Consol i dated Specification as at 30 August 2006 HOT RUNNER HEATER DEVI CE
AND METHOD OF MANUFACTURE THEREOF CROSS- REFERENCE TO RELATED

APPLI CATION(S) 5 This application clains the&qnspidated Spécifivaticoreds atSt at es
provi si onal patent application serial No. 60/367,414, 30 Awgishedlsnh 13,
2002, which.i-s herein incorporated by reference. 10 BACKGROUND OF THE

I NVENTION 1. Field of the Invention The present invention relates to
heat er devices, and nore particularly to low profile heater devices. Mre

15 specifically, alow profile heater

devi G used 111 nj S0 GARBRAFRST L 0acE: RS e ekveliRciBy of

manuf acture thereof. 2. Prior Art 20 I. nol d i njection process, it is
inportant to naintain a resin in a nol é% ate as it flows froma nozzle
of an injection nolding machi ne through a hot runner nozzle and into a
nol d cavity space, wherein the resinis allowed to cool and form an

i nj ection-nolded 25 artCrO$S-REFERENCE aT0) RETIASEIORPenI SAPE@y (sa heating

devi ce

5
This application claims the priority of United
States provisional patent application  Serial No.
60/367,414, filed March 13, 2002, which is herein
incorporated by reference.
10

BACKGROUND OF THE INVENTION

1. Field of the In%ention
The present invention relates to heater devices, and
more particularly to low profile heater devices. More
15 specifically, the preseﬁt invention relates to a low
profile heater device used in injection molding

processing and a related method of manufacture thereof.

2. Prior Art

20 In a mold injection process, it is important to
maintain a resin in a molten state as it flows from a
nozzle of an injection molding machine through a hot
runner nozzle and intoc a mold cavity space, wherein the
resin is allowed to cool and form an injection-molded

25 article. To maintain this molten state, a heating device
is usually provided adjacent to the hot runner nozzle. A
typical prior art heating device is found in U.S. Patent

No. 5,051,086 to Gellert which discloses an injection



is usually provided adjacent to the hot runner nozzle. A typical prior art
heating device is found in U S. Patent No. 5,051,086 to Gellert which

di scl oses an injection Consolidated Specifi dansolidadsd Specif@@tigkugrist 2006

nol di ng nozzl e having several |ayers of steel and cer ariCcAuguss2008t i ng
material that surround a coiled electrical heating elenment. During
fabrication, the coils of the heating elenment are wound around the body of
the nozzle 5 and alternating layers of an insulation material are plasm
sprayed over the coil to forma thin layer which provides for a conpletely
i ntegral structupbdingwerade havienEavksahelRY P QfemselofnEGAT @
requires that the entire nozzle_be replaced because of é}he i ntegral nature
10 of the devi cénsGHeSMDIPERELRET BN SHETOURL IR P18 ep&FEHtNo.
5,973,296 to Juliano et al., disclose a tubu]ar heater .tlavi q.,2 netallic
substrate that Ra3tigihsgerti cPRFing Fhyarahhtta oSt i?eoghi}& film

| ayer applied dng%(::tl £ 5 t(ﬁgégg?e‘ﬁ%ﬁ %%8ﬁ¥%1i quéiﬁzqaé{% Syr Eﬁgenggzltehe

tubul ar substr i Ae” i pri nting.

Unf ortunately, aggﬁih%%?mst I%%ggﬁgnggéjfoarcta%r ?ﬁnggﬁtm& r%aat%(}ri?ﬁapgati ng

devi ces wher ramc 7inSu Ing material is required to

surround the he%‘ij—iglga Z%Jv_ealy%'aeBkregu£lj1é1g:c;i§b';:gcfghgna thin layer which

provides for a completely integral structure. However,

fixing the heating element of Gellert requires that the

entire nozzle be replaced because of the integral nature
10 of the device.

Other patent references, such as U.5. Patent No.
5,973,296 to Juliano et al., disclose a tubular heater
‘having a metallic substrate that has a dielectric film
layer and a resistive thick film layer applied directly

15 to the exterior cylindrical surface of the tubular
substrate by a method of precisgion fine film printing.
Unfortunately, such a method of manufacture does not
address heating devices where a thick layer of ceramic
insulating material is reguired to surround the heating

20 element during fabrication.

Therefore, there appears a need in the art for a
heater device that is attachable to a hot runner nozzle
for maintaining resin in a molten state. Additionally,
there appears a need in the art for a method of

25 fabricating a heater device having a thick insulating

material for encasing an electrical heating element.



Therefore, there appears a need in the art for a heater device that is
attachable to a hot runner nozzle for maintaining resin in a nolten state.
Additionally, there appears a need in the deensbidated Spedioatiod a5t
fabricating a heater device having a thick insulating 3JteAausaP0Gtor
encasing an electrical heating elenent. 2 Consolidated Specification as at
30 August 2006 OBJECTS AND SUMVARY OF THE | NVENTI ON Accordi ngly, the
primary object of the present invention is to provide a |low profile heater
device that 5 is attachable to the nozzle of a nold injection apparatus.
Anot her obj ect of the present invention is to provide a nethod of
manuf acturing a heater deyRCRCTR\ANIY SUBMARY chE imisulIavENgIOME eri al t hat
encases a resistive 10 elenent thereof. A further object of the present
invention is to pr®dwedingeyhothefprimaegt ohjea sdfulthy presesul ati on
material into an assenbled heater device. Yet a further object of the
present inventi davémtitom 1s5tpropwidiede shdaweprdbiiia dckseirngewhcothat sl eeve
attached to an inner sleeve for housing a heating el enent encased in a
t hi ck insul a8%i ohs miterdbable to the nozzle of a mold injection
apparatus.
Another object of the present invention is to
provide a method of manufacturing a heater device having
a thick insulating material that encases a resistive
10 element thereof.
A further object of the present invention is to
provide a method of injecting a slurry of insulation
material into an assembled heater device.
Yet a further object of the present invention is to
15 provide a heater device having an outer sleeve attached
to an inner sleeve for housing a heating element encased
in a thick insulation material.
These and other objects of the present invention are
realized in the preferred embodiment of the present
20 invention, described by way of example and not by way of
limitation, which provides for a low profile heater
device and related method of manufacture thereof.
In brief summary, the present invention overcomes
and substantially alleviates the deficiencies in the

