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¥ Expandi ng Mandrel, Expandi ng Met hod and Expandi ng Appar at us t he
) jexpandi ng mandrel and Heat Exchanger with heat exchangi ng tugié”u %ﬁ&ﬁdecb
>3 by the expanding nethod [Technical Field] The present invention

mainly relates to an expandi ng Wﬁbtj‘on

Expanding Mandrel, Expanding Method and Expahding Apparatus
using the expanding mandrel and Heat Exchanger with heat
exchanging tubes expanded by the expanding method
[Technical Field)

The present invention mainly relates to an expanding mandrel
applying to fabrication of a cross fin coil for use in a heat
exchanger of an air conditioning machine, an expandin§ method and

~ an expanding apparatus both of which employ the expanding mandrel,
and a heat exchanger having heat exchanging tubes expanded by
the expanding method.
[Background Art]

A cross fin coil for use in a heat exchanger of an air
conditioning machine is fabricated by piercing a plurality of
heat exchanging tubes through a plurality of fins and fixing the
tubes to the fins by expanding the tubes.

A mechanical type expanding apparatus is used a

. lot for fabrication of the cross fin coil., A conventional
mechanical type expanding apparatus is shown in Figs. 22_and.23.
Although the conventional expanding apparatus illustrated herein
is of the horizontal type, an expanding process is carried out on
the same principle in a vertical type expanﬁing apparatus as well.

The conventional, mechanical type expanding apparatus (of
horizoﬁtal type) comprises a horizontal bed 1; a movable fréme 4
which makes back-and-forth motion between a pair of front and

rear stationary frames 2, 3 disposed on the bed; and a plurality _
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.~ applying to fabrication of a cross fin coil for use in a heat exchanger of
~an air conditioning machi ne, an expandi ng method and an expandi ng
"apparatus both of which enploy the expanding mandrel, and a heat exchanger
4 havi ng heat exchangi ng tubes expanded by the expandi ng net hod.

[Backgrogngarﬁge]ls 5, . SA £r O8BidH NarOitlorfi@bntifly farahged 1etalaRAYERe Of an
air cofditioni ng machine is fabricated by piercing a plurality of heat

exchangipge iHaes Ebameh2a Bl uaabi tynnéctddnatanshe ivdsag tehas tobeseto the
fins by expandi ng t'he tubes. _
movable frame 4 and  are provided at the leading ends with

expanding heads.

For expansion of tube, a cross fin Qoil W to be expanded is
fixed on the bed 1 in front of the stationary frame 2, first, and
then the movable frame 4 is moved forwardly. The mandrels 5, 5 ...
are then advanced at a time, passing throuéh the stationary frame
2, so that the expanding heads disposed at the leading ends of'

- the mandrels are forcibly inserted into cooling tubés of the -
cross fin coil, 'so as to expand the cooling tubes simultaneously.

This conventional mechanical type expanding apparatus needs
marginal spaces for pulling out the mandrels and increases in'
length. Generally, the conventional type apparatus is required to
have a length fourth times as long as the whole length of the
cross fin coil. Due to this, this conventional mechanical type
expanding apparatus has disadvantage that the apparatus becomes
large in size.

- Besides, since the mandrels cannot be inserted into out-of-
straight, heat exchanging tubes, there is a limitation in that
the cross fin coil of L-shaped type or U-shaped type having heat
exchanging tubes bent as shown in Figs. 24 and 25 cannot be
processed for expansion. Due to this limitation, in the case of
the cross fin coil of the L-shaped type or the U-shaped tybe.
before the cross fin coil undergoes bending process, the tubes
are expanded and fixed to the fins, and then the cross fin coil

is bend-processed.
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.A mechani cal type expanding apparatus is used a lot for

fabrication of the cross fin coil. A conventional nechanical type
expandi ng apparatus is shown in Figs. 22 and 23. Although the conventi onal
rexpandi ng apparatus illustrated herein is of the horizontal type, an

expandi ng pr ocgswevér Ca\iift!heGl:tﬁlét eﬂ?an.&f@n SAFR, pl&h?&é Pl& 4 ndf’auiﬂ:ack' ¢ghy tyPE

expandi ng appar atus as wel he conventi onal, nechani ca
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novabl e frame 4 which makes back-and-forth notion between a palr ront

and rear siddtienaryhis argr ds FidESPOSEOOugdp1e R8da ARck HhiR Wrahit ¥r
'coils. because, in the multipl_e array of coils, inside and
outside coils of which curvature radii are different must be
spaced apért from one another. .

For solving these problems, a hydraulic type expanding
apparatus has been proposed. The hydraulic type expanding
apparatus is practically applied to large-sized cross fin coil

“ having a whole length of more than two meters.

However, where this hydraulic type exéanding apparatus is
applied to the cross fin coil of the L-shaped type or the U-
shaped type, work hardening has developed in the bent portions of
the heat exchanging tubes, so that the bent portions are
insufficiently expanded. Due to this, the heat exchanging tubes
are not sufficiently secured to the fins at their lbent portions,
resulting in performance reduction of around 5 %.

Moreover, since the alternative fluorocarbon is averse to

- water, more than anything else, it is difficult to introduce the
hyd_raulic expanding apparatus for future use. Also. it is
expected that the already-employed hydraulic type expanding
apparatus will have to be replaced with a mechanical type
expanding apparatus.

Hence, development of a small-sized expanding apparaﬁus of
the mechanical type applicable also to the bend-processed cross
fin coil has been awaited.

It is an object of the present invention to provide an
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-2- of mandrels 5, 5 ... which are horizontally arranged between the
stationary franes 2, 3, are connected at the basal ends to the nobvable
frame 4 and are provided at the | eading ends with expandi ng heads.

L4

expanding mandrel which can be used for a mechanical expansion of
tube and can remarkably reduce a length of the apparatus.
It is another object of the present invention to provide an
expanding method and an expanding apparatus which enable to
reduce a length of and expanding dpparatus, in spite of a
mechanical type expanding apparatus, and also readily expand even
an bend-processed cross fin coil, and a heat exchanger having
heat exchanging tubes expanded by the expanding method.
[Disclosure of the Invention]
' An expanding mandrel of the present invention is a flexible
expanding mandrel, comprising a pluraiity of.mandrel pieces which
~are insertable into tubes to be expanded and are so connected to
one another in a row as to bend at the connecting portions, with
an expanding head disposed at the leading gnd thereof.
The flexible mandrel may be of universal type, as shown in
Figs. 1 and 2, in which the plurality of mandrel pieces 11, 11,..
. are formed of short rod-like members, and adjacent mandrel
pieces 11, 11 are so connected to each other as to be flexible.
- Alternatively, the flexible mandr_el may be of rosary type,
as shown in Figs. 12 and 13, in which a plurdlity of mandrel
pieces 11, 11, ... are formed of spherical pieces having
diametrically extending through-holes lla-through which a wire 14
is passed to connect the plurality of mandrel pieces 11, 11
in a row.
In the mandrel 10 of the rosary type, as shown in Fig. 12,
it is preferable that spacers, each of which has at the center a

through-hole 15a for the wire 14 to pass therethrough and at the
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JFor expansion of tube, a cross fin coil Wto be expanded is fixed on the
bed 1 in front of the stationary frane 2, first, and then the novable
frame 4 is noved forwardly. The nmandrels 5, 5 ... are then advanced at a
4ime, passing through the stationary frame 2, so that the expandi ng heads
di sposed at ophesitendindg eplierbéal tdmmtmanidbel $5mr fof athe bdapdradell.edll o
cooling tubes of the <cross fin coil, so as to expand the cooling tubes
si nul taneou®ky in contaey sthenamithi omalsurdabes. cate tiqtenpopaddbetweppartat us
needs marginal spaces for pulling out the nmandrels and increases in

| engt h. Gendfaffent masdephvrifrdesnal. tYbe apparatus is required to

The expanding method of the present invention is that a
lohgitudinal thrusting force is applied to the abovementioned
.flexible mandrel from outside of the tube so as to forcibiy push
the expanding head at the leading end of the mandrel into the
tube.

In the expanding method of the present invention, it is

- preferable to accomodate the flexible mandrel by winding it on a
winding drum.

The expanding apparatus of the present .invention includes
the winding drum for accomodating the flexible. mandrel by winding
it thereon and a mandrel feeding mechanism for applying a
longitudinal thrusting force to the mandrel from outside of the
tube so as to forcibly push the expanding head at the leading end
of the mandrel into the tube.

In the expanding apparatus set forth in Claim 8, there is

- provided a work support on which the cross fin coil to be
expanded is fixedly secured, and an expanding unit equipped with
the winding drum and the mandrel feeding mechanism is
reciprocatingly movable in arrangement directions of the tubes of
the cross fin coil fixedly secured on the work support.

Preferably, the expanding unit is so designéd as to
synchronously operate a plurality of mandrels.

In the expanding apparatus set forth in Claim 9, the

expanding unit employs four mandrels, with feeding 'passages for
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have a length fourth tines as long as the whole length of the cross fin
“coil. Due to this, this conventional nechanical type expanding apparatus
has di sadvant age that the apparatus beconmes large in size. Besi des,
.since the mandrels cannot be inserted into out-of- straight, heat
exchangi ngthaibéeyr t hendrels abéinyg t atranmygedn dthafoud hgpéxerSSof | 8 Adlamond

L- shaped type or U-shaped type having heat exchangi ng tubes bent as shown
in Figs. 2#hapad 25 cannot be processed for expansion. Due to this
limtation, in the case of the cross fin coil of the L-shaped type or the
U-shaped type. Not only is the mandrel feeding mechanism attached to the
winding drum, but the winding drum may function as the mandrel
mechanism. |
In the expanding apparatus set forth.in Claim 10, there is
provided the mandrel feeding mechénism attached to the winding
drum. The feeding mechanism comprises a mandrel guide for guiding
the mandrel linearly; a pair of slideré which make synchronous
.II.' reciprocating motion in the opposite directions along the mandrel
guide by a pair of crank mechanism; and movable hitching pins
which are pfovidgd at the sliders and are movable perpendicularly
to the mandrel guide so as to fit into concaved portions at the
mandrel pieces of the mandrel in the mandrel guide. |
The universal type mandrel, comprising long mandrel pieces
eas? for the concaved portions to be formed therein, is suitable
for the mandrel used with this structured apparatus.
In the expanding apparatus set forth in Claim 12, there are
- | provided (i) a winding drum which has a spiral groove for winding
therealong the mandrel and allows the mandrel wound along the
spiral groove to be fed from a mandrel entrance/exit portion of
the winding drum by the ﬁormal rotation thereof and the mandrel
to be wound along the spiral groove by the reverse rotation
thereof and (ii) a mandr'el guide disposed at the mandrel entrance
/exit portion of the winding drum. The mandrel drum is provided

around its outer peripheral portion with a sheath for covering a

spiral -groove region except the mandrel guide.
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before the cross fin coil undergoes bendi ng process, the tubes are
“expanded and fixed to the fins, and then the cross fin coil is

bend- processed. However, with this expansion work, there is
.a drawback that the fins are subjected to danage at the tine of bending.
1n Preferably, the sheath is supported to be rotatable together

with the wiﬁding drum. Further, the rosary type mandrel
comprising spherical mandrel pieces is suitable for the mandrel
applied to the expanding apparatus mentioned immediately above.
Also, it is prefera_lble that the winding drum is provided
with (i) a stopper engageable with an end portion of an array of
'~ mandrel pieces of the rosary type mandrel wound around the spirai
groove and (ii) a resilient member for pulling an end of the wire
passed through an array of the mandrel pieces to bring the end
llll. portion of the array of the mandrel pieces into resilient contact
with the stopper.

Further, it is preferable that slide bases supporting the
winding drum, the sheath and the mandrel guide are so supported
as to make reciprocating motion in the axial direction of the
winding drum with respect to a basal support and are provided
with a driving mechanism for moving the slide bases forwardly and
backwardly at dertain pitches.

Further, the present invention is characterized by a heat

- exchanger having .heat exchanging tubes expanded by the
abovementioned expanding method.

Next, function and effects of the expanding mandrel having
the abovementioned construction, the expanding methoed and
apparatus using this expanding mandrel, and the heat exchanger
having heat exchanging tubes expanded by the expanding method
will be explained hereinafter.

Firstly, in the case of the expanding mandrel of the present

invention, when a longitudinal thrusting force is applied to the
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addition, this work is difficult to apply to a nmultiple array of coils,

because, in the nultiple array of <coils, inside and outside coils
of which <curvature radii are different nmust be spaced apart from one
anot her. For solving these problens, a hydraulic type expanding.

apparatus  Rasqrdefrom” HY2S YkanprdNeenlY dheddeC of WGt %’ﬁgﬁg‘xﬁjéﬂ%a tubes

apparatus is practically applied to |arge-sized cross fin col
whol e | engt BeoferBEe fihaneding n@{éarﬁhrustzngl'%‘é%r ’zé’mﬁﬁiswihﬁeé‘yqﬁa@hbc

type expandi ng apparatus is applied to the cross fin coil of the L-shaped

type or theekbanding head at the leading end of the mandrel, so that, in
spite of the mandrel having flexibility, the expanding head :|.s
forcibly pushed into the tube to expand it. In addition, the
mandrel can be wound up by virtue of its flexibility. so that
length of the mandrel equipped is reduced. Furthermore, since the
mandrel can pass through bent portions of heat exchanging tubes
which have been bend-processed, it can extend even the cross fin

— coil which has been bend-processed.

Among others, _ the fosary type mandrel, employing the
spherical ma'ndrel pieces, can smoothly bend along curvatureé of
the heat exchanging tube and can readily expand even a tube with
a émall radius of curvature. Thus, it is especially suitable to
an expanding process of the bend-processed cross fin coil. Also,
since a plurality of mandrel pieces are connected in series by
the wire, the expanding head can be readily replaced with another
one having a different diameter.

- In th-.e rosary type mandrel, where the spacers are interposed
between adjacent mandrel pieces, although the respective mandrel
pieces are formed of spherical members. the rgspective mandrel
pieces can be connected in series, with their contacted with each
other on surfaces. This provides the results that partial wears
and tears of the respective pieces are restrained, and the
thrusting force aéplied from outside is efficiently transmitted

to the expanding head to expand the heat exchanging tube having

bent portions efficiently.
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shaped type, work hardeni ng has devel oped in the bent portions of the
%eat exchanging tubes, so that the bent portions are _
insufficiently expanded. Due to this, the heat exchangi ng tubes are not
sufficiently secured to the fins at their bent portions, resulting in

per f or mancerdadiés! i 03iAkear @HAd axpanding MLRBYC! and! NeRet NBxPadLmgat i ve
fluorocarbon is averse to water, nore than anything else, it 1s difficult

to introdpperdti’ drediofulthe mPERARYEDD @R UANGS thlOmanfdblr Cunifdtn Al SO,
it is expected that the already-enpl oyed hydraulic type expandi ng
appar at usxpatdinga\peotesdec e phea Cpsk frindd awiEediai indllubiPe of the heat
exchanging tubes’ processed condition, hardness and the like, and
also accomodation to changeovers to alternative fluorocarbon can
be made without any problem. Moreover, since the mandrel has
flexibility in spite of_the mechanical type, the whole length of
the apparatus can be extensively reduced by taking up the mandrel,
while also the mandrel is applicable to the L-shaped or the U-
~ shaped cross fin coil which has been bend-processed.

In the expanding apparatus set forth in Claim 8, since there
is provided'tbe expanding unit movable in arrangement directions
of tubes of the cross fin coil to be expanded, the heat
exchanging tubes of the .cross fin coil fixedly secured on the
work support can be expanded by unit numbers by intermittently
driving the expanding unit. Therefore, the expanding working can
be carried out effectively. and the expanding unit can be reduced
in size.

. | In the expanding apparatus set forth in Claim. 9, by
selectively using two upper and lower mandrels and two left and
‘right mandrels among four mandrels disposing discharging passages
at four apexes of the diamond shape, several kinds of
hairpin-shaped heat exchanging tubes having straight portions
spaced apart from each other at different intervals can be
expanded. Also, this apparatus' can be readily applied to the
hairpin-shaped heat exchanging tubéé different in arrangement

pattern, by using two mandrels aligned obliquely.
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expandi ng appar at us. Hence, devel opnent of a small-sized expandi ng
apparatus of the nechanical type applicable also to the bend-processed
cross fin coil has been await ed. It is an object of the present
‘Lnvention to provide an

Thus, since this expanding apparatus can accomodate to
several diffgrent kinds of and_ several different arraﬁgement
patters of heat exchanging tubes, a cost of the apparatus can be
reduced and labor required for changeovers can be saved.

The "hairpin~-shaped heat exchanging tube” used here means a
heat exchanging tube bent at thg middle portion in the U-like
shape and comprising a pair of straight portions and a U-shaped
portion. Several different types of the hairpin-shaped heat
exchanging tubes different in the distance between the straight
portions are used. Further, it is the straight portions of the
hairpin-shaped heat exchanging tube that are to be expanded, and

the U-shaped portion thereof, located at the outside of an

outermost £in, is not expanded.

In the expanding apparatus set forth in Claim 10, a hitching
pin at a forwardly-moving slider of the pair of sliders, which
are synchronously moved in the opposife directions, is fitted
into a concaved portion of the mandrel piece, and a hitching pin
at a backwardly-moving slider is disengaged from a mandrel piece,
so that the mandrel can always receive an advancing force from
either of the sliders, so as to continue the advancing movement.
The hitching pins can bé set nof to be brought into engagement
with the mandrel piece, so as to maintain the mandrel in the
stopped condition. |

Thus, the synchronous motion of the pair of the sliders and
the hitching pins provided thereat allows the wound mandrel to be
fed constantly with simply mechanism and facilitates accomodation

to the selective use of mandrels.
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- 4- expandi ng mandrel which can be used for a mechani cal expansion of
tube and can remarkably reduce a |l ength of the apparatus. It is
anot her object of the present invention to provide an expandi ng nethod and

- an expandi ng apparatus which enable to reduce a length of and

expandi ng appkw atbs, edpandspgt eappairatas rsethaportd HUPECKRMMANIZNTthe
apparatus, and also readily expand even an bend-processed cross fin coil,
and a heamaestehiargmmdhaalong theatsrdxehamgbove t ibesoroqrandeddbyErbhie the
expandi ng nethod. (Disclosure of the Invention]
T mandrel guide to the heat exchanging tube by the normal rotation
of the winding drum. Hence, no special feeding mechanism is
required, and the whole construction of the apparatus is

simplified by that amount.
In addition, since the sheath is disposed around the outer
peripheral portion of the winding drum, the mandrel wound along

the spiral groove is prevented from an outward deviatioh at the

- time of feeding the mandrel and a rotative force of the winding

drum is efféctively converted into a feeding force for the
mandrel, thus achieving an effective expansion of tube. |

By the winding drum being reversely rotated. the mandrel
which has finished expanding the tube can be accomodated along
the spiral groove to save space and get ready for the next tube
expanding to improve workability.

Further, by this expanding apparatus being used with the

rosary type. mandrel comprising a plurality of spherical mandrel

- pieces, even the heat exchanging tube bent in L-shape or U-shape

can be readily expanded.

Also, by the sheath being rotated together with the winding
drum, the mandrel can be fed from the winding drum and wound
thereon, with less resistance, so that .ﬁhe winding drum is
rotated with a small loss of driving power, thus providing an
improved operation efficiency.

Further, by the winding drum being provided with a stopper

engageable with the end portion of the array of the mandrel
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An expandi ng mandrel of the present invention is a flexible expanding

mandr el |,

to bend at the connecting portions,

conprising a plurality of mandrel pieces which are insertable
into tubes to be expanded and are so connected to one another in a row as
wi th an expandi ng head di sposed at the

| eading end phee&dfin the rdbsey!

shown in

are forned oénchﬁﬁitfdwidﬁ|€he”@EQ€E5an&ngl@Qéfﬁ%?ﬂf QBﬂﬂgflat{HéHEQSt%ltP%é

are so connected to each other as to be

exl ternatively,

fl exi bl e mandieingraenderPf pLOBAr ¥¢ 1OE respective pieces of. the mandrel can

be eliminated to hold the whole of the mandrel in a tense
condition. This provides a good expanding operation by use of the
expanding head and also allows the mandrel, when passing through
bent portions of the L-shaped or U-shaped heat exchanging tube,
to be smoothly moved while bending in accoidance with the
curvature radii of the bent portions, so as to effectively expand
the cross fin coil having the bent portions.

Further, by the slide base, which supports the winding drum,
the sheath'and the mandrel guide, being forwardly moved in the
axial direction of the winding drum with respect to the basal
support at certain pitches so as to expand the cross fin coil
having a plurality of heat exchanging tubes, the tubes can be
expanded continuously and efficiently to provide an improved
workability. Further, in the heat exchanger having. the heat
exchanging tubes expanded by the aforementioned expanding method,
not only the straight heat exchanging tubes but also the L-shaped
or U-shaped bent tubes can be connected tightly to the fins to
effectively increase the heat exchanging area, so as to achieve a
high-quality heat exchanger.

