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COMPLAINT FOR PATENT INFRINGEMENT

Plaintiff, Husky Injection Molding Systems Ltd. ("Husky"), by its attorneys, for its

Complaint against Watlow Electric Manufacturing Co. ("Watlow"), alleges as follows:
THE PARTIES

1., Plaintiff Husky is a corporation organized and existing under the laws of the
province of Ontario, Canada, having its principal place of business at 500 Queen Strect South,
Bolton, Ontario, Canada L7E 585. Husky docs business throughout the United States including
within this judjcial district,

2. Upon information and belicf, defendant Watlow is a corporation organized
and cxisting under the laws of the State of Missouri, having its principal place of business at 12001

Lackland Road, St. Louis, Missouri 63146. Upon information and belicf, Watlow does business
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throughout the United States and does business within this judicial district, including maintaining a
sales office at 155 Romco Road, Suite 600, Rochester, Michigan 48307,
JURISDICTION AND VENUE

3. This is a civil action for patent infringement arising under the Patent Laws of
the United States, including 35 U.S.C. § 271. This Court has jurisdiction over the subject matter of
this action under 28 U.S.C. § § 1331 and 1338(a).

4. The defendant is subject to personal jurisdiction in this judicial district.

5. Venue is proper in this district pursuant to 28 U.S.C. § § 1391(b), 1391(c)and
1400(b).

CAUSE OF ACTION: PATENT INFRINGEMENT

6. Husky, a Icading global manufacturer of injection molding systems, has been
supplying injection molding cquipment to the plastics industry for over 40 years. The products
- offcred Hy Husky cover the full linc of injection molding equipment, including hot runners,
manifolds, nozzles, and heaters for the foregoing.

7. To maintain its position as an industry innovator, cach ycar Husky expends
significant time and moncy in research and development of injection molding technology, including
heaters for usc in injection molding cquipment,

8, On June 10, 2003, the United States Patent and Trademark Office duly and
legally issued to Husky United States Letters Patent No. 6,575,729 ("the '729 patent™), entitled
"Molding System With Integrated Film Heaters And Sensors.” Since that time, Husky has becn and

still is the solc owner of the entire right, title and interest in the '729 patent, including the right to

-




recover for any and all infringemcent thereof. A copy of the '729 patent is attached hercto as
Exhibit 1.

9. The claims of the '729 patent are dirccted to a novel heater that was developed
by Husky as part of its rescarch and development efforts for use with the hot runner nozzle of an
injection molding machine.

10.  Upon information and belicf, Watlow sells heaters, marketed as "thick film"
heaters, to customers including Osco, Inc. for use with injection molding machine hot runner
nozzles,

11, Upon information and belicf, Watlow sclls "thick film" hot runncr nozzlc
heaters to customers in this judicial district.

12.  Uponinformation and belief, Watlow has infringed, contributorily infringed,
and induced others to infringe the '729 patent by making, using, offering to sell and selling to
customers within this judicial district and elsewhere in the United States, or importing into the
United States within the term of the 729 patent, "thick film" hot runner nozzle heaters that embody
the invention of the '729 patent. These acts are without right, license or permission from Husky.

13.  Upon information and belicf, these infringing activities have been willful and
will continﬁc unless enjoined by this Court.

14, Husky has been damaged by Watlow's infringement, contributory
infringement and inducement of infringement of the '729 patent, and will be irreparably harmed if

thesc infringing activitics arc not cnjoined, Husky docs not have an adequate remedy at law.




15.  This is an "exceptional case" within the meaning of 35 U.S.C. § 285, and

Husky is cntitled to an award of costs, reasonable attomeys' fces and three times its actual damagcs.

WHEREFORE, Husky prays for judgment that;

1. Husky is the sole owner of the '729 patent and of the right to recover for any
and all infringement thercof;

2. Watlow has infringed, contributorily infringed or induced infringement of the
*729 patent, and these infringing activities have been willful;

3. Watlow, its officers, agents, servants and employces, and those persons in
active concert or participation with any of them, be preliminarily and permanently enjoined from
further infringement, contributory infringement or inducement of infringement of the '729 patent;

4, Husky be awarded its damages caused by the wronglul and infringing
activitics of Watlow;

S, The damages caused by Watlow's infringement be trebled and Husky be
awarded damages with interest, costs and reasonable attorncys' fees; and

6. Husky be awarded such further relief as this Court may deem just and proper.




Dated: July 7, 2004 M IZ’{W w/ﬂ JFA

Robert S. Krause (P16228)
Dickinson Wright PLLC

S00 Woodward Avenue, Suite 4000
Detroit, MI 48226-3425
Telephone: (313) 223-3500
Facsimile: (313) 223-3598

Attorncys for Plaintifl
Husky Injection Molding Systems Ltd.

Of Counscl

Bruce C. Haas

Marc J, Pensabene

Fitzpatrick, Cella, Harper & Scinto
30 Rockefeller Plaza

New York, New York 10112-3801
Telephone: (212) 218-2100
Facsimile: (212) 218-2200
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MOLDING SYSTEM WITH INTEGRATED
FILM HEATERS AND SENSORS

Tails application ia a continuation of U.S. patent appli-
cation Ser, No, 09/695,017, filed Qcl, 25, 2000, which i5 a
conlinuation of U,S. patent application Scr. No. 09/550,639,
filed Apr. 14, 2000, now U.S, Pat. No. 6,341,954, which is
2 contiouation of U.S. patcut application Seor. No, 0%/056,
388, filed Jun. 12, 1598, now U.S, Pat. No, 6,305,923,

BACKGROUND QF THE INVENTION

1. Field of the lavention

The present inveniion relates to an fmprovement in heat
management and pracess control for a molding process asd,
wore particularly, to the use of active and/or passive film
heating and/or sensing elements located along a flow chan-
nel of molten resin to a mold cavity space, '

Z. Deacription of Ibe Related Axl

In an injection molding procoss, it is important o main-
taln a resin in a molten state as it flows from a nozzle of an
injection molding machine, through & mald sprue bushiog, a
mold manifold, a bot runner nozzle, and into a mold cavity
space, where the resin coola to form an Injection~molded
article, Additionally, the shear stress profile of the flow of
reain must be monilorcd and managed to insute proper
filling of the cavity space. This is eapecially importaut in the
area closc to Lhe mold gate becauso the lemperature thero is
rapidly cycled between hot and cold conditions before the
molded article-is removed from the cavily, Temperature
control issuce are also very lmportant when moldiog certaln
thermallysscositlve malerinds such as PET in & multicavity
mold or when molding articles made of different malsrjals
ibat are injecled through a siogle ot runoer pozzls.
Accordiogly, much eflort has beea dirseted towards improv-
Iog heat management and process control in the injection
- molding process, particularly in the mold msuifold and bot
runoer nozzle, To date, several methods and means Lave
been smployed wilh varying degress of success, Included
among 1o methods and means commonly employed sre
boat pipes, high frequency induction hoaters, microwave
heaters, ccramic heaters, infrered radiation heatecs, elsctrical
hoaters, cic. Such cloctric beaters include coils, band, or
cariridge heaters which are used to heat the molien resin
inside the screw barrel, in the machine nozzle, in the
manilold, in the bot mnoes nozzlo, und in the mold gatc area,

