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ELBOW FORMED BY CUTTING AND METHOD FOR MANUFACTURING SAME 

 

Technical Field 

 The present invention relates to an elbow formed by cutting 

(bent pipe) for a pipe and a method of manufacturing the same. 5 

 

Background Art 

 As examples of metallic elbows for a pipe, there are known 

a casted elbow formed with a die, an elbow formed by bending a 

straight pipe, a welded elbow formed by integrally but-welding two 10 

halved bent pipe materials obtained by pressing a metal plate, and 

a machined elbow formed by cutting a metal material. 

 Of those, the machined elbow is given in, for example, Patent 

Literature 2 below.  Further, Patent Literature 1 below describes 

the elbow formed by bending and the welded elbow. 15 

Citation List 

Patent Literature 

 [PTL 1] JP 7-41315 B 

 [PTL 2] JP 2000-343136 A (JP 3352052 B2) 

 20 

Summary of Invention 

Technical Problem 

 In the conventional machined elbow, an internal flow path is 

formed by forming holes in a material from two directions, and then 

intersecting the two holes inside.  Therefore, for example, 25 

regarding a 90° elbow, the internal flow path forms substantially 

a right angle, and hence there is a disadvantage in that the flow 

ELBOW FORMED BY CUTTING AND METHOD FOR MANUFACTURING SAME Technical Field
The present invention relates to an elbow formed by cutting 5(bent pipe) for a pipe and a method of
manufacturing the same. Background Art        As examples of metallic elbows for a pipe, there are
known a casted elbow formed with a die, an elbow formed by bending a 10 straight pipe, a welded
elbow formed by integrally but-welding two halved bent pipe materials obtained by pressing a metal
plate, and a machined elbow formed by cutting a metal material.          Of those, the machined elbow is
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elbow formed by bending and the welded elbow. Citation List Patent Literature [PTL 1] JP 7-41315 B
[PTL 2] JP 2000-343136 A (JP 3352052 B2) 20 Summary of Invention Technical Problem 



2 

path resistance becomes larger when the elbow is used as a part 

of a pipe.  This disadvantage is pointed out in paragraph 0009 of 

Patent Literature 2. 

 The problem of the flow path resistance can be solved by 

forming a gently-bent hole.  However, it has been considered that 5 

it is impossible to form a machined elbow having a hole of such 

a shape, in particular, an elbow having a bent angle of 90° or more 

and employing, as a material, a low machinability material such 

as stainless steel(SUS), a titanium-based material, a nickel-based 

heat-resistant alloy (an alloy that is nickel-based and added with 10 

an alloy element such as iron, chromium, niobium, and molybdenum:  

for example, product name: Inconel, produced by Special Metals 

Corporation), even with use of 5-axis machines and multi-axis 

machines using the latest technologies. 

 With use of a processing machine having the latest functions, 15 

a bent hole can be processed to a certain degree.  However, in a 

general processing method, an undercut (machining remainder part) 

that cannot be processed is formed on the hole surface in a part 

which corresponds to the inner side of the bend, and this part 

deteriorates the fluid flow.  Thus, a product is not suitable for 20 

practical use.  Therefore, as an elbow of this field, there has been 

employed an elbow manufactured by any one of casting, bending, and 

welding. 

 However, in the casted elbow, a defect such as a blow hole 

is easily generated, and it is difficult to secure reliability in 25 

terms of quality.  In addition, the casted elbow has a lower rigidity 

than other elbows. 

In the conventional machined elbow, an internal flow path is formed by forming holes in a material from
two directions, and then 25 intersecting the two holes inside. Therefore, for example, regarding a 90
elbow, the internal flow path forms substantially a right angle, and hence there is a disadvantage in
that the flow  path resistance becomes larger when the elbow is used as a part of a pipe. This
disadvantage is pointed out in paragraph 0009 of Patent Literature 2. The problem of the flow path
resistance can be solved by 5 forming a gently-bent hole. However, it has been considered that it is
impossible to form a machined elbow having a hole of such a shape, in particular, an elbow having a
bent angle of 90 or more and employing, as a material, a low machinability material such as stainless
steel(SUS), a titanium-based material, a nickel-based 10 heat-resistant alloy (an alloy that is
nickel-based and added with an alloy element such as iron, chromium, niobium, and molybdenum: for
example, product name: Inconel, produced by Special Metals Corporation), even with use of 5-axis
machines and multi-axis machines using the latest technologies. 15With use of a processing machine
having the latest functions, a bent hole can be processed to a certain degree. However, in a general
processing method, an undercut (machining remainder part) that cannot be processed is formed on
the hole surface in a part which corresponds to the inner side of the bend, and this part 20 deteriorates
the fluid flow. Thus, a product is not suitable for practical use. Therefore, as an elbow of this field,
there has been employed an elbow manufactured by any one of casting, bending, and welding.
However, in the casted elbow, a defect such as a blow hole 25 is easily generated, and it is difficult to
secure reliability in terms of quality. In addition, the casted elbow has a lower rigidity than other
elbows.         Further, in the elbow formed by bending, the wall thickness and strength in respective
parts are not uniform. The wall thickness and strength of the tube tend to reduce on the outer side of
the bend, which rather requires larger wall thickness and 
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 Further, in the elbow formed by bending, the wall thickness 

and strength in respective parts are not uniform.  The wall 

thickness and strength of the tube tend to reduce on the outer side 

of the bend, which rather requires larger wall thickness and 

strength than the inner side of the bend.  Thus, the sectional shape 5 

of the pipe cannot be formed with high accuracy. 

 Further, in the welded elbow, a material texture at the 

welding joint part may change to the one which easily causes a stress 

corrosion crack, and a large strain is unavoidable as well due to 

welding. 10 

 For example, a pipe for airplane engines and a pipe for nuclear 

related facilities are required to clear very strict conditions.  

In such applications, there has been long-awaited an elbow having 

high quality, high accuracy, and low flow path resistance. 

 The machined elbow is a product obtained by integrally 15 

processing an ingot metal.  The machined elbow is generated without 

cavities, welding defects, and strains, and hence has excellent 

reliability in terms of quality.  With use of a highly accurate 

processing machine, it is also possible to improve the dimension 

accuracy and the shape accuracy.  If the hole of the machined elbow 20 

can be satisfactorily processed, a problem of the flow path resistance, 

which is the weak point of the machined elbow, is eliminated, and 

it is possible to realize a metallic elbow which satisfies the demands 

of high quality, high accuracy, and low flow path resistance. 

 In view of this, one or more embodiments of the present 25 

invention has an object to enable manufacturing of an elbow by 

machining so that the elbow has no unnecessary thickness inside, 

5 strength than the inner side of the bend. Thus, the sectional shape of the pipe cannot be formed with
high accuracy.       Further, in the welded elbow, a material texture at the welding joint part may
change to the one which easily causes a stress corrosion crack, and a large strain is unavoidable as
well due to 10 welding.       For example, a pipe for airplane engines and a pipe for nuclear related
facilities are required to clear very strict conditions. In such applications, there has been long-awaited
an elbow having high quality, high accuracy, and low flow path resistance. 15 The machined elbow is a
product obtained by integrally processing an ingot metal. The machined elbow is generated without
cavities, welding defects, and strains, and hence has excellent reliability in terms of quality. With use of
a highly accurate processing machine, it is also possible to improve the dimension 20 accuracy and
the shape accuracy. If the hole of the machined elbow canbesatisfactorilyprocessed, aproblemof the
flowpath resistance , which is the weak point of the machined elbow, is eliminated, and it is possible to
realize a metallic elbow which satisfies the demands of high quality, high accuracy, and low flow path
resistance. 25 In view of this, one or more embodiments of the present invention has an object to
enable manufacturing of an elbow by machining so that the elbow has no unnecessary thickness
inside,  has a circular shape in a cross-section perpendicular to its axis in each axial part, and has a
hole including a hole surface that is gently bent along an center axis. Further, one or more
embodiments of the present invention has an object to provide an 5 elbow that can be obtained by the
above-mentioned method. Solution to Problem In order to solve the above-mentioned problem, the
present invention provides a method of manufacturing an elbow by machining, comprising forming a
hole in a material to be formed into the elbow, 10 said forming of the hole comprising forming a starting
hole in the 
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has a circular shape in a cross-section perpendicular to its axis 

in each axial part, and has a hole including a hole surface that 

is gently bent along an center axis.  Further, one or more 

embodiments of the present invention has an object to provide an 

elbow that can be obtained by the above-mentioned method. 5 

Solution to Problem  

 In order to solve the above-mentioned problem, the present 

invention provides a method of manufacturing an elbow by machining, 

comprising forming a hole in a material to be formed into the elbow, 

said forming of the hole comprising forming a starting hole in the 10 

material by rough cutting of the material from two directions with 

a rotary cutting tool, the starting hole having an undercut 

remaining at least on a hole surface on a side which corresponds 

to an inner side of a bend of the elbow as a finished product, 

finishing a radially inner surface of the starting hole on one end 15 

side using a side cutter including an arc-shaped cutting edge at 

an outer periphery thereof and having an outer diameter smaller 

than a finished hole diameter, wherein the side cutter is inclined 

at a predetermined angle (θ4) relative to the material such that 

an end surface of the side cutter is more remote from an opening 20 

of the starting hole on the inner side of the bend of the elbow to 

be cut, and is cut into the surface of the starting hole, while 

simultaneously revolving the side cutter and rotating the side 

cutter about a center axis of the side cutter, such that the hole 

has a completely circular cross section taken along a plane 25 

perpendicular a center axis of the hole and perpendicular the center 

axis of the side cutter, and an oval cross-section taken along any 

material by rough cutting of the material from two directions with a rotary cutting tool, the starting hole
having an undercut remaining at least on a hole surface on a side which corresponds to an inner side
of a bend of the elbow as a finished product, 15 finishing a radially inner surface of the starting hole on
one end side using a side cutter including an arc-shaped cutting edge at an outer periphery thereof
and having an outer diameter smaller than a finished hole diameter, wherein the side cutter is inclined
at a predetermined angle (e4) relative to the material such that 20 an end surface of the side cutter is
more remote from an opening of the starting hole on the inner side of the bend of the elbow to be cut,
and is cut into the surface of the starting hole, while simultaneously revolving the side cutter and
rotating the side cutter about a center axis of the side cutter, such that the hole 
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plane perpendicular to the center axis of the hole and not 

perpendicular to the center axis of the side cutter, whereby the 

side cutter moves along the surface of the hole, and finishing the 

radially inner surface of the starting hole on another end side by 

inserting the side cutter into the starting hole from the another 5 

end side of the starting hole, and revolving the side cutter along 

the hole surface to be finished while rotating the side cutter. 

