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resin. Cooling may be needed to avoid thermal degradation of the

resin. Almost all of the resin processing techniques rely at
least in part on heating or cooling of the polymeric resin by
20 thermal transfer through the agency of a metal surface, part of
the processing apparatus. Heat 1s generally applied to an
outside surface of the metal apparatus by concentrated heat
sources such as band heaters, or from within the body of the
metal part by heater rods or circulating, heated fluids such as
25 alr, water or other chemical liquids. In all cases, the metal
heat transferring components have to be of substantial thickness
and mass to resist extreme pressures and mechanical forces. The
large metal mass responds slowly to changes in thermal input or
cooling so that precise control of narrow temperature ranges is
30 difficult to control. Also, when temperature differences are
desired in adjacent zones of the same apparatus, it is difficult
to localize the particular and different temperatures to be
maintained for appreciable periods of time. This shortcoming is
especially troublesome for relatively complex  processing
35 techniques and apparatus, such as in the injection molding of

large parts.

Hot runner injection molding systems have several
melted material flow passageways that are uniformly heated over

40 the entire flow path leading from a molten reservoir to a mold
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20 Significant transitions in temperature at the point of
the runner nozzle are not desirable as the nozzle is a key part
of any molding process because transitions in temperature may
change the fluid consistency of the melted material such as
thermoplastic which may result in a defective final product.

25 Also, if it is desired to intermittently shut off flow and turn
flow back on for a given nozzle, heating of the nozzle is
necessary to maintain the residual material in a melted state,

to prevent clogging.

30 Currently, runner nozzles are typically heated by a
heat source external to the nozzle. Typically, the runner nozzle
is heated by a resistive wire proportionally spirally wound
heating element. The spirally wound element forms a cylinder
that is co-axially disposed about the exterior surface of the

35 runner nozzle. However this type of heater configuration
operates inefficiently due to heat loss because of the open
exposure of the heating element to the surrounding environment.
It also increases the diameter of the nozzle and thus requires
bigger openings in the manifold plate to receive the nozzle.

40 Also, many of the standard nozzle heaters are not completely
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better way is needed to uniformly heat the runner nozzle, heat

it efficiently and the design should be cost effective and easy

20 to maintain and repair.

Conventional industrial equipment which provides heat
externally to a flow passage, such as the subject runner nozzle,
will generally provide heat by the means described above or by a

25 single or multiple band heater design.

In U.S. Pat. No. 5,973,296 to Juliano, et al., the
invention 1is a tubular heater that consists of a metallic
tubular substrate that has a dielectric film layer and a

30 resistive thick film layer applied directly to the exterior
cylindrical surface of a tubular substrate by the method of
precision fine film printing. This method is similar to the
method used to produce some thick-film resistors. The precision
fine film printing requires the use of an expensive fine film

35 printing machine that uses a fine tip writing pen to dispense

the conductive ink.

U.S. Pat. No. 5,411,392 to Von Buren, teaches a slotted
band heater in conjunction with a slotted clamping sleeve that

40 installs over a hot runner nozzle. This two part device
3
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installed over a runner nozzle or other conduit and be readily

massed produced, reliable, provide repeatable and predictable

temperature profiles at a reduced manufacturing and maintenance
20 cost.

The improved apparatus of the present invention
includes as a heater means a multi-layer thick-film heater which
may be mounted in close association with the thermoplastic

25 polymeric resins being processed in the apparatus. Heavy metal
components to achieve thermal transfer to the resin are not
necessary. There can be a saving of weight, materials and labor
in manufacture. With the closer Jjuxtaposition of the heating
element in the subject plastic, a closer control of resin

30 temperature is maintainable with quicker response times to
maintain a pre-determined resin temperature, even in adjacent
but different zones or localities. The lower thermal mass of the
heating elements 1is more responsive to cooling or changes from
heating to cooling or cooling to heating. A more accurate and

35 repeatable temperature profile can be obtained with the device
resulting in improved machine performance and a higher quality

finished product.

