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The present invention relates to curved pipe or 
tubing or the like, and it relates more particularly 
to curved pipe or tubing having uniform inner 
bore. 
An object of the present invention is to provide 

curved tubing or pipe or the like, which is a more 
efficient conductor of fluids due to its uniform 
inner bore. . . . . . . . ; ' 

Another object of the present invention is to 
provide uniform bore curved tubing or pipe or the 
like, formed with the most economical and effi 
cient use of metal. - - - - - - - - 

Other objects and advantages of the present 
invention are apparent in the following detailed 
description, appended claims and accompanying 
dra WingS. . . . . . . . . . " a 

The present invention is an improvement upon 
my Patent No. 2,310,091. " ' 
For the purpose of illustrating the invention, 

there are shown in the accompanying drawings 
forms thereof which are at present preferred, 
since the same have been found in practice to 
give satisfactory and reliable results, although it 

10 Claims. (CI. 153-54) 2 
Figure 9 represents a cross-sectional view simi 

lar to that of Figure 2, but showing another em 
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is to be understood that the various instrumen 
talities of Which the invention consists can be 
Variously arranged and organized and that the 
invention is not limited to the precise arrange 
ments and organizations of the instrumentalities 
as herein shown and described. 

Referring to the accompanying drawings, in 
which like reference characters indicate like parts throughout: 
Figure 1 represents a perspective view of one 

embodiment of the present invention. 
Figure 2 represents a cross-sectional view, gen 

erally along the line 2-2 of Figure 1. 
Figure 3 represents a cross-sectional view, gen 

erally along the line 3-3 of Figure 1. 
Figure 4 represents a perspective view of the 

40 tubing or pipe before it has been bent to the 
embodiment of Figure 1. " . , ' ' ...: 

Figure 5 represents a cross-sectional view of 
the pipe shown in Figure 4. . . . . . . . 

Figure 6 represents a cross-sectional view, 
showing the appearance of the tubing or pipe 
during the process of bending; the appearance 
of the section during the different steps of the 
process being illustrated. 

Figure 7 represents a more or less schematic 
cross-sectional view of a machine used for bend 
ing tubing or pipe in accordance with the present 
invention. . . . . . . 

Figure 8 represents a front elevational view of 
one of the corrugated driving rolls shown in 
Figure 7. . 

25 

bodiment of the present invention, in which only 
the outer periphery of the tubing or pipe is cor 
rugated during the bending operation. 

Figure 10 represents a view generally similar to 
that of Figure 6, but showing the embodiment of 
Figure9. : . . . . . . . . . . . . . . 

Figure 11 represents a fragmentary perspective 
view of a piece of pipe, according to my present 
invention before bending, having but a single 
thickened-portion, which may be disposed either 
on the inside of the bend or on the outside of the 
bend, though preferably on the outside of the 
bend. ' ' ' ' ' ' . . . 

In my Patent No. 2,310,091, I have described a 
method of, and apparatus for, bending tubing or 
pipe by passing the tubing or pipe over a snugly 
fitting mandrel and between opposed rolls or 
sheave wheels, one or more of which is or are 
toothed and power-driven, to form a series of 
diametrically opposed corrugations along the 
sides of the tubing, and then passing the so 
corrugated tubing over a curved mandrel and 
between opposed rolls or sheaves to bend the tub 
ing; the corrugations along the inner periphery 
of the bent tubing becoming deeper and closer 
together accordion-wise, and the corrugations 
along the outer periphery of the bent tubing be 
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coming shallower and farther apart, accordion 
WSe. 

In my Patent No. 2,310,091, I employed tubing 
or pipe having a uniform wall thickness. Since, 
during the bending operation, the inner and Outer 
peripheries of the tubing assume alternately 
greater and smaller thickness than the original 
wall thickness, it is necessary, when employing 
tubing with such uniform wall thickness, to start 
with tubing which has oversized walls so that the 
corrugation will not reduce the thickness below 
the minimum basic factor required in the pipe. 
Since the thickness of the uncorrugated portions 
of the tubing is not affected during the bending 
operation, the use of uniform walled tubing is 
somewhat wasteful of metal since the uncor 
rugated portions of the final bent tubing are 
thicker-Walled than is necessary. 

