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It Is an object of the invention to provide a removing method of a TUB
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short time, the TUBE which Is inserted into a tube-hole having an annular groove in its inner circumference of the tube-sheet and
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(57) Abrege(suite)/Abstract(continued):

which Is Increased In diameter and fixed thereto. In removing a TUBE (3) Increased In diameter and fixed to a tube-sheet (1), an
Inserted portion (3a) which Is fixed to a tube-hole (2) of the tube-sheet (1) Is heated and then cooled, thereby reducing its diameter,
and the Inserted portion (3a) Is loosened from the tube-hole (2). Then, a region (3h) opposed to a groove (4) formed In an Inner
circumference of the tube-hole Is heated to a red-hot state, and the TUBE (3) Is stretched in its axial direction, the red-heated
region (3h) Is stretched to reduce its diameter and cut the region (3h), thereby pulling out the TUBE (3) from the tube-sheet (1).
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ABSTRACT

It is an object of the invention to provide a removing method of a TUBE
iIn which it is possible to easily pull out and remove, within a short time, the TUBE
which is inserted into a tube-hole having an annular groove in its inner circumference
of the tube-sheet and which is increased in diameter and fixed thereto. In removing a
TUBE (3) increased in diameter and fixed to a tube-sheet (1), an inserted portion (3a)
which is fixed to a tube-hole (2) of the tube-sheet (1) is heated and then cooled,
thereby reducing its diameter, and the inserted portion (3a) is loosened from the
tube-hole (2). Then, a region (3h) opposed to a groove (4) formed in an inner
circumference of the tube-hole is heated to a red-hot state, and the TUBE (3) Is
stretched in its axial direction, the red-heated region (3h) Is stretched to reduce its
diameter and cut the region (3h), thereby puliing out the TUBE (3) from the
tube-sheet (1).
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'METHOD OF TUBE REMOVAL

FIELD OF THE INVENTION

The present invention relates to a method for a pulling

out a large number of 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 (“TUBﬁ (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

Generally, a TUBE is provided in a steam boiler or a heat
exchanger, and one end of the TUBE is inserted into a hole formed
_‘in a tube-sheet (“tube-hole”, hereinafter), and fixed there'in.
In many cases, t\he TUBE is fixed to the tube-—-sheet in the

following 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
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an inserted portion 3a located in the tube-hole 2. A diameter
of the region 3b is increased so that the inserted portion 3a

is fixed to the tube-hole 2. A tip end of the TUBE 3 is flared

to form a flare porticn 3¢. Diameters of diameter-

increased portions 3d and 3e are increased as

compared with an inner diameter of the tube-hole

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

engagement in many cases.

When the TUBE 3 is rusted or damaged, it 1s necessary
to pull out the TUBE 3 from the tube-sheet 1 and réplace the
samé. A conventional method for pulling out the TUBE 3 15 as
follows. That 1s, the inserted portvion 3a which 1is
diameter-increased and fixed is rapidly heated by a gas torch
or induction heating from the inner side, the inserted portion

: 3a which trends to thermally expand 1s rest’rained by the in‘ner‘
,circumf.erence of the tube—.hole 2 to bring the inserted portion
3a into a compressive yield state, and after the inserted
portion 3a is cooled, the diameter thereof is reduc.ed (heating
and diameter-reducing operation) to loosen.' the 1inserted

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

2
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3 is pulled out into a direction of the arrow A or B.

When the TUBE 3 1s pulled out, a portion of the TUBE 3 is cut
off at an appropriate right side location (in Figs 4 and 5)
from the tube-sheet 1, besides, when the TUBE 3 is pulled out
in the direction of the arrow A, since the flare portion 3c

or the diameter-increased portion 3d is caught by the tube-hole

P s o Ay i ———, A v L e g et AL 3 ety v, b = 4 o A iy - A A

oy these Portions are ground by a grinder or Flare portion
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 operation

1s carried out for the diameter-increased portion 3e.

However, the diameter-reducing ratio of the inserted
portion 3a by the aforementi.oned heat—an'd-c'QOl loosening
operation 1s 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 1s formed on the i.nner circumference of the
tube-hole 2 as shown 1n Fig. 5, the diameter of the
diameter—inéreased portion 3f existing in the groove 4 is not
reduced so much, and 1t 1s almost impossiblé to reduce 1its
.diameﬁer to a value smaller than the inner diameter of the
tube-hol.e 2 . For this reason, according to the structure
having the groove 4, the di.a'meter—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.

