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This invention relates to a method and apparatus for
making tubular etbows and elbow fittings and more par-
ticularly to the mandrel which is used in shaping the
elbows.

The prior art discloses many different ways of making
elbows of relatively large or small radii. As an example,
in making elbows of relatively large radii, a tubular blank
without internal support is forced through the curved
channel of a forming die. Such a method, however, is
Limited in ifs use and application at the point where
wrinkling and undesirable deformation of the metal be-
gins to occur as the radius of curvature, in relation to
inter alia, the diameter of the desired elbow, is decreased.

YWhen making elbows of shorter or smaller radii in rela-
tion to diameter, it is the general proposition to give the
tube or blank internal support so as to maintain its inter-
nal diameter at or substantially at its desired finish internal
diameter while the blank is being bent by movement
through the curved channel of a forming die. As an ex-
ample, the prior art has provided internal support for the
extruded leg or posterior portion of the blank through sup-
porting mandrels for the purpose of resisting the tendency
of the material to collapse inwardly upon being forced to
tuke the small radius turn. Another internal support has
been provided by filling the blank with more or iess plastic
or liguid material such as lead, sand, resin, tar or water
and/or by causing sizing balls to move within the blank or
piece while the blank is being bent.

In the methods previously provided where an internal
support has been provided to resist the tendency of the
walls of the blank or elbow to collapse inwardly or to
wrinkle, there has been concomitant limitations, namely,
that resistance to the formation of wrinkles has built up,
ofttimes greatly or excessively, an increased resistance to
forcing the work around the corner or bend of the form-
ing channel. The effect of the internal support which re-
quires the greater force to move the blank through the
die is not limited merely to requiring greater working
efforts to bring about the formation of the elbow, but
along with the greater working effort follows the greater
siress and working of the metal of the blank as weil as
a tendency to thicken certain wall portions and/or thin
out other porticns and to expand the walls whereby to
increase the frictional load between the outer surface of
the blank and the channel of the die.

Certain of the prior art internal supports which were
used for the formation of the elbows were impractical in

many cases resulting in waste of time, excessive wear Of

injury to the die, mandrels, tools and machines used to
do the work, as well as reductions in the speed of produc-
tion and increases in cost.

1t is an object of the present inveation to provide an
improved method of forming elbow fittings which has
eliminated the difficulties mentioned previously by pro-
viding a simple process which is economical, practicable,
highly desirable for production and satisfactory in opera-
tion.

Another object of the present invention is to provide a
method of forming a long or short radius elbow fitting of
high uniform strength, quality and equal wall thickness.

Still another object of the present invention is to pro-
vide a method of making long or short radius elbows in
which the walls of the blank and elbow are substantially
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relieved of deletericus stresses and strains during the for-
mation of the bend thereof and more particularly during
the formation of the bend in the elbow during the step
of forcing the blank through a curved channel of a form-
ing die.

A further object of the present invention is to provide
a method and apparatus which provides a substantially
uniform wall thickness in and throughout the parts of
the elbow formed according to this invention.

A further object of the present invention is to provide
a niovel method of forming eibows which can be carried
out with 2 minimum of power for forcing the blank
through the die and/or working the material from an in-
itial straight tubular form to a finished short radius elbow
form.

A still further object of the presemt invention is to
provide a method of forming an elbow from straight tubu-
lar stock which comprises placing the stock in a die hav-
ing an elbow-shaped passage including an arcuate bend,
providing in the interior of the tubular stock a solid man-
drel which has a pair of external smooth peripheral sur-
faces on opposite sides thereof, one surface being cylindri-
cal and the other surface convex, with the cylindrical
surface in surface engagement with the stock which cos-
responds to the inside of the bend and the convex surface
in line contact with the stock which corresponds to the
outside of the bend, forcibly moving the stock and man-
drel so as to push the stock into the arcuate bend of the
die and move the material of the stock at the outside of
the bend into surface engagement with the convex surface
of the mandrel, and thereafter forcing the mandrel through
the stock to shape the material at the inside of the bend.

