2012/0:51721 A1 | 00 O A0 A A0

<

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

. TN
1 rld Intellectual Property Organization 2 ey
(19) World Intellectual Property Organization /g 1) 0M)F 00N A0 00 AT A0 O
International Bureau S,/ 0
3\ ) 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
26 April 2012 (26.04.2012) PCT WO 2012/051721 Al
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
B29C 45/18 (2006.01) B29C 45/76 (2006.01) kind of national protection available): AE, AG, AL, AM,
. o AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA. CH. CL. CN. CO. CR. CU. CZ. DE. DK. DM. DO
PCT/CA2011/050667 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT.
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
24 October 2011 (24.10.2011) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. . ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU,
(26) Publication Language: English RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
(30) Priority Data: M, ZW.
61/405,949 22 October 2010 (22.10.2010) us . L
13/238,074 21 September 2011 (21.09.2011) us (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US): MOLD- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
MASTERS (2007) LIMITED [CA/CA]; 233 Armstrong UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD,
Ave., Georgetown, Ontario L7G 4X5 (CA). RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,

DE, DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT,

(72) Inventors; and LT, LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS,

(75) Inventors/Apphcants (for US only): GAMMON, Scott SE. SL SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM.
[CA/CA]; 67 Grove Street, Guelph, Ontario N1E 2W6 GA. GN GW. ML. MR. NE. SN. TD. TG
(CA). BABIN, Denis [CA/CA]; 39 Early Street, George- ? - 6Q, i i - NE, SN, TD, TG).
town, Ontario L7G 5W8 (CA). Published:

(74) Agent: RIDOUT & MAYBEE LLP; 225 King Street —  with international search report (Art. 21(3))
West, Toronto, Ontario M5V 3M2 (CA).

(54) Title: COINJECTION HOT RUNNER INJECTION MOLDING SYSTEM

4) .
133/424\128K122
FIG. 1

(57) Abstract: A coinjection molding apparatus is disclosed that provides a skin material melt stream and a core material melt
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COINJECTION HOT RUNNER INJECTION MOLDING SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of and priority to U.S. Appl. No. 61/405,949,
filed October 22, 2010 and U.S. Appl. No. 13/238,074, filed September 21, 2011, each of

which is incorporated by reference herein in its entirety.
FIELD OF THE INVENTION

[0002] The present invention relates to injection molding and more particularly to a
coinjection hot runner injection molding system that controls flow of multiple melt streams of

moldable material through a mold gate and into a mold cavity.

BACKGROUND OF THE INVENTION

[0003] It is known in the art of injection molding to simultaneously or sequentially inject
two melt streams of moldable material into a mold cavity using a single hot runner injection
molding nozzle, which is commonly referred to as coinjection. A conventional manner of
controlling the flow of two or more melt streams through the nozzle and into a mold gate and
subsequently the cavity has been provided by rotating a valve pin member of the nozzle to
align different melt channels or by axially reciprocating a valve pin member and one or more
valve sleeve members, which surround the valve pin member, of the nozzle between open
and closed positions. Although many systems have been developed utilizing a valve pin
member and a valve sleeve member that are axially reciprocated to provide simultaneous or
sequential injection of two or more melt streams, such arrangements are not without their
deficiencies, such as inaccuracies in reciprocating movement and difficulties in keeping the
melt streams adequately separated, as well as adding complexity to the manufacture,
assembly, and operation of the hot half of the injection molding systems. Another deficiency
in such systems is that it is difficult to align a valve sleeve member and/or a valve pin
member with the mold gate, such aligning being important for improving injection technique
and reducing gate wear. In a multi cavity hot runner injection molding system creating

consistent parts from cavity to cavity has long been a challenge.

[0004] In some conventional coinjection systems, such as those described in U.S. Patent

No. 3,947,177, U.S. Patent No. 6,596,213, and U.S. Patent No. 7,517,480, a volume of a core
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layer melt stream to a volume of inner and outer layer melt streams may be controlled at the
injection units by setting a shot size and injection velocity of each melt stream provided
thereby. In other conventional coinjection systems, such as U.S. Patent No. 5,914,138,
viscosity of the various melt streams is controlled to affect a volume of the core layer melt
stream relative to the volumes of the inner and outer layer melt streams entering a given mold

cavity.

[0005] A volume of a core material for producing a core layer of a molded article is
particularly relevant in ‘barrier’ coinjection molding applications, wherein the core layer of a
barrier material is a tiny fraction of the total combined melt streams entering a given mold
cavity, and in ‘filler’ coinjection molding applications, wherein the core layer of a filler
material is a large portion of the total combined melt streams entering a given mold cavity.
In both ‘barrier’” and ‘filler’ coinjection molding applications providing precise equal
amounts of the core material to each individual mold cavity is critical in order to ensure
consistent molded parts across the mold. Often such control of a ratio of the core layer
material to the inner and outer layer material occurs at the utmost upstream end of the hot
runner system, i.e., at the machine barrel that supplies each material, which cannot take into
account shear history differences/imbalances that may occur by the time a particular melt
stream reaches a mold cavity at the downstream end of the hot runner system. During a given
injection cycle, shear history imbalances may result in some mold cavities receiving too
much core material and some mold cavities receiving too little core material. Since the
precise amount of core layer material is critical to ensuring quality coinjected molded articles,

even a slight imbalance between mold cavities can have a large impact.

[0006] The aforementioned problems may be exacerbated in cases where a molded article
requires different core layer thicknesses within a single molded article, such as in a molded
closure having a thinner core layer in a threaded region and a thicker core layer in an end
region. More particularly, if a throttling or other adjustment of the core layer material is done
at the upstream end of the molding system, for instance in the machine, it is often more
difficult to control the exact location in a molded article where a core layer thickness will

transition in each mold cavity.

