2153282 " METHOD OF CONNECTI NG COPPER AND ALUM NUM Pl PES" The present
I nvention relates to a method of connecting a copper pipe and an alu
pipe, whichis 5 used, for exanple, for connecting a copper pipe t
‘al umi num refrigerant pipe of a cooling unit of a refrigerator.
Refrigeration cycle piping in a refrigerator is constructed by pipes m
of materials such as copper, 10 al um num and iron. Such pi pes are
comnéct ed by met hods suitable to each materi-all +o be used. 25?? % naI
met hods of connecting a copper pipe with an al uni num pi pe (re erant pipe
of a cooling unit), a. short copper pipe and an al um num pi pe are connected
in a 15 joint by flash meldlng butt wel ding or explosion pressure
me}dlng However, such a joint 'is_expensive. Furthernmre. when an al um num
pi pe of the joint is connected tSEFﬁékiﬁggﬁgggggggﬁGoFO?RERcool|ng unit,
TI G wel ding, which is a highly c must 20 be
performed. 10 order 10 AOIE Ll ALlATon? U3L0Ad BESa DEEhas ESed for
[ a o

solderlng t oget her a copper pe an um num pi pe whi are connect ed
with each other. Acgqiclidgidd 4 Wopgdit Hipe 99ddah aIuARRlnEPide, ah DY s
surface portion of an end of” a copper pipe 25 which is connected into an

i nner surface portigdedf Bir gl St Tonhectling ausoppee pipahtshan
sol der has al so been applied. Utrasonic vibration is applied to
aluminum refrigerant pipe of a cooling unit of a

refrigerator. _
Refrigeration cycle piping in a réfrigerator-is

constructed by pipes made of materials such as copper,

10 aluminum and iron. Such bipes are connected by methods
‘'suitable to each material to be used. In conventional
methods of connectiné a copper pipe with an aluminum
-pipé (refrigerant pipe of a cooling unit), a. short
copper pipe and an aluminum pipe are connected in a

15 joint bf flash welding, butt welding or explosion
pressure welding. However, such a joint is expensive.
Furthermore, when an aluminum pipe of the joint is
connected to the aluminum pipe of the cooling unit, TIG
‘welding, which is a highly complicated procedure, must

20 . be performed. In order to solve this problem, a method
has been proposed for soldering together a copper pipe
and an aluminum pipe which are connected with each
other. According to this method, solder is applied to
an outer surface portion of an end of a copper pipe

25 ~which is connected into an inner surface portion of an

enlarged end of an aluminum pipe to which solder has

also been applied. Ultrasonic vibration is applied to



2 the copper pipe to nelt the solder and thereby connect the twa pfpes.
As was nentioned, in this nethod, solder is applied to both pipes.
grefore, in order to connect the two pipes, the inner dianeter of the end
/- \ \of the alum num pi pe nust be far greater than the outer dianmeter of
nyg of the copper pipe. Thus, a clearance between the copper and
m pi pes is increased, resulting in poor welding strength and S
Rqui'rifng a l-arge anount of sol der. In addition, since 10 the sol deps™
seal the entire welding portion. refrigerant |eakage can result.
The present invention has been made in consfderation of this and has as its
obj ect to provide a nethod of connecting, with solder. a copper pipe and an
al um num 15 pi pe which are connected to each other, wherein the wel ding
strength between the two pipes is high, the ambunt of solder used is small
and the solder is introduced along the entire welding portion between the
two pipes so a to sl f et.r} a ding to
the present i n\S/tetEl i%{n@/ﬁe%lﬁﬁ?ng\c}itdgggag%?ﬁgdgg? ggﬁﬁ%‘(’: i%%ég&ggpper
pi pe and an al uphdWdigibes ONPAsSWag maatibapa,oin PhePakéEBod, COpPpEr pipe
havi ng an outer surface portion at one end portion thereof, which is coated
W th solder is applied to both pipes. Therefore, in order

to connect the two pipes, the inner diameter of the end

5 of the aluminum pipe must be far greater than the outer
diameter of the end of the gopper pipe. Thus, a
clearance between the copper and aluminum pipes is
increased, resulting in poor welding strength and
requiring a large amount of solder. In addition, since

10 the solder may not seal the entire welding portion,
refrigerant leakage can result.

