Office de la Propriete Canadian CA 2244762 C 2002/05/14

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 244 762
Un organisme An agency of | 12 BREVET CANADIEN
Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 1998/08/11 (51) CL.Int.%/Int.CI.° B29C 45/18, B29C 45/58, F16K 3/30
(41) Mise a la disp. pub./Open to Public Insp.: 1999/02/14 (72) Inventeur/Inventor:
(45) Date de délivrance/lssue Date: 2002/05/14 TENG, Alex; GA
(30) Priorité/Priority: 1997/08/14 (08/912,950) US (73) Proprietaire/Owner:

HUSKY INJECTION MOLDING SYSTEMS LTD., CA
(74) Agent: SMITH, DEREK K.W.

(54) Titre : OBTURATEUR DE VANNE
(54) Title: VALVE GATE ASSEMBLY

i \ 13 /10
, = EINN
7 =i - 2 >

a0

’

s NN %
\\%/ o,
o 56
:
[ovrssresss o /
77777 ,

M\\\&\\\\\\\\\

(57) Abregée/Abstract:

A valve gate assembly including a movable valve stem for guiding molten resin to a molding area, a nozzle body portion
enclosing the valve stem and a mold cavity for receiving molten plastic to form a molded part formed between cooperating first
and second mold halves. An Injection orifice Is provided downstream of the valve stem communicating with the mold cavity for
transfer of the molten plastic to the mold cavity, and a movable core pin Is provided contacting the valve stem and movable
between a forward position opening the injection orifice and a rearward position closing the injection orifice.

SEaoReE /[ [ ]
T N
N [ /[ 4
Ry
N

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02244762 1998-08-11

A valve gate assembly including a movable valve stem
for guiding molten resin to a molding area, a nozzle body
portion enclosing the valve stem and a mold cavity for
receiving molten plastic to form a molded part formed
between cooperatihg first and second mold halves. An
injection orifice is provided downstream of the valve stem
communicating with the mold cavity for transfer of the
molten plastic to the mold cavity, and a movable core pin is
provided contacting the valve stem and movable between a
forward position opening the injection orifice and a

rearward position closing the injection orifice.
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BACKGROUND OF THE INVENTION

This i1nvention 1s directed to a valve gate assembly for the
injection molding of high quality molded articles of various
shapes, and more particularly, to an assembly for the
molding of molded articles which permits a better filling
pattern of the mold cavity to make a substantially stress
free part. The  present invention also provides an
efficiently operating valve gate assembly, especially in
combination with a system for guiding molten resin to a

molding area.

U.5. Pat. No. 5,162,125 shows a large diameter valve gate
having an annular filling passage. However, the design of
this patent uses springs to close the annular filling
passage, and opens by the forward motion of the machine
nozzle contacting the sprue and compressing the spring.
Thus, the wvalve head moves forward into the part to allow
filling and retracts away from the part to close, leaving a
space between the valve head and the part. Although a hole
1s not cored in the part, the wvalve head is used to form an
annular projection 1n the part. In the open position, the
melt flows through the comparatively wide annular passage.
While this 18 an effective device, it 18 desirable to

develop an improved system.

U.S5. Pat. No. 4,368,028 teaches using a core pin to form a
hole 1n a part opposite a fixed "torpedo" in a hot runner
nozzle wherein there 18 a conical projection and a matching
conical depression on the core pin and torpedo to cause them
to engage and remain aligned during molding. However, there

