
1                 EP 0 298 631 B1                    2 Description
molded part hollow area and the molded part can then be taken out of the
mold cavity. Background of the Invention                           It is
required to control the inlet passage to the mold cavity so that the
thermoplastic is positively This invention generally pertains to an appara-
5   charged into the mold cavity and the pressurized [err] and method for
injection molding thermoplastic  fluid is similarly positively charged into
the thermo- materials. More specifically, the present invention  plastic
material. Such charging is conventionally relates to a shut-off nozzle for
the injection molding  done by a valve assembly which has a needle of
molten thermoplastic materials in which a pres-  valve to control the flow
of the thermoplastic ma- surized fluid is introduced into the thermoplastic
10  terial. Several of the conventional needle valves mass during the
injection process. The invention   include a central bore which allows
pressurized also relates to a method for injection molding.    fluid to
flow into the thermoplastic material that has The invention is particularly
applicable to noz-  already entered the mold sprue and the mold zles in
which a needle valve, that regulates the flow  space. of molten plastic
through the nozzle, is also pro-  15  However, the conventional valve
assemblies vided with a bore for injecting a gas under high   are
disadvantageous in that they are complicated in pressure into a molten
plastic stream as it enters a  design, sometimes do not prevent the reverse
flow mold sprue and a mold space. However, it will be   of molten
thermoplastic material down the pressur- appreciated by those skilled in
the art that the   ized fluid bore in the needle valve, and also do not
invention has broader applications and may also be   20  allow the venting
of the pressurized fluid from the adapted for use in many other injection
molding    interior of the molded body, after it has cooled, environments.
back through the needle valve. Moreover, the con- It has become known that
is is advantageous to  ventional valve assemblies do not allow a strong
urge molten thermoplastic material in an injection  and positive control of
the actuation of the needle mold outwardly into contact with the mold
surfaces   25  valve nor do they provide suitable valve means for by
exerting pressure on the plastic material. This  positively controlling the
flow of pressurized fluid in aids the external surface of the plastic
material in  both directions through the needle valve bore. assuming the
precise shape dictated by the mold        For example US-A-4 106 887
describes a noz- surface. The pressure also assists the filling of the  zle
used in an apparatus for the injection molding mold space with molten
plastic even if the space is  30  of thermoplastics, the nozzle including a
nozzle elongated or narrow and is normally difficult to fill.  body
including a first bore for establishing a flow Such pressure can be applied
by a fluid which is   path for a molten thermoplastic. A first end of the
injected into the plastic material in the mold space.  nozzle body is
adapted for fluid connection with an This is advantageous since the molded
part pro-    associated mold body and a second end thereof duced utilizes
somewhat less plastic material and   36  being adapted for fluid
communication with an end is lighter than if the part were solid plastic.
More  of an associated injection molding machine. A first importantly, the
plastic will not have a tendency to  valve for controlling the flow of
plastic through the shrink away from the mold walls during cooling
nozzle body is provided. The first valve includes a since an internal fluid
pressure will keep it ex-  valve body adapted for reciprocating movement.
panded against the walls. In previously used injec-  40   The nozzle body
includes a second bore for hous- tion molding processes, the plastic in the
mold    ing the valve body and the valve body includes a space was kept
under pressure while it was cooling  tip portion and a fluid passage formed
in the valve down, by keeping the screw ram of the injection    body and
open at one end through the tip portion a molding machine in operation to
keep urging plas-  connector communicating the valve body fluid pas- tic
into the mold cavity, but this introduced unwan-  45  sage with an
associated source pressurized fluid; ted stresses in the part produced.
an actuator for selectively actuating the valve body In fluid injection
molding, articles are produced  to a closed position thereby preventing the
flow of by injecting molten thermoplastic into a mold cavity  plastic
through the nozzle body; and a second and charging a body of pressurized
fluid thereinto  valve for preventing the flow of plastic through said to
form a hollow portion in the injected thermoplas-  50  valve body fluid
passage. tic material. The fluid used may be gas, liquid, or   Accordingly,
it has been considered desirable low molecular weight polymer. For example,
the    to develop a new and improved nozzle for the gas may be a gaseous
nitrogen and the liquid may   injection molding of thermoplastic materials
as well be water that is heated and pressurized. A pres-   as a method for
utilising such nozzle which would sure is maintained on the fluid in the
hollow fluid  55  overcome the foregoing difficulties and others while
space within the molded object until the thermo-   providing better and
more advantageous overall 



plastic material in the mold cavity has set. There-  results. after, the
pressurized fluid is released from the 2    3                 EP 0 298 631
B1                   4 According to the invention there is provided a
extending through a second bore of the nozzle nozzle used in an apparatus
for the inject ion    body. The valve body is secured at its second end
molding of thermoplastics, the nozzle including a  to the actuator bar. A
fluid passage is provided in nozzle body including a first bore for
establishing a  the actuator bar with the valve body fluid passage flow
path for a molten thermoplastic, a first end of   5   being in fluid
communication with the actuator bar said nozzle body being adapted for
fluid connec-   fluid passage. At least one piston and cylinder tion with
an associated mold body and a second    assembly is operatively connected
at one end to a end thereof being adapted for fluid communication  portion
of the actuator bar and is adapted to move with an end of an associated
injection molding    the actuator bar and thus the valve body. machine; a
first valve for controlling the flow of  10  The actuator bar may be
oriented generally plastic through said nozzle body, said first valve
normal to a longitudinal axis of the nozzle body including a valve body
adapted for reciprocating  and extending past the opposing side faces of
the movement, said nozzle body including a second     nozzle body. The
piston and cylinder assembly is bore for housing said valve body, said
valve body  operatively connected at the one end to a portion including a
tip portion and a fluid passage formed   15  of the actuator bar extending
past a side face of in said valve body and open at one end through   the
nozzle body. said tip portion; connection means adapted for       In some
embodiments of the invention, the first communicating said valve body fluid
passage with  and second check valves are positioned in the an associated
source of pressurized fluid; an ac-  actuator bar fluid passage.