LS, Pal. No. 5,645,867 issued to Crank, et al,
(incorporaled herain by reforence) illustrutcs the current
state of the art with respect to heating the mold manifold,
Crank, st al leaclies beating the wapifold by disposing
infrared radiation hesters oa an outer swface of the mani-

- fold, However, as s typical of such prior art manifold

" hoating apparatuses, a significant propertion of the heal
geoorated by the heaters is wasied heating the entirc mani-
fold block rather than directly heating the rosin Howing jo a
melt channel contained ercin,

U.S. Pat, No, 5,614,233 issucd 0 Gellent {incorporated
hercin by reference) discloses a stats of the art beater for a
liot ruoner nozzle, in which a helical clectrical heater is
cmbedded in a spiral groove that surrounds the hot rupper
noxzle, Tho hoaler comprises a resistive wirs enclosed in a
rolractory powder elecizical {nsulating material such ms
magoesium powder oxide, The helical portion of the healer
is press-fitted and reshaped inlo pisce in the spiral groove.
However, the disclosed bealer heats both the hot runner
nozzle body and the melt chsonel contsined therein, a
tolatively inefficicnt beating arrangsment. Additionally,
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menufactyring the spiral groove and assembling the healer
tkeroin is time-consumiog aud costly.

The foregoing problems with prior art beatsrs are par-
ticularly evident in coinjection and multiinjection mold
manifolds sod hot runoer pozzles. For example, U'S. Pat,
No. 4,863,665 issued to Schad, o1 al. (incorporated hercin by
reference) discloses the use of a single elsctrical heater
attached to the ouler surface of a Lot runaer nuzzle 1o hext
lbres melt channels simulteocously. Schad, et al,, however,
faces soveral deawbncks, [rat, lcss hoat is Lransmitied to the
inter chanuels than 1o ihe ouler channels. Second, the beat
supplisd to each chanoel cannot be varied according o the
aize of cach channel and the rbeological characteristics of
the resin Bowing therein,

“Luropcan Patent 312 029 D1 issued 1o Hiroyoshi
(incorporated herein by reference) discloscs a heater made
of an insulating ceramic film that is fame-sprayed on the
auter surface of the nozzle which introduces e resin inta
the molding machine, The heater may bo a continuous arca
heater complately covericg the nozzle, a heater meds of o

lurality of longimdinal steips, a thin film beater made of
Eelical strips, or a two piece independent bealer with moce
power supplied 10 the nozzle where [t contacts the mold,
Hawever, the beater disclosed in Hiroyoshi bas soveral
significant drawbacks that militate aguiust its application to
2 mold manifold or kot rinner nozzle. First, the Himyoshi
heater isnot removable and thus requires replacement of the
exlire clement when the hester burns out, Secand, the heater
inefficiontly heuts the enlire machine nozzle body rather then
direclly beating the molteo resin. Third, the lLeater cannod
provide a profiled terperalure gradient across the flow of
molten resin, an important feature for manaping shear siress
in the flow of molica resin. Finally, the thickness of the
disclosed biester is 0.5 to 2 mm, which is acceptablo for
application 10 the outer surface of the machips nozzle, but
intolerable for application 1o Wi intesior of 4 welt chanael in
& mold manifold or hot runner nozzle.

U.S. Fat. Nos. 5,007,818 and 5,705,793 disclose lbe use
of heaters which are deposited directly on the Rat surface of
the cavity mold, U.S, Pat. No. 5,504,304 discloses & remov-
able ceramic heater mads of a ceramic pastc whose thick-
ness is hard 1o control. Sucl: beaters as thess do not provide
for intimate contact with the nozzle body or the nozzle tip .
and thus reduce heat transfor sod increase hest loss. Refer-
nce also made be had to the following U.S. patents (cach of
which is incorporated herein by rolcrence) which discloss
heater tcchoology; 5,155,340; 5,488,350; 4,724,304; 5,573,
692; 5,569,398; 4,730,657; 4,882,203; 4,999,040; and
5,340,702,

Accordingly, there is 4 need In the art for a method and
means of heating a melt chanoel of & mold manifold and hot
runner nozzlo in o manner thal is elficient in terms of ensegy,
gpace, and location.

There is an additional need o the art for an eflicicnt
method and means of providing an appropriate amount of
hcat to eacl melt chunnel in a coinjection or mulilinjection
hot runner nozzle based ou the localized size and shipe of
cacl melt chanoel und the choolagicul churacteristics of the
resin flowing thersin, '

SUMMARY OF THE INVENTION

It Is an object of the present inveation 1o provide metbod
and apparatus for efficiont beat aod flow mansgomont of
molten resin within the melt chanae! of a mold manifold sod
3 hot runner nozzle.

According 1o one aspect of the present invention, appa~
ratus used in conjunction with an injection molding machine
includes 4 cuvity plate, u core plasc disposed relative to the
cavity plato to define a cavily epace, and a menifold having
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formed thercin an inlet passage for recciving a Mow of
molien resin from a nozzlo of tho injection malding
machioe, A hot runner nozzle is also provided faor direcling
the Aow of molten resin from the manifald inlot passage to
the cavity space.’A mold gats is also provided for regulating
the flow of molten tesin from the het rupner pozzle to the
cavily space, (be mold gate 1ogethsr with the hot runner
nozzle and the manifold inlel passage defining & non-Bat
mell channel for directing the fow of molten resin from the
nozzle of the injection molding machine to the cavity space.
An sclive or passive thin ilm clement is disposed along the
noa-flal melt chanoel, Preferably, the thio fllm element is an
active boator in contact with \he molten resin.

Azcording 10 anotber aspect of the present invention,
apparatus used in conjunction with an injection molding
machino includes a mold defining a cavily space, asd &
manifold baviog formed therein an inlot passage for How
commudication with a nozzle of the injection molding
machiné, A bot runper nezzle is provided for flow commus
nication with each of the ¢avity space and the manifold inlet
passago, Wb hot runoer nozzie and the manifold inlet pas-
sage togelber dofining » melt channel. A plurality of active
or passive thin fllm clements are intermitteatly disposed
ulung e melt channel.

According 10 a farthor aspect of the present invention,
apparatus for dicecting a flow of molien resin from a nozzle
of an injection molding machine to a cavity space defined by
a mold includes a manifold having formed therein an [nlet
passage for receiving the flow of molten resin from the
, nazzle of tic injeclion molding machine, A hot ruaner
nazzle is provided for directing the flow of molien sesin

from the manifold inlel passage 1o the cavity space, the hot .

runnet injection channel and manifold inlet passage logethor
deflning o melt chanosl, An active or passive thio flim
clement is disposed within the melt channel.

