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present invention gebakee ahel pRYSEE | Au)9Riond ¥ fewEERd-dE | Nj ection
nol di ng processing and a refatred mecnod or manofactore thereof~——2. Prior
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t hrough a hot runner nozzle and into a nold cavity space, wherein the
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This application claimg the priority of United
Statesg provisional patent application Serial No.
60/367,414, filed March 13, 2002, which ig herein
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10

BACKGROUND OF THE INVENTION

1. Field of the Invention

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 meld 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 into 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



No. 5,051,086 to Gellert which discloses an injection WO 03/078123

PCT/ US03/ 07666 nol di ng nozzl e having several |ayers of steel and ceramc
insulating material that surround a coiled electrical heating elenent.
During fabrication, the coils of the heating elenent are wound around the
body of th&QBFRS5 and alternating layers of an i nsul aPCHHSH&IESS| al are
pl asma sprayed over the coil to forma thin |layer which provides for a
conpletely integral structure. However, fixing the heating el enent of

Gellert requi rﬁél%%?%fﬁt 1CRLLA 6 ”Qéﬁéex%lbq_ %38 dsPECRAURR %teﬁsmgc

integral nature e devi ce r pat er ences, suc

Pat ent No. 5’9Z§u2§%3¢] w%hekégg EEa@JsurﬁBdﬂa 95%0§1é&b§déﬂtﬂﬂ%%§er haV|ng

a netallic substrate t as a dielectric film layer and a resistive

thick filmlaygesapRiedudintecbuyidd toodiaraxher tpe cyliddid eak surface of
the tubular substrate by a nethod of precision fine filmprinting.

Unfortunately, hedieind dRineft afrenBoui@cirtimdieas belly afdiesndzeati ng
devices where a thick layer of ceramic insulating nmaterial is required to
surround the headi aDt<haierentydnsi af dmbdnscdtitdon mbesefdr exret here
appears a need in the art for a heater device that is attachable to a hot
runner nozzle piasmmpuaqiaﬁ pyeresha ¢oila tolfoem st ahin Padid whrighl v,
.there appears a need in the art for a nethod of

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.S. Patent No.
5,973,296 to Juliano et al., disclose a tubular heaterxr
“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
subgtrate by a method of precision fine film printing.
Unfortunately, such a method of manufacture does not
address heating devices where a thick layer of ceramic
ingulating wmaterial is required 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 rumner 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.



25 fabricating a heater device having a thick insulating material for
encasiyng an electrical heating elenent. 2 WO 03/078123 PCT/ US03/ 07666

)

OBJECTS AND SUVMMARY OF THE | NVENTI ON Accordingly, the prinmary object of
the present invention is to provide a low profile heater device that 5 is
att achabl e WQW¥WH¥Zhozzl e of a nold injection apparatus. PERBSGETS6HD] ect of
the present invention is to provide a nethod of manufacturing a heater
device having a thick insulating nmaterial that encases a resistive 10

el ement thereof. A further object of the present invention is to provide a
met hod of injecting a slurry of insulation material into an assenbled
heat er device. Yet a furPREECHDHjAH BRMARE PF ettt INVENTHMNon is to 15
provi de a heater device having an outer sleeve attached to an inner sleeve
for housing a heat iMFBRIEREAY : ehrASBHEMGTY QPIRFEKCT Nk R4EFWrat eri al .
These and ot her objects ,of the present .invention are realized in the
preferred enbodPHEHIBF EhECPPEQEHS 2 g BrPEohe RRALST WEY IS ﬁgﬁtof

crampl e and ol DY agheple bR Ama et RPN Sem Lo Towprolile
t he present i ngperr)léia n overcones

2Another object of the present invention is to
provide a method of wanufacturing 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



and substantially alleviates the deficiencies in the 25 prior art by
providing a | ow profile heater device and rel ated nethod of manufacture
t hereof " conprising a 3 WO 03/078123 PCT/ US03/ 07666 t ubul ar, hol |l ow i nner
sl eeve made froma netal having opposing flanged ends and an outer surface
coat ed wit AYQO¥W$2% t hernal |y applied ceranic insul ati ngPGEUSS02466 A
resistive heating elenent is then coiled around the outer 5 surface of the
i nner sleeve for providing heat to nolten resin flowi ng through a heater
nozzl e of a notdbubgecthadiowappaeat sbeevEhacidendronl saevetdls divipgsed i nsi de
a hollow, tubular outer sleeve having two or nore apertures formed
t hr ough t he bo@yrofindellamnget shédevand |an ssderpbyriepe ammifadamgsd af the
inner sleeve are positioned between the ends of the outer sleeve and
swaged such th&PiB ersANaLlvs apRet fActer it e dRstet i AR drateiid Sdut & sl eeves.
The apertures copmunicate with ;he cavjty such that one aperture can be
I

used to inject TEEEFHUYS RFAEIRGURPLETRRE 15° %8y CRF LERATXYMD I EFFI I s the

cavity, while the_ othe erture provides for the,passage of termn nal

leads’ t hat® ar SUEBARR Y od 1o LPHE cRHEYT Tt BFEYFGL TS it i h O 1&FBrent

Addi ti onal objects ﬁijvant ages a _é\%/el f eat ur 83 01‘f 20 the i.nv%nti on will
an

he set forth iﬁe?h% e3Cr It on whi ¢h e"_’fibﬁrl W2 V\?ITOJDeclélﬂgcaﬁﬁgrent to

those skilled 5Bp££§%us. The inner sleeve isg 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.



