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57 ABSTRACT 
A device for detecting a bend angle upon precisely 
bending a metallic pipe to be used in a method for 
bending a pipe in which precise bending is achieved 
by detecting a deviation of a distance between one 
point on said pipe to be bent and a fixed point outside 
of said pipe from another distance between a prede 
termined locus and said fixed point by means of an 
arm having its opposite end portions pivotably sup 
ported at said one point and said fixed point respec 
tively, characterized in that there is provided means 
for detecting a sum of a rotational angle of said arm 
about said fixed point as the bending proceeds since 
the beginning of the bending work and an angular var 
iation at the portion of said arm joined to said pipe to 
obtain a true bend angle. 

2 Claims, 3 Drawing Figures 
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DEVICE FOR DETECTING A BENED ANGLE UPON 
PRECISELY BENDING A METALLIC PIPE 

The present invention relates to a device for detect 
ing a bend angle to be used in an apparatus for pre 
cisely bending a metallic pipe. 
With regard to a method for precisely bending a me 

tallic pipe, there has been proposed a method as illus 
trated in FIG. 1, which is described and claimed in the 
copending U.S. Pat. Application of Omorietal Ser. No. 
289,212 filed Sept. 13, 1972. In this figure, a deviation 
of a distance between one point B on a pipe A to be 
bent and a fixed point C outside of said pipe from an 
other distance between a predetermined locus and said 
fixed point C, is detected by means of an arm D having 
its opposite ends pivotably supported at said respective 
points B and C, and in accordance with the detected 
signal the forth and back movement of a press roll E is 
controlled to achieve precise bending. In such a case, 
normally the angle 4.61, has been deemed as a bend 
angle. However, it has been found that in a actual bend 
ing work, the relation 46 = 4.6, is not continuously 
true, in other words, the angle 46a is continuously 
varying by a minute amount during the bending work. 
One object of the present invention is to provide a 

device for detecting a true bend angle upon precise 
bending in view of the above-referred disadvantage in 
the prior art. To this end, the invention provides a de 
vice for detecting a bend angle upon precisely bending 
a metallic pipe to be used in a method for bending a 
pipe in which precise bending is achieved by detecting 
a deviation of a distance between one point on said 
pipe to be bent and a fixed point outside of said pipe 
from another distance between a predetermined locus 
and said fixed point by means of an arm having its op 
posite end portions pivotably supported at said one 
point and said fixed point respectively, characterized in 
that there is provided means for detecting a sum of a 
rotational angle of said arm about said fixed point as 
the bending proceeds since the beginning of the bend 
ing work and an angular variation at the portion of said 
arm jointed to said pipe to obtain a true bend angle. 

In the drawings; FIG. 1 is a schematic view showing 
the outline of an apparatus for precisely bending a me 
tallic pipe, 
FIG. 2 is a schematic view for representing the rela 

tion between the true bend angle and the rotational 
angle of the rotary shaft at the fixed point in the appa 
ratus shown in FIG. 1. 
FIG. 3 is a schematic view showing one preferred em 

bodiment of the present invention. 
As shown in FIG. 2, if the angle between the arm D 

and the pipe axis in the beginning of the bending work 
is represented by 40s", the corresponding angle dur 
ing the progress of the bending work is represented by 
4 6', the rotational angle of the arm about the fixed 
point during this period of time is represented by 40, 
and the true bend angle is represented by Z0, then 
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2 
Thus, one feature of the present invention exists in 

that in order to precisely detect the true bend angle 
4, 6, in the final state, during the progress of the bend 
ing Work the true bend angle Z. 6 is continuously de 
tected by continuously detecting the sum of Z0, and 
(4.6s' - 46'). 
Now the present invention will be described in con 

nection to one preferred embodiment with reference to 
the accompanying drawings, 

In FIG. 3, as a pipe 4 is pushed into the bender by a 
pressing force P, said pipe 4 is bent in the region be 
tween a support point 1 and a press point 2 while said 
press point is successively advanced to the position 2', 
where said pipe is in the state represented by a numeral 
4'. In this arrangement, in order to bend the pipe, there 
are provided known high frequency induction heating 
device 5 and a known cooling device 6 to be used after 

In addition, reference numeral 3 designates guide 
rolls, numerals 7,7' designate a deviation detector, nu 
meral 8 designtes a sticker to the pipe, reference C des 
ignates a fixed point outside of the pipe, and 4, 6, 
46, 4-6" and 4.6s' represent the same angles as 

those shown in FIG.2. 
Although the bending itself can be attained in a sim 

ple manner through the above-described method, it is 
difficult to determine the true bend angle Z. 6, of the 
pipe. However, since the relation of 4.6, = 4.6, + 
(Z64" - Z.63") can be proved geometrically in the 
above-described arrangement, it is only necessary to 
measure and control the values appearing on the right 
side of the above equation. 