[0007] Embodiments hereof address at least some of the problems identified in the
coinjection applications described above by providing a mechanism that throttles or adjusts a

core layer material flow proximate a downstream end of the hot runner system, and more
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specifically throttles or adjusts the core layer material flow within a nozzle tip thereof, to
allow for more precise control of a volume of core layer material to a volume of material
used to form inner and outer layers of a molded article within each individual cavity. Such
control proximate a mold gate of a mold cavity may result in a greater overall consistency

between all of the cavities of the coinjection molding system.
SUMMARY OF THE INVENTION

[0008] Embodiments hereof are directed to coinjection molding apparatus that provide a
skin material melt stream and a core material melt stream to a hot runner injection molding
nozzle. The nozzle includes a nozzle tip that defines a central skin material melt passage for
receiving the skin material melt stream, an annular core material melt passage for receiving
the core material melt stream and an annular outer layer melt passage, wherein a portion of
the skin material melt stream from the central skin material melt passage is directed to the
outer layer melt passage via one or more tunnel channels that cross the core material melt
stream. The skin material melt stream from the central skin material melt passage is directed
to a mold cavity for forming an inner layer of a molded article, the core material melt stream
from the core material melt passage is directed to the mold cavity for forming a core or
barrier layer of the molded article, and the skin material melt stream from the outer layer melt

passage is directed to the mold cavity for forming an outer layer of the molded article.

[0009] In an embodiment, a volume of the core material for forming the core layer of the
molded article may be manually adjusted between injection cycles to change a thickness of
the core layer between a first molded article and a second molded article. In another
embodiment, a volume of the core material for forming the core layer of the molded article
may be automatically adjusted during an injection cycle to change a thickness of the core
layer during formation of the molded article, such that the molded article will have a core
layer with at least a first section of a first thickness and a second section of a second

thickness.
BRIEF DESCRIPTION OF THE FIGURES

[0010] The foregoing and other features and advantages of the invention will be apparent
from the following description of embodiments thereof as illustrated in the accompanying

drawings. The accompanying drawings, which are incorporated herein and form a part of the
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specification, further serve to explain the principles of the invention and to enable a person

skilled in the pertinent art to make and use the invention. The drawings are not to scale.

[0011] FIG. 1 is a sectional view of a coinjection hot runner injection molding system in

accordance with an embodiment hereof.

[0012] FIG. 2 is an enlarged view of Area A of FIG. 1 showing a valve pin in a gate closed

position,

[0013] FIGS. 2A and 2B are alternate configurations of the portion of the coinjection

apparatus shown in FIG. 2 showing the valve pin in an open or retracted position.
[0014] FIG. 3 is an enlarged view of Area B of FIG. 1.

[0015] FIGS. 4A and 4B are sectional views of exemplary molded caps that may be molded
by the coinjection apparatus of FIG. 1.

[0016] FIG. 5 is a sectional view of a coinjection hot runner injection molding system in

accordance with another embodiment hereof.

[0017] FIG. 6 is an enlarged view of Area A of FIG. 5 showing each of a valve pin and an

actuatable sleeve in a closed position.

[0018] FIGS. 6A through 6E depict the gate area shown in FIG. 6 during various steps of
an injection molding sequence that may be suitable for producing a molded preform as shown

in FIG. 8.
[0019] FIG. 7 is an enlarged view of Area B of FIG. 5.

[0020] FIG. 8 is a sectional view of an exemplary molded preform that may be molded by

the coinjection apparatus of FIG. 5.
DETAILED DESCRIPTION OF THE INVENTION

[0021] Specific embodiments of the present invention are now described with reference to
the figures, wherein like reference numbers indicate identical or functionally similar
elements. In the following description, “downstream” is used with reference to the direction
of mold material flow from an injection unit of an injection molding machine to a mold

cavity of a mold of an injection molding system, and also with reference to the order of
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components or features thereof through which the mold material flows from the injection unit
to the mold cavity, whereas “upstream” is used with reference to the opposite direction. The
following detailed description is merely exemplary in nature and is not intended to limit the
invention or the application and uses of the invention. Although the description of
embodiments hereof is in the context of a hot runner injection molding system, the invention
may also be adapted for use in other molding applications where it is deemed useful,
nonlimiting examples of which include molding of thermoset resins such as liquid silicone
rubber or the like. Furthermore, there is no intention to be bound by any expressed or
implied theory presented in the preceding technical field, background, brief summary or the

following detailed description.

[0022] FIG. 1 depicts a sectional view of a hot runner coinjection apparatus 100 in
accordance with an embodiment hereof shown in partial section, with FIG. 2 being an
enlarged view of Area A of FIG. 1 and FIG. 3 being an enlarged view of Area B of FIG. 1. It
would be understood by one of ordinary skill in the art that coinjection apparatus 100
constitutes a hot half of a molding system that is designed to mate with a cold half or core
side of the molding system in an injection molding machine (not shown). In FIG. 1,
coinjection apparatus 100 includes a mold cavity 133 for producing a three-layer mold cap,

such as mold caps 435, 435° shown in section in FIGS. 4A and 4B respectively.

[0023] Coinjection apparatus 100 includes a manifold 102 having a first set of runners or
melt channels 104 for receiving a melt stream of a moldable skin material from a first melt
source (not shown) and also having a second set of runners or melt channels 106 for receiving
a second melt stream of a moldable core material from a second melt source (not shown).
The first and second set of manifold runners 104, 106 are independent and do not
communicate with each other, such that the skin material and core material melt streams do
not combine in manifold 102. The lengths, diameters or widths, and general geometry of the
first and second set of manifold runners 104, 106 depend on the specific application and the
amounts and natures of the moldable skin and core materials. Manifold 102 is provided with
a heater (not shown) to maintain the temperature of the first and second melt streams of the
respective moldable skin and core materials. In an embodiment, the skin material of the skin
melt stream is a main, or surface material for molding an inner and outer layer of a molded

article, such as a cap for a plastic bottle, with the core material of the core melt stream being
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a barrier material for molding a middle, barrier or filler layer disposed between the inner and

outer layers of the molded article.

[0024] Manifold 102 is located within cooled mold plate 108 surrounded by an insulative
air gap, with the air gap being maintained during an injection molding operation by a locating
ring 112, various pressure disks 114, and valve disks 116. Coinjection apparatus 100
includes a back plate 107, various other cooled mold plates 108’, 108" and a yoke plate 113.
Yoke plate 113 is surrounded by mold plate 108" and back plate 107.

[0025] Coinjection apparatus 100 further includes hot runner valve-gated nozzles 120, each
corresponding to a mold gate 124 defined by a respective mold gate insert 122, which is
disposed within mold plate 108”. Although a gate area and mold gate 124 of coinjection
apparatus 100 is formed by mold gate insert 122, this is by way of illustration rather than
limitation as one of skill in the art would recognize that the gate area may defined instead by
one or more other injection molding structure(s), such as a mold gate and gate area defined in

a mold cavity plate, without departing from the scope of the present invention.

