DESCRIPTION PIPE COUPLING METHOD, PIPE EXPANSION JIG, AND PIPE EXPANSION
METHOD USING PIPE EXPANSION JIG Technical Field [0001] The present invention relates to a
method for coupling pipes used for air conditioning and the like, a pipe expansion jig used for this
method, and a pipe expansion method using this pipe expansion jig. Background Art [0002]

DESCRIPTION
PIPE COUPLING METHOD, PIPE EXPANSION JIG, AND PIPE EXPANSION

METHOD USING PIPE EXPANSION JIG

Technical Field
[06001]

The present invention relates to a method for coupling pipes
used for air conditioning and the like, a pipe expansion jig used
for thig method, and a pipe expansion method using this pipe
expansion jig.

Background Art
i0002z]

One outdoor unit and a plurality of indoor units provided
in a package type air conditioner are coupled by pipes such as
copper pipes, and heat is exchanged between an interior and an
exteriocry via the pipes. The copper pipes forming the pipes are
brazed at a connection point so as to be extended.

Since the copper pipes are easily oxidized, by heating at
the time of brazing, an oxide film is generated on inner and outer
peripheries of the pipes. When the oxide f£ilm is formed on the
inner peripheries of the pipes, the oxide film is exfoliated by
a coolant or the like flowing in the pipes. When the exfoliated
oxide £ilm reaches a refrigerator, there ig a fear that a failure
such ag breakdown is caused.

(00031



One outdoor unit and a plurality of indoor units provided in a package type air conditioner are coupled
by pipes such as copper pipes, and heat is exchanged between an interior and an exterior via the
pipes. The copper pipes forming the pipes are brazed at a connection point so as to be extended.
Since the copper pipes are easily oxidized, by heating at the time of brazing, an oxide film is generated
on inner and outer peripheries of the pipes. When the oxide film is formed on the inner peripheries of
the pipes, the oxide film is exfoliated by a coolant or the like flowing in the pipes. When the exfoliated
oxide film reaches a refrigerator, there is a fear that a failure such as breakdown is caused. [0003]

In consideration with such a situation, various means for not generating the oxide film inside the pipes
at the time of brazing are examined and disclosed in Patent Literatures 1 and 2. In the means

disclosed in Patent,Literaturg L, After Pinas are.ipmpgrarily.assenibledthe ik inthe pipesys replaced

with an inert gas, and then a coupling point is heated and brazed. Specifically, the inert gas which is
inactive gassuefeasmittagen ispretiminiarily charget:inda coblanp cipewt eftart oatdoorainitt After
temporary assembling of the outdoor unit, indoor units, and the pipes_are completed on site, the inert

gas chargB83 i cBERMEAEHR REdRBAaYEFNES e pihed® ifd bir irdife e pipestisTeplaced with
the inert gas, and thgn tH%g?}SP i shiffed to abraging stepy [00041 -, I theymeans disclgsed in

Patent Literature 2, as well as the pipe coupling method disclosed in Patent Literature 1, the air in
pipes is replacedwithran-ineyt gas addibrazing.is pefotmech & @iever, Bsjoiriisused atithie time of
coupling. Specifically, the joint having the substantially same diameter as the pipes serving as objects

to be couptdd i FrEpa?ed . IntRE VidiRTy 6f £eBRisBh 2R Biteriperibtriy o M ohit24 €dnvex
stopper Is {ymed 0ds of the bipes serving g objects 18 pecaypigd a1s,expande Agghe |
expanded &érts are insértéd from both ends of the joint. In such a temporarily assembled state, the air
inside the pipes is replaced. andHe-ppes abdttesbviththeircuit of an outdoor unit.

After temporary assembling of the outdoor unit, indcor units, and

the pipeg are completed on site, the inert gas charged in the

coolant circuit is discharged into the pipes, the air inside the

pipes is replaced with the inert gas, and then the step is shifted

to a brazing step.

[0004]

In the means disclosed in Patent Literature 2, as well as

the pipe coupling method disclosed in Patent Literature 1, the

air inpipes is replaced with an inert gas and brazing is performed.

However, a joint is used at the time of coupling. Specifically,

the joint having the substantially same diameter as the pipes

serving as cbjects to be coupled is prepared. In the vicinity

of a center on an outer periphery of the joint, a convex stopper

is formed. Ends of the pipesg serving as objects to be coupled

are expanded, and the expanded parts are inserted from both ends

of the joint. In such a temporarily assembled state, the air

inside the pipes is replaced, and the pipes abutted with the



stopper are brazed. Citation List Patent Literature [0005] Patent Literature 1: JP 7-190575 A
(Claims, [0014] , [0017] , and the like) Patent Literature 2: JP 7-185804 A ([0002] , [0015] -
[0019], and the like) Summary of the Invention Technical Problem

stopper are brazed.
Citation List
Patent Literature
[0005]

Patent Literature 1: JP 7-19%0575 A (Claimg, [0014], [0017]1,
and the like)

Patent Literature 2: JP 7-185804 A ([0002], [00151-[0019],
and the like)

Summary of the Invention
Technical Problem
[000¢&]

It is thought that by coupling the pipes by the means
described above, formation of the oxide film inside the pipes
serving as objects to be coupled can be prevented. However, the
means disclosed in Patent Literatures 1, 2 respectively hold the
following problems.

In the means disclosed in Patent Literature 1, firstly,
there is a need for preliminarily charging the inert gas in the
coolant circuit. In a case where length of the pipes is long,
there is a fear that the charged inert gas becomes insufficient.
In the means disclosed in Patent Literature 2, there is a need
for preparing a cylinder or the like in which the inert gas is
charged for making the inert gas flowing into the pipes. Further,
since the jeoint is used at the time of coupling the pipes, there

is a need for providing a joint having a corresponding diameter



[0006] It is thought that by coupling the pipes by the means described above, formation of the
oxide film inside the pipes serving as objects to be coupled can be prevented. However, the means
disclosed in Patent Literatures 1, 2 respectively hold the following problems. In the means
disclosed in Patent Literature 1, firstly, there is a need for preliminarily charging the inert gas in the
coolant circuit. In a case where length of the pipes is long, there is a fear that the charged inert gas
becomes insufficient. In the means disclosed in Patent Literature 2, there is a need for preparing a
cylinder or the like in which the inert gas is charged for making the inert gas flowing into the pipes.
Further, since the joint is used at the time of coupling the pipes, there is a need for providing a joint
having a corresponding diameter for each of the pipes serving as objects to be coupled. There is also

a problemhat in.a gage: vva%eg@g@@%%@@q]ﬁgje iointsyare warped, e iqlnts-cannothe ysed for the

pipes serving as objects to be coupled. [0007 In a Case where both the means are implemented,
a worker is geguiged 0 petolam chupling task-etthepipes white papirg and gairg-between an inflow
port and a discharge port of the inert gas in the pipes and confirming a replacement situation of the
inert gas. AltRotigh Dafous 2asés B¢ BsSanRTedt the chifedBipes Have PREigHE Hiffétenés of 50 m

and pipe Ieg tgcocf netaélybloo mue\i%rafor a general building. Thus, a coming and going task between

the inflow %o tand the disghéjr%epport is a big burden upon performing the coupling task. [0008]
[co07]

In a case where both the means are implemented, a worker
is required to perform a coupling task of the pipes while coming
and going between an inflow port and a discharge port of the inert
gas in the pipes and confirming a replacement situation of the
inert gas. Although various cases are assumed, the coupled pipes
have a height difference of 50 m and pipe length of nearly 100
m even for a general bullding. Thus, a coming and going task
between the inflow port and the discharge port is a big burden
upon performing the coupling task.

[coc8]

A first object of the present invention is to provide a pipe
coupling method capable of solving the above problems and reducing
the burden of the coming and going task reguired at the time of
charging the gas without using a separate part for coupling the
pipes. A second object of the present invention is to provide
a pipe expansion jigused in the pipe coupling method for achieving
the obdect, and to provide a pipe expansion method using this pipe
expansion jig.

