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ABSTRACT

An injection molding apparatus having a valve pin plate coupling at least one valve pin to an
actuator which, in operation, axially moves the valve pin plate between a closed position and an
open position. The valve pin is coupled to the valve pin plate via a valve pin coupler. A biasing
member is compressed against a support surface by the valve pin holder when the valve pin plate
is in the closed position to create a supplementary coupling force coupling the valve pin to the

valve pin holder.
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VALVE PIN PLATE INJECTION MOLDING APPARATUS

INVENTOR: Payman Tabassi
FIELD

[0001] The present application relates to valve pin plate injection molding and, in particular, to
a valve pin plate having a plurality of valve pins releasably coupled thereto by respective valve

pin holders.

BACKGROUND

[0002] A valve pin plate is used to simultaneously move a plurality of valve pins, each
associated with a respective mold cavity, between an open position and a closed position. A valve
pin plate is typically used to achieve closer pitch spacing between adjacent mold cavities in a high
cavity mold than would be possible if each mold cavity was gated by a valve pin coupled to a
respective actuator. A challenge associated with valve pin plates is ceasing opening and closing
movement of an affected valve pin if, for example, its associated mold cavity becomes damaged
or otherwise non-operational. To address this challenge, hot runner manufacturers have created
valve pin holders which decouple a valve pin from the valve pin plate when a decoupling force
acting on the valve pin exceeds a coupling force (for example, friction force, lateral force, magnetic
force inter alia) holding the valve pin to the valve pin plate. While a theoretical coupling force of
a valve pin holder can be calculated, factors such as manufacturing tolerance build-up, material
discrepancies, assembly error, and wear, can cause the actual coupling force of a valve pin holder
to be less than its theoretical coupling force. In addition, decoupling force acting on the valve pin
holder can vary depending on various parameters including molding material viscosity and
actuator velocity and tool design. In some instances, actual coupling force and actual decoupling
force can vary between different locations in a mold. Given the uncertainty of actual coupling
force and actual decoupling force, instances arise in which a valve pin holder will decouple a valve

pin of an operational mold cavity.

SUMMARY

[0003] Embodiments hereof are directed towards an injection molding apparatus including a
manifold having a manifold channel extending between a manifold inlet and a manifold outlet, a

nozzle having a nozzle channel extending therethrough and in fluid communication with the

1
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manifold channel via the manifold outlet, and a valve pin plate coupled to an actuator which, in
operation, axially moves the valve pin plate between a closed position and an open position. A
mold plate is spaced apart from the manifold and is disposed between the manifold and the valve
pin plate. The mold plate includes a valve pin passageway through which a valve pin extends. The
valve pin is releasably coupled to the valve pin to the valve pin plate by a valve pin holder and a
biasing member compressed by the valve pin holder against a support surface when the valve pin

plate is in the closed position.

[0004]  An aspect of the present application provides an injection molding apparatus comprising
a manifold having a manifold channel extending between a manifold inlet and a manifold outlet;
a nozzle having a nozzle channel extending therethrough, the nozzle channel in fluid
communication with the manifold channel via the manifold outlet; a valve pin plate coupled to an
actuator which, in operation, axially moves the valve pin plate between a closed position and an
open position; a mold plate spaced apart from the manifold and disposed between the manifold
and the valve pin plate, the mold plate having a valve pin passageway extending therethrough; a
valve pin extending through the valve pin passageway; a valve pin holder releasably coupling the
valve pin to the valve pin plate; and a biasing member being compressed against a support surface

by the valve pin holder when the valve pin plate is in the closed position.

[0005] The biasing member can be compressed by the valve pin holder when the valve pin

plate is in the open position.

[0006] The biasing member can be compressed against the mold plate when the valve pin plate

is in the closed position.
[0007]  The valve pin can extend through the biasing member.

[0008] The mold plate can include a counterbore defining a step in valve pin passageway

against which the biasing member is seated.

[0009] The injection molding apparatus can further comprise a spacer, wherein the mold plate
is spaced apart from the manifold by the spacer, and the biasing member is compressed against

the spacer when the valve pin plate is in the closed position.
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[0010] The injection molding apparatus can further comprise a sleeve through which the valve
pin extends, the sleeve surrounding the valve pin and forming a circumferential barrier between

the valve pin and the biasing member.

