CERAM C | NSULATOR BEADS AND ARTI CULATI NG THERMOCOUPLE
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assenbl i es. BACKGROUND OF THE | NVENTI ON [ 0002]

Ther nocoupl es are devices utilized for neasuring or

sensi ng tenperatures by the use of two contacting

dissimlar nmetals. The junction of the differing

netals gives rise to a neasurable electric potentia
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app i"Cat i ons Such as furnaces ernocoupl es can

used to operate tenperature indicators and/or heat

controls. [0003] In thernocoupl e assenblies

conventionally utilized for heat sensing applications
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i nsul ated_fromeach other utilizing insulators such as
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between beads 10 can result in limited flexibility which can cause initial installation,
removal or replacement of the thermocouple assembly to be difficult.

[0004] An alternative prior art bead configuration is shown in Fig. 2. Rather than
having planar front and back surfaces 12 and 14 as discussed above, bead 10 as
shown in Fig. 2 has a protruding portion 13 and an opposing indentation or opening 15
such that when strung in series along a wire of a thermocouple assembly protruding
region 13 fits insertably into indentation 15. Although the bead configuration of Fig. 2
can sometimes allow increased flexibility relative to the configuration depicted in Fig. 1,
the resulting insulated wire (not shown) comprising the insertable beads of Fig. 2 can

retain sufficient stiffness and inflexibility as to make installation and/or replacement of



the resulting insulated wire (not shown) conprising

the insertable beads of Fig. 2 can retain sufficient
waeiobsswse and inflexibility as to nake instal PEr/Us1005/026367

and/ or replacenent ofthe thernocouple assenbly

difficult, especial Ir% in confined spaces. Bending and
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[0008] on h&s omemaspatt)nhe invention encompasses thermocouple assemblies

which comprise ceramic insulators having a first end surface, a tapered portion and a
cylindrical portion with a uniform outer diameter. The tapered portion has a maximum
diameter equivalent to the outer diameter of the cylindrical portion. One or more
openings extend through the ceramic insulators substantially along a central axis of the

cylindrical portion and the tapered portion.



di aneter equivalent to the outer dianeter of the
cylindrical portion. One or nore openi ngs extend
W booosgese he ceramic insul ators substantial |y BCDO§2005/026367
central axis of the cylindrical portion and the
t apered porti on. BRI EF DESCRI PTI ON OF THE DRAW NGS
BW)%%@FS%?Q%@FQM%QWN§%f the invention are
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ri bedphaboyy VdhbodiBERE€BCend Ontdiioh OhleO\WeBEibed below with
acconmpanyi drawi ngs. [0010] Fig. 1 shows a side view

a n [ ) )
redereBcH Y e AHloBINGACRMARENY ASUHNor bead type
[gb%]WDCQUPIg? 11 ShRECA SRRNGEW Wi tahpdrién BF bQderahic. inbWRBAbead type
ig.- 2is a side view of an alternative insul ator bead
theaRPeupIeniasACERNG MBI oA, [ 0012] Fig. 3 shows a
b¥f Vi eWrRf 238 LX@EM O dnnNSithRRE ifRftbOpRE dfigQfation of the
‘he ‘present” i nvention. [0013] Fig. 4 shows a cross
PE@cAM-onal view of the insulator of Fig. 3, taken along
fob¥g 4-4 efg. B ghowd: a LREBIdw foF Gn xehlay FisHRtH @Nfihrafidh of the
alternative insulator configuration in accordance wth
PresentoRedWAn. i nvention. [0015] Fig. 6 A-F shows vari ous

Pbigr nati ¥R aNRABRSE d BofCELHiFGRWGRe Ift@IRERF ¢, 3, taken along
i nvention, Tor a portion of the insulator shown 1n Fig

lime 4-4 qfhtrS] Fig. 7 shows a side view of an alternative

oBsAl at or Frapeisi B aREONEANGE ¥ tAltchi@ive Nvediktd? Neonfiguration  in
0017] FI,%. 8 A-B shows additional alternative
agepsgangeoyithdha peasenhng@diePdance with the inventi on.

40@@@181 Fi gig. % $hPVhodvsSTAR LY SWnediva @@Eéé aR REolance with the
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PraseBibysWon DeTAPL PN DESEeRn e atenshow MEI SPREFERRED
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hermocouple i nsul ator configurations which can

Wb 98 ig¥eTtioBxi bi ity to thernocoupl es, and flexible
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i nsul at or beads' in accordance with the invention can
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[0019] The invention encompasses thermocouple insulator configurations which
can provide flexibility to thermocouples, and flexible thermocouple assemblies.
Utilization of insulators or ‘insulator beads’ in accordance with the invention can allow a
thermocouple to articulate at one or more points, or at a series of points along a length
of an insulated thermocouple wire. The resulting flexibility can decrease the difficulty in
installation or replacement of thermocouple assemblies, can decrease or avoid
stretching the thermocouple wire, and can minimize bending, kinking and/or twisting of
the wire. Stretching, Kinking or twisting of the thermocouple wires can result in shorted
junctions and/or an increased tendency to short at the stretched kinked or twisted
location. Accordingly, insulator configurations and thermocouple assemblies of the
invention which minimize or avoid these drawbacks help maintain the integrity of the

assemblies and provide increased thermocouple lifetime.
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stretching the thernocouple wire, and can m ni m ze

bendi ng, kinking and/or twi sting of the wire.
w@emenssasang, ki nking or tw sting of the ther nDRPOIPBm®05/026367

wires can result in shorted junctions and/or an

i ncreased tendency to short at the stretched ki nked
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SGERPTENR 4 FirglrRpriigD d8ican cSgeTeass A 61t IRAIIoR: Br Wigh extends

frBRSirst dridne divH BAGitAKS axid e’ Wi Rt pSin L@&ioﬂﬂtdo&|o|ny20 can extend
centered across the entire length of insulato

