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[57) ABSTRACT

A manually operable tube flaring tool for providing a
partial flare in the end of a deformable tube. The tool
includes a flaring head defining an annular flaring sur-
face and a cylindrical pilot portion projecting axially
from the flaring surface to be received in the tube end
for guiding the flaring surface axially against the distal
end of the tube during the flaring operation. The too0]
further includes a support for fixedly positioning the
tube end coaxially adjacent the flaring surface of the
flaring head. The support defines an improved recess
configuration providing a controlled buckhing of the
tube end by the forceful engagement therewith of the
flaring surface wherein the buckled tube end defines
preselected frustoconical inner and outer portions. The
support may further define a conventional single flare
recess opposite the partial flare recess whereby the tube
may be used selectively to provide either of the partial
or single flare flaring operations. The tube clamp may
be defined by one leg of the U-shaped body and a coop-
erating clamp block movably carried by the body and
adjustably positioned by a threaded member threaded
through the other leg of the body.

17 Claims, 8 Drawing Figures
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FLARING TOOL

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to manually operable flaring
tools and in particular to flaring tools for providing
double flares.

2. Description of the Prior Art

In one conventional form of flaring tool, a flaring
cone is urged into the distal end of the tube so as to flare
the distal end frustonically outwardly. The flaring oper-
ation i1s controlled so as to arrange the flared end accu-
rately to conform to the seating surface of the fitting to
which the flared tube is to be connected.

In certain applications, it is desirable to fold over the
flare so as to provide double thick walls. Illustrations of
such double flaring tools are illustrated in U.S. Pat. Nos.
2,370,089, 2,553,813, and U.S. Pat. No. Re.24,325, each
of which patents is owned by the assignee hereof.

Other patents owned by the assignee hereof illustrat-
ing other forms of flaring tool structures are those of
Kowal et al L.S. Pat. Nos. 3,576,335, Strybel 3,849,881,
and Strybel 3,913,364.

SUMMARY OF THE INVENTION

The present invention comprehends an improved
manually operable tool which provides a partial double
flare in the end of a deformable tube, permitting the
completion of the formation of the double flare by the
fitting elements themselves as an incident of making up
of the fitting.

In the illustrated embodiment, the tool deflects the
tube end to a preselected partial double flare configura-
tion by effecting a controlled buckling of the tube end
within a novel recess in the tube support by a novel
flaring head acting against the distal end of the tube.

More specifically, the tube flaring tool of the present
invention includes a flaring head defining an annular
flaring surface and a cylindrical pilot portion projecting
axially from the flaring surface to be returned in the
tube end for guiding the flaring surface axially against
the distal end of the tube, a support for fixedly position-
ing the tube end coaxially adjacent the flaring surface,
the support defining a cylindrical recess coaxially con-
fronting the flaring surface and including an outer right
circularly cylindrical portion, an inner frustoconical,
outwardly widening portion opening coaxially into the
outer portion, and an innermost tube clamping right
circularly cylindrical portion, and force transmitting
means for forcibly urging the flaring head axially in-
wardly against the distal end of the tube secured by the
clamping portion, the angularity of the frustoconical
surface being preselected to allow the tube end to
buckle outwardly to have an inner portion abut the
tfrustoconical surface of the support and an outer por-
tion adjacent the distal end abut the flaring surface of
the flaring head.

In the tllustrated embodiment, the head flaring sur-
face 1s frustoconical widening inwardly coaxially
toward the support recess.
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In one embodiment, the flaring surface comprises a
planar surface perpendicular to the axis of the pilot
portion. |

The head may define a radially outer cylindrical sur-
face slidably receivable in the outer portion of the sup-
port recess for further guiding of the head in the form-
ing operation.

The head and support may include cooperating stop
means for limiting the axial inward movement of the
head.

The angular arrangement of the different surfaces of
the head and recess are accurately preselected to pro-
vide a preselected partial buckled tube end for accurate
fit in the tube fitting in which the flared tube end i1s to be
used so as to permit a completion of the tube flare to be
accurately effected as an incident of threaded make-up
of the fitting in the normal manner.

The diameter of the outer cylindrical surface of the
support recess 1s accurately preselected to control the
outer diameter of the partial flare.