1s no teaching of closing the gate opening.
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As 1s known 1in the art, during injection molding of articles

such as PET preforms, unidirectional molecular orientation

and weld lines are difficult to avoid using previously

developed hot runner valve gated nozzle designs. This defect

F

of these designs presents a major source of concern as such

weld lines and unidirectional orientation are potential
causes for the weakness of a blown PET bottle that may
subsequently be filled with a carbonated beverage under
pressure, thereby 1ncreasing the risk of a container
rupture. In addition, weld 1lines may also reduce the
strength or have an adverse effect on the dimensional
accuracy of 1njection molded precision parts such as gears,
which have a central hole, especially those used for high
load applications. Also, for articles used in optical

applications, such as the compact disc (CD) and digital

video disc (DVD), weld 1lines and unidirectional molecular
orientation 1induce birefringence, which is an unacceptable
defect given the fact that information carried by pits
embedded 1n the surfaces of these discs has to be retrieved

by passing a laser beam through the plastic substrate from

which they are formed, from a side 1located opposite the

pits. Injection molding of CDS and DVDs 1s even more
challenging, considering that both of these molded articles
must have a precisely located central hole. Ideally, CDS and
DVDs should be molded using a sprueless injection process in
order to save plastic resin, reduce the cycle time and

simplify the design of the mold and the injection molding

machine. The former developments in the art, however, fail

to teach such a system and more particularly, fail to teach

a hot runner wvalve gate nozzle and mold, and method which

are capable of spruelessly producing CD's and DVD's with an
acceptable birefringence level and within tight geometrical

tolerances.
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Prior developments in the molding art discuss various method
for producing plastic articles which do not present weld
lines or unidirectional molecular orientation.

However, these method do not provide satisfactory results

with regard to using hot runner manifolds and nozzles.

some of the more pertinent developments 1in the art are

discussed as follows.

With the intent to reduce the contact between the movable
stem and molten resin so as to prevent the appearance of
weld lines caused by splitting of the molten resin around a
valve gstem, U.S. Pat. No. 4,412,807 to York discloses a
valve stem located parallel to the flow of the molten resin.
The wvalve stem therein has very limited contact with the
resin which 1s very close to the nozzle tip. While weld
lines are reduced using this design, a substantial core
shift 1s introduced because the flow of the

resin 1s not symmetrical with respect to the cavity gate and
there 1s a tendency for the resin to preferentially fill one

side of the cavity faster then the other.

Similar to York, U.S. Pat. No. 4,925,384 to Manner discloses

a hot runner valve gate which also includes a wvalve stem

positioned parallel to the flow of the molten resin.
However, this stem 1s only 1in partial contact with the

molten resin along the inner melt channel of the hot runner

nozzle. The melt does not fully surround the stem, thus
giving a slight 1improvement with respect to the appearance
of weld lines. However, since the melt channel 1is again

laterally shifted with respect to the cavity gate, some weld

lines and core shift still appear. In addition, guiding the
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stem only by the upper portion thereof represents another

drawback of this system.

Further, U.S. Pat. No. 5,104,307 to Brink teaches a wvalve

gate stem that makes an angle with respect to the flow of

the molten resin and acts upon a ball shaped closing pin. By
using this design, there is no contact between the stem and
the resin. However, this design clearly increases the size
of the hot runner nozzle, 1is very difficult to seal with
respect to leakage around the ball shaped pin, and cannot be

e |

used 1n many applications such as in cases where molded

articles are to be formed having a precisely located central

hole.

Another approach to improve the quality of plastic articles
and to prevent the formation of weld lines has been to use
non-valve gated hot runner nozzles, as disclosed in U.S.
Pat. No. 4,965,028 to Maus et al. An extended reference list
to patents directed to this type of approach 1is also
discussed 1n this patent. Maus et al. discloses and claims a
melt conditioning elements comprising heating, filtering and
mixing features located just upstream of the molded gate.
These features are proposed to improve the quality of the
melt and accordingly, the quality of the plastic article to
be molded. This mixing feature as disclosed and Maus et al.
1s not entirely new to that disclosure and reference 1is
accordingly made to German Patent Application DE3201710 Al
of Gellert.