art upon exam nation of the follow ng nore detail ed description and
drawings in which like elenents of the invention are simlarly nunbered

t hroughout. 4 WD 03/078123 PCT/ US03/ 07666 BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a perspective view of a heater device according to the
present i nVENFBH2 5 FIG 2 is an expl oded view of the hBEEES3HESH ce
according to the present invention; FIG 3 is a perspective view of an

i nner sleeve according to the present invention; FIG 4 is a perspective
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 BRIEEVEEHRTRTHOAY OFt SHEhBRMIBE®Nt | nvention; 15
FIG 7 is a bottomyvjew of the outer sleeve according to the present
invention, FIG 8 i <8 -clrod8-3RATBIRECIVReHiDY the dwpéprsiediee taken

along line 8-8 of FI.G 5 according to the present invention; 20 FIG 9 is
an end vi ew of Y& RELPeFOdRYT c%re%lenlgl éinvi?gth%brdi ng to the present

invention; EIG 10 is.a cross-sectional, view of the _ heater _  device taken
along |ine %o- 10 of T2PG Sgl%c%%redﬁp&é’afeé YheY Sl HlaBeE e Vr

according to the present invention;

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

FIG. 4 is a perspective view of an ocuter 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 view of the outer sleeve
taken along line 8-8 of FIG. 5 according to the present
invention;

20 FIG. 9 iz an gnd 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
pPresent invention;

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

the present invention;



present invention; 25 FIG 11 is an enlarged view of FIG 10 according to
the present invention; 5 WO 03/078123 PCTI US03/07666 FIG 12 is a side view
of the heater device according to the present invention; FIG 13 is a
cross-sectional view of the heater device taken along line 13-13 of FIG
12 accordi NP BP#BE 5 present invention; FIG 14 is an BEVHSBEH6Gi ew of
FIG 12 according to the present invention; FIG 15 is a cross-sectional
view of the heater device taken along line 15-15 of FIG 12 according to
the 10 present inft d@; iFl & side¥iamh adntipgbeavsev®fio®l G 15 showi ng
termnal |eads according to the present invention, FIG 17 is an end view
of the inner s@%ﬁ@ghéﬁbgFﬁFﬁﬁ P¥ESeRe PIVESEAPY nvention; and 15 FIG 1B is
a side view of the inner sleeve accordin t& t he present invention.
Olfzg-PélF‘ i

DETAI LED DESCRI PTI &N %F PHES| RVERRTF OGS HYSY 0°% HUPERERYs, the

preferred enbodi nent 20 of the -heater. _devic t he_present, i nvention is
P st rat ed anF ORe e PRARGAT I 4910 £F Prer 52 PAdgarinagte o
provi des a geangegéﬁtrgﬁJgﬂ%Eghng aresin in a-nolten state during

i njection nnld?ng procéssi ng.

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

F1IG. 15 is a cross-sectional view of the heater
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
terminal leads according to the present invention;

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

15 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
20 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 moclding processing.
Referring to FIGS. 1 and 2, heatexr device 10 comprises an
25 inner sleeve 12 disposed ingide an outer sleeve 14 with a

coiled resistive element 16 surrounding the inner sleeve



Referring to FIGS. | and 2, heater device 10 conprises an 25 inner sleeve
12 di sposed inside an outer sleeve 14 with a coiled resistive elenent 16
surroundi ng the inner sleeve 6 WO 03/078123 PCT/ US03/ 07666 12. Term nal

| eads 24 are attached to the resistive elenment 16 at one end through a
first aper WH®M%#2} ormed through outer sleeve 14 and a BGUPBOHSH6 power
(not shown) at the other end thereof. As further shown, a neans is 5
provided to properly position termnal |leads 24 into outer sleeve 14 such
as a |l ead cap 13. Alcmrimafli Veh§s 2amrekadwachednso ithe mesastigeul d be used
to position termnal |eads 24 such as in-line exits (not shown) or flush
| ead exits (notleh@vin)léniathone erpdidovghf rofitdle aPEPInG £4ahgT8edpe of
the present invention. Referring to FIGS. 3, 17 and 18, inner s|eeve 12 has
a hol | ow t ubul BRreRgIRIMtEThBYFERRVE h GTth 2e REBFFRIOS RIEZe (N8B &PP¥Popposi ng

flanges 36 formed at either end of sleeve 12. Opposed openi ngs.40 and 42
are defined 152&dfhR &HregagRds F]&‘?F@eéD%GAé”ncﬁuEan&b%Wb i 255 cofduit 38

formed through inn,eé%ﬁslteeve 12. . As shalll bg di scuj;sle%bi'n 4gr‘ggter det ai |
later, a th n PEYEt CePEAPET IR RAHGIGR CRETErT-A % ¢4pr8F8rabl y
thermal 'y applied on . the exteriar surface .48 to _rov' eeraa%l.ec rically non-
20 conductive SUFFacE FNEr d8n VRBRF 3T ﬂ‘geatdocﬁjc%g 4-%& outer 'siéeve 14 has
a 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 bedy having an exterior surface
48 with opposging flanges 36 formed at either end of
sleeve 12. Opposed cpenings 40 and 42 are defined

