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The present invention relates to a comnection structure for
connecting a tenperature neasurenent nmeans such as a thernocoupl e
covered with a sheath tube, for exanple, with an extension cable, and
a method for connecting the extension cable. Background Art
EXTENSION CABLE CONNECTION STRUCTURE FOR TEMPERATURE
MEASUREMENT MEANS AND METHOD FOR CONNECTING

EXTENSION CABLE

Technical Field
[0001]

The present invention relates to a connection structure for
connecting a temperature measurement means such as a thermocouple
covered with a sheath tube, for example, with an extension cable, and a

method for connecting the extension cable.

Background Art
[0002]

As an extension cable connection structure of this kind, there is a
conventionally known structure in which, to prevent insulation breakdown
or the like due to entry of moisture into the sheath, a pair of element wires in
a sheath thermocouple and a pair of conductive wires in compensation lead
wires, are coupled, and the pair of coupling parts is inserted into a metal
sleeve, and then a thermosetting resin sealing material such as an epoxy
resin or the like is charged into the sleeve and hardened in the sleeve to fix
the coupling parts and maintain insulation in the metal sleeve (for example,
refer to Patent Document 1, Fig. 13), or the pair of coupling parts is covered
with bosses made of a thermosetting resin such as silicon putty or a silicon
rubber (for example, refer to Patent Document 1, Fig. 14). In such

structures, however, there is a fear that, at routing of the compensation lead



[ 00021 As an extension cable connection structure of this
kind, there is a conventionally known structure in which, to prevent
insul ation breakdown or the |ike due too entry of noisture into the
sheath, a pair of elenent wires in a sheath thernocouple and a pair
of conductive wires in conpensation |ead wires, are coupled, and the
pair of coupling parts is inserted into a netal sleeve, and then a
thernosetting resin sealing material such as an epoxy resin or the

i ke i s chairgedvhei an tihexsdceal emivh Stasdard@nding ftees| ftventle fi X the
coupling parts and maintain insulation in the netal sleeve (for

exanpl e, retertute) aBaxeeinaDiraenindxettedrdrgthelidiernatl cadpdingapartofo break
coupling parts is covered with bosses nade of a thernosetting resin
such as sidrishont-guduiy tlor caupdinlgi peats. r Uidoerdifiglyr thexanpldenané tleat hah

Pat ent Docunment 1, Fig. 14). In such structures, however, there is a
f ear t hat ,thatstrumtivenigr ofverives denpepbag ipants| ealdthe2nté mes cowhang @arts
unexpected tension stress or bending stress acts on the structure, an
ext ernal floreestrangtk entegh tnresis anmeexpattedgapsiongtypas hind tbenBmeak or
short-circuit the coupling parts. Accordingly, there is demand that
both the sttrassture for covering the coupling parts and the :internal
coupling parts have strength enough to resist an unexpected tension
stress andoﬁ@ﬂding stress. [00031 ‘ Besi des the foregoing
structures, there is known a structure in which; the pair of coupling
parts is surrouhgedlepyhaforpgeiog stiusiueat derals kuenn astendtwer impset ti ng
silicon rubper, and then the insulating material is nolded using a
synt het i ¢ WBshntherpaipef squedinggarss i) Suyrqundedtbynan mswdptindmeseaal t he
coupling paris (Patent Docunept 2); and a structure in which the pair
of coupli rfgwiaa%tasa}%méﬂamgrﬁlbmwt&%mﬁw tilﬁ InHYatag gRatesddios a
pol yphenyl en ulfide resin, and then_the insulator or the like is
mol ded usi Iﬁal%ﬁaﬁﬁ%ﬁ fhéy?@@?]ﬁ r?%‘é‘r?értg‘P e %%%%r@hﬁﬁ%ﬁrﬁ g)otl@lalgi BEVet he
coupling parts (Patent cu 3). Agcordjng to such cannection

Sor bot ureSheregup B ot Bt Hhnst bisuh o 1 bAr PSR pRa N R BSCUER of
under a pressure or, t.h j ke during the.insert | di ng.. This makes it
poss! bl e (GUBDE PaEts A EelebihelHr RokuER GE el RS AR AR & i e pr oof
performance .t g soQ extent by the ans of the constit,uent resins or
the 11 ke WTRSHYERSTHAGS sribp 2ttt THedh hedpogilon frdde s pasited o
produce a st t . oyeri h 0 ctiwve wres and {.he el enment
N res: by’ tFOBE S R tes i HERL B PR HIENEAD 1B M G s TR iE S

mol di ng” at (P_ait(g‘#ih 5 g)c%?etdgg),hi gpcoggf}%ecéaswﬁ%g%ﬁm s&ﬁfc%{]es, fo kcfr[ggﬁi:ts

difference in ermal expansion | ener a et ween e’ syn IC

[ ﬁ: Ir 202 8&3‘%“% ég@@%ﬁ&\ﬁ&?égy hRMHS AR iR r TohakshdRE RO RRE RuRihe! (B8
insert molding. This makes it possible to provide the connection structures
with moisture-proof performance to some extent by the means of the
constituent resins or the like while preventing short-circuit or the like.
However, to produce a structure for covering the conductive wires and the
element wires by these synthetic resins, it is necessary to conduct the
molding at significantly high temperatures. As a result, a large difference

in thermal expansion is generated between the synthetic resin covering the

coupling parts and the metal tube sheath on the thermocouple element wires



3 at cooling after the nolding, and thus there is a fear that
adhesion is | owered between the synthetic resin covering the coupling
parts and the outer peripheral surface of the sheath, thereby to
deteriorate the noisture-proof property. [0004] In the
structure as described in Figs. 13 and 14 of Patent Docunent 1, the
sealing material and the bosses are made of a thernobsetting resin,
and it is thus necessary to use a high heat-resistance resin or the

l'i ke for aqt uligg aftet ket mefdihBeacdimensatd i feaadhiy 4BfesioCie Wwéred! v,
there is a problemthat it is not possible to use general -purpose

conpensat i iwkeadhasy@hetic irbsia cbPdving dlie RPN Es abd e h@eket ,
whi ch are used currently in general. Further, in the structures

descri bed pariftatrehéurBaelfent sBesthd tilareby to deteeesteahy mhestige-pyepar at e
insulating materials and insulators, which |leads to increased parts
count and woppittycat ed manufacturing process and results in variation
of quality. Further, the foregoing structures bring about increase in
manuf act urfof@4kosts, and thus there is demand for a connection
structure that can be efficiently nmanufactured at | ower costs.
Citation List Patd@mstiudteraisdesribedos FigatldmindOacefRatentlDodiEnéntNg.
1107- 48056 Patent Docunent 2: JP-UM A No. S58-8135 Patent Docunent 3:
JP- UMt B Nothelst@Bn@ tkg2rial and the bosses are made of a thermosetting resin, and it

is thus necessary to use a high heat-resistance resin or the like for an outer

jacket of the compensation lead wires. Accordingly, there is a problem that

it is not possible to use general-purpose compensation lead wires with a low

heat-resistance outer jacket, which are used currently in general. Further,

in the structures described in Patent Document 2 and 3, it is necessary to use

separate insulating materials and insulators, which leads to increased parts

count and complicated manufacturing process and results in variation of

- quality. Further, the foregoing structures bring about increase in

manufacturing costs, and thus there is demand for a connection structure

that can be efficiently manufactured at lower costs.
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Patent Document 2: JP-UM-A No. S58-8135
Patent Document 3: JP-UM-B No. H03-21462



4 Summary of Invention Technical Problem[00061 In |'ight of

t he foregoing circunstances, an object of the present inventionis to
provide a connection structure that dges not require a conplicated
manuf act uri ng process, reliably prevents di sconnection of conductive
wires due to a pressure on insert nolding, a repeatedly applied
tension stress or bending stress during use of a sheath thernocouple
to maintain stable performance of the thernocouple, and has nore
excel | ent Jmhsiawy of piveatioand dust - proof properties than conventiona

structures. Solution to Problem [00071
Technical Problem
[0006]

In light of the foregoing circumstances, an object of the present

invention is to provide a connection structure that does not require a
complicated manufacturing process, reliably prevents disconnection of
conductive wires due to a pressure on insert molding, a repeatedly applied
tension stress or bending stress during use of a sheath thermocouple to

maintain stable performance of the thermocouple, and has more excellent

moisture-proof and dust-proof properties than conventional structures.