A still further object of the present invention is to pro-
vide a novel mandrel comprising a substantiaily solid
body having a longitudinally extending axis, said body
being symmetrical with respect to a plane which is per-
pendicular to the aforesaid axis midway between its ends,
the periphery of the body extending around the afore-
said axis containing a pair of smooth surfaces at opposite
sides thereof, one of the surfaces being cylindrical and
having its principal axis coinciding with the aforesaid
longitudinally extending axis and the other of the sur-
faces being convex and having a longitudinal radius of
curvature measured from an axis which is spaced from
and perpendicular to the aforesaid longitudinally extend-
ing axis and which is more than twice the radius of the
cylindrical surface, and having a radius of transverse
curvature equal to the radius of the cylindrical surface.

Another object of the present invention is. to provide
a method of making a mandrel comprising the steps of
taking an elongated segment of a solid torus of normal
circular cross section with the segment having a depth
at its transverse center section equal to the difference

etween the outside and inside radius of the torus, and
shaping the inside surface thereof to circular form by a
turning operation in which the segment is rotated about
a center line tangent to the mean radius of the torus.

Other objects and features of the invention will become
apparent as the description proceeds, especially when
taken in conjunction with the accompanying drawings,

ilustrating a preferred embodiment of the invention,

wherein:
FIGURE 1 shows in longitudinal cross section a tubu-
lar blank or tube positioned in an initial position in one

.of a pair of split forming dies through which the blank

is to be forced to give it its elbow form.

FIGURE 2 is a view similar to FIGURE 1 showing
the blank in cross section in an advanced position in its
movement in the channel of the forming die.

FIGURE 3 is a view similar to FIGURE 2 showing
the blank formed to the desired configuration of the bend
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of the forming ide and a plunger advanced to a position
to shape the trailing end of the elbow and to move the

mandrel out of the blank so as to shape the leading end -

of the eibow.
IGURE 4 is a sectional view taken on line 4—4 of
FIGURE 1.

FIGURE 5 is a sectional view taken on line 5—5 of

FIGURE 1 showing in particular the intersection of a
pair of smooth peripheral surfaces provided on the novel
mandrel.

FIGURE 6 illustrates the manner in which the mandrel
is made from a segment of a torus.

FIGURE 7 is an end view of the mandrel looking in
the direction of arrows 7—7 of FIGURE 6.

The present invention including the method, appsratus
and mandrel is applicable in making both long and short
radius elbow fittings, as well as radiused fittings which
have straight tubular portions at the ends which are tan-
gent to the curved portions of the fittings.

The present methed and apparatus may be used with
many types of malleable and ductile metals such as hard
or soft copper, low carbon steel, stainless steel and alumi-
num alloys as are commonly emploved in commercial
tubular stock. ‘It is sufficient to state at this time, with-
out trying to state all the different kinds of metal or the
range of sizes or relations of wall thicknesses o diameter
in different metals with which the present invention may
‘be advantageously practiced, it has been: observed that
while tubes or blanks of excessively soft metals and/or
large diameters and/or thin walls require less effort to
bend, the apparent advantage may tend to be more than
offset when some or all of these characteristics admit of
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excessive thickening, wrinkling, or other undesirable ef- -

fects in the workpiece. The converse follows with ex-
cessively hard materials, small diameters and/or thick
walls.. With these limitations in mind, I have provided
a method and apparatus which includes novel means for
controlling the wrinking in the leading leg and the trail-
ing leg of the elbow.