According to my invention, I employ tubing or 
pipe which is thicker along the portions to be 
corrugated than at the other portions which are 
not to be corrugated So that, during the bending 
operation, the thickness of the corrugated por 
tion is kept above the minimum basic factor, 
while the thickness of the uncorrugated portion 
is no greater than is required. In this way, no 
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more metal is used than is absolutely necessary 
to meet the safety and strength requirements of 
the final bent tubing. 
A machine suitable for performing the corru 

gating and bending operations of the present 
invention is described in my Patent No. 2,310,091 
and the means for accomplishing these steps will 
be described herein only schematically; having in 
mind the details of construction of the machine 
of my Patent 2,310,091. 
I may provide a central power-driven driving 

roll or sheave wheel 20 having transversely-ex 
tending corrugating teeth 2 formed along the 
Semi-circular groove extending about its outer 
most periphery as shown in Figures 7 and 8. 
A Second power roll or sheave wheel 22 similar 

to the roll 20 and having corrugating teeth 23 
Similar to the teeth 2? of the roll 20 is disposed 
in juxtaposition to the roll 20; the semi-circular 
Outer grooves of the rolls 20 and 22 defining a 
generally circular opening therebetween. 
The roll 22 may be rotated at the same rate of 

Speed as the roll 2), but in the opposite direction. 
That is, in Figure 7, for example, roll 20 is shown 
as rotating counterclockwise, while roll 22 rotates 
clockwise. Preferably, however, the roll 22 is 
rotated faster than the roll 20, if both are made 
Of the same diameter, to give roll 22 a greater 
peripheral speed than the roll 20, so as to accord 
With the greater distance traveled by the outer 
periphery of the bend, as compared with the 
inner periphery thereof. This may also be ac 
complished by increasing the diameter of the 
driving roll 22. If roll 22 is of a suitably larger 
diameter than roll 20, to allow for the difference 
between the inside and outside of the bend, then 
the two rolls, with reference to each other, could 
rotate at the same rate of speed. 
A plurality (as for Example 3) of additional 

uncorrugated grooved rolls or sheave wheels 24 
are also disposed about the central drive roll 20, 
as shown in Figure 7. The rolls 24 may either 
be idle rolls or power-driven rolls. If power 
driven, the rolls 24 may rotate either at the same 
Speed as the rolls 20 and 22, or, if large-diam 
etered pipe is to be bent, at a slightly, greater 
Speed. The rolls 24 which are adapted to contact 
the outer periphery of the bent tubing, rotate in 
the same direction as the roll 22. That is, in 
Figure 7 for example, each of rolls 24 rotates 
clockwise. 
A mandrel 25 having a circular cross-section 

and having a semi-circular portion 26 and a 
Straight portion 27, is positioned about the center 
driving roll 20; its cross-section being the same 
as the inner bore of the tubing and somewhat 
leSS than the openings defined between the roll 
20 and the rolls 22 and 24, so that an annular 
clearance is provided between the mandrel 25 
and the adjacent pairs of rolls. A reduced stem 
28 extends upwardly from the straight portion 
27 of the mandrel 25. 
The mandrel 25 is held in position intermedi 

ate the rolls by any suitable supporting means 
(not shown), as, for instance the supporting 
means shown in my Patent 2,310,091. This sup 
porting means may not be required when the 
machine is in operation; the mandrel being held 
in position by the tubing being bent under the 
pressure of the driving and bending rolls, so that 
it may be considered as a "free floating' man 
drel. 
In carrying out the present invention, a 

straight length of tubing 29, as shown in Figures 
4 and 5, is provided. The length of tubing 29 
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4. 
may be of Steel or other suitable metal and may 
be either seamless or welded tubing or pipe. The 
length of tubing 29 has a generally cylindrical 
inner periphery, but has one, or a pair of dia 
metrically opposed raised shoulders 36 formed 
on its outer periphery. Thus, it can be seen in 
Figures 4 and 5, that the thickness of the wall 
Of the tubing 29 at the top and botton thereof 
is less than the thickness at the sides thereof. 
That is, the Wall thickness at the top and bottom 
is the minimum thickness required for the final 
tubing, While the side thickness required for the 
final tubing is initially greater than that re 
quired. 
While the length of tubing 29, as shown in 

Figures 4 and 5, corresponds generally to that 
required to make a 90° bend, it is to be under 
stood that longer or shorter lengths of tubing 
can be treated in the manner to be described 
hereinbelow, and that the final bent product can 
be cut off into any desired lengths. 

In practicing the present invention, the 
straight length of tubing 29 is first placed over 
the reduced stem 28 of the mandrel 25, and 
moved down Ward upon the uppermost straight 
portion 27 of the mandrel 25. 

Power is then applied to the driving rolls 28 
and 22 to cause the rolls to rotate downwardly 
at the opening defined therebetween. The cor 
rugating teeth 2 of the roll 20 and the teeth 23 
of the roll 22 catch the raised shoulders 30 of 
the tubing 29 and force the tubing downwardly 
upon the mandrel 25. 

