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The present invention relates to the manufacture of conposite articles,
that is, articles typically conprising a fiber reinforcenent lattice within
a cured resin matrix. More specifically, the invention relates to
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10 surfaces. BACKGROUND OF THE | NVENTI ON Reaction injection nolding and
resin transfer. nolding are processes wherein dry fiber 15 rei nf or cenent
plys / preforms are |xpEARATUS FOR MORDING COMFOSITE ARTICUES ne the
ultimate configuration of the article to be fabricated, whereupon a
flowable resin is injected under pressure into the mol d cavity (nDId

pl enun) thereby to saturate / wet the fiber reinf orcerrent plys / preforns.

After the resinated preforns are cured in the nol e
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The present invention relates to the manufacture of composite articies, that is, articles

typically comprising a fiber reinforcement lattice within a curved resin matrix. More
specifically, the invention relates to matched tool molding apparatus suitable for injection
moiding composite articles at controlled temperatures with readily repilaceable, low-cost tool

10 surfaces.
BACKGROUND OF THE INVENTION

Reaction injection molding and resin transfer molding are processes wherein dry fiber
15 reinforcement plys / preforms are Icaded in a mold cavity whose surfaces define the
uitimate configuration of the articie to be fabricated, whereupon a flowable resin is injected
under pressure into the mold cavity (mold pienum) thereby to saturate / wet the fiber
reinforcement plys / preforms. After the resinated preforms are cured in the mold plenum.
the finished article is removed from the mold.
20
The prior art teaches injection molding apparatus which consist of a pair of complementary
or "matched" tools which provide these molding surfaces, which each tool being :arefuuy
machined, for example, from a rigid metal which is otherwise relatively nonreactive with
respect to the resin to be used in conjunction therewith. Such matched metal molds are
25 expensive to fabricate and are necessarily limited to the manufacture of a singie article of a
given design. Stated another way, even slight changes to the desired configuration of the

article to be fabricaled may necessitate the machining of an entirely new replacement tool.
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the finished article is renoved fromthe nold. 20 The prior art teaches

I njection nol di ng apparatus which consist of a pair of conplenentary or

mat ched" tools which provide these nolding surfaces, which each tool being
carefully machinéd, for exanple, froma rigid netal which is otherw se

rel ativel y nowo®asiosye wth respect to the resin to be used parmenpusct i on
therewith. Such matched netal nolds are 25 expensive to fabricate and are
necessarily limted to the manufacture of a single article of a given
design. Stated anot her way, even slight changes to the desired
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PCT/ 1 B97/ 013Q:6mes increasingly problematic as the mold temperature deviates from the desired
process temperatures. In response, such toois are often provided with an integrai system
of internal heating and / or cooling tubes or passages through which an externally supplied
5 heating / cooling fluid may be circulated. However, in accordance with these prior ant
designs, the heating / cooling passages are positioned relative to the too!l surfaces so as to
leave a minimum spacing of perhaps 2 inches (5 cm) therebetween to ensure that the
resulting article will be free of hot and cold lines or bands which might otherwise be
generated in the article as a result of disparate hating / cooling rates during resin cure.
10 This minimum spacing, in turn, inherently limits the ability of these prior art tools to
accurately control temperature dunng the injection molding process, again, particularly
where such processes are exothermic, And lemperature control of the mold plenum
becomes further problematic where variable-thickness articles are to be fabricated, given
that the thicker portions of the article may well polymerize earlier, and will likely reach

15 higher temperatures, than the thinner portions thereof.

Still further, where matched metal tools are utitized in processes employing reduced cycle
times, the sizeable thermal mass of such metal tools can often generate peak temperatures
in the range of about 375°F to about 400°F, resulting in "dry spots" which will likely render
20 the finished article unusable. Accordingly, such matched metal tools may have to be
periodically idled for sufficient time to permit the mold to cool to an acceptable operating
temperature, thereby substantially increasing the cost of article fabrication using such toots.
Finally, at the other end of the temperature scale, reduced mold temperatures are known to
increase the rate of styrene buildup when used with resins employing styrene monomers,
25 thereby precipitating greater frequency of styrene buildup removal and associated {abor

costs and equipment down-time, with an associated increase in process cost.

in an attempt to provide increased temperature control while facilitating removat of the

finished article from the molding apparatus, the prior ant teaches a modified molding



Addi tionally, such known netal tools typically hay, mal
mass whi ch becones increasingly problematic as t he
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portions of the article may well polymerize earlier, and will likely reach
to surface finish and other characteristics of the resulting article and. further, limit the
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degree to which resin cure may be accelerated. Moreoever, where such molding apparatus
are used in exothermic processes, the resulting heat accelerates deterioration of the
flexible mold surface, thereby preventing long-term use of the tool. Moreover, such
10 molding apparatus often requires evacuation of the mold plenum prior to injection of the
resin therein, thereby rendering use and maintenance of such molding apparatus more

complex, and processes employing such apparatus more time intensive and costly.

What is needed, then, is a matched-tool injection molding apparatus featuring replaceable
15 moid surfaces which are easier and less costly to fabricate than known rigid or flexible toots
while further offering increased temperature control during both endothermic and

exothermic processes thereby to provide articles of improved quality at lower cycle times.

SUMMARY OF THE INVENTION
20
It is an object of the present invention to provide an injection molding apparatus featuring

reusable low cost molding surfaces.

It is another object of the present invention to provide an injection molding apparatus
25 featuring enhanced temperature control of its molding surfaces, whereby improved control

of the mold process and attendant article characteristics can be achieved.

Under the present invention, an injection molding apparatus includes a pair of mold

sections, wherein each mold section itseif includes a rigid housing and a semi-rigid
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15 hi gher tenperatures, than the thinner portions thereof. Still further,
where matched netal tools are utilized in processes enploying reduced cycle
times, the sizeable thermal nass of such netal tools can often generate
peak tenperatures in the range of about 375[err]F to about 400[err]F,
resulting in ‘wir9sigeats” which will likely render 2D the fipocratwediarticl-e
unusabl e. Accordi ngly, such matched netald tools may have to be periodically
idled for sufficient tinme to permt the nold to cool to an acceptable
operating tenperature, thereby substantially increasing the cost of article

fabrication i.nga such tools. Fi I at the .other end, of .the .tepgperature
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precipitating greater frequency of styrene buildup renoval and associ at ed
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cost. In an attenpt to provide increased tenperature control while
facilitati ng‘Y'PE'n?fv‘?i'l‘e"cﬁ““@% matetiak [98g. Hracrerdancerwith Haererspyinveptian phifferents
the pri og arrr%er%bergncehnexastegalggrgcj If Jr%ﬁargalerq;tiggmay be selected for the respective membranes
of each mold section. When the two mold sections are assembled with their respective
molding surfaces in opposition to one another, a molding plenum is defined within which to
fabricate the desired article. Thus, under the present invention, design changes to the
article are readily accommodated through alteration or replacement of the low-cost
10 membrane(s). Stated another way, under the present invention, a given mold section
housing may be outfitted with a wide variety of relatively inexpensive composite
membranes useful in the production of compaosite articles of different shapes, sizes and

characteristics, thereby greatly reducing tooling costs as compared to the prior art.

