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VALVE FOR INJECTION MOLDING APPARATUS
FIELD OF THE INVENTION

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

to a hot-runner injection molding apparatus.
BACKGROUND OF THE INVENTION

Control of melt pressures and flow rates is important to molded part quality and

consistency.
SUMMARY

According to an embodiment of the invention, an injection molding apparatus includes a
manifold having a manifold melt channel having an outlet for guiding and delivering a
molten material, and a valve located in the proximity of the outlet, the valve having a
movable valve member that increases or decreases the amount of melt flowing towards a
mold gate. Further provided are a hot runner nozzle located between the manifold and the
mold gate, wherein the nozzle has a central melt channel to receive the molten material;
and a pin movable within the nozzle that controls the flow of the molten material to the

mold gate.

According to another example embodiment, an injection molding apparatus includes a
manifold having a manifold melt channel, a hot runner nozzle located between the
manifold and a mold gate, wherein the nozzle has a melt channel communicating with the
manifold melt channel, and a pin in the nozzle, the pin slidable to open and close the
mold gate. The apparatus also includes a valve having a movable valve member for
increasing and decreasing flow of melt in the melt channel of the nozzle, the valve
member receiving a pressure force from the melt, and an actuator providing a control
force to the valve member, wherein the valve member moves in response to a difference

between the pressure force and the control force.
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BRIEF DESCRIPTION OF THE FIGURES

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

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

Figs. 3a-b are sectional views of the valve of Fig. 1; and

Fig. 4 is a block diagram of a system for controlling the valve of Fig. 1.
DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 shows a sectional view of an injection molding apparatus 100. The injection
molding apparatus 100 comprises a backing plate 101, mold plates 102, 104, cavity
inserts 110, an actuator plate 113, and a manifold 112. The backing plate 101, mold plates
102, 104, and cavity inserts 110 are stacked. The cavity inserts 110 can have cooling
channels 111 for circulating cooling fluid. The actuator plate 113 is surrounded by the
mold plate 102 and the backing plate 101. The manifold 112 is located on the mold plate
104 by a locating ring 114 and separated from the mold plate 102 by valve discs 115. The
injection molding apparatus 100 further comprises a pair of nozzles 116 disposed within
the mold plate 104 and cavity inserts 110. Each nozzle 116 is adapted to receive a pin 126
(not hatched in the figures). Disposed in the actuator plate 113 are two actuators 117,
each for actuating the pin 126 of the respective nozzle 116. The actuator plate 113
comprises at least a fluid channel 123 for feeding the attached actuators 117. Coupled to
the valve discs 115 and disposed within the manifold 112 are valves 146, which are

controlled by actuators 148 that are disposed within the mold plate 102.

In the injection molding apparatus 100, two nozzles 116 and two sets of related
components merely serve as an example, and more or fewer nozzles and sets of related
components could readily be used without altering the principles of the invention.
Moreover, the backing plate 101, mold plates 102, 104, and cavity inserts 110 are shown

as an example. More or fewer plates could be used, depending on specific applications.
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The number of plates, kinds of plates, and the materials of which the plates are made are

not central to the invention.

In the following, the direction of molding material flow from the manifold 112 to the
cavity inserts 110 is known as downstream, while the opposite direction is known as
upstream. Forward means the direction from the backing plate 101 to the cavity inserts
110 and rearward means the opposite direction. However, the orientation, geometry, and

structure of the injection molding apparatus 100 are not limited by these terms.

Disposed among the mold plates 102, 104 is the manifold 112, which comprises a
manifold melt channel 128 and guide bores 132 in which are disposed the valves 146. The
manifold melt channel 128 is fed by a sprue 150 connected to a molding machine (not
shown) or other molding material source. The length, diameter or width, and general
geometry of the manifold melt channel 128 depend on the specific application and the
amount and nature of the molding material. In this embodiment, the manifold melt
channel 128 is a cylindrical bore. It is known to make manifolds out of a single plate, a
group of plates (with different melt channels in different plates), piping or tubing, and
modular bars, and the manifold 112 could equally be any of these kinds of manifolds. For
example, in another embodiment the manifold 112 can comprise two separate plates. In
addition, the manifold 112 is provided with a heater 134. Generally, when used as part of
a hot-runner application, the manifold 112 is heated and separated from the surrounding

mold plates by an insulating air space 136.

