid

channel 123 and hydraulic fluid 1s allowed to withdraw from the fluid channel 418, so as

to urge the pin 126 rearward.

Fig. 3d shows both the sleeve 124 and the pin 126 1n their opened positions. The sleeve
124 is retracted from the concave recess 302 of the mold insert 118, and therefore the tip
portion 248 of the sleeve 124 allows molding material located 1n the outer melt channel
246 to pass through the cavity gate 138. Likewise, the pin 126 1s retracted from the
opening 250 of the sleeve 124 so that the tip 258 of the pin'126 does not obstruct the

opening 250 of the sleeve 124, allowing molding matenal present in the inner melt
channel 256 to pass through the cavity gate 138. While the sleeve 124 and the pin 126 are -

being retracted, the alignment bore 228 and the fins 262 keep the sieeve 124 and the pin
126 1 alignment with the cavity gate 138 and the opening 250 of the sleeve 124
respectively. This state of the sleeve 124 and the pin 126 1s accomplished by the positions
of the actuators 119, 117 as shown in Fig. 4d. Specifically, hydraulic fluid 1s applied to
thé fluid channels 414 of the actuators 119, 117 via the fluid channels 121, 123 and

hydraulic fluid 1s allowed to withdraw from the fluid channels 418, so as to urge the yoke

‘plate 113, which has the sleeve 124 attached, rearward and urge the pin 126 rearward as

well.

13
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As seen 1n Figs. 3a-d, in the range of motion of the sleeve 124 (i.e., between and
including the opened and closed positions), the alignment portion 222, and specifically
the alignment bore 228, of the nozzle tip 206 continuously al; ons the sleeve 124, and in
particular the tip portion 248 of the sleeve 124, with the cavity gate 138 and the concave
recess 302. Similarly, in the range of motion of the pin 126 (i.c., between and including
the opened and closed positions), the fins 262 continuously align the pin 126, and in
particular the tip 258 of the pin 126, with the opening 250 of the sleeve 124.

One of the many injection sequences that can be realized with the coordinated movement
of the sleeve 124 and the pin 126 is as follows. First, the sieeve 124 is closed, pin 126 1s
closed, and no molding material flows into the mold cavity 140 (Fig. 3a, F 1g. 4a).
Second, the sleeve 124 is opened, pin 126 is kept closed, and molding matenal from the
outer melt channel 246 flows into the mold cavity 140 (Fig. 3b, Fig. 4b). Third, the sleeve
124 1s closed, the pin 126 is opened, and molding mateﬁal from the inner melt channel
256 tlows into the mold cavity 140 (Fig. 3¢, Fig. 4c). Fourth, the sleeve 124 is opened,
pmn 126 1s closed, and again molding material from the outer melt channel 246 flows into
the mold cavity 140 (Fig. 3b, Fig. 4b). And fifth, the sleeve 124 is closed, pin 126 1s kept
closed, and no molding material flows into the mold cavity 140 (Fig. 3a, Fi g. 4a). This
sequence can be repeated in a molding cycle of steps: first, second, third, fourth, fifth
(first), second, third, etc. Such cycle is useful in making multilayered molded products

from two different molding materials.

Other actuation schemes can be used in the coinjection molding apparatus 100. Instead of
the actuators 119, the yoke plate 113 could instead be moved by a shding wedge that
wedges between the yoke plate 113 and the mold plate 102. The actuator 117 could also
be located within the piston of a larger actuator that replaces the actuator 119 and the
yoke plate 113. In addition, two independent actuators could be used, with the one that

moves the sleeve 124 being a two-position actuator and the one that moves the pin 126

being a three-position actuator.

14



10

CA 02878559 2015-01-16

The coinjection molding apparatus 100 can be made with conventional manufacturing

techniques.

Materials for the components of the coinjection molding apparatus100 are typical, such
as steel, tool steel, copper alloy, copper-beryllium, titanium, titanium alloy, ceramic,
high-temperature polymer, and similar materials. However, in one embodiment, the tip
retaining piece 208 is made of a material that is less thermally conductive than a
material of which the nozzle tip 206 is made. For example, the tip retaining piece 208
could be titanium while the nozzle tip 206 could be copper-beryllium alloy, allowing the

tip retaining piece 208 to further serve a thermal insulating purpose.

Although preferred embodiments of the present invention have been described, those of
skill in the art will appreciate that variations and modifications may be made as

construed within the scope of the present disclosure.
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Claims

