. ;gqre3el 6i 446T6JR | NDUCTOR FOR HEATI NG I'NNER- CI RCUMFERENCE OF HOLE
BACKGROUND OF THE | NVENTION 1. Ki i nvention The present invention
relates to an inductor for heatﬂmmmmmgmnmmm“ ci rcunference of mwmmm

“the inductor is used for heating a tube tfromthe inside in ord mwmmmmmt
the tube for heat transfer in a boi "¥%*a condenser, and so on froggget ube
plate, or, for heating a cylinder in a simlar manner fromthe inside in
order to performheat treatnent of the inner circunference of a cylinder.

2. Description of the Prior Art Conventionally, a part which a tube is
inserted into aldDICRER EORaHEADENG| BNRERaSIheeMEhRENE@H, OBNHOLBosened i n
order to extract an existing tube fromthe tube plate when the tube is

repl aced for boilers and condensers, and an inductor which is inserted into
the inside of the tube for _induction heatin% of the tube has been

wel | -known (refer to, for BSCEWNOYND) QFardéde DYESTIONopl i cati on Lai d- Open
No. 4-22094, _and Japanese .Pat ent, Application Laid-Open No. 5-337750). Here,
t he above%rogggﬂ@n§&§ %Fh&§§§n5ﬁ°§ mechani smin which, as a tube is heated
inthe first place before, the tuhe plate.is done; .the tube_whi.ch .i.s going
Lo thermal by expiadr s htevenieth rbresasand ng T APERGtHraret dieay g’
constrain f. t L i e el I ted.ye I

expanded; tt&%dﬁ?%ﬁt%?%ﬁ%%%ﬂ% gteE %?%nlebeﬁerg}l%aﬁgtaﬁll élk%ﬁ:e%gl%a‘%lsggifgrr educed

after def QEaRlingNa DYISOTRIRSEhY 6 1Yd RidiiderbiBe Wishda 4 RABl Ehb&THRS
cool i ng becones smaller 1 than the original one to cause a clearance

bet ween t heattubeaaBdetrhent b Platt 6.2 Hidlddnse rt, hanabeyeslesedh ked yprat i ng
is required to be done rapidly (for exanple, the rate of heating is

| 00C/ secopditeq bhatfonlhedtimd ubeybenoeesin edshati lbef naenbeatrds the
transmtted to the tube plate. A conventional inductor 1 which is used for

t he aboveinmsddet | om healdmgtocomenSess hestl eneadatertoi bf2athaviimgea
configuration in which a conductive tube 2 such as a copper tube is
spiral |y wéosgngsremewn oifnaFic@lindes .t ransiti on conductor 2b extending from
one end of the solenoidal coil 2a to a feeding termnal (not shown in the
figure) ;2an@escri®idion 6% ¢HRIEEEOF 2&text ending fromthe other end of the

coil 2a to another feedin erm nal (not sho in.the figure), through the
“nsi de of the SOPBNGNGSPTASLY- 25 PAVST BOYER. o (it IRash BRERCG] Ser% A

anot her i ctor . wt contj hon i ich a netic core 3 .S
arranged ?ggteﬁjeaéco e%%?ﬁa‘i%%%ig%%éa k?aeseﬂshnnoe\/\,\éflqltel o Iélr@aqﬁosfsnﬁoﬁélq r?cfgg i on

heating byotBg.LOAUCLAre ILANAPE L, (hdn RALICLBE p1ecd URfasd Bl ratl o

of magnetic-flux concentration’ on e tube body, eat'l ng crency of

the aboveiheatpbngcka foFMalys oW c6ARBALERY, Wahd ddanhpflcddWugliican
heating by the inductor arranged in the outside of the tube. Thereby, it is

actual 'y iRdispensall ent® wHd anga e FEJBREI €uBSrFof AndUBYi®H MEadGhigon of
el ectromagneti c i nduction on the tube body in a case in which rapid heating
i s required th&eubkehadbeendestl+hedvindatkifey for fextsaahp hy, Upanese.
Accordingly, the nagnetic core is configured to be arranged as shown in
FIG 5. 2Patent 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
is 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



- However, a heat exchanger tube which is a target tube for the above tube
extracting has a small dianeter, and there is only a narrow space with an
i nside di ameter of about 20-60 mmin the inside of the tube in many cases.
"Moreover, the outside diameter of the copper tube forning the sol enoi dal
coil usually is 2 nmor nore as the hollow portion of the tube is
configured to be a cooling water channel. Then, the above-descri bed
limtation by the size causes the following problens: In the first place,
there is an increased risk that the sol enoidal coil 2a and the transition
conduct or t2arcbhe éniglicohtoaet toi ¢tdusachcdeheante e tihortbeiancui t .
The above-described short circuit is required to be avoi ded at any cost as
t he short t&ier duike s adre -evBheti Asy heheopbova-dhsehibeflahgaténgr éat of
hundreds of anperes f]ows, and, then, insulation coating w th_high
reliabilitf BRESSHtRgPE RRAITIRVALY fiodt erampae) abe ¥dkse afi INedsdng
required. .In e .second pl ace, the netic core 3 is required ta be