In one form, the force transmitting means comprises
threaded means for threadedly advancing the flaring
head against the tube end. In another form, the force
transmitting means comprises a punch having a striking
surface opposite the flaring head portion.

The invention further comprehends the provision of a
tube flaring tool structure wherein the body comprises
a U-shaped body defining spaced legs and an intermedi-
ate bight portion. Fixed means are provided on one of
the legs to define one half portion of a tube clamp, and
a clamp block is movably positioned in the space be-
tween the legs and defines the other half portion of the
tube clamp. Means are provided for forcibly urging the
clamp block toward the one leg so as to effectively
clamp a tube end between the clamp block and one leg
in the half tube clamp portions thereof.

The support is adapted for use with a flaring head as
discussed above adapted to make only a partial flare in
the end of the tube held in the novel tube clamp struc-
ture.

Thus, the tool structure of the present invention is
extremely simple and economical of construction while
yvet providing the highly desirable features discussed
above.

BRIEF DESCRIPTION OF THE DRAWING

Other features and advantages of the invention will
be apparent from the following description taken in
connection with the accompanying drawing wherein:

FIG. 1 i1s a perspective view with portions broken
away illustrating one embodiment of a manually opera-
ble tube flaring tool embodying the invention;

FIG. 2 is a fragmentary enlarged diametric section
1llustrating a first step in the forming of the partial dou-
ble flare 1n the tube end by the flaring tool;

FIG. 3 1s a fragmentary section illustrating the ar-
rangement of the tube end and tool as upon completion
of the forming of the partial double flare thereby;

FIG. 4 1s a fragmentary view partially in section
illustrating the disposition of the tube end with the par-
t1al double flare formed therein mounted within a par-
tially made-up fitting;

FIG. 8 1s a fragmentary view similar to FIG. 4 but
illustrating the arrangement of the fitting and tube end
upon completion of the make-up of the fitting wherein
the final double flare of the tube end is effected as an
inctdent of the make-up of the fitting;
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FIG. 6 1s a fragmentary view partially in section
illustrating a modified form of tool embodying the in-
vention;

FIG. 7 1s a side elevation of a further modified form
of tool embodying the invention; and

F1G. 8 1s a fragmentary section illustrating a modified
form of support for use in the tube flaring tool of the
invention,

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the exemplary embodiment of the invention as
disclosed in FIGS. 1-5 of the drawing, a tube flaring
tool generally designated 10 i1s shown to comprise a
U-shaped body 11 having a first leg 12, an opposite
second leg 13, and a bight portion 14. Leg 13 is pro-
vided with a turned end 15 having a threaded bore 16
through which is threaded a threaded rod 17 carrying at
its lower end a flaring head 18. Threading of the rod
may be effected by a conventional handle 19 provided
at the outer end of the rod.

A clamp block 20 1s movably disposed in the space
between legs 12 and 13 of body 11. A tube clamp gener-
ally designated 21 1s provided for holding the end 22 of
a tube T coaxially of the flaring head 18 and rod 17. In
the illustrated embodiment, the tube clamp includes a
half clamp portion 23 carried on the leg 12 and a half
clamp portion 24 carried on the block 20. Flaring head
18 cooperates with the clamp portions 23 and 24 in the
flaring operation to define in the tube end 22 a prese-
lected partial double flare generally designated 25, as
shown in FIG. 3.

As shown in FIG. 4, the tube end 22, with partial
double flare 25 formed therein, may be installed in the
body 26 and nut member 27 of a conventional compres-
sion fitting so that upon completion of make-up of the
fitting, as shown in FIG. §, the partial double flare 25 is
converted into a completed double flare generally des-
ignated 28 providing improved positive sealing connec-
tion of the tube end 22 to the fitting. More specifically,
as shown in FIG. § of the drawing, the nut 27 includes
a frustoconical sealing surface 29 and the body 26 in-
cludes a frustoconical sealing surface 20 between which
the double wall flare is clamped in the made-up arrange-
ment of the fitting. The partial flare 25 is suitably ar-
ranged so as to permit facilitated completion of the
formation of the double flare 28 as an incident of the
make-up of the fitting.