Since the mandrel fits snugly within the inner 
bore of the tubing 29, it is held in position within 
the tubing under pressure of the rolls 29 and 22, 
and may be considered as a floating mandrel. 
The tubing 29 is thus forced through the an 

nular clearance between the mandrel 25 and thc 
opposed corrugating teeth 2f and 23 of the driv 
ing rolls 20 and 22. 
This annular clearance is such that the metal 

of the shoulders 30 of the tubing 29 is displaced 
by the corrugating teeth 2 and 23 to form alter 
nate crests 3 and troughs 32, as shown in Fig 
ure 6. 

Since the straight portion 27 of the mandrel 
25 fits more or less snugly within the inner bore 
of the tubing 29, the inner wall of the tubing 
remains Smooth and generally unaltered in pass 
ing through the annular clearance intermediate 
the driving rolls 20 and 22. 
As the tubing 29 is forced further down upon 

the curved portion 26 of the mandrel 25 by the 
driving rolls 20 and 22, it is bent more or less 
Smoothly along its axis into the curvature of the 
Semi-circular portion 26; the bent tubing being 
forced along between the roll 20 and the un 
corrugated rolls 24, finally to emerge in the form 
shown in Figures 1 to 3. 
During the bending operation the crests 3 

and troughs 32 (which were originally the same 
On both sides of the tubing 29) become altered 
in shape. That is, the crests and troughs along 
the inner shoulder of the tubing become com 
preSSed accordion-fashion to become closer to 
gether and deeper as at 3 -a and 32-a in Fig 
ure 6. The crests and troughs on the outer side 
of the tubing 29, on the other hand, become ex 
tended accordion-fashion, to become shallower 
and farther apart, as shown at 3-b and 32-b, 
in Figure 6. 
The inner Wall of the tubing 29 remains Smooth 

due to the close fitting portion 26 of the man 
drel 25. 
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It can be seen that this corrugating and bend 
ing reduces the wall thickness at points along 
the shoulders 30 of the tubing 29, especially 
along the inner shoulder. The original thick 
neSS of the shoulders 30 is so proportioned that 
the minimum thickness of the inner shoulder of 
the final bent tubing is approximately the same 
as the thickness of the top and bottom portions 
of the tubing. 
One of the two thickened portions or 'shoul 

ders' 30 (that is, if a pair of such "shoulders' 
are used instead of merely a single "shoulder') 
is preferably made of somewhat different circum 
ferential extent than the other, and, preferably 
the "shoulder' which is to be disposed on the 
inside of the “bend,' is made of a lesser circuin 
ferential extent than the “shoulder' which is to 
be disposed on the outside of the "bend.' The 
reason for this is that on the Outside of the 
“bend,' the material is stretched while on the 
inside of the "bend,' the tendency is to com 
press or contract the Wall, and also because on 
the outside of the "bend,' the corrugations made 
by the rolls become shallower, while on the in 
side of the "bend,' the corrugations remain 
deeper. w 

Another embodiment of the present invention 
is shown in Figures 9 and 10. In this embodi 
ment, the tubing is corrugated only along the 
shoulder extending along the outer periphery of 
the bend; the inner shoulder being left uncor 
rugated. This is done by simply omitting the 
corrugating teeth from the inner driving roll 20. 

In this embodiment of the present invention, 
one of the two shoulders 39 on the pipe may 
be eliminated entirely, as indicated in Figure 1, 
so that the pipe or tubing, prior to any bending, 
will have only a single so-called "shoulder' 30 
or thickened-portion 39. Indeed, I may dispose 
the single "shoulder” 30 either on the inside of 
the bend or on the outside of the bend, and I 
may provide teeth only upon the corresponding 
roll 22 or 29, according to whether I place the 
single shoulder 30. On the outside or on the in 
side of the bend, respectively. Thus, I may drive 
the pipe through the bending operation by a 
single corrugated roll 22 or 2), on the outside or 
on the inside of the bend, respectively; the other 
roll, in each instance, then serving only as a 
“backing' roll to give support, and such "back 
ing' roll (Whether it be the outside roll 22 or 
the inner roll 2) may or may not be power 
driven, that is, it may either be power-driven 
or may be idle. 
The bent tubing of the present invention has 

a smooth and uniform inner wall surface So that 
a minimum of turbulence and resistance is Cre 
ated during the passage of fluids therethrough. 
Furthermore, the present invention makes it pos 
sible to bend tubing without changing its inside 
characteristics or dimensions, so that it can be 
connected (by welding or other means) to a 
straight piece of tubing having similar inside 
dimensions. This provides a pipe line which is 
substantially uniform throughout its entire length. 
regardless of bends. Thus, no constrictions or 
irregularities are presented in the path of fluid 
flow, so that friction is greatly decreased and 
power loss during fluid transmission is minimized. 
As stated hereinabove, the novel design of the 