15 adjacent each flange 36 and cbmmunicate with a conduit 38
formed through imnner sleeve 12. As shall be digcussged in
greater detail later, a thin layer of ceramic insulation
material 60 ig 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 hasg a
hollow, tubular body having a substantially similar
configuration as inner gleeve 12. Outer sleeve 14
comprises inner and outer surfaces 56 and 58 as well as

25 opposed openings 50 and 52 which communicate with a

conduit 54 defined therebetween. Conduilt 54 is sized and



hol | ow, tubul ar body having a substantially simlar configuration as inner
sl eeve 12. Quter sleeve 14 conprises inner and outer surfaces 56 and 58 as
wel | as 25 opposed openi ngs 50 and 52 which conmmunicate with a conduit 54
defined therebetween. Conduit 54 is sized and 7 WO 03/078123 PCT/ US03/ 07666
shaped to MR} nner sleeve 12 therein during assenbPGT/UNSATEE t her
shown, first and second apertures 44 and 45 are formed through outer
sl eeve 14 which communicate with conduit 54 in order to access the 5
interior of heshapediehd cmctdveduinmyr nelrasfvac fLor thgraim dwsisanbl y as shal | be
di scussed in greater detail below. In assenbly, inner sleeve 12 is
di sposed i nsi desegrelly+ 3¢ SprpueershivepyEirstapdd fsennyel a@eriurded or
ot herw se secured to the openings 50 and 52, 10 respectively, such that a
cavity 46 is défiFd YetSeAorPeh iheaitPloguérTs Feves D WaHEL4 as
illustrated in FIG , 14. Resistive element 16 .is coiled around the exterior
. surface 48 of FHRSFGHS ¥1E5 CoRFPthat® éxt OFFGF Srdssss 8% s conpletel y
surrounded by el ement 16£, A slur%%/ of #% eram c i nsul atian matgrial 62
having a cohsi SEeRCPHPT LERERT FSVi%R |%jué"&f18dm?%‘r‘%l@’ﬁr§é?@oﬁﬁ aperture 45
until cavity 46 is conpletely filled with i,nsulation material . 62. After
it has been al FoWeH to roSEﬁ1 !rl%/yb%e 18P SE e bty PERTY i‘fp%fll&t ?’%Oﬁarri er is
produced between tf%h agsembly, inner sleeve 12 ig 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. Resgistive 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 consistency of
cement is then injected through second aperture 45 until
cavity 46 is completely filled with insulation material
62. After it has been allowed to properly set, an
electrically insulative barrier is produced between the
20 outer sleeve 14 and the resigtive 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 means in the



20 outer sleeve 14 and the resistive element 16. Termnal |eads 24 are
then attached to first and second pigtail ends 28 and 30 which are forned
along the free ends of resistive elenent 16 for providing an electrical
source to elenent 16 in the preferred enbodinent. In 25 alternative’
ermbodi nent YO 34 $2khal | eads 24 can be attached to an el BET/NBWSHOZ®ar ce by
any known nmeans in the a WD 03/078123 PCT/ USC3/ 07666 art to accommbdate ’
vari ous gauges of resistive elenment 16. However, the preferred enbodi nent
of the inventient tidcmmgpdatestraaiouserorkepioft aebientss 28 eamettt30 W | |
now be discussed in greater detail. 5 As illustrated in FIGS. 14 and 16,
first and secohf. pigrendr.crds R8efinurdd ewwdivemsdof rbine tinyetdenends of
the resistive elenment 16 which have been doubled up into a |oop_and
oriented at a Fbwl britd |%insd ardveeeend rigtesilsende epenrht301iild order to
secure first and second 10 pigtail ends 28 and 30 to term nal |eads 24.
The met hod of ﬁﬁﬂu?%C@{ﬁqqﬁfQ@e&Peﬁrﬂ%9¢¥x§?9?l according to the present

i nvention shall be discussed in reater detail. As briefly noted above
inner and cuter sI®BVESIUEFTRAEI1AD EIFE Y (& PXfedb van??ESaQ?~§ﬁ&°E are 15
provi ded for assenbl xterl r surf ce 48 of in sleeve 12 is first
thermal |y appl PEa-3t frF%é% Kich ng & PWSEF%tF%ﬁ?IﬁﬁﬁgrP | 60

using Conventlgﬂe restggu%e 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 ocuter
gleeves 12 and 14 as illustrated in FIGS. 3 and 4 are

15 provided for assembly. The exterior surface 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. Resistive element 16 is 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 inner sleeve 12, the free ends of element
16 are doubled up to form first and second pigtail ends
28 and 30 (FIG. 16), respectively.