frp@rarn iptariaee with figsh @gglonﬂgﬁé ﬂi%&ﬂﬁ‘{ﬁpe‘é\?f e figst p@ém alongllongltudmal
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describ aving a first portion and
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['ongi tudi nal axis fi rstowgm nt. Second ort|

todekitRd sl HIPGRIIRHN e Bssemblec PR aco gl B 4% o 1 Fig. 3,
tr%t veIILrlheom%‘aﬁ ieQB&d ©E vahe diid; ShdRepatic@kosdktion 20 can comprise the
itudinal axis '"a', to a second pqint alo ]hg
madﬁrgy pLaR ARRYIaIR @Iyt iy & riafive aﬁphcaﬂ?mﬁ%j Qﬁ%o can equal or
ck&ngtihs valie @ &,.and d2, and their relative lengths are
not limted to ané particul ar values. The | en

h of
(9823} on 2dnswssu R ARy Cemprise eag Wawr%gﬁ@ﬁd?%tﬁpﬁ'gw 22 (also

réfBﬁe@&é'dsegor@g.Qr e@s Qifepﬂ‘c’te@x'abb,l'ngle)’oﬂ)é’hlri&@za@&e@ieﬁd substantially
t her nocoupl e uni As shown i f vaI ue ?fgend 14

cenirpliytaeEgn t%é'ﬁ%{l 19e2l8Rg @Mraéﬁas i fh fﬁ%mtf'r%lﬂn&r %t@c?te‘r‘e

1120 163k GRAREISE thitethaeRtivé %izaf oft (Btfénirf@jsﬂflz afeplctadd Inuire. figures is
In alternative applications, the value of

eéanalpryo@ncéméuch Fan val EPahdie up%dﬁ@f%}fﬂ@ai g Jhickgpss of vire
ugé@fdﬁ@r@[ﬁérﬁ&ﬂé}r’tﬁelﬂhcﬁ%l@ ab@lﬁc%ﬁorﬁ)r openi ngs 22 (al so
referred to as ores% , a. single openi ng
982601, ox (108 1 EHASE CRRPICA I MoLES A% 1) TP UG A PATICTlar number
a?ﬂ%éh%é):jforl@éaﬂﬂ@,gaﬁﬁ%mé'pr@é@n$ in @onventiomal fihdutdtondinlBarticular
o . second en
applications insulator 10 can have ten bores. Additionally, the pattern or positioning of
bores through insulator is not limited. Where a single bore is present, the bore can be
substantially along the longitudinal axis as shown in Fig. 3, or can alternatively be

alternately positioned though the insulator. Where multiple bores are utilized an
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It is to be understood that the relative size of
openi ng 22 depicted in the figures is exenplary and
W b@ib/0389661 can vary dependi ng upon, for exanplBCT/URM®05/026367
thi ckness of wire used for the particul ar thernDcoupI e
application. [0024] The nunber of bores or hol
eXaBWIary PRGHrAENaPlyINB P R BreigURh & MEHEN C]AC 'C Wﬁ'ﬁ the outer
dl@rﬁéﬂéplo?'th@%u}é%rueAﬁér%ﬁﬁ\% plaBeBeRY 8NP bblféa‘éud:@t mbﬁlde non-
I'n particular applications |nsul ator 10 c
citgyle pattenpselia PURRRIGT ORPrishoeYiPle Frgesian dﬁ?%@“ of lin-patterned
bo@@?%%eﬁw@ﬁpuf?h insulator is not limted. Were a single

e is present, the bore can be substantiall r]g
[90251 | ongi Refarringito &g ¢, B4oNSHIWS 3 GO @ect'sna'd’r'e‘%aﬁnsu tor 10, the
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I nsul Al'ternative placenent of Itiple bore
Cananlﬁi@SW@ﬁ@llw exlindricpaas eepistedainhbige %at‘?%ﬂ*ﬁ‘or portlon 30 has a

CilCORRE LAY WHioh'cﬁh%r&bfa%ly% uriden laMGaRR Bhtire Iength of this portion.
un- patterned bore placenent. [0025 eferrin

[
lnmthemtqﬁd% R e e e g &ﬂam?i%g%{%% efit%e distance
gthe cross-section being taken along line 4-4 of Fig.

Accordi ngly, the cross-section shown in Figu

WQ%H esent Althpugh dastiafe 2P ip rferresded iy o HeyTEH afor‘%‘f'”g a smooth
cn‘c'ﬂrf%\liJ IRt Hhfeldhce At IsNBUBN RItREStRIhEY B SMPESH BbntBMbldié alternative

are contenplated, in particular applications
SLB@@W 8ichpas, &ir@xb@p%%@%ﬂ gffagecyl i ndrical as

Q@;_D;l cted RQfeFﬁrg; adhin {d"lslbﬂ tiR&r RN BNof3RsUl@sr #0 can be described

CI r um‘ erence whi ch can preferably be uni formgx ng
genesalynes rhavingngt aPngruQUslys dpePesian. C”FW“E?FW flongsdistance dy of

Ioﬁgimdlr%n 1 a2Q ‘Ramduslieeabiacibave c@n%l\/faférmaﬁlhﬂjmbﬁéumference and
ross entire distance d2- [0026] Althou rtion
dipmetes gt tiedhtedace petvren firyapeisn 48 aﬁ%@??@“dg‘?%ﬁ% £h Aha'a mirimum

dl‘éh{ Rt b (ﬁbﬁﬁ%lﬁee&’tQQst drid 18 Firstpertivndey @drﬂmcbdrhﬁﬂar instances
e invention contenplates alternative surfaces s

besleseritedesahping, 2 dapeiedtrattiosupt Aelatgr 0@27]Thﬁe?>&emﬁ%?@ shape of

p%\ﬂ@h IC|‘8te.f'310\ﬁ|'1 g‘r Fig. 3 Ehd BE dBSErleamR behdPd cbrﬂ@él'sﬂb@é 1He &R ‘conical
e describ generally as having a continuou

ag| e@ﬁéa@,.th@ REpgaRtFeEsTiiion refeshde di SeRavdiat "HPnycone shape, and
erlchJf‘f%atSEé’é B3lped@Xingre Me-aphR ofifidi cohe th dis®adddasy fbfmitigdpening 22.

