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njecting hot plastics material into an injection mold has an actuator section forming an actuator chamber
nected to the actuator section and extending to a nozzle tip having an injection aperture. The nozzle
on passage system for conducting the hot plastics material to the injection aperture. An elongate valve

pin extends through a gu

iIde passage In the nozzle member and is movable between open and closed positions. A piston Is

connected to this pin, Is slidably mounted In the actuator chamber and moves the valve pin between the open and closed positions.
The piston and actuator section are machined to close tolerances so as to form a micro-gap between the wall of the piston and the

wall of the chamber thereby avoiding fluid seals.

he actuator Is able to operate at temperatures ranging between 200 and 400 °C.
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ABSTRACT

An injection apparatus for injecting hot plastics material into an injection mold has
an actuator section forming an actuator chamber and a nozzle member connected
to the actuator section and ektending to 2 nozzle tip having an Injection aperture.
The nozzle member includes an injection passage system for conducting the hot
plastics material to the injection aperture. An elongate valve pin extends through a
guide passage in the nozzle member and is movable between open and closed
positions. A piston is connected to this pin, is slidably mounted in the actuator
chamber and moves the valve pin between the open and closed positions. The
piston and actuator section are machined to close tolerances so as to form a micro-
gap between the wall of the piston and the wall of the chamber thereby avoiding
fluid seals. The actuator is able to operate at temperatures ranging between 200

and 400 °C,
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INJECTION APPARATUS FOR INJECTION MOLDING

OF THERMOPLASTIC PARTS

[0001] This invention relates to injection apparatus for delivering and injecting
hot plastics material into an injection mold for molding plastic products or parts and
also to hotrunner systems for injecting plastics material from a plasticizer unit into
an injection mold.

BACKGROUND OF THE INVENTION
[0002) Similar plastic parts are commonly produced in injection molds with

single or multiple cavities. In the case of an injection molding machine wherein the
mold has multiple cavities, it Is known to use a hotrunner system to deliver the hot
plastics material or melt from a melt plastification barrel of the machine to the
cavities in the mold. The hotrunner system provides the plastic melt at a defined
melt pressure and a controlied melt temperature to each mold cavity. In order to
accomplish this objective, the hotrunner system commonly employs a heated
manifold through which melt conduits extend and heated injection nozzles.

[0003] Nozzle valve gates are used in the aforementioned melt distribution
systems to control the opening and closing of gate orifices, that is, the orifices that
open into each mold cavity and through which the melt is delivered. The valve gate
is a positive shut off device that has an open and closed position. At the beginning
of melt injection, a vaive pin of the valve gate opens the orifice in order to allow the
plastic melt to fill the adjacent cavity. In addition, after the cavity has been filled,
the gate orifice remains open during a packing phase which relies on packing
pressure to control the qualfty of the plastic part. While the thermoplastic melt
starts to solidify during the packing phase, the valve gate closes the orifice to
achieve a clean gate mark on the plastic part surface and to avoid stringing or
drooling of melt through the gate from the hotrunner system while the mold opens
for part injection,
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[0004] A melt channel or passage is formed in the nozzie of the valve gate to
deliver the hot plastics melt to the gate orifice. Movement of the valve pin inside
this melt channel is generally an open and closed stroke in the axial or longitudinal
direction of the nozzle. The valve pin is actuated between open and closed positions
by means of a valve actuator that is connected to a rear end of the valve pin. With
known hotrunner systems, the valve actuator is commonly located externally of the
heated components of the hotrunner system (for example, the manifold) because
the commonly used valve actuators are not functional at the usual melt processing
temperature of thermoplastics materials which is between 200 and 450°C,
Generally pneumatic and hydraulic valve actuators are provided with seals between
the pistons and their respective cylinders that operate only below 200°C. Also,
electromechanic actuators require a low amblient temperature of less than 200°C. It
will be understood that a heated melt distribution system or hotrunner system
[nside a valve gate mold can, depending on the location of the actuators, affect the
valve actuators by heat conductivity, radiation and convection. Because of this
effect, valve actuators are commonly positioned at a sufficient distance from the
heated surface of the melt distribution manifold and the injection nozzie to keep
them within their operating temperature range, which is preferably below 100°C.
Known valve pin actuators can be physically separated from the heated manifold
and the injection nozzle or nozzles by means such as as levers, racks, yokes and
extended push/pull rods which allow the actuators to be located in ‘a remote
location where the actuator temperature can be maintained below 100°C. In
addition to this thermal separation from the hotrunner manifold and the nozzles, it
is known to provide for direct or indirect cooling of the actuators. Thus a cooling
circuit within the injection mold can be directly or indirectly connected with the
actuator to withdraw heat from the actuator.

