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present invention relates to cast netal injection nolding cavities
and to a nmethod of tool construction to nmake the cast netal cavities.
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The present invention relates to cast meta! injection molding
cavities and to 2 method of tool construction to make the cast metal
cavities. The cast metal cavities are suitably durable for production
requirements and also satisfy the dimensional and cosmetic standards

that the molding industries require for most molded products.

Background of the |nvention

Manufacturing industries are intent on increasing their
competitiveness by substantially reducing the time and cost of producing
injection molding tools. However, it is important that any decreases in
time and costs be achieved without sacrificing the quality and durability
of the molding tools. With these competing goals in mind, various
methods to produce economic and durable rapidly produced tools have
been developed. One method relates to the use of reinforced polymer
cavity and core inserts. However, when the inserts are exposed to high
injection pressures there are often failures aof the small surface features
of the mold. Further, there is less than desirable heat dissipation through
the polymer cavity and core wall sections into the cooling chambers
adjacent the cavity and core sections.

Another method uses ion bombardment of a polymer cavity and
core surfaces to enhance the surface durability of the cavity and core.
This method has limited application, however, since only the areas of the
cavity and care which are in a direct line of sight can be bombarded with
the ions. In addition, these ion bombarded cavity and core inserts still
have less than desirable durability performance.
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been devel oped. One nethod relates to the use of reinforced pol yner

cavity and o &iserts. However, when the inserts are exmﬁg,.,t,&l i gh 20
injection pressures there are often failures of the small surface features
of the mold. Further, there is |less than desirable heat dissipation through
t he pol ynmer cavity and core wall section® into the cooling chanbers

adj acent the cavity and core sections. Anot her net hod uses ion
bonmbar dnent of a polyner cavity and 25 core surfaces to enhance the
surface durability of the cavity and core. This method has limted

appl i cation, however Sl ansshenmgthodaises meldest cavify and core ingetts yvhiehiareor e
' addi t1on, hersanorof Rl saBlertl BEmRATAITRE Hehforer, mankdif.’ P00
| ess than desi r abbwenar, athielsé ttheraoplasticoc cthermoset ing@ts g 88perience
PCT/ US97/ 02188 unpredictable shrinkage and inadequate heat digsipation during the

5 molding process.

Still another method uses a CNC-type cutting machinery which
involves a great time and programming to generate a desired tool path to
form the cavity and core inserts. Also, the cost to complete the milling
of the inserts often renders such process uneconomical for many

10 commercial uses.

Still another method involves a stereolithography-type approach
{SLA) or laminated object manufacturing (LOM) which relies on the
building, layer-by-layer, of a material to form the cavity and core inserts.
However, the stereolithography produced moids have very limited life

15 expectancy due to material weaknesses, bonding layer failures and the
stresses which exist between each layer of material which forms the
insert. In addition, there is often poor accuracy in the layering of the
material and the resulting mold has an undesirable step or staircase effect
on all angles of the mold.

20 Still another method involves casting of solid cavity and core
inserts. However, there are many limitations on the overall sizes of
inserts which can be cast. For instance, manufacturing limitations
include the amount of molten material that can be transported and
poured safely, at a proper rate, and without undesirably lowering the

25 metal temperature. Further limitations on the use of solid cast cavity and
core inserts relate to the difficulty in cooling the solid cast inserts. In the
past the solid cast inserts had bean further subjected to a drilling process
to provide a plurality of holes through the insert. A cooling fluid was
pumped under pressure through these holes to cool the inserts.

30 However, this isolated cooling system causes stresses in the product



Still another nethod uses nolded cavity and core inserts which are
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It is a further ohject of the present invention to provide cavity and
core inserts which are adaptable to be used with standard molding

15 equipment.

The present invention is most suitahle for the manufacturing of
injection molding cavity and core inserts. According to the present
invention, it is now possible to produce cavity and core inserts that can
greatly vary in size and complexity. The present invention also provides

20 cast metal molding tools which comprise a core insert and a cavity insert.
The cast metat inserts produced according to the process of the present
invention are durable and meet most industry production requirements
and satisfy most desired dimensional and cosmetic standards.

The present invention also provides an improved ceramic mold for

25 use in forming the core and cavity inserts. The ceramic molds are
especially suitable for producing smooth cast inserts of precise
dimensions.

These and other objects and advantages of the present invention
will be apparent from a reading of the following description of the

30 invention and of the preferred embodiments.
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5 Another aspect of the present invention relates to the metal shell core
insert and cavity insert which form a part of an injection molding tool.
In certain embodiments, when the desired end molded product has
a relatively complicated shape, computer “solid" models of the end
molded product are first generated and then from those computer models

10 the cavity and core inserts are generated. The computer generated
"solid" models of the cavity and core inserts are then used to form the
actual three-dimensional cavity and core inserts,

it is to be understood, that in other embodiments, the ceramic
mold can be directly made from a pattern without using computer

15 generated models. However, for the sake of illustration herein, the use
of computer generated models will be fully explained. The "solid” models
are designed to have the shape of the metal shell cast cavity and core
inserts.

in such embodiments, four patterns are required, two for the core

20 insert and two for the cavity insert. The two core inserts comprise: one
pattern of the face or front side of the core insert and one pattern of the
back or shell side of the core insert. The two cavity inserts comprise:
one pattern of the face or front side of the cavity insert, and one pattern
of the back or shell side of the cavity insert.

25 The four computer patterns of the cavity and core inserts are used
to produce the patterns for the ceramic molds. In certain preferred
embodiments, patterns for the ceramic molds are formed from wood,
epoxy or plastic materials by using a stereolithography (SLA}, CNC or
other cutting equipment to produce the pattern for the ceramic mold.
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10 It is a further object of the present invention to provide an
apparatus useful in a casting process which will aid in producing highly
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and core tools from the ceramic molds.
According to one embodiment of the present invention, the cavity

10 and core inserts are each created to have open or shell areas on the back
side of each insert. In one embodiment, the open or shell areas are
formed during the casting of the inserts. In another embodiment, the
back sides of the inserts are machined out after molding to produce the
open areas in the cast cavity and core inserts.

156 in preferred embodiments, the working model or pattern can be
made to represent the part or the reverse of the part {cavity and core
pattern) depending on the complexity of the part desired and the tool
production method to be used. It is further to be understood that
according to the present invention, various methods or a combination of

20 methods can be utilized to produce a working model. It is to be noted
that the end product configuration surface and the various tolerance
requirements will determine which methods or combination thereof are
most appropriate for producing the end product.

It is to be understood that the working pattern used for making the

25 ceramic pour-up mold can be made of various suitable materiats which
withstand the processing requirements of a ceramic pour-up. itis further
to be understood that various ceramic material formulations are useful in
providing a suitable ceramic mold. In one embodiment of the present
invention {which is especially useful used in a cast iron process), the

30 ceramic material formulation comprises ceramic materials and carbon
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strength of the ceramic mold. The strength of a ceramic mold is needed
especially during the demolding of the ceramic mold from the pattern into
which the ceramic material has been poured. The ceramic material

10 formulation does not adhere to the surface of the working pattern. The
ceramic material formulation is especially useful, in certain embodiments,
where the working pattern is formed of a rubber or apoxy type of plastic
material. Further, the ceramic material formulation is especially useful in
producing a ceramic mold that has detailed, intricate and/or complex

15 surface features. The resulting ceramic pattern has a superior final mold
surface appearance.

The strength and density of the ceramic mold is improved over
prior art ceramic molds. Carbon fibers are incorporated into the ceramic
formulation to provide additional strength. The incorporation of carbon

20 fibers into the ceramic formulation allows for optimum performance
during removal of the ceramic from the pattern. The viscosity and fill
considerations of the ceramic material have been greatly improved by the
use of this ceramic formulation. The lack of presence of large quantities
of the large aggregate particles provides a ceramic mold having a more

25 smooth or glossy surface, which surface allows the ceramic model to
readily removed from the pattern and provides a smooth surface for the
casting of the cavity and core inserts.

In a most preferred embodiment, the carbon fibers are present in
an amount in the ceramic formulation at about 0.01 to about 0.02%, by

30 weight, and most preferably about 0.015%, by weight, and the carbon
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I'n such enbodi ments, four patterns are required, two for the core 20

Insert and two for the cavity insert. The two core inserts conprise: one
pattern of t%;ﬂg ,0r front side of the core insert and opgrgsbbsiss of the
“back "or shel | side of the core insert. The two cavity inserts conprise:

one pattern of the face or front side of the cavity insert, and one pattern

of the back or shell side of the cavity insert. 25 The four
conputer patterns of the cavity and core inserts are used to produce
the patterns for the ceramc nolds. In certain preferred enbodi nent s,
patterns for the ceramc nolds are fornmed from wood, poxy or plastic
mat eri al s by usi ffipess gost pfenahlyhaveran gverage leapth erabouﬂmtsrcahautam i ng
equi pnent to pro c | d. WO 97/ 31733
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. 5 possibility of damage or breakage which in turn atlows the ceramic molds
to be made having more complex cavity configurations than was

previously possible.

In addition, the carbon fiber content also helps provide the surface
of the ceramic mold with a much smoother surface than a conventional

10 ceramic mold. The use of a smooth ceramic mold to cast the metal
cavity and core inserts provides metal core and cavity inserts with
smooth, less porous surfaces. The smoother, iess porous surfaces of the
cavity and core inserts allow for easier removal of the plastic molded end
products from the inserts.

15 it has now been found that a suitable ceramic mold can be made
without need for curing the ceramic when the ceramic is used in iron
castings. In certain embodiments, for exampie, when the ceramic mold
is used to form cast inserts made of iron, the ceramic mold can be
subjected 1o ignition to burn off all but 2 minute amount of any alcohol

20  or other volatile materials present in the ceramic material which have
been entrapped in the "green” ceramic mold. However, in a further
embodiment, such as where the ceramic mold is used to cast steel, it is
within the contemplated scope of the claimed process herein that the
ceramic mold be heated for a predetermined optimum time at a

25 predetermined optimum temperature to completely cure the ceramic
mold.

In another embodiment, it is contemplated that ceramic mold can
be used to produce the face or front sides of the cavity and core inserts
and that a sand-type casting method can be used to form the back or

30 shell sides of the cavity and core inserts. In such embodiments, it has
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ceramic-carbon fiber composmon is used to form the front sides of the
inserts. That is, four mold halves are required, two front side ceramic
molds and two back side sand-type molds.

15 To form the metal cavity and core inserts, a suitable molten metal
material is poured into the ceramic or ceramic-zircon/sand molds. The
molten metal is heated to a desirable temperature {(which varies according
to each alioy), and the molten metal is fed into an area formed between
the mold halves. After cooling, the sand mold and ceramic mold are

20 removed from the metal insert. The time of coofing depends on the size
and complexity of the mold being poured.

The final cast metal configuration comprises a cavity insert and a
core insert. Each insert has a face or front side which defines the shape
of one side of the end product being molded. Each insert aiso has a back

25 or shell side which defines an open area or chamber. The back side of
each insert also defines at least one, and preferably a plurality of support
means such as pillars andfor support wall sections. The support pillars
and/or wall sections provide strength to the insert. Also, as a cooling
fluid flows or is moved through the open chamber, the flow of the fluid

30 is disturbed as it passes around the support pillars and/or wall sections.
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the core inserts to the cavity inserts.

In certain embodiments, the core and cavity inserts are formed as
a solid cast insert; i.e., there are no cooling chambers formed as a part
of the back side of the insert during the casting process itself. In such
embodiments, one final processing step includes grinding or milling of the
back side of the cavity and core inserts, including providing the support
pillars and/or wall sections to form the cooling chamber.

Thereafter, the metal mold is prepared for use by going through
several final processing steps. It is to be understood that these final
processing steps cen be performed in any suitable order. The metal
inserts are cleaned using a suitable procedure such as by sand blasting
or a glass beading process.

Another processing step involves wherein the edges defining the
back sides of the cavity and core inserts are machined or drilled to have
various features such as O-ring grooves, a sprue pillar, side clamp slots,
ejector pin holes, sprue seat, face side runner system and gates, side
water hole connections and the like, which will be further described in
detail below in connection with the Figures.

Another processing step can comprise wherein the front sides {or
land areas) of the cavity and core inserts are milled or EDM ({electron
discharge machine) burned to create acceptable mating or parting line
areas on the front side of each insert. The front sides of the cavity and
core inserts are parallel to each other and are designed to be as close as
possible to each other. This parallel relationship of the front sides allows
the front sides of each insert to engagingly meet without any uneven
areas. Thatis, a parting line of the mold is created by burning the cavity

iC
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connection hoses and the like are tapped into the water line holes. A
flow of fluid is provided through the back sides of the cavity and core
inserts, as will be described in detail below, to cool the inserts.

Another aspect of the present invention includes a molding
apparatus for producing an end molded product. The apparatus
comprises the metal shell cavity and core inserts and further comprises
a mounting plate attached to the cavity insert and a mounting plate
attached to the core insert. The cavity mounting plate and core
mounting plate each allow the cast cavity insert and core insert,
respectively, to be mounted on a base cavity machine platen and a base
core machine pilaten.

The use of the cavity mounting piate and core mounting plate
allows the molded product manufacturer to have one molding apparatus
that accepts more than one type or size of cavity insert {and cavity
mounting plate} and more than one type or size of core insert (and core
mounting plate). The present invention provides an apparatus with
increased versatility by using different cavity and core inserts. That is,
the cavity machine platen and core machine platen are configured to
accept different cavity mounting plates and core mounting plates,
respectively, as will be further described in detail below.