[Brief Description of the Drawings]
Fig. 1 is a side view showing a portion of a first

embodiﬁent of an expanding mandrel according to the present

invention; Fig. 2 is a partially broken plan view showing one of

mandrel pieces of the mandrel: Fig. 3 is a plan view showing the
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as shown in Figs. 12 and 13, in which a plurality of mandrel pieces 11,

11, ... are forned of spherical pieces having dianetrically
ext endi ng t hrough-hol es 11a through which a wire 14 is passed to connect
the plurality of mandrel pieces 11, 11 ... in a row. I n the mandrel

10 of t hholeSaEynsyisution Sbewnai nfEEgt lehbodihens M3l enable@phhidingspacers,
each of which has at the center a through-hole 15a for the mnre 14 to pass
t her et hrappgitatugl atcéditing to the present invention; Fig. 4 is a side
view of the expanding apparatus thereof; Fig. 5 is a plan view
showing a slider driving section of a mandrel feeding mechanism;
Fig. 6 is a partially broken side view of a mandrel guide of the
mandrel feeding mechanism cut out to show a function of a
hitching pin; Fig. 7 is a front view showing an arrangement of
the mandrels; Fig. 8 is a schematic view showing a construction
of a flaring machine; Fig. 9 is a schematic view of a sleeve of
' the flaring machine as viewed from the front; Fig. 10 is a
diagrammatic sectional view showing.a construction of a tube-end
chuck; Fig. 11 is a partially broken side view showing a second
embodiment of the expanding mandrel according to the present
invention; Fig. . 12 1is a side view showing an operational
condition thereof; Fig. 13 is a partially broken side view
showing a third embodiment of the expanding mandrel accqrding to
the present invention; Fig. 14 is a plan view showing a second
embodiment of the expanding apparatus according to the present
- invention; Fig. 15 is a side view thereof; Fig. 16 is a front
view thereof;. Fig. 17 is an enlarged side view of a portion of an
expanding unit; Fig. 18 is an enlarged front view of the portion
of the expanding unit; Fig. 19 is a front view of a principal
portion including a sectional winding drum and a sectional sheath;
Fig. 20 is a sectional view of only the winding drum taken along
t A-A line of Fig. 19; Fig. 21 is a side view including a
sectional mandrel guide and a sectional chucking mechanism taken

along the B-B line of Fig. 19; Fig. 22 is a plan view of a
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opposi te ends spherical seats 15b, 15b for the mandrel 11, 11 to be in
“contact therewith on surfaces, are interposed between the adjacent mandrel
pi eces 11, 11. The expandi ng nmet hod of the present invention is that a
Jongitudinal thrusting force is applied to the abovenentioned flexible

mandrel feomwentlisnde @kphheitgibapparstud;0 F1y.Ci DAY jBUSH side view the
conventional gxpanding apparatus; Fig. 24 is a perspective view
of a cross fin coil of the L-shaped type; and Fig. 25 ié a
perspective view of a cross fin coil of the U-shaped type.
[Best Mocie For Carrying Out the Invention]

A first embodiment of an expanding mandrel of the present
invention will be explained with reference to Figs. 1 and 2.

A mandrel 10 illustrated herein is 6f the universal type,
comprising a plurality of.mandrel pieces 11 which are formed of

- small-diameter, round rods and are. axially connected. Each
mandrel piece 11 is provided at its one end with a plate-like 'lug
lla. The lug lla is fit into a concaved portion llb formed at the
other end portion of an adjacent .mandrel 11. The mandrel pieces
are connected at the fitting end portions by pins 12
perpendicular to the lug lla so as to pivot in both directions.
Thus, the‘mandrel 10 can freely flex in a plane perpendicular to
the pin 12 to be wound up. Further, Dby consideration of a
dimension of the mandrel piece '11, the mandrel 10 can pass

- through bent portions of heat exchanging tube of a cross fin coil
to be expanded.

As shown in Fig. 1, an expénding head is attached to the
leading end portibn of the mandrel 10. The expanding head has an
outer diameter larger than én inner diameter éf a heat exchanging
tube of the cross fin coil which is infended to be tube-expansion
processed. On the other hand, each mandrel piece 11 has an outer
diameter smaller than the inner diameter of the heat exchanging

tube and is provided at its intermediate portion with concaved
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the expanding head at the |eading end of the mandrel into the tube.
In the expandi ng nethod of the present invention, it is preferable to

acconodate the flexible mandrel by winding it on a w nding drum The
expandi ng apparatus_of the present invention includes the w nding drumfor

acconodat i

rtians| kG i whdShr al hitchdngdipdg. #% widr esplained Lageds els

feedi ng nechani sm for applying a lLongitudinal thrusting force to the

mandrel frdifi95geabte and whdch; gpe Seormad 1at £ouEi siscunfeneneiale posatiions head

at the | eadép%hgngandrel piece.

A plurality of mandrels 10 of this universal type are
inserted into the heat exchanging tubes of the cross fin coil
simultaneously or orderl?. The expanding heads 13 at the leading
ends of the mandrels are forcibly pushed into the tubes, so as to
expand the tubes and fix them to the fins. |

Each mandrel 10 can freely flex in a plane perpendicular to
the pin 12 to be wound up, so that large space for pulliﬁg'out
the mandrel is not necessary and the whole 1length of the
apparatus cah be remarkably reduced. The mandrel is directly
inserted into the tube from the wound state by applying an axial
force thereto from outside of the tube. Further, it can pass
through the bent portion of the bend-processed heat exchanging
tube also, so that it is applicable to the cross fin coil which
hés been bend-processed.

Next, a first embodiment of an expanding apparatus employing
the aforementioned mandrel will be discussed with reference to
Figs. 3 and 4.

The expanding apparatus illustrated herein is provided with
a work support 30 on which the cross f£in coil 20 to be expanded
is fixed horizontally and an expanding unit 40 disposed at one
end side of the work support 30.

The work support 30 includes a horizontal stationary support
31 and a plurality of movable supports 32 arranged on the

stationary support 31. The movable supports 32 are guided by
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.of the mandrel into the tube. In the expandi ng apparatus set forth in
Claim8, there is provided a work support on which the cross fin coil to
be expanded. is fixedly secured, and an expanding unit equipped with the
"wi nding drum and the mandrel feeding nechanism is reci procati ngly

novabl e EDr€f r UIRIEEH3 dnHeQkkORSved metwb@ﬁdmmshhalﬁé@a%ﬂ‘ g &8k

fixedly secured on the work support. Pref erably, th expan | ng
unit iSstabiomiy $UeHorfiS31.t OThé YATHN O Nfiide)d Berai\éegal@éd”w | da6onk
mandr el s. In the expandi ng apparatus set forth in Claim9, the

guides 34 and are moved in the longitudinal direction of the
station'ary support 31. Thus, the movable supports 32 can move
both in the widthwise direction and in the longitudinal direction
of the stationary support 31, to be adjusted in position, in
accordance with a dimension of the cross fin coil 20, so as to
support fins of the cross fin coil 20 over a wide range, evading
tube supporting plates thereof.

Further, on the stationary support 31 there'aré provided a
positioning plate 35 and clamping plates 36, 37. The positioning
plate 35 is movable in the longitudinal direction of the
stationary support 31 to set the cross f£in coil 20 in a suitable
position on the stationary support 31 with reference to the one
end thereof. One of the clampiﬁg plates 36 is fixedly secured to
one side margin of the stationary support 31. The other clamping
plate 37 which is opposed to the one clamping plate 36 is movable
in the widthwise direction of the stationary support 31 to secure
- the positioned cross fin co"il 20 between the clamping plates 36,
37. The cross fin coil 20 is secured, with the heat exchanging
tubes being longitudinally aligned with the stationary support 31
and opening portions of the heat exchanging tubes facing one
longitudinal end of the stationary support 3l.

On one longitudinal side of the stationary support 31, there
are provided an expandiﬁg unit 40 and a driving mechanism 50
therefor. The driving mechanism 50 includes guides 51, 51 and a

screw 52 which are arranged widthwise of the stationary support
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expandi ng unit enploys four nmandrels, with feeding passages for
° -6- the four mandrel s being arranged at four apexes of a dianond shape.
Not only is the mandrel feeding mechanism attached to the w nding drum
- but the winding drummay function as the nandrel
31, and drives the expanding unit 40 linearly in the widthwise
direction of the stationary support 31 by rotation of the screw
52 driven by a motor'53. Further, the expanding unit 40 is driven
up and down and back and forth by means of a mechanism which is
not shown.
The expahding unit 40 employs four mandrels 10 of the
universal type. The expanding unit 40 is provided at its rear
portion with four winding drums ‘41' for winding the mandrels 10
individually. The winding drums 41 ‘are driven individually by
- motors 42. The four mandrels 10 wound on the four drums 41 are
fed forward one by one or by plurals simultaneously by a mandrel
feeding mechanism 43 mounted to the drums 41.

One example of the mandrel feeding mechanism is shown in
Figs. 5 through 7.

The mandrel feeding mechanism 43 illustrated herein is
disposed in front of the drums 41 shown in Fig. 3 and includés,
as shown in Fig. 5, a tubular mandrel guide 43a for guiding each
mandrel 10 of the universal type, a pair of sliders 43b, 43b
- arranged along the mandrel guide 43a, and a pair of gears 43c,
43¢ for driv'ing the sliders 43b, 43b.

The mandrel guide 43a is provided with a pair of opening
portions 43f, 43f spaced apart from each other. |

The gears 43c, 43c, meshing with each other, are rotated in
the opposite directions synchronously by a common driving source.
Crank arms 43d, 43d are connected at one end portions thereof to

the gears 43¢, 43c at the eccentric locations and at the other

end portions thereof to the sliders 43b, 43b. When the gears 43c,
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. mechani sm In the expandi ng apparatus set forth in Claim210, there is
provi ded the mandrel feeding nechanismattached to the winding drum The
f eedi ng nechani sm conpri ses a nandrel guide for guiding the mandrel
-linearly; a pair of sliders which make synchronous reciprocating notion in
the opposi43e direecdtared alrorhet bepoaitl edirgitidaspytite pdiidens 43HNke3b

mechani sm and novabl e hitching pins which are provided at the sliders and
are novablarepargrdpdbcatindly movedhelmetity ebpppsite drastiand ialdmyt cthe
concaved portions at the mandrel pieces of the mandrel in the mandrel
gui de. mandrel guide 43a. In other words, when one slider 43b is
ad&anced. the other slider 43b is retreated, and vice versa, i.e.,
when the other slider 43 is advanced, the one slider 43b is
retreated.

As shown in Fig. 6, the sliders 43b, 43b are equipped with
hitching pins 43e, 43e respectively. The hitching pins 43e., 43e
are reciprocatingly driven in the direction perpendicular to the

- mandrel guide 43a. The pins are brought closer to the mandrel
guide 43a when the sliders 43b, 43b are advanced._ while they are
moved away from the mandrel guide 43a when the sliders 43b, 43b
are retreated. With the hitching pins 43e, 43e brought closer to
the mandrel guide 43a, their leading ends are inserted into guide
portions through opening portions 43f, 43f formed in the mandrel

~guide 43a to be engaged to the concaved portions llc of the
mandrel pieces 1l of the mandrel 10 in the guide.

Thus, when the one slider 43b is advanced, the hitching pin

- 43e engages with the mandrel 10 to feed it forwardly, while, when
- the dne slider 43b is retreated, the other slider 43b is advanced
so that the mandrel 10 can be fed further forwardly by the other

slider 43b. | |

Thus, the mandrel 10 is fed forwards constantly by the
reciprocating motion of the sliders 43b, 43b in the opposite
directions and the accessing and separating motion of the

hitching pins 43¢, 43¢ synchronizing with the reciprocating

motion of the sliders. Travel of the sliders 43b, 43b is set to
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_ The universal type mandrel, conprising |ong mandrel pieces easy for the
concaved portions to be forned therein, is suitable for the mandrel used
with this structured apparatus. In the expandi ng apparatus set forth

-in Caim1l12, there are provided (i) a w nding drumwhich has a spiral

groove f dre whedsage adiesrad ohrddralMaQitslleaand anl Anseivel wtueeh weaind
along the spiral groove to be fed froma mandrel entrance/exit portion of
t he wi ndigrpcdredn [portienaor bid, ratlati of tther enéndeel t 6. Mol elopehinge
wound al ong the spiral groove by the reverse rotation thereof and (ii) a
mandr el RArdacds spifsedtft arkemadedelsldntr domger than the travel of the

sliders 43b, 43b.

In thé embodiment mentioned above, four mandrels 10 of the
universal type are used and so four mandrel guides are used
correspondingly. These four mandrel guides 43a are arranged in
such a manner that the mandrels 10 fed from the mandrel guides
43a are located at four apexes of a diamond shape, as shown in

- Fig. 7. A distance L1 between the left and right mandrels 10, 10
is set 25.4 mm, and a distance L2 between the upper and lower
mandrels 10, 10 is set 44.0 mm.

A pair of sliders 43b, 43b are assembled.to each of the four
mandrel guides 43a. The. four pairs of sliders 43b, 43b are
synchronously driven by the aforementioned gears 43¢, 43¢ used as
a common power source. In the four pairs of sliders 43b, 435,
when the hitching pins 43e, 43e at the pairs of sliders 43b, 43b
are operated in synchronization with the movements of the sliders

- 43b, 43b, as mentioned above, the four méndrels 10 are fed
synchronously. On the other hand, when the hitching pins 43e, 43¢
of any pair of the sliders 43b, 43b are kept apart from the
mandrel guide 43a, a mandrel 10 corresponding to the pair of the
sliders 43b, 43b is kept in the stopped condition. Thereforé. the
four mandrels 10 can be selectively used for expanding heat
exchanging tubes of ﬁhree different kinds and five different
patterns.

Specifically, one of the three kinds of applicable heat
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/exit portion of the w nding drum .The mandrel drumis provided around its
outer peripheral portion with a sheath for covering a spiral -groove
regi on except the mandrel guide. -~ Preferably, the sheath is
. supported to be rotatabl e together
exchanging tubes is hairpin-shaped heat exchanging tube having
straight tubg portions spaced apart by 25.4 mm; another one is
hairpin-shaped heat exchanging tube having straight tube portions
spaced apart by 44.0 mm; and still another one is.straight heat
exchanging tube. Further, the £first kind of hairpin-shaped_heat
exchanging tube has three different patterns, one of which is
that the straight tube portions are connected to fins, with a
plane passing through the centers of the straight tube portions
running horizontally; two others of which are that the straight
- tube portions are connected to the fins, with the plane passing
through the cehteré of the straight tube portions being slanted
in the samé direction at Han angle 60°, 120° with respect to
horizontal plane. The second kind of hairpin-shaped heat
exchanging tube has one pattern which is that the straight tube
portions are connected to the f£fins, with the plane passing
through the centers of the straight tube portions being running
vertically. Further, thefe is still one pattern which is that the
heat exchanging tubes are straight. Thus, there are five patterns
. in total.

The heat exchanging tubes of these three different kinds and
five different patters can be expanded by selective use of the
mandrels. The reason therefor is: that since the distance L1
between the left and right mandrels 10, 10 is 25.4 mm, these two
mandrels 10, 10 can be used for expansion of the first kind of
heat exchanging tube of the horizontal pattern; that since the
distances Ll between the upper and the right, the upper and the

left, the lower and _the_ right, and the 1lower and the left
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MWth the wnding drum Further, the rosary type mnmandrel conprising
spherical mandrel pieces is suitable for the mandrel applied to the
“expandi ng apparatus nentioned i nmedi ately above. . Also, it is
preferable that the winding drumis provided wth (i) a stopper engageabl e

with an enghde@lki oro,of 16N &fe ay166 s@BRNLlg PhRCeThel dgpr’ OSRd Y rhiy nfr
mandrel wound around the spiral groove and (||) a resilient nmenber for

pul ling afakitd1ef bhethér BowdtdSard ldptongRaprdl Al IRY 19 dahe parndeg! £pk eces
to bring the end portion of the array of the mandrel pieces into resilient
contact ewdamstihe sfopper first kind of heat exchanging tube of the 6¢°
slanted pattern; that the upper and left mandrels, or the lower
and right mandrels 10, 10 can be used for expansion of the first
kind of heat exchanging tubes of the 120° slanted pattern; that
since the distance L2 between the upper and lower mandreis 10, 10
is 44.0 mm, these two mandrels 10, 10 can be used for expahsion
of the second kind of heat exchanging tube of the wvertical
— | pattern; and that any one of the mandrels 10 can be used for
expansion of the straight heat exchanging tube.

Figs. 8,' 9 and 10 show a structural example.of a flaring
machine and a tube-end clamp equipped at the expanding unit.

The expanding unit 40 is reciprocatingly moved leftward and
rightward along an edge of the stationary support 31 on one end
side. A flaring machine 60 is mounted on one side of the
expanding unit 40 (the front in the advancing direction) and has
sleeve 61 divided in the peripheral direction, as shown in Fig. 9.

- The sleeve 61 has an inner surféce of a tapered surface which
expands gradually toward the rear end, as shown in Fig. 8. A head
62 is inserted’into the sleeve from the rear. An outer surface of
the head 62 is tapered correspondingly to the inner surface of
sleeve 61. Accordingly, when the head 62 is inserted into the
sleeve 61 from the rear, the sleeve 61 is expanded and develops
from a state illustrated in the right £figure into a state
illustrated in the left figurg in Fig. 9.

The flaring machine 60, egquipped with two sleeves having the
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_Further, it is preferable that slide bases supporting the w nding drum
“the sheath and the mandrel guide are so supported as to make reciprocating
notion in the axial direction of the w nding drumwi th respect to a basal
~-support and are provided wth a driving mechanismfor noving the slide
bases f or vaballemeatitondinckomsttuetabneerin@eptPi tthldestwe sledusst hid, okbér
present invention is characterized by a heat exchanger having heat
exchangi nginttaubesolimxpamtied from the clEmiegenti smedsexpandrvyidet had.
Next, function and effects of the expanding mandrel having

secondary flaring process and a tertiary flaring process to the

end portions of the tubes prior to the cross fin coil fixed on

the stationary support 31 being tube-expansion processed. Fig. 10

shows the end portions of the cooling tubes which have undergone

the secondary flaring process and the tertiary flaring process.

The reference numeral 21 designates the heat exchanging tube, 2la

a'flaring-processed portion, and 21b a tertiary-flaring processed

portion.

Tube-end chucks 44 are respectively disposed at the front of
the four mandrel guides 43a of the expanding unit 40. Each tube
end chuck 44 has a pair of upper and lower pawls 44a, 44a which
are formed by bisecting. a cylindrical member along a plane
running through its center, as shown in Fig. 10. The pawls 44a,
44a have, on  the outer surfaces at the intermediate portions,
tapered portions 44b, 44b expanding gradually toward the leading
ends. A ring 44c is fitted onto the pawls 44a, 44a. The ring 44c

- is advanced axially along the outside of the tapered portions 44b,
44b to close the pawls 44a, 44a, so as to chuck the end portion
of the heat exchanging tﬁbe 21 which has undergone the secondary
flaring process and tertiary flaring process. In order to prevent
the chucked end portion of the tube from escaping, projections
44d, 44d are formed on inner surfaces of the pawls 44a, 44a at
the leading end portions. With the end portions of the tubes
being held by the tube end chucks, the expanding unit 40 provides

the tube expan51on process (prlmary flaring process) to the heat
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the abovenentioned construction, the expanding method and apparatus
“using this expandi ng mandrel, and the heat exchanger having heat
exchangi ng tubes expanded by the expanding method will be explained
-hereinafter. Firstly, in the case of the expanding mandrel of the
present eXchapgingtubssen a | ongitudinal thrusting force is applied to the
Next, expanding steps will be explained hereinafter.
(1) The movable support 32 and the positioning plate 35 of the
work support 30 are adjusted in position in accordance with a .
size of the cross fin coil to be expanded. The chss fin coil 20
is placed on the movable support 32, with the opening portions of
the heat exchangiﬁg tubes of the cross fin coil 20 facing the
expanding unit 40, and is fixed by clamping plates 36, 37.
(2) The expanding unit 40 is guided to an initial position where
— the flaring machine 60 confronts an end portion of a first heat
exchanging tube of the cross fin coil 20. The secondary flaring
process and the tertiary flaring process are provided to the end
portion of the fifst heat ekchanging tube by the flaring machine
60.
(3) The expanding unit 40 is driven laterally (forward in the
advancing direction) by one pitch so as to bring the flaring
machine 60 into confrontation with an end portion of a ‘second
heat exchanging tube. The secondary flaring process and the
. tertiary flaring process are provided to the end portion of the
second heat exchanging tube by the flaring machine 60.
(4) The tube-end fléring process keeps on applying to the heat
exchanging tubes. When the center of the first heat exchanging
tube which has undergone the tube-end flaring process coincides
with the center of the mandrel guide 43a of the expanding unit 40,
the end portion of the first heat exchanging tube is held by the

tube end chuck 44 disposed at the front of the mandrel guide 43a.

It is noted that the expanding unit 40 and the flaring machine 60
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- 8- mandrel from for exanple, the outside of heat exchangi ng tubes of
-cross fin coil, the thrusting force is transmtted to the expanding head
at the leading end of the mandrel, so that, in spite of the mandrel having
Jlexibility, the expanding head is forcibly pushed into the tube to expand
it. In addide @djusbed imnpdseticAnsich WwhatdtHe &ypandingeunit 40 stbpxidglity,.
so that Iength of the mandrel equipped is reduced. Furthernore, since the
mandr el can gresisibhrehepe thet cpotér s tife heat exchmmgdnggtibdeninchded have
been bend-processed, it can extend even the cross fin

with the center of the mandrel guide 43a.

(5) Under the condition that the tube end portion of the first

heat exchanging tube is chucked{ the gears 43c, 43¢ are rotated.

By the reciprocating motion of the sliders 43b, 43b caused by the

rotation of the gears and the accessing and separating motion of

the hitching pins 43¢, 43e synchronized with the reciprocating

motion of the sliders, the mandrels 10 of the universal type are
- fed forward from the winding drums 41 to be inserted into the

heat exchanging tubes. This causes the expanding heads 13

disposed at the leading ends of the mandrels 10 to be forcibly

pushed into the tube, so as to expand the tubes and fixedly

secure them to the £fins. Af this time, the tube-end process is

being provided to a heat heat exchanging tube located in front of

the flaring machine 60 by the flaring machine 60.