Solution to Problem
[0007]

The inventor has found out through earnest studies that the
foregoing problem can be solved by configuring a connection structure such
that a connection part is molded by hot-melt molding using a thermoplastic
polyamide resin, and conductive wires at the connection structure are
formed as twisted wires if needed and welded to element wires. Accordingly,
the inventor has completed the present invention.

[0008]

The summary of the present invention is as follows:

(1) An extension cable connection structure for a temperature
measurement means, the connection structure being formed by connecting
one pair of element wires derived from a sheath base end of the temperature

measurement means to one pair of conductive wires derived from a leading



The inventor has found out through earnest studies that the foregoing
probl em can be solved by configuring a connection structure such that
a connection part is nolded by hot-nelg nolding using a thernoplastic
pol yam de resin, and conductive wires at the connection structure are
formed as twisted wires if needed and wel ded to el ement wres.
Accordingly, the inventor has conpleted the present invention. [000s]
The summary of the present invention is as follows: (1) An

ext ensi on @abbdfarcontee fddket ot ahutetistord edbla, wReRRe atcuhfedtRASHHTE MRle
nmeans, the connection structure being formed by connecting one pair

of el ementofw tlesndeidstiedolyonide rekieaiil hakizddydhatf mehtembldimecdteus e
measur enment neans to one pair of conductive wires derived froma
| eadi ng 5a eexdionf fram thatshreafholeketemntoahe exteansirocabdablagingvwed ei n a
connection part nmade of a thernoplastic polyanm de resin and nol ded by
hot - nel t nidirdigly os@peirof coupling parts coupling the pair of element wires and the

pair of conductive wires, a connection part made of a thermoplastic

polyamide resin and molded by hot-melt molding is placed such that the pair

of element wires, the pair of coupling parts, and the pair of conductive wires,

are each separated from one another.

(2) The extension cable connection structure for a temperature
measurement means accordingﬁto (1), wherein the outer jacket at the
extension cable leading end has a tubular structure made of a thermoplastic
resin with a glass-transition temperature of 125°C or less.

(3) The extension cable connection structure for a temperature
measurement means according to (1) or (2), wherein the sheath base end is
provided with a protrusion for locking the connection part.

(4) The extension cable connection structure for a temperature
measurement means according to any of (1) to (3), wherein the coupling parts
are formed by welding the element wires and the conductive wires.

(5) The extension cable connection structure for a temperature
measurement means according to any of (1) to (4), wherein the conductive
wires are twisted wires, and the coupling parts are formed by further
twisting ends of the conductive wires in a direction of twisting so as to be
closely attached to each other and welding the element wires to the ends of

the conductive wires.

(6) The extension cable connection structure for a temperature



a section fromthe sheath base end to the extension cable |eading end
t hrough one pair of coupling parts coupling the pair of elenent wres
and the pair of conductive wires, a cgnnection part nmade of a

t her nopl astic pol yami de resin and nol ded by hot-nelt nolding is

pl aced such that the pair of elenent wires, the pair of coupling
parts, and the pair of conductive wires, are each separated from one
anot her. (2) The extension cable connection structure for a

t enper at urigefiRaseARIHangRROG daacH @), nghéreid fhe coMpingipartdereduiged
j acket at the extension cable |eading end has a tubular structure

made of a Wyhweldbpd dsd ¢losalgattached Radig asds dfrthasbhdwitivieenizes ahdr e of
125C or | ess. (3) The extension cable connection structure
for a tenyfaridteymeldighc el@néntmeans tatwowdided paoty d)thercof@)ctivsher ei n
the sheath base end is provided with a protrusion for |ocking the
connect i onwviyreas.t . (4) The extension cable connection structure
for a tenperature neasurenent neans according to any of (1) to (3),
wher ei n t he couflifp edehsonicebleapmectinn stehctiung farheteshgmanireni r es
and the conductive wres. (5) The extension cable connection
st r uct ur e theaswemenpereans recardautoemyf (hetar(8), adwoeiti thg coophng pefts( 1)
to (4), wherein the conductive wires are twisted wres, and the

coupl i ng peretferragdby ercapdudiyvel member farvsiverding and dising thenedementivdtesve
wires in a direction of twisting so as to be closely attached to each
ot her and amsl dierngndhetied wineAt wires to the ends of the conductive

W res. %6)) The extension cable connection structure for a
tenperature B (8)An extension cable connection method for a temperature

measurement means, the temperature measurement means having a
connection structure formed by connecting one pair of element wires derived
from a sheath base end of the temperature measurement means to one pair
of conductive wires derived from a leading end of an outer jacket on an
extension cable, wherein a connection part made of a thermoplastic
polyamide resin and molded by hot-melt molding covers a section from the
sheath base end to the extension cable leading end through one pair of
coupling parts coupling the pair of element wires and the pair of conductive
wires, a connection part made of a thermoplastic polyamide resin and
molded by hot-melt molding is placed such that the pair of element wires, the
pair of coupling parts, and the pair of conductive wires, are each separated
from one another.

(9) The extension cable connection method for a temperature
measurement means according to (8), wherein the coupling parts are formed
by welding the element wires and the conductive wires.

(10) The extension cable connection method for a temperature



measur enent neans according to (5), wherein the coupling parts are
formed by welding the closely attached | eading ends of the conductive
wires and further welding the elenent wires to the wel ded parts of

t he conductive wires. (7) The extension cable connection
structure for a tenperature neasurenent neans according to any of (1)
to (3), wherein the coupling parts are fornmed by a conductive nenber
for swaging and fixing the elenment wires and the conductive wres.
(8) An extipaEhw@emeabhraseabeetinentonB) ho®)  wheiil ePesmiudti®e wires are
measur enent neans, the tenperature measurenent neans having a

connect i ontwsitetd v ahdrtie dotylieopmes bird rafee pafurtiodr whistirpentd 6£S
derived froma sheath base end of the tenperature neasurenent neans

t 0 one paithe@bnd@niectireeimk dexectien iof edlistihgrioas! te &@i chgsenattatheainto
outer jacket on an extension cable, wherein a connection part nmade of
a t her nopleaghiothgraindweliiéng esd elearetht notabed thy elnds ofrhd comludting cover s
a section fromthe sheath base end to the extension cable |eading end
t hrough oneirpair of coupling parts coupling the pair of elenent wres
and the pair of conductive wires, a connection part made of a

t her mopl asti ¢ p6lly dhiedetemsom cald comhednbyethod-foeh tempkrhitnge i s

pl aced such that the pair of elenment wires, the pair of coupling
parts, andnedmirpaient ofeapsnderrtingtolilpssyherein Gwodoupbipamatrisdarer om one
anot her . (9) The extension cabl e connection nethod for a

t enper at urfermed by mentdime the sloselcaibrdieddeading@nds whdhetondustive §updsi ng
parts are formed by welding the elenent wres_and the conductive
Wires. and furthey)wetdinastheclement witss do tonwetdadorprieehidy qopduefive
tenmperature 7 measurement neans according to (8) or (9), wherein
the conducti9® wires are twisted wires, and the coupling parts are
formed by further tw sting ends of the conductive wires in a
direction of twisting so as to be closely attached to each other and

wel ding the_elenent wires to the ends of the conductive wres.
g Advantageous\%frfects ofo Invention

[0009]