SUMMARY OF THE INVENTION

40



25 polyneric resins being processed in the apparatus. Heavy netal
conponents to achieve thermal transfer to the resin are not necessary.
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i nst al Ispthadmaa Hetpiecal twtzramnner nozzle with a reduce overall dianeter of
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A further object of the invention is to provide a heater that is lower in
cost to manuf act dr efantheni ki ect Yetf ahbeheinvdpeton ofis héo nveavida is to
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through the use of the silk-screening process. Another object of the

invention is to provide a thick filmheater with a unique slip-on and

slip-off electri qalt 20c€waneebaecheas Br e hhainwait 5o viike tdhephbghde a
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the use of the silk-screening process.

Another object of the invention is to provide a thick-

film heater with a unique slip-on and slip-off electrical

20 connector feature that can survive the high temperatures and’
thermal expansion difficulties inherent in an injection molding

machine.

Yet another object of the invention 1s to provide a
25 more reliable heater that also exhibits a more stable and

repeatable temperature profile over its usable life.

Still another object of the present invention is to
provide a heater that can provide an optimized and precise
30 temperature profile along its length. '
Yet another object of the present invention is to
provide a heater with a multi-layer resistive trace that

increases the heater output for a given size heater substrate.

35 The foregoing objects are achieved by the installation
of the present invention in an injection molding machine,
particularly on the hot runner nozzle system. The present
invention includes a cylindrically shaped metal substrate with a
811k screened dielectric layer applied thereon. Silk screened

40 or otherwise printed on the dielectric layer is a resistive
5
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t he outside
of the heater and over the contact pads. There is no welding,

brazing or soldering of the conductors to the contact pads.
20 Contact at this interface is maintained by the wedging action

and pressure created by the connector sleeve.

BRIEF DESCRIPTION OF THE DRAWINGS

25 FIG. 1 1is a cross sectional view of the preferred

embodiment installed on a typical hot runner nozzle assembly;

FIG. 2a is a plan view of a preferred embodiment with
the connector sleeve removed for clarity;
30
FIG. 2b 1is a simplified cross sectional view of a

preferred embodiment;

FIG 2c is an isometric view of a preferred embodiment

35 with the connector sleeve removed for clarity;

FIG. 3 1is a <cross sectional detailed view of the

various layers of a preferred embodiment;

40 FIG. 4 is a simplified isometric view of the connector
6



of the heater and over the contact pads. There is no welding, brazing or
sol dering of the conductors to the contact pads. 20 Contact at this

i nt er f acewioso1rvaozat ai ned by the wedging action and pressurrETecAaaesi7by the
connect sxlfeeelvne Ejh | BTl Q\I OF THE DRAWNGS 25 FIG 1 is a cross
sect i onal View ot reIitl er r%dh jodi nent installed on a typi cal hot
runner nozzle assenbly; FIG 2ais a plan view of a preferred enbodi nent
with the connect girsl egve; gerpvedolar codtlitnar 30 & Go2hehs aalmLidsed
cross sectional view of a pref erre odinment; FIG 2c is an isonetric

vi ew of SEePreriérsted ot nee %%t%'th the connector sleeve renoved for

clasity; FIG 3 is a cross sectional detailed view of the various |ayers

of apreferrede 40 FI 4.is a lified isonetric view of the
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a hot runner nozz OWI ng %e prior as’well as a preferred
errbodl ment of the | nventl on; 10 FIG 7 |s a plan view of the electrical
copgector assentlyy; FhG 38 is @1%08§1§ﬁ0td@n%ev' @weeEr&lasﬂO&&M@c@@fent
assenbly; 15 FIG 9is a flat layout of the thick f
resi stlfil%?%dz{mtl ve trace pattern. REFERENCE NUI\/ERALS USED I N THE DRAW NGS

20

FIG. 8 i1s a cross sectional view of the locking detent

assembly;
15
FIG. 9 is a flat 1layout of the thick film
resistive/conductive trace pattern.
REFERENCE NUMERALS USED IN THE DRAWINGS
20
8 — hot runner nozzle assembly
10 - preferred embodiment
12 -~ heater assembly
14 - nozzle body
25 16 - channel
18 — connector sleeve assembly
20 - nozzle tip
22 — conductor
24 - slot
30 26 — dielectric layer
28 — resistive layer
30 - locating hole
32 - insulation layer
34 — contact pads
35 35 - detent groove
36 — connector housing
37 - first contact groove
38 — locking detent assembly
39 - second contact groove
40 40 - contact



