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VALVE- GATE BUSHI NG FOR GAS- ASSI STED | NJECTI ON MOLDI NG
Technical Field The present invention relates to devices,
such 5 as nYOdPBIORTRI ngs or nozzles, for gas-assisted injectPeHUS7/10300
nol di ng systens. Background Art

VALVE-GATE BUSHING FOR

GAS-ASSISTED INJECTION MOLDING
Technical Field

The present invention relates to devices, such
5 as mold bushings or nozzles, for gas-assisted injection

molding systems.

Ba_gkgr_ound Art

There are many processes and technigues toddy
for gas-assisted injection molding. Gas-assisted
10 injection molding'procesées have added new flexibility
to the design and manufacture of plastic parts with
their ability to produce partially hollow, lightweight,
rigid parts with minimal sink marks and less tendency to
warp. These processes can reduce material requirements,
15 as well as equipment costs and cycie time, and thus have
advantages over conventional injection molding processes .
and techniques in many applications.

- In general, gas-assisted injection molding
systems utilize a fluid or gas, such as nitrogen, under
20 pressure to expand the plastic material in the mold and
conform it to the mold cavity details. The fluid or gas
can be introduced into the mold in several ways, such as
through a bushing, nozzle, or machine nozzle in one or

more cavities, or in more than one location.
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or in nore than onglbgsed iWith plastic material and, at the same time, it
5" is necessary that the gas be directed into the mold
cavity and not back into the bushing, runner system, or

plastic injection system.

Summary Of The Invention

It is an object of the present invention to-
10 provide an improved nozzle or bushing for use with a
gas-assisted injection molding process. It is also an
object of the present invention to provide an improved
gas-assist bushing or nozzle for introduction of plastic
material and gas into one or more cavities and at one or

15  more locations.

It is another object of the present invention
to provide an improved valve-gate bushing or nozzle for
use with a gas-assisted injection molding process. It
is a further object of the present invention to provide

20 a nozzle or bushing with a movable gate pin which can
| close off the entry of plastic material into the mold,
and at the same time allow entry of gas therein.

It is a still further object of the present
invention to provide a gas-assisted injection molding
25 system having orifices or openings into the mold cavity
which do not become plugged or clogged with plastic
material and which prevents the gas from entering back
into the bushing, runner system, or plastic source.
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-2- Wth gas-assisted injection nolding tech- ni ques,
care nust be taken to ensure that the gas delivery orifices into the
-hol d do not becweegdoznsged or cl ogged with plastic nateri aPCHHIP7/16300
the sane tine, it 5 .S necessary that the gas be directed into the nold
IcaV|ty and not back into the bushing, runner system or pl astic
|nject|on system - Summary OF The I nvention

1t is an object of the present. |nvent|on to 10;_ provide an inproved nozzle
or bushlng for use with a
The present invention overcomes prior diffi-

culties with valve-gate type bushings or nozzles and
fulfills the objects and purposes noted above. The
present invention provides a pin-type valve-gate device
‘5 which effectively blocks off the flow of plastic materi-
al into the mold as desired, allows the entry of the gas
into the mold cavity., prevents the plastic material from
plugging or clogging the gas orifices, and prevents the
gas from flowing or entering back into the bushing and
10 plastic material supply.

In particular, the bushing preferably includes

a movable shut-off pin mechanism which selectively
allows plastic material to enter the mold cavity and at

the same time has a series of small slits, apertures or

15 openings in the pin, body or components which allow gas
or fluid to pass therethrough, but are too small to

allow plastic material from entering. The small slits

or openings can be positioned to allow gas flow in an

axial direction, in a direction transverse to the

20 longitudinal axis, or both. The slits or openings can
be produced by machining techniques, or by a combination

of parts with predefined spaces between them, and can

have diverging; converging or parallel cross-sections.

The slits or openings also can be used to exhaust the

25 gas or fluid from the part cavity after the injection

process is complete.

These and other objects, purposes, benefits
and advantages of the present invention will become
apparent from the following detailed description of the

30 invention, when taken together in view of the accompany-
ing drawings and appended claims.
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is a further object of the present invention to provide 20 a nozzle or
bushing .wth a novable gate pin which can _, close off the entry of
plastic material into the nold, and at"%he sane tine all ow entry of
gas therein. _ Bk‘ efﬁeﬂc .t dn | Qo sof t he present
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incorporating one embodiment of the present invention;

FIGURE 1A is a cross-sectional view of the
5 head of the pin member shown in Figure 1 with the cross-
section being taken along line 1A-1A in Figure 1 and in

the direction of the arrows; '

FIGURES 2-6 illustrate various embodiments of
pin members in accordance with the present invention;

10 FIGURES 7 and 8 illustrate two other embodi-
ments of the invention;

FIGURES 8-13 1illustrate various types of
openings in the mold bushing mechanism in accordance
with the present invention for allowing the passage of

15 gas into the mold cavity;

FIGURE 14, 142 and 15 illustrate still another
embodiment of the present invention, with Figure 14A
being an enlarged view of a portion of Figure 14 and
with Figure 15 being a cross-sectional view taken along

20 line 15-15 in Figure 14 and in the direction of the

arrows;

FIGURES 16 and 17 illustrate alternate washe:
configurations for use with the present invention;

FIGURES 18A-18B, and 19%A-19B illustrate still
25 further alternate embodiments of pin members in accor-
dance with the present invention;
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- 3- The present invention overcones prior diffi-

culties with val ve-gate type bushings or nozzles and fulfills the

obj ects and purwosmozmet ed above. The present inventi orrqIUSS7AE®O A _
‘pin-type valve-gate device 5 which effectively blocks off the flow of
.plastic materi - al into the nold as desired, allows the entry of the
:gas into the nold cavity, prevents the .plastic material from

plugging -or clogging the gas orifices, and prevents the gas from

.flowing or entering back into the bushing and 10 pl astic material supply.
- FIGURE 20 illustrates the presently preferred

embodiment of the invention; and

FIGURE 21 illustrates a still further embodi-
ment of a novel bushing for a gas-assisted injection
5 molding system.

Description of the Preferred Embodiments

Figurell illustrates one embodiment of the
present invention and shows its use in a typical injec-
tion molding environment. The present invention is

10 particularly adapted to be used in a gas-assisted
injection molding process or system. In this regard,
the use of the term "gas" throughout this document is
not meant to be limiting. The invention can be used
with fluids of all types, whether in the gaseous or

15 liguid states.

Alsc, the present invention can be used with
bushings or nozzles of all types for gas-assisted
injection molding techniques, including sprue bushings
and machine nozzles.

20 _ The valve-gate system is referred to generally
by the reference numeral 10 in the drawings. In this
regard, the system 10 includes a bushing or nozzle 12,
a manifold 16, and a cylinder block or housing plate 18.
The mold bushing 12, which is also cdmmonly referred to

25 as a "nozzle," is mounted in a mold 14 and has a central
movable pin member 20. The pin 20 is movable in the
direction shown by the arrows 22 and is operated by a
motor 24 which is positioned in the cylinder block 18.
In this regard, motor 24 can be either electrical,

30 pneumatic, or hydraulic, and channels 26 and 28 are
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fol lowi ng detailed descrlptl%%e manlgold 16 is heated by any conventional

5 means, such as cartridge heaters (not shown), and
includes a channel or passageway 30 for entry of the
plastic material from the injection molding machine (not
shown) to the bushing 12. 1In this regard, the direction
of flow of the plastic material is indicated by the

10 arrow 32. Pillars or spacers 34 are positioned between
the manifold 16 and cylinder block 18. The cylinder
block, manifold ‘and mold are typically secured or
fastened together by any appropriate means, such as
clamps, machine bolts, or the like. In this regard,

15 pins or bolts 35 can be positioned in channels 36 in
order to align and hold the cylinder block 18 and
manifold 16 together.

The bushing or nozzle 12 can be made of one or
more pieces as desired. For example, as shown in the
20 embodiment of Figure 1, the bushing 12 can have a head
portion 42 which is threadedly attached to an outer body
member 44. The bushing 12 also includes an inner shank
or body member 46 which has an internal elongated
passageway 40. A heater member 48 is positioned in an
25 annular space 50 between the shank 46 and outer body .
member 44. The heater member, which preferably is a
resistance-type heater, such as a coil heater or band
heater of any conventional type, is electrified through
lead 52 connected to an appropriate power source (not
30 shown) .
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~ As indicated, the bushing can be a one-piece
or multi-piece component device. The heater member also
can be positioned internally or externally relative to
the body. The bushing further can have any convenient
. 5 or conventional shape or cross-section, and can be
provided without a -head portion. The bushing further
can be of a type which is threadedly attached to the
mold or manifold. All of these types of bushings and
heater members are known in the art.

10 The plastic material is melted and initially
converted into a molten state in the barrel of én
injection molding machine (not shown). The plastic
material is then forced into the bushing, or, if a
manifold is utilized, into and through the manifold and

1s then into one or more bushings. In this regard, the
heaters in the manifold keep the plastic material in the
manifold passageways in a molten condition and the
heater member (or members) in the bushing maintains the
plastic material in the bushing passageway in a molten

20 condition. In this manner, after the injection cycle'
injects a quantity of plastic material into the mold
cavity, the remaining plastic material in the bushing
and manifold does not harden or solidify but is retained
in a liquid or molten condition ready for the next

25 injection cycle.

The mold 14 has a series of mold plates 1l4a,
14b and 14c. A part cavity 54 is formed or provided in
mold plate 14c. The cavity 54 is formed in the size and
shape of the desired part to be produced by the injec-

30 tion molding process.




FIGURE 1A is a cross-sectional view of the 5 head of the pin nmenber

shown in Figure 1 with the cross- section being taken along |line
"1A-1A in Figure 1 and in the direction of the arrows;
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raccordance with the present invention; 10 FIGURES 7 and 8
‘illustrate two other enbodi- ments of the invention;

-FI GURES 9-13 illustrate various types of openings in the nmold bushing
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' of the motor 24 by an appropriate coupling 58. Gas or
fluid is introduced into the mold cavity 54 through
5 passageway 56 in the pin 20. The gas is introduced into
the system 10 from a conventional pressure source (not
shown) to the coupling 58 by conduit 59. The direction
of entry of the gas into the system 10 is shown by the
arrow 60. The gas is introduced through the coupling 58
10 and in turn through the pin 20 and into the mold cavity.

The orifice or gate of the valve bushing is
indicated by the reference numeral 62. The valve gate
device includes an enlarged head member 64 on the lower
end of the pin member 20 and a mating valve seat 66 in

15 the lower end 68 of the bushing 12. Although one
particular size and shape of valve head member and valve
seat are shown in Figure 1, it is understood that the
particular structure shown is only representative or
illustrative and is used simply to explain the present

20 invention. In practice, any size and shape of wvalve
head/seat mechanism can be utilized.

