
ELBOW FOBMED BY CUTTING AND METHOD FOR MANUFACTURING SAME Technical Field
The present invention relates to an elbow formed by cutting 5(bent PiPe)
for a ei-e and a methoci of n IrtnLimimiring 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 stra ht piper a we lded
elbow forme' 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 nachil elbow i a given. In, for
ewe mate, Patent Literature 2 below, Further, Patent Literature 1 below
describes 15the elbow formed by bending vinci l:.ne welded elbow, Citation
List Patent Literature [PT-, IL JP 7-41315 B IPTI 2) JP 2000-343136 A
(JP,t052 132) 20 Summary of Invention Technical Problem, 



In the ctmventIbnal. ma-Li.I elbow, an internal. (low path is formed by
forming holes in a. material from two directions, andthen 25 intersecting
the c.wo 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 z,         The problem of the flow path
resistance can be solved by 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 anchinability material such as
stainless steel(SUS), a titani m-')csteitmaterial, a nickel-d::a ;ed 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 S-aris mach inas and.multi-axis machines using the latest
technologies, 15With use of a processing machine having the latest
functions, a bent hole can he processed to a certain degree: However, in a
genera.. processing method, an undercut (machining remaihder 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 elbowofthiis field, there has been employed an elbow
manufactured by any one of casting, bending, and welding. However, in thed
elbow, a defect such as a blew hole 25 IS easily generated, and lit ficult.
to secure rei_iab:LLity in terms; of quality. In addition the casted elbow
has a lower rigidity than other elbows  Further,the elbow formed by bending
the wall thickness 



and strength in respective parts are not uniform.The wail thickness and
strength of the tube Iond to reduce on the outer side of the bend, which re
ther equire la.rce.r rzr thickness a - strength than the inner side of the
bend, Thus, the sectional shape of the pipe cannot be formed with high
accura Furt her, iti rho welded ED .I.t)OW aal 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 eng.i.nes 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. iiThe machined elbow la as
Produ.ot obtained by integrally p:cocess.Lnq an ingot .auE)t dlThe machined
elbow is generated without cavities, welding defects, and trains and hence
has DX dlent reliability in terms or duality. With use of a highly accurate
processing machine, it is also possible to improve the dimension 20
accuracy and the E3 nape accuracy. If the hole of the machined elbow canbe
satisfactorily-orocessed, a.problemor the fJ.owpathres.Lsrance, which is
the weak point of the machine:: erbow, is eliudnat-ci, and             ible
to realize a metallic elbow which satisfies tLle demands of high quality,
high accuracy, and low flow path resistance. 25  in .virew of this one or
more embodiments of the present. invent )1-1 has an object to enable
manufacturing of an elbow by machining. o that the elbow has no unnecessary
0h knes. id.  



has a circular shape in a cross-section. perpendicula,r to its axis in eabh
axial part, and has a. hole including a. bble surfabe that is gentl\ 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
manufactiring an elbow by auelhining, comprising forming a hole in a ma Le,
lel to be formed, innb the elbow, 10 said forming of the hole com:briEthx",
formt4g a. starting hole in the material by rough cutting of the material
from two direbtions 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 rexllidly inner surface of the starting hole on one end side
usin.g a. side cutler 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 (04) 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 inrp 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 2.5 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 cent_ axis of the hole and not
rpendicular t e center axis of the side cutter, whereby the side cutter
moves along the surface of the bele,. and finishing the radially inner
surface of the starting hole on another end side by a 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 fd nished
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 shapeofthehole in each axial part when the hole to be finished is
cut perpendicularly to the center axis of th sthe cutter (the out 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 pro e is moved in accordance with a.
preset contro:1. program to enable this revolution.        When the
machining allowance or the side cutter is large, the processing is
performed several times. 20Regarding the relative
inclinationanglebetweenthematerial and the side cutter in the finish .g of
the star,ing 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 the starting h married out using a. mill g cutter including
an arc-shaped cutting edge at a leading end cures' ersph.ery 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 while changing a cutting
positron and a cut.tina depth, the through hole having the undercut
intersecting at an angle equal or near] equal to a bent angle of the elbow
on the inner side o.E the bend of the elbow, the throuch hole being shaped
substantially along the hole surface of the hole of the elbow on an outer
side of the 10 bend of: the lb nd rednoihg a remainihg amount of the
undercut by in lining 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 li ke and finishing a ball end mill and the like. This outer
diameter processing s preferred to be 20 performed after the hole is
formed, but can be perfTc.rmed before the hole is formed.        Note that,
one or more embodiments of the present invention is particularly effective
to be applied to manufactu a special elbow having a bent angle of 90 or
more, which has particular difficulty in processing, but can be applied to
manufacturing of an elbow haying a bent angle of 90 or less, Further, one
or more embodiments of the ;present invention is 