 When the starting hole is subjected to finishing, the side 

cutter is revolved along a trajectory of a shape similar to a cut 

end shape of the hole in each axial part when the hole to be finished 10 

is cut perpendicularly to the center axis of the side cutter (the 

cut end shape becomes a true circle at a position at which the 

cross-section perpendicular to the axis of the hole of the elbow 

is parallel to a plane orthogonal to the center axis of the cutter, 

and becomes an ellipse at other positions) .  A main shaft of the 15 

processing machine is moved in accordance with a preset control 

program to enable this revolution. 

 When the machining allowance of the side cutter is large, the 

processing is performed several times. 

 Regarding the relative inclination angle between the material 20 

and the side cutter in the finishing of the starting hole, for 

example, when a relative inclination angle of about 25° is secured, 

the undercut remaining in the starting hole can be completely 

removed. 

 Further, in this method, it is preferred that processing of 25 

the starting hole be carried out using a milling cutter including 

an arc-shaped cutting edge at a leading end outer periphery thereof 

25 has a completely circular cross section taken along a plane perpendicular a center axis of the hole
and perpendicular the center axis of the side cutter, and an oval cross-section taken along any  plane
perpendicular to the center axis of the hole and not perpendicular to the center axis of the side cutter,
whereby the side cutter moves along the surface of the hole, and finishing the radially inner surface of
the starting hole on another end side by 5 inserting the side cutter into the starting hole from the
another end side of the starting hole, and revolving the side cutter along the hole surface to be finished
while rotating the side cutter.       When the starting hole is subjected to finishing, the side cutter is
revolved along a trajectory of a shape similar to a cut 10 end shape of the hole in each axial part when
the hole to be finished is cut perpendicularly to the center axis of the side cutter (the cut end shape
becomes a true circle at a position at which the cross-section perpendicular to the axis of the hole of
the elbow is parallel to a plane orthogonal to the center axis of the cutter, 15 and becomes an ellipse
at other positions) . A main shaft of the processing machine is moved in accordance with a preset
control program to enable this revolution.       When the machining allowance of the side cutter is large,
the processing is performed several times. 20Regarding the relative inclination angle between the
material and the side cutter in the finishing of the starting hole, for example, when a relative inclination
angle of about 25 is secured, the undercut remaining in the starting hole can be completely removed.
25Further, in this method, it is preferred that processing of the starting hole be carried out using a
milling cutter including 
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and having an outer diameter smaller than an inner diameter of the 

starting hole, the processing of the starting hole being carried out 

through the steps of: forming a through hole by causing the milling 

cutter to cut into each of adjacent two surfaces of the material 

while changing a cutting position and a cutting depth, the through 5 

hole having the undercut intersecting at an angle equal or nearly 

equal to a bent angle of the elbow on the inner side of the bend 

of the elbow, the through hole being shaped substantially along 

the hole surface of the hole of the elbow on an outer side of the 

bend of the elbow; and reducing a remaining amount of the undercut 10 

by inclining the milling cutter in a direction in which a leading 

end of the milling cutter comes near the inner side of the bend 

of the elbow to cut off the undercut, the cutting off the undercut being 

repeated several times while changing a inclination angle of the 

milling cutter. 15 

 The outer diameter processing of the elbow in this method can be 

performed by a method of sequentially performing roughing by a face 

milling cutter and the like and finishing by a ball end mill and 

the like.  This outer diameter processing is preferred to be 

performed after the hole is formed, but can be performed before 20 

the hole is formed. 

 Note that, one or more embodiments of the present invention 

is particularly effective to be applied to manufacturing of a 

special elbow having a bent angle of 90° or more, which has 

particular difficulty in processing, but can be applied to 25 

manufacturing of an elbow having a bent angle of 90° or less. 

 Further, one or more embodiments of the present invention is 

an arc-shaped cutting edge at a leading end outer periphery thereof  and having an outer diameter
smaller than an inner diameter of the starting hole, the processing of the starting hole being carried out
through the steps of: forming a through hole by causing the milling cutter to cut into each of adjacent
two surfaces of the material 5 while changing a cutting position and a cutting depth, the through hole
having the undercut intersecting at an angle equal or nearly equal to a bent angle of the elbow on the
inner side of the bend of the elbow, the through hole being shaped substantially along the hole surface
of the hole of the elbow on an outer side of the 10 bend of the elbow; and reducing a remaining
amount of the undercut by inclining the milling cutter in a direction in which a leading end of the milling
cutter comes near the inner side of the bend of the elbow to cut off the undercut, the cutting off the
undercut being repeated several times while changing a inclination angle of the 15 milling cutter.
The outer diameter processing of the elbow in this method can be performed by a method of
sequentially performing roughing by a face milling cutter and the like and finishing by a ball end mill
and the like. This outer diameter processing is preferred to be 20 performed after the hole is formed,
but can be performed before the hole is formed.       Note that, one or more embodiments of the
present invention is particularly effective to be applied to manufacturing of a special elbow having a
bent angle of 90 or more, which has 25 particular difficulty in processing, but can be applied to
manufacturing of an elbow having a bent angle of 90 or less. Further, one or more embodiments of the
present invention is  expected to have a particularly significant effect in a case where the material for
the machined elbow is a metal, in particular, a low machinability material such as SUS as described
above, but one or more embodiments of the present invention exerts its 5 effectiveness even when a
general metal such as iron or a resin is used as the material. For example, when an occasion arises
where a small number of large-diameter special resin elbows need to be produced, the die cost is high
if molding is performed. In such an occasion, it is economically effective to machine a resin material 
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expected to have a particularly significant effect in a case where 

the material for the machined elbow is a metal, in particular, a 

low machinability material such as SUS as described above, but one 

or more embodiments of the present invention exerts its 

effectiveness even when a general metal such as iron or a resin 5 

is used as the material.  For example, when an occasion arises where 

a small number of large-diameter special resin elbows need to be 

produced, the die cost is high if molding is performed.  In such 

an occasion, it is economically effective to machine a resin material 

block to obtain an elbow having a required shape and size. 10 

 Moreover, in one or more embodiments of the present invention, 

an integrated elbow is formed by machining the material, and hence 

the hole of the elbow can be eccentrically located in an arbitrary 

direction with respect to the outer diameter of the elbow by design, 

or flanges for connection can be formed integrally at end portions 15 

of the tube. 

 In the manufacturing method of one or more embodiments of the 

present invention, until the relative inclination angle between 

the side cutter and the material reaches the allowance upper limit, 

processing is performed while inclining the side cutter and the 20 

material relative to each other in accordance with the hole bent 

state at the position at which the hole of the elbow is bent.  Then, 

from the position at which the relative inclination angle between 

the side cutter and the material reaches the allowance upper limit, 

the relative inclination angle is fixed.  With the above-mentioned 25 

method, the inner diameter on the one end side can be finished. 

 Further, the side cutter and the milling cutter can be 

10 block to obtain an elbow having a required shape and size.       Moreover, in one or more
embodiments of the present invention, an integrated elbow is formed by machining the material, and
hence the hole of the elbow can be eccentrically located in an arbitrary direction with respect to the
outer diameter of the elbow-by design, 15 or flanges for connection can be formed integrally at end
portions of the tube. In the manufacturing method of one or more embodiments of the present
invention, until the relative inclination angle between the side cutter and the material reaches the
allowance upper limit, 20 processing is performed while inclining the side cutter and the material
relative to each other in accordance with the hole bent state at the position at which the hole of the
elbow is bent. Then, from the position at which the relative inclination angle between the side cutter
and the material reaches the allowance upper limit, 25 the relative inclination angle is fixed. With the
above-mentioned method, the inner diameter on the one end side can be finished. Further, the side
cutter and the milling cutter can be 
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inclined relative to the material by any one of a method of moving 

the material under a state in which the cutter is fixed, and a method 

of moving the cutter with respect to the material. 

 For example, the material may be inclined relative to the 

milling cutter and the side cutter in a necessary direction by 5 

employing a method of setting the material on a rotary table having 

a rotation indexing function under a state in which a center of 

the hole of the elbow to be machined is placed on a plane parallel 

to a table surface of the rotary table, and rotating the rotary 

table. 10 

 According to another aspect of the present invention, the 

elbow includes a hole having an center axis bent smoothly at a 

predetermined curvature.  In this elbow, the hole has no machining 

remainder part inside and is a true circle.  Further, the hole has 

a hole surface provided in parallel to the center axis of the elbow.  15 

In this case, the wall thickness may be uniform around the tube, 

or a center of the hole of the elbow may be eccentrically located 

with respect to a center of an outer diameter of the elbow so that 

the tube wall thickness on the outer side of the bend is larger 

than the tube wall thickness on the inner side of the bend. 20 

 It is preferred that the outer side of the bend be located at 

a position separated by 180° from a position of the inner side of 

the bend. 

 Further, it is preferred that the tube wall thickness be 

gradually increased from the inner side toward the outer side of 25 

the bend. 

 The tube wall thickness on the outer side of the bend may be 

inclined relative to the material by any one of a method of moving the material under a state in which
the cutter is fixed, and a method of moving the cutter with respect to the material. For example, the
material may be inclined relative to the 5 milling cutter and the side cutter in a necessary direction by
employing a method of setting the material on a rotary table having a rotation indexing function under
a state in which a center of the hole of the elbow to be machined is placed on a plane parallel to a
table surface of the rotary table, and rotating the rotary 10table.       According to another aspect of the
present invention, the elbow includes a hole having an center axis bent smoothly at a predetermined
curvature. In this elbow, the hole has no machining remainder part inside and is a true circle. Further,
the hole has 15 a hole surface provided in parallel to the center axis of the elbow. In this case, the wall
thickness may be uniform around the tube, or a center of the hole of the elbow may be eccentrically
located with respect to a center of an outer diameter of the elbow so that the tube wall thickness on the
outer side of the bend is larger 20 than the tube wall thickness on the inner side of the bend.        It is
preferred that the outer side of the bend be located at a position separated by 180 from a position of
the inner side of the bend.          Further, it is preferred that the tube wall thickness be 25 gradually
increased from the inner side toward the outer side of the bend. The tube wall thickness on the outer
side of the bend may be  larger than the tube wall thickness on the inner side of the bend, and may be
more than twice the tube wall thickness on the inner side of the bend.          Further, the elbow may
include a straight part on at least 5 one end side of the elbow, and the elbow may include flanges
formed integrally at both end portions of the elbow. 
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larger than the tube wall thickness on the inner side of the bend, 

and may be more than twice the tube wall thickness on the inner 

side of the bend. 