The present invention has been made in consideration
of this and has as its object to provide a method of
~ connecting, with solder, a copper pipe and an aluminum

15 pipe which are connected to each other, wherein the

welding strength between the two pipes is high, the
~amount of solder used is small, and the solder is
introduced-along the entire welding portion between the
two pipes g0 as to prevent leakage of a refrigerant.

20 According to the present invention, there is
provided a me;hod of connecting a copper pipe and an
aluminum pipe, comprising the steps of:

preparing a copper pipe having an outer surface
portion at one end portion thereof, which is coated with

25  solder, and an aluminum pipe having an inner surface



25~ solder, and an al umi num pi pe having an inner surface 2a portiopf a
one end portion thereof, which is coated with sol der; -positioning the Lib
copper and alun1nun1p|pes so that the said end portlons face each ot her\ag
are coaxial-; 5 . +.relatively noving the copper and al um num pi pes i S
that their ends abut under a predeterm ned force; heating and nelting the”
solder applied to the said one end portions of the copper and al um num

pi peg whil e the copper and al um num pi pes abut each other; 10 :
applying ultrasonic oscillation to the copper and al um num pi pes while the
solder is nelted and while said one end portigon of the copper pipe is

I nserted into said -one-end portion of the al um num pi pe under a force
greater than said predeterm ned force; and 15 cooling t he sol der
whil e the copper pipe is inserted into the alum num pi t her eby
connecting the coppeFtifl aF MBS AADIBAES 1o therres  nW HSH igheoptedswiely
be securely meldedsngéglng strength is inproved, and the anount of 20

positioning the copper and aluminum pipés so that
the said end portions face each other and are coaxial;

5 relatively moving the copper and aluminum pipes so
that their ends abut under a predetermined force;

heating and melting the solder applied to the said
one end portions of the copper and aluminum pipes while
the copper and aluminum pipes abut each other;

10 -applying ultrasonic oscillation to the copper and
aluminum pipes while the solder is melted and while said
one end portion of the copper pipe is inserted into said

- one ‘end portion of the aluminum pipe under a force
_ greater than said predetermined force; and

15 - cooling the solder while the copper pipe is inserted
into the aluminum pipe, thereby connecting the copper
and aluminum pipes.

.With this method, the pipes may be securely
welded, welding strength is improved, and the amount of

20

PO .
I



.- 3 - solder

used is decreased. Furthernore, solder fills the entire

ng portion between the two pipes. A copper pipe of higher strength is
_inside an al um num pi pe. Therefore, even if two pipes nust *be wel ded
the inner dianmeter of neither pipe will be.decreased. This

deScription when taken in conjunction with the acconpanying drawings, in . _

Fig. 1 is a side vieM/sﬁbﬁiﬁg a copper pipe and an ‘L

m pi pe which are connected by a nethod according to an enbodi nent of

the present invention; Fig 2 I's an enl arged secti onal ViEM/Of one end

.portion of each

|
schematic secti o(nga td\% ew o0 sgfq'ggeu@ g’tqunghggggfé?ug ' 3P LGP g’r%f%gt 3
-step of applying e igar deqaqngoeeehahp%et%ban thkStRoSE FbéQDa' | d@gb?o an

schematically showi ng a sol der plating apparatus for app

ying so

- 20 al um num pigipe afdhhEigher Ettengtarsteettéaahngh&éﬁaﬁh@!&ﬁ&hﬁﬂ
sequential order the steps of the nethod according to the present
i nvention. The pEéﬂE?re@héﬁbéérﬁenﬁveh tfetyoepépesi musht berw@bded Wi ll now

‘be describe
. show a copp

10

15

20

25

Bﬁ %tirence tqQ the acconEanylng drawi ngs. Figs. 1 and 2
i e

¥a healnperufiameter” of nelther pipe will be
dec:eased.