expected to have a particularly significant effect:case where the material
ior the machined elbow is a metal, in particular, a low mach ability
material such as SUS as described above, but one or more embodiments of the
present invention exerts its 5 eftecni.veness even when a. gen, ...aa. meta
a. ct as frau. 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 mate r I a 1
10 block to obtain an :w 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 idlnow can be eccentxically located in an arbitrary direction with
respect to the outer diameter of the elbow by design, or flanges for
connection can be formed integral y 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 e,.I.owan C. 0 upper limit:, 20 processing is
performed whi .le inmilning the site 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 ",,- n a. ti n angle oetween 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 mill ing cutter can be  inclined. relative to the material.
by an5. one of a method of moving the material under: a state
dniend.,Thiihe cutter is fixed, amis.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 cure.ction by
employing a method of setting the material on a rotary table having a
rotation indexing function under a state Ln 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. predetetmined curvature. in this elbow,
the hole has na.,q":hinina remainder part inside and is a true cirole
Further, the hole has aS a hole SIMICE: provided in paralled to the center
amia 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 he ecoenttically located
with respect to a center of an outer diameter of the elbow 30 that: the
tube wall thickness on the outer side of the bend is larger 20 than the
tube wall thickness on tha inner: side of the bend.        It is preferred
that. the outer side of tnehxnhlbe located at a position separated by 1g0
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 the bend. Ihe tube
wall thickness on the outer side of the bend may be  larger tan the tube
wall thickness n.r side of the bend, and may he 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 Thtegrallyatbathendportionsi of the elbow.
Advantageous Effects of Invention The method according to one or more
embodiment., of t he present invention has the following features That is,
the starting 10 formed by roughing the material is 'Mote to finishing with
use of a side cutter including an arc-shapeo 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 spiral trajectory while
being rotated in a posture inclined 15 relative to the materA.aa direction
in which the end surface of the cutter is separated from the opening of the
stahole 



on the inner side of the bend of the elbow.        The starting hole
processing-of the material can he performed by a known method, but in the
conventional processing- method, there 20 is
generatedailundercut.thatcannotNnorocessedon the holesurface on the inner
side of the bend of the elbow. The undercut is cut GE2_ 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 methThat is in order that
the side cutter is 25 revolved in a plane substantially perpendicular to
the center axis of the hela of tne alaxiw, while inclining ::he 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, the
side cutter is fed to finish the inner diameter of the hole of the elbow.
However, for example, whena 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 45' 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 blem, the relative inclination angle
between the side cutter and the material is set to a small. valise (an
angle in 10 which. interferenbe betwe en 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 o ter diameter of an arbor
holdincr the side cutter. It is impossible to secure an inclination angle
of 45 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 lative to the material, when the hole L,.) be finished
of the elifl             ach axial part along a plane parallel to the end
surface of the inclined side cutter, which is perpendicular to its axis,
the out end of the hole becomes an ei..Lipse at most posit,mns. The shape
and size of the cliipse dii: icr in each part of: the cutting point, but by
moving the cutter the cut end shape at each part of the cutting point, the
undercut remaining on the starting 25 hole is perfectly removed, the holc
of the elbow becomco a true circle in each axial part in a cross-section
pexpendiculer 