Ascording 10 yet a {urther aspect of the present invention,
apparatus for directing a Bow of moltea resin supplied by an
injection molding machine 1o a cavity space defined by a
mold includes a bot runoer nozzle having a plurality of melt
<hannels for dirceting the flow of molten resin supplied by
the injection molding machine to the cavity space. A plu-
rality of active/passive thin Alm elements is disposed sub-
stantinlly adjacent 1o cach melt channe! foc supplying heat to
the flow of molten resin within that meilt chanoel.

Yet a further aspect of Ihe present invention includes
apparatus to be used in conjunction with an injection mold-
ing eoachine, A cavity plata Is pravided, and » core plate is
disposed relative to the cavily plate to define a cavity apace,

A hot runner nozzis is provided and iccludes a plurality of

meclt channels, cech melt channel directing one of multiple
Oows of mollen resin supplied by the injection molding
machine Lo the cavity space, An activo or paasive thin film
rlement.is disposed along cach melt channel.

According 1o a further aspeet of the preacnt invention, a
method of injection molding includes the steps of injecting
moltcn resin into a molt chiannel defined by a manifold and
& hotl runner nozzle, and disposing an aclive or passive thin

fllm elomeat slong the melt chanacl for heating the molica

resin,

Thesc and other objects, features, and advaniages can bo
betiee appreciated with reforonce 1o the foliowing doawings,
in which Jike reference numerals refer to like clements
Ihroughout,

BRIDEF DESCRIPTION OF THE DRAWINGS

The preseat inventlon is described in conjunction with the
accompanying drawings, in which:

TG, 1(a) is an axial cross soctional view of a circular melt
channal of a mold manifold;
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FIG. 1(5) is a longitudinal cross sectional view of the melt
channel of TIG, L{a) schematically depicting thao velocity
profils of the resin as i lows through the melt channel;

FIG. 1(¢) is o longiwdinal cross sectionsl view of the melt
cheonel of FIG. 1{q) schematically depicting the shear stress
profils of the resin au It flows through the melt channet;

FIG, 1(d) is a croas scctional view of a manifold, includ-
ing a network of melt chinnels, schematically depicting
variations in e shear stross profile of the resin os it flows
through the manifold;

TIG. 2{a) is a groph showiag tbo rolation between tew-
peralure and viscosity al a consiant shear rate;

FiG. 2(5) is a graph sbowing the relstion belween shear
fate and viscosity ut a conslant Lemperature;

FIG. 2{c) is a longitudinal cross sectional view of & mell
channel showing the volocity of a flow of resin as it rounds
a cocver in the melt channel;

FIG. 2(d) is  longltudinal cross sectional view of & malt
cbannel showing boundury layers formed therein by a flow
of resin;

FI1G.J is an elevated perspective view of a mold manifold
showing a plurality of %0° mrs;

FIG. 4(a) is o schomatic representation of & mold mani-
fold; '

FIG, 4() is a series of axial cross scctfonal views of the
mold manifold of FIG. 4(a) showing uncven {ormation and
distribution of boundary layers;

TIG, ¥ is a longiludinal cross sectional view of a three-
malerial, Sve-layer PET preform showing incomplete pen-
otration of one of the layers, a phenomenon known as DIP;

FIC. 6 is & schematic cross scction of a high cavitution
meld comprising thin filts manifold and hot cunnec heaters
it mcvondapce with an cmbodiment of the present invention;

FIG, 7(c) is a schomatic cross scction showing the layers
of thin flm elemenls in the thin ilm heater 62 of FIG, &;

FIG, 7(b) Is a schematic eross section showiog the layers
of thin film oloments in ko thin film heatcr 65 of FIG, &;

FIG, 8(a} is a cross sectional view of an improved hot
ruoner nozzle design in accordance with anolber smbodi-
meot of the presont invention;

F1G. 8(b) is a chart showing the Iack off temperature drop

. in the upper portion of the hiot runner nozzlc;

FIG. ¥ is a cross scctional view of an improved nozzle tip
ard mold gale insert in accordance wilh an yet another
smboditent of the preseut invendon; .

TIG, 10 is a schematic cross sectional view of (e nozzle
tip shown in FIG. 9; .

FIG. 11 is a cross section of the compooents of the FIG.
9 nozzle; -

FIG, 12 is a cross seclional view of a coinjection nozzle
camprising thin flim heaters in accordance with another
embodiment of the present invention;

FIG. 13 is a cross sectional view of a molding machine
including shooting pots and comprising thin fllm olements
within the shooting pot;

FIG. 14(a} is an axial cross scctional view of & mel
chuancl baviog a (bio Olm heater removably attached to {is
outer pariphery;

tl1G. 14(b) is an axial cross secliooal view of A melt
channel baviag & Win Sim beater removably attacted to its -
inner periphory;

F1GQ. 15 Is a schemalic cros scctional view of a moldiog
machine having both a valve gute and a thermal gate;
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FIG. 16(g) is a schemalic cross section af a valve-gated
nozzle having a thin film hsater;
F1G. 16(b) is a schematic view of the thermocouple ou the
end of the valve stem of [FIG. 16(a);
FIG, 17 is a schewnatic cross section of the film heater of
FIG. 16{a);
FIG, 18(a) is a schematic cross section of & nozzle tip
having intcroal and exteron} film heaters;
FIG. 18(F) is an end view of ibe film heater on the tip of
the nozzle of F1G. 18(a);,
FIG, 19(z).is a schematic cross scction of 4 pozzle plug
having an intecnal Glm heatsr;
. FIG. 19(b) is a schematic cross section of a nozzle plug
" having so oxternal fllm beater;
F1G. 20 is a schomatic cross section of a menifold and
nozzle which have film heaters;
FIG. 21(a) is x schematic cross section of a mold gate
insort baving a ilm beater;
FIG. 21(b} is a schomatic cross section of a mold gate
sloeve baving a film heator; '
TIG. 22 ia a schematic cross ssction of a mold plug having
a Blm heater with different widths;

FIG. 23(g) is n schematic view of the resistive patterns on
& thin filey heatsrs

FIG. 23(Y) is a rchomatic view of the resistive patterns on
apother flkn beater; :

FIG. 23(c) shows a Gl bieator disposed foside a melt
cliannel; and \

FIG. 23()) shows a ilm beater disposed on the outside of
a melt chanpel.