According to one embodiment of the present invention, the rear
side of the cavity insert is ground or milled flat and paralle! to the face
surface of the cavity insert. An "O" ring groove is then milled into the

rear side around that area intended to accept a sprue bushing. An
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castings. |n Ber topenirgimdhteeint The front eidengsitike malieplatdiRagibeanprount [fidt

Is used to form cast in@&rts '

subj ected to i gnidNdpargbelfathe dek%ﬁqel éﬁ{?’ed%&%n@g{?agmc{mng lrgﬁ“?tg% lga:'f’é'éhol 20
or other vol ati | eprabt,&iolidWs sRb&seerhblyTefdifed @ a81a CsHBNr & atlwaer fekbaye
been entrapped in the_"green” ceramc nold. However, in a further
The rear side of the core insert is ground or milled flat and parailel
to the face surface of the core insert. A groove is milled around the
10 entire periphery of the rear side of the core insert. Additional grooves are
milled into the rear side of the core insert around the areas that accept
ejector pins. The ejector pins aid in removing the end moided product
from the molding apparatus, as will be described in detail below. The
grooved areas are then filled with a suitable leak deterrent material. The
15 core insert is mounted to a "B" mold plate to form a *B” sub assembly.
The "B" sub assembly is then drilled, through core insert and "B" mold
plate, in the ejector pin location areas, preferably from the face side, for
accurate ejector pin placement,
A further processing step comprises mounting both the "A" sub
20 assembly and the "B” sub assembly into an electronic discharge machine
(EDMY), utilizing the flat and parallel rear sides of each “shelt assembly,”
and burning the two faces together to form a parting line, or “kiss off”
area on each casting for flash free plastic part manufacturing.
The "A" sub assembly is then mounted to a stationary platen of
25 a8 molding press which matingly engages a sprue bushing. The "B” sub
assembly is assembled to a suitable ejector box sub assembly, which has
a predetermined number of the desired length and diameter ejector pins.
The "B” sub assembly is held in place and in alignment with the ejector
box. The entire "B" sub assembly with the ejector box sub assembly is

30 then clamped to a movable platen of the molding press.



enbodi ment, such as where the ceramic nold is used to cast steel, it is
within the contenpl ated scope of theP%@ med process herein that the

ceramc nold be hetedfd’ﬂ‘“%i%ﬁﬁé%% ed optimumtine a
pr edet er m ng'(fiwgﬁf m t enper i conpletely cure the kgfrg@gnss

nol d. I n ano mﬂmmﬁl it is contenplated that ceramc
mol d can be used t% “ age or front sides of the cavity and
core inserts and that a sand-type casting nmethod can be used to form
t he back or 30 shel |l sides of the cavity and core inserts. In such

enbodi nents, it has WO 97/ 31733

PCT/ US97/ 02188 When abditierémuerdi proatuct lie ts bel foetedus doadspendiegof each

L 2Bt dongoviy SRS R R A S iy BpoSRC 0 of
this enbodi ment fhe dabty machine platersaidla diffsrentedriengsdroand hisurtingpiarei des an
acceptably fast are operatively connected to the core machine platen.

5 Another aspect of the present invention is that, in certain
embodiments, the apparatus further comprises at least one, and
preferably a plurality of outside pressure bearing means which are
present adjacent the core and cavity mounting plates, as will be
discussed in detail below. During operation of the molding apparatus,

10 the outside pressure bearing means act to absorb or bear the brunt of the
pressure exerted against the core insert and the cavity insert. The
presence of the pressure bearing means extends the useful side of the
cavity and core inserts,

Once the insert/plate subassemblies are attached to the machine

156 platens and/or ejector plates, a sprue bushing and a machine nozzle are
operatively connected to the cavity machine platen. During operation of
the molding apparatus, a suitabie molding or plastic material is injected
through the sprue bushing and into a molding or cavity area defined by
the front sides of the cavity insert and the core insert.

20 In various embodiments, it is desirable to coat using, for example,
a nickel-plating material or other type of suitable material to cover the
entire surface of both the cavity and core inserts, front and back. In
other embodiments, it is desirable to pressure seal each insert with a
“radiator leak sealing” type of solution to eliminate any access to any

25 porous areas in the cast inserts In addition, if the nickel-plating is used,
the nickel-plating adds a lubricating quality to the molding area defined
by the front sides of the cavity and core inserts to allow for easier plastic
part removat during the molding process.

The water lines are operatively connected to the cavity insert and

30 the core insert. A water circulation system is connected to the cavity
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5 tenperature dissipation 1aseneEt HAG geR nol ten netal pouring procedures
to create each |nsert Fol | owi ngRgﬂfUA‘s;Eprocedure the extreme heat of the

nol ten netal vp@y; an esc direction throug}h:,lrg;.,mms
‘'somewhat porous san area of Tg&g %m ﬁﬂa freshly casted nmetal 1nsert
thus cools and solidifies at at e. In especially
preferred enbodinents, it is desirable t63produce zircon sand-type
nol d hal ves for the back sides of the inserts while the

ceram c-carbon fiber conposition is used to formthe front sides of the

inserts. That is, four nold halves are required, two front side ceramc
mol ds and two bachngicese dasedts ipeonlthesinsess. In'a preferred qrobegimeat.ntheal

cavity and core 'eaa(f: eq?wa@ersaaehahl e'Wé}EF@FgREﬁJmsvstem ﬂa%gq1; 3lalief agouirgd

into the ceramic or am c- zl rcon san FEN met

heated to a desir appesed:npeinasenias, (inhpodervir indisirpize omdidnace tempetatuegach
alloy), and the l%ﬁ‘ tig‘ﬁéal Is fed into an area fornmed between t he
nol d hal ves. Afte " the sand nold and ceramc nold are 20 renmoved
fromthe netab insert.inlTpeeferred ehbadioientsy usepehds vacuurhewat'aecurculatnon and
conpl exity of the _nold bein cast  net al

confi guration conﬁ‘/?@gsp@v@gﬁowt‘?rﬂg@fatgeafmf’ the cawty argar e‘(‘ %ﬁgg‘l"f‘ davice,

insert has a faceiphtfached dleevd@vnb ged igees ihbﬁtst’ﬂﬁﬁféctors Tﬂéf mmer si de
of the end product_ bei ach insert aI hel |

si de which defi ne§iray aBg@ﬁyéﬁe&tpH& phdsame waigd E%{'tgi‘ Wd@g‘ﬁcﬁs &8 oppos ch

insert al so defings p%lkhingaért p&@@unz&cﬁgi tihe bReANtY the Phasre int ordel 16 WRBRS
means such as pillars and/or port wall sections. The support pillars

and/ or wal | §9ct|(!¥?§eb|96ﬁd§°sthﬁéﬂ@fjﬁ'9t§f9§he insert. Also, as a cooling
fluid flows or is novegytdyoaUddih Qh@@ﬁﬂr&ﬁ‘é’é@ﬁ&es bP8hamB¥tsYf thBbnddrty d 30

Is disturbed as it passes around The sumoort pillars and/or wall sections.
during the operation of the molding apparatus, an efficient cooling of the

inserts is achieved. Further, the presence of support means allows the
water flow 1o be agitated through the chambers on the back sides of the
156 inserts to maximize the cooling capability and to avoid hot spots from
forming in the inserts.
The present invention can be employed for casting any suitable
type of metal such as, iron, steel, aluminum and the like,
The present invention provides a molding apparatus at a greatly
20  reduced cost and at a greatly reduced time of preparation when
compared with prior art systems. [n particular, complex configurations
can be effectively molded using the process of the present invention.

ription of i
25 Fig. 1 is a flow chart for a method of the present invention.
Fig. 2 is a schematic diagram showing a process for making a core
insert and a cavity insert using ceramic molds and sand-type molds.
Fig. 3 is an exploded perspective view, partially in cross-section,
of one embodiment of the present invention showing a portion of a
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Fig. 5 is a perspective view of another embodiment of a cavity
insert.
Fig. € is a top or plan view of the embodiment shown in Fig. 5.
Fig. 7 is a cross-sectional view taken along the line 7-7 in Fig. 5.

Description of the Preferred Embodiments

Referring now to Figs. 1 and 2, one embodiment of a method for
forming cast metal core and cavity inserts is shown. It is to be
understood that in various embodiments not all steps of this method are
required and the various steps used are dependent upon the complexity
of the mold being produced.

The method commences with the step 1 of preparing a model of
the type of mold to be uitimately produced. This can be done using a
CAD operation or other means as described above.

Step 2 involves converting the computer generated data into a
three-dimensional object for example, using stereclithography modeling
to produce a mold pattern. In step 2, a first model of the product to be
formed is made.

Step 3 shows the model preparation wherein the model itseif is
made into a pattern. In step 3 a core insert pattern 10 and a cavity
insert pattern 12 are made of a suitable material. The choice of material
in the pattern allows a compiex structure of the ultimate product to be
formed. Also the choice of material must be able to withstand the
temperatures of the ceramic formulation.

Step 4 involves the pouring of a ceramic formulation into and

around the pattern. As described above, the ceramic formulation



several final processing steps. It is to be understood that these final
processing steps can be performed in any suitable order. The netal 15
Fnserts are gleaned using a suitable procedure such as by wapesoPbAass | Ng
"or a glass beadi ng process. Anot her processing step invol ves
wherein the edges defining the back sides of the cavity and core
inserts afe machined or drilled to havel% various features such as
Oring grooves, a sprue pillar, side clanp slots, 20 ej ector pin hol es,
sprue seat, face side runner system and gates, side wat er hol e
connections and the | i ke, which will be further described in det ai |
bel ow i n connect Fomtains, Hnta erefeedcembodiment, generallnniflosm $ize @6aMIFy st ep

can conprise WheEg#e %:n{‘ﬁeqnégf‘?%is ﬁﬂ‘\jﬁbﬁﬂfﬂbem to gllo ﬁx?&nﬁid idKavedVi ty

and.core inserts ectron 2 | arge machi ne
burned to creat ethedesiedismoath surfgceangatrengtl). thatesult bemg agesamicomoidhe
front side of ea?P insert. The front sides of the cavity and core
i nserts are para to each other and are designed to be as cl ose as
possi bl e to Bach ot helt.isﬂnibe waleastoed thet,dbicensin pmbbdirhents; the vaiiciess
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burning the cavi gy make the déﬁe&?s’ fot 138 in making the ceramic mold depend on the

PCT/ US97/ 02188 complexity of the part to uitimately be molded. Thus, in various
embodiments it is not necessary to use the early steps of computer

10 and/or stereolithography modeling. Rather, it is also within the
contemplated scope of the present invention that a model of the article
can be made itself. For molding a relatively uncompiex shape a suitable
pattern can be made and the ceramic material can be poured into the
pattern into without any earlier models being used. However, for the

15 sake of illustration, the wvarious steps which can be practiced in
accordance with the present invention are described in detail herein.

Thereafter, in step 5 the ceramic molds 20 are used to receive a
suitable moften metal 35 which then forms a metal core insert 40 and a
metal cavity insert 50.

20 Referring now in particular to Fig. 2, a schematic illustration of one
embodiment of the present invention is provided which shows the use of
ceramic molds and sand molds, as described above. It should be
understood however, that the embodiment shown in Fig. 2 can be also
practiced using ceramic molds for both halves of the insert molds rather

25 than the ceramic and sand molds as shown in Fig. 2. In Fig. 2, the
working pattern 10 of the front side of the core insert 40 and the
working pattern 12 of the front side of the cavity insert 50 are formed of
a suitable material. The ceramic formulation 15 is poured into the
working pattern 10 to form a ceramic moid 20 for the core insert 40.



16 I nsert face ig\ert face and registering the flat
rear .areas of the ?ﬁ@é:fg&g@%énst the platens of an EDM machine. This
ti

creating of wiogw, par rovi des acceptabl e "kiss-off. ting
' : P73 q¥ igélw@@taﬁgcessi ng steps incl E@"ﬁﬁogﬁhg out

| i ne areas. L _
any areas which 5 mayh ik r page due the casting process and

n

drilling the sides of the insertsi@o formwaterline holes. .
Thereafter, a plurality of water connection hoses and the |ike are
tapped into the water line holes. A flow of fluid is provided through
t he back sides of the cavity and core i nserts, as will be described

in detail bel owThesecapic fofraulation 1Bds also poured into thinebtdng nagem 2to t he |
resent inventi | [ . s for producing an en
p ®8rnh 3SR MoltP2d fgggbe n%ar\fltssfgﬁgig?ﬁaéd]

nol ded product. The apparat us e Tretal shell cavity and
core inserts and furAhsand:typer inolds 30 of theabackusidiengf tHeatsredinkée Mglig o t he

cavity insert a I_n | at e tached to.the core insert. The
cavi tg nount i ngqgrl"gpfée@rg‘% séﬂ?'@“l%’“”%ﬁﬁ“ Sﬁﬁgﬂaﬁgeé’ééﬂe SPYiBOnsae 8Ost
cavity insebt aixdforowed, essdestribed above.espectively, to be nmounted on a base
cavity machi ne pl at en and a .bas The

hi | at en.
use of the cavity mouRt FRGWIE &?@’ 39@'6‘6‘?&5%535 Phg’e&ff%gg*esgrtmam thes t he

mol ded product  sand ity moky 30 of tiy/backerie o1 ik RBreliMBaR W0 Sre Hought At accept s
nore than one t% or size of cavity insert land cavity nmount 1 ng

plate) and nor e M3H09 YIR20LNED §pd QA Suitable mattenimets! material Woisdnjected
into the space between the ceramic mold 20 and the sand-type mold 30

10 to form the core insert 40. Likewise, the ceramic mold 22 of the front
side of the cavity insert 50 and the sand-type mold 32 of the back side
of the cavity insert 50 are brought into mating engagement and a suitable
molten metal material 35 is injected into the space between the ceramic
mold 22 and the sand-type mold 32 to form the cavity insert 50.

15 Referring again to Fig. 1, in step 6, the core insert 40 and the
metal cavity insert 50 are further prepared for use such as by grinding
and other preparations.