5
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In such a case, the region 3b of the TUBE 3 whose diameter is
increased is divided in the axial direction of the tube by gas
tdrch cutting and theﬁ 1s shrunk by‘the hammer or the iike,
and thus, the operation becomes complicated, and there is a
problem that the tube-.s.heet 1 1s d‘amaged at the cutting in many
cases, and high costs are required for repairing the damage.
- Purther, when the flare portion 3¢ 'or“th.e diameter-increased -
portions 3d and 3e are ground or cut,.there is a problem that
the tube-sheet 1s damaged in many cases and high costs are

required for repairing the damage.

As a method for solving 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 regién of the. TUBE whose diameter
1S increased 1is heated into a red-hot state, and a tractive
force 1is applied to the TUBE end, thereby tensile-yie.l'ding the
narrow section in the red-hot state to reduce 1ts diameter,
and the same operation is carried out for the adjacent narrow
sections, and the same operation i1is repeatedly carried out
while mox;ing the positions of the red heated narrow sections
one after another', thereby reducing the diameter substantially

of the entire diameter-increasing region including the
diameter-increased portions 3d, 3e and 3f to pull out the TUBE
from the tube-sheet (Patent document 1). According to this
method, 1t 1s possible to. increase the diameter-reducing amount,

and there is a merlt that the TUBE can easily be'pulled out.
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However, this method has a demerit 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 much labor is required for the operation

and it takes time for the operation.
Patent Document 1: Japanese Patent Application Laid-open H8-229749.

SUMMARY OF THE INVENTION

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 pull out and remove, within a short time, the
TUBE which is inserted into at 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.

To achieve the above object, the invention 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 into the tube-hole and fixed thereto is heated and then cooled, thereby
reducing its diameter and the inserted portion is loosened from the 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
diameter and cut off, the TUBE is pulled out from the tube-hole.

According to another aspect of the invention, there is provided a
method for removing a tube from a tube-sheet, comprising: heating an inserted

portion of the tube in a tube-hole formed in a tube-sheet, and cooling the inserted
portion to reduce a diameter of the inserted portion so as to loosen the tube from the

tube-hole, the tube-hole having an annular groove formed on its inner surface, the
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tube having a diameter-increased portion on its outer surface, and the tube-hole
being engaged with the diameter-increased portion; and subsequently heating an
iInside of the tube, where the diameter-increased portion is formed on the outer
surface of the tube opposed to the groove, to a red-hot state, while the tube is
concurrently stretched in the direction to pull out the tube from the tube-hole until the

tube is cut-off at the circumferential direction of the tube.

According to another aspect of the invention, in the removing method of

a TUBE as described above, 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.

According to another aspect of the invention, in the removing methods
of a TUBE as described above, when a plurality of annular grooves are formed on the
inner circumference of the tube-hole, a region of the TUBE opposed to the grooves

are simultaneously heated to the red-hot state.

According to another aspect of the invention, in the removing methods
of a TUBE as described above, when the TUBE is stretched In 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.
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According to the present 1invention, after the

diameter—-i1ncreased region of the TUBE which is inserted into
the tube-hole 1s reduced indiameter and is loosened, the region

opposed to the groove of the tube-sheet is heated into the

-

red-hot state and the TUBE 1s stretched in the axial direction,

and the red-heated region is stretched to reduce the diameter
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and is cut off. With this configuration, when the region is
heated into the red-hot state, heat transferring from the TUBE

to the tube-sheet 1is 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, i1t 1s 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 bein'g caught in the side wall of the groove. Further,

since the TUBE i1s cut off at its portion which 1s inserted 1nto

the tube-hole, the TUBE after 1t i1is cut off can be pulled out

in opposite sides of the tube-sheet. Therefore, even 1f the

diameter-increased portion or the flare portion exists in the
region of the TUBE outside the tube-sheet, it is unnecessary

to remove the diameter-increased portion or the flare portion.

Thus, the operation for removing the diameter-increased
portion or the flare portion 1s unnecessary, and the tube-
"sheet 1s not damaged. Therefore, depending on the present

invention, it is possible to remove the TUBE efficiently and
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‘reliably within a short time, and there is advantage that the
labor 1is saved, the gquality is maintained and safety 1is

enhanced.