15 In accordance with the present invention, a noncompressible fluid is disposed within and
filis the chamber of each mold section, whereby its respective membrane is supported so
as to ensure proper dimensioning of the finished articie while permitting slight dimensionail
flexing during resin injection thereby to evenly distribute any injection-pressure foading of
the membrane across its entire surface. The latter feature may prove especially

20 advantageous where a spike in injection pressure is encountered during the resin injection
step. As a further advantage, such slight dimensional flexing of the membrane during resin
injection is believed to improve or enhance the flow of resin through the moid pienum. An
expansion chamber in fluid communication with the chamber of one or both moid sections
serves to accammodate thermal expansion of the membrane-backing fluid prior to injection

25 of resin into the mold plenum, and subsequent to cure of the finished article, with a vaive
operating to isolate the chamber from the expansion chamber during resin injection and

cure.



3 apparatus wherein one of the nold surfaces is defined by a flexible
menber fornmed, for exanple, of rubber. The other nold surface is stil
defined buy a rigid, thermally-conductive netal tool which rmay be backed by
a pressurized fluid such as steam whereby curing heat is transferred to the
mol d cavity foWOREWBhermi c nol di ng operations. Unfortunat el yPCHB7II07 5 ch
endot hermi ¢ processes, heating but one si®e of the nmold cavity may limt
flexibility as to surface finish and other characteristics of the resulting
article and further, limt the degree to which resin cure nmay be
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processes, the resulting heat accelerates deterioration of the flexible
nol d sur f acepreferaiye inermilip vasntiudiige;| am tHee mbiding Ssppafatish irthew Includdd mean= in
such 10 nol di ng apparatus often requires evacuation of the nold plenum
prior to inj&emabaommupipdtiopadinithe Raskinmiluid withie ippe o8 hetdrof te meld sastions for
Mai nt enance r%fgulgt%lncghthg?elnqgerl]aclur%pd? ‘?ﬁeaﬁéjcimg%%. For example, in a preferred embodiment,
5 the temperature regulating means includes a system of coils extending within each
chamber, and an external heater / chifler unit of conventional design which is connected to
the coil system and is operative to circulate a temperature control fluid at a predetermined
temperature therethrough. (n this manner, the temperature of the backing fluid and,
correlatively, of the molding surface of each mold section may be closely reguiated, thereby
10 offering improved characteristics of the finished article and / or improved control of process
parameters, such as cure time and temperature. Additional benefits of such temperature
regulation of moiding surfaces include, for example, reduced styrene build-up, with an
attendant reduction in mold down-time and mold maintenance costs as compared o prior
an molding apparatus. _
15

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a partially diagrammatic, partially exploded isometric view of an injection molding
apparatus in accordance with the present invention; and

20 Fig. 2 is a cross-sectional view of the apparatus shown in fig. 1 along vertical plane passing
through line 2-2 thereof subsequent to assembly of the upper mold secticn onto the lower

moid section thereof.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

25
Referring to Fig. 1. an exemplary apparatus 10 under the present invention for molding a
composite article includes a mold assembly 12 having an upper mold section 14 and a
jower moid section 16 which define, upon assembly of the upper moid section 14 onto the

lower sectton 16 with the aid of locating pins 18 and complememtary locating slots 20, a



conpl ex, and processes enpl oying such apparatus nore tine intensive and
costly. What is needed, then, is a matched-tool injection nolding apparatus
feat.uring repl aceabl e 15 nol d surfaces which are easier and | ess costly
to fabricate than known rigid or flexible tools while further offering
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housing 28,30 along the membrane's peripheral edge as by a clamping ring 36. Thus
assembled, the housings 28,30 and membranes 32,34 of each moid section 14,16

cooperative to define fluid-tight chambers 38,40 therein.

in accordance with one feature of the present invention, each membrane 32,34 is itselt
preferably formed of a composite overlay which, in its most elegant form, may simply
comprise splash off of a blank of the article to be fabricated. And, while each membrane
32,34 may conveniently be formed of fiberglass or reinforced nylon, the present invention
contemplates use of semi-rigid membranes 32,34 fabricated from other suitable materials
such as light sheet metal, which membranes 32,34 may be conveniently and cheaply
fabricated, shaped and reshaped in a pressure chamber in a manner known to those skilled
in the art. In this regard, it is noted that the present invention contemplates use of either
the same or different materials for the respective membranes 32,34 of each molid section
14,18 depending, for example, upon the desired characteristics of the sheet (e.g., ils
thermal conductivity, formability, and usable life), the desired characteristics of the
fabricated articie (e.g., surface finish and gloss). and / or overalil process parameters (e.g..

resin injection pressures, resin cure time and mold assembly cycle time).

The fluid-tight chambers 38,40 defined within each mold section 14,16 are completely filled
with a substantially non-compressible heat-conductive fiuid 42 supplied by a fluid supply
network 44 prior to injection of resin into the mald plenum 22. The fluid 42 within each
chamber 38,40 thereby provides support for each membrane 32,34 in compression during

resin injection in 2 manner to be further described below.

in the preferred embodiment shown in Fig. 1, the membrane-backing fluid 42 is

conveniently tap water which is supplied by the network 44 to the upper and lower mold
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PCT/ 1 B97/ 01107 4 menbrane renovably nounted to the housing so as to define
a fldid-tight chanber therein. The nenbrane of each nold section which,

turn, defines its nolding surface,

conmposi te nat eVPM¥h as fibergl ass or reinforced nylon, or PCHIBR1/01107
suitable material and, in accordance with'the present invention, different

5 menbrane materials and / or characteristics nay be selected for the
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accaommpdat ed t hrou p alteration or repl
vaporization temperatures) will be known to those skilled'in {

e ant. A pressure gauge 5

may be empioyed downstream of each iniet valve 46 to monitor the flow rate of backing
fiuid 42 into the chamber 38,40 of each mold section 14,16. To facilitate the filing and
emptying of each chamber 38,40, each moid section 14,16 has a vent 52 through which air
within each chamber 38,40 may escape upon the filling thereof with backing fluid 42. Once
filed, each chamber's vent 52 is sealed with a vent plug 54, thereby imparting requisite

rigidity to each mold section's membrane / molding surface 24,26.

As seen in Fig. 2, wherein the relative dimensions of, for example, the membranes 32,34
and mold plenum 22 are exaggerated for ease of illustration, each mold section 14,16
includes a system of heating / cooling coils 56 extending within the fluid-tight chamber
38,40 thereof which are themselves coupled via quick connect couplings 58 to an external
heater ! chilier unit 60 of conventional design. As such, the coils 56 operate in conjunction
with the heater / chiller unit 80 to precisely regulate the temperature of the backing fluid 42
and, hence, the molding surface 24,26 of each membrane 32,34 throughout the injection
molding process. And, while the coils are illustrated in Fig. 2 as being Jocated proximate to
the back side of the composite membrane, under the present invention, the thermal
conductivity of the backing fluid 42 enables substantial design variation with respect to
placement of the coils 56 within the chamber 38,40 of each mold section 14,16 which. in
turn, facilitates use of a given mold section housing 28,30 and coil system 56 with a wide
variety of membranes 32,34. Indeed, under the present invention, while the membranes
32,34 of the exemplary apparatus 10 are shown in Fig. 2 as being of relatively uniform
thickness, the efficiency with which mold temperature may be controlled under the present
invention permits the use of variable-thickness membranes 32,34, as may be desirable, for

example, when providing the finished article with reinforcement ribs.

