7 February 2006 | NDUCTOR FOR HEATI NG | NNER- CI RCUMFERENCE OF Equ B ND
OF THE INVENTION 1. Field of the invention The present i nvehEPYATY tes to
an inductor for heating the inner circunference of a hole, and the inductor
is used for heating a tube fromthe inside in order to extract the tube for
_ heat transfer in a boiler, a condenser, and so on froma tube plate, or,
for heating a cylinder in a simlar manner fromthe inside in order to
perform heat treatnent of the inner circunference of a cylinder. 2.
Description of the Prior Art Conventionally, a part which a tube is inserted
into and fi xedNaUCTORIFORD IHEAT IINGS TiNeER -tIROUMFERIMdEo@Femed.HE n order to
extract an existing tube fromthe tube plate when the tube is replaced for
boi l ers and condensers, and an inductor which is inserted into the inside
of the tube for induction heating of the tube has been well-known (refer
to, for exanple, JapaneseBAPRGROYNANPF | BRI BNVENT EO¥pen No. 4-22094, and
Japanese Patent Application Laid-Open No. 5-337750). Here, the above
| ooseni ngti sFtat@edt byha He¥®RRI Y™ in which, as a tube is heated in the
first place befgore the tube plate is done; the tube which ish%oin to
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after defﬁé&@iﬁ&@aQ%b%OEP5ﬁ§§k¥§nside in order to extract the tube for
heat transfer in a boiler, a condenser, and so on from a tube
plate, or, for heating a cylinder in a similar manner from the
inside in ofder‘ to perform heat treatment of the inner
circumference of a cylinder.
2. Description of the Prior Art

Conventionally, a part which a tube is inserted into and

fixed at a tube plate has been heated, and loosened in order
to extract an existing tube from the tube plate when the tube
is replaced for boilers and condensers, and an inductor which
is inserted into the inside of the tube for induction heating
of the tube has been well-known (refer to, for example, Japanese
Patent Application Laid-Open No. 4-22094, and Japanese Patent
Application Laid-Open No. 5-337750). Here, the above
loosening is caused by a mechanism in which, as a tube is heated
in the first place before the tube plate is done; the tube which
1s going to thermally'expand.is prevented from expanding in the
diameter by a constraint of the tube plate which has been neither
heated yet nor expanded; and, instead, an outside diameter/wall
thickness ratio is reduced after deformation by compressive

yielding, the outside diameter after cooling becomes smaller



yi el ding, the outside diameter after cooling becones snmaller 7 F ary
e A0S

2006 than the original one to cause a cl earance between t he’ t he

tube plate. That is, the above-described heating is required to be done
rapidly (for exanple, the rate of heating is 100C/ second) so that only the
tube becones red hot before heat is transmtted to the tube plate. A
conventional inductor 1 which is used for the above induction heating
conprises: a solenoidal coil 2a having a configuration in which a
conductive tube 2 such as a copper tube is spirally wound as shown in FIG
4; a transiahl ORe OGO c2le exteniBg £168rance eyt wier he s@bengidal coil
2a to a feeding termnal (not shown in the figure); and a transition
conduct orth2c teveepdiantg .f r Ohet héspt hhe abndeoeflesheibed| h2atfinganet her feedi ng
termnal (not shown in the figure) through the inside of the sol enoida
coi |l 2a. renmieedeto bhelendasabiebly alfso kmewplenotherraveluct dreatitty a
configuration in which a nagnetic core 3 is arranged in the solenoidal coi
2a as shéwnlPA°H eecoendpsse Hdthdudtyi dheheabenigebyme hereddirt dref@mneanged in
the inside of the tube has a |ow ratio of magnetic-flux concentration on
t he t ubeédyls ety Brfihg EHbR RF2the AaPRVEChHEheRaly InslUcdtdr kabl y
of _jnduction, heati the inductor arranged in

| ow, comparing wi.th that ) n
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tube 2 such as a copper tube is spirally wound as shown in FIG.
4; a transition conductor 2b extending from one end of the
sblenoidal coil 2a to a feeding terminal (not shown in the
figure); and a transition conductor 2c extending from the other
end of the coil 2a fo another feeding terminal (not shown in
the figure) through the inside of the solenoidal coil 2a.
Moreover, there has been also known another inductor with a
configuration in which a magnetic core 3 is arranged in the
solenoidal coil 2a as shown in FIG. 5.

As the induction heating by the inductor arranged in the
inside of the tube has a low ratio of magnetic-flux
concentration on the tube body, the heating efficiency of the
above heating is remarkably low, comparing with that of
induction heating by the inductor arranged in the outside of
the tube. Thereby, it is acfdally indispensable to arrange a
magneticcoreforimprovingacfionofelectromagneticinduction
on the tube body in a case in which rapid heating is required
like the above-described heating for extracting the tube.

Accordingly, the magnetic core is configured to be arranged as

shown in FIG. 5.



on the tube body in a case in which rapid heating is required |Iike
above-descri bed heating for extracting the tube. Accordind??ﬂ”?ﬁ@z

core is configured to be arranged as

However,

a heat exchanger tube which is a target tube for the above

he
6netic

shown in FIG 5. 2 7 February 2006

t ube

extracting has a small dianeter, and there is only a narrow space with an
i nsi de dianeter of about 20-60 nm in the inside of the tube in many
Mor eover, the outside dianeter of the copper tube form ng the sol enoi dal
coil usually is 2 mmor nore as the hollow portion of the tube is
configured toHubee&etqohiHtghtWakehathafnehbe Wth bex abeyerdespeited
limtation by the size causes the following problens: In the first place,
there i sthe abpneveeasbd ekskathahgt hessel smal ladliamete?a amdl therd riansi ti on
conductor 2c cone into contact with each other to cause a short «circuit.
The abovendesernbgedoshspaceiwtli tan ssdqgig dédmesebeof avlodded Gt 6Gmym cost as

the short circuit

hundr eds 16f thgpiereidd Ppdwshe dithbe tRepany igifisat | Yareoserngtng tavtiige
reliability exceeding a usual |evel, that is, a large _cost wll be

requi r ed diERetRE Qf

cases.

is an event in the coil in which a large current of
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arranged ,eccentric to the sol engidal coil 2a as sho in FIG_. 5. The
Sccantr 1 ¢ Saf i GEBRESOTS I PRHEM BOEhIeh (i ide CUPgat Bt SiBHekpe i n a

specifict%ikgction qn t he tuhe

€ a cooling water channel.

Then, the above-described limitation by the size causes

"the following problems: In the first place, there is an

increased risk that the solenoidal coil 2a and the transition
conductor 2c come into contact with each other to cause a short
circuit. The above-described short circuit is required to be
avoided at any cost as the short circuit is an event in the coil
in which a large current of hundreds of amperes flows, and, then,
insulation coating with high reliability exceeding a usual

level, that is, a large cost will be required.