This inveqtion can be more fully understood from
the following detailed description when taken in
conjunqtion with the accompanying drawings, in which: o/

Fig. 1 is a side view showing a copper pipe and an
aluminum pipe which are connected by a method according.
to an embodiment of the present invention;

Fig. 2 is an enlarged sectional view of one end
portion of each of the cdpper and aluminum pipes;

Fig. 3 is a schematic sectional view of a solder
plating apparatus for explaining a step of applying
solder to a copper pipe;

Fig. 4 is a sectional view schematically showing e
a solder plating apparatus for applying solder to an ~
aluminum pipe; and

Figs. 5 to 9 are sectional views showing in
sequential order the steps of the method according to
the present invention. |

The preferred embodiment of the present invention
will now be described with reference to the accompanying

drawings.

Figs. 1 and 2 show a copper pipe 1 and an aluminum



- 4-" pi pe 2=(refrigerant pi pe of a cooling unit), both of which are of
cylindrical shape and are to be connected. A distal end of the copper pipg
1is tapered so as to have a smaller dianmeter toward its distal end
opening. 5 The di, anpter of the distal end of the al um num pipe is
enlarged so.as to form an enl arged-di anmeter portion 2a. The extrene end of ™~
the portion 2a is tapered so as to have a | arge_di anmeter. An inner dianmeter
A Ot he enl arged-di aneter portion 2a, except for the tapered 10 _
portion, is equal to or slightly smaller than an outer dianmeter B of the
copper pipe 1. According to this enbodinment, the dianeter Ais set to be
smal l er than the dimips & (BefyigerantOpdpet of0alconlifihienilf f evaiicef
corresponds to an estimated thickness (about 0.05 to 15 0.1 mm of an
eroded | ayer of theddmianemofi sylindgiiical shapendddaxpote upe reppnfcted.
sol der welding. Alen th of the enl ar ged-di aneter portion 2a I S sllghtly
shorter than a fitth ERApOLFithe PBPrtﬁépﬁlbeg s 1taprred 99 && 9 and

4 show an ul trasoniyc, 0' % n}atill%tzj ’&Qa%%tef %ﬁ%&ﬁt Y?faﬁisﬁf'é’*é‘%epse% g. on

t he copper pipe 1 an S e am num n-osci

connected to ag ul tF@as lidmeteH Ic'fattﬂé didkd1i andi 8peehd “af&hixﬁﬂn %’5.;5@&57 in
a solder bath tank 4 with a heater 3. The copper pipe 1 and the al um num

pipe 2 which are enlarged so as to form an enlarged-diameter portion 2a.
The extreme end of the portion 2a is tapered so as to
have a large diameter. An inner diameter A 6} the
:i_/ enlarged-diameter portion 2a, except for the tapered
- 10 portion, is equal to or slightly smaller than an outer
diameter B of the copper pipe 1. According to this
embodiment, the diameter A is set to be smaller than the
diameter B by about 0.05 to 0.1 mm. This difference
corresponds to an estimated thickness (about 0.05 to
15 0.1 mm) of an eroded layer of the aluminum pipe 2, which
is removed upon ultrasonic solder welding. A length C
of the enlarged-diameter portion 2a is slightly shorter
than a fitting length D (Fig. 9) of the pipes 1 and 2.
o ' Figs. 3 and 4 show an ultrasonic solder plating
20 apparafus for applying solder on the copper pipe 1 and
the aluminum pipe 2. An oscillating plate 6 is
connected to an ultrasonic oscillator 5 and is dipped in
molten solder 7 in a solder bath tank 4 with a heater 3.
The copper pipe 1 and the aluminum pipe 2 which are
25 dipped in the solder 7 are connected to blow pipes 10

and 11, which are respectively connected to an air

compressor 20 through solenoid valves 8 and 9. The blow




25~ dipped in the solder 7 are connected to bl ow pipes 10 and 11, which ’
spectively connected to an air conpressor 20 through sol enoid val ves
-The blow  pipe 10 connected to the copper pipe 1 is, also

pi pe 11 connected to the alum numpipe 2 is exposed to arr through
hole Ila forned 5 in the pipe wasl-. The solder 7 is an al um num
onsi sting of, for exanple, 95%of Zn and 5%of [err]. The heating®
tenperature of the solder 7 is set such that the copper pipe 1 side is kept
at about [err], and the alum num pipe 2 side is kept at about [err] 10