[0005] It is also known to provide Iinjection molds with a high number of
cavities for making small plastic parts and it is advantageous to make such a mold
as compact as possible. However, it is difficult and costly to integrate valve



CA 02733604 2011-03-09

actuators with an effective cooling system in a8 compact mold of this type.
Generally, valve pin actuators require considerable space inside an injection mold
and they can add to the overall stack height of the mold. Moreover, forming cutout
spaces for the actuators and bores or cutouts for cooling lines as well as air,
hydraulic, or electric lines weakens the mold plate structure that has to support the
substantial forces of the melt injection pressure inside the mold cavities and the
clamping force in the moiding machine,

[0006] United States Patent No. 6,062,840 which issued May 16, 2000 to
Dynisco Hotrunners, Inc., describes a co-injection molding system that employs
three position actuators for moving respective valve pins into a closed position, a
middle position or an open position in which skin and core material flow is
permitted. The actuator includes a first piston slidably mounted in an actuator
housing and a second piston attached to the valve pin, slidably mounted within the
first piston. This known system has a manifold through which the melt is distributed
and a top clamp plate in which the actuators are located. The piston in the actuator
is equipped with ring seals extending around Its circumference.

[0007] In recent US Patent No. 7,086,852 dated August 8, 2006, each of the
valve gate pins is connected at its rear end to a yoke plate located on one side of a
central manifold, Opposite end sections of each yoke plate are connected to.
piston/cylinder actuators by means of actuator rods.

{0008] United States Patent No. 5,533,882 describes a hotrunner valve gated
system with at least one nozzle housing positioned in @ manifold plate. The housing
includes a gate orifice and a reciprocal valve stem positioned therein. There is an
actuator for moving the valve stem for opening and closing the gate valve and it is
desighed to maintain the mechanism in a substantially cooled state. This
mechanism is positioned coaxially relative to the nozzle housing. The piston of the
actuator extends around the circumference of the nozzle and is connected at its mid
point to the valve stem by means of a horizontal piston rod. The piston has at least
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a couple of seal rings between it and the manifold plate or structure that forms the
cylinder for the piston,

[0009] There is disclosed herein an injection apparatus for injecting hot
plastics material into an injection mold which has an actuator for the valve pin
wherein the piston of the actuator is connected to the rear end of the valve pin and
wherein the actuator can be used in relatively high temperature plastics injection
temperature conditions because no fluid seals are reqdired between the piston and
the wall of the actuator chamber in which the piston moves.

SUMMARY OF THE DISCLOSURE

[0010] According to one embodiment of the present disclosure, an injection

apparatus for delivering and injecting hot plastics material into an injection mold for
molding a plastic product or part includes a chamber forming body having a first
passage arrangement for flow of the hot plastics material from a plastics inlet
provided in the body through the body to at least one plastics outlet. The body
forms an actuator chamber. A nozzle part is connected to the body and has a
longitudinal axis. The nozzle part extends in the longitudinal direction to a nozzle
tip having an injection aperture for the hot plastics material to flow into the
injection mold. The nozzle part has a second passage arrangement operably
connected to the at least one plastics outlet for conducting the hot plastics material
through the nozzle part to the injection aperture. An elongate valve pin extends
through a longitudinally extending guide passage formed in the nozzle part and is
movable in the guide passage in the longitudinal direction between an open position
at which the hot plastics material can flow through the injection aperture into the
injection mold and a closed position which stops flow of the plastics material
through the injection aperture. A piston is connected to a rear end of the valve pin,
slidably mounted in the actuator chamber, and adapted to move the valve pin
between the open and closed positions by means of fluid pressure in the actuator
chamber during use of the injection apparatus. The piston and the body are
machined to close tolerances so as to form a microgap between a peripheral wall of

4
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the piston and an adjacent wall of the actuator chamber, thereby avoiding fluid
seals between the piston and the adjacent walli of the actuator chamber. The
chamber forming body and the piston together provide an actuator for the valve pin
able to operate within plastics injection temperatures ranging between 200 and
400°C.