DETAILED DESCRIPTION OF THE
FREFERRED CMBORIMENTS

1. Intraduction )
The advantageous festures of the present invention will be
described with respect 10 a plastic injection moldiog
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machine utilizing thin filw heater and sensor technology. OF 45

course, the invention is not limited {o such embodiments, but
may be applied in any molding technology within the scope
of the sttached claims,

+ As described below, an infeclion molding sysiem acconds
ing to-the preseat invention may include slecirical beaters
and lemperaliro sonsors 10 betier manage and conirol the
flow of the molten resin between in the injoction machine
fozzle and the mold cavity space. Thus, the present inven-
tion may compriso active andfor passive film elemenis
which may be deposited direcily on the surface of the mold
cloments (such as ia the manifold and/or adjacent the mold
£ato arca) lo precisely manage the tempocature proflls in the
moving, melten resin, For some applications, thess film
cloments may be deposiled directly on the nozzie housing
apd/or the nozzle Lp, ou a ruaperless probe, on a vaive sten,
or oo a surface of n mald gaio insert, In other cases, the film
clements may be deposiied oo & remavable bealer plug
which is located at one ar wore predstermined positicos in
tho molding aystem. Proferably, the actlve fitm element
compriscs & Glm heater, apd the passive film cloment com-
prises a thenmal sensor (g.8., a thermistor or thermal couple)
and/or & pressure seasor. Tho film elemenis may be ginglo
layer clements, but proferably compriss a sandwich of
scveral film Jayers haviog differont cloctrical, thermal, and
wear characteristics, One film layer will usually be made of
an clectrically highly-resisiive malerial. Depending upon tho
paticular mollen-resin and the particular molding pracess
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characiedstics, the film can bs either a “thin™ or “thick”

element which is preferably deposited using chemical
deposition, vapor deposition, fllm spray technlgues, or
equivalents thereof, Tha film healing and sensing elements
way alse comprise flexible substratcs which are trimmed
and iostalled, as accded, at any Jocation in the igjection
molding machine, .

Also within the scope of the present invention is the use
of such film clarments in conjunction with tho known bcalers
deseribed above, By carefully selecting the sppropriste film
hoating olements (whon used in conjunclion with or in place
of known healers) fioe adjusiments may be made to the
mollea resin tempeorature gradioat and profiles to provide
precise beat flow control. Such precise control can be
effecied bolore the molica resin enters ibio hosted space, thus
providing constanl (or precisely-managed) viscosity sud
velocity of the melt flow,

If the film beater is direcily deposited, Ibis can also
eliminate the wir gap botween the hester and the heated
surface thus providiog intimate and direct contact for
improved temperature transfer between the hoater and the
heated surface, 10 achicve cpergy savings and longer healer
life, Also, the direct-deposition of the film heator makes the
mold elements themselves simpler 1o design and menufac.
ture sioce they may be made smallor and more coegy
efficienl and use less space within the mold machine itsclf,
Furthormore, the quality of the molded anticles is sigalli-
cantly improved becanss of the precise management of the
heat Qow ia the injecticn woldiug machive. Additionally,
when molding an article that has severa! resiu layers depos-
{tec! at once, the usc of flim heater slements will aliow cach
layer to having a uniform thickoess and length, I the case
of molding PET preforms using the fllm beaters described
below, the acetaldebyds level is lower and is more uniformly
distributed across the cavities of the multi-cavity mold, This
is bocause the film Licatsrs aro located adjacenl the mell
channels and can be individually controlled and activated so
that the lomparature is very uniform across the sntire mani-
fold.

Also, by lmprovlog tlic beating control al the wmold gate
wroa, the sprue gate (vestige) of Ihe molded preform may be
mede very smal] with substantially oo crysialtinity penetrat-
ing the preform wall.

Further, tho use of the film hsaters according to the
present invention will provide significant advantages when
molding two different colar resins through Ihe same nozzle.
Procise heal control will allow an abrupt traasition botween
the diffecent colors, iocreasing the gquality of the final
product and reducinog wastage, '

Thus, the {ilm beatees according to the pressal invention
are in inlimais contact with the surface (o be heated, and can
provide faster hcaling responso time, Jower temporture
inortia, are small enough 10 be placed in many differont aroas
of the mold, and can provido a tightly constrainsd tempera-
lure profile which leads to faster molding, higher quality in
the produced articles, smallor machine parts, reduced cncegy
consumption, snd longer machine life,

By utilizing Olm acosors according to the present
inveation, moro procise tempersture megagernont apd con-
trol of the cntire process can be achicved. Such Alm sonsors
can bo placcd in many more locations thoo known theanal
couples, and are easily installed, maiotained, and monitored,
Thercfore, proceas feedback and coctrol is also cahanced
according 1o the fllm sensors of the present invention.

2. Prefcred Embodiments of the Present Invention

The presont smbodiments locste compact activs and/or
passive filn clements along & melt channel from, for
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example, a sprus bushing to u mold cavily space 1 improve
hest and flow mansgement therein. The active eloments,
which may be fabricaled using advanced thin Alm
techoologics, are campact, reliable, stable, and energy elli-
ciont. Advaniageously, the active elements may be located
near or in direct contact with a How of molien resin. Tha
active olements may be any of a thin fllm heater, thermistor,
thermocouple, resislance temperature deteclar, pressure
Bensor, gus sonscr, optical guide lenkage scusor, or combis
nations and equivalenls thereof, The passive elements,
which also may be fubricated using thin film lechnelogies,

10

interact with the active clements and may be made of .

. olcctrical and thermal ipsulative materials and/or wear resis-
lant materials, Preferably, the passive slements nre in direct
conlact with the flow of molten resiu to improve the luminac
flow thereof. Employing these thin film eloments optimizes
licat management and overall zootrol of the injection mold-
{ng process. Ia particular, the thin film cloments may directly
Liewd the resin in the manifold or hot runner nozzle according
to local and euslomized needs, Further, the uss of thin film
clements favorably impacis material scleciion and compor
- nent size along the melt ohagael, :

The presenl embodiments alse provide an innovative
mold countroller and logic operalion means aither coupled to
‘or embedded in the mold. The mold controller and logic
oporation means am physically independent from, but in
communication with, the’ controller and microprocessor of
the injectiou molding machiae. In this rogard, reforeace is
made to U.S, Pat, No, 5,320,513 issued to Schmidt, assigned

to e mssignoe of the prosont {nvention, aaud incorporated

berein by reference. Schmidt discloses »-mold integrated
circuit boand that connects the hot runner nozzle hoaters and
lemperature sensork Lo the machine controller via a connee-
or. According 10 the present embodiments, the prinied
circuit boxrd of the meld discloscd by Schmidt furtbor
carries coatrol and logic signals generated by a mold coo-
troller and/or & mold micraprocessor. Thus, the cud user of
the mold will better be abls fo handle the processing
parsnelers of the mold in conjunction with various injecilon
molding machises. The mold-machine [oterface will allow
sither the mold, the machine, or bolk to be waed for specific
injcction molding processing conditions, Also, the igterfuce
will reduce the complexity of the iujection melding controls,
Communication between the told controller and the
muchine controller and/or between the active thin film
elemeats and the mold controliec may bo accomplished by
either wired or wircless means, with the latter further
reducing the complexity of the wire connections,

Mceld hoat managemant and process control depend on the
speciflc application, the type of resin used, the mold mani-
fold and hot runner nozzic design, and the pumber of mold
cavities. The proscol cmbodiments could be applied to
improve beal manageneat and process contzol in several
molding processes, three of which processes relato to high
cavitation molding and, more particularly, to injoction mold-
‘ing of blowable PET preforms.