Gellert teaches a generic twisted strip 1located 1in the
nozzle which 1s used to produce turbulence and to reduce
uniaxial properties 1in the molded articles. The mixing

element of Gellert 1s not very effective since it does not
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split and remix the molten resin flow aggressively enough to
prevent the formation of weld lines, which are caused by the
splitting and twisting of the incoming stream of molten
resin 1nto multiple streams that reach the cavity. The melt
conditioning element of Maus et al. 1is, however, more
effective as a mixer but causes a relatively high and
nondesirable pressure drop that increases the cycle time of
the 1njection molding machine. For both of the hot runners

disclosed 1n Maus et al. and Gellert, valve gate stems are

not used and accordingly, these devices have a substantially

limited range of application.

Sti1ll another approach for avoiding the unidirectional
molecular orientation of melt 1is shown in several patents
which teach different manners for inducing helical movement
to the molten resin around the stem of a hot runner wvalve
gate. Accordingly, reference 1is made to U.S. Pat. No.
4,303,382 of Gellert that teaches three helical channels
located 1in the inner wall of the nozzle that surrounds a
valve stem. These channels end up just prior to the tip of
the nozzle and are used to impose a curving motion to the

melt when 1t enters the mold cavity. While this design will

avoid unidirectional molecular orientation of the molten
resin, 1t will not prevent the formation of weld lines since
the three streams of molten resin are not mixed together

pbefore entering the cavity.

Other molding applications require the 1inducement of

g

circular or helical movement of the molten resin where the

molten resin must have a very limited amount of contact with
the stem of the wvalve gate. Such applications include the
simultaneous coinjection of several molten resins to a

common gate. For example, reference 1s made to U.S. Pat. No.
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4,512,730 of Kudert and U.S. Pat. No. 5,143,733 of Von
Buren. Kudert teaches a complex hot runner nozzle design
concept wherein the annular flow profile of each molten
resin that arrives in the hot runner nozzle is transformed

into a circular or helical profile that is totally separated

from the wvalve gate stem. By inducing concentric movements
of each 1individual resin for their simultaneous injection,
the combined stream entering the cavity mold would fully
surround each nozzle and accordingly, the lavers .of the
streams fi1ll the entire cavity. Von Buren teaches a
different valve gate hot runner nozzle for coinjecting three
resins through a single mold gate, wherein only one of the
resins follows a quasi circular flow. With reference to FIG.

3, channel (104) has a helical profile that allows one thin

stream of resin to fully surround nozzle body (83) for
causing the same to reach the gate as a complete symmetrical
molten resin stream. Neither Kudert nor Von Buren teach a
valve gate hot runner that is capable of effectively mixing
and homogenizing a single stream of molten resin so as to
prevent the formation of weld lines in the final molded

product.

With reference to U.S. Pat. No. 4,340,353 to Mayer, U.S.
Pat. No. 5,324,190 to Frei and U.S. Pat. No. 5,460,763 to
Asai, several sprueless 1injection molding methods for
manufacturing compact discs having an accurate central hole
are disclosed. However, no provision 1is made to avoid the

appearance of weld lines or to avoid unidirectional

molecular orientation of the melt. Specifically, Mavyer
teaches a plurality of radially outwardly and angularly
spaced extending arms (76) and (78) used to guide a wvalve

stem (74) along two sections. These arms, together with flow

opening (89) represent obstructions of the incoming flow of
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molten resin, toward the mold cavity, which generate several
melt 1lines that are wvisible wusing polarized 1light. Less
visible weld lines are expected to be generated using the
design taught 1n Frei and Asai since they do not have these
kind of guiding arms disturbing the flow of the resin.
However, neither patent teaches any means to recombine the
individual streams of molten resin after they are split and
prior to entering the cavity gate, so as to provide a viable

solution for avoiding the appearance of weld lines.

All three of these patents teach different methods and means
to form a central hole in a time efficient and simple manner
without discussing the high potential in each for injecting
compact discs that have weld 1lines and unidirectional

molecular orientation 1n the solidified resin.