In the thus configured extension cable connection structure for a
temperature measurement means according to the invention of the subject
application, the connection part covering the connection structure is molded
by hot-melt molding using thermoplastic polyamide. In the hot-melt
molding using a thermoplastic polyamide resin, the thermoplastic polyamide
resin itself serves as an adhesive, and it is thus possible to provide favorable
adhesion between the thermoplastic polyamide resin and the conductive
wires and the thermocouple element wires. Further, the connection part
can be molded by a metal mold kept at a low temperature, and it is thus
possible to make an extremely small difference in thermal expansion
between the sheath and the synthetic resin constituting the connection part

after cooling. Accordingly, it is possible to maintain a favorable



(11) The extension cable connection nethod for a tenperature

measur enent neans according to (10), wherein the coupling parts are
formed by welding the closely attacheg | eadi ng ends of the conductive
wires and further welding the elenent wires to the wel ded parts of

t he conductive wires. Advantageous Effects of Invention [00091

In the thus configured extension cable connection structure for a

t enper at ure neasurenent neans according to the invention of the

subj ect appddebahitathed StatCoMIeotlticd Pepiphbradaveflicsof thesleanhdaté ond
structure is nolded by hot-nelt nolding using thernoplastic

pol yani de.addtHehgnbldtidisin f0tldi dognestifgpartt Wikl eeppmetsiag poturachae
resin, the thernoplastic polyamde resin itself serves as an

adhesi ve, drdlédranse bbivseepadeitloal dectophe \differehay ot didren A dkpshoon

bet ween the thernoplastic polyam de resin and the conductive wres
and t he t hedfteraooling.e Ehisrsgifieantés improvebehe carlrectionséotctor ipart can
be nol ded by a netal nold kept at a | ow tenperature, and it is thus
possi bl e tmoishke-@oofxnd emellytisgratdpediiéd. erléeapeng bhe tlesalpiatexcpadsi on
bet ween the sheath and the synthetic resin constituting the

connect i orstp@r dlsateribuve ke eghankeoendingtngpgth of ®npestgémhbetwesn the

mai ntain a favorable 8 closely-attached state of an outer peripheral
surface ofconfuctsvrewites baddhe tbermnetouhte dgmehbwitess edin adiditianyéhe
connection part while squressing occurrence of a clearance between
the two duresenttihzentfiién ellevie enjpetiathmolding exodansneateemealy lowvoressyre
This significantly inproves the connection structure in

noi st ur e- provomparaditp sarmel gegiiospaeldies  whesepy gistapesible to reduce a

cl osel y-attached state_al so contribute to enhancenent in stren?th of
connect i orfigethaddhe rrpdedigurresyBoxe pad cange & KB HArGCOUpNe muldmgnt
wires. In addition, the present invention allows injection nolding
under an eRtdeserioxate poriprmancs of the shentdaiedmoso Wt mal i nj ecti on

nol di ng, mper y it is possible to reduce a risk that the conductive
wires novel99he! cause a short-circuit during nmolding to deteriorate

erformance of the sheath thernmocoupl fool o . )
P tIn thiss arrangement, a mat%rleal for t?le (Juter jacket covering the

conductive wires may be a thermoplastic resin with a glass-transition
temperature of 125°C or less. Accordingly, the outer jacket melts during
molding of the connection part by hot-melt molding and then solidifies after
cooling, and thus the resin constituting the outer jacket adheres more firmly
to the conductive wires. This further enhances the connection structure in
moisture-proof property.

[0011]

The sheath base end is provided with the protrusion for locking the
connection part to prevent the sheath from coming out of the connection part.
[0012]

The coupling parts are formed to be thinner by welding the element

wires and the conductive wires. This provides not only the effect of



In this arrangenent, a material for the outer jacket covering the
conductive wres my be a thernoplastic resin with a glass-transition
tenperature of 125C or |ess. According]y, the outer jacket nelts
during nol ding of the connection part by hot-nelt nolding and then
solidifies after cooling, and thus the resin constituting the outer

j acket adheres nore firmy to the conductive wres. This further
enhances the connection structure in noisture-proof property. [0011]

The sheat hinaseishsk Sf RAANE AL ehobhdhth hBeRh&uPEd DR 4186 thOEeAGSt he
connection part to prevent the sheath fromcom ng out of the

connect i ongpiéssin®OdR}rere bﬂﬁrcléé!rﬁﬂceelé’étﬁre@ﬁ_tH@Bdfdrrjﬁriﬂlﬁrﬁmﬁfa&e
t hernmocoupl e but also the effect of suppressing occurrence of a

cl earance dfehweReathiteiseeharandeshiephatidtictesirgethefcohhectidiegd i dhase aend
and the synthetic resin in the connection part due to a difference in

t her mal exdiffasdes iayhémgal expaatioardurdddinjertmdmekivhg Agd @bolidieof the
connection part, thereby further enhancing the connection structure

i N noi st ur@npecddn pad, thistbpfuuohepedpaicingthe (odd23lon structurdbe ends
of the conductive wires as twisted wires are further twisted in the
direction mﬁﬁdmmﬁpmmgaﬁmdastpnmbpr@kmﬁeéy attached to each other and
then the thernocouple element wires are welding and coupling to the
ends of thi®0Edhductive wires, thereby to join each of the netal wres
constituting the twisted wires integrally to the thernocoupl e el enent
wi res. Accor di n{lhe ends of shepomsiustize tvardcemptwikedreses aembether towistednt
flow ng through the sheath thernmocouple at a constant val ue and

mai nt ai n sindiblealiypstipp ohtwiséingfsotasdodeadndelit hidachsdduach ofirsand then

contributes to uniformquality of manufactured products.
the thermocouple element wires are welding and coupling to the ends of the

conductive wires, thereby to join each of the metal wires constituting the
twisted wires integrally to the thermocouple element wires. Accordingly, it
is possible to keep the resistance to current flowing through the sheath
thermocouple at a constant value and maintain stable performance of the
sheath thermocouple. This contributes to uniform quality of manufactured
proyducts.

[0014]

The ends of the conductive wires formed by further twisting the
twisted wires in the direction of twisting are welded such that the metal
wires constituting the twisted wires are integrated, and then are welded to
the thermocouple element wires. Accordingly, each of the metal wires
constituting the twisted wires can be integrally coupled to the element wires
in a more stable manner. This makes it possible to expect quality stability.
In addition, the conductive wires and the thermocouple element wires can be

firmly coupled to each other, and the sheath thermocouple can be made



[00141 The ends of the conductive wires forned by further
twisting the twsted wres in the direction of twisting are wel ded
such that the netal wires constitutingythe twisted wires are
integrated, and then are wel ded to the thernocoupl e el enent wires.
Accordingly, each of the metal wires constituting the twisted wires
can be integrally coupled to the elenent wires in a nore stable
manner. This makes it possible to expect quality stability. In

addi tion, dthghgCaitilighttoesitt h8andRpledtb® tdiRes Bl 18] B RITBE kt1eks €S can
be firmy coupled to each other, and the sheath thernocouple can be

made 10 sdur@n@uOUiis talso @SB iR impPRR$AKrgBi it 85t cotineeSen and
bendi ng stress during use. This also results in inproved durability

of the comiggdtu@) structure. Brief Description of the Drawi ngs [00151
Fig. 1 (a) is a partially cutaway cross sectional view of one exanple
of an enbodi nent of an extension cable connection structure according
to the present invention, and Fig. 1 (b) is a cross section view of
Fig. 1 (a)BtiakBescalpdiog dfithe Drawihgs
[0015]
Fig. 1 (a) is a partially cutaway cross sectional view of one example of
an embodiment of an extension cable connection structure according to the
present invention, and Fig. 1 (b) is a cross section view of Fig. 1 (a) taken
along line I - I;
Fig. 2 is a partially cutaway cross sectional view of another example
of the embodiment of the extension cable connection structure according to
the present invention;
Fig. 3 is a partially cutaway cross sectional view of another example
of the embodiment of the extension cable connection structure according to
the present invention; and
Fig. 4 is a flowchart of partially cutaway cross sectional views

describing a method for manufacturing one example of the embodiment of

the extension cable connection structure according to the present invention.