Referring now to FIGURE 1, there is illustrated dia-
grammatically the half die 10 of a split pair of forming
dies, the parting plane of which is in the plane of the
drawings. The half dies 19 and 21, as shown in FIG-
URE 4, are open in a known way to receive the blank or
tube, closed to form the forming channel of circular cross
section, held closed during the forming operation and
finally opent to permit removal of the piece after it has
been formed. The channel 12 of the forming dies 10
and 11 has a straight cylindrical entering section 14 long
enough to feceive the tubular blank or tube 16, a bend
18 with inside radius r and diameter d, the latter being
equal to the diameter of the entering section 14 and the
straight cylindrical forming section 19 which has its axis
as shown at 90 degrees to the axis of the entering sec-
tion 14,

As shown in FIGURE 1, the tubular blank 16 has be-
veled ends 24 and 26 dimensioned to provide the neces-
sary stock to preserve substantially the same wall thick-
ness in the completed elbow as in the completed stock.
The long side 28 of the tubular blank 16 corresponds to
the outside radius of the elbow and provides the neces-
sary excess stock to prevent excessive thinning of the
wall section of the elbow. The short side 38 of the
tubular blank corresponds to the inside radius of the
elbow, ) ) )

_ Part of the invention includes a double-ended mandrel
49 which has a longitudinally extending axis which is
coincidental’ with the longitudinal axis of the tubular
blank 16 and which is symmetrical with respect to a plane
which is perpendicular to the aforesaid axis midway be-
tween. its ends. . The mandrel 49 is substantially solid and
the outer periphery surrounding the axis is composed .of
a pair of smooth surfaces 42 and 44 at opposite sides
thereof which generally intersect, as is best illustrated
in FIGURE 5. One of the smooth surfaces 42 is cylin-
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drical and has its priacipal axis coinciding with the longi-
tudinally extending axis of the mandrel 43. The other
peripheral surface 44 is convex and has a longitudinal
radius of curvature which is measured from an axis which
is spaced from the aforementioned longitudinally extend-
ing axis and located outwardly from the cylindrical sur-
face 42 in such a manner that the axis of the convex sur-
face is perpendicular to the longitudinally extending axis.
The longitudinal radius of curvature is more than twice
the radius of the cylindrical surface. The convex sur-
face 44 also has ‘a radius of iransverse curvature equal
to the radivs of the cylindrical surface 42.

The mandrel 49, as shown in FIGURE 6, is formed as
an clongated segment 48 of a solid torus 46 of normal
circular cross section. ‘The torus 46 has an outside radius
R, an inside radius Ry, and a mean radius Ro. The inside
surface of the segment 48 is shaped to cylindrical form
by a turning operation in which the elongated segment
48 is rotated about a center line 58 which is tangent to
the means radius Ry of the solid torus 46. All of the
corners 52 of the segment 48 are then rounded to form
the mandre] 40, .

An essential feature of the invention is in the form of
the mandrel 4§ which, at its radially cuter side, has con-
vex surfaces which form a part of the torus 46 and which,
at-its inner side, has cylindrical surfaces concentric with
the axis 58 tangent to the circular center line of the torus
46. With this shape, the mandrel 48 will fit without in-
tereference either into the siraight cylindrical tube 16
or into an arcuately curved tube having the same radius
of curvature as the torus 46. .

It should be observed that when the mandrel 49 is
fitted within the siraight tube 18, contact on the radially
outer side of the mandrel 49 is a curved line and at the
radially inner side is full surface contact. When the
tube 16 is curved to the radius of the torus 46, contact
betwsen the mandrel 49 and the inner surface of the tube
16. changes to a condition in which ths radially outer
inner surface of the tube is in full area contact with the
radially outer surface of the mandrel 48 and the radially
inner surface at the inner side of the tube 16 has contact
with the mandrel 48 only in a curved line as is best illus-
trated in FIGURE 3. :

In operation, the mandrel 49 is inseried into the cen-
tral portion of the tube or blank 16. A .ram or ironing
mandrel 69 and a sleeve 62 are mounted opposite the
entering section 14 of the dies 10 and 11 and are con-
nected with and actuated by means such as a hydraulic
cylinder, not shown. Upon actuating the cylinder, the
ironing mandrel 68 and sleeve 62 are moved to the right,
as viewed in FIGURES 1 and 2, under appropriate con-
trols, not shown, so as to push the mandrel 40 and tube
16 through the curved die. ’