Preferably, the actuator tuator for selectively actuating said valve body
to a   20  bar fluid passage has varying diameters such that close position
thereby preventing the flow of plastic  a first fluid passage section.
through said nozzle body; and a second valve for  extending from the valve
body fluid passage to the preventing the flow of plastic through said valve
first spring biased check valve has a relatively body fluid passage, the
second valve including first  small diameter and a second fluid passage
section means permitting the flow of pressurized fluid in a   25  extending
from the valve body fluid passage to the first direction through the valve
body fluid passage  second check valve has a relatively large diameter. and
second means for permitting the flow of pres-    A further aspect of the
invention relates to a surized fluid in a second direction opposite the
first  method for molding thermoplastic material. direction through the
valve body fluid passage.      More particularly, according to the
invention The connection means can comprise an ac-  30  there is provided a
method for molding thermoplas- tuator bar which is orientated generally
normal to  tic material comprising providing a nozzle body the valve body.
Preferably, the valve body com-   through which thermoplastic material
flows with a prises a needle valve having an elongated body    valve member
having a bore through which a fluid with first and second ends and wherein
the fluid  flows; communicating a mold space into which the passage extends
longitudinally through the elon-  35  thermoplastic material flows with the
nozzle body; gated body. Preferably the nozzle further com-    actuating
the valve member to allow thermoplastic prises a securing means for
securing the needle   material to flow through the nozzle body into the
valve to the actuator bar. A fluid passage extends  mold space;
subsequently allowing fluid to flow longitudinally through the actuator bar
and the nee-  through the valve member bore into the thermo- dle valve
fluid passage communicates with the   40  plastic material in the mold
space to form a fluid actuator bar fluid passage.
cavity therein; actuating the valve member to termi- Some embodiments, the
actuator comprises a     nate the flow of thermoplastic material through
the piston and cylinder assembly operably connected   nozzle body;
continuing to allow fluid to flow at one end to the actuator bar.
Preferably, the   through the valve member bore into the fluid cav- second
valve is positioned in the actuator bar fluid  45  ity, subsequently
venting the fluid from the fluid passage.
cavity through the valve member bore. The second valve may comprise a first
check       The method may comprise the further step of valve and a second
check valve spaced from the    preventing the thermoplastic material from
flowing first check valve. Preferably, the first check valve is  through
the valve member bore. resiliently biased to the closed position and the
50  The method may further comprise the step of 



second valve means further comprises an adjusting  reducing the pressure of
the fluid in the fluid cavity means for modifying the force with which the
first  during the step of continuing to allow fluid to flow. check valve is
resiliently biased to the closed posi-  An advantage of at least some
embodiments of tion.                                             the
present invention is the provision of a gas In some embodiments of the
invention, the  55  injection molding nozzle having a needle valve
connector means comprises a fluid line.           which is actuated by an
actuator bar that is posi- In some embodiments of the invention, the
tively controlled by a piston and cylinder assembly. actuator comprises an
actuator bar adapted for 3    5                 EP 0 298 631 B1
6 An advantage of at least some embodiments of   hereinafter be described
in connection with a noz- the present invention is the provision of a
nozzle  zle assembly used in the injection of a gas at a assembly
comprising a first valve means for regu-  mold space sprue, it will be
appreciated that the lating the flow of molten thermoplastic and a sec-
overall inventive concept could be adapted to other ond valve means for
preventing the flow of plastic   5   types of nozzle assemblies as well.
through the valve body and for regulating the flow     With reference now
to FIGURE 1, the shut-off of pressurized fluid through the valve body in
both  nozzle comprises a tip member 10 which has a directions.
threaded body portion 12 as well as a hex head 14. Still other benefits and
advantages of the in-  A longitudinal bore 16 having an outwardly flaring
vention will become apparent to those skilled in the   10  section 18
(FIGURE 2) extends through the tip art upon a reading and understanding of
the follow-  member 10. Adjacent the tip member is an adapter ing detailed
specification.                       head or first nozzle section 20 which
is provided with a longitudinal bore 22 that has a first threaded Brief
Description of Drawings                     portion 24 into which the
threaded body 12 of the 15  tip 10 may be advanced. With reference now
again The invention may take physical form in certain  to FIGURE 2, it can
be seen that the longitudinal parts and arrangements of parts, a preferred
em-  bore 22 of the first nozzle section has a second bodiment of which
will be described in detail in this  bore section 26 which has an expanded
conical specification and illustrated in the accompanying  cross-section.
The first nozzle section 20 is also drawings which form a part hereof and
wherein:  20  provided with a plurality of spaced longitudinally FIGURE 1
is an exploded perspective view of a  extending apertures 28 which are
spaced radially nozzle assembly for an injection molding ap-    outwardly
of the bore 22 and are adapted to hold a paratus according to the preferred
embodiment   plurality of fasteners 30, only one of which is of the present
invention together with a portion  illustrated in FIGURE 1. The fasteners
each have a of an associated injection molding apparatus;  25  threaded
distal end 32 and a headed proximal end FIGURE 2 is a side elevational view
in cross-  34. The first nozzle section has a substantially section of the
nozzle assembly of FIGURE 1      circular outer periphery 36 in the
preferred embodi- connected between a mold body and a screw       ment,
although any other suitable outer periphery ram of an injection molding
apparatus with a    could be provided for the section. valve body thereof
being in a first position;  30  A main body or second nozzle section 40 is
FIGURE 3 is a side elevational cross-sectional  provided adjacent the first
section 20. A first bore view of part of the nozzle assembly of FIGURE   42
extends in the second section 40 along the 2 showing the valve body thereof
in a second   longitudinal axis of the body and terminates in a position;
second bore 44 that is transverse to the longitudi- FIGURE 4 is an end
elevational view of a center  35  nal axis of the body and extends
therethrough. section of the nozzle of FIGURE 1;              With
reference now also to FIGURE 4, a pair of FIGURE 5 is an end elevational
view in cross-  third bores 46 which are sausage-shaped in cross- section
of an actuator bar of FIGURE 1 shown    section and which are parallel to
each other and to as it extends through the center section of the  the
longitudinal axis of the body 40 and are spaced nozzle of FIGURE 1;
40  from the first bore 42 are also provided. The sec- FIGURE 6 is a
greatly enlarged side elevational  ond nozzle section 40 has a plurality of
fastener view in cross-section of a center portion of the  apertures 48
which are aligned with the fastener actuator bar of FIGURE 5; and,
apertures 28 provided in the first nozzle section 20 FIGURE 7 is a
schematic view of one pressur-   so that the plurality of fasteners 30 can
extend 



ized fluid circuit which can be associated with  45  therethrough. The
second nozzle section also has a the valve body of the nozzle assembly of
FIG-   substantially circular outer periphery 50 but has a URE 1.