[0011] A downstream end of the sleeve can include a flange, the biasing member is compressed

against the flange when the actuator is in the closed position.

[0012] The injection molding apparatus can further comprise a wiper secured within the valve
pin passageway between the biasing member and the manifold, the valve pin extending through

and slidably engaged with the wiper.

[0013]  The injection molding apparatus can further comprise: an another mold plate, the valve
pin plate being disposed between the mold plate and the another mold plate; and an another biasing

member compressed against the another mold pate when the valve pin plate is in the open position.

[0014] The another mold plate can include a pocket defining a seat against which the another

biasing member is compressed when the valve pin plate is in the open position.

[0015] The valve pin holder can include a first coupling component attached to the valve pin
plate and a second coupling component secured to the valve pin and releasably coupled to the first

coupling component.

[0016] The second coupling component can be releasably coupled to the first coupling

component by one of a friction force and a magnetic force.
[0017]  The biasing member can be a helical spring.

BRIEF DESCRIPTION OF DRAWINGS

[0018] The drawings are not to scale.

[0019] FIG. 1 is a sectional view of an injection molding apparatus in accordance with an
embodiment of the present application.

[0020] FIG. 2 is an enlarged view of a portion of FIG. 1 showing a valve pin plate in a closed

position and an actuator in a closed configuration.
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[0021] FIG. 3 is the enlarged view of FIG. 2 showing the valve pin plate in an open position
and an actuator in an open configuration.

[0022] FIG. 4 is an enlarged view of portion of FIG. 1 showing the valve pin plate in an open
position, the actuator in the open configuration, and a valve pin holder in a decoupled
configuration.

[0023] FIG. 5 is an enlarged view of a portion of an injection molding apparatus in accordance
with another embodiment of the present application.

[0024] FIG. 6 is an enlarged view of a portion of an injection molding apparatus in accordance
with yet another embodiment of the present application.

[0025] FIG. 7 is an enlarged view of a portion of an injection molding apparatus in accordance
with yet another embodiment of the present application.

[0026] FIG. 8, is an enlarged view of a portion of an injection molding apparatus in accordance
with yet another embodiment of the present application showing the valve pin plate in a closed
position and an actuator in a closed configuration.

[0027] FIG. 9, is an enlarged view of a portion of an injection molding apparatus in accordance
with the embodiment of FIG. 8 showing the valve pin plate in an open position and an actuator in

an open configuration.
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DETAILED DESCRIPTION

[0028]  Specific embodiments of the present application are now described with reference to the
figures. The following detailed description is merely exemplary in nature and is not intended to
limit the scope of the application. In the following description, “downstream” is used with
reference to the direction of molding material flow from an injection unit of an injection molding
machine to a mold cavity of a mold of an injection molding apparatus, and also with reference to
the order of components or features thereof through which the molding material flows from the
injection unit to the mold cavity, whereas “upstream” is used with reference to the opposite
direction. In the following description, a reference number followed by the letter “s” indicates a
schematic representation of a component or feature thereof associated with the reference number.
Furthermore, there is no intention to be bound by any expressed or implied theory presented in the
preceding field, background, summary or the following detailed description.

[0029] FIG. 1 is a sectional view of an injection molding apparatus 100 in accordance with an
embodiment of the present application. Injection molding apparatus 100 delivers molding material
received from a source (not shown) to a plurality of mold cavities 101s. Injection molding
apparatus 100 includes a plurality of mold plates, for example a first mold plate 104, a second
mold plate 106, a third mold plate 108, and a fourth mold plate 109 within and between which a
hot runner system 110 is received. As is commonly known, mold plates 104, 106, 108, 109 are
held together by fasteners (not shown), and may also include additional fastening and/or aligning
components such as guide pins, guide bushings etc. as would be understood by one of ordinary
skill in the art. While four mold plates 104, 106, 108, 109 are shown, injection molding apparatus
100 can include other than four mold plates.