8 - hot runner nozzle assenbly 10 - preferred enbodi nent 12 - heater
assenbly 14 - nozzle body 25 16 - channel 18 - connector sl eeve assenbly
20 nozzl ewd q@/98&4- conductor 24 - slot 30 26 - diel ectri cedrayan/ool8 -
resistive |ayer 4230_ -_locating hole 32 insulation |ayer 34 - contact pads
35 35 - detent groove}\“?%Y - connector housing 37 - first contact groove 38 -
| ocki ng detent ddsemilgter89 pisecond contact groove 40 40 - contact 7 WO
01/ 98054 PCT/ CAQY Q0% .42 s KEy 44 - detent pin 46 - detent spring 48 -
| ow resi stance conducti ve trapce qa‘ 50 - resjstive trace 54 - passageway 56
- wound cabl e heidt er t¥hpertarangr ofan@IcHgre EeppRer sl eeve heater
tenperature profgd e & st0pFd i Zeek conput er tenperature profile 10 62 -
preferred enbodi nent tenperature profile 8 WO 01/98054 PCT/ CA01/ 00507
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56

— wound cable heater temperature profile
58 - copper sleeve heater temperature profile
60 — optimized computer temperature profile

10 62 — preferred embodiment temperature profile



Referring to FIG 1, a typical hot runner nozzle 5 assenbly 8 is shown.
The hot runner nozzle assenbly 8 conprises a nozzle body 14, a channel 16,
a nozzl e WwigwiAQes4a heater assenbly 12, a connector sl eeve@ssaihhsnrl8 and
at least a pair of conductors 22. The channel 16 runs the length of the
nozzle body 14 and communicates with the nozzle tip 20 for transfer of 10
nol ten nmat eri SETATIZNMUESCRIRTION E THID\RRE FHRREIR GMBOOIMINTA(S )

comuni cation wth the nozzle body 14 Is the heater assenbly 12 which

mai ntains the material in channel 16 in a free flowng nolten state. The
connect or sl eeveRedsamtiing 180 sF3Gi.dably ai nsypited ovet thmresaterozzle
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MY 61 1 A3+ INGHNSLIALE, 34 101 G he PLEferngd eRpd) TenG Lo.8 2%, shaped
pi ece O ypi “al y romss %el thermal Ty Con et
mat er i aﬂOMFD@éC@[ttMO@ner@h othg@4npaaset hedyl elrﬁgti}s ofhehbeh&atrersartbalyl oWs

the subgfirat end oneginas ﬁléehétefkéﬂp'ﬁg éﬂéhﬂglme@ i pstal kfgearﬂuﬁ&%rom

nozzl e bady 14. In the preferred enbodi nent the substrate 34 1s ma
430 30 HQ]&eﬁ]i e§52keeel i REANEESATsoF 1 REYar S t d8hate slidably

appr oxiinmtrelly <G O&(Bé'rt @Hd 048atéhi eksexbilgdrizabnwaldiqgildie, | anel xdsaneier
he substrate %‘8 e% | | er than{n%ge ts%de di amsterﬁﬁgf. t he

ru]n er FOSHEECTFhie® 98 Bonfiguraiton provided é%od PheFREMBoRfuAPEatT

bet weere liched rieatle cuvassenblyhak2 tdnbudhe nozzl e body 14. As nentioned

previously, in the preferred enbodi nent the substrate 34 is nade fromtype

340 or 430 stainless steel which has substantially the same or optionally
slightly | ower tRefmElridgef NPV &t BEG40 xpar¥i-onZas tand t BiLEk- f31 mibeyers

that angaaRp ifkdfler®oN2 is shown. The heater assembly 12 comprises
20 an optional slot 24, a locating hole 30, a substrate 34, a

thick-film dielectric layer 26, a thick-film resistive layer 28,
at least a pair of contact pads 35 and an insulation layer 32.
The heater assembly 12 comprises various layers of different
materials. The substrate 34 in the preferred embodiment is a C-
25 shaped piece of metal, typically made from steel or other
thermally conductive material. The optional slot 24 runs the
length of the heater and allows the substrate to act as a self
clamping spring when installed around the nozzle body 14. In
the preferred embodiment the substrate 34 is made from 430
30 stainless steel machined from solid bar or tube to have
approximately 0.020” to 0.040” thick cylindrical wall.

