1 [Nane of Docunent) Specification [Title of the Invention] REMOVI NG METHOD
OF TUBE |[Technical Field] [0001] The present invention relates to a

met hod for a pulling out a | arge nunber of boiler tubes, disposed between
a steam drumand a water drum of a steamboiler, fromthe steamdrum or
the water drum and renoving the boiler tubes, and the invention relates to
a nethod for pulling out a large nunberl of heat - exchange tubes connect ed
to a tube plate of a shell-tube type heat exchanger fromthe tube plate
and renovi ng the heat-exchange tubes. Mre particularly, the invention

rel ates tomametdodhdOinertling Olgtpetcl,lQe_L%aStthj}l as boiler tubes and
heat - exchange tubes ("TUBE(S)", hereinafter) froma nmenber such as a shel

pl ate of tiiTa «tecant dinen 1Rvehelbnpl at e afeMdva naNVai@m ol We apge@ tube plate
of the heat exchanger which fixes the TUBE ("tube-sheet", hereinafter),

and for rdfeumnmg ddie FI&BES. [ Background Techni que] [0002] Cenerally, a
TUBE is provided in a steamboiler or a heat exchanger, and one end of the
TUBE is inserted0O0ftld a hole formed in a tube-sheet ("tube-hole",
hereinafter), and fixed therein. |In many cases, the TUBE is fixed to the
t ube- sheet in tfde pglelsewitngnrenteérnasethoen to Fingthhbd Feat ai pulding
tube-hole 2 is fornmed in a tube-sheet 1, and an end of a TUBE 3 is
i nserted °out a large .number cf boiler tubes, disposed between a steam
drum and a water drum of a steam boiler, from the steam drum
or the water drum and removing the boiler tubes, and the
invention relates to a method for pulling out a large number
of heat-exchange tubes connected to a tube plate of a shell-tube
type heat exchanger from the tube plate and removing the
heat-exchange tubes. More particularly, the invention
relates to a method for pulling out tubes such as boiler tubes
and heat-exchange tubes (“"TUBE(S)”, hereinafter) from a member
such as a shell plate of the steam drum, a shell plate of the
water drum and a tube plate of the heat exchanger. which fixes
the TUBE (“tube-sheet”, hereinafter), and for removing the
TUBES.
{Background Technique]
[0002]
Generally, a TUBE is provided in a steam boiler or a heat
exchanger, and one end ¢f the TUBE is inserted into a hole formed
in a tube-sheet (“tube-hole”, hereinafter), and fixed therein.
In many cases, the TUBE is fixed to the tube-sheet in the
fellowing manner as shown in Fig. 4. That is, a tube-hole 2

is formed in a tube-sheet 1, and an end of a TUBE 3 is inserted

into the tube-hole 2. The TUBE 3 includes a region 3b including



into the tube-hole 2. The TUBE 3 includes a region 3b including 2 an
inserted portion 3a located in the tube-hole 2. A dianeter of the region
3b is increased so that the inserted portion 3a is fixed to the tube-hole
2. Atipend of the TUBE 3 is flared to forma flare portion 3c. D aneters
of dianeter-increased portions 3d and 3e are increased as conpared with an
i nner dianmeter of the tube- hole 2 by di anet er-increasing operation. The
di aneter-i ncreased portions 3d and 3e are fornmed outside of the tube-sheet
1in many cases. Further, as shown in Fig. 5, one or nore annular grooves

4 are fornpd iensdheed pRek 16 g & £ne@ iof chBectwbenbober . 2. andmeRer the
di anet er -1 ncr easi ng operation 1s carri ed out, a di anmeter-increased portion

3f is genesatmtk ateqa droGat Li@Nineoe s espondi tigat a Hde ngreaaeel 4o rithemeby
establishing stronger engagenent in many cases. [0003] Wen the TUBE 3 is
rusted or Wandiged tit tihe hebesbaiy 2t & puld eadt of hehdUBEB ¥ iemfilheed
tube-sheet 1 and replace the sane. A conventional nethod for pulling out
the TUBE 3¢ sfaem &oFlews. pThatonsicthe inserted portion 3a which is

di aneter-increased and fixed is rapidly heated by a gas torch or induction
heating friomtheerinett sidd@meties -ilpsareee® hoPPirdA °n3a Whi cind r afds 226
thermally expand is restrained by the inner circunference of the tube-hole
2 to bringt?Fee? AReraeFPHAEEGhvE 8R FhtidnE cOApressirvel g ¢ vhea BoL4nd

after the inserted portion 3a is cooled, the dianeter thereof is reduced
(heati ng by a dlameter—lncrea51ng operation. The diameter-increased

portions 3d and 3e are formed cutside of the tube-sheet 1 in
many cases. Further, as shown in Fig. 5, one or more annular
grocves 4 are formed on the inner circumference of the tube-hole
2, and when the diameter-increasing operation is carried out,
a diameter-increased portion 3f is generated at a location
corresponding to the groove 4, thereby establishing stronger
engagement in many cases.

(00031}

When the TUBE 3 is rusted or damaged, it 1s necessary
to pull out‘the TUBE 3 from the tube-sheet 1 and replace the
same. A conventional method for pulling out the TUBE 3 is as
follows. That is, the inserted portion 3a which is
diameter-increased and fixed is rapidly heated by a gas torxch
or induction heating from the inner side, the inserted portion
3a which trends to thermally expand is restrained by the inner
circumference of the tube-hole 2 to bring the inserted portion
3a into a compressive yield state, and after the inserted
portion 3a is cocled, the diameter thereof is reduced (heating
and diameter-reducing operation) to loosen the inserted

portion 3a with respect to the tube-hole 2 and then, the TUBE



and di anmet er-reducing operation) to | oosen the inserted portion 3a with
respect to the tube-hole 2 and then, the TUBE 3 3 is pulled out into a
direction of the arrow A or B. Wien the TUBE 3 is pulled out, a portion of
the TUBE 3 is cut off at an appropriate right side location (in Figs 4 and
5) fromthe tube-sheet 1, besides, when the TUBE 3 is pulled out in the
direction of the arrow A, since the flae portion 3c or the

di aneter-i ncreased portion 3d is caught by the tube-hole 2, these portions
are ground by a grinder, or flare portion 3c is divided in circular

direction fo, tht tal zlik ortions.h s.taorch-cuttin | t hout
damagi ng t%eléd%gfégge St %?hendé Fﬁ%%oﬁygﬁa§#§rfﬁjp en n%'TUBE 31is

pul | ed_outyy, i & Liieck ian ok 1L Akt ow Bo. 81 06e,§ ey i Al €f gy gased

portion 3e Is caught 1 n the tube- e sane operation i's carried out

for the digreter-incigessd: peLti engie- sk AQO VREn R
di anet er - reduci ng rat?% 0 rthe insgrtea go§%5359§§ g%ntﬁéggfgrgﬁghﬁﬂoned

heat - and- copbm | 1Q0S &NIKD- s Y at,i BR siisieaoUhe 1% BE +hEE MPSls pANd dd olike
operation it is necessary to restrain the outer surface of the TUBE, and

thus, whein tiige 0 DE¥ €t fohSof Ot HBda®Rol e, | BNREeCLREURE BEENEO r@fi ohhe
tube-hole 2 as shown in Fig. 5, the dianeter of the dianeter-increased

portion 3foexhetdngmébetheéngkoa¥edddst Do 3dr £§luGedhdob tHs tapd -hblies
al nost inpossible to reduce its dianeter to a value smaller than the inner
di aneter of, tttees¢ uperhbbes2aré&ogrdhng beasonriacen; dohgflareheostioat ure
3c is divided in circular direction to three petal-like
portions by gas torch-cutting without damaging the tube-sheet
and then shrunk by hammering. When the TUBE 3 is pulled out
in the direction of the arrow B, since the diameter-increased
portion 3e is caught in the tube-hole 2, the same cperaticn
is carried out for the diameter-increased porticn 3e.