In step 7, the face surfaces of 40 and 50 are produced together
to form an extremely close parting line or "kiss-off" area between the

20 core insert 40 and the cavity insert 50.

In step 8, the core insert 40 is operatively connected to a "B" side
sub assembly 60 and the cavity insert 50 is mounted to an "A" side sub
assembly 70. The core "B" sub assembly 60 and the cavity "A" sub
assembly 70 are then used to produce an end molded product 80 in a

25 molding apparatus 80, generally shown as Step 9.

Referring now to Figs. 3 and 4, exploded perspective views of a
portion the molding apparatus 90 of the present invention are generally
shown.

In Fig. 3, the core sub assembly 60 generally comprises a mold

30 base 62 operatively connected to an ejector box 100, which in turn is



mount i ng plate). The present invention ENovi des an apparatus with
i ncreased versati Ilty by uisgHEET HASBEENcavity and core inserts. That is,

the cavity ngely;Resp! aten and REALACERBChi ne pl aten are conf pgiissnbias25
‘accept dlfferent caV|ty Jﬁ and core nounting pl ates,
respectively, as wll ’Tj@g h mggamaed In detail bel ow

According to one enbodi ‘t he presehf invention, the rear si de

of the cavity insert is ground or mlled flat and paraIIeI to the face
surface of the cavity insert. An "O' ring groove is then mlled into t he 30
rear side around that area intended to accept a sprue bushing

97/ 31733 operatively connected to a core "B" mounting plate 11ch/T@gng)2188
11 addi 14530Rb1IB0 W Spdr2riUiy ' AinBERUNS d Rovable! micrifé piigh Bao! 1 he
rear. side of he ‘cavity I nser e grooved areas are then filled

with a suitable | eak The ejeater box R0 hastairieast aneclanddn mast iembmdimantser i al .
m?cﬁaxg\[/?/nlgnze;:)r hﬁlréins bf ejector PRYHGH wWhich EkR2MBSHdbrPthe B MBLARS AL €
5 piate 110.

It is to be understood that various sizes of core mounting plates
can be utilized and that the core inserts are interchangeable on the
various size mounting plates. it is further to be understood that, for each
different molding operation, various holes 106 are drilled through the

10 core mounting plate 110 and matched with holes in the ejection box 100
such that the ejector pins 104 extend beyond an upper surface 112 of
the core mounting plate 110. O-ring grooves 119 are cut in the core
mounting plate 110 adjacent the openings 106 which receive the ejector
pins 104, O-rings 122 are matingly received in the O-ring grooves 119

15 surrounding the openings 106 to prevent any leakage of fluid, as will be
described in detail below.

Referring now to Figs. 3 and 4, the core insert 40 is adjacent and
operatively and sealingly connected to the upper surface 112 of the core
plate 110. The core insert 40 has a back or shell side 130 and a front

20 side 140. For ease of illustration the core insert 40 is shown in cross-
section so that other features of the core insert 40 can be shown.
However, it is to be understood that an O-ring 120 secures the back side
130 of the core insert 40 to the core mounting piate 110. The back side
130 of the core insert 40 defines end walls 42 and 44 and side walls 43.

25 The walls 42, 43 and 44 define at least one interconnected opening or
chamber 134 for receiving a cooling fluid. The back side 130 further
defines at least one, and preferably a plurality, of support means 136
such as pillars which axially extend in a direction away from the front
side 140. The positions of the support pillars 136 are determined by the

30 ultimate desired configuration of the final end product to be molded.

et Has Been Reﬁaced

I



5 opening cut into it. Aglge@y the nold plate has been ground
flat and paraIIeI tlt}%@hé T&ggglde of the nold plate A This results

inale , hoIIow suhb y referred to " or a
" wat er Jaclgg?”m-&r ﬂm ﬁﬁiﬁg of the core mﬁ%r |,§ﬂ§r ound or
c

mlled flat and parall el e surface of the core insert. A
groove is mlled around the 10 entiragperi phery of the rear side of the

core insert. Additional grooves are mlled into the rear side of the
core insert around the areas that accept ej ector pins. The ejector
pins aid in renoving the end nol ded product fromthe nol di ng

appar at us, as wPtherigongisecatidnsdfor thel oaitionlof| the.subpert pillars 13§ inoluslé ar eas
are then filled_ w | | eak ;. £ terial. The 1 core
Mneert 1's mount Bavidng aBliht it pEing NG Eld ol Rk g cpedet e <5

Tlhe "B" sub assthutithe cord insert A0 islrapidiyt dridednig coelednde the ambodPherol d
plate, in the ejector |nIoc as l[.‘)ref rabl fromthe ?S|de

f or accurQWneg (t,‘t(f?r'eﬂqlﬁ' 359?8??@?&3 axially exteh ding openjp i@g
processi ng §t eprezefivig theadjasent bjegtdrPin108eHO ﬁevsubts?ﬁuld Beosddrstooand t he
"B" sub assenblil I nto an el Sctronl o d| scharg

utilizing the fiha B MhgPEPPEIMEntS thas ﬁ%fgotﬁf"fnﬁ@rﬁ“%?& P'"éésséﬁﬁl‘ii‘”'

and bur ni ng thenéwé)afﬁn@s‘:drﬁ%? n bﬁafa% [Brésd bt aﬁehgﬁﬁmrfat &tae of f*
area on each casti ng f or as free | astic tgal‘t manuf act uri ng

The "A" sub assi§BrtAQand ﬁ%’rP’RUlﬁ’r’ﬂQeélQ'ﬁi'O&‘ © ﬁufmpi/cmlm@ﬂméfthwgh a

nol di ng press Wy Smbégay, engages a sprue bushing. The "B" sub
assenbly is asse %}'d to a suitable ejector box sub assenbly, which has

a predeter #®ned nunbler thg emhodiment showsngiie Hoot diiderct4d hasceat thregi ns.
box. The ent | o S greioril 2ised faB SAe fpfock 2 AR plion dedfedir %5,
t hen cl anped t oateanibbédbloe rpcamug afplastic nmwnggnpteesb {not shown). The
surface 142 defines the shape of a side of the ultimate product to the
molded.
15 The core insert 40 has at openings 144 which exten.ds through
each of the opposing side walls 42 and 43 of the core insert 40. {in the
embodiment shown, the core insert 40 has a plurality of openings 144.
However, itis to be understood that in other embodiments the core insert
40 can have one opening 144}). The openings 144 are in communication
20 with the chamber 134. Although not shown, water or fluid connection
valves and other coupling means are operatively connected to the
openings 144, Suitable fluid lines 146 are generally connected to the
openings 144 and to a water or fiuid circulator system 148. In the
embodiment shown, each side wall 42 and 43 has at least one slot 148
25 for clamping the core insert 40 to the mold apparatus 90. In the
embodiment shown, the slot 148 extends along an exterior surface of the
walls 42 and/or 43.
The cavity insert 50 is adjacent the front side 140 of the core
insert 40. The cavity insert 50 has a front side 150 which, in the
30 embodiment shown, has a three-dimensional surface 152. The surface
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12 When a d,Herrent end roduct Is to be forned, a
correspondi ng diffe ﬁ§“§§g}g g §ert and nounting plate are

operatively con,’ﬁ%’aﬁd to avity machi ne platen g&?m sher ent

‘core insert X0 ting ;ﬂ mg glg L"é e operatively conn to the core
machi ne pl at en. ¥ laspéict of the present invention is

that, in certain enbodi nents, thel@pparatus further conprises at
| east one, and preferably a pIuraIity of outside pressure bearing
means which are present adjacent the core and cavity nounting
plates, as will be di scussed in detail below During operation of
t he nol di ng appart@2idefired an oﬂsmsimg sodmrnpofethewayitycarea 1§4rwhich raceives
absorb or bear tg{s brur%.t of th |, Pressure exerted against the core
insert and the caVf ﬁ'ﬁs’g?P'“gTWEte"a presence of the pressure bearing

means extends the usemnb cdavitrg insertt 5®is operatively cofngotdd cothe sutsassembly
Cnee the insert/p Al g oy R3RpatRs i A Sadinfig Sidte J0b"\enithGE Shbratively
. 5 connected to a moild base 240. The sub assembly 70 is operatively
connected to a machine platen 74,
in operation, the front side 150 of the cavity insert 50 and the
front side 140 of the core insert 40 matingly engage such that when the
plastic material is being injected into the cavity area 154 there is no
10 escaping of material from the cavity area 154. The core insert 40
contains at least two registration areas 145 which each receive a
registration pin 155 extending from the front side 150 of the cavity insert
50. The registration areas 145 aid in aligning the cavity insert 50 to the
core insert 40 during the cycling operation of the molding apparatus 90.
15 The cavity insert 50 has a back or shell side 160 which generally
defines end walls 52 and 53 and side walls 54. The walls 52, 53 and 54
define at least one interconnected opening or chamber 164 for a
receiving cooling fluid. The back side 160 further defines at least one,
and preferably, a plurality of support means 166 such as pillars. The
20 back side 160 of the cavity insert 50 defines a O-ring receiving groove
170 for receiving an O-ring 180. The cavity insert 50 has at least one
support means 167 which defines an axially extending opening 176 in
communication with the cavity area 154. The opening 176 receives the
plastic material which is injected into the cavity area 154. The opening
25 176 matingly engages a sprue bushing 190 for delivering the plastic
material. it should be understood that for optimum operation in various
embodiments it is desired to have an O-ring 182 adjacent the support
means 167.
in addition, in certain embodiments each cavity and/or core insert
30 can have one or more additional support means such as walls or ribs 174

“Fﬁ‘iiﬂ‘li‘iilﬂiﬂ“mn




15 pl atens and/or ejector plates, a sprue bushing and a nachi ne nozzle

are _ operatively connected to the cavity machine platen. During
operation of t he nol di ng apparatus, a suitable nDIdln pl astic
‘material i MPMRBDBed t hrough the sprue bushing and ¥ ?‘59%(% di ng or
cavity area defined by the front sides of the cavity I nsert and the
core insert. 20 I n various enpgdi nents, it is desirable to coat
usi ng, for exanple, a nickel-plating material or other type of
suitable material to cover the entire surface of both the cavity and
core inserts, front and back. In ot her enbodinents, it is desirable

to pressure seab previde atditionaMsuppdrt to the mﬁe?dd' A0Qind/6250 s Frisae dfype of
solution to el'im nate aralﬁaccess to an por ous, areas in the cast

inserts In addi@dy, i th Ea"ﬁif‘gﬁ'efibﬁlaég ‘Hﬂly |S§°Iﬁ§bﬂ"‘ the cavity {jgsert 50;
ni ckel - pl ati ng rasigéver, litBhbGAL b& Lirilefdtbbd that tmoaylﬁjdwr%se &hy bged

by the front sides of the cavity and core inserts to allow tor easier
pl astic prIesente ifovagessryiaiglesired nipl therrpvity dogers 50 and/or the. coreThe
water |ines argaa0eueti vely connected to the cavity insert and 30 the
core insert. A water circulation systemis connected to the cavity

13 The cavity insert 50 has openings 194 which extend through each

of the side walls 52 and 53 of the cavity insert 50. (In the embodiment
shown, the cavity insert 50 has a plurality of openings 194. However,
itis to be understood that in other embodiments, the cavity insert 50 can

10 have one opening 194}). The openings 194 are in communication with
the chamber 164. Although not shown, water or fiuid connection valves
and other coupling means are operatively connected to the openings 194.
Suitable fluid lines 196 are operatively connected to the openings 194
and to the fluid circulator system 143. in the embodiment shown, each

15 side wall 52 and 53 has at least one slot 198 for clamping the cavity
insert 50 to the mold apparatus 90. In the embodiment show, the slot
198 extends along an exterior surface of the walls 52 and 53,

The back side 160 of the cavity insert 50 is matingly engaged to
the cavity mounting plate 200, The cavity mounting plate 200 defines

20 at least one opening 204 for receiving the sprue bushing 190. Itis to be
understood that various sizes of cavity mounting plates can be utilized.
it is to be further understood that, for each different molding operation,
the different cavity mounting plate can have the optimum placement of
the opening 204 for receiving the sprue bushing 190.