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

manufacturer then surrounds first and second pigtail ends



known in the art. Resistive elenment 16 is then wound around the exterior
surface 48 such that inner sleeve 12 20 is conpletely surrounded by

el enent 16 between opposing flanges 36. Once the resistive elenent 16 is
conpletely applied around inner sleeve 12, the free ends of elenment” 16
are doubl eWagp/ 823 orm first and second pigtail ends 28Perusi3076¢1 G 16),
respectively. 25 Referring to FIGS. 9 - 11 and 14 - 16, the manufacturer
then surrounds first and second pigtail ends 9 WO 03/078123 PCT/ US03/ 07666
28 and 30 withzdidmd ;nerisecandst ned afeaond32nantiaBdrs B2 suadh34 Banner that
ends 28 and 30 extend from flanges 36 of inner sleeve 12 toward the
openi ng 44 forsmch &l orgrrtelre thatt ends | 28eward] 40t harehd ofrorFiflengadd®&econd
insulators 5 32 and 34 are nade froma ceramc insulating material.
Preferably, theffinmstr sicteyvecdrdtowrnsd dher orsrigads 84ierwed pésngi bhed at a
| ow profile along the |ongitudinal axis of inner sleeve 12. The portions
of first and seeerm sifayeailts therefPm0o EHAELeRPENECFI UM ifEMdRtaRE second
10 insulators 32 and 34, respectively, are then bent at a _per.pendicul ar

angl e such ¥ hat2 Al ai4 S¥F8MIAG BOPR Fh &G (i éﬂf“éﬁa‘a}?%é‘taitf?r&ﬁger first

RGN LR e A S R S
resistive el enggéié'forﬁarcf aQ:O%t ?ngv%écbfiales laliro% %Be longitudinal axis
of inner sleeve 12. The portions of first and second
pigtails 28 and 30 that extend from first and second
10 dinsulators 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
gsecond 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 overlthe 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



ceramc insulation material 62 in order to better facilitate assenbly of
heater device 10 and to hold the resistive elenent 16 in place. The outer
sleeve 14 is then slid over the inner sleeve 12 such that the first 20

aperture 44 | Perly aligned over the free ends of first and second
pigtails 28 a The free ends of first and second pFSPyﬁiéﬂﬁé and 30
are fed through flrst aperture 44 and secured to term nal |eads 24 using
crinp sleeves 26. Once so secured, a ceram. G divider 20 is 25 placed

bet ween t he seEh?e%e%Rﬁﬁﬁ(ﬂnQﬁ rst %dﬁﬂ§@E6h§lVﬁéﬁFa?PSPEQY¥9%§ %0, and a
ceram c sl eeve 22 ced arqund 10 03/07 gCT/US Ozﬁp 4t he secured
ends. The cera‘ﬁ?%n 2559 B %ePar?eaar%?gf PIPHERT At5355 Ahd

separati ng terg%gglﬁésgggﬁ%ﬁ! &hpggggg an%&QSh |nsﬁéggrc£p %pl% a short
[

circuit of ceram c sleeve i Nsu a es 5 term nal

| eads 24 Trom §0g Leagkeah. 18, Qhiiouadltiie: ddktides, 2handgleeve 22 are

preferably madée ffroma ceram'c nateria any suita ation materi a

such as mga, téémgéi lté%lc{sa|2|4 Wi b Bd Ne.2C0RG 96 .t g PR&RANRE Nvent i on.

10 Referrlng to 5, once the divider 20 and sleeve 22 are in

pl ace, hollow h@@ﬂa&ﬁpzel%ﬂé Sleleded9ihard %ﬁfetf%rr%m@ mh@&dsrAd sand att ached
over first aperture 44 of outer sleeve 1 A slurry of ceramc insulation

ceramic material, any suitable insulation material, such
as mica, is 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 24vand 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 glurry of insulation material 62 may

20 be a SAUEREISEN® #8 Electrotemp manufactured by
Sauereisen Inc. of Pittsburgh, PA; however any
composition exhibiting suitable ingulation
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



material 62 is then injected through second aperture 45 15 such that cavity
46 becones conpletely filled with nmaterial 62. Finally, the slurry of
ceramic insulation material 62 is allowed to cure using nmethods known in
the art. &ﬁ%%%+y, the slurry of insulation material 62 nqﬁ 20 be a
SAUERE! SEN (f ectrotenp manufactured by Sauerei sen PAFUSER7SE ¢ t sbur gh
PA; however any conposition exhibiting suitable insulation

characteristics and having.a generally cenment-like consistency_is felt to
Fall ui thin t HEPSES Y PABI B sl ALy BnERBILY FIT REHIBPeoE al t hough

the preferred _enpodi nent of the %%ese % gnggﬂtionldeigkhg saghe 11 WO
03/ 078123 PCT/ Pesd8S RTPEL ‘“Bg{ 4% APEEF T TR RPafPty any net hod

Of L2001V N9 e ermnl; Laundaihe,d ML SLESNALED A% DRCar g bbeeT nner

sl eeve i s surroun e outer sleeve wou int

present scope of, 106, 5 unenyi g8y P G4l ablokent Necdgaler Vi ce 10 of the

present invention nmay have applications'related t processes, such
as process dhealing,cykfal injection nolding, ceram c nolding, extrusion
di e heating, tube 10 heating, and hot nelt injections processes are sone

exanmpl es of use of gherdi@3oNt th@VieditiedNdevice 10 of the present
invention may have applications related to other
procesgses, such as 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 gshould be understoocd from the foregoing that,
while particular embodiments of the invention have been
illustrated and described, wvarious modificaticns can be

15 made thereto without departing from the spirit and scope
of the invention. Therefore, 1t is not intended that the
invention be limited by the specification; instead, the
scope of the present invention is intended to be limited

only by the appended claims.