25 prior art by providing a low profile heater device and

related method of manufacture thereof comprising a



These and ot her objects of the present invention are realized in the
preferred enbodi nent of the present 20 invention, described by way of
exanpl e and not by way of [|imtation, whichCersolidatesSpenificatibroas ptrofil e
heater device and rel ated nethod of nmanufacture theredC Algusb20® sumary,
t he present invention overcones and substantially alleviates the
deficiencies in the 25 prior art by providing a |ow profile heater device
and rel ated net hod of manufacture thereof conprising a 3 Consolidated
Speci fication asuiilar30hAuDestiRRA6 shebikanaddh ddoawai maesl Sleeswng made from
a netal having opposing flanged ends and an outer surface coated with a
thin thermal |y appldied cepaged dmsulaakli ng owter islrfade cesist iwighheating
element is then coiled around the outer 5 surface of the inner sleeve for
provi di ng heat tloimudHeamaliesapplfileshicegamhe olrpgulatiaat satewiad e fof a nol d
injection apparatus. The inner sleeve is disposed inside a hollow,

tubul ar outer stesieivayihegtisn orenmmte iapbhenresi e asgund Hisughtele body
of the outer sleeve. In assenbly, the 10 flanges of the inner sleeve are
posi tioned et weerfadee ofefile binehelaever LoF devd igi@dsHagedt N ¥ Fat a
cavity is defined between the inner and outer s|eeves. The |, apert.ures
comuni cat e wi tFeske dawing shrprgha heséer nozzle of a mold injection

apparatus. The inner sleeve is disposed inside a hollow,
tubular outer sleeve having two or more apertures formed
through the body of the outer sleeve. In assembly, the

10 flanges of the inner sleeve are positioned between the
ends of the outer sleeve and swaged such that a cavity is
defined between the inner and outer sleeves. The
apertures communicate with the cavity such that one
aperture can be used to inject a slurry of insulating

15 material that completely fills the cavity, while the
other aperture provides for the passage of terminal leads
that are connected to the ends of the resistive heating
element.

Additional objects, advantages and novel features of

20 the invention will be set forth in the description which
follows, and will become apparent to those skilled in the
art upon examination of the following more detailed
description and drawings in which like elements of the

invention are similarly numbered throughout.



aperture can be used to inject a slurry of insulating 15 material that
conpletely fills the cavity, while the other aperture provides for the
passage of terminal |eads that are connect edornsoliddied Epekification beat esi sti ve
heating elenent. Additional objects, advantages and no¥ehudushBO0tes of 20
the invention wll be set forth in the description which follows, and wl|
becone apparent to those skilled in the art upon exam nation of the

foll owi ng nore detail ed description and drawings in which Iike elenments of
the invention are simlarly nunbered throughout. 4 Consoli dated
Specification as at 30 August 2006 BRI EF DESCRI PTI ON OF THE DRAW NGS FI G
1 is a perspective view of arbertmEsadgwrceN eECIHRIiDRgWINGS he present
invention; 5 FIG 2 is an exploded view of the heater device according to
the present inventi oFIGFI G i8 4 peasperspectyissr vifew béatasr idenéres!| eeve
according to the present invention; FIG 4 is a perspective view of an
outer sleeve l@cacedidgngotichd lprepeaseimvenident;ion; FIG 5 is an end view
of the outer sleeve according to the present invention;

FIG. 2 is an exploded view of the heater device
according to the present invention;

FIG. 3 is a perspective view of an inner sleeve
according to the present invention;

FIG. 4 1s a pergpective view of an outer sleeve

10 according to the present invention;

FIG. 5 is an end view of the outer sleeve according
to the present invention;

FIG. 6 is a top view of the outer sleeve according
to the present invention;

15 FIG. 7 is a bottom view of the outer sleeve
according to the present invention;

FIG. 8 is a cross-sectional wview of the outer sleeve
taken along line 8-8 of FIG. 5 according to the present
invention;

20 FIG. 9 is an end view of the heater device of FIG. 1
according to the present invention;

FIG, 10 is a cross-sectional view of the heater
device taken along line 10-10 of FIG. 9 according to the
pregent invention;

25 FIG. 11 is an enlarged view of FIG. 10 according to

the present invention;



FIG 6 is a top viewof the outer sleeve according to the present
invention; 15 FIG 7 is a bottomview of the outer sleeve according to the

present inventi

Consol i dated Specification as at

t he heater devi
cross-secti onal

FIG 12 accordi

on; FIG 8 is a cross-secti onabnsolidgatedBpédification es asl eeve
taken along line 8-8 of FIG 5 according to the present30 Auush20; 20 FIG
9 is an end view of the heater device of FIG 1 according to the present
invention; FIG 10 is a cross-sectional view of the heater device taken
along line 10-10 of FIG 9 according to the present invention; 25 FIG 11

is an enlarged viewgt FiG 310, accor ding &9 cid@daresentviawention; 5
30 August 2006 FIG 12 is a side view of

L3RRI hO JhReesghbintiiention; FIG 13 is a

view of the heater device taken along |line 13-13 of FIG

12 according to the pim.presestaidmed-kebtithdl vidw sfavhemeutged vi ew of
ng to the present invention; FIG 15 is a cross-sectional

view of the head®fice taken along line 13-13 of FIG. 12 according to the

5

10

15

20

25

present invention;

FIG. 14 is an enlarged view of FIG. 12 according to
the present invention;

FI@. 15 is a cross-gectional view of the heater
device taken along line 15-15 of FIG. 12 according to the
present invention;

FIZ, 16 is an enlarged view of FIG. 15 showing
terminal leads according to the present invention;

FIG. 17 is an end view of the inner sleeve according
to the present invention; and

FIG. 18 is a side view of the inner sleeve according

to the present invention.