25 The cavity mounting plate 200 has an upper surface 206 which is
adjacent the cavity mold base 240. The cavity mold base 240 has an
opening 244 which receives the sprue bushing 190. The sprue bushing
180 is operatively connected to a machine nozzie 260 for injecting the
suitable molten plastic material into the cavity area 154. The cavity moid

30 base 240 is operatively connected to the cavity machine platen 74.



and core inserts to cool 5‘%‘2 riS. éﬁ*a preferred enbodi nent, the
cooling water used in the t~ ' on systemflows in parallel, as

REP C ;
opposed to i in order to mnimze nold face tenper,
fFEct uatlons%ég,’dl% mn ﬂllerrbodi ments, use of a vasgvdot}%%awat er
circul ation system % | eakage into the cavity area. A
vacuum devi ce Is attached to the cavity and core insert connectors.
The wat er circulation systempulls or draws water through the inserts
as opposed to pushing or pressurizing the water into the inserts in
order to avoid 10 water |eaks into the nolding area. By

flood cooling the entiltis tbdekinsietssgod thatitherbpparatifs Mean haee asemovable dur i ng
e 2P L o0 O A8 Bl TiRRoRBRTS e BirGhobh By AR Bk 200
water flow to be TFwis, ateardiry wuhe presemt havdmios, s possibledsr thednsidaiserhe 15
e O I ool 1587 By of B et s b Ssbhi T o
for casting &y swithaidre than one tavity inketahdimardehaone bé:@ﬂnsé?rlt 37% |F]s algbum num
apparatus at a griEIRgSEBle o BNTCErPIEBlS TSYe SHNGHERR Y crUBLERIEPgE of
preparation when pilates andosBraAfuntidd platdsQr art systems. In particul ar,
conpl ex configurations can be effectively nolded using the process of
the present inventi onlncertainembodiments of the present invention, the apparatus 80
further contains a plurality of pressure bearing means 220. In a preferred
10 embodiment, there are at least four pressure bearing means 220, one
positioned adjacent each corner of the core and cavity inserts 40 and 50.
The pressure bearing means 220 preferably have a height that slightly
longer or taller than the combined depth of the core insert 40 and the
cavity insert 50 such that most of the molding pressure is absorbed by
15 the pressure bearing means 220. The pressure bearing means 220 allow
the cavity mounting plate 200 and the core mounting plate 110 to be
moved into mating engagement without putting excess pressure on the
core insert 40 or the cavity insert 60. Thus, in certain embodiments,
with the presence of the pressure bearing means 220, the core insert 40
20 and the cavity insert 50 are brought into facing engagement without
undue stress or pressure put on the inserts 40 and 50. In certain
embodiments of the present invention, the presence of the pressure
bearing means 220 extends the useful life of the inserts 40 and 50.
It is to be understood that, in preferred embodiments, during the
25 operation of the apparatus 80 the fluid circulator system 149 moves or
pulls the fiuid through the openings 164 and into the chamber 164 in the
cavity insert 50 and through the openings 144 and into the chamber 134
in the core insert 40. The rapid pulling movement of the fiuid in a
negative or vacuum manner allows rapid cooling of the inserts without
30 the concern of having water fluid leaks into the cavity area 154 through

i




Bri ef Description of the Fi EEN Fig. 1is a flowchart for a
nmet hod of the present mvenﬁ“%%ﬁggi’ééga Fig. 2 is a schematic diagram

Zerame mo @Sﬁéiﬁslzrnd”?i'pgf @L@i‘ T
e * i on,

perspective view, partiall of one enbodi nent of

the present invention show ng a port | @p of a WO 97/ 31733

PCT/ US97/ 02188 14 nmol di ng
apparatus conprising a cast netal shell core and cavity and nount i ng
pl ates therefor. Fig. 4 is a detailed view of a cavity insert

and a core | nsenatnous potenmab@psaﬁam inahe rseersh Flrventhe fluldis apitatesi by
VSN0, S peing puted bibind 8 B Baie fBe i s86 PAOHiSLa BT e
enbodi ment showpehingki1B4 dnd 164 to allow agitation and rapid cooling of the inserts

40 and 50.

5 The core and cavity inserts of the present invention provide cavity
area pressure resistance such that rapid cooling occurs with minimal risk
of leakage. In addition, the present invention allows leak-free injector pin
placement in the desired areas so that the end product is readily removed
from the cavity area 154. Further, there is a leak-free sprue bushing

10 placement which is especially desirable so that no water or cooling fluid
is allowed ta migrate into undesirable areas. Itis further understood that,
in various embodiments, cooling fluid leakage occurring from chamber
134 and 164 into cavity area 154 is prevented by the chambers 134 and
164 being at a lower pressure than the cavity area 154. Therefore, any

15 leakage which occurs from less than accurate machining of inserts 40
and 50 results in air moving into the chambers 134 and 164 rather than
fluid leaking into the cavity area 154.

With the above-described mold casting apparatus and process, it
is now possible to more efficiently mold injection molided parts. The

20 temperature of the mold is efficiently regulated such that the mold can
quickly produce the desired end product. The product being molded is
subjected to more consistent cooling and is, therefore, less affected by
stresses.

In operation, the sub assembly 60 comprising the ejector box 100,

25 the core mounting plate 110 and the core insert 40, are moved along an
axis toward and away from facing engagement with the cavity insert 50.
Plastic material is injected through the sprue bushing 190 into the cavity
area 154 when the core insert 40 is in mating engagement with the
cavity insert 50. Simuitaneously, fluid is pulied through the openings

30 144 and 194 into the chambers 134 and 164, respectively, to coo!f the
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Fig. 7 is a cros
Description of t
* and 2, one
‘cavity inserts |
enbodi nents not
steps used are d
pr oduced.

Step 2 involves

three- di mensi onal Q8§ ehd HhPédit W oBucsts! FRe
2

to produce a m)ldnpattern. In step 2, a fII‘S? nodel

formed i s nmade.
nodel itself is
10 and a cavity

ultimate product
able to wthstan

the pattern. As

15

20

25

s-sectional view taken along the line 7-7 in Fig. 5.

10

he Preferred Enbodi nents Referring now to Figs.

s shown. It is to be understood that in various

wohRgsgent of a nethod for form ng cast pgpiygdneefsge and

all steps of this nethod are required and the various

ependent upon the conpleddty 15 of the nold being

The net hod comrences with the step 1 of preparing a
nodel of the type of nold to be ultimately produced. This can be done
using a CAD operation or other neans as described above.

Rastisrmatesat tedbelepyitstempgeaturenfcaystatiaity ficd suchthat the

{3561 dégpﬂgm 2Rl g

he product to be

the majority of tBe sgauireditiompipiessuse|to bp teapsferradole theeose n t he
N ' s | tt
goounifE s 1148, dhed E4UH fhouhiind bifte 200, Regoldiifho shE| ' o1

choi ce of nmtseri giresent inventidmdt sapossible abl proaduce castine insertsud® and B0 t he

to.be... f . Also the choice of, rateri al st be
Jaits” shinner wall ZEchiort Bt BleyiOy b 1o pitarmeliiRe
Step 4 invol ves tgrecessesi nThe thianee nalis off thennsertts dorthert allawdfod® rapdd ound

descri bed

téssclpatlon o é)a\éedndt t%esa%%fyamo%efsgs;\%la?grhgtrérs for the casting
vendor,

The mounting plates 110 and 200 hold the cavity insert 50 and
core insert 40, raspectively, in mating engagement without subjecting the
inserts 40 and 50 to undesirable stress or crack producing pressures.
Upon completion of the molding process the subassembly 60 is moved
in a direction away from the subassembly 70 and the ejector pins 104
push against the molded praduct to force the molded product from the
mold.

Referring now to Figs. 5-7 an alternative embodiment of a cavity
insert 250 is shown. It is to be understood that a core insert (not
shown) can have the same rear face configuration as will be described
for the cavity insert 250. The cavity insert 250 can be operatively
connected to the subassembly 70 in a manner as described above. As
seen in Fig. 7, the cavity insert 250 has a front side 252 which defines
a three-dimensional surface 254, The surface 254 defines a portion of
a cavity area similar to the cavity area 154 {shown in Figs. 3 and 4) for
receiving a plastic molding material.

The cavity insert 250 has a back or shell side 260 which generally
defines end walls 255 and 256 and side walls 258. The walls 255, 256
and 258 define at least one interconnected opening or chamber 264 for
receiving a cooling fluid. In the embodiment shown, the chamber 264



WD 97/ 31733 PCT/ US97/ 02188
15 contains, inTH! %B%odi ment, generally uniform size
ceramc wo oifi9ie0ate mate s and carbon fibers to al %%ngseram C

"mol d to have the d "%ﬁﬂﬁmﬁm‘ﬁurface and strength; g result
being a ceramc nold ﬂ%& It is to be understood that, in
certain enbodi nents, the various 2per ational steps described herein

are optional and that the nmethod used to make the patterns for use in
maki ng the ceram c nold depend on the conplexity of the part to
ultimately be nol ded. Thus, in various enbodi ments it is not
necessary to usdefimas a&pluralitg béinsercbnoectpd bpenib@s or ehairels 268 metich dteogr aphy

nodel i ng. Rat hgéﬂ'?#a?\ir?ﬁé%&ﬁ“%a}tnq#&he cont enpl at ed scope of the

present inventi e article can be made itself. For .
mol di ng a rel ati vel yThecavity iexert 250chas atledsalohe center argibi suppoeegilie nade

o Lne, Cer e Ca7Y B, B “sE R, R opsnina, B Sk 5o o
t he vari ousgst epemmiinidatiod whR thé 8svit\e8@ai254. The opening 276 receives the

plastic material which is injected into the cavity area 254. The opening

276 matingly engages a sprue bushing {not shown) for delivering the

plastic material.

The back side 260 defines at least one support means 270 and

10 preferably, a plurality of support means such as wall sections 270. In
the embodiment shown, the support means 270 comprises a plurality of
wall sections (270, 270, 270"’} which axially extend from the front side
252 of the insert 250. Itis to be understood that the support means 270
can comprise a fewer or a greater number of wall sections than as shown

15 in Figs. 5-7. However, for ease of illustration, the support means 270
shown herein has wall sections designated as 270, 270’ and 270",

In the embodiment shown, the support wall sections 270 are
symmetrically positioned in the chamber 264. in certain embodiments,
the thickness of each of the wall sections 270 is generally uniform for

20 ease of manufacturing the insert. However, it is to be understood that
the wall sections 270 can vary in thickness.

in certain embodiments it is desired that the distance between the
wall sections 270 vary. As seen in Figs. 5-7, the distance between the
first wall section 270 and the center area 277 is less than distance

25 between the first wall section 270 and the second wall section 270",
Correspondingly, the third wall section 270 is spaced apart from the
second wall section 270’ at a distance greater than the distance between
the second wall section 270’ and the first wall section 270, That is,
each of the channels 268°’’, 268’’. 268’ and 268 in the chamber 264
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accordance with the present invention are described in detail herein.
Thereafter, in step 5 the ceramc nolds 20 are used to receive a

sui tabl e m)lt 35 which then forns a netal coreins&tﬁt Qﬁ a
- et al caV|t ‘sﬁlééﬁ 50. 20 Referring now in particuaéérl,?oegig. 2,

a schematic illustration of one enbodi nent of the present invention
is provided which shows the use of 25ceram ¢ nol ds and sand nol ds, as
descri bed above. It should be under st ood however, that the enbodi nent
shown in Fig. 2 can be also practiced using ceram c nolds for both

hal ves of the insert nolds rather 25 than the ceram ¢ and sand nol ds as
shown in Fig. 2. hbve Eicgrreﬁpomdiagly wider widthitheg fathdaraemoved eich bbannalis si de

the. cavi ty. i noer frogd g Bomsl fese 277 ot RERAERE (0o &'° The ceram o
formulation 15 is pouwaelreiaﬁ\ml\tdﬂeserdnstanwhémwn}npae tnailisedfions27@nearer
(igr amc nold 20 ftr?er cé:r\]t%r %(r)erae2179 provndes support to the insert 250. As the plastic
. 5 material being inserted into the cavity area 254 there is more support
where the plastic material is under the most pressure. The decreasing
gap or width between the wall sections 270 allows the insert 250 to
withstand higher injection pressures of plastic material being inserted into
the cavity area 254.
10 The support wall sections 270 define at least one water flow
channel or opening 272 which allows fluid to flow from the one channel
268 on one side of a wall section 270 to another channel 268’ on the
other side of the wall section 270.
The cavity insert 250 has at least one opening 294 which extends
15 through each of the side walls 255 and 256 of the cavity insert 250. {in
the embodiment shown, the cavity insert 250 has one opening 294.
However, it is to be understood that in other embodiments the cavity
insert 250 can have a plurality of openings). The opening 294 is
commurtication with the chamber 264. Although not shown, water or
20 fluid connection valves and other coupling means operatively connect the
opening 294 to suitable fluid lines, such as those shown as 196 in Figs.
3 and 4, and to a fluid circulator system, similar to that shown as 149
in Figs. 3 and 4.
in the embodiment shown, each side wall 255 and 256 has at
25 least one slot 298 for clamping the cavity insert to 50 to the mold
apparatus. In the embodiment shown, the slot 298 extends along an
exterior surface of the walls 255 and 256.
Although not shown, it is to be understood that a core insert can
have the same or similar rear side configuration as shown in Figs. 5-7.

30 It is further to be understood that the embodiment for the cavity insert



The ceram c fornulation 15 is also poured into the working pattern 12 to

forma ceramc nold 22 for the cavity insert 50. A sand-type
nol d 30 of side of the core insert 40 is f a
sand-type g%?ﬁ”%@gﬁf the back side of the cavity insert Sﬁéﬂggwaggsforned,
as descri bed above. The ceramic nold 20 of the front side of
the core insert 40 and the sand 2@gpe nold 30 of the backside of -the
core insert 40 are brought into mat i ng engagenent and a suitable
nolten netal material 35 is injected into the space between the

ceramic nold 20 and the sand-type nold 30 10 to formthe core insert 40.
Li kewi se, the cshawncinmbiigs.28-Dfis t éspecialint useful inshigh pfesshes caalding i nsert

20,200 . Ao el 5 skl B o DEPTBHIRA T %0

material 35 is extfremmeddgh pressutes. space between the ceramc nol d 22

and the sand-type LA.32. . to.formthe cavity insert 50. 15 .

Ref erri ng again to%."elt,hei llfwset"anG,ﬁaﬁ egopgsqrﬁggr {295, PF ¢ yrious

met al cavitg§ i npmférred embodimenisethe skilled enitifan witlcapptediarstheyvariousdi ng

and ot her preparatjons. . .. In step 7, the face surfaces of 40 and
50 are pr oducedmogifisatiops and suqsytqtm QH“SQW%%‘P FhangRsew %ﬁh('f“ﬁ& B8 ne or
"ki ss-of " ar eaplageWastholf ddeparting Fcim | theeEpirif Gharedf ! hﬁcéawiﬁ%y.' Rs@yt S0.
In step 8, the core insert 40 is operatively connected to a "B" side

sub assenbl y 60indpRAG AL the $5PReRIdhE PoRsEnt InvstioR Bedsfinpd splelybyithes up
assembly 70. Thge&d 6f te folibWiRs SRIrRS Yntﬁ@diga ﬁ?o'olé %ﬁu%l@n&y theffeofs UD

assenbly 70 are then used to produce an en ed product 80 in a 25
nol di ng apparatus 90, generally shown as Step 9.