1. A coinjection molding apparatus comprising:
a manifold comprising a first manifold melt channel, a second manifold melt channel,
and a guide bore;
a nozzle body comprising a longitudinal bore aligned with the guide bore, the nozzle
body coupled to the manifold;
a sleeve disposed within the longitudinal bore, the sleeve comprising a tip portion
comprising an opening, and the sleeve having a hollow section and a section narrower
than the longitudinal bore thus defining an outer melt channel between the sleeve and
the nozzle body, the outer melt channel communicating with the first manifold melt
channel, the sleeve slidably disposed in the guide bore to open and close melt
communication of the outer melt channel to a cavity gate by the tip portion of the
sleeve;
a pin disposed within the hollow section of the sleeve and comprising a tip, the pin
having a section narrower than the hollow section of the sleeve thus defining an inner
melt channel between the pin and the sleeve, the inner melt channel for
communicating with the second manifold melt channel, the pin slidably disposed in
the sleeve to open and close melt communication of the inner melt channel to the
opening of the sleeve by the tip of the pin; and
a nozzle tip coupled to the nozzle body and comprising a nozzle tip melt channel in
communication with the longitudinal bore and forming part of the outer melt channel,
the nozzle tip further comprising an alignment portion contacting the sleeve, the
alignment portion for aligning the tip portion of the sleeve with the cavity gate along

the sliding range of the sleeve.

2. A coinjection molding apparatus as claimed in claim 1, wherein the alignment

portion comprises an alignment bore through which the sleeve slides.

3. A coinjection molding apparatus as claimed in claim 2, wherein the nozzle tip
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further comprises a release melt channel upstream of the alignment bore, the release

melt channel communicating with the nozzle tip melt channel and an annular melt
channel that circumferentially surrounds a portion of the nozzle tip downstream of the

release melt channel.

4. A coinjection molding apparatus as claimed in claim 2, wherein an inside surface of

the alignment bore comprises a friction-reducing coating or a wear-resistant coating.

5. A coinjection molding apparatus as claimed in claim 1, wherein the nozzle tip
comprises a first tubular portion coupled to the nozzle body and that partially defines
the outer melt channel, and a second tubular portion that comprises an alignment bore
through which the sleeve slides, the second tubular portion having a smaller diameter

than the first tubular portion and being located downstream of the first tubular portion.

6. A coinjection molding apparatus as claimed in claim 5 further comprising a release

melt channel located between the first tubular portion and the second tubular portion.

7. A coinjection molding apparatus as claimed in claim 1, wherein the nozzle tip

turther comprises a release melt channel upstream of the alignment portion, the

release melt channel communicating with the nozzle tip melt channel and an annular
melt channel that circumferentially surrounds a portion of the nozzle tip downstream

of the release melt channel.

8. A coinjection molding apparatus as claimed in claim 1 further comprising a tip
retaining piece connected to the nozzle body and retaining the nozzle tip with respect

to the nozzle body.

9. A coimjection molding apparatus as claimed in claim 8, wherein the tip retaining

piece comprises a sealing portion that contacts a mold insert or a mold plate.
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10. A coinjection molding apparatus as claimed in claim 8, wherein the tip retaining

piece 1s made of a material that 1s less thermally conductive than a material of which

the nozzle tip 1s made.

11. A coinjection molding apparatus as claimed n claim 1, wherein the sleeve
comprises a lateral opening between the second manifold melt channel and the mner
melt channel, the lateral opening allowing melt to flow from the second manifold melt
channel to the inner melt channel, and wherein the pin further comprises a shut-off
portion of an outer diameter substantially equal to an inner diameter of the sleeve at
the lateral opening, the shut-off portion obstructing the lateral opening when the pin is

in the closed position.

12. A coinjection molding apparatus as claimed in claim 1, wherein the outer and

inner melt channels have substantially annular cross-sections.

13. A coinjection molding apparatus as claimed in claim 1, wherein the pin further
comprises at least a fin that contacts an inner wall of the hollow section of the sleeve

to align the pin within the sleeve.

14. A coinjection molding apparatus as claimed in claim 1, wherein the manifold or

the nozzle further comprises an electric heater.

15. A coinjection molding apparatus as claimed n claim 1 further comprising a first
actuator comprising a piston coupled to the sleeve and a second actuator comprising a

piston coupled to the pin.

16. A coinjection molding apparatus as claimed in claim 15 further comprising a yoke

plate to which the sleeve and the piston of the first actuator are attached, wherein a

body of the first actuator 1s fixed to a backing plate.

18
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7. A coinjection molding apparatus as claimed in claim 16, wherein a body of the

second actuator 1s attached to the yoke plate and moves with the yoke plate.

[8. A coinjection molding apparatus comprising:

a moveable yoke plate;

an actuator comprising a body fixed to the yoke plate and a moveable piston disposed
in the body;

a manifold comprising a first manifold melt channel, a second manifold melt channel,
and a guide bore;

a nozzle body comprising a longitudinal bore, the nozzle body coupled to the
manifold;

a sleeve disposed within the longitudinal bore, the sleeve comprising a tip portion
having an opening, and the sleeve having a hollow section and a section narrower
than the longitudinal bore thus defining an annular outer melt channel between the
sleeve and the nozzle body, the outer melt channel communicating with the first
manifold melt channel, the sleeve connected to the yoke plate and movable through
the guide bore to open and close melt communication of the outer melt channel to a
cavity gate by the tip portion of the sleeve;