L fanged dCCRB FLSEEORAE SOrt GiLare SHOacCenauEs | TPRIE® Betrie
eccentric arrangenent of .th netic core causes clearance shortage in a
speci fic Gefect iggzrfadlnsr?lhté: etoﬁgga%?er tghlr?%e Fehce, n%lorﬁ‘é?%gl%%]otlﬁc%‘r%céssi ng
for extragti he _t dif 1t t n i f heat | ure in

t he direc?igﬁqg ?ﬁeugggeké?rgﬁ%f%?%ﬁ%eﬂﬁaﬁgggﬂag1-engfgﬁ%ggﬁﬁ%%%ign, in
the circundarencedi Ee¢tiANnhalihhes ebeigokat henahove 1def Rl RR 1R
conpressive yielding;, and, then, | oosening which nakes the tube cross
section becere2ethiptiLal coppshapme 3Is spirdhey tWidr plsagBowh en FIG.
cross-sectional area of the magnetic core 3 becones about 1/2 or |ess of

t he space 4i;n a heras@lignendaloncmidt dda .2 bAtke xitrethidd higo If roeaoineg entthe fnagueet | €
flux is saturated in many cases as the tenperature of the magnetic core
consi der alslolenicsemn it o iladd, t® valfigediha Hergdnadatinot shgwet o fthex
density at the risen tenperature becones several tines as small as that of
t he above fdéndietly apdrbrpiéhperaterrdudtny éforending fnom Hagpthersecur e
t he above-described and_preferable rate of the tenperature rise when the
crosssect Edfarfatdg 6pithéanhgndePehebreedingrdigrmiggk nard ishoyn dRdency

that the inpraved effect of the inductjon action direct|ly depends on the
o 0ss: SectTBndi e G TRt 1 & FHe BPoSant i Eitionehas. boen

made consjdering the above proflem, and Lhe gRleel Of e avention is to
provi de an T nductdr Tor heat’i ng the i nner CircunterénCe of ‘a hol'e, by which

there is a sl LSk 0% @ wBNUN ChnlaGibiel 11 bLhe 60isls, 13nd Hi,aducti epcheati ng
of the inngr cﬁ?bﬁﬁﬁégéﬁgé of a ﬁb|§%§ﬁ§l§000n canlgeareappzed rapigly and

uni form vy sign drke @1 wiherange dneet 11en Fr8UMEARY OF THE | NVENTI ON An
i nductor for heating the circunference of a hole according to the present

i nvention is chasatherimattyora heanfingubattion industiochahengaduat ahe
conprises a solenoidal coil and a nagnetic core arranged therein; the
magneti ¢ dorseédeafa thyd itmibe ¢tals shdpe;, rfadedi od tagoedéiendlpart of the above
4 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 actually indispensable to arrange a

magnetic core for improving action of electromagnetic induction

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.



-sol enoidal coil is performed through transition conductor which are
arranged in an inserted manner into a hollow portion of the cylindrical
_magnetic core. The above-described i nductor according to the present
i nvention has the foll owi ng advantages by the configuration in which the
transition conductor is arranged in an inserted manner into the holl ow
portion of the cylindrical magnetic core: (1) Arisk of a short-circuit
bet ween the sol enoidal coil and the transition conductor may be avoi ded.
Here, the volune resistivity of ferrite (MO Fe203 type iron oxide) suitable
for form ng a ndgnevee, caheadt ekobangenpeitad wheéchsiofa thegetderboffol0 - 10
S2cm which is at least 106 tinmes the order of 10-6 SZcm which is the
vol ume reshei abpyeofubeppstrastahgf basi agsnalkl chidmetfior efnor ¢hexe is
short-circuit current at indirect contact between the sol enoidal coil and
t he transPRL¥n2 cOMBERY 0FP2FR JUgH the 1REGASt Fe2BBERT f oF ARPWH 130190 "Bbove

descri bed.ferrite nust he about 1/1000 tines that of direct contact. between
the sol endPdg?e clﬁslld}nﬁigt e L B E GREGE or MOEGRRSF §he Pat3dSEned

h ] indi i h f f l, i C. f h
e ISP R B RIS o TR A LA 1
fined b i i . .
del ned by OFIELS) RokoShens 2ty shosetetl e vt Bl LD byt

tenperatugg phsg hothg Madrell che@ne at use. That is, the above-described
risk of a short-circuit "(overheat damages, spark danages, and so on) may be

substantial |y aypbedihdSapoedddsct 15d U igda@Rbnaby itk r8Gle eankast

t hrough the magnetic 5
the following problems: In the first place, there is an
increased risk that the solenocidal 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-uniform 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,

lcosening which makes the tube cross section become elliptical

in shape.