Referring now more specitfically to FIGS. 2 and 3 of
the drawing, flaring head 18 includes a base portion 31
defining a lower stop surface generally designated 32
mmcluding a planar distal portion 33 and a circumferen-
tial frustoconical portion 34.

The head further is provided with a depending flaring
portion 35 projecting inwardly coaxially from base
portion 31 and defining an inner frustoconical flaring
surface 36 widening downwardly, or inwardly, as
shown in FIG. 2. Projecting further inwardly from the
center of the frustoconical portion 36 is a pilot portion
37 adapted to be received within a bore 38 of the tube
end 22 and thereby guiding the flaring head 18 during
the partial double flare forming operation.

As further shown in FIG. 2, the flaring portion 35 is
right circularly cylindrical in the illustrated embodi-
ment, and 1s received during the partial double flare
forming operation in a recess generally designed 39 in
tube clamp 21.
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More specifically, the recess 39 includes an outer
right circularly cylindrical portion 40 receiving the
complementary flaring portion 3§ of the flaring head.
Inwardly of portion 40, the recess defines an inner frus-
toconical outwardly widening portion 41. Extending
inwardly from the narrow inner end of frustoconical
portion 41, the recess is defined by a cylindrical portion
42 having a diameter preselected to provide clamping of
the tube end 22 when the half clamp portions 23 and 24
are brought together forcibly about the tube end 22.

As further shown in FIG. 2, recess 39 includes an
outer enlarged portion 43 defined by a planar surface 44
into which recess portion 40 outwardly opens, a frusto-
conical outwardly widening portion 45, and an outer-
most right circularly cylindrical portion 46. The diame-
ter of portion 45 is slightly greater than the outer diame-
ter of base portion 31 of flaring head 18 so as to permit
the base portion to move downwardly therethrough.
Downward, or inward, movement of the flaring head is
limited by the abutment of head surface 33 with clamp
surface 44, and head surface 34 with clamp surface 45 at
the end of the forming operation, as shown in FIG. 3.

More specifically, as the flaring head 18 is moved
downwardly into recess 39 during the forming of the
partial double flare 25, the distal end 47 of the tube end
22 is captured at the outer end of the frustoconical
flaring surface 36 of the flaring head. The downward
movement therefore causes the tube end to buckle so as
to define an inner, outwardly widening frustoconical
portion 48 and an outwardly narrowing frustoconical
portion 49. The outer diameter of the buckled partial
flare 25 is controlled by the abutment of the folded
midportion 50 of the partial flare 25 with the right circu-
larly cylindrical surface 40 of recess 39. The angularity
of portion 48 is controlled by the abutment thereof with
surface 41 of recess 39 and the angularity of the outer
partial double flare portion 49 is controlled by the outer
diameter of the pilot portion 37 at the juncture thereof
with flaring head surface 36. As shown in FIG. 3, the
distal end 47 of the tube facially abuts the frustoconical
stop surface 36a which narrows axially inwardly to the pilot
portion 37, the outer surface of tube portion 49 facially
abuts the flaring head surface 36, and the tube portion 48

45 facially abuts recess surface 41 in the buckled, partially
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completed double flare configuration 235. As shown in FIG.

3, tube portion 49 extends substantially normally to the
stop surface 36a in the buckled configuration, as a result of
the extension of surface 36a substantially perpendicularly
to flaring surface 36.

More specifically, in the illustrated embodiment, the
backup surface 41 extends at a frustoconical angle of
approximately 45° to the axis of the cylindrical recess.
The frustoconical flaring surface 36 extends at an angle
of approximately 60° to the axis of the flaring head. The
stop surface 45 extends at a frustoconical angle of ap-
proximately 45° to the axis of the recess 39.

As further shown in FIG. 2, the pilot portion 37 may
have a slight inwardly narrowing taper to facilitate
insertion thereof into the tube end.

As shown in FIG. §, the outer portion 51 of the com-
pleted double flare has a length such that the distal
portion 47 of the tube end has an innermost diameter
approximately equal to that of the normal inner diame-
ter of the tube bore. The provision of the outer portion
31 to have such length is obtained by suitably sizing the
diameter of recess portion 40 in coordination with the
presented angularity of surface 36 and surface 41.
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The angularity of surfaces 36 and 41 is further prese-
lected so as to permit facilitated deformation of the tube
end by buckling by means of the manual threading oper-
ation in the manually operable tool. Thus, the angular-
ity of these surfaces is preselected to permit facilitated
controlled buckling of the tube end by manually apphed
forces. Additionally, the angularity of these surfaces is
preselected to permit facilitated completion of the dou-
ble flare formation by the fitting- elements while yet
providing a sufficiently partially formed double flare to
assure the final disposition of the flare portions in the
configuration shown in FIG. 5.