[0004]

However, the diameter-reducing ratio of the inserted
portion 3a by the aforementioned heat-and-cool loosening
operation is about 1% at the most, and in the operation it is
necessary to restrain the outer surface of the TUBE, and thus,
when the groove 4 is formed on the inner circumference of the
tube-hole é as shown in Fig. 5, the diameter of the
diameter-increased portion 3f existing in the groove 4 is not
reduced so much, and it is almost impossible to reduce its
diameter to a value smaller than the inner diameter of the
tube-hole 2. For this reason, according to the structure
having the groove 4, the diameter-increased portion 3f is

caught in the side wall of the groove 4 and the diameter-

increased portion 3f can not be pulled out in many cases.



havi ng the groove 4, the dianeter-increased portion 3f is caught in the
side wall of the groove 4 and the dianeter- increased portion 3f can not be
pull ed out in many cases. 4 In such a case, the region 3b of the TUBE 3
whose dianeter is increased is divided in the axial direction of the tube
by gas torch cutting and then is shrunk by the hammer or the |ike, and
thus, the operation becones conplicated, and there is a problemthat the
tube-sheet 1 is damaged at the cutting in many cases, and high costs are
required for repairing the damage. Further, when the flare portion 3c or

the di anetsy il @asgde, POLL 905130 8P, B& 1Y & HOUNGRBL CHE ambhgke; ks a
problemthat the tube-sheet is danaged in nany cases and high costs are

required fidfcre@dd iingdikeddanmdgesnd QU031 cAsecatiehhed 108 SHle/ibhdgsych
probl ens, the present assignee has devel oped a nmethod for pulling out the

TUBE fromtdrduh taubet sheeind seeePat €ndh document t e . hdmmé hi 6r mehbod; ka,
narrow section of one end of a region of the TUBE whose dianeter 1is

i ncreased arsl hdat=ed tihd e redidwtbstahes antbhi t&06d| vendf orheeei ssappl i ed
to the TUBE end, thereby tensile-yielding the narrow section in the

red- hot stratcdltegn tdddcehe ttonlgh aatet ey |1 i anthride: G anet bpenatt ong iis canyi ed
out for the adjacent narrow sections, and the sanme operation is repeatedly
carri ed oft2saghi |agdrdialy clolsd spesiet irens iokdt herr edphéatied hheradsmsgeti ons
one after another, thereby reducing the dianeter substantially of the
entire di dvetdrey netheisithy fdgirenrraéiadi Ag ehethe diameter-increased

portions 3d and 3e are ground or cut, there is a problem that
the tube-sheet is damaged in many cases and high costs are
required for repairing the damage.

[0005]

As a method for sciving such problems, the present
assignee has developed a method for pulling out the TUBE from
the tube-sheet (see Patent document 1). In this method, a
narrow section of one end of a region of the TUBE whose diameter
is increased is heated into a red-hot state, and a tractive
force 1s applied to the TUBE end, thereby tensile-yielding the
narrow section in the red-hot state to reduce its diameter,
and the same operation is carried out for the adjacent narrow
sections, and the same operation is repeatedly carried out
while moving the positions of the red heated narrow sections
one after another, thereby reducing the diameter substantially
cf the entﬁre diameter-increasing region including the
diameter-increased portions 3d, 3e and 3f to pull out the TUEE
from the tube-sheet (Patent document 1). According to this

method, it is possible te increase the diameter-reducing amount,

and there is a merit that the TUBE can easily be pulled out.



di aneter--increased portions 3d, 3e and 3f to pull out the TUBE fromthe

t ube- sheet (Pat ent docunent 1). According to this nethod, it is possible to
i ncrease the dianeter- reducing anount, and there is a nerit that the TUBE
can easily be pulled out. 5 However, this nmethod has a denerit that since
the operation for red-heating the narrow section to cause the tensile
yield and to reduce the diameter is carried out repeatedly while changing
the positions, the nuch labor is required for the operation and it takes
time for the operation. [Patent Docunent |] Japanese Patent Application

Lai d- open NNavdiBe 229M0s ik 564 05415 €a cderhdiei ¢ Nvieat | 90d <& Prpbl P19+ bgnSol ved
by the Invention] [0006] The present invention has been acconplished in

view of ther akovréecitricuahanaesroandettibs ©h Lhjectnef tbkheiilRventign to
provide a renmpoving nmethod of a TUBE in which it is possible to easily pul
out and rerVeto wiedmpe atshodt atener tibe cBURE edMuivcth iepésseti edwhhle a

t ube- hol e, having an annul ar groove on its inner circunference, of the

t ube- sheetCh@aftF Wil cthh ¢ sposntiensedthn dvahetfleboand f ineghitet efor whehout
damagi ng the tube-sheet. (Means for Solving the Problem) [0007] To

achi eve t PSR CHRMEtit arrkavehitonfer thaiarerapiovi-des a renoving

met hod for renpoving a TUBE which is inserted
[Patent Document

Japanese Patent Application Laid-open No.H8-229749
[Disclosure of the Invention)

[Problem to be Solved by the Invention]

[0006]

The present invention has been accomplished in view of
the above circumstances, and it is an object of the invention
to provide a removing method of a TUBE in which it is possible
to easily pgll out and remove, within a short time, the TUBE
which is inserted into a tube-hole, having an annular groove
on its inner circumference, of the tube-sheet and which is
increased in diameter and fixed thereto, without damaging the
tube-sheet.