Referri ng now to Figs. 3 and 4, expl oded perspective views of a
portion of the nolding apparatus 90 of the present invention are

general ly shown, In Fig. 3, the core sub assel?ll neral ly
“conpri ses a YOPHPY®  base 62 operatively connected to an ‘€] &%’2’9218’& 100,
which in turnis 51;

operatively connected to a core "B' nour®ng plate 117(5".18%3@[}55“
assenbly 60 is operatively connected to a novabl e machi ne plrat én 64.

The ejector box 100 has at |east one, and in nost enﬁaﬂmgqmminﬁa a
plurality of ejector pins 104 which extend through t ' ] 5

plate 110. It is to be understood that various sizes of core
nounting pl ates can be utilized and that the core inserts are

I nt erchangeabl e on the various size nmounting plates. It is further to
be understood that, for each di fferent nol di-ng-eperation;- vari ous

hol es 106 are drilled through the

) ) R

5
LCLAIM:
1. An apparatus (90) for molding an article comprising

a core insert (40} having a back side {130) and a front side

{140), the back side {130} defining a chamber (134} for receiving a

10 cooling fluid, the back side (130} having at least one support means

(1386} axially extending in a direction away from the front side {140}, and

a cavity insert {60, 250) having a back side (170, 260} and

a front side {160, 252), the back side {170, 260) defining a chamber

{164, 264) for receiving a cooling fluid, the back side {170, 260} having

15 at least one support means (166, 270) axially extending in a direction
away from the front side (160, 252); and

at least one means (149) for circulating a fluid through the

chambers {134 and 164) of the core insert {40) and cavity insert {50}.

20 2. The apparatus {90) of claim 1, wherein at least one of the
cavity insert (50} and the core insert {40} contain one or more support
ribs {174} extending from walls (42, 43, 44; 52, 53, 54) of the core
insert {40) and/or the cavity insert (60}.

25 3. The apparatus (90) of claim 1, further comprising at least
one pressure bearing means (220}, the pressure bearing means {220)
having a height that is ionger than the combined height of the core insert
(40) and the cavity insert {60) such that the pressure bearing means

. (220} absorbs molding pressure during operation of the apparatus (90).
30
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10 core nounti ng plate 110 and matched with holes in the ejection box 100
such that the ejector pins 1?&“%”! ﬁﬁﬂt&ﬂllan upper surface 112 of
the core | plate 110. W19 are cut in_the core

oy bl hings

“nount i ng adj acent the openings 106 which recxi.'l E‘W"‘é" ¥t or

pins 104. O-rings 122 are matingly received in the O-ri L0 BERN 15
surroundi ng the openings 106 to preveni8any | eakage of fluid,"aswll be
described in detail bel ow. Ref erri ng now 3%@“@“@?&%&4 t he
core insert 40 is adjacent and operatively and ! cted to
t he upper surface 112 of the core plate 110. The core insert 40 has a

back or shell side 180 afteappacttus XD) of<iaim 1, 4GherBinrthe asearsf{(14B) fwt rat i on
the core insert .40,i,S sho iN Cross- ection so th t her .f eat ur es
of the core ins®F “‘ﬁ‘d’%ﬂw 6%°§ﬁ6%¥?§¥ conn e cqrg "i‘sfrﬁ)d'(ﬁea'ﬂnwgr st ood

that an O-ring dattysimsentd50) trepbihdigidssthdleugh the cHaihbers (186 a0 v66sert 40 to
the core nmounting plate 1 10. The back side 130 of the core insert 40
defines end walls 42 and 43 and side walls 44. 25 The walls 42, 43 and 44

define at Igast one §ntermheappaiRds (BT8O BRIAM, wherein ehce\Aty insett (50)
receiving a cooling fluid. The back side 130 further defines at |east

one, and pref er &M FOEB Hseraf4Qhyareqpach fRsped vian e ¢eremic moldstis ) pillars

whi ch axial |y eps@Ag a rAulitoRdonptsiE belanfiBpbRfoidd 8Ad carbon fidrde 140. The
positions of the support pillars 136 are determned by the 30 ultimate

desired configuration of the final end product to be nol ded.
6. The apparatus (90) of claim 5, wherein the carbon fibers are

10 present in the ceramic formulation at about 0.01 to about 0.02%, by
weight, and have an average length of about 1/4 10 about 1/16 inches.

7. The apparatus {90} of claim 6, wherein the carbon fibers are
present in about 0.015%, by weight, and the carbon fibers have an
15 average length of about 1/8 inches.

8. The apparatus of claim 1, wherein the support means {136}
of the core insert (40) comprises a plurality of pillars {138) which axially
extend from the back side {130) of the core insert {40).

20
g. The apparatus of claim 1, wherein the support means {166}
of the cavity insert {50) comprise a plurality of pillars {166} which axially
extend from the back side {170) of the cavity insert {(50).
25 10. The apparatus of claim 1, wherein the support means {270}

of the cavity insert {(250) comprises a plurality of wall sections {270}
which axially extend from the back side {260) of the cavity insert {250).

11. The apparatus of claim 10, wherein the support means
30 {270) of the cavity insert (250) comprises a first wall section {(270) which

This Sheet Has Been RTlaced
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18 Q her considerations fegsichecpPpakigeely of the support pillars
136 include provi di ng agitation ¢piapencooling fluid flow through

t he chanber that the core j is rapid nly
~cooled. In t@%@a odi nent sd%mi‘%@iﬁﬁﬁtga pillar 1%%"3%?%3? an

axi al |y extending opening 138 for !&- sl t he adj acent ejeetor pin
104. However, it should be understood 29 that in ot di nent s t hat
various of the support pillars 136 can have a soiﬁﬁlﬁ%i'ﬁﬂﬁﬂﬂiﬁ"&and
are present for strengthening the core i nsert 40 el Of [

agitation to the flow of cooling fluid through the chanber 134. 10
In the embodi ments $paoed apRE et @nfirss| predetenmined distancsefrom an adja¢Rifisi onal

~surface 142. The S?H&f‘@gya"]ﬁ%igﬁf&pgg'a portion of a cavity area 154
plasti c nol di

for receiving a ng material (not shown). The surface 142
defines the shape of a side of the ultimte product to the nol ded. 15

The core Insert 40 hag 0D enGnatafs 8¥ Ghlmei S ok VRO RRAMN section O e

opposi ng side walls 427and € core | nsert
enbodi nent shBOwn,{270Y9 isospacedsapdrt 40 daecong|preddtetryined digance dsorbddn

Hovever, 1t 1 10, oe RE4RHS WA sddtibn 27 RheRIPRL TBESR bRECEORAndEISCr !
distance is greater than the first predetermined distance.

13. The apparatus of claim 1, wherein the support means of the
10 core insert comprises a plurality of wall sections which axially extend
from the back side of the core insert.

14. The apparatus of claim 13, wherein support means of the
core insert comprises a first wall section which is spaced apart at a first
15 predetermined distance from an adjacent, second wall section.

15. The apparatus of claim 14, wherein the second wall section
is spaced apart at a second predetermined distance from an adjacent
third wall section wherein the second predetermined distance is greater

20 than the first predetermined distance.

16. The apparatus of claim 10, wherein at least one wall section
{270) defines a channel {272) for allowing fluid to flow into the chamber
{264).
25
17. The apparatus of claim 13, wherein at least one wall section
defines a channel for allowing fluid to flow into the chamber.

18. A method for praducing at least one of the core insert (40)
30 and/or the cavity insert 50 of claim 1, comprising:
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40 can have one opening 144). The openings 144 are in comuni cation 20
with, the chanber 134. Although not shown, water or fluid connection

val ves and %bﬂjl,ggoJﬁ!?f%% BEFY operatively connected, élt%ggt; ey,
ec e

openi ngs 144. Suitable nes 146 are generally conn
openi ngs 144 and t oy mimﬂl d circulator system 149. 'In the _
enbodi nent shown, EﬂmmH 2 an8043 has at least o t 148 25

for clanping the core insert 40 to the nold apparatus 90.{] ’" M’JI
enbodi ment shown, the slot 148 extends along an exterior s I"
wal I s 42 and/or 43. The cavity insert 50 is adjacent t fie front

side 140 of the core forming @ firsnceramis mald (20)itnderd tBe floms simlefofont si de
150 which, in t{p,ee e mger;podl nment shown, has a three-di nensi onal surface
152. The surface 19

152 defines an opposi ng peming@ sefcondencldBOY tafaren tHisdbadki sithe { E30)i ofes

the plastic mol lng, B8h&int fo);
5 forming a third, ceramic mold {22) to form the front side
{160) of the cavity insert (50};
forming a fourth mold {32) to form the back side (170} of
the cavity insert {50);
placing the first, ceramic mold {20} and the second mold
10 {30) into mating engagement and injecting a suitable metal material (35)
therebetween to form the core insert {40); and
placing the third, ceramic mold {22} and the fourth mold
{32) into mating engagement and injecting the suitable metal material
{35) therebetween to form the cavity insert (50).
15
19. A method of claim 18 wherein at least one of the second
mold {30) and/or fourth mold {32) comprises a sand type moid.

20. The method of claim 18 wherein at least one of the second
20 mold (30) and/or fourth mold (32) comprises a ceramic mold.

21. The method of claim 18 further comprising the step of
curing the ceramic molds by heating the ceramic molds at a sufficient
temperature for a sufficient time to cure the ceramic molds.

25

22. The method of claim 20 further comprising the step of

curing the ceramic molds by heating the ceramic molds at a sufficient

temperature for a sufficient time to cure the ceramic molds.
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The cavity insert 50 is operatively connected to the sub assenbly 70
which conprises an "A" nmounting plate 200 which is operatively 5

connect ed t 0 Wo@Rh@spase 240. The sub assenbly 70 is operatjy ?lé

connected to a machi ne platen 74. I n operation, P8t si de
150 of the cavity insert 50 and the front side 140 of the core insert
40 matingly engage such that when the /5 plastic material is being
injected into the cavity area 154 there is no 10 escapi ng of materi al

fromthe cavity area 154. The core insert 40 contains at |least two
regi stration areas 145 which each receive a regi stration pin 155
extending fromthe front side 150 of the cavity insert 50. The

registration areas 145 aid in aligning the cavity
core insert 40 during the cycling Gperatlop of the

sert 50 to the
| di ng apparatus 90. 15
h general key

for
at Iéggt one,
|||aP—' The 20

groove
eblst one
6hin

84. Tde ening 176 receiveg the
to the cavity area 154. The\openi ng 25

define at |east~one in
recei ving cool“ﬁg
and preferably, a- plur ‘ gisuch as
back side 160 of the cafity in

Qig' g recwj
170 for receiving an O 18\ A E$has at
support means 167 which deflnes an axi al | yy et endi ng openi ng
comuni cation wth the

plastic materi 4=§§>

176 matingly engages aNsp 190 fiof ering the plastNc
material. It should be unde t Tor i mgerationin vamn ous
enbodinments it is desired tgh 0-ring [ #ent the support
nmeans 167. r - -
Q
o ¢/\’\,\ @
Z Q
8

@m*i“’ Q 1

e

-
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In addition, in certain enbodi nents each cavity and/or core insert 30 can
have,one or nore additional support neans such as walls or ribs 174

V0 97/ 31733 WO 97131733 PCT/ US97/ 02188
20 fo provide additional support to the inserts 48CEHY§T #2180, For

sake of clarity in the drawings, ribs are only shown in the cavity

I nsert 50; however, it shoul d be zpsder stood that various support ribs
can be present, if necessary or desired, in the cavity insert 50

and/ or the core 5 i nsert 40. The cavity insert 50 has

openi ngs 194 whi ch extend through each of the side walls 52 and 53 of
the cavity insert 50. (In the enbodi nent shown, the cavity insert 50

has a plurality of openings 194. However, it is to be ungerstood that
i n other enbodi ments, g vity insert 50 can 10 have one ogeni ng 194).

The openings 194 are | uni cation with t he 14. Al though

not shown, water or fl nnection val ves

Ll
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and ot her coupling nmeans are operatively connected to the openings 194.
Suitable fluid lines 196 are operatively connected to the openings 194
and to the fluid circulator system 149. In the enbodi nent ;&ﬁﬁgnm h 15
side wal | 52V9#3E33 has at |east one slot 198 for cl anping cavity
insert 50 to the nold apparatus 90. In the enbodi nent show, the sl ot

198 extends along an exterior surface q& the walls 52 and 53.