tapering front end 52, through which the first bore 42 exits,, and a
tapered rear end 54 (FIGURE 1). Detailed Description of the Preferred
Embodiment     The nozzle body also includes a transition part so  or third
nozzle section 60 that has a longitudinal Referring now to the drawings,
wherein the     bore 62 extending therethrough. The bore has an showings
are for purposes of illustrating a preferred  expanded conical section 64
which faces the sec- embodiment of the present invention and not for   ond
nozzle section 40 and into which the tapered purposes of limiting same,
FIGURE 2 shows the     rear end 54 of the second nozzle section can be
subject new nozzle assembly A connected between  55  seated. Extending into
the third nozzle section from a mold body B and a screw ram assembly C of
an    a front face 66 thereof are a plurality of spaced injection molding
apparatus. While the system is  fastener apertures 68 each of which is
suitably primarily designed for plastic injection and will  threaded as at
70 in order to enable each of the 4    7                EP 0298 631 B1
8 plurality of fasteners 30 to be secured therein by  128 by a bar 131 that
extends across the chamber. the threaded end 32 thereof. The apertures 68
are    The first valve means 117 is preferably a aligned with the fastener
apertures 48 of the sec-  spring biased ball check valve including a ball
ond section 40. With reference now again to FIG-  member 132 and a biasing
spring 133. The force URE 2, a rear face 72 of the third nozzle section is
5   with which the spring urges the ball against the provided with a stem
section 74 which has a suit-  adjacent sealing surface (preferably between
10-50 ably threaded outer periphery 76 that can coop-   psi., 68.95 -
344.75 KPa, .68 - 3.41 bars) can be erate with a suitable aperture in the
injection mold-  varied by a threaded adjustment of a rod 134 ing machine
C.                                    which can be threadedly advanced in
the third bore Positioned in the nozzle body A for reciproca-  10  section
116. In order to allow gas to act on the ball tion is a first valve means
which can be an elon-  member 132, a suitable bore 135 is provided in the
gated valve body 80 that can also be termed a     rod 134 so that gas can
flow therethrough. The rod needle valve. The body includes a tapered front
is provided at its upper end with a suitable conven- end 82 which fits in
the outwardly flaring section 18  tional driving means, such as a
screwdriver slot of the tip bore 16. The valve body also has a main  15
(not illustrated). section 84 that is provided with suitable peripheral
With reference now again to FIGURE 3, a rear grooves 86 (shown only in
FIGURE 1) into which    face 140 of the actuator bar 100 is adapted to be
conventional seal elements such as O-rings (not   contacted by a piston 142
of a piston and cylinder illustrated) can be seated to prevent fluid flow
be-  assembly 144. With reference now also to FIGURE tween the body 80 and
the second nozzle section   20  1, preferably the piston extends through a
suitable 40 when the body is seated in the second nozzle   aperture 146 in
a plate member 150. The piston section first bore 42 as illustrated in
FIGURE 2. A  and cylinder assembly 144 is secured to the plate reduced
diameter rear section 88 of the body 80 is  member 150 by suitable
conventional fasteners provided with a threaded periphery 90. A substan-
152 which extend through aligned apertures 154, tially longitudinal bore 92
extends through the body   25  156 in a body 158 of the assembly and the
plate 80 from the tapered front end to the reduced      150, respectively.
The plate 150 in turn secures the diameter rear section.
piston and cylinder assembly 144 to the injection As shown in FIGURE 3,
positioned adjacent the  molding machine C. Suitable fasteners 160 extend
valve body 80 is an actuator bar 100 that has     into threaded apertures
162 provided on a front provided in a front face 102 thereof a suitable  30
face 164 of the screw ram body 166 to secure the threaded bore 104 (see
FIGURE 6) into which the   plate member 150 and hence the piston and cyl-
reduced diameter rear section 88 of the valve body  inder assembly 144 to
the injection molding ma- 80 can be threaded. When the body 80 is secured
chine C. to the bar 100, the bore 92 thereof communicates     The piston
and cylinder assembly 144 is in with a first bore 106 of the bar. A second
bore 108   35  fluid contact with a suitable source of pressurized extends
from a top wall 110 (FIGURE 2) to a       fluid which is controlled by a
suitable conventional bottom wall 112 of the actuator bar and commu-
valve element. Thus the extension of the piston rod nicates with the first
bore 106.                  142 is controlled by the valve which selectively



With reference now also to FIGURE 5, the      allows pressurized fluid to
move the piston. Prefer- second bore 108 has a first section 114 which  40
ably, two piston and cylinder assemblies are pro- communicates with the
first bore 106 and leads, at  vided one adjacent each end of the bar 100 as
its first end, to a reduced diameter second bore  illustrated in FIGURE 1.
Extension of the piston section 115, which in turn, communicates with an
rods 142 causes the movement of the actuator bar enlarged diameter third
bore section 116 that     100 and hence the valve body 80 forward in order
houses a first valve means 117. A fourth bore  45  to close off the bore 16
in the tip 10 as is illus- section 118 communicates with the third bore
sec-  trated in FIGURE 2. When the valve body 80 is tion 116 and is
suitably configured so that a first  moved forward, the flow of
thermoplastic material connector element or fitting 120 can be threaded
from the injection molding machine C through the therein. The second bore
108 also includes a fifth  nozzle body A and into the mold body B is cut
off. section 122 which leads from the other end of the  so  With reference
now to FIGURE 2, when it is first section 114 to a sixth bore section 124
in  desired to allow thermoplastic material to flow into which is
positioned a second valve means 126. If  the mold body B, a hydraulic screw
ram 180 of the desired, the second valve means can be located in  injection
molding machine C is actuated thereby a second connector element or fitting
128 which is  pressurizing a suitable type of fluid thermoplastic suitably
configured so as to be threadable in the   55  material (not illustrated
for simplicity) which is then sixth bore section 124. The second valve
means    caused to flow through a bore 182 of the machine can be a ball
member 129 which is limited in its  and into the longitudinal bore 62 of
the third nozzle upward movement in a chamber 130 in the fitting   section.
