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(57) Abrégée/Abstract:
An Injection molding apparatus for delivering a melt stream of moldable material to a mold cavity. A valve pin extends through a
melt channel of the apparatus that is axially movable to control the melt stream within the melt channel and/or to selectively open a
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(57) Abrege(suite)/Abstract(continued):

gate to allow communication with the mold cavity. A processing sensor Is coupled to the valve pin and is axially movable therewith.
By example, the processing sensor may be a pressure sensor and/or a temperature sensor for sensing processing condition(s) of
the melt stream and providing sensed Iinformation to a controller.
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Abstract

An 1njection molding apparatus for delivering a melt stream of moldable material to a mold
cavity. A valve pin extends through a melt channel of the apparatus that 1s axially movable to
control the melt stream within the melt channel and/or to selectively open a gate to allow
communication with the mold cavity. A processing sensor is coupled to the valve pin and is
axially movable therewith. By example, the processing sensor may be a pressure sensor and/or a

temperature sensor for sensing processing condition(s) of the melt stream and providing sensed
information to a controller.
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Valve Gated Nozzle Having A Valve Pin With A Sensor

FIELD OF THE INVENTION

[0001] The present invention relates generally to an injection molding apparatus having at least
one nozzle with a valve pin.

BACKGROUND OF THE INVENTION

[0002] In an injection molding apparatus, the molding conditions of each of a plurality of mold
cavities must be as close as possible to predetermined ideal molding conditions in order to ensure
that high quality molded parts are produced. Any significant variation in the temperature and/or

pressure of one or more mold cavities may result in the production of sub-standard molded parts.

[0003] Pressure and/or temperature sensors are used in injection molding apparatus to determine
molding conditions of each of a plurality of mold cavities. It 1s known to position a pressure
and/or temperature sensor along a nozzle melt channel, a manitold melt channel, and/or within a
mold cavity to measure a processing condition at that respective location of the injection molding
apparatus. In a valve gated injection molding system, it is known to position a pressure
measurement device upstream of a valve pin such that it will measure pressure when a rear end

of the valve pin is in direct or indirect contact therewith when the valve pin is in a retracted
position.

SUMMARY OF THE INVENTION

[0004] The present invention is directed to an injection molding apparatus having at least one
manifold for receiving a melt stream of moldable material and delivering the melt stream to at
least one nozzle that is in fluid communication with a mold cavity. The injection molding
apparatus includes at least one valve pin that 1s axially movable within a melt channel thereof for
controlling melt flow with respect to the mold cavity. In the present invention, at least one sensor

is coupled to a forward end of the valve pin such that the sensor measures a processing condition
of the melt stream.

[0005] In another embodiment of the present invention, there is provided a method of detecting
at least one processing condition in an injection molding apparatus that includes: providing an
axially movable valve pin that extends through a melt channel of the apparatus, wherein the
valve pin includes at least one processing sensor coupled to a downstream end of the valve pin;
injecting a melt stream into the mold cavity via the melt channel; sensing at least one processing

condition of the melt stream via the processing sensor; and sending the sensed information to a
controller.
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BRIEF DESCRIPTION OF THE FIGURES

[0006] Embodiments of the present invention will now be described more tully with reference to
the accompanying drawings in which like reference numerals indicate similar structure.

[0007] FIG. 1 is a side sectional view of a portion of an injection molding apparatus according to
an embodiment of the present invention, the injection molding apparatus including a valve-gated
nozzle with a valve pin in an open position.

[0008] FIG. 2 is a side sectional view similar to FIG. 1 with the valve pin in a closed position.

[0009] FIG. 3 is a side view partly in section of a valve pin according to an embodiment of the
present invention.

[0010] FIGS. 4A-4B are side sectional views of a downstream portion of a valve pin according
to various embodiments of the present invention.

[0011] FIG. 5 is a side sectional view of an injection molding apparatus according to another
embodiment of the present invention.

