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This invention relates to new and useful im 
provements in methods of and means for bending 
pipe. 
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 

Short tangents at each or either end of the 
end. M 

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. . 
The invention will be more readily understoo 

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 elevation of the forming die Or 
mandrel, 

Figures 4, 5, 6 and 7 are transverse, vertical, . 
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sectional views, taken on the lines 4-4, 6-5, 8-6 
and 7-7, 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 
in the pipe-bend, the preforming 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 the?eof, 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 
25 all of the figures the bed plate of an ordinary 
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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 i 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 4 (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 li - movably 
mounted on the die f2 and to make said die 2 
movable; while the die 3. is stationary. It is 
also preferable, 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 6 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 f2 is formed with converging, upright 

side walls T to provide a reduced outer end hav 
ing an upright face i 8 which is transversely 
curved and is provided with a transverse medial 
sink or recess 9 substantially semi-circular in 
cross-section. A block housing 20 is fastened on 
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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 sinik 30 of the stationary die 3. This pre 
bending operation is continued until the face 
24 of the die II i engages the face 29 of the die 3. 
The plug 58 is then removed from the oluter 

end of the pipe, and the die 2 is retracted to 
permit movement of the breakdown die to its 
non-operative position. The die 12 is again moved 
forwardly toward the die 13 and into engagement, 
with the pipe, such movement being , continued 
until the face f 8 of said die i 2 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 º 40, is 
retracted by rearward or 'inward movement of 
the piston 43. With the pipe firmly clamped 
between the Sinks 9 and 30, the other mandrel 

0 

shown in Figures 8 to 10. With the exception 
of the mandrels, the apparatuses are substantially 
identical. Complementary, short mandrels 80 
and 6 are substituted for the mandrels 40 and 
4. 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 preferabie to 
bevel or taper the outer extremity of each outer 
shank 62 as shown at 64 so as to provide space 
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4 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 i operation due to the 
absence of the mandrel 4, 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 

direls are provided with ducts 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 chillied 
so as to prevent stretching and consequent thin 
ning of said portion during the bending Opera 
tion. Due to the disposition of the inlet h0Se 
56, it is manifest that the cooling medium will 
be relatively warm by the time it paSSeS around 
the end of the mandrell 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 4 could be used without being 
cooled, but the results would not be as Satisfac 
tory and it is very probable that the outer medial 
portion of the pipe-bendi might be stretched and 
thinned. Although not illustrated, it is readily 
apparent that the mandrel ; i 4 of the first form 
of the invention could be cooled in the same 
manner as the mandrels 40 and 4. 
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 
a consequent saving of time and expense by 
the apparatus shown in Figures 8 through 0. 
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 wali. As is clearly SOWn in 
Figures 11 and 2, this upsetting may be a?com 
plished by an apparatus very similar to that 

20 

25 

30 

0 

55 

60 

35 

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 mandrei may 
be inserted into the space formed by the sinks 
i 9 and 30 when the dies i 2 and i 3 are closed 
or brought together. * 
After the formation of the pipe-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 sinik 30 of the 
stationary die 3 and the sink 19 is brought into 
contact with said pipe-bend by moving the die 
i 2 toward said die f 3 until the die faces i 8 and 
29 are in engagement. Thus, the pipe-bend will 
be confined within and held in place by the c0 
action of the sinks 9 and 30. With the pipe 
bend held firmly in position, the mandrels 60 
and 6 l 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. lll). 
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 
wardly toward its center. Thus, the outer media 
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 i 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 substantially 
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 ngandrel 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 allinement 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 

º bent and to support said pipe end in the allined 
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 

10 
removable plug for insertion in the unsupporte? 
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 concentrically 
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. 
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