:il_.cerrent of the Iovaé:ost



10 nmenbrane(s). Stated another way, under the present inventio
nmol d section housing may be outfitted with a wide v v

I nexpensi ve conposite nenbranes useful in the produ THEh
articles of different shapes, sizes and characteristics,
reduci ng tool wapsasmiss as conpared to the prior art. Inpenngmdﬁupe
with the present invention, a nonconpresgible fluid is disposed within and
fills the chanmber of each nold section, whereby its respective nenbrane is
supported so as to ensure proper dinmensioning of the finished article mhile
permtting slbght di mrensi onal flexing%durlng resin injection thereby
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fl ow of r esisnbsehuehhatinger codlidg pf eaubmoldseainp 44,36 ¢ theltesiest tempefakure, cany
comuni cation with the chanber of one or both nold sections serves to
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I njection

accommodated by the expansion chamber 62, thereby preventing distortion and / or

deleterious stress on the membranes 32,34,

Returning to the drawings, an injection sprew 64 may be seen in Fig. 2 as extending
10 through the upper mold section 14 to provide a pathway through which a desired thermoset
resin from a resin supply 66 may be injected under pressure by a suitabie pump 68 into the
mold plenum 22. The number and placement of such sprews 64 depends upon the
configuration and desired characteristics of the article to be molded, and the flow
characteristics of resin employed, in a manner known to those skilled in the art. In this
15 regard, it will be seen that a series of small vents 70 is provided between the opposed
clamping rings 36 of the upper and lower mold sections 14,16 through which trapped air

may bleed to atmosphere during injection of the resin into the mold plenum 22.

In accordance with another feature of the present invention, the exemplary molding
20 apparatus 10 further includes a mechanism indicated generally by reference numeral 72 on
the lower mold section 16 for vibrating the mold assembly 12 or, at a minimum, the backing
fluid 42 contained in the lower mold section 16. Vibration of the mold assembly 12 J
backing fluid 42 during injection of the resin is believed to facilitate resin flow through the
mold plenum 22, as wefl as to improve saturation and wetting of fiber reinforcement

25 preforms (not shown) situated therein.

In accordance with the present invention, the exemplary molding apparatus shown in the
drawings may be used as follows: one or more fiber reinforcement preforms are laid within

the mold cavity defined by the "female” molding surface 26 of the lower mold section 16.
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25 of resin into the nmold plenum and subsequent to cure of the finished
article, with a valve operating to isolat P TH S 8 t he expansi on
chanber during resin injection and cure. é é
PCT/1B97/ 01107 5 And, in accordance with BAgath EDre off the pr esent

I nventi on, themmzm fluid is itself preferably thermall y C@auoB7iovie and
t he nol di ng apparatus further includes ne@ns in thermal comunication with
t he backing fluid within one or both of the nold sections for regulating
the tenperature of the backi ng fluid. For exanple, in a preferred
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conventi onal e?lﬁ"fde%cmcﬁﬁhg' pin qg%ﬁQf‘sﬁ‘Qsﬁe@tive locating slot 20 (where desired, the upper

mold section 14 may then be secured to the lower mold section 16 as through the use of

suitable clamps, not shown). Each mold section 14,16 is then connected to the backing
5 fluid (water) supply network 44, and its respective vent 52 is opened and inlet vaive 46 is

operated, thereby to completely fill the chamber 38,40 therein with water.

Once the chambers 38,40 are completely filled, each mold section vent 52 is sealed with its
respective vent plug 54 and the heater / chilier unit 60 operated to bring each mold section
10 14,186 to the desired process temperature. The infet vaive 46 to each mold section 14,16 is
thereafter closed to isolate its respective chamber 38,40 from the fluid supply network's
expansion chamber 62 (which otherwise has accommodated any thermal expansion of the
backing fluid 42 during temperature normalization}). By way of example only, where the
resin to be injected is a thermoset polyester or vinylester resin, the desire operating
15 temperature necessary to provide desired flow characteristics for a given thermosel

polyester or vinylester resin has been shown to be 140°F to about 150°F.

The desired resin is thereafter injected under pressure into the mold plenum 22 through the
injection sprew 64. Where the membranes are formed, for example, of fiberglass with a
20 nominal thickness of perhaps about 0.375 inches (0.95 cm), a typical injection pressure
used in injecting a thermoset polyester or vinylester resin having a viscosity between of
between about 400 and 500 centipoise into the mold plenum 22 is preferably less than
about 200 psig (690 kPa) and, most preferably, less than about 60 psig (410 kPa). Of
course, the optimal flow rate at which the resin is injected is based upon a number of

25 factors well known to those skilled in the art.

Once the mold plenum 22 is completed filled with resin, as visually confirmed by discharge
of resin through the air bleeds formed in the clamping rings 36 of each mold section 14,16,

the injection of resin ceases. The temperature of each molding surface 24,26 is thereafter
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the coil systemand is operative to circulate a tenperature control fluid
at a predeterm ned tenperature therethrough. In this manner, the
tenperature of the backing fluid and, correlatively, of the nolding surface
of each nold section nmay be closely regul ated, thereby 10 of fering

| mproved charwowenios4i cs of the finished article and / or i npoosetoieent r ot
of process paraneters, such as cure tinet0and tenperature. Additional
benefits of such tenperature regulation of nolding surfaces include, for
exanpl e, reduced styrene build-up, wth an attendant reduction in nold

down-tine and mpld.maintena d rior t ol di

coun e B bR POk A DRSS el i ol 00

di agramat i gae R hidh ko/ otk hRr@skirk® QIMRICE iiRislY bRYY 6f otRér deRir&férafitieiticdiond
apparatus in accordance with the present invention; and 20 Fig. 2is a
Cross-sect i tredinisnecarticie, drhe othppdseatpiimizehisnumoidmgfpraresd THeomgid\sectiohs a4,1H| ane
passing through line 2-2 thereof subsequent to assenbly of the upPer nol d
section ont 8¢t hereafior peparated, and the finished article removed from the mold cavity in a

5 conventional manner.

In accordance with another feature of the present invention, due to the semi-rigid character
of the lower mold section's membrane 34, the membrane 34 will dimensionally flex slightly
during resin injection as the backing fluid 42 distributes the resulting injection pressure oad
10 across the entire surface of the membrane 34. In this manner, the semi-rigid membrane 34
avoids deleterious stress concentration on its molding surface 26 during resin injection.
Indeed, the slight flexing of the molding surfaces 24,26 of one or both membranes 32,34
during resin injection is believed to further improve or enhance the flow of resin through the
moid plenum 22, which effect may be further enhanced by deliberately pulsing the injected

15 resin, all without deleterious impact on the molding tools (the membranes 32,34).

White the preferred embodiments of the invention have been disclosed, it shouid be
appreciated that the invention is susceptible of modification without departing from the spirit
of the invention or the scope of the subjoined claims. For example, while the preferred

20 embodiment employs membrane-backing fluid 42 which is itself fully contained within the
chamber 38,40 of each mold section 14,16, to be heated or cooled by heater / chiller unit
860 via coils 56, the present invention contemplates the use of a closed loop temperature
regulating system wherein the backing fluid 42 is itself circulated between each mold
section's internal chamber 38,40 and the heater / chiller unit 60.