Sclution to Problem

[0009]



A first object of the present invention is to provide a pipe coupling method capable of solving the above
problems and reducing the burden of the coming and going task required at the time of charging the
gas without using a separate part for coupling the pipes. A second object of the present invention is to
provide a pipe expansion jig used in the pipe coupling method for achieving the object, and to provide
a pipe expansion method using this pipe expansion jig. Solution to Problem [0009] In order to
achieve the object above, a pipe coupling method according to the present invention includes: a
closing step of closing an open end of one pipe among two pipes each having a coupling end and the
open end, and partly closing the open end of the other pipe; a pipe expansion step of expanding
the coupling end of the one pipe and expanding a part of the expanded coupling end toward the

outside of other payts 50,83 (o form, 2 RALLALRIRG £XpANSIAN, ROTAR; e AR ASSETRIINGSIp Of
inserting the coupling end of the other pipe into the expanded coupling end of the one pipe;
according to the present invention includes:

a clesing step of closging an open end of one pipe among two
pipes each having a coupling end and the open end, and partly
closing the open end of the other pipe;

a pipe expansion step of expanding the coupling end of the
one pipe and expanding a part of the expanded coupling end toward
the outside of other parts so as to form a partial pipe expansion
portion;

an assembling step of inserting the coupling end of the other
pipe into the expanded coupling end of the one pipe;

a gas replacement step of making a combustion gas flow in
from the partial pipe expansion portion toward the open end of
the one pipe and discharging the air in the two pipes from the
partly closed open end of the other pipe; and

a brazing step of filling a gap in the coupling end of the
cne pipe and the coupling end of the other pipe after the gas
replacement step 1s completed.

[0010]

In the ©pipe coupling wmethod Thaving the  above
characteristics,

it ig desirable that the pipe expansion step comprising of:

a first pipe expansion step of equally expanding the
coupling end of the one pipe so as to form an equal pipe expansion

portion; and



a gas replacement step of making a combustion gas flow in from the partial pipe expansion portion
toward the open end of the one pipe and discharging the air in the two pipes from the partly closed
open end of the other pipe; and a brazing step of filling a gap in the coupling end of the one pipe
and the coupling end of the other pipe after the gas replacement step is completed. [0010] In the
pipe coupling method having the above characteristics, it is desirable that the pipe expansion step
comprising of: a first pipe expansion step of equally expanding the coupling end of the one pipe so as
to form an equal pipe expansion portion; and

a second pipe expansion step of further expanding a part
of the equal pipe expangion portion of the one pipe after the first
pipe expansion step is completed so as to form a partial pipe
expansion portion.

By performing such stepwise pipe expansion, breakage of the
coupling end of the pipe in the pipe expansion step can be
suppressed.

[0011]

In the pipe coupling method having the above characteristics,
it is degirable that the partial pipe expansion portion be formed
on the lower side of the one pipe.

By arranging the partial pipe expansion portion on the lower
side of the one pipe, efficiency of gas replacement can be improved
and an oxide film generation ratio inside the pipes after the
brazing step can be lowered.

Further, in the pipe coupling method having the above
characteristics,

at the time of partly closing the open end of the other pipe
in the closing step, an opening area of the open end may be narrowed
down and an opening part after narrowing may be set to face the
ground.

Such a characteristic method also contributes to lowering
of the oxide film generation ratio inside the pipes after the
brazing step.

(0012}



a second pipe expansion step of further expanding a part of the equal pipe expansion portion of the
one pipe after the first pipe expansion step is completed so as to form a partial pipe expansion portion.
By performing such stepwise pipe expansion, breakage of the coupling end of the pipe in the pipe
expansion step can be suppressed. [0011] In the pipe coupling method having the above
characteristics, it is desirable that the partial pipe expansion portion be formed on the lower side of the
one pipe. By arranging the partial pipe expansion portion on the lower side of the one pipe,
efficiency of gas replacement can be improved and an oxide film generation ratio inside the pipes after
the brazing step can be lowered. Further, in the pipe coupling method having the above
characteristics, at the time of partly closing the open end of the other pipe in the closing step, an

5 face 1he around TS e 3 B At Shod SlSs Som S o I yerng ot e Side im
generation ratia;iside the pipes after the brazing step.

a conical center member:

a plurality of pipe expansion blocks arranged on an outer
periphery of the center member so as to form a cylindrical outer
form, and pushed out in a radial manner toward the outer periphery
side by moving the center member in the center axis direction of
the conical form g0 as to expand an end of a pipe and form a pipe
expansion portion; and

a partial pipe expansion block arranged on the outer
periphery side of the cylindrical form formed by the pipe expansion
blocks detachably from the cuter periphery, soas to further expand
a part of the pipe expansion portion formed in the pipe toward
the outside by. moving the center member in the center axis
direction in a state that the partial pipe expansion block is in
contact with the outer periphery, and forma partial pipe expansion
portion, wherein

when the partial pipe expansionblock is ih a separated state
from the outer periphery of the pipe expansion blocks, a gap
accounting for at least thickness of the pipe which serves as an
object to be expanded is provided.

[c013]

In the pipe expansgion jig having the above characteristics,

it is desirable that length of the partial pipe expansion block

in the insertion direction into the end of the pipe be longer than



[00121 In order to achieve the object above, a pipe expansion jig includes : a conical center
member; a plurality of pipe expansion blocks arranged on an outer periphery of the center
member so as to form a cylindrical outer form, and pushed out in a radial manner toward the outer
periphery side by moving the center member in the center axis direction of the conical form so as to
expand an end of a pipe and form a pipe expansion portion; and a partial pipe expansion block
arranged on the outer periphery side of the cylindrical form formed by the pipe expansion blocks
detachably from the outer periphery, so as to further expand a part of the pipe expansion portion
formed in the pipe toward the outside by moving the center member in the center axis direction in a
state that the partial pipe expansion block is in contact with the outer periphery, and form a partial pipe

expansion oiliof, WHRIRD o paVaSH U parial pinsexpansian blogk.Bin a-senaralad siate from the
outer perlpherg ot the pipe pgnsmn blocks, a gap accounting for at least thickness of the pipe which
serves as aftepjesktiode expanded siprovided. [0013]

With such a configuration, depth of the partial pipe
expansion portion from the end of the pipe can be formed deeper
than depth of the equal pipe expansion portion from the end of
the pipe. Therefore, at the time of making the combustion gas
flowing in, a gap between the one pipe and the other pipe can be
reliably ensured in the partial pipe expansion portion.

[0014]

According to the present invention, a pipe expansion method
using the pipe expansion jig having a conical center member, a
plurality of pipe expansion blocks arranged on an outer periphery
of the center member so as to form a cylindrical cuter form, and
pushed out in a radial manner toward the outer periphery side by
moving the center member in the center axis direction of the
conical form so as to expand an end of a pipe and form a pipe
expansion portion, and a partial pipe expansion block arranged
on the cuter periphery side of the cylindrical form formed by the
pipe expansion blocks detachably from the outer periphery, so as
to further expand a part of the pipe expansion portion formed in
the pipe toward the outside by moving the center member in the
center axis direction in a state that the partial pipe expansion
block is in contact with the outer periphery, and form a partial
pipe expansion portion, wherein when the partial pipe expansion

block is in a separated state from the outer periphery of the pipe



In the pipe expansion jig having the above characteristics, it is desirable that length of the partial pipe
expansion block in the insertion direction into the end of the pipe be longer than length of the pipe
expansion blocks in the insertion direction into the end of the pipe. With such a configuration,
depth of the partial pipe expansion portion from the end of the pipe can be formed deeper than depth
of the equal pipe expansion portion from the end of the pipe. Therefore, at the time of making the
combustion gas flowing in, a gap between the one pipe and the other pipe can be reliably ensured in
the partial pipe expansion portion. [0014] According to the present invention, a pipe expansion
method using the pipe expansion jig having a conical center member, a plurality of pipe expansion
blocks arranged on an outer periphery of the center member so as to form a cylindrical outer form, and