[0026] As is conventional, each valve-gated nozzle 120 includes, inter alia, a nozzle body
121, a nozzle tip 154, a nozzle heater (not shown), a thermocouple (not shown) and other
components as would be known to one of ordinary skill in the art. Nozzle body 121 is
generally cylindrical and includes a longitudinal bore 146, which is also generally cylindrical.
The longitudinal bore 146 of each nozzle 120 is aligned with a longitudinal bore 140 of
manifold 102. An actuatable valve pin 126 slidably extends through bores 140, 146 of
manifold 102 and nozzle 120, respectively, with a tip portion 128 of valve pin 126 being
shown seated within mold gate 124 in FIGS. 1 and 2. A head portion 130 of each valve pin
126 is coupled to a respective valve pin coupler 132 held within yoke plate 113 in a manner

as would be known to one of ordinary skill in the art.

[0027] Disposed in back plate 107 are yoke plate actuators 115 for actuating yoke or valve
pin plate 113, to which valve pin head portions 130 are coupled. Actuators 115 can translate
yoke plate 113 between open, closed and various intermediate positions by linear motion,
e.g., a pneumatic or hydraulic piston, or rotary motion, e.g., an electric screw drive. To
accomplish such movement, each actuator 115 has a stationary part, e.g., a housing or
cylinder, connected to bake plate 107 and also has a movable part 117, e.g., a piston or part

extending from the piston, connected to yoke plate 113. The number of actuators is a design
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choice, and in other embodiments more or fewer actuators can be used. Any style of actuator
is suitable, provided that it can translate the yoke plate 115 and valve pins 126 between
closed and open positions. In FIG. 1, yoke plate 113 is positioned such that valve pins 126
are in the closed position seated within mold gates 124. If actuators 115 depend on a working
fluid for operation, i.e., pneumatic or hydraulic types, fluid conduits (not shown) can be
provided in back plate 107. In other embodiments where actuators 115 are electric or
magnetic or of some other design, electrical conduits (not shown) can be provided in back
plate 107. In such an embodiment, yoke plate 113 and subsequently valve pins 126 coupled
thereto may be actuated between open, closed and various intermediate positions
therebetween by an electronic servomotor drive, such as synchro-plate valve pin actuation
provided by an E-Drive™ System available from Mold-Masters Limited of Georgetown,
Ontario Canada, that allows a stroke distance of valve pin 126 to be adjusted by an operator.
In another embodiment, a solenoid actuator that provides incremental movement of the valve
pin may be used. In various other embodiments, any valve pin actuation system that allows

the valve pin to be moved incrementally may be used.

[0028] Although coinjection apparatus 100 is shown having two valve-gated nozzles 120
and related components, this set-up merely serves as an example, as more or fewer valve-
gated nozzles and related components may readily be used without altering the principles of
the invention. Further, valve pin actuation by way of an actuated yoke plate is also shown by
example and not limitation. In another embodiment, each valve pin may be coupled to an

individual actuator such as a piston housed within a cylinder.

[0029] Manifold 102 and each nozzle 120 are adapted to receive a repositionable sleeve
136 through respective bores 140, 146 such that valve pin 126 slidably extends within sleeve
136. With references to FIGS. 1-3, repositionable sleeve 136 is an elongate hollow tubular
structure having an upstream end 123 that defines a valve pin guiding bore 129 that is sized
to be substantially equal to an outer diameter of valve pin 126 while still allowing for sliding
movement of valve pin 126 therein and a downstream end 143 that sits within nozzle tip 154.
Upstream end 123 of sleeve 136 is disposed within an outer fixed sleeve 138 to be
longitudinally repositionable relative thereto as described below. Fixed sleeve 138 includes a
radially extending head segment 142 that sits or is sandwiched between pressure disk 116 and
an upstream surface 103 of manifold 102. Rotation of fixed sleeve 138 relative to manifold

102 is prevented by engagement of an anti-rotation pin or dowel 101 between head segment
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142 and manifold 102. In turn rotation of repositionable sleeve 136 relative to fixed sleeve
138 is prevented by engagement of an anti-rotation pin or dowel 127 between a longitudinally
extended slot 109 in upstream end 123 of sleeve 136 and a corresponding bore within head

segment 142 of fixed sleeve 138.

[0030] Upstream end 123 of repositionable sleeve 136 includes a threaded head portion 118
that engages with a corresponding threaded bore 111 of valve disk 116 and a locknut 105.
Threaded head portion 118 and locknut 105 sit within a corresponding bore 125 in mold plate
108°. Lock nut 105 may be loosened to permit valve disk 116 to be rotated relative to
repositionable sleeve 136 in order to change a longitudinal position of sleeve 136 and
thereafter lock nut 105 is retightened to secure the change in position. The change in
longitudinal position of sleeve 136 in turn raises or lowers downstream end 143 of sleeve 136
within nozzle tip 154, as shown in FIGS. 2A and 2B, respectively, to increase or decrease a
size or width of annular opening 119 and thereby permit a greater or lesser volume of core

material to flow toward mold gate 124, as will be explained in more detail below.

[0031] The hollow tubular structure of sleeve 136 defines a central skin material melt
channel 150 and forms an annular core material melt channel 152 between an outer surface
thereof and bores 140, 146 of manifold 102 and nozzle 120, respectively, and defining an
upstream portion of an annular core material melt passage 172a between the sleeve outer
surface and a corresponding surface of nozzle tip 154. Accordingly, sleeve 136 effectively
divides manifold bore 140 and nozzle bore 146 into two concentric melt channels, with skin
material melt channel 150 being surrounded by annular core material melt channel 152. Skin
material melt channel 150 communicates with the first set of runners 104 of manifold 102 via
a longitudinally extending slot 148 in sleeve 136 and side opening 148’ of fixed sleeve 138.
Slot 148 is sized and oriented with respect to the first set of runners 104 to permit melt flow
to continue to skin material melt channel 150 when sleeve 136 is longitudinally repositioned.
Core material melt channel 152 communicates with the second set of runners 106 of manifold
102 at outlet 158 to deliver the melt stream of the core material within nozzle tip 154,
wherein the melt stream of core material is directed to flow within or between the melt flow
of the skin material as described in more detail below. As such, sleeve 136 acts as a flow
separator to keep the melt streams of the skin and core materials separated as they flow from

manifold 102 into the various melt passages of nozzle tip 154.
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[0032]  With reference to FIG. 2, nozzle tip 154 of nozzle 120 includes a tip base 162, a tip
divider 164 and a tip cap 166 that are retained by a threaded tip retainer 168 within a
downstream end of nozzle body 121 with downstream surfaces of tip cap 166 and tip retainer
168 being spaced from gate insert 122 by a bubble area 169 that surrounds gate 124. Other
coupling schemes, such as brazing, may also be used. Tip retainer 168 also includes a sealing
portion 167 that fits or seals against gate insert 122 and prevents molding material from

entering an insulating air space 171 therebetween.