25



nol d secti H'B ‘ﬂil“HMBm ED DESCRI PTI ON OF THE PREFERRED EMBODI MENT 25
Referring aa‘ | ary apparatus 10 under the present invention
for nol ding a conposf te*article includes a nold assenbl y 12 havi ng an upper
nmol d section 14 and a | ower nold section 16 which define, upon assenbly of
t he upper nol VQ&¥2P¥n 14 onto the | ower section 16 with the P&TEBY{01107

| ocating pins 18 and conpl ementary | ocati’ng slots 20, a WO 98112034
PCT/1B97/ 01107 6 nold plenum 22 with the matched nol di ng surfaces 24. 26

t hereof. Specifically, the |ower and upper nold sections 14,16 each include
a rigid.hougyams8. 30 and a relatively thin,

1 An injection molding apparatus comprising a pair of opposed mold sections, wherein
each of said mold sections includes a rigid housing and a semi-rigid membrane
5 removably mounted to the housing so as to define a fiuid-tight chamber within each
of said mold sections, the membranes of each of said mold sections defining a
molding surface thereof, the opposed molding surfaces of said mold sections
defining a mold plenum; and a first noncompressibie fluid disposed within and filling

the chamber of each of said moid sections.

10

2 The apparatus of claim 1, wherein the membrane of ene of said mold sections is

formed of a composite material.

3 The apparatus of claim 1, wherein the membrane of one of said mold sections is
15 formed of a first material and the membrane of the other of said mold sections is

formed of a second material.

4 The apparatus of claim 1, further including an expansion chamber in fluid
communication with the chamber of one of said mold sections, and valve means for

20 isolating said expansion chamber from the chamber of one of said moid sections.

5 The apparatus of claim 1, wherein said first fiuid is thermally conductive; and further
including means, in thermal communication with said first fluid disposed within the
chamber of one of said mold sections, for regulating the temperature of said first

25 fiuid.

THIS SHEET HAS BEEN
REPLACED

This Sheet Has Been Repl

T



sem -rigi ich is renovably and seal ably secured to the
respectlvgllmnﬂrlﬂ!nugmﬂmmng the nenbrane's peripheral edge as by a

cl anpi ng ri'ng“36- Thus® 5 assenbl ed, the housings 28,30 and nenbranes
32,34 of each nold section 14,16 cooperative to define fluid-tight chanbers
38, 40 t herei nwgdgnagagor dance with one feature of the present pifidnhigh.
each nmenbrane 32,34 is itself preferablysformed of a conposite overlay
which, in its nost elegant form may sinply 10 conprise splash off of a
bl ank of the article to be fabricated. And, while each nenbrane 32,34 may
conveniently be formed of fiberglass or relnforced nyl on, the present

i nventi 6n cént enﬂ%@@%‘ifﬂg%obﬁia@eh Wfﬁquindaﬁéﬁmpa’ﬁbﬁe BPURKNG AEART Ekdes #om
ot her suitable nat rla S.such ht s . : ranes 32. 34
Ty be conven: enDIFThALELR SR PN o Bioet Bl i of D ERBLEons.
pressure chanber ghjdeiFRRaffol ERCWAnEQed tbos%ﬁ'l &:lﬂ's%t@rq operative t'a del\er Bbdtrol 5 n
this regard, it is noted that tne present 1nvention contenplates use of

ei ther the sanme sgcond filie semtegumteanémparati@rthiobgh s piGlsted. menbr anes 32, 34
of each nold section 14,16 dependi ng, for exanple, upon the desired
characte&fistics of the sheet (e.g., its

7 An injection molding apparatus comprising a pair of opposed mold sections, wherein
each of said mold sections includes a rigid housing and a semi-rigid membrane
removably mounted to the housing so as to define a fluid-tight chamber within each
of said mold sections, the membranes of each of said mold sections defining a

10 molding surface thereof, the opposed molding surfaces of said mold sections
defining a mold plenum; a first noncompressible fluid disposed within and filling the
chamber of each of said mold sections; means for injecting resin under pressure
into the mold plenum; and temperature control means for controliing the

temperature of said first fluid within the chamber of each of said mold sections.

15
8 The apparatus of claim 7, whereinh the membrane of one of said mold sections is
formed of a composite material.
9 The apparatus of claim 7, wherein the membrane of one of said mold sections is
20 formed of a first material and the membrane of the other of said mold sections is
formed of a second material.
10 The apparatus of claim 7, further including an expansion chamber in fluid
communication with the chamber of one of said mold sections, and valve means for
25 isolating said expansion chamber from the chamber of one of said mold sections.
This Sheet Has Been R

L i



t hermal conductivity, and usabl e Ilfe) t he desired
characteristics of theUﬂ*ﬂDﬂ m Eulﬂ"t le (e.g., surface finish and gl oss).
and /- or overall proce , 20 ‘resin i nj ection pressures,
resin cure time and nold assenbly cyc e t| me). The fluid-tight chanbers
38,40 defined WOa%#3¢ach nold section 14,16 are conpletely fPETBRTAISh a
substantially non-conpressible heat-condukﬁt ive fluid 42 supplied by a fluid
supply network 44 prior to injection of resin into the nold plenum 22. The
fluid 42 within each 25 chanber 38,40 thereby provides support for each

nb 32, ' .
Fur ther - dosci oo ReTa ey LR 1y bee S48 oA e Rl BB ety

menbr ane- backi ng htiudisly Adahs it MRMed icBMinuicitdh Wit ﬁd fivel fiid tispseel Rbithmdhdy
the network 44 to the upper and | ower nold WD 98/ 12034
PCT/ 1'B97/ 01107 chamber of one of said mold sections, for regulating the temperature of said first

fluid.

12 The apparatus of claim 11, wherein said temperature regulating means includes a
system of coils extending within the chamber of said one of said mold sections, and
a temperature control unit connected to said coil system operative to deliver a
second fluid at a regulated temperature through said coil system.
10
13 A process of closed system injecton molding comprising forming a pair juxtaposed
spaced co-extensive semi-rigid surfaces of a part-to-be-molded and of thickness(es)
defined by the space; closing off the space; backing the surfaces externally of the
closed space with fluid bearing thereagainst; injecting molding resin into the ciosed
15 space; and providing heat / cold through the fluid to the surfaces and the space to

produce a cured molded part of said shape.

14 A process as claimed in claim 13 and in which the surfaces serve as the inner
juxtaposed bounding and closing walls of opposed matched-tool mold housing

20 chambaers, and the fluid is introduced into said chambers.

15 A process as claimed in claim 14 and in which the semi-rigid surfaces are supported
to ensure proper dimensioning of the part molded therebetween while permitting
slight dimensional flexing during rhe resin injection evenly to distribute any injection-

25 pressure loading over the surfaces.

16 A process as claimed in claim 15 wherein thermal expansion is effected externally
of the chambers prior to injecting the resin, and is prevented during resin injection

and cure by isolating the chambers from external expansion.
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7 assenblie “ NMHMIﬂ h respective inlet control valves 46 and quick
connect couBll m; sui tabl e backing fluids useful over different
oper-ating ranges (‘e.d', *having higher vaporization tenperatures) wll be
known to those skilled in the art. A pressure gauge 50 nmay be enpl oyed
downst r eam of weasmosal et val ve 46 to nonitor the flow rate ofchmokeing 5
fluid 42 into the chanber 38,40 of each1sold section 14,16. To facilitate
the filling and enptying of each chanmber 38,40. each nold section 14,16 has
a vent 52 through which air within each chanber 38,40 nmay escape upon the
filling thereof with backing fluid 42. Once filled, each chanbers vent 52
is sealed with a vent plug 54, thereby inparting requisite rigidity to each
nol d sectiopn,s e [ r 4,26

wherein thewr el amiep:l\%ég%l ar}geﬂgwggslngjfawfﬁgra&%)é%% teﬁfpg t&%nec?rgﬁgﬁlé%%fgg 4™ and

nol d pl enum 22 arm ie*egiRédtiethof BE neddify &f attidvesdesindd Qdtiati®iCh Rl dolg@rt | on
14,16 includes a systemof heating / cooling coils 56 extending within the
flui d-ti ght charpagrcharacteristics and in process parameters, such as cure time and resulting mold

5 down-time.