DETAILED DESCRIPTION OF THE INVENTION
Referring to the drawings, the preferred embodiment

of the heater device of the present invention is
illustrated and generally indicated as 10 in FIG. 1.
Heater device 10 provides a means for maintaining a resin
in a molten state during injection molding processing.
Referring to FIGS. 1 and 2, heater device 10 comprises an
inner sleeve 12 disposed ingide an outer sleeve 14 with a

coiled resistive element 16 surrounding the inner sleeve



device taken along line 15-15 of FIG 12 according to the 10 present
invention; FIG 16 is an enlarged view of FIG 15 showing termnal |eads
according to the present invention; FIG 17 ConsalidatedSpéafication afet i nner

sl eeve according to the present invention; and 15 Fl G308ugust 2064 de vi ew
of the inner sleeve according to the present invention. DETAI LED

DESCRI PTION OF THE | NVENTI ON Referring to the drawi ngs, the preferred
enbodi ment 20 of the heater device of the present invention is illustrated

and general |y i ngi categehiasl 10edds FlaGark. atHedsy tdevheerd®iqyiond des a neans
for maintaining a resin in a nmolten state during injection nolding

processing. Reée&mdntg 150afl &% dndtthrdugheat Birrsdesbeet dfe conpfidrees an 25
i nner sleeve 12 disposed inside an outer sleeve 14 with a coiled resistive
el ement 16 surr bhadcidlg duheri ahesvs|lidewad 6 Sansael icdapedeSpacit! istawindn as at
30 August 2006 12. Term nal l|leads 24 are attached to the resistive elenent
16 at one end tAtouigh chirr std apesetanfe 44 forthedr shwough weHmwy isl eeve 14
and a source of power (not shown) at the other end thereof. As further
shown, a neahs PzoBidadiiodedoperly gpevityoposérmiormlt denilaal4 |gdds 24 into
outer sleeve 14 such as a lead cap 18. Alternatively,
any known means in the art could be used to position
terminal leads 24 such as in-line exits (not shown) or
flush lead exits ({(not shown) without departing from the
10 spirit and scope of the present invention.
Referring to FIGS. 3, 17 and 18, inner sleeve 12 has
a hollow tubular metallic body having an exterior surface
48 with opposing flanges 36 formed at either end of
sleeve 12. Opposed openings 40 and 42 are defined
15 adjacent each flange 36 and communicate with a conduit 38
formed through inner sleeve 12. As shall be discussed in
greater detail later, a thin layer of ceramic insulation
material 60 1s preferably thermally applied on the
exterior surface 48 to provide a electrically non-
20 conductive surface thereon.
Referring to FIGS. 4-8, outer sleeve 14 has a
hollow, tubular body having a substantially similar
configuration as inner sleeve 12. Outer sleeve 14
compriges inner and outer surfaceg 56 and 58 ag well as

25 opposed openings 50 and 52 which communicate with a

conduit 54 defined therebetween, Conduit 54 is sized and



outer sleeve 14 such as a lead cap 18. Alternatively, any known nmeans in
the art could be used to position termnal |eads 24 such as in-line exits
(not shown) or flush lead exits (not shown)Cansblidai¢d 8pgdfidatiogag abm t he 10
spirit and scope of the present invention. Referring t@0FAdgast 300617 and 18,
i nner sleeve 12 has a hollow tubular netallic body having an exterior
surface 48 with opposing flanges 36 fornmed at either end of sleeve 12.
Opposed openings 40 and 42 are defined 15 adjacent each flange 36 and

conmuni cate wi téh@e@%@“ﬁ:&cé@ve 1%@55@&%’9{9 't'H%%ﬁ' §8Vfndl2. As shall be

di scussed in greater detail later, a thin |ayer of ceram c insulation

material 60 is pyeiengbl Y akheraldsy =3BRhi ed: BLx the 8Xtehd Mpasitidrage 48 to
provide a electrically non- 20 conductive surface thereon. Referring to

FIGS. 4-8, outefs difPve ddehtsrned RObOYh bubat arlckodylhaviih a
substantlally simlar configuration as inner sleeve 12. CQuter sleeve 14

conpri ses innercamtutidzee iUtk aeesidé gadihSobdevell agage2s tpposed openi ngs
50 and 52 which conmunicate with a conduit 54 defined therebetween.
Conduit 54 is simed-iand of7h€ansoldeddiced 18péat {na atamofiaasuaing IhdAugust 2006
shaped to receive inner sleeve 12 therein during
assembly as shall be discussed in greater detail below.
In assembly, inner sleeve 12 is disposed inside
conduit 54 of outer sleeve 14 and flanges 36 welded or
otherwise secured to the openings 50 and 52,
10 respectively, such that a cavity 46 is defined between
inner and outer sleeves 12 and 14 as illustrated in FIG.
14. Resistive element 16 is coiled around the exterior
surface 48 of inner sleeve 12 such that exterior surface
48 is completely surrounded by element 16. A slurry of
15 ceramic insulation material 62 having a congistency of
cement is then injected through second aperture 45 until
cavity 46 iz completely filled with imnsulation material
62, After it has been allowed to properly set, an
electrically insulative barrier is produced between the
20 outer sleeve 14 and the resistive element 16. Terminal
leads 24 are then attached to first and second pigtail
ends 28 and 30 which are formed along the free ends of
resistive element 16 for providing an electrical source
to element 16 in the preferred embodiment. In