[0033] Tip base 162 has an inner surface 160 that opposes outer surface 156 of sleeve 136
to define the upstream portion of core material melt passage 172a and tip divider and tip cap
164, 166 define a downstream portion of core material melt passage 172b therebetween. The
upstream and downstream portions of core material melt passage 172a, 172b, which may be
collectively referred to herein as core material melt passage 172 of nozzle tip 154, receive
and direct a melt stream of core material from core material melt channel 152 through a
central opening 182 of tip cap 166 to gate 124. Tip divider 164 also defines a central skin
material melt passage 174 that receives the melt stream from sleeve skin material melt
channel 150 and directs the melt stream of skin material to exit radially extending tunnel
channels 178 to form an outer layer flow of skin material and to exit a central opening 176 of
tip divider 164 to form an inner layer flow of the skin material. The inner layer flow of the
skin material also passes through central opening 182 of tip cap 166 as it flows toward mold

gate 124,

[0034] Each tunnel channel 178 has an inlet in fluid communication with central skin
material melt passage 174 and an outlet in fluid communication with an outer layer melt
passage 180, which is formed between an outer surface of tip cap 166 and an inner surface of
tip retainer 168. Each tunnel channel 178 includes a downstream portion that is defined by a
separate tunnel channel extension 199, which is a short tubular component. Each tunnel
channel extension 199 has an upstream end secured within a corresponding counter bore of
tip divider 164 and a length that bridges the downstream portion of the core material melt
passage 172b to pass through a bore within tip cap 166. When so positioned, the outlet of
each tunnel channel extension 199 is in fluid communication with outer layer melt passage
180 through which a portion of the melt stream of skin material received by each tunnel
channel 178 is directed to gate 124. Each tunnel channel 178 may be considered laterally or

radially extending in that it allows the molding material to flow sideways or outward relative
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to the general flow of molding material in central skin material melt passage 174. As well,
tunnel channel extensions 199 and/or tunnel channels 178 defined thereby may be described
to cross, or as crossing, the core material melt passage 172 and/or the core material melt

stream that flows there through.

[0035] In FIG. 2, tip portion 128 of valve pin 126 is seated within gate 124 and a tip
guiding segment 131 of valve pin 126 is seated within central openings 176, 182 of tip
divider 164 and tip cap 166 such that neither the skin or core material is able to flow into
mold cavity 133 from the core material melt passage 172, central skin material melt passage
174, or outer layer melt passage 180. Selective retraction of valve pin 126 from mold gate
124 and subsequently through central openings 176, 182 permits the simultaneous flow of the
inner and outer layers of skin material from the skin material melt passage 174 and the outer
layer melt passage 180, respectively, as well as the flow of the core layer melt flow from the
core material melt passage 172 with the three melt flows combining in bubble area 169
proximate the gate area of the coinjection apparatus to thereafter simultaneously enter mold
cavity 133 via gate 124. More particularly during an injection cycle, tip portion 128 of valve
pin 126 may be retracted to a first retracted position unseated from gate 124 while nozzle tip
guiding segment 131 of valve pin 126 remains seated within or blocking central openings
176, 182 of tip divider 164 and tip cap 166 such that only an outer layer melt flow of the skin
material is permitted to flow into the melt cavity via gate 124, wherein the outer layer melt
flow travels from central skin material melt passage 174 to mold gate 124 via tunnel channels
178, outer layer melt passage 180 and bubble area 169. A next step in the injection cycle
includes actuating tip portion 128 of valve pin 126 to a retracted position unseated from gate
124 with tip guiding segment 131 of valve pin 126 unseated or withdrawn from blocking both
tip diverter central opening 176 and tip cap central opening 182. Such a retracted position of
valve pin 126 is shown in each of FIGS. 2A and 2B. When valve pin tip portion 128 is
retracted in this manner, an inner layer melt flow of the skin material and a core material melt
flow are permitted to flow into mold cavity 133 via mold gate 124 simultaneously with the
outer layer melt flow of the skin material. The inner layer melt flow flows from central skin
material melt passage 174 through tip diverter central opening 176 to thereafter meet with the
core material melt flow that is flowing from nozzle tip core material melt passage 172, such
that the inner layer melt flow and the core layer melt flow exit through central opening 182 of
tip cap 166 with the inner layer melt flow located centrally within or essentially encircled by

the core layer melt flow. After exiting tip cap central opening 182 in such a manner, the

10
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inner layer melt flow and the core layer melt flow meet with the outer layer melt flow of the
skin material that is simultaneously flowing through bubble area 169 to gate 124 to thereby
form a combined melt stream. The substantially concentric inner layer melt flow and core
layer melt flow are thereby substantially surrounded by the outer layer melt flow as the three
melt flows combine in bubble area 169 proximate the gate area of coinjection apparatus 100
and then simultaneously enter the mold cavity via gate 124. In this manner the components
of nozzle tip 154 are able to position the core layer melt flow between the outer and inner
layer melt flows of the skin material as the three melt flows simultaneously flow through
bubble area 169 and enter gate 124. As such, coinjection apparatus 100 is capable of forming
a molded article that includes an inner and outer layer of a first or skin material with a middle
layer of a second or core material through simultaneous injection of the skin and core
materials, which permits faster cycle times and also facilitates thin-walled molding
application. In this manner, coinjection apparatus 100 permits the formation of a three layer

molded article such as molded caps 435, 435” shown in FIG. 4.