-core becones only hundreds of mllianperes if a short-circuit current at
direct contact is hundreds of anperes (2) As heating of the tube uniformy
in the circunference direction is realized by concentrical arrangenent of
the magnetic core to the coil, the loosening formw thout distortion of the
cross-sectional shape of the tube nmay be realized when the inductor is used
for extracting the tube. (3) The cooling effect by flow cooling of the

sol enoidal coil extends to the magnetic core, and the saturation magnetic
flux density is maintained at a higher value, as the cross-sectional area
of the magneticltotdemapiyd olpasdedhep crossbeectdonpér eerd off tthe space in
the coil, and, furthernore, the inside and outside surfaces of the magnetic
core conplégslefifcacerRi e ReNed| Biitdal/ T oir 1ard ehethe atmias oim ddveduct or,
respectively. Accordin t he. above-descri bed i nproved effect of the

Ly (
i nduct i onS&¢ENGH SRdy © glogﬁain%H Y QR At i IRy Msee tirke Taeve
i ncrease i.n the cross-sectional_ area og thg ma neﬁic cqgsg1and t he .
saturat i orlls_r’rﬁaﬁgﬁagegl O WIS 3P St Sl RedSRPCAT hiGhe? A UE2 T by, the
above- deserihed, andnreher ahle. s atg Obothe o SIRELALU ¢ L] se.Mmy, e secur ed
easily and wit h the m nindm power. Thus, the above- désciTbéd problens have

been sol Vﬁlqg%ttiaefpﬁﬁsfansﬂﬂy%etm@-ri%%nEEﬁggg%EIég%ﬁnewée%é\é'ﬂ\'@s

FIG 1 shows an inductor according to one e I ment e present

i nventiont i@ adAnias 12asaBbEGNE 8B0OE dd1es B PSS Hom $eaPEIFLUFEG 1B is
a schematic side view, and FIG 1Cis a schematic view of the end part.

FIG 2 isTaeselfemati dtviiewnoft Eheycrossesecti @heshbvivBgdassirabed anwhi ch
the inductor 10 shown in FIG 1 is inserted into a tube 13. FIG 3 shows an
i nduct or acedediabg et ragrotifethenttedprent uak trhieepwesentheneensisen: FI G 3A
is a schematic side view, and FIG 3B is a schematic view of the end part.
FIG 4 shefstopaaexampkle odf thecongartionglbrendscsorllil & #Aeirs assehematic
side view, and FIG 4B is a schematic view of the cross section taken along
the A-A | FRBIRRCH Ghazathe gnpsoygewefigsthef Ekanpneaustipheacsavant i onal

i nductor: FIG iA is a schematic side view,, and FIG 5B is a schematic view
of the crgsESsELYi RPERRENCRI bhg THE BT HNdh 3488 ofatheeragpepic
DESCRIPTIgyrgF PREFERRED EMBODI MENTS Herei nafter, the present invention
will be déscribed in detail, referring to enbodinents in the drawi ng. FIG

1 shows an indugﬁgp%%%g@gﬁg%ﬂgim_ﬁ?b@@%@ﬁgﬁmgﬁdw?n rﬁ?&%gya 1B is

i nvention, and . ematic view he cross-section,

a schemat heoph dRsYVi @Wa @Rd BbGectCokStAeS¢ReRRLLE OnVE §WBf p1hG 1680 R T
FIG 2 is a schematic view of "the cross section showng a state in which
the i nductafut@oirstdnsertedqithd iankbuhe ddumfhdhddedd ab140 wpwpLEses © a
sol enoi dal coil 1la having a configuration in which an electric conductor
11 is spithkky wesundsmalflr anskt bdnacehdutt adrthbhtexhendengol Lomard

induction heating of the inner circumference of a hole and so
on can be realized rapidly and uniformly in the circumference

direction.

SUMMARY OF 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



-one end of the solenoidal coil 1la to a feeding termnal (not shown in the
figure) ; and a transition conductor 11c extending fromthe other end of
_the solenoidal coil 1la to another feeding term nal (not shown in the
figure) through the inside of the solenoidal coil 1la; and a ferronmagnetic
magnetic core 12 which is arranged inside of the solenoidal coil 1la. The
magnetic field is al so caused around the outside of the solenoidal coil 1lla
by inserting the inductor 10 with the above configuration into the tube 13
to be heated, for exanple, as shown in FIG 2, and by electrically-charging
t he sol ensptahotdal &dal Thepeby¥ormbe thdocglortiOnshyioceatdézéuenduction
heating of the tube 13 fromthe inside thereof. Here, the magnetic core 12
provi ded vinicher mheve aggsct Lheh iimdectted tenherf bnhed heldokWopbowicyl i nder,
and concentrically arranged in the sol enoidal coil 1la; and the transition
conduct or®31Ehe sCt aAgedal nnagnehier ¢@Bemanner into the central portion of
the magnetic core 12. The nagnetic core 12 arranged inside of the
sol enoi dal coi | TR 2P SVHT %5 cletP#ot LG $BracFf SV gt ? nNehackToPerEf ect  of