 Further, the elbow may include a straight part on at least 

one end side of the elbow, and the elbow may include flanges formed 5 

integrally at both end portions of the elbow. 

Advantageous Effects of Invention 

 The method according to one or more embodiments of the present 

invention has the following features.  That is, the starting hole 

formed by roughing the material is subjected to finishing with use 10 

of a side cutter including an arc-shaped cutting edge and having 

an outer diameter smaller than a finishing hole diameter.  In 

addition, at this time, the side cutter is revolved and moved on 

a spiral trajectory while being rotated in a posture inclined 

relative to the material in a direction in which the end surface 15 

of the cutter is separated from the opening of the starting hole 

on the inner side of the bend of the elbow. 

 The starting hole processing of the material can be performed 

by a known method, but in the conventional processing method, there 

is generated an undercut that cannot be processed on the hole surface 20 

on the inner side of the bend of the elbow.  The undercut is cut 

off with use of a side cutter including an arc-shaped cutting edge. 

 A hole of a true circle can be formed relatively easily by 

the following method.  That is, in order that the side cutter is 

revolved in a plane substantially perpendicular to the center axis 25 

of the hole of the elbow, while inclining the side cutter and the 

material relative to each other in accordance with the hole bent 

Advantageous Effects of Invention       The method according to one or more embodiments of the
present invention has the following features. That is, the starting hole 10 formed by roughing the
material is subjected to finishing with use of a side cutter including an arc-shaped cutting edge and
having an outer diameter smaller than a finishing hole diameter. In addition, at this time, the side cutter
is revolved and moved on a spiral trajectory while being rotated in a posture inclined 15 relative to the
material in a direction in which the end surface of the cutter is separated from the opening of the
starting hole on the inner side of the bend of the elbow. The starting hole processing of the material
can be performed by a known method, but in the conventional processing method, there 20 is
generated an undercut that cannot be processed on the hole surface on the inner side of the bend of
the elbow. The undercut is cut off with use of a side cutter including an arc-shaped cutting edge. A
hole of a true circle can be formed relatively easily by the following method. That is, in order that the
side cutter is 25 revolved in a plane substantially perpendicular to the center axis of the hole of the
elbow, while inclining the side cutter and the material relative to each other in accordance with the hole
bent 
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state at the position at which the hole of the elbow is bent, the 

side cutter is fed to finish the inner diameter of the hole of the 

elbow.  However, for example, when a 90° elbow is to be manufactured 

by this method, it is necessary to incline the side cutter and the 

material relative to each other by 45° at maximum.  In this state, 5 

interference between those members is unavoidable. 

 In one or more embodiments of the present invention, in order 

to avoid this problem, the relative inclination angle between the 

side cutter and the material is set to a small value (an angle in 

which interference between those members does not occur even when 10 

the starting hole is processed halfway in the axial direction).  

This angle changes depending on the diameter difference between 

the inner diameter of the hole of the elbow and an outer diameter 

of an arbor holding the side cutter.  It is impossible to secure 

an inclination angle of 45° in the manufacturing of the 90° elbow, 15 

and hence the inclination angle is set to about 25°, for example. 

 Now, supposing that the side cutter is inclined at 25° 

relative to the material, when the hole to be finished of the elbow 

is cut at each axial part along a plane parallel to the end surface 

of the inclined side cutter, which is perpendicular to its axis, 20 

the cut end of the hole becomes an ellipse at most positions.  The 

shape and size of the ellipse differ in each part of the cutting 

point, but by moving the cutter along the cut end shape at each 

part of the cutting point, the undercut remaining on the starting 

hole is perfectly removed, the hole of the elbow becomes a true 25 

circle in each axial part in a cross-section perpendicular to the 

axis, and further, the hole surface is finished to have a shape 

state at the position at which the hole of the elbow is bent, the side cutter is fed to finish the inner
diameter of the hole of the elbow. However, for example, when a 90 elbow is to be manufactured by
this method, it is necessary to incline the side cutter and the 5 material relative to each other by 450 at
maximum. In this state, interference between those members is unavoidable. In one or more
embodiments of the present invention, in order to avoid this problem, the relative inclination angle
between the side cutter and the material is set to a small value (an angle in 10 which interference
between those members does not occur even when the starting hole is processed halfway in the axial
direction). This angle changes depending on the diameter difference between the inner diameter of the
hole of the elbow and an outer diameter of an arbor holding the side cutter. It is impossible to secure
15 an inclination angle of 450 in the manufacturing of the 90 elbow, and hence the inclination angle is
set to about 25, for example. Now, supposing that the side cutter is inclined at 25 



11 

gently bent in parallel to the center axis. 

 Note that, in order to enable hole finishing by the method 

according to one or more embodiments of the present invention, there 

is used a side cutter having an outer diameter smaller than the 

diameter of the hole of the elbow.  Further, as the diameter 5 

difference between the finishing diameter of the hole of the elbow 

and the outer diameter of the arbor supporting the side cutter (the 

arbor naturally has a diameter smaller than that of the side cutter) 

becomes larger, the allowance angle of the relative inclination 

between the side cutter and the material becomes larger, and thus 10 

the processable range from the one end side of the hole expands.  

However, when the outer diameter of the arbor becomes too small, 

the tool rigidity reduces, and thus chattering of the cutter is 

liable to occur during processing.  This adversely affects the 

processing stability and processing accuracy, and hence the outer 15 

diameter of the arbor is set considering this point. 

 Further, the entire region of the hole of the elbow cannot be 

finished by the processing of the starting hole from the one end 

side, and hence the starting hole is processed also from the other 

end side to finish the starting hole. 20 

 As described above, according to one or more embodiments of 

the present invention, a side cutter including an arc-shaped edge 

is used to perform finishing of the starting hole while revolving 

the side cutter on the ellipse trajectory.  In this manner, it is 

possible to manufacture a machined elbow having a circular 25 

cross-section and a gently-bent hole, which has been previously 

thought to be impossible. 

relative to the material, when the hole to be finished of the elbow is cut at each axial part along a plane
parallel to the end surface 20 of the inclined side cutter, which is perpendicular to its axis, the cut end
of the hole becomes an ellipse at most positions. The shape and size of the ellipse differ in each part
of the cutting point, but by moving the cutter along the cut end shape at each part of the cutting point,
the undercut remaining on the starting 25 hole is perfectly removed, the hole of the elbow becomes a
true circle in each axial part in a cross-section perpendicular to the axis, and further, the hole surface
is finished to have a shape  gently bent in parallel to the center axis.       Note that, in order to enable
hole finishing by the method according to one or more embodiments of the present invention, there is
used a side cutter having an outer diameter smaller than the 5 diameter of the hole of the elbow.
Further, as the diameter difference between the finishing diameter of the hole of the elbow and the
outer diameter of the arbor supporting the side cutter (the arbor naturally has a diameter smaller than
that of the side cutter) becomes larger, the allowance angle of the relative inclination 
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 Note that, the inventor of the present invention has proved 

this point by passing, through a 90° elbow, a ball smaller by 0.2% 

than the diameter of the elbow without clogging.  Note that, 

actually, the inner diameter dimension is 50.  9 mm, the ball 

diameter is 50.  8 mm, and the material of the ball is zircon. 5 

 Further, machining is employed, and hence it is possible to 

manufacture an elbow in which the hole of the elbow is eccentrically 

located with respect to the outer diameter of the elbow to increase 

the tube wall thickness and strength on the outer side of the bend, 

an elbow including a straight part on at least one end thereof, 10 

and an elbow in which flanges for connection are integrally formed 

at both ends. 

 

Brief Description of Drawings 

 [FIG. 1A] A perspective view illustrating an example of a 15 

machined elbow manufactured by a method according to the present 

invention. 

[FIG. 1B] A view of the elbow of FIG. 1A in a cross-section 

perpendicular to its axis. 

[FIG. 2A] A perspective view illustrating a half of an elbow machining 20 

region of a material. 

[FIG. 2B] A plan view of the half machining region of FIG. 2A. 

[FIG. 3A] A view illustrating a step of a former stage of starting 

hole processing. 

[FIG. 3B] A view illustrating a step of the former stage of starting 25 

hole processing. 

[FIG. 3C] A view illustrating a step of the former stage of starting 

10 between the side cutter and the material becomes larger, and thus the processable range from the
one end side of the hole expands. However, when the outer diameter of the arbor becomes too small,
the tool rigidity reduces, and thus chattering of the cutter is liable to occur during processing. This
adversely affects the 15 processing stability and processing accuracy, and hence the outer diameter of
the arbor is set considering this point.       Further, the entire region of the hole of the elbow cannot be
finished by the processing of the starting hole from the one end side, and hence the starting hole is
processed also from the other 20 end side to finish the starting hole.       As described above,
according to one or more embodiments of the present invention, a side cutter including an arc-shaped
edge is used to perform finishing of the starting hole while revolving the side cutter on the ellipse
trajectory. In this manner, it is 25 possible to manufacture a machined elbow having a circular
cross-section and a gently-bent hole, which has been previously thought to be impossible.         Note
that, the inventor of the present invention has proved this point by passing, through a 90 elbow, a ball
smaller by 0.2% than the diameter of the elbow without clogging. Note that, actually, the inner
diameter dimension is 50. 9 mm, the ball 5 diameter is 50. 8 mm, and the material of the ball is zircon.
Further, machining is employed, and hence it is possible to manufacture an elbow in which the hole of
the elbow is eccentrically located with respect to the outer diameter of the elbow to increase the tube
wall thickness and strength on the outer side of the bend, 10 an elbow including a straight part on at
least one end thereof, and an elbow in which flanges for connection are integrally formed at both ends.
Brief Description of Drawings 15[FIG. 1A] A perspective view illustrating an example of a machined
elbow manufactured by a method according to the present invention. [FIG. 1B] A view of the elbow of
FIG. 1A in a cross-section perpendicular to its axis. 
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hole processing. 