Fig. 5 shows a ppipeollOacpnpectedntctting epppentpipe A psesdisoe congetdetior
hol di ng the copper pipe 1 concentrically with the alum numpipe 2 is
arranged above atfdokHerais ﬁ@@ﬁtﬁgS@ﬁeZ% ‘Hrroughy BHPrasIUTGaltefuedngbl e. An

ultrasoni c oscill ator I's mounted opn the 15 ressure jig.14.. Two sets
of gas burners 182aN§ &g ar SPeak °§r?5ﬂ%eﬁl|?PQ%ﬁ£) Hmﬁﬁémholder

13 dth e | Lo.14 b
copper and al um RuBehPs TxAREeq e HLECK: %@@%éﬂaﬂr 1Y 118 bs
connecting ghe ceap%epb@se leand thépal mwﬁ'psea&mdm%nﬂ%%@ed

bel ow. First, soider is applied fo ends of the two pipes
] consisting of, for example, 95% of Zn and 5% of AL. The

heating temperature of the solder 7 is set sqgh that the
copper pipe 1 side is kept at about 415°C, and the
aluminum pipe 2 side is kept at about 440°C. \;)
- 10 Fig. 5 shows a part of a pipe connecting apparatus.
A pressure jig 14 for holding the copper_pipe 1
concentrically with the aluminum pipe 2 is arranged
. above a holder 13 holding the pipe 2 to be vertically
movable. An ultrasonic oscillator 15 is mounted on the
15 pressure jig l4. Two sets of gas burners 16 and 17 are
.each arranged in two steps between the holder 13 and the
pressure jig l4. The gas burners 16 and 17 are for
heating the copper and aluminum pipes 1 and 2, .
respectively. : i _ \*j
20 © Procedures for connecting the coppér'pipe 1 and the
aluminum pipe 2 will be described below.
First, solder is applied to ends of the two pipes 1
and 2. For this purpose, the pipes 1 and 2 are
.connected to the blow pipes 10 and 11. The solenoid
25 valves 8 and 9 are closed and ends of the pipes 1 and 2
are dipped in the melted'soldar 7 while the ultrasonic

oscillator 7 is driven, as shown in Figs. 3 and 4.



and 2. For .this purpose, the pipes 1 and 2 are connected to the bl owrf
10 and 11. The sol enoid 25 valves 8 and 9 are closed and ends of
pipes 1 and -2 are dipped in the nelted solder 7 while the ultrason
oscilltator 7 is"driven, as shown in Figs. 3 and 4. -6- Since | ow
pressure conpressed’ alr is supplied fromthe air conpressor 20 into N
copper pipe 1 through the valve 12 and the bl ow pipe 10, the internal
preasure of the copper pipe 1 is increased an@ the nelted solder 7 5
will not enter the pipe 1. Manwhile, the air inside the alum num pipe 2
is released through the small hole Ila of the blow pipe 11. Therefore, the

el ted | d 7 t d de th I th
s”§| dor 7 coats onl I JRvePTEasARe OPErBRea: Shels FUPPTAR FH ol
t he copper pipe 1, d d of
the ol um num pi pe 2L PRRSHEET 28 iRSbrEnS EhBEE- "RLpq L efloddtt B D)
the solder 7 by the, s l]JZataQ{d %J%&sw B%ét 2, 0P &CLA Srridd ﬁéés’lﬁ%‘ ¥ te

nunmber of vacuum nuclei are formed in the nelted solder 7. The

i nst ant aneous f or cetrggnﬁmieaﬂpﬁdwlsdeh inctkasedi asapens m‘rﬁmis doldemve

surface contam nation or oxide films on the copper pipe 1 and the al um num
pi.pe 2, thereby forwilig noti femtelry thiei pipel der Megewhibe, tthe tadr pinsdsiel and
2. The