25 alternative embodiments, terminal leads 24 can be

attached to an electric source by any known meang in the



assenbly. As further shown, first and second apertures 44 and 45 are
formed through outer sleeve 14 which comunicate with conduit 54 in order
to access the 5 interior of heater device 10CchsolidajedrBpedifetion asgt and
assenbly as shall be discussed in greater detail bel ow 30 Aogwss2e0®! y, i nner
sl eeve 12 is disposed inside conduit 54 of outer sleeve 14 and fl anges 36
wel ded or otherw se secured to the openings 50 and 52, 10 respectively,
such that a cavity 46 is defined between inner and outer sleeves 12 and 14

as illustrated htFL& acddamdd@eesthvenel QRibks16ti sesnidied alevagdcthe
exterior surface 48 of inner sleeve 12 such that exterior surface 48 is

conpl etely surragndegdohyvet erept pbfedrsd Wibpdohedb 6EraE éniesuiati on
material 62 having a consistency of cenment is then injected through second
aperture 45 unt ukiléavid yf et andoaptei®|pidtiaiiedndst 28 izngubat wbhl mat eri al
62. After it has been allowed to properly set, an electrically insulative
barrier is producedbbefivvarsddie in2greaiter &tegde 14 and the resistive

el ement 16. Termnal |eads 24 are then attached to first and second
pigtail ends 28 andA80iWhisthraded forREes .alldngnthasf rderndedobecerdi stive
el ement 16 for providing an electrical source to elenment 16 in the
preferred embodeAshell | ends 28 radnal i dxe dayodeidnénes, therfiasaknfigads 24 can

be attached to an electric source bY any known neans in _the ‘
the resistive element 16 which have been doubled up into

a loop and oriented at a low profile relative to the
resistive element 16 in order to secure first and second
10 pigtail ends 28 and 30 to terminal leads 24.

The method of manufacturing heater device 10
according to the present invention shall be discussed in
greater detail. As briefly noted above, inner and outer
sleeves 12 and 14 as illustrated in FIGS. 3 and 4 are

15 provided for assembly. The exterior gurface 48 of inner
sleeve 12 is first thermally applied with a thin layer of
ceramic insulation material 60 using conventional methods
known in the art. Registive element 16 ig then wound
around the exterior surface 48 such that inner sleeve 12

20 is completely surrounded by element 16 between opposing
flanges 36. Once the resistive element 16 is completely
applied around inmer sleeve 12, the free ends of element
16 are doubled up to form first and second pigtail ends
28 and 30 (FIG. 1l6), respectively.

25 Referring to FIGS. 9 - 11 and 14 - 16, the

manufacturer then surrounds first and second pigtail ends



8 Consolidated Specification as at 30 August 2006 art to accommopdate
various gauges of resistive elenent 16. However, the preferred enbodi nent
of the invention wutilizing first and second-@isgtidetéd SpekificafomasiaBo wi | |
now be di scussed in greater detail. 5 As illustrated i mB0h@Esist 2006and 16
first and second pigtail ends 28 and 30 are forned fromthe free ends of
the resistive elenent 16 which have been doubled up into a |oop and
oriented at a low profile relative to the resistive elenent 16 in order to
secure first amb sedond &Dtipiftwad aeddse@8ndrichsd0atorsediarad 3keads 24. The
met hod of manufacturing heater device 10 according to the present

i nventi on shal Isush di seussedchat apdsateran@tHl lextAagdbEreh | §langesd 3above,
inner and outer sleeves 12 and 14 as illustrated in FIGS. 3 and 4 are 15
provi ded for asseringr Fheeext:? itowasdr the orBLiGH tAnfprmed edw@d1Phps fir st
thermally applied with a thin layer of ceramc insulation material 60
usi ng convent i chdlemElEeds 1kndarafroihe BiESt RO SeroBdelBHERTOYE is then
wound around the exterior surface 48 such that, i nner ,sleeve 12 20 is

conpl etel y $ur rufdeld 3By 280 iR HH™EL GRENHH IESUHGE PP SR8 Once the

;?ZLS;ng g;egﬁg%g%gakiysoggée%fi t a%%pggggngffggﬁigtgggr3§|§§a”%41%Tethe
positioned at a low profile along the longitudinal axis
of inner sleeve 12. The portions of first and second
pigtails 28 and 30 that extend from first and second

10 insulators 32 and 34, respectively, are then bent at a
perpendicular angle such that pigtails 28 and 30 can be
oriented directly under first aperture 44 during
assembly. Preferably, the free ends of the first and
gecond insulators 32 and 34 as well as the last few turns

15 of the resistive element 16 are potted with a slurry of
ceramic insulation material 62 in order to better
facilitate assembly of heater device 10 and to hold the
resistive element 16 in place. The outer sleeve 14 is
then slid over.the inner sleeve 12 such that the first

20 aperture 44 is properly aligned over the free ends of
first and secénd pigtails 28 and 30. The free ends of
first and second pigtails 28 and 30 are fed through first
aperture 44 and secured to terminal leads 24 using crimp
sleeves 26. Once so secured, a ceramic divider 20 is

25 placed between the secured ends of first and second

pigtails 28 and 30, and a ceramic sleeve 22 placed around

10



16 are doubled up to formfirst and second pigtail ends 28 and 30 (FIG
16), respectively. 25 Referring to FIGS. 9 - 11 and 14 - 16, the

manuf acturer then surrounds first and secondogrisgtiddtéd SpekificafiorCemsbl i dat ed
Specification as at 30 August 2006 28 and 30 with firs30 Auglist20@hd
insulators 32 and 34 in such a manner that ends 28 and 30 extend from
flanges 36 of inner sleeve 12 toward the opening 44 forned al ong the

outer sleeve 14 therefrom First and second insulators 5 32 and 34 are nade
froma cerani ¢ thsuatimg emateri athe derefiécadiyidethe o iprovidee second
insulators 32 and 34 are positioned at a low profile along the

| ongi t udi nal axmsan®ffémresudbbsre 4R SERErpbiny orerwmafli Aspdant? second
pigtails 28 and 30 that extend fromfirst and second 10 insul ators 32 and
34, respectivel jromrena parwthent intorderpdopanaieud athanigicdrsuth ¢hat
pigtails 28 and 30 can be oriented directly under first aperture 44 during
assenbl y. Pref ebaprsr 493 cer 48, ekl fCaREIF| FEECERE2 s@@b‘ﬁﬁt?"ﬁsul ators 32
and 34 as well as the Jast few turns 15 of the resistive. elepent 16 are
potted with & sFEFR{nRY leadsantciromdibs ileadngrRriS tihﬁuggg‘é ©to better

ractlitate asseqblyof peates device,10.and Lo holfl the, ygghsyive el ement

ceramic material, any suitable insulation material, such
as mica, 1s feit to fall within the scope of the present
invention.