have a maxi num circunference and di aneter at the
[0P28r f ace Abanateedl tBPPT! [Soindicaled 1B Fith P aut 67Y bg slefipeshas being

th%ognngo@?éﬂ BLEEEh AbAGRIR Al 2RE 4 ‘éﬁ&'%@rp%rr‘% 8t olidef Surface 16

rst portion 18 can in particular instances
ctrepiikesichy firstl pagiobeliBn@s sshowper B yadve pba isfnot figvipate @ particular

The exe p h
Bl IR SRR SRR BA E81 PhE st ohR i o
preférablg dave a value of from about 75° to about 87°, and in particular instances can
be about 85 degrees.

[0029] Although represented in the figures as being uniform around the entirety

of the insulator, it is to be understood that the value of o can differ at one or more



as used in the present description refers to a
substantially intact cone shape, and enconpasses
W@ bapessdsher e t he apex of the cone is displ acerChbys2005/026367
form ng opening 22. [0028] An angle of taper '"a" is
indicated in Fig. 3 and can be defined as being the
pesitifine drovntbthepengitisinal axigi t e walangeiad o gan kg Fypmeetrical or non
j f cpfgrised by first portion
sﬁ@f&gﬁggﬂéwﬁHhékgﬁﬁgkﬁgﬁg%ﬁg Isnot limted to a
[p83Qli cul aRefesingenexhip TianSrashehews an gleaetve sharp contigiration of
in%@lﬁt%rt1|@anTh?éoﬁrs‘<t PoriQet fRPhGator *a8 o@rrfbﬁge W/@fs% @Bl‘tl}éns 18a and
ave a value o rom about 75 to about 87,
1@ahavicwfist tapas trgle esarshn seeorddeper %&leu@gwfwg seﬁmtgper angle ©
|s'§‘(%jegﬂn%§g$ t@gpﬁff‘gﬂ@gg fb%tt\kr/]%e% egl%@ﬁm?r?al %%sn& ngLb;tSF 4b and the
sufedber strivodoft hubsedtoa wd ué ioholiroigad i érfyeparad:ul@h\falmfr and can be
mor eposi ti ons aroun Jon i.tudi pal. gxis. T
080§ GG Tt & By et AL AHSTERR B Wniadt pnpe @ smaler
a%l@%]gtnﬁehg opeﬂlﬁérﬁétlvle@nﬂiet\!ﬁ%é”@ﬂ B 8 8xcdedAR)alRe e biI(httGshown).

next to Fig. 5, such shows an alternative shape
Sulprtigns 482 end 380 pa altenativebobe dersriped 8¢ bB'BEtai §pnigal sub-portion

1 529 Qn?} BSHIsR- QJméé@QuIS: 8BRibh S1%bt We&@ﬂh@é’%lbﬁ’n@sof :b%ﬂlOﬂQd 8a and 18b
aving first taper angle a and a second

Isaw@ lieited toph RO BT tTAgenveagn £orfemyladRst 3 H%%JP iqsoftthg interface

1@5‘9}1@ 1%9rcﬁ@ﬂe@%@“@ﬁ@BIahB%olrrﬁé‘lgbtléﬁﬂltﬂélhalaé%ss aOfvhich passes through
I nsul ator 10 and surface portion of subsecti

thegptergpofian ﬁbthemumrt%lﬂfa@% ohpyPseatian 37 and e Q}éefa%rfag%u?f 18b) to
of&ur ¥ 9 lg(g,%,gp{n fehgih f. to less than 90. As illustrated

In Figure 5 g can be a smaller angle relative to a.

[RO3Hr nat i vBe phanenef firal Qg:p_sthff 1&yischg liewted &ytherrenieal Qfampypd-conical
Fi’? : eoéesémébovg%t}‘p%ér’eﬁé@ tolﬁ@uﬂé%ds £8lFigad views A-F, illustrates a

rnativel be descri bed as bei ng a coni cal
fey BX%)"BFNPWOWG}PSQOEM@“QT\SLF&S@C%‘1%aIHoé‘,"@MerpéP?h e’y aspects

apg‘ﬁotrr%t%éd\‘tg iR Bo iguRBEh 0P PSriidS A8 8En L SHibFar iRt of shapes.
limted to a particular value. The invention

[98%Rlenpl afigs &4 bW iEneXIMRIAY $haper $faltist PaHIcANtP yiYph can be

réfgﬁéd Rehsby tﬁjh@at@b%ﬁﬁeﬁb@f RApd. O THRNGhitlional sgndrs comprised by
passes throu the intersection of the outer

p@@lpﬂ ateel%motslurw%tq B rPariIaiP Al RACERN $ieafldgfend upon the
dkfret & s‘é%ﬁd” Z@tanénéhg"t’@blpbf ¥ediBh N 8l eRWdhidaial - indtSb24] section 18

The shape of first portion 18 is not limted to t

he
cg@mec@prrwhﬁﬁls@édnebﬁh%m sHagiagingetoe Figseqy Bkbolrat E“ﬁ” 18 can

aft&ﬁg{ RICK: p&abbleidrigs vgrw'f_he dtivehicrBoad aévdBiermined by the diameter
lustrates a few exenp y shape confi gurations of