12



It should be understood fromthe foregoing that, while particular

enbodi nents of the invention have been illustrated and descri bed, various
nodi fications can be 15 nade thereto without departing fromthe spirit and
scope of the invention. Therefore, it is not intended that the invention

be |inited WP %pecification; instead, the scope of PHEUMPEEH
invention is intended to be limted only by the appended clains. 12 WO

03/ 078123 PCT/ US03/ 07666 CLAIMS What is claimed is: 1. A heater device (10)
conprising: an outer sleeve (14) havi ng&®$oul ar body forming opposing
openi ngs (50, 52) in comunication with a conduit (54); 5 an inner sleeve
(12) di sposed FR3FdEs setaiwss éf: sl eeve (14), said inner sleeve (12) having
a hollow, tubular body with an exterior surface (48) having a | ayer of
insulation material (60), said inner sleeve (12) defining opposing

openi ngs (40, 42); 10 a resistive nt (16). pl aced around said inner

sl eeve (12): ahd a eaF3§PY Vl&&fﬁigggﬁﬁﬁ did i nner sleeve (12) and

said outer sleeve (14), said cavity (46) bein conpletely fill.ed with an
i nsul ati on nateriaIa?G?Yt?ﬁaFEeﬁgeeﬁi%%egagﬁ?% ?e§ggP§9§ Pe¥ehAPTPARY .

opposing openings (50, 52) in communication with a
conduit (54);

5 an inner sleeve (12) disposed inside said outer
sleeve (14}, said inner gleeve (12) having a hollow,
tubular body with an exterior surface (48} having a layer
of insulation material (60), said inner sleeve (12)
defining opposing openings (40, 42);

10 a resistive element (16) placed arcund said inner
gleeve (12); and

a cavity (46) defined between said inner sleeve (12)

and said outer sleeve (l4), said cavity (46) Dbeing

completely filled with an insulation material (62) that

15 encases said resistive element (16}.

2. The heater device {10) according to claim 1 wherein
galid ocuter sleeve (14) defines at least two apertureé

(44, 45) formed therethrough.

3. The heater device (10) according to claim 1, wherein

said resistive element (16} further comprises first and

13



2. The heater device (10) according to claim1 wherein said outer sl|leeve
(14) defines at |east two apertures (44, 45) forned therethrough. 3. The
heat er device (10) according to claim1, wherein said resistive el enent
(16) furthﬁkaﬁﬁgﬁﬁises first and 13 WO 03/078123 PCT/ US03/ 07666 _second free
ends attache A pair of respective termnal |eads (2ﬁ?ﬂPﬁ§@WFéd t hr ough
one of said at least two apertures (44, 45). 4. The heater device (10)
according to claim2, wherein a lead cap (18) is engaged to one of said at
| east two apesecpms (fge 48ndss5,. aThechedt &° dévi F@ir10PLacEBFBRPL D cl ai m
1, wherein said inner sleeve 212) further conprises opposing flange
nmenmbers (36) whevhingle leadgr 4849 olsaputelittdrrosbepae( of) sapd Fhel9rsft er
device (10) according to claim3, wherein said resistive elenment (16)
further conpribes anedtwass (8he HPYhtail menber (30, 32) forned along the
free ends of said resistive elenent (16) and attached to said termnal 5
| eads (24). 7. The heater device (10) according to claiml, wherein said
i nner and outer sleeves (12, 14) are made of a netallic material. 8. The
heat er device £10) B degitey evérai M) aegrdings feaciledmnat erhare¥s2)
t hat encases said resistive

a lead cap (18) is engaged to one of sald at least two

apertures (44, 45).

5. The heater device (10) according to claim 1, wherein
salid inner sleeve (12) further comprises oppeosing flange

members (36) which are secured to said outer sleeve (14).

6. The heater device (10) according to claim 3, wherein
said resistive element (16) further comprises at least
one pigtail member (30, 32) formed aloné the free ends of
gaid resistive element (16) and attached to said terminal

5 leads (24).

7. The heater device (10) according to claim 1, wherein
gaid immer and outer sgleeves (12, 14) are made of a

metallic material.

8, The heater device (10) according to claim 1, =aid
insulation material (62) that encases sgaid resistive

element (16} has a cement-like consistency.

14



el ement (16) has a cenment-like consistency. 14 WD 03/078123 PCT/ US03/ 07666
9. The heater device (10) according to claim1l wherein said insulation
material (62) is ceramc. 10. The heater device (10) according to claim8,
wherein' said insulation material (62) cures over tine and erature.
11. A heat &° H&HE (10) conprising: an outer sleeve (14TCHQ?P ggé t ubul ar
body form ng opposing openings (50, 52) in conmunication with a conduit
(54), said outer sleeve (14) defining at least 5 two apertures (44, 45)
formed therethrough; an inner sleeve (12) disposed inside said outer
sl eeve (14), said inner sleeve (12) having a hollow, tubul ar body
i ncl udi ng opposi-ng &penhagbey 48evi ; (B0 exdasirdiage|tonsitaifml ) wisgkeiad
around the inner 10 sleeve (12), said resistive elenent (16) having first
and second freaighdssatziabdrednaterdapai(62bfis espeaticve term nal | eads (24)
inserted through one of said at |least two apertures (44, 45); and a cavity
(46) defined between said inner sleeve (12) 15 and said outer sleeve (14),
said cavity (46) being conpletely filled initially with a slurry of
i nsul ati on matléri afh¢eRatemtdesicessddidapdereding i te elaim@, Whereias WO
03/078123 PCT/ US03/ 07666

said insulation wmaterial (62) cures over time and

temperature.