Description of Embodiments
[0016]

An embodiment of an extension cable connection structure according
to the present invention will be described with reference to Figs. 1 (a), 1 (b), 2,

and 3. In the examples shown in Figs. 2 and 3, the same components as



Fig. 2 is a partially cutaway cross sectional view of another exanple
of the enbodi nent of the extension cable connection structure
according to the present invention; 14 Fig. 3 is a partially
cutaway cross sectional view of another exanple of the enbodi nent of
t he extension cabl e connection structure according to the present

i nvention; and Fig. 4 is a flowhart of partially cutaway
cross sectional views describing a nethod for nmanufacturing one

exanpl e ofthbbeiretrodiaigsle shbwhhia Faxt Easd gRefiahé eamenafebh@mehetids ur e
according to the present invention. Description of Enbodi nents [00161

An enbodi nendhoed iratheesaemsie ehowalih &'ig.onnedt destriptiohs thereofaae ongittag. t 0
the present invention wll be described with reference to Figs. 1

(a), 1 (Db)An2xtemstbncablecdiectuabpiuesirelosiowmiFFgs.1 shdamtledtention
sane conponents as 11 ‘
cable connection structure 2 shown in Fig. 2 are substantially different in
shapes of connection parts 40 and 50, structures of coupling parts 30a and
30b, and 60a and 60b, presence or absence of a folding prevention part 51,
which are described later. In addition, the extension cable connection
structure 2 shown in Fig. 2 and an extension cable connection structure 3
shown in Fig. 3 are substantially different in structures of coupling parts 60a
and 60b, and 70a and 70b described later.
[0017]

In the extension cable connection structure 1 of this embodiﬁlent, as
shown in Figs. 1 (a) and 1 (b), one pair of element wires 13a and 13b is
derived from a sheath base end 12 of a sheath thermocouple 10 as a
temperature measurement means, one pair of conductive wires 23a and 23b
is derived from a leading end 22 of an outer jacket 21 on a compensation
conductive wire 20 as an extension cable, and one pair of coupling parts 30a

-~ and 30b is configured to connect the element wires 13a and 13b and the
conductive wires 23a and 23b, respectively. In addition, a connection part
40 covers an entire section ranging from the sheath base end 12 to the
extension cable leading end 22 such that the element wires 13a and 13b, the
conductive wires 23a and 23b, and the coupling parts 30a and Sbb, are each

separated from one another. In the present invention, the connection part

40 is molded by hot-melt molding using a thermoplastic polyamide resin.

[0018]



those in the exanple shown in Fig. 1 are given the sane reference
nunerals as those in the exanple shown in Fig. 1, and descriptions
thereof are omtted. An extension cabjg connection structure 1 shown
in Fig. 1 and an extension cable connection structure 2 shown in Fig.
2 are substantially different in shapes of connection parts 40 and
50, structures of coupling parts 30a and 30b, and 60a and 60b,
presence or absence of a folding prevention part 51, which are

descri bed | at er In kRisaghddigent,tthe shxdtdngieemocalyle 10ennesd 1oa
structure 2 shown in Fig. 2 and an extension cabl e connection

struct ur e t3mplexvuré Mmdasgrededt BeshfStBeida, ke dhddfthrtasimodoupld LTt ur es
of coupling parts 60a and 60b, and 70a and 70b described | ater.

[ 0017] can albdbé hppked 8nstanpealbhe voanaehicn redistoetouthe likef Thées
enbodi nent, as shown in Figs. 1 (a) and 1 (b), one pair of elenent

wi res 13a shedth @leroscoesle i€dnhy bmaaysifieatvenbanalle miiblizlydtnewy s bleaith

t hernocoupl e 10 as a tenperature neasurenent neans, one pair of
conduct i veharmeeudss imndhi2Blwnepagieof thedmbraipla elepsaditngirenti322ndfl3hn
outer jacket 21 on a conpensation conductive wire 20 as an extension
cabl e, andseteepan n stdintesaptéal ghpatht b, 3@anarghn3dinsibatowniiagemaduch
connect the elenment wires 13a and 13b and the conductive wires 23a
and 23b, rasspeghésiebywdémisgidigadonto thecdheadl Ll ohepdgmediowirey dBs aad
entire section ranging fromthe sheath base end 12 to the extension
cabl e | eadidhpremilRa oy of thhsheathdage ened, and egedidseahog netmbehis
conductive wires 23a and 23b, and _the coupling parts 30a and 30b, are
each separcheeeed wéortlemehentbibiase endd2t he present invention, the
connection part _40 is nolded by hot-nelt polding using a .

t her nopl asti ¢ p&ryadbaeiewrgint of preyenting phe sheath Il fremjcomdng ot Aent |
the sheath_thernocouple 10 is used as a tenperature neasurenent
means. Besh@ésnneqtionsiahdfl, @ REPHHESH P14 aY be PHOHASS OBEYHET ed to a

- tenperature asurenent resistor qr. the |jke. The sheath thernocouple
10 may be w@wéﬁcﬂw tqfér%rwnﬁgblil‘? Q@%ﬁtl&r}&mswé ﬂlh%tl%%ﬁfeeaw es

i n which one pair_of. thernocoupl e el nt. wires.13a and. 13p js stored

1 nst o (6 0s  BofbRHERIcS ShoSR 3 Aopn At rbG AP NGi Rkt al - Such

13a and 1907BRS "BaPP 30 GO e SHERAH baL oo heT 2 crEhErT relich
The vi oupdiibe shepFelent it Ehe "emAPROED 11 BB di b tiprbre
per i pher arPBud R vafu B LR iy TR BB 3 R BRaBh b

or ot rusi orPieg P gphEat BE-GEBMRER SARKE obHphLAS pudra Bl che 0B

s not 11 i Gl par P e e SRR St e e e mmy b

provi ded ¢ or two or nore protrusions may be partly provi ded on
t he peripheral” surface of the sheath 11 w thout going around the

peripheral surfagg c‘ainﬂelﬁ@aﬁ&? adtiublive P4 98 may be any of a wide variety of

publicly-known compensation conductive wires conventionally used as an
extension cable of the sheath thermocouple 10 in which one pair of
conductive wires 23a and 23b covered with an inner coat is stored in an outer
jacket 21 made of a synthetic resin. The conductive wires 23a and 23b may

be single wires or twisted wires. However, it is considered that the



The conpensation conductive wire 20 may be any of a wi de variety of
publ i cly-known conpensati on conductive wres conventionally used as
an extension cable of the sheath thergpcouple 10 in which one pair of
conductive wires 23a and 23b covered with an inner coat is stored in
an outer jacket 21 nmade of a synthetic resin. The conductive wres
23a and 23b may be single wires or twisted wires. However, it is
considered that the 13 conductive wires 23a and 23b are repeatedly
bent duri ngnaserief widee 28heaid3balervepoatelds; Héht diithgd tistsoff thershihith

vi ewpoi nt of providing the sheath thernocouple 10 with durability to
wi t hst and theb@bebuple $0)BsBthuisheoaahduidw peEntof povidiag ahd sR&thar e
desirably fornmed as twsted wires. [00201 There is no

parti cul artheimbéouple Motwdth alirfhalitst tvewthbemd ab&eding atdsanhe
thernoplastic resin with a glass-transition tenperature of 125C or

| ess can hendaedvasinaténisald 23 atchiestabbyr for mel efs. twhkxtedpriess. of such a
t hernopl astic resin include polyvinyl chloride resin, ABS resin,

pol yest er [90206] as pol ybutyl ene terephthal ate or pol yet hyl ene

t erepht hal ate, pol yam de, pol yurethane, and the |ike, but the

mat eri al for th&hew eyng paktetulaslimat onl inzteral foo thheserjatket midany n
addition, there is no particular lower limt on the glass-transition
t enper at urtheomopluetit mesimypltlastdlasseahnsitiontempezatyira 9§ 1254nei lespean
tenperature is preferably 30C or nore, nore preferably 50C or nore.
Exanpl es Ofe wsechasamatrsiatdpt thst outer gaskat.i néxamplepof gyu¢ng themmanlpstec
resin, ABS resin, polyester such as pol ybutylene terephthal ate or

pol yet hy| etesirt e p%mml, cijerije nede, ABRdesinepplyreter sueh ape
thernoplastic resin is not limted to these materials. Further, from
t he vi ewpadddybwivlenggprerddhalpte a5 pelysihitleree tpyeplfhajatgenelyamidst ensi on
cable, the materjial for, the _outer jacket .is preferably_ polyvinyl

chl ori de. Ppolyurethape, gadithedike, PREPRe matergalfar the ointer iagket S 8ot t he
structure of . the OKter j acket, ut(ﬁhe structure of,t?e futer.'acket
may be anyi®Bitegipithesemriaims st Mrddibey, thege ieapprtécular sy Lt on
structure. The tubul ar. structure may have a tubul ar sh covering
the enti r EGrIBTEAPSIiAP EEPS AR gt i hesmopas e G Pifos

| ar sh verin i / i i
tubular s galggs- r%nglrtiongte apretrla drle){s %:)Ih&elga%qg gg(’g(lj, ,\éxg mvgr(ra,ensmre preferably

50°C or more. Examples of such a thermoplastic resin include polyvinyl
chloride resin, ABS resin, polyester such as polybutylene terephthalate or
polyethylene terephthalate, polyamide, and the like, but the thermoplastic
resin is not limited to these materials. Further, from the viewpoint of
suppressing costs by the use of a generai extension cable, the material for the
outer jacket is preferably polyvinyl chloride.