[Means for Solving the Problem]

[0007]

To achieve the above object, an invention of claim 1
provides a removing method for removing a TUBE which is inserted
into a tube-hole, having an annular groove formed on its inner
circumference, of a tube-sheet, and which is increased in
diameter and fixed to the tube-hole, wherein the inserted
portion of the TUBE which is inserted intoc the tube-hole and

fixed thereto is heated and then cooled, thereby reducing its



into a tube-hole, having an annul ar groove forned on its inner
circunference, of a tube-sheet, and which is increased in dianeter and
fixed to the tube-hole, wherein the inserted portion of the TUBE which is
inserted into the tube-hole and fixed thereto is heated and then cool ed,

t hereby reducing its dianeter and the i&Bserted portion is | oosened fromthe

tube-hole, then a region of the TUBE opposed to the groove is heated to a
red-hot state, the TUBE is stretched in its axial direction, the red
heated region is stretched and reduced in dianeter and cut off, the TUBE
is pull ed BTy el thbe-Theeited [ PO 10 lLSAchD:mhmg'ltdrm i hzent i on
of claim2, in the renoving nethod of a TUBE of claim1l, the operation for
heat i ng t R oke - otfhﬁtrhe-'@1 TEBE oFppés ke t BB heorRpr ot inttd et beooae- het

state is carrléed out a method in which an induction heating coil is

di sposed i'FaHe F9BE éﬁ&'ﬂ"ﬁé FUBESH sEPAJLIERT o® ededF B isuppiyrngal
alternatin Lurrent t thecge ducte\ﬂon heat i n coi | %0009 According to an
i nvent i on oF cl& ™3, i 1H ﬁ&glr?é’tﬁ dS5F L ChEREaBL EREPRFE oF 2,

when a pl e Of nu ov ar r med on, i nner Ci rcupf erence
of the tulL)HlaalnL e a%;aeg%gyr:\ 0 f’he%sr'ﬁBéF%%%osed Po ﬁﬁg gtoovdd Oat et

si mul t aneqyg] .- g}?@g@d to the red-hot state. [00101 According to an
invention of claim4, in the renoving nethod of a TUBE of any one of

claims 1 to 3, whgipdhe TUBE

According to an invention of claim 2, in the removing
method of a TUBE of claim 1, the operation for heating the region
of the TUBE opposed to the groove into the red-hot state is
carried out by a method in which an induction heating coil is
disposed in the TUBE and the TUBE is induction heated by
supplying alternating current to the induction heating coil.

[0009]

According to an invention of c¢laim 3, in the removing
method of a TUBE of claim 1 or 2, when a plurality of annular
grooves are_formed c¢n the inner circumference of the tube-
hole, a region of the TUBE opposed to the grooves are
simultanecusly heated to the red-hot state.

[0010]

According to an invention of c¢laim 4, in the removing
method of a TUBE of any cne of c¢laims 1 to 3, when the TUBE
is stretchedin its axial direction, a tractive force is applied
to a portion of the TUBE which is located on a side opposed
from a tip end of the TUBE with respect to the tube-sheet.
[Effect of the Invention]

[0D11]



Is stretched in its axial direction, a tractive force is applied to a
portion of the TUBE which is |located on a side opposed froma tip end of
the TUBE with respect  to the tube-sheet. [Effect of the Invention] 100111
According to the present invention, after the dianeter-increased region of
the TUBE which is inserted into the tube-hole is reduced in dianeter and

I s | oosened, the region opposed to t he groove of the tube-sheet is heated
into the red-hot state and the TUBE is stretched in the axial direction,
and the red-heated region is stretched to reduce the dianeter and is cut

off. Wth this eedQirmli ohe WaeR the-dagion isveheabad intraxdhe £ed- hot
state, heat transferring fromthe TUBE to the tube-'sheet is small, and

t hus, the dildRfe wean- aidecd d €l ne g en heatted, Tand wheant be 1gdeheatiedntegi on
is stretched, the tractive force applied to the TUBE can effectively be

applied tthd bebeetoheatecderegean madawethridis isilodsSepossithleerégiostretch
the red-heated region wwth a small tractive force to reduce its dianeter,
and t hus, dopesdidanet ethé ngreasedoporheonubkesimee ton st e ategi acmoppoked t o

t he groove can be reduced in dianeter and the dianeter-increased portion
can be pulrdesd-tmft stwitehond thei RYBEaught riet chied sn ddrenakiiadfdihecyionve.
Further, since the TUBE is cut off at its portion which is inserted into

t he tube- Ké1% thehseRuBEasptdereyionsl ot ftfchsth tee rpdhrcedtbatdiamebpposi t e
sides of the tube-sheet. Therefore, even if the dianeter-increased_gortion
or the fl &M gor Gn °fi-st ¥1fR thés FepfsAubRtiRB TUBEROLPSI BHRILAB L

t ube-sheet, it | S unnecessa
%eateclinto the reJ)%ot state, heat transferring from the TUBE

to the tube-sheet is small, and thus, the TUBE can effectively
be heated, and when the red-heated region is stretched, the
tractive force applied to the TUBE can effectively be applied
to the red-heated region and with this, it is possible to
stretch the red-heated region with a small tractive force to
reduce its diameter, and thus, the diameter-increased portion
formed on the region opposed to the groove can be reduced in
diameter and the diameter-increased portion can be pulled out
without being caught in the side wall of the groove. Further,
since the TUBE is cut off at its portion which is inserted into
the tube-hole, the TURE after it is cut off can be pulled out
in opposite sides of the tube-sheet. Therefore, even if the
diameter-increased portion or the flare portion exists in the
region of the TUBE outside the tube-sheet, it 1s unnecessary
to remove the diameter-increased portion or the flare portion.
Thus, the operation for removing the diameter-increased
portion or the flare portion is unnecessary, and the tube-
sheet is not damaged. Therefore, depending on the present

invention, it is possible to remove the TUBE efficiently and



to renove the dianeter-increased portion or the flare portion. Thus, the
operation for renoving the dianeter-increased portion or the flare portion
i s unnecessary, and the tube- sheet is not damaged. Therefore, dependi ng on
the present invention, it is possible to renove the TUBE efficiently and
reliably within a short tine, and there is advantage that the |abor is
saved, the quality is maintained and s&f ety is enhanced. [00121 |If the
red heating operation of the region of the TUBE opposed to the groove is
carried out by induction heating using an induction heating coil inserted

in the TUBE, SINGE JiaRiith =NeabkNPUhel Saf@rdrd QU ad@BhY ag ed@siaiedneegi on
can swiftly be heated into the red-hot state, and it is easy to control the

t enper at ung,pANdi Ehe sRBE caRebeyyanmmedi BoR® iefddidieant hyd [sd0Hh3) Wen the
plurality of annular grooves are formed on the inner circunference of the
t ube- hol e,endregi@ns. of the TUBE which are opposed to the grooves can be
simul taneously heated into the red-hot state, it is possible to reduce the
di anmeters of thepai&aeter-increased portions of the regions opposed to the
grooves by one heating operation and one stretching operation, and it is
possi bl e to cut If ftlone dddeatdmoiopere viah vdattéd reggioonofotpal FUBEL t he
TUBE, and time required for pulling the TUBE can be shortened. [00141

When the TUWBR§ed $tor ehehaP ¢ ve thecakt ¢ d divtebl | O ¥Hef on heating using

an induction heating coil inserted in the TUBE, since rapid
heat input is carried out, only a desired region can swiftly
be heateé into the red-hot state, and it is easy to control
the temperature, and the TUBE can be removed more efficiently.