10 Referring to FIGS. 12 - 15, once the divider 20 and
sleeve 22 are in place, hollow lead cap 18 is slid down
the terminal leads 24.and attached over first aperture 44
of outer sleeve 14. A slurry of ceramic insulation
material 62 is then injected through second aperture 45

15 such that cavity 46 becomes completely filled with
material 62. Finally, the slurry of ceramic insulation
material 62 is allowed to cure using methods known in the
art.

Preferably, the slurry of insulation material 62 may

20 be a SAUEREISEN® #8 Electrotemp manufactured by
Sauereigen Inc. of Pittsburgh, PA; however any
composition exhibiting suitable insulation
characteristics and having a generally cement-like
consistency is felt to fall within the scope of the

25 present invention. Furthermore, although the preferred

embodiment of the present invention describes the

11



then slid over the inner sleeve 12 such that the first 20 aperture 44 is
properly aligned over the free ends of first and second pigtails 28 and
30. The free ends of first and second pi gt a¢¢rsofidates8paviicatien fedt t hr ough
first aperture 44 and secured to termnal |eads 24 usi¥bAegustB00&| eeves
26. Once so secured, a ceramic divider 20 is 25 placed between the secured
ends of first and second pigtails 28 and 30, and a ceram c sl eeve 22
placed around 10 --- ------------- - - oo Consol i dat ed Specification
as at 30 Augustlr&ﬁﬂfatﬂo&nebseﬁgrhdje@mdﬂ ifthe zeraanity dinyi derth®D qfr ovi des a
means for insulating and separating termnal |eads 24 fromone another in
order to avoi d sphanty tchecuetenf ardveaterhédevieer Fleewki Feckkersam c sl eeve
22 insulates 5 termnal leads 24 fromthe | ead cap 18. Although the

di vi der 20 and lstfmve 22 aneepreleavebliy matecundnd Hy cheanieePdl&SVal , any
suitable insulation material, such as mca, is felt to fall wthin t he
scope of the prezek Sﬁh¥@eﬁ@ianlqh}mQ§ﬁ@rPF%@P@?)ﬁqqag ofotbe 15 once the
di vider 20 and sleeve 22 are in place, hollow lead cap 18 is slid down
the term nal5 | ebRée#4%nd attached over first aperture 44 of outer sleeve

14. A slurry of ceram c insulatjon
y Preferably, the heater device 10 of the present

invention may have applications related to other
processges, such ag process heating, metal injection
molding, ceramic molding, extrusion die heating, tube

10 heating, and hot melt injections processes are some
examples of use of the present invention.

It should be understood from the foregoing that,
while particular embodiments of the invention have been
illustrated and described, wvarious modifications can be

15 made thereto without departing from the spirit and scope
of the invention. Therefore, it is not intended that the
invention be limited by the specification; instead, the
scope of the pregent invention is intended to be limited

only by the appended claims.

12



material 62 is then injected through second aperture 45 15 such that
cavity 46 becones conpletely filled with material 62. Finally, the slurry
of ceramic insulation material 62 is allowedCbesolitdited Spetigcatehagds known
inthe art. Preferably, the slurry of insulation materiab A6gustagos 20 be a
SAUEREI SEN(r) #8 El ectrotenp manufactured by Sauereisen Inc. of
Pittsburgh, PA;, however any conposition exhibiting suitable insulation
characteristics and having a generally cenent-like consistency is felt to
fall within the scope of the 25 present invention. Furthernore, although
the preferred enbodi nent of the pr@s®MSinvention describes the 11
Consol i dated Specification as at 30 August 2006 insulation being injected
into a caWhey aaycheihed d6: applying the cenent around the inner sleeve
such as before the inner sleeve is surrounded by the outer sleeve would
still fall.w Rhheatbe presest cemppesohgthe 5 invention. Preferably, the
heat er device 10 of the present invention may have applications related to

other processes, cutelt asIHOLESShAeRtd N0a MehallbRi e®ldagn Mg,
ceram ¢ nol di ng, extrusion die heating, tube
opposing openings in communication with a conduit;
an inner sleeve disposed inside said outer sleeve,
said inner sleeve having a hollow, tubular body with an
exterior surface having a layer of insulation material,
sald inner sleeve defining opposing openings;
a resistive element placed around said inner sleeve;
and
a cavity defined between said inner sleeve and said
outer sleeve, said cavity being completely filled with an
insulation material that is in direct contact with said

outer sleeve and sald resistive element and encases said

resistive element.

2. The heater device according to claim 1, wherein said
outer sleeve defines at least two apertures formed

therethrough.

3. The heater device according to claim 1, wherein said
resistive element further comprises first and second free

13



10 heating, and hot nelt injections processes are sone exanples of use of
the present invention. It should be understood fromthe foregoing that,
whil e particul ar enbodi nents of the inventi onChasofiddtee Spetifidaiioh mataed and
descri bed, various nodifications can be 15 nade thereto 30 Abgust 2departi ng
fromthe spirit and scope of the invention. Therefore, it is not intended
that the invention be |[imted by the specification; instead, the scope of
the present invention is intended to be limted only by the appended
clainms. 12 Consolidated Specification as at 30 August 2006 CLAIMS What is
claimed i 8198, Ftaehed devi de RdRPrif ngesrgcsiver speBiBahavierRf® tubul ar
body form ng opposing openings in conunication with a conduit; an inner
sl eeve di spaeetefinshdeushi dnoucérssidegt, legatdtvanapesteese. having a
hol | ow, tubular body with an exterior surface having a |layer of insulation
material, said inner sleeve defining opposing openings; a resistive
el enent placed around said i nner sleeve; and a cavity defined between said
inner slegye apHeSaicthter device according to claim 2, wherein a

lead cap 1s engaged to one of sald at least two

apertures.