pushed out,Jo 2 fadial manngrtowad. fhe, guigrperipheny side bymoving, e eenier gaegiper in the
center axis direction of the conical form so as to expand an end of a pipe and form a pipe expansion
portion, anpd patial pipeexpaisiondlack astanget ondthe eutexperipheary isidepaithedsdindrical form
formed by the pipe expansion blocks detachably from the outer periphery, so as to further expand a
part of thelpifeekpansion portion formed in the pipe toward the outside by moving the center member
in the center axis dir%c%i?rgciniansstgtedhoaé ths%gartig%pige eng:rL\sion bﬁI%ck is.in co}rétaa%tlgvi'tg the outer

periphery, and form a pa?tlal pipe gxpansion pgrtion, wherein wrllﬁ%ntt e p%%t?ﬁ p?pép expansl?'on block is

in a separgted-statefrom: the ostes periphenef the-piney expansion; bloekss agappseawating for at
least thickness of the pipe which serves as an object to be expanded is provided, includes:

a first pipe expansiocn step of moving the center member and
equally expanding the end so ag to form an equal pipe expansion
portion;

a second insertion step of inserting the pipe expansion
blocks in a state that the partial pipé expangion block 1s in
contact with the cuter periphery of the pipe expansion biocks into
the equal pipe expansion portion after the first pipe expansion
step 1s completed; and

a second pipe expansion step of moving the center member
and pushing out the pipe expansion blocks so as to further expand
a part of the equal pipe expansion portion and form a partial pipe
expansion portion.

Effectg of the Invention
[0015]

According to the pipe coupling method having the above
characteristics, at the time of coupling the pipes, there is no
need for using a separate part such as a joint. The burden of
the coming and going task required at the time of charging the
gas can be reduced.

Brief Description of the Drawings



a first insertion step of inserting the pipe expansion blocks into the end of the pipe serving as an object
to be expanded; a first pipe expansion step of moving the center member and equally expanding
the end so as to form an equal pipe expansion portion; a second insertion step of inserting the
pipe expansion blocks in a state that the partial pipe expansion block is in contact with the outer
periphery of the pipe expansion blocks into the equal pipe expansion portion after the first pipe
expansion step is completed; and a second pipe expansion step of moving the center member
and pushing out the pipe expansion blocks so as to further expand a part of the equal pipe expansion
portion and form a partial pipe expansion portion. Effects of the Invention [0015] According to the
pipe coupling method having the above characteristics, at the time of coupling the pipes, there is no
need for uﬂp@l% ]separate part such as a joint. The burden of the coming and going task required at
the time of charging the gas can be reduced. Brief Description of the Drawings

Fig. 1 is a view for illustrating a flow of a pipe coupling
method according to an empodiment.

Fig. 2 is a view showing a shape of a coupling end of a partly
expanded pipe.

Fig. 3A is a front view of an insertion mode of a pipe
expansion jig at the time of forming an equal pipe expansion
portion.

Fig. 3B is a right side sectional view of the insertion mode
of the pipe expansion jig at the time of forming the equal pipe
expansion portion.

Fig. 3C is a front view of a pipe expansion mode of the pipe
expansion jig at the time of forming the equal pipe expansion
portion.

Fig. 3D is a right side sectional view of the pipe expansion
mode of the pipe expansion jig at the time of forming the egual
pipe expansion portion.

Fig. 4A is a front view of an insertion mode of the pipe
expansion jig at the time of forming a partial pipe expansion
portion.

Fig. 4B is a right side sectional view of the insertion mode
of the pipe expansion jig at the time of forming the partial pipe
expansion portion.

Fig. 4C is a front view of a pipe expansion mode of the pipe

expansion jig at the time of forming the partial pipe expansion

10



[0016] Fig. 1 is a view for illustrating a flow of a pipe coupling method according to an
embodiment. Fig. 2 is a view showing a shape of a coupling end of a partly expanded pipe.
Fig. 3A.is a front view of an insgrtion mode of a pipe expansion jig at the time of forming an equal pipe
expansion portion. Fig. 32 is a right side sectional view of the insertion mode of the pipe
expansion jig at the time of forming the equal pipe expansion portion. Fig. 3C is a front view of a
pipe expansion mode of the pipe expansion jig at the time of forming the equal pipe expansion portion.
Fig. 3D is a right side sectional view of the pipe expansion mode of the pipe expansion jig at the time
of forming the equal pipe expansion portion.
portion.
Fig. 4D is a right side sectional view of the pipe expansion
mode of the pipe expansion jig at the time of forming the partial
pipe expansion portion.
Fig. 5 is a view for illustrating an application example
of the pipe coupling method applicable at the time of coupling
a plurality of pipes.
Fig. 6 is a view for illustrating an arrangement mode of
an outdoor unit and indoor units in a package type aixr conditioner.
Description of Embcdiments
(0017}
Hereinafter, an embodiment according to a pipe coupling
method, a pipe expansion jig, and a pipe expansion method using
the pipe expansion jig of the present invention will be described
in detail with reference to the drawings.
Fig. 6 shows an arrangement mode of an ocutdoor unit 50 and
indoor units 52 in a package type alr conditioner. Fig. 6 shows
an example that the outdoor unit 50 arranged on a rooftop of a
building and the plurality of indoor units 52 arranged on the first
floor of the buillding are coupled by pipes 10.
The pipe coupling method of the present invention is a
favorable method to be implemented at the time of coupling the
pipes extended in such a way. A first embodiment according to

the pipe coupling method of the present invention will be described

with reference to Figs. 1 and 2.

11



Fig. 4A is a front view of an insertion mode of the pipe expansion jig at the time of forming a partial
pipe expansion portion. Fig. 43 is a right side sectional view of the insertion mode of the pipe
expansion jig at the time of forming the partial pipe expansion portion. Fig. 40 is a front view of a
pipe expansion mode of the pipe expansion jig at the time of forming the partial pipe expansion
portion. Fig. 4D is a right side sectional view of the pipe expansion mode of the pipe expansion jig
at the time of forming the partial pipe expansion portion. Fig. 5 is a view for illustrating an
application example of the pipe coupling method applicable at the time of coupling a plurality of pipes.
Fig. 6 is a view for illustrating an arrangement mode of an outdoor unit and indoor units in a package
type air conditioner. Description of Embodiments

[0018]

Firstly, two pipes serving as objects to be coupled (a first
pipe 10a and a second pipe 10b) are prepared. BAmong the two pipes
shown in Fig. 1 (the first pipe 10a and the second pipe 10k), the
first pipe 10a is a pipe coupled to the side of the outdoor unit
50 {one pipe), and the second pipe 10b is a pipe having fixed length
(such as 4 m) to be coupled to the first pipe 10a (the other pipe)}
{(refer to “Step A" in Fig. 1).

[c019]

Next, an open end of the first pipe 10a is closed, and an
open end of the second pipe 10b is partly closed. 1In a case of
the present embodiment, since the outdoor unit 50 is coupled to
the open end of the first pipe 10a and the open end is in a closed
state, this state may be maintained. It should be noted that in
a case where both ends of the first pipe 10a are opened, as shown
in “Step B” in Fig. 1, a closing member 12 such as a cap may be
arranged in the open end of the first pipe 10a. Meanwhile, as
a method for partly closing the open end of the second pipe 10D,
a partial closing member 14 may be arranged in an opening part
of the open end of the second pipe 10b S0 as to narrow an opening
area of the open end. Specifically, a cap correspending to a
caliber of the second pipe 10b and having at least one through
hole 16 may be arranged on a surface of the open end of the second
pipe 10b, the surface to be partly closed. The through hole 16

is desirably provided in the cap in such a manner that the through

12



[0017] Hereinafter, an embodiment according to a pipe coupling method, a pipe expansion jig, and
a pipe expansion method using the pipe expansion jig of the present invention will be described in
detail with reference to the drawings. Fig. 6 shows an arrangement mode of an outdoor unit 50
and indoor units 52 in a package type air conditioner. Fig. 6 shows an example that the outdoor unit 50
arranged on a rooftop of a building and the plurality of indoor units 52 arranged on the first floor of the
building are coupled by pipes 10. The pipe coupling method of the present invention is a favorable
method to be implemented at the time of coupling the pipes extended in such a way. A first
embodiment according to the pipe coupling method of the present invention will be described with
reference to Figs. 1 and 2. [0018] Firstly, two pipes serving as objects to be coupled (a first pipe