11. A heater device (10) comprising:
an outer sleeve (14) having a tubular body forming
opposing openings (50, 52) in communication with a
conduit (54), said outer sgleeve (14) defining at least
5 two apertures (44, 45) formed therethrough;
an inner sleeve (12) disposed inside said outer
sleeve (14), said inner sleeve (12) having a hollow,
tubular body including opposing openings (40, 42);
a resgistive element ({16) applied around the inner
10 sleeve (12), said resistive element (16) having first and
second free ends attached to a pair of respective
terminal leads (24) inserted through one of sgaid at least
two apertures (44, 45); and
a cavity (46) defined between said inner sleeve (12)
15 and said outer sleeve (1l4), said cavity (46) being
completely filled initially with a sluxry of insulation

material (62) that encases said resistive element (16).

15



12. The heater device (10) according to claim11ll, further conprising a
| ead cap (18), said lead cap (18) being engaged with one of said at | east
two apertures (44, 45). 13. The heater device (10) according to claim 11,

wherein sag&ukgh&]al slurry of insulation material (62) _cures over tine
and t enper 71#%. A heater device (10) conprising: antolF¥P%seve (14)
with an inner and outer surface (56, 58) having a holl ow tubul ar body

form ng opposing openings (50, 52) defining a conduit (54) therebetween, 5
sai d outer sleeve (14) defining at |least two apertures (44, 45) in

conmmuni cati on |d condU|td§54) sai_d. at quit two apertuyres 844 45)
havi ng a | ead ? BertThe P HEet d1%n Fﬂﬁ%¥5§FéeJ§’(f%F%Wt

exterior surface ) 10 wherein said exterlor surface &4@% is apglled
with an insul &SORSHacorPELSiB89) 2dilsids &l nSile s2if oliedd caPeddd) (14),
sai d i nner sleeve 21%2 haV|ng a _hollow, _ tubul ar body whereby said exterior
surface (48) f i Ibp%%%lﬁé'ﬁa&ﬁgé§3(§%§S$0FW§d%£?n§PFﬁ§r end
of 16 WO 03/07%%%? PgT/USCB/07666 said i nner sleeve including opposing
openi ngs (40, 4 omuni cation with said conduit (54); a resistive

el enent (16) applled around t he i nner

13. The heater device (106) according to c¢laim 11,
wherein said initial slurry of insulation naterial (62)

cures over time and temperature.

14. A heater device (10) comprising:
an outer sleeve (1l4) with an inner and outer surface
(56, 58) having a hollow tubular body forming opposing
openings (50, 52) defining a conduit (54) therebetween,
5 wsaid outer sleeve (14) defining at least two apertures
(44, 45) in communication with said conduit (54), said at
least two apertures (44, 45) having a lead cap (18)
attached thereto;
an inner sleeve (12} with an exterior surface (48)
10 wherein said exterior surface (48) is applied with an
insulation material (60) disposed inside said outer
sleeve (14), said inner sleeve (12) having a hollow,
tubular body whereby éaid exterior surface (48) further

comprises opposing flanges (36) formed at either end of

16



sl eeve (12), said resistive element (16) having first and 5 second free

ends formng pigtail ends (28, 30) which are attached to a pair of

respective termnal |eads (24) inserted through 'one of said at |east two
and a cavity (46) defined between said inner sleeve

apertures 4 ;
(12) 10 a&ﬁ)%%Véé%uter sl eeve (14), said cavity (46) be?ﬂHU&E@Wﬁ?etely
filled initially with a slurry of insulation material (62) that encases
said resistive elenent (16). 15. A _nmethod of manufacturing a heater device
(10) conpri si R§icthdngeepsletve AnPsirg rgranisut ereringsy 4014 ¢ 2hadPng a
hol l ow tubul ar body form ng opposing openings (50, 52), said 5 outer
sl eeve (14) defdoMygigsttieadtittivsadferppfest (B4)i45) forned theret hrough,
an inner sleeve (12) disposed inside said outer sleeve (14) having a hol | ow
tubul ar body with af e&sdptéveseirgeat 4@6)deapmiiny opposichgthepddnags (40,
42), the inner and outer sleeves (12, 14) 10 defining a cavity (46); b)
appl yi ng a resisSeieve dlehenta¥d gjeicbdng saruent nitf) stassing (Ei2zpt andwo
03/ 078123 PCT/US03/07666 <c) injecting a slurry of insulation material (62)
in one of 8ai degondedzect podapéeruinms Bigtailsendsnd2@) S0)owbdghsaird
slurry of insulation material (62)
attached to a pair of respective terminal leads (24)
inserted through ‘one of said at least two apertures {44,
45); and
a cavity (46) defined between said inner sleeve (12)
10 and gaid outer sleeve (14), =said cavity (46) being
completely filled initially with a slurry of insulation

material (62) that encases said resistive element (16).