(6) After completion of the expansion of'heat exchanging tubes,

the winding drums 41 are driven by the motors 42 in the direction
' of the mandrels being wound up, and the mandrels 10 are pulled

out of the heat exchanging tubes and are wound on the winding

drums 4l1. The four mandrels 10 may be used selectively in

accordance with shape and arrangement pattern of heat exchanging

tubes, so as to carry out the expansion of tube in five different

ways, as mentioned above.

(7) Hereafter, whenever the expanding unit 40 is driven by one

pitch, the flaring process and the expanding process to the heat

exchanging tubes are carried out simultaneously and coincidently.
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coi |l which has been bend- processed. Anong others, the rosary type
mandrel, enploying the spherical nmandrel pieces, can snoothly bend al ong
curvatures of the heat exchangi ng tube and can readily expand even a tube
Wth a small radius of curvature. Thus, it is especially suitable to an

expandi ngAfrex eshe of £ 1did ngenpeqeasese6d Hya@SSeddiang@ing. AL, has$i Begnd
plurality of mandrel pieces are connected in series by the wre, the

expandi ngcomeEidtedn hher aadiandingpbaceskav 1 ppovivyd €er&mtinidga ndiff er ent
di aneter. In thé rosary type mandrel, where the spacers are
| nt er poseeixchanging tubes, so that the expanding process to cross fin coil

are completed.

Although the universary type mandrels 10 are fed by the
pairs of sliders 43b, 43b, in the aforementioned embodiment,
means for feediﬁg the mandrels is not limited to the sliders.
Other feeding means may be used, e.g., a feeding structure in
which external threads are formed on external surfaces of the

- mandrels 10 of the universal type and nut members are threadingly
engageable with the external threads so that the nut members can
be rotated to feed the mandrels. |

Further, although four universal type mandrels 10 are

. employed by the mandrel feeding mechanism 43, in the
abovementioned embodiment, the number of the mandrels is not
questionéd. For example, the mandrels may be inserted into the
heat exchanging tubes of the cross fin coil one by one or may be
inserted at a time into all heat exchanging tubes.

- Where the four mandrels 10 are arranged at the apexes of the
diamond shape, such become applicable to more kinds of heat
exchanging tubes, by mechanically adjusting a distance between
the upper and the lower mandrels or a distance between the left
and right mandrels.

| Next,. a second embodiment of the expanding mandrel of the
present invention will be explained with reference to Fig. 11.
The mandrels 10 illustrated herein are of the rosary type

eaqg____g_ggnprising a plurality of mandrel pieces 11, 11, ... of
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bet ween adj acent mandrel pieces, although the respective mandrel pieces
are formed of spherical nenbers, the respective mandrel pieces can be
connected in series, with their contacted with each other on surfaces.
This provides the resul ts that partial wears and "tears of the
respect i steepibadds cemmectedstinaanag toabfle drdtthetrhrDiné ind@dtel oicaieB| i ed

fromoutside is efficiently transmtted to the expanding head to expand
the heat exehawyting taulddalabviicpllyerixtpodingnstieddughi doléylld passing
through the center thereof, are connected in a row by a flexible
wire 14 passing through the through holes 11d4. A sphericai
expanding head 13 is connected to the leading mandrel piece 11 at
the leading end side, and spacers 15 are interposed between
adjacent mandrel pieces 11, 1l1.
The expanding head 13 has a larger diameter than an inner
- diameter of the heat exchanging tube of the cross fin coil to Be
— expanded and is connected to the leading end of the wire 14. Also.
the diameter of the mandrel piece 11 is set to be smaller than
the inner didmeter of the heat exchanging tube. Each spacer 15 is
formed of a gylinder having an even smaller diameter than that of
the mandrel piece 11 and has at the center a through hole 15a for
the wire to pass therethrough. Also, the spacer 15 has, on tﬁe
opposite end surfaces, spherical seats 15b, 15b to contact with
the mandrel pieces 11, 1l on surfaces.

This rosary type mandrel 10 not only has flexibility but
' also bends more smoothly. Further, it can easily get a smaller
radius of curvature than the universal type mandrel. Accordingly,.
the rosary type mandrel is especially suitable to the expanding
process to the cross fin coil of the L-shaped type or the U- _
shaped type.

The spacers 15 interposed between adjacent mandrel pieces 11,

11 restrain partial wears of the mandrel pieces 11, 11 ....
Instead of the spacers 15, spherical seats lle may be formed in

the mandrel pieces 11, as in a third embodiment shown in Fig. 13.
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Further, since the expanding nethod and the expanding apparatus are
=of the nmechanical type using the mandrel, uniform expanding process can be
performed without influence of the heat exchangi ng tubes' processed
ccondition, hardness and the |like, and also acconodation to changeovers to

alternative fRext,ocax basecoad beofadehe t BRpandinyg prappheatudbredvethe Si nce
the nmandrel has -

present invemf.ion will be explained with reference to Figs. 14
through 21.

The expanding apparatus illustrated herein is for performing ’
the tube expanding process to the cross fin coil 20 of the L-
shaped type or the U-shaped type by usiﬁg the aforementioned
rosary type mandrels 10. A Dbasic structure of this expanding
apparatus, as shown in Figs. 14 through 16, comprises a work
support 30 for supporting and f£ixing the éross fin coil 20 and an

- expanding unit 40 disposed on one end side of the work support 30;
as the same as in the first embodiment. Elements having the same
construction ‘as those of the first embodiments are designated by
the same reference numerals. |

The work support 30 is so structured as to move the cross
fin coil 20 horizontally by a plurality of balls 38 arranged on
surfaces of horizontal fixing supports 31 and also position the
crosé fin coil 20 at a processing position via a .positioning
plate 35 disposed at the one end portion thereof.

- The cross fin coil 20 used is of the L-shaped type or the U-
shaped type as mentioned above. In the L-shaped type cross fin
coil illustrated in PFig. 24, the straight tube portions of the
hairpin-shaped heat exchanging tube 21 are bent at a right angle
at the intermediate portions. In the U-shaped cross fin coil
illustrated in Fig. 25, the straight portions of the hairpin-
shaped heat exchanging tubes are bent at a right angle at two
locations at the intermediate portions. Any type of the cross fin

coil 20 is positioned on the work support 30, with the opening
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flexibility in spite of the nechanical type, the whole length of the
apparatus can be extensively reduced by taking up the mandrel, while also
the mandrel is applicable to the L-shaped or the U- shaped cross fin coil
whi ch has been bend- processed. In the expandi ng apparatus set forth
in C ai en8s of nthet htraighits tpbevipdeticns ofk ptrali hepturtixchangiald etubes
arrangenent directions of tubes of the cross fin coil to be expanded, the
heat efafiéngi nget ®ivds siidet ef ctbes wbrk coipboft x84} y Thec wrediiog teind  wor k
support can be expanded by unit numbers by intermittently driving the
expandi BT EHIRS afereyamped Pﬁeaeﬁp&ﬁdpﬁgc%sﬁk$n§9cah9 attached to an

elevator 73, which is explained later, and the other end portions
are fixedly secured by a fixing mechanism 39 disposed at the
other end portion of the work support 30.

The fixing mechanism 39 has a movable carriage 39b which is
moved in the longitudinal direction of the work support 30 under
guidance of guides 39a. A'fixing plate 39c for fixing the other
' end portion of the L-shaped type cross fin ceil 20 by a pushing
force is mounted to a front surface of the movable carriage 39
at the lower end.

An elevatory beam 39d which moves up and down along the
movable carriage 39b is arranged above the fixing plate 39c. A
pair of chucks 3%e, 39e are mounted on a lower surface of the
elevatory beam 39d. The chucks 3%e, 39e serve to hold the other
end portion of the U-shaped type cross f£in coil 20. A Vérﬁical
position of the chucks is adjusted by moving up and down the
' elevatory beam 39d, and a distance between the chucks is adjusted
by moving dne chuck laterally along the lower surface of the
elevatory beam 39d. |

The expanding .unit 40 disposed on one side of the work
support 30 is driven triaxially by a driving mechanism 70. The
driving mechanism 70 is provided with a fixing support 71 and an
elevatory base 73 which is movable up and down under guidance of
vertical guides 72a, 72a mounted on the front surface of the

support 71. The elevatory base 73 is moved up and down by
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_be carried out effectively, and the expanding unit can be reduced in size.
“In the expandi ng apparatus set forth in Claim?9, by
and lower nmandrels and two | eft and right mandrel s anong four
-.mandrel s di sposing di schargi ng passages at four apexes of the dianond
rotations ofverpair ldifndertidcal hedrewisn7Saaptih ixdverxiohanguotgrt ubes
havi ng strai ght portions spaced apart from each other at different
i nt er val 24a ceownted texghendéding\ supporti Flapparat us can be readily applied

upper

shape,

to the

hai r pi n- shaped heat exchangi ng tubes different in arrangenent
Slide bases 76a, 76a are arranged one above the other on the

elevatory base 73, as shown in Figs. 17 and 18. The lower slide
base 76a is moved (laterally) on the elevatory base 73 in the
longitudinal direction (in the widthwise direction of the work
support 30), under guidance of horizontal_'guides 72b, 72b, by the
rotation of a horizontal screw 75b driven by a motor 74b mounted
to an end portion of the elevatory base 73. The upper slide base
76b is moved back and forth on the lower slide base 76a, under
the guidance of horizontal guides 72¢, 72c¢, by linear motors 74c,
74c arranged’ at botb sides, as shown in Fig. 18. The expanding
unit 40 is disposed on the upper slide base 76b. Thus, the
expanding unit 40 can be driven  triaxially by the vertical
movement of the elevatory base 73 and the lateral movement and
the back-and-forth movement of the slide bases 76a, 76a.

The ekpanding uhit 40 includes a Qinding drum 41 which
doubles as a mandrel feeding mechanism in the first embodiment.
As shown in Fig. 19, the winding drum 41 is provided around its
outer peripheral portion with a sheath 41b concentrically

assembled to the winding drum 41. The winding drum 41 is so

'supborted by a horizontal spline shaft 41c as to be axially

movable. The spline shaft 4lc is rotatably supported by bearings
414, 414 at the opposite ends and is rotationally driven by
rotation of a motor 42 mounted on the winding drum 41 being
transmitted thereto via pulleys 42a, 42a and a bélt 42b, as shown

in Fig. 18. The winding drum 41 is rotated synchromously with the
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pattern, by using two mandrels aligned obliquely.

~ 10 -0 Thus, since this expandi ng apparatus can acconpdate to several
different kinds of and several different arrangenent patters of heat

. exchangi ng tubes, a cost of the apparatus can be reduced and | abor
required teotati@nN@EOLRE SsElAmebehasy eflic. '

Two spira_il grooves 4le, 4le of U-shape in cross section, in
which the mandrels 10 of the abovementioned rosary type engage,
are formed in paralle_l on the outer peripheral surface of the
winding drum. The two mandrels 10, 10 are spirally positioned
from one ends to the other ends by the spiral grooves 4le, 4le on
the outer peripheral surface of the winding drum 41 and are
spirally wound and accomodated along ﬁhe grooves. As shown in Fig.

20, each spiral groove 4le is provided at its one end.pox:tion

— with a stopper 41f engageable with the last mandrel piece 1l of
the plurality of mandrel pieces of the mandrel 10. A rear end
portion of the wire is, as shown in Fig. 20, guided into the
winding drum 41 through a guide roller 4l1g, and is fastened to a
wire end fitting 41i. Between the wire end fitting 41i and a
fixture 41m fixed to the drum 41, there is interposed a resilient
member 4l1h of a coil spring for pulling the rear _end portion of
the row of the mandrel pieces to bring it into resilient contact
with the stopper 41f.

' On the other .hand, the leading end portions of the mandrels
10 are drawn out downwards from the other end portions of the
spiral grooves 4le through a vertical, tubular, tandem typé
mandrel guide 45, as shown in Fig. 21. The mandrel guide 45.is
disposed at the mandrel entrance/exit portion of the winding drum
41 and is fixed on the slide base 76b.

The sheath 41b serves to hold the mandrels 10, 10. wound on
the winding drum 41 from theloutside and is disposed around the

outer peripheral portion of the winding drum 41, forming a gap
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The "hairpi n-shaped heat exchangi ng tube' used here neans a heat

~ exchangi ng tube bent at the mddle portion in the U like shape and
conprising a pair of straight portions and a U shaped portion. Several
,different types of the hairpin-shaped heat exchanging tubes different in
t he di st &herebhetwesan fde stcupayity @brthenmaadeelisedD, FUOt heilsojt the t he
straight portions of the hairpin-shaped heat exchanging tube that are to
be expandbdatiandilb titse subpsitegrbdit [tbet bppositiecreads, by | mextiods 413, t41g
outside of an outernost fin, is not expanded. I n the expanding
appar at usasét isoFeratabl@ diogetler awith cthegrinding drum 41. A lead 41k

is provided at the other end portion of the sheath 41b (mandrel-
pulling-out side) at the frame side of the expanding unit 40. The
lead 41k is formed of a rotatable steel ball. It is located on
the other end portion of an internal cylinder 4la and is in
engagement with the other end poftion of the spiral grobve 4le.

When the winding drum 41 rotates; the spiral groove 4le is

- led by the_lead 41k and the winding drum 41 moves axially along
| the spline shaft 4lc, while rotating. The pitch of the drum 41
moving spirally is the same as that of the mandrels 10, 10 being
wound on the drum 41. Thus, the two mandrels 10, 10 wound on the
winding drum 41 are moved to other end side or to the mandrel
entrance/exit side at which the mandrel guide 45 is located; by
rotation of the drum 41, and thereby they are pushed by the
stoppers 41f and also are restrained from deviating outwardly_by
the sheath 4lb, so as to be pushed downwards out of the

- stationary, tandem type mandrel guide 45.

Under the Stationary tandem type mandrel guide 45, a tandem
type tube-end chuck 44 is disposed vertically. via an extendable
mandrel guide 46, as shown in Fig. 21. The tube-end chuck 44 is
mounted on a lower surface of a support plate 47 movable up and
down and is elevatipgly driven by a cylinder 48 (Figs. 17, 18).
The tube-end chuck 44 has basically the same structure asl the
aforementioned tube-end chuck provided at the expanding apparatus

(Fig. 10) and operates to chuck a flaring processed end portion
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pin at a forwardly-nmoving slider of the pair of sliders, which are

“synchronously noved in the opposite directions, is fitted into a concaved

portion of the mandrel piece, and a hitching pin at a backwardly-noving

Slider

i s di sengaged froma nmandre

t he advanci ng novenent. The hitching pins can be set not to be brought
i nto engagepatnt ofvigdwlishd4apntitelopphedeby e a3pringsaidet ai n t he nmandr el

the stopped condition. Thus, the synchronous notion of the pair of
the sliders and8 tandem type flaring machine 60 for flaring the end

’ . * e _

portions of the heat exchanging tube 21 is disposed at the

lateral side of the tube-end chuck 44 or at the front in the

movement direction of the slide bases 76a, 76a, as shown in Figs,
16 and 18; so as to perform the flaring process, prior to the
expanding process. The flariﬁg machine 60 has basically the same
structure as the aforementioned flaring machine disposed at the
expanding apparatus (Figs. 8, 9).

Next, expanding steps using the expanding apparatus of the
second embodiment will be explained.

The cross fin coil 20 to be expanded is fixedly secured on
the work support 30. Then, the expanding unit 40 is moved to
provide the flaring process to the end portions of the heat
exchanging tubes 21 by twos from one end by use of the flaring
machine 60, and also provides the expanding process to the
flaring processed expanding tubes 21 by twos by use of the
expanding unit 40. The basic operation is substantially.the same
as that of the aforemehtioned expanding apparatus 'of the first
embodiment, except an operation for inserting mandrels 10, 10
which will be explained hereinafter; |

When the tandem type tube-end chuck 44 is situated above the
respective end portions of the two heat exchanging tubes 21, 21,
the tube end portions are fixed bs} the tube-end chuck 44. At this

time, the two mandrels 10, 10 are still in the wound state on the

winding drum 41.
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&

the hitching pins provided thereat allows the wound mandrel to be fed

constantly with sinply nechanismand facilitates acconodati on
sel ective use of mandrels.
In the expanding apparatus set forth in Cdaim 12, the

to the
_11_

After the end portions of the two heat exchanglng tubes 21,

21 are fixed by the chuck 44, the motor 42 is started to rotate

the spline shaft 4lc. The winding drixm 41 is thus moved

axially,

while rotating, toward the other end side (or toward the mandrel

guide). As a result, the two mandrels 10, 10 wound around the

outer peripheral surface of the winding drum 41 are pushed by the

stopper 41f and are pushed out downward in order from the mandrel

guide 45 disposed at the other end portion of the winding drum 41.

Thereupon, the sheath 41lb prevents outward deviations of the two

— mandrels 10, 10 wound on the winding drum 41, so as to transmit a

thrusting force applied to the last mandrel pieces 11 to the

expanding heads 13 without loss.

The entrance/exit portion, via which the mandrels 10, 10 is

pushed out downwards from a space between the winding drum 41 and

the sheath 41b, changes in position due to its axial

movement

associated with the rotation of the winding drum 41, while the

two mandrels 10, 10 are pushed out of the entrance/exit portion

into the heat exchanging tubes 21, 21, passing through the

—' stationary tandem-type mandrel guide 45, the extendable tandem-

type mandrel guide 46 and the tandem-type tube-end chuck 41. Thus,

the heat exchanging tubes 21 are expanded at the same
in a short time and are fixedly secured to the fins.

The two mandrels 10, 10 of the rosary type can bend

time and

smoothly

with a small radium of curvature, and so they can pass through

_ bend portions of the heat exchanging tubes 21, 21 smoothly.

Therefore, whether the cross fin coil 20 is of the L-shaped type

or the U-shaped type, the expanding process can be performed
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mandrel wound al ong the spiral groove is forcibly fed fromthe mandrel
" guide to the heat exchanging tube by the normal rotation of the w nding
drum Hence, no special feeding nechanism is required, and the whole
.construction of the.apparatus is sinplified by that anount. In

addi ti on,witiiooe tdry Shestilemi s Whenposrd msimdtedst M0 OBy, ey PR@s@l 1 portion
of the winding drum the mandrel wound along the spiral groove is .
pr event edldrgrim, anbwtit whid deadiation ain t Dength neaaf Beedcogmédwresnnsy el and
arotative force of the winding drumis effectively converted into a
f eedi ng fspmimosoAlh hat the winding drum 41.

When the mandrels 10, 10 inserted into the heat exchanging
tubes 21, 21 reach the ends of the straight tube portions thereof,
the motor 42 is reversely rotated. Due to this, the winding drum
41 is returned to the initial position, while rotating reversely,
so that the two mandrels 10, 10 are wound again along the spiral
grooves 4le of the winding drum 41, for storage. Then, the tube-

— end chuck 44 is moved up with being opened to expand the next two
heat exchanging tubes 21, 21 and then the expanding unit 40 is
moved by a stroke corresponding to the distance between the heat
exchanging tubes.

The slide bases 76a, 76b of the expanding unit 40 are
advanced at established pitches in the axial direction of the
winding drum 41 with respect to the elevatory support 73, so that
the plurality of heat exchanging tubes 21 are expanded, as shown
in Figs. 24 and 25, with good efficiency, thus providing improved

- workability.

Although it is preferable that the sheath 41b is rotatable
together wi.th the winding drum 41 in the abovementioned second
embodiment, the sheath 41b may be fixed.

Further, the axial movement of the winding drum 41 may be
provided by albowl screw shaft, instead of the spline shaft 4ic.

Further, although the expanding unit 40 employs two mandrels
10, 10 in this embodiment, it may be so structured as to have

four mandrels 10 which are activated simultaneously in the same
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_mandrel, thus achieving an effective expansion of tube. By the w nding
drum being reversely rotated, the mandrel which has finished expanding the
tube can be acconodated along the spiral groove to save space and get
«ready for the next tube expanding to inprove workability.- Further, by
t hi s expant@nigraggaint §be bafoxenerddonpd hexgandingsapyaxats wdndhel first
conprising a plurality of spherical mandrel pieces, even the heat
exchangi ngemRAsdmeBht Wybf? nushepoHthe nandrelscuaedeis awdi Limisesanded.

Al so, by the sheath being rotated together with the w nding
{Industrial Applicability)

The expanding mandrei; the expanding method and the
expanding apparatus both using the expanding mandrel according to
the present invention are mainiy applied to expansion of heat
~ exchanging tubes of a cross fin coil of an air conditioning
machine, while also they can be widely applied to expansion of
metal tubes, such as a copper tube, for connection with another

- metal plate or metal tube, especially, serving a useful function

to expansion of metal tubes having bent portions.
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drum the mandrel can be fed fromthe w nding drumand wound thereon,

“with less resistance, so that the w nding "d'r'um"'"i s- rotated with a

smal | 1 oss of driving power, thus providing an eration
- efficiency. Further, by the wi nding drum bel n %@”&ﬂmﬂ”ﬂ,ﬂ st opper

engageable with the end portlon of Cheimgray of thes

1. A flexible expanding mandrel comprising a plurality of
mandrel pieces (11, 11, ...) to be inserted into a tube to be
expanded, séid mandrel pieces being connected in a row in such a
manner as to be bendahle at their connecting portions and have at
the leadilng end thereof an expanding head (13).

2. An eipanding mandrel as set forth in Claim 1, wherein the

plurality of mandrel pieces (11, 11, ...) are formed of short rod-

- like members and adjacent mandrel pieces (11, 1l1) are bendably

connected to each other.
3. An expahding mandrel as set forth in Claim 1, wherein the
plurality of mandrel pieces (11, 11, ...) are formed of séherical
members having diametrically extending through-holes (11d) formed
therein and are connected in a row by a wire (14) passed through
the through-holes (11d).
4. An expanding mandrel as set fortﬁ in Claim 3, wherein
between adjacent mandrel pieces (11, 1l) there are interposed
- spacers (15) each having at the center a through-hole (l15a)
through which the wire (l14) pass and at its opposite ends
- spherical seats (15b, 15b) with which the mandrel pieces (11, 11)
make surface contact.
5. An extending method comprising a step for forcibly inserting
the leadiﬁg expanding head (13) ath the leading end into the tube
By applying a thrusting force from outside of the tube to said
mandrel (10) set forth in any one of Claims 1 through 4.