gently bent in parallel to the center axis.         Note that, in order to
enable hole tinishlnci by the method. according to one more embodiments of
the present invention, there is used a side cutter having an outer diameter
smaller than the diameter of the bolh 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
aitpornaturallyhah a. diameter smaller than that of the side cutter)
becomes larger, the allowance angle of the relative inclination 10 between
the side cutter and the material becomes larber, and thus L. e processable
range from the one end side of the hole expands. However, when the outer
diameter of the arbor becomes too small, the tool. rigidi :educes, anci
thus chatieri f the cutter is liable to occur during processing. This
adversely affects the 15 processing stability and processing accu and hence
the outer diameter of the arbor is set considering this point.
Further, the entire region of the hole of the elbow cannot bfihished by the
processing of the t ting 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 i nventi E 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 cross-sect. flP 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 smeller by 0.2% than the diameter of the elbow without
clogging. Note that, actbally, the inner diameter dimension is SS Sm6m, 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
elbowinwhich the hole of the ffliboW 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 stratght
part on at least one end thereof, and an elbow in which flanges for
connection are integrally formad. 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. 1.B1 A. view of the elbow of FIG. lA in. a cross -section
perpendicular to its axis. [ FT-G-2A]APer specti ve ell' 11 rC; a half of
an e b Olg MeChin" ing region of a material- [FIG" 28] A plan view of the
half machining region of FIG. 2.A. .SA] A view illustiatinq a step of a
forme- stage of staattiff hole processing. [FIG. 3:-.31 A view
lizaist.rat.ing a step of the f:Grmor "t"tcie oi start: n hole processing.
[FIG. 301 A view illustrating a step of the former stage of starting  hole
processing, [FIG, 311] A view illung7 07. El former stage of -tiang hole
processing.      [EEG, 4A] A view illustrating a step of a latter stage of
starting 5 hole processing.  [FIG. 41-3] A view I llustratinq a step of the
latter s_age of starting hole processing. 



[FIG. 40] A view illustrating a step of the latter stage of starting hole
processing. IC)[FIG. 41)] A view ill:Usti. it ing a step of the latter
sta./ of s tatting hole processing.  [FIG. 4E] A view illustratinga 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
sta-ti g hole is firWthed,  [FIG. 5E] A perspective view illustrating- a
half of the starting hole whose one end side is finished, :FIG, 6A1 Aview
illustrating rcvoiut.ionmovegent of the side cutter in the finishing of the
one end side of the starting hole. 20 [FIG, 6E] A view ilistrsti Lq t.1-t
voluti( :movement of the side cutter in the finishing of the one end side
of the starting hole, [FIG. 60] A view illustrating the revelation movement
of the side cutter in the finishihg of the one end side of theg hole.
[7T6D] A view of the rmaglution movement of me, side cutter when 25 viewed
from above correspondingly to FIGS,60. [FIG. GE] A view of the revolution
movement Et che side cutter when viewed from above correspondingly to FIGS.
GA to 6C. 



6F3 A view of the revoiution movement of tne side cutter when viewed. from
above correspondingly to FIGG, 6A to 60,  [FIG. 7A3 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. [FIG. 8A1 A. perspective view
illustrating another example of the the [FIG., BB] A view of the elbow of
FIG, [.?? in a cross-secticn 10 perpendicular to its axis.  [FIG. ac l A
view of the elbow of FIG. 8A in a cross-section honi, xontal to its axis.
[FIG. 9] A perspective view illustrating still another example of the
machined. e bb ow manuf tu red by 1- hP method according to the present 15
invention.  [FIG, 101 A perhpotive view illusfl[aLLng 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 stare in
which the rotary cutting tool ih mounted OD an arbor. [FIG. 116] A side
view of the cutting tool of FIG. 11A, 



