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SECOND AMENDED AND SUPPLEMENTAL COMPLAINT FOR
PATENT INFRINGEMENT AND DECLARATORY RELIEF

AND JURY DEMAND
[This pleading is being filed pursuant o § 6 of the Scheduling Order, dated June 24, 2004, Docket
No. 19.]
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I. THE PARTIES

1. Plaintiff, Melea Limited (“Melea™), is a Gibraltar corporation, having
an address at Suites 2 & 3, 215 Main Street, Gibraltar Heights, Gibraltar,

2. Plaintiff, Plastic Molded Technologies, Inc. (“PMT"), is a Michigan
corporation, having an address at 44440 Phoenix Drive, Sterling Heights, Michigan 48315,

3. Defendant, Alliance Gas Systems Inc. (“Alliance™), is a Michigan
corporation, having its main offices at 46449 Continental Drive, Chesterfield Township,
Michigan 48047, and has appointed Ronald W. Thomas as its agent for service of process.

4, Defendant, Doveport Systems, LLC (“Doveport™), is a Michigan
limited liability company, having its main offices at 15700 Common Road, Roseville,
Michigan 48066, and whose registered agent is Alex L. Parrish, 2290 First National Building,
Detroit, Michigan 48226.

5. Defendant, DaimlerChrysler Corporation (“DaimlerChrysler™), is a
Delaware corporation, who has appointed The Corporation Company as its agent for service
of process, 30600 Telegraph Road, Bingham Farms, Michigan 48025,

6. Defendant, Collins & Aikman Products Co. (*C&A?”), is a Delaware

corporation, having an address at 350 Stephenson Highway, Troy, Michigan 48083.
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II. JURISDICTION

7. The patent infringement claims pleaded herein arise under the Patent
Act, 35 U.S.C. § 1 er seq.

8. Subject matter jurisdiction for the patent infringement claims is
conferred upon the Court by 28 U.S.C. § 1338(a).

0. The declaratory judgment claims pleaded herein address defendant
C&A, and the patent license it holds which form the basis of the “patent misuse” aftirmative
defense and counterclaim, and the “breach of contract” counterclaims, pled by defendant-
counterclaimants Doveport and DaimlerChrysler.

10.  The declaratory judgment claims plead a case of actual controversy for
which the Court may declare the rights and legal relations of the parties, on justiciable issues
that are so related to the claims and counterclaims in the action that they form part of the same
case or controversy under Article ITT of the United States Constitution.

11.  The Court has jurisdiction for the declaratory judgment claims pleaded

herein under 28 U.5.C.§§ 1367 and 2201,
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HI. PATENT INFRINGEMENT

12.  OnMarch24, 1992, U.S. Patent No. 5,098,637 (“the '637 patent™) was
duly and lawfully issued to James W. Hendry for “Process For Injection Molding And
Hollow Plastic Article Produced Thereby,” A true and correct copy of the '637 patent is
attached at Exhibit A.

13, On August 22, 1993, U.S, Patent No. 5,443,087 (“the ‘087 patent™)
was duly and lawfully issued to Colin K. Myles for “Method And System For Controlling A
Pressurized Fluid And Valve Assembly For Use Therein.” A true and correct copy of
the ‘087 patent is attached at Exhibit B.

14. OnMay 19, 1992, U.S. Patent No. 5,114,660 (“the ‘660 patent™) was
duly and lawfully issued to James W. Hendry for “Method Of Injecting Molding.”™ A true
and correct copy of the “660 patent is attached at Exhibit C.

15. Melea is the owner by assignment of the “637 patent, the “087 patent,
and the ‘660 patent as evidenced by the records of the Assignment Branch of the United States
Patent And Trademark Office.

16.  PMT has been appointed by Mclea as its representative for licensing of
Melea's proprietary and patented technology, and to sell manufactured or fabricated products
which may be covered by such technology.

17.  PMT does business as “GAIN Technologies,” and its business includes

products and services in the field of gas-assisted plastic injection molding technology.

(www. gaintechnologies,com.)
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18.  Defendant Alliance has induced infringement of the ‘637 patent by
defendants Doveport, DaimlerChrysler, and C&A (and possibly others) by actively and
knowingly aiding and abetting the direct infringement of the ‘637 patent by defendants
Doveport, DaimlerChrysler, and C&A.

19. Upon information and belief, defendant Alliance has also directly
infringed the ‘637 patent by () using the process of claim 1 of the ‘637 patent within the
United States, and (b) offering to sell, and selling within the United States plastic articles
molded in accordance with the process of claim 1 of the ‘637 patent, all without the consent

of Melea. See www. gasassist.com/moldingservices.html. (Exhibit D.)

20.  Defendant Doveport has directly infringed the ‘637 patent by (a) using
within the United States the process of claim 1 of the ‘637 patent, and (b) offering to sell and
selling within the United States plastic articles molded in accordance with the process of claim
1 of the ‘637 patent, all without the consent of Mclea.

21.  Defendant Doveport has also induced infringement of the ‘637 patent
by defendants DaimlerChrysler and C&A (and possibly others) by actively and knowingly
aiding and abetting the direct infringement of the ‘637 patent by DaimlerChrysler and C&A.

22, Defendants DaimlerChrysler and C&A have directly infringed the *637
patent by otfering to sell, selling, and using, within the United States, plastic articles molded
in accordance with the process of claim 1 of the ‘637 patent, without the consent of Melea.

23.  Defendants DaimlerChrysler and C&A have also induced infringement
of the “637 patent by actively and knowingly aiding and abetting the direct infringement of

the ‘637 patent by others.
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24.  An exemplar of an infringing product is the DaimlerChrysler 2004
Dodge Durango Handle Assembly — “B” Pillar Assist, Part No, QYS11BDXAA (“the Dodge
Durango Handle™).

25. The Dodge Durango Handle is (a) used and sold by DaimlerChrysler,
{b) molded by Doveport Systems using the process of claim 1 of the ‘637 patent, (¢) under
control of the Alliance LGC-8 Gas Controller Unit, all without the consent of Melea.

26.  Upen information and belief, all defendants know of and participate
jointly in the unauthorized use of the process of claim 1 of the ‘637 patent.

27. Exhibit E consists of a set of documents evidencing the use of the
process of claim 1 of the ‘637 patent in the molding of the Dodge Durango Handle, where
(1) the first page is a copy of claim 1 with alphabetical designations ot cach process step,
(ii) the second through fifth pages are photographs of the Dodge Durango Handle with
annotations linking the product to the elements of claim 1, and (iii) sixth page is a photograph
of the DaimlerChrysler packaging, including a bar-coded label.

28.  Uponinformation and belief, on July 12, 2004, defendant Doveport will
surrender the mold tool(s) for making the Dodge Durango Handle to C&A, who is expected
to have the Dodge Durango Handle made by another source.

29,  Defendant Alliance has directly infringed the “087 patent by making,
using, selling, and offering for sale, gas controller units which embody and operate in
accordance with the respective control systems and control methods defined in the claims of

the ‘087 patent, without the consent of Melea.
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30.  Defendant Alliance has also induced infringement of the ‘087 patent by
others by actively and knowingly aiding and abetting the direct infringement of the ‘087 patent
by defendant Doveport and other Alliance customers for gas-assist control equipment.

31.  Defendant Doveport has directly infringed the ‘087 patent by using the
control systems and control methods defined by the claims of the ‘087 patent in the United
States, without the consent of Melea.

32.  Defendant Doveport has also induced infringement of the ‘087 patent
by actively and knowingly aiding and abetting the direct infringement of the ‘087 patent by
DaimlerChrysler and others.

33.  Defendants DaimlerChrysler and C&A have directly infringed the ‘087
patent by using, selling and offering for sale, within the United States, plastic articles molded
in accordance with the method claims of the ‘087 patent, without the consent of Melea.

34.  Exhibit F is a compendium of documents demonstrating infringement
of the ‘087 patent by the Alliance Model LGC-8 Gas Controller (used by Doveport to mold
gas-assisted parts for DaimlerChrysler).

35.  The cover sheet of Exhibit E is claim 1 of the ‘087 patent, with
reference numerals added in parentheses to correlate to the illustrative embodiment shown in
the drawing and described in the specification of the ‘087 patent.

36.  Defendant Alliance has induced infringement of the ‘660 patent by
defendants Doveport, DaimlerChrysler and C&A (and possibly others) by actively and

knowingly aiding and abetting the direct infringement of the ‘660 patent by defendants
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Doveport and DaimlerChrysler. This allegation is likely to have evidentiary support after a
reasonable opportunity for discovery.

37. Upon information and belief, defendant Alliance has also directly
infringed the ‘660 patent by (a) using the process of claim 1 of the ‘660 patent within the
United States, and (b) offering to sell, and selling with the United States plastic articles
molded in accordance with the process of at least claim 1 of the ‘637 patent, all without the
consent of Melea. This allegation 15 likely (o have evidentiary support after a reasonable
opportunity for discovery.

38.  Defendant Doveport has directly infringed the ‘660 patent by (a) using
within the United States the process of at least claim 1 of the ‘660 patent, and (b) offering to
sell and selling within the United States plastic articles molded in accordance with the process
of at least claim 1 of the ‘660 patent, all without the consent of Melea. This allegation is
likely to have evidentiary support after a reasonable opportumty for discovery.

39.  Defendant Doveport has also induced infringement of the ‘660 patent
by defendants DaimlerChrysler and C&A (and possibly others) by actively and knowingly
aiding and abetting the direct infringement of the ‘660 patent by DaimlerChrysler and C&A.
This allegation is likely to have evidentiary support after a reasonable opportunity for
discovery.

40.  Defendants DaimlerChrysler and C&A have directly infringed the ‘660
patent by offering to sell, selling, and using, within the United States, plastic articles molded

in accordance with the process of at least claim 1 of the ‘660 patent, without the consent of
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Melea. This allegation is likely to have evidentiary support after a reasonable opportunity for
discovery.

41.  Upon information and belief, all defendants know of and participate
jointly in the unauthorized use of the process of at lcast claim 1 of the ‘660 patent. This
allegarion is likely to have evidentiary support after a reasonable opportunity for discovery.

42, Upon information and belicf, defendants have at all relevant times had
notice of the exclusive rights secured by the ‘637 patent, the ‘087 patent, and the ‘660 patent.
This allegation is likely to have evidentiary support after a reasonable opportunity for
discovery.

43.  Upon information and belief, defendants have proceeded in willful and
deliberate disregard of the ‘637 patent, the ‘087 patent, and the ‘660 patent. This allegation
is likely to have evidentiary support after a reasonable opportunity for discovery.

44,  Defendants are liable, jointly and severally, to Melea and PMT for
patent intringement, direct and by inducement, as pleaded herein.