If the red heating operation of the region of the TUBE

opposed to the groove is carried out by induction heating using

e ] A e, car pe c See

heat input is carried out, only a desired region can swiftly
be heated into the red-hot state, and it 1s easy to control

the temperature, and the TUBE can be removed more efficiently.

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 ,regidns 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.

When the TUBE is stretched in the axial directidn and
the réd—heated region 1s stretched and reduced in diameter,
it is preferable that a tiactive 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
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becomes easy to connect a device which applieg the tractive

force, 1.e., a structure of the connecting mechanism to be

used can be simplified, and the device used for carrying out

the invention can be simplified.
BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1(a), (b)), (¢) and (d) are schematic'

sectional views of a TUBE fixed to a tube-sheet, showing a

B s A s e a5 N P By AT AL A P L T St P ALY & Srvsbry Sula e

present invention;

Fig. 2 1s 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(a), (b) and (¢) are schematic sectional

15 .views of the TUBE fixed to the tube-sheet, showing the TUBE

20

25

removing procedure 1in other embodiments of the present

invention;

Fig. 4 is a schematic sectional view showing the

TUBE fixed to the tube-sheet; and

Fig. 5 is a schematic sectional view showing other

example of the TUBE fixed to the tube-sheet.

Explanation of symbols

1 tube-sheet

2 ' tube-hole

3 TUBE

3a inserted portion

3b region to be increased in diameter

K}J
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3C

3d, 3e

39

3h

3A, 3B

15

16
17
18

19

19a

19b

4
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flare portion

3f diameter-increased portion

remalning-TUBE
red-heated region

TUBE cut piece

traction-tool
magnet

frame

driving device
connecting head
U-éhaped mémber

pin

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

An embodiment of the invention for removing a

TUBE 3 will be explained below. In the embodiment, as shown

in Fig. 1(a), a TUBE 3 1s 1nserted 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 18 fixed in the tube-hole 2. In

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-

10 a

v
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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 1s opposed from a TUBE tip end
5 with respect to the tube-sheet 1 1s 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 cpposite side from the

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

- tractive

(O b
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force (later-described as a traction-tool) can be obtained on

the remaining-~TUBE 3g.

First, the inserted portion 3a of the TUBE 3 is heated,
the inserted portion 3a which trends to thermally expand 1is

cbmpressively vielded by restraining by an inner surface of

""the tube-hole 2, then the inserted portion~-3a is cooled to-

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 s\mal\.l\*\er, the loosening .margin
can be increased. Therefore, aninductioﬁ heating method, in
which an induction heating coil is disposed in thelinserted
portion 3a and altérnat,ing current is Supplied to the coi1l to

heat the inserted portion 3a, is recommended. According to

Bt ey AR, -

this induction heating method, even if the subsequent cooling

operation is carried out by means of air-cooling, the loosening

margin can sufficiently be obtained. For example, if the TUBE

of 50.8mm¢ x 3.2mmt 1s 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%.

A
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By loosening the inserted portion 3a by heating and
cooling, the region which 1s restrained by the inner
circumference of the tube‘—-'hole 2 of the tube—sheet 1 1s reduced
in diameter, but the diameter-increased portion 3f located\in

 the groove 4 1s not reduced_in diameter so\much. Therefore,
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 1s carried‘out, as
shown in Fig. 1l(c), the region 3h of the TUBE 3 including a
portion opposed to the groove 4 1s 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 TﬁBE 3 is stretched
in the axial direction, énd the red-heated region whose
deformation resistance is largely reduced 1is plastically
deformed, -i.e. , stretched in the axial direction to reduce 1its
diameter, and 1is furthér stretched to cut offlthe same .

This operation will further be explained below.

The region 3h which is heated to the red-hot state 1is
determined such that when the region 3h is stretched in‘the
‘axial direction, the diameter-increased portion 3f which is
fitted in the groove 4 1is reduced in diameter and comes out
from the gr'oove 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

| o~
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width of the region 3h is as small as possible within a range
in which the diameter-—increased portion 3f can be pulléd out
from the groove 4 because a portion of the TUBE which 1s
stretched and reduoed in diame.ter :Ls concentrated on the narrow

