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' 1
This invention relates to new and useful im-
provements in methods of and means for bending
pipe.’ i

One object of the invention is to provide an -

improved method whereby pipe-bends may be
produced from straight lengths of pipe and the
original area and wall thickness of the pipe be
substantially retained, with the provision of long
gr short tangents at each or either end of the
end. )

A particular object of the invention is to pro-
vide an improved method whereby pipe-bends
may be forged with a short radius and a short or
long tangent, as desired, at each or either end
while retaining substantially the original wall
thickness in the outer medial portion of the bend.

An important object of the invention is to pro-
vide a method, of the character described, where-
in the wall which is of greatest radius is supported
during the bending step and at the same time
is cooled, thus assuring uniform thickness.

Still another object of the invention is to pro-
vide an improved pipe-bending or pipe-turn form-
ing apparatus including a forming die or mandrel
adapted to be inserted in the pipe and having
a configuration arranged to support the wall of
the pipe during the bending operation, whereby
uniform flow of the metal and substantial reten-
tion of the original wall thickness is obtained.

A further object of the invention is to provide
an apparatus, of the character described, having
a displaceable preforming or breakdown die for
starting the bend and finishing dies working in
sequence with the preforming die so as to assure
uniformity and continuity in the forming of the
pipe-bend. '

A construction designed to carry out the inven-
- .tion will be hereinafter described together with
other features of the invention. e

The invention will be more readily understood
from a reading of the following specification and
by reference to the accompanying drawings,
wherein an example of the invention is shown,
and wherein:

Figure 1 is an isometrical view of an apparatus
constructed in accordance with the invention and
shown in an open position with the preforming
die in operating position, .

Figure 2 is a view, partly in plan and partly
in section, of portion of the apparatus showing
the parts in position after the bend has been
completed. -

Figure 3 is an elzvation of the forming die or
mandrel, -

Figures 4, 5, 6 and 7 are transverse, vertical,
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. 2 ,
sectional views, taken on the lines 4—4, §—5, 6—8
and T—1, respectively, of Figure 3,

Figure 8 is a plan view of a modified form of
apparatus in open position,

Figure 9 is a similar view, partly in plan and
partly in section, showing one of the mandrels

die being
omitted. . :

Figure 10 is a similar view, showing the other
mandrel in the pipe-bend,

Figure 11 is a view, similar to Figure 10, show-
ing mandrels for upsetting the outer medial por-
tion of the pipe-bend, - :

Figure 12 is a similar view showing the upset-
ting mandrels in engagement and the outer me-
dial portion of the pipe-bend upset,

Figure 13 is a longitudinal, vertical, sectional
view of one of the mandrels and its cylinder,
showing the mounting thefeof, and

Figure 14 is an elevation of a pipe-bend, the
dotted lines showing the shape after the bend is
completed with the ends, after being cut, being
shown in full lines. -

In the drawings, the numeral 10 designates in
all of the flgures the bed plate of an ordinary
forging or forming machine. As the invention
primarily resides in the method and the bending
or forming elements, any suitable device or ma-
chine may be employed.

The apparatus for performing the method in
its most simple form includes a preforming
breakdown die {f and complementary forming
dies 12 and 13, respectively, either of which may
be stationary and either or both of which may
be movable and a mandrel or support 14 (Fig..2)
for receiving the pipe to be bent, indicated by
the letter A. It is desirable, and I have so illus-
trated, to have the breakdown die {1 movably
mounted on the die 12 and to make said die 12
movable; while the die I3 is stationary. It is
also preferableé, in some instances, to mount a
circular plug {5 in one end of the pipe A.

As shown in Figure 1, the movable die 12 is
suitably fastened to a transverse reciprocable
head 16 so as to be horizontally reciprocable above
the bed plate 0. This head may be part of a
ram, plunger or the like, and is reciprocated in
the usual manner, such as by hydraulic mecha-
nisms now being commonly employed.