5. The heater device according to claim 1, wherein said
inner sleeve further comprises opposing flange members

which are secured to said outer sleeve,

6. The heater device according to claim 3, wherein said
resistive element further comprises at least one pigtail
member formed along the free ends of said resistive

element and attached to said terminal leads.

7. The heater device according to claim 1, wherein said

inner and outer sleeves are made of a metallic material.
8. The heater device according to claim 1, wherein said
insulation material that encases salid resistive element

has a cement-like consistency.

14



outer sleeve, said cavity being conpletely filled with an insulation
material that is in direct contact wwth said outer sleeve and said
resistive el enent and encases said resistiveCehsiigated Specifidatioh@ataer devi ce
according to claiml, wherein said outer sleeve defines3@hugesa’008 wo
apertures fornmed therethrough. 3. The heater device according to claima1,
wherein said resistive elenent further conprises first and second free 13
Consol i dated Specification as at 30 August 2006 ends attached to a pair of
respective termnal leads inserted through one of said at |east two
apertures?-4. The Reater device accerding te Alaim 24, whardih Saidad cap
is engaged to one of said at |least two apertures. 5. The heater device
accor di nginausebionlnawheielnisardranhner sl eeve further conprises opposing
fl ange nmenbers which are secured to said outer sleeve. 6. The heater
device according to claim3, wherein said resistive elenent further
conprises at | east one pigtail nenber fornmed along the free ends of said

resistiveloel emeat handeat iached b@p&@ﬁdngeﬁ:@ Rala it dds wherehihie dieat er
device according to claim1, wherein sa

insulation material cures over time and temperature.

11. A heater device comprising:

an outer sleeve having a tubular body forming
opposing openings in communication with a conduit, said
outer sleeve defining at least two apertures formed
therethrough:

an inner sleeve disposed inside said outer sleeve,
sald inner sleeve having a hollow, tubular body including
opposing openings;

a resistive element applied around the inner sleeve,
sald resistive element having first and second free ends
attached to a pair of respective terminal leads inserted
through one of said at least two apertures; and

a cavity defined between said inner sleeve and said
outer sleeve, said cavity being completely filled
initially with a slurry of insulation material that is in
direct contact with said outer sleeve and said resistive
element and encases said resistive element.

15



inner and outer sleeves are made of a netallic material. 8. The heater

devi ce according to claiml1l, wherein said insulation material that encases
said resistive elenment has a cenent-like conSosdctiogtyd Shécifienisnlasdat ed
Specification as at 30 August 2006 9. The heater devi ce3@aogusd?a@6to claim
1, wherein said insulation material is ceramc. 10. The heater device
according to claim8, wherein said insulation material cures over tinme and
tenperature. 11. A heater device conprising: an outer sleeve having a
tubul ar body form ng opposing openings in conmunication with a conduit,
said outer sleeve defining at | east two apertures forned therethrough; an
i nner sl eeve disposed inside said outer sleeve, said inner sleeve having a
hol | ow, t 4Bul aFhbodediwt udiend ceoppostndinperings;laanr el st i uerBlenent
applied around the inner sleeve, said resistive elenent having first and
second freempnilsingt hacdhed teap, paket.dofla=es pent | veiher nk@lgeldeadisch nsert ed
t hrough one of said at |east two apertures; and a cavity defined between

sai d i nnepnsl 6eVeadAdasal dasOUtRS ShEEVEresai d cavity being conpletely
filled
13. The heater device according to claim 11, wherein
said initial slurry of insulation material cures over

time and temperature.

14. A heater device comprising:

an outer sleeve with an inner and outer surface
having a hollow tubular body forming opposing openings
defining a «conduit therebetween, sald outer sleeve
defining at least two apertures in communication with
sald conduit, said at least two apertures having a lead
cap attached thereto;

an inner sleeve with an exterior surface wherein
said exterior surface is applied with an insulation
material disposed inside said outer sleeve, said inner
sleeve having a hollow, tubular body whereby said
exterior surface further comprises opposing flanges
formed at either end of said inner sleeve including
opposing openings in communication with said conduit;

16



initially wwth a slurry of insulation material that is in direct contact
with said outer sleeve and said resistive elenent and encases said
resistive element. 15 Consolidated Specifi catConsctiSatatl Spabifidiiigh sk a2006 12.
The heater device according to claim 11, further conpri 30 Aggasti2eas cap,
said | ead cap being engaged with one of said at |east two apertures. 13.
The heater device according to claim1l, wherein said initial slurry of
insulation material cures over tinme and tenperature. 14. A heater device
conprising: an outer sleeve with an inner and outer surface having a

hol | ow t ubul ar 2b&8¥ 1FEENRPn§ LEPFEHS RFPefest mgeundgeftilg ngineonkrate,

t herebetween, said outer sleeve defining at |least two apertures in

comuni catied wiedistsiial ededent, bavinat a efsrstwarabestured hazmgag a | ead

cap attached thereto; an inner sleeve with an exterior surface wherein
sai d exteends $orfhang pigappli eddwi whiah iansulaattiehedralerd adaidt sposed
i nside said outer sleeve, said inner sleeve having a hollow, tubular body

wher eby sakdpeexlieei eeratinhacechust RaL QRPN i3S UYPPRSING | ANges + f or med
at either end of said inner sleeve including
least two apertures; and
a cavity defined between said inner sleeve and said
cuter sleeve, said cavity Dbeing completely filled
initially with a slurry of insulation material that is in

direct contact with said outer sleeve and said resistive

element and encases said resistive element.