t he induction heatin concentrating the magneti.c flux, but also, for

br event | i CRBF Lo AR RebEt pEah £ SRR GIEORY (o GE L R Fa T Nk £ | 5
arranged .. L nser . r i e L0nsl f. the .magnetic core 12, and
t he soleh%ﬁhgﬁt%ﬁ%ﬁ%%ﬁék e?ngpé?O%EESﬁggﬁg??gjéb?ﬁlff Fgeﬁg e"0F  a
material potoophy #bi ok ehs LEBRGNELE Sfhe DLy PSR BAYI Gy AovPL UBB L ESI Sti Vi ty
value which 1s suitably large. In one exahple of a contrete aspect of the
magneti c ¢py e al2; skher ol okd May-Be thBdewb¥n i &ia Seyilanagnet i gngowder
such as ferrite with heat-resistant binder. Preferably, the volune

r-esi stivitlye vatags of i dhecongiet b€ By ebé Savhiddg. range of 103-10" S2cm The
reason is that there is substantially no risk of the short-circuit at all,
as, under the asoapthernvdhate rheisoliuieyreSfstiviéyMoaram,afydeheromgnetic
core is equal to or larger than 103 S2cm the indirect short-circuit

current tésbigh stuhid aldgnéot E wurigidhe curarse Eiquabreca oroomat ¢rape tdtwrdundr eds
of mcroanperes (Refer to the advantages of the inductor_ according to the
present ihvert ths dederived G miheldcast wpaeh oY athéeseet1OntivsewMARY OF THE
| NVENTI ON') when thgsSirect_shqrtcircuit current .in the coil is hundreds of
anper es. FHEFEBV, 1Pt S2empriekeh 451 BRe y damscreal raghby i e8PBeSrBeFded with

desired b h terisgtics, d ily- bl

Tagnet | ¢ OHBRGATCR RavE: o VTS TR FaT Ay e s O ST6 2cm The
I th of. [ i t ' th
am s UHAT BT Rerear S Aol Ta R | RO TRyt R R Te B F TR ont

fromt hatcOfat feosoteRohgial £ KO haddd B s f8thefSybasCeideg, dhove, the

cylindrical magnetic core 12 is concentrically arranged in an inserted
manner i M@s¢hebsO! eaol tod wodt thé aaband 1 M0G0 anfhdd ahLomsiicd DFedt C 1S
arranged in an inserted manner into the central portion of the magnetic
core 12. datoadt rnge twedmhetlaboyvel eropddgurasi bDnand hicho ut sdrgkel i @iret er of t he
magnetic core 12 may take approxinmately a simlar value to that of the

i nsi de dicomdertof, tdersalfendi dalasoined Yhatangdanthéey, itdecet bsg-seet | onal
area of the nmagnetic core 12 may be made extrenely | arge by naking the

i nsi de dieaet @f Papsagy ath@ngdeetiré ccepsrertshak| thevhadinetihecoadge in
whi ch the transjtion conductor 11c can be arranged in an inserted manner.
Thus, as Jt%éoq*u%{?ﬁgr F?anfQ%Ehﬁﬁgﬂﬂi&'i en gt ehital factoseie hinge
magnetic core 12 of . th ol enoidal coil 1la, may he extrenely increased by
meki ng tl‘}%yc‘?%%rgggz‘éjc‘f‘_i‘]gn ABY H Ot He St ForeE 1©oF | ege‘,’O]PLH%e strength
of the magnetic. fiel d caused .a the . outside of . the salenoidal coil 1la
my be e b e PAME oD S e BeiBroen Dol R IR e ol o
in the ci e i t] ai.f cen
arrangené%fqg%a%%@gﬁgggg?%ckgg?g§%fﬁﬁhﬂgﬂgeggke§%?%at:%%?F Ifé%g$k%?eby,
the Innere) LEWHLIRRES old NEs AYL, M e digated: aRbdhyanibidormy in

the circunterence direction by heating after inserting the inductor 10 into
the hol e,sdoFk exaiy s, Qfnd e whendd, bbosheshgat edi 1 Weho1heqi ndyici or 10
is used for heating a tube so that the tube is extracted, a | oosening form
by rapi d ash tid {06um theatrireg tod t tikelitiées tonthet aiugetraaagh&tect i on

wi t hout distortion of a cross-sectional shape nay be realized.