The difficulty which arrives in removing weld lines caused
py the 1interruption or splitting of the flow of plastic
material 1s emphasized in U.S. Pat. No. 4,942,010. In this
patent, a simple but very limited mixing solution for
reducing weld lines 1s disclosed. Further disclosure which
indicates the difficulty in eliminating weld lines is found
in U.S. Pat. No. 4,584,154 discussing that polycarbonate, a
material frequently used in molding CDS, is very sensitive
to the formation of weld lines caused by the first splitting

and then reuniting of separate streams.

There exists a need, therefore, for an apparatus for use in
sprueless 1njection molding operations for molding high
quality molded parts, and particularly, high quality molded
parts having a precisely located central hole, wherein the
molded part 1s substantially free of solidified resin having

unidirectional molecular orientation and which 1s also free
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of weld 1lines. There is a particular need for such an

apparatus with an efficiently operating valve gate assembly.

SUMMARY OF THE INVENTION

The primary object of this invention is to provide an

improved apparatus for the sprueless injection molding of

high quality plastic articles.

Another object of this invention is to provide an apparatus

that permits a better filling pattern of the mold cavity to

make a substantially stress free part.

Yet another object of this invention 1is to provide an
apparatus for the i1injection molding of high quality plastic
articles using an efficient and expeditious valve gate

assembly.

Further objects and advantages of the present invention will

appear hereinbelow.

The foregoing objects and advantages are obtained 1in
accordance with the process and valve gate assembly of the

present 1nvention. The valve gate assembly comprises: a

movable wvalve stem for guiding molten resin to a molding
area; a nozzle body portion enclosing said wvalve stem;
channel means for molten plastic enclosed by said nozzle
body; a mold cavity for receiving molten plastic to form a
molded part formed between cooperating first and second mold
halves; an 1njection orifice downstream of the wvalve stem
communicating with said mold cavity and channel means for
transportation of molten plastic from the channel means to
the mold cavity; and a movable core pin contacting said

valve stem and movable between a forward position opening
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sald 1njection orifice and a rearward position closing said

1njection orifice.

The wvalve stem 1is situated in the first mold half, and the
core pin 1s situated in the second mold half. The valve stem
1s movable from a forward position blocking said injection
orifice to a rearward position opening the injection
orifice. The core pin 1is operative to move the wvalve stem

from a forward position to a rearward position.

The wvalve gate assembly of the present invention 1is
particularly advantageous when the valve stem includes an
input area for receiving the molten resin, a central area
following the input area for processing the molten resin and
an output area following the central area for connection of
the nozzle with the molding area. The central area includes
a first zone for splitting the molten resin into a plurality
of streams, a second zone for mixing and homogenizing the
molten resin, and a third zone for combining the plurality
of streams and forming recombined molten resin for

subsequent direction 1n a homogenized state to the output

area. The nozzle further includes a nozzle body portion for
enclosing the valve stem, wherein the nozzle body portion

1includes means for heating the resin.

The details of the present invention are set out in the
following description and drawings wherein 1like reference

characters depict like elements.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of a wvalve gate nozzle

according to the principles of the present invention for use

with an injection molding machine and an associated nozzle

10
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for making molded articles having a precisely located

central hole, such as compact and digital video discs:;

FIG. 1A 1s a cross-sectional view of one embodiment of the

entrance opening arrangement of the valve stem shown in FIG.

1;

FIG. 1B 1s a cross-sectional view of another embodiment of

the entrance opening arrangement for the valve stem shown in

FIG. 1;

FIG. 2 1s a cross-sectional view of another embodiment of a
valve gate nozzle in accordance with the principles of the
present 1invention for use in conjunction with an injection
molding machine for making molded articles which are free of

weld lines and/or unidirectional molecular orientation:;

FIG. 3 1s an elevated and partially cross-sectional view of

a valve gate stem 1in accordance with the principles of the

present 1nvention;

FIG. 4 1s an elevational and cross-sectional of another
embodiment of a wvalve gate stem 1in accordance with the

principles of the present invention;

FIGS. 5A-5D 1llustrate the method steps for forming a high

quality molded article, such as a compact or digital wvideo

disc, 1in accordance with the principles of the present
invention using the hot runner valve gated nozzle shown in