{0013}

When the plurality of annular grooves are formed on the
inner circumference of the tube-hole, regions of the TUBE which
are opposed to the grooves can be simultaneously heated into
the red-hot state, it is possible to reduce the diameters of
the diameter-increased portions of the regions opposed to the
grooves by one heating operation and one stretching operation,
and it is possible to cut off one location of the red-heated
region to pull out the TUBE, and time required for pulling the
TUBE can be shortened.

[0014]

When the TUBE is stretched in the axial direction and
the red—heqted region tis Stretched and reduced in diameter,
it is preferable that a tractive force is applied to a portion
of the TUBE located on the opposite side from the tip end with
respect to the tube-sheet. With this configuration, since a

length of this portion of the TUBE can freely be selected, it



the red-heated region is stretched and reduced in dianeter, it is
preferable that a tractive force is applied to a portion of the TUBE
| ocated on the opposite side fromthe tip end with respect to the
tube-sheet. Wth this configuration, since a length of this portion of the

TUBE can freely be sel ected,

applies the tractive force, i . e. , & structure of the connecting

mechanismto be used can be sinplified, and the device used for carrying

out the invention can be sinplified. [Best Mdde for Carrying out the

T e et SPEEke By SR ORMERL: Ok A0 LEOVSRLLAL LR LETPKLNG P TARE S

wll be expraine

€ enbodi ment, as s

It 9 becones easy to connect a device which

TUBE 3 is tnsgrted dntg &M@g@ﬁ@'& 2ne NaMi g 0Ny 2aRMLAN snOf 9¥E udehor med

on its inner circunference,

3a to 3f

represent s; @fent NSErted pertigpificxed.to the inner circunference of the
tube-hole 2, a reference synbol 3b represents a dianeter- increased region,

a referencegpsynbmbadcroepcesent sgachkathe pakendnongnd reference synbol s
3d, 3e and 3f represent dianeter-increased portions whose dianeters are

represent portions of the TUBE 3, the reference synbol 3a

i ncreased greatppoifinn the inner dianeter of the tube-hole 2. As

preparation before the renoving nethod of the invention is

regi on of the TUBE ednbadigtentsobpposddviemdrmog for removing a TUBE 3 will

be explained below. In the embodiment, as shown in Fig. 1{a),
a TUBE 3 is inserted into a tube-hole 2, having one annular
groove 4 formed on its inner circumference, of a tube-sheet
1, and the TUBE 3 is increased in diameter and is fixed in the
tube-hole 2. 1In Figs. 1, reference symbols 3a to 3f represent
portions of the TUBE 3, the reference symbol 3a represents an
inserted portion fixed to the inner circumference of the
tube-hole 2, a reference symbol 3b represents a diameter-
increased region, a reference symbol 3¢ represents a flare
portion, and reference symbols 3d, 3e and 3f represent
diameter-increased portions whose diameters are increased
greater than the inner diameter of the tube-hole 2. As
preparation before the removing method of the invention is
carried out, a region of the TUBE 3 which is opposed from a
TUBE tip end with respect to the tube-sheet 1 is cut off at
a location separated from the tube-sheet 1 by an appropriate
distance L. Here, the length L of a TUBE’s portion which
projects from the tube-sheet 1 on the opposite side from the
TUBE tip end (“remaining-TUBE”, hereinafter) 3g, is selected

such that a space to connect a device for applying a tractive

carri ed out,

( _ ( _ _ a tube-sheet 1, anq the TUBE 3 is increased
in diametefa@nglei $ihpXed bR, thga tHPEabORl 8e2usth FbYScatryhabevarcensynbol s

a



TUBE tip
separated fromthe tube-sheet 1 by an appropriate distance L. Here, the
length L of a TUBE s portion which projects fromthe tube-sheet 1 on the

opposite
sel ected

heat ed,

end with respect to the tube-sheet 1 is cut off at a |location

side fromthe TUBE tip end ("renmaining-TUBE", hereinafter) 3g,

is

such that a space to connect a device for applying a tractive 10
force (later-described as a traction-tb%l) can be obtained on the
remai ni ng- TUBE 3g. [0016] First, the inserted portion 3a of the TUBE 3 is

the inserted portion 3a which trends to thermally expand is

conpr essi ved yeyi @ ted hye s@stsed ting byaadibAnebosyr aseoofobtdimdaibe- hol e

2, then the inserted portion 3a is cooled to reduce a dianeter of the
inserted patd i pem3aniagdTUhe Bpserted portion 3a is | oosened fromthe
1. This heating operation nmay be carried out
using a gas torch00¥iébmthe inner surface of the TUBE. However,

tube-hol e 2 of the tube-sheet

i nserted

as the
portion 3a is heated nore rapidly or swiftly, i.e., as a rise

in

the tenperature Bfrshe thie rstrdied Doy tHeat er afstlee BYBE He isnbRaAESwhen a
tenperature of the inserted portion 3a reaches a predeternned temperature
i s smal | erthe hinsobsed RETFAPHi A2 thhChettABAEatadINTRBREASr 8XP3AY Aduct i on

heati ng method, in_ which an induction heating coil is dispoiﬁgagg %Qe
S iF°to

i nserted
heat the

heating methodt RFeR®

IR T BHS BYC ARdY APt BFAaPY ngeEGrRERt “PsPY¥uppl B SE0 S

i nserted porﬁio? B%QSis recommended Accordingatgs EgkieEHQ%Ction
P he

i Bs ddifert” do1S hg =t 100

reduce a diameter of the inserted portion 3a, and the inserted
portion 3a is loosened from the tube-hole 2 of the tube-sheet
1. This heating operation may be carried out using a gas torch
from the inner surface of the TUBE. However, as the inserted
portion 3a is heated more rapidly or swiftly, i.e., as a rise
in the temperature of the tube-sheet 1 by heat transfer at the
moment when a temperature of the inserted portion 3a reaches
a predetermined temperature is smaller, the loosening margin
can be increased. Therefore, an induction heating method, in
which an induction heating coil is disposed in the inserted
portion 3a and alternating current is supplied to the coil to
heat the inserted portion 3a, is recommended. According to
this induction heating method, even if the subseguent cooling
operation is carried cut by means of air-cooling, the loosening
margin can sufficiently be obtained. For example, if the TUBE
of 50.8mmé x 3.2mmt is heated to about 900°C by power of about
25kW x 1 minute (this is varied depending upon the atmospheric
temperature) by the induction heating method and then the TUBE
is cooled by blowing air, the diameter of the TUBE is reduced

by about 1%.



operation is carried out by neans of air-cooling, the |loosening margin can
sufficiently be obtained. For exanple, if the TUBE of 50.8mb x 3.2mm is
heated to about 900C by power of about 25kWx|1 mnute (this is varied
dependi ng upon the atnospheric tenperature) by the induction heating

met hod and then the TUBE is cooled by blowing air, the dianeter of the
TUBE i s reduced by about 1% 11 [0017)1By | oosening the inserted portion
3a by heating and cooling, the region which is restrained by the inner
circunference of the tube-hole 2 of the tube-sheet 1 is reduced in

di aneter, but theygiapeter-increased portion 3f located in the groove 4 is
not reduced in dianeter so nuch. Therefore, the outer dianeter of the

di ameter-increasgd peptbanndf dhe Sidddcaf egbetibhanat by imeetidyamater of
the tube-hole 2, and the TUBE 3 can not be pulled out as it is. Thereupon,
after thecebDieg destlié beted pasenimig-ropersat ires tirs ic@d | @ otthe asnnelrown in
Fig. 1(c), the region 3h of the TUBE 3 including a portion opposed to the
groove 4 isiheatferéncehef rted-hateshate 2 s6 tthmtubke stekar hets ondpesist ance
of the region 3h is largely reduced, and as shown in Fig. 1(d), the TUBE 3
i s stretchod diiameter avival tdier écérenerahtct haseddr drett @n Ifegdiogr twidosa
deformation resistance is largely reduced is plastically deforned, i . e.