OEW'PB RO.1t8e Vﬁlﬁﬁ/@flé'ﬁta“% é'ha'&(*é‘ﬁ‘pﬂaé%b}? IGEWNBt s are not

[opsgnded Wanbdgn f cbh%ec%?ér%iéaﬁ is8meOhstBAtdd tbnmirﬁmtz@ a contact
any partlcul ar set of shapes 0032] Fi.g. 6A shows

seskaapRianyof SRAEER. GHoh jagdp thie cop Mr%@nm'%S%a%@ the invention

aﬂ&fl&ﬁeﬂl?dc&ﬁeﬁﬁla@est HERFat %d -SORERIHaE alargeaBfa Hi€contact between
portion of a sphere conprise y

neighboring beads relative to the small, nearly point-area contacts described above.
[0034] Referring to Fig. 6C, such illustrates an end surface 12 which is larger

than the point or near-point contact area of the previously discussed shapes. The

shape of portion 18 shown in Fig. 6C can be described as a frusto-conical shape having

6



portion 18 is not limted to a particul ar spherical
section and can depend upon the dianeter of section 20
w@r@elodssge h d-i of section 18. In particul ar | PGI/HANES)26367
section 18 can be hem spherical (not shown). Referring
to Figure 6B, first portion 18 can alternatively be
a painiabod diagheteieat\eor REIIBR 1@hReh adaRKivHM diadelps fbAROTE @long the

inQMlafolPE IH Uﬁhﬁrax%f atRGhA Qg 20om e svihste 1 of Aﬂﬁ&l%ﬂﬁ@ degree of
and the parabolic curve. [0033] Althou it can be

h
trgnaatien abp goniaalshree thpiogeR & P RPRPSIPORIGIOH a0t imited to a

p%’!ﬂ&ﬂlé’tcgmalﬁrﬁait Qhn 88 rdRrapidiBiat A% hidal eurasd hgWeahindRa to allow
i scussed above, the invention additionally

gseier dmpbitiy é% theaamsAgLRddberEwkaLriPar ger area of contact
[B63yEen neLghhaning %%Bg%oﬁi‘gg!@éﬁoﬁed p%t%d“ﬁf‘\ ﬁ@?%%gin be described

&
nearly point-area contacts described above, .
aRePEPIising a eorrpigation’ fsurercpnirlstheaees Tae ERdirdtipraeieal shape

w%%h%hﬁa‘?is&s ellu?%gr? cel {A'Z?,‘rhatshaefnf%?i[dyer QF\%IQQW TRQisBtond frusto-conical

contact area o e previously discussed shapes. The
psiiapdasfa peximuondiadets @apiveienFiogthesiroeter besehrosd mopion 20, and

as f rust o-.coni ' 0] ' r.¢at
B84 L 87 90 LR RSP, ARl
wall asghd heluines of atedirsisiristargortioal i sealioraand setond ifsisancmiahl section

rome urface, 12. Al though the degree of truncation
O{)?OrgérbgﬂPﬁ'ﬁfu@%b(%o?rb\'%}"oduce the frusto-conical

[0086]i on 18hé sinvisttioh i additetatyo canfeantiates| Svepancunfigyrations of first
can ref erabl e that .t h r of f 1

oFnci 8! 5P Bles B PRl SHE B gy appee. o
ekéﬁplmmfﬂf@ren%@ﬁﬁﬁ?. %m@ea’gq;ren&ggm vemgplisma truncated sphere portion
configuration . depicted,in,.Fi i-heq-:

E e Aghe 8 SRR ROuPh i 1 RRer BLFERRA P HERE shows
aﬁidltetrr]naftiwelsiombd)mﬁbnaiavmga@érustd—cdmiccabrqecﬁiwek)cet@d guefichdé and a
12 s ., a first.taper_ a e a. S : :
tryp?@?%§%rb%1§al£ortbo&¥?%%mﬂ%lgcg%ﬁiavggé% %?tgﬂ;égaéqde%o of insulator 10. ltis
tcﬁqw viati@stoot othehehaliiavatien fofthsecondnmptates afie@B}ivaratiapes and
as. a.taper angle ., As discuss [ di .
SSERRSER o detird Talle 5300, SIS ATRRTERLES ctoso
s]l?afipé:sf‘emof ¢ansidindtious tod sicapdscalt speditidaliy ilrdatedc dyaditionally, portion 18

rust o-conical, section of [ i
e e R SirsRP e oS Mty Bhabl §tebBbS Fetdhs, 2 tong
a6 othtegeriertleshagleapes cmefdagingatiossisedfonti msta pordréssingl8long the
i ses can{?i nations of the various shapes
0

whi ch conpr.i
'%@&Bﬁ"?@@gp&%w&?” "exanple, with reference to Fig.
@B37kect i GefeBng wnFigompick shaws aorcdiiensl syshestof g invenion. As

t first end 12 and a. frusto- i.cal ' , .
PhpartiSofo &, F sy g pEfPnTR ek AT pioh P8, cgmeriee o
tidahioriet 26 whivhwdixtanda ffonuan dntedariecizdtweet portiong 8¢ and@64e an end

en 2 and.a tr.uncated- er ' €
oPh & Fub e o ot 4t S AS b Beffh rbRip ond qurace 14
alahgtte agiudies skie adlisthate dheltiershape iobthirbiyportingr26 can be truncated
sgﬁenrtlo% lsage%%teadl ltnel['iafri%! oF céﬁaa‘i’@ﬁwaﬂ%iy be any of the shapes described
above with respect to first portion 18. It can be advantageous to provide a contoured
third portion to decrease and/or minimize the contact surface between neighboring

insulators in a series of insulators along a thermocouple wire. Such configuration can
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conbi nations of shapes for first portion 18 such as

for exanple, truncated ellipsoid shapes and
W@ ovbiossasé ons of shapes not specifically ill usPCHUSING026367

Addi tionally, portion 18 can be shaped such that

surface 16 conprises planar and/or stepped reglg as
furihag ealancrehgEIRsEHPle ARspRPNAHORIRY. o2y migimize bending’and twisting
aﬁc‘] Qﬁeﬁ%ﬁvlm%mﬁlf@th@r&%r@éﬁieﬂ sAb@RG, t he

tudinal axis toward end 12. [0037] Referrlpg
[ppya . sBerhsHBIR Figh 7al@i Yo8RRANA SiFER (Valime Rad/© reldtive values