In the second place, the magnetic core 3 is required to
be arranged eccentric to the solenoidal coil 2a as shown in FIG.
5. The eccentric arrangement of the magnetic core causes
clearance shortage in a specific direction on the tube
circumference, and makes smooth processing for extracting the
tube difficult, as not—uniféfm.heating temperature in the
direction of the tube circumference causes not-equal
distribution, in the circumference direction of the tube, of
the above deformation by compressive yielding; and, then,
loosening which makes the tube cross section become elliptical

in shape.



ci rcunference, and makes snooth processing for extracting the tube
difficult, as not-uniformheating tenperature in the direct? Bbrefy 280 t ube
ci rcunference causes not-equal distribution, in the circunference direction
of the tube, of the above deformati on by conpressive yielding; and, then,

| ooseni ng whi ch makes the tube cross section becone elliptical in shape. 3
7 February 2006 In the third place, the cross-sectional area of the

magneti c core 3 becones about 1/2 or |less of the space in the solenoidal
coil 2a. At induction heating, the magnetic flux 1is saturated in nmany cases
as the tenperatin eelod thierdraghetd © tlooreraonsiateriadial rases édothand, a '
val ue of the saturation magnetic flux density at the risen tenperature
becones sevgmeitic tdamss 3abeswakls abothat /2fort Heessbofe tihenspaygeainr oo
tenperature. Therefore, it is not easy to secure the above-described and
preferabl%p¥%ﬂQ9@ﬁltQQeltéﬁperéﬁu#edﬂp§e0mhbﬂathegcrbé% mageet baaflaxea of
the magnetic core is small, as there is a tendency that the inproved effect
of the i NUCAOH AT 67 MANYeERFGS PR toMPENE teires 8T sble i BaaneRi@a of t he
magnetic core. resent invention has been nmade consi dering the above

pr obl ens, S ‘fCI’feSJcﬁﬁp%%q ﬁbfr]tfrfes ﬁﬂfe'nt?rb‘ﬁ |% ‘E%hb?d?/foteh%nsa‘f‘hﬂ%l%%%‘? f or

heati ng the i nner |rc nfer mhlch here is a s | risk

of a Shorwa%ﬁ?Qﬁﬁff %%Sé }qa gﬁg rlsen te erature Eecomes severa

times as small as that of the above density at room temperature.
Therefore, it is not easy to secure the above-described and
preferable rate of the temperature rise when the cross-
sectional area of the magnetic core is small, as there is a
tendency that the improved effect of the induction action
directly depends on the cross-sectional area of the magnetic
core.

The present invention has been made considering the above
problems, and the object of the invention is to provide an
inductor for heating the inner circumference of a hole, by which
there is a small riek of a short circuit in the coil, and
induction heating of the inner circumference of a hole and so
on can be realized rapidly and uniformly in the circumference

direction.

SUMMARY OE: THE INVENTION
An inductor for heating the circumference of a hole
according to the present invention is characterized by a
configuration in which the inductor comprises a solenoidal coil
and a magnetic core arranged therein; the magnetic core has a

cylindrical shape; feeding to one end part of the above



i nduction heating of the inner circunference of a hole and so on can be
realized rapidly and unifornly in the circunference directi/dgbristhViRY OF
THE | NVENTI ON An i nductor for heating the circunference of a hole according
to the present invention is characterized by a configuration in which the

i nductor conprises a solenoidal coil and a nmagnetic core arranged therein;
the magnetic core has a «cylindrical shape; feeding to one end part of the
above 4 7 February 2006 sol enoidal coil is perfornmed through transition
conductor which are arranged in an inserted manner into a hollow portion

of the cyWdindidicrll magneti< Loff rmte rlasedddiad dhdsiaicaseor ding to
the present invention has the follow ng advantages by the configuration in
whi ch t hesttirdAnairki @nrengdacimran $naeraagatanme Anrdisar hetl sanperciomt o t he
hol | ow portion of the cylindrical magnetic core: (1) Arisk of a

short - ci rcduitthebetyigerdtihm Isoleen@tdal axid. and the transition conductor may
be avoided. Here, the volune resistivity of ferrite (MO Fe2Q3type iron

oxi de) sui t abl &hfeorbicoreridey cr eghdinidt ddore aatcomstma drpéteat wreesdn of the
order of 10 -107 Qm which is at least 106 tines the order of 10-6 ncm
whi ch i s ivenfdlameaseshe ifallypvwinacagpentagealby téhenragfigerabiPn her ef ore,

a short-circuit current at indirect contact between the sol enoidal coil and
the t rané’ibﬁ%‘n he transition conductor is arranged in an inserted manner

into the hollow portion of the cylindrical magnetic core:
(1) A risk of a short-circuit between the solenoidal coil and
the transition conductor may be avoided.

Here, the volume resistivity of ferrite (Md—Fe203type iron
oxide) suitable for forming a magnetic core at room temperature
is of the order of 10° -107 Qcm, which is at least 10° times the
order of 10°° Qcm which is the volume resitivity of copper metal
forming the coil. Therefore, a short-circuit current at
indirect contact between the solenoidal coil and the transition
conductor through the magnetic core formed with the above-
described ferrite must be about 1/1000 times that of direct
contact between the solenoidal coil and the transition
conductor, even if it is assumed that quantity indicating the
ease of passage of an electric current for the magnetic core
is 10 times that for the coil, in the geometrical factors defined

by geometrical shape and siié,-and the value of the volume

resistivity becomes 1/100 time the value at room temperature
by the temperature rise of the magnetic core at use. That is,
the above~described risk of a short-circuit (overheat damages,
spark damages, and so on) may be substantially avoided, as a

short-circuit current at indirect contact through the magnetic



conductor through the magnetic core forned with the above- described ferrite
nust be about 1/1000 tines that of direct contact between théebssrneadital
coil and the transition conductor, even if it is assuned that quantity
indicating the ease of passage of an electric current for the magnetic core
is 10 tinmes that for the coil, in the geonetrical factors defined by
geonetrical shape and size., and the value of the volunme resistivity
beconmes 1/100 tine the value at roomtenperature by the tenperature rise of
the magnetic core at use. That is, the above-described risk of a
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substantially avoided, as a short-circuit current at indirect contact

through the r@gnetd @i%ebdrelyrarar 2006, 6R1e e MRS Y ds hundr eds  of
mllianperes if a short-circuit current at direct contact is hundreds of

anperes (@) Aashsakklgqgobft haet HhBeUOhi@omY yi Ant RBeCichGideereee di rection
is realized by concentrical arrangenent of the magnetic core to the coil,

t he | oosehimeg-tfiammiw trdeaiti 2dics oy tdoorterdfritded aosmrgaedntonad ©hape of the
tube may be realized when the inductor is used for extracting the tube. (3)
The cool imagreftfigceo by ta oine codlli, nthofl opvkend olbefwimul tboult diext@ridisont o t he
magnetic core, and the saturation magnetic flux density is maintained at a
hi gher va&lfuéheasrphe-sresionadt soape ohrtéwr dlubchmayagner¢ealtore Whsn be

expanded up to about 90 percent of the space in the coil, and, furthernore,
t he i nsi dé*&arigiductor is used for extracting the tube.