, stretchethe gidevaxd als digectadnrad imeddeaeittes s¢i amster, Thpgefsrfurt her

stretched to cut off the sane. This operation will further be exglalned
bel ow. the outer diameter of the diameter-increased portion f is

still greater than the inner diameter of the tube-hole 2, and
the TUBE 3 can not be pulled out as it is. Thereupon, after
the above-described loosening operation is carried out, as
shown in Fig. 1(c), the region 3h of the TUBE 3 including a
portion opposed to the groove 4 is heated to the red-hot state
so that the deformation resistance of the region 3h is largely
reduced, and as shown in Fig. 1(d), the TUBE 3 is stretched
in the axial direction, and the red-heated region whose
deformation resistance 1is largely reduced 1s plastically
deformed, i.e., stretched in the axial direction to reduce its
diameter, and is further stretched to cut off the same.
This operation will further be explained below.

{0018]

The region 3h which is heated to the red-hot state is
determined such that when the region 3h is stretched in the
axial direction, the diameter-increased portion 3f which is
fitted in the grcove 4 is reduced in diameter and comes out
from the groove 4. The region 3h is not limited to a region
that is strictly opposed to the groove 4, and the region 3h

may slightly be narrower or wider. It is preferable that the



(0018] The region 3h which is heated to the red-hot state is determ ned
such that when the region 3h is stretched in the axial direction, the

di anet er-i ncreased portion 3f which is fitted in the groove 4 is reduced
in diameter and cones out fromthe groove 4. The region 3h is not limted
to aregion that is strictly opposed to the groove 4, and the region 3h
may slightly be narrower or wider. It 13 preferable that the 12 w dth of
the region 3h is as snall as possible within a range in which the

di anet er-i ncreased portion 3f can be pulled out fromthe groove 4 because

a portion ﬂ(fxéﬂ"'% TUBE whiGh i sy $Erefched and reduded d '&i@ﬂﬂ'ﬁefa%ahég

concentrated on the narrow range so that the dianeter can be reduceée

ef ficiently, apd dihenTUBE LA N8 RWdddol PHrafdn Y Lhuge BOERGR out
efficiency can be enhanced, but it is also preferable that the region is

slightly wdaf sRet Babooverny ibethese kS R E@IIProf Nehie Teal 1 wwi cPosit i on,
the dianmeter-increased portion 3f can be red-heated. |In this connection,

it is prefarablenddahd heddtageteai ahbeeeasedopeiehit@n t3fd 66 alkodtrdotvo 10
times of the width of the groove 4. In the illustrated enbodi nent, the
regi on 3h rdmsgeseto whder theadi bhetwer dtdin dfe treelwgreabwed f4 csenttliat aevienhef
there is a slight error in the heating position, the dianeter-increased
porti on 3fTURE gl ilabl swbet heated ¢Hf tded tieds hotnstrayeefAScihncheatnng
tenperature of the region 3h is higher, the deformation resistance becones
smal | er anftk té¢rchaneadt | petf driicel s el ¢ edr e derpbdacithgtt Headi eeier aad

cuttin
d slightly wider so that even if there ig an erxreor in the heating

position, the diameter-increased portion 3f can be red-heated.
In this connection, 1t is preferable that the diameter-
increased portion 3f is about 3 to 10 times of the width of
the groove 4. 1In the illustrated embodiment, the region 3h
is set wider than the width of the groove 4 so that even 1if
there is a slight error in the heating position, the
diameter-increased portion 3f can reliably be heated to the
red-hot state. As the heating temperature of the regicn 3h
is higher, the deformation resistance becomes smaller and the
tractive force required for reducing the diameter and cutting
the TUBE can be smaller, but consumed energy is increased.
Considering these factors, the heating temperature is.
preferably about 800 to 1100°C. It is not always necessary to
uniform the heating temperature of the region 3h, and a
temperature distribution may be generated. 1In this case, it
is preferable that a central portion of the diameter-increased
portion 3f which is to be reduced in diameter is heated to the
highest temperature. As the region 3h is heated by the rapid

heat input within & shorter time, a desired region can



the TUBE can be snmaller, but consuned energy is increased. Considering

these factors, the heating tenperature is. preferably about 800 to 1100C

It is not always necessary to uniformthe heating tenperature of the

region 3h, and a tenperature distribution may be generated. In this case,
it is preferable that a central portion of the dianeter-increased portion

3f which is to be reduced in dianmeter 13 heated to the highest

tenperature. As the region 3h is heated by the rapid heat input within a

shorter tine, a desired region can 13 preferably be brought into the
red-hot statereFe8MVIHE HRAIGHL iakoVigWr - tRe shgat . byraeansh 0§ 2 18as

torch is excellent heating neans. However, the induction heating nethod

capabl e of cporiew I apirdchasdad BRUidd g oifSa Hhe tMsSdh $Uidadd Bl edO heariy gout
the induction heating as shown in Fig. 2 for exanple, an induction

heating combatd.i Bowasert ethanthdh sposedcheating e tHIBE fakde dfheotdep end

side of the TUBE 3, and once alternating current is supplied to the
i nducti on hentfingeeasi inpittihe TeBE¢ eppdh swposkd: t Fa k@ nnmwott gipe

heating coil 11 can swiftly be induction heated- Wen the region 3h of the
TUBE 3 is hBaAvEdionshiprblrgears Ademtedn fordi dnild §%21RbSerfdd 1BA¥ G4 9ot in

tight contact with the inner circunference of the tube-hole 2 of the
t ube- sheetP§3t1HE Reat t}ansflareitGA erd FuBRCOSefolibhe theE Bhebt 1PN s

suppressed_and fromthis reason also, the region 3h can be heated to the

hi gh t enpeFBE uf &P sTRFt T3S ViEnF el VHduc rimbh ORES: PAG SFEMiNG £8T TRET a

l—lLJJ:B'I[EagT ea]?ggtségp§m 1g<o t%iezmd’ucrt%%nhg%taltgggf ggi’f{bi)ﬂt tjl-xoeo%%’BEW}Ie%t}.olns
opposed to the induction heating coil 11 can swiftly be
induction heated. When the region 3h of the TUBE 3 is heated,
since the inserted porticn 3a is locsened and is not in tight
contact with the inner circumference of the tube-hole 2 of the
tube-sheet 1, the heat transfer from the TUBE 3 to the
tube-sheet 1 is suppressed and from this reason also, the region
3h can be heated to the high temperature swiftly. When the
induction Heating is utilized for a TUBE of about 50.8mm¢ x
3.2mmt, red heating for about 1000°C, which is suitable for
reducing the diameter and cutting the TUBE off, can be carried
out by current-supplying of about 28kW x 20 seconds.