6. An expanding method as set forth in Claim 5, wherein the

This Sheet Has Been Replaced
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L -12- pieces in the rosary type mandrel; a f|x n for f|X|ng t he
end portion of the wire; and a resilient nenber qu u" Xi ng
nmenber, plays of the respective pieces of the nan I| nated to

- hold the whole of the mandrel in a tense condltlon ThIS provi des a good
expandi mandgel a{1®n isy wosed odn tehevindipantkurg (Wdhd ford askewoddtions t he
mandrel, when passing through bent portions of the L-shaped or U shaped
heat exchangi&® expandingoappasatont hisingo\tde wandrebetid)ngeitn facthr tiance
with the curvature radii of the bent portions, so as to effectively expand

any one of Claims 1 through 4 for expansion of tube, said
expanding apparatus comprising a winding drum (41) for winding
thereon the mandrel (10), for accomodation, and a mandrel feeding
mechanism (43) for applying a longitudinal thrusting force to the
mandrel (10) to forcibly insert the expanding head (13) at the
leading end of the mandrel (10) into the tube.

8. An expanding apparatus at set forth in Claim 7, wherein

— there is provided a work support (30) on which a cross fin coil

(20) to be expanded is fixedly secured. and an expanding unit (40)
equipped with the winding drum (41) and the mandrel feeding
mechanism (43) is arranged to be reciprocatingly movable in
arrangement directions of .the tubes of the cross fin coil (20)
fixedly secured on the work support (30).

9. An expanding apparatus as set forth in Claim 8, wherein said
expanding unit (40) employs four mandrels - (10), and feeding
passages for the four mandrels (10) are arranged at four apexes

- of a diamond figure.

- 10, An expanding apparatus as set forth in any one of Claims 7
through 9, wherein the mandrel feeding mechanism (43) is attachéd
to the winding drum (41) and comprises a mandrel guide (43a) for
guiding the mandrel (10) linearly; a pair of sliders (43b, 43b)
which make synchronous reciprocating motion in the opposite
directions along the mandrel guide (43a) by a pair of crank

mechanisms; and movable hitching pins (43e, 43e) which are

provided at the sliders (43b, 43b) and are movable

eplaced
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the cross fin coil having the bent portlon by the slide

* base, which supports the wi nding drum il“l“al*l %[H H"r&mmandrel gui de,
being forwardly noved in the axial directien o en Wwndi*ng drum with

. respect to the basal support at certain pitches so as to expand the cross

fin coil pdipénaficardyly atd t ¥nef mEﬁéi-ePXSBf‘@g' 4344085, akhad upss E‘?‘%’. lity.

expanded continuously and efficiently to provide an I nproved wor
Further, dondabedhpeitionehangey dpvineg mtaharbﬁaélec%ﬁchilﬂgl &8 thidPRangrpanded

by the aforenentloned expandi ng nethod, not only the straight heat

exchangi ngMuheastieitmandsel t eide rappd
11. An expanding apparatus as set forth in Claim 10, wherein thé‘
mandrel (10) is the expanding mandrel as set forth in Claim 2.
12. An expanding apparatus using the mandrel (10) set forth in
.any one of Claims 1 through 4 for expansion of tube, said
expanding apparatus comprises (i) a winding drum (41) which has a
spiral groove (4le) for winding therealong the mandrel (10) and

- allows the mandrel (10) wourid along the spiral groove (4le) to be
fed from a mandrel entrance/exit portion of the winding drum by
‘the normal rotation thereof and allows the mandrel (10) to 59
wound along the spiral groove (4le) by the reversal rotation
thereof and (ii) a mandrel guide (45) disposed at the mandrel
entrance/exit portion of the winding drum (41), the winding'drum
(41) being provided around its outer peripheral portion with a
sheath (41b) for covering a spiral-groove region excépt the
mandrel entrance/exit portion.

- 13. An expanding apparatus as set forth in Claim 12, wherein the
sheath (41b) is so supported as to rotate together with the
winding drum (41).
14. An expanding apparatus as set forth in Claim 12 or 13,
wherein said mandrel (10) is the expanding mandrel as set forth
in Claim 3 or 4.
15. An expanding apparatus as set forth in Claim 12 or 13,
wherein the mandrel (10) which is the expanding mandrel as set

forth in Claim 3 or 4 is used for expansion of tubse, and wherein
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. or U-shaped bent tubes can be connected t s to effectively

" increase the heat exchanging area, so as ﬂ"'ﬂ}qukmmﬁlhm -quality heat
exchanger. [Brief Description of the Draw*ngs]| ¢ is a side view

- showing a portion of a first enbodinment of an expanding mandrel accordi ng

to the pheseaiiindihgViFunoni4hi gis2 ;soqugar tidhl YDy olgenstpparvi @ysghow ng
one of nmandrel pieces of the mandrel; Fig. 3 is a plan view show ng the
engageable with an end portion of an array of the mandrel pieces
(11) of the mandrel (10) wound along the spiral groove and (ii) a |
resilient member (41h) for pulling an end of a wire (l4) passed
through the mandrel piéces (11) to bring the end portion of the
array of the mandrel pieces into resilient contact witb the
stopper (41f).
16. An expanding apparatus as set forth in any one of claims 12
thrqugh 15 cbmprising (i) slide bases (76a, 76b) which support
- the winding drum (41), the sheath (41b) and the mandrel guide (45)
‘are so supported as to make reciprocating motion in the axial
direction of ' the winding drum (41) with respect to a basal
support (73), and (ii) a driving mechanism (70) for moving the
slide bases (76a, 76a) forwardly at established pitches.
17. A heat exchanger having heat exchanging tubes. énd fins,
characterized by that it has the heat exchanging tubes that are
expanded by the expanding method as set forth in any one of

Claims 5 and 6.

cet Has Been Replaced

T

THIS SHEET HAS BEEN
-39 - REPLACED

e Vs O




whol e constitution of a first enbodinent of an expanding apparatus
according to the present invention; Fig. 4 is a side view of the expanding
apparatus thereof; Fig. 5is a plan view showing a slider driving section
of a mandrel feeding mechanism Fig. 6 is a partially broken side view of
a mandrel guide of the nmandrel feégisﬁgaﬁ%chani smcut out to show a
function of a

An expanding mandrel (10) used mainly for expanding heat
exchanging tubes (21) of a cross fin coil (20) of an air
conditioning machine, so as to connect them to fins of the cross
fin coil. The expanding mandrel has flexibilty, comprising a
plurality of mandrel pieces(ll) which are bandably connected in a
row; with an expanding head (13) disposed at the leading end. By
an expanding method and an expanding apparatus both using the
— mandrel (10), the mandrel (10) is wound on the winding drum (41);
is fed from the winding drum (41l) so as to be inserted into the
heat exchanging tube (21) of the cross fin coil so as to be
expanded at the time of tube expansion; and is retracted from the
heat exchanging tube (21), after completion of the expanding, so
as to be wound on the winding drum f41). This provides a
decreased size of the apparatus and allows even an expansion of a

~ heat exchanging tube which has been bend-prdcessed.
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Jhitching pin; Fig. 7 is a front view showi ng an arrangenent of the
“mandrel s; '

Fig. 8 is a schematic view showing a construction of a flaring
machine; Fig. 9 is a schematic view of a sleeve of the flaring nmachine as

~iewed fromthe front; Fig. 10 is a diagrammatic sectional view show ng a
construction of a tube-end chuck; Fig.

11 is-a partially broken side view
showi ng a second enbodi nent of the expandi ng nmandrel according to the
present invention; Fig. 12 is a side view showing an operational
condition thereof; Fig. 13 is

a partially broken side view
showi ng a third enbodi nent of the expandi ng mandrel according to

=G

- lla | e b
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TR 99710268 PCT/IP94/01014
the present invention, Fig. 14 is a plan view showi ng a second enbodi nent
of the expandi ng apparatus according to the present invention; Fig. 15 is
a side viewthereof; Fig. 16 is a front viewthereof; Fig. 17 is an
enl arged side view of a portion of an expanding unit; Fig. 18 is an
enlarged front view-of the portion of the expanding unit; Fig. 19 is a
front view of a principal portion including a sectional w nding drumand a
sectional sheath; Fig. 20 is a sectional view of only the w nding drum
taken along t A-Aline of Fig. 19; Fig. 21 is a side view
including a sectional mandrel guide and a sectional chucking nmechani sm
t aken
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WO 95/00268 PCY/J191/01014
along the B-B line of Fig. 19; Fig. 22 is a plan view of a
- 14 - conventional expanding apparatus; Fig. 23 is a side viewthe
conventional expandi ng apparatus; Fig. 24 is a perspective view of a cross
sfin coil of the L-shaped type; and Fig. 25 is a perspectlve view of a
cross fin coil of the U shaped type.

FIG 4
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. [Best Mdde For Carrying Qut the Inventlon] A first enbodi nent of an
“ expandi ng mandrel of the present invention will be explained with
reference to Figs. 1 and 2. A mandrel 10 illustrated herein is of the

. universal type, conprising a plurality of mandrel pieces 11 which are
formed of small-dianmeter, round rods and are axially connected.
Each nmandrel piece 11 is provided at its one end with a plate-like |ug
1la. The lug Ila is fit into a concaved portion 11b forned at the other
end portion of an adjacgnt mandrel 11. The mandrel pieces are connected
at the fitting end QBrtions by pins 12
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WO 95/00268 PCI/IP940ING
_perpendicular to the lug 1la so as to pivot in both directions. Thus, the
"mandrel 10 can freely flex in a plane perpendicular to the pin 12 to be
wound .up. Further, by consideration of a dinmension of the nandrel
iece 11, the nmandrel 10 can pass through bent portions of heat
exchangi ng tube of a cross fin coil to be expanded. As shown in Fig.
1, an expanding head is attached to the | eadi ng end portion of the
mandrel 10. The expandi ng head has an outer diameter larger than an inner
di aneter of a heat exchangi ng tube of the cross fin coil which is

I ntended to be tube-expansion
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-processed. On the other hand, each mandrel piece 11 has an gﬁ¥g?m“m8¥%neter
smal l er than the inner dianeter of the heat exchanging tube and is
provided at its internediate portion with concaved

- 15 - portions 11c to which a hitching pin, as will explained later, is

FIG7 43bﬂ 10

FIGI0 s

4 40
{2/////;/; /////%
: ////ﬁ/_{{{{?/g’i wwa

 ‘This Sheet Has Been Replaced el

T o e i

6/18

THIS SHEET HAS BEEN
REPLACED




. PCT/JP3</01014

engageabl e and which are fornmed at four circunferencial positions of the
mandr el pi ece. A plurality of mandrels 10 of this universal type are
inserted into the heat exchangi ng tubes of the cross fin coi

= sinmultaneously or orderly. The expanding heads 13 at the |eading ends of
the mandrels are forcibly pushed into the tubes, so as to expand the tubes
and fix themto the fins. Each mandr el n freely flex in a plane
perpendi cular to the pin 12 to be wound ug;?FQZZh t] | arge space for
pulling out the mandrel is not necessary d't ole length of the
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apparatus can be remarkably reduced. The mandr el

the tube fromthe wound state by applying an axi al

out si de of the tube.
bend- processed heat exchangi ng

cross fin coil

whi ch

Furt her,

it can pass

t ube al so,
has been bend- processed.
enbodi nent of an expandi ng appar atus enpl oyi ng

t hr ough
so t hat

PCJyYadnigls

is directly
force thereto from

inserted into

cable to the

ijft portion of the
aQp
NEL g'##?st

t he af orenenti oned nandr el

T

fﬁ

will be discussed with r o Figs. 3, and 4, THEmexp [ ng
apparatus illustrated heggﬂr1 S &rbvided W th fﬁv ELK//égﬂﬁ
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-a work support 30 on which the cross fin coil 20 to be expanded is fixed
"horizontally and an expanding unit 40 disposed at one end side of the work
support 30. The work support 30 includes a horizontal stationary
=support 31 and a plurality of novable supporis 32 arranged on the
stationary support 31. The novabl e supports éi are gui ded by
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first guides 33 and are noved in the widthw se direction of the stationary
“support 31. The first guides 33 are guided by second guides 34 and are
noved in the longitudinal direction of the stationary support 31. Thus,

<t he novabl e supports 32 can nove both in the widthwi se direction and in
the longitudinal direction of the stationary support 31, to be adjusted in
position, in accordance with a dinension of the cross fin coil 20, so as
to support fins of the cross fin coil 20 over a wi de range, evading
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~tube supporting plates thereof. Further, on the stationary support 31
“there are provided a positioning plate 35 and cl anping plates 36, 37. The
positioning plate 35 is novable in the longitudinal direction of the
=stationary support 31 to set the cross fin coil 20 in a suitable position
on the stationary support 31 with reference to e end thereof. One of
the clanmping plates 36 is fixedly secured,t 4::1 ﬁgh! gin of the
stationary support 31. The ot her clanplngz'tht i s opposed to the
one clanmping plate 36 is novgit he 4SEhwise direction of the

stationary support 31 to securg
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the positioned cross fin coil 20 between the clanping plates 36, 37. The
- cross fin coil 20 is secured, with the heat exchanging tubes being
| ongitudinally aligned with the stati onary su rt 31 and opening portions
. of the heat exchanging tubes facing one T@I end of the stationary
support 31. On one 40Ongi t udi naI ,s | onary support 31,
there are provided an expandi ng un|t and a driving nechani sm 50
therefor. The driving nmeghani sm 50 |an udes guides 51, 51 and a screw 52
whi ch argZemr anged wi-at hwi se of the stationary support
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-17- 31, and drives the expanding unit 40 linearly in the w dthw se
-direction of the stationary support 31 by rotation of the screw 52 driven
by a notor 53. Further, the expanding unit 40 is driven up and down and

. back and forth by means of a mechanismwhich is not shown. The

expanding unit 40 enploys four mandrels 10 of the
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~universal type. The expanding unit 40 is provided at its rear portion with
“four winding druns 41 for winding the mandrels 10 individually. The

wi ndi ng druns 41 are driven individually by notors 42. The four mandrels
+10 wound on the four drunms 41 are fed forward one by one or by plurals

si mul t aneously by a mandrel feeding nmechanism 43 nmounted to the druns 41.
One exanple of the mandrel feeding nmechanismis shown in Figs. 5 through
7. The mandrel feeding mechanism43 illustrated herein is disposed in
front of the drunms 41 shown in Fig. 3 and includes,
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as shown in Fig. 5 a tubular mandrel guide 43a for guiding each nmandrel
10 of the universal type, a pair of sliders 43b, 43b arranged along the
mandrel guide 43a, and a pair of gears 43c, 43c for driving the sliders
43b, 43b. The mandrel guide 43a is provided with a pair of opening
portions 43f, 43f spaced apart from each ot her. The gears 43c, 43c,
meshing W th each other, are rotated in the opposite{di Ions
synchronously by a conmmon driving source. Crag@aa ns i;% d are
connected at one end portions thereof to the rs 43c, 43c at the
eccentric locations and at the other

41b

R\ 41

10
Ny / \
%5
73
%
%o
;
458 —— 76b
zo |
};jb
f T ’
l ‘cé |
§g§ 47
NOYIVET— 4,4,
. E L )
\ei7 4éc
bha—Y 44a
| 2]
N
Cplaced
//II/I///III/////I/I//II/
15/18 | RIS SHEET sins .
REPLACED .

m



—— e werEPRF T T T PCT/JP34,01014

end portions thereof to the sliders 43b, 43b. Vhen t he gears 43c,
- 18- 43c are rotated in the opposite directions, the sliders 43b, 43b
are reciprocatingly noved in the opposite di rections al ong the mandrel

guide 43a. In other words, when one slider 43b is
f _ |
ae—— m
N AT
| T i et e <

FG22

e
1

H

5 5

HTHED TR d
N
B e e — 1)
L:[E‘Lr TR ‘.-!'J-—D
N ST T
-4 -
it
=
1 Ml |
I S | —
|
|
V'J 11"1
U} &

s Sheet Has Been Replaced 16/18
1 s SHEET HAS BEEN 1

T

m




CoTnmeTsy yareesow - PCT/JF94/n1014

. advanced, the other slider 43b is retreated, and vice versa, i. e., when

““the other slider 43 is advanced, the one slider 43b is retreated. As
shown in Fig. 6, the sliders 43b, 43b are equipped with hitching pins 43e,

- 43e respectively. The hitching pins 43e, 43e are reciprocatingly driven in
the direction perpendicular to the mandrel guide 43a. The pins are brought
closer to the mandrel guide 43a when the sliders 43b, 43b are advanced,
while they are noved away fromthe mandrel guide 43a when the sliders 43b,
43b are retreated. Wth the hitching pins 43e, 43e brought closer to
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~the mandrel guide 43a, their |leading ends are inserted into guide portions
t hrough opening portions 43f, 43f formed in the mandrel guide 43a to be

. engaged to the concaved portions 11c of the nandrel pieces 11 of the

=~ mandrel 10 in the guide. Thus, when the one slider 43b is advanced,
the hitching pin 43e engages with the mandrel 10 to feed it forwardly,
while, when the one slider 43b is retreated, the other slider 43b is
advanced so that the mandrel 10 can be fed further forwardly by the other
slider 43b. Thus, the mandrel 10 |sted[§ormards constantly by the

Wi
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"reciprocating notion of the sliders 43b, 43b in the opposit [Trectons
and the accessing and separating notion of the hitching -pi nggﬁ@EMENHGﬁﬁEET

-synchronizing with the reciprocating notion of the slidér$. Travel of
the sliders 43b, 43b is set to 1 3 10CT 1996
Description

Expanding Mandrel, Expanding Method and Expanding Apparatus
using the expanding mandrel and Heat Exchanger with heat
exchanging tubes expanded by the expanding method
(Technical Field]

The present invention mainly relates to an expanding mandrel
applying to fabrication of a cross fin coil for use in a heat
éxchanger of an air conditioning machine, an expanding method and
an expanding apparatus both of which employ the expanding mandrel,

and a heat exchanger having heat exchanging tubes expanded by
the expanding method.
(Background Art]

A cross fin coil for use in a heat exchanger of an air
conditioning machine is fabricated by piercing a plurality of
heat exchanging tubes through a plurality of fins and fixing the
tubes to the fins by expanding the tubes.

A mechanical type expanding apparatus is used a
lot for fabrication of the c¢ross fin coil. A conventional
mechanical type expanding apparatus is shown in.Figs. 22 and 23.
Although the conventional expanding apparatus illustrated herein
is of the horizontal type, an expanding process is carried out on
the same principle in a vertical type expanding apparatus as well.

The conventional, mechanical type expanding apparatus (of
horizontal type) comprises a horizontal bed 1; a movable frame 4
which makes back-and-forth motion between a pair of front and

rear stationary frames 2, 3 dispcsed on the bed; and a plurality



be the sane as or a integral nultiple of an interval bet

portions 1lc, 11c of the mandrel 10. The opening portion
-made by slits longer than the travel of the sliders 43b,
enbodi nent nenti oned above, four mandrels 10 of the wunivs
used and so four mandrel guides are used correspondingly.
mandrel guides 43a are arranged in —sdcihr a manner that the

SREPIRCENERT CohERd
gi 3tB6T '33@& "

hese four
nandrels 10 fed

—
=] 0

fromthe mandrel guides 43a are |ocated at four apexes of

a _dianond shape.

as shown inge FigarrsAsdi §tancelsLnbgtuer 108 dastl 20ddsbNbe R ghe 10

10

stationary frames 2, 3, are connected at the basal ends to the
movable frame 4 and ,Zare provided at the leading ends with
expanding heads.

%or expansion of tube, a cross fin coil W to be expanded is
fixed on the bed 1 in front of the stationary frame 2, first, and
then the movable frame 4 is moved forwardly. The mandrels 5, 5 ...
are then advanced at a time, passing through the stationary frame
2, so that the expanding heads disposed at the leading ends of
the mandrels are forcibly inserted into cooling tubes of the
cross fin coil, so as to expand the cooling tubes simultaneously.

This conventional mechanical type expanding apparatus needs
marginal spaces for pulling out the mandrels and increases in
length. Generally, the conventional type apparatus is required to
have a length fourth times as long as the whole length of the
cross fin coil. Due to this, this conventional mechanical type
expanding apparatus has disadvahtage that - the apparatus becomes
large in size.

Besides, since the mandrels cannot be inserted into out-of-
straight, heat exchanging tubes, there is a limitation in that
the cross fin coil of L-shaped type or U-shaped type having heat
exchanging tubes bent as shown in Figs. 24 and 25 cannot be
processed for expansion. Due to this limitation, in the case of"
the cross fin coil of the L-shaped type or the U-shaped type.
before the c¢ross fin coil undergoes bending process, the tubes
are expanded and fixed to the fins, and then the cross fin coil

is bend-processed.



Is set 25.4 mm and a distance L2 between the upper and | o rREmeENEM SL‘@ZE‘
10 is set 44.0 mm A pair of sliders 43b, 43b are asse "T1
-the four mandrel guides 43a. The four pairs of sliders 43b, 4 b.a {§CW'W96

synchronously driven by the aforenmentioned gears 43c, 43c usgd a® conmon
power source. In the four pairs of sliders 43b, 43b, when thelhi
pi ns 43e, 43e at the pairs of inder343b, 43b are operated
synchroni zation with the novenents of the sliders 43b, 43b,

mentioned - aboygyeyifle w;t‘ﬂurtha.gaggéﬁ‘lsionlgor)@r echdred 1sSYNERLARS lkhat On the
ot her hand, when the 'hitching pins 43e, 43

the fins are subjected to damage at the time of bending. In

addition, this work is difficult to apply to a multiple array of
coils, because, 'in the multiple array of coils, inside and
outside coils of which curvature radii are different must be
spaced apart from one another.