The inner diameter of the substrate 34 is sized smaller

than the outside diameter of the hot runner nozzle. This

35 configuration provides good thermal communication between the
heater assembly 12 and the nozzle body 14. As mentioned
previously, in the preferred embodiment the substrate 34 is made
from type 340 or 430 stainless steel which has substantially the
same or optionally slightly lower thermal coefficient of

40 expansion as the thick-film layers that are applied thereon.
9
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t he re5|st|vela er : The dielectric |ayer, is applied to the
out si de Yof rteﬁéllts]ﬁl%tjrrhtjé“@@vﬁ‘?d Hﬁ%@%rwmww% at 850C. In the
preferred enbodi nent the dielectric layer 26 has a m ni num d| eI ectric

strength between 1 00- 1500, VAC.and ,an S atl 0 resj.stan ater t
loggrrega-ohms. TECAERTVY (i glgo di elté&% & FP{ szhelahe
appl i catsi apwfiad Feasthe t bueer sstcéssieveo f hthk fsubmtlraw@r 334),f tvieh the
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materi al s that are on the order
opposed it scHiaarf inrRCedi cks |Er€tﬁ§@éﬁbheth@ca\ﬂ§etétd§§@laftﬁéf reduces the

production time of a specific heater design. The silk-screen
20 process requires the use of a single mask for the dielectric
layer, and the silk-screen process is well suited for high speed
processing. In the preferred embodiment, the dielectric layer
is made from a ceramic-glass mixture and provides electrical
insulation between the substrate 34 and the resistive layer 28.
25 The dielectric layer 26 1is applied to the outside of the
substrate 34 and then cured in an oven at 850°C. In the
preferred embodiment the dielectric layer 26 has a minimum
dielectric strength between 1000-1500 VAC and an insulation
resistance greater than 100 mega-ohms. To achieve this
30 dielectric strength usually requires the application of at least

three successive thick-film layers of the dielectric material.

The term “thick-film” is used in the art to describe
materials that are on the order of 0.001” thick after firing.
35 As opposed to “thin-film” which is used in the art to describe
much thinner materials on the order of 0.00025” thick. Thick-
film materials are typically applied as a paste or ink and fired
using a precise thermal profile. Thick-film materials may be
applied using either silk-screen or direct write technologies.

40 Thick-film ink comprises a finely ground suspension of ceramics
‘ 10
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pref er s P yf%& g?&%uépf 5¥vﬁﬁﬁﬁﬁﬁﬁs eF8n558¥£%d5§O?ﬁt%R%ﬁe
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trage T8 | Sorbde TF ot e A eI ar et e r s Fhbt Ty pl gy LR BT
reS|sté@§§Qﬁ}the order of 0.01 ohns/square. The conductlve trace 48 is
applied before the resistive trace 50 because the conductive trace is

fired at 30 approximately 825 C, .and_.the re |st|ve trace 50 is fired at
PP Inrﬁke greferred embod?me % the resistive trace

a

50 and the conductive trace 48 1is applied to the dielectric
20 layer 26 using a silk—-screen process. Alternatively, the
resistive trace could be applied using a direct write method
utilizing a special printer. A direct write method 1is
preferable in small lot production environments where economlies
of scale are not realized. Again, the silk-screen process is
25 preferable due to lower manufacturing cost for large volume
applications. The conductive trace 48 is made from a palladium
silver matrix that typically exhibits a resistance on the order
of 0.01 ohms/square. The conductive trace 48 is applied before
the resistive trace 50 because the conductive trace is fired at
30 approximately 825° C, and the resistive trace 50 is fired at
approximately 800° C. Following the firing of the conductive
trace 48, the resistive trace 50 is applied using the silk-
Screen process. As mentioned previously this trace is then

fired at approximately 800° C.