A firdt application of tbo present inveniion reduces and
mors uniformly distributes seetaldehiyde (MAAM inherently
generaisd in a mold during the injection process. Buropean
1'atent Application 293 756 A2 by Halar, et al, filod by the
assigaes of the prosent iuveution and jacorporated horeln by

" relcronce, thorouglly discussas the problems associated
with AA formation. According to Haler, et al., & high level
of AA is genorated by nonsuniform thermal dagradation of
PET as it flows through manifold chanuels. This pbooom.
acon is dewoastrated in FIGS. 1(a), I(b), and 1(c), in which
the volacity proflle 20 and the shear siress profils 24 are
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schematically depicted for the flow of resin through a
chunnel 22 of a mold manifold. Due 10 the meli chaonel
piolile 26, ihe resin laws faster at the centar of the chaonel
whoro the shear stress is minimum, thus forming boundary
layers thai are symimelrics] acroas the flow. The terpornture
peallle is similar to the shear stress profile, ic., the tempera-
turc of the resin is minimum at the center of the chanacl, Io
most molding applications, however, the resin Aow does not
follow a straight path, as shown in FIGS. 1(5) and 1(c), but
rather makes one or mors angular turns through a serics of
branch channels that simultaneously foed a plurality of.
cavity spaces (sco FIG. 3). As indicated in FIG. 1(<), when
the resin flow through one channel 21 is diverted 90° inio
soveral branchies, such as the st two cliannels 27 and 29,
the velocity, shear siress, and temperaturs profiles become
asymnctrical as tho resin Hows slower around thic inuer
corner 23 than the outer comer 25. At this stage, the shesr
stress aod lomporature values 0 are bighor near the inaer
cqoroer 23 thao the values Z8 near the outer corner 25. This
asymmbotrical bebavior further is enhanced and rocluced
respectively when the flow again is diverted inlo channels 31
a0 33, Not caly are ehear siress and temperature profiles 32
and 36 asymmctrical but they are also different from cne
anolber.

Halar, ot al. teaches that different asymmetrical profijes in
dilfersnl melt channels of a high cavitation mold causs AA
differsnces in molded parisons, According to Halar, et al,,
the AA level can be minimized and made more uniform by
providing static mixers within the melt chanpels of the mold
manifold. Unfortunatsly, however, the static mixors induce
a pressure drop and an increase in shear stress. U.S. Pat, No,
5,421,715 issued to Hofstotter, ot al, discloses the use of
static metallic elements ¢alled spokes in the maaifold chans
nels o creato turbulence and homogenize the temporature
distribution across the low, thus reducing the AA level. The
spokes of Hofstelier, ot al, are no differcot thaa the stulic
mixer, of Halar, et al, and thus do not represent the ideal
solution. In summary, peoviding mechanical obstructions
within the melt channel may more uniformly redistribute the
A level amoog the injection cavides, bul doing so creates
additional problems, .

A sccond application of the present invenlion promotes
more uniform filling of high cavitation molds by suppreasing
the thermal and viscosity boundary layers that typically form
whon a flow abruptly changes dircction, FIGS. 2(z) and 2(b)
depict the temperature versus viscosily and shear rule versus
viscosity grapla for a typical moalten resin, As slown io
FIGS. 2¢) and 2(d), an inner layer 40 is botter and moves
at & slower valocity than the middie aod outer layers, Ifa
manifold feeds soveral cavilies, as shown in FIG, 3, the
formation of boundary layers will cause asymmeinical
temperature, shoar stress, aud velocily proflles for the How
of rosin for cach cavily, as shown in FIGS, 4(a) and 4(b),
This problem, also mentioned by Halar, ct al., may bo solved
by using 2 “melt fow-redistributor” such as hat disclosed in
co-ponding U.S, patoot application Secr, No, 08/570,333 by
Dearcuril, ¢t al,, assigoed to the assignee of the current
invention and incorporeted herein Ly reforcnes. The “melt
flow redistributar™ is located aftor a 90° tum in a melt
chapoel, Thus positioucd, Lhis device eedirects the outer
boundary Inyer of resin, which is more thermally degraded
that tho ccutral layer, in w balanced proportion AmMeoR several
mell channels, Bacauss this devica works differently than a
stalic mixer, it doos not induce a pressure drap, However, ibe
“melt flow redistributor” is relativoly difficult to nssemble
aod service,

A hicd epplication of Ibs present invention, derived frow
the 'second application, combiats & phenomeron known as




9

dip. The dip i¢ o uueven or unflted portion within &
coinjected layer. FIG. 5 illusirates tha dip phenomenon
occurting in a typicul threc-maletial {(A-1-C) five-layer
(A1-A2-D1-B2.C) PET,preform 46. A dip of longth L

appears in the neck portion N of 1he prefocm 46, Three resing s

As=B-C arc cither sequeanlially or simultansously coinjected
using conventional injection means to form & fivo-layor
blowable preform. The dip Ia unacesplable because ono realn
(usually the barrier) does not Pulty fill the space io the peck

arca partially occupicd by the other resin (virglu, ete). The 10

dip Is belicved to be caused by lhe formation of boundary
layers within a manifold. Thess boundaty layers cause
non-uniform temperalure and viscosity profiles across a Aow
of molten resin, which in turn causes dip, The dip way be

improved by providing static mixers within the mell 15 &

chaagels, but as mentioned previously, such static mixers
create eddilions] probleros, .

The preseat {nvention overcomes the AA, poo-uniform
filling, and dip problems by repleciog or supplementing
coaveational coil or band
gically disposed along the molt chaonels and individually

" controlled to provide the desired beat profile. For exumpla,

thin fAlm heaters placed adjacent 10 oach comer 23 can be
controlled to provide mwore heat to tha resin Scw than thin

film beaters placed adjucent zone 22 of the melt channels jn 25

order to provide & conslant temperaiure proflle throughout
e melt chanuol, Thus located, the thin fllm hesters can
change Lhe valocity, tempersture, and shoar stress profiles of
the flowing resin according to the specific geometry of cach .

melt channe] and angle of intorsaction with adjolaiog mely 30

chaonosls, )

A fourth application of the present Invention relates to
various improvements of current injection melding compo-
neots that, in wost instances, do not provide an optimum
tomperature prafile in a flow before the molten rosin enters
the mold cavity space. Examples of such companents that
would beoefit from application of the preasot invention
include colajection hot ruoner norzies, edgo gating nozzles,
tips of injection nozzles, noxzle-manifold inlerfaces, rim
gatlng nozzles, mold gate inserts, ete. .

lwproved components embodying film heaters and insue
Iation layers will now be discussed with roferencs fo several
U.S. patents, each of which is assigned to the assignes of the
prosent invention and incorporated horein by refeconce,

FIG. 6 is & schemalic cross soction showing a high’
cavitation mold spruc bushing 62, manifold 64, and hot
ruaner nozzlos 66 which are heatod using thin film beaters