range so that the diameter can be reduced efficiently and the

TUBE can be swiftly cut off and thus, energy efficiency can

be enhanced, but it is also preferable that the region 1is

slightly wider so that even if there is an error in the heating
position, the diameter-increased portion 3f can be red-heated.
In this connection, 1t 1s preferable that the diameter-
increasod portion 3f is about 3 to 10 times of the width of
the groove 4. In the illustrated embodiment, the region 3h
is set wider than the width of the QrOove 4 so that even 1f
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 fegion 3h

is higher, the deformation resistance becomes smaller and the

tractive force required for reducing the diameter and cutting

the TURE cao be omaller, but consumed energy 1s 1ncreased.
Considering these factors, the heating temperature is
preferably about 800 to 1100°C. It is not always necessary to
uniform-l.~the heating temperature of the 'reéjion” 3h, and a
temperature distribution may be generated. In this case, it
is preferable that a central portion of the diameter-increased
portion 3f which is to be re‘dUCed in diameter is heated to the
highest temperature. As the region 3h is heated by the rapid

heat input within a shorter time, a desired region can
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preferably be brought into the red-hot state. From this point
of View, direct heat by means of a gas torch is excellent heating
means. However, the induction heating method capable of.more
rapid'heat inputting is the most suitable; To carry out the
induction heating as shown in Fig. 2 for’ example, an induction
heating coil 11 is inserted and disposed into the TUBE 3 from
the tip end side of the TUBE 3, and once alternating current
is supplied to the inductiop heating eoil 11, the TUBE region:
opposed to the induction h'eatihg coil 11 can swiftly be
induction heated. When the region 3h of the TUBE 3 1s heated,
since the inserted portion 3e is loosened 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 -rea,son also, the region
3h can be heated to the high tempefatﬁre 's'wi_ftly; When the
induction heating 1is utilized for a TUBE of about 50.8mmd 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.’

. As eheﬁn ithig.wl(cj pﬁe'tfecti?ererce fof-fedueihe
the diameter 'of the reg‘ion‘Bh and cutting the region 3h which
was heated to the red-hot state may be applied by stretching
the flare portion 3¢ in the axial direction of the TUBE by means
of an apprepf:iate jig; butﬂpre.ferebl'y.,. the .tractive f\orce. 1S
applied by pulling the remaining-TUBE 3cj in the direction of

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

i+
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portion 3¢, since the remaining-TUBE 3g can be long and have
a deslired length, a tractiOn—tOol for applying the tractive
force can easily be conn'ected to the remaining- TUBE 3g, i.e. ;
a mechanism for connecting' £hé traction-tool to the
remalining-TUBE 3g can be simplified. The structure of the
tracticﬁn-—tool which applies the tractive force to the TUBE 1is
not limited only if the traction-tool'canapplythe“tractive
force td the TUEE, pbut 1t 1s 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 connécting head 19 includes a
U-shaped member 18%a and a pin 19b. The pin 19b is inserted
into.the through hole formed on U~shaped member 19a and the
remaining-TUBE 3g to connect the U-shaped member 19a and the
remailning-TUBE 3g to each other. The frame 17 has a la‘rge space
at a position where the pin 19b is pulled in and out so that
pin 19b can easily be attached and detached. 1In the connecting
head 19 of this structure, to whiéh the remaining-TUBE 3g is
connected, it is necessary to form a hole through which the
pin 19b is inserted into the remaining-TUBE 3g, but there is
a meriﬁ that the structu‘re i1s extremely simple. The connecting

head 19 is not limited to this structure, and the remaining-TUBE

3g may be grasped by using a collect chuck.

As shown in the drawing, the traction-tool 15 having the
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above—described configuration is held by the tube-sheet 1
utilizing the magnet 16, the‘qonnecting'head.19 is connected
to the remaining—TU-BE 3g,‘ the drivin§ device 18 1is Opera'ted,'
a reaction force 1is applied to the tube-sheet 1, and a tractive
force in the direction of arrow A can be applied to the
remaining-TUBE 3g. This traction-tool 15 is mounted as shown

- in the drawing before the region 3h of the TUBE 3 is red heated.

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 rema-ining—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 trac‘tive force applied to the remaining~-TUBE 3g 1is |
effectively transferred to the region 3h of the red-—hbt state,
fhe region 3h 1is increased axially and reduced in diameter.
Therefo:e, the diameter~increasedportioh 3f which has been
fitted.in the groove 4 1is reduéed_in,diamétet and coﬁes out
from the groove 4. Further, the region 3h 1s stretched and
finally cut off as shown in Fig. 1(d). With this, the TUBE
cﬁt piece 3A on the side of the remaining-TUBE 3h is pulled
out and removed from thle tube'—sheet_l . 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.
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In the above embodiment, after the region 3h is red heated,
the tractive force is appl.ied to.the remalning-TUBE 3g and the
red heated region .3h i's ‘reduced in diameter and cut off.
However, the present invention is not limited to this procedure.