In addition, there is no particular limit on the structure of the outer
jacket, but the structure of the outer jacket may be any of publicly-known
structures, for example, a tubular structure. The tubular structure may
have a tubular shape covering the entire conductive wires 23a and 23b, or

may have an almost tubular shape covering partially the conductive wires



14 23a and 23b (for exanple, a coil shape with arbitrarily varied
pitches or the like). Further, the tubular structure in the present
invention may be a structure with onejubular part covering the
conductive wires 23a and 23b in an integral manner, or may be a
structure with two tubul ar parts covering separately the conductive
wires 23a and 23b. [00211 In the exanpl e of the enbodi nent
shown in Figs. 1 (a) and 1 (b), the thernocouple elenent wires 13a

and 13b anzid Hed e UL bkmBp W, hesil2BapaRdtiZdkbiakeilgaghiel pitcBes bR
both ends of nmetal sleeves as a conductive nenber, and are fixed by

swagi ng argke)! ePurthedlthy tabakReetattieant the prosichisifidiendgbet:d t he
connection parts 30a and 30b. Alternatively, the conductive wires and

t he t her noou@liee eithnettubulaSpdrayongidd ttrdoluvydwigs i285 taadd 3bfin
swagi ng, or the thernocouple elenent wires and the conductive wres
may be di racidtygedupdatrua mgy beeestesctuoe et tvgutubulinep £as pbidrthgoar t s
60a and 60b as shown in Fig. 2, or the thernocouple elenent wires and
t he conducdepueately @ dqvadubiévaivires 2By aaaigibed by wel di ng or by any
ot her joint nethod. Using the structure of the coupling parts as
shown in HO0§21R nekes it possible to decrease the entire |ength
(length along a long axis shown in Fig. 1 (a) and 2). [00221
Besi des, the thénitheexqhplesifdhermhuidiment Szovamth Fi¥ts. aka) aikl (b), the
conductive wires 23a and 23b nmay be coupled by wel ding as shown in
Fig. 3. | rtheambcauplaelenwindwiréreldpandidBbvadwhe esn@84ivantiregB3aned
formed as twisted wires, the wires are preferably coupled by wel di ng
as shown i24Bbrixg.eagh fitogb@to both ends of metal sleeves as a conductive member,

and are fixed by swaging and electrically connected via the conductive

member to the connection parts 30a and 30b. Alternatively, the conductive

wires and the thermocouple element wires may be fixed by welding instead

of swaging, or the thermocouple element wires and the conductive wires may

be directly coupled using sleeves to configure the coupling parts 60a and 60b

as shown in Fig. 2, or the thermocouple element wires and the conductive

wires may be directly coupled by welding or by any other joint method.

Using the structure of the coupling parts as shown in Fig. 2 makes it possible

to decrease the entire length (Ilength along a long axis shown in Fig. 1 (a) and

2).

[0022]

Besides, the thermocouple element wires 13a and 13b and the
conductive wires 23a and 23b may be coupled by welding as shown in Fig. 3.
In particular, when the conductive wires 23a and 23b are formed as twisted

wires, the wires are preferably coupled by welding as shown in Fig. 3.

[0023]



15 Next, the procedure for form ng the coupling parts 70a and
70b by wel ding the thernocouple elenent wires 13a and 13b and the
conductive wres 23a and 23b nmade fromthe twsted wires 33a and 33b
(refer to Fig. 4 (a)) as showmn in Fig. 3, will be described with
reference to Fig. 4. First, the ends of the conductive wres 23a and
23b are further twisted in the direction of original twsting to form
tw sted parts 43a and 43b, whereby the plurality of nmetal wres
constituting theydgei slcegrotbdese Mrdoshisethe asupahepaitsd @acihdrbemy
(refer to Fig. 4 (b)). The thernocouple elenment wires 13a and 13b may
be wel ded ggdiOYRé €HetrBodoplecBldtnedit Wies tIWhasiedl 18Brdrsd 4B8a canductdie.
Alternatively, after formation of welded parts 53a and 53b, the

t her mocoupkieskearmid 28 £9d3d Iporante tRbstedwihe 33 deB3vetdedtaRih. 4
coupled to the welded parts 53a and 53b. In this case, first, the

met al Wi r e@))cansioviniin Rig. Bhevill Wesleeckivéd @sthateféteacetmlBignid. t ferstvsist ed
parts 43a and 43b are nelted and integrated by welding to formthe
wel ded paréslssiahancnbitive Mieey28aadd 28btase 5B3ahantivissdal imathelrd rdadiome d
in an al nost ball shape as shown in Fig. 4 (c). However, the shape of
t he wel dedofpaigisalsi3dsing t&8hrmi swistdd pants #8d and 43, svhaseliyarthegsurlety
plurality of netal wires constituting the twisted wires is integrated
at | east adf metid wiret wenstnivgredtipatwsteB avisasdark3bloséthieritadhied tonelchof
the thernocouple elenent wires 13a and 13b are joined or overl apped
with the wethdetrefarto$i530(ahd Battheamdcaipdnelemait eviresol IshandudBlelavhy
parts 53a and 53b by welding with a welding nmachine, thereby to form
t he coupl iy wdded 410k cavpledOty (hefemdst of Fhe twisted) partyhiSameindi Agb-
machi ne used here may be any of a wide variety of ubliclg-knomn

wel di ng neshemsgivelnebey fornmtiameiivelded parisddamd atl thehhemsneceprie he
twi sted parts 43a and 43b and then formthe wel ded parts 53a and, 53b,
and after elnment phrest ey st bshpravdiedvatherirelded 28d cappled 4p the welded
coupled via the wel ded parts 53a and 53b. Accordjngly, using the
conduct i veP&iits 32288d gvp- 238 s tcaﬁest%ﬁtm%gr}etﬁktwﬂﬁ%g%stwl@g, the

ks 14 DoseLl) <L RS AaN ageoysly (e, shaalh Liermeguple
(e moUal W1es COIELULLPG e L SLep JIEe n andh2duio L og
oo L eelstanee Loupueent, 1L ovh o9, LhEcug e At D esmecoupl
T S B8t Rl DRSS RUER FT TRERLPAE ot e
In strengt Hﬁig%%i A7 tas h%epqalirﬁﬂysgfrnelgtsal %gesacot}l%@ﬂ{lﬂgg $hé ec%vslstehqgi%gg‘ is
integrated at least at ends of the twisted parts 43a and 43b. Then, the ends
of the thermocouple element wires 13a and 13b are joined orb overlapped with
the welded parts 53a and 53b, and then coupled to the welded parts 53a and
53b by welding with a welding machine, thereby to form the coupling parts
70a and 70b (refer to Fig. 4 (¢)). The welding machine used here may be any
of a wide variety of publicly-known welding machines.