The head member 64 preferably has one or more
channels, scollops or "flats" 65 spaced around its outer
_ periphery. These allow the passage of plastic material
25 into the mold cavity 54 when the valve gate is open.
Although three channels 65 are shown in Figure 1A, it is
understood that any number can be provided, and the
channels can have any desired size and shape.
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When the system 10 shown in Figure 1 is used,
the orifice or gate 62 is initially opened, as shown
generally in Figure 1. In this condition, plastic
material which is present in the manifold 16 and bushing

5 12 is allowed to enter into the mold cavity 54. Once
the requisite amount of plastic material is introduced
into the mold cavity, the motor 24 is operated retract-
ing the pin 20 and seating the head member 64 of the pin
in the valve seat 66. This closes the orifice 62 and

10 prevents further flow of plastic material into the mold

cavity. At this point, or earlier, if simultaneous gas
and plastic flow are utilized in the process, gas under
pressure is introduced through the central passageway 56
into the mold cavity 54.

15 In accordance with conventional gas-assisted
injection molding processes, the gas or fluid can be
introduced into the mold cavity during the flow of
piastic into the cavity, after the plastic material has
been deposited in the cavity, or in any combination

20 thereof. For example, an initial amount of plastic
material could be introduced into the mold cavity, then
gas or fluid at a first pressure could be introduced
into the cavity -- either by itself or together with the
remainder of the plastic material, and then the same or

25 a different gas or fluid could be introduced at the same
or at a second pressure. The introduction of the gas or
fluid(s) into the mold cavity along with or subsequent
to the plastic material pushes the plastic material into
all of the areas of the mold, completing the filling of

30 the cavity. 1In this regard, the present invention is
adapted to be utilized with any type of gas/fluid-
assisted injection molding process or system known or in
use today.




-5- ' FIGURE 20 illustrates the presently preferred

enbodi nent of the invention; and FIGURE 21 illustrates a
still further enbodi - ment of a novel bushing for a gas-assisted
‘injection 5 wokdidrg system Descri ption of mdreusevedses r ed
Enbodi ment s Figure 1 illustrates one enbodi nent of the
present invention and shows its use in a typical injec- tion nolding
envi ronment . The present invention is 10 particularly adapted to be

used in a gas-assisted i njection nDIg'gg process or system In this
regard, the use of the term"gas" throughout this docunent is

‘not nmeant to be limting. Algo! I el HNLRR KR tHSBHandard Yhd hadsidesg oOf
all types, whether [in the gaseous. of . - s
injectio molding techniques, after the requisite

amounts of gas and plastic are inserted into the mold,
the pressure of the gas is maintained to compensate for
5 the volumetric shrinkage of the plastic as it cools and
solidifies. In this regard, the mold plates are typi-
cally cooled by circulation of a cooclant through appro-
priate channels or passageways (not shown) which assists
in solidifying the plastic. Once the plastic part in
10 the mold is solidified sufficiently, the gas within the
molded part is vented to atmosphere and the part is
ejected from the mold cavity. In accordance with the
present invention, it is preferred that the gas be
vented back through the passageway 56 in the pin member
15 20. For this purpose, a valve 67 is provided in the gas
inlet conduit S$9 for venting the returning gas. Other
conventional methods could be used to vent the gas from
the mold part,.however, such as a vent pin mechanism in
the mold or by backing the machine nozzle away from the

20 mold. '

The gas which can be utilized with the present
invention is preferably nitrogen, but it can be any
other conventional gas or fluid utilized with other gas-
assisted injection molding processes. Also, if desired,

25 .the gas being removed or vented from the mold after the
molding cycle, can be collected, reclaimed and reused.
In this regard, it is preferable to provide a filter or
filter mechanism in the gas return or exhaust passageway
in order to remove any foreign or plastic particles.




15 liquid states. Al so, the present invention can be
used with bushings or nozzles of all types for gas-assisted

i nj ection nolding techniques, including sprue bushings and machi ne
nozzles. 20 WwWO98/00278 The val ve-gate‘systemis referred to (RERAISH?10300
by the reference nunmeral 10 in the drawings. 1In this regard, the
;system 10 i ncludes a bushing or nozzle 12, a manifold 16, and a
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are way or inlet of the gas or fluid into the pin passageway
and/or mold. For example, a representative filter 69 is
5 shown in Figure 1. This will help prevent blockages in

the gas passageway.

The size or diameter of the passageway 56 in
the pin member 20 depends in particular on the viscosity
of the plastic material that is to be utilized in the

10 injection molding process. The size of the opening 70
at the end of the passageway into the mold cavity has to
be sufficiently small such that plastic material intro-
duced into the mold cavity 54 will not enter into the
passageway 56 and plug or clog the passageway. In this

15- regard, openings having a diameter between 0.0025 inches
- 0.003 inches and between 0.003 inches - 0.005 inches
can be used, depending on the application and plastic
material utilized. Preferably, in accordance with the
present invention, the opénings should be in the range

20 from .0001 inches tco .0100 inches.

The opening or aperture 70 in the valve pin

member 20 can be formed in any conventional way or by

any particular process. The opening can be formed by a
machining process such as drilling, by EDM, or by any

25 other process. The pin member 20 is preferably made of
a metal material and can be formed by sintered metal or

any other means. Also, although one opening 70 is shown

in Figure 1, it is understood that a plurality of
openings or holes can be provided in the head member 64

30 in order to introduce (and exhaust) the gas/fluid into
(and from) the mold cavity 54. The sides or surfaces of

the openings 70 along their length or extent also can be
converging, diverging or parallel. The specific shape
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- 6- provided in the cylinder block for entry of the gas,

fluid, or electrical |eads as appropriate for operation of the notor.
: The mani f ol d h@goiosnpdredt ed by any conventi onal 5 means, SPOT/USI%10300
.cartridge . heaters (not shown), and I ncl udes a channel or
‘passageway 30 for entry of the plastic material fromthe injection
‘nmol di ng machi ne (not shown) to the bushing 12. In this regard, the
directian of flow of the plastic material is indicated by the 10
rarrow 32. Pillars or spacers 34 are positioned between the manifold

:16 and cylinder bl gekedBed d&penas! bAUBeveral factors, such as the speed
of introduction of the gas or fluid, the type of gas or
fluid, and the injection cycle or process utilized.

Although in the preferred embodiment of the

5 invention the unique bushing is inserted in a mold and
controls the passage .of plastic material into a mold
cavity from either a machine nozzle or manifold, the
invention could also be used as part of a multiple of

stacked bushing system. For example, a conventional

10 bushing, such as a heated bushing, could be interposed
or positioned between the inventive bushing and the mold
cavity.

Figures 2-6 and 18-19 show alternate embodi-

ments of gas insertion techniques for the end of the pin

15 member 20. In Figures 2 and 3, an enlarged end member
74 is attached to the end of the pin member 20. The
member 74 can be attached in any conventional manner,

such as by welding, brazing, threaded (as shown), etc.

The passageway 56 opens into a cavity or bore 76 formed

20 in membexr 74. A plate or screen member 78 having a
plurality of small openings 80 is positioned in the
cavity 76. The openings 80 are dimensioned such that a

gas or other fluid can easily pass through them, but
plastic material cannot. '

25 In Figure 4, the end member 82 has a plurality
of radial slots or slits 84 which communicate with a
bore or cavity 56. The slits 84 are sufficiently thin
to prevent entry of plastic material and extend longitu-
dinally in the direction of the longitudinal axis of the

30 pin member 20. ' As a variation of the end wmember 82
shown in Figure 4, it is also possible to provide a
series of small holes or openings in the distal end 86




bl ock, “mani f ol d énd nold are typically secured or fast ened toget her

by any appropriate neans, such as ' cl anps, machine bolts, or the liKke.
In this regard, 15 pins or bolts 35 can be positioned in channels 36 in
jorder to align awoshebdxtst he cylinder block 18 and mani f ol #CT&/S97/10300
't oget her. The bushing or nozzle 12 can be nade of one or
nore pieces as desired. For exanple, as shown in the 20 enbodi nent of
"Figure 1, the bushing 12 can have a head portion 42 which is
-threadedl y attached to an outer body menyer 44. The bushing 12 al so
.includes an inner shank or body nenber 46 which has an internal
‘el ongat ed passaefievhy Wémbéy h&al erThand aired Shosnpdai phanedmi hings 2%
annul ar space 50 bet%ﬁeg-égg shank 46 and outer body - menber 44. The
heat er nmenber, which pre% rably is a resi stance-type heater, such as
a coil heater or band heater of any conventional type, is electrified
t hr ough | ead 52 connect epligre® SApRHOPT SR VR aRl steuchalres3@or
shown) . : the end of a pin member. In Figure 5, the pin member
5 20' is attached to an enlarged end member 90. A gas

passageway 92 in the pin member is in fluid communica-
tion with a gas passageway 94 in the end member 90 which
in turn is in communication with a series of transverse
annular slits 96 formed around the exterior of the
10 member 90. For purposes of illustration, the slits 96
shown in Figure 5 are shown in an enlarged condition; in
practice the slits are thin, having a thickness "T" on
the order of about .0001 to .0100 inches. 1In Figure 6,
the pin member 20’’ is formed with an enlarged end 98,
15 an internal annular bore or cavity 100 and a threaded
central post member 102 in the cavity. A threaded
sleeve member 104 is secured to the post member 102
leaving an annular cylindrically-shaped recess or space
106 for entry of the gas into the mold cavity. Gas
20 passageway 108 in the member 20’* has a right angle bend
110 which communicates with short passageway 112 in the
sleeve member 104 in order to supply gas to the recess
106. The parts forming the pin structure shown in
Figure 6 are dimensioned such that the thickness of
25 annular recess or space 106 is sufficiently small to
prevent plastic material from entering into it from the
mold cavity. '
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-7- As indicated, the bushing can be a one-piece or
‘mul ti-piece conponent device. The heater nenber also can be
' posi tioned i niy@yogmbdsy or externally relative to t he bodycTberibsmwhi ng

further can have any convenient 5 ~ or conventional shape or
Cross-section,

bushi ng further

and can be provi ded wi thout a head portion. The
can be of a type which is threadedly attached to the

mold or. manifold. Al of these types of busbhi,ngs and heat er nenbers
are known in the art. 10 The "pffastic material is nelted and
initially The slits or slots in any of the embodiments

10

15

20

25

30

of the invention shown and described herein can have
sides which are converging, diverging, parallel, or any
other contour, uniform or random, stationary or move-
able. The type selected depends on several factors,
including the speed and type of the gas or £luid being
utilized with the system.