45.  Melea and PMT have been harmed, pecuniarily and irreparably, by
defendants’ infringing conduct.

46.  Defendants’ mfringing conduct will continue unless enjoined by the

Court.
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IV. CASE OF ACTUAL CONTROVERSY ON THE AGREEMENT OF
FEBRUARY 2, 19%)

47.  On Febrvary 2, 1990, non-party Michael Ladney and non party
Automotive Plastics Technologies, Inc. (*APT”) entered into an Agreement adjunct to the
sale of the assets of numerous member companies of what was then known as the DPM
Plastics Group. A true and correct copy of the Agreement is at Exhibit G.

43. The effective date of this Agreement was defined as the date of closing
of the sale of assets under the Conditional Asset Purchase Agreement, dated November 13,
1989, by and between Michael Ladney, Detroit Plastic Molding Company, Nashville Plastic
Products, Inc, and North American Plastics Co. Limited and APT.

49, Melea Limited is the successor by assignment of the ®Licensed Patents™
of the Agreement of February 2, 1990, and C&A claims to be the successor to APT as
licensee.

50.  The business purpose of the Agreement was to permit the acquiring
company, APT, to maintain continuity in the gas-assist molding operations already in place
at the member companies of the DPM Plastics Group, whose assets APT would be acquiring
as going businesses,

51.  The patent license contained within the Agreement granted no more
rights than necessary to maintain continuity of these operations.

52,  Paragraph 4 of the Agreement states the patent license grant,

reproduced as follows:
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4, LADNEY hereby grants 0o APT a non-exclusive

license, with no right to grant sublicenses, to (a) make, use and

sell any product (excluding only molding apparatus used to

make gas assisted injection molded parts, hereafter referred to

as “Apparamis”) covered by a claim of the Licensed Patents,

(b) make, have made for its own use and use (but not sell) any

Apparatus covered by a claim of the Licensed Patents, and

{c) make, use and sell any product made by a process covered

by a claim of the Licensed Patents.

33.  Thesecond clause (“with noright to grant sublicenses”) unambiguously
precludes APT (or any successor) from granting sublicenses under the license grants of parts
(a)-(c).

54. Absent in parts (a) and (c), is any license for APT to “have made™ any
products covered by a claim, or made by a process covered by a claim, of the Licensed
Patents, The “have made” language is found in part (b) only, relating to molding apparatus
used to make gas-assisted injection molded parts.

55.  In the transactional context of the February 2, 1990 Agreement there
was no business purpose or need to license APT (or any successor) to “have made” products
covered by any claim of the Licensed Patents (excepting Apparatus).

36.  There is no ambiguity within the four corners of the Agreement of
February 2, 1990. The plain meaning of the language in paragraph 4 of this Agreement
forecloses the original defendants from contending their challenged conduct is within the
scope of any patent license held by C&A, as successor to APT.

57.  Concomitantly, none of the original defendants can plausibly argue it

15 a third-party beneficiary under the February 2, 1990 Agreement.

-10-
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58.  The ‘087 patent-in-suit and the ‘660 patent-in-suit are based on patent
applications not in existence on February 2, 1990, and are not “Licensed Patents” under the
Agreement of February 2, 1990.

59.  The application of the ‘087 patent was filed December 13, 1993, and
the rights to the invention was assigned on December 7, 1993, as evidenced by the
Assignment recorded at Reel 6854, Frame 937 in the Assignment Branch of the United States
Patent and Trademark Office.

60.  The application of the ‘660 patent-in-suit was filed on July 16, 1990,
and the rights to the invention were subsequently assigned on August 1, 1990, as shown by
the Assignment recorded at Reel 5459, Frame 246 in the Assignment Branch of the United
States Patent and Trademark Office.

61.  Defendant-counterclaimant DaimlerChrysler Corporation has pled
“patent misuse” as its Sixth Affirmative Defense and lodged Count Iil of its counterclaim for
unenforceability based on alleged “patent misuse.”

62.  Defendant-counterclaimant Doveport has lodged Count III of its
counterclaim for unenforceability based on patent misuse (although not recited in terms).

63.  The defense of patent misuse is defined as follows:

The defense of patent misuse arises from the equitable doctrine

of unclean hands, and relates generally to the use of patent

rights to obtain or to coerce an unfair commercial advantage.

Patent misuse relates primarily to a patentee’s actions that atfect

competition in unpatented goods or that otherwise extend the

economic effect beyond the scope of the patent.

64.  There is nothing in the Agreement of I'ebruary 2, 1990 that obtains or

coerces any unfair commercial advantage.

-11-
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65.  The Agreement does not affect competition in unpatented goods, or
otherwise extend the lawful scope of any Licensed Patent.

66.  The affirmative defenses and counterclaims pled by DaimlerChrysler
and Doveport based on alleged “patent misuse™ are based on the Agreement of February 2,
1990,

67.  Defendants-counterclaimants DaimlerChrysler and Doveport have pled
mutatis mutandis counterclaims for breach of contract premised on the assertion these
counterclaimants are third-party beneficiaries of the February 2, 1990 Agreement, and have
standing under Michigan law to assert breach of contract.

68.  There is no “class” of third-party beneficiaries described in the
February 2, 1990 Agreement.

69.  The transactional context and business purpose of the February 2, 1990
Agreement was to permit APT to carry on in the molding of gas-assist plastic injection
molding operations already in place at the member companies of the DPM Plastics Group, and
nothing more.

70. The breach of contract claims lodged by counterclammants
DaimlerChrysler and Doveport are brought without standing by these parties.

71.  Paragraph 13 of the Agreement of February 2, 1990 requires APT (and
its successors) to mark all gas-assisted injected molds for plastic parts covered by a Licensed
Patent. Paragraph 13 is reproduced in its entirety as follows:

13.  APT will make reasonable efforts to mark all gas

assisted injected molds for plastic parts covered by a Licensed
Patent by including the folliowing marking on the mold:
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This mold is designed to produce gas injected plastic
parts according to a proprietary process. Possession of
this mold carries no authorization to use this patented
and proprietary process without a license from Michael
Ladney.
72. Upon information and belief, C&A has not marked molds pursuant to
paragraph 13 of the Agreement, and is in material breach.
73.  Accordingly, there exists a justiciable controversy arising from the
Agreement of February 2, 1990 as to: (a) whether any of the patents asserted by plaintiffs as
infringed by defendants in this action have been “misused™ by reason of plaintiffs having
brought the original Complaint in this action against defendants Alliance, Doveport and
DaimlerChrysler; (b) whether C&A has any license to “have made™ the products covered by
the Licensed Patents in the Agreement of February 2, 1990; (¢) whether C&A will be
inducing infringement if it places the mold tool for making the Dodge Durango Handle with
an alternative source; (d) whether Doveport and DaimlerChrysler have standing to bring any
claim for breach of contract of the Agreement of February 2, 1990; (e) whether there has been
in fact any breach of contract by either plaintiff of the Agreement of February 2, 1990;
(f) whether the Agreement of February 2, 1990 applies to the *087 patent-in-suit and/or the
‘660 patent-in-suit; and (g) whether C&A has marked molds, as required by paragraph 13 of

the Agreement of February 2, 1990, and (h) it not, whether it is a material breach of that

Agreement.

-13-
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V. DEMAND FOR RELIEF

WHEREFORE, plaintiffs demand entry of a judgment granting relief against
defendants Alliance, Doveport, DaimlerChrysler, and C&A as follows:

A, A determination that Alliance has infringed the ‘637 patent, the ‘087
patent, and the ‘660 patent directly and by inducement;

B. A determination that Doveport has infringed the ‘637 patent, the ‘087
patent, and the ‘660 patent, directly and by inducement;

C. A determination that DaimlerChrysler has infringed the ‘637 patent,
directly and by inducement, has directly infringed the ‘087 patent and the ‘660 patent;

D. A determination that C&A has infringed the ‘637 patent, directly and

by inducement, has directly infringed the ‘087 patent and the ‘660 patent;

E. A determination that such infringements have been willful and
deliberate;

F. An award of damages adequate to compensate for such infringements;

G. An enhancement of the compensatory damages, up to three times

against each defendant;

H. A determination this case is “exceptional,” in the sense of 35 U.S.C.
§ 285;

1. An order preliminarily and permanently enjoining Alliance, Doveport,
DaimlerChrysler, and C&A and their officers, agents, servants, contractors, suppliers and

attorneys, and those persons in active concert or participation with them who receive actual

-14-
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notice of the order by personal service or otherwise, from committing further acts of
infringement of the ‘637 patent, the ‘087 patent, and the ‘660 patent;

1. An award in favor of Melea and PMT, and against defendants Alliance,
Doveport and DaimlerChrysler, for the costs incurred in bringing and maintaining this action,
including reasonable attorneys’ fees;

K. A declaratory judgment that plaintiffs have not “misused” any of the
patents-in-suit, in the sense of the “patent misuse” doctrine of patent law;

L. A declaratory judgment that license grant of paragraph 4 of the
Agreement of February 2, 1990 does not include in its scope any license for C&A to “have
made” any products made by a process covered by a claim of the patents-in-suit {incivile est,
nisi tota sententia inspecta, de aliqua parte judicare);

M. A declaratory judgment that C&A will be inducing infringement if it
places the mold(s) for the Dodge Durango Handle with an unlicensed supplier who makes the
product using the process of claim 1 of the ‘637 patent-in-suit;

N. A declaratory judgment that DaimlerChrysler and Doveport have no
standing to bring a claim for breach of the Agreement of February 2, 1990;

0. A declaratory judgment there has been no breach of the Agreement of
February 2, 1990 by either or both of the plaintiffs;

P. A declaratory judgment the Agreement of February 2, 1990 does not

include within its scope the ‘087 patent-in-suit and the ‘660 patent-in-suit;
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Q. A declaratory judgment that C&A (or any predecessor-in-interest or
successor-in-interest) to the licensee’s position under the Agreement of February 2, 1990 is
obligated to mark molds with the notice mandated by paragraph 13; and

E. Such other, further and different relief as may be just and equitable on
the proofs.
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V1. JURY DEMAND

Plaintiffs demand trial by jury for all issues so triable.