18 A process as claimed in claim 17 wherein the temperature is controlled by heating /

cooling the fuid.

10 18 A proceass as claimed in claim 14 wherein the surfaces are removable from the
housing chambers and replaceable by similarly or differently shaped bounding wall
surfaces as for respective replacement and the molding of a different-shaped pan

within the common mold tool housing chambers.
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38,40 thereof which are thensel ves coupl ed via quick connect couplings 58
to an external 15 heater / chiller unit 60 of conventional design. As
such,” the coils 56 operate in conjunction with the heater / chiller unit 60
to precisely regulate the tenperature of the backing fluid 42 and, hence,
the nol di ng suWPL8&2034 26 of each nenbrane 32, 34 t hroughout tHE/BAT/AAT on
nol di ng process. And, while the coils are illustrated in Fig. 2 as being

| ocated proximate to the back side of the conposite nenbrane, under the
present invention, the thermal 20 conductivity of the backing fluid 42
enabl es substantial design variation with,sespect to placement of the coils
56 within the chanber 38,40 of each nold section 14,16 which. in turn,
facilitates use of a given nold section housing 28,30 and coil system 56
with a wide variety of nmenbranes 32, 34. Indeed, under the present

i nvention, while the nenbranes 32,34 of the exenplary apparatus 10 are
shown in Fig. 2 as being of relatively uniform 25 t hi ckness, the
efficiency with which nold tenperature may be controlled under the present
invention permts the use of variabl e-thickness nenbranes 32,34, as may be
desirable, for exanple, when providing the finished article with

rei nforcenent ribs.
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8 To the extent that the backing fluid 42 with which each nold section
14,16 is filled is supplied at a tenperature different fromthe desired
process tenperature, the fluid supply network 44 further includes a

| ow pressure expansi on chanber 62. Thus, upon subsequent heatjng or
cool i ng of ea&ﬂgﬁﬁpﬁ“section 14,16 to the desired tenperaturgFTQﬂVm%“"
resulting thermal expansion of the backing fluid 42 within each chanber
38,40 will be accommpdated by the expansi on chanber 62, thereby preventing
distortion and / or deleterious stress on the nenbranes 32,34. Returning to
the drawi ngs, an injection sprue 64 may pppseen in Fig. 2 as extending 10
t hrough the upper nold section 14 to provide a pathway through which a
desired thernoset resin froma resin supply 66 nay be injected under
pressure by a suitable punp 68 into the
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mol d pl enum 22. The_number and pl acement of such JREREAQEMENTSHDRT: he
configuration and ) 1} Jstics of the article to be nol ded, and
the flow characterji _JLMMSE:E& pl gyed, in a manneM#)odbitd those
skilled in the art}f. {In this 15 egard, it will be seen t a series of
smal | vents 70 is}pjovi ded!"belB8®en {he opposed cl anping rl ngs 36 of the
upper aodalwger m# sections 14, 6]t hrough which trapped air may bleed to
at nosphere duri ngLier ection of e fesin into the nold plenum 22. In
accordance W th ametherfeature of fhe present invention, the exenplary

nmol di ng 20 apparatus 10 further includes a nechanismindicated generally
by ref ef enceAninjetiah méRtimagdplaetlowerpisivigts saicdficppoded hoirt seclral ey dfiseidnol d
assenbly 12 or, at a mninum the backing fluid 42 contained in the |ower
nol d sect i onme®!. saglignsalbgiog fasmed (oé anigidl hagsiegrisity a1 sami-rigit kiamprana ramapably

during injection of the resin is believed to facilitate resin flow through
the ol d pl efM@HMag to the RRYysingase avpto) dine A udtiahtaaespen withifedach Ry sgid MPider

i nf t 25 f situated th L n. | d
W Lh Che. pr oSttt DR ORane g sidndl 475 FORCHORDIRIIteS SR M iRe

theraof, the opposed molding surfacas of said mold sections defining a moid plenum; a

first noncamprassibie fluid disposed within and filling the chamber of each of said mold

sections, an injection sprue for injacting moiten matarial into said plenum, and sald first

housings.

2 The apparatus of claim 1, wherein the membrane of one of said mold sactions is formed

of a compasite material.

3 The apparatus of claim 1, wherein the membrane of ane of said mald sactions is formed_
of a first material and the membrane of the ather of said maid sections is formed of a

sacond materal.

4 The apparatus of claim 1, further including an axpansion chamber in fluid communication
with the chamber of one of said mold sections, and vaive means for [solating said

expansion chamber from the chamber of one of said mold sections.

5 The apparatus of claim 1, wharein said first fluid Is thermally conductive; and further
including means, In thermal communication with said first fluld disposed within the

chambar of ona of said mold sections, for regulating the temperature of said first fluid.

) Y
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drawi ngs may be usHAERIAGEMENTSH
are laid within th | d cavlty
of the 1 ower nold [sgct{ @n : g
| owered onto the ljo r’gol"y?'s'eggtqi
wWith jts respecti e tocat+rg
14 may then be sequred to t
sui tabl e cl anps, not shown)™

the bagki ng1fg a {a&ﬂdiu%' o@%irﬁg?vlvi&gig

I's opened and inlet valve 4

sl.ot
e | owe

-

or nore

The upper

ned by the "fema

)" Caner ol AN WRCEHI T

mol d sectioh 16 &s thrbugh the use of
bl d section 14,16 is then connected to

| s%id‘:ﬁﬁx‘&@ﬁ@;

er at ed,

18 taghd héarf

fiber r Q
R EMENF SHEET

nmol d section 14 is thereafter

| ocating pin 18

er nold section

EPRBE Y Sy, 2

chanber 38, 40 dofierdxtdndiMgt WithA! BA - cHaMtRr LIS AN HHICHE 3 HDIRRcAMIP RlCLY

filled,

each nold section vent 52 is sealed with its respective vent—pl ug

54 and the henjeaturs cdntdol @it conhéctddtcORRT adile) sletn bdragyecaclaiivar asezed Noa

at a ragulated temparature through sald cad systam.

An injection malding apparatus comprising a pair of opposed moid sactions, each of said
mold sections being a rigid housing having a semi-rigid membrane removably mountad

to the housing so as to define a fluid-tight chamber within each of said mold sections, the

" mambranes of each of said mold sections defining a molding surface thereof, the

opposed molding surfaces of said mold sections deflning a moid plenum; a flrst
noncomprassible fluld disposed within and filling the chamber of each of said moid

sections; an injection sprue for injacting resin under pressure into the moid planum; said

first compressible fluid communicating meld plenum pressure from said membrane to

'said housing, and temperature control means for cantrolling the temperature of said first

fluid within the chamber of sach of said. mold sections.

The apparatus of claim 7, wharein the membranae of one of said mold sections is formed

of a compasits material.

Tha apparatus of claim 7, wherein the mambrane of one of said mold sections is formed

" of a first material and the membrane of the other of said mold sections is formed of a

10
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sacond material.

The apparatus of ¢laim 7, further including an expansion chamber in fluld communication
with the chamber of ane of said mold sections, and valve means for isolating said

expansion chamber from the chamber of ane of said mold sections.