15. A method of manufacturing a heater device comprising
the steps of:

a) providing an outer sleeve having a hollow tubular
body forming opposing openings, said outer sleeve
defining at least two apertures formed therethrough, an
inner sleeve disposed inside said outer sleeve having a
hollow tubular body with an exterior surface defining
opposing openings, the inner and outer sleeves defining a
cavity;

b) applying a resistive element around said inner

sleeve;
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opposi ng openings in conmunication with said conduit; 16 Consoli dated
Specification as at 30 August 2006 a resistive el enment applied around the
inner sleeve, said resistive elenent having @ohddigiteaDpesifcNidd ke ends
form ng pigtail ends which are attached to a pair of respaagisteop®rm nal

| eads inserted through one of said at |east two apertures; and a cavity
defi ned between said inner sleeve and said outer sleeve, said cavity being
completely filled initially with a slurry of insulation material that is
in direct contact with said outer sleeve and said resistive elenent and
encases sai d rEsi stiVECELBFeRt S1PT YA Afetir 1ot iran uredetid Ingla dreat er
device conprising the steps of: a) providing an outer sleeve having a

hol | ow t ubdil aridbatyleashi hgooppesingespeandgs, said outer sleeve defining
at |east two apertures formed therethrough, an inner sleeve disposed

i nsi de said outlpr sd¥eweidtaviagda slaldyovet ubnkalaboey wathramiexieri or
surface defining opposing openings, the inner and outer sleeves defining a
cavity; buapplying a resistive elenent around said i nner sleeve;

16. The method according to claim 15 wherein said step
of injecting includes injecting said slurry of insulation

material into said cavity.

17. A method of manufacturing a heater device comprising
the steps of:

a) providing an outer sleeve having a hollow
tubular body forming opposing openings, said outer sleeve
defining at least two apertures formed therethrough, an
inner sleeve having a hollow, tubular body with an
exterior surface defining opposing openings, and a
resistive element, said resistive element having first
and second free ends;

b) providing said inner sleeve with an insulation
material;

¢} applying said resistive element around said

exterior surface of said inner sleeve;
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17 Consolidated Specification as at 30 August 2006 c) injecting a slurry
of insulation material in one of said at |east two apertures; and d)

allowi ng said slurry of insulation material tgongohifted Epecifidtionatred
according to claim15 wherein said step of injecting ingdpadgsstop@cting
said slurry of insulation material into said cavity. 17. A nethod of

manuf acturing a heater device conprising the steps of: a) providing an
outer sleeve having a hollow tubular body form ng opposi ng openi ngs, said
outer sleeve defining at |east two apertures formed therethrough, an

i nner sl eeve hdvi ngladhobl ewict gblilear stedyeniaverasaiaktiarianr siedeare
defi ni ng opposi ng openings, and a resistive elenent, said resistive

el enent hauchgthatsé camitgetondefipedentdsrebbepwowndi ng said i nner sl eeve
with an insulation material; c) applying said resistive elenent around

saidt exteriorepurfiachafisqi d isnnerysSleevensdBatosaohadatred 1Spaeid i cation
as a
sald cavity through another of said at least two
apertures such that said resistive element is encased in
said insulation material and said insulation material is
in direct contact with said outer sleeve and said

resistive element; and

f) curing said slurry of insulation material.

18. The method according to claim 17, further comprising
the step of sealing said inner sleeve to said outer
sleeve adjacent to said opposed openings such that said

inner sleeve 1s secured to said ocuter sleeve.

19. The method according to claim 17, wherein said step
of providing said inner sleeve with an insulation
material is accomplished by thermally applying said inner

sleeve with said insulation material.

20. The method according to claim 17, further comprising

the step of positioning said resistive element into said
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30 August 2006 d) sliding said outer sleeve over said inner sleeve such
that a cavity is defined there between; e) injecting a slurry of insulation
material into said cavity through another of Csadclidatbd ISpasiticdtion asapert ur es
such that said resistive elenent is encased in said inssdAugws 2006 eri al
and said insulation material is in direct contact with said outer sleeve
and said resistive elenent; and f) curing said slurry of insulation
material. 18. The nethod according to claim17, further conprising the
step of sealing said inner sleeve to said outer sleeve adjacent to said
opposed opEnityStsuENot e d%es | fRsied| dxespddsecriliedd FdesHpd it er

sl eeve. 19. The nethod according to claim 17, wherein said step of

provi di ngcsaptingnén-sinevexwtshfan sasdl a¢sbativatetéménts acconpli shed by
thermally applying said inner sleeve with said insulation material. 20.
The met hod according to claim 17, further conprising the step of
positioning said resistive elenent into said 19 Consolidated Specification
as at 302AUgUShe2B6nal heastkaiwg apelchiunas 1for nmd-dhesatdyuteimgl eeve by
creating in-line exits for said resistive el enent.

the step of positioning a portion of said resistive
element into said at least two apertures formed by said
outer sleeve by creating flush lead exits for said

resistive element.