Respectfully submitted,
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[571 ABSTRACT

A process for injection molding hollow plastic articles
ineludes the steps of saqrentially injecting fluent plastic
and gas inio & mold cavity. A quantity of fluent plastic
is initieTly injected to substantially fill the mold cavity.
A charge of pressurized gas ¥ then injected into the
mold cavity 10 displace a portion of the stll fluent plas-
tic into a spil} cavity fiow coupled to the mold cavity.
The article may be formed with an internal wall by
introducing first and second gas charges into the maid
cavity at separate entry points. In one embodiment, the
first and second charges are introduced substantially
simultanecusly. In a second embodiment, the charges
are introduced sequentially, Afier the hollow plastic
article has solidified, the gas i vented,

@ Claimns, § Drawing Sheets

413,320 171979 Olabmi .
L~
|~
]
ik,
!
vanr o -
1
* MOV LA gL P kD [
i
MIES DT R e

2:04-CV-70530-GER-3«S Doc # 2lﬁl||'ﬁ“ﬁﬁ“ﬁﬁi@ﬂﬂl“@gmhmmlmmlw 266



U.S. Patent

r. 24, 1992 Sheet 1 of §

2:04-CV-70530-GER§«S Doc # 23 Filed 07/07/04 P of 50 Pg ID 267
a

5,098,637

PLASTIC INJECT TO AT LEAST
PARTIALLY FiLL MOLD CAVITY
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1

INTRODUCE PRESSURIZED GAS
INTO MOLD CAVITY UPON SUBSTANTIAL

COMPLETION OF PLASTIC INJECTION

MAIN'I"__AAIF! ‘é‘ﬁ% ;R&L'f LIE\IEO MOLD %ﬁ_WTY
PLASTIC INTO SPILLPIlR"EgERVDIR

PERMIT HOLLOW MOLDED PLASTIC
ARTICLE TO SOLIDIFY
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VENT GAS
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REMOVE PLASTIC ARTICLE FROM MOLD
CAVITY

——2. 20

REMOVE GED PLASTIC
FROM SPILL RESERVOIR

22

Fig. 1
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1

PROCESS FOR INJECTION MOLDING AND
HOLLOW PLASTIC ARTICLE PRODUCED
THERERY

TECHNICAL FIELD

This invention relates 1o plastic injectien molding and
articles produced thereby, and, more particularly, to

2

DISCLOSURE OF THE INVENTION

Onc aspect of the preseat invention is a method for
Injection malding hellow plastic articles with pressur-
ized gas which provides for displacement by the gas of
a portion of plastic from the maold cavity into a flow
coupled spill cavity. This feature enables plastic articles
of relatively greater dimensions to be successfully
molded with te advantages of established gas injection

plastic injection molding and plastic aricles having g molding techniquss.

hollow inierior portions produced therebry.

CROSS REFERENCE TO RELATED
APPLICATIONS

This application i5 related to U5, patent applications
enitled “Apparates and Method for the Injection
Molding of Thermoplastics™, Ser. Mo, 071,362 filed July
9, 1987 now U.S. Pat. No. 4,781,554, Method and Appa-
raue for the Injsction Molding of Plastic Articles™, Ser.
No. (098,862 filed Sept_ 21, 1987 and now US. Pat. No.
4,885,094 and “Method and System for Localized
Fluid-Assisted Enjection Molding and Body Formed
Thereby", Ser. No. 133,900, filed Dec. 16, 1987 which
has veen refiled as Ser. No. 351,271 on May 10, 1989, all
of which have the same Assignee ss the Assignee of the
present invention and all of which are hereby expressly
mcorporated by reference.

BACKGROUND ART

In the plastic injection molding art, the usual challen-
ges facing & product designer is to design an article
baving requisite strength for the product application
ang uniform surface guality for satisfactory appearance,
but 10 Avoid exceszive weight, material usage and cycle
time. A design compromise must often be made be-
tween strength and plastic thickness. A relatively
thicker plastic scction in the article, such a3 & structural
rity, will incur grester weight, material nsage, cycle time

15

L))

and induce gink marks and other surface defects doe to 40

thermal gradients in the area of the thickened section,
Tt is known in the plastic molding an to use pressar-

ized floid in conjunction with the plastic molding of

articles. The pressurized fuid is typically nitrogen gas

whigh is introdoced into the mold cavity at or near the 45

completion of the plastic injection. The presurized
fluid serves several purposes. First, it ellows the article
so formed to have hollow inreriar portions which corre-
spond to weight and macerial savings. Second, the pres-
surized fluid within the mold cavity apphies outward
presoure 1o force the platic againn the mold sorfaces
while the articls solidifies. Third, the cycle time is re-
duced as the gas migrates through the most fluent inner
wolume of the plastic und replaces the platic io these
areas which wonld otherwise require sb extended cool-
ing cycle. Fourth, the gas pressure pushes the plastic
against the mold surfaces, thereby obtaining the maxi-
mum coolant effect from the mold

However, as the dimensions of the molded article g

incresse, the gas mukt do wore work (o migrate through
the volume of the mold cavity to assist in setting up the
article within the cavity If the pressure of the gas is 100
great a5 it enters the mold cavity, there i a risk that it

may rupture or blow owt the plastic within the mold 65

cavity, i.¢., the gas is not contained within the plastic.
Thus, there have been practical Hmitations in the adap-
tation of ges injection in the plastic molding field.

More specifically, the process involves the initial
imjection of a quantsty of fluent plastic into & maold cav-
ity having @ shape defining of lesgt 2 portion of the
plastic anticle 10 be molded. At or near the completion
of the plastic injection, & charge of pressurized gas s
introduced into the mold cavity to displace » portion of
the sti)l fluent plastic. The displaced plastic flows
through a mussage from the mold cavity mto a con-
nected spill cavity or reservoir. The reservoir may al
teraatively serve ns: (i) an sppendage of the complete
article; (i) » separate article; or (iif) & cavity to receive
spilied plastic for regrinding. The plastic which is dis-
piaced is generally the hottest and most fluent. In this
regard, the introduction of the charge of pressurized gas
inte the mold cavity ¢an be timed to modulaie the
nmount of plastic displaced, i.e., the longer the delay in
introduction, the cooler nod less fluent the plastic in the
mold cavity.,

In another feature of the invention, the hollow plastic
article may be formed with an integral interaal wali by
introduction of two or more charges of pressurized gas.
Each gas charge tends to form a cell within the article,
and the cells are divided by membraoes which serve as
integral internal walls (0 enhance the stroctural proper-
thes of the article.

In yet still another festure of the inventing, venting of
the gas from the mold caviry i accomplished by mov-
ing a support mechanism for & ponion of the solidified
injected plastic ta allow the gus to borst through the
unsupported pastic portico at the reservoir, the runner
or an inconspicuous part of the article itself.

The present invention admits to molding of relatively
Iarge size structural articles for wse in diverse product
fields, such as 1 boz-sectioned frame member for an
auvtomobile or refrigerator door or the hood of o car
having a reenforcing beam.

Ciher advantages aod features of the present inven-
tion will be made apparent in cohnection with the fol-
lowing description of the best mode for carrying owt the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow chant indicating the basic sieps in-
volved in practice of the process of the present inven-
tion;

F1G. 2 & a schematic side view of a plastic injection
mokling apparatus adapted 1o carry owt the process of
the presatl invention;

FIG. 3 i a top plan view of the apparstus of FIO. Z;

FIG. 4 it another schematic view of a plastiic injection
molding apparatns illustrating an alternative armange-
ment for practicing the process of the present invention:

F1G. § is 2 side schematic view in cross-section show-
ing still another plastic injection molding apparatus
adapted to mold & hollow plastic article having an inte-
gral internal wall in aceordance with the process of the
present invention;
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FIG. 6 is 2 plan view of the apparatus shown sche-
matically in FIG. 5;

F1G. 7 is a view similar to F1G. 3 whercin the inter-
nal wall s displaced from the central location of FIG. §;
F1G. 8 is & plan view of the apparatus of FIG. 7,

FI1G. 9 is 2 plan view of yet still another plastic injec-
tion molding apparaius;

FIG. 10 is 2h #nlarged zide schematic view of the
apparatus of FIG. 9, partially broken away and illustrat-
ing one embodiment of 2 venting stcp;

FIG. 11 is 2 view similar 10 FIG. 10 illustrating a
second embodiment of the venting step;

FI(5. 12A is & view similar to F1G. 10 illuserating a
third embodiment of the venting step;

FIG. 12B is n vitw of the third embodiment after
vienling;

FIG. 13A is 2 view similar to F1G. 10 illustrating a
fourth embodimemt of the venting step; and

FIG. 138 is a view of the fourth embodiment after
venting.

BEST MODE FOR CARRYING OUT THE
INVENTION

FI1G. 1 & flow chart of the steps involved i practic-
ing the process of the present invention-

In step 10, & guantity of molten plastic is injected
from an injection malding machine inte 8 mold cavity.
The plastic is spy thermoplastic and works particalarty
well with giass or mineral filled thermoplastic palyes-
ter, commonly known by the trademark VALOX of
General Electric Co. The quantity is suiTicient w pro-
vide the mass of the article to be molded, but desirably
less than the quantry which would fill the mold cavity.

In step 12, a charge of pressutized gas is introduced
into the mold upon substantia} complevion of the injec-
tion of the quantity of molten plastic,

In step 14, the gax flow imto the mold is maintained in
pressure and duration in amount and time sufficient 1o
displace a controlled quantity of plastic from rhe mold
cavity inta a spill cavity which is flow coupled to the
mold cavity. The gas tends to displace the hottest, rmost
fluent plastic in the central portion of the mold cavity.
Consequently, the molded piasiic article has a hollow
icterior where the least viseous plastic has been dis-
placed, The presence of the gas affords savings in
weight and material usage, Added benefits include en-
hanced surface quality due to the outward pressure
exerted by the gas, and reduced cycle time due 1o dis-
placement of the relatively hot plastic from the c!:nr.ra.l
partion of the article.

In step 16, the article is permitted to solidify within
the mold cavity while the internal gas pressure is main-
ined.

In stzp 18, the pressurized gas is vented from the
interior of the molded article preparatory to opening
the mold. Numerous ways of venting are possble such
a5 described in the Friederich U.S. Pat. No. 4,101,617 ar
as desoribed in co-pending patent application Ser. Mo.
071,363 now U.5. Pat. No. 4,781,554 noted above.

In step 20, the plastic article is removed from the
mold, )

In s1ep 22, the purged or displaced plastic is removed
from the spill cavity or reservoir. In cemain cases, steps
20 and 22 can be the common operation of ¢jecting the
moldings so formed from the article cavity and the spill
cavity.

FIG5 2 and 3 are schematic side and plan views,
respectively, of a plastic injection molding apparstus,

0
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4
generally indicaned at 24, adapted to carry ot the pro-
cess of the present invention.

A nozzic 26 of a plastic injection molding machine is
brought into registering position with a modified sprue
bushing 28 associated with a mold. The sprue bushing
28 may be of the type disclosed in the above-noted
co-pending application Ser. No. 098,862, filed Sept. 21,
1987 now U1.5. Pat. No. 4,855,094, The sprue bushing 28
has a plastic flaw path 30 formed at its ¢enter to permit
the passage of molten plastic through a sprue 34 into a
nald cavity 38,

The modified spruc bushing also includes a gas path
32 1o permit the introduction and venting of a charge of
pressurized gas.

The mold cevity 34 is flow coupled through a runner
segment 38 10 & spill cavity 40, The volume of the spill
cavity 40 may be varied by any well-known means to
contral the quantity of displaced plastic such as by a
lead serew 42

A molded article #6 prodoced by the proceas de-
scribed in reference to FIG. 1 includes an interior void
44 formed by the presence and influence of the pressur-
ized gas. The spili cavity 40 may be formed to mold an
integr! appendage of the article 46, or a separate arti-
cle, or simply scrap [or regrinding.