15. A method of manufacturing a heater device (10)

comprising the steps of:
a) providing an outer sleeve (14) having a hollow
tubular body forming opposing openings (50, 52), said
5 outer sleeve (14) defining at_least two apertures (44,
45) formed therethrough, an inner sleeve (12} disposed
inside said outer sleeve (14) having a hollow tubular
body with an exterior surface (48) defining opposing
openings (40, 42), the inner and outer sleeves (12, 14)

10 defining a cavity (46);

b) applying a resistive element (16) around said

inner sleeve (12);

17



to cure. 16. The nethod according to claim 15 wherein said step of
injecting includes injecting said slurry of insulation material (62) into
said cavity (46). 17. A nethod of nmanufacturing a heater device (10)

conpri sing s of: a) providing an outer sleeve (14) having a holl ow
t ubul ar boﬁbyﬁ%ﬁﬁﬁgg opposi ng openi ngs (50, 52), said 5P'Upg?m§%@eve (14)
defining at |least two apertures (44, 45) forned therethrough, an inner

sl eeve (12) having hol I ow, tubular body with an exterior surface, (48)
defi ni ng opposi ng oPemMRFSTLARF, 245V UTERJCS +Rpidtive materent (49),1iRaid
resistive elenent (16) having first 10 and second free ends; b) providing
said inner sle®W® PR A gﬁaSFn’é‘ﬂ‘P AT IRSSe t4r $B0) ;2n9 appl yi ng said
resistive elenment (16) around said exterior surface (48) of said inner

sl eeve (12) ; 18 W03 biairy mErAUSIsrEYesd dypssilping sardrdit ef63) eeve
(14) over said inner sleeve (12) such that a cavity (46) is defined there
between; e) infec®®fRy a slurry of insulation material (62) 5 into said
cavity (46) through another of said at |least two apertures (44, 45) such
that said resistive el ement

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

material (62) into said cavity (46}.

17. A method of manufacturing a heater device (10)
comprising the steps of:
a} providing an outer sgleeve (14) having a hollow
tubular body forming opposing openings (50, 52), said
5 outer sleeve (14) defining at least two apertures (44,
45} formed therethrough, an inner sleeve (12) having a
hollow, tubular body with an exterior surface (48)
defining opposing openings (40, 42), and a resistive
element (16), said resistive elewment (16) having first
10 and second free ends;
b} providing said dinner sleeve (12} with an
insulation material (60);
¢} applying sald resistive element {16) around said

exterior surface (48) of said inner sleeve (12);
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(16) is encased in said insulation material (62); and f) curing said slurry
of insulation material (62). 18. The nmethod according to claim17, further
conprising the step of sealing said inner sleeve (12) to said outer

sl eeve (14 j t to said opposed openings (40, 42) such that said
i nner sleeég?@%g§ﬁ?s secured to said outer 5 sleeve (14FCVY8SM 48 net hod

according to claim 17, wherein said step of providing said inner sleeve-
(12) with an insul atgyony 4 rg%y 6 is acconplished by thermal ]y

appl ying said inner 'l elel\r/%tﬂ%l lv(\%t?(:&%%rl dslfﬁ%{?at(?ﬁo]% RYEEr IS8 egre20.
The nmethod accqydi t | aj 7, further conprising ,the step _of

posi ti oni ng saidﬂ%ﬂgﬁs??gk gﬁ%ﬁenkm'16? i saf at 17 eSSE1PRE ddFemeur es

(44, 45) forneq,qpy,e5q.d outer sleeve (14) by creating in-line exits for
said resistive b el ekent (16). 19 WD 03/078123 PCT/ US03/ 07666 21. The

met hod according to_gl aiyx . furth conprisi,n the step of positioning a
portion of said resFZt?&g%%éﬁgﬁeﬁ} %ﬁ%ﬁr¥n? §5%813F1?%a§Pt?%6aépéﬁ@Gres
(44, 45) fer al Q5 S ve _(14) by creating flush lead 5 exits
for said regi g??l\il:g)_ye_ er?é;nc%q;(l%é") . &% 'ﬂ(”f’% %df_"%c_ft nfactdtd ngta lsaster
et o (10| SO RE ShEP° 45 P I TR 2 e LY

(16) is encased in said insulation material (62) ; and

f) curing said slurry of insulation material {62) .

.18. The method according to claim 17, further comprising
the step of sealing said inner sleeve (12) to said outer
sleeve (14) adjacent to said opposed openings (40, 42)
such that said inner sleeve (12) is secured to said outer

5 sleeve (14).

19. The method according to claim 17, wherein said step
of providing said inner sleeve (12) with an insulation
material (60) is accomplished by thermally applying said

inner sleeve (12) with said insulation material (60).