In the above arrangement, 4.6, is obtained by de 
tecting the rotational angle of the rotary shaft at the 
fixed point by means of a resolver or the like, and the 
angle variation at the joint between the pipe and the 
arm represented by (4 6-4, 63) is obtained by 
providing a detector of a rotational angle (such as a re 
solver) on the rotary shaft of the sticker 8 to the pipe 
and by setting the reading of the resolver for the initial 
value of 40" in the beginning of the bending work at 
0'. In other words, as the bending proceeds, the value 
of 401 it (408" 4.63') is electrically detected and 
the true bend angle 4-6, is measured on the basis of 
said detected value. Furthermore, if the bending work 
is automatically (or manually) stopped when the mea 
sured true bend angle has become coincident with a 
preset angle, it is possible to easily obtain a required 
bend angle. . . . . . . . . . -- - -- 
As described, according to the present invention, the 

bend angle can be controlled in a precise manner, and 
so the corrective bending work which needs a lot of 
steps is not required at all in contrast to the prior art 
practice. - - - - 

Through test measurements for the bending achieved 
by means of the above-described apparatus according 
to the present invention, we have obtained very favor 
able results as shown in the following table: 

Actual Bend Angle 
90.0 90.0 89.9 90.0° 90.0 90.0 
60.0 60.0 60.0° 59.99 60.0 60.0 
45.0° 45.0 44.9 45.0° 45.0° 45.0° 

the following relation is established: 
46 - 4 0 + (4.6s"-40') 
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1. 

What is claimed is: . 
1. Apparatus for detecting the bend angle of a pipe 

having an initially generally straight portion being bent. 
to curved form by longitudinally moving the pipe while 
applying a lateral force thereto in said portion, said de 
fecting apparatus comprising: 
means establishing a first translationally fixed, angu 

larly rotatable axis outside the pipe, laterally 
spaced therefrom and disposed generally in the 
imaginary plane normal to the longitudinal axis of 
the pipe at the juncture between where the pipe re 
mains unbent and where the pipe is being bent; 

means establishing a second angularly rotatable axis 
on the pipe in said portion whereat the bend angle 
with respect to the longitudinal axis of the pipe at 
the imaginary plane is to be determined, the second 
axis being parallel to the first axis; 

arm means joining said first and second axes and 
being so mounted at opposite ends with respect 
thereto that as the pipe is longitudinally moved in 
being bent, one end of the arm moves angularly 
about the first axis in correspondence to the angu 
lar movement of the opposite end of the arm about 
the first axis due to the joining of said opposite end 
and the pipe at the second axis; 

means measuring the angular movement of said arm 
about the first axis; 

means measuring the angle between said arm and the 
longitudinal extent of the pipe at said second axis; 
and 

means for detecting, as the bending proceeds, the 
sum of: 

a. the angular disparity between the opposite ex 
tremes of disposition of said arm due to angular 
movement about the first axis; and 

b. the difference at said opposite extremes of dispo 
sition of said first axis of the angle between said 
arm and the longitudinal axis of the pipe at said 
second axis; 

as a measure of the angular disparity between the dis 

3,835,687 
4 

position of the longitudinal axis of said pipe axially 
conincident with said second axis, the angular 
amount said pipe has been bent at said second axis. 

2. A method for detecting the bend angle of a pipe 
having an initially generally straight portion being bent 
to curved form by longitudinally moving the pipe while 
applying a lateral force thereto in said portion, said de 
tecting method comprising: 
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establishing a first translationally fixed point outside 
the pipe, laterally spaced therefrom and disposed 
generally in the imaginary plane normal to the lon 
gitudinal axis of the pipe at the juncture between 
where the pipe remains unbent and where the pipe 
is being bent; 

establishing a second point fixed on the pipe in said 
portion, whereat the bend angle with respect to the 
longitudinal axis of the pipe at the imaginary plane 
is to be determined; 

tying the rotational disposition of the first fixed point 
to the second fixed point, so that as the pipe is lon 
gitudinally moved in being bent, said first point is 
correspondingly angularly moved to maintain its 
angular position fixed relative to said second point; 

as the bending proceeds, monitoring the sum of: 
a. the angular disparity between the opposite ex 
tremes of disposition of said first point, and 

b. the difference at said opposite extremes of angular 
disposition of said first point of the angle between 
a straight line joining said first and second points 
and the longitudinal extent of said pipe at said sec 
ond point; 
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as a measure of the angular disparity between the dis 
position of the longitudinal axis of said pipe axially 
coincident with said second point, the angular 
amount said pipe has been bent at said second 
point. 

sk k sk. k. k. 