FI¢. 4 is another schematit view of a plastic injection
molding apparatus, generally indicated a1 50, illostrat-
ing an alfternative arrangement for practicing the pro-
cess of the presant invention. In this case, the spparatus
50 employs first and second spill cavities 54 and 56
which are flow coupled throogh runners 58 and 60,
respectively, to & mold vohmne 52. Again, a nozzie 36
from an injection molding machine registers with the
sprue bushing 28 1o injcet a quantity of molten plastic
into the mold cavity. A charge of pressurized gas flows
slong the gas path 32 in the modified sprue bushing 28
and into the cavity 52 1o displace the lexst viscous plas-
tic from the mold cavity 52 into the first and second
splll cavitics 54 and 36. This process, when performed

in accovdance with the steps of FIG. 1, will yield a
molded article 64 having a central void €2 due to the
displacement of plasiic by the pressurized gus.

FIGS. 8 and 6 arc side and plan schematic visws,
reapectively, of still another plastic mjection molding
apparatus, generalty indicated at 70, adapted to mold 2
holtow plastic article 78 having an integral internal wall
B0. In this caae, the injection molding machine nozelc 26
aligns with a sprue 72 which divides into a pair of run-
ners 74 and 76. Each of the ranners 74 and 76 connects
to a bushing 28', which is modified from the sprue bush-
ing 29 of F1G. 1 caly to the extent required to remove
{t o the ends of the raaners 74 and 76. In this example,
the pair of bushings 28 are sitasted st oppasite lateral
exiremes af the mold cavity 32 w0 produce & malded
article 78 with an intzgral internal wall 80 »f the center.
The positioning of the bushings 28, 2 defining the gas
entry points, will determine the resulting position of the
imtegral internal wall 80,

In the appacatus 20 of FIGS. 5 and 6, the gas charges
introduced throtgh the pathe A2 in the bushings 28° are
simultanecus. Each gas charge tends to forio a cell, as
shown by voids 52 and 84, within the articlc 78 The
cells are divided by & membrans which serves an inte-
gral internal w=l} 8.

In orher respects the spparatus 70 of FIGS. §and 6 is
essentially sunitar 1o the apparatos 50 of FIG. 4 Specifi-
cally, the apparatos 70 likewise employs first and sec-
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ond spill cavities 54 and 56 flow coupled 10 the mokd
caviiy 53 through runners 58 and 60, respectively.

In the apparatus 70 of F1GS. 7and B, the gac charges
introduced through the paths 32 in the bushmga 38" are
sequential 30 that the membrane which serves as an
integral wall 80 is displaced 1o one xide. For exathple,
the imerval betwieen the gas charges may be betwesn
0,25 and 1.0 secomds apart.

FIGS. % and 10 are plan and sde schematic views,
respectively, of snother plastic injection moiding appa-
matus, generrlly indicated at T, adapted to mold ¢ hol-
Jow plastic article. The apparatus T employs spill cavi-
ties 54 and 56’ coupled to the mold cavity through
rummers 88' and 6, respectively.

The plastic in at least one of the xpill cavities 5 and
86’ is supported during plastic solidification by a mov-
sble mold pan such as a pin §6 supported within the
mold of the apparatus MY The gas is vented by moving
the pin away from the supported plastic prior to open-
hlgthmoldtolh:lmosphmmthl:meprmmimd
gas bursts through the now unsupported plastic within
the spill cavity. The gas then travels around the pin 86,
throngh the mokd and to the atmosphers in a controlled
fashion. The pin 86 may be moved relative to the mold
in any well-known fashion and is supported in a bore 87
in the motd leaving approximately 0.00% inches clear-
ance around the pin B§ o permit the gas o travel
around the pin 86

FIGS. 11, 12A and 138 show alternate embodiments
of a pin, generally indicated ay 84, B6” and B, respec-
tively, for venting the gas from the article. FIGS. 12B
and 13R show the pins 86" and B in their venting
positions, respectively, Esch of the pins BG, 86" and
86" inclode an angled end portion 887, 88" snd BE™,
respectively, for receiving and retaining a portion of the
solidified injected plastic therein at a plastic reservoir, &
runner segment, & Sprue portion of an inconspicuous
part of the article itself. Movement of the pins 6, B6”
and 85" pway from their respective supported portions
of injected plastic canses their respective énd portions
&%, B8~ and 88 to carry a portion of plastic therewith
to facilitaie the venting step, aa illostrated in FIGS. 178
and 13B.

In the embodiment of FIG, 11, the pin 8 inclades a
central ejector 90 which can be operated in any well-
known fashion 1o subsequently eject the solidified plas-
tic from the end portion 88" afier venting nd prior to
the next cycle.

The invention has been described in illustrative em-
boditments, but it will be evident to thoes skilleq in the
art that variations @y be made from the foregoing
teachings without departing from the scope of the fol-
lowing claims.

What {5 claimed -

1. A process for injection molding a hollow plastic
article comprising the seps of:

injecting & quantity of fluent plastic into 2 mold cav-

ity having a shape dcfining at least a portion of the
artichn

displacing a pordon of the plastic from the mold & tended position of the pin.
" B &

cavity into a spili cavity flow conpled to the mold
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6
cavity by introduction of & charge of pressurized
gas into the mold cavity;
permitting the injected plastic 1o salidify;
venting the gas from the mold cavity; and
remaving the plastic article from the mold.
2 A process for injection molding 2 hollow plasti
articlc having an integral intemal wall comprising the
steps of:
injecting & quantity of fluent plastic into 2 mold cav-
ity having & shape defining at least 2 portion of the
article;

introducingﬁrstmﬂmdchlrgunfgummthe
mold cavity 4t spaced locations and at pressires
sufficient to displace quantities of plastic into oppo-
sitely disposed apill cavities flow coupled to the
mold cavity;

permitting the injected plastic o solidify;

venting he gas from the mold cavity, snd

remaving the plastic article from the mold.

3. The invention s claimed in claim 3 wherein the
first and second charges of ga3 are introduced into the
mold cavity substastially simoltancously.

4, The invention 3¢ clagmed in claim 2 wherein the
first and sacond charges of gas are introduced into the
mold cavity in & predetermined sequence.

5. A process for injection molding a hollow plastic
article including the steps of injecting a gquantity of
fiuent plastic into a mold cavity of a mold haviag a
shape defining at least & portion of the article, introduc-
tion of a charge of pressarited gas into the mold cavity
upon substantial completion of plastic injection, permit-
ting the injected plastic to solidify by sopporting the
injmwdphm:inthemold.vmﬁnzthnp:!mmthe
mold cavity, aed removing the plastic article froo the
moid, wherein the improvement comprises: a portion of
the injected piastic i supported within the mold by a
movabie support means of the mold during plastic solid-
ification and wherein the step of venting is accom-
plished by maving the support meas 10 a8 pon-support
position 10 allow the g to burst through the thereby
unsupported plestic portion.

6. The process a5 claimed in clahn 5 whetein the
supponmun:includumnglodendpomm!brm-‘
ceiving and retaining the portion of the mjeciad plastic
therein and whesem movement of the support towards
the non-support position removes the portlon of the
injected plastic from the rest of the injected plastic.

7. The process as claimed in claim 5 wherein the mold
has » spill cavity cotpled to the moid cavity and
wherein the portion of the imjected plastic is located in
the spill cavity.

8. Thcpronmuchim:dindﬁmﬁwh:reinthcmld
has 3 runner segmeant coupled 10 the mold cavity and
whrein the partion of the injected plastic is located in
the runner wegment.

9. The process as claimed in claim § wherein the
suppor. means includes a movable pin baving extended
and retracted positions for removing the portion of the
injected plastic from the angled end portion in the ex-



2:04-CV-70530-GER‘S Doc # 23 Filed 07/07/04 P' of 50 PgID 275




2:04-0v-70530-GER s Doc M NGB NUIRIEH Bl
United States Pate.?

{19]

{11 Patent Number: 5,443,087

Myles [45] Date of Patent: Aug. 22, 1995
[54] -mmmgbmm SYSTEM FOR 5,257,640 1171993 Delajoud oo 137718
0 A FRESSURIZED FLUID . ‘
Frimary Examiner—Gerald A, Michaisky
AND VALVE ASSEMBLY FOR USE Attornay, Agent, or Firm—Brooks & Kuat
75} Inventor K. Myles, W. ' f:nmﬂhud and system provided for 1kin
] are controlling a
[73] Assignee:  Meloa Loited, Southfisld, Mich, mﬂmmum‘mmmmh
[21] Appl. No: 166255 mmlﬂy_mmlunprmuuhighummupim
pressurized mitrogen ga may be wtilized in high pres-
[22] Filed: ec, 13, 1993 sure ges systems xch a in gas-sisted injection mold-
[51] Ine. CL$ GOSB11/50  iNS systems of low pressure gas systems such a8 robotic
{32] us.Q 137/14; 137/102: comtrol and actuators. A valve assembly is Ill:]mnd in
137/596.15; 137/596.16 themﬂlmdmdsymmdhcludumekcm:pmpm,
(58] Fiald of Search ........... 91/433; 137/102, 396.15,  Uouing device such as & preomatic servovalve and a
1377596.16, 14, 437.5  Puir of pnemmatic, filwidly-coupled valves which are
pilot=d by the servovive to regulate the prevsare of the
[56} Roferemces Chiad pressurized nitrogen gas. In the method and syst=m, the
U.8. PATENT DO UMENTR servovalve operates m a closed loop fashion by utilizing
4,117,706 10/1578 Lami .o .o 137/102 mu:“ﬁ:mm:m]u‘ thenlnu:luc ; ':sa e
441,750 12/1500 Furuse ot al. o /IR X o0 . Brom the 1o0p it cetpousive
4,555,766 1171985 Wright ... 131785 X a pressure signal presue mnsducer aod a
4961441 10190 Selter ... [37/14  Preset reference signal to provide an error control sig-
5020564 6/19%91 Thoman et al ..o 1377102 B8l 10 the servovalve.
5,114,660 5/1991 Hendry .
5,142,483 $/1992 Basham et al. . 18 Clainis, 2 Druwing Shests

TO MOLD
OR SYSTEM

B 1 e 276




2:04-cv-70530-GER

U.S, Patent

-&«S Doc # 23 Filed 07/07/04 Pw of 50 Pg ID 277

Sheet 1 of 2 5,443,087

Ang. 22, 1995

WILISAS HO
N_,\l/\_ gMoNOL

e 7 e T
_ 5




2:04-CV-70530-GER-8«S Doc # 23 Filed 07/07/04 Pﬁ of 50 PgID 278

U.S, Patent Aug. 22, 1998 Sheet 2 of 2- 5,443,087

N
o~ O
L.