[0013]

As shown in Fig. 1l (c) the tractive force for reducing
the diameter of the region 3h and cutting the region 3h which
was heated to the red-hot state may be applied by stretching
the flare porticn 3c in the axial direction of the TUBE by means
of an appropriate jig, but preferably, the tractive force is
applied by pulling the remaining-TUBE 3g in the direction of

arrow A as illustrated. This is because that unlike the flare



reduci ng the diameter and cutting the TUBE off, can be carried out by
current -suppl yi ng of about 28kw x 20 seconds. [0019] As shown in Fig. 1(c)
the tractive force for reducing the diameter of the region 3h and cutting
the region 3h which was heated to the red-hot state may be applied by
stretching the flare portion 3c in the axial direction of the TUBE by
means of an appropriate jig, but preféfably, the tractive force is

applied by pulling the renmaining-TUBE 3g in the direction of
illustrated. This is because that unli ke the flare 14 portion 3c,
-p&BEidg gan benkteongnantehayeing-deskreg d80HB,1hd A indired ool
force can easily be connected to the renuaining-
ia.desiredaleaghani smitertionreebilngotrtha pbn&dhigor-heo@lr atd itdee
-TUBE 3g can be sinplified. The structure of the
whi ch appl fescehean reactiilwe beoccenéot et JUBE smamotnki-nTUBH ) W .ief. ,t he

remai ni ng

for applying the tractive

TUBE 3g,
remai ni ng

traction-tool can apply the tractive force to the TUBE, but it is
pref er abl eat omgsbaaismactiicgn- awuledBiras stioswn tpaEtgon2todhi sto  the

traction-tool 15 conprises a frame 17 having a magnet 16 to be stuck to
t he tube- sheBe1ningzTHREYi39g cdevike I8 _lLchied: a PyRiraurveteyei ederthigel d by

the franme

driving debftet482-FRELCHRAER tIRRY hoedd Mo trRdtddss f8T c8 ERabed

and a pin
U- shaped

17, and a connecting head 19 which is reciprocated by the

19p.. Th in 19b i s inserted . into the through hole forned on
n%‘ﬁgejr”igBQ 'aﬂ%nf Pet é}éﬁﬁﬁ%@é%@l {65 T G tgagdyEd

menber 19afand t he

OorcCe to the TUBE, but it is preferable to use a traction-
tool 15 as shown in Fig. 2. This traction-tool 15 comprises
a frame 17 having a magnet 16 to be stuck to the tube-sheet
1, a driving device 18 such as a hydraulic cylinder held by
the frame 17, and a connecting head 19 which is reciprocated
by the driving device 18. The connecting head 19 includes a
U-shaped member 1%z and a pin 1%. The pin 19 is inserted
into the through heole formed on U-shaped member 19a and the
remaining-TUBE 3g to connect the U-shaped member 1%a and the
remaining-TUBE 3g to each other. The frame 17 has a large space
at a position where the pin 19b is pulled in and out so that
pin 1%b can éasily be attached and detached. 1In the connecting
head 192 of this structure, to which the remaining-TUBE 3g is
connected, 1t is necessary to form a hole through which the
pin 19b is inserted into the remaining-TUBE 3g, but there is
amerit that the structure is extremely simple. The connecting
head 12 is not limited to this structure, and the remaining-TUBE
3g may be grasped by using a collect chuck.

{0020)

As shown in the drawing, the tracticn~-tool 15 having the

arrow A as
since the

traction-tool

érs 19a



remai ni ng- TUBE 3g to each other. The frame 17 has a | arge space at a
position where the pin 19b is pulled in and out so that pin 19b can easily
be attached and detached. In the connecting head 19 of this structure, to
whi ch the remaining-TUBE 3g is connected, it is necessary to forma hole

t hrough which the pin 19b is inserted_into the remaini ng- TUBE 3g, but
there is a nerit that the structure iésextrenely sinple. The connecti ng
head 19 is not limted to this structure, and the remai ning-TUBE 3g may be
grasped by using a collect chuck. [0020] As shown in the draw ng, the
traction-tasbvi5 deavrme dde: dbr abover desck kbad 1¢ondy gukat ikaBel-$nlaekd by the
tube-sheet 1 utilizing the magnet 16, the connecting head 19 is connected
to the remaicnilngihYBEh3gnathetdr byi tige dedh CecdBnd Shopered ecs cahreRaaid on
force is applied to the tube-sheet 1, and a tractive force in the
direction ob aheowehacannbeTHPBl Bed tioetdveiviegeaden hge TUBE Sgppeltuted,
traction-tool 15 is nounted as shown in the drawi ng before the region 3h
of the TUBE Bedstien froxteds appDR4y HontBegtulde{sheet df,t endtde nasgiiore 3h of
the TUBE 3 is heated to the red-hot state, the tractive force in the
direction &P¥<&r ridw BMEs ddpsicté®nt o0 f ha rrenaifi g0 TUBE Bpbied hgo the
traction-tool 15 shown in Fi 2. At that tine, the inserted portion 3a of

the TUBE SrﬁgaF86§€ﬁ§§BFr6HTtﬁ%hifwﬁﬁ%ﬁﬁ%P%TEﬁo%H%5%ﬁb%QEHE%? ag shan

tractive force applied to the remaini ng- TUBE is__effectively transferred
to the I‘egil'Bnt}éeFl awing PS&PﬁStt}éT gteé;,l%n h of3%he TUBE 3 1s redx‘xeated.
[0021)

In Fig. 1(c), after the region 3h of the TUBE 3 is heated
to the red-hot state, the tractive force in the direction of
arrow A is applied to the remaining-TUBE 3h by the traction-tool
15 shown in Fig. 2. At that time, the inserted portion 3a of
the TUBE 3 is loosened from the tube-hole 2 of the tube-sheet
1, the tractive force applied to the remaining-TUBE 3g is
effectively transferred to the region 3h of the red-hot state,
the region 3h is increased axially and reduced in diameter.
Therefore, the diameter-increased portion 3f which has been
fitted in the groove 4 is reduced in diameter and comes out
Jfrom the groove 4. Further, the region 3h is stretched and
finally cut off as shown in Fig. 1(d). With this, the TUBE
cut piece 3A on the side of the remaining-TUBE 3h is pulled
outandrem&vedfromthetube-sheetl. On the other hand, there
is no portion of the remaining-TUBE cut piece 3B which is caught
in the tube-hole 2, the cut piece 3B can also be pulled out
and removed easily if it is pulled in the opposite direction.
With the above-described operation, the TUBE fixed to the

tube-sheet 1 can be removed.