[FIG. 3D] A view illustrating a step of the former stage of starting 

hole processing. 

[FIG. 4A] A view illustrating a step of a latter stage of starting 

hole processing. 5 

[FIG. 4B] A view illustrating a step of the latter stage of starting 

hole processing. 

[FIG. 4C] A view illustrating a step of the latter stage of starting 

hole processing. 

[FIG. 4D] A view illustrating a step of the latter stage of starting 10 

hole processing. 

[FIG. 4E] A view illustrating a step of the latter stage of starting 

hole processing. 

[FIG. 5A] A view illustrating postures of the material and a side 

cutter when one end side of the starting hole is finished. 15 

[FIG. 5B] A perspective view illustrating a half of the starting 

hole whose one end side is finished. 

[FIG. 6A] A view illustrating revolution movement of the side cutter 

in the finishing of the one end side of the starting hole. 

[FIG. 6B] A view illustrating the revolution movement of the side 20 

cutter in the finishing of the one end side of the starting hole. 

[FIG. 6C] A view illustrating the revolution movement of the side 

cutter in the finishing of the one end side of the starting hole. 

[FIG. 6D] A view of the revolution movement of the side cutter when 

viewed from above correspondingly to FIGS. 6A to 6C. 25 

[FIG. 6E] A view of the revolution movement of the side cutter when 

viewed from above correspondingly to FIGS. 6A to 6C. 

20[FIG. 2A] Aperspective view illustrating a half of an elbowmachining region of a material. [FIG. 2B] A
plan view of the half machining region of FIG. 2A. [FIG. 3A] A view illustrating a step of a former stage
of starting hole processing. 25[FIG. 3B] A view illustrating a step of the former stage of starting hole
processing. [FIG. 30] A view illustrating a step of the former stage of starting  hole processing. [FIG.
3D] A view illustrating a step of the former stage of starting hole processing.      [FIG. 4A] A view
illustrating a step of a latter stage of starting 5 hole processing. [FIG. 4B] A view illustrating a step of
the latter stage of starting hole processing. [FIG. 40] A view illustrating a step of the latter stage of
starting hole processing. 10[FIG. 4D] A view illustrating a step of the latter stage of starting hole
processing. 
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[FIG. 6F] A view of the revolution movement of the side cutter when 

viewed from above correspondingly to FIGS. 6A to 6C.  . 

[FIG. 7A] A perspective view illustrating an unfinished state of 

the other end side of the starting hole. 

[FIG. 7B] A perspective view illustrating a finished state of the 5 

other end side of the starting hole. 

[FIG. 8A] A perspective view illustrating another example of the 

machined elbow manufactured by the method according to the invention. 

[FIG. 8B] A view of the elbow of FIG. 8A in a cross-section 

perpendicular to its axis. 10 

[FIG. 8C] A view of the elbow of FIG. 8A in a cross-section horizontal 

to its axis. 

[FIG. 9] A perspective view illustrating still another example of 

the machined elbow manufactured by the method according to the present 

invention. 15 

[FIG. 10] A perspective view illustrating further another example 

of the machined elbow manufactured by the method according to the 

present invention. 

[FIG. 11A] A perspective view illustrating an example of a rotary 

cutting tool for use in roughing of a hole and an outer diameter 20 

in the method according to the present invention, under a state 

in which the rotary cutting tool is mounted on an arbor. 

[FIG. 11B] A side view of the cutting tool of FIG. 11A. 

[FIG. 12A] A perspective view illustrating an example of a side 

cutter for use in finishing of the hole in the method according 25 

to the present invention. 

[FIG. 12B] A side view of the above-mentioned cutter under a state 

[FIG. 4E] A view illustrating a step of the latter stage of starting hole processing. [FIG. 5A] A view
illustrating postures of the material and a side 15 cutter when one end side of the starting hole is
finished. [FIG. 5B] A perspective view illustrating a half of the starting hole whose one end side is
finished. [FIG. 6A] A view illustrating revolution movement of the side cutter in the finishing of the one
end side of the starting hole. 20 [FIG. 6B] A view illustrating the revolution movement of the side cutter
in the finishing of the one end side of the starting hole. [FIG. 60] A view illustrating the revolution
movement of the side cutter in the finishing of the one end side of the starting hole. [FIG. 6D] A view of
the revolution movement of the side cutter when 25 viewed from above correspondingly to FIGS. 6A to
60. [FIG. 6E] A view of the revolution movement of the side cutter when viewed from above
correspondingly to FIGS. 6A to 60.  [FIG. 6F] A view of the revolution movement of the side cutter
when viewed from above correspondingly to FIGS. 6A to 60. . [FIG. 7A] A perspective view illustrating
an unfinished state of the other end side of the starting hole. 5[FIG. 7B] A perspective view illustrating
a finished state of the other end side of the starting hole. 
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in which the cutter is mounted on an arbor. 

[FIG. 13] A side view illustrating an example of a ball end mill 

for use in finishing of the outer diameter in the method according 

to the present invention. 

 5 

Description of Embodiments 

 Now with reference to the attached drawings, description is made 

of a method of manufacturing an elbow by cutting, embodying the 

present invention, and an elbow manufactured by this method. 

 First, examples of rotary cutting tools used in the method 10 

according the present invention are illustrated in FIGS. 11A to 13.  

The cutting tool illustrated in FIGS. 11A and 11B is a 

commercially-available indexable milling cutter (face milling 

cutter) I including a plurality of arc-shaped cutting edges 2 

circumferentially arranged at intervals around the leading end of 15 

the cutter body 1.  The milling cutter I is used to form a starting 

hole in a material to be formed into the elbow and to roughly cut 

the radially outer surface of elbow.  To perform such rough cutting 

with high efficiency, the milling cutter I shown, in which the 

cutting edges 2 are formed by removable round inserts, are 20 

preferably mounted on an arbor 3.  But a milling cutter other than 

the face milling cutter shown, such as a radius end mill or a ball 

end mill, may be used instead. 

 FIGS. 12A and 12B illustrate a side cutter II including a 

plurality of arc-shaped cutting edges 5 circumferentially arranged at 25 

intervals around the cutter body 4.  The side cutter II is used to 

finish the starting hole formed in the material for the elbow.  The 

[FIG. 8A] A perspective view illustrating another example of the machined elbowmanufactured by the
method according to the invention. [FIG. 8B] A view of the elbow of FIG. 8A in a cross-section 10
perpendicular to its axis. [FIG. 80] A view of the elbow of FIG. 8A in a cross-section horizontal to its
axis.    [FIG. 9] A perspective view illustrating still another example of the machined
elbowmanufactured by the method according to the present 15 invention. [FIG. 10] A perspective view
illustrating further another example of the machined elbow manufactured by the method according to
the present invention. [FIG. 11A] A perspective view illustrating an example of a rotary 20 cutting tool
for use in roughing of a hole and an outer diameter in the method according to the present invention,
under a state in which the rotary cutting tool is mounted on an arbor. [FIG. 11B] A side view of the
cutting tool of FIG. 11A. [FIG. 12A] A perspective view illustrating an example of a side 25 cutter for
use in finishing of the hole in the method according to the present invention. [FIG. 12B] A side view of
the above-mentioned cutter under a state  in which the cutter is mounted on an arbor. [FIG. 13] A side
view illustrating an example of a ball end mill for use in finishing of the outer diameter in the method
according to the present invention. 
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illustrated side cutter II is a cutter obtained by modifying a 

commercially available cutter of which the cutting edges 5 are 

formed by removable round inserts so that the cutter can be firmly 

fixed to a specially ordered arbor 6.  Specifically, the side cutter 

II is mounted on the leading end of the arbor 6.  The side cutter 5 

II has an outer diameter smaller than the diameter of the starting 

hole.  The outer diameter of the arbor 6 is further smaller than 

the outer diameter of the side cutter II. 

 FIG. 13 illustrates a commercially available indexable ball 

end mill III.  In the method embodying the invention, this indexable 10 

ball end mill III or alternatively, a solid ball end mill is used 

to finish the radially outer surface of the elbow. 

 An example of the machined elbow manufactured by the method 

according to this invention is illustrated in FIGS. 1A and 1B.  The 

elbow 10 shown is a 90° elbow without a flange, and includes a hole 15 

11 having a center axis bent smoothly at a predetermined curvature. 

 Description is now given how the 90° elbow 10 of FIGS. 1A and 

1B is manufactured using the above-mentioned cutting tools as an 

example.  Reference numeral 12 of FIGS. 2A and 2B is an elbow 

material in the shape of a square block shape.  For easy 20 

understanding of the processing situation, section views are 

illustrated in a manner that the material 12 is cut into half, and 

the cutter is illustrated in a simplified manner. 

 The material 12 is placed on a rotary table (not shown) of 

a processing machine such that the center axis O of the hole of 25 

the elbow 10 formed is on a plane parallel to the surface of the 

rotary table (the table surface is perpendicular to the rotation 

5 Description of Embodiments       Nowwith reference tothe attacheddrawings , description is made of
a method of manufacturing an elbow by cutting, embodying the present invention, and an elbow
manufactured by this method. 10 First, examples of rotary cutting tools used in the method according
the present invention are illustrated in FIGS. 11A to 13. The cutting tool illustrated in FIGS. 11A and
11B is a commercially-available indexable milling cutter (face milling cutter) I including a plurality of
arc-shaped cutting edges 2 15 circumferentially arranged at intervals around the leading end of the
cutter body 1. The milling cutter I is used to form a starting hole in a material to be formed into the
elbow and to roughly cut the radially outer surface of elbow. To perform such rough cutting with high
efficiency, the milling cutter I shown, in which the 20 cutting edges 2 are formed by removable round
inserts, are preferably mounted on an arbor 3. But a milling cutter other than the face milling cutter
shown, such as a radius end mill or a ball end mill, may be used instead. FIGS. 12A and 12B illustrate
a side cutter II including a 25 pluralityof arc-shaped cutting edges circumferentiallyarranged at intervals
around the cutter body 4. The side cutter II is used to finish the starting hole formed in the material for
the elbow. The  illustrated side cutter II is a cutter obtained by modifying a commercially available
cutter of which the cutting edges 5 are formed by removable round inserts so that the cutter can be
firmly fixed to a specially ordered arbor 6. Specifically, the side cutter 5 II is mounted on the leading
end of the arbor 6. The side cutter II has an outer diameter smaller than the diameter of the starting
hole. The outer diameter of the arbor 6 is further smaller than the outer diameter of the side cutter II.
FIG. 13 illustrates a commercially available indexable ball 
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axis of the table).  The cutter and the material 12 are inclined 

relative to each other as described later by rotating the rotary 

table. 