[0030] Injection molding apparatus 100 includes hot runner system 110 which distributes an
incoming stream of a molding material (not shown) to mold cavities 101s. Hot runner system 110
includes a manifold 112, a plurality of nozzles 114, each having a respective heater, and a plurality
of valve pins 115 which are translated by an actuator 116 between an open position and a closed
position to control the flow of molding material into mold cavities 101s. For the sake of brevity,
valve pins 115 and nozzles 114 often referred to in singular form. Manifold 112 divides the
incoming melt stream into a plurality of outgoing melt streams, each of which is delivered to a
respective mold cavity 101s via a respective nozzle 114. Manifold 112 is received in an enclosure

118 defined by second and third mold plates 106, 108, and is spaced apart from second and third
5
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mold plates 106, 108 to form an insulating air gap therebetween. Manifold 112 includes a manifold
channel 120 that extends between a manifold inlet (not visible in the sectional view of FIG. 1) and
a manifold outlet 122. Nozzle 114 is received in a nozzle well 124 which extends downstream
from enclosure 118. Nozzle 114 includes a nozzle channel 125 extending therethrough. Nozzle
channel 125 is in fluid communication with manifold channel 120 via manifold outlet 122. At its
downstream end, nozzle channel 125 is in fluid communication with a tip channel 126 of a nozzle
tip 127 which delivers molding material to mold cavity 101s via a mold gate 128s.

[0031] Valve pin 115 is coupled to a valve pin plate 130 which is coupled to actuator 116.
Actuator 116 moves between a closed configuration (see FIGS. 1 and 2) and an open configuration
(see FIG. 3). Valve pin plate 130 is located between third mold plate 108 and fourth mold plate
109. Valve pin plate 130 is separated from manifold 110 by third mold plate 108, which includes
a valve pin passageway 132 through which valve pin 115 extends. Downstream from third mold
plate 108, valve pin 114 extends through manifold 110 and nozzle 114 towards mold gate 128s.
[0032] In operation, as actuator 116 moves between the closed configuration and the open
configuration, valve pin plate 130 moves therewith, and valve pins 115, which are coupled to valve
pin plate 130 move synchronously together with valve pin plate 130. When actuator 116 is in the
open configuration valve pins 115 are in the open position, separated from mold gate 128s, to
permit molding material to pass through mold gates 128s and into mold cavities 101s. Conversely,
when actuator 116 is in the closed configuration, valve pins 115 are in the closed position, blocking
mold gates 128s, to prevent molding material from entering mold cavity 101s. In FIG. 1, actuator
116 is in the closed configuration, and valve pin plate 130 and valve pins 115 are in the closed
position. As shown, actuator 116 is as a two-position, fluid driven actuator. Altematively (not
shown) actuator 116 can be configured to synchronously move valve pin plate 130 and valve pin
115 coupled thereto to one or more positions other than the open position and the closed position.
Actuator 116 and fourth mold plate 109 can also be a servo driven actuator, such as an E-drive
system available from Mold-Masters of Georgetown Ontario, Canada.

[0033] Referring to FIGS. 2, and 3 in which FIG. 2 is an enlarged view of a portion P1 of FIG.
1 with valve pin plate 130 in the closed position and actuator 116 in the closed configuration, and
FIG. 3 is an enlarged view of a portion P1 of FIG. 1 with valve pin plate 130 in the open position
and actuator 116 in the open configuration. Valve pin 115 is coupled to valve pin plate 130 by a
valve pin holder 133. Valve pin holder 133 is configured to permit decoupling of valve pin 115

Date recue/date received 2021-10-26



from synchronous movement with valve pin plate 130 as valve pin plate 130 is moved from the
closed position to the open position. In the illustrated embodiment of FIGS. 1-3 valve pin older
133 includes a first coupling component 134 and a second coupling component 135. First coupling
component 134 is fixed to valve pin plate 130, by, for example complementary threads, and second
coupling component 135 is coupled to valve pin 115 and releasably coupled to first coupling
component 134 by a coupling force FC.