01i &Vﬁr@tdgﬁ)ean &ﬁels WMnatlv@@UE&t’u@ﬁs 19 aRra@ne caR h@d@ldeh@cfhl tBapes and
portion 1 nd second portion 20, conprise

sqzﬁq‘, ﬁucl'pthaf trmqflrg’aamitmw Redtiegef +f1§t5ﬂ§oéﬂblqﬁg éhxr]egéignensmnal mirror
nb%%ﬁ@l@tl&@{otdn%%o%rw sBéwh© an end point at end

ce 14. |In other words, sectl on 26 can extend from
[863%nd suREiRFENG P HidorSd. SHeN leAtRtee dinmliernativg shape configuration

i %c@ﬂ&i)gﬁi@bghgbeofslhﬁﬂ%opﬁ ot hinsdsRAN, itR8 p%@ndhaﬁf *é@ter surface 16

truncat erical as depicted in Fig. 7,
calnpigaskly sedlipn 28 eamybefounded Sheth st a’éﬁselﬁ[‘r@&j aévgog;ré;umferenoe of

s&éfoh foe\%?iggtalolhg |tfs'lérﬁjth PRRAIRA A sA @le;ﬁé@ a@mmetrlcal arc shape for
vant ageous t0 provide a contoured third portion to
Sdfé%qeeé@ethan'd)”@jﬁlom seniApilaten aligaitive SharRs 5&9@ (58t Yrspymmetrical

cﬂ‘ﬁlb% mgieﬁ%hhﬁésu katane s'hﬁpé’s S8 VRDu8 bomnPHElicHsahsreat. ong
couple wre. Such confi gur ation canfurther

[@ﬁﬁ@hce t Héﬁnﬁ&@ﬁﬁﬂefué@%r?@f‘*;?”m S b”fftilettS%rS pafing an absence of
s@&dﬁd?&b&ﬁor@@@déuﬁﬁ AN at Wép%ﬂeﬂgn aglirk e €AY She@indinQianel B, a first
mnimze the occurrence of shorting. [0038] As shown
shapad pprtiqn 18 Ben diegiydntarieresiy 8RPQEIYI HhepeaRamion 26- 'AS Shown, the
t\&f lsRhp e c‘!rﬁbh‘:?éar?foe%ff&@ﬁt A3z ana/ei Ehe. Alternatlvely portions 18
ternatlve , sections 18 and 26 _ can have identi cal
asﬁa?ﬁ@@nmcthsqez@@egﬂ@mﬁlmapr (1RG9F 0F SACRACE Wick ghown). Portions 18
aH@ @B'c@ﬂ%oﬁ%néé@w &LRé sﬂ&péé%%s&ﬁ’ﬁ'e@%%k/mﬁ'r@ﬂ@bt t@théé@r portions.
es relative to one another (not shown). [O
[FQ@ﬂ ri ng Afthowghy. the sabayvgc Hesqribadt pefigyraiang| 'P%’P?‘Fﬁt Ay gentral or
sﬁ@ﬁgﬁhaﬂ? @éht@é’ rc@ﬁ‘ﬂa@tnp(fnﬁ)crorﬁﬁ%@ REinP I firki0duridle @b, it RSBIbat@Iderstood

portion of outer surface 16

tfaeérf@ﬁ ing@alowog@mnlaiﬁs zberaaweb%vqi@emwh@ﬂ Ere PpLONpeRdric with the
og{é‘rﬁ?érﬁéte@%?j ,&Iﬁé Lr%‘d[’éft@rr eﬁ@&ltl@fﬁa”%eﬂ’té Qéhc%@tsVééécﬁﬁe@a@B@e can be

picts a sy rical

aéﬁ@tsé te gvﬁa@ @h@%ehawg @t%@r thﬁoéh% |ua¢PfEbﬁfCéJH%5|0ét38§8tant'a“y circular
p@hﬁ\%fé?@tréﬁf@séﬁ@@ﬁfﬁtﬁenﬁddﬂgé NExBRARIY d)’ 'éﬁ@rhéh\ﬁaabut@hl b¥@Peter shapes

st epped shapes, concave shapes an

ceoisiusiet eeiasgyine PBIONg ovalpRely 9T AVNGSRTROP efRsf. Further, the
%H@kﬁﬂ&%rﬁ&@ﬁsﬂa&%lélaﬁwarysal&@/ﬂhege?ﬂq éhﬁ@%@la@ér second

rtion 20 such as i ct in Figur

42h i n &aﬁ@rmg:ouglef @qsgp@h@p@?@o g\ﬁthlge éryﬁntlon is described

g@hél%ﬂ)tl |thh' lrétf@rélfl&cﬁ) Fgg AP RS bbMiok r@@%éﬁ@\bbé@l‘e 26serisly 100 can
shown, two sh a portions can be different

compES RGPS O ingalon EBPRADIV ISt 496 13 rrScoRd 4Rg 14dor front-o-

b‘é@l@ Q@nﬂgﬂFaQi%h,g‘tﬁ'FtEé@écpﬁflﬂng”h rhefmodsaprSwité fECh |aélhetors 10 can
shown ortions
comprlse any 02 the insulator configurations discussed above. As shown in Fig. 9, each

of insulators 10 can have an identical configuration. Alternatively, a series of beads
along a wire can comprise a combination of bead configurations which can include any

of the configurations discussed above in any sequence or combination. Further, the
8



and 26 can conprise any of the shapes descri bed above
Wth respect to these portions. [0041] Although the
wW@bwem3ssescri bed configurations indicate a cenPCHUSINNG/026367

substantially central contact point or pivot point at
first surface 12, it is to be understood that the
Imsw@tnt iconfigtsationrptiatnesinugitiops aenvie pitilzsd Boserplingane yith beads