[0011] In_an exemplary version of this injection apparatus, the first passage
arrangement splits into at least two sub-passageways in the body and these at
least two sub-passageways are distributed around the wall of the body forming the
actuator chamber.

[0012] According to another embodiment of the present disclosure, there is
provided a hotrunner system for injecting plastics material from a piasticizer unit
into an injection mold for molding plastic devices and parts. The hotrunner system
includes a hotrunner manifold having an inlet for recelving melted plastics material
from the plasticizer unit and a plastics feed conduit connected to the inlet. This
manifold is adapted for operation at a desired elevated temperature suitable for
flow of the melted plastics material through the manifold without undesirable
degradation. The system further includes at least one injection apparatus
operatively connected to a downstream end of the feed conduit. The ot each
injection apparatus has a nozzle device having a longitudinal axis and a longitudinal
injection passage extending to a nozzle tip. An elongate valve pin extends through
a longitudinal guide passage formed in the nozzie device and is movable in the
passage in the direction of the longitudinal axis between an open position at which
the melted plastics materlal can flow from the nozzle tip into the injection mold and
a closed position to stop the flow of the plastics material from the nozzle tip. A
piston is connected to a rear end of the valve pin, is slidably mounted in an
actuator chamber formed in the nozzie device, and is adapted to move the valve
pin between the open and closed positions by means of fluid pressure in the
actuator chamber during use of the hotrunner system. The or each injection
apparatus, including the actuator chamber, its piston and the valve pin, is mounted
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on or in a side of the manifold facing the injection mold, The piston and a section of
the injection apparatus forming the actuator chamber is machined to close
tolerances so as to form a microgap between a peripheral wall of the piston and the
adjacent wall of the actuator chamber in the range of 1 to 10 microns (ums),
thereby avoiding fluid seals between the piston and the wall of the actuator
chamber. The or each nozzie device and its piston provide a valve pin actuator able
to operate within plastics injection temperatures ranging between 200 and 400°C.
[0013] In an exemplary version of this hotrunner system, the or each valve
pin actuator is a pneumatic actuator, gas bores are formed in the hotrunner
manifold for delivering pressurized air or gas to or from the or each actuator
chamber, and the piston and the adjacent wall of the actuator chamber have
approximately the same coefficient of thermal expansion.

[0014] According to another embodiment of the present disclosure, there is
provided a hotrunner system for injecting plastics material from a plasticizer unit
into an injection mold for molding plastics devices or parts. The hotrunner system
includes a hotrunner manifold having an inlet for receiving melted plastics material
from the plasticizer unit and a plastics feed conduit connected to the inlet. The
manifold is adapted for operation at a desired elevated temperature suitable for
flow of the melted plastics material through the manifold without undesirable
degradation. The manifold forms actuator chambers. A plurality of nozzle
members are mounted on at least one side of the manifold and each has a
longitudinal axis. Each nozzle member has an injection passage operatively
connected to a respective outlet of the feed conduit and extends to a nozzle tip and
has a longitudinal guide passag.e formed therein. Each of a plurality of elongate
valve pins extends through a respective one of the guide passages and is movable
therein between an open position at which the melted plastics material can flow
from the respective nozzle tip into the Injection mold and a closed position which
stops flow from the nozzle tip. Each of a plurality of pistons is connected to a rear

- end of a respective one of the valve pins, is slidably mounted in an associated one
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of the actuator chambers, and is adapted to move its respective valve pin between
the open and closed positions by means of fluid pressure in the associated actuator
chamber. The pistons and cylihdrica! walls df the manifold forming the actuator
chambers are machined to close tolerances so as to form a micro gap between a
peripheral wall of each piston and the adjacent cylindrical wall of the associated
actuator chamber in the range of 1 to 10 um, thereby avoiding fluid seals between
each piston and the adjacent cylindrical wall. Each piston and its associated
actuator chamber provides a valve pin actuator able to operate within plastic
injection temperatures ranging between 200°C and 400°C.

[0015] These and other aspects of the disclosed injection apparatus and
hotrunner systems will become more readily apparent to those having ordinary skill
in the art from the following detailed description taken in conjunction with the
drawings provided herewith.