"

SUPPLY




2:04-cv-70530-GERiS Docs#&é’)osJ,:iled 07/07/04 Pg‘l of 50 PgID 279
1 B 2

METHOD AND SYSTEM FOR CONTROLLING A
PRESSURIZED FLUID AND VALVE ASSEMBLY
FOR USE THEREIN

TECHNICAL FIELD

This inventiom relstes to methods and systems foc
controlling pressorited fhrids and valve sssemblies for
us¢ therein and, in particoler, 10 cloled loop methods

and systems for controlling high or Jow pressure fluids 19

and valve asxemblies for use thersin
BACKGROUND ART

than the frst presure. The method mchudes the swep of
providing a peir of pnenmatically-operated, faidly-cow-
pled valves, and an electric proportioning device for
operating the valves. The pressmized fiuid is commmi-
catrd to the valves. The method also includes the steps
of generating a refermes signal representative of the
desired presiure, generating a reference control signal
bazed on the referemce signal and coupling the reference
contral signal to the proportioming device to control the
presure of the pressurized fleid reguisted by the
valves. The methad abs inclodes the sieps of genarating
a feedback signal a3 a function of the actual pressare of
the reguisted pressurized fimd and generating an error

U.S. Pat No. 5,114,660 discloses a method and sys-  signsl based on the difference between the reference
tem for the injection molding of plastic articles m an 19 rignal and the faedback tgnal The error signal is repre-

injection mokimg system incladiag 2 proeomatically-
operated a compresson onit having & kigh presure
gas receiver. A fluid presmre redncing valve, togecher
with a directional control valve, controflad by 1 con-

troller reduces the presure of the high preasure nitro- 20

#en gat and commumicates the premurired flud from
the g receiver to the injection molding system
Briefly, gas-amivied mjection molding it » theymo-
plastic molding proces which provides sress-free large
parts with a class A surface ind virroslly no sink marks. 25
Gas-amixted injection molding is 2 low pressure mold-
ing proocs oompered 10 convendtional injection mold-
g In this proces, inert gas soch s nitrogen b jected
intn the plestic after it enters & mold. By controlling the

the quantity of plastic mjected imto the ¥

g% presEme,

moid (short shot) and the rate of gas fow, a predeter-
minad network of hollow mterconnectsd chamnels is
formed within the molded part The gas pressure re-
mains constant in the network of hollow channels dur-

ing the molding. Thit commpemsaces for the tendency of 35

the: plastic o sirink at the thicker aress of the molding
preventmg warpage and reducing stress. The gas pres-
sure & relieved fus prior 1o opsting the mold. Becanse
of the relatively Jow injection pressore, large partx can

be molded with mbstantial reductions in clomp tonnage. 40

Cwqmﬂy,pmpptqutmm
prechie control of and volame of gas

tming
which is injected mto the part, all of which sre irrpor-
tant to the control of the ges-sssisted Procam.

injection
In gereval, prior art valve ssaemblics exhibit rels- 45

tivaly slow respemne and have & considerable amoent of
on-board electronics and taks np & considerable ameant
of room, sapecially when multiple valve asemblies are

required 10 service 2 namber of injection molds or parts
of molds.

SUMMARY OF THE INVENTION

An object of the present ivemtion is to pravide a
method and system for controling a presurized fuid

and a valve ssembly for e therein wherein the resnlt- 15

ing regmivied pressnrived fitid can be msed in Bigh oc
low pressre, fimt responas applications,

Ancther obrject of the present invention B to provide
2 method o syiesn for controlling 4 fhaid

predturiced
and valve amemhly for nee therein wherein the valve 60

sssembly has a reistively umall amount of on-board
electronics, is relstively mexpermive, and also provides
2 COmpact strucnne o allew for muiltiple valve amem-
blies in 2 relatively small e,

In carrying ont the sbove objects and other ohjects of 65

the presant mveation, a method in provided for control-
ling u presnurized floid having a first pressure (o provide
the pressurizes fiuid at & regulated, desired pressure less

sentarive of 2 desired amomnt of finid predaare change.
The methnd finally includes the step of generating an
error control signal as & function of the error signal o
contral the proportioming device The proportioning
deviee, in urm, cperates the vaives to provide the pres-
surized fluid @ the regulated daxired pressure.
Further in currying out the sbove objects md other
ohjects of the presear mvention, a symem iy provided
fo:urrym;muuchofthanbnvemﬂhudm
Ahumﬂdedhavﬂvemhlymrmmuh;t

pressurized fuid at a regulsted desired presmmre less
than the first pressare. The valve assembly inclodes 2
first valve having an input port adapted tn reosive the
high pressure fluid, an outlet pext, and s controb port
sdapted to receive a first pnenmatic control sigual to
selectively open and cloge the inpet port, The assenbly
also inclndes a second valve having o input port, an
um'puport.md a control part adepied to receive a
control signal to selactively open and
clme&:om;:mufﬂn:amdnlwwuhmm:
prewurized fuid. A mechanism for fledly commuomicat-
ing the outlet port af the first vaive to the inlet port of
the second valve & sdso provided. The mechanism also
inciades an output port for commumicaring the regu-
Inted pressuvized flwid. Finally, tse valve sssembly in-
clodes in eleciric proportioning device for
the first and second pneumaric control signals to comtrol
d:eﬁmundmdmvu.mmnvely buadontb:

pott of the mechaniom.
Preferably, each of the valves is & pilot operated

30 pocmnatic vaive snd the proportioning darvice is 2 pneu-

matic servovalve for communicating @ previtatc con-
trol signal to each of the valves in responne to the elec-
trical coatrol signal to comtrol the opening and closing
of the valves to, m turn, megulsts the pressure of the
pressurized fluid.

Al prefirably, in one eobodiment the pressrized
fluid is & high pressure fluid mch a2 nitrogen gas baving
2 presure in the range of 1,000-20,000 psi for wee in o
g-ascited injection malding system. In another em-
hudmmtthaplmnudﬂuidhlprmmmhleuf
controliing robots and actostors.
vantages accordimg to the method, system and
valve smembly of the present nvention are nmmerous.
For cianmple, the method, sysiem and valve amembly
are capable of opernting in high or low pressore, fast
Tesponse pressure covtrol applications. Furthermore,
the valve amembly hag fewer on-board efectronics and
exhibits cormiderable cosl savings over competitive
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amemblics Finaily, the valve amembly i3 metarively
compnct and alkows for the uae of multiple valve atem-
blics i & relatively soal] spee

The above objects and other objects, featurw, md
advantages of the preseny invenrion are resdily apparent
from the following detailed description of the beat mode
for carrying out the imventon when takmn im connection
with the accompanying drawings,

BRIEF DESCRIFTION OF THE DRAWINGS

FIG. 1 is & schematic block diagram illostrating the
method, system and valve sscmbly of the present in-
vantion; and

FIG. 2 i3 2 schematic front elevadonal view of the
valve sxsembly of the present invention

BEST MODE FOR CARRYING OUT THE
INVENTION

R:fnrin(mwmth:dnmn;ﬁ;uru. there is Mo~
trated m FIG. 1 in block disgram form, a method, syy-
tem xnd valve asembly coastructed with the pressnt
invewilon to conwol 3 high presmars floid such % a2
mitrogen g which & stored in a high pressare air sup-
plyorrmnverlﬁ.ﬁehmhpl'mmhbmgnmy
be stored in & gas pressurs receiver such sy illugrated io
1).5. Pat. No. 5,114,660 xt a pressure of 1,000-20,000 pai.
Asdescribed in US. Pat. Mo 5,1 (4,660, the gas i oced
at high pressure to provide a ready sonrce of high pres-

5

10

15

m;ﬂfurunmngu—uﬂmdmmmoldurs}m-m

tem, as iiluytrated at 12 im PIG. 1 and 23 deacribed in
1.5 Pav. No. 5,114,660 Howsver, it i to be undersiood
that the method, system and valve assembly can be naed
to supply low pressare (1.6, approximately 80 pai) fuid

for uee im robods or actuator coutrol. The method and 4,

system provide the pressurized s it & regulated de-
sired presiare less than the presure at which the gae is
stored as is described in grester detail hereinbelow,
In genernl, the valve sssembly of the present Diven-
ﬁmmclndnmpnumﬁcmwﬂve.mmynﬂ-
cated at 14, or other air or g operated
valve, The valve sssembly abwy mwloctes. first and second
peumatically-operared, fluidly-coupled valves gener-
ally indicated at 16 aod 18, rexpectively. The valves 16

and 18 are piloted or controlled along control lines 20 45

ant 22, respactively, by the servovalve 14, Fittings 13
secure the Hines 20 and 72 (o the seyvovalve 14 md the
valves 16 and 18,

Each of the pocumatic valves 16 and 18 mcloden an

actator saction 4 and 16, respectively, which inclodes 5

1 diaphragm which respomedy 0 & poeumaric control
sigual on its respective control lne. The control signals
from the servovalve 14 control the opening and closing
of the valves 14 mnd 18 to thereby regulats the pressure
of the high presmre aitrogen gm.

Each of the paeurnstic valves 18 and 18 alao incindes
an inlet port 285, se owtlet port 27 and & control port 29
for receiving contral signale from the servovalve 14,
The inlet port 25 of the first valve 16 opens or closet in

55

response: 10 the coutrol signal received at its mpnt port 60

29, In like fashion, the cutlet port 27 of the second valve
18 opens or closes in responss to the coutrol signal
recedvad at i input port 29,

Preferably, the ic servovalve is an Atchley

poeumatc
air servo heving Model No, 2MPNS00S/NOS: Al 65

preferably, ach of the pilot-operated poeumatic valves
it a Dragon air-operated two-way valve having Model
No. B5C033KV.

The rwo-way valves 16 ind I8 are plumbed together
by a meam or mmembly 31 for finidly commumicating
the sutler port 27 of the pnewmatic valve 16 with the
intet port 25 of tve poeumatic valve 18. The assembly 31
is preferably an HIP croex apsembly ncioding a high
presure crom 32 and & number of adapters M to fuidly
connact the croex X1 to the valves 16 and 18 and a pres-
sure sensor 40 An adaptor M also fuidly comects an
cutlet port 36 of the cross 32 o the system 1%

While the poemmatic servovalve 14 is g or air oper-
atedd, it operaies elecironically in a closed loop system.
A ferdtwrk mechaninm such s the pressure sensor or
tramaducer 80 is capable of generating a feedback signal
a8 & fumerion of the actunl pressure of the regulated high
pressure fhuid at the cross amembly 31 The pressure
scnsor M) supplies the signal along Fne 42, The {luid
pressure signal is representative of the actual pressure of
the: regulasd high pressure fluid The fuid pressure
signal is typicaily amplifiad by an amplifier 44 of a con-

20 troller, generally indicated zt #6. Then the amplified

sigoal is set along a live 485 where it is subiracted from a
reference signal at a junction block 30, Typically, the
reference signal is outpat hy a reference block 52 which
may ba a mangsl setting on the comiroller 46. The refer-
25 ence signal represents the desired pressure for the high
pressure nitrogen gas 0 be wiilized by the system 12,

The jnction block 50, in turn, generates an error
signal on a lme 54 which is utilized by n serve-valve
drive circuit 34 of the controller 45. The servovalve
drive cicuit 5§ wiilites the: error signal appearing on the
ling 54 to ontput to the poeumatic servovalve 14 an
uppmpnueem:rmtmlnipﬂtodﬂuthammm
servovalve 14

Preferably, the controller 46 is located remotaly from
the valve sembly.