-Wth regard to the sol enoidal coil 1la and the transition conductors 11b,
llc, it is preferable to performinsulation coating, at |east, on the
_electric conductor form ng the sol enoidal coil 1la by alum na thermal
spraying and so on . \Wen the inductor 10 is inserted into the hole to be
heated, and is electrically charged after perform ng the above insulation
coating, there is safely caused no short-circuit, even if the sol enoi dal
coil 1l1a cones in contact with the inside of the hole . Here, the

i nsul ation coating may be perforned only on an area 10 of the outside of
the sol engbdalp&dihed i Mhhchdhassacparsl Pidhgerd® igomeshhreont aghiwi th the
inside of the hole to be heated. But, when the insulation coating is al so
per f or redconrehhest adeascof coéheasol esohdalireds| off lanpa@ndst he transition
conductor |Ilc which is inserted into the sol enoidal coil 1la for
arrangenent) thAmrreawiynde Hbtte nadanradiamlaget Hate contaunfidneret ween t he
sol enoidal coil 1la and the transition conductor 1lc through the magnetic
core 12 idlseeklyni hferpapieed OViotghcehbrecat aprpagesent afltbe the

out side of the solenoidal coil 1la in the enbodi nent showmn in FIG 1,
spacers 1RHREHhCIGRERA &R ChE GRiter FRP 4P IS herRivdtthine Bitheshlehe

sol enoidal _.cqil 1lla and the inner circ erence of the hol e, equal, nay be
cont 1 gur S8 (b ARG e ahes Pt P T Hiee SBehE ABFLLGRE AT as
shown in FlG .3, en the spacers 14 ar rovided, the concentrical
arrangene%?emi?%u¥ﬁgriﬁﬁe?S%$r§%§T%¥%ﬁ%§tg?gt% eh%?%ein t he sol enoi dal coi
1la may b asi real.i ze i rq 0 . .pd r i e e.
Though’ t hi B0 B SSCaTH of Brs- Lobd "ae- PRATsRcEr s¥p, Paetbdodpsle!

confi guratie8nd8 ¢eneNpogh 8BNE SN ahd tHE HaW G ord B h@tTOF1 tRe
spacers 14 is not limted to the above configuration, and’variations can be
sui tably exesuted.s hainexanplet binigghet ebilaks £ thepredes es8tneshihi ckness
may be provided at a plurality of points on the conductor formng the

sol enoi dahreaidf tha resgridieispacersay dre apdafdedtupoho dihwutalddvee desct i bed
spacers have an advantage that contact with the inner circunference of the
sol enoi dadf coh¢ spapeeventke tollecamed, f fvrbleermere abtleei bssldeiand 11

The heating target of the inductor 10 is arbitrary if_it is on the inner

ci rcunf er@nkel é¢ %Q%fafﬁﬂsePf%ﬁ%@@qeﬁ%ﬁ@r?sc@f@?fﬂﬁ%&tﬁ%ﬁ? Hital then the

heati ng object. An exanfle of heating the whole tube wall by heating the
i nner ci reehfRPER’e 6F 1t hnd ubke | AT EXRFUCEOF hel BEReCEF B Y he t ube

| ate i boi | d d ; ..and I ti th
rner ol R e REET of CEnG ROl & P REatf B GBSt RGO The Thner
ner ¢ of - Ehe o _ - Thets
xampl e of Re T RhuR oy 0P o TR B8 LHADSE Tiafe XP' Gt 12°

59'enOida%hQQhkn%JQnEQe%@% iQQHﬁi%&oé@—@%ﬁt@%n%%i5§@éxx§%keQH£$ﬁQ%DQ to the
size of the inner circunference of the hole to be heated. The uniform

di stri buté®re pfandechealdtig drarme miwed ioN fing 1BASLtoi heuntaLgsgead! the
hole is remarkably effected by a spiral pitch p of the solenoidal coil 1la.
That is, ahergHde vialner. cThevaber ertoe atfovidieldsaird biesl, haatiegrbfe t hiel e

sol enoidal coil 1lla, there is a tendency in which the heating power of the
area nearrathe chndectenpddatfwrenmiget heysot erciudald easiltlendedsheshd ar ge.
Therefore, in the case of too large spiral pitch p, the inner circunference
of the hoheEnimumsppewery heated, and there is a possibility to cause |arge
irregularity in the tenperature in the direction of the axis |ine of the
hol e. Then, t he'Rp#r atn$idRIT ey IS FERAT eFodops FedgchacrosalEedtay n val ue
or |less thﬁn the certain value in order to avoid the above irregularity. On
the ot herthangreafBh tRESRHPR pitch p is made too small, the number of
turns is increased to make the length of the electric conductor under use

| onger, and, furthernore, the 12

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



-uniformty of the heating is not inproved so nmuch even if the pitch pis
made nmuch smaller. Therefore, the spiral pitch p may be set in