» 65, a0d 67, respoctively, Bach thin film beater COMmprises,

r0 sctive fllm made of a thin film, clectrically conductive 50

malcaal sandwiched between assorted passive thin film
malorials, I£ the thin film heater is intornally located 80 us 1o
directly cogtact the inalten resin, the thin film heator 62 mey
comprisc (as shown in FIG. 7(a)), in order slarting from the
chanael, a wear resistive fllm 72,
film 74, the electrically resistive heator film 76, another layer
of electrically insulative film 78, aad fnally n thormally
Insulative {lm 79, If the thin film heater 68 is cxternally
located (as shown in FIG. 7(5)), ke wear resistive Slm may

bé omitied. Likowise, in some applications tho thormally 4

insulative film may be omitted,

Fi0. 8(a) shows an improved design of an injection mold
In which the manifcld 80, manifold bushing 82, and bot
runner nozzle 84 aro individually beated using thin flm

electrical heaters 81, 83, and 85, respectively, Bpcause a thin g5

film Leater 87 may bo located inside the uezzic body sod in
contact with the molten resin, no tomperatura drop oceurs in

o

beaters with film heaters strate- 20

an electrically insulstive 45
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tbo upper portion A of the hot runner vozzle, as shown by the
broken line in FIG. 8(b). :

FIG, 9 shows an improved design of a hot runger nozzle
lip in accordance with an embodiment of the present inven.
tion, Active and pussive thin film elements arc locatod inside
the boi ruaner nozzle body 90 along the relt channel 92 and
it close proximity to the wold gate arca 94, The active thin
Olm elemonts a1 beaters 91, 93, 95, and 97 for maiotaining
the roain at an optimum tomporature, Apart from compact-
ncss and cocrgy savings, the thin Ol heaters conler several
other significant sdvantages, For example, the thiu [l
heaters are casy 1o localo in areas that are not sceessible 1o
cail heaters, such as in the immediale vicinily of the mold
ate.

Ino the jllustrated embodiment, the thin fllm healers 95 are
lacated along diverier channels of the nozzle tip, The thin
lm heaters 97 may also be located en the inner periphery
of the mold gate insort 98 in order to heat the mold galo more
elfsctively, Localing thin fllm boalors within the mold gule
insort provides additional advantages with respect 10 “color
change™ preparation, As is generally known in the art, when
changing reains to mold an identical pioce but of a diffsrent
calor, one should “fush” (he first resin from (he pozzle
chaunels, By locating a thin fbw beator $7 on (he {paer
periphery of the mold gate iasert, the insart may be heated
to facilituie lushing of the gaio channel, Also, heateqs may
be combined with thermocouples as shown at 97 and 99,

‘The mold gate insert further muy compriss 3 thin film
Pprossure sensor #6 and/or thin fiim tewperature sensars (not
shown), FIG. 10 shows the disposition of pressure sensors
9¢ and tbormocouple 160 uround the pozzle iip 90°, As
shown in FIG. 11, (be iodividusl companenis of the hot
runoer nozzls wnd mold gats josert are easily removed,
munufactured, and servicod.

FIG. 12 shows a coinjection nozzle with thin film heaters
in accordance with yet anather embodiment of the present
inveation, At least one thin film heater may bs disposed
arotnd or inside the housing of each coinjection channsl to

4 better control the temperatute of sach tesin. In this

embodiment, a thico cheunel nozzlo is shawn wherein tho
channel 110 carries resin A, chinhoe] 112 carrios resin I3, and
cbunnel 114 cacrics tesin C. The valve ‘gate stem 116
selectively shuts off communication between the nozzlo
chunnels and a cavitly space 118, Thin film heaters 111, 113,
and 115 are respectively localed inside the chagaels.
Howaver, for cortain applications it may be possible to uss
ouly two beators, with ono boater beating two-chanuels i he
wall between the two channcls is thin andfor thermally
conductive. Ior example, io FIQ, i1 heuter 111 may be
sufficient to heat both resins A and B, Becausa the thin film
hientors will directly contact the flow of moltea resin, & wear
resistive film may be provided directly adjacent to the flow,
FIG, 13 shows 2 molding machine incduding shooting
pots 120 for meteriag the amount of resin delivered to: (he
hot runser nozzle 1Z2. Shaoting pots are typically used
when injecting parts that must meet sicingent weight
requiraments, such as the accurately measured layers com-
monly required for a coinjeclion mold, In accordance witly
the preseat iaventioa, thin film boaters 121 is Jocated in the
shooting pol urea to heat the shooting pot area independently
from otber thin film masifold bealors such as boaters 123,
125 disposed on manifold 124, Additionatly, thin film ther-
mal s¢nsors may be located in the shooting pot arca.
FIGS. 14(a) aod 14(5) show preferred means for removs
ably attachiug a thin flm Leater to cilber the outside or the
inside of a hot runoer nozzle, respectively, The thin film
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heater is deposited on a flexible thia, band substrate that may
display sprinp-like charscteristics. A thin firm heater
attachad in this manner may be easily replaced in the ovent
of & failure, In FIG. 14(a), think Srm heater 132 is disposed
outsids of nozzle '30 and may comprise, for cxampls,
clectrically insulated layer 132, slsctrically conductive layar
134, aod clectrically insulated layer 136, A connector 138
fils within & chunoel of the nozzle 130 and restrains the two
ends of the resilient heater 132, Such construction can
provide localized boat o the resin and welt channel 139. In
FiG. 14{8), the heater 132 is disposed inside nozzle 130 and
may also comprise lhe layors 132,134, and 136, A war layer
(now shiown) can also be provided between layer 132 and 1he
trelt channcl 139 to present wear on the heater 132, Of
course, the besting elements in layer 134 may extend only
pactially around the circumnfercoce of ihe nozzls, and be in
any coafiguration (spiral, planar, stripped, berringbone,
aoauulur, ow.) Alsg, (be beating elements may ‘extend to
different lengths along the axial direction of the nozzle,

F1G, 15 shows an injection molding machine baving bath
a bot runner valve poto and a hot runaer thermal gale, The
molten resin precedes from the machine injection nozzle
{not shown) through 1he spruc bushing 150 into the manifold
152 and into the melt chranol of ench nozzle, The molicn
rosin fowing lhrongh the busbing and manifold may be
maintained at the optimum temperaturs-by using well known
band or coil clectric hoaters, ‘The molten resln is then
injected through each of the nozzles into respective mold
cavities 154 and 156, The hot runner valve gate 158 Las «
thin 4lm heater 159 associaled therewith to malstain ihe
molten resia at tho precise, desired temperatire as i passes
tarough the valve pate 158 into the cavity 154. Likewise, the
hot runncr thertnal gatc 157 has a thin film heater 155
sssociated therewith to precisely control the temporature of
the moltea resin as it flows iolo cavity 156, .

FIG, 16(a) is a schematic croas-scction of a valve pated
ot runnor nozzle where » film heater is deposited directly on
the tip portion of the stem, aod a filn (hermocoupls is
deposited direcly on the end of the stem. Tho valve-gated
noizle L60 ks a nozee tip 162 which fits within mold plale
164 sbutling the mold plate 164' containing the mold cavity
space 166, The movable valve stem 168 has a film heateg
167 deposited oa the outer surface thereof in & pattern, for
oxampls, as shown in FIG. 16{(a). Preferably, and as shown
in FIG. 16(5), u thermocouple is deposited on the cod of
valve stem 168 for necurate lempernture measurement pre-
cisely at tho valve gats itsclf,

As shown schomatically in FIG. 16{a), tho film heatcr 167
may be eoupled to olectrical contacts 161 through terminals
163, Likowise, electrical contacts 165 are dispased to con-
tact lerminals 169, The electrical contacts are caupled 1o a
mold control processor 1000, such as that described in the
Schmidi patent discussed above,

FIG, 17 is a ¢ross-sectiogal viow of the ilm beater 167 of
FIG. 16{a). Closest to the valve stem 168 Is a layer 171 made
of electrical insulative mautorial. Next Is u layer 173 which
comprises the electrically resistive material forming the
heating element. Ob the owside is layer 175 which com-
prises an eloctrically insulativs material that also has good
Wermal transmission characteristics.