For solving these problems, a hydraulic type expanding
apparatus has been proposed. The hydraulic type expanding
apparatus is practically appiied fo large-sized cross fin coil
having a whole length of more than two meters.

However, where this hydraulic type expanding apparatus is
applied to the cross fin coil of the L-shaped type or the U-
shaped type. work hardening has developed in the bent portions of
the heat exchanging tubes, so that the bent portions are
insufficiently expanded. Due to this, the heat exchanging tubes
are not sufficiently secured to the fins at their bent portions,
resulting in performance reduction of around 5 %.

Moreover, since the alternative fluorocarbon is averse to
water, more than anything else, it is difficult to introduce the
hydraulic expanding apparatus for future use. Also, it is
expected that the already-employed hydraulic type expanding
apparatus will have to be replaced with a mechanical type
expanding apparatus.

Hence, development of a small-sized expanding apparatus of
the mechanical type applicable also to the bend-processed cross
fin coil has been awaited.

It is an object of the present invention to provide an



of any pair of the sliders 43b, 43b are kept apart from the—pareret—
gui de 43a, a mandrel 10 corresponding to the pair of the sli déiEPLAQB\H‘?@3b__ 3
i-s kept in the stopped condition. Therefore, the four nmandre}sfT0o can be '
sel ectively used for expandi ng heat exchangi ng tubes of threg i fj IR 996 |
kinds and five different patterns. Specifically, one ot the three Ji
ki nds of applicabl e heat - 4 -
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expanding mandrel whidh can be used for a mechanical expansion of
tube and can remarkably reduce a length of the apparatus.

It is another object of the present invention to provide an
expanding method and an expanding apparatus which enable to
reduce a length of and expanding dpparatus, in spite of a
mechanical type expanding apparatus, and also readily expand even
an bend-processed cross fin coil, and a heat exchanger having
heat exchanging tubes expanded by the expanding method.

[Disclosure of the Invention]

An expanding mandrel of the present invention is a flexible
expanding mandrel, comprising a plurality of mandrel pieces which
are insertable into tubes to be expanded and are so connected to
one another in a row as to bend at the connecting portions, 'with
an expanding head disposed at the leadidg gnd thereof.

The flexible mandrel may be of universal type, as shown in
Figs. 1 and 2, in which the plurality of mandrel pieces 11, 11,..

are formed of short rod-like members, and adjacent mandrel
pieces 11, 11 are so connected to each other as to be flexible.

Alternatively., the fle_xible mandrel may be of rosary type,
as shown in Figs. 12 and 13, in which a plurality of mandrel
pieces 11, 11, ... are formed of spherical pieces having
diametrically extending through—hole; 1la through which a wire 14
is passed to connect the plurality of mandrel pieces 11, 11
in a row.

In the mandrel 10 of the rosary type, as shown in Fig. 12,
it is preferable that spacers, each of which has at the center a

through-hole 15a for the wire 14 to pass therethrough and at the



éxchanging tubes is hairpin-shaped heat exchangi ng tube having__straight

tube portions spaced apart by 25.4 nm another one is hair)iﬁEPUﬂﬁH@?Mﬁ%@EET
exchangi ng tube having strai ght tube portions spaced apart
' anot her one is straight heat exchanging tube. Furthef,
ki nd of hairpin-shaped heat exchanging tube has three diffeér
one of which is that the straight tdbe portions are connecje

L1 ad e

to fins,

with a plane passing through the centers of the straight tfibe portions

opposite ends spherical seats 15b, 15b for the mandrel 11, 11 to
be in contact therewith on surfaces, are interposed between the
adjacent mandrel pieces 11, 11.

The expanding method of the present invention is that a
longitudinal thrusting force is applied to the abovementioned
flexible mandrel from outside of the tube so as to forcibiy push
the expanding head at the leading end of the mandrel into the
tube.

In the expanding method of the present invention, it is
preferable to accomodate the flexible mandrel by winding it on a
winding drum.

The expanding apparatus of the present .invention includes
the winding drum for accomodating the flexible mahdrél by winding
it thereon and a mandrel feeding mechanism for applying a
longitudinal thrusting force to the mandrel from outside of the
tube so as to forcibly push the expanding hgad at the leading end
of the mandrel into the tube.

In the expanding apparatus set forth in Claim 8, there is
provided a work support on which the cross £fin coil to be
expanded is fixedly secured, and an expanding uniﬁ equipped with
the winding drum and the mandrel feeding mechanism is
reciprocatingly movable in arrangement directions of the tubes of
the cross f£in coil fixedly secured on the work support.

Preferably, the expanding unit is so designed as to
synchronously operate a plurality of mandrels.

In the expanding apparatus set forth in Claim 9, the

expanding unit employs four mandrels, with feeding passages for



“runni ng horizontally; two others of which are that the strapght——it-tbe-—-

portions are connected to the fins, with the plane passing tRﬁRﬁA@Eﬂ‘u"iE’R‘i*ef‘i—

-centers of the straight tube portions being slanted in the}s

at an angle 60[err], 120[err] wth respect to horizonta pISaE@CT;H%

second kind of hairpin-shaped heat . exchanging tube has}ohe "pattern

which is that the straight tube portlo%s are connected to {h MYV

the plane passing through the centers of the straight tubejportions being

running vertically. Further, there is still on attern whi

heat exchandifg WEe?aégﬁeﬁra?’d}ﬁ agganged; il ‘ﬁf‘:e $9%ESp &ttt e ndiamond
shape.

Nol only is the mandrel feeding mechanism attached to the
winding drum, but the winding drum may function as the magdrel
mechanism.

In the expanding apparatus set forth in Claim 10, there is
provided the mandrel feeding mechanism attached to the winding
drum. The feeding mechanism comprises a mandrel guide for guiding
the mandrel linearly; a pair of sliders which make synchronous
reciprocating motion in the opposite directions along the mandrel
guide by a pair of crank mechanism; and movable hitching pins
which are provided at the sliders and are movable perpendicularly
to the mandrel guide so as to fit into concaved portions at the
mandrel pieces of the mandrel in the mandrel guide.

The universal type mandrel, comprising long mandrel pieces
easy for the concaved portions to be formed therein, is suitable
for the mandrel used with this structured apparatus.

In the expanding apparatus set forth in Claim 12, there are
provided (i) a winding drum which has a spiral groove for winding
therealong the mandrel and allows the mandrel wound along the
spiral groove to be fed from a mandrel entrance/exit portion of
the winding drum by the normal rotation thereof and the mandrel
to be wound along the spiral groove by the reverse rotation
thereof and (ii) a mandfel guide disposed at the mandrel entrance
/exit portion of the winding drum. The mandrel drum is provided
around its outer peripheral portion with a sheath for covering a

spiral -groove region except the mandrel guide.
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i | . The heat exchangi ng tubes of these three di i-Aes
In tota g g RﬁPLAMEP\J S ““LT

and five different patters can be expanded by sel ective us
mandrel s. The reason therefor is: that since the distance L
left and right mandrels 10, 10 is 25.4 nm these two nmandr
be used for expansion of the first kind gf - heat -exchangi ng
horizontal pattern; that since the distances L1 between th
right, the upper and the Ileft, the lower and the righ t he

| ower and the Plreférably, the sheath is supported to be rotatable together

with the winding drum. Further, the rosary type mandrel
comprising spherical mandrel pieces is suitable for the mandrel
applied to the expanding apparatus mentioned immediately above.

Also, it is preferable that the winding drum is provided
with (i) a stopper engageable with. an end portion of an array of
mandrel pieces of the rosary type mandrel wound around the spiral
groove and (ii) a resilient member for pulling an end of the wire
passed through an array of the mandrel pieces to bring the end
portion.of the array of the mandrel pieces into resilient contact
with the stopper.

Further, it is preferable that slide bases supporting the
winding drum, the sheath and the mandrel guide are so supported
as to make reciprocating motion in the axial direction of the
windin§ drum with respect to a basal support and are provided
with a driving mechanism for moving the slide bases forwardly and
backwardly at certain pitches.

Further, the present invention is characterized by a heat
exchanger having heat exchanging tubes expanded by the
abovementioned expanding method.

Next, function and effects of the expanding mandrel having
the abovementioned construction, the expanding . method and
apparatus using this expanding mandrel, and the heat exchanger
having heat exchanging tubes expanded by the expanding method
will be explained hereinafter.

Firstly, in the case of the expanding mandrel of the present

invention, when a longitudinal thrusting force is applied to the




-21- mandrels 10, 10 are also set 25.4 mm the upper 4—%7
mandrels, or the lower and left mandrels 10, 10 can be used Lﬁﬂﬁ%ﬁﬁh 1
of the first kind of heat exchanging tube of the 60 slanteq TTerm, T hat

the upper and left mandrels, or the lower and right nandré 1g¢‘6éwq@g5
be used for expansion of the first g8 - ' '

(Lo

mandrel from, for example, the outside of heat.exchangihg.tubes
of cross fin coil, the thrusting force is transmitted to the
expanding head at the leading end of the mandrel, so that. in
spite of the mandrel having flexibility, the expanding head is
forcibly pushed into the tube to expand it. In addition, the
mandrel can be wound up by virtue of its flexibility, so that
length of the mandrel equipped is reduced. Furthermore, since the
mandrel can pass through bent portions of heat exchanging tubes
which have been bend-processed, it can extend even the cross fin
coil which has been bend-processed.

Among others,. the rosary type mandrel, emploving the
spherical mandrel pieces, can smoothly bend along curvatures of
the heat exchanging tube and can readily expand even a tube with
a small radius of curvature.. Thus, it is especially suitable to
an expanding process of the bend-processed cross fin coil. Also,
since a plurality of mandrel pieces are connected in series by
the wire, the expanding head can be readily replaced with another
one having a different diameter.

In the rosary type mandrel, where the spacers are interposed

~ between adjacent mandrel pieces, although the respective mandrel
pieces are formed of spherical members, the respective mandrel
piecgs can be connected in series, with their contacted with each
other on surfaces. This provides the results that partial wears
and tears of the respective pieces are restrained, and the
thrusting force applied from outside is efficiently transmitted
to the expanding head to expand the heat exchanging tube having

bent portions efficiently.



ki nd of heat exchanging tubes of the 120[err] slanted patter
the di stance L2 between the upper and | ower nmandrels 10, 10

n

these two nmandrels 10, 10 can be used for expansion of the
heat exchangi ng tube of the vertical pattern; and that any

org 1adct '1@6 |

exchanglng

mandrel s 10 can be used for expansion gf t he straight hegt
t ube. Figs. 8 9 and 10 show a structural exanpl e of fa
machi ne and a tube-end clanp equi pped at the expandi ng unijt.

expandi ng uni tFQnis, resiw@caéﬂwgle&pgaaﬁ?glqéét%ad and thd
edge of the stationary support 31 on one end

1Ia||||g

The

-t¥§g§%&§ ong—aT

apparatus are of the mechanical type using the mandrel, uniform

expanding process can be performed without influence of the heat

exchanging tubes’ processed condition, hardness and th

also accomodation to changeovers to alternative fluor

e like, and

ocarbon can

be made without any problem. Moreover, since the mandrel has

flexibility in spite of the mechanical type, the whole length of

the apparatus can be extensively reduced by taking up the mandrel,

while also the mandrel is applicable to the L-shaped or the U-

shaped cross fin coil which has been bend-processed.

In the expanding apparatus set forth in Claim 8,

since there

is provided the expandiné unit movable in arrangement directions
of tubes of the cross fin coil to be expanded, the heat
exchanging tubes of the cross fin coil fixedly secured on the
work support can be expanded by unit numbers by intermittently
driving the expanding unit. Therefore, the expanding working can
be carried out effectively, and the expanding unit can be reduced
in size.

In the expanding apparatus set forth in Claim 9, by
selectively using two upper and lower mandrels and two left and
right mandrels among four mandrels disposing discharging passages
at four apexes of the diamond shape, several kinds of
hairpin-shaped heat exchanging tubes having straight portions
spaced apart from each other at different intervals can be
expanded. Also, this apparatus can be readily applied to the
hairpin-shaped heat exchanging tubeé different in arrangement

pattern, by using two mandrels aligned obliquely.



side. A flaring nmachine 60 is nounted on one side
expanding unit 40 (the front in the advancing direction) an
-divided in the peripheral direction, as shown in Fig. 9.
an inner surface of a tapered surface which expands gradua

rear end, as shown in Fig. 8 A head 62 is inserted into the
the rear. An outer surface of the head®2 is tapered correpp
the inner surface of sleeve 61. Accordingly, when the hea

LACEYENT, SHERT

sl eeve 61 has

SohQ0T 1996

sl eeve from

nmatrngtyto

2.is inserted

into the sleeve 61 fromthe rear, the sleeve 61 is expanded and devel ops
froma state il Thass atsddcen this regbhéndingur eppatatus staw e accomodate to

several different kinds of and several different arrangement

patters of heat exchanging tubes, a cost of the apparatus can be

reduced and labor required for changeovers can be saved.

The"hairpin-shaped heat exchanging tube” used here means a

heat exchanging tube bent at the middle portion in the U-like

shape and comprising a pair of straight portions and a U-shaped

portion. Several different types of the hairpin-shaped heat

exchanging tubes different in the distance between the straight

portions are used. Further, it is the straight portions of the

hairpin~shaped heat exchanging tube that are to be expanded, and

the U-shaped portion thereof, located at the outside of an

outermost fin, is not expanded.

In the expanding apparatus set forth in Claim 10,

& hitching

pin at a forwardly-moving slider of the pair of sliders, which

are synchronously moved in the opposite directions,

is fitted

into a concaved portion of the mandrel piece, and a hitching pin

at a backwardly-moving slider is disengaged from a mandrel piece,

so that the mandrel can always receive an advancing force from

either of the sliders, so as to continue the advancing movement.

The hitching pins can be set not to be brought into engagement

with the mandrel piece, so as to maintain the mandrel in the

stopped condition.

Thus, the synchronous motion of the pair of the sliders and

the hitching pins provided thereat allows the wound mandrel to be

fed constantly with simply mechanism and facilitates accomodation

to the selective use of mandrels.



illustrated in the left figure in Fig. 9. The fIarinq qﬁg@h@@ﬁég;gﬁggg

equi pped with two sl eeves having the —
22 - abovenenti oned construction, inserts the two sl eevep n_orgﬁ{ i.nt
cooling tubes fromthe openings, so as to provide a seconzla'ysf 'Tny%
process and a tertiary flaring processito-~the

In the expanding apparatus set forth in Claim 12, the
mandrel wound along the. spiral groove is forcibly -fed from the
mandrel guide to the heat exchanging tube by the normal rotation
of the winding drum. Hence, no special feeding mechanism is
required, and <the whole construction of the apparatus is
simplified by that amount.

In addition, since the sheath is disposed around tﬁe outer
peripheral portion of the winding drum, the mapdrel wound along
the spiral groove is prevented from an outward deviation at the
time of feeding the mandrel and a rotative force of the winding
drum is effectively converted into a feeding force for the
mandrel, thus achieving an effective expansion of tube. |

By the winding drum being reversely rotated, the mandrel
which has finished expanding the tube can be accomodated along
the spiral groove to save space and get ready for the next tube
expanding to improve workability.

Further, by this expanding apparatus being used with the
rosary type mandrel comprising a plurality of spherical mandrel
pieces, even the heat exchanging tube bent in L-shape or U-shape
can be readily expanded.

Also, by the sheath being rotated together with the winding
drum, the mandrel can be fed from the winding drum and wound
thereon, with less resistance, so that the winding drum is
rotated with a small loss of driving power, thus providing an
improved operation efficiency.

Further, by the winding drum being provided with a stopper

engageable with the end portion of the array of the mandrel



end portions of the tubes prior to the cross fin coil fixed Th& w1 cure
stationary support 31 being tube-expansi on processed. Fig. ﬁggagﬁﬁ%gn-?k;f

end portions of the cooling tubes which have undergone the [secondary
flaring process and the tertiary flaring process. The ref rendet BOAER96
desi gnates the heat exchanging tube,-2i2 -a flaring-procesgefd portion, an
21b a tertiary-flaring processed portion. Tube-end chutkRs 44 are
respectively disposed at the front of the four nandrel gujdes 43a of .the
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end portion of the wire; and a resilient member attached to the
fixing member, plays of the respective pieces of the mandrel can
be eliminated to hold the whole of the mandrel in a tense
condition. This provides a good expanding operation by use of the
expanding head and also allows the mandrel, when passing through
bent portions of the L-shaped or U-shaped heat exchanging tube,
to be smoothly moved while bending in accordance with the
curvatﬁre radii of the bent portions; so as to effectively expand
the cross fin cdil having the bent portions.

Further, by the slide base, which supports the winding drum,
the sheath and the mandrel guide, being forwardly moved in the
axial direction of the winding drum with respect to the basal
support at certain pitches so as to expand the cross fin coil
having a plurality of heat exchanging tubes, the tubes can be
expanded continuously and efficiently to provide an improved
workability. Further, in the heat exchanger having the heat
exchanging tubes expanded by the aforementioned expanding method,
not only the straight heat exchanging tubes but also the L-shaped
or U-shaped bent tubes can be connected tightly to the fins to
effectively increase the heat exchanging area, so as to achieve a
high-quality heat exchanger.

[Brief Description of the Drawings]

Fig. 1 is a side view showing a portion of a first
embodiment of an expanding mandrel according to the present
invention; Fig. 2 is a partially broken plan view showing one of

mandrel pieces of the mandrel; Fig. 3 is a plan view showing the



are formed by bisecting a cylindrical nenber along a pl ane
its center, as shown in Fig. 10. The pawl s 44a, 44a have, f{
surfaces at the internediate portions, tapered portions 44
gradually toward the leading ends. Aring 44c is fitted onfoftk
44a, 44a. The ring 44c is advanced axi aBly al ong -t he outsi
tapered portions 44b, 44b to close the paw s 44a, 44a, so-
end portion of the heat exchanging tube 21 which has under
secondary  TLEb100 RUHBEeRse AN Lol L LAT Y1 L3l IdiBoBIAERSS of

e
prevent the chuc portion of the tube from escaping, projections
apparatus according to the present invention; Fig. 4 is a side

unning t hrough

sL.t.o chuck the
one the

view of the expanding apparatus thereof; Fig. 5 is a plan view
showing a slider driving section of a mandrel feeding mechanism;
Fig. 6 is a partially broken side view of a mandrel guide of the
mandrel feeding mechanism cut out to show a function of a
hitching pin; Fig. 7 is a front view showing an arrangement of
the mandrels; Fig. 8 is a schematic view showing a construction
of a flaring machine; Fig. 9 is a schematic view of a sleeve of
the flaring machine as viewed from the front; Fig. 10 is a
diagrammatic sectional view showing a construction of a tube-end
chuck; Fig. 11 is a partially broken side view showing a second
embodiment of the expanding mandrel according to the present
invention; Fig. .12 is a side view showing an operational
condition thereof; Fig. 13 is a partially broken side view
showing a third embodiment of the expanding mandrel according to
the present invention; Fig. 14 is a plan view showing a second
embodiment of the expanding apparatus according to the present
invention; Fig. 15 is a side view thereof; Fig. 16 is a front
view thereof; Fig. 17 is an enlarged side view of a portion of an
expanding unit; Fig. 18 is an enlarged front view of the portion
of the expanding unit; Fig. 19 is a front view of a principal
portion including a sectional winding drum and a sectional sheath;

Fig. 20 is a sectional view of only the winding drum taken along
t A-A line of Fig. 19; Fig. 21 is a side view including a
sectional mandrel guide and a sectional chucking mechanism taken

along the B-B line of Fig. 19; Fig. 22 is a plan view of a



44d, 44d are formed on inner surfaces of the paw s 44a, 44a

! '
E bk ok T [t
WPt 8HEE]

end portions. Wth the end portions of the tubes being hel{d A&F.

end chucks,

(primary flaring process) to the heat

t he expanding unit 40 provides the tube expansj ofi " PrUoTESS
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conventional expanding apparatus; Fig. 23 is a side view thé
conventional expanding apéaratus; Fig. 24 is a perspective view
of a cross fin coil of the L-shaped type:; and Fig. 25 is a
perspective view of a cross fin coil of the U-shaped type.

[Best Mode For Carrying Out the Invention]

A first embodiment of an expanding mandrel of the present
invention will be explained with reference to Figs. 1 and 2.

2 mandrel 10 illustrated herein is of the universal type,
comprising a plurality of mandrel pieces 1l whgch are formed of
small-diameter, round rods and are axially connected. Each
mandrel piece 11 is provided at its one end with a plate-like lug
lla. The lug 1lla is fit into a concaved portion 1lb formed at the
other end portion of an adjacent mandrel 11. The mandrel pieces
are connected at the fitting end portions by pins 12
perpendicular to the lug lla so as to pivot in both directions.
Thus, the mandrel 10.can freely flex in a plane perpendicular to
the pin 12 to be wound up. Further, by consideration of a
dimenéion of the mandrel piece 11, the mandrel 10 can pass

through bent portions of heat exchanging tube of a cross fin coil

to be expanded.