In this embodiment, the nozzles 116 feed mold cavities 140 of the cavity inserts 110
through mold gates 138. In the cavities 140 molding material is solidified to form an
injection molded product (not shown). In other embodiments, mold inserts or gate inserts

can be provided in the mold plate 104 or in the cavity inserts 110.

As shown in the sectional view of Fig. 2, coupled to the manifold 112 are the nozzles 116,
each of which is disposed in a well 142 formed in the mold plate 104 and respective
cavity insert 110. The well 142 is larger than the nozzle 116 such that an insulating air
space 202 is created around the nozzle 116, so that heat in the nozzle 116 is not readily

lost to the mold plate 104 or cavity insert 110. The nozzle 116 comprises a nozzle body
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204, a nozzle tip 206, and a tip retaining piece 208 that connects the nozzle tip 206 to the
nozzle body 204. The nozzle 116 further comprises a spirally wound heater 210 (e.g., an
electric heater, partially shown) having varying pitch and embedded in the nozzle body
204 from the head to the area of the nozzle tip 206. A nozzle flange 214 is provided at the
head of the nozzle body 204 and serves to support the nozzle 116 in the mold plate 104.
To measure the temperature of the nozzle 116 or molding material therein, a

thermocouple 215 may be situated inside a thermocouple well.

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

The nozzle tip 206 is disposed in a frontal bore 220 of the nozzle body 204 and comprises
an alignment portion 222. The nozzle tip 206 can be made of a single piece or multiple
pieces. The nozzle tip 206 has a nozzle tip melt channel 227 in communication with the
longitudinal bore 218 of the nozzle body 204. The nozzle tip 206 is set back from the

cavity insert 110 such that a forward melt area 229 exists.

In this embodiment, the alignment portion 222 has an alignment bore 228. The nozzle tip
206 further comprises a plurality of release melt channels 230 disposed upstream of the
alignment portion 222, with one release melt channel 230 being the minimum number
required and the maximum simply limited by geometry, molding material, and the desired
structural integrity of the nozzle tip 206. Each release melt channel 230 can be said to be
lateral in that it allows molding material to flow sideways relative to the general flow of
molding material in the nozzle tip 206. Each release melt channel 230 need not be
precisely lateral and can be at an angle instead. Each release melt channel 230 can be a
bore, a slit, a hole, an opening, or any other type of channel structure. The plurality of

release melt channels 230 may be of different sizes or shapes or of the same size or shape.

The tip retaining piece 208 has threads 232 that are mated into corresponding threads 234
of the nozzle body 204, and in this way retains the nozzle tip 206 in the nozzle body 204.
The retaining 1s assisted by a concave shoulder 236 in the nozzle body 204 and a

corresponding convex shoulder 238 on the nozzle tip 206 and by the shape of the contact
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area 240 between the corresponding surfaces of the nozzle tip 206 and the tip retaining
piece 208. Other coupling schemes, such as brazing, could also be used. The tip retaining
piece 208 further comprises a sealing portion 242 that fits or seals against the cavity insert

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

An annular melt channel 244 exists between the tip retaining piece 208 and the alignment
portion 222 of the nozzle tip 206, the annular melt channel 244 circumferentially
surrounding a portion of the nozzle tip 206 that is downstream of the release melt
channels 230. The one or more release melt channels 230 provide molding material
communication between the nozzle tip melt channel 227 and the annular melt channel
244. The annular melt channel 244 communicates molding material from the release melt
channels 230 to the forward melt area 229, which can communicate with the mold gate

138.

Running through the manifold 112 and the nozzle 116 is the pin 126. The pin 126 is

sometimes called a valve pin or a needle.

The pin 126 is disposed within the valve 146, the longitudinal bore 218 of the nozzle
body 204, and the nozzle tip melt channel 227 of the nozzle tip 206. The pin 126 is
narrower than the guide bore 132, the longitudinal bore 218, and the nozzle tip melt
channel 227, thus defining a central melt channel 246 between the pin 126 and the nozzle
body 204 as well as between the pin 126 and the manifold 112 and nozzle tip 206. The
pin 126 can have stepped diameters, such that the pin 126 is narrower at the nozzle tip
206 than at the actuator 117. The central melt channel 246 communicates with the
manifold melt channel 128 via an outlet of the manifold melt channel 128. In this
embodiment, the central melt channel 246 has an annular cross-section. The pin 126 has a
tip portion 248. In this embodiment the tip portion 248 has a narrowed or pointed end.
The pin 126 is slidably disposed in the valve 146 in the guide bore 132, and the pin 126
can slide or reciprocate to open and close melt communication of the central melt channel
246 to the mold gate 138 with the tip portion 248. As such, the pin 126 can be said to
have opened and closed positions. The position of the pin 126 is controlled by the