_consi deration of the above circunstances. The inventors of the present

i nvention have confirmed in the case of the inductor 10 used for heating
for extracting the tube fromthe tube plate in a boiler, a condenser, and
so on that uniformheating at a | evel necessary for extracting the tube
coul d be performed by setting the dinension of the spiral pitch p to be
1-2. 5 tines the size of the wall thickness of the tube. Thereby, it is
preferabl eechidhe FnduciBrisgsedsépembeati sgdéheiéupeaha set.the pstgh p of
the solenoidal coil to be 1-2.5 tinmes the size of the wall thickness of the
tube. Thesshpématipi ttéwpodf thheesdl paotdal coil 1la nay be uniformall over
the length of the coil, but it is preferable to set the pitch of the end
part of the solBHei daliscei bcheématdchelidw 0. the icresst hbettabnt heowengr al
portion of the solenoidal coil 1la which has been set according to the

t hi ckness2 oftatRe iy tdhes dmdysd abdie shawen inh&1pi-t éhip bhsehkeénd part
is set to be smaller than that of the central portion, the density of the
heat input"5® #heR%d part beconmes large, and the input calorific power to

the i i f the hol be_made .hi gh | i i th
Lhat of the cont1a1 pORETOr" ACBEREr ol CCRRBRT BHE PARERE| PRANF LPeRbe. of
the hol e | LLh idal 5g0il 1 finite length, ;th

o a Lendindy s RewRr oh T eRbar aldre h bat hesnaeCar T KB e o ©

lover in gpgpaghspn M ibhdhatiofvile SENLE&lR@rLipp as heat radiation is
| arger at both ends of the heating area than that of the 13 central

portion. Therefpre, 4a5h8fsTridedappoe s HNEdOFANERM A NG niddicte .axts: 1 i ne
direction may be realized by making the density of the heat input at the
both end prris 4 argaimdthan dihad wifew;hancemtcal 4poiti @nschayaratevi&y may be
applied for the electric conductor 11 used for the solenoidal coil 1lla, if
t he mat erofl ths comslsicteateiobutakéen i slorefetabheAtbinseim Metal 4Ac t ube
such as a copper tube. Wen the netallic tube is used, the hollow portion
may be used as BL@oo} i shpwatarothainetanete i oy the cwotémyiomdl um such as
cooling water flow to cause easy cooling of the solenoidal coil 1la.

Mor eover , 1RHEEH%e TH t M@ tishersath§ie t9fc chEenddREti eneoF €G125Rays e
controlled b fer_cooli of the solenqidal coil lla. Thereby,.reduction
T he. eI I Tt e BT BEs (Pt F XRRgAGPNE LBFesT 157
controlled tosau ef ficient induction heating. Wien the netallic tube is
used for the ol enoidal coil 1la, the outside dianeter of the metallic tube
may be of a size that can be easily obtained, and suitable for form ng the
sol enoi dal coil 1la with an outside dianmeter which can be inserted into the
hole to be heat egkr/Spesh hEabryprich (e brsioin Humsetligrg heating a tube
in a boiler, a condenser, and so on a sol enoidal coil 1la which can be
adaptive for a Haheinifdes) woet pakkehbei s¥@esiomhiialn aeedusedibed @ boil er
and a condenser nmay be forned, If the outside dianeter,of the netallic tube
form ng tdetsol eneifdalricwi toldebodimeitad nabhatd2awdimm FUd.hersioswes t ubes
Wi th nost of sizes which are used in boilers, condensers, and so on nay be
f avor abl yarmemaucthyr skt tdaegptdiend 4o qiad cdmippafmerie abithe pidwersol enoi dal
coil 1la in the above case to be about 3-12 nm Wen the netallic tube
forns thel S EHHabnedTIG] 14, 1 acerhritd tkt &d ot § SWeporesorsestiwref erabl y
assunmed to be a cooling water channe using _netallic tubes such, as

| b
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when the sol enoidal coil 1Ta and the transition conductors , 1llc are
formed witdh dhie-gmetaldisd;ube tadhst eg8hhesndaceonf 1 oMr &kt O Mg Wi &h

i ndi vidual ly-different netallic tubes nay be used and connected to each

ot her by brazing and so on, but, instead, it is preferable to have a
configuration in which a continuous netallic tube is used for the

sol enoi dal coil 1la, and the transitioh conductors 11b, Ilc. According to

t he above configuration, advantages in which, for exanple, there are caused
no probl ens such as danages at connecting portions nay 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 between the solenoidal coil and the 15 transition conductor may
_be avoi ded; a strong magnetic field nmay be al so caused around the

sol enoidal coil uniformy in the circunference direction; and heating may
be done rapidly and uniformy in the circunference direction of the inner
circunference of a hole into which the solenoidal coil is inserted, by a
configuration in which a nagnetic core arranged inside of a sol enoidal coi
has a cylindrical shape, and transition conductor is arranged in an