n&inﬂ@@rréﬁ@rﬁg DfllF‘zeWIrﬁ Iaoﬁ\ne%tléWéI Qﬁermo@H?lérasgémlﬁllé% For example,
|ns Iato Addi tionally, the concepts describ above
qeareionat sulsirs ocane A %‘-’r@ép@'@%aﬁupﬁgl%t plep RERACIONBIE wire, and
|H§UI£t8FsmnCbééﬁﬂﬁﬁ{oe%ltﬁlﬂmﬁrﬂ%ﬁh@ |o¥n CHer Brévied PR dgBREigNScations to
represented In i gures. enplary alternative
ovide qmnnqmsad §ﬁ@f§@slnc&w'bllﬁbmd@ Jesied mRpsition| oo cgHgn in the
tﬂ%ﬁ%oooﬂgky g&gb and conbi nati ons thereof. Further,

perlneter shape can vary along the |en

W043ﬂle i nstol addiion t@da2]froat-tohidafoenth PEIRYE nBIOWN; W F|g 9, the
1ﬁ\‘fé}ﬁ|ﬁq 8@0%]&%&%&5&@ %‘itbﬂ@tlvegbé’efbséﬂ 1k_q'n?’rﬁs‘?lu’[ aRBRr &Jn‘mé’ or all of the

erenc or ion of a ther n‘DCOUE e
tae@@lermeyhr@e@ed:ampfctbwﬁbnelgbbcamgehﬁaég ap Ppsidenest fmnthesggat (first end

‘?‘pof' Cﬂ']e% adr ﬁs%ﬁ%@ﬂ? fidt by $§6P£‘ge&fr‘\g fjgh()@lﬁng bead, not shown).

guration, threaded al on
ﬁ%coupﬂ@%ghethﬁoﬂewwl atlm@e@osw d'bn'fi% Se iy fybstantially
&{?cfemc' t‘ﬂ%%\@n%n E%Eh%léﬁ@él’ig‘?ﬂ?en@é wh&eFeS iRk aV®aceASt one or more

of 1 nsulators 10 can have an
naj@lmqn@mbeggﬁm g@pgﬁ @hbea@{stlgtleﬁa@qsv@mpt 0 seEdeidg, pf an adjacent
gggqﬁaqkpngxéewmgﬁmgﬁgrconprlse a conbi nation of bead
confi gurations whi can include any of the
deedalgur at Tb@snw@@@s%@pr@weduw H’rﬁy'@’@ﬁt@h&é”o?e formed using
&ﬁ%h%’l Q- cEtu'Ec; hsy de'{/Q@%)éHS %@Hn‘?{ue%oﬂfr' @i iator Ofﬁérl&ftlon Such
|nvent|o s can be utilized in conmbination wth

tselilguerssaneprasiseifeUamPihachining jeebtrin the AGHIRd BRAEF-

T 664d]OCOUPTRe Whlbﬁsof ﬁ@ﬁlaﬁ%@@'tﬁe |ﬁ@é}ﬁlgﬂtlborﬁt§| limited to any
i'nsul’ators can used al ong a portion of

maféewcloaﬂméfe\mténalaﬁeﬁemw AeEaIS GanReRN R e ingitive materials
L b@N\%‘?ﬁlbr‘Peﬂl ﬁnthl%ﬁn&d&\ﬂedﬁgplﬁebtlé{éecdrf |h§ulé%ama@éiﬁlé Qet to be
provide an i ncreased degree in flexibility at
@@@Icrp@d posieraida insulqtive Aatenrls Aan ke Oﬁf?é?'wa%ﬁr,!ﬁ'% including but not
Iﬁ'ﬁ@&f@léfumﬂﬁgoﬁl\ﬁihtel Gué\@'shb&ﬂreté?]dté?@atﬂ‘té ont -t o-back bead
i gnnent shown he invention additionally

deeddnpl at Eéerm%wﬁlatase?@mbb%ﬁdh%\{m%m&eﬁforﬁﬁ%m@d Briccafdance with
@lel in96ntdre e adse amBrdvBH Q‘%Q%?htys dfidwih§ adasBedigiRBAEIidHI removal and

eads are P03|t|oned front-to-front (first end 12 of
wpecemsdt Piihe theraioeguile pseereiy o1 porgenytherdhn guch can be especially
ﬁ‘seéfﬁlhgg pﬂﬁaﬁ’cﬁ@gjchn&t proPQYHy: fu r@@éﬁhhﬁhﬂ%@b‘ GittB&ccess space for

I nter nment shown in Fig. IS substantially
omehend tE‘STai'ﬁ@ni ‘?N'é?lﬁe&”ﬁo%‘ﬁ{ee@?ﬁﬁ'ﬁpléesal i gnnent s
wherein a first surface of one or nore nei ghboring
beads in a series of beads interfaces a first or
second side of an adjacent bead in a non-concentric
manner .



[ 0045] The insul ators enconpassed by the invention can
be fornmed using conventional or yet to be devel oped
wo e@assyees for insulator fabrication. Such teRdMU§005026367
can conprise for exanple machining to obtain the
desi red shape. [0046] The conposition of insulators of
GlfeMBnvention is not linmted to any particul ar
i nsul-gfl V\‘?erﬁ%%fdlr%d jsExenpl ary materials can be any of
the insulative materials used conventionally in
t her nocoupl e applications, or insulative materials yet
to bel-deveh ep@dlic meeleisr §BMBNFIRGUI ati ve material s can
be ceram ¢, B&Fﬁ\@ﬁ(‘;eﬂ'pémoh%MHglanQnghhlbnGwahg Alun@emt Buter diameter
alumna, mullite, quartz, sapphire and steatite.
”D@Q@WUTT'P%H?@%upI e assenblies having insulators
formed in ARGPEARBGEW th the invention can have
i mproved flexibility allowi ng ease of insulation