the region 3h is increased axially and reduced in dianmeter. Therefore, the
di aneter-increased portion 3f which has been fitted in the groove 4 is
reduced in dianmeter and cones out fromthe groove 4. Further, the region 3h
is stretched and finally cut off as shown in Fig. 1(d). Wth this, the TUBE
cut piece 3A on the side of the renaini&g-TUBE 3h is pulled out and

renmoved fromthe tube-sheet 1. On the her hand, there 1is no portion of
t he remai ni ng- TUBE cut piece 3B which is caught in the tube-hole 2, the
cut piece 3B can also be pulled out and renoved easily if it is pulled in
t he opposite direozzdn. Wth the above-described operation, the TUBE fi xed
to the tube-sheet 1 can be renoved. 16 [0022] In the_ahove gbodi nt,
after the regi odm3hheaboyd ereeddmer e afitedt Ve IeGiod 75 lép’b?$ (?att(’?ré?he

remai ni ng- TUBE 3g and the red heated region 3h is red i.n di r and
cut of f. uhswev¥ectivikefpreseht aRRASHRT SR FR° r'r'oetmei’ir?ﬁ’f%%f;f% t'ﬂ’n% Sn%?g;é%dur e.
For exanpl e, the procedure in which the tractive.force i e o] pl yi ng
to the rerfiti Mo TEBETSgioPhel! i h°t AECSFSFe the l?%%?%ﬁ %Rﬁi§;1éa§£gP is

al so adopt abl e. [0023] _ Thi s enbodi t. C . & gaseelifjat .one

gr oove 4ﬂ%?%%ﬁ%eg%8$ﬁﬁﬁ??%ﬁEfggfggﬁ&ﬁ%gé%?égggqﬁﬁgefﬁgé-ﬁo|eez of the

tube- sheetp J, LUl NOHL PELDOGLEDTLLArLON BAL ©ASEe 140G o IeseNkept
i nvention al's6 can bé applied to the case that a plurality of grooves 4

are forne%nx@ﬁ%lﬁﬁﬁﬁ“%@ §ﬁ@efmnaining—TUBE 3g, then in the state the
region 3h is heated, is also adoptable.
[0023]
This embodiment corresponds to the case that one groove
4 is formed on the inner circumference of the tube-hole 2 of
the tube-sheet 1, but without being limited to that case, the
present invention also can be applied to the case that a
plurality of grooves 4 are formed. Fig. 3 shows other
embodiments in which three grooves 4 are formed on the inner
circumference of the tube-hole 2. First, in Fig. 3({a), the
inserted portion 3a of the TUBE 3 is loosened by heating and
cooling, thereby, the inserted portion 3a is loosened as shown
in Fig. 3(5). Next, the region 3h of the TUBE 3 which is
opposed to the three grooves 4 is heated to the red-hot state,
and in that case, either the region 3h is heated to the red-hot
state and after that, the tractive force in the direction of
arrow A is applied to the remaining-TUBE 3g, or the region 3h
is heated to the red-hot state in a state that the tractive
force in tﬂe direction of arrow A is kept on applying to the
remaining-TUBE 3g. With this operation, the region 3h in the

red-hot state is stretched axially and reduced in diameter,



enbodi ments in which three grooves 4 are fornmed on the inner

ci rcunf erence

of the tube-hole 2. First, in Fig. 3(a), the inserted portion 3a of the
TUBE 3 is | oosened by heating and cooling, thereby, the inserted portion
3a is |l oosened as shown in Fig. 3 (b) . hbxt the region 3h of the TUBE 3
which is opposed to the three grooves IS heated to the red-hot state,
and in that case, either the region 3h I7s heated to the red-hot state and
after that, the tractive force in the direction of arrow Ais applied to
the remai ning-TUBE 3g, or the region 3h is heated to the red-hot state in
a state thaig thgechr agkimée e rff-amee danddhepdhitB6i | 80 @bmasr @MtA f sokepheon
applying to the remaining-TUBE 3g_ Wth this operation, the region 3h in
the red-hadsisdatevées gstdmtechad axd alfliynadnidy ,r edbeeddiamdt aneiecredZednd
each di aneter-increased portion 3f conmes out fromthe respective groove 4
and final Ipgrtien difanet ent et easedowporn iFdy .38 (c$ . cut Iof thds BABWATLIN Fi g.
3 (c) . Inthis manner, the TUBE 3 can be divided into two TUBE cut pieces
3A and 3B,thaflBheE can piecdeyidad betputved WRE wHd R@fsvied Ay SuPBi ng
the cut pieces in the opposite directions. [0024] As exp Ialned above, in
the renovi#f nethod bf P+ AEe pr edenpe Pﬁ%ﬁﬁh%t ghe H?’ﬁﬁfé?@r vnepdiing

portion 3f which is fitted inp the oove 4 forned in the inner

ci rcunf er ente %Httﬁéec?ﬁbénhﬁp8 5Pg Sfﬁ& FaBESSHEBE "1 is stretched axially
and reduced in @g@gg and is cut in the inserted portion 3a into the
two TUBE cut pie and 3B, and they are pulled toward the

As explained above, in the removing method of the present

invention, the diameter-increased portion 3f which is fitted

in the groove 4 formed in the inner circumference of the

tube-hole 2 of the tube-sheet 1 is stretched axially and reduced

in diameter, and is cut in the inserted portion 3a into the

two TUBE cut pieces 3A and 3B, and they are pulled toward the

opposite sides of the tube-sheet 1 and removed. Therefore,

the TUBE can be removed without removing the flare portion 3c

and the diameter-increased portions 3d and 3e which are formed

on opposite sides of the tube-sheet 1, and there is a merit

that the steps can be simplified correspondingly,

and the

tube-sheet 1 is not damaged which is prone to be caused when

the diameter-increased portions 3d and 3e as well as the flare

portion 3c are to be removed. The operation for red heating

the region 3h of the TUBE to stretch the region 3h and to reduce

its diameter is carried out only once. Therefore, as compared

with the case in which the operation is repeated a plurality

of times while changing the position as shown in the patent

document 1, there is a merit that the operation is simple and

can be carried out within a short time.