[0034] In the illustrated embodiment of FIGS. 1-3, coupling force FC is a magnetic force which
is realized by first coupling component 134 including a magnet 136 or being magnetic, and second
coupling component 135 being made from or including a ferrous material magnetically attracted
to first coupling component 134. In operation, as valve pin plate 130 is moved from the open
position to the closed position, first coupling component 134 pushes against second coupling
component 135 to move valve pin 115 to the closed position. Conversely, as valve pin plate 130
is moved from the closed position to the open position, attractive magnetic force, coupling force
FC pulls second coupling component 135 with first coupling component 134 so as to move second
coupling component 135 and valve pin 115 coupled thereto to the open position. In accordance
with embodiments hereof, injection molding apparatus includes a biasing member 138 which
provides supplemental coupling force FS to valve pin holder 130 as will be discussed in further
detail below

[0035] Referring to FIG. 4 which is an enlarged view of portion P1 of FIG. 1 shown without
biasing member 138. In FIG. 4, valve pin 115 is in the open position, actuator 116 in the open
configuration, and valve pin holder 133 in a decoupled configuration in which second coupling
component 135 is separated from first coupling component 134. As valve pin plate 130 is moved
from the closed position to the open position, and valve pin 115 experiences a decoupling force
FD which is greater than the coupling force FC second coupling component 135 decouples from
first coupling component 134. If decoupling occurs immediately upon actuator 116 moving from
the closed configuration to the open configuration, valve pin 115 may remain in the closed
position, preventing molding material from entering mold cavity 101s thus rendering mold cavity
101s non-operational, i.e., not producing functional molded articles. If decoupling occurs as valve
pin plate 130 moves from the closed position to the open position, valve pin 115 may remain in an
intermediate position, between the closed and the open position, possibly obstructing molding

material from entering mold cavity 101s and rendering mold cavity 101s non-operational.
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Decoupling force FD can be generated by a number of factors, including, for example friction or
seizing between valve pin 115 and another hot runner component with which valve pin 115 is
slidably engaged, friction between valve pin 115 and molding material in nozzle channel 125, and
rapid actuator velocity as valve pin plate 130 is moved to the open position.

[0036] Returning to FIGS. 2 and 3 and referring to FIG. 1, if it is determined that injection
molding apparatus 100 is functional, i.e. capable of producing molded articles except for valve pin
115 decoupling from valve pin plate 130, biasing member 138 is installed against valve pin holder
133 to supplement the coupling force FC between first coupling component 134 and second
coupling component 135 by urging second coupling component 135 against first coupling
component 135 at least when valve pin plate 130 is in the closed position. With biasing member
138 installed in injection molding apparatus 100 and compressed by valve pin holder 133, as valve
pin plate 130 is moved from the closed position to the open position, biasing member 138 expands
and bears against second coupling component 135, which adds supplemental coupling force SF to
the coupling force FC between first and second coupling components 134,135. Supplemental
coupling force SF increases the decoupling force FD required to decouple valve pin 115 from
valve pin plate 130. Biasing member 138 is most compressed when valve pin plate 130 is in the
closed position. In some applications in which supplemental coupling force SF is needed
throughout the full travel distance of valve pin plate 130, i.e., between the closed position and the
open position, biasing member 138 is partially compressed by valve pin holder 133 when valve
pin plate 130 is in the open position.

[0037] In the illustrated embodiment of FIGS. 1-3, valve pin 115 extends through biasing
member 138. Alternatively, (not shown), biasing member includes a plurality of biasing members
arranged in parallel and evenly spaced around valve pin 115.

[0038] In the illustrated embodiment of FIGS. 1-3, third mold plate 108 includes a counterbore
139 in which biasing member 138 is received. Counterbore 139 defines a step 140 against which
biasing member 138 is compressed. Counterbore 139 and step 140 reduce the stack height of
injection molding apparatus 100 compared to an embodiment of injection molding apparatus (not
shown) in which counterbore 139 is omitted and biasing member 138 is compressed against a
bottom 142 of a pocket 144 (see FIG. 1) in which valve pin plate 130 is received. Counterbore 139
also allows injection molding apparatus 100 to be provided to a user without biasing member 138

installed therein. In this configuration, if, while operating injection molding apparatus 100, if it is
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determined that it is unnecessary for certain valve pin holders 133 to decouple, biasing member
138 is installed in counterbores 139 associated with the unnecessary decoupling valve pin holders
133 to add supplementary coupling force FS to primary coupling force FC holding first and second
coupling components 134, 135 together. If the stack height of injection molding apparatus 100
permits, counterbore 138 can be omitted such that biasing member 138 is compressed against
bottom 142 of pocket 144.