. the aluminum pipe 2 is released through the small hole
1la of the blow pipe 11. Therefore, the melted solder 7
is introduced inside the aluminum pipe 2. As a result,

U the sblder-7 coats only the outer surface portion at the

10 end portion of the copper pipe 1, and the inner and

outer surface pdrtions at the end of the aluminum pipe
2. Ultrasonic oscillation (about. 18 kHz) is applied to
the solder 7 by the oscillator 6. Thus, cavitation
occurs and an indefinite number of vacuum nuclei are

15 formed in the melted solder 7. The instantaneous force

generated when such nuclei dissapear serves to remove
surface contamination or 6xide films on the copper pipe
1 and the aluminum pipe 2, thereby forming uniformly
thin solder layers on the two pipes 1 and 2. The

20 ultrasonic oscillation increases the flowability of the

solder 7 and improves the wetting and plating ability of
the pipes. .After the plating, the pipes 1 and 2 are
drained and the valves 8 and 9 are opened. Then, the
compressed air is blown through the copper pipe 1 and

25 the aluminum pipe 2 via the blow pipes 10 and 11l. This

blows away "dripping" excess solder from the lower ends

of the pipes 1 and 2 and prevents formation of solder



20 ultrasonic oscillation increases the flowability of the sqlder 7 and

| pproves the wetting and plating ability of the pipes. After the plating,

Ri pes 1 and 2 are drained and the valves 8 and 9 are opengd. ‘Then, the

conpressed air is blown through the copper pipe 1 and 25 ., the al um num

pifwé, A via the blow pipes 10 and 11. This blows away "dri pping" excess

der; fromthe | ower ends of the pipes 1 agd-z and prevents formation of .
- 7 - lunps dripping fromthe pipés™1 and 2. In order to coat e

copper pipe 1 with a sufficient anount of solder 7, the copper pipe 1 is

di pped in the solder 7 again (the 'dipping depth in the second di ppi ng

operation is set 1lf53 driPpinbl 8PbhYrheSSipddn tdd 3 N the Jidetl 3 RRYARI

operation). The alumnumpipe 2 is air-blown again in order to forma nore
‘uni form | ayer onth@ecoppet pipbatewdthtlesef PicLent Namdith trsmeio ldrscri,bed
above, thin solder |ayers 10 18 and 19 are formed on the ends of the
- copper pipe 1 andheheocapem pupeplpiés2dippspeid i thed ysolldex i pemih qruhe? are
held by the pressure jig 14 and the holder 13 so as to be vertjically
opposed to each &iPPindadephbuAni fhei gecond TRPRIRE RT3 Eipn4s Satoved

- downwar d so ut .the |ower end of the pjpe 1 against the upper
Est

s tgo 15_,
~end of the plpe %Ehﬁ&éﬁhg PowlBretBaPethrh thitheLiest ($ipping

operation). The aluminum pipe 2 is air-blown again in

order to form a more uniform layer on the inner surface
of the pipe 2.
In the manner described above, thin solder layers o/
10 18 and 19 are formed on the ends of the.copper pipe 1
and the aluminum pipe 2, respectively. The pipes 1 and
2 are held by the pressure jig 14 and the holder 13 so
as to be vertically opposed to each other, as shown in
Fig. 5. The pressure jig 14 is moved downward so as to
15 abut the lower end of the pipe 1 against the upper end
of the pipe 2 under a low pressure. In this state, the
ends of the pipes 1 and 2 are heated by the gas burners
16 and 17 so as to melt the solder layers 18 and 19,
respectively, as shown in Fig. 7. If the pressure
20_ acting on the copper pipe 1 in this step is excessively
great, the copper pipe 1 is inserted into the aluminum
pipe 2 when the solder layers 18 and 19 are melted. 1In
this case, a good coupling cannot be obtained.
Therefore, the pressure acting on the pipe 1 is kept
25 very low. When the solder layers 18 and 19 are melted,
the ultrasonic oscillator 15 is driven., At the same