The ironing mandrel 60 is movable with or relative
to the sleeve 62. Initially, the end 64 of the sleeve 62
abuts the opposite end of the tube 16 as shown in FIG-
URE 1. At such a time, the rounded nose 66 of the
mandrel 60 abuis the end of the mandrel 48. The sleeve
62 has substantially the same wall thickness as the tube
16 and the resulting elbow. :

Upon actuation of the sleeve 62 and mandrel 68, the
tube 26 and mandrel 46 are moved to the right-into the
curved portion or bend 18 of the passage as is shown in
FIGURE 2. As a result; the tube 16 assumes an elbow
shape although the inner wall portion 3@ of the tube 16
is not shaped to the imside of the bend 18.  However,
for reasons not fully understood, the basic new result. is
that the inner and outer wall surfaces of the elbow have
substantially the same thickness. i . .

It should be observed in FIGURE 2 that the inner
leading side of the blank 16 tends to continue in a straight
line rather than to turn the corner, whereas the outer lead-
ing side of the blank is forced around the curved outer
wall of the curved die and has substantially swung through
an arc of about 90 degrees. At both ends of the elbow,
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the wall of the blank 16 adjacent the immer curve of
the bend 18 is spaced from the wall of the die. Another
operation is required to form both ends of the elbow.

Finally, the elbow is completed by moving the man-
drel 69 to the right, as viewed in FIGURE 3, with the
sleeve 62 remaining stationary. The rounded nose 66
of the mandrel 69 enters the trailing end of the elbow so
as to shape the inside surface of the tube 16 at the trail-
ing end while simultaneously moving or pushing the man-
dral 49 out of the leading end of the elbow. Asa result,
the rounded nose 6§ and the mandrel 40 expand and iron
out the material at the trailing end and leading end
respectively to form the intended finished and external
diareters of the legs of the elbow. With such an ar-
rangement, both ends of the elbow are finished simul-
taneously.

Tn the event a different type of mandrel or ram 6% is
used, the ram moves the mandrel 40 out of the leading end
or leg of the elbow completing that end to the required
diameter. Thereafter, the mandrel 48 is reinserted and
pushed through the elbow in the opposite directicn and
out the trailing end or leg to finish the trailing end of the
elbow.

Alternatively, the mandrel 48 may be moved out of the
elbow by pushing bails through the elbow, at least cne
of which has a dizmeter equal to the required internal
diameter of the elbow.

The various operations of this invention are carried
out with cold metal and at high speed. This invention
may be advantagecusly practiced either by direct manual
conirel of the movements of the mandrel 66 and sleeve 62
or by appropriately correlated automatic or semi-auto-
matic mechanisms and controls which can be adjusted to
the practice of this invention.

When the blank has assumed the position shewn in
FIGURE 3, it remains merely to open the dies 10 and
11 and remove the elbowed piece. Thereafter, by ap-
propriate steps known and practiced in the art, the respec-
tive ends of the eibowed piece may be treated by way of
enlargement or other trimming or sizing to form appropri-
ate sockets to receive tubes in capillary or other bonded
joints or otherwise treated appropriately for the purposes
for which the elbows are intended to be used.

The drawings and the foregoing specification constitute
a description of the improved method and apparatus for
making elbows by forcing tubular stock through a die in
such full, clear, concise and exact terms as ifo enable
any person skilled in the art to practice the invention, the
scope of which is indicated by the appended claims.

‘What I claim as my invention is:

1. The method of forming an eltbow from siraight tubu-
lar stock which comprises placing the stock in a die hav-
ing an eibow-shaped passage including an arcuate bend,
providing in the interior of the tubular stock a solid man-
drel of normal circular cross section which has a pair of
external smooth peripheral surfaces at opposite sides there-
of, cne surface being cylindrical and the other surface
being longitudinally and transversely convex, with the

cvlindrical surface adjacent the side of the stock corre-

sponding to the inside of the bend, forcibly moving the
stock and mandrel so as to push the stock into the bend
to shape the material at the ocutside of the bend to con-
form to the convex surface of the mandrel, and thereafter
forcing the mandrel through the stock to shape material
at the inside of the bend.