BRIEF DESCRIPTION OF THE DRAWING

[0016] So that those having ordinary skill in the art to which the present

disclosure pertains will more readily understand how to make and use the subject
invention, exemplary embodiments thereof will be described in detail herein below
with reference to the drawings, wherein:

[0017] Figure 1 is a longitudinal cross-section of a hotrunner molding machine
constructed in accordance with the present disclosure, this view being partially
broken away on the left side for sake of illustration;

[0018] Figure 2 is a transverse cross-section of the hotrunner molding
machine of Figure 1 with a portion of the machine on the right side being omitted
for ease of illustration;

[0019] Figure 3 is an exploded view showing the components of a nozzle
vaive gate used in the machine of Figures 1 and 2;

[0020] Figure 4 is an end view of a nozzle rear body used in the nozzle valve
gate of Figure 3;
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10021} Figure 5 is a longitudinal cross-section of the nozzle valve gate taken
along the line V-V of Figure 4;
[0022] Figure 6is a transparent, perspective view of a manifold plate that can

be used in a hotrunner system;
[0023] Figure 7 is a  partial, longitudinal cross-section of the hotrunner

molding machine of Figure 1, this view showing a cavity plate on the bottom side in
a separated position in order to allow access to and disassembly of a nozzle valve
gate;

[0024] Figure 8 is a cross-sectional view taken along the longitudinal central
axes of two injection apparatus arranged on opposite sides of a manifold plate;
[0025] Figure 9 is a top view of another embodiment of an injection
apparatus, this view showing the top of a nozzle valve gate actuator and the cavity
plate in which the valve gate is mounted;

[0026] Figure 10 is a cross-sectional view taken along the line X-X of Figure 9
with a portion of the left side of the cavity plate broken away for ease of
illustration;

[0027] Figure 11 is another cross-sectional view taken along the line XI-XI of
Figure 9; |

(0028] Figure 12 is a further cross-sectional view taken along the line XII-XII
of Figure 9;

[0029] Figure 13 is a longitudinal cross-sectional view of another embodiment

of a hotrunner molding machine, this embodiment having actuator chambers
located in the manifold; ‘

[0030] Figure 14 is a transverse cross-section of the molding machine of
Figure 13, this view being taken along the line XIV-XIV of Figure 13;

[0031] Figure 15 is a longitudinal cross-sectional view of a further
embodiment of a hotrunner molding machine, this embodiment being similar to that
of Figure 13 but having nozzle members mounted on opposite sides of the
manifold;
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[0032] Figure 16 is a transverse cross-section of one side section of the
molding machine of Figure 15, this view being taken along the line XVI-XVI of

Figure 15; and |
[0033] Figure 17 is another cross-section of the molding machine of Figures

15 and 16, this view showing a transverse passage intercepting one of the

machined bores for the vaive pins.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

{0034] Shown in Figures 1 and 2 is a partially illustrated hotrunner system 10

for injecting plastics material from a plasticiser unit into an injection mold for
molding plastic devices or parts. A barrel of a plasticiser unit is shown in Figure 6
and is indicated at 12. It will be appreciated that the barrel and the plasticiser unit
are of standard construction and are well known in the manufacture of plastic
products. Figure 6 illustrates the barrel connected to one side edge of a manifold
plate 14, a cross-section of which is shown in Figures 1 and 2. The barrel is
typically heated to the required temperature for the particular plastics material
being used by heaters such as electrical heaters. The manifold plate itself is heated
to an elevated temperature suitable for conducting the melted plastics material
without significant thermal degradation by electric heaters (not shown). A plurality
of injection apparatus 16 are mounted in the hot runner molding machine with
Figure 1 showing four of these apparatus, two on each side of the manifold plate
plus an additional four cavities in which four further apparatus can be mounted.
Each of these apparatus is mounted to a downstream end of a plastics feed conduit
indicated generally at 18. Each injection apparatus is in the form of a nozzle device
having a longitudinal axis that extends perpendicuiar to the adjacent surface of the
manifold plate. Each injection apparatus has a longitudinal injection passage 20, a
portion of which can be seen in Figure 5 and Figure 8. This passage extends to a
nozzie tip 22 which can be of standard construction. Each [njection app.aratus also
has an elongate valve pin 24 extending through a longitudinal quide passage
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formed in a nozzle device. This passage is indicated at 26 in Figure 8. The valve
pin is movable in this passage in the direction of the longitudinal axis between an
open position at which the melted plastics material can flow from the nozzie tip into
the injection mold and a closed position to stop the flow of the plastics material
from the nozzle tip. The valve pins are shown in the closed position in Figures 1, 2
and 8 while Figure 7 shows the valve pin indicated at 24’ in the open position. A
cylindrical piston 28, which in an exemplary embodiment is made of tool steel is
connected to a rear end of the valve pin and is slidably mounted in an actuator
chamber 30 which is formed in the nozzle device. The piston is adapted to move
the valve pin 24 of each injection apparatus between the open and closed positions
by means of fluid pressure in the actuator chamber 30 during use of the hotrunner
system,