 The milling cutter I is set on the main shaft (not shown) of 

the processing machine, and as illustrated in FIG. 3A, the milling 5 

cutter I is fed in the axial direction so as to cut into an A surface 

of the material 12 while changing the cutting position and the cutting 

depth.  In this manner, a blind hole 11-1 is formed as illustrated in 

FIG. 3B, which has a small undercut on the hole surface on the outer 

side of the bend. 10 

 Next, as illustrated in FIGS. 3C and 3D, the material 12 is 

positioned such that its B surface which is orthogonal to the A 

surface faces the milling cutter I.  In this state, in the same 

manner as the hole is formed in the A surface with the milling cutter 

I, the milling cutter I is fed in the axial direction so as to cut 15 

into the B surface while changing the cutting position and the 

cutting depth until the hole thus formed communicates with the blind 

hole 11-1, thus forming a through hole 11-2 formed with an undercut 

13 swelled in the hole diameter direction on the inner side of the 

bend. 20 

 Thus, in this state, the undercut 13 still remains in a large 

amount.  That is, the side cutter II of FIGS. 12A and 12B cannot 

completely remove the undercut by finish cutting.  To reduce the 

undercut, with the material 12 inclined at θ° with respect to the 

milling cutter I such that the leading end of the cutter I is located 25 

nearer to the inner side of the bend of the elbow as illustrated 

in FIG. 4A, the milling cutter I is fed in the axial direction while 

10 end mill III. In the method embodying the invention, this indexable ball end mill III or alternatively, a
solid ball end mill is used to finish the radially outer surface of the elbow.        An example of the
machined elbow manufactured by the method according to this invention is illustrated in FIGS. 1A and
1B. The 15 elbow 10 shown is a 90 elbow without a flange, and includes a hole 11 having a center
axis bent smoothly at a predetermined curvature.        Description is now given how the 90 elbow 10 of
FIGS. 1A and 1B is manufactured using the above-mentioned cutting tools as an example. Reference
numeral 12 of FIGS. 2A and 2B is an elbow 20 material in the shape of a square block shape. For
easy understanding of the processing situation, section views are illustrated in a manner that the
material 12 is cut into half, and the cutter is illustrated in a simplified manner. The material 12 is placed
on a rotary table (not shown) of 25 a processing machine such that the center axis 0 of the hole of the
elbow 10 formed is on a plane parallel to the surface of the rotary table (the table surface is
perpendicular to the rotation  axis of the table). The cutter and the material 12 are inclined relative to
each other as described later by rotating the rotary table. The milling cutter I is set on the main shaft
(not shown) of 5 the processing machine, and as illustrated in FIG. 3A, the milling cutter I is fed in the
axial direction so as to cut into an A surface of the material 12 while changing the cutting position and
the cutting depth. In this manner, a blind hole 11_i is formed as illustrated in FIG. 3B, which has a
small undercut on the hole surface on the outer 10 side of the bend. 
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changing the cutting position, to partially remove the undercut 

13. 

 This operation is repeated several times while gradually 

increasing the relative inclination angle between the milling 

cutter I and the material 12, to thereby sufficiently reduce the 5 

remaining amount of the undercut 13.  The relative inclination 

angle between the material 12 and the milling cutter I in this 

processing is set in accordance with the type of the material so 

that an excess cutting load is not imparted to the cutter.  In an 

evaluation test, θ of FIG. 4A is set to 15°, θ1 of FIG. 4B is set 10 

to 25°, θ2 of FIG. 4C is set to 35°, and θ3 of FIG. 4D is set to 

45°, but the angles are not limited thereto. 

 The undercut 13 may be removed by feeding the cutter from both 

ends of the through hole 11-2.  But in many cases, the undercut 13 

can be removed sufficiently by feeding the cutter from one end only 15 

of the through hole 11-2.  This reduces the number of times the cutter 

is fed into the hole. 

 At the end of these steps, a starting hole 11-3 as illustrated 

in FIG. 4E is formed in the material 12.  Then, the tool mounted 

on the main shaft of the processing machine is replaced with the 20 

side cutter II of FIGS. 12A and 12B, and the side cutter II is used 

to finish the starting the starting hole 11-3. 

 The finishing is performed as follows.  With the side cutter 

II inclined at an angle of θ4 relative to the material 12 such that 

the end surface of the side cutter II is more remote from the opening 25 

of the starting hole 11-3 on the inner side of the bend of the elbow 

10 to be cut, as illustrated in FIG. 5A, the side cutter II is revolved 

Next, as illustrated in FIGS. 30 and 3D, the material 12 is positioned such that its B surface which is
orthogonal to the A surface faces the milling cutter I. In this state, in the same manner as the hole is
formed in the A surface with the milling cutter 15 I, the milling cutter I is fed in the axial direction so as
to cut into the B surface while changing the cutting position and the cutting depth until the hole thus
formed communicates with the blind hole 11_2, thus forming a through hole 11_2 formed with an
undercut 13 swelled in the hole diameter direction on the inner side of the 20bend. Thus, in this state,
the undercut 13 still remains in a large amount. That is, the side cutter II of FIGS. 12A and 12B cannot
completely remove the undercut by finish cutting. To reduce the undercut, with the material 12 inclined
at e with respect to the 25 milling cutter I such that the leading end of the cutter I is located nearer to
the inner side of the bend of the elbow as illustrated in FIG. 4A, the milling cutter I is fed in the axial
direction while changing the cutting position, to partially remove the undercut 13.       This operation is
repeated several times while gradually increasing the relative inclination angle between the milling 5
cutter I and the material 12, to thereby sufficiently reduce the remaining amount of the undercut 13.
The relative inclination angle between the material 12 and the milling cutter I in this processing is set in
accordance with the type of the material so that an excess cutting load is not imparted to the cutter. In
an 10 evaluation test, e of FIG. 4A is set to 15, el of FIG. 4B is set to 25, e2 of FIG. 40 is set to 35, and
e3 of FIG. 4D is set to 45, but the angles are not limited thereto. 
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while being rotated about its axis so that the side cutter II cuts 

into the hole surface of the starting hole 11-3.  At this time, the 

side cutter II is revolved so that the cutter moves on a helical 

trajectory along a hole surface to be finished.  In this case, it 

is conceived that the relative inclination angle θ4 between the side 5 

cutter II and the material is always constant.  But this is not an 

essential requirement. 

 FIGS. 6A to 6F are views illustrating a state in which the 

side cutter II is revolved in the counterclockwise direction while 

being rotated about its axis and fed in the axial direction.  Since 10 

the side cutter II is fed in the axial direction while being 

revolved, side cutter II moves on a helical trajectory. 

 The hole 11 of the elbow 10 has such a shape that it has a 

completely circular cross-section when taken along a line 

perpendicular to the center axis of the hole 11 of the elbow 10 15 

before being finished and parallel to the end surface of the side 

cutter, which is perpendicular to the center axis of the side cutter 

II and inclined at an angle of θ4 relative to the material 12 (i.e. 

when taken along the line Y-Y of FIG. 5A), while all the other 

cross-sections parallel to the end surface of the side cutter, 20 

including the cross-sections taken along lines X-X and Z-Z of FIG. 

5A are oval.  Any of such oval cross-sections is different in size 

and shape from all the other such oval cross-sections.  The side 

cutter II is moved while being revolved along the hole surface to 

be finished, which has the above-mentioned cross-sectional shapes. 25 

 In this case, the finishing at the position exceeding the line 

Z-Z (the other end side of the hole) is performed so that the cutter 

The undercut 13 may be removed by feeding the cutter from both ends of the through hole 11 2. But in
many cases, the undercut 13 15 can be removed sufficiently by feeding the cutter from one end only of
the through hole 11 2. This reduces the number of times the cutter is fed into the hole.       At the end
of these steps, a starting hole 11 3as illustrated in FIG. 4E is formed in the material 12. Then, the tool
mounted 20 on the main shaft of the processing machine is replaced with the side cutter II of FIGS.
12A and 12B, and the side cutter II is used to finish the starting the starting hole 11 3. The finishing is
performed as follows. With the side cutter II inclined at an angle of e4 relative to the material 12 such
that 25 the end surface of the side cutter II is more remote from the opening of the starting hole 11-3
on the inner side of the bend of the elbow 10 tobe cut, as illustrated in FIG. 5A, the side cutter II is
revolved  while being rotated about its axis so that the side cutter II cuts into the hole surface of the
starting hole 11_3. At this time, the side cutter II is revolved so that the cutter moves on a helical
trajectory along a hole surface to be finished. In this case, it 5 is conceived that the relative inclination
angle e4 between the side cutter II and the material is always constant. But this is not an essential
requirement.       FIGS. 6A to 6F are views illustrating a state in which the side cutter II is revolved in
the counterclockwise direction while 10 being rotated about its axis and fed in the axial direction. Since
the side cutter II is fed in the axial direction while being revolved, side cutter II moves on a helical
trajectory. 
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is moved along the hole cross-section only on the outer side of 

the bend of the hole, to thereby prevent the arbor 6 from interfering 

with the material.  In the finishing of the starting hole from the 

one end, only a half of the hole is required to be processed.  

Therefore, the cutter does not need to be forcedly moved along the 5 

hole cross-section on the inner side of the bend. 