renoval  ankitapepchRSHeNbaWIg @ FRPeratkTHrses app 828 amppymum
appf’t%r Eblﬂ%eﬁtﬁsﬁﬁ&&‘)uteﬁ&%e{é@@f PR §sRechBddrorysef ul for

cation such processi ng furnaces V\,hl ch h%(xe
i mited ac@é@@@r@ﬁ@e%uﬁ@?e PWN“@HEF* PRL BUTFS%E PR of

t he t her MogoOYpk i REEAMhY BfoldrAhdBerbhigc In@MI@tHr lsQibBtantlally along a
claimed is: 1. Aceramc insulator co

coyImereEe! axis rof thereyhadricabpttiensad eda fﬁ PP '@”
uni form outer diameter throughout the length; a first

end syrfacepe mstiBRRIOEH RPN Wh@Félm&Wtﬁgeréd@aﬂ@fead faceted.
surface and having a maxi nrum di arreter eqw valent to

Secontl end! &5 PRI ShABE g EIRD 11 B BaCLE s a.conig shape.

an openi ng extendi ng through the ceram c insulator

substant i afhyinsliarg ofclepimuneesntheahpened podionthae a frusto-conical
ylindrical portion and the tapered portion. 2. The

S'Y881 ator of claim 1 wherein the tapered surface is

faceted. 3. The insulator of claim1l wherein the

t aperzd poThéa meuhas of cleonil edleraiih dpdirstdendhiface bag atdmmeter

of . ered rti has a

?%‘@ﬂ%‘té%ﬁ] Q&ﬁe cH%rB%Per ggtﬁgﬁg'qdﬁ'gﬁlpo{@oﬁ of claim1
wherein the first end surface has a dianeter .

equi val ent Theirshiztaul elaindil avrerain thef tapéred pprtionds & diggt tapered

pﬁ)oa{gt | %Ed BJSWTgﬁmi)P ssh%;(_!; ?E c%n%fta&irgb gb&lomgﬁﬁafédtfrb‘?n the first tapered
portion by the cylindrical portion, the first tapered portion having a direction of taper and

the second taper portion having an opposite direction of taper.

7. The insulator of claim 6 wherein the first and second tapered portions

have equivalent taper angles relative to each other.

8. The insulator of claim 6 wherein the first and second taper regions have

non-eguivalent taper angles relative to each other.

9. The insulator of claim 1 wherein the cylindrical portion extends to the first

end surface.

10



portion and further conprising a second tapered
portion separated fromthe first tapered portion by

wo b@eogdosadri cal portion, the first tapered poP€T/UR82005/026367
having a direction of taper and the second taper

portlon havi ng an opPosHe direction of taper., 7. The

i nsull& or 0te iBpdrier 6 claigt é"\’l’i‘ef%thiel'?%{'atahﬁor@@@@ﬁ&” insulator
mh RN %gleeférotfbﬁﬂ%é‘@’é@p %@Hél&tﬂig%bldﬁﬁ@rm@n@ §Sarizeb&iphve, and
to each ot her he insul ator of claim®6 wherein the
stealite: and second taper regions have non-equi val ent

taper angles relative to each other. 9. The insul ator

of clai m 1a whemetsupid assarhil T)ﬂ@émﬁrﬁ’émg?@trlb{aﬁrd)n@)@t grdssuldor of
the first end surface. 10. e insulator of claiml
clgifdrlei n the insul ator conprises an insulator naterial

sel ected formthe group consisting of alum na,

mul |ifoe, oM@lnsglatsiaphiprsag: and st eatlte 11 A
t her nocoupl e assepbl | east

oot or R frst pag Rrvito S9ret B SR b ar Sl o

first end et figstd-cohicat psiish §>uérﬁ(ﬁ|¢g?frbm\thé19rsaelﬁdl §@iace a first
di aneter; a first frusto-conij c? porti.on eétendl ng

distadiRer iR first RANEHeNGa PPRER axsOf stNeHIIPEABE to a first

poi nt  al ongsgedrattustl-canita peftioh RRtendmidl iR he fiRgttholdt a second
second frusto-conjcal ortion extendi nl?%f romthe first

digiginme Hore e iRLPEhe s IMEIHE 2ERPTGPO ki s of the
insulator to a second point. 13. The insul ator of

cl ai m3l2 whes esmatdner f:lbfn$ﬂ2&mdrmmﬁdstfdndsie%mwﬁmhst@bonical
grtions share a ase .pl ane a

S sre i PaRrToE e e Badt aBBrsErREr T 10

wherein the first and second truncated- coni cal

port i101ns t Hpeinsulatdr e clamame?2 dineesin therfirstlEmd sthend truncated-conical
[ tor .of claiml14 wherein the first frusto-conical

P?{g gﬂpﬁ{dg hdesfqrp%{jlr%qlgpe of taper and the second

frusto coni cal portion has a second angl e of taper,

t he skcondTlnigkelatdr of alpien 1beihapidiheffestdnista-tenicat h@“tion has a first

first her nmoc uple I

sk e sta e B Ep AR P by JOTR AR p g pFBEr e
saxmd aisglaf tagpel beigy tdifthrera lthanxtihe ficknt ral | y | ocat ed

along an entire length of the insul ator;

16. A thermocouple assembly comprising at least one of the insulator of
claim 12.
17. An insulator comprising:

a longitudinal axis centrally located along an entire length of the insulator;

a first portion extending from a first end of the longitudinal axis along a
first length of the longitudinal axis to a first point along the longitudinal axis, the first
portion having a decreasing circumference along the entire first length from a maximum
circumference at the first point to a minimum circumference at the first end of the
longitudinal axis; and

a second portion extending a second length from the first point to a

second point along the longitudinal axis, the second portion having a uniform

11



a first portion extending froma first end of the

| ongi tudinal axis along a first length of the
wo 20vgios8e8é nal axis to a first point along the PCT/US2005/026367

| ongi tudi nal axis, the first portion having a

decr easi ng C|rcunference along the entire first ngt h
olmumi@ranqaﬂlqmiheueﬂamﬁ@peﬁwg , thehgnifgrpireysien ?“Cﬁg’ g‘