As shown in Fig. 1, an expanding head is attached to the
leading end portion of the mandrel 10. The expanding head has an
outer diameter larger than an inner diameter of a heat exchanging
tube of the cross fin coil which is intended to be tube-expansion
processed. On the other hand, each mandrel piece 11 has an outer
diameter smaller.than the inner diameter of the heat exchanging

tube and is provided at its intermediate portion with concaved



ekchanging t ubes. Next, expanding steps will be expl ai i
(1) The novabl e support 32 and the positioning plate 35 of fﬁﬂ%ﬁ@}ﬁ SHEET

support 30 are adjusted in position in accordance with a s}ze of the cross
fin coil to be expanded. The cross fin coil 20 is placed oh [h@ MOCALIN9s
support 32, with the opening portions of _the heat exchangipg|tubes of the
cross fin c0|I 20 facing the expandi ng-uhPt~40, and is fixpd-byctramprn
plates 36, 37. (2) The expanding unit 40 is guided to an ihitial position

wher e the féioalrtllré Sn?fchl ngcconfl{l o] §nga'nplenr,]d agoa'}.ipnex%flalne fategeat

engageable and which are formed at four circumferencial positions
of the mandrel piece.

A plurality of mandrels 10 of this universal type are

inserted into the heat exchanging tubes of the cross fin coil
simultaneously or orderly. The expanding heads 13 at the leading
ends of the mandrels are forcibly pushed into the tubes, so as to
expand the tubes and fix them to the fins.
‘ -Eaéh mandrel 10 can freely flex in a plane perpendicular to
the pin 12 to be wound up, so that large space for pulling out
the mandrel is not necessary and the whole length of the
apparatus can be remarkably reduced. The mandrel is directly
inserted into the tube from the wound state by applying an axial
force thereto from outside of the tube. Further, it can pass
through the bent portion of the bend-processed heat exchanging
tube also, so that it is applicable to the cross fin coil which
has been bend-processed.

Next, a first embodiment of an expanding apparatus employing
the aforementioned mandrel will be discussed with reference to
Figs. 3 and 4.

The expanding apparatus illustrated herein is provided with
a work support 30 on which the cross f£in coil 20 to be expanded
is fixed horizontally and an expanding unif; 40 disposed at one
end side of the work support 30.

The work support 30 includes a horizontal stationary support
31 and a plurality of movable supports 32 érranged. on the

stationary support 31. The movable supports 32 are guided by



exchangi ng tube of the cross fin coil 20. The secondary fl ar..dfyACHROIEE SHEET
and the tertiary flaring process are provided to the end - '
first heat exchanging tube by the flaring nachine 60. (3
unit 40 is driven laterally (forward in the advancing‘dir
pitch so as to bring the flaring nachipg 60 into confront
portion of a second heat exchanging tube. The secondary f|aring process
and the tertiary flaring process are provided to the end pofrtiomn—of—the-

second heat gexchangifgs typeaddy drbe mbvadi D BRe M IEtHse direction of the
stationary support 31. The first guides 33 are guided by second
guides 34 and are moved in the longitudinal direction of the
stationary support 31. Thus, the movable supports 32 can move
both in the widthwise direction and in the ;ongitudinal direction
of the stationary support 31, to be adjusted in position, in
accordance with a dimension of the cross fin coil 20, so as to
support fins of the cross fin coil 20 over a wide range, evading
tube supporting plates thereof.

Further, on the stationary support 31 there are provided a
positioning plate 35 and clamping plates 36, 37. The positioning
plate 35 is movable in the longitudinal direction of the
stationary support 31 to set the cross fin coil 20 in a suitable
position on the stationary support 31 with reference to the one
end thereof. One of the clamping plates 36 is fixedly secured to
one side margin of the stationary support 31. The other clamping
plate 37 which is opposed to the one clamping plate 36 is movable
in the widthwise direction of the stationary support 31 to secure
the positioned cross fin coil 20 between the clamping plates 36,
37. The cross fin coil 20 is secured, with the heat exchanging
tubes being longitudinally aligned with the stationary support 31
and opening portions of the heat exchanging tubes facing one
longitudinal end of the stationary support 31.

On one longitudinal side of the stationary support 31, there
are provided an expanding unit 40 and a driving mechanism 50
therefor. The driving mechanism 50 includes guides 51, 51 and a

screw 52 which are arranged widthwise of the stationary support



(4) The tube-end flaring process keeps on applying to the heat exchanging. .
tubes. When the center of the first heat exchanging tube 'ﬁ?PDﬁ&MEMYSHEEY
under gone the tube-end flaring process coincides wth the derfet A t-he
mandr el gui de 43a of the expanding unit 40, the end portio f the &trg&
heat exchanging tube is held by the tqﬁ end chuck 44 di spgsed at1 Oké 1 6
front of the mandrel guide 43a. It is ted that the expandi unit 40 and.

the flaring nmachi ne-60
31, and drives the expanding unit 40 linearly in t

direction of the stationary support 31 by rotation of the screw
52 driven by a motor 53. Further, the expanding unit 40 is driven
up and down and back and forth by means of a mechanism which is
not shown.

The expanding unit 40 employs four mandrels 10 of the
universal type. The expanding unit 40 is provided at its rear
portion with four winding drums 41 for winding the mandrels 10
individually. The winding drums -41 aré driven individualiy by
motors 42. The four mandrels 10 wound on the four drums 41 are
fed forward one by one or by plurals simultaneously by a mandrel
feeding mechanism 43 mounted to the drums 41.

One example of the mandrel feeding mechanism is shown in
Figs. 5 through 7.

The mandrel feeding mechanism 43 illustrated herein is
disposed in front of the drums 41 shown in Fig. 3 and includés.
as shown in Fig. 5, a tubular mandrel guide 43a for guiding each
mandrel 10 of the universal type, a pair of sliders 43b, 43b
arranged along the mandrel guide 43a, and a pair of gears 43c,
43¢ for driving the sliders 43b, 43b.

The mandrel guide 43a is provided with a pair of opening
portions 43f, 43f spaced apart from each other.

The gears 43c, 43¢, meshing with each other, are rotated in
the opposite directions synchronously by a common driving source.
Crank arms 43d, 43d are connected at one end portions thereof to
the gears 43¢, 43c at the eccentric locations and at the other

end portions thereof to the sliders 43b, 43b. When the gears 43c,



24 -~ are adjusted in position such that the expanding unit {4
position where the center of the heat exchangi ng tube coingi

center of the mandrel guide 43a. (5) Under the condition §hat the tube
portion of the first heat exchanging tube is chucked, the]|g¢ard 14¥eT 199

are rotated.

By the reciprocating notiojg of the sliders 43b| 43b cause

en
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the rotation of the gears and the accessing and separating nmdtron of

hitching pins 43e. 43e synchronized with the reciprocating

the

43c are rotated in the opposite directions, the sliders 43b,'43b

are reciprocatingly moved in the opposite directions along the

"mandrel guide 43a. In other words. when one slider 43b is

advanced, the other slider 43b is retreated, and vice versa, i.e.,
when the other slider 43 is advanced, the one slider 43b is

retreated.

As shown in Fig. 6, the sliders 43b, 43b are equipped with

hitching pins 43e, 43e respectively. The hitching pins 43e, 43e

are reciprocatingly driven in the direction perpendicular to the
mandrel guide 43a. The pins are brought closer to the mandrel
guide 43a when the sliders 43b, 43b are advanced, while they are
moved away from the mandrel guide 43a when the sliders 43b, 43b
are retreated. With the hitching pins 43e, 43e brought closer to
the mandrel guide 43a, their leading ends are inserted into guide
portions through opening portions 43f, 43f formed in the mandrel
guide 43a to be engaged to the concaved portions 1llc of the
mandrel pieces 1l of the mandrel 10 in the guide.

Thus, when the one slider 43b is advanced, the hitching pin
43e engages with the mandrel 10 to feed it forwardly, while, when
the one slider 43b is retreated, the other slider 43b is advanced
so that the mandrel 10 can be fed further forwardly by the other
slider 43b.

Thus, the mandrel 10 is fed forwards constantly by the
reciprocating motion of the sliders 43b, 43b in the opposite
directions and the accessing and separating motion of the
hiteching pins 43¢, 43¢ synchronizing with the reciprocating

motion of the sliders. Travel of the sliders 43b, 43b is set to




notion of the sliders, the mandrels 10 of the universal tygée; X0 B
forward fromthe winding druns 41 to be inserted into the |h gﬁ“‘@ﬁén@f%
tubes. This causes the expanding heads 13 disposed gt |the | eading
ends of the mandrels 10 to be forcibly pushed into the tule,| s& 1a8CT 4996
expand the tubes and fixedly secure_lllegﬂjo the fins. At tlhils tine, the ~
tube-end process is being provided to a heat heat exchangilng tube Tocatred
in front of the flaring machine 60 by the flaring machinelgQ. (6) After

conpl etion of the expansion of heat exchanging tubes, the winding druns 41
are driven bypet hke AnSr 8s490ri & ieedeleBpibiple of an interval between the

concaved portions 1llc, 1llc of the mandrel 10. The opening
portions 43f, 43f are made by slits longer than the travel of the
sliders 43b, 43b.

In the embodiment mentioned above, four méndrels 10 of the
universal type are used and so four mandrel guides are used
correspondingly. These four mandrel guides 43a are arranged in
such a manner that the mandrels 10 fed from the mandrel guides
43a are located at four apexes of a diamond shape, as shown in
Fig. 7. A distance L1 between the left and right mandrels 10, 10
is set 25.4 mm, and a distance L2 between the upper and lower
mandrels 10, 10 is set 44.0 mm.

A pair of sliders 43b, 43b are assembled to each of the four
mandrel guides 43a. The four pairs of sliders 43b, 43b are
synchronously driven by the aforementioned gears 43c, 43¢ used as
a common power source. In the four pairs of sliders 43b, 43b,
when ‘the hitching pins 43e, 43e aﬁ the pairs of sliders 43b, 43b
are operatedlin synchronization with the movements of the sliders
43b, 43b, as mentioned above, the four mandrels 10 are fed
synchronously. On the other hand, when the hitching pins 43e, 43e
of any pair of the- sliders 43b, 43b are kept apart from the
mandrel guide 43a, a mandrel 10 corresponding to the pair of the
sliders 43b, 43b is kept in the stopped condition. Therefore, the
four mandrels 10 can be selectively used for expanding heat
exchanging tubes of ghree different kinds and five different
patterng.

Specifically, one of the three kinds of applicable heat



of the mandrels being wound up, and the mandrels 10 are p
heat exchangi ng tubes and are wound on the wi nding druns
mandrel s 10 may be used selectively in accordance with s
arrangenent pattern of heat exchanging tubes, so as to ¢
expansion of tube in five different -~ pays, as nentioned a
Hereafter, whenever the 'expanding unit 40 is driven by on
flaring process and the expandi ng process to the heat ex
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hénging tubes are

carried out éﬂc ah&%ﬂ?ogﬁﬂéé %ﬂg §1£E¥69295£36 heat exchanging tube having

straight tube portions spaced apart by 25.4 mm; another one is
hairpin-shaped heat exchanging tube having straight tube portioans
spaced apart by 44.0 mm; and still another one is straight heat
exchanging tube. Further, the first kind of hairpin-shaped heat
exchanging tube has three aif£;¥ent patterns, one of which is
that the straight tube portions are connected to fins, with a
plane passing through the centers of the straight tube portions
running horizontally; two-otherg of which are that the st;aight
tube portions are connected to the fins, with the plane passing
through the centers of the straight tube portions being slanted
in the same direction at an angle 60‘,. 120° with respect to
horizontal plane. The second kind of hairpin-shaped heat
exchanging tube has one pattern.which is that the straight tube
portions are connected to the fins, with the plane passing
through the centers of the straight tube portions being running
verticaliy. Further, there is still one pattern which is that the
heat exchanging tubes are straight. Thus, there are five patterns
in total.

The heat exchanging tubes of these three different kinds and
five different patters can be expanded by selective use of the
mandrels. The reason therefor is: that since the distance Ll
between the left and right mandrels 10, 10 is 25.4 mm, these two
mandrels 10, 10 can be used for expansion of the first kind of
heat exchanging tube of the horizontal pattern; that since the
distances L1 between the upper and the right, the upper and the

left, the lower and the right, and the lower and the left



- 25 - After the flaring process to heat exchanging/ "fi %‘:ﬁm&\_\
been conpleted, the expanding process is provided to remihi’ %%ENT SHEET

exchangi ng tubes, so that the expanding process to cross fijn coj_l are
conpl et ed. Al though the universary type mandrels 10 arfe [f el 1CT ggg
pairs of sliders 43b, 43b, in the af o_[eé’rfnli oned enbodi nentf,

[

mandrels 10, 10 are also set 25.4 mm, the upper and right
mandrels, or the lower and left mandrels 10, 10 can be used for
expansion of the first kind of heat exchanging tube of the 60°
slanted pattern; that the upper and left mandrels, or the lower
and. right mandrels 10, 10 can be used for expansion of the first
kind of heat exchanging tubes of the 120° slanted pattern: that
since the distance L2 between the upper and lower mandrels 10, 10
is 44.0 mm, these two mandrels 10, 10 can be used for expansion
of the second kind of heat exchanging tube of the vertical
pattern; and that any one of the mandrels 10 can be used for
expansion of the straight heat exchanging tube.

Figs. 8, 9 and 10 show a structural example.of a flaring
machine and a tube-end clamp equipped at the expanding unit.

The expanding unit 40 is reciprocatingly moved leftward and
rightward along an edge of the stationary support 31 on one end
side. A flaring machine 60 is mounted on one side of the
expanding unit 40 (the front in the advancing direction) and has
sleeve 61 divided in the peripheral direction, as shown in Fig. 9.

The sleeve 61 has an inner surface of a tapered surface which
expands gradually toward the rear end, as shown in Fig. 8. A head
62 is inserted into the sleeve from the rear. An outer surface of
the head 62 is tapered correspondingly to the inner surface of
sleeve 61. Accordingly, when the head 62 is inserted into the
sleeve 61 from the rear, the sleeve 61 is expanded and develops
from a state illustrated in the right figure into a state
illustrated in the left figure in Fig. 9.

The flaring machine 60, equipped with two sleeves having the



means for feeding the mandrels is not limted to the sliders Qther

feedi ng neans nay be used, e.g., a feeding structure in mmgpnp\m@nnghzﬂ
‘threads are formed on external surfaces of the mandrels 1P e

uni versal type and nut nenbers are threadingly engageable]v tg%gﬁg 199
d

external threads so that the nut nenbeys can be rotated tp
mandr el s. Further, although four universal type mandrglp 10 are
enpl oyed by the rrandrel feeding nmechanism 43, in t he
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into cooling tubes from the openings, so as to provide a
secondary flaring process and a tertiary flaring process to the
end portions of the tubes prior to the cross fin coil fixed on
‘the stationary support 31 being tube-expansion processed. Fig. 10
shows the end portions of the cooling tubes which have undergone
the secondary flaring process and the tertiary flaring process.
The reference numeral 21 designates the heat exchanging tube, 21la
a flaring-processed portion, and 21b a tertiary-flaring processed
portion.

Tube-end chucks 44 are respectively disposed at the front of
the four mandrel guides 43a of the expanding unit 40. Each tube
end chuck 44 has a pair of upper and lower pawls 44a, 44a which
are formed by bisecting a cylindrical member along a plane
running through its center, as shown in Fig. 10. The pawls 44a,
44a have, on the outer surfaces at the intermediate portions,
tapered portions 44b, 44b expanding gradually toward the léading
ends. A ring 44c is fitted onto the pawls 44a, 44a. The ring 44c
is advanced axially aléng the outside of the tapered portions 44b,

44b to close the pawls 44a, 44a, so as to chuck the end portion
of the heat exchanging tube 21 which has undergone the secondary
flaring process and tertiary flaring process. In order to prevent
the chucked end portion of the tube from escaping, projections
44d, 44d are formed on inner surfaces of the pawls 44a, 44a at
the leading end portions. With the end portions of the tubes
being held by the tube end chucks, the expanding unit 40 provides

the tube expansion process (primary flaring process) to the heat



heat exchangi ng tubes of the cross fin coil one by one or may

be inserted

at atinme into all heat exchanging tubes. Where the fou
‘are arranged at the apexes of the dianond shape, such beco

nore ki nds of heat - exchanging tubes, by mechanically adjustiing

between the upper and the |ower mandrgl s or a distance bet
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and right mandrels. Next, a second enbodi nent of the exgarnding mandrel

of the present invention will be explained with reference t

Fig 11.

The mandr elggcifhdinustbed.ed herein are of the rosary type

Next, expanding steps will be explained hereinafter.

(1) The movable support 32 and the positioning plate 35 of the
work support 30 are adjusted in position in accordance with a
size of the cross fin coil to be expanded. The cross fin coil 20
is placed on the movable support 32, with the opening portions of
the heat exchanging tubes of the cross fin coil 20 facing the
expanding unit 40, and is fixed by clamping plates 36, 37.

(2) The expanding unit 40 ig guided to an initial position where
the flaring machine 60 confronts an end portion of a first heat
exchanging tube of the cross fin coil 20. The secondary flaring
process and the tertiary flaring process are provided to the end
portion of the first heat exchanging tube by the flaring machine
60.

(3) The expanding unit 40 is driven laterally (forward in the
advancing direction) by one pitch so as to bring the flaring
machine 60 into confrontation with an end portion of a second
heat exchanging tube. The secondary flaring process and the
tertiary flaring process are provided to the end portion of the
second heat exchanging tube by the flaring machine 60.

(4) The tube-end flaring process keeps on applying to the heat
exchanging tubes. When the center of the first heat exchanging
tube which has undergone the tube-end flaring process coincides
with the center of the mandrel guide 43a of the expanding unit 40,
the end portion of the first heat exchanging tube is held by the
tube end chuck 44 disposed at the front of the mandrel guide 43a.

It is noted that the expanding unit 40 and the flaring machine 60



each conprising a plurality of mandrel pieces 11, 11, REPLAGEMENT SHEET
- 26 - steel balls connected in a row to one another. The frandr €l pr ecey,
-each having a dianetrically extending, through hole 11d pafss}ng 1 boyowes
t'he center. thereof, are connected in a row by a flexible 4 '

- 24 -

are adjusted in position such that the expanding unit 40 stops at
a position where the center of the heat exchanging tube coincides
with the center of the mandrel guide 43a.

(5) Under the condition that the tube end portion of the first_
heat exchanging tube is chucked,.the gears 43c, 43c are rotated.

By the reciprocating motion of the sliders 43b, 43b caused by the
rotation of the gears and the accessing and separating motion of
the hitching pins 43e, 43e synchronized with the reciprocating
motion of the sliders, the mandrels 10 of the universal type are
fed forward from the winding drums 41 to be inserted inte the
heat exchanging tubes. This causes the expanding heads 13
disposed at the 1leading ends of the mandrels 10 to be forcibly
pushed into the tube, so as to expand the tubes and fixedly
secure them to the fins. At this time, the tube-end process is
being provided to a heat heat exchanging tube located in front of
the flaring machine 60 by the flaring machine 60.

{(6) After completion of the expansion of.heat exchanging tubes,

the'winding drums 41 are driven by the motors 42 in the direction
of Fhe mandrels being wound up, and the mandrels 10 are pulled
out of the heat exchanging tubes and are wound on the winding
drums 41. The four mandrels 10 may be used selectively in
accordance with shape and arrangement pattern of heat exchanging
tubes, so as to carry out the expansion of tube in five different
ways, as mentioned above.

{7) BHereafter, whenever the expanding unit 40 is driven by one
pitch, the flaring process and the expénding process to the heat

exchanging tubes are carried out simultaneously and coincidently.



wire 14 passing through the through holes 11d. A spherical

expandi ng head 13 is connected to the |eading mandrel piec¢ REPIACEMERE SHEFT
| eading end side, and spacers 15 are interposed betye -
mandrel pieces 11, 11. The expandi ng head 13 has a | afg r£|16dﬁtg‘£ﬂ

than an inner diameter of the heat exchagging tube of thejcho MY 6
to be expanded and is connected to the [eading end of the|wire 14. Al so,
the diameter of the mandrel piece 11 is set to be smaller {han the inner

di amet er of pkPe- heah eGhan ”‘:Q:otcHQE teAChe 2P2G&EN iin% £

cylinder having an even sma di anmeter than that
completed, the expandlng process is prov1ded to remaining heat

exchanging tubes, so that the expanding process to cross fin coil
are completed.

Although the universary type mandrels 10 are fed by the
pairs of sliders 43b, 43b, in the aforementioned embodiment,
means for feeding the mandrels is not limited to the sliders.
Other feeding means may be used, e.g., a feeding s@:ructurg in
which external threads are formed on external surfaces of the
mandrels 10 of the universal type and nut members are threadingly
engageable with the external threads so that the nut members can
be rotated to feed the mandrels.

Further, although four wuniversal type mandrels 10 are
employed by the mandrel feeding mechanism 43, in the
abovementioned embodiment, the number of the mandrels is not
questioned. For example, the mandrels may be inserted into the
heat exchanging tubes of the cross fin coil one by one or may be
inserted at a time into all heat exchanging tubes.

Where the four mandrels 10 are arranged at the apexes of the
diamond shape, such become applicable to more kinds of heat
exchanging tubes, by mechanically adjusting a distance between
the upper and the lower mandrels or a distance between the left
and right mandrels.

Next, a second embodiment of the expanding mandrel of the
present invention will be explained with reference to Fig. 11.

The mandrels 10 illustrated herein are of the rosary type

each comprising a plurality of mandrel pieces 11, 11, ... of




the mandrel piece 11 and has at the center a through hol e 15RPIACEMERE IKA-E
to pass therethrough. Also, the spacer 15 has, on the pgostrte—ent
surfaces, spherical seats 15b, 15b to contact with the ndrq$1q¥$ﬁq??ll
11 on surfaces. This rosary type nmandrel 10 not only{has 1 exy bi 6[y
but also bends nore snmoothly. Furtherzgit can easily get smaller radius
of curvature than the universal type mandrel. Accordingly, ] the rosary type
mandrel is especially suitable to the expanding process t '
coil of theteekirmpdd conmectedtine aUrowstmpod egpiher. The mandrel pieces,

each having a diametrically extending, through hole 1l1ld passing
through the center thereof, are connected in a row by a flexible
wire 14 passing through the through holes 11d. A spherical
expanding head 13 is connected to the leading mandrel piece 11 at
the leading end side, and spacers 15 are interposed between
adjacent mandrel pieces 11, 11.