The die 12 is formed with converging, upright
side walls 17 to provide a reduced outer end hav-
ing an upright face {8 which is transversely
curved and is provided with a transverse medial
sink or recess 19 substantially semi-circular in
cross-section, A block housing 20 is fastened on




top of the die 12 and a right-angular hanger 21,

preferably formed from & round bar, has one

leg slidably and rotatably mounted in the hous-
ing. The other leg of the hanger is fastened in
the top of the breakdown die Il. A transverse
medial boss 22, shaped to it in the sink 19, is
provided on the rear surface of the die 11, which
surface, above and below the boss, is curved to
conform to the die face I8, whereby said break-
down die is firmly supported against the movable
die 12. In order to steady the breakdown die,

an angular lug or hook 23 (Fig. 1) which engages

over one of the upright walis {7 is formed on one
side thereof. When the breakdown die 11 is not
in use it may be pulled outwardly, swung up-
wardly and then pushed back so as o rest on top
of the die 12,

The breakdown die is formed with a receding

surved face 24 having & transverse medial sink’

or recess 26 which is substantially semi-circular
in cross-section and recedes longitudinally in-
_wardly from its outer or forward end (Fig. 1) to-
ward its inner end. 'This provision is made so
that initially the outer end portion of the sink
25 will receive the outer end of the pipe A and
gradually make contact with the surface of the
pipe, as the dle 12 is moved toward the die (3,
thus assuring a uniform and smooth preforming.
As is clearly shown in Figures 1 and 2, the die
13 is mounted on g transverse head 26 which also
carries a mandrel block 21, The elements {3, 26
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shoulders against the face 31 and is thus rigidly
supported. The mandrel is thus held in position
to project into and suppori the pipe A, The
mandre] is generally cylindrical and is of a diam-
eter substantially equal to the internal diame-
ter of the pipe to be bent. As illustrated in detail
in Figures 3 to 7, inclusive, the maiadrel is pro-
vided with a curved face 34 at its outer end,
which face is curved longitudinally so as to en-
gage the inner wall of the completed pipe-bend
at its medial portion opposite the sink 30. This
is accomplished by the transverse contours shown

- in Figures 4 to 7, inclusive,

30

and 271 may be made integral or separately, the -

details being unessential. 'The die, block and
head rest upon and are suitably fastened to a
transverse breast 28 which may bé adjustable,
as is customary, but which Is secured so as to be
stationary. - The outer end of the die I3 is flared,
being formed with a curved face 29 and a trans-

verse medial sink’ or recess 30 which is substan-
tially semi-circuiar in cross-section,

The die faces {8 and 29 and the sinks 19 and
30 are all struck on concentric arcs having a com-
mon center. These arcs are designed for the par-
ticular degree of the pipe-bend desired to be
made, and vary accordingly. However, the arcs
are greater than the desired are or curve of the
pipe-bend so as to allow for contraction of said
pipe-bend upon c¢ooling thereof. The sinks are
given such depths as to caiise the faces 18 and
29 to come together when the pipe-bend is com-
pleted, at which time said pipe-bend completely
and closely fills said sinks. By such an arrange-
ment, pinching or creasing of the pipe is avoided
and a smooth bend is made. Of course, the cross-
sectional radius or diameter of each sink is sub-
stantially equal to the external diameter of the
pipe. :

49

By observing Figure 2, it will be’ noted that

while the central portion of each sink 19 and 30
is curved to the degree to give the desired bend,
the legs or portions, extending from each end
thereof, are tangential thereto, This produces
a pipe-bend or turn wherein the bend or arc is
confined to the central or medial area. This is
highly important, because it contributes to the
forging of a short bend having a small radius as
well as the maintenance 01' substantially uniform
wall thickness.