Briefly, the pnesmatic servovalve 14 nitally receives
an alectrical reference control signal from the control-
ler 46 basad on & value set by the reference block 51, In
fesponee 10 the electrical controd sigoal, the posumatic
40 gervovalve 14 allows 3 proportionate acount of poeu-
matic pressove imto the actoator sections 24 and 26 of
the valves 16 and 1%, rapectively. The two-way vaives
16 and 1K, in men, open of clowe in order (0 sither let
high pressure in at the inlet port 28 of the valve 16 from
the high pressure mir supply 10 or let preasure oot in 4
form of nitrogen jas exhansted at the cotlet port of the
valve 10, The actoal preware of the regulated high
pressurs gas which 18 sent to the yvytem 12 is road by the
pressure sensor 40 and fad back ro the controlier 46 o
provide feadback comtivl.

Then, the feedback signel i utilized with the refer-
ence gignal to generats: an error signal at the junction 50.
The exror signal is representative of a desired amount of
flyid preswre change. The drive circuit 56 uses the
error signal which drives the wrvovalve 14

As previomly mentioned, the method, system and
voive spembly have nomeroos edvantage For exam-
ple, control slechronics are not located om-board the
valve azembly. This has the benefit of allowing elec-
tonics o be momied m & lesx harardows enviromment
for increaser] retiability. Furthermore, the valve assem-
bly ia mor: cost eflective than existing valve smemblies.
Fimally, the compactness of the valve sssembly allows
for the wwmting of multiple valve agembly in 2 con-
finnd space to tervice multiple gm-assisted injection

sysiems.
While the best mode for carrying out the invention
hiss been described i detal, those familiar with the art



2:04-cv-705305GER4\S DOC } 23 Flled 07/07/04 & of 50 Pg ID 281

o which this invention reiates wil varoe tive of & desired prewarized foid

aHernative deaigns and embodicents (51 practicing the change: and
inventicn st defined by the following claime., a controller for initially genarating 3 referecs com-
‘What is claimed ix: trol signal based om the refermpcs signat end then
L A method for controllimg & presouxized {loid hav- 5 generating an errar control signal as a1 finction of
ing a first pressure to provide the presynrized foid at a the arror signei 1o control the dlectric proportiou-
reguisted desired presture less than the first pressure, ing device, the proportiming device, m turt, com-
e viing « i of pcvmgesl the valves i respame % the cobel ‘s 10
a of y-operatad, fnidly- veS M Eponie ool 1 o
mwlﬂﬂﬁﬂln:h:mmmgd:—m comtrol the opexting and cloting of the valves to, in
vice for opeming md closing the valves: turn, regulute the presure of the pressurized fuid

communicating the pressurized fluid to the valves; 3 The control system of claim 7 wherein the feed-
mmurahmﬂmmpmmuﬁwnfm bmck menrn inclades a preswre transdocer for messur-
dexired pressure: mwmpﬁ;moﬂhcrqdmmm
generating 1 reference trol dgnsl besed 15 0o a pressure signal.
rr.fam'nml, ol on the 9. The comtrod syitem of clyim 7 wharein each of the
coupling the reference control signal to the propor-  YAIves s a pilot-operated presmatic valve.
tioming device 10 coutrol the presare of the pres- 18 The control system as ciaimed iz claim 9 wherein

surized foid regulated the proportioning device is 4 pnenmatic servovalve.
m%aﬁ“ﬂ"&mdmm 11 The control system as chimed in claim 7 wherein
pressure of the regulxted pressurized fuid; the preswrized fuid is aitrogen gas having a pressore in

genersting an error signal based on the differmee  0C FOge of LOK-20,000 pai for use in a gas-ammisted

mjection molding system.
between the reference signal mnd the faedback xig- 12, The sysem of claim 7 wherein the pressurized

nal, the error signa] being representative of a de- . "
sired t of fuid 3 and 25 fluid has & preswre capable of controlling robots and

mm“fmwmm“!“ 13. A valve maembly for controlling a presrized
mﬂlmﬂﬂﬂ ’ ol the proporticning device, fimid having & first pressare to provide the presarized
propoctioaing device, in turn, communicating a fluid at a reguisted desired pressure lats than the first

pnenmﬁnmnﬂulﬂnﬂtomhurﬂmvﬂvumm
b peessure, the valve smembly conyprikng:
rcEponsc o the reference and error control signaks & Grst vaive lnrving en inpat poct sdapeed to receive
to control the opening and closmg of the valves to, the pressarized fluid, an outlet port, and A control
nﬂlﬁlﬂﬂmﬂnmﬂﬂtm port adapted to receive a first poemnatic comzol
sgnal m sclectival and clowe the inpaut port;
1Th=m=dmdof¢ln-lwhuuthenpufm35 ,uﬁmm’;mmmmm
ing the feadback signal mcindes the step of meanwing and a control port adapted to receive a mecond
@mmwmwmﬂm posumatic control signal to selectively open and
with & presmre rensducer 10 obtxin a finid prewure clos the owtprrt port of the second valve to exhant
3. The mathod of clain 1 wherein ench of the vaives 4 m&mm%w&uoﬂnpmd
is a pilot-operated poeumatic valve. - . the first vaive to the inlet port of the secend valve,
4. The method of chrim 3 wherein the peoportioning seid mems for Auidly commenicating having an
dﬂmnlmm . ) output port for communicating the regulsted pres-
ﬂimmthdofmnhmlwhmthcwmmd surized fluid; and
uid & wiirogen gas ing a presure in the ratge of 4 im chectric proportioning device for providing the
1,000-20,000 il for mie in 2 gat-apistad injection moid- first and second prenmatle comiro] signals to con-
ing systean, ) . trol the opening and closing of the first and second
#, The mathod of clsim 1 wherein the pressarized valves, respectively, bated om an electrical control
fluid has 2 presture capable of controlling robots and signal so that reguisied pressurized fhdd at the
ACIpEITTY 5 desired presmre is available st the ootpat port of

7. A control rysten for controlling & presourized fuid the means for flnidly coonmmicating.
haviny a first pressare to provide the pressorived fhnd =t A The valve swembly as claimed in claim 13
1 reguiuted desired pressure less thim the first pressare,  wherein each of the valves is a pikoi-operated pewmatic

the contral system compraing: valve
nmdmﬂwwss 15, The valve sssewshly o claimed in claim 4
valves; wherrin the proportioning device is & prenmatic seTvo-

an dlactric proportioning device coupled to the valve,
valves for opeaing and closing the valves s a fme- 16, The valve sssembly a3 claimed in claim 13
tion of coatrol sigrals by control the prexre of the  wherein the preurized fmid is nitrogen gas having &

presvurized (uid regulated by the valves; 60 presure in the range of 1,000-30,000 pei for o n &
menns {of penerating s roference sigal cepresents-  pas-amisted injection molding rystem.
tive of the desived pressore: 17. The valve mitembly m clomed i claim 13

feedback mesns for penerating a feedback signal a3 a2 wherein the mesns for Avidly commnnicating inchudes &
fanction of actual prewsoe of the regulated pressur-  cros sasscmbly.

ied fiuid; § 18 The valve smembly a claimed in claim 13
mennd for penersiing sn srror signal s a Amction of  wherein the pressurizad finid has & presure capable of
the differcace between the reference signal and the  controlling robots and actastors.

feadback signal, the ervor signal being representa- 2R
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Hendry [45] Date of Patent: * May 19, 1992
[54] METHOD OF INJECTING MOLDING Primary Examiner—Leo B, Tentoni

[75] Inventor: James W. Hendry, Brooksville, Fla. Attorney, Agent, or Firm—Brooks & Kushman

[73] Assignee: Milad Limited Partnership, Naples, [57] ABSTRACT
Fla. . A method and system for the injection molding of plas-

‘tic articles in an injection molding system including 2

*] Notice: i i h . . 3
[*] Notice ﬁi;&:ﬁﬁg?&c t]%ngougg I::sp;;gt pneumatically operated gas compression unit having a
disclaimed. T high pressure gas receiver. The injection molding sys-

tem includes a resin injection nozzle and a mold having
211 Appl No.. 552,909 an injection -aperture and mold cavity for receiv:ng
[22] Filed: Jul. 16, 1590 molten resin from the nozzle. The gas compression unit

includes a gas booster which pressurizes a first charge
[51] Int. CL* oo rereneneenn. B2OC 45/00; B29D 22/00 of £85 to the pressure setting of a pressure switch, The

52) 5 64/2’?;;5;’22-; 22;‘: /332288'1835 gas receiver stures.th:e first charge o't‘ pressurized gas at
(58] Field of Search ... 264/8 5 198 8 323"12 a pressure Jevel wnhfn a predctcrm:n{:d range of pres-
3647500, 572 398.13: 425 ,"812; sures. At least one fluid pressure reducing valve reduces
re ! the pressure of the gas as it is communicated from the
(56) References Cited fluid receiver to an orifice in the mold to an acceptable
U.5. PATENT DOCUMENTS level for molding the article. The gas compression unit

o is capable of servicing a plurality of injection moldin
4,101,617 /1978 "Friederioh o 2647572 macl":ines and c'orrcsp%:nding molds when a like pluralg-

4,355,004 871989 Hendry ... . 2647403
4,915,181 671990 Baxi ... ... 264/872
4,948,547 871990 Hendry .. o 264/500
5039463 B/199] LOrER cnnmmnmnineeen. £04/40.3 & Claims, 2 Drawing Sheets
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{ PRESSURIZING A CHARGE OF FLUID

ity of pressure reducing valves are provided.

STORING THE CHARGE OF PRESSURIZED FLUID WITHIN
FLUAD RECEIVER MEANS AT A PRESSURE LEVEL WITHIN
A PREDETERMINED RANGE

:

INJECTING A QUANTITY OF MOLTEN FLASIC
THROUGH AN INJECTION APERATLIRE AND
INTO A MOLD CAVITY
!