[0012] FIG. 6 is a side sectional view of a portion of an injection molding apparatus according to
another embodiment of the present invention, the injection molding apparatus including a valve-
gated nozzle with a valve pin in an open position.

[0013] FIG. 7 is a side sectional view of a portion of a multigate injection molding apparatus
according to another embodiment of the present invention.

[0014] FIGS. 8A, 8B and 8C are side sectional views of a portion of a co-injection molding
apparatus according to another embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Referring now to FIGS. 1 and 2, an injection molding apparatus 10 is generally shown.
The injection molding apparatus 10 includes a manifold 12, a plurality of nozzles 14 and a mold
cavity block 16. The manifold 12 includes an inlet 18 for receiving a melt stream ot moldable

material from a machine nozzle (not shown). The melt stream flows from the inlet 18, through an

inlet channel 20 and plurality of intermediate melt channels 22 to a plurality of outgoing melt
channels 24, which are located downstream of the intermediate melt channels 22. The manifold
block 12 is heated by a heater 26, which may be any suitable type of manifold heater known in
the art.

[0016] The nozzles 14 are positioned downstream of the outgoing melt channels 24 of the
manifold 12. Each nozzle 14 includes a nozzle body 28 having a nozzle melt channel 30
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extending therethrough. The nozzle meit channel 30 receives melt from the outgoing melt
channel 24 of the manifold 12. The nozzle 14 is heated by a nozzle heater 32, which may be
mounted to the nozzle 14 in any way known 1n the art. For example, nozzle heater 32 may
surround the exterior of the nozzle body 28, as shown in FIG. 1, or alternatively, nozzle heater
32 may be embedded within the nozzle body 28.

[0017] The nozzle melt channel 30 ends at a gate 34, which is the entrance from the nozzle melt
channel 30 into a mold cavity 36 in the mold cavity block 16. Melt passes from the nozzle melt
channel 30 past gate 34 and into mold cavity 36. Mold cavity block 16 is cooled by a coolant,
which flows through cooling channels 37.

[0018] A valve pin 11 is located within each nozzle melt channels 30 to control the flow of melt
into a respective mold cavity 36. Each valve pin 11 reciprocates within the nozzle melt channel
30 to selectively open and close the gate 34.

[0019] The valve pin 11 is actuated by an actuator 38. Actuator 38 may be any suitable type of
actuator. For example, actuator 38 may include a chamber 40, having a first fluid passage 42
proximate one end of the chamber 40, a second fluid passage 44 proximate the opposing end of
the chamber 40, a piston 46 in the chamber 40 and an arm 48 extending from the piston 46 to
outside the chamber 40. The arm 48 may connect the piston 46 inside the chamber 40 to the
valve pin 11, using any suitable connection means. For several reasons including ease of
cleanout, the arm 48 preferably connects to the valve pin 11 outside of any melt channels 22 and
30, so that the melt is not permitted to seep into the connection. The arm 48 may be fixedly
connected to the piston 46. A fluid, such as a hydraulic o1l or air, for example, may be introduced
into the chamber 40 on one side of the piston 46 at a selected pressure and/or removed on the
opposing side of the piston 46 to move the piston 46, (and in turn, the arm 48 and the valve pin
11), 1n a direction either towards or away from the gate 34. The movement of the valve pin 11
towards and away from the gate 34 controls the melt flow into the mold cavity 36.

[0020] The valve pin 11 extends through a mold plug 50 into the outgoing melt channel 24 and
nozzle melt channel 30. Mold plug 50 seals around valve pin 11 to inhibit melt from escaping
from outgoing melt channel 24. The mold plug 50 acts as a bearing to permit sliding of the valve
pin 11 therethrough, so that valve pin 11 can move, as desired in melt channels 24 and 30. In the
position shown in FIG. 1, valve pin 11 is in the open position to permit melt flow into mold
cavity 36.