The fluid thermoplastic material then flows 5    9                 EP 0 298
631 B1                    10 into the expanded section 64 of the bore 62
and    in order to equalize pressures between the ends of from there into
the sausage-shaped third bores 46  the bar 100. This fluid line 224 may be
bored in the of the second nozzle section 40. The fluid thermo-  actuator
bar 100 if desired or can be an external plastic material then flows
through the sausage-   line as is illustrated in FIGURES 5 and 7. The
shaped bores and into the expanded section 26 of   5   pressurized fluid
then flows through the bore 92 in [err] longitudinal bore 22 of the first
nozzle section  the valve body 80 and into the thermoplastic ma- 20. At
this point, the pressurized thermoplastic   terial. If desired a suitable
conventional line filter material will act on the needle valve 80 and urge
it  (not illustrated) may be provided in the fluid line away from the tip
section 10. In order for this to  210 at any desired location. take place,
the pressurized fluid in the cylinder  10  When an adequate amount of
thermoplastic bore of the piston and cylinder assembly 144 is    material
has been charged into the mold cavity vented through its valve. When this
is done, there  192, the piston and cylinder assembly 144 can be is no
pressure holding the actuator bar 100 against  actuated by providing
pressurized fluid thereto. movement towards the rear.
With reference now again to FIGURE 2, this will Such movement is initiated
by the needle valve   15  actuate the pistons 142 to move forward and push
80 as it is urged towards the rear by the force of  the actuator bar 100
forward. Such movement of the  pressurized  thermoplastic  material acting
the actuator bar will, of course, move the valve against the tapered
surface 82 of the valve. When  body 80 forward into a sealing relationship
with the this happens, the bore 16 in the tip 10 is opened  tip member 10
thereby shutting off the flow of and the thermoplastic material is allowed
to flow   20  thermoplastic material through the tip bore 16. into a sprue
190 of the mold body B. The thermo-   However, the flow of pressurized
fluid through the plastic material then flows into a mold chamber 192  bore
92 in the valve body 80 and through the tip located between a pair of mold
halves 194,196 of   bore 16 can continue unabated even after the flow the
mold body B.                                   of thermoplastic material is
stopped. After the thermoplastic material has begun to  25  In order to
prevent the still fluid portion of the flow into the sprue, a pressurized
fluid is then   thermoplastic material from flowing back through allowed to
flow through the bore 92 of the needle  the bore 92 and the valve body and
thence through valve 80 to create a fluid cavity 198 in the thermo-  the
second bore 108 in the actuator bar, the ac- plastic material flowing into
the mold cavity 192.  tuator bar is provided with the first and second In
order to keep the thermoplastic material in a   30  check valves 117, 126
as well as the different molten state as it flows through the nozzle body
A,  diameters of the various bore sections of the sec- one or more electric
heater elements 200 can be    ond bore 108 as illustrated in FIGURE 5. In
this 



affixed around the outer periphery of the nozzle   connection, preferably
the second section 115 of body as illustrated in FIGURE 3.
the second bore 108 can have a relatively small With reference now to
FIGURE 7, it can be   35  diameter on the order of approximately, .015 seen
that such pressurized fluid can be provided   inches (.038 cm), whereas the
fifth section 122 of for the needle valve 80 through a pressurized fluid
the second bore 108 can have a relatively large line 210. One suitable way
of providing such pres-  diameter of approximately .060 inches (.152 cm).
surized fluid is by allowing a conventional source of  This sizing of bore
diameters will allow the thermo- fluid, such as a tank 212 of a suitable
neutral gas,  40  plastic material to flow readily into the fifth bore such
as nitrogen, or another suitable fluid, upon the  section but flow only
with great difficulty into the opening of a valve 213, to flow through a
check    second bore section since the fairly high viscosity valve 214 into
a suitable pressurizing pump 216,   of the thermoplastic material will
retard the flow which may be a reciprocating piston compressor or  through
the relatively narrow second bore section the like. The fluid which is thus
pressurized cannot  45  115. But flow of the thermoplastic material through
flow back through the first check valve 214 but can  the fifth bore section
122 is prevented by the flow through a second check valve 218 and into a
second check valve 126, which is preferably a ball- pressurized fluid
reservoir 220. When an adequate  type valve as illustrated. Also, the flow
of thermo- amount of pressurized fluid is collected in the res-  plastic
through the second bore section 115, is ervoir 220, then the injection
molding process of  so  prevented by the pressure of the pressurized fluid
the thermoplastic material can begin.              behind the valve 117 as
well as by the resilient As the pressurized fluid in the reservoir 220 is
biasing of the valve 117. called for, a fluid supply valve 222 can be
opened    Therefore, the flow of thermoplastic material in any conventional
manner, such as by an air      back through the actuator bar is prevented.
On the operator, to allow pressurized fluid to flow through   55  other
hand, the flow of pressurized fluid through line 210 and through a line 224
into the second    the bore 108 of the actuator bar is allowed in either
bore 108 of the actuator bar 100 past the second   direction. Pressurized
fluid can flow from the fluid check valve 126 thereof. The line 224 is
provided  lines 210 and 224 through the second check valve 6    11
EP0298631 B1                       12 126, through the lower half of the
bore 108 and into  i.e. nitrogen gas, can flow through the pressurized the
valve body bore 92. The venting of pressurized  fluid lines 210 and 224,
through the check valve fluid through the first check valve 117 is
described  126 and the bores 108, 106 of the actuator bar 100 hereinbelow.