2. The methed of forming an elbow from straight tubu-
lar stock which comprises placing the stock in a die hav-
ing an elbow-shaped passage including an arcuate bend,
providing in the interior of the tubular stock a solid man-
drel of normal circular cross section which has a pair of
external smooth peripheral surfaces at opposite sides
thereof, one surface being cylindrical and the other sur-
face being longitudinally and transversely convex, with
the cylindrical surface adjacent the side of the stock cor-
responding to the inside of the bend, forcibly moving the
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stock and mandrel in one direction so as to push the
stock into the bend to shape the material at the outside
of the bend to conform to the convex surface of the man-
drel, and thereafter forcing the mandrel in said one direc-
tion through the stock to shape material on the leading end
thereof at the inside of the bend.

3. The method of forming an elbow from straight tubu-
lar stock which comprises placing the stock in a die hav-
ing an elbow-shaped passage inciuding an arcuate bend,
providing in the interior of the tubular stock a solid man-
drel of normal circular cross section with has a pair of
external smooth peripheral surfacesat opposite sides there-
of, one surface being cylindrical and the other surface
being longitudinally and transversely convex, with the
cylindrical surface adjacent the side of the stock corre-
sponding to the imside of the bend, forcibly moving the
stock and mandrel in one direction so as to push the
stock into the bend to shape the material at the outside
of +he bend to conform to the convex surface of the man-
drel, and thereafter forcing the mandrel in said one direc-
tion through the stock to shape material on the leading end
thereof at the inside of the bend, and thereafter reinserting
the mandrel into the tubular stock and forcibly moving
the mandrel in the opposite direction tc shape material
at the trailing end of the stock to the inside of the bend.

4. The method of forming an elbow from straight tubu-
lar stock which comprises placing the stock in a die hav-
ing an elbow-shaped passage including an arcuate bend,
providing in the interior of the tubular stock a solid
mandrel of normal circular cross section which has a
pair of external smooth peripheral surfaces at opposite
sides thereof, one surface being cylindrical and the other
surface being longitudinally and transversely convex, with
the cylindrical surface adjacent the side of the stock cor-
responding to the inside cf the bend, forcibly moving the
stock and mandrel in one direction so as to push the
stock into the bend to shape the material at the outside of
the bend to conform to the convex surface of the mandrel,
and thereafter forcing the mandrel in said one direction
through the stock with a crown-shaped tool so as to move
the mandrel through the stock to shape material at the
leading end of the stock and to shape the material at the
trailing end of the stock with the crown-shaped tool.

5. The method of bending a cylindrical tubular metal
blank so as to form a right-angled elbow comprising the
steps of placing the blank in a die having an elbow-shaped
passage including an arcuate bend of 90 degrees, provid-
ing a mandrel within the interior of said blank, said man-
drel having a pair of intersecting smooth peripheral sur-
faces, one of which is cylindrical and the wother longi-
tudinally and transversely convex, with the cylindrical sur-
face in surface engagement with the material correspond-
ing to the inside of the bend and the convex surface en-
gaging in line contact a portion of the material corre-
sponding to the outside of the bend, and forcing the blank
and mandrel through the passage so as to move the out-
side side of the blank into surface emgagement with the
aforesaid convex surface of the mandrel, and thereafter
forcing the mandrel out the leading end of the blank to
shape the material at the inside thereof to the inside of the
bend.

6. The method of bending a cylindrical tubular metal
blank so as to form a right-angled elbow comprising the
steps of placing the blank in a die having an elbow-shaped
passage including an arcuate bend of 9C degrees, pro-
viding a mandrel within the interior of said blank, said
mandrel having a pair of intersecting smooth peripheral
surfaces, one of which is cylindrical and the other longi-
tudinally and transversely convex, with the cylindrical sur-
face in surface engagement with the material correspond-
ing to the inside of the bend and the convex surface en-
gaging in line contact a portion of the material corre-
sponding to the -outside of the bend, and forcing the blank
and mandrel through the passage so as to move the out-
side side of the blank into surface engagement with the
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aforesaid convex surface of the mandrel, and thereafter
forcing the mandrel out the leading end of the blank to
shape the material at the inside thereof to the inside of
the bend while simultaneously shaping the trailing end of
the blank with a crown-shaped tool.

