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Application fled October 10, 1930. serial ?o. 487,884. 

This invention relates to a method of 
producing angular bends of metallic tubing 
and more particularly to the production 
of such bends in a manner providing the 
bend with a true bore. While many attempts 
have been made to produce such bends, here 
tofore they have all depended upon some dis 
tortion of the material from which the bend was formed, the common practice being to 
provide a tube having excess material at the 
outer side of the bend and then bending the 
tube. Such a process is relatively expensive 
and seldom, if ever, produces an opening of 
uniform diameter. A further method of 
producing such bends is to force a heated 
tube longitudinally over an arcuate horn. 
This method, while it will produce a bend 
having an opening of uniform diameter, is 
incapable of producing a bend having tan 
gents at its ends. E. a bend having no tangents is extremely difficult to adapt for 
connection for it is practically impossible to 
properly thread such a bend for the recep 
tion of a flange or coupling. 
My method consists briefly in employing 

a solid steel or wrought iron bar of the de 
sired dimensions, drilling an axial pilot open 
ing through this bar which is of such small 
size that it will not be materially distorted 
when the bar is subsequently formed to the 
desired bend, then enlarging this opening by 
passing through the bar a cutter, or a series 
of cutters, for enlarging the pilot opening 
to the desired dimensions, the single cutter 
when employed being guided by a pilot op 
erating in the originally formed opening and 
the series of cutters being guided in the first 
instance by the pilot opening and for suc 
ceeding cutters by the opening made by the 
preceding cutter. - The steps employed in producing an angu 
lar bend in accordance with my invention 
are semi-diagrammatically illustrated by the 
accompanying drawings, in which: 

Fig. 1 is a perspective view of the barbe 
fore bending and with the pilot opening 
formed therethrough; 

Fig. 2 is a side elevation illustrating one of 
the several forms in which the bar is bent; 

Fig. 3 is a further form in which the bar 
may be bent; 

ig. 4 is a still further bent form; 
Fig. 5 is a sectional view illustrating the 

enlargement of the opening by use of a ro 
tating reamer pulled through the pilot open 
ling; 

Fig. 6 is a similar view illustrating the use 
of alreamer pushed through the opening; 

Fig. 7 is a view illustrating the use of one 
of a series of broaches to enlarge the open 
ing; and . . 

Figs. 8 and 9 are two others of the series 
of broaches necessary to enlargement of the 
pilot opening to its proper size. 
In these drawings, for the purpose of illus 

tration of the pilot, bore enlargement the 
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bend formed has been illustrated as an L. 
Ying tangents.T. It will be understood 

that by employing the same procedure a 
return bend such as illustrated in Fig. 3 or a pair of integrally connected spaced bends 
the connection between which is straight, as illustrated in Fig. 4, may be readily pro 
duced. 

Referring now more particularly to these 
drawings, the bar originally employed is in 
dicated at 10 and the pilot opening drilled 
therethrough at 11. This opening is of such 
size that when the bend is produced from 
the bar it will not be materially distorted; 
that is to say, it will not be distorted beyond 
the tolerance limits for a guide such as that 
hereinafter described. 
After drilling of the opening, the bar is 

bent, this bending being accomplished in an 
suitable machine or fixture, following whic the pilot opening is enlarged to the desired 
size. This is accomplished by any of the sev 
eral mechanisms illustrated in the drawings. 
In the form shown in Fig. 5 the numeral 12 designates a rotary reamer or cutter of 
a construction such that it will increase the 
size of the pilot opening from its normal 
size to the desired internal diameter for the 
bend. The forward end of this reamer has 
an axial forwardly tapering projection 13 
functioning as a pilot and having its greater 
diameter very slightly less than the diameter 
of the pilot opening 10. Connected with this 
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2. 

organization is a means for rotating the cut 
ter and for causing it to move longitudinally 
of the bend guided by the pilot i3 in en 
gagement in the pilot opening. Tis means 
in Fig. 5 constitutes a flexible shaft i4 of a 
size to pass through the pilot opening and 
by means of which the pilot and cutter or 
ganization may be rotated and caused to 
move longitudinally. - " '' - a - - 