time, the pressure jig 14 is used to strongly urge the



elt the solder layers 18 and 19, respectively, as shown in Fig. 7.
‘pressure 20 - acting on the copper pipe 1 in this step i s excessiVvg

‘obtai ned. Therefore, the pressure acting on the pipe 1 is kept 25

ends of the pipeé 1 and 2 are heated by the gas burners 16 and 17 so ge

great, the copper pipe,1 is inserted into the al um num pi pe 2 when
sol der layerss 18 and 19 are nelted. In this case, a good coupling c¥§

| ow™ \When the sol der | ayers 18 and 19 are nePted, the ultrasonic
oscillator 15 is driven. At the sane tinme, the pressure jig 14 is used to
strongly urge the - 8 - copper pipe 1 dowmmward so as to fit the end of

the copper pipe 1 idappde bhgeemdae&n&lﬂfaaé&fw% PEPE the & ﬁ%‘%"“& Hah Fi g

8.. The anpbunt of downward novenent of the copper pipe 1 I1n this step is set
to be slightly |argepper pipeal iheilenghd énd@fot hehend RindiSfimdlipAgRL &, as
portion 2a of the al um num pipe 2. Then, the copper pipe 1 haV|ng a hlgher
strength than t hat stownhdnaFagi.n8m pripe mowntisefl dawmspahddvemen®WeE the

-portion of the enlarged-dianeter portion 2a of the alum num pipe 2. Wen

the di ameter of 10°°PPFHePéPGn4n&ﬂ1be% SteR &WIWYP e s abddpedagges 1

in this nannerg p are in ti ht c ntact with each other.
“Fur t her nor e, S|nce%Pﬁ5 tﬁﬁeieﬂgﬁﬁeee?f éh?H%p -aRehRR Sorfdrn da 24

Qt the aluninunlplQSe aluminum pipe 2. Then, the copper pipe 1 having a
higher strength than that of the aluminum pipe 2 is used
to expand the lower portion of the enlargedédiameter

\_/ portion 2a of the aluminum pipe 2. When the diameter of

10 the aluminum pipe 2 is enlarged by the copper pipe 1 in
this manner, the two pipes 1 and 2 are in éight contact
with each other. Furthermore, sipce the inner diameter
of the enlargéd—diameter portion éa of the aiuminum pipe
2 is set to be slightly smaller than the.outer diameter

15 of the éopper pipe 1, erosion of the aluminum pipe 2
during solder plating will not increase the clearance
between the pipes 1 and 2. Thus, the ultrasonic
oscillation applied on the copper pipe 1 from the
ultrasonic vibrator 5 is effectively transmitted to the

20 aluminum pipe 2. The ultrasonic oscillation improves

the wetting and plating ability of the solder layers 18
and 19 with the melted solder 7, and allows complete
filling of the clearance between the pipes 1 and 2 with
- the solder 7. Thereafter, application of ultrasaonic

25 oscillation and heating by the gas burners 16 and 17 are

stopped. The solder solidifies by natural cooling. 1In

this manner, the copper pipe 1 and the aluminum pipe 2



s

2 is set to be slightly smaller than the outer dianmeter 15 of .t he copper .
1%, erosion of the al um num pi pe 2 during solder platihg wili not

i nc ea the cl earance between the pipes 1 and 2. Thus, the ultrasonic

oS |I at\ on applied on the copper pipe 1 fromthe ultnasanc vibrator 5 is

ef i‘pvaly transmtted to the 20 al um num pi pe 2. The ultrasonic

osqy eatijon i nproves the wetting and plati-ng ability of the solder |ayers. .
18 d 19 with the nelted solder 7, and allows conplete filling of the %™
cl ear e between the pipes 1 and 2 with the solder 7. Thereafter,
application of ultrasaonic 25 oscillation and heating by the gas burners
16 and 17 are stdpﬁe@@Iﬂﬂd dolggdhegol i di fies by natural cooling. In this
manner, the copper pipe 1 and the al uni_num pi pe 2 - 9 - are wel ded

toget her. As has been Afed@s RegralePer iRefordPNg 1t 8ePREABRESERL thavent i on,