For the pressurized fluid to flow     and through the bore 92 of the needle
valve 80. through the actuator bar second bore 108 and into   5  The gas
forms a gas cavity or fluid cavity 198 the needle valve bore 92, all that
is needed is the  in the molten thermoplastic material by exerting
pressurization of the fluid to a higher pressure than  pressure on the
surrounding plastic material to the thermoplastic material at the sprue
190.       urge the molten portion of the material toward the When the
thermoplastic material has cooled      surfaces of the mold space. As the
thermoplastic down and set in the mold cavity, the pressurized   10
material continues to be fed into the mold cavity fluid in the fluid cavity
198 in the molded product D  192 at approximately 1,500 psi. (10,342.5
kPa), the that has been produced in the mold cavity B can    pressurized
fluid continues to be injected into the be vented back through the needle
valve and the    gas cavity 198 at a pressure that decreases over actuator
bar by the provision of a suitable valve  time from the second pressure,
i.e. 2,200 psi. means. In the present embodiment, the first valve   15
(15,169 kPa), to a pressure value below the first means 117 in the actuator
bar 100 is a check valve  pressure value. that can be actuated by a fairly
low gas pressure.    It should be noted, however, that the pressure As
mentioned, the first valve 117 can be opened    of the thermoplastic
material at the mold sprue is by a pressure on the order of 10 to 50 psi
(69 -345  going to be considerably less than the introduction kPa, or .69 -
3.45 bars). When the fluid valve 222 is  20  pressure of the thermoplastic
at the screw ram C closed, trapping pressurized fluid at a relatively
because of the viscosity of the thermoplastic ma- high pressure in line 210
behind the valve 222, a  terial. Whatever the pressure of the thermoplastic
second fluid valve 226 which is in fluid connection  material may be at the
mold sprue, the pressure of with the line 210 can be opened thereby venting
the pressurized fluid needs to be somewhat higher the pressured fluid in
the line 210 into a vented   25  in order to prevent the thermoplastic
material from reservoir 228 or the atmosphere, if desired. Now   flowing
into the bore 92 of the needle valve 80 and 



the pressure in the fluid cavity 198 in the molded  blocking the flow of
the pressurized fluid. part D and hence in the bore 92 of the needle
In order to decrease the pressure of the pres- valve and the bore 108 of
the actuator bar 100 is  surized fluid flowing through the needle valve
bore higher than the pressure in this section of line 210.  30  92, all
that needs to be done is to exhaust the If the fluid pressure is suitably
higher than the  pressurized fluid which is stored in storage con-
actuation point of the first check valve 117, the  tainer 220 without
adding additional pressurized valve will be opened against the resilient
bias of  fluid thereto. It can be seen that the pressurized the spring 133
and pressurized fluid will then flow  fluid can only flow from the storage
container 220 from the fluid cavity 198 through the bore 92 and   35  into
the fluid cavity 198 since the check valve 218 the second bore 108 of the
actuator bar through    in the fluid line 210 prevents reverse flow.
Addition- the first fitting 120 and into the fluid line 210 and  ally,
since the second fluid valve 224 is closed at thence into the reservoir 228
or to the atmosphere,  this time, fluid cannot flow into the vented
reservoir if desired.                                        228 either.
With continuing reference to FIGURE 7, one   40    Obviously, as the
pressurized fluid is released particularly advantageous way of providing
pressur-  from the storage container 220 the pressure of the ized fluid
during the gas injection molding process  fluid decreases according to the
well known ideal is as follows. A stream of molten thermoplastic    gas
equation law PV = nRT. Admittedly this equa- material is introduced into
the mold cavity 192   tion applies only for ideal gases at relatively low
through the sprue 190 at a relatively constant first  45  pressures up to
100 to 200 psi. (689.5 - 1379 kPa), pressure. This pressure may be on the
order of     at temperatures which are considerably above the approximately
1,500 psi (10,342.5 KPa, or 103.43   so-called "critical temperature" of
the gas con- bars). Meanwhile, a quantity of a pressurized fluid,  cerned
(for most neutral gases this critical tem- such as a neutral gas, e.g.
nitrogen, is stored in the  perature is [err]  to [err], -73 to -184 C).
reservoir 220 at a second pressure which is at least  50   However, for
higher pressures, the van der Waals as high as the first pressure.
Preferably, the sec-  equations of state can be substituted for the pres-
ond pressure is approximately 2,200 psi (15,169    sure component of the
above ideal gas equation. kPa or 151.69 bars). Thereafter, gas is
introduced  This modification of the ideal gas law does not into the stream
of molten plastic material imme-   change the basic relation between
pressures, vol- diately after the molten material has passed the  55  umes,
and temperatures. This relation essentially position at which the gas is
introduced. In the    holds that as the volume of a gas increases the
present instance, such gas is introduced as the first  pressure will
decrease if the temperature and the fluid valve 222 is opened and the
pressurized fluid,  amount of gas stays essentially the same. 7    13
EP 0 298 631 B1                    14 In the present instance as the volume
of space  molded part D to be taken out therefrom. Since which the gas can
occupy increases, since the gas  only gas at a low pressure is trapped in
the gas is being vented from the reservoir 220, the pres-  cavity 198 of
the part produced, the nozzle A does sure of the gas will certainly
decrease. However,  not have to be separated from the mold body B to the
gas, which is stored at approximately room    5   vent the gas from the gas
cavity before the mold temperature, will encounter a heated thermoplastic
body halves are separated, as in the prior art. material which is at
considerably higher tempera-  Previously, the two mold body halves could
not be tures. Therefore, the temperature of the gas will  separated before
the gas was vented from the gas increase and this will cause somewhat of a
rise in  cavity (by removing the nozzle A from the sprue the pressure of
the gas. Therefore, the pressure of  10  190) since otherwise the molded
part would ex- the gas will not rapidly decrease as the gas flows  plode
due to the gas trapped therein. into the mold space and enlarges its
volume, al-      A part molding for which the process is particu- though it
will decrease slowly.                    larly applicable is a molding
having a large surface After the supply of molten thermoplastic ma-   area
which is supported by thicker ribbed areas. terial to the mold space is
terminated, then the   is  Pressurized fluid is injected into the molten
plastic pressure of the gas can decrease further to pres-  stream to form
gas spaces Inside each rib or the sures which are lower than was the
pressure of the  like and thereby urge the molded plastic material
thermoplastic material as it flowed through the    against all the surfaces
of the mold. sprue. As mentioned, the flow of molten plastic is    Any
suitable type of plastic, such as poly- terminated by actuating the bar 100
to urge the   20  propylene, polycarbone, polysulfone, polystyrene, 



needle valve 80 forward and into contact with the  polyethylene, ABS, etc.
can be injected through the bore walls of the tip 10. This interrupts the
flow of  nozzle assembly described hereinabove. molten plastic through the
sausage-shaped third       The articles so produced can be used as struc-
bores 46 of the second member 40 and into the     tural components in
forming automotive products bore 22 of the first member 20. Now it no
longer  25  such as consoles, dashboards, and the like; con- matters if the
thermoplastic material flows into the  sumer products such as cabinets for
home elec- bore 92 of the needle valve 80 since the injection  tronic
components such as stereos and televisions; molding process is essentially
completed and a     housing products such as shelving, and doors, or
continuous fluid cavity has been created in the    various items of
furniture as well as in many other molded part.
30   markets. Gas continues, however, to flow into the mold      The
invention has been described with refer- cavity from the container 220.