[0039] FIG. 5 is an enlarged view of a portion of an injection molding apparatus 100a in
accordance with another embodiment of the present application. The portion of injection molding
apparatus 100a shown in FIG. 5 is similar to portion P2 of FIG. 1. Features and aspects of the
current embodiment can be used with the other embodiments. Injection molding apparatus 100a
differs from injection molding apparatus 100 of FIGS. 1 to 3 in that injection molding apparatus
100a includes a sleeve 145a which is received in counterbore 139a. Sleeve 145a surrounds valve
pin 115a to form a physical barrier between valve pin 115a and biasing member 138a. A
downstream end of sleeve 145a includes a flange 146a which is seats against step 140a. Biasing
member 138a is compressed against flange 146a to secure sleeve 145a within valve pin
passageway 132a. In the event that molding material or molding material byproducts egress hot
runner system 110a into valve pin passageway 132a, sleeve 145a prevents or reduces the likelihood
of biasing member 138a becoming compacted with the egressed molding material or molding
material byproducts and failing to functionally compress. In the illustrated embodiment of FIG. 5,
sleeve 145a and biasing member 138a are closely sized to help center biasing member 138a within
counterbore139a, and to limit or prevent biasing member 138a from buckling as biasing member
138a is compressed.

[0040] FIG. 6 is an enlarged view of a portion of an injection molding apparatus 100b in
accordance with another embodiment of the present application. The portion of injection molding
apparatus 100b shown in FIG. 6 is similar to portion P2 of FIG. 1. Features and aspects of the
current embodiment can be used with the other embodiments. Injection molding apparatus 100b
differs from injection molding apparatus 100a of FIG. 5 in that injection molding apparatus 100b
includes a wiper 148b that is axially secured within valve pin passageway 132b between biasing
member 138b and the manifold (not visible in FIG. 6). Wiper 148b is ring shaped and includes an
inner bore 149b that is sized to slidably receive valve pin 115b. A peripheral surface 150b of wiper

148b is sized to permit lateral displacement of wiper 148b within valve pin passage 132b, for
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example, to permit wiper 148b to move laterally with valve pin 115b as manifold (not visible in
FIG. 6) is heated to operating temperature. Should molding material or molding material
byproducts egress hot runner system 110b and migrate along valve pin 115b towards valve pin
holder 133b, wiper 148b separates the egressed material from valve pin 115b as valve pin 115b is
retracted from the closed position to the open position. In the illustrated embodiment of FIG. 6,
wiper 148b is received in a counterbore 151b in a downstream end of sleeve 145b and is held
therein by a retaining clip 152b. Alternatively (not shown) sleeve 145b is omitted wiper 148b is
sized to seat against step 140b and is secured in counter bore 139b in third mold plate 108b by, for
example, a retaining ring.

[0041] FIG. 7 is an enlarged view of a portion of an injection molding apparatus 100c in
accordance with another embodiment of the present application. The portion of injection molding
apparatus 100c shown in FIG. 7 is similar to portion P1 of FIG. 1. Features and aspects of the
current embodiment can be used with the other embodiments. Injection molding apparatus 100c
differs from injection molding apparatus 100a of FIG. 1 in that valve pin passageway 132c and
biasing member 138c¢ are sized so that biasing member 138c extends through valve pin passageway
132¢, and is compressed against a spacer 154c¢ that separates third mold plate 108¢ apart from the
manifold 110c.This configuration reduces the thickness T of third mold plate 108c between
manifold 110c and valve pin plate 130c.

[0042] FIGS. 8 and 9 are enlarged views of a portion of an injection molding apparatus 100d
in accordance with another embodiment of the present application. In FIG. §, valve pin plate 130d
is in the closed position and actuator 116d is in the closed configuration, and in FIG. 9, valve pin
plate 130d is in the open position and actuator 116d is in the open configuration. The portion of
injection molding apparatus 100d shown in FIGS. 8 and 9 is similar to portion P1 of FIG. 1.
Features and aspects of the current embodiment can be used with the other embodiments. Injection
molding apparatus 100c differs from injection molding apparatus 100a of FIG. 1 in that injection
molding apparatus includes another biasing member 155d which counters the force created by
biasing member 138d Biasing member 155d is located between valve pin plate 130d and fourth
mold plate 109d, and is compressed by valve pin plate 130d when valve pin plate 130d is in the
open position. Depending on the compression strength of biasing member 155d, Biasing member

155d dampens the opening speed of valve pin plate 130d and/or reduces the actuator closing force

10
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CF needed to move valve pin plate 130d to the closed position by supplementing actuator closing
force CF with supplementary closing force FCS.