35
The patterning of the resistive layer 28 is a key
advantage of the present invention. Thermal profiling is a key
design element in hot —runner nozzle construction. The

repeatability and high watt density available with the present

40 invention allows for an optimized thermal profile which will
11



approximately 800 C. Following the firing of the conductive trace 48, the
resistive trace 50 is applied using the silk- screen process. As nentioned
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| ayer conpri ses ass r|x Whit ¢ TredQt a t enperature of
approxi mately 600 C. 25

Applied over the resistive layer 28 is the insulation
layer 32 also using a silk-screen process. The insulation layer
28 1is not applied over the contact pads 35. The dinsulation
20 layer 32 1is a mechanical, thermal and electrical insulative
substance that protects the resistive layer 28 from abrasion and
electrical shorts and reduces heat loss from the outside surface
of the heater. The insulation layer 32 comprises a glass matrix
which is fired at a temperature of approximately 600° C.
25
Referring to FIG. 4 and FIG. 5, the connector sleeve 18
is shown installed on the heater assembly 12. The connector
sleeve assembly 18 comprises a connector housing 36, electrical
spring contacts 40, electrical conductors 22, passageways 54, a
30 detent groove 35, a first and second contact groove 37 and 39

respectively, and a locking detent assembly 38.

The connector housing 36 i1s an annular shaped plug that

will slidably engage the outside diameter of the heater assembly

35 12, A key 42 on the inside diameter of the housing 36
interfaces with the slot 24 and properly aligns the sleeve
assempbly 18 with the contact pads 35. The first and second

contact grooves 37 and 39 are formed on the inside surface of
the connector housing 36 for the insertion of spring contacts

40 40, The passageways 54 allow for the installation of the
12



Referring to FIG 4 and FIG 5, the connector sleeve 18 is shown installed
on the heater assenbly 12. The connector sleeve assenbly 18 conprises a
connect orwigoupsed 36, el ectrical spring contacts 40, el eqgorcglioesrduct ors
22, pas%%%ih% s 54, a 30 detent groove 35, a first and second contact
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cont act ed to npr ove corrosi o
re51stance connectlon In the preferred embodiment, the

material for the spring contact 40 is made from full hard
20 stainless steel, preferably type 301. The contact surface of
the spring contact 40 may be gold plated to improve corrosion

resistance and reduce contact resistance.

Referring to FIG. 7, the spring contact 40 is welded to

25 the conductor 22. In the preferred embodiment, the conductor 22
is resistance welded to the contact 40 because it reduces the
heat transmitted to the wire and requires no fluxing or filler
material. This type of connection is also able to withstand the
high temperature molding process. In the preferred embodiment a

30 high temperature wire 1is wused with a teflon or fiberglass

insulator applied.

Referring to FIG. 4, FIG. 5 and FIG. 8, the locking

detent assembly 38 is shown. The detent assembly 38 is inserted

35 in the detent groove 35. The detent groove 35 runs the length
of the housing 36, and is wide enough to fully seat the detent
assembly 38. The detent assembly 38 comprises a detent spring

46 and a detent pin 44. When the housing 36 is installed on the
heater assembly 12, the detent pin 44 1s aligned and

40 communicates with the locating hole 30. This alignment
13



resi stance and reduce contact resistance. Referring to FIG 7, the spring
contact 40 is welded to 25 the conductor 22. In the preferred enbodi nent,
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the ength of the nozzle body based on various heater
technologies. A wound cable heater profile 56 shows how hot
20 spots can be generated in the nozzle. This type of heater

quickly creates a hot spot in the center portion of the nozzle
body and can degrade the quality of the molten material. Also
shown is a copper sleeve heater temperature profile 58. Again,
this type of heater, while better than a wound cable heater,
25 still exhibits hot and cold spots that can degrade the quality
of the molten material. An optimized computer model trace 60 is
shown that shows the best temperature profile for processing
molten material in a hot runner nozzle. With the present
invention, the resistive trace 50 was designed to approach this
30 optimized performance. Curve 62 shows the actual measured
performance of the optimized heater design of the present
invention. This temperature profile comes close to the
optimized computer model and will result in improved
performance of the molding process.
35
The present invention may effectively be employed on
any channel means from a source of molten plastic. One skilled
in the art could easily wutilize the ©present invention on
different processing machines that require the application of

