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This invention relates to apparatus for use in bending
tubes, and more particularly to an improvement in man-
drels for use in effecting bends in tube blanks by forcing
the tube blanks into an arc having the desired configura-
tion.

Heretofore, a conventional method of supporting a
tube blank during bending in a die consisted of filling
the tube blank with a low melting point material, such
as a ductile metal alloy, prior to forming the tube into
its bent shape by forcing it into the die. The low melting
point alloy, when solidified, acted as a support to pre-
vent the tubing from collapsing during the formation
of the bend in the die, and after the tube was bent, the
metal alloy was removed by melting the same by the
application of heat.

It is an important object of the invention to eliminate
the necessity for the use of such metal alloys and the
objecticns incident to its use and to provide a perma-
nent mandrel which will adequately support the tube
during the bending operation but which may be quickly
and easily withdrawn from the tube after the forming
operation so that it may be repeatedly reused.

Another object of the invention is to provide a man-
drel which has the required flexibility to readily bend
with the tubing but which may be wihdrawn from the
finished bends.

Another object of the invention is to provide a man-
drel of this type, which while flexible, will adequately
support the tube against collapsing or deformation dur-
ing the bending operation.

Still another object of the invention is to provide a
mandrel of this type which will eliminate or substantially
reduce scratching of the interior surface of the tube dur-
ing the bending thereof.

It is still a further object to provide a mandrel having
great mechanical strength and which is capable of main-
taining - substantially unchanged the interior cross-
sectional dimensions of the tube being bent.

The various objects of the invention, and other ad-
vantages, are attained by providing a mandrel with a

body formed of a plastic material which is substantially ;

incompressible so as to provide adequate lateral sup-
port for the tube during the bending operation but which
has sufficient longitudinal flexibility to readily bend with
the tubing as the blank is bent and which has sufficient
longitudinal strength to permit it to be withdrawn from
the finished bend.

The various objects and advantages, and the novel
details of construction of two practical embodiments of
the invention will become more apparent from the follow-
ing description, the appended claims and the accompany-
ing drawings, in which:

FIGURE 1 is a plan view showing a die and a tube
blank on the mandrel in its preliminary position during
the bending process;

FIGURE 2 is an end elevational view of the die in
closed position, the same being reduced in size;

FIGURE 3 is a fragmentary view showing the die
and the mandrel and tube blank in an intermediate posi-
tion during the bending process;

FIGURE 4 is an enlarged longitudinal sectional view
of the mandrel;

FIGURE § is a fragmentary sectional view taken
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substantially on the plane indicated by line 5—3 in
FIGURE 4;

FIGURE 6 is a side elevational view of the nosepiece
of the mandrel;

FIGURE 7 is a view of the nosepiece looking in the
direction of the arrow 7 in FIGURE 6;

FIGURE 8 is a view of the nosepiece looking in the
direction of the arrow 8 in FIGURE 6;

FIGURE 9 is a view showing a modified form of
mandrel with a tube blank on the mandrel; and

FIGURE 10 is an enlarged transverse sectional view
taken substantially on the plane indicated by line 10—19
in FIGURE 9.

Referring to the drawings and more particularly to
FIGURES 1, 2 and 3, a conventional die 19 is illustrated
which comprises a lower die member 11 and an upper
die member 12 adapted to be clamped together -and
having confronting recesses to form a die cavity 13.
The die cavity shown is of a shape to form a conven-~
tional elbow,

The tube blank 15, which is to be formed into the
elbow, is shown as provided with a closed end 16 to
prevent the extrusion of the mandrel 20 through the
tube blank during the forming operation. However, it
will be understood that instead of a closed end 16, the
end may be only partially closed. The mandrel 20
shown in FIGURES 1 to 8 of the drawings comprises
an elongated body 21 which is formed of a plastic ma-
terial or of any other suitable type material which is
relatively incompressible. In practice, it has been found
that a plastic material of the polyurethane type is par-
ticularly adaptable for forming the body portion 21.

The material of the body portion 21 is relatively in-
compressible so as to provide adequate lateral support
for the tube blank 15 during the bending operation.
The material should also be sufficiently longitudinally
flexible to readily bend with the tube as the blank is
bent.

At one end of the body 21 a rounded nosepiece 22
is provided preferably formed of metal or other rela-
tively hard material. This nosepiece 22 as shown par-
ticularly in FIGURES 6, 7 and 8, is provided with an
opening or cutaway portion 23 adapted to receive a link
of a connecting chain, yet to be described. The nose-
piece is provided wih two lugs 24 which define the open-
ing 23, and the adjacent material of the nosepiéce is
cut away as at 25 to provide clearance for the chain
link which is to be secured within the opening 23. In
the embodiment illustrated, the nosepiece is provided
with a recess 44 which enables the nosepiece to be cen-
tered during its fabrication.

A flexible chain 30 is imbedded in the body 21 and
has an end link 31 thereof located in the opening or
cutaway portion 23. This link is secured to the nose-
piece by means of an anchor pin 32 which extends
through a transversely extending aperture 33 in the
nosepiece which intersects the opening 23. Thus, the
end link 31 of the chain is mounted in the opening 23
for relative pivotal movement with respect thereto as
the nosepiece 22 travels around the bend in the die
cavity 13.