FIG. 1;

FIG. B5E 1s an enlarged sectional view of the open gate for

allowing molten resin to be injected into a mold cavity for

11
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forming a precision molded article such as a compact or
digital video  disc, 1n accordance with the method

1llustrated in FIG. S5A-5D:

FIGS. 6A and 6B 1llustrate a method for molding precision
gears 1in a single cavity mold using a hot runner valve gated
nozzle as shown in FIG. 1, in accordance with the principles

of the present invention;

FIG. 7 1s a partially cross-sectional view of a multi-cavity
mold and hot runner manifold comprising a hot runner valve
gate 1n accordance with the principles of the present
invention, and which includes a wvalve gate stem and a

mechanism for actuating the valve gate stem;

FIG. 7A 1s a cross-sectional view of one embodiment of the
entrance opening arrangement of the wvalve stem shown in FIG.

7, similar to that shown for FIG. 1A;
FIG. 7B 1s a cross-sectional view of another embodiment of
the entrance opening arrangement for the valve stem shown in

FIG. 7, similar to that shown for FIG. 1B;

FIG. 8 shows the mold closed and the valve gate assembly of

the present invention in the open position for injection;

FIG. 9 1s similar to FIG. 8 and shows the mold open and the

valve closed; and

FIG. 10 shows a split view of the details of the wvalve gate

assembly of the present invention, with the 1left half

—

showing the valve open and the right half showing the valve

closed.

12
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to the drawings in detail, there is shown in
F1G. 1 a cross-sectional view of a hot runner valve gate,
designated generally as 10, as it works actuated and in
conjunction with machine nozzle 11 of an injection molding
machine (not shown), in accordance with the principles of
the present invention. In general, hot runner valve gate 10
comprises injection nozzle 13 and includes a valve gate stem
12 located in an elongated cylindrically shaped nozzle body
14, wherein nozzle body 14 is made of a heat conductive
material and 1is surrounded by lower heating elements 16 and
upper heating elements 18, which are used to maintain the
molten resin at the optimal temperature required by the

1njection molding process.

Valve gate stem 12 includes an inner melt conduit 20 which
allows for the free access of the injected molten resin
inside the nozzle body 14. As is further shown generally in
FIG. 1, wupper heating elements 18 are surrounding by a
spring 22 which 1s used to maintain a tightly sealed contact
between the entrance end 24 of valve gate stem 12 and a
molten resin sequential feeding device, such as injection
molding machine nozzle 11, for feeding resin into inner melt
conduit 20. During the injection molding process, valve gate
stem 12 1s axially displaced within nozzle body 14 so as to
allow the flow and shut off the flow of molten resin into

the cavity mold 42.

Valve gate stem 12 1n accordance with the principles of the

F

present 1nvention includes a plurality of innovative design

features which contribute to the substantial elimination of

weld lines and/or of unidirectional molecular orientation of

13
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the molten resin used to form a molded plastic article.

Referring to FIG. 2, valve stem 12 is shown as including a
plurality of functional axial zones which are used to
substantially accomplish the elimination of weld lines
and/or the disruption of unidirectional molecular
orientation of the resin therein, in the final molded
product. In accordance with the following description, the

plurality of functional zones uniquely function

together 1n creating a stream splitting, three-dimensional
mixing and recombination technique for substantially
homogenizing molten resin flowing adjacently thereto. These
zones 1nclude radial splitting zone R, first mixing zone M1,
second mixlng zone M2, straight zone S, and flow cut-off

zone Q.