TG, 18(a) is a schematic tross-soctional Srawing shiows
ing film heater 181 disposed on a bottom extarior surfacs of
nozzle tip 180. As shown in F1Q, 18(5), e film beater 181,
iy have a resistive pattern which surrounds the melt
chanpels 182 apd 183, as shown, The beater terminals 184
and 184' may bt coonected (o elecirical conmtscts {not
shown).
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The nozzlo tip 180 may also have & hoater plug 290 (1o be
Zescribed below) which has a fllm heater 191 disposed on an
outer surface thorcof, Tho beater plug 190 is disposed o the
malt channel 186 of Ibs nozzle Llip 180. Both film tempers-
ture sensors (oot shiown), may alsa bo doposited on any
coovenient surflace of the nozzle 1ip 180 to moniior the
temperalure of tho wolteo resin in the melt chanoel 186,
Proferably, the tempsrature sensor is o film thermocouple
disposed in dirsct Goatact with the molten resin very close o
the mold gate erifice.

Preferably, the nozzlo tip 180 includes elecirical connec-
tors for the thermocouple and the heater which aro attached
10 the nozzie body by a fast removal mechanism, such as a
bayonst wwchanisiu, which allows zpid assombly aod
removal of the tip without having to disconnect any wiring.
In some fostances, it is preferable 10 bave two thermocouples
placed close to each other so (hat il one is broken, the other
one is still operutive,

FI1Q. 19(u) is & schowatic cross-section of a Ll boater
plag 190 which is a convenient and easy way to apply film
heaters end (lm sensors to the melt, chunnels of injection
molding machines. Plug 190 comprises a motal plug 192
haviog a fllm beater 193 disposed on an iaterior surface
thereof adfaceat the melt channel 194, Proferably, the heator
193 corpeises an inner wear resistive layer 155, an cleciri-
<ally rosistive layer 196, an clocirical insulation layer 196,
and a thermal insulation layer 198, The advantage of sucl a
consiruction is that the plug 190 can be madc small and
replaceably positioned al any poial in the melt channel, The
plug can bo used at any located in slignment with the melt
chanpel of the mold, for example, in the manifold, in the hot
runner houslng or in the nozzle tip. The molt chaunel can be
constructed complementary structure ao (bat such hester
plugs cao be placed at aoy couvouiont location wlong the
melt channel. Moresver, such plugs can be linear, T-shape,
or angled 1o it uny location along the melt changel, Since it
is much easier 1o dizposo a-flexiblo flm heater on the intarior
surface of a small, roplaccable heater plug, the cost of
disposing that beaters on the inside surface of  loog mslt
channel menifold (as depicted in FIQ, 3) can be avoided,

P1G. 18(5) deplcts another cmbodimeat of the hoater plug
190 in which the healer 193 5 disposed oo the ouler surface
192. Io this {pstspce, the ioner layer 195' comprises a
dicloctric with good thermal ransmilling characteristics,
layer 196° is the elecirically rosistive heating clement, and
layer 197 is a thermal Insulator, In some instances, » wesr
resistant Iayer may be depasited oo the outside of the Jayer
197", Likewiso, a wear rosistant layor 198* may bo deposiled
on the fosids of the plug 192 to enhancs rosistant to the wear
of the mollen resin,

FIG, 20 shows the application of romovable heater plugs
201 and 202 within an injection molding machine. Heater
plug 201 has film heator 203 on the exterior aurface theroof
and is disposed within manifold 204, which, for exampis,
may also bo heated by conventional manifald Leates 205,

The heater plug 202 i3 disposed within nozzlo head 206
and nozzls body 207 and has a wear resistant layer (sleave)
208 disposcd on an intenior surface thereof adjacent the melt
channel 209, A film hoator 210 is disposed o an exterior
swiface of the heater plug 202 adjacent the nozzle tp 211,
The nozzle bousing 212 is preferably made of & thermal
insulativn materal, The healer plugs 201 and 202 arc
prefecably made of a highly thermally conductive matecial
such ss CuBe, Sioce the heater plugs 201 and 202 arc
modular and removable, they may be casily roplaced for
repair oc for the q:old!ng of differcot types of plastic resin.
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FIG. 21{a) [s a schematic cross-scction of a mold gute
ingert 210 having an internal film heater 211 disposed on an
ioside surface adjacent the pozzle tip (uot shown) and the
mold gato orifice 212. Since the mold gate {asert 210 ia
removable, a cooneclor 213 iz disposed on u sucfacs thereof
to carry the electrical contact wices to ihe film heater 211,
The conoector 213 will mate with a like counuector in the
nozzle housing or the mold plate (not shown) so that the
entire mold gate inseet 210 I quickly and easily replaceable.

FIG. 22(b) is a schematic cross-soction of & mold gate
sleeve 215 wliercin the mold gate body 216 bas a flm heater
217 disposed on 1he one or mere of tho ouler surfaces
thereof, Again, since the mold galo sleeve is easily
replaceabls, it is simple 10 replace a defective heater or to
change the heating capacity of the heater for different types
of resin.

FIG, 22 is a achemalic cross-section of a heater plug 220
baving a dim heater disposed on the outer surface thercol;
Howover, lho film boater layer as different thicknesses in
atoas A, B, and C (o provide an cogincered lemperaturs
profile, as dopicted in the Jeft-hand poction of FIG. 22. This
may be used, for example, in molding applications where
postions A and C arc located adjacont mold plates which are
cooled during the molding process. This way, the molisn
resin fowivy witlin the mell channel 222 will be mainiained
at a consiant lemperature. Note that in this embediment, a
high wear resistive sleevo 223 is disposed on the intecior
swlace of the heater plug 220.

FIG. 23 {(a) is a schematic view of a thin film healer
according [0 the prosent inventiva having two rectangular
pattems of heating clements. Henter 231 has an clement with

14
Example for the heat requirement: Wattage Deasity 4080
Wisquare ioch at 240 V
See VIG, 13
Zons A 37 mm 150 W (tip)
«Zane B: 75 mm 50 W {cenier)

Zone C: 34 mm 100 W (boad)

Cne or several heaters

Patterping: laser removal; lathe; mask wire, elching

Deposilion: spultcring )

Materials: platinum, tuogsien, Molybdeoumm

Film sensors for molding applications.