(3) The cooling effect by flow cooling of the solenoidal coil
extends to the magnetic core, and the saturation magnetic flux
density is maintained at a higher valtile, as the cross—-sectional
area of the magnetic core may be expanded up to about 90 percent
of the space in the coil, and, furthermore, the inside and
outside surfaces of the magnetic core completely face with the
solenoidal coil and the transition conductor, respectively.
Accordingly, the above-described improved effect of the
induction action may be obtained to the utmost limit by both
the above increase in the cross-sectional area of the magnetic
core, and the saturation magnetic flux density maintained at
a higher value. Thereby, the above-described, and preferable
rate of the temperature rise may be secured easily and with the
minimﬁm power.

Thus, the above-described problems have been solved by

the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows an inductor according to one embodiment of

the present invention: FIG. 1A is a schematic view of the cross



out side surfaces of the magnetic core conpletely face with the sol enoi dal
coil and the transition conductor, respectively. AccordingVﬁ?bﬂ%@UKm6
above-descri bed i nproved effect of the induction action may be obtained to
the utnost limt by both the above increase in the cross-sectional area of
the magnetic core, and the saturation nmagnetic flux density maintained at
a hi gher value. Thereby, the above-described, and preferable rate of the
tenperature rise nay be secured easily and with the m ni mum power. Thus,

t he above-descri bed probl ens have been sol ved by the present invention.

BRI EF DESCRPILON O, THE, CRAW NGS, HL.6 1 1. STgue, 80, st proacgerding to one

enbodi nent o the present 1nvention: A ls a schematic view of the

cross 6 Tshehrmary 2008 sectiomund!fardB is a schematic side view, and FIG_
1Cis a schematic view of the end part. FIG 2 is a schematic view of the

Cross section sHOW 1Y isdasSah&mb ity Lo tdre thrdeebes 38cshewnshowbh&g 1 is
inserted into a tube 13. FIG 3 shows an inductor according to another
enbodi nend stoftd hiem prrasentt hiendedicamr EOGshdsni snaFschemais cissdetadew; and
FIG 3B is a schematic view of the end part. FIG 4 shows one exanple of a
conventi onatoianduttori3FIG 4A is a schematic side view, and FIG 4B is a
schematic view
FIG. 3 shows an inductor according to another embodiment
of the present invention: FIG. 3A is a schematic side view; and
FIG. 3B is a schematic view of the end part.
FIG. 4 shows one example of a conventional inductor: FIG.
4A is a schematic side view; and FIG. 4B is a schematic view
of the cross section taken along the A-A line in FIG. 4A.
FIG. 5 shows another example of the conventional
inductor: FIG. 5A is a schematic side view; and FIG. 5B is a

schematic view of the cross section taken along the B-B line

in FIG. Db5A.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Hereinafter, the present invention will be described in
detail, referring to embodiments in the drawing. FIG. 1 shows
an inductor 10 according to one embodiment of the present
invention,andETG.lAjj;aschematicview<ﬁfthecross«section;
FIG. 1B is a schematic side Qiew; and FIG. 1C is a schematic
view of the end part. FIG. 2 is a schematic view of the cross
section showing a state in which the inductor 10 is inserted
into a tube 13. The inductor 10 comprises: a solenoidal coil
1la having a configuration in which an electric conductor 11

is spirally wound; a transition conductor 11lb extending from



of the cross section taken along the A-Aline in FIG 4A. FIG 5 shows

anot her exanpl e of the conventional inductor: FIG 5A is a &kehsway te0Gi de
view, and FIG 53 is a schematic view of the cross section taken along the
B-Bline in FIG 5A DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS
Hereinafter, the present invention will be described in detail, referring to
enbodi nents in the drawing. FIG 1 shows an inductor 10 according to one
enbodi ment of the present invention, and FIG 1A is a schematic view of the
cross-section; FIG 1B is a schematic side view, and FIG 1Cis a schematic
vi ew of tdwee efith par theFEGledoligad g6henbla ccvieWeeihldeterpsnalseabton
showing a state in which the inductor 10 is inserted into a tube 13. The

i nduct or dowonpr thesfigquse) erenidlal tconsitliba ddurg cr ddrf egueatdiong in

whi ch an electric conductor 11 is spirally wound; a transition conductor

i | b ext endiony theoptife 7 efisbe Gdrhye 2006nondaéncb iof 1lhet s ainotdiedafeedinglla to a
feeding termnpal_ (not shown in the figure) ; and a transition conductor |lc
ext endi ngte¥romM + hent HdroWwhd oft hehd igyrenoitaaluedi Fhel ansédanefhekef eedi ng
termnal (not shown in_the figure) through the inside of the_ solenoidal

coi | |1 a;SahtPaldet Fotdght® i ANrhg et ORBIE 1 RRFBRT1LCAFT drighli Fhsi de of

th I i dal il lla.. Th ti fi, i s .al d d.th
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above COHEié&ﬁé%g g@so caused around the outside of the solenoidal coil

lla by inserting the inductor 10 with the above configuration
into the tube 13 to be heated, for example, as shown in FIG.
2, and by electrically*charging the solenoidal coil 1lla.
Thereby, the inductor 10 may realize induction heating of the
tube 13 from the inside thereof.

Here, the magnetic core 12 provided in the above-
described inductor 10 is formed in a hollow cylinder, and
concentrically arranged in the solenoidal coil lla; and the
transition conductor 1lc is arranged in an inserted manner into
the central portion of the magnetic core 12. The magnetic core
12 arranged inside of the solenoidal coil 1lla is provided not
only for improving the action effect of the induction heating
by concentrating the magnetic flux, but also for preventing
short-circuit between the transition conductor 1llc, which is
arranged in an inserted.mannér into the inside of the magnetic
core 12, and the solenoidal coil ila. Therefore, the magnetic
core 12 is made of a material not only with ferromagnetism, but
also having a volume resistivity value which is suitably large.
In one example of a concrete aspect of the magnetic core 12,

the core 12 may be made by molding ferromagnetic powder such



into the tube 13 to be heated, for exanple, as showmn in FIG_ 2, and by

el ectrically-charging the solenoidal coil Ila. Thereby, théFehaasta0610 my
realize induction heating of the tube 13 fromthe inside thereof. Here, the
magnetic core 12 provided in the above- described inductor 10 is fornmed in a
hol |l ow cylinder, and concentrically arranged in the solenoidal coil IIa;
and the transition conductor 1lc is arranged in an inserted nanner into

the central portion of the magnetic core 12. The magnhetic core 12 arranged
inside of the solenoidal coil Ila is provided not only for inproving the
action efdecterofi teheit Adidd-oredieatdigbibeeQncepéfathply | hhargagnahic fl ux,
but also for preventing short-circuit between the transition conductor 1llc,
whi ch i s rasiangedty vadme aferHeeflagapner ddie ikhin ithei tden@é ottheoiragriet i ¢