Accordingly, and also referring to FIG. 2, molten resin

enters under pressure inner melt conduit 20 and travels

substantially undisturbed over a distance L until it reaches
a radial melt sgplitter 26 in a first radial splitting zone
R. Melt splitter 26 has been specially designed to provide
substantially no pressure drop of the molten resin
downstream of melt conduit 20 and thus to maintain a high
molding cycle time. In one preferred embodiment, melt
splitter 26 comprises a plurality, and in this embodiment,
preferably three annular melt conduits 28, 30 and 32,
defined 1initially by entrance openings 33, as shown in FIGS.
1A and 1B. These conduits 28, 30 and 32 are angularly spaced
1n valve stem 12. All three conduits 28, 30 and 32 of radial
melt splitter 26 are 1in direct fluid communication with

outer surface 34 of valve gate stem 12.

As shown 1n FIG. 1A, the molten resin may be split into at

least two, and preferably three or more individual streams

14
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using radially spaced orifices or entrance openings 33 that

are made exterior to the stem, i.e. between the stem 12 and

the nozzle body 14. Alternatively, as shown in FIG. 1B, the
streams of molten resin may be led fully into the stem
pefore directing them outside towards the helical channels.
That 1s, the entrance openings 33 in FIG. 1A are fully
formed within the body of the stem and are not formed in

part by nozzle body 14.

Accordingly, incoming molten resin which reaches radial melt
splitter 26 as one tubular flow stream, and which carries
the heat history of the entire travel of the streams through
the manifold and nozzle of the injection molding machine, is
divided by radial melt splitter 26 into a plurality of equal
streams, and preferably three streams 1in accordance with
conduits 28, 30 and 32 with substantially no pressure drop
to the molten resin. Accordingly, three streams of molten
resin simultaneously reach outer surface 34 at the beginning
of the first mixing zone M1 of valve gate stem 12. Since no
pressure loss occurs, each stream of molten resin is forced
by the pressure to enter one of helical inner channels 36,

which are precisely formed in outer surface 34 of valve gate

stem 12 along first mixing zone M1, as shown in FIGS. 1 and

2. Mixing zone M1l of valve gate stem 12 is tapered starting

P
—

from the upper end of area T and down to the upper end of

second mixing zone M2. The taper of area T continues through
second mixing zone M2, to straight zone S. Due to the
tapering of wvalve gate 12 in mixing zone M1l starting in

tapered area T, over a portion of the axial 1length of

helical channels 36, a certain amount of molten resin from
each stream undergoing a helical travel in mixing zone M1l is
1njected over barrier flights 38 separating the helical

channels. Accordingly, a three-dimensional mixing process

15
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occurs. That 1s, in addition to the helical displacement of
the molten resin along the three different helical channels,

the movement of the molten resin over barrier flights 38

Creates a mixing process for portions of the individual
streams 1njected over the Dbarrier flights, while the

remalning portions of the individual streams continues its

helical path. Eventually, in zone M2 and tapered area T1,
which 1s a smoothly tapered area without the helical
channels, a single homogenized stream of molten resin is
formed, having circular flow which fully surrounds the outer
surface of valve gate stem 12. In this manner, molten resin
as a singular circular flow stream resides for a short
period of time between nozzle body 14 and valve gate stem 12
at lower tapered area Tl as a single homogenized molten
stream that substantially does not include any resin having

unidirectional molecular orientation.

As shown 1in FIGS. 1 and 2, tapered area T ends with an
outwardly extending dam 40 which functions to partially
obstruct and as a result thereof, partially send backward
the homogenized molten resin into tapered area T, prior to
the entrance of the homogenized molten resin into the
straight zone S of wvalve gate stem 12. In this manner,
further mixing of the molten resin 1is achieved .so as to
further assure the elimination of unidirectional molecular
orientation. Accordingly, in straight zone S a single stream

of highly homogenized molten resin surrounds valve gate stem

12 and 1is now properly prepared and directed for injection
into mold cavity 54, shown schematically in FIG. 1. In this
respect, the highly homogenized molten resin residing for a
short period of time in straight zone S does not have
unidirectional molecular orientation and when injected into

mold cavity 54, does not exhibit any weld lines that usually

16
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appear using formerly developed hot runners and their

respective valve gates.