The back side 160 of the cavity insert 8 is mati ngly engaged to t he
cavity mounting plate 200. The cavity nmounting plate 200 defines 20 at

| east one opening 204 for receiving the sprue bushing 190. It is to be
under stood that various sizes of cavity nounting plates can be utilized.
It is to be further understood that, faq di fferent nol ding operation,
the different cavity nounting plate caf fhe optinmum pl acenent of

t he opening 204 for receiving the sprug iMg 190. 25 The cavity
nmounting plate 200 has an upper surfacg A ig: o adj acent the
cavity nold base 240. The cavity nold il ﬁ’ openi ng 244
whi ch receives the sprue bushing 190. j e bushi ng 190 is
operatively connected to machi ne nozz\e 264 for injecting the

suitable nolten plastic erial into g d 154. The cavity nold
30 base 240 is operativel onnectedllgﬂ?m!cavity machi ne pl aten 74.
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21 It is to be understood that the apparatus 90 can have a
renovabl e core nounting plate 110 and a renovable cavity nounting
pl ate 200. *wognm%@us’ according to the present invention, it is possible
for the nol d user to have avail able a fewer nunber &Fqﬂﬂﬁﬂz*h

pl ates which are useful 5 wth nore than one cavity insert and nore
than one core insert. It is also now possi bl e to have avail abl e
relatively standard size cavity mountinfy5 pl ates and core nounting
pl at es. In certain enbodi nents of the present invention, the
apparatus 90 further contains a plurality of pressure bearing nmeans
220. In a preferred 10 enbodi nent, there are at |east four pressure
beari ng nmeans 220, one posi ti oned adjacent each corner of the core
and cavity inserts 40 and 50. The pressure bearing neans 220
preferably have a height that is slightly | onger or taller than the
conbi ned depth of the core insert 40 and the cavity insert 50 such
that nost of the nolding pressure is absorbed by 15 the pressure bearing
means 220. The pressure bearing neans 220 all ow the cavity nounting
pl ate 200 and the core nounting plate 110 to be noved into mating
engagenent w thout putting excess pressure on the core insert 40 or
the cavity insert 50. Thus, in certain enbodi nents, with the presence
of the pressure bearing neans 220, the core insert 40 20 and the cavity
insert 50 are brought into facing engagenent w thout

134 /<f: 3eq] 1°¢ \\q
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‘undue stress or pressure put on the inserts 40 and 50. In certain

.enbodi nents of the present invention, the presence of the pressure
<bearing neans 220 extends the useful life of the inserts 93

‘It is to be™h¥B EPood that, in preferred enbodi nents, durlng tﬁe 5
operation of the apparatus 90 the fluid circul ator systen1149 noves or
pulls the fluid through the openings 194 and into the chanber 164 in the
cavity insert 50 and through the openi®fs 144 and into the chanber 134
in the core insert 40. The rapid pulling novenent of the fluid in a
negative or vacuum manner allows rapid cooling of the inserts w thout 30
the concern of having water fluid | eaks into the cavity area 154 through

22 vari ous potential openings int | the fluid
is agitated by bei ng pul | ed arqymgythéﬁ rtiﬁ? 2H2?136 and 166

and t hrough the openi ngs 134 an d rapid
cooling of the inserts 4%‘?{2(1 SOz . — . 268”’
| 250 270 A ety SZ J oo
N 264 ot P 268"
= o 2
260 L 2535 7 8
t —_ N ———— = 256

7 m/

294
e—— —T1G. 5
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212 25C _ 290"
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5 The core and cavity inserts of the preseﬁci ntg] gpgglspa QI
cavity area pressure resistance such that | ?1 C W t

‘mnimal risk of | eakage. In addition, the pr '
| eak-free injector pin pl acenent in the desir
end product is readily renoved fromthe cavit

there is a | eak-free sprue bushing 10 pf“acement esp |arA
desirable so that no water or cooling fluid \M]mﬂa&d %8 Uédgg

into undesirable areas. It is further understood that, In various
enbodi ments, cooling fluid | eakage occurring from chanbers 134 and
164 into cavity Mmmmm@mmd by the chanbers 134 and 164

eakage whi ch occar s MExPaLe L BB YoREERBR, engresent EpPléngare
and 50 results i robaathed”ﬂmarmethﬂd)wmﬂl cbatprises, &Bﬂar@.nfbrﬁﬁﬂg I‘ca?ahﬁib bl
fdeIeaklnglntotne cavi are

above- descri bed MMGN3&Y %ﬁﬁ?@tﬁ%@ At metal shell q:qvxty and cqu inggrts-
possible to soreﬁa{cfthsf 88pdot dFine prakent tn%nﬂahgs 844 phe Rﬁa?& Il core

tenperature of the nold i's efficiently regulate dcan
qui ckly produce titsertiead road:tvndsemtwuch fommha parcbdlica:n mm@nnmbuhdg rteol

subj ected to nore consis n nd is. .therefgre, |less aff

stresses Th Siyaeriiedinifovad meistel PusmeiRg Arediihase

ej ector box 100, aZEelatnI'él? SEHhBlicEEat sHapeD | infp itk "spfld* hﬁo&éléeot‘ ﬂ&ﬁrefnd“o
are noved al ong an axis toward and away from faci ng engagenent with

the cavity i nserimnajded productpare fitstgeparased anditken frperthoge thm-tjﬁf medeispr ue

bushi ng 1904pnt o he r A
mat i ng engaggm::ntt he! a&ﬁyhéﬁ(d core méér???k?ﬁs fé}g@ gﬁg ‘T%f €&§ eﬁ%r#ﬁ%w dis
pul | ed through t Heoldm‘emddg!s 80the davityaand tode insentstdre thbnrdsedsrolﬁ#mamé 164,

respectively, t Oa%%?al three—dlmensnonal cavity and core inserts..
It is to be understood, that in other embodiments, the ceramic
mold can be directly made from a pattern without using computer

15 generated models. However, for the sake of illustration herein, the use
of computer generated models will be fully explained. The "solid” models
are designed to have the shape of the metal shell cast cavity and core
inserts.

In such embodiments, four patterns are required, two for the core
. 20 insert and two for the cavity insert. The two core inserts comprise: one
pattern of the face or front side of the core insert and one pattern of the
back or shell side of the core insert. The two cavity inserts comprise:
one pattern of the face or front side of the cavity insert, and one pattern
- of the back or shell side of the cavity insert.

25 The four computer patterns of the cavity and core inserts are used
to produce the patterns for the ceramic molds. In certain preferred
embodiments, patterns for the ceramic molds are formed from wood,
epoxy or plastic materials by using a stereolithography (SLA}, CNC or
other cutting equipment to produce the pattern for the ceramic mold.
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WO 97/ 31733 P 128 %
23 plastic material to below its tenperat urePHIIUSsg’?PZﬂ?aTg) 8

such that the nol ded end product is produced. T

means 220 al | ow the majority of the required cl

transferred to the core nmount i ng plaqt)e 110 and cavity untrn a'e
200. According to the 5 present inventi®n, it is p LAl o] Sdm
casting inserts 40 and 50 havi ng t hi nner wal | sgﬁéﬂ?a ha? 9 :
previously used in other nolding processes. The thinner. walls of the
inserts further allow for a rapid di ssi pation of heat and to satisfy

processi ng par anctiRers. ke qaramieaaterial formulation@sevidesa ceramic molthkaving
U 00, By et SRR B nd £58H oMb aBbtaee el oThESe
40 and 50 to undesgraaiit enateriak foromulation preferdbiyi comprisess ar etatively narideen
completion of t heraggle'%ifnsgze%ro(%ccee?asm‘t;chgggsrléggtses%g%rYaf g?or;gswﬁﬁvaegredetermined
5 amount of carbon fibers. The presence of the relatively narrow range of
size of the aggregaté material and the carbon fibers enhances the overall
strength of the ceramic mold. The strength of a ceramic mold is needed
especially during the demolding of the ceramic mold from the patterninto
which the ceramic material ‘has been poured. The ceramic material
10 formulation does not adhere to the surface of the working pattern. The
ceramic material formulation is especially usefui, in certain embodiments,
where the working pattern is formed of a rubber or epoxy type of plastic
material. Further, the ceramic material formulation is especially useful in
producing a ceramic mold that has detailed, intricate and/or complex
15 surface features. The resulting ceramic pattern has a superior final mold
surface appearance.

The strength and density of the ceramic mold is improved over
prior art ceramic molds. Carbon fibers are incorporated into the ceramic
formulation to provide additional strength. The incorporation of carbon

20 fibers into the ceramic formulation allows for optimum pérformance
during removal of the ceramic from the pattern. The viscosity and fill
considerations of the ceramic material have been greatly improved by the
use of this ceramic formulation. The lack of presence of large quantities

- of the large aggregate particles provides a ceramic mold having a more

25 smooth or glossy surface, which surface allows the ceramic model to
readily removed from the pattern and provides a smooth surface for the
casting of the cavity and core inserts.

In 2 most preferred embodiment, the carbon fibers are present in
an amount in the ceramic formulation at about 0.01 to about 0.02%, by

30 weight, and most preferably about 0.015%, by weight, and the carbon
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in a direction away fromthe subassenbly 70 and the ejector p| ns 104 1i8 8
push agai nst the nol ded product to force the nol ded b .

mol d. Referring nowto Figs. 5-7 an alte

cavity insert 250 is shown. It is to be underst

(not shown) can have the sane rear face configu

.described 20 for the cavity insert 250. 12he cavity mﬁzw c%@ AHG '97
operatively connected to the subassenbly 70 in r scri bed
above. As seen in Fig. 7, the cavity insert 250 has a front side 252
whi ch defi nes a three-dinensional surface 254. The surface 254
defines a portion of When adiﬂ‘wén,t enid>produttligitotse fdteneth\d tirrakpanding

(shown in Figs. d 4) for rece|V|nga|pIast|c m)ldlng mat eri al .
The cavity i nsert eR ga‘a%snﬁe"o?n%quntmgdea%er%pewt'gewemmgpted to

defines end wall Sth@éaﬂfvjnﬁéﬁnr@ﬂaﬁrﬂ&d"@gkﬁer%ﬁ@co@"ﬁs&‘ﬁ'é erﬁﬁggﬂggg:#ate

and 258 define at |east one interconnected opening or cha
recei ving a cool i atg opefiativelyncannected talithe core machjng platerhanber . 264

24 5 Another aspect of the present invention is that, in certain

embodiments, the apparatus - further comprises at least one, and

preferably a plurality of outside pressure bearing means which are
present adjacent the core and cavity mounting plates, as will be
discussed m detail below. During operation of the molding apparatus,

10  the outside pressure bearing means act to absorb or bear the brunt of the
pressure exerted against the core insert énd the cavity insert. The
pfes,ence of the bressure bearing means extends the useful life of the
cavity and core inserts.

Once the insert/plate subassemblies are attached to the machine

15 platens and/or ejector plates, a sprue bushing and a machine nozzle are
operatively connected to the cavity machine platen. During operation of
the molding apparatus, a suitable molding or plastic material is injected
through the sprue bushing and into a molding or cavity area defined by
the front sides of the cavity insert and the core insert.

20 In various embodiments, it is desirable to coat using, for exampie,
a nickel-plating material or other type of suitable material to cover the
entire surface of both the cavity and core inserts, front and back. In
other embodiments, it is desirable to pressure seal each insert with a

- "radiator leak sealing™ type of solution to eliminate any access to any

25 porous areas in the cast inserts In addition, if the nickel-plating is used,
the nickel-plating adds a iubricaﬁng quality to the molding area defined
by the front sides of the cavity and core inserts to allow for easier plastic
part removal during the molding process.

The water lines are operatively connected to the cavity insert and

30 the core insert. A water circulation system is connected to the cavity



'defi nes a plurality of interconnected openings or channels 26 V\:hl 351 aie8 8
defi ned by support neans 270. The cawtyp 3 21
t east one center area or support pillar 277 whi

ext endi ng opening 276 which is in 5 comuni cati on

254. The opening 276 receives the pl1%stic mat er 1 a*P -
into the cavity area 254. The opening 276 mati ngl EM’SS a I )
bushi ng (not shown) for delivering the plastic materi al. ZSRAUG 97

The back side 260 defines at |east one support means 270 and 10
preferably, a plurality of support means such as wall sections 270. In
t he enbodi nent shabgh corednsarthse tconkahe ins@tsoripra peeferredl embbdiment;, the

h t he, f d
be2 of the i mser 1o patddsen B wBte il B seh? flpldn' hatdfie 585
can conprise a fewpose“d dogineaedes,ninrtordeo ftowplihinsige t oS fabéntensperbaume 15

in Figs. 5-7. l_bV\ﬁ}\é for ease of illustration, the support neans 270
shown herein has WAFIUaLIQB%i ons desi gnated as 270, 270° and 270".

I'n the enbodigrent showp, pFéf@rr%Hpé’f%BdN‘ﬁér{tsi%E'@P% vdfudth ater ctr?ulation

symmetrically positioned i n the chanber 264. In certain e
the thickness of ¥siemopreveatswwatersleskagmintorbeicavityrareal |4 Vtanuﬂm de\fxoe 20

ease of manuf act ugi bgathes | BSShd oA IMPURY: cble ifser RAUBHRLS! otk
2% s &

the wall sections can vary ter
enbodi nents it i sctctaﬂaﬁmdsvmm phbs dr atawe@vétet teroaghithe inserts wldppaﬁédl ons

270 vary. As Seen | gugtlngg or pressurrllz(_:i‘ngOI Itrsate%r\}gteert%gttom?heenn}sgrts in order to avoid
10 water leaks into the molding area.

By flood cooling the entire back sides or chambers of the inserts
during the operation of the molding apparatus, an efficient cooling of the
inserts is achieved. Further, the presence of support means allows the
water flow to be agitated through the chambers on the back sides of the

15 inserts to maximize the cooling capability and to avoid hot spots from
- forming in the inserts. .

The present invention can be employed for casting any suitable
type of metal such as, iron, steel, aluminum and the like.

The present invention provides a molding apparatus at a greatly

20 reduced cost and at a greatly reduced time of preparation when
compared with prior art systems. In particular, complex configurations
can be effectively molded using the process of the present invention.

- Brief Description of the Figures

25 Fig. 1 is a flow chart for a method of the present invention.
Fig. 2 is a schematic diagram showing a process for making a core
insert and a cavity insert using ceramic molds and sand-type molds.
Fig. 3 is an exploded perspective view, partially in cross-section,

~ of one embodiment of the present invention showing a portion of a
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first wall section 270 and the center area 277 is |less than distance.?2
between the first wall section 270 and the second wal
Correspondingly, the third wall section 270" is spac
second wall section 270" at a distance greater than

the second wall -section 270" and the firs Swall section ) S

each of the channels 268"', 268", 268 and 268 in the '

571 81753 lPEWﬁ@/ Uzﬁ 3Gs97°
25 have a correspondi ngly wi der width the farther renoved each
channel is om t he, cente 277 of the .

e el attvel y cl b8 et AR it e Rapibadath fiswongas patieen 12 to

the center area 2fornPaQ@éréfic W%fdr%éhﬁhvitgsi%értgﬁﬁ As the plastic 5
material being inserted into the cavity area 254 there is nore support

where the plastic matefisand-tynenmald (3 ofithe hackssideecof theecerec insgst 49 is
gap or w dth bet wegh di'5nd'dsand&§hbe MG 8P ot Y5cK He 07 16ié badit idsert 50

5 is formed, as described above.