40 heat in specific areas of the machine for continued processing
14
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conti nued proceSS| ng 14 WO 01/ 98054 PCT/ CA01/ 00507 of material therein.

The present inventi onscoubd wasidnadie LW eyed orphot m%fiﬁioﬁhaf‘é'e'éot
within a manifold or on a sprue , bar or on_an injection nmachine
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exchangt@diafpaj@fdllom esf form, size, arrangement of parts and details of
operation. The invention rather is intended to encompass all
such modifications which are within its spirit and scope as
defined by the claims.
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It is to be understood that the inventionis not Ilimted to the
illustrations described and shown herein, which are deened to be nerely

i |1 ustratwoi®kodshe best nodes of 15 carrying out the invegti@uoasd whi ch
are susceptible of nodification of form size, arrangenent of parts and
det ai | Y55 Lﬁxﬁ%ﬁ "Gt e i nvention rather is intended to enconpass al
such nodifications which are within its spirit and scope as defined by the

ClalnB 20 5 ) 5 0 100507  VWHA CLAINED 1S I n an

i nj ect ion 1o &W)l #(aec%&r? c(;Eﬁiea]t ermacco%pnrel'a n-gl;r-l,e“"’l%ae)r a YHer lr?ajﬂ%/ conducti ve
substrate §uﬁfem@nakiMncqmdndﬂiwanaﬁhﬂﬂiahﬁﬂ%unﬁaaﬁ,Iayer applied on said
substrape aSUéIf‘ﬁescféeﬁe&eéﬂlétl'e\é%rl%yeia P" gl‘i%dsadrg gh?hecédﬂsctﬂéé/eer

thereby formng a circuit for the genera hea | east a pair
of silk-scFE&féFont act pads applied in 10 electrlcal connunlcatlon with

sai dI r egi Sta: Vlﬁeéﬁy’@:[tlré Ogayéh:ecaiﬁplqﬁéd ceﬂneetlld;)ndt@l@crprgm]g; 18QHECEEh&)eldN
insul ati on l ayer applied aver_ said resistive |ay a connect or
housi ng for® ﬁé‘éﬁ% ag I Srte dFort %t?f NI T tcif }E%?gh sai d contact pad,
t her eby)el i nateay téhepneéed dor silk-selrdenicdg, chnazding pardsot epl pbdsein
al fgring canneqtion reang,. g:; The deater, of clahm L quheg sahd aybstzate

is a non-flat ~ sur eater im e é “saidvon- f
surface i sele@timidalcalonnectiion I’t@ataerpoovfercl%uun®, where said substrate

furtheg)conpriises) A& iANQidudi eelrpﬁle%t JM“'S%QL& fteeseryelr\e '1%@95@1 onpaid
25 substrate 5. The heater, of clfaim1l, where said resistive layer further

conpri dés & FOSNQGLAF hoasd nandox MewhaasicalamC@nEsdiat iafe 2 (GAXECY Het eby
form ng anecaph Nszed heshtgeneraid,ng thatied®n. eliminating the need for

15 soldering, brazing or other phase altering connection means.

2. The heater of claim 1, where said substrate is ‘a non-flat

surface.

20 3. The heater of claim 2, where said non-flat surface is

cylindrical.

4. The heater of claim 1, where said substrate further comprises
a longitudinal slot running the entire length of said
25 substrate.

5. The heater of claim 1, where sald resistive layer further
comprises a resistive trace and a low-resistance conductive

trace, thereby forming an optimized heat generating pattern.

30
6. The heater of claim 5, where said resistive trace is silk-
screened on said dielectric layer.
7. The heater of claim 5, where said conductive trace is silk-
35 screened on said dielectric layer.