[FIG, 12A] A perspective view illustrating an example of a side 2S cutter
for use in finishing of the hole in the method according to the present
invention, [FIG. 12111 Aside 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 diam at in the method according. to the present invent: Description
of Embodiments Nola W hf:E? r e rtCe 1:0 t he at 1:: IL E?ddrarid ssC0 CI A
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 according the present
invention ame illustrated in FIGS. 11A to 13. The cutting tool illustrated
in FIGS. 11A and IlD is a. commercially-available indexable milling cutter
(face milling cutter) I including a plurality of arc-shabed cutting edges 2
15 circumferentially arranged at intervals around the leading end of the
cutter body 1. The milling cutter I is used to forma starting hole in a
material to be formed into the elbow and to roughly cut the radially outer
surface of elbow. ToM. such rough cutting with high efficiency,milling
cutter I shown, in which the 20 cutt: i ng 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 m111 'r ball
end mill, may be used instead, 



FIGS. 1 A and 12E. illustrate a side cutter II including a 25 plurtli r
c-shaped t trig edges 5c:ix-cum f e r :ant ar ed at intervals around the
cutter body 4. The side cutter II is used to finish the starting
nplefOrtE7.- in the materihl [or he elbow. The  illustrated. side cutter II
is a cutter obtained by modifying a commercially available cutter of which
the cutting edges-hare formed by removable round inserts so that the cutter
can be firmly. fixed to a specially ordered arbor 6, Specifically, the side
cutter 5  is meunted on the leading end of the arbor 6. The side cutter. 11
has an outer ddameter smaller then the diameter of the starting hole, The
outer diameter 03 the arbor 6 is further smaller than the outer diameter of
the side cutter II. FIG, 13 illustrates a. commercially available indetable
ball 10 end mill III. Int:he Utethcdemhodvinq theirition, this indexable
ball end mill III or alternatively, a solid ball end will is used to finish
the radially outer surface of the elbow.        An example of the machined
elbow manufactured by the method aeconlisig to this invention is
illustrated in FIGS. 1A. and 113, The 15 elbow. 10 shown is a 90 elbow
without a flange, and includes a hole 11 havinq a center axis bent smoothly
at: a. predetermined curvature.        Description is now given how the 90'
elbow 10 of FIGS. IA and LB is manufactured using the above-mentioned
cutting tools as an example, Reference numeral 12 of FIGS, 21\ and 23 is an
elbow 20 material in the shape of a square block shape. For easy
understanding of the processing situation, section views are illustimMiEE)d
in a manner that the material. 12 is out 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 pahalle'l to the surface of
the 



rotary table (the table su2ace is pempenthiculan to the rotation  axis of
the table). The cutter and the material 12 are inclined re:lative to each
other as des ibed later by rotating he rotary table.         The milling-
cutter I is set on he main shall (not shown) of the processing machine, and
as illustrated in FIG. 3A, the milling cutter is fed in the axial direction
so as to cut into an A surface of the material 12 while changing tue c
t.Oirvilxx3iiti.olliind tdnEdutJ:ing depth. In this manner, a blind hole 1l
is formed as illustrated in FIG. 3B, which has a small undercut on the hole
surface on the outer 10 side of the bend -        Next, as illustrated in
FIGS. 30 and 3D, the material 12 is positioned such that its B surface
which is orthogonal o thE 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 communica tea with the blind hole
11_1, thus forming a through hole 11 formed with an undercut 13 swelled in
the hole diameter direction on the inner side of the 20 bend,        Thus,
in this state, the undercut 13 still remains in amount. That is, the side
cutter II of FIGS, 12A and 1213 cannot completedy remove the undercut by
finish cutting. To reduce the undercut, with the material 12 inclined at 0"
with respect to the 25 milling. cutter I such that the leading end of the
cutter is located nearer to the inner side of the bend of the elbow as
illustrated in PIG, 4A, the milling cutter I is fed in the axial direction
while  changing the cutting position, to partially remove the undercut 13
This one:ration is repeated several times while gradually increasing the
relative inclination angle between the milling 5 cutter 1. 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 lead is not imparted to the cutter. In
an 