The expanding head 13 has a larger diameter than an inner
diameter of tﬁe heat-exchanging tube of the cross fin coil to be
expanded and is connected to the leading end of the wire 14. Also,

the diameter of the mandrel piece 11 is set to be smaller than

the inner diameter of the heat exchanging tube. Each spacer 15 is
formed of a cylinder having an even smaller diameter than that of
the mandrel piece 11 and has at the center a through hole 15a for
the wire to pass therethrough. Also, the spacer 15 has, on the
opposite end surfaces, spherical seats 15b, 15b to contact with
the mandrel pieces 11, 1l on surfaces.

This rosary type mandrel 10 not only has flexibility but
alsc bends more smoothly. Further, it can easily get a smaller
radius of curvature than the universal type mandrel. Accordingly,
the rosary type mandrel is especially suitable to the expanding
process to the cross fin coil of.the L-shaped type or the U~
shaped type.

The spacers 15 interposed between adjacent mandrel pieces 11,

11 restrain partial wears of the mandrel pieces 11, 11
Instead of the spacers 15, spherical seats lle may be formed in

the mandrel pieces 11, as in a third embodiment shown in Fig. 13.
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Next, a second of the expanding apparatus of the
present invent.ion will be explained with reference to Figs. 14
through 21.

The expanding apparatus ill_.ustrated herein is for performing
the tube expanding process to the cross fin coil 20 of the L-
shaped type or the U-shaped type by using the aforementioned
rosary type mandrels 10. A basic structure of this expanding
apparatus, as shown in Figs. 14 through 16, Eomprises a work
support 30 for supportihg and fixing the c.:ross fin coil 20 and an
expanding unit 40 disposed on one end side of the work support 30,
as the same as in the first embodiment. Elements having the same
construction as those of the first embodiments are designated by
the same reference numerals.

The work support 30 is so structured as to move the cross
fin coil 20 horizontally by a plurality of balls 38 arranged on
surfaces of horizontal fixing supports 31 and also position the
cross fin c¢oil 20 at a processing position wvia a positioning
plate 35 disposed at the one end portion thereof.

The cross fin coil 20 used is of the L-shaped type or the U-
shaped type as mentioned above. In the L-shaped type cross fin
coil illustrated in Fig. 24, the straight tube portions of the
hairpin-shaped heat exchanging tube 21 are bent at a right angle
at the intermediate peortions. In the U-shaped cross fin coil
illustrated in Fig. 25, the straight portions of the hairpin-
shaped heat exchanging tubes are bent at a right angle at two
locations at the intermediate portions. Any type of the cross fin

coil 20 is positioned on the work support 30, with the opening
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U-shaped type by using the aforenentioned rosary type mandfe|s300CK 1896i c

structure of this expanding apparatus, as shown in Figs. {1f# through

ype or the

16,

conprises a work support 30 for suppdtting and fixing the|lcross TTR COI

20 and an expanding unit 40 di sposed on one end side of thée_work support
' [ i ment . n havi ng the same

30, as the gr?cge oaf:s tlhrtla tst?:%a;.égtSttu r&rab%%lrgfoxgs o et e thseata exchanging tubes

facing one end side of the work support 30. The opening end
portions are clamped by a pair of chucks 79, 79 attached to an
elevator 73, which is explained later, and the other end portions
are fixedly secured by a fixing mechanism 39 disposed at the
other end portion of the work support 30.

The fixing mechanism 39 has a movable carriage 39b which is
moved in the longitudinal direction of the work support 30 under
guidance of guides 39a. A fixing plate 39¢c for fixing the other
end portion of the L-shaped type cross fin coil 20 by a pushing
force is mounted to a front surface of the movable carriage 39b
at the lower end.

An elevatory beam 39d which moves up and down along the
movable carriagé 39b is arranged above the fixing plate 39¢c. A
pair of chucks 3%e, 39e are mounted on a lower surface of the
ele\}atory beam 39d. The chucks 39e, 39e serve to hold the other
end portion of the U-shaped type cross fin coil 20. A vertical
position of the chucks is adjusted by moving up and down the
elevatory beam 39d, and a distance between the chucks is adjusted
by moving one chuck laterally along the lower surface of the
elevatory beam 39d.

The expanding unit 40 disposed on one side of the work
support 30 is driven triaxially by a driving mechanism 70. The
driving mechanism 70 is provided with a fixing support 71 land an
elevatory base 73 which is movable up and down under guidance of
vertical guides 72a, 72a mounted on the front surface of the

support 71. The elevatory base 73 is moved up and down by
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74a mounted to the fixing support 71.

Slide bases 76a, 76a are arranged one above the other on the
elevatory base 73, as shown in Figs. 17 and 18. The lower slide
base 76a is moved (laterally) on the elevatory base 73 in the
longitudinal direction (in the widthwise direction of the work
support 30), under guidance of horizontal guides 72b, 72b, by the
rotation of a horizontal screw 75b driven by a motor 74b mounted
to an énd portion of the elevatory base 73. The upper slide base
76b is moved back and forth on the lower slide base 76a, under
the guidance of horizontal guides 72¢, 72c, by linear motors 74c,
74c arranged at both sides, as shown in Fig.. 18. The expanding
unit 40 is disposed on the wupper slide base 76b. Thus, the
expanding unit 40 c¢an be driven triaxially by the vertical
movement of the elevatory base 73 and the lateral movement and
the back-and-forth movement of the slide bases 76a, 76a.

The expanding unit 40 includes a winding drum 41 which
doubles as a mandrel feeding mechanism in the first embodiment.
As shown in Fig. 19, the winding drum 41 is provided around its
outer peripheral portion with a sheath 41b concentrically
assembled to the winding drum 41. The winding drum 41 is so
supported 'by a horizontal spline shaft 41lc as to be axially
movable. The spline shaft 4lc is rotatably supported by bearings
41d, 41d .at the opposite ends and is rotationally driven by
rotation of a motor 42 mounted on the winding drum 41 being
transmitted thereto via pulleys 42a, 42a and a belt 42b, as shown

in Fig. 18. The winding drum 41 is rotated synchronously with the
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rotation of the spline shaft 4lc.

Two spiral grooves 4le, 4le of U-shape in cross section, in
which the mandrels 10 of the abovementioned rosary type engage,
are formed in parallel on the outer peripheral surface of the
winding drum. The two mandrels 10, 10 are spirally positioned
from one ends to the other ends by the spiral grooves 4le, 4le on
the outer peripheral surface of the winding drum 41 and are
spirally wound and accomodated along the grooves. As shown in Fig.

20, each spiral groove 4le is provided at its one end portion
with a stopper 41f engageable with the last mandrel piece 11 of
the plurality of mandrel pieces of the mandrel 10. A rear end
portion of the wire is, as shown in Fig. 20, guided into the
winding drum 41 through a guide roller 41g, and is fastened to a
wire end fitting 41i. Between the wire end fitting 41i and a
fixture 41m fixed to the drum 41, there is interposed a resilient
member 4lh of a coil spring for pulling the rear end portion of
the row of the mandrel pieces to bring it into resilient contact
with the stopper 41f.

On the other hand, the leading end portions of the mandrels
10 are drawn out downwards from the other end portions of the
spiral grooves 4le through a vertical, tubular, tandem type
mandrel guide 45, as shown in Fig. 21. The mandrel guide 45 is
disposed at the mandrel entrance/exit portion of the winding drum
41 and is fixed on the slide base 76b.

The sheath 4lb serves to hold the mandrels 10, 10 wound on
the winding drum 41 from the outside and is disposed around the

outer peripheral portion of the winding drum 41, forming a gap




- 28- ends of the straight tube portions of the heat exchanging tubes

facing one end side of the work support 30. The opening end
-cl anped by a pair of ‘chucks 79, 79 attached to an el evator
expl ained |l ater, and the other end portions are fixedly se
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fixing mechani sm 39 di sposed at the other end portion of thejwak
The fi xi ng nechani sm 39 has~ a3 hovabl e carriage 39biwhich is
in the longitudinal direction of the work support 30 under

therebetween for occupancy of the mandrels 10, 10/__Alse,-the—————
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sheath 41b is supported at the opposite ends by bearings 413, 413
and is rotatable together with the winding drum 41. A lead 41k
is provided at the other end portion of the sheath 41b (mandrel-
pulling~-out side) at the frame side of the expanding unit 40. The
lead_4lk is formed of a rotatable steel ball. It is located on
the other end portion of an internal cylinder 4la and is in
engagement with the other end portion of the spiral groove 4le.
When the winding drum 41 rotates, éhe spiéal groove 4le is
led by the lead 41k and the winding drum 41 moves axially along
the spline shaft 4lc, while rotating. The pitch of the drum 41
moving spirally is the same as that of the mandrels 10, 10 being

wound on the drum 41. Thus, the two mandrels 10,'10 wound on the

winding drum 41 are moved to other end side or to the mandrel -

entrance/exit side at which the mandrel guide 45 is located, by
rotation of the drum 41, and thereby they are pushed by the
stoppers 41f and also are restrained from deviating outwardly by
the sheath 41b, so as to be pushed downwards out of the
stationary, tandem type mandrel guide 45.

Under the stationary tandem type mandrel guide 45, a tandem
type tube-end chuck 44 is disposed vertically. via an extendable
mandrel guide 46, as shown in Fig. 21. The tube-~end chuck 44 is
mounted on a lower surface of a support plate 47 movable up and
down and is elevatingly driven by a cylinder 48 (Figs. 17, 18).
The tube-end chuck 44 has basically the same structure as 'tge
aforementioned tube-end chuck provided at the expanding apparatus

(Fig. 10) and operates to chuck a flaring processed end portion
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39b is arranged above the fixing playpégfq; A pair of chucls {39e, 39e ar e
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serve to hold the other end portion of the U shaped type crljoss fin coi
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a pair of pawls 44a, 44a opened by he springs 44e.

A tandem type flaring machine 60 for flaring the end
portions of the heat exchanging tube 21 is disposed at the
lateral side of the tube-end chuck 44 or at the front in the
movement direction of the slide bases 76a, 76a, as shown in Figs.
16 and 18, so as to perform tﬁe flaring process, prior to the
expanding process. The flaring machine 60 has basically the same
.strucﬁufe as the aforementioned flaring machine disposed at the
expanding apparatus (Figs. 8, 9).

Next, expanding steps using the expanding apparatus of the
‘second embodiment will be explained.

The cross fin coil 20 to be expanded is fixedly secured on
the work support 30. Then, the expanding unit 40 is moved to
provide the flaring process to the end portions of the heat
exchanging tubes 21 by twos from one end by use of the flaring
machine 60, and also provides the expanding process to the
flaring processed expanding tubes 21 by twos by use of the
expanding unit 40. The basic operation is substantially the same
as that of the aforementioned expanding apparatus of the first
embodiment, except an operation for inserting mandrels 10, 10
which will be explained hereinafter.

When the tandem type tube-end chuck 44 is situated above the
respective end portions of the two heat exchanging tubes 21, 21,
the tube end portions are fixed by the tube-end chuck 44. At this
time, the two mandrels 10, 10 are still in the wound state on the

winding drum 41.
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novi ng one chuck Iaterally al ong the | ower surface of the éuguiuﬁun.m
39d. The expandi ng unit 40 di sposed on one side of the ort
30 is driven triaxially by a driving nmechanism 70. The dri Vi 6“5

70 is provided wth a fixing support 7$éagd an elevatory bas¢ 73 which is

movabl e up and down under gui dance of ertical guides 72a, |72a nounted on
the front surface of the support 71. The el evatory base 73'is.mved up apnd

down b _
y After the -end portions of the two heat exchanging tubes 21,

21 are fixed by the chuck 44, the motor 42 is started to rotate
the spline shaft 4lc. The winding drum 41 is thus moved axially,
while rotating, toward the other end side (or toward the mandrel
guide). As a result, the two mandrels 10, 10 wound around the
ocuter peripﬁeral surface of the winding drum 41 are pushed by the
stopper 41f and are pushed out downward in order from the mandrel
guide 45 disposed at the other end portion of the winding drum 41.
Thereupon, the sheath 41b prevents outward deviations of the two
mandrels 10, 10 wound on the winding drum 41, so as to transmit a
thrusting force applied to the last mandrel pieces 11 to. the
expanding heads 13 without loss.

The entrance/exit portion, via which the mandrels 1.0, 10 is
pushed out downwards from a space between the winding drum 41 and
the sheath 41b, changes in position due to its axial movement
associated with the rotation of the winding drum 41, while the
two mandrels 10, 10 are pushed out of the entrance/exit portion
into the heat exchaﬁging tubes 21, 21, passing through the
stationary_tandem—type mandrel guide 45, the extendable tandem-
type mandrel guide 46 and the tandem-type tube-end chuck 41. Thus,

the heat exchanging tubes 21 are expanded at the same time and
in a short time and are fixedly secured to the fins.

The two mandrels 10, 10 of the rosary type can bend smoothly
with a small radium of curvature, and so they can pass through
bend portions of the heat exchanging tubes 21, 21 smoothly.
Therefore, whether the cross fin coil 20 is of the L-shaped type

or the U-shaped type, the expanding process can be performed
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without any‘ problem. When the mandrels 10 bend, they vary in
length, but this wvariation in length can be accomodated by
springs 41h at the winding drum 41.

When the mandrels 10, 10 inserted into the heat exchanging

tubes 21, 21 reach the ends of the straight tube portions thereof,

the motor 42 is reversely rotated. Due to this, the winding drum
41 is returned to the initial position, while rotating reversely,
ﬁo that the two mandrels 10, 10 are wound again along the spiral
grooves 4le of the winding drum 41, for storage. Then, the tube-
end chuck 44 is moved up with being opened to expand the next two
heat exchanging tubes 21, 21 and theq the expanding unit 40 is
moved by a stroke corresponding to the distance between the heat
exchanging tubes.

The slide bases 76a, 76b of the expanding unit 40 are
advanced at established pitches in the axial direction of the
winding drum 41 with respect to the elevatory support 73, so that
the plurality of heat exchanging £ubes 21 are expanded, as shown
in Figs. 24 and 25, with good efficiency, thus providing improved
workability.

Although it is preferable that the sheath 41lb is rotatable
together with the winding drum 41 in the abovementioned second
embodiment, the sheath 41b may be fixed.

Further, the axial movement of the winding drum 41 may be
provided by a bowl screw shaft, instead of the spline shaft 4lc.

Further, although the expanding unit 40 employs two mandrels
10, 10 in this gmbodiment, it may be so structured as to have

four mandrels 10 which are activated simultaneously in the same
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of a horizontal screw 75b driven by a notor 74b nounted tol|afi end portion
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on the | ower slide base 76a, under the guidance of horizontal guides 72c,
72c, by linear notors 74c, 74c arranged at both sides, as gh 1"

18. The expanding wunit 40 is disposedgon the upper slide bgse 76b. Thus,

the expanding unit 40 can be driven triaxially by the vertiTalr novenent
of the elevatory base 73 and the | ateral novenent and the back-and-forth

movenent Ofmggg%rsgédfht¥¥§a%fz§gme&g¥%ned expanding apparatus of the first

embodiment. The number of the mandrels used is not limited.
(Industrial Applicability]

The expanding mandrel; the expanding method and the
expanding apparatus both using the expanding mandrel according to
the present invention are mainly applied to expansion of heat
exchanging tubes of a cross fin coil of an air conditioning
machine, while also they can be widely applied to expansion of
metal tubes, such as a copper tube, for connection with another
metal plate or metal tube, especially, serving a useful function

to expansion of metal tubes having bent portions.
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42a and a belt 42b, as shown

1. A flexible expanding mandrel comprising a

plurality of

mandrel pieces (11, 11, ...) to be inserted into a tube to be

expanded, said mandrel pieces being connected in a row in such a

manner as to be bendable at their connecting portions and have at

the leading end thereof an expanding head (13).

2. An expanding mandrel as set forth in Claim 1,

wherein the

plurality of mandrel pieces (11, 11, ...) are formed of short rod-

like members and adjacent mandrel pieces (11, 11)
connected to each other.

3. An expanding mandrel as set forth in Claim 1,
plurality of mandrel pieces (11, 11, ...) are forﬁed

members having diametrically extending through-holes

are bendably

wherein the
of spherical

{11d) formed

therein and are connected in a row by a wire (14) passed through

the through-holes (114d).

4, An expanding mandrel as set forth in Claim 3, wherein

between adjacent mandrel pieces (11, 11) there ar

e interposed

spacers (15) each having at the center a through-hole (15a)

through which the wire (14) pass and at its opposite ends

spherical seats (15b, 15b) with which the mandrel pieces (11, 11)

make surface contact.

5. An extending method comprising a step for forcibly inserting

the leading expanding head (13) ath the leading end into the tube

by applying a thrusting force from outside of the tube to said

mandrel (10) set forth in any one of Claims 1 through

6. An expanding method as setwgggth in Claim 35,

en Replaced
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1S SHEET HAS
EPLACED

Eﬁ:\

|



in Fig. 18. The Winding-drum4l is rotated synchronously wid:

TREEMENT SHEET
rotation of ym %ii shaft 4lc. Two spiral grooves _41._%;-}—-

%ggﬁset;geceﬁgag rﬂ”"”"lwm ch the mandrels 10 of the apove‘in%rét_lj %Bgd
- 37 - :

T

mandrel (10) is wound on a winding drum (41), for accomodatién.
7. An expanding apparatus using the mandrel (10) set forth in
~any one of Claims 1 through 4 for expansion of tube, said
expanding apparatus comprising a winding drum (41) for winding
thereon the mandrel (10), for accomodation, and a mandrei feeding
mechanism (43) for applying a longitudinal thrusting force to the
mandrel (10) to forcibly insert the expanding head (13) at the
leading end of the mandrel (10) into the tube.
8. An expanding apparatus at se‘t forth in Claim 7, wherein
there is provided a work support (30) on which a cross fin coil
(20) to be expanded is fixedly secured, and an expanding unit (40)
equipped with the winding drum (41) and the mandrel feeding
mechanism (43) is arranged to be reciprocatingly movable in
arrangement directions of the tubes of the cross fin coil (20)
fixedly secured on the work support (30).
9. An expanding apparatus as set forth in Claim 8, wherein said
expanding unit (40) employs four mandrels (10), and feeding
passages for the four mandrels (10) are arranged at four apexes
of a diamond figure.
10. An expanding apparatus as set forth in any one of Claims 7
through 9, wherein the mandrel feeding mechanism (43) is attached
to the winding drum (41) and comprises a mandrel guide (43a) for
guiding the mandrel (10) linearly; a pair of sliders (43b, 43b)
which make synchronous reciprocating motion in the opposite
directions along the mandrel guide (43a) by a pair of crank
mechanisms; and movable hitching pins (43e, 43e) which are

provided _MEE“m“the sliders (43b, 43b) and are movable
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are formed in parallel on the outer peripheral surface of BHEUM&WW&JmH““‘
drum The two nmandrels 10, 10 are spirally positioned frijohone ends to tthe
other ends by the spiral grooves 4le, 4le on the outer gerli phey8CTsI998 age
of the w nding : spirally wound and accongdat ed al ong the
grooves. As Shommmnnmmﬁmach spiral groove 4le is |prlevided—at—1Ts
one end portion *with 'a $toppef 41f engageable with the ljast mandrel piece

11 of the plurality of nmandrel pieces of the nmandrel 10. "A'rear end
portion of the wire is, as shown in Fig. 20, guided into the w nding drum

41 through geirdechOddigr tbloindnfadrdlasd@Rd {4323 so as to fit into

concaved portions (llc) at the mandrel pieces (11) of the mandrel
(10) in the mandrel guide (43a).

11. Aﬁ expanding apparatus as set forth in Claim 10, wherein the
mandrel (10) is the expanding mandrel as set forth in Claim 2.

12. An expanding apparaﬁus using the mandrel (10) set forth in
any one of Claims 1 through 4 for expansion of tube, said
expanding apparatus comprises (i) a winding drum (41) which has a
spiral groove (4le) for winding therealong the mandrel (10) and
allows the mandrel (10) wound along the spiral groove (4le} to be
fed from a mandrel entrance/exit portion of the winding drum by
the normal rotation thereof and allows the mandrel (10) to be
wound along the spiral groove (4le) by the reversal rotation
thereof and (ii) a mandrel guide (45) disposed at the mandrel
entrance/exit portion of the winding drum (41), the winding drun
(41) being provided around its outer peripheral portion with a
sheath (41b) for covering a spiral-groove region except the
mandrel entrance/exit portion.

13. An expanding apparatus as set forth in Claim 12, wherein the
sheath (41b) is so supported as to rotate together with the
winding drum (41).

14. An expanding apparatus as set forth in Claim 12 or 13,
wherein said mandrel (10) is the expanding mandrel as set forth
in Claim 3 or 4.