[0024]

As shown in Figs. 3 and 4, the twisted wires are used as the



The connection parts 40 and 50 are made from a thernopl astic

pol yam de resin. The thernoplastic polyam de resin usable in the
present invention can be subjected tojgot-nelt nolding descried

| ater. Such a thernoplastic polyanide resin nay be a resin disclosed
in JP-B No. HO06-84431, or a resin obtained by subjecting dinmeric fat
acid produced fromnatural fat acid to condensation pol ynerization
with diam ne, for exanple. Such a thernoplastic polyam de resin has
hi gh adhesbaduttiveeirak 238 andt23bubiftign sheativsed pdresadh and 1489 ,andrtthen
conductive wres, and various resins constituting the outer jacket or
the |i ke dbrihie eveldaspaits Sadbhad 58hdatidafer shatxtdel theniotsuple element
noi st ur e- proof, dust-proof, and insulating properties. Especially,

t he ther nopirest13a poldy drSibdere esiuplgat efier i ywéldsd apditeebBa fad t §3b.17
acid with a carbon nunber of 30 to 45, in particular 36. Accordingly,
t he connecidcordipglyt sis@ Hredch@luatiee impesnLda and 23texs bintistey veimeks, aras
further enhanced in noisture-proof property and adhesi on. The
t her nopl astinglepwofisesridekeest passibde i to phevige eadrntagacentyi dhei sheath
preferably characterized in that the nolecular nass is 8,000 to

12, 000, t Hbesobewwpilad0 pothresistagoe to alsddingateshduringowsi ayd gouple00C
is 2,000 to 4,000 Pa s. The foregoi ng thernopl astic pol yam de
resin may dseh dfgheanaindlveires conmdithbipieade tovipeidywired & 3aeznd 36§atp tihe
sol d under the trade name "Macronelt I(4r egi stered trademark)" by
Henkel AG theusocqupipeleppagavires 13a angd d3bAa aprediablst mapnenht idna resdt,
connection parts 40 and 50 are no] ded b%/ hot -nel t nol ding using the

f or egoi ng ReHSEaRTS| WseiEeRio flowinegl dhrqughntherplaeatht thesmocorsle Jgcam behe

present invention relates to a kind of so-called_insert nol di;g g‘%
ANt h

whi ch a nofepéitapt ferEnts valugc edorir dangtit §I 1snBrsfiiadio maataae

a resin. In the hot-nelt | dj ng usi ng t her nopl asti c pol yam de.
resin as iﬁ?r%%glaﬁ’r‘:%s‘gﬁtthei %e@ﬁbl ,rmf’ﬁ%ufﬁ%s]irbm E’é’éﬁe’a ARG E‘E’:{ EOPRASHER an
injection pressure of 0.2 tth VPa {hat is extrenely |ower tgan t hat
in nornal ﬁ‘f%&f% BFCORETS; 199t heaRTES PR HOYRPLIORO!Y BreRSly 28ITHE AdeBRgR
force acts on th eger%nt )ENI res, the coupling parts, and the

conduct i veStWSrS@?%pé? TEA"P A% netal nold even under a pressure

during t%g@ert mol ding or the like. This elimnates the need to
use any to prevent occurrence of a short-circuit at the pair

of elenment wreswl3a and..13b e upl i arts 30a 0 60a d
60b, and the coﬁ‘élﬁc(f‘(?mvmee%ﬁlorrle%ar%%a4 03%8825@%r§sm§ 8V\§n%m|hn§Fﬁlge§¥nofla(sg¥, 1

(b), and 2polgrat1m.ife }e@ﬂﬁ pﬂ?es.{lpérgaoﬁa?asrtﬁ%q§arﬁi&afets§n %ggﬂ%’inr{%é%rgg'&t

invention can be subjected to hot-melt molding descried later. Such a
thermoplastic polyamide resin may be a resin disclosed in JP-B No.
HO06-84431, or a resin obtained by subjecting dimeric fat acid produced from
natural fat acid to condensation polymerization with diamine, for example.
Such a thermoplastic polyamide resin has high adhesion to metals
constituting sheaths, element wires, and conductive wires, and various
resins constituting the outer jacket or the like of the extension cable, and
thus is excellent in moisture-proof, dust-proof, and insulating properties.

Especially, the thermoplastic polyamide resin preferably has a dimeric fatty



18 connection structure |ight-weight and small-sized, and sinplify

t he manufacturing process for the connection structure. In addition,
since it is not necessary to use a negﬂl nold with a conplicated
structure to prevent occurrence of a short-circuit at the wires or
the like, it can be expected that the nmetal nold is easily cleaned
each after nol ding, occurrence of nolding failure is suppressed, and
products with unified quality are manufactured with efficiency.

| n cont r asdcid iwith Recaabse mimbaiset 30 1®148] hg partibulgener alActsjdesdly,othe it
is necessary to inject a resin under a high pressure. Accordingly,

t he el emendonwedttsn pabts dOuphd i pa¢ timpravet tiheflecbilitgt v aver Rsther
pl aced in the netal nold are noved by the injected resin or the |ike
t o devel operdhasited in moistuird-pesof peoxppand atlheéibe. out side. It is thus
extrenely difficult to realize the connection structures as shown in
Figs. 1 and 2, dhd thermsplaspogwsijHmeideareairoiised nctleapeeseht invention is
manuf acturing costs. [0027] In the hot-nelt nolding of the
present i meefdrably, chidvecteoizedonrtat blee noydadsr maseliy ii0detor £2,000,i the
used and thus the nolding tenperature can be | owered as conpared to
the case ofoftesingypeint heBPowetil-fgandsiha Wemhitasatsi10°oCon 2,030 ho 4TH0s
makes it possible to use a general - purpose extension cable with an
outer jack®a-ef a polyvinyl chloride, for exanple, as described
above. [0028] In addition, in the foregoing hot-nelt nolding
using a t her nop/Thetforegoing thererplassiopolyamideetesin msiyobe £ar BeaRelst aat
a low tenperature of about 400C, for exanple. This nmakes it possible
to nmake ari:h@ympg}@é’ply pelygpide resin that is sold under the trade name "Macromelt

(registered trademark)" by Henkel AG & Co. KGaA.
[0026]

In the present invention, the connection parts 40 and 50 are molded
by hot-melt molding using the foregoing thermoplastic polyamide resin.
The hot-melt molding in the present invention relates to a kind of so-called
insert molding by which a molded article is placed in a metal mold and
integrated with a resin. In the hot-melt molding using a thermoplastic
polyamide resin as in the present invention, the resin can be injected under
an injection pressure of 0.2 to 5 MPa that is extremely lower than that in
normal injection molding. Accordingly, no force or a quite-small force acts
on the element wires, the coupling parts, and the conductive wires placed in
the metal mold even under a pressure during the insert molding or the like.
This eliminates the need to use any member to prevent occurrence of a
short-circuit at the pair of element wires 13a and 13b, the coupling parts 30a,
30b, 60a, and 60b, and the conductive wires 23a and 23b, as shown in Figs. 1

(@), 1 (), and 2. It is thus possible to reduce a parts count, make the



19 difference in thermal expansion between the netal constituting the
conductive wires and the thernocouple elenent wires and the synthetic
resin constituting the connection par{g after cooling Accordingly, it
is possible to avoid deterioration of adhesion due to a difference in
t hermal expansi on between the outer peripheral surface of the sheath
base end and the synthetic resin in the connection parts after
cooling, thereby significantly enhancing the connection structure in
noi st ur e- poAnéctivnopgrtigturdslight-esight, dnd | Snplbsiiel] eatd smnplifei rthehe

i nsul ating property of the connection structure, and inprove the
measur enenha@efacnatyy pfockérefostraicbnhdotiontouphe:. [[0ABIition, since Eher e
is no particular limt on the structure of the connection parts 40
and 50 as rfoameassshhe tenke rempealt mohiswitth 4 kemphinatedt stonctpas te pddreand
50 ranging fromthe sheath base end 12 through the pairs of the

coupl i ng pacteld@aofondh@BiwircGleatathe Widbs ommnbe %Ga, drdn7Bbexgrai#d thgtt he
pair of elenment wires 13a and 13b and the pair of conductive wres
23a and 23be mespecdlieleysilp clehvedxnensiften oaldieg, |ceadiragceeatim@Rlingr e
covered directly with a thernoplastic polyam de resin. For exanple,

t he conneduilore pasunprdssedndngpnedyctisavehamifiefl quadity e shamelaceuedh as
an al nost cylinder, an alnost square, and these shapes to which a

t aper ed poritheffidiencydded as appropriate. The exanple shown in Fig. 1
is structured such that the width (dianeter) orthogonal to the |ong
axis is al nost Unconirastaiel the cagseridaserbmolding withy ganedeldingactioneitspde
near the conpensation conductive wire 20 so as to be_gradual

smal | er i rMegpLeRY ¥R iHeqtri Fesdl ungenhp dngriptgsstise 1 HaccosMpehs g plgment
conductive wire 20, and a tapered portion is provided at the ?id

near the SF&atkhe seimproRpite awl the candugtipe wiresdlasad,insthe netal inpeld

wdth with 20 increasing proximty to the sheath thetnocauple 10,
and the gra&iféﬂ‘t’edog’y #he isp rreguht e ttPcf?FVPQ)PsﬁéﬁtP@fquﬁ)ﬁhmf E?@
gradient of the latter t red portion, as shown .in Fig, 1 . bn
26a1 ¢ on, TRESCbrinettd GHepart s ThoCattuseRae Aulrilia detils dhfons
near the couplin arts 30a and 30b_as sho in.Fig..1 (b), and t.he

f or egoi ng %Bgﬁcqogbgtf%@“ﬁ?ﬁ 8 %?@V%f%glﬁaié‘ng{%i%tgﬁ m%‘ggﬁgj.le I%?J?YCH r,
al t hough not sho SS seccti ons may have an al nost rectangul ar

th ro
shape. Form‘é’i?gﬁ%\fl’\g%napﬁﬁaciﬁﬁﬂ%ﬁ 8n parts 40 and 50 may be decreased

in size at[ {)Qﬁ side along the height (horizontal side showmn in Fig. 1
(b)) than 8 he side along the width (vertical side shown in Fig. 1

(b)), or may behtl ht%er BYELRE: molding of the present invention, the foregoing
thermoplastic polyamide resin is used and thus the molding temperature can
be lowered as compared to the case of using a thermosetting resin such as
silicon resin. This makes it possible to use a general-purpose extension
cable with an outer jacket of a polyvinyl chloride, for example, as described
above.