[0035] Other major components of the hotrunner molding machine of Figures
1 and 2 include two cavity plates 32 and 34 located at the top and at the bottom

- of the machine as Illustrated in these figures. Each plate is formed with stepped
cavities 36 in each of which is mounted a portion of a respective one of the
injection apparatus 16. In particular each of these cavities can be formed with an
annular shoulder at 38 which engages an annular flange 40 formed on annular mold
section 42 into which a section of the injection apparatus extends. Located
. between the two cavity plates are two, similar manifold mold plates 44, 46 which
are held against one another under pressure applied through the cavity plates.
Formed between the two mold plates is 8 manifold cavity 48 with only a left portion
of this cavity being shown in Figure 2. The manifold plate 14 is mounted centrally
In this cavity as shown so that there Is an insulating air gap 50 extending
completely around the manifold plate. Furthermore it will be understood by those
skilled in the hotrunner art that coolant passageways {(not shown) can be formed in
the cavity plates 32, 34 which are typicially maintained at a temperature in the
range of 200 to 400 °C. The actual temperature selected in this range will depend
upon the particular type of plastic being molded. Additional coolant passages {(not

10
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shown) ca‘n be formed in the mold plates 44, 46. A suitable coolant is circulated
through these passages to maintain these plates at the desired temperature for
operation of the mold apparatus and the hotrunner system. Mold cavities 52 are
typically formed in the mold inserts or mold sections 42 that are secured in the
cavity plates so the mold apparatus can be used to make the desired plastics parts.
[0036] Turning now to the components which make up an exemplary injection
apparatus for the hotrunner system, Figure 3 shows these components separated
from-each other for ease of understanding. At the top of Figure 3 is a hozzle rear
body 54 formed with an end flange 56 that extends radially outwardly. Formed in
this rear body is the actuator chamber 30 which has a cylindrical shape and which
is surrounded by a cylindrical wall 58. There is also a coil heater 60 which can be
electrically operated and which, as shown in Figure 5, extends around the
cylindrical outer wall of the rear body 54. This heater is used to maintain the rear
body at the required elevated temperature for the hot plastics material flowing
through the rear body. The injection apparatus further includes a spring elastic
nozzle support sleeve 62 which has a cylindrical exterior and defines a cylindricaf
passage sized to extend about the heater 60. An opening can be provided at 64 for
passage of an electrical connhector 66. Located in the actuator chamber is the
piston 28 which has a central axial passage into which an upper end section of the
valve pin 24 extends. The exemplary pin shown has an end flange 68 which acts to
hold the end of the valve pin in the piston. This end is locked in the piston by
means of a set screw 70. The threads on the set screw cooperate with threads
forimed above the recess in the upper end of the piston to hold the set screw firmly
in place. The valve pin extends through a nozzle part or shaft 72 which has a
central, longitudinal guide passage 74 formed therein that guides the movement of
the valve pin. The illustrated exemplary nozzle part or shaft 72 has a wider end
section /76, which is adjacent the rear body 54, and a narrower nozzle section 78.
The wider end section 76 is formed with a plurality of screw holes 80 through which
extend longitudinally bolts 82. In the illustrated embodiment there are four of

11
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these bolts and these are threaded into holes 85 formed in the rear body 54. In
this way the nozzie shaft is detachably but firmiy connected to the rear body.
Moreover it will be seen that this arrangement allows the nozzle shaft to be
detached from the rear body from the nozzle tip end of the injection apparatus for
ease of maintenance, etc.