[0036] As mentioned above, a longitudinal position of sleeve 136 may be changed by an
operator of coinjection apparatus 100 to raise or lower downstream end 143 of sleeve 136
that is disposed within nozzle tip 154, as best understood by comparing a position of
downstream end 143 in FIG. 2 with a position of downstream end 143 in FIGS. 2A and 2B,
respectively. Annular opening 119 is defined between a slanted downstream surface 163 of
repositionable sleeve downstream end 143 and a corresponding slanted surface 165 of tip cap
166. In another embodiment, opposing surfaces 163, 165 may be flat contacting surfaces.
Upstream repositioning of downstream end 143 will increase a size or width of annular
opening 119, as shown in FIG. 2A, and thereby permit a greater volume of core material to
flow through the downstream portion of core material melt passage 172b during an injection
cycle. When coinjection apparatus 100 is in this configuration, a thick core layer 134 is
produced as shown in molded cap 435 of FIG. 4A, which may be beneficial in an application
where the core material is a filler material, for instance, of a recycled material, that is of
lesser cost than a virgin skin material that is used in forming the inner and outer layers of the
molded cap. Similarly downstream repositioning of downstream end 143 will decrease a size
or width of annular opening 119, as shown in FIG. 2B, and thereby reduce a volume of core
material flowing through the downstream portion of core material melt passage 172b during
an injection c¢ycle. When coinjection apparatus 100 is in this configuration, a relatively

thinner core layer 134° is produced as shown in molded cap 435’ of FIG. 4B, which may be

11
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beneficial in a molding application where the core material is an expensive material that is
being used as a barrier layer such as a barrier layer of ethylene vinyl alcohol (EVOH)
polymers. In this manner, coinjection apparatus 100 permits adjustment of a core layer
material flow proximate a downstream end of the hot runner system, and more specifically
permits adjustment of the core layer material flow within nozzle tip 154, to allow for more

precise control of a volume of core layer material being provided to mold cavity 133.

[0037] Accordingly in accordance with embodiments hereof, valve pin 126 of coinjection
apparatus 100 is actuated to have a double stroke and to thereby create in conjunction with
nozzle tip 154 a three melt flow pattern at gate 124 by dividing one of two incoming melt
streams into two separate melt flows. In a method in accordance with an embodiment hereof,
a first stroke of valve pin 126 unseats valve pin tip portion 128 from gate 124 to allow a skin
material, such as polypropylene (PP), to create a first layer flow of PP at gate 124 while valve
pin tip guiding segment 131 is blocking the flow of a core material layer such as for example,
a barrier material, such as ethylene vinyl alcohol polymer (EVOH), from flowing through
nozzle tip core material melt passage 172. A second stroke of valve pin 126 retracts valve
pin tip portion 128 to upstream of nozzle tip core material melt passage 172 to create a barrier
layer flow of EVOH and also upstream of central opening 176 of tip divider 164 to create an
inner layer flow of PP. In the manner as described above, the second layer of EVOH exits
core material melt passage 172 so as to be positioned between the outer and inner layers of

PP within gate 124.

[0038] In accordance with an embodiment hereof a stroke distance of valve pin 126 may be
adjusted in order to control a radial position of a core layer of a barrier material relative to the
inner and outer layers of a skin material in a molded article. Valve pin 126 may be
positioned such that tip portion 128 projects within central opening 176 of tip divider 164
causing a slight throttling or restriction of the inner layer melt flow of the skin material
through central opening 176. Such a restriction of the flow of the inner layer of skin material
through central opening 176 results in an increase in the volume of skin material being
directed as the outer layer melt flow through outer layer melt passage 180 and bubble area
169. By increasing a volume of the skin material directed through outer layer melt passage
180 and bubble area 169 to gate 124 relative to a volume of the skin material directed through
central opening 176 to gate 124, the core layer of core material melt flow will be moved

radially inward by the greater volume of the outer layer melt flow and the reduced volume of
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the inner layer melt flow. As such, in the resulting molded article, a core layer of the barrier
material will be radially positioned between inner and outer layers of the skin material closer

to an inner surface of the molded article.

[0039] Conversely, when valve pin 126 is positioned at a greater upstream retracted
position than shown in FIGS. 2A and 2B, for instance with valve pin tip portion 128 retracted
to be level with or upstream of tunnel channels 178, central opening 176 of tip divider 164 is
wide open to allow the inner layer melt flow of the skin material to freely flow through
central opening 176, which results in an increase in the skin material being directed as the
inner layer melt flow as compared to the skin material being directed as the outer layer melt
flow through outer layer melt passage 180 and bubble area 169. By increasing a volume of
the skin material directed through central opening 176 to gate 124 relative to a volume of the
skin material directed through outer layer melt passage 180 and bubble area 169 to gate 124,
the core material melt flow of the core material will be moved radially outward in the
combined melt stream by the greater volume of the inner layer melt flow and the reduced
volume of the outer layer melt flow. As such in the resulting molded article, a core layer of
the core material will be radially positioned between inner and outer layers of the skin

material closer to an outer surface of the molded article.

[0040] During operation, an operator or automated inspection device may inspect a newly
molded article for core layer position relative to inner and outer layers of skin material. If the
core layer of the molded article is found to be positioned in an unsatisfactory or undesirable
manner, the operator may then instruct a controller of actuators 115 to adjust a retracted
position of valve pin 126 to change the barrier layer position relative to the inner and outer

layers of the skin material in a manner as described in the preceding paragraph.

[0041] FIG. 5 depicts a sectional view of a hot runner coinjection apparatus 500 in
accordance with another embodiment hereof. Features and aspects of the prior embodiment
described herein may be used accordingly with the current embodiment and the same
reference numbers are used for features of coinjection apparatus 500 that remain unchanged
from coinjection apparatus 100 described above, as such those features are not further
described in detail herein. In FIG. 5, coinjection apparatus 500 includes a mold cavity 533

for producing a three-layer preform, such as molded preform 835 shown in section in FIG. 8.
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[0042] With reference to FIG. 5, coinjection apparatus 500 includes a backing plate 507
and various cooled mold plates 508, 508°, 508, 508’ in which components of the
coinjection apparatus are situated as would be understood by one of ordinary skill in the art.
Manifold 102 is located within cooled mold plate 508’ surrounded by an insulative air gap
that is maintained by locating ring 112, pressure disks 114, and valve disks 516. Coinjection
apparatus 500 further includes hot runner valve-gated nozzles 120 having nozzle tips 154 that
correspond to a respective mold gate 524 defined by a respective mold gate insert 522, which
is disposed within mold plate 508", Although a gate area and mold gate 524 of coinjection
apparatus 500 is formed by mold gate insert 522, this is by way of illustration rather than
limitation as one of skill in the art would recognize that the gate area may defined instead by
one or more other injection molding structure(s), such as a mold gate and gate area defined in

a mold cavity plate, without departing from the scope of the present invention.