10 evaluation test, e of FTC. 4A is set: to 150, el of FIG, 4E is set to
25, 02 of FIG. 4C is set to 35, and 03 of PIG.. 40 is set to 5, but the
angles are not limited thereto,        The undercut 13 may be removed by
feeding the cutter from both ends of the through hole l.l2 But in many
cases, the undercut 13 15 can be removed sufficientlyby feeding-the nutter
from one end only of the throuqh hole 112. This reduces the number of times
the cutter is fed into the bele.        At the end of ti:-te steps, a
stsuMmnig hole 11_3as illustrated in FIG. 41 is formed in the material 12,
Then, the tool mounted 20 cc the main shaft of the processing- machine is
replaced. with the side cutter II of FIGS. 12A and in, and tne side cutter
1 s used to finish the starisinq the starting hole        The finishing is
perforned as follows. With the side cutter II inclined at an angle of 04
relative tb the material. 12 such that the end. surfece of the side cutter
IT is mono remote fron the opening of the starting hole 11_3 on the inner
side of the bend of t-}15' ,flihoW 10 rebecut, as iliustrated in FIG, SA.,
the side cutter. IIisrevolved  while being rotate(' about. its axis so that
the side cutter IT cuts into the hole surface f the g 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_:orceiveci that. the relwily idnatioz nqle 04 net:ween the 3 CIE? cutter
IT. and.thematErrial is always constant. But this is not an essential
requirement.        FIGS. 6A to 61' are views illustrating a state in which
the side cutter II is revolved in the c unterclockwise direction while 10
being rptated about its axis and fed in the direction. Since the side
cutter II is fed in the axial direction while being revolved, sine cutter
II moves on a helical trajectory.         The hole 11 of the elbow 10 has
such a shape that in has a completely circular cross-sect ion v,;hert taken
along a line 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 IT and
inclined at an angle of G4 relative no the mater'al 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-Y and Z-Z of FIG. ,SA are oval. Any of
such oval cross-sections is different in size and shape from all the other
such oval. cross- tions. The side cutter. TI 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  the bend of
the hole, to thereby prevent the arbor with the umdmmmtal. in the finishing
ofe st rtinc hole i:rom the onE end, only a half of the hole is reuired to
be process- d Therefore, t.. cutt:er does not need to re forcedly moved
along- the hole cross-section on the of the bend.                   amount
of material has to be removed dIrri pg finish .t.txnc, the! liSh all tq may
hef crated'eral. t: Pae te P ;M:i e the cutting can:per one .bime-,1.4gt:
adoE? t .:).vb.- 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 brorm ;jag,. excess out.tinq iood is no t. imparted, and processing
stability and processing accuracy are improved.           with the
processing ns.Lrtq the ii tie c.utter subfeoteci to 15 movernen tcoritrol,
the undercut remaining in the starting hole 11_3 is largely removed, and
thus the :Lnner diameter of the etaq holethe one end side 's in he
processing of the starting' hole from the one end, there processing
restriction due to the hole shape, a rd henoe it          ssible to finish
the entire region of the starting- hale as in FIG, SR. Therefore, subseon
Er processed also from the other endThe site 



cutter Ti is aldmarujed on the other end of the starting hole 11_3 as ill.
t '' FIG. 7A, and _an, , lar to That des cujhed abovepert(the movement
contr.oi_ in the same conditions as above is:eces rs the re-ninincH part of
the undercut- 13 is c            In this manner, the hole 11 of the elbow
has such a shape that its :osssections taken along any plane perpendicular
to the axis of the hole 11 is a true circle, with the hole surface
noderatel, bent in parallel to its center axis.          After finishing
the hole 11 in this manner, the radially_ :niter surface of the elbow is
subjected to rough cutting using the milling cutter I of FIGS. 11A and 115,
and then finished using the ball end mill III of FIG The desired elbow is
thus eomplet The radially outer surface of the elbow is preferably finished
13 after forming the hole because with this arrangement, the material can
be held in position more stably while for/lino the hole and because there
is no possibi ity of damaging the fl ni shed radially outer su:r face when
forming the-  hole. But the tacila ly 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 EnCilinted. Although the control
of the prcLnq ill, bine becomes a little complicated, the object of the
invention can be also achieved 