A final cut-off zone O is also provided, as shown in FIG. 2
(and more clearly in FIG. 5E), for shutting off the gate and
the flow of molten resin to mold cavity 54. Accordingly,
zone O preferably comprises a circular surface having a
diameter for nearly engaging the inner diameter of nozzle
housing 14, for cutting off the flow of molten resin through
nozzle housing 14, adjacent valve gate stem 12 into the mold
cavity 54. Therefore, upon the upward actuation of valve
stem 12 1nto nozzle housing 14, as described below with
reference to FIGS. G5A-5D, cut-off zone O substantially
engages the 1nner diameter of housing 14 for cutting off

molten resin flow.

As shown 1i1n FIG. 1, wvalve gate injection nozzle 13 also
includes a tip 44. Tip 44 is used in molding situations
wherein the injection nozzle 13 is to be used to make molded
articles requiring a precisely positioned central hole, such
as 1n the production of compact and digital video discs and
precision gJgears, which also require and/or are preferably
formed from molten resin having homogeneous molecular
orientation. Accordingly, the gate injection nozzle 13 shown
in FIG. 1 1s very suitable for injecting polycarbonates and
excellent results have been obtained for such applications,
providing the sprueless injection molding of compact and
digital audio discs having no weld lines caused by a stream

splitting.

Referring now to FIG. 3, a hot runner valve gate 110, valve
stem 112, nozzle body 114, cavity mold 142 and valve gate

injection nozzle 113 are shown which have a design very
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similar to that shown in FIG. 1. The primary and
substantially only difference between valve gate 1njection

nozzle 113 and valve gate injection nozzle 13 is the lack of

tip 44 and the substitution therefor of a further tapered

area TT after straight zone S instead of tip 44.
Accordingly, tapered zone TT forms tip 146 which allows for
the flow of molten resin from straight zone S in the very
homogenized state to mold cavity 154 without the formation

of a precisely aligned central hole.

Referring now to FIG. 4, a valve gate injection nozzle 213
and nozzle body 214 are shown which are similar to the
embodiment shown in FIGS. 1 and 3 and is preferably used for
lnjecting plastic materials that are less sensitive to the
inducement therein of unidirectional molecular orientation
during the injection molding process. Accordingly, this
nozzle could be wused to eliminate such unidirectional
molecular orientation and associated weld 1lines when
materials that are 1less sensitive to these undesirable
features, are used. The primary difference between valve
gate stem 212 and valve gate stems 12 and 112, discussed
above, 1s that wvalve gate stem 212 does not include the
tapered zones and the dam on the outer surface thereof. That
1s, after mixing zone M including helical channels 236, a
straight zone S immediately follows, as shown in FIG. 4.
Preferably, however, the helical path of helical channels
236 has a more aggressive geometry that improves mixing in
the mixing zone M and cylindrical zone S between nozzle body
214 and valve stem 212. Accordingly the helical turns of
channels 236, these turns are more severe and the helical
path more compact, as shown. Referring now to FIGS. 5A-5D, a
method for precise and molecularly homogeneous injection

g

molding of compact and digital video discs is shown, using
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the wvalve gate 1njection nozzle as discussed above with

reference to FIGS. 1 and 2. In accordance with the following
method, an 1nnovative mixing and homogenizing means 1s shown
that contributes to the success of injection molding compact
and digital wvideo discs which lack weld 1lines and
unidirectional molecular orientation, in reproducible cycle

times.