Such gas flow only  ence to a preferred embodiment. Obviously, alter- stops
when the pressure inside the fluid cavity 198  ations and modifications
will occur to others upon equals the pressure in the container 220. As the
reading and understanding of this specification. It is thermoplastic
material in the mold cavity 192 cools,  35  intended to include all such
modifications and alter- the pressure in the fluid cavity 198 decreases and
ations insofar as they come within the scope of the the flow of gas
continues from the container 220   appended claims or the equivalents
thereof. into the fluid cavity until pressures are again equal- ized. After
the cooling of the thermoplastic is com-  Claims plete, the same final
pressure is obtained in the   40 fluid cavity 198 and the container 220.
This pres-  1. A nozzle (A) used in an apparatus for the sure may be on the
order of approximately 400 to      injection molding of thermoplastics, the
nozzle 500 psi (2758 - 2447.5 kPa).                          including a
nozzle body (10,20,40,60) including As mentioned, the pressurized fluid at
this        a first bore (16,22,62) for establishing a flow pressure can be
vented from the fluid line 210, as   45  path for a molten thermoplastic, a
first end (10) outlined above, into the vented reservoir 228 or the  of
said nozzle body being adapted for fluid atmosphere by opening the second
valve 226 and        connection with an associated mold body (B) closing
the first valve 222. The pressurized fluid    and a second end (74) thereof
being adapted now flows through the first check valve 117 by        for
fluid communication with an end of an overcoming the resilient bias
thereof. As such flow   50  associated injection molding machine (C); a
occurs, the pressure in the gas cavity 198 de-        first valve (80) for
controlling the flow of plastic creases until the check valve 117 is again
resil-     through said nozzle body, said first valve in- iently biased
closed at a pressure of approximately   cluding a valve body (80) adapted
for recipro- 10-50 psi (69 - 345 kPa). Thus only fluid at this low  cating
movement, said nozzle body including a pressure remains trapped in the
cavity 198. There-  55  second bore (42) for housing said valve body,
after, the mold body can be opened, for example       said valve body
including a tip portion (82) and by spacing the second mold body part 196
away         a fluid passage (92) formed in said valve body from the first
mold body part 194, to allow the       and open at one end through said tip
portion; 8    [ERR]    15                EP 0  298 631 B1
16 connection means (210) adapted for commu-        tion. nicating said
valve body fluid passage with an associated source (220) of pressurized
fluid; an  9. The nozzle of claim 1 wherein said connection actuator
(144,110) for selectively actuating said  means comprises a fluid line
(210). valve body to a closed position thereby pre-   5 venting the flow of
plastic through said nozzle  10. A method for molding thermoplastic
material body; and a second valve (117,126) for pre-       comprising
providing   a   nozzle  body venting the flow of plastic through said valve
(10,20,40,60) through which thermoplastic ma- body fluid passage,
characterized by the sec-    terial flows with a valve member (80) having a
ond valve includes first means (117) permitting   io  bore through which a
fluid flows; communicat- 



the flow of pressurized fluid in a first direction  ing a mold space (192)
into which the thermo- through the valve body fluid passage and sec-
plastic material flows with the nozzle body; ond means (126) for permitting
the flow of        actuating the valve member to allow thermo- pressurized
fluid in a second direction opposite  plastic material to flow through the
nozzle body the first direction through the valve body fluid  15  into the
mold space; subsequently allowing passage.
fluid to flow through the valve member bore into the thermoplastic material
in the mold 2. The nozzle of claim 1 wherein said actuator       space to
form a fluid cavity therein; actuating includes an actuator bar (110)
orientated gen-   the valve member to terminate the flow of erally normal
to said valve body.         20     thermoplastic material through the
nozzle body; continuing to allow fluid to flow through 3.  The nozzle of
claim 2 wherein said valve body     the valve member bore into the fluid
cavity, comprises a needle valve (82) having an elon-     characterized by
the step of subsequently gated body (84) with first and second ends
venting the fluid from the fluid cavity through (82,88) and wherein said
valve body fluid pas-  25  the valve member bore. sage extends
longitudinally through said elon- gated body.
11. The method of claim 10 comprising the step of preventing the
thermoplastic material from 4. The nozzle of claim 3 further comprising a
flowing through the valve member bore. securing means (90, 104) for
securing said  30 needle valve to said actuator bar, and wherein  12. The
method of claim 10 wherein the fluid is a a fluid passage (108) extends
longitudinally      neutral gas such as nitrogen. through said actuator
bar, said needle valve fluid passage communicating with said actuator  13.
The method of claim 10 further comprising the bar fluid passage.
35       step of reducing the pressure of the fluid in the fluid cavity
during said step of continuing to 5. The nozzle of claim 4 wherein said
second         allow fluid to flow. valve is positioned in said actuator
bar fluid passage and further comprising a pressure     14. The method of
claim 10 wherein said step of equalization line (224) which connects the
two   40  actuating the valve member to terminate the ends of said actuator
bar fluid passage.          flow of thermoplastic material takes place when
all the surfaces of the mold space are covered 6. The nozzle of claim 2
wherein said actuator       by the thermoplastic material. further includes
a piston and cylinder assem- bly (144) operatively associated at one end
45  PatentansprUche with said actuator bar. 1. Spritzdtse (A) fUr eine
Vorrichtung zum Spritz- 7. The nozzle of claim 1 wherein said first means
gielen von thermoplastischen Kunststoffen, die is a first check valve (117)
and said second      einen eine erste Bohrung (16, 22, 62) als FlieB- means
is a second check valve (126) spaced   5o   weg far geschmolzenen,
thermoplastischen from said first check valve.
Kunststoff aufweisenden DUsenk6rper (10, 20, 40, 60) aufweist, mit einem
ersten Ende (10) 8.  The nozzle of claim 7 wherein said first check    des
DUsenkdrpers, das zum Herstellen einer valve includes resilient means (133)
for biasing  Flie~verbindung zu oiner zugeordneten Form said first check
valve to a closed position and  s5  (B) angepaBt ist und mit elnem zweiten
Ende further includes adjusting means (134) for        (74), das fUr eine
Fllelverbindung mit einem modifying the force with which said first check
Ende einer zugeordneten Spritzgiegmaschine valve is resiliently biased to
the closed posi-  (C) angepaBt ist, mit einer ersten Absperrvor- .9    17
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zum Steuern des Kunststofflusses     heit (144) aufweist, die mit einem
Ende dem durch den DUsenkorper, wobei die erste Ab-         Bet~tigungsarm
im Sinne einer Betitigung zu- sperrvorrichtung elnen hin- und herbewegba-
geordnet ist. ren Ventilk6rper (80) und der DUsenkdrper 



eine zweite Bohrung (42) zur Aufnahme des   5   7. SpritzdUse nach Anspruch
1, bei der die ersten <' <Ventilkdrpers aufweist, der Ventilk6rper 8us el-
Mittel aus einem ersten RUckschlagventil (117) nem spitkenteil (82) besteht
und einen an ei-      und die zweiten Mittel aus einem  zweiten nem Ende
offenen, durch den Spitzenteil fUh-       RUckschlagventil (26), das vom
ersten ROck- renden FlieBdurchgang (92) aufweist, mit Ver-
schlagventil entfemt angeordnet ist, bestehen. bindungsmitteln (210) zum
Verbinden des   lo FlieSdurchgangs im Ventilk6rper mit einer zu-  8.