Two additional embodiments for allowing gas to
enter a mold cavity through a hollow valve gate pin
member are shown in Figures 18A-18B and Figures 19A-19B. _
In each embodiment, the pin member 20’’’ has a central
gas passageway 56 which opens into a cavity or bore 114
in the enlarged distal end 116 of the pin member. 1In
Figures 18A-18B, a plurality of small rods or wires 118
are tightly wedged or otherwise firmly secured in the
cavity 114 completely filling it. The longitudinal
spaces between the cylindrically-shaped rods allow gas
to flow from passageway 56 into the mold cavity and are
sufficiently small to prevent plastic from entering. In
Figures 19A-19B, a thin strip of metal or similar
material 120 is wound into a tight spiral and tightly
secured in the cavity 114. The thin spaces between the
coils of the spiral allows gas to pass therethrough and
into the mold. If desired, it is also possible to
provide a space or void between the rods 118 (Figures
18A-18B) and spiral 120 (Figures 19A-19B) and the end
122 of the cavity 120 which creates a manifold for more
even distribution of the gas through the thin spaces and
into the mold. 1In this regard, a representative mani-
fold space 124 is shown in phantom lines in Figures 19A.
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converted into a nolten state in the barrel of an i nj ection nol ding
machi ne (not shown). The plastic material is then forced into the
bushing, or, if a mani fold is utilized, into and through the

IITHI’II fold and 15wobdpson78 Nt 0 one or nore bushi ngs. I n this regactusyirmioo
‘heaters in the manifold keep the plastic material in the mani f ol d
passagemays in a nmolten condition and the heat er nmenber (or nenbers)
in the bushing maintains the plastic material in the bushing
‘passageway in a nolten 20 condition. In this manner, after the injection
cycle injects a quantity of plastic material into the nold

lcaV|ty the remai ning plastlc f@lfﬁ'éisérbééﬁiﬂ%éﬂﬁd“brov1de ggglgﬁngghgf

does not harden or S%%Id i's retalne

‘condition ready for tH® ?@gé nts | ?ﬂﬂl%ﬁ]?ﬁﬁﬂﬁ?s 13 and 15, For expp-
nmold 14 has a serieﬂpbé,nanSpbat@sr£4aof diffeMenandrbés.-sAcpabhalagikgsb4
is fornmed or provideghiiiy pe ud®4 03 rP'é’é@:.é';ﬂClMﬂl% %gé}%eesd‘lgzas 1E9r ”Egec

the size and shape of the desired part to be pr
tion nDIdlng pf%ces Sizes o the spaces between the rods/w1res can be made

non-uniform. Also, in Figures 19A-19B, the material

used for the coil 120 could be temperature-sensitive,

thus changing the spacing or gaps between the coil

layers depending on the temperature of :‘the plastic
10 material or heat used in the process.

Figure 7 depicts an alternative bushing
structure for use with the present invention. The
bushing 130 has an enlarged head 132 and a shank or body
member 134. A movable pin member 136 is positioned in

15 central passageway 138 in the bushing body member and
has an enlarged distal end member 140 which is posi-
tioned in a cavity or bore 141 in the bushing body. The
end member 140 acts as a valve member and opens and
closes valve orifice 142 in order to facilitate and shut

20 off the flow of plastic material from the passageway 138
into the cavity or bore 141 and in turn through orifice
144 into the mold cavity (not shown). A conventional
heater means, such as the heater shown in Figure 1, is
preferably provided around or in the bushing body in

25 order to maintain the plastic material molten in the
bushing passageway and cavity 141.

A tip member 146 is threadedly attached to the
distal end of the bushing body 134 and forms a conical-
shaped cavity or space 148 adjacent the cavity or bore

30 141. A gas passageway 150 is formed in the bushing body
134 and opens into the edge or intersection 152 between
cavity 141 and cavity 148. The intersection 152 is
preferably a thin annular slot or slit which is enlarged.
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The pin nenber 20 is hollow wth a central passageway 56. The pin 20
is connected to the shaft 25 of the notor 24 by an appropriate
coupling 58. Gg% d2looz7s fluid is introduced into the nold capdrinyssodosoo
through 5 passageway 56 in the pin 20. The gas is introduced into
the system 10 from a conventi onal pressure source (not shown) to the
coupling 58 by conduit 59. The direction of entry of the gas into the
system 10 i s shown by the arrow 60. Thﬁs gas is introduced through the-
coupling 58 10 and in turn through the pin 20 and into the nold cavity.

for illustration in Figure 7, but in reality has a width
"W" on the order of .0001 to .0100 inches. The annular
slot or slit can be machined in one or the other, or

both, of the mating surfaces on the end of the bushing

5 body 134 and the tip member 146, or a slight space can
be designed to be present between the two members when
they are threadedly secured together.

Another alternate embodiment of- - the present
invention is shown in Figure 8. The bushing 160 has a
10 head member 162, a body or shank member 164, a tip
member 166 threadedly attached to the lower or distal
end 168 of the body member, and a heater source f(not
shown) for maintaining the plastic material in the
bushing in a molten condition. A movable pin member 170
15 is positioned in a central passageway 172 in the body
member. An enlarged end member 174 on the distal end of
the pin member mates with a portion of the central
cavity 176 in the tip member 166 and acts as a valve 178
to which opens and closes as desired in order to selec-
20 tively allow or shut off the flow of plastic from
passageway 172 into cavity 176 and in turn into the mold
cavity (not shown). The tip member 166 has an annular-
shaped cavity 180 for assisting in introducing gas into
the mold cavity. A gas passageway 182 in the bushing
25 body 164 is in fluid communication with the cavity 180
in order to supply gas from a pressure source (not
shown) for use in the gas-assisted injection molding
process. A plurality of small slits or openings 184 are
provided in the end 186 of the tip member 166 in oxrder

30 to allow the passage of gas from cavity 180 into the
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The orifice or gate of the valve bushing is . I ndi cated by the

ref erence nuneral

menber 64 on the | ower end of - the pin nmenber 20 and a mating val ve
seat 66 in 15 wabsookmwer end 68 of the bushing 12. Al t hough rawasse7/10300
particul ar size and shape of val ve head nmenber and val ve seat are
shown in Figure 1, it is understood that the particul ar structure
shown is only representative or illustrative and is used sinply to
expl ain the present 20 i nvention. In pragéége, any size and shape of

val ve head/ seat mechani smcan be utiliz The head

62. The val ve gate

-menber 64 preferab'ﬁmﬁ%ﬁc@%&th nﬂéelndlcatéﬁﬁﬁﬁﬁﬂés tHe0h 908 8F o

spaced around its outer

material 25 into tW@lﬁBIBrEa ??grﬁﬁgéw&ﬂlT9ﬁ§\ﬂﬁtﬁélg§? °WswbanresPECt
Al t hough three channel sFiuxes $hDWWN-i thabieguae sifificiensly smallndsizd oed

that any number Candi%ears%hd%‘i'm SRkt Mo not ANAWErE BIaLAVE Ad¥erial

de5|red si ze a@g sh %elng i

10

15

20

25

30

njected into the mold from plugging or clogging
them.

There are numerous alternative designs for the
slits or openings in tip member 166 for allowing the gas
to pass from cavity 180 into the mold cavity. by way of
illustration and not 1limitation, several of these
alternative designs are shown in bottom elevational
views in Figures $-13. 1In Figure 9, a series of radial-
ly-arranged slots or slits 190 are provided. 1In Figure
10, a series of generally circular-arc-shaped slits 192
are provided. In Figure 11, curved generally radially-
arranged slits 194 are provided. In Figures 12 and 13,
a plurality of holes or openings 196 are provided, with
many more openings 196 being provided in the embodiment
shown in Figure 13 than in the embodiment shown in
Figure 12. The slits, slots, holes or openings can be
formed in the tip members in any conventional manner,
such as by drilling, wmachining, EDM, and the 1like.
Also, the number of openings or slits, and their partic-
ular arrangement at the end of the tip member, depends
on a number of factors within the discretion and skill
of persons skilled in the art (such as the type of
plastic material, the viscosity of the plastic material,
the pressures of the gas and plastic material, the cycle
time and steps, etc.) The openings or slits also could
have converging, diverging,'or parallel sides or surfac-
es, as discussed above.

devi ce includes an enl arged head

ese al] ow t he assage o%gﬂ% gsIC
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orifice or gate 62 is initially opened, as shown generally in Figure

_ PCT/ US97/ 10300
When the system 10 shown in Figure 1 is used,

1. In this cwodshbéz®, plastic mat eri al which is presertT/Use7i10800

mani fol d 16 and bushing 5 12 is allowed to enter into the nold cavity =
the requisite amount of plastic material is introduced
into the nold cavity, the notor 24 is operated retract- ing the pin

54, Once

20 and seating the head nenber 64 of the pin,g_ in the val ve seat 66.
This closes the orifice 62 and 10 prevents further flow of plastic

material into the nold OEB¥Et ¥mbOBithEhEs POE Nthe Ok nfdit {88 1 atd shown

si mul t aneous gas

10

15

20

25

30

in Figures 14-17. In Figure 14, the bushing 200 has a
shank or body member 202 which has an end 204 which is
positionea flush with a wall of the mold 206 and corre-
sponding mold cavity. The body member has a central
passageway 208 in which is positioned a movable gate pin
member 210. The pin member 210 and bushing body 202
having mating valve gate surfaces 212 and 214, respecﬁ-
ively. Axial movement of the pin member 210 by a motor
mechanism (such as motor 24 shown in Figure 1) opens and
closes orifice 216 into the mold cavity and thus selec-
tively allows and prevents the flow of plastic material
into the mold cavity. The pin and orifice are shown
spaced apart in Figuré 14 simply for ease of illustra-
tion; in actual practice, the pin and orifice are often
situated closer together and the vertical movement of
the pin to open and close the valve is on the order of
0.10 to 0.20 inches.

A cavity or threaded bore 218 is provided in
the end of the bushing body member 202. A gas passage-
way 220 provides a source of pressurized gas through the
bushing body and into the cavity 218. A plurality of
discs or washer members 222 - which are better shown in
Figure 14A (enlarged view) and in Figure 15 (cross-
section) - are threadedly secured in the cavity 218.

The discs or washers 222 are thin circular
plates, preferably of a metal material such as steel,
each of which have one or more openings or holes 224 and
a recess 226. A ridge of material 228 around the
perimeter or edge of the discs allows gas to freely flow
into and through the recesses 226. Also, as shown in

Figures 14 and 14A, the outermost disc or washer 222’ is .

preferably not provided with a corresponding recess or
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and plastic flow are utilized in the process, gas under pressure is

I ntroduced through the central passageway 56 into the nold cavity 54.
15 I n accordance with conventional gas-assisted

i nj ection nol di WP e2Msses, the gas or fluid can be I Nt r RERERT/1PHP O _
the mold cavity during the flow of plastic into the cavity, after the
pl astic material has been deposited in the cavity, or in any

conbi nati on 20 t her eof . For exanple, an initial anount of plastic
material eould be introduced into the nold cayisty, then gas or fluid
at a first pressure could be introduced into the cavity -- either by
itself or toget her W’:icmge,heand alsoemaiynd:er thhethha&tei @nyat@permingsandr

t hen the sanme or o1ds dbbherent ; ga%é_j%rratl P&[n ;BJS%%%%yatz&E'e

same or at a second pressure:; uct
fluid(s) into the nn%t%%ﬁn?V@%@%Wlépléu%eauaap and PaF%Wh@“E?‘éShl c
materi al pushes the gbeasings mMelinakhenseries of aliscef 2zheandethrofigh hehe

mol d, conpl eti ng therééééééwg% §18t:? t %%e%?wa&yaasé%%éw@ri’{ jar g%[ftlt;'gles

present invention is ut
gas/ f ui d- asstted®Tj 8LEP oR*RBEAPAG BPBEe§§m6r9§§sﬂ@#ﬂkﬁﬁMﬂ30fl9%

directly into the mold cavity.)