The mandrel block 27 is formed with a vertical
side face 31 disposed transversely at substantially
a right angle to the longitudinal axis of the ad-
jacent tangent of the sink 30. As is clearly shown
in Figure 2, the face 3{ is provided with a socket
82 for snugly receiving a reduced shank 33 formed
on the inner end of the mandrel {4, which latter

60
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The first step of the method is the cutting of
the pipe to the desired length and it is noted that
the ends of the pipe are square or extend at a
right angle to the o{lgltudinal axis of said pipe.
In order to facilitate handling of the pipe, the
plug 15 is inserted in ifs outer end and is pro-

"vided with an integral handle 36. When the bend

is started, the pipe is suitably heated to forging
temperature, as will be hereinafter explained,
and the workman holding said pipe by the handle
36 telescopes it over the mandrel (4 so as to place

5 it in the desired position relative to the stationary

die I3 as shown in Figure 1. The breakdown die
1§ being in place, the die 12 is moved towsrd the
stationary die 13, whereby the outer end of the
sink 25 engages the outer end portion of the pipe
A. As the die (2 continues its forward move- -
ment, the contact of the. sink 25 with the pipe

gradually increases and thus produces a more or
less rolling action as the pipe is gradually bent.
Due to the outer end of the sink 25 being sub-

5 stantially parallel to the axis of the pipe, the en-

gagement of sald end with the outer end portion
of said pipe will force the latter toward the far
or outer end of the sink 30 of the stationary die.
Thus, creeping or movement of the pipe upon
the mandrel toward the face 31 of the block 27,
which would be the result of initial engagement
of the sink {9 of the die 12 with said pipe, as well
as consequent off-center displacement of the
bend are avoided. Also, a greater portion of the

* sink 25 more rapidly engages the outer end por-

tion of the pipe so as to ald in supporting the
same than would the sink {9 if it was initially
engaged with said pipe, whereby distortion of the
outer end portion of the pipe is held to a mini-
mum and the formation time materially re-
duced. However, it is possible to eliminate the
use of the breakdown die {i by positively holding
the pipe in the desired position and employing
great care in the initial bending thereof, although
the operating period is lengthened. It is noted

that the plug 15 tends to prevent distortion of

the end portion of the pipe. The prebending op-
eration is continued until the face 24-of the die
11 engages the face 29 of the die I3 The die 12
is then retracted,

At this point in the operation, it is sometimes
desirable or necessary to reheat the pipe. In
this event, the plug 15 is withdrawn from the pipe

.which-is then removed from the mandrel {4, said

plug being reinserted in the same end of said
pipe to facilitate ‘handling thereof. The pipe is
then again heated to forging temperature and
said heated pipe is replaced in the proper pocition
upon the mandrel. The breakdown die i is
pulled outwardly, swung up and then pushed
back so as to be supported on top of the die {2,
which die is again moved toward the die {3 and
into engagement with the prebent pipe. The
forward movement of the die 12 is continued unti}
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the faces I8 and 29 engage, at which time one-
half of the bend is completed. .

Again, the plug is withdrawn from the pipe
which is removed from the mandrel and said plug
is inserted within the opposite end of said pipe.
In order to bring the pipe to forging temperature,

the same is placed in a suitable furnace (not

shown) after which the end of said pipe opposite
the plug is telescoped upon the mandrel so as to
properly position the same. It is noted that the
initial or prebend of the pipe will tend to assure
proper positioning of the same upon the mandrel

_ relative to the dies and that the breakdown die 11
is swung out of the way. The die 12 is then
moved forwardly into engagement with the pre-
bent pipe and this forward movement is continued
until the face {8 engages the face 29. At this
point, the bend is completed and the bent pipe
may be removed from the mandrel in the manner
hereinbefore set forth upon retraction of the
die 12. :

As is clearly shown in Figure 14, the completed
pipe-bend has a short arc of relatively small
radius and comparatively long tangents. Also,
the original wall thickness is retained and espe-
clally at the outer medial portion of the pipe-
bend. If desired, the axial or center arc of the
pipe-bend may have a radius as small as one (1)
or one and one-half (1%) times the nominal
diameter of the pipe. It is pointed out that when

the bend has a long tangent at one or both ends,

such radius is virtually unobtainable by present
known methods and apparatuses. Since the
formation of the pipe-bend is accomplished with-
out thinning the wall of the original pipe, the
stock forming the outer end portions of said pipe-
bend will flow or be forced inwardly toward the
center of the outer medial portion thereof so as
to shorten said outer end portions. Thus, it is
necessary to cut the ends of the pipe-bend at a
right angle to the axes of the tangents as shown
at 85 (Fig. 14) after the forming of said pipe-
bend.