Spritzdase nach Anspruch 7, bei dem das er- geordneten Druckmittelquelle
(220), mit einer      ste RUckschlagventil fedemde Mittel (133), urn
Betatigungsvorrichtung (144, 110) zum wahl-        das erste
RUckschlagventil in einer geschlos- weisen Bewegen des Ventilk6rpers in
elne ge-       senen Stellung zu halten, aufweist und zusatz- schlossene
Stellung, in der der KunststoffluB   15  liche Einsteilmittel (34) zum
Verandern der durch den Dlsenk6rper verhindert wird und          Kraft, mit
der das erste RUckschlagventil fe- mit einer zweiten Absperrvorrichtung
(117,         demd in die geschlossene Stellung gebracht 126) zum
Verhindem  des Kunststofflusses          wird, aufweist. durch den
Fliefdurchgang im Ventilk6rper, da- durch gekennzelchnet, daB die zweite
Ab-  20  9. Spritzdalse nach Anspruch 1, bei der die Ver- sperrvorrichtung
erste Mittel (117) aufweist, die  bindungsmittel eine Flilssigkeitsleitung
(210) den FluB von Druckmittel in einer ersten Rich-     aufwelsen. tung
durch den Fliefcdurchgang des Ventilkor- pers und zweite Mittel (126), die
den FluB von  10. Verfahren zum SpritzgieBen von thermoplasti- Druckmittel
in einer zweiten, zur ersten Rich-  25  schen Kunststoffen, be! des ein
DUsenkorper tung entgegengesetzten Richtung durch den          (10, 20, 40,
60), durch den thermoplastischer FlieSdurchgang des Ventilkorpers zulassen.
Kunststoff flieSt, elne Absperrvorrichtung (8) mit elner Bohrung, durch die
ein Fluid flieBt, 2. Spritzdtse nach Anspruch 1, bei der die Betd-
aufweist mit den Schritten: tigungsvorrichtung einen senkrecht zum Ventil-
3o    - Herstellen einer Verbindung zwischen el- korper gerichteten
Betatigungsarm (110) auf-            nem Formhohlraum (92), in den der
ther- weist.                                                  moplastische
Kunststoff flieBt, und dem DUsenkorper; 3. Spritzd~se nach Anspruch 2, bei
der der Ven-          - Betftigen der Absperrvorrichtung, um tilkorper ein
Nadelventil (82) aus einem langli-  35   thermoplastischen Kunststoff durch
den chen K6rper (84) mit einem ersten und einem             Dlsenk6rper in
den Formhohlraum file- zweiten Ende (82, 88) aufweist, bel dem sich
Ben zu lassen; der FlieSdurchgang im Ventilkdrper in Langs-          -
anschieBendem   Einfliegenlassen  des richtung durch den linglichen Kdrper
erstreckt.         Fluids durch die Bohrung der Absperr- 40
vorrichtung  in den thermoplastischen 4. Spritzdllse nach Anspruch 3 mit
Befestigungs-            Kunststoff im Formhohlraum zum Bilden mitteln (90,
104) zum Befestigen des Nadel-             eines Fluidhohiraums in dem
thermopla- ventils an dem Bet~tigungsarm, wobel sich ein           stischen
Kunststoff; FlieBdurchgang (108) in Langsrichtung durch          -
Betatigen der Absperrvorrichtung zum den Betatigungsarm erstreckt und der
FlieB-   45        Beendigen des Flusses von thermoplasti- durchgang des
Nadelventils mit dem  FlieB-              schem Kunststoff durch den
DUsenkor- durchgang des Betatigungsarms in Verbindung             per,
w~hrend das Fluid weiter durch die staht.
Bohrung in der Absperrvorrichtung in den Fluidhohiraum stromt, 5.
SpritzdUse nach Anspruch 4, bei der die zwei-  so       dadurch
gekennzeichnst, te Absperrvorrichtung in dem Flieadurchgang             daB
das Fluid anschlie~and aus dem im Betatigungsarm  angeordnet ist und eine
Fluidhohiraum durch die Bohrung in der Druckausgleichsleitung (224)
aufweist, die die          Absperrvorrichtung druckentlastet wird. beiden
Enden des FlieSdurchgangs im Bet~ti- gungsarm verbindet.
55  11. Verfahren nach Anspruch 10 mit dem Schritt, daB der
thermoplastische Kunststoff daran ge- 6. Spritzdase nach Anspruch 2, be!
der die Bets-       hindert wird, durch die Bohrung der Absperr-
tigungsvorrichtung eine Kolben-Zylinder-Ein-       vorrichtung zu flieBen.
10   



19                EP 0 298 631 B1                   20       1 12.
Verfahren nach Anspruch 10, bei dam das          pressurise dans une
seconde direction oppo- Fluid ein neutrales Gas wie z. B. Stickstoff ist.
see a la premiere direction a travers le passa- ge de fluide du corps de
vanne. 13. Verfahren nach Anspruch 10, mit dem zusgtzli- chen Schritt, daB
der Druck des Fluids in dem    5   2. Diffuseur selon la revendication 1
dans lequel Yv    Fluidhohiraum wahrend des Schrittes, bei dem      ledit
dispositif de commands inclut une barre das Fluid weiterflieBt, vermindert
wird.          de commande (110) orientee de fagon genera- le
perpendiculairement audit corps de vanne. 14. Verfahren nach Anspruch 10,
bei dem der Schrift, daB die Absperrvorrichtung betatigt  70  &  Diffuseur
selon la revendication 2 dans loquel wird, um  den FluB des
thermoplastischen          ledit corps de vanne comprend une vanne &
Kunststoffs zu beenden, durchgefUhrt wird,        pointeau (82) comportant
un corps allong6 (84) wenn alle Oberflchen dem  Formhohlraums          avec
une premiere et une seconds extremites durch den thermoplastischen
Kunststoff be-        (82, 88) at dans loquel ledit passage de fluids deckt
sind.                               15      du corps de vanne s'6tend
longitudinalement a travers ledit corps allonge. Revendloatlons 4.