core 12, and the solenoidal coil Ila. Therefore, the nagnetic core 12 is
made of &paterThd nestsanliy theh freronsgrebssantbat lyahsorimwiofgtaevol une
resistivity value which is suitably large. 1n one exanple of a concrete

aspect ofshoet nagherit atore 112as, thedenithel 2s aappbeonddea by heovdil nge
ferromagneti c powder such 8 7 February 2006 as ferrite with heat-resistant
bi nder. PrefeFabY ity t el Wol Une-Pe a3 64T worsl U6 6AveRetRagRel REIBSre is in

the range of 103-107 Ocm The reason is that there is substantially no risk
of the s?RﬁT-%é%‘ R ?aﬁpgléthuﬁ@@thﬁér&EéGnﬁPF6ﬁ“PhEPrPHShvBPéne

resistivify,¥alie o rLnS. DBI0S LG 5P 8o ' SreQR 180 Aol ¥88hreds of
microamperes {Refer to the advantages of the inductor according
to the present invention described in the last part of the
secfion "SUMMARY OF THE INVENTION") when the direct short-
circuit current in the coil is hundreds of amperes. Thereby,
it is preferable to select a magnetic core provided with desired
magnetic characteristics, and so on among easily-procurable
magnetic cores which have a volume resistivity value upto 10’
Qcm. The length of the magnetic core 12 is usually assumed to
be approximately the same as that of the solenoidal coil 1lla,
but the length may be different from that of the solenoidal coil
lla as required.

As described above, the cylindrical magnetic core 12 is
concentrically arranged in an inserted manner into the
solenoidal coil 1lla, and the transition conductor 1llc is
arranged in an inserted mannér into the central portion of the
magnetic core 12. According to the above configuration, the
outside diameter of the magnetic core 12 may take approximately
a similar value to that of the inside diameter of the solenoidal
coil 1la, and, then, the cross-sectional area of the magnetic

core 12 may be made extremely large by making the inside diameter



than 103 Ocm the indirect short-circuit current through the rmagnetic core
becones equal to or smaller than hundreds of m croanperes (ﬁ@ﬂ@?m3809®e
advant ages of the inductor according to the present invention described in
the last part of the section "SUWARY OF THE | NVENTI ON') when the direct
short- circuit current in the coil is hundreds of anmperes. Thereby, it is
preferable to select a magnetic -core provided with desired nagnetic
characteristics, and so on anong easily-procurable mgnetic cores which
have a volune resistivity value upto 107 Ocm The length of the magnetic

core 12 i %f“%!l-&l%' #Xgﬁé%%@@o%@ 1P&APIOXIJTRESY thRersagR 25 $iatn Afhd he

sol enoi dal coi I &, ut the length may be different fromthat of the

sol enoi dalt &Qidi t ildrac8sdhetdtred: cAs vleseirhbed iabewe: i hBerexkimiiLal
magnetic core 12 is concentrically arranged’in an inserted manner into the

sol enoi dalTm@,| akl Bheadgathet § ronsiHd aagaerductotxl | #hish 24 red@etsdd an
inserted manner into the central portion of the nagnetic core 12. According
to the abadve thenhagueaticorortehd 2 @ift sinde sdilametieta lofcdiie Imagneid wore 12
may take approximately a simlar value to that of the inside dianeter of

t he sol en@xtalemedqi Linklreasaddby tieening hdec cosssseetritapallaneaacdt tiie
magnetic core 12 nay be made extrenely |large by making the inside dianeter
r 9 7 Febmagametigo&oste tlife lpagitet itdec ortaergtdnwlfl dhenimagnettie frigdge in

whi ch t he . .
caused around the outside of the solenoidal coil 1la may be made

extremely large. Moreover, the strength of the magnetic field
in the circumference direction may be made uniform by
concentrical arrangement of the magnetic core 12 in the
solenoidal coil 1la. Thereby, the inner circumference of the
hole may be heated rapidly and uniformly in the circumference
direction by heating after inserting the inductor 10 into the
hole, for example, of the tube 13, to be heated. When the
inductor 10 is used for heating a tube so that the tube is
extracted, a loosening form by rapid and uniform heating of the
tube in the circumference direction without distortion of a
cross—sectional shape may be realized.

With regard to the solenoidal coil 11a and the transition
conductors 11b, 1lc, it is preferable to perform insulation
coating, at least, on the electric conductor forming the
solenoidalcoil11abyeﬂuminéfhermalsprayingandSO(XL When
the inductor 10 is inserted into the hole to be heated, and is
electrically charged after performing the above insulation
coating, there is safely caused no short-circuit, even if the
solenoidal coil 1la comes in contact with the inside of the hole.

Here, the insulation coating may be performed only on an area

10



transition conductor |lc can be arranged in an inserted manner. Thus, as
the quantity of the nmagnetic flux, which is focussed in th&ﬁ%ﬂﬁ%ﬁ?@xbore

12 of the solenoidal coil Ila, nay be extrenely increased by naking the
cross-sectional area of the magnetic core 12 large, the strength of the
magnetic field caused around the outside of the solenoidal coil |la may be

made extrenely |arge. Moreover, the strength of the magnetic field in the
circunference direction may be made uni form by concentrical arrangenent of
the magnetic core 12 in the solenoidal coil |la. Thereby, the inner

ci rcunf er acghe0but Bede Al enamy 1R Hertieds 1 apidl wh adl heBi £ gbRLY bl N i kRe
circunference direction by heating after inserting the inductor 10 into the

hol e, for texaspteinofottect wWoetd 3 hd arhel deatfedhedhen e ke benduwater .10 is
used for heating a tube so that the tube is extracted, a | oosening form by
rapi d andBuhi f eheanhehei hgsollathen tobeing fheatsocpatépemed dnretheon
wi thout distortion of a cross-sectional shape nay be realized. Wth regard
to the sokepabdaf tée Folenoaddltdrel l rldasi endnthe dndustidrion thndutgorit is
preferable to performinsulation coating, at |least, on the electric
conduct or L£6r i hght hé l§éﬁéﬁ6¢dant@othe|Faleyoaﬁahlﬁ@lﬂhéﬂﬁaf0§pray|ng and
so on. Wien the inductor 10 is inserted into the hole to be heated, and is
electrlcaFF§aEﬂ§W§88 é?FE?E$@Yﬂﬁ?ﬁPH@lPﬁ€Eﬁbﬁggapﬁégﬁé?FHhCOEBéPPﬁﬁy t here
is safely c used o sho t- cnrc h ol enoi dal coi a_cones in
cont act WPERERS TR oelGro et el Thernd the EReBFArIAn CORPPRY ey be
perfornEdl?8|¥h9 ugﬂ gh&a magnetic core 12 is surely interrupted.
Though there is no parts at all on the outside of the

solenoidal coil 1la in the embodiment shown in FIG. 1, spacers

14 of an insulating material to keep the distance between the

solenoidal coil 1lla and the inner circumference of the hole

equal may be configured to be arranged on the outside of the

solenoidal coil 1la as shown in FIG. 3. When the spacers 14

are provided, the concentrical arrangement with the inner

circumference of the hole in the solenoidal coil 1la may be

easily realized at inserting the inductor 10 into the hole.