Referring now FIG. 5A, to begin injection molding, the
injection mold comprising core side 50 and cavity mold 42
are moved to a closed position prior to the injection step.
Also, the machine nozzle 11 i1s 1in sealed contact with wvalve
stem 12 at entrance end 24, which contact 1is permanently
maintained by compression spring 22 during the entire
molding c¢ycle time. An 1njection unit (not shown) 1is
equipped with double acting stroke cylinders, while a
hydraulic cylinder 52 1s double action. Accordingly, when
the front chamber (not shown) of the injection unit stroke
cylinder 1s pressurized, the injection unit including nozzle
13 1s forced to retract. The rear chamber of the injection
unit 1s pressurized with hydraulic pressure which causes the
injection unit and nozzle 13 to move forward along distance
K so as to open the mold gate via the advancement of wvalve
gate stem 12 and tip portion 44 1into cavity mold 42, as
shown 1in FIG. 5B. In this position no contact 1is achieved

until piston 52 1s pushed forward by pressure, as shown in

FIG. 5E. Also, valve gate stem 12 and hydraulic actuator 56

are 1n sealed contact caused by the mechanical pressure

generated between these elements, which prevents leakage of

molten resin. As shown 1n the enlarged cross sectional view

of the mold gate 1n the open position, FIG. 5E, molten resin

1s allowed to fill mold cavity 54 under pressure from the

machine nozzle which forces the molten regsin in a helical
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movement through mixing 2zone M of stem 12. In order to

reduce heat coming from stem 12, cooling fluid F 1is brought

via cooling conduit 58 and circulated within hollowed core

r—

60 of hydraulic actuator 56. FIG. 5C represents the next

step wherein machine nozzle 11, shown best in FIG. 1, 1is
retracted and opposed fluid pressure 1s applied to hydraulic
cylinder 52, 1n port A, 1n order to advance hydraulic
actuator 56 1n a follow-up movement together with the back
retraction of stem 12 which 1s pushed by spring force. The
controlled advancement of actuator 56 through mold cavity 54
1s 1intended to create a smooth and accurate sprueless
central hole 1n the 1njection molding disc that remains in
the mold for final cooling before being ejected using an
ejection mechanism. The final step 1s shown 1in FIG. 5D,
wherein when the mold opens and cylinder 52 retracts, disc

62 1s released.

Referring now to FIGS. 6A and 6B, a method similar to that
as discussed for FIGS. 5A-5E, using actuator 56 (which may
be hydraulic, spring actuated, or pneumatic, or any other
deslrable means), can be used to 1inject a different type of
resin for forming a precision gear 66, which has a precisely
located central hole. While birefringence 1s not an 1ssue

for this type of application, both avoiding weld lines and

coring of the central hole can be advantageously achieved

using the same apparatus described with respect to FIGS. 1

and 2 and FIGS. 5A-5E, for making compact and digital wvideo

discs.

Referring now to FIGS. 7, 7A, and 7B, valve gate 1injection
nozzle 313, nozzle body 314 and melt conduit 320, similar to

as discussed above with reference to FIG. 3, 1s shown 1n use

with a multi-cavity mold and a hot runner manifold used to

20)
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produce high quality PET preforms for forming thin walled
contalners, wherein the avoidance of weld lines and

unidirectional molecular orientation 1s desired Dbut a

central hole 1s not. In this embodiment, the actuation of
valve gate stem 312 1s done by hydraulic or air pistons 370
indépendent of the 1njection molding machine, representing a
difference Dbetween this embodiment and the previous
embodiments as discussed above. Other wise, the operation of
the FIG. 7 embodiment is similar to as that discussed above
for FIGS. 5A-5E and similar numerals designate similar
elements. FIGS. 7A and 7B, similar to FIGS. 1A and 1B, are
representative of the wvarious arrangements of entrance holes
333. For a detailed description of the nozzle and related
elements, as shown in FIG. 7, reference is made to U.S. Pat.
No. 4,173,448 to Rees et al., assigned to the assignee of
the present i1nvention, which i1s hereby incorporated in total
by reference. However, 1instead of rod 29 shown therein,
valve stem 312 of the present invention, as described in
detail above with further reference to wvalve stems 12 and
112, 1s used. Valve stem 312 1includes an extended shut-off

zone O' which 1s a part of the straight zone S', for

functioning with the system shown in Rees et al, for cutting

off filow of recombined molten resin to the mold cavity.

The primary advantage of the foregoing is that an improved
apparatus and method 1s pro<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>