[0021] Valve pin 11 includes a valve pin body 52, which has an end portion 53 having an end
surface 54. The end portion 53 of the valve pin:11 may be tapered, as shown in FIGS. 1 and 2, or
alternatively, may have any suitable shape, such as cylindrical. The end portion 53 is generally
used for gating purposes, 1.€. for the closing of the gate 34 and is therefore shaped to mate with
the gate 34. In the position shown in FIG. 2, the valve pin 11 is in the closed position, with the
end portion 53 being positioned in the gate 34, to prevent melt flow into mold cavity 36.
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[0022] Valve pin 11 further includes a head 55. The head 55 1s used to facilitate connecting the
valve pin 11 to the piston 46. The head 55 is positioned at the upstream end of the valve pin 11.
The head 55 is generally a disc-shaped portion that has a larger diameter than that of the valve
pin body 52. The head 55 may be captured by any suitable means known in the art, so that the
valve pin 11 is removable from the arm 48.

[0023] A pressure sensor 56 is provided 1n an internal passage 60 of the valve pin 11. The
pressure sensor 56 includes a connector 58, which links a sensing piece 62 of the pressure sensor
56 to a controller 65 for receiving, processing, transmitting and/or recording the measurements
from pressure sensor 56. The connector 58 may be a single wire or multiple wires depending on
the type of pressure sensor 56 that is used. Any suitable type of pressure sensor capable of
sensing pressures between 100 and 3000 bar may be used. For example, pressure measuring
sensor no. 6183 A, which is produced by Kistler Instrument Corp. of Amherst, N.Y., may be
suitable.

[0024] The sensing piece 62 of the pressure sensor 56 is positioned so that a downstream or melt
contacting surface 63 of the sensing piece 62 1s flush with the end surface 54 of the valve pin 11.
This allows the pressure sensor 56 to be in direct contact with the melt stream so that the
pressure of the melt may be obtained when the valve pin 11 is in any position.

[0025] The connector 58 of the pressure sensor 56 exits the valve pin body 52 at an exit point 64,
which is outside of the nozzle melt channel 30 and manifold outgoing melt channel 24. Exit
point 64 may be at any suitable position on valve pin 11, such as, for example, on the side of the
valve pin body 52, as shown. The position of exit point 64 should be such that the connector 58
does not interfere with the movement of valve pin 11 in melt channels 24 and 30. The connector
58 should be long enough between the valve pin 11 and the controller 65, so that it does not
interfere with the movement of the valve pin 11.

[0026] The pressure sensor 56 allows for continuous measurement of the melt stream. When the
valve pin 11 is in the retracted position of FIG. 1, the pressure sensor 56 measures the pressure of
the melt in the nozzle melt channel 30. When the valve pin 11 1s in the extended position of FIG.
2, In which the end portion 53 of the valve pin 11 engages the gate 34, the pressure sensor
measures the pressure of the melt in the mold cavity 36.

[0027] Each valve pin 11 in the injection molding apparatus 10 is equipped with pressure sensor
56 so that the pressure in each of the plurality of nozzle melt channels 30 and respective mold
cavities 36 may be measured and compared with other nozzle melt channels 30 and mold cavities
36 in the injection molding apparatus 10.

[0028] In one embodiment, the controller 65 may operate to provide teedback to adjust the
amount of packing performed by the valve pin 11 following injection. The controller 65 would
direct the valve pin 11 to pack more or less depending on the pressure in the mold cavity 36. In
one embodiment, this arrangement may be used with an electrical actuator so that packing is
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effectively controlled as would be apparent to one of ordinary skill in the art.

[0029] Because the pressure measured by the pressure sensor 36 i1s an indication of the viscosity
of the melt, the controller 65 may further be configured to communicate with the nozzle heater
32 in order to adjust the temperature of the melt in the nozzle melt channel 30. Adjusting the
melt temperature changes the melt viscosity and theretore may be used to set the pressure to a

desired pressure.

[0030] Referring to FIG. 3, another embodiment of the present invention is shown. In this
embodiment, a valve pin 11a includes a sensing piece 62a of a pressure sensor 56a that is located
downstream of an end of valve pin 11a and is external thereto. A suitable material is used to fill
any air gap between the sensing piece 62 and the valve pin 11a, so that the valve pin 11a
maintains a smooth outer surface.