Not only does the recess surface 40 provide a positive
control on the outer diameter on the partial double flare
and coordinated control with the surfaces 36 and 41 of
the angularity of the partially completed double flare
25, but also the abutment of the partial flare portion 30
therewith effectively maintains desired concentricity of
the flared end relative to the axis of the tube end.

As will be obvious to those skilled in the art, the force 20

applying means may not only comprise the threaded
carrier rod 17, as shown in FIG. 1, but the improved
partial double flare formation may similarly be effected
by means of a punchtype force applying means, such as
punch 52, as shown in FIG. 7. The punch may be pro-
vided with a flaring head portion 53 generally similar to
flaring head portion 18 of tool 10, and may cooperate
with a clamping means similar to the clamping means of
tool 10 to provide the desired partial double flare 25 for

completion in the fitting, as tllustrated in FIGS. 4and 5. 30

The invention further comprehends the provision of
the clamping means as a means for selectively providing
the above discussed partial double flare, or a conven-
tional single flare by simple reversal of the clamping
means. Thus, referring more specifically to FIG. 8, the
one half clamp hailf 54 and one half clamp half 35 are
provided at the lower end of the clamping portion 42a
with a frustoconical flaring surface 56 permitting the
clamp to be reversed in supporting the tube end and
therby permit flaring of the tube end clamped therein by
a conventional single flare flaring head (not shown). By
means of the modified clamping structure of FIG. 8, a
further more universally adaptable tool is provided for
providing selectively either double flare or single tlare
tube ends as desired.

The foregoing disclosure of specific embodiments of
illustrative of the broad inventive concepts compre-
hended by the invention.

We claim:

{ 1. A manually operable tube flaring tool for provid-
ing a controlled buckling of the end of a deformable
tube to form a partial double flare therein, said tool
comprising: a flaring head defining a frustoconical flar-
ing surface and a cylindrical pilot portion projecting
axially from said flaring surface toc be received in the
tube end for guiding the flaring surface axially against
the distal end of the tube, said flaring surface extending
rachally substantially the entire radial dimension of the
flaring head radially outwardly of the pilot portion; a
support for fixedly positioning said tube end coaxially
adjacent said flaring surface, said support defining a
cylindrical recess coaxially confronting said flaring
surface and including an axially outer right circularly
cylindrical portion having an inner diameter slightly
greater than that of the large end of said flaring surface
for slidably guiding the flaring head during a flaring
operation, an axially inner frustoconical, outwardly
widening portion opening coaxially into said outer por-
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tion and an axially innermost tube clamping right circu-
larly cylindrical portion; force transmitting means for
forcibly urging the flaring head axially inwardly against
said distal end of the tube secured by said clamping
portion, the angularity of said frustoconical portion
being preselected to allow said tube end to buckle radi-
ally outwardly to have an axially inner portion abut said
frustoconical portion of the support and an axially outer
portion adjacent said distal end about said flaring sur-
face of the flaring head, and stop means for positively
limiting inward movement of the flaring head relative
to said support for assuring an accurately preselected
buckled partial double flare configuration of the tube
end, said stop means including an annular, inwardly
facing planar stop surface on said flaring head out-
wardly adajcent said flaring surface, and a complemen-
tary annular outwardly facing planar stop surface on
said support outwardly adjacent said outer recess por-
tion. }

[2. The tube flaring tool of claim 1 wherein said
flaring surface comprises a planar surface perpendicular
to the axis of said pilot portion.]

3. The tube flaring tool of claim [1] 76 wherein said
head defines a radially outer cylindrical surface slidably
receivable in said [outer portion of the support recess}
holding means.

4. The tube flaring tool of claim [ /] /6 wherein said
[support} holding means include cooperating stop
means for limiting the axially inward movement of the
flaring surface against said distal end of the tube.