The other end of the chain 3@ has its end link 34
connected to a base 35. This link 34 extends through
bifurcations 36 projecting from the base 35 and is se-
cured in place by an anchor pin 37 passing through the
bifurcations and intersecting the end link 34.

The base is secured to a plunger or ram 40 as, for
instance, by having a threaded stud 41 thereon engaging
a threaded opening 42 in the plunger or ram 40. The
base 35.is provided with an annular forwardly presented
shoulder 43 which engages the end of the body 21 so that
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when the plunger or ram 46 moves forward, the mandrel
29 will move from the position shown in FIGURE 1 to
that shown in FIGURE 3 so as to push the mandrel 20 and
tube blank 15 into the die cavity 13. It will be understcod
that this movement is continued until the tube bending op-
eration is complete and the elbow is formed.

With the mandrel thus far described, it will be apparent
that the tube blank 15 and mandrel 20 are inserted as a
unit into the die cavity and pushed therein until the form-
ing operation is complete. During this time, the relatively
incompressible material of the body 21 provides ade-
quate lateral support for the tube to prevent collapsing
or deformation thereof, the material of the body 21 hav-
ing sufficient longitudinal flexibility to readily bend with
the tubing as the blank is bent. When the bending op-
eration is completed, the plunger or ram is retracted and
through the chain 3¢ the mandrel is withdrawn so that
it is then ready for the next bending operation. The closed
or partially closed end portion of the tubing is thereafter
cut off thereby forming an elbow open at each end which
may thereafter be further processed as desired to form a
finished product.

In FIGURES 8 and 9, a modified form of construction
is illustrated. In this form of construction, the mandrel
comprises a body 50 upon which the tube blank 15 is
placed. The reference character 51 indicates the base or
pressure applying member which is connected by a thread-
ed portion 52 with a movable portion 53 of a ram mech-
anism (not shown). The base 51 is anchored to the
mandrel body 5§ by having apertured projections 54 pro-
vided with apertures 55 imbedded in the body. In this
manner, the mandrel body 50 and the base 51 are inte-
grated,

The mandrel body 58 is provided with a chamber 56
connected by a passageway 57 to a passageway 58 formed
in the ram 53. Connected to the passageway 58 is a supply
conduit 5% for supplying fluid under pressure to the cham-
ber 56. The reference character 66 indicates a return line
by means of which the pressure fluid may be released from
the chamber 56. Control of the finid pressure may be ac-
complished by means of valves 61 and 62 provided in the
conduits 59 and 69, respectively.

The base 51 may be provided with an annular recess to
receive a sealing gasket 63 so as to seal the connection
between the ram 53 and base 51 against the passage of
fluid pressure therebetween.

With this form of construction, the mandrel is ex-
panded and forced into intimate contact with the tubing
and is internally supported by supplying fluid under pres-
sure to the chamber 56 during the forming operation.
After the forming operation is completed, the pressure is
released from the chamber 56 thereby reducing the diam-
eter of the mandrel, and the mandrel may then be with-
drawn by retracting the plunger or ram 53.

In this form of construction, the body 50 of the mandrel
is preferably made of a material having the same char-
acteristics as described in connection with the first form
of construction so that the mandrel will provide lateral sup-
port for the tube and will bend longitudinally and follow
the tube blank around the bend in the die cavity. How-
ever, in this form of construction, the lateral support
for the tube is provided by the pressure in the chamber 56.
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While preferred embodiments of the invention have
been described and illustrated herein, it will be understood
that various changes and modifications may be made with-
out departing from the spirit of the invention.

What is claimed is:

1. A tube bending mandrel for bending a hollow tube
blank having an open end and an, at least partially, closed
opposite end, said mandrel comprising an elongated body
portion adapted to extend into the tube blank, and a base
connected to one end of said body portion, said body
portion being formed of a relatively flexible plastic-like in-
compressible material and being longitudinally flexible,
said body portion terminating in a nose portion with said
body and nose portions being of a size to be generally in-
sertable into the tube blank from its open end with said
nose portion being of a size to engage the opposite end of
the tube blank.

2. The mandrel of claim 1 with said body portion
being cylindrical and having a selected cross-section no
greater than the cross-section defined by the interior of
the tube blank and said nose portion having a maximum
cross-section in a plane extending transversely to the axis
of said body portion no greater than said selected cross-
section.

3. The mandrel of claim 1 with said nose portion being
of an inflexible construction and further including flexible
connection means connecting said nose portion and said
base to prevent separation thereof when the mandrel is
withdrawn from the tube blank.

4. The mandrel of claim 3 with said flexible connection
means being a chain embedded in said body portion.

5. The mandrel of claim 3 with said base portion hav-
ing a surface portion engageable with said one end of said
body portion with said surface portion having a cross-
section no greater than the cross-section of said body
portion.

6. The mandrel of claim I with said body portion being
cylindrical and having a selected cross-section no greater
than the cross-section defined by the interior surface of
the tube blank and said nose portion having a maximum
cross-section in a plane extending transversely to the axis
of said body portion no greater than said selected cross-
section, said nose portion being of an inflexible construc-
tion, a flexible chain embedded in said body portion and
connecting said nose portion and said base to prevent sep-
aration thereof when the mandrel is withdrawn from the
tube blank, said base portion having a surface portion en-
gageable with said one end of said body portion with said
surface portion having a cross-section no greater than said
selected cross-section.
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