Though three bar materials are used as the spacers 14 for the

above configuration in the embodiment shown in the drawing, the

formof the spacers 14 is not limited to the above configuration,

and variations can be suitably executed. For example, ring

materials of a predetermined,thickness may be provided at a

plurality of points on the conductor forming the solenoidal coil

lla as the spacers for modification. The above-described

spacers have an advantage that contact with the inner

circumference of the solenoidal coil is prevented to secure

further reliable insulation.

11



10 7 February 2006 of the outside of the solenoidal coil Ila which has a
possibility to come in contact with the inside of the hol e TbBelhrary@d@d.
But, when the insulation coating is also perfornmed on other areas of the

sol enoidal coil Ila, and the transition conductor ilc which is inserted
into the solenoidal coil Ila for arrangenent, there may be obtained an
advantage that continuity between the solenoidal coil |la and the
transition conductor |lc through the magnetic core 12 is surely

interrupted. Though there is no parts at all on the outside of the

sol enoi dal oI ThélRed flidde HHOdoFERhe STMLd ) Al0GislarSPaesrs iA4t0f an
insulating material to keep the distance between the solenoidal coil Ila

and the iBnef tHd qufker eneeunfet8fchod £ tiRgHBLenBYMBEeSOOE | Qiticetk tig be
arranged on the outside of the solenoidal coil Ila as shown in FIG 3. Wen
t he spacensliditakeéopr avi déd, ohhéheoheentingcabjartangemeatamplie dohe i nner
circunference of the hole in the solenoidal coil Ila may be easily realized
at i nser hepginpethadiotler tibei wa bl thehkelténg Theughmarhcégcadermines al s are
used as the spacers 14 for the above configuration in the enbodi ment shown
in the dPawFhg, tuhe 1R ophder thesprret sth Gubeandiron wheedubs PHatgbove
configuration, ., and variations can be suitably executed. For exanple, ring
mat eri al $0of RP e e FRPABESERF cRAESEC My BEBIpRBWIERIRPER of DSE&Ci ty of

poi nt's_on, Lhe conductor, forming the, so egoi dal \coll; 118 as the spacers for
the inner circumference of the cylinder, and so on may be listed
as a typical use example of the inductor 10.
Thelengthandthecnmsidediameterofthesolénoidalcoil
1la in the inductor 10 may be suitably set according to the size
of the inner circumference of the hole tobe heated. Theuniform
distribution of the heating temperature on the inner
circumference of the hole is remarkably effected by a spiral
pitch p of the solenoidal coil lla. That is, when the inner
circumference of the hole is heated by the solenoidal coil 11la,
there is a tendency in which the heating power of the area near
the conductor 11 forming the solenoidal coil 1la becomes large.
Therefore, in the case of too large spiral pitch p, the inner
circumference of the hole is spirally heated, and there is a
possibility to cause large irreqularity in the temperature in
the direction of the axis lihe~of the hole. Then, the spiral
pitch p is required to be reduced to a certain value or less
than the certain value in order to avoid the above irreqularity.
On the other hand, when the spiral pitch p is made too small,

the number of turns is increased to make the length of the

electric conductor under use longer, and, furthermore, the

12



spacers have an advantage that contact with the inner circunference of the
sol enoidal coil is prevented to secure further reliable insufdrian2006 7
February 2006 The heating target of the inductor 10 is arbitrary if it is
on the inner circunference of the hole. Mreover, thereis no limtation at
all on the heating object- An exanple of heating the whole tube wall by
heating the inner circunference of the tube in order to extract the tube
fromthe tube plate in a boiler, a condenser, and so on; and an exanpl e of
heating the inner circunference of the hole for heating processing of the

i nner C'h%ﬁ@%&&ﬁ%@eontBthéxtiﬂ ef s A 1% VB cbRubhséedn 88 tnd ypi cal
use exanpl e of the inductor . The length and the outside dianeter of the

sol enoi dalitedi b ilsl aade tnbehi @ﬁamn@f.lwm@yemmspiﬁwlspﬁﬁl ascoeligig to the
size of the inner circunference of the hole to be heated. The uniform

di st ri butiagn bef skehe iheabhagdeeapévat ofetba diheve noercans camtes enctheof the
hole is remarkably effected by a spiral pitch p of the solenoidal coil |la.
That is, iwvemtolye phnthe presemt emered igh hleehobefismhdatedly tdwe
solenoidal coil |Ila, there is a tendency in which the heating power of the
area neaerf the lé@hmmroﬂo1145€fcbrfﬁ1rrfg€4ﬂfﬂe'l%épér\%¥‘dé¢c‘ébﬁlg theatBeediexn | ar ge.
Therefore, in the case of too |arge spiral pitch p, the inner circunference
of the héhe Fabgprtalt ¢ y thadtetl cand FRBFAENFSTa arb%ssg B FR9t iR |-ar ge

irre ular| in the tenperature in
9 a¥1ng at a lé@g{ necessary for extracting the tube could be

performed by setting the dimension of the spiral pitch p to be
1-2.5times the size of thewall thickness of the tube. Thereby,
it is preferable in the inductor used fér heating the tube to
set the pitch p of the solenoidal coil to be 1-2.5 times the
size of the wall thickness of the tube.

The spiral pitch p of the solenoidal coil lla may be
uniform all over the length of the coil, but it is preferable
to set the pitch of the end part of the solenoidal coil 1la to
be 0.5-0.9 times that of the central portion of the solenoidal
coil 1lla which has been set according to the thickness of the
tube. As described above, when the pitch p of the end part is
set to be smaller than that of the central portion, the density
of the heat input at the end part becomes large, and the input
calorific power to the inner circumference of the hole may be
made high in comparison with'that of the central portion. In
general, when the inner circumferénce of the hole is heated with
the solenoidal coil 1la of a finite length, there is a tendency
in which the temperature at both ends of the heating area lower
in comparison with that of the central portion as heat radiation

is larger at both ends of the heating area than that of the

13



the direction of the axis line of the hole. Then, the spiral pitch pis
required to be reduced to a certain value or |ess than the CEehruim 2080 ue in
order to avoid the above irregularity. On the other hand, when the spiral
pitch pis made too small, the nunber of turns is increased to nake the

|l ength of the electric conductor under use |onger, and, furthernore, the 12
7 February 2006 uniformty of the heating is not inproved so nuch even if
the pitch p is made nuch smaller. Therefore, the spiral pitch p rmay be set
in consideration of the above circunstances. The inventors of the present