a pin disposed within the hollow section of the sleeve and comprising a tip, the pin
having a section narrower than the hollow section of the sleeve thus defining an
annular inner melt channel between the pin and the sleeve, the inner melt channel for
communicating with the second manifold melt channel, the pin connected to the
piston of the actuator to open and close melt communication of the inner melt channel
to the opening of the sleeve with the tip of the pin, wherein the pin further comprises
at least a fin that contacts an inner wall of the hollow section of the sleeve to align the
tip of the pin by the opening of the sleeve;

a nozzle tip coupled to the nozzle body and comprising a nozzle tip melt channel in
communication with the longitudinal bore and forming part of the outer melt channel,

the nozzle tip further comprising an alignment portion having an alignment bore

through which the sleeve slides, the alignment bore aligning the tip portion of the
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sleeve with the cavity gate along the sliding range of the sleeve, wherein the nozzle
tip further comprises a release melt channel upstream of the alignment bore, the
release melt channel communicating with the nozzle tip melt channel and an annular
melt channel that circumferentially surrounds a portion of the nozzle tip downstream
of the release melt channel; and

a tip retaining piece connected to the nozzle body and retaining the nozzle tip with

respect to the nozzle body.

19. A coinjection molding apparatus as claimed in claim 1, wherein the sleeve
comprises a lateral opening between the second manifold melt channel and the inner
melt channel, the lateral opening for allowing melt to flow from the second manifold
melt channel to the inner melt channel, and wherein the pin further comprises a shut-
off portion of an outer diameter substantially equal to an inner diameter of the sleeve
at the lateral opening, the shut-off portion obstructing the lateral opening when the pin

is 1n the closed position.

20. A coinjection molding apparatus comprising:

a manifold comprising a first manifold melt channel, a second manifold melt channel,
and a guide bore;

a nozzle body comprising a longitudinal bore aligned with the guide bore, the nozzle
body coupled to the manifold;

a sleeve disposed within the longitudinal bore, the sleeve comprising a tip portion
comprising an opening, and the sleeve having a hollow section and a section narrower
than the longitudinal bore thus defining an outer melt channel between the sleeve and
the nozzie body, the outer melt channel communicating with the first manifold melt
channel, the sleeve slidably disposed in the guide bore to open and close melt

communication of the outer melt channel to a cavity gate by the tip portion of the

sleeve;

means for sliding the sleeve;
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a pin disposed within the hollow section of the sleeve and comprising a tip, the pin
having a section narrower than the hollow section of the sleeve thus defining an inner
melt channel between the pin and the sleeve, the inner melt channel for
communicating with the second manifold melt channel, the pin slidably disposed in
the sleeve to open and close melt communication of the inner melt channel to the
opening of the sleeve by the tip of the pin;

means for sliding the pin; and

a nozzle tip coupled to the nozzle body and comprising a nozzle tip melt channel in
communication with the longitudinal bore and forming part of the outer melt channel,
the nozzle tip further comprising a means for aligning the tip portion of sleeve with

the cavity gate.

21. A hot-runner nozzle for a coinjection molding apparatus, comprising:

a nozzle body having a longitudinal bore;

a sleeve comprising a tip portion having an opening therein, the sleeve being slidably
disposed within the longitudinal bore;

an outer melt channel located between the sleeve and the nozzle body;

a pin comprising a tip, the pin being slidably disposed within the sleeve;

an mner melt channel located between the pin and the sleeve; and

a nozzle tip coupled to the nozzle body and comprising an alignment portion that
aligns the tip portion of the sleeve with a cavity gate over a sliding range of the

sleeve;

wherein the shiding range of the sleeve 1s between opened and closed positions in
which the tip portion controls melt communication of the outer melt channel and the
cavity gate, wherein 1n the closed position the tip portion of the sleeve engages the
cavity gate;

wherein the pin is slidable between opened and closed positions in which the tip

controls melt communication of the inner melt channel and the opening of the sleeve.

22. A hot-runner nozzle as claimed in claim 21, wherein the alignment portion
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comprises an alignment bore through which the sleeve slides.

23. A hot-runner nozzle as claimed in claim 22, wherein an inside surface of the

alignment bore comprises a friction-reducing coating or a wear-resistant coating.

24. A hot-runner nozzle as claimed 1n claim 21 further comprising a tip retaining

piece connected to the nozzle body and retaining the nozzle tip with respect to the

nozzle body.

25. A hot-runner nozzle as claimed in claim 21, wherein the outer and mner melt

channels have substantially annular cross-sections.

26. A hot-runner nozzle as claimed 1n claim 21, wherein the pin further comprises at
least a fin that contacts an inner wall of the sleeve to align the tip of the pin with the

opening of the sleeve.

277. A hot-runner nozzle as claimed 1n claim 21, wherein the nozzle tip further

comprises a lateral release melt channel between the outer melt channel and the cavity

gate.

28. A hot-runner nozzle as claimed in claim 27, wherein the lateral release meit
channel 1s located upstream of the alignment portion, the lateral release melt channel
communicating between the outer melt channel and an annular melt channel that

circumferentially surrounds a portion of the nozzle tip downstream of the lateral

release melt channel.
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