For example, the procedure in which the tractive force is kept

region 3h is heated, is also adoptable.

This embodiment corresponds to the case that one groove

:'4 is formed on the inner circumference of the tube-hole 2 of
~the tubewéheet 1, but without being limited to that case, the
present in.vention 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 Figqg. 3(&), the
inserted portion 3a of the TUBE 3 1s loosened by héating and
cooling, thereby, the inserted portion 3a 1s loosened as shown
in Fig. 3(b).’ Next, the region 3h of the TUBE 3 which 1is
opposed to the three grooves 4 1s heated to the red-hot state,
and 1n that case, either the region 3h 1s 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
ié heated to the redehot state in a state that the tractive
force in the direction of arrow A is kept on applying to the
remaining-TUBE 3g. With this Oper_ation; the region 3h in the

red-hot state is stretched axially and reduced in diameter,
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and each \diaméter—increased _portion 3f comes out from the'
respective groove. 4 ‘and finaliy, the diameter-increased
portion 3f is cut off as shown in Fig. 3(c). \ In ﬁhis maoner,
the TUBE 3 can be divided into two TUBE cut pieces 3A and 3B,
‘and the'cut pleces can be.pulled out ahd removed‘by'pulling

the cut pieces in the opposite directions.
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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-—-increésed 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 1s proné to be caused wﬁen
the diéméter—increased portions 3d and 3e as Wéll as the flare
portion 3¢ afe to be removed. The operation for red heating
the region 3h of the TUBE to stretch the region 3h and to re'dpce

| 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.
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The removing method of a TUBE according to the present
invention can be used for removing a TUBE in any device having

a structure in which the TUBE is inserted into a tube-hole which

~"is formed in an inner circumference of a tube-sheet and which

has an anﬂular groove and the TUBE is increased in diameter
and is mounted. A representative example thereof 1is a case
in which a boiler tube is removed from a steam drum énd a water
drum of the steam boiler, and a case iri wh,ich‘a heat-exchange

tube is removed from a tube-sheet in a shell-tube type heat

eXxchanger.
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CLAIMS:
1. A method for removing a tube from a tube-sheet, comprising:

heating an inserted portion of the tube In a tube-hole formed in a tube-
sheet, and cooling the inserted portion to reduce a diameter of the inserted portion so
as to loosen the tube from the tube-hole, the tube-hole having an annular groove

formed on its inner surface, the tube having a diameter-increased portion on its outer

surface, and the tube-hole being engaged with the diameter-increased portion; and

subsequently heating an inside of the tube, where the diameter-
increased portion is formed on the outer surface of the tube opposed to the groove, to
a red-hot state, while the tube is concurrently stretched in the direction to pull out the
tube from the tube-hole until the tube is cut-off at the circumferential direction of the
tube.

2. The method according to claim 1, wherein the tube Is heated to a rea-
hot state by means of induction heating by using an induction heating coll disposed In

the tube, supplying an alternating current to said induction heating coil.

3. The method according to claim 2, wherein a plurality of annular grooves
are formed on the circumference of the tube-hole, and wherein the tube are heated
such that a region of the tube opposed to the grooves are simultaneously heated to

the red-hot state.

4 The method according to claim 2, wherein when the tube Is stretched in
its axial direction, a tractive force is applied to a portion of the tube which is an

opposite to a tip end of the tube with respect to the tube-sheet.

S. The method according to claim 1, wherein a plurality of annular grooves
are formed on the circumference of the tube-hole, and wherein the tube are heated
such that a region of the tube opposed to the grooves are simultaneously heated to

the red-hot state.
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6. The method according to claim 5, wherein when the tube Is stretched in

its axial direction, a tractive force is applied to a portion of the tube which is an

opposite to a tip end of the tube with respect to the tube-sheet.

7. The method according to claim 1, wherein when the tube Is stretched in
its axial direction, a tractive force is applied to a portion of the tube which is an

opposite to a tip end of the tube with respect to the tube-sheet.
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