i nventi ondyave, conf it | rrehe rease  aaf ddie ridduct@o ) ysedtdf heating
for extracting the tube from the tube plate in a boiler, a condenser, and
so on thaiedtnidfPrim teatidig-ating Weveltiesemsy Yef BbaBXEEACHY NFakhegt ube
could be perfornmed by setting the dinmension of the spiral pitch p to be
1-2.5 ti ngse deasditzeodftHd@enal Enphtckness bbthhend ywee-tsThatgby, thah iS
preferable in the inductor used for heating the tube to set the pitch p of
t he sol endiadtaloftdilie taerierdt 2drtiores the size of the wall thickness of the

tube. The spiral pitch p of the solenoidal coil Ila my be wuniformall over
the |l ength of tAey ewitierit maty be ppeferdbfer thesetethripicendedtehe end
part of the solenoidal coil Ilato be 0.5-0.9 tines that of the central

portion ofl thedofehdialsokenaidak i khl has bedhaaratrebrdihy to the

t hi ckness of the tube. As described above, when the pitch g of the end part
is conductive, but it 1s preferable to use a metalllic tube such

as a copper tube. When the metallic tube is used, the hollow
portion may be used as a cooling water channel letting the
cooling medium such as cooliﬂg'water flow to cause easy cooling
of the solenoidal coil 1la. Moreover, the rise in the
temperature of the magnetic core 12 may be controlled by water
cooling of the solenoidal coil 1la. Thereby, reduction in the
saturation magnetic flux density of the magnetic core 12 is
controlled to cause efficient induction heating.

When the metallic tube is used for the solenocidal coil
lla, the outside diameter of the metallic tube may be of a size
that can be easily obtained, and suitable for forming the
solenoidal coil 1lla with an outside diameter which can be
inserted into the hole to be heated. Specifically, in the
inductor 10 used for heating a tube in a boiler, a condenser,
and so on a solenoidal coil 1ié which can be adaptive for a tube
with almost all the sizes, which are used for a boiler and a
condenser may be formed, if the outside diameter of the metallic
tube forming the solenoidal coil 1lla is set as about 2-8 mm.
Furthermore, tubes with most of sizes which are used in boilers,

condensers, and so on may be favorably heated by setting the
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set to be smaller than that of the central portion, the density of the heat
input at the end part becomes large, and the input cal orificFeowaey 20@P t he

i nner circunference of the hole may be nade high in conparison with that of
the central portion. In general, when the inner circunference of the hole
is heated with the solenoidal coil |Ila of a finite length, there is a
tendency in which the tenperature at both ends of the heating area | ower

in conparison with that of the central portion as heat radiation is |arger
at both ends of the heating area than that of the 13 7 February 2006 central
portion- ST%%EEPBEtﬂﬁ§c@%§¢£hh§ﬂa%BQEQOLHQUfééﬂl]h%@lhﬂgm!%be% axks-line
direction nmay be realized by making the density of the heat input at the
both end pargs dh@gerstanmmt hat of the central portion. Any material may be
applied for the electric conductor 11 used for the solenoidal coil Ila, if
the material i Sth&orhe el it tubel Sopnef efi@ld & drpiikal aomat aliki, cat ube
such as a copper tube. Wien the netallic tube is used, the hollow portion
may be ussshuasn bcLoad i ngl et esochaomel s | ptétagab he acoahedgtoeide un such as

cooling water flow to cause easy cooling of the solenoidal coil Ila_
Mor eover ,cohblng seater tdenteinyyr atsung ofetield isagnbescsooheas2copyebe
controlled by water cooling of the solenoidal coil |la. Thereby, reduction

in the shtheaticohtigghisenelfiaor gendueyoss I He rdghepnaesses 12 the

controlled to cause efficient induction heating.
solenoidal coil 1la, and by communicating of the hollow portion

of the metallic tube with that portion of the metallic tube
forming the solenoidal coil 1la (cooling of the transition
conductor is also‘useful for control of the rise in the
temperature of the magnetic core). According to the above
configuration, a simple structure may be obtained by using the
transition conductor both for a supplying channel of cooling
water to and for a discharging channel of the water from the
solenoidal coil 1la. Moreover, when the solenoidal coil 1lla
and the transition conductors 11lb, 1llc are formed with the
metallic tube all together, a configuration in which
individually-different metallic tubes may be used and connected
to each other by brazing and so on, but, instead, it is preferable
to have a configuration in which a continuous metallic tube is
used for the solenoidal ceoil 1la, and the transition conductors
11b, 1lc. Accbrding to the abéve_configuration, advantages in
which, for example, there are caused no problems such as damages
at connecting portions may be obtained, as connecting work is
not required, and there are no connecting portions.

As described above, according to the present invention,

a risk of short circuit between the solenocidal coil and the

15



When the netallic tube is used for the solenoidal coil [Ila, the outside

di ameter of the netallic tube may be of a size that can be EBgiriary309@i ned,
and suitable for formng the solenoidal coil Ila with an outside dianeter
which can be inserted into the hole to be heated. Specifically, in the

i nductor 10 used for heating a tube in a boiler, a condenser, and so on a

sol enoidal coil Ila which can be adaptive for a tube wth alnpost all the
sizes, which are used for a boiler and a condenser may be formed, if the
outside dianmeter, of the netallic tube formng the solenoidal coil Ilais

set as aboiln s B S coddUdhSF ML bd %Q%%&@dt;ha”%&oﬁ% RhgRSt I Ehe pye used
in boilers, condensers, and so on may be favorably heated by setting the 14

7 Februarya dMEapsbChaRs & diutPithe Bot BRc$aLENG URluGFHIrnllyaihnthbe above
case to be about 3-12 mm When the netallic tube forns the sol enoi dal coi

lla, a commtumEat@ttdallovwtpisii athd sdatafey allyy basduredrapi 8eyaandool i ng
wat er channel by using netallic tubes such as copper tubes for the

transiti omntooduky ors thé, cltcunbhenerteddi vedhion sof entoe dahnewi | |1 a, and by
communi cating of the hollow portion of the netallic tube with that portion
of the methfdurefengnrce fof m M ideliod evivl dal thoisol¢reidadbl ol ofst he
transition conductor is also useful for control of the rise in the

t enper at WS Ftethe DYag e E1 EoF2Y 1ONCILIFBLRE 2 FagietdfoFeTecRRFRBERAt i on, a

sinple St{rlljsciég eotmagl ggle%%ﬁ%gfdcc?yl uk?ésngatgflindrical shape, and
transition conductor is arranged in an inserted manner into a
hollow portion of the cylinder. Thus, there are the following
advantéges: an area in which the tube is fixed on the tube plate
is rapidly and uniformly heated for favorable loosening, and
a work for extracting the tube is safely and efficiently
performed by using the inductor according to the present
invention for heating a tube at extracting the tube fixed on
a tube plate in a boiler, a condenser, and so on. Moreover,
the inner circumference of the hole is rapidly heated uniformly
in the circumference direction, and high-quality heating
processing may be safely, and efficiently performed by using
the inductor for heat treatment of an inner circumference of

a cylinder.
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transition conductor both for a supplying channel of cooling water to and
for a discharging channel of the water fromthe sol enoidal &diebrdara2006