In Fig. 6 this means constitutes a fiexible shaft 14.a for rotating the organization and 
forcing the cutter through the bend guided 
by the engagement of the pilot in the pilot 
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opening. As a means preventing flexing of 
the flexible shaft 14a as regards those por 
tions thereof external to the bore which is 
being formed, a standard guiding sleeve 15 
is provided to surround such portions of the 
flexible shaft. 

in Fig. 7 I have illustrated a means for 
enlarging the opening by a broaching oper 
ation. Where broaching is resorted to, due 
to the small size of the pilot opening as orig 
inally formed, use of a series of broaches is 
necessary. The first broach is indicated at 
16, this broach having a pilot 17 to engage 
in the pilot opening 11 and be guided there 
by, this broach enlarging the opening to an 
extent indicated at 11a. A second broach 
16a shown in Fig. 8 has a pilot 17 a to fit the 
enlarged opening 11 a formed by the broach 
16, the pilot fitting the bore 11a, while the 
third broach shown in Fig. 9 at 16b has a 
ilot 17b to fit the enlarged opening 11b pro 
uced by the broach 16a. The series of 

broaches may contain any desired number, 
depending upon the character of the mate 
rial acted upon and the differences in diam 
eter between the pilot bore and the bore 
which is to be finally produced. Such 
broaches may be either pulled or pushed 
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through the openings, the latter method of 
operation being herein illustrated. 

In this construction as in the construction 
employing the cutters, a flexible movable 
member 14b must be employed for moving the 
broaches through the bar. This flexible mem 
ber, when pushed must, obviously, be guided 
by a sleeve 15a similar to the sleeve 15 to pre 
vent deflection of those portions of the flexible 
member which are exterior to the opening be 
ing formed. It will be obvious that by follow 
ing the method hereinbefore set forth it 
is possible to produce angular bends B of 
any desired character and having tangents 
of desired length, and provide such bends 
with bores of uniform diameter and curva 
ture. Obviously, by these processes either 
flanged or unflanged...bends may be produced. 
As both the method and apparatus em 

ployed are capable of considerable modifi 
cation, I do not wish to be understood as 
limiting myself to the specific examples here 
in given except as hereinafter claimed. 

claim: 

33.3.3.96 

1. The method of producing tubular angie 
bends consisting in employing a normally 
straight bar, forming an axial pilot open 
ing of a diameter relatively small as regards 
the desired diameter of the finai opening 
in the finished bend, shaping the bar to pro 
duce the desired end and passing a cutting 
neans through tie bbc.. it increase the di 
ameter of the opening. 

2. The method of producing tubular angle "bends consisting theirfjoying a normally 
straight bar, formiga axial pilot opening 
of a dimeter refatively small as regards the 
desired diameter of the final opening in the 
finished bend, shaping the bar to produce the 
desired bend and passing a cutter through the 
bar to increase the size of the opening while employing the pilot opening as a guide for 
Such cutting means. .. 

3. The method of producing tubular angle 
bends consisting in employing. a normally 
straight bar, forming a longitudinal pilot 
opening therein of a diameter relatively small 
as regards the desired: diameter of the final 
opening in the finished bend, shaping the 
bar to produce a bend including alternate 
arcuate and tangent portions and enlarging 
the opening bypassing a cutter therethrough. 

4. The method of producing angular bends 
of metallic tubing consisting informing the 
bend with an opening having alternate arcu 
ate and tangent portions and of consider 
ably less diameter than the diameter of the 
Opening of the completed bend and then 
passing a cutter through the opening to en 
large said opening to a desired and uniform 
diameter while guiding the cutter. by the 
openling. ". . . 

5. The method of producing angular bends 
of metallic tubing consisting in forming the 
bend with an opening comprising terminal 
arcuate portions and an intermediate tangent straight portion, the opening being, of con 
siderably less diameter than the diameter of 
the opening of the completed bend and then 
passing a cutter through the opening to en 
large said opening to a desired and uniform 
diameter while guiding the cutter by the 
openling. . . . . 

6. The method of producing angular bends 
of metallic tubing consisting informing the, 
bend with an opening comprising a central 
arcuate portion and terminal tangent por tions, the opening being of considerably less 
diameter than the diameter of the opening 
of the completed bend and then passing a cut ter through the opening to enlarge said open 
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ing to the desired and uniform diameter while guiding the cutter by the opening. 
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