i nsert ed ommnrerd iaft aha hollkowipladt tohlofls e eylfieedeng Thusinthefeoare the
foll ow ng advantages : an area in which the tube is fixed on the tube plate
i s rapidlshewrl imither flguheht exhd @r tfanstbibde daubarion l lanedxbendikg f or
extracting the tube is safely and efficiently perforned by using the

i nduct or tdiengthor el Brfé's,he@nso#ﬁ@@ﬁfiaérmbf 1Hea%? @@Oé%ﬁ@bée%mg
extracting the tube fixed on a tube plate in a boiler, a condenser, and so

on. NoreovRFIIRFE {RiHerSRIWE Ut drithde 95 & héPROEN §hf9a_E)F8F9€h%_§t*'elae
unL 0 vl e B Lo Pignce, S ectl st gty ayall e bostitter
R e R R R I A e O
corEr o o s shocil s ymane ooy a3 congat g doof Lhe
shape, angh{ efdiinglre i9Re +88d; gluthersod enairdaheCabbveschHer { i rBdion

into the tube 13 to be heated, for example, as shown in FIG.

2, and by electrically-charging the solenoidal coil 1la.

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 1la; and the
transition conductor llc 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 lla 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 manner into the inside of the magnetic
core 12, and the solenoidal coil l1la. 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



t hrough transition conductor which is arranged in an inserted manner into a
hol | ow portion of the magnetic core of a cylinder shape. 2. The inductor
for heating the inner circunference of a hole according to claim1l wherein
a ferromagnetic nmagnetic core with a volune resistivity value of 103-10
SZcmis used as the magnetic core. 3. The inductor for heating the inner
circunference of a hole according to claiml1l or 2 wherein with regard to
t he sol enoidal coil and the transition conductor, insulation coating is
performed, at |east, on the solenoidal coil. 4. The inductor for heating
t he i nnerasiffetinfter eice lodaa hot saecondinagrt.0 anrygfenabaf,, cdiad e 1hmeo 3
wherei n spacers for keeping the distance between the sol enoidal coil and
t he i nnerresigbafetygncelws of hehéokgneqial care iar tarndgedrange g d0i-sidde of
t he sol enoi dal coil

2cm. The reason is that there is substantially no risk of the

short—-circuit at all, as, under the assumption that the volume

resistivity value of the magnetic core is equal to or larger

than 10° Qcm, the indirect short-circuit current through the

magnetic core becomes equal to or smaller than hundreds of

microamperes (Refer to the advantages of the inductor according

to the present invention described in the last part of the

secﬁion "SUMMARY OF THE INVENTION") when the direct short-

circuit current in the coil is hundreds of amperes. Thexreby,

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’

QQcm. The length of the magnetic core 12 is usually assumed to

be approximately the same as that of the solenoidal coil 1la,

but the length may be different from that of the solenocidal coil

l1la 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 llc is
arranged in an inserted manner 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 solencidal

coil 1la, and, then, the cross-sectional area of the magnetic

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



- 17 5. The inductor for heating the inner circunference of a hole
according to any one of clains 1 to 4 wherein the inner circunference of
the hole to be heated is the inside of a tube, and a spiral pitch of the
solenoidal coil is set to be 1 2.5 tinmes the size of the wall thickness of
the tube. 6. The inductor for heating the inner circunference of a hole
according to claim5 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.of.tHhendgrhci®rcdy ireanb@eirhRit RNAT tigd NEAHYei@NG@ iefh anhbol e
according to any one of clains 1 to 6 wherein
transition conductor 1llc can be arranged in an inserted manner.
Thus, as the quantity of the magnetic flux, which is focussed
in the magnetic core 12 of the solenoidal coil 1la, may be
extremely increased by making the cross-sectional area of the
magnetic core 12 large, the strength of the magnetic field
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 1l1lb, 1llc, it is preferable to perform insulation
coating, at least, on the electric conductor forming the
solenoidal coil 1la by alumina thermal spraying and so on. 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



the solenoidal coil is formed with a netallic tube having an outside
di aneter of 2-8 mm setting the spiral pitch to be 3-12 nm 8. The inductor
.for heating the inner circunference of a hole according to claim7 wherein
the transition conductors are forned with a nmetallic tube, and the holl ow
portion of the transition conductors are joined with the holl ow portion of
the solenoidal coil, and then the comruni cated hol |l ow portion is assuned to
be a cooling water channel. 9. The inductor. for heating the inner
circunference of a hole according to claim8 wherein a continuous netallic
tube i s usédkHoputhédsalfehbedalletwiildall8oil did which hassd pbes ibdndtgt or s.
19 . A . AN. A . AN. A@i. AL. A9. A. A& Aa& AN&. A& A9. A9. A9. ANL. As. ASu&. A930 L, -

to come in contact with the inside of the hole to be heated.