[0037] Also shown in Figure 3 is a cylindrical, hollow nozzle heater 86 which
extends around the nozzle section 78 and is used to maintain this section at the
desired elevated temperature. The heater is held in place by a heater retainer ring
- 88 which is a split ring which fits into groove 950 formed near the end of the nozzle
section 78. Mounted in the nozzle section 78 is a nozzle tip 92 which has a
threaded exterior 94. These threads engage internal threads in the nozzle section
78 for éttachment of the nozzle tip. Figure 5 shows the valve pin in the open
position at which melted plastics material can flow through injection passage 20
and can flow from the aperture 95 formed in the nozzle tip into the injection mold.
Forward movement of the piston will cause a corresponding downward movement
of the valve pin to the closed position which is shown in Figures 1 and 2. In this
position the flow of the plastics material from the nozzle tip is stopped éompletely.
[0038] Also visible in Figure 5 are air passageways for delivering pressurized
dry air to and from the actuator chamber. These passageways are formed in the
rear body or chamber forming body 54 and include a longer passageway 96 that
extends from the top end of the rear body to a point adjacent the bottom end of
the actuator chamber and a shorter passageway 98 that extends from the top end
of the rear body to the top of the actuator chamber 30. Also visible in Figures 4
and 5 is an opening 100 for the flow of hot plastics matérlal into the injection
apparatus from the feed conduit 18 formed in the manifold plate. In the
exemplary injection apparatus shown, an injection passage for the hot plastics
materlal extends through the length of both the nozzle rear body 54 and the nozzie
part or shaft 72. This injection passage which includes the passage 20 splits into
sub-passageways 102 and 104 formed in the nozzle rear body, these sub-

12
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passageways during use of the hotrunner system diverting melted plastics material
around the actuator chamber 30. In the illustrated embodiment there are two of
these sub-passageways located on opposite sides of the actuator chamber. It is
possible for there to be more than two sub-passageways distributed about the
circumference of the chamber and it is also possible for there to be only one flow
passage that extends around the actuator chamber and is formed in the cylindrical
wall of the body 54.

[0039] It will be seen from Figures 1 and 2 that each injection apparatus
including the actuator chamber 30, its piston 28 and the valve pin are mounted on
a side of the manifold or manifold plate 14 facing the injection mold which is
maintained at an elevated temperature for the flow of the plastics material. In
addition the actuator for the valve pin including the nozzle rear body 54 and the
piston are themselves at an elevated temperature because of the flow of hot
plastics material through the sub-passageways in the rear body 54, Because of
these elevated operating temperatures, the piston 28 and the section of the
injection apparatus forming the actuator chamber 30 (that is the nozzle rear body
54) are machined to close tolerances to as to form a micro-gap between peripheral
wall 106 (see Figure 3) of the piston and the adjacent wall 58 of the actuator
chamber in the range of 1 - 10 microns (the pm). Because of this micro-gap there
is no need for fluid seals between the piston and the wall 58. As a result the nozzie
device and Its piston provide a valve pin actuator able to operate within plastic
injection temperatures ranging between 200 and 400 °C.

[0040] In an exemplary version of the hotrunner system, the aforementioned
valve pin actuator is a pneumatic actuator operating on pressurized air, this
pressurized air being delivered through gas bores 108 formed in the hotrunner
manifold plate 14, A gridwork of gas bores can be seen in the transparent view of
Figure 6. These bores can include pairs of larger, parallel bores 110 that extend
across the width of the manifold plate. These bores can be open at one end for
connection to pressurized gas lines and can be plugged at their opposite ends,

13
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these plugs being indicated at 112. Further, longitudinally extending gas bores can
be provided at 114, these bores intersecting the bores 110. The bores 114 can be
connected to further pressurized air lines (not shown) at each end of the manifold
Dlate. '

[0041] Because of the provision of a micro-gap between the peripheral wall of
the piston and the adjacent wall of the actuator chamber, the piston does not have
a greater co-efficient of thermal expansion than the cylindrical wall 58 of the
actuator chamber. In an exemplary version of the actuator, the piston and the
adjacent wall of the actuator chamber have approximately the same co-efficient of
thermal expansion. As shown in Figures 1 to 3, the piston chamber or actuator
chamber 30 is a cylindrical precisiori bore with its open end facing towards the front
piece of the nozzle, that is, the nozzle part or shaft 72. The piston and the
cylindrical wall of the actuator 30 allow a low friction movement and the micro-gap
between them prevents air leak and pressure drop and consequently avoids
undesirable loss of valve pin force. The piston 28 and the wall 58 of the actuator
chamber can be either hardened metal or ceramic. In one sample embodiment, the
piston is made of tool steel or machine steel and the adjacent wail of the actuator
chamber has a machined nitride surface which is harder than the peripherail wall of
the piston. Alternate possible surfaces of the piston and/or the wall of the actuator
chamber are surfaces with physical vapour deposition (PVD) or CVD enhance<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>