The recesses 226 are preferably formed as thin
slits or slots between the stacked disc members 222 and
10 can be provided in one or both sides of each disc. The
thickness "T" of the recesses or slits is preferably th.e
same as the dimension specified above for the thin slits
or slots in the other embodiments.

The gas or fluid can be removed or exhausted

15 from the molded part through the same passageways in

which it was introduced into the mold cavity. Alterna-

tively, a central movable pin member 211 could be

provided in pin member 210 and either moved axially or
rotated around its axis in order to release the gas.

20 . Other embodiments of disc or washer members
240 and 242 which can be utilized with the present
invention are shown in Pigures 16 and 17. In these

embodiments, the central recesses or slots are divided
into several portions or areas by raised supporting ribs
25 or ridges 244 and 246. The ribs or ridges provide
additional supporting structure between adjacent disc
members in order to insure that the thin slits or slots




use today. WO 98/ 00278

PCT/ US97/ 10300 -10- Al so
.in accordance with standard gas-assi sted i nj ection nol di ng

techni ques, af g oslobsr equisite anounts of gas and pl astpcr/es98/10300
‘inserted into the nold, the pressure of the gas is maintained to
.conpensate for 5 the volunetric shrinkage of the plastic as it cools and
'solidifies. Inthis regard, the nold plates are typi- cally cool ed by
circulatjon of a coolant through appro- _29[i ate channel s or passageways

‘(not shown) which assists
are maintained to prespecified dimensions. This allows

the desired amount of gas to flow through the standard
disc structure and assists the injection molding of the
plastic product in the mold cavity.

5 The ribs or ridges could be formed on the
washers by any conventional process. The ribs could be
embossed by a stamping or machine forming procedure.

" The ribs also could be formed by grinding :or machining

away the areas between them. It is also possible to

10 provide washers with fluted or "wavy" profiles, whethex
uniform or random.

The preferred embodiment of the invention at
this time is shown in Figure 20. A valve gate bushing
250 has a central plastic material passageway 252 and a
15 gas passageway 254 in the body or shank member 256. A
movable valve gate pin member 258 is located in the
passageway 252. The distal end 260 of the body member
has a cavity or bore 262. Two or more disc or washer
members 264 are positioned in the cavity 262. These
20 disc members 264 are similar to disc members 222 de-
scribed above, with at least one axial opening or hole
224 and a central recess 226, but without any external
threads. After the disc members 264 are positioned in
the cavity 262, a further disc member 266 is threadedly
25 secured into the outer end of the cavity 262 to hold the
discs 264 in place.

In order to axially align openings 224 in the
disc members 264 and/or to align them with the end of
passageway 254, any conventional alignment mechanism or

30 technique can be utilized, such as locating pin or rod
270. Aas should be clear from the above description of
these embodiments of the invention, the number of discs




in solidifying the

plastic. Once the plastic part in 10 the nold is

soli-dified-sufficiently, the gas wthin the nol ded part is vented to

at nosphere and the

accordance w t hwiole8/00278 present invention, it is preferred thaPCIFHE7J4300pe
ivented back through the passageway 56 in the pi n menber 15 20. For this

part is ejected fromthe nold cavity. In

purpose, a valve 67 is provided in the gas I nl et conduit 59 for
.venting the returni
.to vent the gas from the nold part, howeyer, such as a vent pin
.mechani smin
-20 ol d.

invention is preferg
conventi onal gas or
nol di ng processes.

fromthe nold after
and reused. I

filter mechaniSmin t

renove any foreign

10

15

20

25

30

ng gas. O her conventional methods could be used

the nold or by backing the machi ne nozzle away fromthe

or washer Tenkgas Woi bk vhhlbzed! | the admberhof hepem trant
? lels’ 0L Ne 2 ONt dlilbcCafen¥e@NYthe typ@t BE' recess or
|UI utilrzed with ot her gas-
beheeen passebdivay @5 eand ahhbke steidkedt aifisq cuémbdemns],
aegéhasrsga fle Bistfepishehall ex SaféQrPéx‘Pé’éd@fatﬂé|6ﬁér£I

as re urn or exhaust pass
6Prplast|c particles.

As with the other embodiments described above,
the slits or openings in or between the washers could
have, depending on the gas and process utilized, con-
verging, diverging or parallel surfaces, and dimensions
within the range of 0.0001 to 0.0100 inches. Also, the
washers could be formed by embossing, grinding or any
other conventional process.

It is also preferred to provided filters in
the gas or fluid inlet and outlet passageways in order
to provide and/or capture the gas in as clean or pure
form as possible. Such a filter is shown, for example,
in Figure 20 and designated by the reference numeral
253. Also, for removal of the gas from the mold cavity,
the pin 258 could have a small diameter movable second
pin member (similar to pin 211 shown in Figure 14)
positioned inside it. The second pin member could be
adapted to be moved axially or rotated around its axis
in order to open a passageway for exhaust of the gas.

A still further embodiment of the invention is
shown in Figure 21. 1In this schematic representation,
a bushing 280 has a body member with a central passage-
way 284, and a tip member 286. The bushing preferably
is a valve gate bushing with a movable pin member 288
and gated orifice 290. Gas for the gas-assisted injec-
tion molding process is introduced into the central
passageway by adapter member or plug 292. The adapter.

ection

Afdges; fa%‘éﬁ%&,reESnce Phe a%nfb%ﬁfgar@ﬁaetagér Ehted

eway In order to
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Afilter or filter nmechanism of any conven-

~tional type, should also be added to the intake passage- way or inlet

of the gas or $Higugmeiet 0 the pi n passageway

a representative filter 69 is 5 shown in Figure 1. This will help

prevent bl ockages in t he gas passageway. The si ze

or dianmeter of the passageway 56 in

10

15

20

-22-

member is connected to a primary gas passageway and
source of pressurized gas (not shown).

The adapter member has a plurality of small
diameter holes or channels 294 (two being shown by way
of example in Figure 21). Alternately, the channels 29%4
could be replaced by one annular channel in the adapter
292. The ends of the holes or channels have a size or
diameter substantially the same as the gas ‘introduction
apertures described above. 1In this regard, the adapter
292 can be provided with any of the various embodiments
and mechanisms described above with respect to allowing
entrance of the injection gas into the plastic flow or
mold cavity and at the same time preventing back flow,
clogging or plugging of the plastic into the openings.

The foregoing <discussion discloses and
describes exemplary embodiments of the present inven-
tion. One skilled in the art will readily recognize
from such discussion, and from the accompanying drawings
and claims, that various changes, modification and
variations may be made therein without departing from
the spirit and scope of the invention as defined in the
following claims.
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the pin nenber 20 depends in particular on the viscosity Hul “I“"llll”“
plastic material that is to be utilized in the 10 i nj ection T s

‘process. The size of the opening 70 at the end of the passageway
‘into the nold cexdswedes to be sufficiently small such tPEE/USSHHAIPEC
material intro- ' duced into the nold cavity 54 will not enter into the
passageway 56 and plug or clog the passageway. In this 15 regard,

openi ngs havi ng a di aneter between 0.0025 i nches - 0.003 inches and
between 0. 003 inches - 0.005 inches cajy be used, depending on the
application and plastic material utiliZed. Preferably, in accordance
with the pre 40\ ' .Jhe openings should be in the range 20
from .0001 inches Mﬁéu C § The opening or
aperture 70 in the valve pin menber 20 can be forned in any
conventional way or by _any Jparticul ar _process._Th eni an _he
formed by a machi ni ng brocezgsvaéﬁrceﬁggé:edpfefzﬁ?ﬁb?mb€°1§5\ﬁe (r)g'rgl %ygglr%i 25
ot her process. Therpi flpddbapsieted pinfegtisry medeisls procegspet gaid

material and can bgebREABEMbYomb sl Metal or any ot her neans.

Al so, al though one opening 70 is_.sho in Figure 1, it is understood
that a pIura?ity of P g a body méﬁ%er having a central passageway and

5 a valve seat;
a pin member movably positioned in said

passageway and having a valve member for mating with
said valve seat to form a valve means for closing off
the passage of plastic material through the body member; -
10 motor means for movably operating said pin
member in said body member to open and close said valve
means; and
means for introducing a gas or fluid through
said mechanism into an adjacent mold cavity, said means
15 comprising a central passageway in said pin member and
a plurality of apertures adjacent the end of said pin
member, said apertures being sized to permit said gas or
fluid to pass therethrough, but to prevent entry of said
plastic material therein. '

2. The valve-gate mechanism of claim 1,
wherein said apertures comprise a plurality of substan-
tially circular-shaped openings.

3. The valve-gate mechanism of claim 2,
wherein said openings have a diameter in the range of
0.0001 to 0.0100 inches.

4. The valve-gate mechanism of claim 1,
wherein said apertures comprise a plurality of thin
slits.

THIS SHEET HAS BEEN
REPLACED

_ This Sheet Has Been Replaced

A




openi ntgs or

I ntroduce (and exhaust) the gas/fluid into

54. The sides or:

sur f aces of

hol es can be provided in the head member 64 30

(and from th
t he openings 70 along their

ONMAE ARA I

Iength or

extent also c converging, diverging or parallel. TRe-1niRs¢hdios
R L PR s

shape
PCT/ US97/ 10300

depends on several
the type of gas or
process utilized.

gas or fluid,

factors,

5.

-12-
such as the speed of
fltnéﬁ and the i

sel ect ed
i ntroducti on of the
nj.ection cycle or

The valve-gate mechanism of claim 4,

wherein said slits have ‘an opening in the range of

0.0001 to O

6.

.0100 inches.

The valve-gate

mechanism of

claim 1

further comprising a screen means and wherein said

apertures are positioned in said screen means.

7.

The valve-gate mechanism of claim 4,

wherein said slits have a length dimension and at least

a portion of said slits are oriented such that said .

length dimensions are parallel to the longitudinal axis

of said pin

8.

member.

The valve-gate mechanism of claim 7

wherein said slits have surfaces which are diverging,

converging, or pardllel along said longitudinal axis.

9.

The valve-gate mechanism of c¢laim 1,

wherein a first portion of said apertures are positioned

in the sides of said pin member and a second portion of

said apertures are positioned in the end surface of said

pin member.

10.

The valve-gate mechanism of claim 4,

wherein said slits comprise a plurality of substantially

parallel annular slits around the surface of said pin

member adjacent the outer end.

11.