[0043] Manifold 102 and each valve-gated nozzle 120 are adapted to receive an actuatable
sleeve 536 through respective bores 140, 146 with valve pin 126 slidably extending within
sleeve 536. Disposed in mold plate 508 are valve pin actuators 515, each for actuating a
respective valve pin 126 of the respective nozzle 120. Valve pin head portions 130 are
coupled to valve pin actuators 515 by a respective valve pin coupler 532. Disposed in mold
plate 508" are sleeve actuators 515° for actuating sleeves 536. Head portions 518 of
actuatable sleeves 536 are fixed or coupled to sleeve actuator 515° by a respective sleeve
coupler 532°. In various embodiments in accordance herewith, valve pin actuators 515 and
sleeve actuators 515° translate respective valve pins 126 and sleeves 536 between open,
closed and various intermediate positions by linear motion, e.g., a pneumatic or hydraulic
piston, or rotary motion, e.g., an electric screw drive. In embodiments hereof, valve pin
actuators 515 and sleeve actuators 515° may be electronic servomotor drives, such as an E-
Drive™ System available from Mold-Masters Limited of Georgetown, Ontario Canada,
which permit valve pins 126 and actuatable sleeves 536 to be actuated between open, closed
and various intermediate positions therebetween. In another embodiment, a solenoid actuator
that provides incremental movement of the valve pin and sleeve may be used. In various
other embodiments, any valve pin actuation system that allows the valve pin and sleeve to be

moved incrementally may be used.

[0044] With references to FIGS. 5, 6 and 7, actuatable sleeve 536 is an elongate hollow

tubular structure having an upstream end 523 that defines a valve pin guiding bore 529 that is
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sized to be substantially equal to an outer diameter of valve pin 126 while still allowing for
sliding movement of valve pin 126 therein and a downstream end 543 that is disposed within
nozzle tip 154. Upstream end 523 of actuatable sleeve 536 is disposed within an outer fixed
sleeve 538 and is sized to be substantially equal to an inner diameter of fixed sleeve 538
while still allowing for sliding movement therein. Fixed sleeve 538 includes a radially
extending head segment 542 that sits or is sandwiched between pressure disk 516 and an
upstream surface 103 of manifold 102. Rotation of fixed sleeve 538 relative to manifold 102
is prevented by engagement of an anti-rotation pin or dowel 101 between head segment 542
and manifold 102. In turn rotation of actuatable sleeve 536 relative to fixed sleeve 538 is
prevented by engagement of an anti-rotation pin or dowel 127 between a longitudinally
extended slot 509 in upstream end 523 of sleeve 536 and a corresponding bore within head
segment 542 of fixed sleeve 538. In another embodiment, anti-rotation pin 127 may be

disposed between sleeve head portion 518 and sleeve coupler 532°.

[0045] Upstream end 523 of actuatable sleeve 536 slidably extends through an aperture 511
of valve disk 516 and includes head portion 518 that engages with sleeve coupler 532°, as
noted above. The hollow tubular structure of sleeve 536 defines a central skin material melt
channel 150 and forms an annular core material melt channel 152 between an outer surface
thereof and bores 140, 146 of manifold 102 and nozzle 120, respectively, and an upstream
portion of an annular core material melt passage 172a between the sleeve outer surface and a
corresponding surface of nozzle tip 154. Accordingly, sleeve 536 effectively divides
manifold bore 140 and nozzle bore 146 into two concentric melt channels, with skin material
melt channel 150 being surrounded by annular core material melt channel 152. Skin material
melt channel 150 communicates with the first set of runners 104 of manifold 102 via a
longitudinally extending slot 548 in sleeve 536 and side opening 548 of fixed sleeve 538.
Slot 548 is sized and oriented with respect to the first set of runners 104 to permit melt flow
to continue to skin material melt channel 150 when sleeve 536 is actuated between a retracted
upstream position, an extended downstream position and various intermediate positions
therebetween. Core material melt channel 152 communicates with the second set of runners
106 of manifold 102 at outlet 158 to deliver the melt stream of the core material within
nozzle tip 154, wherein the melt stream of core material is directed to flow within or between
the melt flow of the skin material as described in detail above. As such, sleeve 536 acts as a
flow separator to keep the melt streams of the skin and core materials separated as they flow

from manifold 102 into the various melt passages of nozzle tip 154.
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[0046] With reference to FIGS. 6 and 6A-6E an injection molding sequence is depicted for
producing molded preform 835 shown in FIG. 8. As mentioned above, sleeve 536 is
actuatable between a fully open position as shown in FIGS. 6C and 6D, a closed position as
shown in FIGS. 6, 6A and 6E as well as various intermediate partially open or throttling
positions therebetween as represented by FIG. 6B. The actuation of sleeve 536 is automated
during the injection cycle to produce a change in the thickness of a core layer of a molded
article, such as core layer 834 of molded preform 835 shown in FIG. 8. Movement of
downstream end 543 of sleeve 536 opens and closes annular opening or aperture 519.
Similar to the previous embodiment, annular opening 519 is defined between a downstream
surface 563 of sleeve downstream end 543 and corresponding surface 165 of tip cap 166, to
provide melt communication between upstream portion of core material melt passage 172a
and downstream portion of core material melt passage 172b. An inner diameter of a
downstream segment of sleeve 536 is sized to slide over an outer surface of an upstream
segment of tip divider 164 as sleeve 536 is moved between the open and closed positions.
More particularly, actuation of sleeve 536 raises or lowers downstream end 543 of sleeve 536
that is disposed within nozzle tip 154 to fully open, partially open, and close annular opening
519 during the injection c¢ycle. In this manner, coinjection apparatus 500 permits automated
adjustment of a volume of a core layer material flow proximate a downstream end of the hot
runner system, and more specifically permits adjustment of the core layer material flow from
nozzle tip 154, to allow for more precise control of a volume of core layer material being
provided to mold cavity 533 to thereby adjust the thickness of the core layer in the molded

article throughout an injection cycle, as described in detail below.