The heating of the pipe, hereinbefore and here-
after referred to, may be accomplished in any
suitable manner, such as by a furnace (not
shown), and the forging temperature is largely
determined by the type of metal or alloy from
which said pipe is formed. Ordinarily, the forg-
ing temperature is between twelve hundred
(1200°) and twenty-four hundred (2400°) degrees
F.; however, in’ forging pipes of non-ferrous
metals, the temperature may be much lower and
may be even as low as five hundred (500°) de-
grees F. Also, the application of heat to the pipe
may be gradated, whereby one portion of said
pipe may be heated to a lesser degree than the
remainder thereof. This heat gradation is espe-
cially important in connection with that portion
of the pipe which is to form-or which forms the
outer medial portion of the pipe-bend. By hold-
ing the temperature of such pipe portion to a
minimum, stretching and consequent thinning
of said portion upon bending of the pipe is mate-
rially reduced without impairing the plasticity
of the remaindér, especially the inner medial
portion, of said ‘pipe.. Thus, a substantially uni-
form flowing or reshaping of the aforesaid pipe
remainder and the maintenance of a uniform
wall thickness is greatly assisted, which wall
thickness is approximately equal to the original
wall thickness of the pipe.

In Figures 8 to 10, I have shown another form
of apparatus for forming the pipe-bend, wherein
a pair of opposed power-operated mandrels 40
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and 41 are employed. These mandrels may be
operated by any suitable means, such as manual,
mechanical or hydraulic, and I have chosen to
{llustrate a hydraulic mechanism., Each man-
drel is substantially identical and is made inte-
gral with or is rigidly secured to a piston rod 42
extending forwardly from a non-rotatable piston
head 43 which is reciprocally mounted within a
cylinder 44. A flat, rectangular base member 48,
adjustably secured to the bed plate 10, supports
each cylinder and its mandrel in a plane parallel
to said bed plate. The mandrels are substan-
tially duplicates of the mandrel {4, except as to
the shank 338, and have identical curved outer
faces 34. A transverse guide bracket 37 is se-
cured to one end portion of the base 45 by suitable
cap screws 38 to support the outer end of each
mandrel. As is clearly shown in Figure 13, the
base 45 overlies the bed plate and is secured there-~
to by a plurality of small bolts 46. A shank or
post 47 depends from the base through a com-
plementary opening or socket 48 formed in the
bed plate and has a suitable bolt 49 screw-
threaded into the lower end thereof. For clamp-
ing the base to the bed plate, an annular element
or washer 50 is confined upon the bolt 49 be-
tween its head and the bottom of said bed plate.
If desired, a plurality of sockets 48, as well as
small openings 45a for receiving the small bolts
46, may be formed in the bed plate to permit
adjustment of each base in an arc relative to the
dies as shown in Figure 8, the adjustment being
accomplished by removing said bolts 46 and the
bolt 49 and moving the base to the desired posi-
tion. The details of the adjustments are imma- .
terial and any suitable means may be used.

For operating the mandrels, a pilot valve 81
is provided for each cylinder 44 and is supplied
with pressure fluid from a suitable source (not
shown) by a pipe 52. This valve may be of the
usual four-way type having separate connections
with a pair of flexible pipes 53 leading to angular
ports 54 formed in opposite ends of the cylinder,
as is clearly shown in Figure 8. It is frequently
desirable to cool the mandrels and this may be
readily accomplished by providing an internal
return duct 55 in each mandrel, the cooling fluid
or medium being supplied by a hose 56 and ex.