Film temperature sensing clements bave been disclosed
in, for cxomple, U.S, Pat, No. 5,215,597 issued to Kreider,
U.S. Pat. No, 5,573,335 issucd to Schinazl, NASA Report
B-7574 of Fabruary 1993 by R. Holanda and NASA Report
E-9080 of August 1994 by L. C. Martin <t al., all of which
are all incorporated herein by refcronce.

Any [ilm temperature sensing device, such as thermislors,
atber semi-conductor based devices, or rosistance lempomn-

" ture detoctors {(RTD) are cncompassee by the scope of the

a length L and a pitch PL. Heater 232 hus & heating elemont |

with the same jength L, but with a different piick P2, Thus,
the same thin fllm clomont may provige different Leating
chanacternistics to contiguous arcas of the melt chanoel, The
contact terminals have & longth Lt and & width T adapted to
easily engage clectrieal contacts on the melt chaanel struc-
ture whezo the Lealer is o be mounted. .

FIG, 23(}) is & schematic of a hoater baving a serpentioe
shaped heating element 235 with contact terminals at difs
feront ends themof,

FIG, 23 (c) shows a Im heater bent 5o as to be disposed
on 1bo inside of a melt channel, and F1G. 23(d) shows such
& heater bent on the outside of a melt channel. .

The following malerials, deposition lechrologies, and
patloming methiods are recommeaded for the various layers
used 10 mapufacture the compound film hoater deposited
dircetly oa the mold clements or on a film beater plug (lhe
thickness of these layers varics from less than 5 microns and
up lo 2-3 millimotsrs):

electrical resistive materials: TIN; tungsten, molybdemum,

gold, platinum, copper, TiC, TICN, TIAIN, CrN,
palladium, iridium, silver, conductive inks

clectrical insulalive materials: beryllium oxide: sce also

" the materials disclosed in the U.S, Pat. No, 5,653,632
aod U.S. Pat. No. 5,468,141 both berein incorporated
by relcrenc, : .

woar rosislance malerials: titaoivm, titanlim alloys,
chrome, sloctraless nickel, also ses the materfals dis~
closed in the U.S. Pat. No, 5,112,025 Lerein incoarpo-
raled by ceference.

‘deposilion technologies: iou platiug, sputicring, chemical
vapor deposition (CVD), physical vapor daposition
(PVD), flame sprayln.

Jlm pattorpiug methads: ‘oiching through a mask; laser

removal; wire masking, mechanical ‘removal,

o
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currenl vention, Refercnce is made [o this rsgard 10 US,
Pat. No. 4,968,964 issued to Nagai et al., and the Platinum
Reslstunce Temperature Detsclor (P-RTD) Catalogs of Her-
scus that are incorpocaled beroin by referonce. The current
iovéndon also cocompasses a thin flm RYD as soother
picfomble alicrmative to » flm thermocouple, because il
offers the advaotage of being wade of a single thin flm
material that is easior ta deposit and etched,

Accordiog to the cument iovention, it is prolecable to
aelect the materials for the Alm thermocouple that mect the
current thermecouple standards (such as ANST), and thatcan

‘b¢ doposited on the support besasc of the mold part,

Accordingly, a mejor design target For the film thermocouple
is to soloct two dissimilar materialy for the wires that are
either jdentlcal ar closs to the resistive malerial of the thio
Glm beater. The following commercial data published by
Iosulation Sesl Inc, and SRS Comp, show the matedal
sciection and ‘characteristics for soveral stendard lhenmor
couples Lhat can be alse used as guidelines (o mamifacture
ilm thermocouples.

ANS [ Themmocouple Malr TC Tampersture  Mediam Sul

Typn  Materlals & Folagity (max.) Erron

T  Copper (+) st e,
Constanien (=)

3 Iron (+) 150° Q. +=22* C,
Conglantan {~

B Chromel (+) WOt C »/=17"C

. Cosslantan (=)

K Chroow! (+) 1250* C, =22 C,
Alumol (-

R Pistioum 13% Kbodivm (+) 1450° C, H=14'C,
Platloum (=}

S Pistoum 10% Rbodium (+) 1450° C. Held® €
Plalinum (=}

C  Tungstes 5% Rbonium (+) 220 G
Tungeton 26% Rbhanium (-g

B Platioum 30% Rhbodive (+ 1700" C. At

Platiaam 6% Rhodium (=)

According 1o the curract invention, ths film thermncouple
is made using well known miceolithographic techaiques that
insure a very high dimensional accuracy, excsllent adbesion
of the themocouple to the substrats an conneciion belween
the two dissimilar materials. Another advantage of (he
microlithographic techaique is that n batch of thermocouples
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<ag be simultancously manufactured in order to cosure that is to be accorded the broadest interpretation so a5 to encom.
ihe thickoess of the doposited alloy is the same fot severn] pass all sucl modifications and cquivalent structres and
leuporutum scusing elements thal will be mounted in a high functions.
cavitation mokl, Another adavanlage is that, with no extra We claitn:
cost and within the same space, a “back up” or a reference § 3. A henter for an ipjection molding runoer oozule,
thiermocouple can be aclually deposited close 1o the actual comprising:
thermocouple, In this manoer, if for whatever reason the

current thermocouple fails 1o respond, the back up can be a cylindrical, hent-conducting band substrate adapied o
activated, without interrupting the molding process or ser- be placed over an outer surface of the nozzle;
vicing the mold, . : 12 & frst dicleciric loyer direcily deposited on an outer
le l: prefemred ;;:bodimcnt, a %‘n d!ilm (It=class) thermo- cylindrical surface of said band;
coupls is mads of Matinum-13% Rbodium and Platinum and & conductive-ink resistive heating cloment directly depos-
(> camulactuced in  class 1000 Clean Raom using the wel i on said llst Qieleciri Inyer, snid beating deeoees
knowa spuitering procoss, Depending on the Jocstios of the . . ly heat through said
thin fllm wires to the lead wires canncctions are made using 15 being formed io a patiem 1o apply beat ugh
-the well knowa parallol-gap welding Process, This thermo- band to the nozzle, said heating olsment having {iut
couple ¢ap.bo located anywbere along the melt channel as it and sccond ends, each said ond heving an electrical
can withstand temperatures in excess of 1,000° C, terminal; and
Thus, what has been described is unique structure and # second diclestric loyer directly deposited over said
function whereby heating, sensing, and melt control ig & 20 heating elemsnt, bul oot ovee the terminals.
molding machins may be simplified, made oasy 10 replace, 2, A heater according to claim 1, whernin said beating
aw! may be customized and to pravide molded articles more clement is disposed in a spiral patiem.
quickly, less oxpensively, and with higher quality, 3. A beator according 1o clalm 1, further comprising first

While the present invention bas been described with'  and second electrical contacis respectively coupled o said
respest to what are preseally considered (o be the preferred 28 elecirical terminals.
smbodiments, it is to be understood that Lhe invention is not 4. A beater according to claim I, whercin sald second
limited o the disclosed embodiments. To (ha cunlrary, the diclectric layer comprises an electrically insulating and
invention is inlended to cover variows modificstions and mochanically peotective layer,
equivalent arrangements included witlio the spirit and scope
of the appended claims. The scape of the following claims LI T -
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