'sol d ted d rt, f d I
Tespectivel y. |5 BFes e”n?feﬁ{né"%%g{’}oﬁia%%ﬁ@er BrRFadonrceBacPPrBITER 98 Sppl i oc
10, the copper ancqidus Wi shR® MRl EmtiGnCBIpRO! LhORSCEl yLipSe, ol pes are

fitted with each other. erefore, e pl pes~can be secure ded with a

. high wel di ngs st r eRatdeg b§l HeR AR y au&@&hlsoﬁheaaaesmaelésﬁpis betyests k)

the two pipes, the anbunt of sol used is snal
the copper and alumlnum pipes whlle the end portions of:

these pipes are fitted with each other. Theggfore, the
pipes can be securely welded with a high welding
strength. Since only a small clearance is kept between \;}
10 ‘the two pipes, the amount of solder used is small. The
solder can also be introduced uniformly in the entire
fitting portion between the two pipes, so leakage of any
fluid flowing through these pipes in an application site
will be prevented. Since a copper pipe having a higher
15 strengtﬁ_is inserted into an aluminum pipe, the inner
diameter of neither pipe will be decreased. The flow of
a fluid through these pipes will not be prevented.
In the embodiment describgd above, an aluminum pipe
is exemplified by one used as a refrigerant pipe of a o/
20 cooling unit in a refrigerator. - However, any aluminum
pipe for other applications may be used. The aluminum
pipe is not limited to a cylindrical pipe but may be a
pipe with an elliptical or rectangular section. One end
of a copper pipe and an aluminum pipe need not be
25 enlarged in diameter nor tapered. Solder for connecting
the two pipes may include any components or have any

composition as long as it is.capable of soldering




sol der can alsolbe introduced uniformy in the entire fitting porti0n

_béetween the two pipes, so | eakage of any fluid flow ng through the¢se_giipes
in-an appli-catjon site will be prevented. Since a copper pipe hayin
hi gher 15 strength.is inserted into an al umi num pi pe, the innek di et er

of neither pipe wll be decreased. The flow of a fluid t hrough thesg pipes
widd not be prevented. In the embodi ment described above, an al um nunTpipe
|§@exenpllf|ed by one used as a refrigerant™ Hﬁbe of ~a 20 cool i ng bait in
a refrigerator. However, any al um num pi pe for other applications nay be
used. The al um num pi pe is not limted to a cylindrical pipe but may be a

pipe with an el Ii pligalogh LESIGHAT SRRIGR «QMindBde0 KiohRPPE! LBl PO

and an al uni num pi pe nee n arged 1n nmeter nor tapered.
Sol der for connectapg hie ﬁé«ouéad)eﬁf%pwildgdeoqa\ércespeaeﬂt§119é have any

conp05|t|on as long as it is capable of 'sol dering -10- al uni hum and
copper. Various techniques known in this art may be used for applying
sol der to each pipe. @~ CLAIMS 1. A nethod of connecting a copper pipe and