8. The heater of claim 1, where said resistive layer i1s silk-

screened on to said dielectric layer.

40 9. The heater of claim 1, where said resistive layer is direct
16



30 6. The heater of claim5, where said resistive trace is silk- screened
on said dielectric layer. 7. The heater of claim5, where said conductive
trace i s @igdees@®a screened on said dielectric layer. 8. Themegahsosoef claim
1, where said resjstive layer s silk- screened on to said dielectric

| ayer. 40 PTHHEDSR €° o'?‘%(,dr AR IFCIRET e 25 r esi sti ve | ayer is direct

16 WD 01/98054 PCT/ CA01/ 00507 printed on to said dielectric layer. 10. The
heat er e cqnne usi,n urt rlse

| ocki ng%fdefﬂglaet %%%Eg%ngggég gml gdat"gl}l %o?efgngogmegl 8rs§b lijfla.th%
heat er of claignils®s wheldeckand Idﬁﬂ@mlg dhaéntemggge§elaeclabaylnenmébl eotf rom
sai g |ocating halgsttQtl2. The heater of claim 10, where said detent and
said locating hole are in a predeterm ned arrangenment relative to said
contacts, thereby ensuring electrical comunication of said contacts to

s?i d Cfimt \r';\lﬁl'ihd)adfeaf‘iﬂﬁn s ddi%ihl@cﬂt Jﬁ)ﬂ,g?gﬂﬁeh@i aipl e.odibinls. dTéf@exh_e?_tgg bIof
claim er.e connect or. housi ng further ises a key for slidably
engagi ng a Sieolr?di%tﬂ?ghynﬁenﬁv 5% %ﬁ?os?tf[)s]t‘?%ﬁtel nﬁbpr by aligning radially
sal d contacts with said contact pads. 20 14. The heater of claim1, where
c ect.or ro er 9. T, h &I of
R A T T L et C
1 vvhere sélctl%ubgﬁralre ies padecteominsteetrraryeriet heatlerttiofe ckai rﬁal_ld
where said dﬂirﬁdaf&ts“ Crh&y&hy hagsaridQ dirl@atide storpgt D-beiyeen 1000 YAC

to 1500 VAC and an
contacts to said contact pads when said detent engages said

hole.
15
13. The heater of claim 1, where said connector housing further
comprises a key for slidably engaging a longitudinal slot in
said substrate, thereby aligning radially said contacts with
‘ said contact pads.
20
14. The heater of claim 1, where said connector housing is made
from a ceramic material.
15. The heater of claim 1, where said substrate is a nozzle body.
25

16, The heater of claim 1, where said substrate is made from

steel.

17. The heater of claim 1, where saild dielectric layer has a
30 dielectric strength between 1000 VAC to 1500 VAC and an

insulation resistance of at least 100 mega-ohms.

18. The heater of claim 1, where said substrate and said
dielectric layer and said resistive layer and said insulation
35 layer have substantially the same coefficient of thermal

expansion.

19, The heater of claim 18, where sald substrate has a slightly
lower coefficient of thermal expansion than said dielectric,

40 resistive and insulation layer.
17



i nsul ation resistance of at |east 100 nega-ohns. 18. The heater of claiml,
where said substrate and said dielectric |ayer and said resistive |ayer
and sai d wasulegbsson 35 | ayer have substantially the same gaafd{oiwoent of
thermal expansion. 19. The heater of claim 18, where said substrate has a
slightly |ower coefficient of thermal expansion than said dielectric, 40
resi stiz@. amﬂetmeaﬁemimfltbaﬁm 117w%@r@l@%&@SéeBGEﬁﬁA&iMQQﬁQ?:Qﬂ.aﬂbBied

heat er e pIied to said
dlelectrlcq{ayer%%(%ﬂ% 50 réL%é?%%i%%%ﬂ#ﬂy ﬁ er of claiml1, where said
resistive layer is formed by |aser or abra5|ve etching. 22. The heater of
clagm 137 whee ﬁ@é’@e}?OBtfa%tla'lﬁl r@d%éloén ggié relr«%%@vét q_%LlyeIJ'Q,SZ?’foJlﬁgd