Diffuseur selon la revendication 3 comprenant 1. Diffuseur (A) utilis6 dans
un appareil pour le    ,de plus, un moyen de fixation (90, 104) pour
moulage par injection de matires thermoplas-  20  fixer ladite vanne a
pointeau a ladite barre du tiques, le diffuseur incluant un corps de diffu-
dispositif de commands, et dans loquel un sour (10, 20, 40, 60) incluant un
premier creux   passage de fluids (108) s'6tend longitudinale- (16, 22, 62)
pour 6tablir un parcours d'ecoule-   ment & travers ladite barre du
dispositif de ment d'une matibre thermoplastique fondue,        commando,
ledit passage de fluids de la van- une premibre extrdmit4 (10) dudit corps
de   25   no a pointeau dtant en communication avoc diffuseur 6tant adaptee
pour une connexion de     ledit passage de fluids de la barre du dispositif
fluids avec un corps de moule associe (B) et      de commando. une seconds
extremite (74) du corps Mtant adapt6e pour une communication de fluide
5. Diffuseur selon la revendication 4 dans lequel avec une extremite d'une
machine de moulage   30  ladite seconds vanne est positionnee dans le- par
injection associ6e (C) ; une premiere van-    dit passage de fluide de la
barre du dispositif ne (80) pour commander l'ecoulement de la         de
commando et comprenant en outre, une matibre plastique & travers ledit
corps de diffu-  conduits d'equilibrage de pression (224) qui sour, ladite
promiore vanne incluant un corps     relle les deux extr6mites dudit
passage de de vanne (80) adapte pour un mouvement de   35   fluids de la
barre du dispositif de commando. va-ot-vient, ledit corps de diffuseur
incluant un second creux (42) pour loger ledit corps de   6. Diffuseur
selon la revendication 2 dans loquel vanne, ledit corps de vanne incluant
une partie   ledit dispositif de commando inclut, de plus, un de points
(82) et un passage de fluids (92)       assemblage de piston et de cylindre
(144) form4 dans ledit corps de vanne et ouvert A   40  associ6 en
fonctionnement au niveau d' une une extr6mit6 & travers ladite partie de
points;  extrdmit6 avec ladite barre du dispositif de des moyens de liaison
(210) adapt~s pour          commands; mettre en communication ledit passage
de flui- de du corps de vanne avec ladite source asso-  7. Diffuseur selon
la revendication 1 dans loquel cide (220) de fluids pressurise ; un
dispositif  45  ledit premier moyen eat un premier clapet de de commands
(144, 110) pour actionner selec-      non retour (117) et ledit second
moyen est un tivement ledit corps de vanne vers une posi-      second
clapet de non retour (126) espace du- tion fermee de fagon & emrp8cher
l'ecoulemrent    dit premier clapet de non retour. de la matibre plastique
A travers ledit corps de diffuseur ; et une seconds vanne (117, 126)  5o  &
Diffuseur selon la revendication 7 dans loquel pour empfcher l'Mcoulement
de la matibre         ledit premier clapet de non retour Inclut des
plastique & travers ledit passage de fluids du    moyens 6lastiques (133)
pour rappeler ledit corps de vanne, caract6ris6 en ce quo la se-
premier clapet de non retour vers une position conde vanne inclut un
premier moyen (117)        fermie et inclut, de plus, un moyen d'ajuste-
permettant l'Mcoulement d'un fluids pressuris4   55  ment (134) pour
modifier la force avec laquelle 



dans une premiere direction & travers le pas-    ledit premier clapet de
non retour est rappel6e sage de fluids du corps de vanne et un second
de fagon 6lastique vers la position ferm6e. moyen (126) permettant
l'ecoulement du fluide    21                EP 0 298 631 Bi
22    111111 Im   11111111111 L   S* 9. Diffuseur solon la revendication 1
dans loquel ledit moyen de connexion comprend une conduits de fluids (210).
10. Procdde pour mouler une matibre thermoplas-   5 t'   tique consistent a
fournir un corps de diffuseur (10, 20, 40, 60) & travers loquel la matibre
thermoplastique s'dcoule avec un 6lement de vanne (80) comportent un creux
& travers le- quel un fluids s'dcoule ; faire communiquer un   1o espace de
moule (192) dans lquel la matibre thermoplastique s ecoule avoc Is corps du
diffuseur ; activer t'dl6ment de vanne pour permettre & la matibre
thermoplastique de s'6couler a travers le corps de diffusour dans   t5
I'espace du moule ; permettre ensuite au fluids de s'6couler & travers le
creux de l'6l6ment de vanne dans la matibre thermoplastique dans I'espace
du moule pour former & l'interiour une cavite de fluids ; activer l'element
de vanne   20 pour achever M'dcoulement de la matibre ther- moplastique a
travers le corps du diffuseur; continuer a permettre au fluids de s'ecouler
& travers le creux de l'4lement de vanne dans la cavitd fluids ,
caractdris4 par l'Etape consistent  25 a 4vacuer le fluids & partir de la
cavitd de fluids a travers le creux de I'6lment de vanne. 11. Proced6 solon
la revendication 10 comprenant l'etape consistent A empecher la matiere
ther-  3o moplastique de s'dcouler par le creux de l'616- ment de vanne.
12. Proc6dd salon la revendication 10 dans loquel le fluide est un gaz
neutre tel quo l'azote.  35 13 Proced6 solon la revendicafton 10 comprenant
, de plus, 1'6tape consistent & reduire la pres- sion du fluids dans la
cavite de fluids durant ladite etape consistent I permettre au fluids de
40 s'6coulor. 14. Procede solon la revendication 10 dans loquel ladite
4tepo d'activation de l'eldment de vanne pour achever l'ecoulement de la
matiere ther-  45 moplastique se produit lorsque toutes les sur- faces de
l'espace du moule sont recouvertes par la matiere thermoplastique. 50 55 12