. BEEN

SHEET HAS \
\TH\S REPLACED ___ )
e e

ll el

Il




,- R

T

d to isolate its respective chanber
38,46 ffonftHe I qu gply netvvor expansi on chanber 62 (which otherw se
has accommodat ed anly th in of the backing fluid 42 during

|IZ&LLQ_I’_])H__~*y way[o exanple only, where the resin to be
I e et pol yest er~or [vﬂ:‘hyl ester resin, the desired
at tH-e necessaryjto provide desi red flow

jgrature The | REPVACEMEND SHEET

char acteri st i cs for a given thernoset polyester or vinylester resin has
been shtiwn tTcheb@pnﬂB{tsr of Flaim &b oderd®0faid rfirst. fiUkeiaddisdrmally raesductive; sald
thereafter injected under pressure into the nold plenum 22 through the

i nj ecti on spp@E@ewrbire paatial mases further m@ﬁ"nﬁr@eﬁf@r me@ermaircoemmaéon with said
fibergl ass t hi cknes dﬁer haps. abouyt

(0.5 cn - dreke doepsatbrns ind, aeies of aoe A RPECHASHEN o BRHALE the

pol yester or aving a viscosity between of between about
400 and 500 tg?éh?éék@?‘g@&ai&ﬁ%&ﬁwﬂ nold plenum 22 is preferably |ess than

about 100 psig (690 kPa) and, nost preferably, |ess than about 60 psig (410
kPa). O course, the optimal flow rate at which the resinis injected is

based uppn arHyaPedrafs of claim 11, wherein said temperature reguiating means Includes a
systam of coils extending within the ¢chamber of said one of said mald sections, and a
temperature control unit connectad to said coil system operative to deliver a secand fluid

at a requlated temperature through said coil system.

13 A process of closed system injecton molding comprising forming a pair of juxtaposed
spaced co-extansive semi-rigid surfaces of a part-to-be-moldad and of thickness(es)
defined by the space; clasing off the space; backing the surfacas externaily of the closed
spaca with fluid bearing thereagainst, injecting molding resin under pressurs into the
closed space; and providing heat / cold through the fluid to the surfaces and the space

to produca a curad molded part of said shapas.

14 A process as claimed In claim 13 and in which the surfacas serve as the inner
- juxtapesed bounding and closing walls of opposed matched-tool mold housing

_ chambers, and the fluid is introduced into said chambers.

15 A process as claimed in claim 14 and in which the semi-rigid surfaces are supported to
ensure proper dimensioning of the part molded therebetween while permitting slight
dimensional flexing during rhe rasin injection svenly to distribute any injection-prassure

loading over the surfaces.

16 A process as claimed in claim 15 whersin thermal expansion is sffected extemally of the

chambers prior to injecting the resin, and is prevanted during resin injection and cura by

isolating the chambers from extarnal expansion. TS SHEET HAS BEEN i
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25 factors wel l—knouwn 1o those skilled in the art. A e st
22 is conpleted {REPEA as visually confi E‘%ﬁ%@m'@mafgﬁﬁm
resin through th ' in the clanping rings 36 of each nold
section 14,16, the igj ction of fesin ceases. The tenperature of each

mol di ng surface p4f 26 ¥ sMthd9%afitdr )0 98/ 12034

PCT/1B97/ 01107 1 ted viajogeration of the heater I chiller unit 60
to thereby provijde an optinumcurg rate with which to obtain the desired
surface finish a yfred characteristics of the finished
article, or to otherwise optim ze the nolding process. The nold sections
14,16 aype t heiopaeb® s SARPRIRnCIimaROvkdiBinfihd temitghurd bf hhSurraeiackidg wim ishe
nold cavity in a5 conventi onal manner.

ragulated during the molding to achiave desired varations, in the molded part

characteristics and in process paramsters, such as cure time and resuiting mold down-

time.

18 A process as claimed in claim 17 wherein the temperature Is controiled by heating /

coofing the fluid.

19 A process as claimed in claim 14 wherein the surfacas are removable from the housing
chambers and replaceabls by similarly or diffarently shaped bounding wall surfaces as
for raspactive replacement and the molding of a different-shaped part within the common

mold teal housing chambers.
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I n accordance with another feature of the present invention dUucREPPACEMENT SHEET
sem-rigid character of the |ower nold section's menbbﬁng the menbrane
34 will dinmensionally flex slightly during resin inject nlas the backi ng
fluid 42 distributes the resulting injection pressure | ga@10 across the

entire surface of g| d menbrane
34 avoids del eterlég’?@ﬁ@?oiéemm@ %@W@s&oeﬁ%?&sﬁ% ace 26 during
resin injection. Indeed, the slight flexing of the 4, 26
of one or both nenbranes 32,34 during resin injecti
further inprove or enhance the flow of resin throug
whi ch effect may be further enhanced by del i beratel j gct ed
15 resi mgcANICAY FIEays del eteri ous i nmpact on the
menbranes 32,34). Wile the preferred enbodi nents of |
been di scl osed, it should be appreciated that the ijpvention is susceptible
of nodification wthout departing fromthe spirit ' ' t he
scope of The psessinbimvedtiet aelates tPohe grampbadurevdii fampdsde pirtdias: el i20articles
enbodi nent enpl oys nenbrane-backing fluid 42 which is itself fully

cont ai ned"Rice r?of"'rﬁ’é‘s‘@ﬁaﬁtf&e' Jginfcyret aeRicholthin et t Fespe 1‘&5'1‘6"‘4’6 bMeat ed

or cool edspb cflcaﬁy %ﬁe invenllon relatlégltcg matched tool molding apparatus suitable for injection

molding composite articles at controlied temperatures with readily repiaceable, low-cost tool

10 surfaces.
BACKGROUND OF THE INVENTION

Reaction injecticn melding and resin transfer molding are processes wherein dry fiber
15 reinforcement plys / preforms are loaded in 2 mold cavity whose surfaces define the
ultimate configuration of the article to be fabricated, whereupon a flowable resin is injected
under pressure in.to the mold cavity (moid plemuim) thereby lo saturate / wet the fiber
reinforcement plys / preforms. After the resinated preforms are cured in the mold plenum.
the finished article is removed from the mold.
20
The prior art teaches injection molding apparatus which consist of a pair of compiementary
or "matched” tools which provide these molding surfaces, which each tool being carefully
machined, for example, from a rigid metal which is otherwise relatively nonreactive with
respect to the resin to be used in conjunction therewith. Such matched metal molds are
25 expensive to fabricate and are necessarily limited to the -manufacture of a single article of a
given design. Stated another way, even slight changes to the desired configuration of the

article to be fabricated may necessitate the machining of an entirely new replacement tool.