The ceramic mold 20 of the front side of the core insert 40 and the
sand type mold 30 of the backside of the core insert 40 are brought into
mating engagement and a suitable molten metal material 35 is injected
into the space between the ceramic mold 20 and the sand-type mold 30

10  to form the core insert 40. Likewise, the ceramic moid 22 of the front
side of the cavity insert 50 and the sand-type mold 32 of the back side
of the cavity insert 50 are brought into mating engagement and a suitable
molten metal material 35 is injected into the space between the ceramic
mold 22 and the sand-type moid 32 to form the cavity insert 50.

15 Referring again to Fig. 1, in step 6, the core insert 40 and the
metal cavity insert 50 are further prepared for use such as by grinding
and other preparations. ' .

In step 7, the face surfaces of 40 and 50 are produced together
to form an extremely close parting line or "kiss-off" area between the

20 core insert 40 and the cavity insert 50.

In step 8, the core insert 40 is operatively connected to a "B" side
sub assembly 60 and the cavity insert 50 is mounted to an "A" side sub
assembly 70. The core "B" sub assembly 60 and the cavity "A" sub

. assembly 70 are then used to produce an end molded product 80 in a

25 molding apparatus 90, generally shown as Step 9.

Referring now to Figs. 3 and 4, exploded perspective views of a
portion of the molding apparatus 90 of the present invention are
generally shown.

In Fig. 3, the core sub assembly 60 generally comprises a mold

30 base 62 operatively connected to an ejector box 100, which in turn is

% PR S



wi t hstand hi gher injection pressures of plastic material
into the cavity area 254. 10 The supporhb
‘define at |east one water flow channel or ope
fluid to flow fromthe one channel 268 on one |
270 to anot her channel 268" on the et her side o | |

270. . The cavity insert 250 ha1$ at | east oi&éw ng 3$AW37
extends 15 t hrough each of the side walls 255 and 256 of the cavity

i nsert 250. In t he enmbodi nent shown, . the cavity insert 250 has one
openi ng 294. r wS a er
enbodi nents the F%}Y%Y\? con'ntec{é:d ttgz‘%%"g%n a@(@‘%? b I"Ptf;‘td(;f E%%rﬁur?gs).

The openi ng 294 lassembly eometatalelwooméd‘ted he acimavhble ra&déhinélgidmenddd.not

shown, water or uid connectj.o vaIv s and ot her cou I|n ans

i
operativel y connect t H@e eJeCtOFQB‘gn\Qéthgt st @neasnd in me medt¥h as
t hose shown as .1 i :
e 2 t%gpltu lﬂ(gﬁo jector pu‘%g‘?@d ﬁhicﬁ@g}ég%‘%hfd r@ B’Uhﬂﬁ}?ﬁmg

In the enbodﬁrrenplaihom each side wall 255 and 256 has at 25 | east one
sl ot 298 for clanpi ng nse to 50 to.the ap at us.

I n the enbodi nent sho setf’ctg f’% 2‘9%‘5% Y‘ﬁf?uzfl‘ﬂﬁ%f 8{:30% mou&upg ‘ﬁﬁ{e
surface of the webhsb@hiliaed atklbthat the core msert@ hl‘wﬂﬁbrdhafng%hbwlonlmel s to
be understood that a core insert can sane or simlar rear

side configurati ¥AFQYS siE8REYRHING patess_lyis fggther FQ bP yndegsteeq thay, fy each
understood that" iiyfergfP PGIBFY opératiohE vaRBLE hdlds 06 are drilled through the

10 core mounting plate 110 and matched with holes in the ejection box 100
such that the ejector pins 104 extend beyond an upper surface 112 of
the core mounting plate 110. O-ring grooves 119 are cut in the core
mounting plate 110 adjacent the openings 106 which receive the ejector
pins 104. O-rings 122 are matingly received in the O-ring grooves 119

15 surrounding the openings 106 to prevent any leakage of fluid, as will be
described in detail below.

Referring now to Figs. 3 and 4, the core insert 40 is adjacent and
operatively and sealingly connected to the upper surface 112 of the core
plate 110. The core insert 40 has a back or shell side 130 and a fro'nt

20  side 140. For ease of illustration the core insert 40 is shown in cross-
section so that other features of the core insert 40 can be shown.
However, it is to be understood that an O-ring 120 secures the back side
130 of the core insert 40 to the core mounting plate 110. The back side

'_ 130 of the core insert 40 defines end walls 42 and 43 and side walls 44.

25 The walls 42, 43 and 44 define at least one interconnected opening or
chamber 134 for receiving a cooling fluid. The back side 130 further
defines at least one, and preferably a plurality, of support means 136
such as pillars which axially extend in a direction away from the front
side 140. The positions of the support pillars 136 are determined by the

30 ultimate desired configuration of the final end product to be inolded.
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\2/%) o7 31733shown in Figs. 5-7 is especially useful in hi @)I/ﬁgg?zﬂ‘ﬁzﬂgg €

bperations where the cavity insert and/or core insert
extrenme hi gh pressures. - Wi le the inventi
in terms of various 5 preferred enbodi ne the skilTe an w

{s
. . S . 1&1 ! . . . .
appreci ate the various nodi fi cati ons d substitut S, om ssi,on n
changes whi ch nay be made wit hout departing from-t MEE!HH‘Pt t 3\&?@ d97
Accordingly, it is i ntended that the scope of the present invention be

defined solely by the ..scope of the follow 'ngL clains including the
equi val ents ther e&ther considerations for the position of the support pillars 136 include

providing agitation of the cooling fluid flow through the chamber 134 so
that the core insert 40 is rapidly and evenly cooled. In the embodiment
shown, each core pillar 136 defines an axially extending opening 138 for
5 receiving the adjacent ejector pin 104. However, it should be understood
that in other embodiments that various of the support pillars 136 can
have a solid configuration and are present for strengthening the core
insert 40 and for providing agitation to the flow of cooling fluid through
. the chamber 134,

10 In the embodiment shown, the front side 140 has a three-
‘dimensional surface 142. The surface 142 defines a portion of a cavity
area 154 for receiving a plastic molding material (not shown). The
surface 142 defines the shape of a side of the ultimate product to the

molded.

15 The core insert 40 has openings 144 which extends through each
of the opposing side walls 42 and 43 of the core insert 40. {In the
embodiment shown, the core insert 40 has a plurality of openings 144.
However, itis to be understood that in other embodiments the core insert
40 can have one opening 144). The openings 144 are in communication

20 with the chamber 134. Although not shown, water or fluid connection
valves and other coupling means are operatively connected to the
openings 144, Suitable fluid lines 146 are generally connected to the
openings 144 and to a water or fluid circulator system 149. In the

- embodiment shown, each side wall 42 and 43 has at least one slot 148

25 for clamping the core insert 40 to the mold apparatus 90. In the
embodiment shown, the slot 148 extends along an exterior surface of the
walls 42 and/or 43.

The cavity insert 50 is adjacent the front side 140 of the core
insert 40. The cavity insert 50 has a front side 150 which, in the

30 embodiment shown, has a three-dimensional surface 152, The surface



‘27 5 | CLAI M 1. A mol@n a u

conpri si ng a core insert (40) re vagvggt QQ?rlcﬁégiaa 8
first, core mounting plate (110), the core in

side (130) and 10 a front side . (140), the back sid

chanber (134) for receiving a cooligg fluid, t e

havi ng at | east one support nmeans ??36) axial l'y Hféag i 81 G’w
direction away fromthe front side - (140), and a
cavity insert (50, 250) renovably attached to a second, 15 cavity
nounting plate (2 ., the cavity insert (50, 250) having back . Side
(170,” 260) and a ?gérﬂef@ea@"(qrb%s"zz%mﬂ%efHa%ﬁgglmérqaﬁg? whigh rgpeives
the cavity insertt{SRastie Moldfig Matétiq, chamber (164, 264) for receiving
a cooling fluid, Ehe&bacé s?ge,gl( 178% 260) having at | east one support
The cavity insert 50 is operatively connected to the sub assembly

70 which comprises an "A" mounting plate 200 which is operatively
5 connected to a mold base 240. The sub assembly 70 is operatively
connected to a machine platen 74,

In operation, the front side 150 of the cavity insert 50 and the
front side 140 of the core insert 40 matingly engage such that when the
plastic material is being injected into the cavity area 154 there is no

10  escaping of material from the cavity area 154. The core insert 40
contains at least two registratidn areas '145 which each receive a
registration pin 155 extending from the front side 150 of the cavity insert
50. The registration areas 145 aid in aligning the cavity insert 50 to the
core insert 40 during the cycling operation of the molding apparatus 90.

15 The cavity insert 50 has a back or shell side 160 which generally
defines end walls 52 and 53 and side walls 54. The walls 52, 53 and 54
define at least one interconnected opening or chamber 164 for a
receiving cooling fluid. The back side 160 further defines at least one,
and preferably, a. plurality of support means 166 such as pillars. The

20 back side 160 of the cavity insert 50 defines an O-ring receiving groove
170 for receiving an O-ring 180. The cavity insert 50 has at least one
support means 167 which defines an axially extending opening 176 in
communication with the cavity area 154. The opening 176 receives the

. plastic material which is injected into the cavity area 154. The opening
| 25 176 matingly engages a sprue bushing 190 for delivering the plastic
material. It should be understood that for optimum operation in various
embodiments it is desired to have an O-ring 182 adjacent the support

means 167.
In addition, in certain embodiments each cavity and/or core insert

30 can have one or more additional support means such as walls or ribs 174
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means (166, 270) axially extending in a direction away fr, m

si de ((160, 252))of the cavity insert (50, 250) the front* GT 12)? feghla 8
tore insert (40) and the front side (160, 252) of the
250) deéfining a cavity (154) for nolding an article;
| east one nmeans (149) for circulating a flgy d through

er
134 and 154) of the core insert (40) and cavity insert (ElPEA&US 25 83“@’97

at | east one pressure bearing means (220) adjacent the core . (40) and
cavity (50, 250) inserts, the pressure beari ng neans (220) havi ng a

(40} "and ‘the cavite'i le?Q°?’§ H R85 oaEl R Aasret R oG &t bays aspmayable
substantial |y absebke h@bdrhmgmla(ﬂe Mg aRE BfetndVidle tc]&@ut?%Suhﬁﬁﬁ Hiate?200.

28 and insert (50, 250) are brought into facing engagenent
under mol d ﬁﬁg‘spgﬁ‘é"! gmg @Mherﬁf espat iaveption it iseossibigifagtheomaldiuser
(90), the - to have available a fewer number of mounting plates which are useful

5 with more than one cavity insert and more than one core insert. It is also
now possible to have available relatively standard size cavity mounting
plates and core mounting plates.

In certain embodiments of the present invention, the apparatus 90

further contains a plurality of pressure bearing means 220. In a preferred

10  embodiment, there are at least four pressure bearing means 220, one

positioned adjacent each corner of the core and cavity inserts 40 and 50.

The pressure bearing means 220 preferably have a height that is slightly

longer or taller than the combined depth of the core insert 40 and the

_cavity insert 50 such that most of the molding pressure is absorbed by

15 the pressure bearing means 220. The pressure bearing means 220 allow

. the cavity moﬁnting plate 200 and the core mounting plate 110 to be

moved into mating engagement without putting exceés pressure on the

core insert 40 or the cavity insert 50. Thus, in certain embodiments,

with the presence of the pressure bearing means 220, the core insert 40

20 and the cavity insert 50 are brought into facing engagement without

undue stress or pressure put on the inserts 40 and 50. In certain

embodiments of the present invention, the presence of the pressure
bearing means 220 extends the useful life of the inserts 40 and 50.

R It is to be understood that, in preferred embodiments, during the

25 operation of the apparatus 90 the fluid circulator system 149 moves or

pulls the fluid through the openings 194 and into the chamber 164 in the

cavity insert 50 and through the openings 144 and into the chamber 134

in the core insert 40. The rapid puiiing movement of the fluid in a

negative or vacuum manner allows rapid cooling of the inserts without

30 . the concern of having water fluid leaks into the cavity area 154 through
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-pressure bearing neans substantially transfers the noksli rv r : ga
the core insert (40) and the cavity insert (50, 250) H!M&??r@&??r 8
5 plate (110) and the cavity nounting plate (200),
operation of the nolding apparatus (90).

(90) of claim1l, wherein at |east one of the _ cavi QEEW ( '
the caore insert (40) includes walls defining said 10 C anbelstl3?)amg4,97
264) and contains one or nore support ribs (174) extending fromsaid
respective walls (42, 43, 44; 52, 53, 54) CANCELLED.

3.

4. ' ' aeans. (1 for
g;sr culating fl ui dzlggogf)grag%vlﬁéPégg'%)‘ﬁgﬁe%ﬁjé%fn%&f' hgﬂgggb%hgﬁﬁ’ﬁ%%ﬁtﬁﬁ%t he
cavity insert (50peing pulled falrm'mﬂ the subou_tthﬁllﬁbam_rafxd( 166 ﬁ{wt%’g)ﬁbgothe and

. 90 f ' , rein the cayity inser .
gor e mgeflto p‘ag; uﬁﬁéﬁ'r‘)gﬁglc?{%&é qué tﬂ%@ﬁ& poitationandg ragid spgling Qﬁ‘ the inserts
smooth or gl ossy gorgmfed. the cavity insert and the core insert each

being fornmed using a ceramc nmold (12, 10) having a fprnul.ation
conprising cePani c par Thecete andicavityinsettsioéthe present invention provide cavity

area pressure resistance such that rapid cooling occurs with minimal risk

of leakage. In addition, the present invention allows leak-free injector pin
placement in the desired areas so that the end product is readily removed
from the cavity area 154. Further, there is a leak-free sprue bushing
10 placement which is especially desirable so that no water or cooling fluid
is allowed to migrate into undesirable areas. It is further understood that,
in various embodiments, cooling fluid leakage occurring from chambers
134 and 164 into cavity area 154 is prevented by the chambers 134 and
164 being at a lower pressure than the cavity area 154. Therefore, any
15 leakage which occurs from less than accurate machining of inserts 40
and 50 results in air moving intq"the chambers 134 and 164 ratger than

fluid leaking into the cavity area 154.
With the above-described mold casting apparatus: and process, it
is now possible to more efficiently mold injection molded parts. The
20  temperature of the mold is efficiently regulated such-that the mold can
quickly produce the desired end product. The product being molded is
subjected to more consistent cooling and is, therefore, less affected by

stresses.