10a and a second pipe 10b) are prepared. Among the two pipes shown in Fig. 1 (the first pipe 10a and
ine second e 1000 THE ML B8 10E0s 4 DB riad B e SOE ofinb AEAdUGraiEs (one pipe).

and the secQnd-pipe 10hds-a-pipg having fixed lengthdsuch-as 4m)dabecoupled Lo the first pipe 10a
(the other pipe) (refer to "Step A" in Fig. 1). [0019]
& diameter of the through hole 16 depends on a diameter of the

second pipe 10b serving as an cbiect to be coupled. However, when
the diameter of the second pipe 10b is in a range approximately
ranging from 15 mm to 32 mm, the diameter may be about 9 mm. A
route bending member 18 such ag a go-called elbow lg arranged in
the through hole 16, so that the opening part of the second pipe
10b after narrcowing ils desirably set to face the ground. This
is because by partliy closing the opsen end of the second pipe 10b
in guch a way, a replacement ratic of a gas inside the pipes and
a combustion gas can be increased, so that formation of an oxide
film ingide the pipes at the time of brazing can be suppresgsed
{(closing step: refer to “Step B” in Fig. 1).
100207

Next, a pipe expansion jig 30 (refer to Figs. 34, 3B, 3C,
3D, 4A, 4B, 4C, and 4D) is inserted into a coupling end of the
first pipe 1l0a, so as to expand the coupling end. As shown in
Figs. 32, 3B, 3C, 3D, 4A, 4B, 4C, and 4D, the pipe expansion jig
30 used for pipe expansion is provided with a conical center member
32, a plurality of pipe expansion blocks 34 arranged con an outer
periphery of this center member 32, and a partial pipe expansion
block 35 arranged on the outer periphery side of the pipe expansion
blocks 34. The center member 32, the pipe expansion blocks 34,

and the partial pipe expansion block 36 are arranged all together

i3



Next, an open end of the first pipe 10a is closed, and an open end of the second pipe 10b is partly
closed. In a case of the present embodiment, since the outdoor unit 50 is coupled to the open end of
the first pipe 10a and the open end is in a closed state, this state maybe maintained. It should be
noted that in a case where both ends of the first pipe 10a are opened, as shown in "Step B" in Fig. 1, a
closing member 12 such as a cap may be arranged in the open end of the first pipe 10a. Meanwhile,
as a method for partly closing the open end of the second pipe 10b, a partial closing member 14 may
be arranged in an opening part of the open end of the second pipe 10b so as to narrow an opening
area of the open end. Specifically, a cap corresponding to a caliber of the second pipe 10b and having
at least one through hole 16 maybe arranged on a surface of the open end of the second pipe 10b, the
surface toe Payily fosedThe (raabale 9 i estably providedm e 88 Rehamanner that
the through hole is arranged in the vicinity of a center of the surface at the time of arranging the cap
on the surface khbepardy closed sAdtiameterefthetheolighshdlad 6 Hepeids ok ddineéter of the
second pipe 10b serving as an object to be coupled. However, when the diameter of the second pipe
10bisin aatsar@ebéﬁdr%ximately ranging from 15 mm to 32 mm, the diameter may be about 9 mm. A
route bendﬂggﬁzmber 18 such as a so-called elbow is arranged in the through hole 16, so that the
opening part of the second pipe 10b after narrowing is desirably set to face the ground. This is
because by partlymslosingrthe apgmendref the sesondhpipe )10 esueh acsxaycaiseplacement ratio of a
gas inside the pipes and a combustion gas can be increased, so that folmation of an oxide film inside

the pipes &etfectie GiisrazRigtean HESupbrEssed Rilosig Siepyretsr ™ StepiBT ki R). [0020]

Next, a pipe expansion jig 30 (refer to Figs. 3A, 313, 3C, 3D,.4A.42, 4C, and 4D) is in% r%d into a
coupling en eofp &%éﬁrrst&bgl% T ag,%sroj“gsth%c)):{er'31((:?;"(‘%1n1 toe%ocu%ﬂﬁéae}wd?hﬁg %ﬁo%\:/ﬂr?Cli ir% I'—Claé1 %é 32, 3C, 3D,

4A, 42, 4G aneh 40, dre pipe exparsiondith30 used for pipe exparsianisprovided with=a Tonical
center member 32, a plurality of pipe expansion blocks 34 arranged on an outer periphery of this
center meife&r3xahd apartalgipeexparieion bloek3d aranged orrtelagter periptieryside of the
pipe expansion blocks 34. The center member 32, the pipe.e sion blocks 34, and the partial pipe
expansionnrlﬁ%%ﬁ]f%G3 &ré Fr‘érﬁé‘ﬂégd alt togBtet ang%rlloscjkog’a?e gg‘ggrrgﬁnga%%a&%%%fﬁlaé}gn jig 30,
and movement anstthepipe-expansianaedarfpemed takingthis blegk-base 38 aga-basiss [0021]

outer periphery side of the center member 32 {in the radial
direction).
[co22]

An ocuter form of the pipe expansion blocks 34 is formed into
a cylindrical shape by combining a plurality of (six in the example
shown in the present embodiment) blocks. Therefore, by being
pushed out toward the outer periphery side in accordance with
movemant of the center member 32, the pipe expansion klocks 34
can equally expand the coupling end of the first pipe 10a so as
to form an equal pipe expansion portion 20.
[0023]

The partial pipe expansion block 36 is provided detachably
from the outer periphery of one of the plurality of pipe expansion

blocks 34. An attaching and detaching mechanism of the partial
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By operating a handle (not shown), the center member 32 is moved in the center axis direction shown
by arrow A of Fig. 3B. The center member 32 is formed into a conical shape, and a contact surface of
the center member 32 and the pipe expansion blocks 34 is formed into a taper shape. Therefore, by
pushing the center member 32 forward, the pipe expansion blocks 34 arranged on the outer periphery
of the center member 32 are pushed out toward the outer periphery side of the center member 32 (in
the radial direction). [0022] An outer form of the pipe expansion blocks 34 is formed into a
cylindrical shape by combining a plurality of (six in the example shown in the present embodiment)
blocks. Therefore, by being pushed out toward the outer periphery side in accordance with movement
of the center member 32, the pipe expansion blocks 34 can equally expand the coupling end of the
first pipe 10a so as to form a ual pipe. expansion portion 20. [0023]. ar gﬂ( |pe expansion
block 36 i€ %)Poevi%}ézﬁacféﬁgﬁla |§%r%ﬁm9't e'6u ec?gpé}rlap e3f§/:% %#Le% tﬁg]lpﬁ%%g %f%ié e%ggension
blocks 34, Apgitachingiand detaching mechenismnithe padialhpipe expansien blogk 3&is not
particularly limited but a spring mechanism 40 may be used for example as shown in Figs. 3A, 33, 30,
3D, 4A, 43A03and4D . 4B a taseeniiet® suchacsprifg ieehanisiaie suskes £$shewn 7 Figs. 3A,
33, 30, and 3D, a gap accountinﬁ for atFIeast thzi\%kn%%s 0?1: :g:he fir%{ gige 10aaseg/énc%%% @Qnobject to be
expandedid providétbetieRnRE pide’edfansion block 34 and the partidl Pipe expansiorrblock 36 in
a normal state (at the time. efiforming-thereaual pina expapsionpodion20); Iherebycthedipe
expansion can be performed with not inserting the partial pipe expansion block 36 into the first pipe
10a but inserting enlpahe pipe expansioddfodiet3tavieahwhile pafteraberpipeexpansioniié completed,
by bringing the pipe expansion blocks 34 from agfige expansjon mode (é) ened sta%?ttot%n insertion
mode (clo&8¢ StER)PARE TR SRS BIock 36 °cart Bigh Brifgertdtinto tHe expanded
coupling end of the first pipg 108 in addiiontobepipg . expansionblogks 34, Thatis,aftsy the pipe
expansion of the coupling end of the first pipe 10a, the pipe expansion blocks 34 are drawn out from
the coupling:entt, the=piperexpansiom lecks Boaresidrouiglt from ihe pipeiexpahsiad niodelto the
insertion mode again, and then the pipe expansion blocks 34 are inserted into the coupling end of the