COMMUNIGATING THE PRESSURIZED FLUID
FAOM THE FLLID RECEIVER MEANS DURING
OR AFTER THE PLASTIC INJECTION TO AN
CRIFICE N COMMUNICATION WITH THE MOLD
CAVITY

¥

CONTAINING THE ELUID UNDER PRESSURE
LINTIL THE ARTICLE HAS SET UP N THE
MOLD CAVITY

i i
[ VENTING THE FLUID TO AMBIENT |
i

[ cowmnuepRocESST |

I |
NO YES

18 THE PRESSURE
WITHIN THE FLUID
RECENER MEANS

BELOW THE

' PREDETERMINED | vps
NO RANGE?
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PRESSURIZING A CHARGE OF FLUID

STORING THE CHARGE OF PRESSURIZED FLUID WITHIN
FLUID RECEIVER MEANS AT A PRESSURE LEVEL WITHIN
A PREDETERMINED RANGE

3

INJECTING A QUANTITY OF MOLTEN PLASIC
THROUGH AN INJECTION APERATURE AND
INTO A MOLD CAVITY

o
COMMUNICATING THE PRESSURIZED FLUID
FROM THE FLUID RECEIVER MEANS DURING
OR AFTER THE PLASTIC INJECTION TO AN
ORIFICE IN COMMUNICATION WiTH THE MOLD
CAVITY

l
CONTAINING THE FLUID UNDER PRESSURE
UNTIL THE ARTICLE HAS SET UP IN THE
MOLD CAVITY
VENTING THE FLUID TO AMBIENT
. T
CONTINUE PROCESS?

NO YES.

!

IS THE PRESSURE
WITHIN THE FLUID
RECEIVER MEANS
BELOW THE
NO PREDETERMINED | __ vgs
RANGE?

FIG. |
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1
METHOD OF INJECTING MOLDING

TECHNICAL FIELD

“This application relates to method and systems for
injection molding of plastic articles using fluid pressure
and, in particular, to methed and systems for the injec-
tion molding of plastic articles using fluid pressure to
assist in the making of plastic articles.

- BACKGROUND ART

It is known in the plastic molding art to use pressur-
ized fluid in conjunction with the plastic molding of
articles, as disclosed in the Friederich U.S. Pat. No.
4,101,617. ‘

Gas-assisted injection molding is a thermoplastic
molding process which provides stress-free large parts
with a class A surface and virtually no sink marks. Gas-
assisted injection molding i3 & low-pressure molding
process compared to conventional imjection molding. 1a
this process, inert gas is injected into the plastic after it
enters the mold. The gas does not mix with the plastic
but remains in the middie of the thicker sections of the
molding. By controlling the gas pressure, the dquantity
of plastic injected into the mold (short shot) and the rate
of gas flow, a predetermined netwerk of hollow inter-
connecting channels is formed within the molded part,
The gas pressure remains constant in the network of
hollow channels throughout the molding. This compen-
sates for the tendency of the plastic to shrink at the
thicker areas of the molding, preventing warpage and
reducing stress. The gas pressure is reliaved just prior to
opening the mold. Because of the relatively low injec-
tion pressure, large parts can be molded with substantial
reductions in clamp tonnage.

The gas system equipment provides the precise con-
trol of pressare, timing and volume of gas which is
injected into the part, all of which are important to the
control of the gas-assisted injection process,

In 11.8. Pat. No. 4,948,547 entitled “[mproved
Methed for the Use of Gas Assistance in the Molding of
Thermoplastic Articles,” assigned to the Assignee of
the present invention, a method of gas-assisted injection
molding is disclosed in which a charge of pressurized
gas is injected into the mold but not into the article-
defining cavity. The gas charge is of a predetermined
quantity and pressure, sufficient to assist in fAlling out
the article defining cavity with resin and promoting
surface quality.

FIG. 2 is a general schematic view of a prior art
spparatus suited for practicing plastic injection mold-
ing, generally of the type of which the present invention
is directed.

The controlled entry of pressurized fluid, typically
nitrogen gas, is accomplished by the use of a modified
mold sprue 10. The sprue 10 includes a disc.shaped
insert 12 disposed within 2 sprue body 14.

The mold sprue 10 cooparates with & conventional
plastic injection molding machine 20, the nozzle 18 of
the molding machine 20 mates with a concave surface
22 on the face of the insert to provide a continuous path
16 for the flow of plastic from the machine 20 through
the sprus 10 and into & mold cavity (not shown).

The flow of molten plastic through the insert 10 may
be diverted by a conventional torpedo 4 of the type well
known in the art.

The introduction of pressurized fluid to the flow path
is through passage segments 26 and 28 formed (by dril-
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ling or the like) in the insert. The passage 26 opens into
the flow path through an orifice 30 of sufficiently small
dimension, for example, 0.005 1o 0.040 inches, depend-
ing on the viscosity of the plastic to actively prevent
entry of the relatively high viscous molten plastic dur-
ing injection.

The plastic injection molding machine 20 includes a
barrel 32 with a central cylindrical opening 3. A serew
36 serves to plasticize and advance resin toward the
nozzle area, Upon complete plasticization of the resin,
the screw 36 is hydraulically advanced toward the head
of the barre] 32 to inject molten plastic through the
nozzle 18. The plastic passes through the sprue insert 12
at a nominal plastic injection pressure through the
stroke of the screw 36, This pressure falis upon substan-
tial completion of the stroke and discharge of the plastic
from the barrel 32 of the molding machine 20.

The insert 12 is shown mounted concentrically in a
recess in the sprue body 14. Molten plastic passes from
the nozzle 18 and around the torpedo through a pair of
kidney-shaped apertures (not shown) which serves as
first and second branches in the flow path. The pressur-
{zed fluid is communicated to the plastic flow path
through passage segment 26 and orifice 30 which is
mediate the plastic flow branches and colinear there-
with. ‘

The temperature of the insert 12 can be controlled,
depending on the processing specification of the plastic
being used by employing electrical heater bands or
other types of auxiliary heat sources, as is well known in
the art. .

The apparatus of FIG. 2 also includes a mechanism 37
for charging and communicating the pressurized fluid
or gas to the sprue insert 12. For example, a hydraulic
fluid supply 38 directs a working fluid, such as oil under
pressure to a chamber 40 of an accumulator 42 effec-
tively separated into two chambers, having mutually
and inversely variable volumes by a compression piston
44 A fluid supply 46 is provided for directing a charge
of gas through a first check valve 48 into the second
chamber 50 of the accumulator 42 for pressurization, A
contral valve $4 controls communication of the gas
from the chamber 30 to the sprue insert 12. A check
valve 82 is connected in series with the control valve 34.

The mechanism for charging a pressurized fluid or
gas for use in the prior art molding process is described
in greater detail in U.S. Pat. No. 4,855,094, Also, a
detailed description of the operation of the mechanism
37 is described in-this patent which is assigned to the
Assignee of the present application.

One limitation of the prior art mechanism 37 is that
the hydraulic unit can only recharge after the plastc
injection molding cycle is substantially completed (typi-
cally 75%). Also, such a hydraulic unit must be re-
charged after each cycle. Consequently, a relatively
constant pressure is not always available with such a
hydraulic unit which vses a multiplier system.

Another drawhack of such a hydraulic unit is that it
is not flexible to adapt to more than one concurrently
operating malding process. Consequently, a sepafate
hydraulic unit must be provided for each injection
molding machine and mold combination.

DISCLOSURE OF THE INVENTION

An object of the present invention is to provide a
method and system for the injection molding of plastic
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articles wherein charges of fluid can be pressurized at
any time during an injection molding process.

Another object of the present invention is provide a
method and system for the injection malding of plastic
articles wherein it is not required that fluid charge
mezns for pressurizing charges of fluid need be re-
charged for each injection molding cycle.

Yet still another object of the present invention is to
provide s method and system for the injection molding
of plastic articles wherein a fluid, having a relatively
constant pressure, is always available during the injec-
tion molding process.

Yet still further another object of the present inven-
tion iz to provide a mathod and system for the injection
molding of plastic articles wherein a fluid charge means
and fluid receiver means are adapted to run more than
one injection molding systermn with & minimum amount
of adaptation.

In carrying out the above chjects and other objects of
the present invention, & method for the injection moid-
ing of plastic articles in an injection molding system i3
provided. The injection molding system includes & resin
injection nozrle and a mold having an injection aperture
and a mold cavity far receiving molten rasin from the
nozzle. The method includes the steps of pressurizing a
charge of fluid, storing the charge of prassurized fluid
within a fluid receiver means at a level within a prede-
terminad range of pressures and injecting a quantity of
molten plastic from the injection nogzzie through the
injection aperture and into the meld cavity. The
method further includes the steps of communicating the
pressurized fluid from the fluid receiver means to an
orifice in communication with the mold cavity simulta-
neously with or after the step of injecting. Also, the
fluid is contained under pressure within the mold until
the article has set up from the mold cavity, after which
the fluid is vented to the mold. Finally, the steps of
injecting, communigating, containing and venting are
repeated until the pressure within the fluid receiver
means is below the range of pressures at which time the
steps of pressurizing and storing are repeated in prepa-
ration for molding another article.

Further in carrying out the above objects and other
objects of the present mvention, a system is provided
for carrying out each of the above-noted method steps.

Preferably, the method also includes the step of re-
ducing the pressure of the fluid from the fluid receiver
means to an acceptable level for molding of articles
during the step of communicating. This method step is
typically performed by a fluid pressure reducing mech-
anism, such as a pressure reducing vaive. A plurality of
such pressure reducing valves may be provided in order
that the charging and communicating system is capable
of running of plurality of injection molding machines

" and their associated molds.

The objects, features and advantages of the present
invention are readily apparent from the following de-
tailed description of the best mode for carrying ont the
invention when taken in connection with the accompa-
nying drawings.

BRIEF DESCRIFTION OF THE DRAWINGS

FIG. 1 is a flowchart setting forth the operational
steps of the method of the present invention;

FIG. 2 is a general schematic view of a system con-
structed in accordance with the prior art; and

FIG. 3 is a general schematic view of a mechanism
for charging and communicating pressurized fluid or
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gas to replace the mechanism illustrated in F1G. 2 to
obtain the system of the present invention.

BEST MODE FOR CARRYING QUT THE
INVENTION

The present invention will be first described by refer-
ence to the operational steps of the method. Then, the
system employed in the preferred embodimen will be
described.

General Mcthod of Operation

FIG. 1is a flowchart setting forth the general opera-
tiona! steps involved in the method of the present inven-
tion. In averview, the method provides for molding of
plastic articles with hollow interior sections where pres-
surized fluid is present in formation of the article in the
mold cavity. The presence of the pressurized fluid cre-
ates an outward pressure which minimizes sink marks
and reduces the material requirements and weight of the
molded article. However, it is to be understood that the
method is capable of providing for the molding of plas-
tig articles with solid interior where pressurized fluid is
injected into the mold but not into the article-defining
cavity. The gas charge is of predetermined quantity and
pressure sufficient to assist in filling out the article-
defining cavity with resin and promoting surface qual-
ity ms described in greater dewail in U.5. Fat. No.
4,948 547 entitled *Method for the Use of Gas Assist-
ance in the Molding of Plastic Articles™.