. In operation, the sub assembly 60 comprising the ejector box 100,
25 the core mounting plate 110 and the core insert 40, are moved along an
axis toward and away froh facing engagement with the cavity insert 50.
Plastic material is injected through the sprue bushing 190 into the cavity
area 154 when the core insert 40 is in mating engagement with the
cavity insert 50. Simultaneously, fluid is pulled through the openings
30 144 and i94 into the chambers 134 and 164, respectively, to cool the

AMENDED SHEET



25 6. The apparatus (90) of claim5, wherein the carbon fibers
are present in the ceramc fornulation at about :
*by wei ght, and have an average | ength of about

‘i nches. : 29 7.
claim6, wherein the carbon fibers are 04 presen
wei ght, and the carbon fibers have an average |en ou /
i nches. 5 8. The apparatus of claiml, mﬂﬁgﬁﬂdg EZpétﬁUG '97
means (136) of the core insert (40) conprises a plurality of pillars
(136) which axially extend fromthe back side (130) of the core
i nsert (40). defines a plurality of interconnected openings or channels 268 which are

defined by support means 270.

The cavity insert 250 has at least one center area or support pillar
277 which defines an axially extending opening 276 which is in

5  communication with the cavity area 254. The opening 276 receives the
plastic material which is injected into the cavity area 254. The opening

276 matingly engages a sprue bushing {not shown) for delivering the -

plastic material.

The back side 260 defines at least one support means 270 and

10 preferably, a plurality of support means such as wall sections 270. In
the embodiment shown, the support means 270 comprises a plurality of
wall sections (270, 270, 270"’} which axially extend from the front side

252 of the insert 250, It is to be understood that the support means 270

can comprise a fewer or a greater number of wall sections than as shown
15 in Figs. b-7. However, for ease of illustration, the support means 270

shown herein has wall sections designated as 270, 270’ and 270"’

In the embodiment shown, the support wall sections 270 are
symmétricaily positioned in the chamber 264. In certain embodiments,
the thickness of each of the wall sections 270 is generally uniform for

20 ease of manufacturing the insert. However, it is to be understood that
the wall sections 270 can vary in thickness.

In certain embodiments it is desired that the distance between the
wall sections 270 vary. As seen in Figs. 5-7, the distance between the
first wall section 270 and the center area 277 is less than distance
25 between the first wall section 270 and the second wall section 270’.

Correspondingly, the third wall section 270" is spaced apart from the
second wall section 270’ at a distance greater than the distance between
the second wall section 270’ and the first wall section 270. That is,
each of the channels 268", 268", 268’ and 268 in the chamber 264

AMENDED SHEET
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9. The apparatus of claim1, wherein the support neans
cavity insert (50) conprise a plurality of pillars (16
extend fromthe back side (170) of the cavity insert
10. The apparatus of claim1l, wherein the support

cavity insert (250) conprises a plurality wal | se ns 270) é
which axially extend fromthe back side (Z"?I)) of the c ser 8%'97

11. The apparatus of claim 10, wherein the support means (270) of
the cavity insert (250) conprises a first wall section (270) which S
spaced apart at a first predeterm ned di stance from an adjacent, 20

second wal |l section (270'). 12 The apparatus .of claim 11,
wherein the second wall section (270") is spaced apart at a second

pr edet er mi ned di stance from an adj acent third vva“ljmamum““mmn
wherein the second predeterm ned 25 di stance is grea t
predet er mi ned distance. 13. The appar at us of clai'mi

wherein the support neans of the core insert conprises a pIurallty of
wal | sectionsbwhich axially extend fromthe back side of the core

I nsert. 30 AlM:

1. A molding apparatus (90} comprising
a core insert (40} removably attached to a first, core
mounting piate {110}, the core insert {40) having a back side (130) and
10 a front side (140}, the back side {130) defining a chamber (134} for
receiving a cooling fluid, the back side {130} having at least one support
means {136) axially extending in a direction away from the front side
{140}, and
a ca\)ity insert (50, 250} removably attached to a second,
15 cavity mounting plate {200), the cavity insert {50, 250) having a back
side (170, 260} and a front side (160, 252}, the back side {170, 260) of
the cavity insert (50, 250) defining a chamber {164, 264} for receiving
a cooling fluid, the back side (170, 260} having at least one support
means (166, 270} axially extending in a direction away from the front
20 side (160, 252) of the cavity insert {50, 250} the front side (140} of the
core insert {40} and the front side (160, 252) of the cavity insert {50,
250) definidg a cavity {154) for molding an article;

at least one means (149) for circulating a fluid through the
. chambers 134 and 154) of the core insert {40} and cavity insert {50,

25  250); and, |
at least one pressure bearing means (220) adjacent the core
(40) and cavity (50, 250) inserts, the pressure bearing means {220)
having a height that is longer than the combined height of the core insert
(40) and the cavity insert {50), the pressure bearing means {220)
30 substantially absorbing the molding pressure when the core insert {40}

arreineD SHEET
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‘30 14. The apparatus of claim 13, wherein | rbi n f
the core-insert-conprises a first wall section whj \‘J?ﬁgs ij erltSB
at a first

' m‘jl stance from an adjac
section. 5 \\“{“ﬁ@ !mr‘“‘ﬁ apparatus of claim1
wal | section . U

ﬁ

pace#l abart at a sggond pr edet stanc
an adj.acent third wall section wher€l'n the second . rm '
di stance is greater than the first predeterm ned L‘?mﬁﬁ E%AUG 97
16. The apparatus of claim10, wherein at |east one said vvaH _ ]
section (270) def} hannel Zg-for al | Qwi.n lyid to ow into the
chanber (264) of 4%3@\2@\? tu?fqrﬁg%é.tz é)\;a;e, brougc}\t intb fI‘acmg engagement under
molding pressure during operation of the molding apparatus {90}, the
pressure bearing means substantially transfers the molding pressure from
. the core insert (40) and the cavity insert {50, 250) to the core mounting
5 plate {(110) and the cavity mounting plate (200}, respectively, during

operation of the molding apparatus (90).

2. The ?ppa‘ratus (90) of claim 1, wherein at least one of the

cavity insert {50) and the core insert (40) includes walls defining said

10 chamber (134 or 164, 264) and contains one or more support ribs (174)
extending from said respective walls (42, 43, 44; 52, 53, 54) .

3. CANCELLED.

15 4.  The apparatus (90) of claim 1, wherein the means (149} for
circulating fluid is operatively connected to the core insert {40) and the
cavity insert {50) to pull fluid through the chambers (136 and 166).

5. The apparatus {90} of claim 1, wherein the cavity insert (50)

20 and core insert (40} have good tensile properties and a substantially

smooth or glossy surfaces, the cavity insert and the core insert each

being formed using a ceramic mold {12, 10} having a formulation
comprising ceramic particles and carbon fibers.

25 6. The apparatus~ (90} of claim 5, wherein the carbon fibers are

present in the ceramic formulation at about 0.01 to about 0.02%, by
weight, and have an average length of about 1/4 to about 1/16 inches.

AMENDED SHEET



'17. The apparatus of claim 13, wherein at |east one said 1
defi nes ap(F:)hanneI for.all ow ng fI ui d to flowinto the ;«ﬂus ©7 78@?«-‘51188
of the core insert (40) — 18. A netho
| east one of the cgbﬂuum ~and/or the c
claim1l1, conprisin ﬁ"’ m for 'ngaflrs‘,PEcz;amc f _
M core iTisert; f
theucoregﬁsﬁu{‘mg?

to formthe front side oft
a second nold (30) to formthe back side (130) of

(40); formngathlrd ceram c nold (22) toform]Ehe

f t de 25 160 ca rt (5 orm ng
ar 19 gur‘ts Ih ﬁm d (3(2) tZ) hfh aéé @9)@1&@')@ Wherelnmafaqngpermert
50); f r 0

Second. mol d pzegssg‘t.'af”m??ﬁg%gg o 2 b b bk an

metal material (38yerage lemmeﬁ)&bqﬁe‘l\/&mcﬁesmthe core insert (40); and

5 - 8. The apparatus of claim 1, wherein the support means (136}
of the core insert {40) comprises a plurality of pillars (136) which axially
extend from the back side {130) of the core insert {40).

9. - The apparatus of claim 1,. wherein the support means (166}
10  of the cavity insert (50} comprise a plurality of pillars {166) which axially
extend from the back side (170} of the cavity insert (50}.

10. The apparatus of claim 1, wherein the support means {270)
of the cavity insert {250) comprises a plurality of wall sections {270)
15 which axially extend from the back side (260} of the cavity insert {250).

11, ‘The apparatus of claim 10, wherein the support means
(270} of the cavity insert (250} comprises a first wall section (270} which
is spaced apart at a first predetermined distance from an adja'cent,
20  second wall section {270’).

12. The apparatus of claim 11, wherein the second wall section
(270°} is spaced apart at a second predetermined distance from an
- adjacent third wall section (270°’) wherein the second predetermined
25 distance is greater than the first predetermined distance.

13. The apparatus of claim 1, wherein the support means of the
core insert comprises a plurality of wall sections which axially extend
from the back side of the core insert.

30
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30 . placing the third, ceramc

nol d (32) into nati ng engagenent and injectin

mat eri al HWentoformthe cavity

19. A net ho WI H ein at |east one of t

(30) and/or fourtCh ol 8 (82)* conprises aqgand type nol-d 20.

The nethod of claim 18 wherein at | east gﬁe of the secc‘REA/US mz)g(B AEB},W
. e

and/or fourth nold (32) conprises a ceramc nold. 10
nmet hod of cl aim 18 further corrprisi ng the step of ~ curing the ceramc

nol ds by heating the nmol ds _ at ratur for a
sufficient time to cu ri“%@?ﬁ?ﬁ%”?rﬂ?&% Jlg.SWherem SUDQanP'?ﬁE r?ét h8d of
claim20 furt hercmrmééﬁlcwﬁfts%s% izt Wall sectxoncwrztdagstsbace@egah%t@ﬁéi by
heating the ceram c nolds at a sufficient erature tor a

sufficient tine pwdeterained distpace from@apsadjacent, second wall section.

L8, 97 [0 188

5 16. The apparatus of claim 14, wherein the second wall section
is spaced apart at a sec_ond predetermined distance from an adjacent
third wall section wherein the second predetermined distance is greater
than the first predetermined distance.

10 . 18. The apparatus of claim 10, wherein at least one said wall
section (270) defines a channel (272} for allowing fluid to flow into the
chamber {264} of the cavity insert {250). |

17. The apparatus of claim 13, wherein at least one said wall
15 section defines a channel for allowing fluid to flow into the chamber
{134} of the core insert {40).

18. A method for producing at least one of the core insert {40)
and/or the cavity insert 50 of claim 1, comprising:
20 forming a first, ceramic mold (20} to form the front side of
the core insert;
forming a second mold {30} to form the back side (130) of
the core insert (40};
. forming a third, ceramic mold {22} to form the front side
25 {160} of the cavity insert (50});
forming a fourth mold {32) to form the back side {170} of
the cavity insert {50);
placing the first, ceramic mold (20) and the second moid
{30) into mating engagement and injecting a suitable metal material {35)
30 therebetween to form the core insert {40); and

AMENDED SHEET
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23. The apparatus of claim1 wherein the apparatus (90) l@T/U&CQLF%&a 188
nearns

| east four pressure bearing .neans (220), one .pressure bear i
'(220) being positioned adjacent each cornes of the c

and the cavi ti yl l!mlj "mme "I’;ﬁﬁm ‘&L / PEAUS 28 AUG'W

placing the third, ceramic mold {22} and the fourth mold
{32) into mating engagement and injecting the suitable metal material
(35) therebetween to form the cavity insert (50).

5 19. A method of claim 18 wherein at least one of the second
mold (30} and/or fourth mold (32) comprises a sand type mold.

20. The method of claim 18 wherein at least one of the second
mold (30} and/or fourth mold (32} comprises a ceramic mold.

10
21. The method of claim 18 further comprising the step of
curing the ceramic molds by heating the ceramic molds at a sufficient
temperature for a sufficient time to cure the ceramic molds.
15 22. The method of claim 20 further comprising the step of

curing the ceramic molds by heating the ceramic molds at a sufficient

temperature for a sufficient time to cure the ceramic moids.

23. The apparatus of claim 1 wherein the apparatus {90)
20 includes at least four pressure bearing means {220), one pressure bearing
means {220) being positioned adjacent each corner of the core insert (40)

and the cavity {50, 250} insert.
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(57) Abstract

The present invention relates to an apparatus for molding
plastic parts which comprises a cavity insert (50) and a core insert
{40) wherein each insert has an open area on the shell or back
side thereof. A means (146, 196) for circulating fiuid through
each chamber cools the inserts. In one preferred embodiment,
the: cavity and core inserts are made using a ceramic formulation
comprising generally uniform size aggregate materials and carbon
fibers. In certain embodiments, the apparatus further comprises
pressure bearing means (220) for absorbing molding pressure during
operation of the molding spparatus,
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