60 via coils 56, the present invention contenplates the use of aWE?%E%QWW“ SHEET
| oop tenperature regulating systemwher@&in the backing fluid 42 is itself

circul ated between each nold section's internal chanber 38,40 and the

heater / chiller unit 60. 25 CLAIMS 1. An injection nol di ng appar at us
conprising a palr of o osed nol d sectlon

ach of d |
sect i ons 3PRETAUGENE e F%hBgsTRY suaces §e4ﬁf'”?$£?§c?nﬂ@%e CFéﬁ@“é%IrfBVgD or
ted to th f h th h of
Toa v atople: huBbE heﬁ}%ﬁﬁ?féﬂ% S75 8 sl geoap b3 B T gl bl
mol di ng %1516\ & inP@ﬁ ﬁx%? bel lgh% éapByﬁ%quEB iSH s §96Jba§se§ia cﬁ%':rsd)(;%hg Sh%‘é ' 0”5

defini ng a m) enu st noncorrpreSS| ed vmt
and filli@ansferred to the mold cavity for endothermic molding operations. Unfortunately. for

5 such endothermic processes, heating but one side of the mold cavity may limit flexibility as
to surface finish and other characteristics of the resulling article and. further, limit the
degree to which resin cure may be acceierated. Moreoever, where such molding apparatus
are used in exothermic processes, the resulting heat acpelerates deterioration of the
flexible moid surface, thereby preventing long-term use of the tool Moreover, such

10 molding apparatus often requires evacuation of the mold plenum prior to injection of the
resin therein, thereby rendering use and maintenance of such molding apparatus more

complex, and processes employing such apparatus more time inlensive and costly.

What is needed, then, is a matched-tool injection moiding apparatus featuring replaceable
15 mold surfaces which are easier and less costly to fabricate than known rigid or flexible tools
while further offering increased temperature control during both endothermic and

exothermic processes thereby to provide articies of improved quality at iower cycle times,

SUMMARY OF THE INVENTION
70
It is an object of the present invention to provide an injection molding apparatus featuring

reusable low cost molding surfaces.

it is another object of the present invention to provide an injection molding apparatus
25 featuring enhanced temperature control of its molding surfaces, whereby improved control

of the mold process and attendant article characteristics can be achieved.

Under the present invention, an injaction molding apparatus includes a pair of mold

sections, wherein each mold section itself includes a rigid housing and a semi-rigid

REPLACEMENT SHEET
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t he chamber of each said nold sections; an injection sprue for i RFRACEMENT SHEET
nol ding material into said plenum and expansion chanber in fluid

comuni cation with the chanber of one of said nold sections, and val ve

means for isolating said expansi on chanber fromthe chanber of one of said

nol d sectiohs. 2. The apparatus of claim1l, wherein the nenbrane of one of

sai d ol dTsde iestest jthatftbe rhagkiot it dApwiY] wiicheeashi mpld SeC“vhe“hlﬁ)a?f Gllers isof
claim1l1, wherein the nenbrane of one of said nold sections is forned of a

first nat&HPied ha eReeralrd PEgEebfromibe sefitgd Arowess dempr@tusecthe (5‘H§’ Jupply

Firat 1 PamBE e VRIS PobiRtLR: PUSTOOE rirerEP A e moa it fypen
ther mal._comelbiealihl Eoo  h0ohold sl #3838 thothidied 1L SPEDR, ©f

one of sal sect | regu at1 ng t'enperature of s

fluids 5. elliRngRR&ENHH WSpSisisH 8F Wb p¥OEHEHRISA QithRNPESAENSRbEC IS LBt be
nmeans |ncludes a
accommodated by the expansion chamber 82, thereby preventing distortion and / or

deleterious stress on the membranes 32,34,

Returning to the drawings, an injection sprue 64 may be seen in Fig. 2 as extending
10 through the upper mold section 14 to provide a pathway through which a desired thermoset
resin from a resin supply 668 may be injected under pressure by a suitable pump 68 into the
mold plenum 22. The number and placement of such sprues 64 depends upon the
configuration and desired characteristics of the article to be molded, and the flow
characteristics of resin employed, in a manner known to those skilled in the art. In this
15 regard, it will be seen that a series of small vents 70 is provided between the opposed
clamping rings 36 of the upper and lower mold sections 14,16 through which trapped air

may bleed to atmosphere during injection of the resin into the mold plenum 22.

In accordance with another feature of the present invention, the exemplary molding
20 apparatus 10 further inciudes a mechanism indicated generally by reference numeral 72 on
the lower molid section 16 for vibrating the mold assembly 12 or, at a minimum, the backing
fluid 42 contained in the lower mold section 16. Vibration of the mold assembly 12 /
backing fluid 42 during injection of the resin is believed to facilitate resin flow through the
maold plenum 22, as well as to improve saturation and wetting of fiber reinforcement

25 preforms (not shown) situated therein.

in accordance with the present invention, the exemplary molding apparatus shown in the
drawmgs may be used as foliows: one or more fiber reinforcement preforms are lald within

the mold cavity defined by the “"female" molding surface 26 of the lower mold section 16.
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system of coils extending within the chanber of said one of said. BOPIACES
sections,

operativ
sai d coi

opposed nol-d sections wherein each of said nold sections includes a rigid

a tenperature control unit cognected to said coil system

e to deliver a second fluid at a regul ated tenperature through

MENT SHEE

| system 6. An injection nolding apparatus conprising a pair of

housing ahe ugpsempld sgyitidn rgnib taereaftetowerbt wntrotietledet moldrreckiud® 8g asdoas to
define a fluid-tight chanmber within each of said nold sections the
menbr ane§NeA9%egrdh 1GFaEW Rin i \ﬂ"sé%tqsaﬁ@'vaéqqaﬁwg'OéZ%%ﬁfﬁg’eymdr AeUrRREr eof |

AR BT PRC: BPE oL Pt G b oUPL R ROMRRCH ™ 19 At TR RATBB S of

t he oppo
a first
each of
t he nol d

enun nmeans for Injecting inclu

P S an injection sprue f

i nj ecd i ngyiEQiveieRPsupply network 44, and its respective vent 52 is opened and inlet valve 46 is

15

20

25

operated, thereby to completely fill the chamber 38,40 therein with water.

Once the chambers 38,40 are completely filled, each mold section vent 52 is sealed with its
respective vent plug 54 and the heater / chiller unit 80 operated to bring each moid section
14,186 to the desired process temperature. The inlet valve 46 to each mold section 14,18 is
thereafter closed to isolate its respective chamber 38,40 from the fluid supply network's
expansion chamber 62 (which otherwise has accommodated any thermal expansion of the
backing fluid 42 during temperature normalization). By way of example only, where the
resin to be injected is a thermoset polyester or vinylester resin, the desired opeyéting
temperature necessary to provide desired flow characteristics for a given thermoset

polyester or vinylester resin has been shown to be 140°F to about 150°F.

The desired resin is therealter injected under pressure into the mold plenum 22 through the
injection sprew 64, Where the membranes are formed, for example, of fiberglass with a
nominal thickness of perhaps about 0.375 inches (0.95 cm), a typical injection pressure
used in injecting a thermoset polyester or vinylester resin having a viscosity between of
between about 400 and 500 centipoise into the mold plenum 22 is preferably less than
about 100 psig (690 kPa) and, most preferably, less than about 60 psig (410 kPa). Of
course, the optimal flow rate at which the resin is injected is based upon a number of

factors well known to those skilled in the ant.