tubing of the present invention employs a mini 
mum of metal in providing bent tubing having 
the advantages set forth herein above. 
The present invention may be embodied in 

other specific forms without departing from the 
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6 
spirit or essential attributes thereof, and it is 
therefore desired that the present embodiments 
be considered in all respects as illustrative and 
not restrictive, reference being had to the ap 
pended claims rather than to the foregoing de 
Scription to indicate the scope of the invention. 
Having thus, described the invention, what I 

claim as new and desire to protect by Letters 
Patent is: 

1. A method of forming bent tubing which 
comprises forming a generally straight length 
of tubing having a uniform inner bore and having 
integral raised shoulders, extending along the 
sides thereof, forming diametrically opposed 
series of peripherally extending corrugations 
along said shoulders while supporting said inner 
bore against distortion, and bending said tubing 
to deepen the corrugations along one of said 
shoulders on the inner side of the bend and to 
flatten the corrugations along the other of said 
shoulders along the Outer side of the bend, while 
Supporting said inner bore against distortion, - 
thereby to provide bent tubing having a generally 
Smooth and uniform inner bore and having min. 
imum wall thickness not substantially less than 
that of the original straight tubing. 

2. A method of forming bent tubing which 
comprises forming a generally straight length 
of tubing having a uniform inner bore and hav 
iing integral raised shoulders extending along 
the sides thereof, forming diametrically opposed 
Series of peripherally extending corrugations 
along said shoulders while Suporting said inner 
bore against distortion, and bending said tubing 
to deepen the corrugations along one of said 
shoulders on the inner side of the bend and to 
flatten the corrugations along the other of said 
shoulders along the outer side of the bend, while 
supporting said inner bore against distortion, to 
give a minimum Wall thickness of the corrugated 
shoulders substantially the same as the wall 
thickness at the top and bottom of the bend and 
not substantially less than that of the original 
straight tubing. ; : w 

3. A method of forming bent tubing which con 
prises forming a generally straight length of tub 
ing having a generally cylindrical inner bore and 
having an outer integral raised shoulder formed 
on a side thereof, forming a series of peripherally 

50 extending corrugations along said shoulder while 
supporting said inner bore against distortion, and 
progressively bending said tubing while Support 
ing said inner bore against distortion, said corru 
gations adjusting themselves accordion-wise dur 

55 ing the bending operation to accommodate the 
ensuing displacement of metal, thereby to provide 
bent tubing having a generally smooth and uni 
form inner bore and having minimum wall thick 
ness not substantially less than that of the original 

60 Straight tubing, 
4. A method of forming bent tubing which com 

prises forming a generally straight length of tub 
ing having a generally cylindrical inner bore, 
forming a series of peripherally extending corru 

65 gations along one side of said tubing while Sup 
porting said inner bore against distortion, the top, 
bottom and other side of said tubing being left 
uncorrugated, and progressively bending said 
tubing so that the corrugations extend along the 

to outer side of the bend while supporting said inner 
bore against distortion, said corrugations being 
spread apart accordion-wise during the bending 
operation to accommodate the ensuing displace 
ment of metal, thereby to provide bent tubing 

75 having a generally smooth and uniform inner bore 
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and having minimum wall thickness not substan 
tially less than that of the original straight tubing. 

5. A method of forming bent metal tubing Which 
comprises forming a generally straight length of 
tubing having a generally cylindrical inner bore 
and having outer integral raised shoulders ex 
tending along the sides thereof, passing the tub 
ing over a Smooth snugly-fitting mandrel and 
through the opening defined by a pair of juxta 
posed driving rolls, each having an annular trans 
versely corrugated channel formed in its Outer 
periphery, thereby to form diametrically opposed 
series of peripherally extending corrugations on 
said shoulders while Supporting said inner bore 
against distortion, and thereafter passing the SO 
corrugated tubing over a curved mandrel between 
a pair of juxtaposed channeled bending rolls 
thereby to deepen the corrugations along the in 
side of the bend accordion-wise and to flatten the 
corrugations along the Outside of the bend a C 
cordion-wise to accommodate the ensuing dis 
placement of metal, while supporting said inner 
bore against distortion, thereby to provide bent 
tubing having a generally smooth and uniform 
inner bore and having minimum wall thickness 
not substantially less than that of the Original 
Straight tubing. 