15. An expanding apparatus as set. forth in Claim 12 or 13,
wherein the mandrel (10) which is the expanding mandrei as set

forth in Cla;m_§_9rm4 i;mE§e§ for expansion of tube, and wherein
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wire end fitting 41i. -Between the wire end fitting 41li and @Rz pi_mgw_rfﬁ 417’“&

fixedtothed there is interposed a resilient rrﬁnbc ﬁ&;.. of—a-coi
spring for pul Um ’"Ell Hﬂ portion of the row of the] nan ~RIeg
to bring it |n, L’ﬂ act W th the stopper 41f. G&Me"ég
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fromthe other end portions of the spijyeal. grooves 4le fhrough a
vertical, tubular, tandem type mandrel guide 45, as sh
The mandrel guide 45 is disposed at the nandrel entrance/exit portlon of

the w ndi ngtR¢ UWinding drum (41) is provided with (i) a stopper (41f)

%

engageable with an end portion of an array of the mandrel pieces
(11) of the mandrel (10) wound along the spiral groove and (ii) a
resilient member (41h) for pulling an end of a wire (14) passed
through the mandrel pieces (11) to bring the end portion of the
array of the mandrel pieces into resilient contact with the
stopper (41f).

16. An expanding apparatus as set forth in any one of claims 12
through 15 comprising (i) slide bases (76a, 76b) which support
the winding drum (41), the sheath' (41b) and the mandrel guide (45)
are so supported as to make reciprocating motion in the axial
direction of the winding drum (41) with respect to a basal
support (73), and (ii) a driving mechanism (70) .for moving the
slide bases (76a, 76a) forwardly at established pitches.

17. A heat exchanger having heat exchanging tubes and fins,
characterized by that it has the heat exchanging tubes that are
expanded by the expanding method as set forth in any one of

Claims 5 and 6.
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-41 and is fixed on the slide base 76b. The sheath 41b $egp ' |SthEET
the mandrels 10, 10 wound on the w nding drum41 fromthe uﬁMﬂiﬂEME@PS@
~di sposed around the outer peripheral portion of the w ndin rum4l

formng a gap ~ 31 -t hef elsed {Kdn19%or
occupancy of the mandrels 10, 10. Alsgy the

Abstract

Expanding Mandrel, Expanding Method and
Expanding Apparatus using the expanding mandrel and
Heat Exchanger with heat exchanging tubes expanded

by the expanding method

An expanding mandrel (10) used mainly for expanding
heat exchanging tubes (21) of a cross fin coil (20) of an
air conditioning machine, so as to connect them to fins of
the cross fin coil. The expanding mandrel has
flexibility, comprising a plurality of mandrel pieces (11)
which are bandably connected in a row, with an expanding
head (13) disposed at the leading end. By an expanding
method and an expanding apparatus both using the mandrel
(10), the mandrel (10) is wound on the winding drum (41);
is fed from the winding drum (41) so as to be inserted into
the heat exchanging tube (21) of the cross fin coil so as
to be expanded at the time of tube expansion; and is
retracted from the heat exchanging tube (21), after
completion of the expanding, so as to be wound on the
winding drum (41). This provides a decreased size of the
apparatus and allows even an expansion of a heat exchanging

tube which has been bend-processed.

(FIGURE 1)



sheath 41b is supported at the opposite ends by bearings 4ﬂP%A€EMENﬁQWFE$
rotatable together with the winding drum4l. A lead 41k pr-ev+ded—at— he
~other end portion of the sheath 41b (mandrel- pulling-o t ;gﬁ aﬁg%gt
frame side of the expanding unit 40. The lead 41k is fodmgd

D

ol

steel ball. It is located on the other end portion of af Knternal cylinfef
41a and is in engagenent with the other end portion of §he spiral groove
41e. When the wi nding drum 41 rlotates, the spiral g i

by the | ead 41k and the w nding drum 41 noves axially along the spline
shaft 41c, while rotating. The pitch of the drum 41
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nmoving spirally is the same as that of the mandrels 10, 10
the drum 41. Thus, the two mandrels 10, 10 wound on the
ar.e noved to other end side or to the mandrel entrance/ex

outwardly by the sheath 41b, so as to be pushed dé

T S

t S|de at whi ch

the mandrel guide 45 is located, by rotation of the drum #1i ang ggreiggey
they are pushed by the stoppers 41f and al so are restraingd}{fromdeviatin

the stationary, tandem type nmandrel,guide 45. Under fhe stationary

tandem type mandrel guide 45, a tandem type tube-end chuck—2Z TS di sposed

vertically, via an extendable
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mandrel guide 46, as shown in Fig. 21. The tube-end chuck 4f i, \PBUBIESHEET
a |lower surface of a support plate 47 novable up and down andis -

el evatingly driven by a cylinder 48 (Figs. 17, 18). The tubejend chuck 44
has basically the same structure as the aforementioned tub¢-end 8HKIEk 1996
provi ded at the expandi ng apparatus (Fig. 10) and operatesit® chuck a
flaring processed end portion 3
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- 32- of the heat exchanging tube 21 by noving down a ri ng| 4%PLABEMEISE SHEET
a pair of pawl s 44a, 44a opened by he springs 44e. A tanflem type
‘flaring machine 60 for flaring the end portions of the heat exct;apq;img-‘ggﬁ
tube 21 is disposed at the |ateral side of the tube-end chugk| 44 or at the
front in the novement direction of the slide bases 76a, 76al as—stowr+r—-
Figs. 16 and 18, so as to performthe flaring process, prior to the

expandi ng process. The flaring machi ne 60 has basically the sane
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structure as the aforenentioned flaring machine disposed at tHep: ngﬁﬂﬁhm%%EET

apparatus (Figs. 8, 9). Next, expandi ng steps using theje

apparat us of the second enbodlnent will be expl ai ned. h
coil 2 2 ly-secured on the work support} 3

the expanding unit 40 is noved to provide the flaring proceass

Clross

o5 %8c Bos

to

t he

end portions of the heat exchanging tubes 21 by twos fromijone end
use of the flaring machine 60, and also provides the expanding

by

process to the flaring processedgexpanding tubes 21 by twos by use

t he
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expandi ng unit 40. The basic operation is substantially tme—sa-xxs—-as—{—ha-t—-—
of the aforementioned expandi ng apparatus of the first enpdRIPIAGEMENEKSEPET
an operation for inserting nmandrels 10, 10 which will be pxptarned '
her ei nafter. When the tandem type tube-end chuck 44 ip Fi tvu?b?at @)@?ve
the respective end portions of the two gieat exchangi ng tupep 1, 2, hel

tube end porti =xed by the tube-end chuck 44. At thi!
two mandrels 15-:5’1@re till in the \féb?mbne [ the w nding drum 41.
>

gl 1w
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- 33- After the end portions of the two heat exchanging g.ubew 212t

are fixed by the chuck 44, the notor 42 is started to rotate tRéPtsﬁ;ﬁlEMrﬁﬁT %HFET
shaft 41c. The winding drum 4l is thus noved axially, while fotyatTny;
toward the other end side (or toward the nandrel guide). As 4 nes4l tE)CfHQ%
two mandrels 10, 10 wound around the outer peripheral surfacq qf ‘fﬁ‘e

w ndi ng drum 41 are pushed by the

—
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stopper 41f and are pushed out downward in order fromthe mandret—-gu

di sposed at the other end portion of the wi nding drum 41. There@}iﬁg ,Cwﬂ SHEET
sheat h 41b prevents outward deviations of the two nmandrels 10,{ J0 wound on
the winding drum 41, so as to transnit a thrusting force appliled t@ 1DeT 1996
| ast mandrel pieces 11 to the expanding heads 13 w thout | oss| The
entrance/exit portion, via which the nMandrel s 10, 10 is pushe
downwards from a space between the w nding drum4l and h ,
changes in position due to its axial novenent associ a{:e‘drve@q qe rotation
of the winding drum41, while the
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.o

Qo
o

two mandrels 10, 10 are pushed out of the entrance/exit portfQr-Tmt-o—

heat exchanging tubes 21, 21, passing through the sta'(tﬁtgh&@%ﬁ’lﬁf‘”SHEET
tandemtype nmandrel guide 45, the extendable tandem type drel guirde~2%6
and the tandemtype tube-end chuck 41. Thus, the heat exchandi ng 1@Res|9ds
are expanded at the sane tinme and in a ghort tine and are ffi dedly secured
to the fins. The two nmandrels 10, 10 of the rosary tyge ‘camrbtend
snmoothly with a small radiumof curvature, and so they canipass through

bend portions of the heat exchanging tubes.2l, 21 snoothly.

Therefore, whether the cross fin coil 20 is ofgghe L-shape_ +ype
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or the U-shaped type, the expanding process can be perforneyl REPLACEMEMT SHECT
-34 - Wi t hout any problem Wen the mandrels 10 bend, they yary—in

| ength, but this variation in |l ength can be acconodated by {spri 1 t
t he wi nding drum 41. §Q%é“ k‘b%
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"Wien the mandrels 10, 10 inserted into the heat exchangind

reach the ends of the straight tube portions thereof,
.reversely rotated. Due to this,

initial

unit 40 is
heat

posi tion,

Then,

42a-]

t he tube-

end chl

4L2a

while rotating reversely,
10 are wound again along the spiral
for storage.

t hg

th i ndi d 41 | t
cversely. so that the tug mandoEl %,

grooves 4le of the w
ck 44 is noved up wt
expand the next two heat exchangi ng tubes 21, 21 and then--
noved by a stroke corresponding to
exchangi ng tubes.

REPDRCEMENT SHEET
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-The slide bases 76a, 76b of the expanding unit 40 are advanced at
established pitches in the axial direction of the wnding drum4l wth

-respect to the elevatory support 73, so that the plurality
exchangi ng tubes 21 are expanded, as shown in Figs. 24 and
efficiency, thus providing inproved workability. Alth
preferable that the sheath 41b is rotatﬂgle together with t
41 in the abovenenti oned second enbodi t he sheath 41b

Further, the axial novenent of the mnndlng dr f y
40 F

/

42a — (
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41b
42b | lﬂ(/ 3 4l

i 72c 76b

of
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'provi ded by a bow screw shaft, instead of the spline shaft=2 LEET
Further, although the expanding unit 40 enpl oys two mndrel%ﬁtEQﬁM% IS d

‘this enbodinent, it nay be so structured as to have four} mandrels 10 whijch
are activated sinultaneously in the sane 3 10CT 1996
- 35- _
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manner as in the aforenmentioned expandi ng apparatus of the fi+st
enbodi ment. The nunber of the nmandrels used is not |linted. ﬁEHdWENERﬁJSHEET

Appl i cability] The expanding mandrel, the expandiiig nernoa and

the expandi ng apparatus both using the expandi ng nmandrel adcqgr ?%L e
present invention are mainly applied to expansion of heat xchanglng t

| O tho\l can hn
3

of a cross fin coil of an air condltlonlng machi ne, while

wi dely applied to expansion of net all4-ubes, such as a coppdr tube, for
connection with another netal plate or met al t ube, especialty;—servimg—a

useful function
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" to expansion of netal tubes having bent portions. REPLACEMENT SHEET
-36- CLAI M 1. A flexible expandi ng mandrel conprisingjajprurartty of

_mandrel pieces (11, 11, ...) to be inserted into a tube to |bg qmgg
said mandrel pieces being connected in a row in such a mannern e'%I{;'to §996
bendabl e at their connecting portions and have at the Ieadindréme4¢mw£uﬁ_.
an expandi ng
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head (13), CHARACTERI SED I N THAT: the flexible expanding nandrel is

used for expanding a tube fromits open end along its | engtt—and TSN
‘expandi ng head (13) has an outer dianmeter |arger than an i PkﬁC§M§NEﬂhb£T
the tube to be expanded. 2. An expandi ng mandrel as cl ai nLd 'n gaarmt;
wherein the plurality of mandrel pieces (11, 11, ...) are o t
rod-1i ke nmenbers and adj acent mandrel pieces (11, 11) are e1gqﬁFanS%®%
connected to each ot her. 3. An expgndi ng mandrel as cl a| net—A—G-aim-1
wherein the plurality of mandrel pieces (11, 11, ...) are Jorned of

spherical nenbers having dianetrically extendi ng through-holes (ITd)formed
therein and are connected in a row by a wwre (14) passed through the
t hrough- hol es (11d).
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4. An expanding mandrel as clainmed in Caim3, wherein bgt RERIAGENENT eBHEET
mandrel pieces (11, 11) there are interposed spacers (15) jegctrtravimg=at
the center a through-hole (15a) through which the wire (14) p%?ﬁ(ﬁﬂﬁ1§§ its
opposi te ends spherical seats (15b, 15b) with which the ngndrel 'pleéeces QJ",
11) make surface contact. 5. An expandi ng appar at us usijng-t-he-mandrel—
(10) clainmed in any of clains 1 throu?h 4 for expansion off a tube, said

N
L

expandi ng apparatus conprising a w ndfng drum (41) for wi netrg—thereomrthe
mandrel (10), for accommopbdation, and a nandrel feeding nechanism (43)
for applying a longitudinal thrusting force to the mandrel (10) to

/".\_,' '

F1G23




--37- forcibly insert the expanding head (13) at the | eading end of the

mandrel (10) into the tube. 6. An expandi ng apparatus a§ &kgi [ LEE

Claim5, wherein there is provided a work support (30) on vmlﬁ#ﬂ&@&ﬁﬁ&s’iqq
coil (20) to be expanded is fixedly secured, and an expanding unit é40%%8

equi pped with the winding drum (41) and the nandrel feeding fechdB&hi{ds)
Is arranged to be reciprocatingly novald e in arrangenent diir¢ctions of the
tubes of the cross fin coil (20) fixedly secured on the worlk support (30).
7. An expandi ng apparatus as clainmed in Caim6, wherein -

18/18



oo ane

sai d'expandi ng unit "(40)~enploys four mandrels (10), and fe &fn

tor the four arranged at four apexes of ajdjanond flgure
8. An expandlrmim{ g ﬂﬂgmgﬂ cI aimed in any of aims 5 to|7| Cb&E ¥ he

mandrel  feedi Rg Is attached to the windin rum (41) and

conprises a mandrel guide (43a) for guiding the mandrel (10 nearry, a
pair of sliders (43b, 43b) which nmake syneBfenous reciprocafing notion in

the opposite directions along the mandrel guide (43a) by a pair of crank
mechani sns; an&l®dM&| e hitching pins (43e, 43e) which are provided at the
sliders (43b 43b) and are novabl e perpendicularly to the mandrel- guide
(43a) so as to _fit into concaved portions (1lc) _at the mandrel pieces (11)
of the mandrel X-10) % %ﬁ%d%?aa‘ém% (ﬂé&é}”el aPMBLAS NG AdpAyrality

appar at us usi n@fl hentaredr giedcky (@1gi Mg ...) to be inserted into a tube

to be expanded, said mandrél pieces being connected in a
row in such a manner as to be bendable at their connecting
portions and have at the leading end thereof an expanding
head (13), CHARACTERISED IN THAT:

the flexiblé expanding mandrel is used for expanding
a tube from its open end along its length; and

the expanding head (13) has an outer diameter laréer
than an ipner diameter of the tube to be expanded.

2. An expanding mandrel as claimed in Claim 1, wherein
the plurality of mandrel pieces (11, 11, ...) are formed
of short rod-like members and adjacent mandrel pieces (11,
11) are bendably connected to each other.

3. An expanding mandrel as claimed in Claim 1, wherein
the plurality of mandrel pieces (11, 11, ...) are formed
of spherical members having diametrically extending
through-holes (11d) formed therein and are connected in a
row by a wire (14) passed through the through-holes (11d).

4, An expanding mandrel as claimed in Claim 3, wherein -
between adjacent mandrel pieces (11, 11) there are

| interposed spacers (15) each having at the center a
through-hole (15a) through which the wire (14) pass.and at
its opposite ends spherical seats (15b, 15b) with which the
mandrel pieces (11, 11) make surface contact.

5. An expanding apparatus using the mandrel (10) claimed
in any of claims 1 through 4 for expansion of a tube; said
expanding é.pparatus comprising a winding drum (41) for
winding thereon the mandrel (10), for accommodation, and
a mandrel feeding mechanism (43) for applying a
longitudinal thrusting force to the mandrel (10) to

~



in-any of claims—1-t-hrough 4 for expansion of a tube, said
~.appar at us co Ln (i) a"winding drum (41) which has a s
(41e) for win !’g ﬁg

wmound along th

portion of the mnndlng’Urun1 the normal rotation thereof
-38- and allows the mandrel (10) to be wg4nd al ong the spiral

,ﬂmﬂiﬁ !/Zilg?n?geloe(%gé ?pgmalal (r)r:ﬁdﬁ QI antg grpee 497

“"”' :E'ﬁxgug SHEET

randrel (10)

groove (41T)

by the reversal rotation thereof; and (ii) a mandrel guide (}J45) disposed at

the mandrel efibredbdyeihbert the expanding head (13) at the Teading end

of the mandrel (10) into the tube.

6. An expanding apparatus as claimed in Claim S, wherein

there is provided a work support (30) on which a cross fin
coil (20) to be expanded is fixedly secured, and an
expanding unit (40) equipped with the winding drum (41) and
the mandrel feeding mechanism (43) is arranged to .be
reciprocatingly movable in arrangement directions of the
tubes of the cross fin coil (20) fixedly secured on the
work support (30).

7. An expanding apparatus as claimed in Claim 6, wherein
said expanding unit (40) employs four mandrels (10), and
feeding passages for the four mandrelé (10) are arranged
at four apexes of a diamond figure.

8. An expanding apparatus as claimed in any of Claims 5
to 7, wherein the mandrel feeding mechanism (43) is
attached to the winding drum (41) and comprises a mandrel
guide (43a) for guiding the mandrel (10) linearly; a pair
of sllders (43b, 43b) which make synchronous reciprocating
motion in the opposite directions along the mandrel guide
(43a) by a pair of crank mechanisms; and movable hitching
pins (43e, 43e) which are provided at the sliders (43b,
43b) and are movable perpendicularly to the mandrel guide
(43a) so as to fit into concaved portions (1llc) at the
mandrel pieces (11) of the mandrel (10) in the mandrel
guide (43a).

9. An expanding apparatus using the mandrel (10) claimed
in any of claims 1 through 4 for expansion of a tube, said
expanding apparatus comprising: (i) a winding drum (41)
which has a spiral groove (4le) for winding therealong the
mandrel (10) and allows the mandrel (10) wound along the
spiral groove (4le) to be fed from a mandrel entrance/exit

portion of the winding drum by the normal rotation thereof

£



portion of the w nding drun1(41) the wi nding drum (41) being-
around its outer perlpheral portion with a sheath (41b) for\ @&V

spiral -groove reg ndrel entrance/exit portipn éfg
expandi ng appar at 'mmﬁ ﬂﬁmj‘&ﬂ Claim9, wherein the sheat\h (@B)DE SO
supported as to rotate tog th the wi nding drum (41).

expandi ng apparatus as clained in daim?9 Er_lo, wherein the

which is the expandi ng mandrel as set forthin Claim3 or 4 is;used
expansi on of t bR ANbwdeErs mhiarvindipy douBd 4ddurid EPI&’{ eWs Qr%!l.) a

st opper (41f) engageab) e t.h d t f

o ebbe (1) bt SR (B0, tas RVeFeAG TORAERPRAFRGFRREE BRA (A1) 8
resilient menbetandddl) dwideul(béEhgdiepesedoata the emdddyepasnedahbegughet he
mandrel pieces (1M 40 BET PHle! B RGP UMHE" (21 { PErd PBhdind "Srum (a1)

being provided around its outer peripheral portion with a

sheath (41b) for covering a spiral-groove reglon except the
" mandrel entrance/ex1t portion.

10. 2An expanding apparatus as claimed in Claim 9, wherein
the sheath (42b) is so supported as to rotate together with
the winding drum (41).

11. BAn expanding apparatus as claimed in Claim 9 or 10,
wherein the mandrel (10) which is the expanding mandrel as
set forth in Claim 3 or 4 is used for expansion of tube,
and wherein the winding drum (41) is provided with (i) a
stopper (41f) engageable with an end portion of an array '
of the mandrel pieces (11) of the mandrel (10) wound along
the spiral groove and (ii) a resilient member (41h) fof
pulliﬁg an end of a wire (14) passed through the mandrel
pieces (11) to bring the end portion of the array of the
mandrel pieces into resilient . contact with the stopper
(41f) .

12. An expanding apparatus as claimed in any of claims 9
to 11 cémprising (i) slide bases (76a, 76b) which support
the winding drum (41), the sheath (41b) and the mandrel
guide (45) are so supported as to make reciprocating motion
in the axial direction of the winding drum (41) with
respect to a basal support (73), and (ii) a driving
mechanism (70) for wmoving the slide bases (76a, 76a)
forwérdly at established pitches.

13. A method of expanaing a tube from its open end over
its length, comprising the steps of:

bending a tube, and

inserting an expanding head having an outer diameter

LY



e Gesd |
mandrel pieces into resilient. contact with the stopper'%ﬁ%*LHuqﬁb ;,%
- expandi ng apparatus as clainmed in any of clains 9 to 1llicdnpris )
slide bases (76a, Hl MLB' mjlmt the wi ndi ng drum (4iL); ,OBf{é}éﬂ@?
(41b) and the mand e SO supported as to
motion in the axial difection &f fhe wi ndi ng drum (41) *respﬁﬁr‘fo a
basal support (73), and (ii) a driving nmegfani sm (70) fo noyin I
bases (76a, 76a) forwardly at established pitches. nmet hod of

expandi ng a t geakesmthes ggerinner diamsites |ceﬁwgqandowhﬁ i ntr the tubes

of : bendigpgn? 1¢9Coptifl end VSFT EHAY BEnGYRANHALANAY BRY e

outer di ameter
portion of the tube for expanding the tube over the length

including the bend portion.

14. A method as claimed in claim 13, wheréin said tube is
a tube for a heat exchanger.



-39- greater than an inner diameter of said tube into the ”@ﬁﬁkﬁﬁﬁEﬁf%HEEf

.open end over “the I ength including the bend portion of the ju
expandi ng the tube over the length including the bend portifn
method as clained in claim13, wherein said tube is a tube o

exchanger .
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