~an al um num



pi pe, conprising the steps of: preparing a copper pipe having %n out-er

surf ortion at one end portion thereof, which is coated wth 5

sol d an al um num pi pe having an inner surface portion at,6 one end
por t Nereof, which is coated with sol der: positioning,the copper and
alu I pes so that the said end portions face each other and are

coakxiap: 10 relatively noving the copper and al um num pi pes so that:>-,
abut under a predeterm ned force: heating and nelting the soldékw
applied to the said one end portions of the copper and al um num pi pes while
t he copper and al um num pi pes abut each ot her 1115 app! yi ng .
ultrasonic oscillation to the copper and al um num pi pes while the solder is
mel ted and while said one end portion of the copper pipe is inserted into
said one end portion of the alum num pipe under.a force greater than said

predeterm ned force; and 20 cooling the solder while the copper pipe
Is inserted into the alum num pi pe, thereby connecting the copper and
al um num pi pes. CLAIMS A npethod according to claim1, wherein the sol der

is coated on said one end portion of each of the copper and al um num pi pes
in thin | ayers.

1. A method of connecting a copper pipe and an aluminunm
pipe, comprising the steps of:

preparing a copper pipe having an outer surface -
portion at one end portion thereof, which is coated with \*J

5 solder, and an aluminum pipe having an inner surface
portion at one end portion thereof, which is coated with
solder;

positioning the copper and aluminum pipes so that
the said end portions face each other and are coaxial;

10 relatively moving the copper and aluminum pipes so
that their ends abut undeh a predetermined force:

heating and melting the solder applied to the saiad
one end portions of the copper and aluminum pipes while
the copper and aluminum pipes abut each other;

15 applying ultrasonic oscillation to the copper and
aluminum pipes while the solder is melted and while said
one end portion of the copper pipe is inserted into said
one end portion of the aluminum pipe under a force
greater than said predetermined force; and

20 cooling the solder while the copper pipe is inserted
into the aluminum pipe, thereby connecting the copper

and aluminum pipes.

A




3, A nethed according to claim1 or 2, wherein said one 5 end portipn\ of
_the copper pipe has an outer dianeter which is not smaller than th¢ ipp
. di aneter of- saj,d one end portion of the alum num pipe.. 4. A nethpd

according-to any of clainms 1 to 3. wherein said one end portion of\t

al um num pi-pe has a dianeter 10 | arger than that at the other e

thereof. 5. A nethod according to any of clains 1 to 4, wherein a t al

endof said one end portion of the copper pipe has a tapered portion having

a smaller dianeter toward the opening thereof, and a distal end of said one

end 15 portion of the al um num pi pe has a lapered portion having a

| arger di aneter toward 'the opening thereof. 6. A nethod according to any of

claime 1 to 5. wherein said one end portion of the copper pipe is inserted

into said end portion of the alum num pipe for a distance 20 | onger than

‘the length of sai® ok R&¥hosoaGcorddngt fe glaiPnlim wapreliw the) spdidesd isf

connecting copper_ and al um n pi pes. substantig%v:%‘El s herei nbefore

described with ret23%8ft R FAe OBESRPaRIE RGB! 1 of the CopPpRL ARder
pi pe and an aIunig&gﬁﬁﬂéﬁaﬁqgéghi%rghgﬁngggggg‘by a nethod according to any

of clains 1 to 7. '
3. A method according to claim 1 or 2, wherein said one

5 end portion of the copper pipe has an outer diameter
which is not smaller than the inner diameter of said one
end portion of the aluminum pipe.

4. A method according to any of claims 1 to 3, wherein
said one end portion of the aluminum pipe has a diameter

10 larger than that at the other end thereof.

5. A method according to any of claims 1 to 4, wherein
a distal end of said one end portion of the copper pipe
has a tapered portion having a smaller diameter toward
the opening thereof, and a distal end of said one end

15 portion of the aluminum pipe has a tapered portion
having a larger diameter toward the opening thereof.

6. A method according to any of claims 1 to S, wherein
said one end portion of the copper pipe is inserted into
said end portion of the aluminum pipe for a disténce

20 longer than the length of said one end portion of the
aluminum pipe.

7. A method of connecting copper and aluminum pipes,
substantially as hereinbefore described with reference
to the accompanying drawings.

25 8. A copper pipe and an &luminum pipe which are

connected by a method according to any of claims 1 to 7.

; . [4 L | s * ]