Mor eover, when the solenoidal coil Ila and the transition conductors |1b,

|l c.are formed with the netallic tube all together, a configuration in
which individually-different netallic tubes may be used and connected to
each other by brazing and so on, but, instead, it is preferable to have a
configuration in which a continuous netallic tube is wused for the

sol enoidal coil Ila, and the transition conductors |Ilb, 1lc. According to

t he above configuration, advantages in which, for exanple, there are caused
no probl BABRTSUCh A TMMERQES, at connecting portions may be obtained, as
connecting work is not required, and there are no connecting portions. As
descri bed above, according to the present invention, a risk of short
circuit betweedit ihé“@@tﬁmglieéimg theinneanpgcuniferense gf Fholewamprig®Bs transition
conductor nmay be vo%p q;_a trong magnetic field may be al so caused around
t he soIenoidaIaSS%PO ﬁf?d%ﬁpé in the circunference direction; and heating

may be done rapingdghefid doreliiahgddinyide Bf tHRQokhb@dIdgr ence direction of the
inner circunference of a hole into which the solenoidal coil is inserted,

by a confi gur amhsrein thagizphobthampgaeticcuoseofarayingecdhapnignde of a sol enoi dal
coil has a cylindri.cal .shape, an ransi t.i.on conductor is _arranged in an
i nserted manne?’vr?’ie et’%?ee?dl %BIO \?veB‘gPﬁhSr?O% Olfiﬂecoglﬁ Pﬁrggwed'llﬁ[loé{gﬁtahere are the

f ol | owi NGtransition conductor which is arranged in an inserted manner into a hollow portion of

the magnetic core of a cylinder shape.

2. An inductor for heating the inner circumference of a hole comprising:
a solenoidal coil; and

a magnetic core arranged inside of the solenoidal coil;

wherein the shape of the magnetic core is of 2 cylinder shape,

wherein feeding to one end of ﬂ)e solenoidal coil s performed Ilirough a transition
_cénductor which is an-anged n an inserted manner i1to a holow portion of the magnetic core of a

" cylinder shape. aﬁd

wherein a ferromagnetic magnetic core with a velume resistivity value of 102107 Qem s

used as the magnetic core.
3. The inductor for heating the inner circumference of a hole

according to claim 2, wherein with regard to the solenoidal ceil and the Iransjtjop

conductor, an insulation coating is performed, at Jeast, on the solenoidal coil.

. . . ) .
4. The inductor for heating the inner circumference ol 2 hole

according to claim 3. wherein spacers for keeping the distance between the solenoidal coil and the

inner circumference of the hole equal are arranged on the cvtside of the solenoidal coil.



advantages: an area in which the tube is fixed on the tube plate is rapidly
and unifornly heated for favorable |oosening, and a work for 7e¢bhagtigg t he
tube is safely and efficiently performed by using the inductor according to
the present invention for heating a tube at extracting the tube fixed on a
tube plate in a boiler, a condenser, and so on. Mreover, the inner
circunference of the hole is rapidly heated uniformly in the circunference
direction, and high-quality heating processing my be safely, and
efficiently perforned by using the inductor for heat treatnent of an inner
circunference of a cylinder. 16 7 February 2006 WHAT IS CLAIMED IS; | _ An
i nductor for heédt.i Nfh¢ helucndor datiopnheisreerainfrdegkefedigei Sing: a

sol enoidal coil; and a nagnetic core arranged inside of the sol enoidal coil;
wher ei n t hecosdiape ahint hewhaeginehe mneociecunseehcaoftiit holdes bs hegied isahelinsivhef iube,
feeding to one end of the solenoidal coil is performed through a transition

conduct or ;whi ch is, %;lra?@gf] He gg} LAE8r. %ﬁ(;gA%gl[Hl%L ]Cb %ttﬂnlg& Rk Wr BRNAIOR; Rbess

t he nagne€|c core ape tor heat i ng the I nner
circunference of a hole conpr|S|ng a solenoidal coil; and a nagnetic core
arranged Pﬁﬁﬁd%fbf the sol enoidal coil; wherein the shape of the magnetic
core is of a cylinder shape, wherein feeding to one end of the sol enoi dal
coil is perforned through a transition

6. The inductor for heating the inner circumference of a hole

according to claim 5, wherein the spiral pitch of the solenoidal coil at the end parts of the coil are
set to be 0.5-0.9 times that of the central poriion of the coil which has been set according to the

wall-thickness of the tube.

7. The inductor for heating the inner circumference of a hole

according to claim 6, wherein the solenoidal coil is forrned with 2 metallic tube having an outside

diameter of 2-8 mm, setting the spiral pitch 10 be 3-12 mm.

5. The inductor for heating the inner circumference of a hole
according to claim 7, wherein the transition conductors are forrmed with a metallic tube, and
wherein the hollow portion of the transition conductors are joined with the hollow portion of the
solenoidal coil, and then the communicated hol]ovaortion js assumed t0 be a cooling water

chammel.

S.  The mnductor for heating the inner circumference of 2 hole
according 1o claim 8. wherein a continuous metallic tube is used for the solenoidal coil  and the

transition conductors,



conductor which is arranged in an inserted manner into a holl ow portion of
the magnetic core of a cylinder shape. and wherein a ferronagnétbraaya@06!t i C
core with a volune resistivity value of 103-107 Ocmis used as the magnetic
core. 3. The inductor for heating the inner circunference of a hole
according to claim2, wherein with regard to the solenoidal coil and the
transition conductor, an insulation coating is perforned, at least; on the
sol enoidal coil. 4. The inductor for heating the inner circunference of a
hol e. according to claim3, wherein spacers for keeping the distance between
t he sol enoidal coil and the inner_circunference of the hole equal are
arranged on the ddtside 6PIPﬁ%“%bﬁ%h%ﬂH@ﬂh%Hﬁﬂkcﬁ?‘?b¢§%ﬁﬂﬁ$9g2006 5 - The
inductor for heating the inner circunference of a hole according to claim4,
wherein the i angfoidd ke r ence of the hole to be heated is the inside of a
tube, and wherein a splral pltch of the sol enoidal coil is set to be 3-2.5
tinmes the size oft ) l ea e SS, Slenmgh(zge 6. The inductor for
heating the |H?EW3%|P53ﬁféWé éblé? PR S U SPHi ng to claimb5. wherein the
spiral pitch of the solenoidal coi|l| at the end parts of the coil are set to
be 0.5-0.9 tVheenthashape of Hie magretisIcoos Of aRYlyrder Beapeoi | whi ch has been set
according to the wall-thickness of the tube. 7 . The inductor for heating
the inner ciwbardghefeeding tf one kal eofathe ovodiimvidal aotll & perbormvdde tlebgl RAetransition
sol enoidal coil is formed with a netallic tube having an outside dianeter
of 2-8 BhdlotorSKhith MWartdiGed B InsBkdLRakRr B0 3 b oWBorfion oﬂ}ﬁs 1’nQ§r¥é‘ﬁE Qrel 9T,
heating the 1nner circuffference of a hole according to claim 7, wherein the
transition . conductors are forned with a netallic tube, and wherein t he
hollomfﬁg???gﬁqﬁf the transition conductors are joined with the hol | ow

portlon of t he
wherein with regard to the solenoidal coil and the transition conductor, an insulation

coating is performed, at Jeast, on the solenoidal coil, and
wlierein a spiral pitch of the solenoidal coil is set to be 1-2.5 times the size of the wall

thickness of the tube.