 If a large amount of material has to be removed during finish 

cutting, the finish cutting may be performed several times to reduce 

the cutting load per one time.  Through adoption of a method in which 

the machining remainder part is gradually cut off in several times 10 

to finish the product to have a target inner diameter in the final 

processing, excess cutting load is not imparted, and processing 

stability and processing accuracy are improved. 

 With the processing using the side cutter subjected to 

movement control, the undercut remaining in the starting hole 11-3 15 

is largely removed, and thus the inner diameter of the starting 

hole on the one end side is finished. 

 In the processing of the starting hole from the one end, there 

is a processing restriction due to the hole shape, and hence it 

is impossible to finish the entire region of the starting hole as 20 

in FIG. 5B.  Therefore, subsequently, the starting hole 11-3 is 

processed also from the other end to finish the hole.  The side 

cutter II is arranged on the other end of the starting hole 11-3 

as illustrated in FIG. 7A, and an operation similar to that described 

above is performed (the movement control in the same conditions 25 

as above is not necessary), and thus the remaining part of the 

undercut 13 is cut off. 

The hole 11 of the elbow 10 has such a shape that it has a completely circular cross-section when
taken along a line 15 perpendicular to the center axis of the hole 11 of the elbow 10 before being
finished and parallel to the end surface of the side cutter, which is perpendicular to the center axis of
the side cutter II and inclined at an angle of e4 relative to the material 12 (i.e. when taken along the
line Y-Y of FIG. 5A), while all the other 20 cross-sections parallel to the end surface of the side cutter,
including the cross-sections taken along lines X-X and Z-Z of FIG. 5A are oval. Any of such oval
cross-sections is different in size and shape from all the other such oval cross-sections. The side
cutter II is moved while being revolved along the hole surface to 25 be finished, which has the
above-mentioned cross-sectional shapes.        In this case, the finishing at the position exceeding the
line Z-Z (the other end side of the hole) is performed so that the cutter is moved along the hole
cross-section only on the outer side of the bend of the hole, to thereby prevent the arbor 6 from
interfering with the material. In the finishing of the starting hole from the one end, only a half of the hole
is required to be processed. 5 Therefore, the cutter does not need to be forcedly moved along the hole
cross-section on the inner side of the bend.        If a large amount of material has to be removed during
finish cutting, the finish cutting may be performed several times to reduce the cutting load per one
time. Through adoption of a method in which 10 the machining remainder part is gradually cut off in
several times to finish the product to have a target inner diameter in the final processing, excess
cutting load is not imparted, and processing stability and processing accuracy are improved. With the
processing using the side cutter subjected to 15 movement control, the undercut remaining in the
starting hole 11_3 is largely removed, and thus the inner diameter of the starting hole on the one end
side is finished.        In the processing of the starting hole from the one end, there is a processing
restriction due to the hole shape, and hence it 20 is impossible to finish the entire region of the starting
hole as in FIG. 5B. Therefore, subsequently, the starting hole 11_3 is processed also from the other
end to finish the hole. The side cutter II is arranged on the other end of the starting hole 11_3 as
illustrated in FIG. 7A, and an operation similar to that described 25 above is performed (the movement
control in the same conditions as above is not necessary), and thus the remaining part of the undercut
13 is cut off. 
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 In this manner, the hole 11 of the elbow has such a shape that 

its cross-sections taken along any plane perpendicular to the axis 

of the hole 11 is a true circle, with the hole surface moderately 

bent in parallel to its center axis. 

 After finishing the hole 11 in this manner, the radially outer 5 

surface of the elbow is subjected to rough cutting using the milling 

cutter I of FIGS. 11A and 11B, and then finished using the ball 

end mill III of FIG. 13.  The desired elbow is thus completed. 

 The radially outer surface of the elbow is preferably finished 

after forming the hole because with this arrangement, the material 10 

can be held in position more stably while forming the hole and 

because there is no possibility of damaging the finished radially 

outer surface when forming the hole.  But the radially outer surface 

may be finished before forming the hole. 

 The  milling cutter I or the side cutter II may be inclined 15 

relative to the material 12 by inclining the main shaft of the 

processing machine on which the cutter is mounted. 

 Although the control of the processing machine becomes a 

little complicated, the object of the invention can be also achieved 

by performing the finishing step of the radially inner surface of 20 

the starting hole 11-3 on the one end as follows.  The side cutter 

II is revolved while being rotated about its axis to cut into the 

starting hole 11-3, and while inclining the side cutter II and the 

material 12 relative to each other in accordance with the hole bent 

state at a position at which the hole 11 of the elbow is bent so 25 

that the movement of the side cutter II is performed in a plane 

substantially perpendicular to the center axis of the hole to be 

In this manner, the hole 11 of the elbow-has such a shape that its cross-sections taken along any
plane perpendicular to the axis of the hole 11 is a true circle, with the hole surface moderately bent in
parallel to its center axis. 5After finishing the hole 11 in this manner, the radially outer surface of the
elbow- is subjected to rough cutting using the milling cutter I of FIGS. 11A and 11B, and then finished
using the ball end mill III of FIG. 13. The desired elbow is thus completed. The radially outer surface of
the elbow is preferably finished 10 after forming the hole because with this arrangement, the material
can be held in position more stably while forming the hole and because there is no possibility of
damaging the finished radially outer surface when forming the hole. But the radially outer surface may
be finished before forming the hole. 15The milling cutter I or the side cutter II may be inclined relative
to the material 12 by inclining the main shaft of the processing machine on which the cutter is
mounted. Although the control of the processing machine becomes a little complicated, the object of
the invention can be also achieved 20 by performing the finishing step of the radially inner surface of
the starting hole 11_3 on the one end as follows. The side cutter II is revolved while being rotated
about its axis to cut into the starting hole 11_3, and while inclining the side cutter II and the 
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provided in the elbow as a finished product, the inner diameter 

of the starting hole 11-3 on the one end side is processed halfway 

from the one end toward the other end of the hole.  Then, from the 

position at which the relative inclination angle between the side 

cutter II and the material 12 reaches an allowance upper limit, 5 

the relative inclination angle is fixed. 

 Since the method according to the present invention employs 

machining, it is possible to manufacture an elbow 10 as illustrated 

in FIGS. 8A to 8C, in which the center O1 of the hole 11 of the elbow is 

eccentrically located with respect to the center O2 of the radially 10 

outer surface of the elbow to increase the wall thickness and 

strength of the elbow on the outer side of the bend. 

 FIG. 8A is a perspective view of this elbow 10, FIG. 8B is 

a sectional view of the elbow 10 when viewed from the direction 

indicated by the arrow B-B in FIG. 8A, and FIG. 8C is a sectional 15 

view of a part indicated by the arrow C-C of FIG. 8A. 

 In such an elbow 10, as illustrated in FIG. 8B, by adjusting 

the eccentricity amount between the center O1 of the hole 11 of the 

elbow and the outer diameter center O2 of the elbow, the wall 

thickness of the elbow on the outer side can be set to a dimension 20 

corresponding to the strength to be required. 

 Cracks may develop in the flank of the elbow due to vibration 

load.  Cracks tend to develop in an area indicated by the 

dashed-dotted line in FIG. 8A.  The elbow of this embodiment can 

have a desired wall thickness at its flank, and hence exerts a 25 

significant effect even against vibration cracks as described 

above. 

material 12 relative to each other in accordance with the hole bent 25 state at a position at which the
hole 11 of the elbow is bent so that the movement of the side cutter II is performed in a plane
substantially perpendicular to the center axis of the hole to be  provided in the elbow as a finished
product, the inner diameter of the starting hole 11-3 on the one end side is processed halfway from the
one end toward the other end of the hole. Then, from the position at which the relative inclination angle
between the side 5 cutter II and the material 12 reaches an allowance upper limit, the relative
inclination angle is fixed.        Since the method according to the present invention employs machining,
it is possible to manufacture an elbow 10 as illustrated in FIGS. 8Ato 80, in which the center Olof the
hole 11 of the elbow is 10 eccentrically located with respect to the center 02 of the radially outer
surface of the elbow to increase the wall thickness and strength of the elbow on the outer side of the
bend.         FIG. 8A is a perspective view of this elbow 10, FIG. 8B is a sectional view of the elbow 10
when viewed from the direction 15 indicated by the arrow B-B in FIG. 8A, and FIG. 80 is a sectional
view of a part indicated by the arrow C-C of FIG. 8A.        In such an elbow 10, as illustrated in FIG.
8B, by adjusting the eccentricity amount between the center 01 of the hole 11 of the elbow and the
outer diameter center 02 of the elbow, the wall 20 thickness of the elbow on the outer side can be set
to a dimension corresponding to the strength to be required.        Cracks may develop in the flank of
the elbow due to vibration load. Cracks tend to develop in an area indicated by the dashed-dotted line
in FIG. 8A. The elbow of this embodiment can 
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 In FIG. 8B, the center O1 of the hole 11 of the elbow is 

eccentrically located on the diameter of the elbow 10, but the 

present invention is not limited thereto, and the center  

O1 may be eccentrically located at any point other than on the 

diameter of the elbow 10. 5 

 According to this embodiment, it is possible to manufacture 

an elbow as illustrated in FIG. 9, which includes a straight part 

14 on at least one end portion, or an elbow as illustrated in FIG. 

10, in which flanges 15 for connection are integrally formed at both 

ends. 10 

 In this case, it is preferred that the outer side of the bend 

be located at a position separated by 180° from the position of 

the inner side of the bend, and the wall thickness be gradually 

increased from the inner side toward the outer side of the bend. 

 On the other hand, it is possible to increase or decrease the 15 

wall thickness of a desired part as necessary to any desired 

thickness. 

 In the aviation industry and the like, development of an 

“ultra-thin elbow” called a “duct” has been long awaited.  

Conventionally, a product has been formed by bending and welding 20 

an iron plate or the like.  However, the thickness is as ultra-thin 

as 1.0 mm or less, and hence a uniform product cannot be formed 

due to the unevenness of the thickness during pressing.  Further, 

the product is made of an extremely low machinability material such 

as titanium and Inconel, and hence studies have not been carried 25 

out. 