[0031] Referring to FIG. 4A, another embodiment ot a valve pin 11b 1s shown. Valve pin 11b 1s
similar to valve pin 11 of FIGS. 1 and 2, however, in addition to pressure sensor 56b, valve pin
11b includes a thermocouple 66. The thermocouple 66 extends through an internal passage 60b
and is coupled to a controller (not shown) in a similar manner as the pressure sensor 56b.
Conductive fill 68 is provided around the pressure sensor 356b and the thermocouple 66 to be a
continuous surface with nozzle end surface 54b. Thermocouple 66 may be any suitable type of
thermocouple capable of sensing temperatures in the range of at least 100 degrees C to 400
degrees C.

[0032] FIG. 4B, shows another embodiment of a valve pin 11c. Valve pin 11c is similar to valve
pin 11b of FIG. 4A., however, sensing piece 62¢ of the pressure sensor 56¢ fills the entire
downstream end of internal passage 60c. As such, thermocouple 66c¢ 1s spaced from an end
surface 54c of the valve pin 11¢ and extends only to an upstream end of the sensing piece 62c.

[0033] Reference is made to FIG. 5, which shows an injection molding apparatus 10h in which
valve pin 11h is used with a nozzle 514. Valve pin 11h 1s stmilar to valve pin 11 of FIGS. 1 and
2, however, an end portion 53h does not taper towards end surface 54h. Nozzle 514 is similar to
nozzle 14, except that nozzle 514 includes a nozzle body 528 with an offset nozzie melt channel
530. Valve pin 11h passes through manifold 12, through nozzle body 528 and into nozzle melt
channel 530. Valve pin 11h is actuated by actuator 38h to open and close a valve gate 34h.

[0034] Reference is made to FIG. 6, which shows another embodiment of an injection molding
apparatus 101. This embodiment includes a nozzle 614, which is similar to nozzle 14, except that
nozzle 614 includes a body 628 having a thermocouple 154 coupled thereto. Thermocouple 154
may be used to measure the temperature of some portion of the nozzle 614 itself. For example,
the thermocouple 154 may be used to measure the temperature of the nozzle body 628 or the
temperature of the nozzle heater 32.

[0035] Reference is made to FIG. 7, which shows a multi-gate injection molding apparatus 700.
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Molding apparatus 700 includes a mold cavity plate 702 with a plurality of mold cavities 704.
Each mold cavity 704 includes a plurality of gates 734 permitting entry of melt into mold cavity
736 from a plurality of points. Molding apparatus 700 further includes manifold 712, and a
plurality of nozzles 714, whereby more than one nozzle 714 may feed melt to a single mold
cavity 736. Valve pins 11] may be included 1in molding apparatus 700, to provide melt pressure
information from each nozzle 714 leading to a mold cavity 736.

(0036] FIG. 7 discloses another embodiment of the current invention in which pressure sensor 56
is embedded in a movable valve pin 11j that controls the flow of the molten material through
melt channel 722 of manifold 712. FIG. 7 shows two nozzles 714 feeding a single mold cavity
736 via two separate mold gates 734 in a simultaneous, sequential or dynamic feed injection
molding manner. These methods require that the flow of molten material into the mold cavity be
controlled through valve pins 11j located in the manifold melt channel in order to control the
location of any knit lines that may occur in the mold cavity when two or more streams of melt
delivered by separate nozzles 714 meset.

[0037] Unlike previous known designs where additional holes are bored into a manifold to place
a pressure sensor in contact with a pressurized melt, the embodiment of FIG. 7 illustrates an
apparatus wherein no additional manufacturing steps are required on the manifold to enable
pressure sensor 56 to be located in direct contact with the melt flowing through manifold melt
channel 722. This is achieved by embedding or attaching pressure sensor 56 to the movable
valve pin 11j. As such, the necessity of additional holes being needed in the manifold for
pressure sensors is eliminated, holes which can be vulnerable to melt leakage and which are also
difficult to manufacture.