But, when the insulation coating is also performed on other

areas of the solenoidal coil 1l1la, and the transition conductor

1lc which is inserted into the solenoidal coil 1lla for

arrangement, there may be obtained an advantage that continuity

between the solenocidal coil 1la and the transition conductor

1lc through the magnetic core 12 is surely interrupted.

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

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

14 of an insulating material to keep the distance between the

solenoidal coil 1la and the inner circumference of the hole

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

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

are provided, the concentrical arrangement with the inner

circumference of the hole in the solenocidal coil 1lla 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

l1la 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
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the inner circumference of the cylinder, and so on may be listed

as a typical use example of the inductor 10.

Thelengthandtheoutsidediameterofthesolénoidalcoil

1la in the inductor 10 may be suitably set according to the size

of the inner circumference of the hole to be heated. The uniform

distribution of the heating temperature on the inner

circumference of the hole is remarkably effected by a spiral

pitch p of the solenoidal coil 1la. That is, when the inner

circumference of the hole is heated by the solenoidal coil 11a,

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 irregularity 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 irregularity.

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
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uniformity of the heating is not improved so much even if the
pitch p is made much smaller. Therefore, the spiral pitch p
may be set in consideration of the above circumstances. The
inventors of the present invention have confirmed in the case
of the inductor 10 used for heating for extracting the tube from
the tube plate in a boiler, a condenser, and so on that uniform
heating at a level necessary for extracting the tube could be
performed by setting the dimension of the spiral pitch p to be
1-2.5 times the size of the wall thickness of the tube. Thereby,
it is preferable in the inductor used for 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 1la 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 lla to
be 0.5-0.9 times that of the central portion of the solenocidal
coil 1la 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 circumference 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
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central portion. Therefore, as described above, uniform

heating in the axis-line direction may be realized by making

the density of the heat input at the both end parts larger than

that of the central portion.

Any material may be applied for the electric conductor
11 used for the solenoidal coil 1lla, if the material is
conductive, but it is preferable to use a metallic 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 lla. Moreover, the rise in the
temperature of the magnetic core 12 may be controlled by water
cooling of the solencidal 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 solencidal 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 1la 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 solenocidal coil 1la which can be adaptive for a tube
with almost all the sizes, which are used for a boiler and a
condenser may be formed, 1f 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

14
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pitch p of the coil in the solenoidal co;l 1la in the above case
to be about 3-12 mm.

When the metallic tube forms the solenoidal coil 11la, a
communicated hollow portion is preferably assumed to be a
cooling water channel by using metallic tubes such as copper
tubes for the transition conductors 11b, 1llc connected to the
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 l1lla. Moreover, when the solenoidal coil 1lla
and the transition conductors 11lb, llc are formed with the
metallic tube all together, a configuration in which
individually—differentn@tallictubesmaybeusedaﬂdconnected
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 coil 1lla, and the transition conductors
11b, 1llc. According to the above 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 solenoidal coil and the

15
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transition conductor may be avoided; a strong magnetic field
may be also caused around the solenoidal coil uniformly in the
circumference direction; and heating may be done rapidly and
uniformly in the circumference direction of the inner
circumference of a hole into which the solenoidal coil is
inserted, by a configuration in which a magnetic core arranged
inside of a solenoidal coil has a cylindrical 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 sc 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.

16
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WHAT IS CLAIMED IS;

1. 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 a cylinder shape,
and

feeding to one end of the solenoidal coil is performed
through transition conductor which is arranged in an inserted
manner into a hollow portion of the magnetic core of a cylinder
shape.

2. The inductor for heating the inner circumference of
a hole according to claim 1 wherein

a ferromagnetic magnetic core with a volume resistivity
value of 10°-10" Qcm is used as the magnetic core.

3. The inductor for heating the inner circumference of
a hole according to claim 1 or 2 wherein

with regard to the solenoidal coil and the transition
conductor, insulation coating is performed, at least, on the
solenoidal coil.

4. The inductor for heating the inner circumference of
a hole according to any one of claims 1 to 3 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 soclenocidal coil.
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5. The inductor for heating the inner circumference of
a hole according to any one of claims 1 to 4 wherein

the inner circumference of the hole to be heated is the
inside of a tube, and

a spiral pitch of the solenocidal coil is set to be 1-
2.5 times the size of the wall thickness of the tube.

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.% times that of the central
portion 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 any one of claims 1 to 6 wherein

the solenoidal coil is formed with a metallic tube having
an outside diameter of 2-8 mm, setting the spiral pitch to be
3-12 mm.

8. The inductor for heating the inner circumference of
a hole according to claim 7 wherein

the transition conductors are formedwith ametallic tube,
and the hollow portion of the transition conductors are joined
with the hollow portion of the-solenoidal coil, and then the
communicated hollow portion is assumed to be a cooling water
channel.

9. The inductor for heating the inner circumference of

a hole according to claim 8 wherein

a continuous metallic tube is used for the solenoidal coil,
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