5. The tube flaring tool of claim [1] /9 wherein said
inner frustoconical portion of the support recess extends
at an angle of approximately 45° to the axis thereof.

6. The tube flaring tool of claim [1] /6 wherein said
frustoconical flaring surface [widens inwardly coaxi-
ally toward said support recess] extends at an angle of
approximately 60° to the axis thereof.

7. The tube flaring tool of claim [1] 79 wherein the
diameter of said outer cylindrical portion of the support
recess is preselected to allow a midportion of said tube
end to abut said surface when said tube end is buckled to
have said inner portion abut said frustoconical portion
and said outer portion to abut said flaring surface.

[8. The tube flaring tool of claim 1 wherein said
force transmitting means comprises threaded means for
advancing said head against said tube end as an incident
of manual threaded rotation thereof.}

[9. The tube flaring tool of claim 1 wherein said
force transmitting means comprises a punch carrying
said head at one end and defining a striking surface at an
opposite end. ]

10. The tube flaring tool of claim [1] 76 wherem
said pilot portion is tapered inwardly for facilitated
insertion into said tube end.

11. The tube flaring tool in claim 1 wherein said
head defines a radially outer cylindrical surface having
a diameter approximately 0.01 inch smaller than the
diameter of said outer portion of the support recess
whereby the head is freely slidably receivable in said
outer portion of the support recess.]

12. The tube flaring tool of claim [1] 2/ wherein
said [head and support include cooperating}] stop
means [for limiting] f/imits the axially inward move-
ment of the flaring surface against said distal end of the
tube to cause the buckled tube end to have an accu-
rately preselected axial length.

13. The tube flaring tool of claim [1]} 2! wherein
said stop means further comprise radially outer comple-
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meniary frustoconical ocutwardly widening guide sur-
faces on said flaring head and support extending out-
wardly from said planar stop surfaces.

14. The tube flaring tool of claim [1] /9 wherein
said support comprises a U-shaped carrier having one
leg provided with fixed means defining one half of said
recess, a movable clamp member provided with means
defining the other half of said recess, and threaded
means threaded through the other leg for forcibly
urging said clamp member toward said one leg to clamp
the tube end therebetween in the recess defined by the
juxtaposition of said half recesses.

15. The tube flaring tool of claim [1] /% wherein
said support further defines a frustoconical recess oppo-
site said cylindrical recess for use in selectively provid-
ing a single flare on a tube end.

16. Pressing structure for providing a controlled buck-
ling of the end of a deformable tube to form a partial
double flare therein, comprising

tool means defining holding means for holding the tube

end, and a flaring head defining a frustoconical axi-
ally inwardly widening flaring surface, a frustoconical
axially inwardly narrowing stop surface extending
from the radially inner end of the flaring surface, and
a pilot portion projecting coaxially inwardly from the
radially inner end of the stop surface to be received in
the tube end for guiding the stop and flaring surfaces
into facial engagement with the tube end to cause said
tube end to buckie radially outwardly and cause the
distal end of the tube end to abut said stop surface
with the axially outer portion of the bucklied tube end
extending frustoconically substantially normally to
said stop surface as an incident of the flaring head
being forced coaxially against said tube end.

17. The pressing structure of claim 16 wherein said
flaring head stop surface extends substantially perpendicu-
larly to said flaring surface.

18. A system for providing a controlied buckling of the
end of a deformable tube to form a double flare therein,
comprising:

tool means defining holding means for holding the tube

end, and a flaring head defining a frustoconical axi-
ally inwardly widening flaring surface, a frustoconical
axially inwardly narrowing stop surface extending
Jrom the radially inner end of the flaring surface, and
a pilot portion projecting coaxially inwardly from the
radially inner end of the stop surface to be received in
the tube end for gutding the stop and flaring surfaces
into facial engagement with the tube end to cause said
tube end to buckle radially outwardly and cause the
distal end of the tube end to abur said stop surface
with the axially outer portion of the buckled tube end
extending frustoconically substantially normally to
said stop surface as an incident of the flaring head
being forced coaxially against said tube end; and
tube fitting means defining a frustoconical axially out-
wardly widening compression surface terminating in
an annular axially inner planar surface, and an axial
bore opening through said annular surface and having

a diameter substantially equal to the inner diameter 60

of said tube end, the outer diameter of said frustoconi-

cal stop surface being less than the outer diameter of

said annular planar surface.