The valve-gate mechanism of

claim 1

further comprising a cavity means opening at the end of

said pin member and a plurality of thin rod wmembers

positioned in said cavity means, wherein said apertures

being provided between said rod members.
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A inough {n, the preferred entodi ment of the S cheenston. CAMHMPHIINITAN

.material into a nold cavity fromeither a machine nozzle or manifold,
. the I nventy@ossery d al so be used as part of a nultiple orPCTMUSI7/10300 _
" stacked bushing system For exanple, a conventional 10 bushi ng, such
as a heated bushing, could be interposed or positioned between the

i nventive bushing and the nold cavity. Figures 2-6
and 18-19 show alternate enbodi - ments Qf gas insertion techniques for
the end of the pin 15 menber 20. In Figd%é§ 2 and 3, an enlarged end

menber 74 is attached e th%hgndvgivéh§afﬁr]ﬁ@%ﬁ&ﬂléﬁ) ofTh%lalm 1
menber 74 can be attached in any convention manner _ suc

wel di ng, brazing, tHHERRI CIPTEHTERA) 2 SFRItY meansr|RPening, fdnk eSSn p8§s
into a cavity or bcgﬁJGpimrﬁeﬁlbaﬁ andi & rE@mly74voundA @bl emeanscpost -

menber 78 having a tlone‘ﬂ) yraldt )é Oéaé{%d SBEEI n%e%xhs mtbggggu ggt he

caV|ty 76. The openings ar e di mensi o
fluid can easily pdsinghmafHdasepetygen the 1aYerS 'of coils 10 saia’cofl

means.

13. The valve-gate mechanism of claim 12
wherein the size of said apertures is variable.

14. The valve-gate mechanism of claim 12
wherein said mechanism is selected from the group
comprising a bushing and a machine nozzle.

15. The valve-gate mechanism of claim 1
wherein said mechanism is a sprue bushing.

16. The valve-gate mechanism of claim 1
further comprising an exhaust member positioned in said
pin member for exhausting said gas or fluid.

17. The valve-gate mechanism of c¢laim 1
wherein a conventional bushing member is positioned
between said mechanism aid said mold cavity.

_ 18. The valve-gate mechanism of claim 1
further comprising a filter member positioned in said
central passageway.

19. The valve-gate mechanism of claim 1
further comprising a filter member positioned in said
body member for filtering said gas or fluid.
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plastic material cannot. 25 In Figure 4, the endu "{“HU"'””"
has a plurality of radial slots or slits 84 which comuni c e

bore or cavity 56. The slits 84 are sufficiently thin to prevent
entry of plasgk ?aﬁ & ial and extend | ongitu- dinally |pc*kﬁbwuﬁm,
direction of t ongl tudi nal axis of the 30 pi n menber 20.

variation of the end nenber 82 shown in Figure 4, it is also pOSSIb|e
to provide a series of small holes or openings in the distal end 86
WD 98/ 00278 . PCT/ US97/ 10300

20. A device for use in a gas- or fluid-
assisted injection molding process, said device com-
prising:

a body member having a central passageway and

& a first valve means therein;

a pin member movably positioned in said
passageway and having a second valve means thereon for
meeting with said first valve means for preventing
passage of plastic material through the body member;

10 ' a tip member secured to the end of said body
member, said tip member héving a passageway and orifice .
member therein for passage of plastic material there-
through into a mold cavity; and

passageway means in said body member for

15 providing a gas or fluid to the plastic material exiting
said orifice means.

21. The ‘device of claim 20, wherein said
passageway provides gas or fluid at the intersection
between said tip member and said body member.

22. The device of claim 20 further comprising
cavity means in said tip member separated from said
plastic material passageway, said gas passageway provid-
ing gas into said cavity wmeans, and further comprising

5 aperture means in said tip member for passage of said
gas from said cavity means into the mold cavity.

23. The device of claim 22, wherein said
aperture means comprises a plurality of thin slits.

24. The device of claim 23, wherein said
slits have a width in the range of 0.0001 to 0.0100
inches.,
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-13- - of the nember 82. These are shown in phantom i ne mﬂ lu I"éj‘ m””m
Fi gure 4. Figures 5 and 6 show alternate st

the end of a pin nenber. In Figure 5 the pin nenber 5 20" is atta

to an enl arged waadsgphader 90. A gas passageway 92 in tha»qmms9monher _

Is in fluid communica- tion wwth a gas passageway 94.in the end

menber 90 whi ch
transver se
menber 90. For

in turn is in conmunication with a series of

annular slits 96 forned around the exterior of the 10
purposes of illustration, the slits 96 shown in

Figure 5 are shown in an enl arged condi ti o2 i practice the slits

are thin, having a thi ckness%" T" 8 ge 1c£h‘(3§ﬁ0r9f£%r9f ﬁbou&F%p%(_)

id

inches. In Figure 6, pirn me

end 98, 15 an |$Pe?9‘i‘5halar8nrﬂﬂ%ﬁfn3ﬁ9r el®r ca¥r4irH0PakhETR (Y eBAEE tip
central post nenbefierl®ekJ n the cavity. A t hr eaded sl eeve nenber
Is secured to the post nenber 102 | eavi ng an annul ar
cylindrically-shaped recess or space 106 for entry of the gas into

the nold cavity.

Gas 26. The device of claim 22, wherein said
aperture means comprises a plurality of small openings
having a diameter in the range of 0.0001 to 0.0100
inches.

27. The device of claim 26, wherein said
openings are positioned in concentric circles on said,
tip member.

28. The device of claim 20 further comprising
an adapter member secured to said body member and
wherein said passageway is provided in said adapter
member.

29. The device of claim 20 wherein said
device is a sprue bushing.

30. The device of c¢laim 20 wherein said
device is a machine nozzle.

31. The device of claim 20 further comprising
an exhaust member positioned in said pin member for

.exhausting said gas or fluid.

32. The device of claim 20 wherein a conven-
tional bushing member is positioned between said device
and said mold cavity.

33. The device of claim 20 further comprising
a filter member positioned in said passageway means.

100

n erﬁ arged

104
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20, Passaseuey 108 I the renber 20" has 3 riant enate vend | IR TN

in order to supply gas to the recess 106. The parts formng the pin
structure sho 0278 Figure 6 are di nmensioned such that tperAisoyriosmss_
of 25 annul ar recess or space 106 is sufficiently small to pr event
plastic material fromentering into it fromthe nol d cavity.

-14- _ The slits or slots in any of the enbodi ments of
t he invention shown and described herein can have si des which are

converging, diverging, parallel, or any -28-

34. A device for use in gas- or fluid-assist-
ed injected molding, said device comprising:

a body member having a first inlet end and a
second outlet end, a cavity means in said second end,

5 and a first central material passageway extending from
said first end and opening into said cavity means;

a passageway in said body member for the gas
or fluid, said passageway opening into said cavity
means; '

i0 a plurality of disc members positioned in said
cavity means; _

said disc members having central apertures
forming a second central material passageway co-axially
with and extending from said first central passageway;

15 and

said disc members having means for allowing
gas or fluid in said cavity means to pass into. said
second central material passageway.

35. The device as set forth in claim 34
wherein said cavity means has a manifold space adjacent
said disc members.

36. The device as set forth in claim 34
wherein said disc members have thin slit passage means.

37. The device as set forth in c¢laim 34
wherein said disc members have at least one aperture
therein. '

38. The de.ice &3 set forth in claim 34
further comprising a pin member positioned in said
central passagew.y for mating with said second central
material passageway and acting as a valve member to

his Sheet Has Been RTlaced




other contour, uniformor random stationary or nove- 5 J || l"ﬂuﬂ"“"
sel ect ed depends on several factors, I ncl udi ng the spee

- the gas or fluid being utilized with the system

addi ti onal enmbogiggwpbssfor allow ng gas to enter a nold cmrMIIsywmsoo

t hrough a holl ow val ve gate pin 10 menber are shown in Figures 18A-18B
and Fi gures 19A- 19B. I n each enbodi nent, the pin nenber 20''' has a
central gas passageway 56 which opens into a cavity or bore 114

in the enlarged distal end 116 of the pin nepber. In Fi gures 18A-18B,
‘a plurality of small rods or wires 118 15 re tightly wedged or otherw se

firmy secured in LRhey, angd ?f&'réﬂt %s‘\aﬁr@ gt gl }aétié'rﬁ'ﬁ:éﬁ 5\1 -E'H:arou h

| ongi t udi nal spaces ween the c rlca -shaped ro OM/gas
to flom1fron1passa&é&éySSGOFﬁtSe%¢ﬁﬁ}nﬂﬁf%ﬁ%ﬁ%ﬂ?aﬁﬁ&9§WéY suff|C|entIy
smal | to prevent plastic fron1enter|ng In 20 Figures 19A-19B, a thin

strip of netal or simlar rldzékrigfgo #% wandg L a0 g“be‘?ig '§p|3r8al

and tightly secured in ?he cavity h|n Space ween
coils of the splraﬁuﬁFPSﬁBCEQBr%%“ﬁh§§1ﬁﬁ@@@@ﬁrBS@heﬁnE°Slt1°n94n%?tﬁﬁéd
nol d. | f desiredpint membelrs Foposxhbueting said gas or fluid from said

mold cavity.

40. The device as set forth in claim 34
wherein said device is a sprue bushing.

41. The device as set forth in claim 34
wherein said device is a machine nozzle.

42, The device as set forth in claim 34
wherein a conventional bushing is positioned between
said device and said mold cavity.

43, The device as set forth in claim 34
further comprising a filter member positioned in said
gas or fluid passageway.

44. The device as et forth in claim 34
wherein at least two disc members are provided, at least
one of said disc members being threadably received in

said cavity means.

45. The device as set forth in claim 34
wherein said means for allowing gas or fluid to pass
into said second central material passageway comprises
at least one thin slit-like space positioned between at
least two adjacent disc members.

46. A process for fluid-assisted injected
molding utilizing an injection molding machine, a mold

ThlS Sheet:Has Been Replaced
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25 provi de a space or void between the rods 118 (Figures

and spi rai 120 (Figures 19;6\- 19B) and the end 12é of tthumcHlﬂﬂllells””!ll

- which creates a manifold for nore even distribution of the gas through
into the nold. In this regard, a reppefresyabiode

the thin spac
- mani - 30 -f ol
WD 98/ 00278

It is also possible to provide variations of

space 124 is shown in phantomlines in Figures 19A
PCT/ US97/ 10300

Figures 18 and 19.. For exam pl e, rog% or wires of different

cross-secti onal

10

15

Si zes
and a machine nozzle, said process comprising the steps
of:

providing a bushing member positioned in said
mold adjacent said machine nozzle, said bushing having
a body member with a central passageway, a longitudinal-
ly-moveable pin member positioned in said central
passageway, and a plurality of fluid apertures therein;

injecting an amount of molten plastic material
through said central passageway from said machine nozzle
and into said mold;

introducing a qﬁantity of a fluid through said
plurality of apertures into said molten plastic material
in said mold, thereby forming a fluid cavity in said
molten plastic material;

said apertures sized to permit passage of
fluid therethrough out to prevent entry of said plastic
material therein; and '

forming an injection molded product.