 In contrast, according to the invention, even with such 

25 have a desired wall thickness at its flank, and hence exerts a significant effect even against
vibration cracks as described above.         In FIG. 8B, the center 01 of the hole 11 of the elbow is
eccentrically located on the diameter of the elbow 10, but the present invention is not limited thereto,
and the center 01 may be eccentrically located at any point other than on the 5 diameter of the elbow
10.       According to this embodiment, it is possible to manufacture an elbow as illustrated in FIG. 9,
which includes a straight part 14 on at least one end portion, or an elbow as illustrated in FIG. 10, in
which flanges 15 for connection are integrally formed at both 10ends.        In this case, it is preferred
that the outer side of the bend be located at a position separated by 180 from the position of the inner
side of the bend, and the wall thickness be gradually increased from the inner side toward the outer
side of the bend. 15 On the other hand, it is possible to increase or decrease the wall thickness of a
desired part as necessary to any desired thickness.        In the aviation industry and the like,
development of an "ultra-thin elbow" called a "duct" has been long awaited. 20 Conventionally, a
product has been formed by bending and welding an iron plate or the like. However, the thickness is
as ultra-thin as 1.0 mm or less, and hence a uniform product cannot be formed due to the unevenness
of the thickness during pressing. Further, the product is made of an extremely lowymachinability
material such 25 as titanium and Inconel, and hence studies have not been carried out. In contrast,
according to the invention, even with such  
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materials, it is possible to process a thin elbow having an inner 

diameter of 2 inches to 5 inches and a wall thickness of 0.8 mm 

to 1.5 mm. 

 Also in this case, the wall thickness can be set arbitrarily 

as described above on the outer side and on the inner side. 5 

Examples  

 A 90° elbow having an inner diameter of l90 mm, a center bend 

radius of φ200 mm, and a wall thickness of l0 mm was experimentally 

produced by the method according to the present invention.  As the 

material for the elbow, wood was used because this was a test for 10 

verifying the processing method. 

 The following rotary cutting tools were used.  As the milling 

cutter I of FIGS. 11A and 11B, there was used a round-insert mounting 

indexable face milling cutter having an outer diameter of 50 mm, 

a radius of curvature of the arc-shaped cutting edges of 8 mm, and 15 

the number of the cutting edges of 4.  As the side cutter II of FIGS. 

12A and 12B, there was used a round-insert mounting indexable side 

milling cutter having an outer diameter of 127 mm, a radius of 

curvature of the arc-shaped cutting edges of 6 mm, and the number 

of the cutting edges of 5.  As the ball end mill III of FIG. 13, 20 

there was used a ball end mill having an outer diameter of 30 mm. 

 As the processing machine, there was used a CNC horizontal 

boring machine owned by the applicant.  This CNC horizontal boring 

machine includes a world’s most advanced rotary table having a 

divided indexing accuracy of 1/10000 degrees.  The material was set 25 

to this rotary table, and the material and the cutter were inclined 

relative to each other by a method of controlling the rotary table. 

materials, it is possible to process a thin elbow having an inner diameter of 2 inches to 5 inches and a
wall thickness of 0.8 mm to 1.5 mm.          Also in this case, the wall thickness can be set arbitrarily 5
as described above on the outer side and on the inner side. Examples       A 90 elbow having an inner
diameter of 190 mm, a center bend radius of 000 mm, and a wall thickness of 10 mmwas
experimentally produced by the method according to the present invention. As the 10 material for the
elbow, wood was used because this was a test for verifying the processing method. The following
rotary cutting tools were used. As the milling cutter I of FIGS. 1 1A and 11B, there was used a
round-insert mounting indexable face milling cutter having an outer diameter of 50 mm, 15 a radius of
curvature of the arc-shaped cutting edges of 8 mm, and the number of the cutting edges of 4. As the
side cutter II of FIGS. 12A and 12B, there was used a round-insert mounting indexable side milling
cutter having an outer diameter of 127 mm, a radius of curvature of the arc-shaped cutting edges of 6
mm, and the number 20 of the cutting edges of 5. As the ball end mill III of FIG. 13, there was used a
ball end mill having an outer diameter of 30 mm. 
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 The processing was performed along the procedures described 

with reference to FIGS. 3A to 7B.  The finishing of the starting 

hole by the side cutter was performed by adopting a method in which 

the cutting region remaining uncut was processed on a 2 mm basis 

to finally finish with no machining remainder.  As a result, it was 5 

possible to obtain a machined elbow in which no machining remainder 

part was present inside the hole, the hole was a true circle and 

the hole surface was parallel to the center axis of the elbow, and 

further, the wall thickness around the tube (a wall thickness t 

of each part of the circumferential cross-section illustrated in 10 

FIG. 1B) was uniform. 

 With use of a processing machine including a rotary table 

having a highly-accurate indexing accuracy as described above, the 

high-accuracy processing can also be performed without a problem 

by such a method that, while inclining the side cutter and the 15 

material relative to each other in accordance with the hole bent 

state of the elbow so that the side cutter is halfway revolved in 

a plane substantially perpendicular to the center axis of the hole 

to be provided in the elbow as a finished product, the inner diameter 

of the starting hole is subjected to finishing, and then, from a 20 

position at which the relative inclination angle between the side 

cutter and the material reaches an allowance upper limit, the side 

cutter is revolved on the elliptical trajectory under a state in 

which the relative inclination angle is fixed. 

Industrial Applicability 25 

 According to one or more embodiments of the present invention, 

it is possible to manufacture, by machining, an elbow which has 

As the processing machine, there was used a CNC horizontal boring machine owned by the applicant.
This CNC horizontal boring machine includes a world's most advanced rotary table having a 25
divided indexing accuracy of 1/10000 degrees. The material was set to this rotary table, and the
material and the cutter were inclined relative to each other by a method of controlling the rotary table.
The processing was performed along the procedures described with reference to FIGS. 3A to 7B. The
finishing of the starting hole by the side cutter was performed by adopting a method in which the
cutting region remaining uncut was processed on a 2 mm basis 5 to finally finish with no machining
remainder. As a result, it was possible to obtain a machined elbow in which no machining remainder
part was present inside the hole, the hole was a true circle and the hole surface was parallel to the
center axis of the elbow, and further, the wall thickness around the tube (a wall thickness t 10 of each
part of the circumferential cross-section illustrated in FIG. 1B) was uniform.       With use of a
processing machine including a rotary table having a highly-accurate indexing accuracy as described
above, the high-accuracy processing can also be performed without a problem 15 by such a method
that, while inclining the side cutter and the material relative to each other in accordance with the hole
bent state of the elbow so that the side cutter is halfway revolved in a plane substantially perpendicular
to the center axis of the hole to be provided in the elbow as a finished product, the inner diameter 20 of
the starting hole is subjected to finishing, and then, from a position at which the relative inclination
angle between the side cutter and the material reaches an allowance upper limit, the side cutter is
revolved on the elliptical trajectory under a state in which the relative inclination angle is fixed. 25
Industrial Applicability       According to one or more embodiments of the present invention, it is
possible to manufacture, by machining, an elbow which has 
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no unnecessary thickness inside, has a circular shape in a 

cross-section perpendicular to its axis in each axial part, and 

further, has a hole including a hole surface gently bent along an 

center axis.  Thus, the method according to one ormore embodiments 

of the present invention can be advantageously used as a method 5 

of manufacturing an elbow. 

Reference Signs List 

 I milling cutter, II side cutter, III ball end mill, 1, 4 cutter 

body, 2, 5 cutting edge, 3, 6 arbor, 10 elbow, 11 hole, 11-1 blind 

hole, 11-2 through hole, 11-3 starting hole, 12 material, 13 undercut, 10 

14 straight part, 15 flange, A, B surface orthogonal to surface of 

material, t tube thickness. 

no unnecessary thickness inside, has a circular shape in a cross-section perpendicular to its axis in
each axial part, and further, has a hole including a hole surface gently bent along an center axis. Thus,
the method according to one ormore embodiments 5 of the present invention can be advantageously
used as a method of manufacturing an elbow. Reference Signs List        I milling cutter, II side cutter,
III ball endmill, 1, 4 cutter body, 2, 5 cutting edge, 3, 6 arbor, 10 elbow, 11 hole, 11_1 blind 10 hole,
11_2 through hole, 11_3 starting hole, 12 material, 13 undercut, 14 straight part, 15 flange, A, B
surface orthogonal to surface of material, t tube thickness.  Claims [Claim 1]A method of
manufacturing an elbow (10) by machining, comprising forming a hole (11) in a material (12) to be
formed into 5 the elbow (10), said forming of the hole (11) comprising:        forming a starting hole
(11_3) in the material (12) by rough cutting of the material (12) from two directions with a rotary cutting
tool, the starting hole (11_3) having an undercut (13) remaining at least on a hole surface on a side
which corresponds 10 to an inner side of a bend of the elbow as a finished product;        finishing a
radially inner surface of the starting hole (11_3) on one end side using a side cutter (II) including an
arc-shaped cutting edge (5) at an outer periphery thereof and having an outer diameter smaller than a
finished hole diameter, 
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Claims 

 