. hausted by a similar hose 57, The duct extenas
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around the end portion of the mandrel in close
proximity to its curved face 34 as it is extremely
important to chill the portion of the pipe which
is to form the outer medial portion of the pipe-
bend, as will be hereinafter more fully explained.

After being cut to the desired length, the pipe
A is heated to the proper forging temperature
and then placed upon either the mandrel 40 or
the mandrel 41, one of which has been moved
to its fully projected position by its respective
piston 43 through manipulation of the pilot valve
51. A plug 58, similar to the plug 15 and having
an integral off-set handle 59, is inserted in one
end of the pipe to facilitate handling thereof
and the opposite end of said pipe telescopes the

5 projected mandrel, whereby the pipe engages and

is properly positioned relative to the sink 30 of
the stationary die {3. With the breakdown die
i1 being in place as shown in Figure 8, the die
12 is moved toward the stationary die 13 so that
the outer end of the sink 25 of said breakdown
die engages the outer end portion of the pipe A.
As has been hereinbefore set forth, the contin-
uved forward movement of the dies Il and (2
will cause the contact of the sink 25 with the
pipe to gradually increase and thereby gradu-
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ally bend said pipe and force its outer end por-

tion into engagement with the outer or far end .

of the sink 30 of the stationary die 13. This pre-
bending operation is continued until the face
24 of the die 11 engages the face 29 of the die 13.

The plug 58 is then removed from the outer
end of the pipe and the die 12 is refracted to
permit movement of the breakdown die to its
non-operative position. The die 12 is again moved

forwardly toward the die {3 and into engagement,

with the pipe, such movement being .continued
until the face I8 of said die 12 engages the face
29 as shown in Figure 9. At this point in the
- operation, the projecting mandrel upon which
the pipe is telescoped, such as mandrel 40, is
retracted by rearward or inward movement of
the piston 43. With the pipe firmly clamped
between the sinks 19 and 30, the other mandrel

10

‘shown in Figures 8 to 10. With the exception

of the mandrels, the apparatuses are substantially
identical. Complementary, short mandrels 60
and 61 are substituted for the mandrels 40 and
#1. The inner portion of each mandrel is en-
larged in diameter to provide a reduced outer
end portion or shank 62, having a diameter equal
to the internal diameter of the pipe, and an
annular, radial shoulder 63 substantially at the
medial portion of said mandrel. It is preferable to
bevel or taper the outer extremity of each outer

" shank 62 as shown at 64 so as to provide space

15

41 is ejected so as to telescope within the oppo- .

site end of the pipe as shown in Figure 10, thereby
rounding out the interior of said pipe and par-
ticularly the outer end portion thereof. Mani-
festly, this end portion of the pipe is slightly
distorted by the bending operation due to the
absence of the mandrel 41, whereas the mandrel
40 has prevented distortion of the opposite end
portion of said pipe. The ends of the completed
pipe-bend are cut off at- a right angle to the
longitudinal axis of the tangents of said pipe-
bend, as hereinbefore set forth.

As has been hereinbefore set forth, the man-
drels are provided with dicts 55 for receiving a
cooling fluid or medium and each duct passes in
close proximity to the curved face 34 of its re-
spective mandrel. Thus, the curved faces 34 are
cooled and the portion of the pipe, which is con-
tacted by said faces and which is to form the
outer medial portion of the pipe-bend, is chilied
so as to prevent stretching and consequent thin-
ning of said portion during the bending opera-
tion. Due to the disposition of the inlet hose
56, it is manifest that the cooling medium will
be relatively warm by the fime it passes around
the end of the mandrel and will have little or
no effect upon the inner medial portion of the
pipe-bend. Thus, the inner medial portion of
the pipe is free to flow so as to be displaced or
reshaped uniformly and thereby produce a pipe-
bend of uniform wall thickness. Of course, the
‘mandrels 40 and #1 could be used without being
cooled, but the resuits would not be as satisfac-
tory and it is very probable that the outer medial
portion of the pipe-bend might be stretched and
thinned. Although not fllustrated, it is readily
apparent that the mandrel 14 of the first form
of the invention could be cooled in the same
manner as the mandrels 40 and #1.