first pipe TPRPACHISTRECThE 1RGP e aREIdT BiicP 38 2 ar et into e ¥xpanded
coupling epd 24 the. saine fime By pperatiag theiandis (vt shown) isueh asizie 2d maving the
center member 32 of the pipe expansion jig 30, the pipe expansion blocks 34 are pushed out toward
the outer is completed, by bringing the pipe expansion blocks 34 from a pipe

expansion mode (cpened state) toan insertion mode (closed state),

the partial pipe expansion block 36 can also be inserted into the

expanded coupling end of the first pipe 10a in addition to the

pipe expansion blocks 34. That is, after the pipe expansion of

the coupling end of the first pipe 10a, the pipe expansion blocks

34 are drawn out from the coupling end, the pipe expansion blocks

24 are brought from the pipe expansion mede to the insertion mode

again, and then the pipe expansion blocks 34 are inserted into

the coupling end of the first pipe 10a. At this time, the partial

pipe expansion block 36 can be inserted into the expanded coupling

end at the same time. By operating the handle (not shown) in such

a gstate and moving the center member 32 of the pipe expansion jig

30, the pipe expansion blocks 34 are pushed out toward the outer
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periphery side again. A spring is compressed at the time of abutting the partial pipe expansion block
36 with an inner wall of the coupling end of the first pipe 10a in accordance with push-out of the pipe
expansion blocks 34, and the partial pipe expansion block is in contact with the outer periphery of the
pipe expansion block 34 as shown in Figs. 4A, 4E, 4C, and 413 and pushed out together with the pipe
expansion block 34. In a part where the partial pipe expansion block 36 is arranged (partial pipe
expansion block arrangement portion), a radius from the center member 32 is larger than other pipe
expansion block arrangement portions. Therefore, only the partial pipe expansion block 36
arrangement portion can push out the coupling end of the first pipe 10a further toward the outside so
as to form a partial pipe expansion portion 22. [0024] With such a configuration, formation of the
equal pipe expansion portion 20 and formation_qf the partial pipe expansion portion 22 can-be easily
implementéd blch')’ﬁé: Yig® é#\eceatﬁ%]fgr‘ma |onsgﬁﬁ%9eq§%l Sfﬁlgpga%sa%%%na%orﬁglﬁ Zglanﬁ% t r}_; formation

of the partial.pine eypansion-pertign 22 ean beperiorsed stepwise, abieakagefake ofihe pipe at the
time of the pipe expansion can be reduced. It should be noted that the partial pipe expansion portion
22 is desirablyfoemed lightly Ione@r efar-inserfibhdengthieoflthe pipe expaasioRBtocks84 shown in

Fig. 32. Therefore, depth of the partial pipe expansian portion 22 can be_deeper than depth of the
equal pipSREraon Bgrt%ﬁazﬁl?ﬁug%ﬁ Pas: f%%ﬁ’rggggte?bédegc%l egnleﬁ detal fﬁa}ér,pel h when a

coupling epg,of the sggong-pine 100 is-assembled to the expasded-caunling,end ehthe figst pipe 10a,
a gap via the partial pipe expansion portion 22 is reliably formed in a coupling part between the first

pipe 10a asekthesooorid pipe 10k $00R6wn inlfF agsipedéxpdisiohproved e sitheustisiihg end of
the first pipe 10a using the pipe expansion jig 30 with such a configuration, firstly, the igte expansion

blocks 34 SHFbFSEHE D HrethsERforPmdaeSamiTHer M eRnad into the &BuplifG Bhd SRS first pipe
10a (first ingertion stap) Afterdhat, the pipe expansionhiogks 34 are pushed out s Bsforqually

expand the coupling end of the first pipe 10a and form the equal pipe expansion portion 20 (first pipe
expansionsteprrefertdSiep GrinskFigethki@026lrcion) , a radius from the center
member 32 ig larger than other pipe expansion block arrangement
portions. Therefore, only the partial pipe expansion block 36
arrangement portion can push out the coupling end of the first
pipe 10a further toward the outside so as to form a partial pipe
expansion portion 22.
[0024]

With such a configuration, formation of the equal pipe
expansion porticn 20 and formation of the partial pipe expansion
portion 22 can be easily implemented by one jig. Since the
formation of the equal pipe expansion portion 20 and the formation
of the partial pipe expansion portion 22 can be performed stepwise,
a breakage ratio of the pipe at the time of the pipe expansion
can be reduced. It shouldbe notedthat the partial pipe expansion
portion 22 ieg desirably formed slightly longer than insertion
length L of the pipe expansion blocks 34 shown in Fig. 3B.

Therefore, depth of the partial pipe expansion portion 22 can be
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Next, the pipe expansion blocks 34 are drawn out from the coupling end and the pipe expansion
blocks 34 are brought from the pipe expansion mode to the insertion mode. In a state that the partial
pipe expansion block 36 is in contact with the outer periphery of the pipe expansion blocks 34, the pipe
expansion blocks 34 are inserted into the coupling end (second insertion step). After that, the pipe
expansion blocks 34 are pushed out together with the partial pipe expansion block 36 so as to form
the partial pipe expansion portion 22. It should be noted that a contact timing of the partial pipe
expansion block 36 with the pipe expansion blocks 34 may be the same as an expansion timing of the
pipe expansion blocks 34, or as in the above embodiment, the pipe expansion blocks 34 may be
inserted into the coupling end in a state that the partial pipe expansion block 36 is preliminarily brought
into contact with the pipe expansion blocks 34 (second pipe expansion step: refer to ?%h D" in Fig.
1). [0027] 8eepﬁf¥eﬁc %nsggégr% p?pg; %‘(‘E’)a%g%%ﬁstpel is c%%%fé eléﬂ% Ogotulp?iﬁgﬁ gn'd 0 t%p second pipe
10b is fittegrinto,and; temporarily assambled 4o the @xpandad-eauplingend ofdherfirstine 40a
(assembling step: refer to "Step E" in Fig. 1). The combustion gas flows into the first pipe 10a and
the second pife. 10k temborarity:assermbiat 19 pachGihes, asd o1& 4R 9n tReTlst pigeaT0&and the

second pipe 10b is discharged from the opening part of the open end of, the partly closed second pipe
10b. As th%oé%ﬁﬁﬁﬁfﬁio?ﬁgag’,fa E]Sﬁb‘Lu)sﬁgE g%]sgéeff) él“éﬁ“mear &R %%%r%%llﬁg%e}“ﬂs%}%%gd% Qetail later

can be used.for, example.-Thecamhustion 9as hasaloweraxidationafied thanthe aireLhus, by

replacing the inside air of the first pipe 10a and the second pipe 10b with the combustion gas, the
formation ofithefaxide fimprsitdeahefidstyiipe 40aantl thigrsecohd-pipe 10b at the time of brazing can
be suppressed. [0028] The combustion gas flows into the first pipe 10a and the second pipe 10b
from a ga B ced at the time of assembling the first pipe 10a and the second pipe 10b. Specifically,

as shown in "Step,E" in kg, 1, the combustion gas maw flaw ipifrorahe parlialdige sxpansion portion

22 formed in the second pipe expansion step. An inflow amount of the combustion gas can be
controlled by tietectingeaminflow aimgunt bé a gap<ompoment fromjthe through hblest8:butaalso can
generally be controlled by an inflow time. Specifically, the inflow amount is changed according to a

diameter &FRPIERGHT 8F tHe pipk! T Présshfe oP HRE ORISR s R Tk E T oWeva? With a