47. The process of claim 46 wherein said
apertures comprise thin slits.

48. The process of claim 46 further compris-
ing venting the fluid from said fluid cavity.

49, The process of claim 48 wherein said
fluid cavity is vented through said apertures.

e
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could be used in cavity 114 in Figures 18A-18B, or the 5 sli ”H'"J'"Hllll"l“l
spaces between the rods/w res can be made non-uni form e s

Fi gures 19A-19B, the materi al used for the coil 120 could be

t enper at ur e- sengOBEVRTS t hus changi ng the spaci ng or gapsPEBUSEEIN3M0he _
coi | | ayers depending on the tenperature of the plastic 10 mat eri al
or heat used in the process. : Figure 7 " depicts an
alternative bushing structure for use3hith the present invention.

The . bushing 130 has an enl ar ged gﬁ%@ 63&62'2% a shank or body

menber 134. A novable pin nenber 136 i ED in 15 central
passageway 138 i[rebéBrcduphithg Invebnatboriadr Bunedu on 08 Deaembeit t&Wa(Qj?e?Zcﬁ@t; al
end nenber 140 whi chonigigdstciaims 1-49tveplaced hy Dewalaips d-26BePages)in t he
bushi ng body. The end nmenber 140 acts as a val ve nenber and opens and
closes valve orifice 142 in order to facilitate and shut 20 off the flow
of plastic material fromthé -pasBagiitEiFelsor use jif o2t g&scar® yfdridore
141 and in turn tlessightest i ingection mdldingt probesspl dadavidevidwt cefiown) .
A conventi onal iderf.er neans, such as the heater shown in Figure 1, is
preferably prsovi déd ‘around or .in the bushj ng, body in

a body member having a central passageway and
a first valve means therein;

a pin member movably positioned in said
passageway and having a second valve means thereon for
meeting with said first valve means for preventing

10 passage of plastic material through the body member;

a tip member secured to the end of said body
member, said tip member having a passageway and orifice
member therein for passage of plastic material there-

- through into a mold cavity; and

1s passageway wmeans in said body member for
providing a gas or fluid to the plastic material exiting
said orifice means. '

2. The device of c¢laim 1, wherein said
passageway provides gas or fluid at the intersection
20 between said tip member and said body member.

3. The device of claim 1 further comprising
cavity means in said tip member separated from said
plastic material passageway, said gas passageway provid-
ing gas into said cavity means, and further comprising

25 aperture means in said tip member for passage of said
gas from said cavity means into the mold cavity.

4. The device of claim 3, wherein said
aperture means comprises a plurality of thin slits.

“This Sheet Has Been Reﬂlaced
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rassagony and a1y Laac Pestte et K"HS“n{eﬂbéﬁ‘emdllllllﬂlllﬂlllgﬂllllﬂ||||

; attached to the ‘distal end of the bushing body 134 and forrfs &

' coni cal - woskasd cavity or space 148 adjacent the cavi t)pcqyugg-g{@oo’so
141. A gas passageway 150 is forned in the bushing body 134 and
opens into the edge or intersection 152- 38tween cavity 141 and cavi fty
148. The intersection 152 is preferably a thin annular slot or slit
which is enlarged _ - 16- fqr

illustration in Figure 7, but in reality has a width

5. The device of claim 4, wherein said slits
have a width in the range of 0.0001 to 0.0100 inches.

6. The device of claim 4, wherein said slits
are arranged in a radial pattern on said tip member.

5 7. The device of claim -3, wherein said
aperture means comprises a plurality of small openings -
having a diameter in the range of 0.0001 to 0.0100

inches.
8. The device of claim 7, wherein said
10 openings are positioned in concentric circles on said
tip member.
9. The device of claim 1 further comprising

an adapter member secured to said body member and
wherein said passageway is provided in said adapter
15 membex.

10. The device of claim 1 wherein said device
is a sprue bushing.

11. The device of claim 1 wherein said device
is a machine nozzle.

20 12. The device of claim 1 further comprising
an exhaust member positioned in said pin member for
exhausting said gas or £luid.
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"W on the order of .0001 to .0100 inches. The annul ar

*

can be machined in one or the other, or both, of the math

on the end of the bushing 5 body 134 and the tip nenber 146, or a slight
space can W ol gned to be present between the two menBETASHHIA0  _
they are threadedly secured together. Anot her alternate
enbodi nent of the present |nvent|0nass-shomn in Figure 8. The bushing
160 has a 10 head nmenber 162, a body or shank nenber 164, a tip

menber 166 threadedly attached to the | ower or distal end 168 of the
body menber, and a heater source (not shown) for maintaining the
plastic material in the bushing in a nolten condition. A novable pin
menber 170 15 is positiongd i the dewiceal oPpaskaipe\ywHekeiim d Feeorvedy-

rrenbe_r An enl ar gqg.onaq %mgﬁ glﬁdmﬁ)& t:{]se p%ﬁ%qlongadbgéwi% saitc{'et'ieq}ﬂ:e

menber mates with a£om on—0 the tip
nmenber 166 and actapdh$add godd gagity. whi ch opens and cl oses as deS| red
in order to selec- 20 tively allow or shut off the flow of plastic from

172 int t 46 t t
R e Jinto cavity 448 aifel def i) dANALLNCL Bhkner corg@idihd "

a filter member positioned in said passageway means.

15. A device for use in gas- or fluid-assist-
ed injected molding, said device comprising:

a body member having a first inlet end and a
second ocutlet end, a cavity means in said second end,’

10 and a first central material passageway extending from
said first end and opening into said cavity means;

a passageway in said body member for the gas
or fluid, said passageway opening into said cavity
means;

15 a plurality of disc members positioned in said
cavity wmeans;

said disc members having centré;l. apertures
forming a second central material passageway co-axially
with and extending from said first central passageway;

20  and '

said disc members having means for allowing
gas or fluid in said cavity means to pass into said
second central material passageway.

16. The device as set forth in c¢laim 15
25 wherein said cavity means has a manifold space adjacent
sald disc members.

17. The device as set forth in claim 15
wherein said disc members have thin slit passage means.

REPLACEMEN! . |

amrmmns &

AMENDED SHEET (ARTICLE 19)

This Sheet Has Been Reilaced 08 DEC 1997

M




SR A IRl O N Ao IR PR ) [ [T1 1]

- conmuni cation with the cavity 180 in order to supply gas froma
. pressure sour gfp bdidb7s shown) for use in the gas-assi st edp¢truseiiosno
* ol di ng process. A plurality of small slits or openings 184 are

provided in the end 186 of the tip nenberggl66 in order 30 to allow the
passage of gas fromcavity 180 into the

-17- nmold cavity. As indicated above, the slits or openings

whi ch are described in nore detail below with respect to Figures 9- 13
- have a sufficiently small size or :

18. The device as set forth in claim 15
wherein said disc members have at least one aperture
therein.

19. The device as set forth in claim 15
5 further comprising a pin member positioned in said
central passageway for mating with said second central
material passageway and acting as a valve member to
allow and prevent passage of a plastic material through

said second central material passageway.

10 20. The device as set forth in claim 19
further comprising an exhaust member positioned in said
pin member for exhausting said gas or fluid from said
mold cavity.

21, The device as set forth in claim 18
15 wherein said device is a sprue bushing.

22, The device as set forth in claim 15
wherein said device is a machine nozzle.

23. The device as set forth in claim 15
wherein a conventional bushing is positioned between
20 said device and said wmold cavity.

24, The device as set forth in claim 15
further comprising a filter member positioned in said
gas or fluid passageway.

25. The device as set forth in claim 15
25 wherein at least two disc members are provided, at least
one of said disc members being threadably received in

said cavity means.
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e he ol T rom piuggi na. or < ogarna < iner - o NI UL

are nunerous alternative designs for the slits or openlngs ih tlp
menber 166 for wiowwoarg the gas to pass fromcavity 180 potr@ssimesdo! d
cavity. By way of 10 illustration ‘and not limitation, several of -
t hese- alternative designs are showmmlatxnton1elevat|ona

views in Figures 9-13. In Figure 9, a series of radial- | y-arranged
slots or slits 190 are provided. In Figure 10, a series of generally
circular-arc-shaped slits 192 15 are provided. In Figure 11, curved
general ly radially- arranged slits 194 are provided. In Figures 12
and 13, a plurality of 260l eEheor deparengss 1%6tarﬁoﬁfpVh_Qerlﬂnt h15
nmany nore openi ngs i r qy.ded t

Figure 13 than in r%§§2930%?#5h%&aﬂ§ é%} %E?o ﬂﬁ fl%ﬂ% E?l??ss

slots, holes or opéRfRg§aidnsggond cen?%ﬁ%m%?ﬁ??%%kaRaqﬁag@mbersompraags

conventional manneef least emehthi: Eﬁidruhkenspaaacﬁbéugmbnéajyet@ggntQ@

l'i ke. Alsso, &ESsEUEQSVaéﬁaé?HH1 okl S, and their partic-
tip nme

ul ar arrangenent at the end of"t eer épends
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25 on a nunber of factors within the discretion and skill pf

persons skilled in the art (such-as the type of plastic material, the
viscosity of the plastic material, t he pressures of the gas and

pl asti c mat eri amo 989278y cl e tinme and steps, etc.) The operi1gs»706300
slits also could 30 have convergi ng, diverging, or parallel sides or -
surfac- es, as di scussed above.

-18 - O her enbodlnenaz of the invention are shown

in Figures 14-17. In Figure 14, the bus an 200 has a shank or body
menber 202 which has an end 204 which is positioned flush with a wall

of the nold 206 and corre-
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5 . sponding nold cavity.