({U B Ghé rRiRRGEuRlerde dihstirsepshion. t he

ongltudlna axis; and a second portion extendi ng a

second Ien h fromthe first point to a second poi

al ondg-t he Thergsuaiar ﬁfacfla'HB(WsWh?'i%’ @eé&sﬁcﬂmﬁ&ntqom“ﬁ%% fignical
S@ﬁ}]);éni forntircunference along the entire second | ength,

e uni form circunference being equi val ent to the
naX|nun1C|rcunference of the f |rsﬁpeort|on d
i nsul%t or T61© 18WRIRY e7claifet elVRetait p’%ttpoﬁmqog}prlses >a truncate

Lispeped conical shape. 19. The insulator of claim

17 mhereln t he fIrSt portlon conprlses a truncated

spheri cal _shape The i nsul at or i :
the Phr ot TG PRUACT & S RThEAPPELEL e qeriop 4 Trun A Sherical
i nsul ator of claim 17 wherein the first portion

an’pEi Sesd'l&leflhélﬂétop@f tlhian1 I)f/vhéfelremeégﬂajortmrdoamlsamd first portion
t he secon ortion conprises _a secon ort
OBt BRFAR SHftFcR T LE SoEaad Pian 5P TPHEeTd ?%%Onﬁﬁaﬂeﬁeéaa external
sieddel aneaef orid6f 1R fient AAl secvricanetidred ofghd axetnabsur22e being

The insul ator of claim17 wherein the second point is
a&??ﬁosed at a second end o f the | ongitudinal axis.

23. The insulator of claim17 further conprising a

thirde por tTreninextndf dgina1T hineckih gregidrond point ikelispeserhat a
$0|nt _ggelloqgatu |Qal axis to a second end of the

W&Ie{] A4f 1PEEINELE R hi r d portion having a

decreasing circunference along the entire third I ength
frompa. rraxThmmulbm wirtleinehe éurtiter chmpdgio® adhiggopartion extending a

uMerece :
tqlrgﬂaﬂﬁ‘g ae(ecg_n fﬁ)ln‘rfl grbe Iﬁég‘ﬁ%{ﬂgarl e t@% steg&gj end of the
lonbRudEha dtie thd;l'tmttdi [otidri avinpapecsesing csmpferanhetalong the entire
t hree-dinensi onal mr.[ f t
b s Ly
cirdumfdragparet atdhe secprd ewsofdhs lwagiudiheltexdoes not mrror
the shape of the first portion. 26. A thernocouple

asse%l Y CAMPSLRS fbialrt s ikRsn fle h§ pbARHBHBFisé a shape that

cl ai
three-dimen SIonaI mirror images the shape of the first portion.

25. The insulator of claim 23 wherein the third portion comprises a shape that

does not mirror the shape of the first portion.

26. A thermocouple assembly comprising at least one of the insulator of
claim 17.
27. An insulator comprising:

a longitudinal axis centrally located along an entire length of the insulator;

a first portion extending from a first end of the longitudinal axis along a
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27. An insulator conprising: a longitudinal axis
centrally | ocated along an entire I ength of the
WO p@lodoes ; a first portion extending froma fPCEUSENN026367
of the |ongitudinal axis along afirst Iength of the
| ongi tudinal axis to a first point alo
firstderepth atiinalongiydinal epfis tpjarfigst R%}ttailqﬂg thg%},nﬁﬁuqinal axis, the first
po?ﬁ&{ Wg{;& o“e'cFééémngn%ﬂﬁﬁe@héH‘Qloh@%eeéﬂtiré first !ehéﬂh f}cﬁrmgtrﬁhxmum
roma maxi numcircunference a t the first polnt 611
CIr@umferamﬁecaF herfirelrraitdo atmipieurp iclreymigrrncefat W?é(”St end Of e
loﬁ%{‘u@i pdijgab,@xis; and a second portion extending a
con enthfromtheflrst point to a second end
t he | ongi w@pﬁ@m partips extengingecerrenp danditoliom avg gt %\Omt toa
Bhd BA® bpﬂjecl'oﬁ@ﬂm‘lr%{l SREeHR! 286nd P@m@ﬁ‘hb\%ﬁg hljebdakingat h
rom a naxi mun circunference at first  point to a
Clthm“f@fﬁmet:aIO@lrfh% eetiedhisd langth fsers grinaxdmg MutircpFgerence at the first
pdidgia dHanqetln Grtbirerdhod Q@t‘ﬁb s@@&w@énot &qhéldngﬁucﬂm axis, at least
PSecon portions being non-hem spheri cal
onengfuhatiist 208 serandpaonkhbeieg horthesnhsticaind second
di stances are equivalent. 29. The insulator of claim
27 vhgr e ﬁhtehﬁ‘sLﬁét&Séf AFh SEGREEItInE tifN 6RE s8Edhd distances are
nonequi val ent.. . The insulator of claim27 wherein
equivalgnty st and second portions are threedi nensional
mrror imges of each other. 3 1. The insul ator of
cl ai py 27 Wherigdulatbhss diAiFst7 WREEIOMe GiedTRAE $6Soral diftanees are non-
sel ected fromconical, frusto-conical, truncated
e@pfdeical , parabol oid, and truncated el li psoid. 32. A
t her m)coupl e assenbly conprising at | east one of the
I nsup@t or Tok igddtBY Bf7claim 27 wherein the first and second portions are three-

dimensional mirror images of each other.

31. The insulator of claim 27 wherein the first portion comprises a shape
selected from conical, frusto-conical, truncated spherical, paraboloid, and truncated

ellipsoid.

32. A thermocouple assembly comprising at least one of the insulator of

claim 27.
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