Tiroq% (132 My, by making she,combustion,gas flow infer about 20

general pige @avg}%a '%@]g#
to 30 secon SCI)I‘reSpE(:%&VG of length, the replacement with the combustion gas can be completed. It

should be aptedhthat {histvalueis anemptealvaluss nversely catqrilatechdne detived frarh¢he inflow
time of the combustion gas and an oxide film formation state inside the pipe after brazing.
pipe expansion blocks 34 are pushed out so as tc equally expand
the coupling end of the first pipe 10a and form the egual pipe
expansion portion 20 (first pipe expansion step: refer to “Step
C” in Fig. 1}).
[002&]

Next, the pipe expansion blocks 34 are drawn out from the
coupling end and the pipe expansion blocks 34 are brought from
the pipe expansion mode to the insertion mode. In a state that
the partial pipe expansion block 36 is in contact with the outer
periphery of the pipe expansion blocks 34, the pipe expansion
blocks 34 are inserted into the coupling end (second ingertion

step). After that, the pipe expansion blocks 34 are pushed out

together with the partial pipe expansion block 36 so as to form
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[0029] In order to make the combustion gas flow in from the partial pipe expansion portion 22 of
the first pipe 10a, as shown in "Step F" in Fig. 1, the combustion gas flows in toward the open end side
of the first pipe 10a. Therefore, the inside air of the first pipe 10a and the second pipe 10b is
discharged from the through hole 16 formed in the partial closing member 14 which is arranged in the
open end of the second pipe 10b as in arrows shown in "Step F"in Fig. 1. Thus, the inside air can be
effectively replaced with the combustion gas (gas replacement step: refer to "Step F" in Fig. 1). [0030]
After the gas replacement step is completed, a wax material is inserted into the heated partial pipe
expansion portion 22, and by melting this wax material, the partial pipe expansion portion 22 is sealed.
In parallel to such a task, the wax material melted in the partial pipe expansion portion 22 is sent into
the gap between the first pipe 10a and the second pipe 10b b¥ é/vetlglabgl% \ﬁth wagl %Jré%%%s of the
pipes and WittiRG SpréddfgiuE T8 & L abifary Acticn df the gap formed in the Coupiing end of the first
pipe 10a and the caupling:end of the,seqand pipe 100, Tbesshys the,gspdaths auplingrend of the firs
pipe 10a and the coupling end of the second pipe 10b is filled (brazing step: refer to "Step G" in Fig.

1). [0031] pipaNdthrihe pipe coliplitg Methoayad destiibedapove, firstaofeintiers i§ Hoimeed for a
separate part for coupling the pipes such as a joint. Since there is onl%lﬁ%need for coming and going
|

over abouP# it tha BReBRAGH FipeLartheTondesCh Birdeh 6PE cORRG afePgSihgTasK required at
thet"“eOEﬁ%mgﬁﬁéﬂgkgﬁi8@85“5%%%£§d34 may be inserted into the coupling

end in a sgtate that the partial pipe expansion block 36 is
preliminarily brought into contact with the pipe expansion blocks
34 (second pipe expansion step: refer to “Step D” in Fig. 1).
(0027}

After the second pipe expansion step is completed, the
coupling end of the second pipe 10b is fitted intc and temporarily
asgsembled to the expanded coupling end of the first pipe 10a
(assembling step: refer to “Step E” in Fig. 1).

The combustion gas flows into the first pipe 10a and the
second pipe 10b temporarily assembled to each other, and the air
in the first pipe 10a and the second pipe 10b is discharged from
the opening part of the open end of the partly closed gecond pipe
10b. As the combustion gag, a combustion gas of a burner used
for brazing described in detail later can be used, for example.
The combustion gas has a lower oxidation effect than theair. Thus,
by replacing the inside air of the first pipe 10a and the seccond
pipe 10b with the combustion gas, the formation of the oxide film
inside the first pipe 10a and the second pipe 10b at the time of
brazing can be suppressed.

[ooz8]
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Industrial Applicability [0032] In the above embodiment, the description is given taking the
method at the time of coupling the two pipes as an example. However, at the time of temporarily
coupling a plurality of pipes, coupling parts are provided at plural points as shown in Fig. 5. The pipe
coupling method of the present application can also be applied to such a case. [0033] For
example, Fig. 5 is a view showing an example of a case where five pipes including first to fifth pipes
10a to be are coupled, and coupling parts (coupling parts a to d) are provided at four points. Ina case
where such pipes are coupled, firstly, coupling ends of the coupling parts a to d are expanded. Pipe
expansion of the coupling ends may be performed in order of the first pipe expansion step and the
second pipe expansion step as well as the above embodiment. In a case of a coupling method shown

in Fig. 5, the pipe expansion of the first to fifth pipes 10a ta be may respectively be performed as
follows. Firstly, a fight SR Refgtreh tggcﬁg' pipE ciogl}g e%gﬁaeé).l?ﬁe%%%oﬁ%%pigé 90b and the

fourth PiP%éggr?é?pq%eeﬁw%%naad%@%@é&%@E%Birtelﬂagcc%ea@mm@ feftend in the
figure of the fifth pipe be is expanded. By performing the pipe expansion in such a way, the pipes can

be coupled ansttheifoowirg sodplifg nsethod tapipe irhplemefred: 100834['Ay deséeribeg@bove, after

the first to fifth pi?es 10ato ) :
in “Step F” in Fig. 1, the combustion gas may flow in from the

partial pipe expansion portion 22 formed in the second pipe
expansion step. 2An inflow amount of the combustion gas can be
‘controlled by detecting an inflow amcunt of a gas component from
the through hole 16 but also can generally be controlled by an
inflow time. Specifically, the inflow amount is changed
according to a diameter and length of the pipe, jet pressure of
the combustion gas, or the like. However, with a general pipe
having a diameter of about $32 mm, by wmaking the combustion gas
flow in for about 20 to 30 geconds irrespective of length, the
replacement with the combustion gas can be completed. It should
be noted that this value is an empirical value inversely calculated
and derived from the inflow time of the combustion gas and an oxide
film formaticn state insgide the pipe after brazing.

[0029]

In order to make the combustion gas flow in from the partial
pipe expansicon portion 22 of the first pipe 10a, as shown in “Step
F” in Fig. 1, the combustion gas flows in toward the open end side
of the first pipe 10a. Therefore, the inside air of the first
pipe 10a and the second pipe 10b is discharged from the through
hole 16 formed in the partial closing member 14 which is arranged

in the open end of the second pipe 10b as in arrows shown in “Step
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be are expanded, the pipes are temporarily assembled, and open ends of the pipes positioned at both
ends are closed by closing members 12a and 12b. Next, the combustion gas flows into the pipes from
a partial pipe expansion portion 22 of the coupling part a shown by an arrow. At this time, partial pipe
expansion portions 22 of the coupling parts b to d are opened. Thus, the closing member 12a exerts
the same effect as a partly closed state in a pseudo manner (gas replacement step). [0035] After
the gas replacement step is completed, brazing of the coupling part a is performed. Thereby, coupling
of the fourth pipe 10d and the fifth pipe be is completed (brazing step) . Next, the combustion gas
flows into the pipes from the partial pipe expansion portion 22 of the coupling part b. In the present
step, the air inside the pipes is replaced with the inflow combustion gas from the partial pipe expansion

portions 22 of the coupling parts candd (gasr placement st 36 fter th eplacement
step from the tBuplidg part b 18 E8mplete eog bra%ng brth& Tou ?)né(%p%arflﬁ TS %g\??orm ?ﬁéreby,

coupling of the firstpips-tRa:and the secand-pipe iOh-isrearaplated (braziag step) After tire brazing of

the coupling part b is completed, the combustion gas is introduced from the partial pipe expansion
portion 22iaf tAégoupling part ¢ and gas replacement is performed. In the present step, the inside air
is replaced with the combustion gas via the partial pipe expansion portion 22 of the coupling part d
remaining 3R Jopen part (gas replacement step) .