[0043] In the illustrated embodiment of FIGS. 8 and 9, biasing member 155d is laterally offset
from biasing member 138d, and fourth mold plate 109d includes a pocket 156d which defines a
seat 157d against which biasing member 155d is compressed when valve pin plate 130d is in the
open position.

[0044]  Also, in the illustrated embodiment of FIGS. 8 and 9, biasing member 155d is aligned
with pocket 156d by a guide pin 158d that extends from valve pin plate 130d. In addition to
aligning biasing member 155d, guide pin 158d limits or prevents biasing member 155d from
buckling as biasing member 155d is compressed.

[0045]  As disclosed herein, valve pin holder 133 is configured so that coupling force FC is a
magnetic force between first coupling component 134 and second coupling component 135. It
should be appreciated that valve pin holder 133 can also be configured so that coupling force FC
is a friction force between a first coupling component in the form of a tapered socket a second
coupling component in the form of a complementary tapered plug. In this configuration, biasing

member 138 is arranged to urge the tapered plug into the tapered socket.

11
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CLAIMS

What is claimed is:

1. An injection molding apparatus comprising

a manifold having a manifold channel extending between a manifold inlet and a manifold
outlet;

a nozzle having a nozzle channel extending therethrough, the nozzle channel in fluid
communication with the manifold channel via the manifold outlet;

a valve pin plate coupled to an actuator which, in operation, axially moves the valve pin
plate between a closed position and an open position;

a mold plate spaced apart from the manifold and disposed between the manifold and the
valve pin plate, the mold plate having a valve pin passageway extending therethrough;

a valve pin extending through the valve pin passageway;

a valve pin holder releasably coupling the valve pin to the valve pin plate; and

a biasing member being compressed against a support surface by the valve pin holder when

the valve pin plate is in the closed position.

2. The injection molding apparatus of claim 1, wherein the biasing member is compressed by

the valve pin holder when the valve pin plate is in the open position.

3. The injection molding apparatus of claim 1, wherein the biasing member is compressed

against the mold plate when the valve pin plate is in the closed position.

4. The injection molding apparatus of claim 3, wherein the valve pin extends through the biasing

member.

5. The injection molding apparatus of claim 4, wherein the mold plate includes a counterbore

defining a step in valve pin passageway against which the biasing member is seated.

12
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6. The injection molding apparatus of claim 1 further comprising a spacer, wherein the mold
plate is spaced apart from the manifold by the spacer, and the biasing member is compressed

against the spacer when the valve pin plate is in the closed position.

7. The injection molding apparatus of claim 1 further comprising a sleeve through which the
valve pin extends, the sleeve surrounding the valve pin and forming a circumferential barrier

between the valve pin and the biasing member.

8. The injection molding apparatus of claim 7, wherein a downstream end of the sleeve includes
a flange, the biasing member is compressed against the flange when the actuator is in the

closed position.

9. The injection molding apparatus of claim 1 further comprising a wiper secured within the
valve pin passageway between the biasing member and the manifold, the valve pin extending

through and slidably engaged with the wiper.

10. The injection molding apparatus of claim 1, further comprising:

an another mold plate, the valve pin plate being disposed between the mold plate and the
another mold plate; and

an another biasing member compressed against the another mold pate when the valve pin

plate is in the open position.

11. The injection molding apparatus of claim 10, wherein the another mold plate includes a pocket
defining a seat against which the another biasing member is compressed when the valve pin

plate is in the open position.
12. The injection molding apparatus of claim 1, wherein the valve pin holder includes a first

coupling component attached to the valve pin plate and a second coupling component secured

to the valve pin and releasably coupled to the first coupling component.

13
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13. The injection molding apparatus of claim 12, wherein the second coupling component is
releasably coupled to the first coupling component by one of a friction force and a magnetic

force.

14. The injection molding apparatus of claim 1, wherein, the biasing member is a helical spring.

14
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