Of course, it may be necessary or desirable to
reheat the pipe to forging temperature after the
prebending thereof. However, it is usually pos-
sible to eliminate such heating step as well as
the reheating prior to the final bending or forg-
ing operation. Thus, at least one, and possibly
two, heating steps are rendered unnecessary with
‘& consequent saving of time and expense by
- the apparatus shown in Figures 8 through 10.
Also, it is believed that the pipe-bends formed
by such apparatus would be uniform.

In order to increase the strength and wear
resistance of the wall of the pipe-bend at its
outer medial portion, said wall portion may be
upset so as to be of greater thickness than the
remainder of said wall. As is clearly shown in

Figures 11 and 12, this upsetting may be aécom-
" plished by an apparatus very similar to that
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to accommodate the upset portion of the bend
and to eliminate any possibility of marring the
interior of the pipe-bend. It is noted that the
diameter of the enlarged inner portion of each
mandrel is substantially equal to the external
diameter of the pipe, whereby said mandrel may
be inserted into the space formed by the sinks
{3 and 30 when the dies 12 and i3 are closed
or brought together.

After the formation of the plpe-bend the ends
thereof are cut at. an angle greater than a right
angle so that the outer longitudinal portion of
each tangent is of greater length than and pro-
jects beyond its inner longitudinal portion. The
pipe-bend is then heated to the desired forging
temperature and placed in the sink 30 of the
stationary die 13 and the sink 19 is brought into
contact with said pipe-bend by moving the die
12 toward said die 13 until the die faces 18 and
29 are in engagement. Thus, the pipe-bend will

be confined within and held in place by the co-

action of the sinks 18 and 30. With the pipe-
bend held firmly in position, the mandrels 60
and 61 are simultaneously projected so as to
cause the outer shanks 62 thereof to enter the
bore of said pipe-bend. As the projection of
the mandrels progresses, the shoulders 63 will
enter the space formed by the sinks 19 and 30
and engage the ends of the pipe-bend (Fig. 11).
Due to the greater length of the outer longitu-
dinal portion of the pipe-bend, the engagement
of the shoulder 63 will apply pressure to said

= portion and thereby force the ends thereof in-

watdly toward its center. Thus, the outer medial
portion of the pipe-bend will be upset so as to in-
crease the thickness thereof. Any desired thick-
ness of the upset portion may be attained up to
one and one-half (1%) times the normal thick-
ness of the pipe or pipe-bend.

Due to the engagement of the mandrels within
the pipe-bend, there is no distortion thereof and
the original wall thickness and diameters are
retained with the exception of the upset portion.
The inner portion of the pipe-bend is unaffected
by this upsetting step, since the ends thereof are
not engaged by the shoulders 63 and no pressure
is applied thereto during such step. Due to the
provision of the shoulders 63, the ends of the
completed upset pipe-bend will be square or
extend at a right angle to the longitudinal axis
of the tangents of said pipe-bend. 'This is accom-
plished by the continued projection of the man-
drels to their fully-extended position, whereby
the shoulders are in full engagement with the
ends of the pipe-bend. After the foregoing upset-

. ting step, the mandrels are retracted so as to with-
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draw the same from the pipe-bend and the die {2
is returned to its original position so as to permit
removal of said pipe-bend. Although not illus-
trated, it is manifest that the cooling illustrated
in connection with Figures 8 to 10 might be em-
ployed in the upsetting step.

The foregoing description of the invention is
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explanatory thereof and various changes in the
size, shape and materials, as well as in the details
of the illustrated construction may be made,
within the scope of the appended claims, without
departing from the spirit of the invention.