After the gas replacement step is completed, a wax material
ig inserted into the heated partial pipe expansion portion 22,
and by melting this wax material, the partial pipe expansion
portion 22 is sealed. Inparallel to such a task, the wax material
melted in the partial pipe expansion portion 22 is sent into the
gap between the first pipe 1Ca and the second pipe 10b by
wettability with wall surfaces of the pipes and wetting spreading
due to a capillary action of the gap formed in the coupling end
of the first pipe 10a and the coupling end of the second pipe 10b.
Thereby, the gap in the coupling end of the first pipe 10a and
the coupling end of the second pipe 10b isg filled (brazing step:
refer to “Step G” in Fig. 1}.

[0031]

With the pipe coupling method as described above, first of
all, there is no need for a separate part for coupling the pipes
such as a joint. S8ince there is only a need for coming and going
over abouf 4 m of the fixed-length pipe at the longest, a burden
of a coming and going task reguired at the time of charging the
gas can be reduced.

Industrial Applicability

[0032]
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[0037] After the gas replacement step is completed, brazing of the coupling part c is performed, so
that the second pipe 10b and the third pipe 10c are coupled (brazing step). After the brazing of the
coupling part ¢ is completed, it is predicted that the pipes are sufficiently filled with the combustion gas.
Therefore, following the brazing of the coupling part c, brazing of the coupling part d is performed, so
that the third pipe 10c and the fourth pipe 10d are coupled (brazing step). It should be noted that as a
previous step of the brazing of the coupling part d, a step of making the combustion gas flow into the
pipes from the partial pipe expansion portion 22 of the coupling part d may be performed. Evenin
a case of coupling the plurality of pipes by such a method, when the coupling parts are individually
seen, the pipes serving as objects to be coupled are two, so that the same effect as the above

embodiment is obtained. Therefore, the ling m tho%| fthe Iurallty of pipes descrihed above is
included in the pige*coaSimy MEthGa 3P gfé%tan? fiiohT Referaics |8nsf|st§85§éﬁ %10a: First

pipe 10bﬁ§ﬁ§%ﬂgﬂﬂﬂ§ at the time of coupling the two pipes as an example.
However, at the time of temporarily coupling a plurality of pipes,
coupling parts are provided at plural points as shown in Fig. 5.
The pipe coupling method of the present application can alsc be
appiied to such a case.
[0033]

For example, Fig. 5 ig a view showing an example of a case
where five pipes including first to fifth pipes 10a tc 10e are
coupled, and coupling parts (coupling parts a to d) are provided
at four points. In a case where such pipes are coupled, firstly,
coupling ends of the coupling parts a to d are expanded. Pipe
expansion of the coupling ends may be performed in order of the
first pipe expansion step and the second pipe expansion step as
well as the above embodiment. In a case cof a coupling methoed gshown
in Fig. 5, the pipe expansion of the first toc fifth pipes 10a to
10e may respectively be performed as follows. Firstly, a right
end in the figure of the first pipe 10a is expanded. The second
pipe 10b and the fourth pipe 10d are not expanded, and both ends
of the third pipe 10¢ are expanded. A left end in the figure of
the fifth pipe 10e is expanded. By performing the pipe exXpansion
in such a way, the pipes can be coupled and the following coupling
method can be implemented.

[0034]

As described above, after the first to fifth pipes 10a to
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12: Closing member 14: Partial closing member 16: Through hole 18: Route bending member 20:
Equal pipe expansion portion 22: Partial pipe expansion portion 30: Pipe expansion jig 32: Center
member 34: Pipe expansion block 36: Partial pipe expansion block 38: Block base

10e are expanded, the pipes are temporarily assembled, and open
ends of the pipes positioned at hoth ends are closed by closing
members 12a and 12b. Next, the combustion gas flows into the pipes
from a partial pipe expansion portion 22 of the coupling part a
shown by an arrow. At this time, partial pipe expansion portions
22 of the coupling parts b to d are opened. Thus, the closing
member 12a exerts the same effect as a partly closed state in a
pgeudo manner {gas replacement step).

[ce35]

After the gas replacement step is completed, brazing of the
coupling part a ig performed. Thereby, coupling of the fourth
pipe 10d and the fifth pipe 10e is completed (brazing step) . Next,
the combustion gas flows into the pipes from the partial pipe
expangion portion 22 of the coupling part b. In the present step,
the air inside the pipes is replaced with the inflow combustion
gas from the partial pipe expansion portions 22 cf the coupling
parts ¢ and d (gas replacement step).

[0036]

After the gas replacement step from the coupling part b is
completed, brazing of the coupling part b is performed. Thereby,
coupling of the first pipe 10a and the second pipe 10b is completed
(brazing step). After the brazing of the coupling part b is
completed, the combustion gas is introduced from the partial pipe
expansion portion 22 of the coupling part c and gas replacement

is performed. In the present step, the inside air is replaced
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40: Spring mechanism 50: Outdoor unit 52: Indoor unit CLAIMS 1. A pipe coupling method
comprising: a closing step of closing an open end of one pipe among two pipes each having a
coupling end and the open end, and partly closing the open end of the other pipe; a pipe
expansion step of expanding the coupling end of the one pipe and expandincja part of the expanded
coupling end toward the outside of other parts so as to forma partial pipe expansion portion;

with the combustion gas via the partial pipe expansion portion
22 of the coupling part d remaining as an open part (gas replacement
step) .
[0037]

After the gas replacement step is completed, brazing of the
coupling part ¢ is performed, so that the second pipe 10b and the
third pipe 10c are coupled (brazing step}. After the brazing of
the coupling part ¢ is completed, it is predicted that the pipes
are sufficiently filled with the combustion gas. Therefore,
following the brazing of the coupling part c, brazing of the
coupling part @ is performed, so that the third pipe 10c and the
fourth pipe 10d are coupled (brazing step). It should be noted
that as a previous step of the brazing of the coupling part d,
a step of making the combustion gas flow into the pipes from the
partial pipe expansion portion 22 of the coupling part d may be
performed.

Even in a cage of coupling the plurality of pipes by such
a method, when the coupling parts are individually seen, the pipes
serving as objects to be coupled are two, so that the same effect
as the above embodiment is obtained. Therefore, the coupling
method of the plurality cf pipes described,abéve is included in
the pipe coupling method of the present inventiom.

Reference Signs List
[0038]

10a: First pipe
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an assembling step of inserting the coupling end of the other pipe into the expanded coupling end of
the one pipe; a gas replacement step of making a combustion gas flow in from the partial pipe
expansion portion toward the open end of the one pipe and discharging the air in the two pipes from
the partly closed open end of the other pipe; and a brazing step of filling a gap in the coupling end
of the one pipe and the coupling end of the other pipe after the gas replacement step is completed. 2.
The pipe coupling method according to claim 1, wherein the pipe expansion step comprising: a
first pipe expansion step of equally expanding the coupling end of the one pipe so as to form an equal
pipe expansion portion; and a second pipe expansion step of further expanding a part of the
equal pipe expansion portion of the one pipe after the first pipe expansion step is completed so as to
form a p_ar{i%gipg&xcpggsialn Bortion. 3. The pipe coup_ling method acc_:ording to claim 1, wherein the
partial pip€ expansion porﬁoﬁ is formed on the lower side of the one pipe.