[0038] In addition to the foregoing advantage, the embodiment of FIG. 7 provides a movable
pressure sensor that allows the measurement of the melt pressure in the manifold at various
positions along the melt channel. In another embodiment related to FIG. 7, an additional
temperature sensor (not shown) may be attached to valve pin 11j to measure the temperature of
the melt flowing through the manifold melt channel. This temperature sensor may be a
thermocouple or any other known temperature measuring device. Such an arrangement allows
for the simultaneous measurement of the pressure and temperature of the melt flowing through
the manifold melt channel at more than one location. In one embodiment, the pressure and the
temperature sensors are connected to a controller (not shown) that uses this information to
provide positioning data to each actuator that moves valve pins-11j in the manifold channel.
These actuators can be fluidly, mechanically or electrically driven.

[0039] FIG. 7 also illustrates pressure and temperature sensors, i.e., pressure sensor 753 and
thermocouple 754, located adjacent to the mold cavity to measure these parameters in the cavity.

[0040] Reference 1s made to FIGS. 8A, 8B and 8C, which show a co-injection molding apparatus
800 with a co-injection nozzle 814. Valve pin 811, that is similar to valve pin 11 in FIGS. 1 and
2, 1s incorporated into the co-injection apparatus 800. Co-injection is the injection of different
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materials into a single mold cavity 836 to form, for example, a product having several layers.
Some of the layers may be made from the same material, and some layers may be made from a
different material. Some layers may flow into the mold cavity 836 simultaneously, while some
layers may flow into the mold cavity 836 sequentially. Co-injection is used for many
applications, such as pretorms tor sott drink bottles.

[0041] Molding apparatus 800 may include a plurahity of manifolds, such as manifolds 804 and
806. Manifolds 804 and 806 receive melt from a plurality of melt sources (not shown), and may
have a plurality of melt channels therein, which are shown at 808, 810 and 812. Each melt
channel 808, 810 and 812 carries melt which forms a different layer of the final molded product.

[0042] Co-injection nozzle 814 includes a first nozzle melt channel 8135, a second nozzle melt
channel 816 and a third nozzle melt channel 818, which receive melt from manifoid melt
channels 808, 810 and 812 respectively. Such a configuration 1s described in WIPO Publ. No.
WO 00/54954 (Gellert et al.) incorporated by reference in its entirety herein. Nozzle melt
channel 815 is typically central along its length, while melt channel 816 is typically annular and
may join with melt channel 815, so that a second layer of material may be introduced into melt
channel 815. Melt channel 818 may also be annular and join melt channel 815 to introduce a
third layer of material to melt channel 815.

[0043] In another embodiment of the present invention, the pressure sensor 1s embedded in an
outer surface of the valve pin 11 instead of extending through an internal passage thereof. The
pressure sensor is embedded in a manner that ensures that the outer surface of the valve pin
remains smooth.

[0044] The actuator 38 has been described as being a hydraulic piston-type, and as a rack-and-
pinion type. It will be appreciated by persons skilled in the art that alternatively, the actuator 38

may be an electric rotary actuator, or an electric linear actuator, which can be connected to the
valve pin 11.

[0045] The many features and advantages of the invention are apparent from the detailed
specification and, thus, it is intended by the appended claims to cover all such features and
advantages of the invention that fall within the true spirit and scope of the invention. Further,
since numerous modifications and changes will readily occur to those skilled in the art, it is not
desired to limit the invention to the exact construction and operation illustrated and described,
and accordingly all suitable modifications and equivalents may be resorted to, falling within the
scope of the invention.
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What is claimed 1s:

1. An injection molding apparatus comprising:
a manifold for receiving a melt stream of moldable material;
at least one nozzle fluidly connected to the manifold for receiving the melt stream,;

a valve pin extending through a melt channel of the injection molding apparatus, the
valve pin being axially movable for controlling the flow of the melt stream within the melt
channel; and

at least one pressure sensor coupled to the valve pin and axially movable therewith.