actuator 117.
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The alignment portion 222, and more specifically in this embodiment, the alignment bore
228 of the nozzle tip 206 aligns or guides the pin 126 over the sliding range of movement
of the pin 126 to prevent lateral deflection of the pin 126 during sliding. This aligning or
guiding function of the alignment portion 222 (alignment bore 228) can reduce wear of
the mold gate 138 caused by the pin 126 and can further improve injection technique. The
alignment bore 228 can also prevent resistance against movement of the pin 126.
Additionally, an inside surface of the alignment bore 228 can be coated with a coating
that aids in the movement (a friction-reducing coating), reduces wear to the alignment
bore 228 (a wear-resistant coating), and/or improves alignment of the pin 126 with
respect to the mold gate 138. The coating can be, but is not limited to, a nickel-based
material. The coating can also be implemented to improve the hardness of the alignment
portion 222 surface in contact with the pin 126. In addition, the fit between pin 126 and
alignment bore 228 is configured to prevent molding material from flowing between the

pin 126 and the alignment bore 228.

In addition, as controlled by the position of the pin 126, the nozzle tip 206 distributes
molding material from the central melt channel 246 through release melt channels 230
and to the annular melt channel 244, such that the flow, velocity, and/or pressure of the
molding material are balanced. This can result in an even and balanced flow of the

molding material.

In Figs. 1 and 2, the pin 126 is illustrated in the opened position. In operation, the pin 126
is moved between its opened and closed positions by way of the actuator 117 to control

melt flow into the cavity 140. Any number of opening and closing sequences can be used.

The valve 146 (which may also be called a valve) can best be seen in Figs 3a-b. The valve
146 comprises a support extension 302 and a hollow control rod 304 (or "valve
member"). The valve disc 115 may also be considered part of the valve 146; and in fact,
the valve disc 115 and support extension 302 can be made of a unitary piece. The valve
disc 115 could also be replaced by one or more independent spacers. In Fig. 3a, the
hollow control rod 304 is shown in an open position. In Fig. 3b, the hollow control 304

rod is shown in a closed position.
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The support extension 302 is a hollow, generally tubular piece that is fixed in place and
extends from the air space 136 to the forward part of the manifold 112. At the rearward
end of the support extension 302, a flange 306 can be provided to mate with the valve
disc 115, another flange 308 can be provided to seal against the manifold 112, and at least
a groove 310 can be provided to trap melt to seal against the control rod 304. A beveled
surface 312 is provided at the forward end of the support extension 302. The beveled
surface 310 can be flat, curved, or irregularly shaped, and preferably tapers inward as it
extends towards the rearward section of the manifold 112. The support extension 302
further comprises a melt opening 314 aligned with the outlet the manifold melt channel
128. The melt opening 314 allows melt from the manifold melt channel 128 to reach the

central melt channel 246.

The hollow control rod 304 is a generally tubular piece that is slidably disposed within
the support extension 302 and extends from the actuator 148 to the forward part of the
manifold 112. The hollow control rod 304 is hollow in order to accommodate the pin 126,
which extends through it and rearward through the actuator 148 as well. The hollow
control rod 304 comprises a full section 318, a narrowed section 320, and an enlarged
valve portion 322. The full section 318 is made with an outer diameter to slidably mate
with the support extension 302. The narrowed section 320 is located between the full
section 318 and the enlarged valve portion 322 and of an outer diameter narrower than
diameters of the full section 318 and the enlarged valve portion 322. The narrowed
section 320 allows melt from the manifold melt channel 128 to reach the central melt
channel 246. The inner diameters of the full section 318, the narrowed section 320, and
the enlarged valve portion 322 are substantially the same and accommodate the slidable

pin 126 therein.