7. Apparatus for forming elbows from tubular open-
ended blanks comprising a die having an elongated pas-
sage extending therethrough, said passage consisting of two
angularly related straight end portions and a curved inter-
mediate portion connecting said end portions, a pair of
concentrically mounted members movable into one straight
end portion of said passage, one of said members being
located within the interior of the other of said members,
said one member having an end porticn dimensioned to
fit within a tubular blank which in turn fits within said
passage, a mandrel mounted in the interior of said tubu-
lar element and -having a pair of smooth peripheral sur-

faces at opposite sides thereof, one of which is cylindrical -

and the other longitudinally and transversely convex,
with the cylindrical surface in surface engagement with
the side of the blank corresponding to the inside of the
curved intermediate portion and the convex surface in line
contact with a portion of the material corresponding to
the outside of the bend, said one member having an end
portion in engagement with said mandrel and said other
member having an end. surface which is adapted to en-
gage the blank, and means for actuating said members so
as to advance said mandrel and blank into the curved in-
termediate portion of said passage so as to shape and
move the material at the outside of the curved intermedi-
ate portion into surface engagement with the convex sur-
face of the mandrel.

8. Apparatus for forming elbows from tubular open-
ended blanks comprising a die having an elongated pas-
sage extending thersthrough, said passage consisting of
two angularly related straight end portions and a curved
intermediate portion connecting said end portions, a pair
of concentrically mounted members movable into one
straight end portion of said passage, one of said mem-
bers being located within the interior of the other of said
members, said one member having an end portion -di-
mensioned to fit within a tubular blank which in turn
fits ‘within said passage, a mandrel mounted in the in-
terior of said tubular element and having a pair of smooth
peripheral surfaces at opposite sides therecf, one of which
is cylindrical and the other longitudinally and transversely
convex, with the cylindrical surface in surface engage-
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ment with the side of the blank corresponding to the in-
side of the curved intermediate portion and the convex
surface in line contact with a portion of the material cor-
responding to the outside of the bend, said one member
having an end portion in engagement with said mandrel
and said other member having an end surface which is
adapted to engage the blank; and means for actuating said
members so as to simultaneously advance said mandrel -
and blank into the curved intermediate portion of said
passage so as to shape and move the material at the out-
side of the curved intermediate portion into surface en-
gagement with the convex surface of the mandrel.

9. Apparatus for forming elbows from tubular open-
ended blanks comprising a die having an elongated pas-
sage extending therethrough, said passage consisting of
two angularly related straight end portions and a curved
intermediate portion connecting said end portions, a pair

" of concentrically mounted members movable into one

straight end portion of said passage, one of said mem-
bers having an end portion dimensioned to fit within a
tubular blank which ‘in turn fits within said passage; a
mandre] mounted in the interior of said tubular element
and having a pair of smooth peripheral surfaces at op-
posite sides thereof, one of which is cylindrical and the
other longitudinally and transversely convex, with the
cylindrical surface in surface engagement with the side of
the blank corresponding to the inside of the curved inter-
mediate portion and the convex surface in line contact
with a portion of the material corresponding to the out-
side of the bend, said one member having an end por-
tion in engagement with said mandrel and said other
member having an end surface which is adapted to engage
the blank, means for actuating said members so as to ad-
vance said mandrel and blank into the curved intermedi-
ate portion of said passage so as to shape and move the
material at the outside of the curved intermediate por-
tion into surface engagement with the convex surface of

_the mandrel, and means for advancing said one member

independently of said other member so as to force said
mandrel out the leading end of the blank.
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