[0047] An exemplary injection molding sequence for forming molded preform 835 is now
described with reference to FIGS. 6 and 6A-6E. It should be understood that most features
and functions of nozzle tip 154 in coinjection apparatus 500 were previously described in
detail with reference to coinjection apparatus 100 and only the operation of actuatable sleeve

536 and the method thereof will be fully described in this embodiment.

[0048] FIG. 6 depicts tip portion 128 of valve pin 126 seated within mold gate 524 and
downstream end 543 of sleeve 536 abutting surface 165 of tip cap 166 such that each is in a
closed position to prevent melt flow through nozzle tip 154. FIG. 6A depicts tip portion 128
of valve pin 126 unseated from mold gate 524 with tip guiding segment 131 blocking flow
through central openings 176, 182 of respective tip divider 164 and tip cap 166 and with
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sleeve 536 still abutting surface 165 of tip cap 166. In such a configuration, sleeve 536
remains in the closed position and valve pin 126 is in a partially open position to allow skin
material to flow from outer layer melt passage 180 into mold cavity 533 to thereby form

section A of preform 835 as shown in FIG. 8.

[0049] FIG. 6B depicts tip portion 128 of valve pin 126 in an open position retracted from
each of mold gate 524 and central openings 176, 182 with sleeve 536 retracted to a partially
open or throttle position with a width of annular opening 519 sized to permit some core
material flow therethrough. In such a configuration, skin material flows in substantially
equal volumes from each of central skin material melt passage 174 and outer layer melt
passage 180 to mold cavity 533 while a throttled or less than full volume of core material
flows through annular opening 519 and subsequently through downstream portion of core
material melt passage 172b to mold cavity 533. In this step, coinjection apparatus 500 forms
section B of preform 835 having a thin core layer 834 positioned between equal thicknesses

of inner and outer layers of skin material as shown in FIG. 8.

[0050] FIG. 6C depicts valve pin 126 in the open position depicted in FIG. 6B with sleeve
536 fully retracted to a fully open position with a width of annular opening 519 sized to
permit a maximum volume of core material flow therethrough. In such a configuration, skin
material continues to flow in substantially equal volumes from each of central skin material
melt passage 174 and outer layer melt passage 180 to mold cavity 533 while a full volume of
core material flows through annular opening 519 and subsequently through downstream
portion of core material melt passage 172b to mold cavity 533. In this step, coinjection
apparatus 500 forms section C of preform 835 having a thick core layer 834 positioned

between equal thicknesses of inner and outer layers of skin material.

[0051] FIG. 6D depicts tip portion 128 of valve pin 126 in a partially open or throttled
position partially disposed in tip divider central opening 176 while fully retracted from each
of mold gate 524 and tip cap central opening 182. Sleeve 536 is shown in the fully open
position depicted and described with reference to FIG. 6C. In such a configuration due to the
throttling provided by valve pin 126, more skin material is directed to mold cavity 533 via
outer layer melt passage 180 than central skin material melt passage 174 such that within
mold cavity 533 a greater volume of skin material forms the outer layer of the molded article
as compared with the inner layer of the molded article. In addition, a full volume of core

material continues to flow through annular opening 519 and subsequently through
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downstream portion of core material melt passage 172b to mold cavity 533. In this step,
coinjection apparatus 500 forms section D of preform 835 having a thick core layer 834
positioned closer to a core or interior side of preform 835 with a thinner inner layer and a

thicker outer layer of skin material compared to the remainder of the preform.

[0052] FIG. 6E depicts tip portion 128 of valve pin 126 advanced downstream from its
position in FIG. 6D with tip guiding segment 131 once again positioned to block flow
through central openings 176, 182 of respective tip divider 164 and tip cap 166 and with tip
portion 128 disposed within bubble area 169 unseated from mold gate 524. Downstream end
543 of sleeve 536 is also advanced downstream from its position in FIG. 6D such that surface
563 thereof abuts with surface 165 of tip cap 166 to close annular opening 519. In such a
configuration, sleeve 536 is once again in the closed position and valve pin 126 is in a
partially open position to allow skin material to flow from outer layer melt passage 180 into
mold cavity 533 and thereby pack the final section E of preform 835 as shown in FIG. 8 to
prevent core layer break through. Thereafter, as shown in FIG. 6, valve pin tip portion 128 is
seated within mold gate 524 and sleeve 536 remains in a closed position to end the injection

cycle.

[0053] In accordance with another embodiment hereof, a stroke distance of valve pin 126
may be adjusted in order to move or shift a radial position of a core layer of a barrier material
outwardly relative to the inner and outer layers of a skin material in a molded article. In such
an embodiment, valve pin 126 is positioned at a greater upstream retracted position than
shown in FIGS. 6B and 6C, for instance with valve pin tip portion 128 retracted to be level
with or upstream of tunnel channels 178, such that central opening 176 of tip divider 164 is
wide open to allow the inner layer melt flow of the skin material to freely flow through
central opening 176. As a result of valve pin 126 being so positioned, an increase in the
volume of skin material being directed as the inner layer melt flow as compared to the
volume of skin material being directed as the outer layer melt flow through outer layer melt
passage 180 occurs. By increasing a volume of the skin material directed through central
opening 176 to gate 124 relative to a volume of the skin material directed through outer layer
melt passage 180 and bubble area 169 to gate 124, the core material melt flow of the core
material will be moved radially outward in the combined melt stream by the greater volume

of the inner layer melt flow and the reduced volume of the outer layer melt flow.
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[0054] Although coinjection apparatus 100, 500 are shown with one-piece mold gate
inserts 122, 522 that define respective mold gates 124, 524 other embodiments may have a
multiple piece mold gate insert component, or may not have a mold gate insert but instead
simply having a well in a mold plate. As well without departing from the scope of the
present invention, mold gate inserts 122, 522 may or may not have a surface that provides a
portion of the mold cavity and may or may not include cooling channels (not shown) for

circulating cooling fluid to assist in solidifying the molding material in the mold cavity.