The enlarged valve portion 322 is located near the beveled surface 312 of the support
extension 302, and can have the same or different outer diameter as the full section 318.
The enlarged valve portion 322 comprises a rearward surface 326, a first forward surface
328, and a second forward surface 330. The rearward surface 326 is near the beveled
surface 312 of the support extension 302. When the position of the enlarged valve portion
322 changes, the volume of the annular melt path between the rearward surface 326 and

the beveled surface 312 changes. In this way, the position of the hollow control rod 304
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within the support extension 302 can control the flow of melt from the manifold melt
channel 128 into the central melt channel 246, and ultimately into the cavity 140. The
overall shape of the enlarged valve portion 322 can be different from that described and
need not even be axially symmetric, but the enlarged valve portion 322 should generally
be of larger outer diameter than the narrowed section 320. The shapes of the enlarged
valve portion 322 and the support extension 302 as a whole are not critical, but should be

selected in an effort to reduce shear forces exerted by the flowing melt.

The rearward surface 326 can be flat, curved, or irregularly shaped, and preferably tapers
inward as it extends towards the rearward section of the manifold 112. The first forward
surface 328 and the second forward surface 330 can also be flat, curved, or irregularly
shaped. The first forward surface 328 and the second forward surface 330 can also be the

same surface.

The actuator 148 is a hydraulic, pneumatic, or electric actuator that can exert a control
force on the hollow control rod 304. The actuator 148 is configured to apply a forward
force to the hollow control rod 304, thereby tending to push the hollow control rod 304 in
the direction of melt flow (forward). This action tends to enlarge the annular melt path

between the rearward surface 326 and the beveled surface 312.

The melt in the manifold melt channel 128 and in the central melt channel 246 exerts a
pressure force on the hollow control rod 304 as well. The net effect of the pressure force
is to tend to push the hollow control rod 304 in a direction opposite melt flow (rearward,
as shown by the arrow). The first and second forward surfaces 328, 330 can be viewed as
receiving the net pressure force (with pressures on other surfaces cancelling each other).
This action tends to constrict the annular melt path between the rearward surface 326 and
the beveled surface 312. When shapes of the enlarged valve portion 322 and the support
extension 302 as a whole are well designed, shear forces exerted by the flowing melt,

which tend to act opposite the pressure force, become negligible or insignificant.

When the forward control force from the actuator 148 exceeds the rearward pressure
force from the melt, the hollow control rod 304 will move forward, thereby enlarging the

annular melt path between the rearward surface 326 and the beveled surface 312, and thus
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increasing the flow of melt into the central melt channel 246 and consequently increasing
the rearward pressure force. The hollow control rod 304 will move forward until the
forward control force is balanced by the increasing rearward pressure force or until the

physical limit of the movement is reached.

Likewise, when the rearward pressure force from the melt exceeds the forward control
force from the actuator 148, the hollow control rod 304 will move rearward, thereby
constricting the annular melt path between the rearward surface 326 and the beveled
surface 312, and thus decreasing the flow of melt into the central melt channel 246 and
consequently decreasing the rearward pressure force. The hollow control rod 304 will
move rearward until the decreasing rearward pressure force is balanced by the forward

control force or until the physical limit of the movement is reached.

Any difference between the rearward pressure force from the melt and the forward
control force from the actuator 148 causes the hollow control rod 304 to move until the
rearward pressure force and forward control force reach equilibrium, resulting in
regulation of the melt pressure in the central melt channel 246. In this way, the actuator
148 governs downstream melt pressure. When the actuator 148 is a hydraulic or
pneumatic actuator, there is a direct relationship between the source pressure for the
actuator 148 and the melt pressure downstream of the hollow control rod 304. If the
actuator 148 is an electric actuator, there may be a direct relationship between actuator

power and the melt pressure downstream of the hollow control rod 304.

The valve 146 reduces if not nearly eliminates the effects of fluctuating melt pressure in
the manifold melt channel 128, as long as the melt pressure in the manifold melt channel
128 is suitably high (i.e., at least equal to the maximum desired cavity pressure). In an
apparatus with more than one nozzle, a valve and associated actuator can be provided to
each nozzle so that the pressure and melt flow through each nozzle can be independently
controlled, despite the fact that the melt source (i.e., injection molding machine) may be
common to many or all of the nozzles. The valve 146 being independent from the pin 126
means that any forces acting on the pin 126 do not significantly affect operation of the
valve 146, e.g., movement of the hollow control rod 304 is not significantly affected by

melt shear forces on the pin 126 and vice versa.
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The physical limits of the movement of the hollow control rod 304 can be seen in Figs.
3a-b; however, these limits are not critical. The hollow control rod 304 can be made to
open melt flow more than shown in Fig. 3a, and can also be made to close melt flow more

than shown in Fig. 3b, even to the point of completely closing off melt flow.