20. The method according to claim 17, further comprising
the step of positioning said resistive element (16) into
said at least two apertures (44, 45) formed by said outer
sleeve (14) by creating in-line exits for said resistive

5 element (16).
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t ubul ar body form ng opposi ng openings (50, 52), said 5 outer sleeve (14)
defining at |least two apertures (44, 45) forned therethrough, an inner
~sleeve (12) having a hollow, tubular body with an exterior surface (48)

defining o peni ngs (40, 42), and a resistive elenen 16), said
resistive &QP 02?”?16) having free 10 ends; b) applyi nngyiUé” f“ﬁﬁér sl eeve
(12) with an insulation material (60); c) applying sal d resi stl ve el enent
(16) around saizh, extRr kREnsHrfACS -1 I ner eeve 15 d)
taking up the ends of said resisti vée@ errerﬁgl%(l%6)lg { 5% F ]?‘?ﬁf? T%FE HHd%second
pigtail ends (2fhe 3@kepe)od n@gggtggn%d g1 bg%g?&g %%cogd t ai I ends (28

30) through first and second insul ator’s respec%lve

03/ 078123 PCT/ dS@H=nE666.6)) isldodisuidahd @ e v sal |nner
sl eeve (12); g) securing salld first and seg%ﬁ% g%’]gt é%ﬁ%ﬁ%%g(géé

pai r of term ndormeddsy 24Ka %gﬂ}erp'ﬁ%'e% qadhVigder, r(e%%)lnBEtf%s eag fl rst

and second pigtail ends (28,
5  exits for said resistive element (16).

22. A method of manufacturing a heater device (10)
comprising the steps of:
a) providing an outer sleeve (14) having a hollow,
tubular body forming opposing openings (50, 52), said
5 outer sleeve (14) defining at least two apertureg (44,
45) formed therethrough, an inner sleeve (12) having a
hollow, tubular bodyr with an exterior surface (48)
defining opposing openings (40, 42), and a registive
element (16), said resistive element (16) having free
10 ends;
b) applying said inner sleeve (12) with an
insulation material (60); |
¢) applying said resistive element (16) around gaid
exXterior surface (48) of said inner sleeve (12);
15 d) taking up the ends of said resigtive element (16)
to form first and second pigtail ends (28, 30);
e) inserting said first and second pigtail ends (28,

30) through first and second insulators (28, 30),

respectively;
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30) secured to said pair of termnal leads (24); 10 j) injecting a slurry
of ceramic material (62) into the cavity (46) defined between said inner

sl eeve (12 id outer sleeve (14) through the another of said at
| east two gvpoe‘?‘”?ﬂfflzg (44, 45); and k) curing said slurry BYTERPAMOE nateri al

(62). 23. The nethod according to claim?22 further conprising the step of
potting the free ends of;isghd fdast @P._q SEf. [ lators (32, 34) with a
slurry of ceramc insuléiio% mat eria €%i§.é%g% ?ﬁg n%Fﬁ%dgaﬁgoﬁ&%ﬁﬁ to
claim 22 whereifndele gigp,of potting the last first turns of said
resistive elenment (16) wth a slurry of ceramc insulation nmaterial holds

said resistive el engft Sk, place 3/Q78123 PCT/ US03/,07666 25, The
met hod accordi ng tg%?:]l ai muZZ%u??%%ré%%pr?%?nsgecq}%p& fLof S8RFdiI(R§r a

hol | ow | ead capghl)y down,;sa] m.hal | eads (,24) and attaching it to one
D Bt TR endl oy

of said at |east two apertures é met hod according to claim

21, furthergconprising te f_seali aid inner sleeve (12) to said
5 i pily P <§ ggof

outer sleeve (14) to sai %qro%pose S Opeti n 4BEYOFN s FA¥ Y hEtrstsapadi nner

sl eeve (12) i sS@ggﬂﬁegiégaﬁaiegld%ut(%’ sége;ve
i) placing a sleeve (22) around said first and
second pigtail ends (28, 30) secured to said pair of
terminal leads (24);
10 1) injecting a slurry of ceramic material (62) into
the cavity (46) defined between said inner sleeve (12)
and said outer sleeve (14) through the another of said at

least two apertures (44, 45) ; and

k) curing said slurry of ceramic material (62).

23. The method according to claim 22 further comprising
the step of potting the free ends of said first and
gecond insulators (32, 34) with a slurry of ceramic

insulation material (62).

24. The method according to claim 22 wherein the step of
potting the last first turns of =aid resistive element
(16) with a slurry of ceramic insulation material holds

said resistive element in place,.
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5 (14). 27. The method according to claim22 further conprising the step
of feeding said first and second pigtail ends (28, 30) through one of said
at |east two apertures (44, 45). 28. The method according to claim 20,
wherein sa of sliding said outer sleeve (14) over _said inner sleeve
(12) is accongéls @d so that so that one of said at | eastCTHs% gﬁ@rtures
(44, 45) is properly aligned over said 5 first and second pigtail ends

(28, 30). 22 3s5. The method according to claim 22 further comprising
the step of sliding a hollow lead cap (18) down said
terminal leads (24) and attaching it to one of said at

least two apertures (44, 45).

26. The method according to claim 21, further comprising
the step of sealing said inner sleeve (12) to said outer
sleeve (14) to said opposed openings (40, 42) such that
salid inner sleeve (12) is secured to said outer sleeve

5 (14).

27. The method according to claim 22 further comprising
the step of feeding said first and second pigtail ends
(28, 30) through one of said at least two apertures (44,

45) .

28. The method according to claim 20, wherein said step
of sliding said outer sleeve (14) over said inner sleeve
(12) is accomplished so that so that one of said at least
two apertures (44, 45) is properxly aligned .over said

5 first and second pigtail ends (28, 30).
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