[0055] Any of the movable sleeve embodiments described above may be adapted to be
used in gas-assist injection molding applications. In such embodiments, a core material
would be a gas, such as nitrogen, instead of a polymeric material. The gas would be supplied

as a middle layer material to the molded article being produced.

[0056] In addition, although each of the embodiments described above is discussed as
performing simultaneous injection of the first and second moldable materials within a mold
cavity, systems in accordance with embodiments herecof may be actuated to perform
sequential injection of the first and second moldable materials as may be preferable in certain

molding applications, such as in the molding of thicker parts.

[0057] Materials for the components of the coinjection apparatus described herein include
steel, tool steel (H13), copper alloy, copper-beryllium, titanium, titanium alloy, ceramic,
high-temperature polymer, and similar materials. In an embodiment, the nozzle tip base may
be made of TZM or molybdenum and the nozzle tip divider and cap parts as well as the tip
retainer may each be made of H13. In embodiments hereof, sleeves 136, 536 may be made

from H13 or any other material that can withstand injection pressures.

[0058] While various embodiments according to the present invention have been described
above, it should be understood that they have been presented by way of illustration and
example only, and not limitation. It will be apparent to persons skilled in the relevant art that
various changes in form and detail can be made therein without departing from the spirit and
scope of the invention. Thus, the breadth and scope of the present invention should not be
limited by any of the above-described exemplary embodiments, but should be defined only in
accordance with the appended claims and their equivalents. It will also be understood that

each feature of each embodiment discussed herein, and of each reference cited herein, can be
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used in combination with the features of any other embodiment. All patents and publications

discussed herein are incorporated by reference herein in their entirety.
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CLAIMS

What is claimed is:

1. A method of coinjection, the method comprising:

flowing a first melt stream of a first molding material within a hot runner valve-gated
nozzle;

flowing a second melt stream of a second molding material within the nozzle;

dividing the first melt stream with a nozzle tip of the nozzle into an inner layer melt
stream and an outer layer melt stream;

creating a combined melt stream with the second melt stream disposed between the
inner layer melt stream and the outer layer melt stream, whereby the second melt stream
becomes a core layer melt stream;

varying a volume of the inner layer melt stream to a volume of the outer layer melt
stream within the combined melt stream to control a radial position of a core layer formed
within a molded article produced by the combined melt stream; and

adjusting a volume of the second material melt stream within the nozzle tip to control
a volume of the core layer melt stream within the combined melt stream whereby a thickness
is adjusted of the core layer formed within the molded article produced by the combined melt

stream.

2. The method of claim 1, wherein the nozzle tip includes a central melt passage with a
central opening for directing the inner layer melt stream toward a mold cavity and radial melt

passages for directing the outer layer melt stream toward the mold cavity.

3. The method of claim 2, wherein the step of varying a volume of the inner layer melt
stream to a volume of the outer layer melt stream includes positioning a tip portion of a valve
pin of the nozzle within the central opening of the nozzle tip to throttle or reduce the volume

of the inner layer melt stream directed therethrough.
4. The method of claim 3, wherein positioning the valve pin within the nozzle tip central

opening concurrently increases the volume of the outer layer melt stream directed through the

radial melt passages such that within the combined melt stream the greater volume of the
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outer layer melt stream as compared with the inner layer melt stream shifts the radial position

of the core layer toward an inner surface of the molded article.

5. The method of claim 1, wherein the step of adjusting a volume of the second material
melt stream within the nozzle tip includes increasing or decreasing a width of an annular
opening between a downstream end of a sleeve component and a corresponding surface of the

nozzle tip.

6. The method of claim 5, wherein increasing or decreasing the width of the annular
opening includes adjusting a longitudinal position of the downstream end of the sleeve

relative to the corresponding surface of the nozzle tip between injection cycles.

7. The method of claim 6, wherein an upstream head portion of the sleeve is threadably
engaged through a corresponding bore of a valve disk and secured in a longitudinal position
relative thereto by a lock nut and wherein adjusting the longitudinal position of the
downstream end of the sleeve includes loosening the lock nut to permit the valve disk to be

rotated relative to the sleeve.

8. The method of claim 5, wherein increasing or decreasing the width of the annular
opening includes automatically adjusting a longitudinal position of the downstream end of the

sleeve relative to the corresponding surface of the nozzle tip during an injection cycle.

9. The method of claim 8, wherein an upstream head portion of the sleeve is coupled to

an actuator.

10. A method of coinjection, the method comprising:

flowing a first melt stream of a first molding material within a hot runner valve-gated
nozzle;

flowing a second melt stream of a second molding material within the nozzle;

dividing the first melt stream with a nozzle tip of the nozzle into an inner layer melt
stream and an outer layer melt stream;

creating a combined melt stream with the second melt stream disposed between the
inner layer melt stream and the outer layer melt stream, whereby the second melt stream

becomes a core layer melt stream; and
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adjusting a volume of the second material melt stream within the nozzle tip to control
a volume of the core layer melt stream within the combined melt stream whereby a thickness
is adjusted of a core layer formed within a molded article produced by the combined melt

stream .

11.  The method of claim 10, wherein the step of adjusting a volume of the second
material melt stream within the nozzle tip includes increasing or decreasing a width of an
annular opening between a downstream end of a sleeve component and a corresponding

surface of the nozzle tip.

12. The method of claim 11, wherein increasing or decreasing the width of the annular
opening includes adjusting a longitudinal position of the downstream end of the sleeve

relative to the corresponding surface of the nozzle tip between injection cycles.

13.  The method of claim 12, wherein an upstream head portion of the sleeve is threadably
engaged through a corresponding bore of a valve disk and secured in a longitudinal position
relative thereto by a lock nut and wherein adjusting the longitudinal position of the
downstream end of the sleeve includes loosening the lock nut to permit the valve disk to be

rotated relative to the sleeve.
14.  The method of claim 11, wherein increasing or decreasing the width of the annular
opening includes automatically adjusting a longitudinal position of the downstream end of the

sleeve relative to the corresponding surface of the nozzle tip during an injection cycle.

15.  The method of claim 14, wherein an upstream head portion of the sleeve is coupled to

an actuator.
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