12: Closing member

14: Partial closing member

16: Through hole

18: Route bending member

20: Egqual pipe expansion portion
22: Partial pipe expansion portion
30: Pipe expansion jig

32: Center member

34: Pilpe expansion block

36: Partial pipe expansion block
38; Block base

40: Spring mechanism

50: Outdoor unit

52: Indoor unit
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4. The pipe coupling method according to claim 2, wherein the partial pipe expansion portion is formed
on the lower side of the one pipe. 5. The pipe coupling method according to claim 1, wherein at
the time of partly closing the open end of the other pipe in the closing step, an opening area of the
open end is narrowed down and an opening part after narrowing is set to face the ground. 6. The pipe
coupling method according to claim 2, wherein at the time of partly closing the open end of the
other pipe in the closing step, an opening area of the open end is narrowed down and an opening part
after narrowing is set to face the ground. 7. The pipe coupling method according to claim 3, wherein
at the time of partly closing the open end of the other pipe in the closing step, an opening area of the
open end is narrowed down and an opening part after narrowing is set to face the ground. S. The pipe
coupling rrclj%tholgisaccording to claim 4, wherein at the time of partly closing the open end of the
other pipe e closing step, an opening area of the open end is narrowed

i. A pipe coupling method comprising:

a closging step of closing an open end of one pipe amonyg two
pipes each having a coupling end and the open end, and partly
closing the open end of the other pipe;

a pipe expansion step of expanding the coupling end of the
one pipe and expanding a part of the expanded coupling end toward
the outside of other parts so as to form a partial pipe expansion
portiocn;

an assembling step of inserting the coupling end of the other
pipe into the expanded coupling end of the one pipe;

a gas replacement step of making a combustion gas flow in
from the partial pipe expansion portion toward the open end of
the one pipe and discharging the air in the two pipes from the
partly closed open end of the other pipe; and

a brazing step of filling a gap in the coupling end of the
one pipe and the coupling end of the other pipe after the gas

replacement step is completed.

2. The pipe coupling method according to claim 1, wherein
the pipe expansion step comprising:
a first pipe expansion step of equally expanding the
coupling end of the one pipe =0 as to form an equal pipe expansion

portion; and

25



down and an opening part after narrowing is set to face the ground. 9. A pipe expansion jig
comprising: a conical center member; a plurality of pipe expansion blocks arranged on an outer
periphery of the center member so as to form a cylindrical outer form, and pushed out in a radial
manner toward the outer periphery side by moving the center member in the center axis direction of
the conical form so as to expand an end of a pipe and form a pipe expansion portion; and a
partial pipe expansion block arranged on the outer periphery side of the cylindrical form formed by the
pipe expansion blocks detachably from the outer periphery, so as to further expand a part of the pipe
expansion portion formed in the pipe toward the outside by moving the center member in the center
axis direction in a state that the partial pipe expansion block is in contact with the outer periphery, and

form a partial pipe expansign portion, wherein when.th tial pipe nsion.blggk is in a
se_parated state fréorﬁr’ ceogl%telg h%%p%}égf oft %npi%tée&p%ftns?ol%aélo%cks, azgga'(gaacc%)u%ti% for at least
thickness of thepipguuhichs peresas anpebiest ta be expandeshis prowdedr:@. The pipesexpansion jig

according to claim 9, wherein

pipe expansion step is completed so as to form a partial pipe

expansion portion.

3. The pipe coupling method according to claim 1, wherein
the partial pipe expansion porticn is formed on the lower

side of the one pipe.

4. The pipe coupling method according to claim 2, wherein
the partial pipe expansion portion is forméd on the lower

gide of the one pipe.

5. The pipe coupling method according to claim 1, wherein
at the time of partly closing the open end of the other pipe

in the closging step, an opening area of the open end is narrowed

down and an opening part after narrowing is set to face the ground.

6. The pipe coupling method according to claim 2, wherein
at the time of partly closing the open end of the other pipe

in the closing step, an opening area of the open end is narrowed

down and an opening part after narrowing is set to face the ground.

7. The pipe coupling method according to claim 3, wherein
at the time of partly closing the open end of the other pipe

in the closing step, an opening area of the open end is narrowed

down and an opening part after narrowing is set to face the ground.

8. The pipe coupling method according to claim 4, wherein
at the time of partly closing the open end of the other pipe

in the closing step, an opening area of the open end is narrowed
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length of the partial pipe expansion block in the insertion direction into the end of the pipe is longer
than length of the pipe expansion blocks in the insertion direction into the end of the pipe. 11. A pipe
expansion method using a pipe expansion jig having a conical center member, a plurality of pipe
expansion blocks arranged on an outer periphery of the center member so as to form a cylindrical
outer form, and pushed out in a radial manner toward the outer periphery side by moving the center
member in the center axis direction of the conical form so as to expand an end of a pipe and form a
pipe expansion portion, and a partial pipe expansion block arranged on the outer periphery side of the
cylindrical form formed by the pipe expansion blocks detachably from the outer periphery, so as to
further expand a part of the pipe expansion portion formed in the pipe toward the outside by moving

the center member.in the center axis dcirg%@%n ina statel }1hatitgeS ggrtEi%I P‘i:pgeegggnséoql Qg)ck isin

contact wi Oﬁ?eabrh(%e?%gﬁﬁ%r??a%%%rm a prarrﬁaéfﬁ%vé expansion portion, Wheérein when the partial
pipe expansion black isin a separated statg framythe suier periphery of the pipe expansion blocks, a
gap accounting for at least thickness of the pipe which serves as an object to be expanded is provided,
comprising: a firstinsertion eteeof ingehiiy the pipe expansion blocks into the end of the pipe

serving as an object to be expanded; .,  afirst pipe expansion step of moving the center member
and equally expar?di'%gutﬁgﬁejrﬁyséj gs%%rr%’%’nag i npi%ﬁocg S SSTarh Shon

e eXp%nS|0naE)lgr%On; a SeconJ:i%rsertion Step
Ofmse”mgéQ§§H¥%§x9§n§5E‘center member so as to form a cylindrical outer

form, and pushed cut in a radial manner toward the outer periphery
side by moving the center member in the center axis direction of
the conical form so as to expand an end of a pipe and form a pipe
expansion portion; and

a partial pipe expansion block arranged on the outer
periphery side of the cylindrical form formed by the pipe expansion
blocks detachably from the outexr periphery, so as to further expand
a part of the pipe expansion portion formed in the pipe toward
the outside by moving the center member in the center axis
direction in a state that the partial pipe expansion block is in
contact with the outer periphery, and forma partial pipe expansion
portion, wherein

when the partial pipe expansionblock is in a separated state
from the outer periphery of the pipe expansion bilocks, a gap
accounting for at least thickness of the pipe which serves as an
object to be expanded 1s provided.
10. The pipe expansion jig according to claim 9, wherein

length of the partial pipe expansion block in the insertion
direction into the end of the pipe is longer than length of the

pipe expansion blocks in the insertion direction into the end of
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blocks in a state that the partial pipe expansion block is in contact with the outer periphery of the pipe
expansion blocks into the equal pipe expansion portion after the first pipe expansion step is

completed; and

a second pipe expansion step of moving the center member and pushing out the

pipe expansion blocks so as to further expand a part of the equal pipe expansion portion and form a
partial pipe expansion portion.

the pipe.
il. A pipe expansion method using a pipe expansion jig having
a conical center member, a plurality of pipe expansion blocks
arranged on an outer periphery of the center member so as to form
a cylindrical outer form, and pushed out in a radial manner toward
the outer periphery side by moving the center member in the center
axigs direction of the conical form so as to expand an end of a
pipe and form a pipe expansion portion, and a partial pipe
expansion block arranged on the outer periphery side of the
cylindrical form formed by the pipe expansion blocks detachably
from the outer periphery, so as to further expand a part of the
pipe expansion portion formed in the pipe toward the outside by
moving the center member in the center axis direction in a state
that the partial pipe expansion block is in contact with the outer
periphery, and forma partial pipe expansion portion, wherein when
the partial pipe expansion block is in a separated state from the
outer periphery of the pipe expansion blocks, a gap accounting
for at least thickness of the pipe which serves as an object to
be expanded 1s provided, comprising:

a first insertion step of inserting the pipe expansion
blocks into the end of the pipe serving as an object to be expanded;

a first pipe expansion step of moving the center member and
equally expanding the end so as to form an eqgual pipe expansion
portion;

a second insertion step of inserting the pipe expansion

28



blocks in a state that the partial pipe expansion block is in
contact with the outer periphery of the pipe expansion blocks into
the equal pipe expansion portion after the first pipe expansion
step is completed; and

a second pipe expansion step of moving the center member
and pushing out the pipe expansion blocks so as to further expand
a part of the equal pipe expansion portion and form a partial pipe

expansion portion.
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