Fig. 4 shows a block diagram of a system 400 for controlling the valve described above.
The system 400 includes a user interface 402, a controller 404, a pressure supply 408, a
proportional valve 414, an actuator 148, and a valve 146. More that one set of a
proportional valve 414, an actuator 148, and a valve 146 can be used, and these sets can
all be connected to the same controller 404 and pressure supply 408. Each set can be used

for each nozzle of a hot-runner of an injection molding apparatus.

The user interface 402 can be any input/output device that allows communication of data
between an operator and controller 404. The user interface 402 can include a keyboard,
display, a touch screen, a voice activated device, retinal following device, a virtual

keyboard, or similar device.

The controller 404 can include a processor, a microprocessor, a computer system, or the
like, that is coupled to underlying software and external devices in order to receive, store,

process, generate, and/or transmit data.

In operation, at a start of a molding cycle, the controller 404 receives a signal 406 from a
molding machine (not shown), indicating the molding cycle has started. Upon receipt of
the signal 406, the controller 404 generates a control signal 410 to the proportional valve
414. For example, the signal 410 can include information relating to a pressure profile for
a current molding cycle for that proportional valve 414 receiving the signal 410. In one
example, the pressure profile is a range of different electronic voltage magnitudes, which
correlate to pressures. The pressure profile can be downloaded, stored, and/or received at
controller 404 via an internal (intranet) or external (Internet) wired or wireless network.
Thus, when multiple nozzles are used, each having a proportional valve 414, an actuator
148, and a valve 146, a corresponding plurality of signals 410 can be generated,

individualized for each nozzle, and the melt pressure and flow for each nozzle can be

10
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independently regulated, which is particularly advantageous for systems with many

cavities or systems with different shaped cavities.

The proportional valve 414 uses the signal 410 to generate an actuator pressure 416 from
the pressure supply 408. The proportional valve 414 may be linear such that an increase

in the signal 410 corresponds directly to an increase in the actuator pressure 416.

The actuator 148 converts the actuator pressure 416 to the above-described control force
that is applied to the valve 146. Since the control force is balanced by melt pressure, the
pressure of the melt in the central melt channel 246 (see Fig. 3) is proportional to the
output of the proportional valve 414. Thus, melt pressure in a nozzle (e.g., nozzle 116) is
proportional to the electrical signal 410 provided by the controller 404. In this way, the
operator can independently regulate the pressure of the melt for each nozzle in a hot-

runner of an injection molding apparatus.

Although preferred embodiments of the present invention have been described, those of
skill in the art will appreciate that variations and modifications may be made without
departing from the spirit and scope thereof as defined by the appended claims. All patents

and publications discussed herein are incorporated in their entirety by reference thereto.

11
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What is claimed is:
1. An injection molding apparatus comprising:

a manifold having a manifold melt channel;

a hot runner nozzle located between the manifold and a mold gate, wherein the nozzle
has a melt channel communicating with the manifold melt channel;

a pin in the nozzle, the pin slidable to open and close the mold gate;

a valve having a movable valve member for increasing and decreasing flow of melt in
the melt channel of the nozzle, the valve member receiving a pressure force
from the melt; and

an actuator providing a control force to the valve member, wherein the valve member
moves in response to a difference between the pressure force and the control

force.

2. The injection molding apparatus of claim 1, wherein when the control force exceeds
the pressure force, the valve member moves to enlarge a melt path and increase the
pressure force; and when the pressure force exceeds the control force, the valve

member moves to constrict the melt path and decrease the pressure force.

3. The injection molding apparatus of claim 2, wherein the valve member is a hollow

control rod.

4. The injection molding apparatus of claim 1, wherein the valve member is a hollow

control rod.

5. The injection molding apparatus of claim 4, wherein the pin extends through the

hollow control rod.

6. The injection molding apparatus of claim 4, wherein the valve further comprises a
support extension fixed to the manifold, and the hollow control rod is slidably

disposed within the support extension.

7. The injection molding apparatus of claim 6, wherein the support extension comprises a

melt opening aligned with an outlet of the manifold melt channel.