[0028]
In addition, in the foregoing hot-melt molding using a thermoplastic
polyamide resin, the metal mold can be kept at a low temperature of about

40°C, for example. This makes it possible to make an extremely small



[ 0030] As shown in Figs. 2 and 3, the connection part 50 may
have a fol ding prevention part 51 at an end thereof covering the
conpensati on conductive wire 20 to prﬁ%ent fol ding and breakage of

t he conpensation conductive wire 20. is configuration may be a
configuration widely used for household wall outlets, for exanple.
The folding prevention part nmay be nolded integrally with the
connection part 50 or nmay be provided as a separate nenber.

The mat er i @fferesics UGt UiRrmaldexpidicty bathed @he t hrt£LloRBA@MgPahe S0
shown in Figs. 2 and 3 are generally the sane as those of the

connect i orgopanétivd wiheWand thei thermoes@sipt eleMenparites agldstlid bgathabieve
ot herwi se, and thus detail ed descriptions thereof will be omtted

here. [003%din constitufing tiet comhdctivhl ghrtg s@er keoltds.r i Ackopdinghy i@ny of
conventional ly publicly-known methods. 21 [0032]

possible to avoid deterioration of adhesion due to a difference in thermal
expansion between the outer peripheral surface of the sheath base end and
the synthetic resin in the connection parts after cooling, thereby significantly
enhancing the connection structure in moisture-proof property. As a result,
it is possible to maintain the insulating property of the connection structure,
and improve the measurement accuracy of the sheath thermocouple.
[0029]

There is no particular limit on the structure of the connection parts
40 and 50 as far as the entire portions of the connection parts 40 and 50
ranging from the sheath base end 12 through the pairs of the coupling parts
30a and 30b, 60a and 60b, and 70a and 70b coupling the pair of element
wires 13a and 13b and the pair of conductive wires 23a and 23b, respectively
to the extension cable leading end 22, are covered directly with a
thermoplastic polyamide resin. For example, the connection parts 40 and
50 may have any of various shapes such as an almost cylinder, an almost
square, and these shapes to which a tapered portion is added as appropriate.
The example shown in Fig. 1 is structured such that the width (diameter)
orthogonal to the long axis is almost uniform and a tapered portion is
provided at the side near the compensation conductive wire 20 so as to be
gradually smaller in width with increasing proximity to the compensation
conductive wire 20, and a tapered portion is provided at the side near the

sheath thermocouple 10 so as to be gradually smaller in width with



As in the foregoing, the enbodi nent of the present invention is
descri bed. However, the present invention is not limted to the
enbodi nent, but can be carried out in2 arious nodes w thout departing

fromthe gist of the present invention. [Exanple 1] [0033] The
present invention will be described belowwth reference to an
exanpl e. [0034] (Exanple 1) A sheat h thernocouple (trade nane

"THERM C Kcpl. 6" produced by Yamari Industries Limted) and a

conpensat i i‘ﬂ@re%@ﬂ%lﬂﬁﬁoixi&ﬁitw tb@hé shastd NRRocHe 10c Mg Re gMAiBnﬁof the
pol yvi nyl chloride produced by Yamari Industries Limted) were

coupl ed byfosiwag itagexuai pEteauRl dmgllgatis the agedRates theilamedltapyed
produced by N chifu Co., Ltd.). Then, the coupled unit was placed

such that wyitin! Aesherh i0Figrp@)! hen basrinNdhotodhetisherlts 40 and 50
t hernocouple to the | eading end of the conpensation wire is

posi ti onedhdve drdiigdedrossdttioAl hehr tiatoupdiniheirtPdashd G0palsywsadiveiein
resin (trade nanme "Macronelt (registered trademark) produced by

Henkel AG RigCo (b)Keadrhavisrepsag both paydred portiaisealsehbvamlciticabrishape.
accordance with the predeterm ned nethod, thereby to fabricate an
ext ensi on Katther, cahhectli awtsshawhutbe f@bssa seetiper ahay ehaveasur aimodt
means shown in Fig. 2. It has been confirned by a digita
mul ti - met erec{zprzodhic edbadey Aty andaesgile, Cdrepcorateictin) partd 40 hendob0 anagde
connection structure had no

decreased in size at the side along the height (horizontal side shown in Fig. 1

(b)) than at the side along the width (vertical side shown in Fig. 1 (b)), or may

be the reverse.

[0030]

As shown in Figs. 2 and 3, the connection part 50 may have a folding
prevention part 51 at an end thereof covering the compensation conductive
wire 20 to prevent folding and breakage of the compensation conductive wire

- 20. This configuration may be a configuration widely used for household
wall outlets, for example. The folding prevention part may be molded
integrally with the connection part 50 or may be provided as a separate
member.

The material, structure, and molding method of the connection part
50 shown in Figs. 2 and 3 are generally the same as those of the connection
part 40 shown in Fig. 1 except for points described above otherwise, and thus
detailed descriptions thereof will be omitted here.

[0031]

The hot-melt molding can be carried out by any of conventionally

publicly-known methods.



22 di sconnection. In addition, the connection structure has no

probl emin appearance. [0035] (Misture-proof test) The
extensi on cabl e connection structure E?r a tenperature neasurenent
means obtained in Exanple 1 was inmerSed in water in a container such
that a portion fromthe |eading end of the sheath thernocouple

t hrough the connection structure to the conpensati on conductive wire
was positioned at a water depth of about 30 cmor the |ike. Then, the
connecti onpgpuct ure was measured over time in insulating resistance
inconformty with JIS C1605. As a result, it has been confirmed that

the extension cabl en gRENBEddoR, StHel e inbo@iABih N bfitAE (rdBeht SittedltioRNdis
resi stance of 1000 MQ or nore and had sufficient noisture-proof

property idespriB6d.i CHbwboa, BuepreabhittinvkAfse iohotnaiteant hhe Relbodenes,
Signs List [0036] 1 and 2Extensi on cabl e connection structure
but can be carried out in various modes without departing from the gist of
the present invention.
[Example 1]
[0033]

The present invention will be described below with reference to an
example.
[0034]
(Example 1)

A sheath thermocouple (trade name "THERMIC K¢1.6" produced by
Yamari Industries Limited) and a compensation conductive wire (trade name
"VX-15" covered with a polyvinyl chloride produced by Yamari Industries
Limited) were coupled by swaging using coupling parts (trade name "Crimp
Sleeve" produced by Nichifu Co., Ltd.). Then, the coupled unit was placed
such that only the portion from the base end of the sheath thermocouple to
the leading end of the compensation wire is positioned in a metal mold.
After that, a thermoplastic polyamide resin (trade name "Macromelt
(registered trademark) produced by Henkel AG & Co. KGaA) was used to
perform macro-melt molding in accordance with the predetermined method,
thereby to fabricate an extension cable connection structure for a
temperature measurement means shown in Fig. 2.

It has been confirmed by a digital multi-meter (produced by

Advantest Corporation) that the obtained connection structure had no



10Sheat h t hernocoupl e 11Sheath 12Sheat h base end 13a and 13b El enent
wi re 14Protrusi on 20Conpensati on conductive wire 21Quter jacket

22

disconnection. In addition, the connection structure has no problem in
appearance.