19. A system jfor providing a controlled buckling of the
end of a deformable tube to form a double flare therein,
comprising:

tool means defining holder means for holding the tube

end, and a flaring head defining a frustoconical axi-
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ally inwardly widening flaring surface, a frustoconical
axially inwardly narrowing stop surface extending
from the radially inner end of the flaring surface, and
a pilot portion projecting coaxially inwardly from the
radially inner edn of the stop surface to be received in
the tube end for guiding the stop and flaring surfaces
into facial engagement with the tube end to cause said
tube end to buckle radially outwardly in a partial
double flare configuration with the distal end of the
tube end abutting said stop surface and with the axi-
ally outer portion of the buckled tube end extending
Jfrustoconically substantially normally to said stop
surface as an incident of the flaring head being forced
coaxially against said tube end; and |

tube fitting means defining a frustoconical axially out-
wardly widening compression surface terminating in
an annular axially inner planar surface, and an axial
bore opening through said annular surface and having
a diameter substantially equal to the inner diameter
of said tube end, the outer diameter of said frustoconi-
cal stop surface being less than the outer diameter of
said annular planar surface, said holding means com-
prising a support defining a recess coaxially confront-
ing said flaring surface of the flaring head and includ-
ing an axially outer right circularly cylindrical portion
having an inner diameter slightly greater than that of
the large end of said flaring surface and slidably
guiding the flaring head during a flaring operation,
an axially inner frustoconical, axially outwardly wid-
ening portion opening coaxially into said recess outer
portion, and an axially innermost tube clamping right
circularly cylindrical portion.

20, The system of claim 19 wherein said axially inner,
frustoconical outwardly widening portion of the support
recess extends substantially perpendicularly to the frusto-
conical flaring surface whereby said buckled tube end
includes substantially perpendicular axially inward and
outward buckled portions in facial aburment therewith
upon completion of the partial flaring operation.

21. A system for providing a controlled buckling of the
end of a deformable tube to form a double flare therein,
COmprising:

too! means defining holding means for holding the tube

end, and a flaring head defining a frustoconical axi-
ally inwardly widening flaring surface, a frustoconical
axially inwardly narrowing stop surface extending
from the radially inner end of the flaring surface, and
a pilot portion projecting coaxially inwardly from the
radially inner end of the stop surface to be received in
the tube end for guiding the stop and flaring surfaces
into facial engagement with the tube end to cause said
tube end to buckle radially outwardly and cause the
distal end of the tube end to abut said stop surface
with the axially outer portion of the buckled tube end
extending frustoconically substantially normaily to
said stop surface as an incident of the flaring head
being forced coaxially against said tube end;

tube fitting means defining a frustoconical axially out-

wardly widening compression surface terminating in
an annular axially inner planar surface, and an axial
bore opening through said annular surface and having
a diameter substantially equal to the inner diameter
of said tube end, the outer diameter of said frustoconi-
cal stop surface being less than the outer diameter of
said annular planar surface, said holding means com-
prising a support defining a recess coaxially confront-
ing said flaring surface of the flaring head and includ-
ing an axially outer right circularly cylindrical portion
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having an inner diameter slightly greater than that of said flaring head axially and radially outwardly of
the large end of said flaring surface and slidably said flaring surface, and a complementary annular
guiding the flaring head during a flaring operation, outwardly facing planar stop surface on said support
an axially inner frustoconical, axially outwardly wid- at the axially outer end of said cylindrical outer recess
ening portion opening coaxially into said recess outer 3 portion.

portion, and an axially innermost tube clamping right 22. The system of claim 21 wherein said axially inner
circularly cylindrical portion; and frustoconical outwardly widening portion of the support

stop means for positively limiting inward movement of  recess extends substantially perpendicularly to the frusto-
the flaring head relative to said support for assuring conical flaring surface whereby said buckled tube end
an accurately preselected buckled partial double flare 10 includes substantially perpendicular axially inward and
configuration of the tube end, said stop means includ- outward buckled portions.
ing an annular inwardly facing planar stop surface on * % * % x
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