nmet hod of heating conprising the steps of k-screen printing a
t hi ck- f|Imhﬂkﬂ%ﬁﬁW|QFI%Rﬁﬂs%ﬂ?eﬁtQW%ﬁ%alIy conductive substrate; 15 b)
printing a thICk filmresistive layer on said substrate form ng an

el ectri e for _geperating_heat through ohnic osses; ilk-sc
prlntlﬁg?at ?aEFﬁa? i &Engactlﬁaﬁ% ¥ e?%%???tancaﬁﬁﬁ% o#°
sai d resi stophatddaydreel20 d) sil k-screen printing an insulation |ayer over
sajg resistive layer; e) engaging an electrical contact on each said
contact pad using an annular connector housing; f) electrically powering
sai d el%tt riheamagmchetfs heps g, comer it bl e @B, where sai d

substrate is a cylindrical surface. 25. The nethod of claim 24, where said

substrate further 30 conprlses a Ion%]tudlnal sl ot _running the entire
| engt h silk-screen printing a ick-film dielectric™ layer on a

thermally conductive substrate;

15 Db) printing a thick-film resistive layer on said substrate
forming an electrical trace for generating heat through ohmic
losses;

c) silk-screen printing at least a pair of contact pads in
electfical communication with said resistive layer;

20 d) silk-screen printing an insulation layer over said resistive
lavyer:;

e) engaging an electrical contact on each said contact pad using
an annular connector housing;
f) electrically powering said electrical contacts.
25
24. The method of claim 23, where said substrate is a cylindrical

surface.

25, The method of c¢laim 24, where said substrate further
30 comprises a longitudinal slot running the entire length of

sald substrate.

26. The method of claim 23, where said substrate, dielectric
layer, resistive layer and insulation layer have

35 substantially equal coefficients of thermal expansion.

27. The method of claim 24, where said substrate, dielectric
layer, resistive layer and insulation layer have
substantially equal coefficients of thermal expansion.

490
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said substrate. 26. The nethod of claim 23, where said substrate,
dielectric layer, resistive layer and insulation |ayer have 35

substantiwldm/ggwal coefficients of thermal expansi on. 27.pchireagimbiiod of
re said substrate, dielectric resistive | ayer and

claim 24 v&g

noul 8t 7 bn Tayei Farkot STBLCa FLFRERy TGP GUOIhi brte CFLEhbY nit sposea
expansi on. L&V 1 /198854r PEInEAD41 09507 28. An injection nmold runner
nozzl e having a co-axially disposed cylindrical heater conprising: a) a
cylindrical, thermally conductive substrate with a slot 5 running the

entire EMengE! hcof 1ndird cedbst Eheenasdyd eansbiqtdtwe kabstgagesmal tier a slot
coefsf i ci entr@fnfrher mRL expans %ﬁ&tﬁp Sl gala%z;ho%trtaft%r ebé/af&%hﬂggfétg

substrate to further clanp onto said nozzle as said nozzl'e and
substrate Héaa‘fllwp abﬁmaléiepfk GRefdeiteend etbctPpEmpay exPagsiliosd Wrsasaid

substrate; ndf:z1), aHeséisyi ¥aukaygr s@@@l setserasal ddieleaidd cclayer onto
t her eby formdg%ean electri cal circ neration;, d) at least a

heat
pair of silIEEErESET Hht 329 pAgs? ?)pilu?‘g(rjs"ilﬁg %‘19%%??? &I DRI cati on
with sabd resiisiiectayesdfdieletecici tayexc aprelitiednon osai poywss spatee; 15

| at d t f |
conpectsr Houbirs EREE A e e e ey
connect i on frEinhmm@l eot ebehl sed scutonfeietherld. gggeration;

d) at least a pair of silk-screened contact pads applied in
electrical communication with said resistive layer for
electrical connection to a power source;

15 e) an insulation layer applied over said resistive layer; and

f) an annular connector housing that slidably engages said
substrate for mechanical connection of a contact to each said
contact pad.
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