opposite sides of the tube-sheet 1 and renoved. Therefore, the TUBE can be
renoved wi thout renoving the flare portion 3c and the dianeter-increased
portions 3d and 3e which are formed on opposite sides of the tube-sheet 1,
and there is a nerit that the steps can be sinplified correspondingly, and
the tube-sheet 1 is not damaged which is prone to be caused when the

di aneter-increased portions 3d and 3e 38 well as the flare portion 3c are
to be renoved. The operation for red heating the region 3h of the TUBE to
stretch the region 3h and to reduce its dianeter is carried out only once.
Ther ef ore, [asdaenpacedapwpittilkathe icggde in which the operation is repeated a
plurality of tinmes while changing the position as shown in the patent
docunent 1, ther&0DP85& nerit that the operation is sinple and can be
carried out wthin a short tinme. 18 [Industri al Appl icability] [0025] The
renovi ng met hod BhearqwBELRgcOFERAg 25 3 HBF &G A &ift it6P Ef 35 used
for renmoving a TUBE in any device having, a structure in which the TUBE is
i nserted | ARBeRTEGPeCABIRE Mﬁe@nfoFsr?‘B?%HglﬁTéJ@El AReP R YU e f a

t ube-sheet and whi ch _has an annul ar _groove and the TUBE .is mgr e} eq1 in
dianeter AmFTSTbtMESd P AP dhiFeSBRE ats eyassﬁﬁﬂwen‘i%er%?e RORE IS  in

whi ch a boil er tub ]S rem)veed fcr %@uaf%tr%%@edrlfm an % arld L the
st eam boi | &7, T&h YALE AW EATERE&E TEXChange e | s rem)ve ¥om a

tube-sheet ;10 a,SHgLL1LYPG LYRS NEAL ¢hEXGHRRISE. increased in diameter

and is mounted. A representative example thereof is a case
in which a boiler tube is removed from a steam drum and a water
drum of the steam boiler, and a case in which a heat-exchange
tube is removed from a tube-sheet in a shell-tube type heat
exchanger.

{Brief Description of the Drawings]

[0026]

[Figs. 1] Figs. 1{a), (b), {c} and (d) are schematic
sectional views of a TUBE fixed to a tube-sheet, showing a
removing procedure of the TUBE in an embodiment of the present
invention;

[Fig. 2]} Fig. 2 is a schematic side view and sectional
view showing a traction-tool and an induction heating coil used
for removing the TUBE in a state in which the tool and the coil
is respectively set to the tube-sheet and the TUBE;

[Figs. 3} Figs. 3{a), (b} and (¢} are schematic
sectional views of the TUBE fixed to the tube-sheet, showing
theTUBEremovingprocedureinotherembodimentsofthe;uesent
invention;

{Fig. 4] Fig. 4 is a schematic sectional view showing



[Brief Description of the Drawings] [0026] [Figs. 1] Figs. 1(a), (b), (c)
and (d) are schematic sectional views of a TUBE fixed to a tube-sheet,
showi ng a renoving procedure of the TUBE in an enbodi nent of the present
invention; [Fig. 2] Fig. 2 is a schenmatic side view and sectional view
showi ng a traction-tool and an induction heating coil used for renoving
the TUBE in a state in which the tool &hd the coil is respectively set to
t he tube-sheet and the TUBE, [Figs. 3] Figs. 3(a), (b) and (c) are
schematic sectional views of the TUBE fixed to the tube-sheet, show ng
t he TUBE remmviukk procedur & e ot lies - enbeodi nentis of the present invention;
[Fig. 4] Fig_4 is a schematic sectional view showing 19 the TUBE fixed to
the tube-sheet; andy[F)g. 5|Fiki.g5 5 iassahscheiatses siaotd bNalewskarvshew ng
ot her exanple of the TUBE fixed to the tube-sheet. [Explanation of
synbol s] [A027] eAdanplbe-shetbhe PUBEbELIheHeto3tWEBEUBS-BASELted portion 3b
region to be increased in dianmeter 3c flare portion

[Explanation of symbols]

[0027])
1 tube-sheet
2 tube-hole
3 TUBE
3a inserted portion
3b region to be increased in diameter
3c flare portion

3d, 3e, 3f diameter-increased portion

3g remaining-TUBE

3h red-heated region

38, 3B TUBE cut pilece
11 induction heating coil
15 traction-tool

16 magnet

17 frame

18 driving device

19 connecting head

1%a U-shaped member

19b pin



3d, 3e, 3f dianeter-increased portion 3g renaining-TUBE 3h red-heated
region 3A, 3B TUBE cut piece 11 induction heating coil 15 traction-tool
16 magnet 17 frame 18 driving device 19 connecting head 19a U shaped
menber 19b pin 20 [ Name of Docunent) Patent Clains [Claim1) A renoving
met hod for renoving a TUBE which is inﬁﬁrted into a tube-hole, having an

annul ar groove forned on its inner cifcunference, of a tube-sheet and said
TUBE is increased in diameter and fixed to said tube-hole, wherein the
inserted portion of said TUBE is heated and then cool ed, thereby reducing

its di amefipsmangs | pesenedtfirom saig dbezhoies then a region of said TUBE
opposed to said groove is heated to a red-hot state, and said TUBE is

stretchedi¢naihsipxial direction, thereby said red-hot region is stretched
axially and reduced in dianeter and cut off, and then said TUBE is pulled
out fromsaid XA ueerdwoisy me@aidnfdlr removing a TUBE which is inserted

into a tube-hole, having an annular groove formed on its inner
circumference, of a tube-sheet and said TUBE is increased in
diameter and fixed to said tube-hole, wherein the inserted
portion of said TUBE is heated and then ccoled, thereby reducing
its diameter and loosened from said tube-hole, then a region
of said TUBE opposed to said groove is heated to a red-hot state,
and said TUBE is stretched in its axial direction, thereby said
red-hot region is stretched axially and reduced in diameter
and cut off, and then said TUBE is pulled out from said
tube-hole.

[Claim 2]

The removing method of a TUBE according to claim 1,
wherein the operation for heating said region of said TUBE
opposed to said groove into the red-hot state is carried out
by a method in which an induction heating coil is disposed in
said TUBE, and said TUBE is induction heated by supplying
alternating current to said induction heating coil.

{Claim 3]

The removing method of a TUBE according to claim.l or
2, wherein when a plurality of annular grooves are formed on
the circumference of said hole, a region of said TUBE opposed
to the grooves are simultaneously heated to the red-hot state.
[Claim 4]

The removing method of a TUBE according to any one of



The renoving nethod of a TUBE according to claim1l, wherein the operation
for heating said region of said TUBE opposed to said groove into the
red-hot state is carried out by a nethod in which an induction heating
coil is disposed in said TUBE, and said TUBE is induction heated by
supplying alternating current to said induction heating coil. (C aim 3]
The renoving nethod of a TUBE accordinglto claim1l or 2, wherein when a
plurality of annular grooves are forned on the circunference of said hole,
a region of said TUBE opposed to the grooves are sinmultaneously heated to
t he red-heflastmt €. to (30 aherdli nThige s &y RO eEEL Hod ft &h IUBE accofgi Ny to
any one of 21 clains 1 to 3, wherein when said TUBE is stretched in its
axi al  di recteiconorg ta aotd e foree-des applgmd do @ Rorddoni of saish; JUBE
which is located on a side opposed froma tip end of said TUBE with
respect t@US& dhtigbeishkeetated on a side opposed from a tip end of said

TUBE with respect to said tube-sheet.