What I claim and desire to secure by Letters
Patent is:

1. The method of forming pipe bends with tan-
gential ends which includes, heating a suitable
right line length of pipe, then rigidly and immov-
ably supporting one end and a medial portion of
the pipe interiorly and exteriorly while the oppo-
site end of the pipe and a medial portion of the
pipe are unsupported, then preliminarily bending
the unsupported end of the pipe while immovably
and rigidly supporting said pipe, and then com-
pleting the bending of the pipe by pressing the
entire bend between arcuate surfaces having the
curvature of the completed bend and maintain-
ing the inside wall of the bend of substantlally
uniform thickness.

_ 2. An apparatus for forming pipe bends includ-
ing, a support, a stationary rigid die mounted
upon the support and having a sink provided with

an outwardly directed arcuate medial portion and -

end portions tangential thereto, a die mounted on
the support to move toward and engage the sta-
tionary die and having a sink provided with an
inwardly directed arcuate medial portion and end
portions tangential thereto, said dies having com-
plementary engaging faces, a mandrel carried by
the support mounted to telescope the pipe to be
bent and having a curved face conforming to the
arcuate medial portion of the sink of the movable
die and extending approximately the entire length
of the said die curvature, and means for moving
said movable die toward and from the stationary
die while the mandrel is stationary.

3. An apparatus for forming pipe bends includ-
ing, co-acting dic members having sinks each
formed with a medial curved section and end por-
tions tangential thereto and shaped to the contour
of a completed pipe bend of substantially uniform
wall thickness, a mandrel adapted to be inserted
in a length of pipe to be bent and having at its
insertable end a face curved longitudinally and
transversely for forming the entire outer bend of
the pipe, means for rigidly supporting one of the
. dies, means for supporting the mandrel in longi-
tudinal alinement with one of the tangential ends
of the sink of the rigid die, said mandrel being
positioned to telescope one end of a pipe to be
" bent and to support said pipe end in the alined
die sink, and means to move the other die into
engagement with the rigid die to bend the pipe
and confine it in the die sinks.
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4. An apparatus as set forth in claim 3 'and a A

10
removable plug for 1nsertion in the unsupported
end of the pipe.

5. An apparatus as set forth in claim 3 and a
break-down die removably mounted on the mov-
able die to overhang one end of the sink thereof.

6. An apparatus as set forth in claim 3, and a
second plunger having a face curved comple-~
mentary to the face of the first named plunger,
means for withdrawing the first named plunger
from the bent pipe, and means for moving the
second mandrel into the bent pipe after the first
named mandrel has been withdrawn.

7. An apparatus for forming pipe bends includ-

ing, a mandrel having a face curved transversely.

and longitudinally to support the entire outer
bend of a pipe bend having tangential ends, and
a pair of dies having complementary sinks pro-
vided with medial portions curved concentrlcally
to the curved face of the mandrel adapted to be
moved together to bend a pipe supported at its
medial and one end portion on said mandrel.

CLINT CROSS.
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1,099,669 Ruckstinat ... June 9, 1914
1,198,187 Brinkman ... ____.__ Sept. 12, 1916
1,430,856 1315 10). S Oct. 3, 1922
1,672,068 Laing oo June 5, 1928
1,781,567 Bohling ____________ Nov. 11, 1930
1,816,218 Henry et al. . ___ July 28, 1931
1,857,583 Bohling oo May 10, 1932
1,903,436 Brown o ___ Apr. 11,1933
1,908,373 Loepsinger — ... May 9, 1933
1,923,272 Maroto v Aug. 22, 1933
1,931,306 Taylor .. ___._..Oct. 17, 1933
1,931,307 Taylor - - Oct. 17, 1933
1,958,447 Quartzetal __...___ May 15, 1934
1,960,788 Maroto .o _ May 29, 1934
1,978,452 Flodin o Oct. 30, 1934
1,996,838 Snell . ____ Apr. 9, 1935
2,038,165 Criley . __________ Apr. 21, 1936
2,149,508 CO€ e Mar. 7,1939
FOREIGN PATENTS

Number Country Da

276,537 Germany oo July 14, 1914