In step 1, a charge of fluid is pressurized or boosted to
a predetermined pressure level,

In step 2, the charge of pressurized fluid is stored
within a fluid receiver means or mechanism at a level
within a predetermined range of pressures. This pres-
sure may be reduced to the pressurc required by the
injection molding process.

In step 3, 2 quantity of molten plastic is injectad from
the nozzle of a conventiongl injection molding machine
1o a flow path intd 2 mold cavity at an injection pres-
sure. The quantity of molten plastic, i.e. the plastic shot,
is 1ess than the goantity of plastic which would ordinar-
ily be required 10 fill the mold cavity if a holiow article
is to be filled.

in step 4, the charge of pressurized fluid, preferably
nitrogen gas, is communicated from the fluid receiver
means, during or after the plastic injection, to an orifice
in communication with the mold cavity. Preferably, the
orifice has a sufficiently small dimension to resist eniry
of the relatively viscous molten plastic.

in step 5, the pressurized gas is contained under pres-
sure within the mold, until the article has set up in the
mold cavity, During the formation of hollow plastic
articles, the pressurized gas exerts outward pressure
which forces the plastic to conform to the detall of the
mold surface and exhibit fine detail with minimal sink
marks or other surface defects.

In step 6, the gas 15 vented to ambient from the mold
prior to opening the mold and removing the finished
molded article.

In step 7, a decision must be made whether the injec-
tion molding process is to be continued.

In step 8, if the process is to continue, it is determined
whether the pressure within the fluid receiver means is
below the predetermined range. If it is, the process is
continued at step 1 to begin pressurizing a second
charge of gas. If the pressure within the fluid receiver
means is still within the predetermined range, the pro-
cess continues at step 3 wherein another quantity of
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molten plastic is injected from the nozzle into the injec-
tion aperturc and into the mold cavity. At this point
there is no need to pressure a second charge of gas since
the pressure of the gas within the fluid receiver means is
sufficient 1o mold another plastic article.

Description of the System

Referring now to FIG. 3, there is illustrated a mecha-
nism 37" for charging and communicating pressurized
fluid or gas to the sprue insert 12 and which replaces the
mechanism 37 of FIG. 2.

A pneumatic air supply 56 directs 8 working fluid,
such as air under pressure to a compartment (not
shown) of a gas baoster 58 effectively separated into
first and second chambers. The first chamber receives
the working gas and pressarizes the charge of fluid in
the second chamber.

A gas supply 60 is provided for directing a charge of
gas to a check valve 62 and regulated by a pressure
regulator 64 into the second chamber of the gas booster
58 for pressurization.

The operation of the gas booster 58 is controlled by a
contraller 66 which controls the operation of a motor
68 to drive 2 pump 70 to provide pressurized gas to the
air supply 56. In turn, the pressurized gas from the air
supply 36 boosts the pressure of the fluid charge within
the gas booster 53 to a predetermined pressure range set
by a pressure switch 71 coupled to the controller 66.
The pressurized gas is stored in a gas pressure receiver
72. Once the charge of fluid is pressurized to the pres-
sure range serting of the pressure switch 71 by the
booster 58, the booster 58 will stop under control of the
controller 66. .

The pressure of the gas from the pressure receiver 72
can be reduced to the proper pressure needed by the
injection molding process by adjusting a pressure re-
ducing valve 74, When the pressurized gas is needed for
the injection molding process, a directional control
valve 76 which had previously retained the gas within
the gas recciver 72, is energized under control of the
controller 66 and is open long enough to communicate
the gas within the pressure gas receiver 72 through the
passages 26 and 28 and insert 12 as shown in FIG. 2 10
the injection arifice 30.

When a sufficient amount of gas has been communi-
cated from the gas receiver 72, the directional control
valve 76 is deenergized.

After the fluid has been contained under pressure to
allow the article to set up in the mold cavity, the fluid is
ventsd to ambient or to a réservoit by energizing a
directional control valve 78 to open the valve 78,
theraby venting the gas from the mold at a metered rate
controlled by the valve 78. Thereafter, the directional
control valve 78 i closed and the completed article is
tjected from the mold,

Alternatively, the fluid may be vented to ambient by
separating the mold and the injection nozzle 18 after the
molten resin has cooled beneath its softening point.

‘The pneumatic mechanism 37 can be adapted to run
more than one gas-assisted injection molding process
and apparatus by sdding a plurality of fluid pressurs
reducing valves 74' and 74" which, in turn, would be
connected to their respective directional control valves
in the same fashion as the pressure reducing valve 74 is
connected to its respective directional control valves 76
and 78. The additional pressurs reducing valves may
have different pressure settings to accommoxdate fluids
of differing pressures. Prior art hydraulic units are not
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6
a5 flexible and would be difficult to adapt to more than
one injection molding machine or mold pair.

When the pressure it the gas receiver 72 drops below
the low setting of the pressure switch 71, the booster 58
starts again recharging the gas receiver 72 umtil the
setting of the pressure switch 71 is again reached.

The advantages accruing to the use of the pneumatic
gas compression unit 37 are numerous. For example,
the baoster 88 can be in operation at any time during an
injection molding process cycle. This is 1¢ be contrasted
with the prior art hydraulic units wherein they are
rechargeable only after the injection molding process is
substantially through its cycle (Le. 73%).

Alsa, the mechanism or unit 37" typically need not be
recharged for several injection malding cycles. This is
10 be contrasted with a hydraulic unit, such as the unit
37, which must be recharged after each injection mold-
ing cycle, ‘

Also, the mechanism or unit 7' is always available
with a relatively constant pressure within a predeter-
mined range of pressures wherein this is not necessarily
g0 with a hydraulic unit (i.e. having a hydraulic multi-
plier system). :

Also, a timer may be provided to time the relation-
ship of plastic/gas injection to eliminate 2 “hesitation
mark"” in the piastc.

The invention has been described in an illustrative
manner and, it is to be understood that, the terminology
which has been used is intended to be in the nature of
words of description rather than of limitation.

Obvionsly, many modifications and variations of the
present invention are possible in Hght of the above
teachings. [t is, therefore, to be understood that, within
the scope of the appended claims, the invention may be
practiced otherwise than as specifically described.

What is claimed is:

1. A method for the injection molding of plastic arti-
cles in an injcction molding system including & resin
injection nozzle and a mold having an injection aperture
and a mold cavity for receiving molten resin from the
nozzle, the method comprising the steps of:

(a) pressurizing a charge of fluid;

(b) storing the charge of pressurized fluid within a
fluid receiver means at & pressure level within a
predetermined range of pressures;

(c} injecting & quantity of molien plastic from the
injection pozzle through the injection aperture and
into the mold cavity;

(d) commanicating the pressurized fluid from the
fluid receiver means to an orifice in communication
with the mold cavity simultaneously with or after
the step of injecting;

{c) containing the fluid under pressure within the
mold until the article is set up in the mold cavity
thereby compieting the formation of the plastic
articie;

{f) venting the fluid from the mold;

{g) repeating steps (¢} through {f) until the pressure
within the fluid receiver means falls below the
range of pressures; and

(k) repeating steps {a) and (b) as soon as the prossure
within the fluid receiver falls below the range of
pressures in preparation for molding another arti-
cle wherein the method further comprises the step
of reducing the pressure of the fluid from the fluid
receiver means to an acceptable leve! for molding
the articles during step (d).

2. The method of claim 1 wherein the fluid is a gas.
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3, The method of claim 1 wherein the mold includes tion nozzle afier the molten resin has cooled beneath jts

a sprue, the sprue having the injection aperture and  sofiening point.
wherein the charge of pressurized fluid is introduced to % The method of claims 1 or 4 wherein the fluid is
the mold cavity from the sprue. vented from the article through the same orifice as

4. The method of claim 1 wherein the step of venting 5 which it was introduced.
includes the step of separating the mold and the injec- vroromos
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Gas Assist and Development Molding Services
gas assist

Alliance’s Process Technology Center

Alliance has completed the expansion of our headquarters in Chesterfield Township,
Michigan and the installation of three more new molding machines to provide
comprehensive tool tryouts, process and development on gas assisted, conventianal
and Hydrojection™ water assisted injection molding pragrams.

The naw melding machines are dedicated to product and process development for gas
injection and Alliance's patented water injection process, Hydrejection™, tocling
tryouts and sampling of conventional, gas and water assisted tools. The new molding
machines are Intertech Worldwide systems, (Alliance now has three new Intertech
systems, 115T, 200T and 600T for a total of 5 molding machines from 115T to 600T),
salected for their speed, repeatability and reliability. Intertech is also Alliance's partner
for technology and systems in South America. Intertech also has access to Alliance's
malding center for showeasing their molding machine's features, and for product
development for their South American and North American customers.

Available for Tryouts and
Process Development

115 Ton | Intertech |
| 200 Ton [ Intertech |
I 200 Ton " Van Dorn I

| 450 Ton I HPM
oo

Compeatitive rates for gas assisted tool, product and
process development Includa full enginearing services.

http://fwww.gasassist.com/moldingservices.html 6/22/2004



Gas As 52594MM}EI'@1§MEB-W$

115 and 200 Ton Intertech, 200 Ton Van Dorn
with full Gas Injection and Hydrojection™ Capahilities

htip://www.gasassist.conymoldingservices. html 6/22/2004
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450 Ton HPM with full Gas Injection
and Hydrajection™ Capabilities

Alliance also providas prototype and production gas assist tools, tested, process
developed and ready to run with procesz sheets! Have us quote your reguirements!

Toel conversions and medifications are available through Alliance's affiliated gas assist
capable tool shops. Starting up a new gas assist tool? Bring it in-house with a process
sheet and ready to run preduction!

¢ Eliminate production faellity and equipment interruptions

* Rates include full gas assist support & consultation

s Product & process development support included

» Process development for tooling running on any make gas injection equipment
¢ (as Assist and conventional product sampling & pre-praduction runs

For more information, rates and scheduling, call Alliance toll free at: 888-221-9699. Let
us review your applications, consult on taoling conversion and, when ready, sample and
refine your tool and process before interrupting your production equipment!

ALLiaNnceE Gas Y i
© 2004 Al it e ntal Tieiee Chyeateli 18 T

EATRLIR R B EE TN I B W DR Fus (Tl Freed s

http://www . gasassist.com/moldingservices.html 6/22/2004
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Claim 1 of U.S. Patent 5,098,637

What is claimed is:

1. A process for injection molding a hollow
plastic article comprising the steps of:

[a] injecting a quantity of fluent plastic into a mold cav-
ity having a shape defining at least a portion of the
article;

[b] displacing a portion of the plastic from the mold
cavity into a spill cavity flow coupled to the mold
cavity by introduction of a charge of pressurized
gas into the mold cavity;

[c] permitting the injected plastic to solidify;

[d] venting the plastic article from the mold.