[Claim 1] A method of manufacturing an elbow (10) by machining, 

comprising forming a hole (11) in a material (12) to be formed into 

the elbow (10), said forming of the hole (11) comprising: 5 

 forming a starting hole (11-3) in the material (12) by rough 

cutting of the material (12) from two directions with a rotary 

cutting tool, the starting hole (11-3) having an undercut (13) 

remaining at least on a hole surface on a side which corresponds 

to an inner side of a bend of the elbow as a finished product; 10 

 finishing a radially inner surface of the starting hole (11-3) 

on one end side using a side cutter (II) including an arc-shaped 

cutting edge (5) at an outer periphery thereof and having an outer 

diameter smaller than a finished hole diameter, 

 wherein the side cutter (II) is inclined at a predetermined 15 

angle (θ4) relative to the material (12) such that an end surface 

of the side cutter (II) is more remote from an opening of the starting 

hole (11-3) on the inner side of the bend of the elbow to be cut, 

and is cut into the surface of the starting hole (11-3), while 

simultaneously revolving the side cutter and rotating the side 20 

cutter about a center axis of the side cutter, such that the hole 

(11) has a completely circular cross section taken along a plane 

perpendicular a center axis of the hole (11) and perpendicular the 

center axis of the side cutter, and an oval cross-section taken 

along any plane perpendicular to the center axis of the hole (11) 25 

and not perpendicular to the center axis of the side cutter, whereby 

the side cutter moves along the surface of the hole (11), and 

15wherein the side cutter (II) is inclined at a predetermined angle (e4) relative to the material (12) such
that an end surface of the side cutter (II) is more remote from an opening of the starting hole (11_3) on
the inner side of the bend of the elbow to be cut, and is cut into the surface of the starting hole (11_3),
while 20 simultaneously revolving the side cutter and rotating the side cutter about a center axis of the
side cutter, such that the hole (11) has a completely circular cross section taken along a plane
perpendicular a center axis of the hole (11) and perpendicular the center axis of the side cutter, and an
oval cross-section taken 25 along any plane perpendicular to the center axis of the hole (11) and not
perpendicular to the center axis of the side cutter, whereby the side cutter moves along the surface of
the hole (11), and           finishing the radially inner surface of the starting hole (11_3) on another end
side by inserting the side cutter (II) into the starting hole (11_3) from the another end side of the
starting hole, and revolving the side cutter (II) along the hole surface 5 to be finished while rotating the
side cutter (II). [Claim 2]The method of manufacturing a machined elbow-according to claim 1, wherein
the finishing the inner diameter of the starting hole (11_3) on the one end side comprises: 10revolving
the side cutter (II) while rotating the side cutter (II) to cause the side cutter (II) to cut into the starting
hole (11_3), to thereby process halfway the inner diameter of the hole of the elbow on the one end
side from the opening side of the hole while inclining the side cutter (II) and the material (12) relative
15 to each other in accordance with a hole bent state at a position at which the hole of the elbow is
bent so that the side cutter (II) moves in a plane substantially perpendicular to an center axis of the
hole to be provided in the elbow as the finished product; and fixing a relative inclination angle from a
position at which 20 the relative inclination angle between the side cutter (II) and the material (12)
reaches an allowance upper limit. 
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 finishing the radially inner surface of the starting hole 

(11-3) on another end side by inserting the side cutter (II) into 

the starting hole (11-3) from the another end side of the starting 

hole, and revolving the side cutter (II) along the hole surface 

to be finished while rotating the side cutter (II). 5 

 

[Claim 2] The method of manufacturing a machined elbow according 

to claim 1, wherein the finishing the inner diameter of the starting 

hole (11-3) on the one end side comprises: 

 revolving the side cutter (II) while rotating the side cutter 10 

(II) to cause the side cutter (II) to cut into the starting hole 

(11-3), to thereby process halfway the inner diameter of the hole 

of the elbow on the one end side from the opening side of the hole 

while inclining the side cutter (II) and the material (12) relative 

to each other in accordance with a hole bent state at a position 15 

at which the hole of the elbow is bent so that the side cutter (II) 

moves in a plane substantially perpendicular to an center axis of 

the hole to be provided in the elbow as the finished product; and  

 fixing a relative inclination angle from a position at which 

the relative inclination angle between the side cutter (II) and 20 

the material (12) reaches an allowance upper limit. 

 

[Claim 3] The method of manufacturing a machined elbow according 

to claim 1, wherein processing of the starting hole (11-3) is carried 

out using a milling cutter (I) including an arc-shaped cutting edge 25 

(2) at a leading end outer periphery thereof and having an outer 

diameter smaller than an inner diameter of the starting hole, 

[Claim 3]The method of manufacturing a machined elbow according to claim 1, wherein processing of
the starting hole (11_3) is carried 25 out using a milling cutter (I) including an arc-shaped cutting edge
(2) at a leading end outer periphery thereof and having an outer diameter smaller than an inner
diameter of the starting hole,         the processing of the starting hole (11_3) being carried out through
the steps of:        forming a through hole (11_2) by causing the milling cutter (I) to cut into each of
adjacent two surfaces (A, B) of the material  5 (12) while changing a cutting position and a cutting
depth, the through hole (11_2) haying the undercut (13) intersecting at an angle equal or nearly equal
to a bent angle of the elbow on the inner side of the bend of the elbow, the through hole (11_2) being
shaped substantially along the hole surface of the hole (11) of the elbow 10 on an outer side of the
bend of the elbow; and       reducing a remaining amount of the undercut (13) by inclining the milling
cutter (I) in a direction in which a leading end of the milling cutter (I) comes near the inner side of the
bend of the elbow-to cut off the undercut (13), the cutting off the undercut 15(13) being repeated
several times while changing an inclination angle of the milling cutter (I) [Claim 4]The method of
manufacturing a machined elbow-according to claim 1, wherein the material (12) is inclined relative to
a 20 milling cutter (I) and the side cutter (II) in a necessary direction by setting the material (12) on a
rotarytable haying a rotation indexing function under a state in which a center of the hole of the elbow
to be machined is placed on a plane parallel to a table surface of the rotary table, and rotating the
rotary table. 25 
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 the processing of the starting hole (11-3) being carried out 

through the steps of:  

 forming a through hole (11-2) by causing the milling cutter 

(I) to cut into each of adjacent two surfaces (A, B) of the material 

(12) while changing a cutting position and a cutting depth, the 5 

through hole (11-2) having the undercut (13) intersecting at an angle 

equal or nearly equal to a bent angle of the elbow on the inner 

side of the bend of the elbow, the through hole (11-2) being shaped 

substantially along the hole surface of the hole (11) of the elbow 

on an outer side of the bend of the elbow; and  10 

 reducing a remaining amount of the undercut (13) by inclining 

the milling cutter (I) in a direction in which a leading end of 

the milling cutter (I) comes near the inner side of the bend of 

the elbow to cut off the undercut (13), the cutting off the undercut 

(13) being repeated several times while changing an inclination 15 

angle of the milling cutter (I) 

 

[Claim 4] The method of manufacturing a machined elbow according 

to claim 1, wherein the material (12) is inclined relative to a 

milling cutter (I) and the side cutter (II) in a necessary direction 20 

by setting the material (12) on a rotarytable having a rotation 

indexing function under a state in which a center of the hole of 

the elbow to be machined is placed on a plane parallel to a table 

surface of the rotary table, and rotating the rotary table. 

 25 

[Claim 5] The method of manufacturing a machined elbow according 

to claim 1, wherein the material (12) comprises a low machinability 

[Claim 5]The method of manufacturing a machined elbow according to claim 1, wherein the material
(12) comprises a low machinability  metal material. [Claim 6]The method of manufacturing a machined
elbow according to claim 1, wherein the hole (11) of the elbow is eccentrically 5 located with respect to
an outer diameter of the elbow-in a direction in which a wall thickness of the elbow increases on an
outer side of the bend of the elbow. [Claim 7]An elbow, comprising a hole having an center axis that 10
is bent smoothly at a predetermined curvature,       the hole having no machining remainder part inside
and being a true circle, the hole having a hole surface provided in parallel to the center axis of the
elbow, the elbow having a uniform wall thickness around a tube. 15 [Claim 8]An elbow, comprising a
hole having an center axis bent smoothly at a predetermined curvature,       the hole having no
machining remainder part inside and being a true circle, the hole having a hole surface provided in
parallel 
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metal material. 

 

[Claim 6] The method of manufacturing a machined elbow according 

to claim 1, wherein the hole (11) of the elbow is eccentrically 

located with respect to an outer diameter of the elbow in a direction 5 

in which a wall thickness of the elbow increases on an outer side 

of the bend of the elbow. 

 

[Claim 7] An elbow, comprising a hole having an center axis that 

is bent smoothly at a predetermined curvature, 10 

 the hole having no machining remainder part inside and being 

a true circle, the hole having a hole surface provided in parallel 

to the center axis of the elbow, the elbow having a uniform wall 

thickness around a tube. 

 15 

[Claim 8] An elbow, comprising a hole having an center axis bent 

smoothly at a predetermined curvature, 

 the hole having no machining remainder part inside and being 

a true circle, the hole having a hole surface provided in parallel 

to the center axis of the elbow, the hole of the elbow having a 20 

center eccentrically located with respect to a center of an outer 

diameter of the elbow so that a tube wall thickness on an outer 

side of a bend is larger than a tube wall thickness on an inner 

side of the bend. 

 25 

[Claim 9] The elbow according to claim 8, wherein the outer side 

of the bend is located at a position separated by 180° from a position 

20 to the center axis of the elbow, the hole of the elbow having a center eccentrically located with
respect to a center of an outer diameter of the elbow so that a tube wall thickness on an outer side of a
bend is larger than a tube wall thickness on an inner side of the bend. 25 [Claim 9]The elbow
according to claim 8, wherein the outer side of the bend is located at a position separated by 180 from
a position  of the inner side of the bend.   [Claim 10] The elbow according to claim 8, wherein the tube
wall thickness is gradually increased from the inner side toward the 5 outer side of the bend. [Claim
11] The elbow according to claim 8, wherein the tube wall thickness on the outer side of the bend is
larger than the tube wall thickness on the inner side of the bend. 10 [Claim 12] The elbow according to
claim 7, wherein the hole has the center axis that is bent smoothly at the predetermined curvature, the
hole having no machining remainder part inside and being the true circle, the hole having the hole
surface provided in parallel 15 to the center axis of the elbow,       the elbow comprising a straight part
on at least one end side of the elbow.    [Claim 13] The elbow according to claim 7, further comprising
20 flangesatbothendportionsoftheelbow,theflangesbeingintegrally formed with the elbow. 
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of the inner side of the bend. 

 

[Claim 10] The elbow according to claim 8, wherein the tube wall 

thickness is gradually increased from the inner side toward the 

outer side of the bend. 5 

 

[Claim 11] The elbow according to claim 8, wherein the tube wall 

thickness on the outer side of the bend is larger than the tube 

wall thickness on the inner side of the bend. 

 10 

[Claim 12] The elbow according to claim 7, wherein the hole has 

the center axis that is bent smoothly at the predetermined curvature, 

the hole having no machining remainder part inside and being the 

true circle, the hole having the hole surface provided in parallel 

to the center axis of the elbow, 15 

 the elbow comprising a straight part on at least one end side 

of the elbow. 

 

[Claim 13] The elbow according to claim 7, further comprising 

flanges at both end portions of the elbow, the flanges being integrally 20 

formed with the elbow. 