12
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8. The injection molding apparatus of claim 6, wherein the hollow control rod comprises

a full section, a narrowed section, and an enlarged valve portion, wherein the full
section has an outer diameter to slidably mate with the support extension, the
narrowed section is located between the full section and the enlarged valve portion,
and the narrowed section has an outer diameter narrower than the outer diameters of
the full section and the enlarged valve portion; and wherein the inner diameters of the
full section, the narrowed section, and the enlarged valve portion are substantially the

same and accommodate the pin therein.

9. The injection molding apparatus of claim 6, wherein the control force tends to push the

10.

11.

12.

13.

14.

15.

hollow control rod in a direction of melt flow, which tends to enlarge a melt path

between the hollow control rod and the support extension.

The injection molding apparatus of claim 6, wherein the pressure force tends to push
the hollow control rod in a direction opposite melt flow, which tends to constrict a

melt path between the hollow control rod and the support extension.

The injection molding apparatus of any one of claims 1 to 10, further comprising

another actuator for controlling the position of the pin.

The injection molding apparatus of any one of claims 1 to 11, further comprising a

nozzle tip that aligns or guides the pin over the sliding range of movement of the pin.

The injection molding apparatus of any one of claims 1 to 12, wherein the valve is

located in the proximity of an outlet of the manifold melt channel.

The injection molding apparatus of any one of claims 1 to 13, further comprising a
controller, a pressure supply, and a proportional valve, wherein the controller controls
the proportional valve to generate an actuator pressure from the pressure supply,

wherein the actuator converts the actuator pressure into the control force.

An injection molding apparatus comprising;:

13
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16.

17.

18.

19.

20.

21.

a manifold having a manifold melt channel having an outlet for guiding and
delivering a molten material;

a valve located in the proximity of the outlet, said valve having a movable valve
member that increases or decreases the amount of melt flowing towards a mold
gate;

a hot runner nozzle located between the manifold and the mold gate, wherein said
nozzle has a central melt channel to receive the molten material; and

a pin movable within the nozzle that controls the flow of the molten material to the

mold gate.

The injection molding apparatus of claim 15 further comprising an actuator providing
a control force to the valve member, wherein the valve member moves in response to

a difference between a pressure force received from the melt and the control force.

The injection molding apparatus of claim 16, wherein when the control force exceeds
the pressure force, the valve member moves to enlarge a melt path and increase the
pressure force; and when the pressure force exceeds the control force, the valve

member moves to constrict the melt path and decrease the pressure force.

The injection molding apparatus of claim 17, wherein the valve member is a hollow

control rod.

The injection molding apparatus of claim 18, wherein the pin extends through the

hollow control rod.
The injection molding apparatus of claim 19, wherein the valve further comprises a
support extension fixed to the manifold, and the hollow control rod is slidably

disposed within the support extension.

The injection molding apparatus of any one of claims 15 to 20, further comprising an

actuator for controlling the position of the pin.

14
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22.

23.

24

25.

The injection molding apparatus of any one of claims 15 to 21, further comprising a

nozzle tip that aligns or guides the pin over the range of movement of the pin.

The injection molding apparatus of claim 17, further comprising a controller, a
pressure supply, and a proportional valve, wherein the controller controls the
proportional valve to generate an actuator pressure from the pressure supply, wherein

the actuator converts the actuator pressure into the control force.

. An injection molding apparatus comprising:

a manifold comprising a guide bore;

a nozzle coupled to the manifold, the nozzle having a nozzle body;

a valve comprising a hollow control rod and a support extension, the hollow control
rod having an enlarged valve portion, the hollow control rod being slidably
disposed within the support extension, which is fixed within the guide bore;

an actuator connected to the hollow control rod; and

a pin slidably disposed within the hollow control rod, a central melt channel located
between the pin and the nozzle body;

wherein the hollow control rod moves within the central melt channel according to
melt pressure within the central melt channel acting on the enlarged valve
portion and according to a control force of the actuator, the position of the

hollow control rod affecting the melt pressure within the central melt channel.

The injection molding apparatus of claim 24, wherein when the control force exceeds
a pressure force of the melt pressure within the central melt channel acting on the
enlarged valve portion, the hollow control rod moves to enlarge a melt path and
increase the pressure force; and when the pressure force exceeds the control force, the

hollow control rod moves to constrict the melt path and decrease the pressure force.

15
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