Once the mold plenum 22 is completed filled with resin, as visually confirmed by discharge
of resin through the air bleeds formed in the clamping rings 36 of each mold section 14, 16

the m;echon of resin ceases. The temperature of each moldmg surface 24,26 4s«thgreaﬂer
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material into said plenum tenperature control means for control IREPIACEMENT SHEET

t enperat ure ofummm' bl Wthin the chanber of each of said nold
sections;. and ‘! mm#, rm i n f4ui-d communi cation with the chanber of

one of csaigk of nold decti oms;=and val ve means for isolating said expansion

chanber fromthe chanber of one of said nold sections. 7. The apparatus of
claim®6, wherein the nenbrane of one of said nold sections is forned of a
conposite material. 8. The apparatus of claim®6, wherein the nmenbrane of

one of sai, danwljétiise eldidmpapsardt0s BBEpina bbif 8t opptised Nt awlioh§aviigRaRr ane of

the other of said nold sections is forned of a second material. 9. The
appar at us ogactl 6 sfig digrsettibrsaheludids’ strigid Hbdsihg ahBes gaml-ygie anehisrahe e, and
further including nmeans, in thermal comunication with said first fluid
“dirsposed wi tehovablpengingniterthehousirg of as i defimel diigedpitarembieowithiegakiat i ng
the tenperature of said first fluid. 10. The apparatus of claim9 , wherein
sai d tenper @t 1A MUY sPatiansg Nee@REbranes IRfeapch of said mold sections defining a

molding surface thereof, the opposed molding surfaces of said mold sections
defining a mold plenum; and a first noncompressiblg fiuid disposed within and filling

the chamber of each said mold sections; an injection sprue for injecting molding material into
said plenum; and expansion chamber in fluid communication with the chamber of one of said
mold sections, and valve means for isolating said expansion chamber from the chamber of one

of said mold sections.

2. The apparatus of claim 1, wherein the membrane of one of said mold seclions is

formed of a composite material.

3. The apparatus of claim 1, wherein the membrane of one of said mold sections is
formed of a first material and the membrane of the other of said mold sections is

formed of a second material.

B =N
.

The apparatus of claim 1, wherein said first fluid is therrhally conductive; and further
including means, in thermal communication with said first fuid disposed within the

chamber of one of said mold sections, for regulating the temperature of said first

fluid.

5. The apparatus of claim4 , wherein said temperature regulating means includes a
system of coils extending within the chamber of said one of said mold sections, a
temperature control unit connected to said coil system operative to deliver a

second fluid at a regulated temperature through said coil system.
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system of ¢ extending within the chanber of said one of sai d HBLACFMENT 3 SHEET
sections, amm, lﬂﬁlmmlwmﬁont rol unit connected to said coil system
operative t fluid atiza regul ated tenperature through said

coil system REPLACEMENT SHEET 11. . An injection nolding apparatus
conprising: a) a pair of opposed nol d hal ves; b) each of said pair of nold

hal ves bei ng ri.gid housin ving a sem-ri |d menbr vabl

At tsched t Rar APdVPHIcE THAIn SePRIR LIRS PG SPRPRF O Mol TR E eI

non- CO”WGSS' L&, ok ubgy 9,' RPOSGbAL nAllfls! & old (o AG] aRh o5 Lol AR il BRd

hal ves; d) said sem-ri or ane of eac said pair ves

defining a ”Dlrélﬁé\gsbﬁ)-%géﬁt@d #the housing so as to define a fluid-tight chamber within each
of said mold sections. the membranes of each of said mold sections defining a
molding surface thereof the opposed molding surfaces of said mold sections
defining a moid plenum; a first noncompressible fluid disposed within and filling the
chamber of each of said mold sections; means for injecting resin under presst-re

into the mold plenum; said means for injecting includes an injection sprue for injecting molding
material into said plenum; temperature control means for controlling the temperature of said first
fluid within the chamber of each of said mold sections; and expansion chamber in fluid
communication with the chamber of one of said of mold sections; and valve means for isolating

said expansion chamber from the chamber of one of said mold sections.

7. The apparatus of claim6 , wherein the membrane of one of said mold sections is

formed of a composite material.

8. The apparatus of claim 6 , wherein the membrane of one of said mold sections is
formed of a first material and the membrane of the other of said mold seclions is

formed of a second material.

9. The apparatus of claim 6 ., wherein said first fluid is thermally conductive; and further
including means, in thermal communication with said first fluid disposed within the
chamber of one of said mold sections, for regulating the temperature of said first

fluid.

10. The apparatus of claim 9 , wherein said temperature regulating means includes a
system of coils extending within the chamber of said one of said motd sections, and
a temperature control unit connected to said coil system operative to deliver a

second fluid at a regulated temperature through said coil sysiem.
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sairill ﬂum "mﬁiﬂﬁ of each of said_pair of nold hal ves toget HEPLAGEMENTWGHEET
a " " I njection spruél'hfluid comuni cation with said nold
pl enum ) an exXparisi on chanber in fluid comunication with at |east one of

said pair PIL Qﬂpﬂﬁ%nmlﬂnéc}ﬁEI%ﬁﬁécoﬁ[ﬂﬁs% val ve neans for isolating said

expansi on chanber” from sai east ore of said pair of opposed nold
hal ves. 12. The apparatus of .claim 11, wherein the nenbrane of one of said

nmol d sections ds afak sRfpaEd Aol @APQsSi te material . 13. The apparatus of claim
11, wherein the nenbrane of one of said nold sections is forned of a first
materi al and the nenbrane of the other of said nold sections is forned of a

second materi a). edch. of shid RRPAMMIAIBalOds iyl Avigid , holdhQy RivihgSAkedhitrigiiStherhBrated 1S
thermal |y conductive. and fgrt her. i gc.ldud‘i1 ng nmeans, in thermal communication
with said first fIURVEPIGIRHisE dereiaafpidlghtenergePekoct i ons, for regul ating
the tenperature of said first fluid.

c) a first substantially non-compressible fluid disposed in and filling each of said pair of mold

halves;

d) said semi-rigid membrane of each of said pair of mold halves defining a molding surface and

said molding surface of each of said pair of mold halves together defining a mold plenum;
e) an injection sprue in fluid communication with said mold plenum;

fy an expansion chamber in fluid communication with at least one of said pair of opposed
mold halves; and

g) valve means for isolating said expansion chamber from said at least one of said pair of
opposed mold halves.

-
H

12. The apparatus of claim 11, wherein the membrane of one of said mold sections is formed of
C

a composite material.

13. The apparatus of claim 11, wherein the membrane of one of said mold sections is formed of

a first material and the membrane of the other of said mold sections is formed of a second

material.

14. The apparatus of claim 11, therein said first fluid is thermally conductive; and further
including means, in thermal communication with said first fluid disposed one of said mold

sections, for regulating the temperature of said first fluid.

15. The apparatus of claim 14, wherein said temperature regulating means inciudes a system of
coils extending within said one of said mold sections, a temperature control unit connected to

said coil system operative to deliver a second fluid at a regulated temperature through said coil

system. "
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15. The apparatus of claim 14, wherein said tenper gf ul,a I ng nmeans
includes a systemof coils ext ending within said one M Sections,
a tenperature control unit connected to said coil tem oper 3 mlm) to

deliver a se'condlf,bul'-d at a regih s fkcha I PRERIHER ARRRNGD sai d
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{57) Abstract

An apparatus for molding composite articles includes a pair of opposed matched-tool mold sections, each having a rigid housing
(28, 30) and a thin, semi-rigid membrane (32, 34) removably and sealably mounted on the housing so as to define a fluid-tight chamber
(38, 40) therein. The chamber of each mold section is filled with a noncompressible heat-conductive fluid (42) to provide fluid backing to
the pertions of each membrane defining the molding surfaces of each mold section (14, 16). A system of temperature contro) coils (56}
extending within each chamber are connected to an external heater/chiller unit to permit circulation therethrough of a suitable temperature
control fluid, whereby positive control of the temperature of the backing fluid (42) and, comrelatively, the molding surfaces of the membranes.