2. The injection molding apparatus of claim 1, wherein at any axial position of the valve pin

“the pressure sensor measures a pressure of the melt.

3. The injection molding apparatus of claim 1 or 2, further comprising: a controller for
communicating with the pressure sensor.

4. The injection molding apparatus of claim 1 or 2, further comprising: a mold cavity in

fluid communication with the nozzle via a respective mold gate, wherein the valve pin has an
end portion for selectively opening and closing the mold gate.

5. The injection molding apparatus of claim 1 or 2, wherein the valve pin has an end portion
positioned within a nozzle melt channel for controlling the flow of the melt stream therein.

6. The injection molding apparatus of claim 1 or 2, wherein the valve pin has an end portion
positioned within a manifold melt channel for controlling the flow of the melt stream therein.

7. The injection molding apparatus of claim 1 or 2, wherein an internal passage extends
through the valve pin to receive the pressure sensor.

8. The injection molding apparatus of claim 1 or 2, wherein the pressure sensor has a melt
contacting surface that is flush with an end surface of the valve pin.

0. The injection molding apparatus of claim 1 or 2, wherein the pressure sensor has a melt
contacting surface that is downstream of an end surface of the valve pin.

10.  The injection molding apparatus of any one of claims 1-9, further comprising: a mold
cavity in fluid communication with at least two nozzles via respective mold gates.

11.  The injection molding apparatus of claim 1 or 2, wherein the nozzle includes a plurality




AN AT Y v P v g W

CA 02502377 2005-03-24

of melt channels such that each melt channel receives a separate melt stream of moldable
material.

12.  The injection molding apparatus ot any one of claims 1-11, further comprising: at least
one thermocouple coupled to the valve pin and axially movable therewith.

13.  The injection molding apparatus of any one of claims 1-12, further comprising: at least
one thermocouple coupled to the nozzle.

14. A method of detecting at least one processing condition in an injection molding
apparatus, comprising:

providing an axially movable valve pin that extends through a melt channel of the
apparatus, wherein the valve pin includes at least one processing sensor coupled to a valve pin
and axially movable therewith;

injecting a melt stream into a mold cavity via the melt channel; sensing at least a pressure
of the melt stream via the processing sensor; and

sending the sensed information to a controlier.

15.  The method of claim 14, wherein the processing sensor is a pressure sensor and pressure
information is measured in any axial position of the valve pin.

16.  The method of claim 14 or 15, wherein the processing sensor is a pressure sensor and
pressure information 1s measured continuously as the valve pin moves between a retracted
position and an extended position.

17.  The method of claim 14, wherein the processing sensor is a pressure sensor and a
temperature sensor such that information from each sensor may be communicated to a controller
in any axial position of the valve pin.

18.  The method of claim 17, turther comprising: providing a nozzle having a nozzle melt
channel in fluid communication with the mold cavity; and positioning the valve pin in the nozzle
melt channel such that the pressure sensor and the temperature sensor sense processing
conditions of the melt stream in the nozzle melt channel.

19.  The method of claim 18, further comprising: providing a thermocouple on the nozzle for
measuring a temperature proximate of a nozzle heater.

20. A method of controlling an injection molding process through an injection molding
manifold comprising:

locating a pressure sensor in a melt channel of the manifold;
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moving said pressure sensor along an axis of the manifold melt channel to detect a melt
pressure 1n at least two locations along the manifold melt channel.

21. The method of claim 20, further comprising: providing a nozzle fluidly connected to the

manifold wherein the pressure sensor measures the pressure of the melt flowing towards the
nozzle

22, The method of claim 20, wherein the pressure sensor is attached to a movable valve pin
that controls the amount of flow through the manifold melt channel.

23.  The method of claim 22, further comprising: providing a process controller in
communication with the pressure sensor wherein the process controller transforms pressure
information into movement or location control of an actuator linked to the movable valve pin.

24.  The method of claim 20, further comprising: providing a temperature sensor attached to
the movable valve pin.
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