11. The inductor for heating the inside of a tube according to claim 10,
wherein the spiral pitch of the solenoidal coil at the end parts of the coil are set to be 0.5-0.9
times that of the central portion of the coil which has been set according to the wall-thickness of the

tube.

12. The inductor for heating the inside of a tube according to claim 11,
wherein the solenoidal coil is formed with 2 metallic tube having an outside diameter of 2-8

mm, setting the spiral pitch to be 3-12 mm.



sol enoidal co;]- and then the communi cated holl ow portion is assuned to be a
cooling water channel. 9. The inductor for heating the inner7Eﬂnnmyﬂé®@nce
of a hole according to claim@8. wherein a continuous netallic | obe is used
for the solenoidal coil and the transition conductors. E 7 February 2006
10. An inductor for heating the inside of a tube conprising: a sol enoidal

coil; and a magnetic core arranged inside of the solenoidal coil; wherein
t he shape of the nagnetic core is of a cylinder shape, wherein feeding to
one end of the solen0|dal coil is_ perfornmed through a transition conductor

which is arranged'n an Thesadecer lanpdineithe rslerdial e peradion tetland 2,
magnetic core of a cylinder shape, wherein with regard to the sol enoi da
coi |l and t hewheaistlie tesi@ncdivatoctor anformed haihi Dmetadldatilieg ah s wieréiarnnedoll @t
| east, on the sol enoidal coil, and wherein a spiral pitch of the sol enoida

coi | ispﬁ%g E)Pthlget‘ra'}m% #c&ﬂxcﬂ}é%rg %n?e'd tl%eqlgﬁow%lol‘uont@tEEQ(%%ﬁoxgg ftqhier& En

11. The uctor for ea ing th |ns according t

wherein the Sp iral pitch of the solen oi | at e end parts of the coi
hre set Pt GoBEN@ie b PR RS SOPTERE BnErUIEITE SHBE- Lhe corl whi ch
has been set accordlng to the wall-thickness of the tube. 12. The inductor
for heating the inside of a tube according to claim1l, wherein the

sol enoidal coil is formed with a nmetallic tube having an outside dianeter of

2-8 nvl, settingd4the spiheahduditdrcfor heatd tBe hdide™®f a tube according to claim 13,
wherein a continuous .metallic tube is used for the solenoidal coil and the transition

conductors.

15. - The inductor for heating the inside of a tube according to claim 14,
wherein spacers for keeping the distance between the solenoidal coil and the inner

circumference of the hole equal are arranged on the outside of the solenoidal coil.

16. An inductor for use in heating an inner circumference of a hole
comprising:
a solenoidal coil having a first end and a second end;
a' magnetic core having a hollow, provided inside the solenoidal coil; and
a transition conductor connected to the first end of the solenoidal coil, wherein the

transition conductor is extended through the hollow of the magnetic core in the direction of the

second end of the solenoidal coil.

20



7 February 2006 11, The inductor for heating the inside of a tube. according
to claim12, wherein the transition conductor is fornmed wi th7 Bebraigl2ode
tube, and wherein the hollow portion of the transition conductor is joined
with the hollow portion of the solenoidal coil, and then the comuni cated
hol | ow portion is assunmed to be a cooling water channel. 14. The inductor
for heating the inside of a tube according to claim 13, wherein a
continuous netallic tube is used for the solenoidal coil and the transition
conductors. 15. The inductor for heating the inside of a tube according to
claim 14, whereiy spacetge fifuckeapid@inghe Hist pGMIehWBemidR s bR Fal
coil and the finer circunference of the hole equal are arranged on the
outsid%Gof t he sol enoi.dal coil. 161 An i nductor. for 55? bg%heating an i nner
ci r cuntSFEREENDE THARHSHE CRER IS TP g Tehi iy vaRe LI IRarARy a first end

and a second end; a magnetic core having a hollow, provided inside the

sol enoidal coil; and a transition conductor connected to the first end of

the sol enoidal coil, wherein the transition conductor is extended through
the hollow of thegmagnetyie GaL&ot Bedoblingité ethaB, Ghetdis thé eg10RGiaeNEhi0fastre
sol enoidal coil. 20 7 February 2006 17- The inductor according to claim 16,

wher ei n %ge.na netic core is of a ferronmagnetic nagnetic core having a

vol une ‘PEEFE S aﬁQg@E?ﬂgLof 103-107 Ocm 18. The inductor according to claim
16, wherein the solenoidal coil has an insulation coating thereon. 19. The

i nductor according to claim 16, wherein the sol enoidal coil has a spacer
provi ded on the outside thereof, for spacing the solenoidal coil evenly from
t he i nner 19. The inductor according to claim 16, wherein the solenoidal coil has a

spacer provided on the outside thereof, for spacing the solenoidal coil evenly from the inner

circumference of the hole.

20. The inductor according to claim 16, wherein the inner circumference of

the hole is an inside portion of a tube.

21, The inductor according to claim 20, wherein the solenoidal coil has a

spiral pitch of 1 to 2.5 times as large as a thickness of the tube.

22, The inductor according to claim 16, wherein the solenoidal coil has both
end portions and a central portion between the end portions, and wherein the end portions have a

spiral pitch 0.5-0.9 times of that of the central portion.
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i nductor according to claim 16, wherein the sol enoidal coil has both end
portions and a central portion between the end portions, and wherein the end
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sol enoi dal coil %" prepdréd By ﬁ&‘ioﬁ‘éné tﬁe‘f I”Pllét Ef'éellli‘amené;‘“ﬁﬂo’éﬁt%‘?lhés
dianeter of 2-8 mm wth a spiral pitch of 3-12 mm 24, The inductor

accor dipngpat @&l by aimdid$a nwiah e itubetiaeinganered dadiageidr dfs2—8mrde, waoth asgitat gitch of
metallic tube, wherein the transition conductor is made of a second netallic
tube, whergip the first nmetallic tube is connected to the second netallic
tube, and wherein a cooling water is supplied inside the first netallic

t ube connected to the second netallic tube. 25. The inductor according to
claim 16, wherein the inductor is prepared by winding a tube. 77

24. The inductor according to claim 16, wherein the solenoidal coil is made
of a first metallic tube, wherein the transition conductor 1s made of a second metallic tube, wherein
the first metallic tube is connected to the second metallic tube, and wherein a cooling water is

-supplied inside the first metallic tube connected to the second metallic tube.

25. The inductor according to claim 16, wherein the inductor is prepared by

winding a tube.
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