[0035]

(Moisture-proof test)

The extension cable connection structure for a temperature
measurement means obtained in Example 1 was immersed in water in a
container such that a portion from the leading end of the sheath
thermocouple through the connection structure to the compensation
conductive wire was positioned at a water depth of about 30 cm or the like.
Then, the connection structure was measured over time in insulating
resistance in conformity with JIS C1605. As a result, it has been confirmed
that the extension cable connection structure maintained an insulating
resistance of 1000 MQ or more and had sufficient moisture-proof property in

practical use even after lapse of one month.

Reference Signs List

[0036]

1 and 2 Extension cable connection structure
10 Sheath thermocouple

11 Sheath

12 Sheath base end

13a and 13b  Element wire

14 Protrusion

20 Compensation conductive wire

21 Outer jacket



23 22Leading end of outer jacket 23a and 23b Conductive wire 33a and
33b Twisted wire 43a and 43b Twi sted part 53a and 53b Wl ded part
30a, 30b, 60a, 60b, 70a, and 70bCoupl bag part 40 and 50Connecti on
part 51Fol di ng prevention part

22 Leading end of outer jacket

23a and 23b  Conductive wire

33a and 33b  Twisted wire

43a and 43b  Twisted part

53a and 53b  Welded part

30a, 30b, 60a, 60b, 70a, and 70b Coupling part
40 and 50 Connection part

51 Folding prevention part




24 CLAIMS: 1. An extension cable connection structure for a

t enper at ure nmeasurenent neans, the connection structure being fornmed
by connecting one pair of elenment wirgg derived froma sheath base
end of the tenperature neasurenent nmeans to one pair of conductive
wires derived froma | eading end of an outer jacket on an extension
cabl e, wherein a connection part nmade of a thernoplastic pol yam de
resin and nol ded by hot-nelt nolding covers a section fromthe sheath
base end tE@LAIMSext ensi on cabl e | eading end through one pair of
coupling parts coupling the pair of element wires and the pair of
conductive wres, a connection part nade of a thernoplastic polyam de
resin and nol ded by hot-nelt nolding is placed such that the pair of
el enent wires, Hheexpandiontalklewphhagigpastisctuantbrichenpairatak conducti ve
wires, are each separated fromone another. 2. The extension cable
connect i omesdsureingne nfeams atHeanvpeaeatan etroe@ase beimenformed sy cannectdigng t o
Claiml, wherein the outer jacket at the extension cable |eading end
has a tubulmrpast ofedtoeat micks defrivadtfben mogicash bese exsd nf Wiet tengperature

gl ass-transition tenperature of 125C or less. 3. The extension cable
connect i ormsgsuremené nfeams do peapanatfiiroadngasuware derived ivmae deadingg t o
Claiml or 2, wherein the sheath base end is provided with a

pr ot r usi orexfdoef anowkienipckhieor eneatariston grble, whertirea esmrsvsionpachblagle

connection structure for a tenperature )
of a thermoplastic polyamide resin and molded by hot-melt molding covers a

section from the sheath base end to the extension cable leading end through
one pair of coupling parts coupling the pair of element wires and the pair of
conductive wires, a connection part made of a thermoplastic polyamide resin
and molded by hot-melt molding is placed such that the pair of element wires,
the pair of coupling parts, and the pair of conductive wires, are each

separated from one another.

2. The extension cable connection structure for a temperature
measurement means according to Claim 1, wherein the outer jacket at the
extension cable leading end has a tubular structure made of a thermoplastic

resin with a glass-transition temperature of 125°C or less.
3. The extension cable connection structure for a temperature
measurement means according to Claim 1 or 2, wherein the sheath base end

is provided with a protrusion for locking the connection part.

4. The extension cable connection structure for a temperature



25 neasurenent means according to any one of Clains 1 to 3, wherein
the coupling parts are forned by welding the elenent wires and the
conductive wires. 5. The extension caple connection structure for a
t enper at ure neasurenent neans according to any one of Clains 1 to 4,
wherein the conductive wires are twisted wires, and the coupling
parts are formed by further twi sting ends of the conductive wires in
a direction of twisting so as to be closely attached to each ot her

and_wel di nged fifeplaiBianwiscasdiny td¥neatisoOEline 1coMn] kaidrve ther es.
6. The extension cable connection structure for a tenperature

measur eﬁe%uﬁﬁﬁ@?aﬂﬁcﬁé dbiged By GleddifeThe Wheli@itnvirbea YR targlyeaive S
are fornmed by welding the closely attached | eading ends of the

conducti veyiks.es and further welding the element wires to the wel ded
parts of the conductive wires. 7. The extension cabl e connection
structure for a tenperature neasurenent neans according to any one of
Clains 1 to 3, wherein the coupling parts are forned by a conductive
nmenber for5.swagihhg extchsiornxcatde theneztienentuchinrecfor arntdmipeeatteaduct i ve
wires. 8. An extension cable connection nmethod for a tenperature
measur enenheaaansent heeanempesrding & agasur efBlaimsdaiost, vehareg the
connection structure fornmed by connecting one pair of elenent wires
derived 2®nductive wires are twisted wires, and the coupling parts are formed by

further twisting ends of the conductive wires in a direction of twisting so as

to be closely attached to each other and welding the element wires to the

ends of the conductive wires.

6. The extension cable connection structure for a temperature
measurement means according to Claim 5, wherein the coupling parts are
formed by welding the closely attached leading ends of the conductive wires
and further welding the element wires to the welded parts of the conductive

wires.

7. The extension cable connection structure for a temperature
measurement means according to any one of Claims 1 to 3, wherein the
coupling parts are formed by a conductive member for swaging and fixing the

element wires and the conductive wires.

8. An extension cable connection method for a temperature
measurement means, the temperature measurement means having a

connection structure formed by connecting one pair of element wires derived



froma sheath base end of the tenperature neasurenent neans to one
pair of conductive wires derived froma |eading end of an outer

j acket on an extension cable, wherein2e6on a section fromthe sheath
base end to the extension cable |eading end through one pair of
coupling parts coupling the pair of element wires and the pair of
conductive wres, a connection part nade of a thernoplastic polyam de
resin and nol ded by hot-nelt nolding is placed such that the pair of
el enent wi fiem a sheathdiaseehdedtihe feraperaties maasnemens aeansftoomediet i ve
wires, are each separated fromone another. @ 9. The extension cable
connect i onoheomduative wirestdemyed dram @ laediogreadentannmgasiagkeberipng t o
Claim8, wherein the coupling parts are forned by wel ding the el enent
wires and EHengioRdable Veppinean a spotiom fronkiheshdash beghped sotttect i on
met hod for a tenperature_ neasurenent mnmeans, according to Caim8 or 9,
wher ei n t hexteapigucapiraeafingengrthroughs preypajrod sounling pads couingihe
parts are forn?d by further éw@sting ends of the conductive wires in
a directi oR2BOI LIGIAIILTHIreHaRG the PR Of CORBIGHVEWEEh ongegadhPtther
and wel ding the_elenment wires to the ends qf the conductive wres.

11. The exP&d€i%A & SHP%P]é‘BHﬁBEJ@’?B‘HH%%B&n dgpo e@@%ﬁ@ﬁaﬁ} grolding 1s

measur enent. means .agcor.di ng. t aim 10, erein the coupling rts
oy e ab e g arer Fig e it sftrmits ke B G2 01O SReE BrHErand Hhe
conductive wires and, further melding t he %“gnent Wi T to the wel ded
parts of t R%n'é)g ﬁ%‘&,@ﬁtvg Witpsa Qre each separated from one another.

9. The extension cable connection method for a temperature
measurement means according to Claim 8, wherein the coupling parts are

formed by welding the element wires and the conductive wires.

10. The extension cable connection method for a temperature
measurement means according to Claim 8 or 9, wherein the conductive wires
are twisted wires, and the coupling parts are formed by further twisting ends
of the conductive wires in a direction of twisting so as to be closely attached
to each other and welding the element wires to the ends of the conductive

wires.

11. The extension cable connection method for a temperature

measurement means according to Claim 10, wherein the coupling parts are
formed by welding the closely attached leading ends of the conductive wires
and further welding the element wires to the welded parts of the conductive

wires.