22. A method of manufacturing a heater device comprising
the steps of:

a) providing an outer sleeve having a hollow,
tubular body forming opposing openings, said outer sleeve
defining at least two apertures formed therethrough, an
inner sleeve having a hollow, tubular body with an
exterior surface defining opposing openings, and a

resistive element, said resistive element having free

ends;

b) applying said inner sleeve with an insulation
material;

c) applying said resistive element around said

exterior surface of said inner sleeve;
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21. The nethod according to claim17, further conprising the step of
positioning a portion of said resistive elenent into said at |east two
apertures formed by said outer sleeve by cregbhsalddtbdiSpedifationxs s for
said resistive elenment. 22. A nmethod of manufacturing a3thaaget 20@8/i ce
conprising the steps of: a) providing an outer sleeve having a holl ow,

t ubul ar body form ng opposi ng openi ngs, said outer sleeve defining at

| east two apertures formed therethrough, an inner sleeve having a holl ow,
tubul ar body with an_exterior surface defining opposing openings, and a
resi stive el en@ht, te&iladr &9 sthe eerdeneht spadi Agsiesdveegdememt 4Dl yi ng
said inner sleeve with an insulation material; c) applying said resistive
el ement afoundfsasd amstteetondspifbeel oféndai d i nner sl eeve; 20 Consol i dated
Specification as at 30 August 2006 d) taking up the ends of said resistive
element to foemfitiakeaniingeconi pifgtail ®mds;seondspigtagl sairdidirst and
second pigtail ends through first and second insul ators, respectively;

through first and second insulators, respectively;

f) sliding said outer sleeve over said inner
sleeve;
g) securing said first and second pigtail ends to a

pair of terminal leads;

h) placing a divider between said first and second
pigtail ends;

i) placing a sleeve around said first and second
pigtail ends secured to said pair of terminal leads;

j) injecting a slurry of ceramic material into the
cavity defined between said inner sleeve and said outer
sleeve through another of said at least two apertures;
and

k} curing said slurry cof ceramic material.

23. The method according to claim 22, further comprising
the step of potting the free ends of said first and
second insulators with a slurry of ceramic insulation

material.
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f) sliding said outer sleeve over said inner sleeve; g) securing said
first and second pigtail ends to a pair of termnal |eads; h) placing a

di vi der between said first and second pigtai Cossaligatedi Spptibeitiog ag asl eeve
around said first and second pigtail ends secured to sa3®Apgist 2066t er m na
| eads; j) injecting a slurry of ceramc material into the cavity defined
bet ween said i nner sleeve and said outer sleeve through another of said at
| east two apertures; and k) curing said slurry of ceramic nmaterial. 23.
The met hod according to claim 22, further conprising the step of potting
the free éfids BResaieghiod stcemflingcbad cladm ddr swikrain sherrsted ceramic
insulation material. 21 Consolidated Specification as at 30 August 2006
24. The mefhpdtéaéogr 8hrglestcifarmt22urnsercd] rsatilte rstsgipst iofe poltdanardg: t he | ast
first turns of said resistive elenment wth a slurry of ceram c insulation
mat eri al wotHs asadldirmresost iceeagliementsdlatlacenadridbe haridaodkaictor di ng
to claim 22, further conprising

resistive element in place.

25. The method according to claim 22, further comprising
the step of sliding a hollow lead cap down said terminal
leads and attaching it to one of said at 1least two

apertures.

26. The method according to claim 22, further comprising
the step of sealing said inner sleeve to said outer
sleeve to said opposed openings such that said inner

sleeve is secured to said outer sleeve,

27. The method according to claim 22, further comprising
the step of feeding said first and second pigtail ends

through one of said at least two apertures.
28. The method according to claim 22, wherein said step
of sliding said outer sleeve over sald inner sleeve is

accomplished so that one of said at least two apertures
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the step of sliding a hollow | ead cap down said termnal |eads and
attaching it to one of said at least two apertures. 26. The nethod
according to claim22, further conprising th€osddtipatell Speaifitatignsaiatd i nner
sleeve to said outer sleeve to said opposed openi ngs sudhAudnat 2606 d i nner
sl eeve is secured to said outer sleeve. 27. The nethod according to claim
22, further conprising the step of feeding said first and second pigtai
ends through one of said at |east two apertures. 28. The nethod according
to claim 22, wherein sajd step of slidin%_said outer sleeve over said
i nner sl edde RXOPSdonpt+eRed SUthat2bRe Tdf sdai Nt SFERSE RS Taplel t ur es
22 Consolidated Specification as at 30 August 2006 is properly aligned
over sai dePflfst and second pigtail ends. 29. A heater device conprising:
an outer sleeve; an inner sleeve placed inside the outer sleeve; a cavity
fornmed between said outer sleeve and said inner sleeve; a resistive
el enent di sposed inside said cavity and around an exterior surface of said
inner slegye; andheater device comprising:
an outer sleeve;
an inner sleeve placed inside the outer sleeve;
a cavity formed between said outer sleeve and said
inner sleeve;
a resistive element disposed inside said cavity and
around an exterior surface of said inner sleeve; and
an insulation material disposed within the cavity,
the insulation material completely encasing said

resistive element and being in direct contact with said

resistive element and with said outer sleeve.

30. A method of manufacturing a heater device
comprising an inner sleeve, an outer sleeve, a cavity
formed between the inner sleeve and the outer sleeve and
a resistive element disposed inside the cavity and around
an exterior surface of the inner sleeve, the method
comprising the steps of:
a) injecting a slurry of insulation material into
said cavity; and
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an insulation material disposed within the cavity, the insulation materi al
conpletely encasing said resistive elenent and being in direct contact
with said resistive element and with said ouCensdlitistey Spedficatibnaetahod of
manuf acturing a heater device conprising an inner sleevea) Aagusta0es sl eeve,
a cavity fornmed between the inner sleeve and the outer sleeve and a
resistive elenent disposed inside the cavity and around an exterior
surface of the inner sleeve, the method conprising the steps of: a)
injecting a slurry of insulation nmaterial into said cavity; and 23
Consol i dat ed SPeci f FEBEPSnSasdapluspy Ap§uspsebablion)meteriadlisaid slurry of
insulation material. 31. The nethod of C aim 30, wherein the step of
injecting a slurry of insulation material into said cavity further
conprising the step of substantially filling said cavity to form an

i nsul ati oBll ayehethathodonfaCclsisaBd, resestinetibeseap afnd said outer

sl eeve. 24

injecting a slurry of insulation material into said
cavity further comprising the step of substantially
filling said cavity to form an insulation layer that

contacts said resistive element and said outer sleeve.
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