208 in which is positioned a novable gate pin

‘menber 210 and bushi ng body 202

and 214, respectwO98/00278 | vel y. Axi al

not or 10 mechani sm (such as motor 24 shown in Figure 1) opens and

closes orifice 216 into the nold cavity ?
a

and prevents the flow of pl
pin and orifice are s

of illustra- 15 tion; |
situated closer togeth
and close the valve is
A cavity or threadeq%p
body nenber 202
pressuri zed gas throug
plurality of | dis
Figure 15 (enl arged <j
t hreadedl y secured

spaced apart in Figuresla
uBE practice, %

verthzy HD%SﬁE
1

have mati ng val ve gate surfaces 212
novenent of the pin nmenbePCIABYI03®

BAS materi
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The discs or washers 222 are thin circul ar pl ates, preferably of a

netal material such as steel, each of which have one or nore openings

or holes 224 and - a recess 226. A ridge of material 228 around the 30
‘perineter or edw@endozrshe di scs allows gas to freely f1low ROTMUSOTIOA00
t hrough the recesses 226. Al so, as shown in Fi gures 14 and 14A, the
outernost disc or washer 222' is prefgrably not provided with a
correspondi ng recess or V\D/gég 00278 :

PCT/ US97/-10300
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ridge, and also may or may not have any openings or
operation, gas from passageway 220
230 and passes through
through the 5 WQa¥M33des 226 into the, central
224' are also provided, then sonme gas wl|
the nold cavity.)
as thin :
can be provided. in one or both sides of eat

of the recessgn®r slitSPLAPTH £ y the
speci fi ed ab&\; S '
The gas or f ) J’ e

di sc.

t hrough the sape -=SS'geNdy [ lch 1t was
cavity. Altern t \{‘ellS | ( L3+ Aoabl e pi
provided in pip 21%'—-d ¢ : pved axi al
I ! ce2
200 1
y :’
7 I; '
VS RL
\E30
\ o
st il /128
. Y L LAE 224N
AR TS P N T
‘4MZZHU'A‘¢HZHﬂh‘I
SUB. e 2/ 204

222 F|Gl4

g2

hol es 224' . I n

enters chanber or manifold area
openings 224 in the series of discs 224 and
passageway 208. PCtAIK9710308S
al so fl ow
The recesses 226 are preferably forned
slits or slots between the stacked di sc nenbers 222 and 10

directly into

t hi ckness "T"

sane as the di mension

G0
-0 S or slots in the other enbodi nents.
@ .Wa S, 15 fromthe nol ded part

gduced into the nold
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ratated around its axis in order to rel ease the gas. 20 O her

enbodi nents of disc or washer nenbers 240 and 242 which can be
utilized with the present i-nvention are shown in Figures 16 and 17.
‘I'n these wobgaizrent s, the central recesses or slots are RODUSAELD3I00

‘into several portions or areas by raised supporting ribs 25 or ridges 244
and 246. The ribs or ridges provide . ds/()additional supporting structure
er

bet ween adj acent disc ers in or to insure that the thin slits
or slots - VO 98/ ( GAS
PCT/ US97/ 10300 N F%F
K 20"/
: N N—20"
- 56 N N
N 1 b T4
\ 4 N
N\
//é
k22~ /14
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-20- are maintained to prespecified dinensions. This all ows t he

desired anount of gas to flow through the standard di sc structure and
assists the injection nolding of the pl astic product in the nold
cavity. 5 w0 98/00278 The ribs or ridges could be formed on PCRUSI7/10300
washers by any conventional process. The ribs could be - enbossed by a
stanpi ng or machi ne form ng procedure. The ribs also could be forned
by grinding or machini ng away the argas betmeen then1 It is also
possible to 10 provi de washers with fluted or "wavy" profiles, whether
uni form or random The preferred enbodi ment of the
Fnvention at this time is shown in e 20. A valve gate bushing

250 has a central plastic materialrg
254 in the body or ‘
258 is located int
menber

y 252 and a 15 gas passageway
TOV X -vmvegme pi n memnber
al end 260 of the body

266 22
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has --a' cavity or bore 262. Two or nore disc or washer sﬁ Zf[ P. 13727
posktioned in the cavity 262. These 20 di sc nenbers 264% 300
di sc nenmbers 222 de- scribed above, with at |east one [REAMSHS JuN 1998
or hole - 224 and a central -recess 226, but w thout any external

threads. After the disc nenbers 264 are positioned in. . the cavity 262,
a further disc nenber 266 is threadedly 25 securéd-into the outer end of

the cavity 262 to hold the di SCSTl-tzﬁglit@ gLa%eo.ts in in_any o of f@i %r?]b(?fﬁln&fts

order to axially align openings 224 in
align themwith the end of  ©°f thasinvgetisp 3hawn and é&fﬁFéf‘?Pﬁio]PPa‘{elal F8RNeHte
mechani smor 30 techni que caddés wilith iazehonsertdings diverdingg piralbel r ot any

270. As shoul d be clear from %@ﬁe@%‘ﬁ%o@ﬁs%gﬁﬂmoeroiandom, stal€Sfary or move-

I men f the inv n| n, r |
enbodi ment's of the entio agqg '{:g)ee tyge selected depends on several factors,

including the speed and type of the gas or fluid being
utilized with the system.

Two additional embodiments for allowing gas to

enter a mold cavity through a hellow valve gate pin

10 member are shown in Figures 18A-18B and Figures 19A-19B..
1n each embodiment, the pin member 20''' has a central

gas passageway 56 which opens into a cavity or bore 114

in the enlarged distal end 116 of the pin member. In

_ Figures 18A-18B, a plurality of small rods or wires 118
is are tightly wedged or otherwise firmly secured in the
cavity 114 completely f£illing it. The longitudinal
spaces between the cylindrically-shaped rods allow gas

to flow from 'passageway 56 into the mold cavity angd aie
sufficiently small to prevent plastic from entering. In

20 Figures 19A-198, a thin strip of metal or similar
material 120 is wound into a tight spiral and tightly
secured in the cavity 114. The thin spaces between the

coils of the spiral allows gas to pass therethrough and

into the mold. If desired, it is alsec posgible to

"~ ' 25 provide a space or void between the rods 118 (Figures
18A-18B) and spiral 120 (Pigures 19A-19B) and the end

122 of the cavity 114 which creates a manifold for more

even distribution of the gas through the thin spaces and

into the meld. In this regard, a representative mani-

30 fold space 124 is shown in phantom lines in Figures i9A.

e
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WD 98/ 00278 - - PCT/ US97/ 103 771030
-21-° or washer nenbers to be utilized, the nunber gm%
or holes in each disc nmenber, the type of recess or r| d 0t91e’UN 1998

presence or absence of a manifold cavity bet ween passageway 254 and

t he stacked disc nenbers, 5 depends on the discretg-on and experience of

t he opera- tor. - As with the other enbodinents

descri bed above, ~ the slfersildusppasicag Figwe bebthedh Tofdifiadiigrg width
coul d. have, dependi ng om+t&e thaSorded ¢ 0oews tut idliozeihchesn- Th® annular

fange of 0.0003 19 0. 0700 'ngq“é”{’% PO (b AERRL A n one SFICRS. iess or
by enbossi ng, grinding or any°th: ©f (S‘Pﬁe'FatéBﬂv"éﬁlfPf)ﬁl°np’f’?fc§§ °Pth°0b“rr?‘m9

L] body 134 and the tip member 146, or a sl:.gh: space can
' be designed to be present between the two members when
they are threadedly secured together. '

Another alternate embodiment of the present
invention is shown in Figure 8. The bushing 160 has a
10 head member 162, a body or shank member 164, a tip
member 166 threadedly attached to the lower or distal’
end 168 of the body member, and a heater source (not
shown) for maintaining the plastic material in the
o~ : bushing in a molten condition. A movable pin membe_r_ 170
15 is positioned in a central passageway 172 in the body
member. An enlarged end member 174 on the distal end of
the pin member mates with a portion of the central
cavity 176 in the tip member 166 and acts as a valve 128
which opens and closes as desired in order to salec-
20 tively allow or shut off the flow of plastic from
passageway 172 into cavity 176 and in turn intoe the mold
cavity (not shown). The tip member 166 has an annular-
shaped cavity 180 for assisﬁing in introducing gas into
the mold cavity. A gas passageway 182 in the bushing
25 body 164 is in fluid communication with the cavity 180
in order to supply gas from a pressure source {(not
shown) for use in the gas-assisted injection melding
process. A plurality of small slits or openings 184 are
provided in the end 186 of the tip member 166 in order

30 to allow the passage of gas from cavity 180 into the

Yy
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1t is also preferred to provided filters in 15 the gas or{ ] m9rﬂé
and outl et passageways in order to provide and/ or capt UWWS%&Q 0N 1398

as clean or pure formas possible. Such a filter is sho

exanpl e, in Figure 20 and-designated by the reference numeral

253. Also, for renoval of the gas fromthe nold cav tiy, 20 the pin 258
could have a small di aneter novabl e second A renber (simlar to pin

211 shown in Figure 14) me0ai dadhvppd hf'%'nd?cdt@d abble, Tae0id tBi & BRI
coul d be adapted to be m)vgd axi aI e¥c L oitna <?zgle géouridbelltg XS respect
in order to open a passageway fOr ex aus Fﬂ 7 i

still further embodi nent of te FATETRS; @n1¥ s" have 3sHB§ﬁ°P-ﬁntIﬂ|Ygl§F'é1215”i°n or
this schematic represent ati ondimensionaibushiergtdSibthaslew body pleedier matédiaa

central passage- way 284:;16%@ Bebidy TRIDRNe 28a f Bi‘lﬂé' 9 or  Sosgine

preferably Is a val ve gate bushing with a novabl e pin nmenber

and gated orifice 290. GGas f 5P%Phe gas-assi sted inj.ec- tion nolding
.process is introduced into the central passageway by adapter nenber
‘or plug 292. The adapter There are numerous alternative designs for the

slits or cpenings in tip member 166 for allowing the gas

to pass from cavity 180 into the mold cavity. By way of

10 illustration and not limitation, several of these.

alternative designs are shown in bottom elevﬁtional

views in Figures 5-13. In Figure 9, a series of radial-

ly-arranged slots or slits 190 are provided. In Figure

10, a series of generally circular-arc-shaped slits 192

15 are provided. In Figure 11, curved generally radially-

arranged slits 194 are provided. In Figures 12 and 13,

a plurality of holes or openings 196 are provided, with

many more openings 196 being provided in the embodiment

. shown in Figure 13 than in the embodiment shown in

20 Pigufe 12. The sglits, slots, holes or openings can be

- formed in the tip members in any conventional manner,

such as by drilling, machining, EDM, and the like,

Also, the number of openings or slits, and their partic-

ular arrangement at the end of the tip member, depends

25 on a number of factors within the discretion and skill

of persons skilled in the art (such as the type of

‘plastic material, the viscosity of the plastic material,

the pressures of the gas and plastic material, the cycle

time and steps, etc.) The openings or slits also could

30 have converging, diverging, or parallel sides or surfac-
es, as discussed above.
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-22- menber is connected to a primry gas passageway NG

aut-ce y
of pressurized gas (not shown). The adapterwr‘\’a ‘gJN 198

plurality of small di aneter hol es or channels 294 (two bei ng shown by
way 5 of exanple in Figure 21). Alternately, thggchannels 294

coul d be replaced by one annul ar channel in the adapter 292. The ends
of the holes or channels have a size @iher embodiments of the invention are shown -

in Figures 14-17. In Figure 14, the bushing 200 has a
shank or body member 202 which has an end 204 which is
positioned flush with a wall of the mold 206 and corre-
] sponding mold cavity. The body member has a central
passageway 208 in which is positioned'a movable gate pin
member 210. The pin member 210 and bushing body 202
have mating valve gate surfaces 212 and 214, respect-
ively. axial movement of the pin member 210 by a motor
10 mechanism (such as motor 24 shown in Figure 1) opens and
closes orifice 216 into the mold cavity and thus selec- .
tively allows and prevents the flow of plastic material
into the mold cavity. The pin and orifice are shown
spaced apart in Figure 14 simply for ease of illustra-
1s tion; in actual practice, the pin and orifice are often
= situated closer together and the vertical movement of
) the pin to open and close the valve is on the order of
0.10 to 0.20 inches.

A cavity or threaded bore 218 is provided in
20 the end of the bushing body membexr 202. A gas passage-
way 220 provides a source of pressurized gas through the
bushing body and into the cavity 218. A plurality of
discs or washer members 222 - which are better shown in
Figure 15 (enlarged view) and in Figure 14A (cross-

2s section) - are threadedly secured in the cavity 218.