6. A method of forming bent metal tubing which 
Comprises forming a general straight length of 
tubing having a generally cylindrical inner bore 
and having an outer integral raised shoulder ex 
tending along a side thereof, passing the tubing 
Over a smooth snugly-fitting mandrel and through 
the opening defined by a pair of juxtaposed chan 
need driving rolls, one of said rolls having a series : 
of transverse corrugations formed along itS Cha 
nel, thereby to form a series of peripherally ex 
tending corrugations along said shoulder while 
Supporting said inner bore against distortion, and 
thereafter passing the so-corrugated tubing over 
a Snooth snugly-fitting curved mandrel between 
a pair of juxtaposed channeled bending rolls, with 
the corrugations extending along a side of the 
bend, said corrugations adjusting themselves ac 
cordion-wise during the bending operation to ac 
commodate the ensuing displacement of metal, 
Said inner bore being supported against distortion 
during said bending, thereby to provide bent tub 
ing having a generally smooth and uniform inner 
hole and having minimum wall thickness not 
substantially less than that of the original straight 
tubing. 

7. A method of forming bent metal tubing which 
Comprises forming a general straight length of 
tubing having a generally cylindrical inner bore 
and having an Outer integral raised shoulder ex 
tending along a side thereof, passing the tubing 
Over a Sinooth Snugly-fitting mandrel and through 
the Opening defined by a pair of juxtaposed chan 
neled driving rolls, one of said rolls having a series 
of transverse corrugations formed along its chan 
nel, thereby to form a series of peripherally ex 
tending colrugations along said shoulder while 
Supporting said inner bore against distortion, and 
thereafter passing the so-corrugated tubing over 
a Smooth snugly-fitting curved mandre between 
a pair of juxtaposed channeled bending rolls, with 
the corrugations extending along a side of the 
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8 
bend, said corrugations adjusting themselves ac 
cordion-wise during the bending operation to ac 
commodate the ensuing displacement of metal, 
said inner bore being supported against distortion 
during said bending, the minimum Wall thickness 
along the curved corrugated shoulder being Sub 
stantially the same as the Wall thickness at the 
top and bottom of the bend and not substantially 
less than that of the original straight tubing. 

8. A method of forming bent metal tubing which 
comprises forming a general straight length of 
tubing having a generally cylindrical inner bore 
and having an outer integral raised shoulder ex 
tending along a side thereof, passing the tubing 
over a smooth snugly-fitting mandrel and through 
the opening defined by a pair of juxtaposed chan 
neled driving rolls, one of said rolls having a series 
of transverse corrugations formed along its chan 
Inel, thereby to form a series of peripherally ex 
tending corrugations along said shoulder while 
supporting said inner bore against distortion, and 
thereafter passing the so-corrugated tubing over 
a curved mandrel between a pair of juxtaposed 
channeled bending rolls with the corrugations ex 
tending along the outside of the bend, thereby to 
fia,tten the corrugations accordion-wise to accom 
modate the ensuing displacement of metal, while 
Supporting said inner bore against distortion, 
thereby to provide bent tubing having a generally 
Smpoth and uniform inner bore and having mini 
lum wall thickness not substantially less than 

that of the original straight tubing. 
9. A method of forming bent tubing which com 

prises forming a generally straight length of tub 
ing having a uniform inner bore and having a 
Single integral raised shoulder extending along 
one side thereof, forming a series of peripherally 
extending corrugations along Said shoulder While 
supporting said inner bore against distortion, and 
bending said tubing with said shoulder extending 
along the outer side of bend while supporting said 
inner bore against distortion, thereby to flatten 
the corrugations on the shoulder and to provide 
bent tubing having a smooth and uniform inner 
bore and having minimum wall thickness not 
Substantially less than that of the original straight 
tubing. 

10. A method of forming bent tubing which 
comprises forming a generally straight length of 
tubing having a uniform inner bore and having 
integral raised shoulders extending along the sides 
thereof, one of Said shoulders having a larger cir 
cumferential dimension than the other, forming 
diametrically opposed series of peripherally-ex 
tending corrugations along said shoulders while 
Supporting Said inner bore against distortion, and 
bending said tubing with the larger shoulder ex 
tending along the outer side of the bend and the 
Smaller shoulder extending along the inner side 
of the bend while supporting said inner bore 
against distortion, thereby to deepen the corruga 
tions along the inner shoulder and to flatten the 
corrugations along the outer shoulder and to pro 
vide bent tubing having a smooth and uniform 
inner bore and having minimum wall thickness 
not substantially less than that of the original 
Straight tubing. 

FRANCIS M. KEPLER 