The disce or washers 222 are thin circular
plates, preferably of a metal material such as steel,
each of which have one or more openings' or holes 224 and
a recess 226. A ridge of material 228 arocund che

30 perimeter or adge of the discs allows gas to freely flow
into and through the recesses 226. Also, as shown in
Figures 14 and 14A, the ocutermoat disc or washer 222' is
preferably not provided with a corresponding recess or




di anet eummmmm ﬁ" e sanme as the gas introduction s
descri b " , mn regard, the adapter 10 292 can b gs J 199!
any of tHe VYartous enbadi ments and nechani snms descri bed w
respect to allow ng entrance of the injection gas into the plastic

flow or nold cavity and at the sanme tinme preventing back flow,

cl ogging or plugging of the plastic into the openiﬁ&é? 15

The foregoing discussion discloses and descri bes exenpl ary

enbodi ments of the present inwgde 1s claiphiQfek: One skilled in the art wll

readi ly recognize from such di scussion, and fromthe acconpanyi ng

dr aw ngs and clains, that vari ous changes, nodification and 20

variations may be made therein withoutt-dephrdeVage ficsnpse in sagrasshptad inier-

scope of the invention as deftixd mohdirge said detvide omigngsidgi ns.
a body member having a first inlet end and a
5 gsecond outlet end, a cavity in said second end, and a
first central material passageway extending from said
first end and opeﬁing into said cavity;
a passageway in said body member for said gas,
said gas passageway opening into gsaid cavity;
10 . a plurality of thin substantially planer disc
members positioned in said cavity;
said disc members each having central aper-
o tures therein forming a second central material passage-
way co-axially with and extending f£rom said first
15 central passageway; and
said disc members having radially extending
openings therebetween for allowing gas in said cavity to
pass into said second central material passageway; |
said cpenings having a thickness of between
20 0.0001 to 0.0100 inchea and being sufficiently thin to
 prevent entry of a molten plastic material therein, but
having sufficient size to allow passage of gas.

2. The device as set forth in claim 1
wherein said cavity has a manifold space adjacent said
- 25 disc members.

3. The device as set forth in claim 1
wherein said openings are thin slit passages.
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a body nenber havi ng ff'rst inlet end and a 5 second ou LéSd, 9aJUN 1993

cavity in said second end, and a first central material passageway
extending fromsaid first end and opening intg,said cavity;

a passageway in said body menber for said gas, sai d gas passageway
opening into said cavity; 10 a plurality of thin substantially
pl aner disc menbers positioned i safhg cdeviies; as set forth in ciyim) 1

di sc nmenbers each having cent&ﬁéreaaea: least orleUsE SaldaliRk Mmdndept Nsaa seand
central materi al passage- apert e t %I glfﬂ% g\égsgge aJ}dggg(t esgga%coixéoa@er-

said first
ture being positioned radially offset from said central

5 aperture.

5. The device as set forth in claim 1
further comprising a pin member positioned in said
central passageway for mating with said second central
material pagsageway and acting as a valve member to

10 allow and pravent passage of a molten plastic material -
) through gaid second central material passageway.

6. The device as set forth in claim 5
further comprising an exhaust member positioned in 'said
pin member for exhausting said gas through said pin

15 member.

7. The device as set forth in claim 1
wherein said device is a sprue bushing.

8. The device as set forth in claim 1
wherein said device is a machine nozzle. ’

20 9. The device as sget forth in claim 1
further comprising a filter member positioned in said
gas passageway.

10. The device as sget forth in cl;im 1

wherein at least two of said disc members are provided

25 and at least one of said disc members is threadably
received in said cavity.

o e—— tam—. om— —— — o—
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radl- al | jmmlmenmml ogggl ngs therebet \/\/eenS?i)Ei g: isgvmmﬁg sél 20 }Pdﬁﬁ

cavity tor ¢ L pmsssimo said second central material pass S v 9 JUN 1398
sai d openi ngs having a thickness of between 20 0.0001 to 0.0100 inches
and being sufficiently thin to prevent entry of a nolten plastic
mat eri al therein, but havi ng sufficient sizegyto all ow passage of gas.
2. The device as set forth inclaim 1 wherein said cavity has a
mani f ol d space adj acent said 25 di sc nenbers. The
device as set forth inclaiml 11. yhefeYife s&PT WiSerings 9afe P’Fn Rludc-
passages. assisted injection molding process, said device compris-

ing:

a body member having a central passageway and
5 a first valve means therein;

a pin member movably positioned in said
passageway and having a second valve means thereon for
meeting with said first valve means for preventing
passage of plastic material through the body member;

10 a2 tip member secured to the end of said body -
member, said tip member having a passageway and orifice
mfnber tharein for passage of plastic material therethr-
ough into a mold cavity; and
' passageway means in said body member " for

15 providing a gas or £luid to the plastic material exiting
said orifice member;

said passageway means providing gas or fluid
at the intersection between said tip member and said

body member.

20 ' 12. A device for use in a gas- or fluid-
assisted injection molding process, said device compris-
ing:

a body member having a central passageway and
_ a f£irst valve means therein;

25 ~a pin member movably positioned in said
passageway and having a second valve means thereon for
meeting with said first valve means for preventing
passage of plastic material through the body membez";
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therein fol passagd of gas, said segond aper - ture bei Eaﬂggbqq?gg 1998,

radially offset fromsaid central aperture.

device as set forth in claiml further conprising a pin menber
positioned in said - central passageway for nmafng with said second
central mat eri al passageway and acting as a val ve nenber to 10

al low and prevent passage of a nolten plaS{smbelBetlidd to the eharwgaiaeuaéy
second central material passag&:er ‘said tip member havin 6. ;rah ewg. and orffi
set forth inclaim 5 ' P ing a passageway ce
member therein for passage of plastic matexial therethr-
ough into a mold cavity; and
s passageway means in said bedy member for
providing a gas or £fluid to the plastic material exiting
said orifice member;
cavity means in said tip member separated from
said plastic material passageway, said gas passageway
10 providing gas into said cavity means; and
. aperture means in said tip member for passage' .
of said gas from said cavity means into the mold cavity.

13. The device of claim 12 wherein said
aperture means comprises a plurality of thin alits.

15 14. The device of claim 13 wherein said slits
have a width in the range of 0.0001 to 0.0100 inches.

15. The device of claim 13 wherein gaid slits
are arranged in a radial pattern on said tip member.

- 16. The device of claim 12 wherein said
20 aperture means comprises a plurality of small copenings
having a diameter in the range of 0.001 to 0.100 inches.

17. The device of claim 16 wherein said
openings are positioned in concentric circles on said
tip member.
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The device *as®sét forh’ *I'n ‘claim 1 wher ei n said dwu&% é""“c
bushi ng.: 8. .. The device as set forth  in clarmi1- -
wherein said deV|ce I's a machi ne nozzl e. 20 9. The device

as set forth in claim 1 further conprising?a filter nenber
positioned in said gas passageway. 10. The device

as set forth inclaim1l wher ei n ?at | fAShed R & c§§:_'md |f§gt,{)£g%§1§{rg
provi ded 25 and at |east one of sald disc nenbers Is t e%g

received in said cavity. an adapter member secured to said bo ember and

wherein said passageway means is provided in said
adapter member.

5 19. The device of claim 12 wherein said
device is a sprue bushing.

20; The device of claim 12 wherein said
device is a machine nozzle. :

21. The device of claim 12 further comprising
i0 an exhaust member positioned in said pin member for
exhausting said gas or fluid.

-

22. The device of claim 12 wherein a convent-
ional bushing member is positioned between said device
and said mold cavity. '

1s 23. The device The device of claim 12 further
comprising a filter member positioned in said passageway
means .
2




_25. 11. A device for use in a gas- or fluid- jasgo039500 19,27

assi sted injection nolding process, said device conpris- ST w7/
a body nmenmber having a central passageway and 5 a first v vce% /1030
t her ei n;. a pin nenber novably positioned in s S Qg JUN ]99&
meet iMg mnt

passageway and having a second”val ve means thereon for
- passage of plastic material *

sal d first valve neans for preventing
through t he body nenber; 10 a tip nmenber secured to 4 he. end of--

-~

'sai d body. menber, said tip menber having a passageway and orificg/-.sy
' s 24 :
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rrénber therein for passage of plastic material therethr- %'U . 15482 3;?%2 gp'éaf;

nol d cavity; and passageway neans in said er —
15 providing a gas or fluid to the plastic material exit _M-.Q,O%aj'ﬁ‘i 1938,
orifice nmenber; ~ sai d passageway neans providing gas or fluid-="

i njection nolding process, saig
body menmber having a central {J

at the'intersection between said gas menber apgl said Ba®y nenber.
20 12. A devi C?Ochj%éi n a gas- or fluidé. 5%ssi st ed
i .

é co | S- I ngf: a
hay agv%y 78 a firSis\Viad'vE seans :

therein; 25 ' a ptfnA sai d
passageway and having-a sd&bﬂp/val
said first valve nmeans for p ent
t hrough t he body nenber; //
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- 26- ‘a tip menber secured to the end of Sf_li pdaipeessez P13z
menber, said tip nmenber having a passageway and orifice D iioenber /10300
therein for passage of plastic material therethr- ougm‘?Saorg)UUN-m
cavity; and 5 passageway nmeans in said body ne r-1or .
providing a gas or fluid to the plastic material exiting said orifice
nmenber ; cavity nmeans in bd tip nenber separated from

said plastic material passageyasy paésageway 10 provid(ng, 25
into said cavity nmeans; ang” rture paeans<trosS dA %
menber for passage 6f &3 ,M\u-,\ cavi W N
cavity. ’



13. The device of clai'm12 wherein said aperture s conprroce g b2
plurality of thin slits. 15 14. The devi I i?na(]!éﬂﬁOd__
wherein said slits have a width in the range of 0.00PFAID010Q!N 1998

I nches. 15. -The device of claim 13 where said slits

are arranged in a radi aagatterppea t}d&’l mentfér . 16.

' 7t ur e means conprises a

The device of claim 12 g.f‘ Y. 36
plurality of small operni®gs / in the range of 0.001
to 0.100 inches. ‘

openi ngs are positioned

e,
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- 27- 18. The device of claim 12 further co rilsi n 227

5 ‘ g 3
an adapter nenber secured to said body nenber and V\her{éi.-m;’@ﬁi a7/ 1030Q
passageway neans is provided in said adapt er nenber.

19. The device of claim 12 wherein said device is a'PséMJsog%l‘w& ‘ggaj '

20. The device of claim 12 wherein said device is a machi ne nozzl e.
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21. The device of claim12 further conprising 10
positioned in sai d pi n menber for
22. The device of claim 12 wherein a convent-
positi oned between said device

23. The device The device of cl ai
menber positioned in said passagew

Esfurtheglg
neans.

20 24

an. ex
exhausting said gﬁg

eriith 1988,

conpr|5|ng afilter
GAS

i onal Qhrn

and said nold cavity.
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