23-y performing the finishing step of the radially inner surface of the
sterting bole Il__3 on the one end as follows. The side cuttwi IT is
revolved while beittc.3 rotated about its axis to cut ]nco the starting
hole 11_3, and while inc inino the side cutter II and the material 12 re
ative to each other in accordance with the hole bent 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 fdnished product, the
inner diameter of the starting hole 11..2 on the one end side is
Illrocessed haafay from the ore end toward the other end of the hole. Then,
frOM the Tbsiti.on at wnibh the relative inclihation angle between the side
5 cutter II and the material 12 reaches an allowance upper limit, the
relative inclination angle is fixed,.         Since the mecnoo accorcbitmg
tb the present in.vent Ion employs machining., it is pcw...w.-;ilale to
manufacture an elbow 10 as illustflited in FIGS. BA to 80, in which the
center 02 of the hole 11 of the elbow is IC 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.. SA is a perspective view of this elbow 10, FIG, 813
is a secftonal view of the elbow 10 when viewed from the direction 



15 indicated by the arrow B--Bin FIG, 8A, and FIG, ac is a sectional view
of a part indicated by the arrow 0-C of FIG. BA,         In such an elbow
10, as illustrated in FIG, 85, by adjusting the eccentricity amount between
the center 02. of the hole I1 of the elbow and the outer diameter center 02
of the elbow, the wall. 20 thickness of the elbow on the cuter side can be
a et: to a dimenbion corresponding to the strength to be required. Cracks
may develop In the fk Of the e C) W due to vibration load,Cracks tem::: to
develop in an area indicated by the dashed-dotted line in FIG, 8A, The
elbow of ttLs embodiment can 25 have a desired wall thickness at its flank,
and hence. exbrts a. sigir,fdcant effect even against vibration cracks as
described above,          In FIG, BB, the center 01 of the hole 11 of the
elbow is eccentrically located on the diameter of the elbow 10, but the
sent. invention. is not. limited thereto, and the center OT 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 elbs:n4 as illimst:]ated in 



10, in which flanges 15 for connection are integrally formed at both
10ends,         In this case, it is preferred.that t.ie outer side of the
bend be located at a position separated by 130 from the position of
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"been long
awaited, 20 Conventionally, a product has been formed by bending and
welding an 3_tort rd_ate or the like, howe-e the thickness is as ultra-thih
as 1,0 ram or less, and hence a. uniform prcxha-t cannet be formed. due to
the unevenness of the thickness during pressi, }further, the product is
made of an extremely low machinability material such 25 as titanium and
Inconel, and hence studies have not been carried o u t  materials, it is
possible to process a thin elbow having an inner diameter of 2 inches to 5
inches anb 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 900 elbow having an
inner djamwMaDr of: 190 mxn a center: bend radius of e220 mm, and a wall
thickness of 10 nrawas experimentally produced by the method according to
the present invention. Az the 10 material for the elbow, wood was used
because this was a test. fOr verifying the processing method- 



The following rotary cuttin.p tools were used. As the milling cutter I of
FIGS, 11A and 116, there Izasusecla round -insertreunting indexable face
milling- cutter having an outer diameter- of 50 T(Ei, 15 a radius of
curvature of the arc.  1eu :: cutting- edges of 6 PM, anb the number: of
the cuttingiedges of 4. As the side cutter II of FIGS, 12A and. 1253, there
was ibh:md a round-Insert mounting- indezbble side milling cutter having an
outer diameter of 127 ma:, a radius of curvature of the arb -shaped cutting
edges of 6 min, and the number     the cutting edges of 5, As the hail end
mt.LL ::1 of fIG. 13, there was used a ball end mill having an outer
diameter of 30 mr-i.        As the processing machine, there was used a CNC
horizontal boring machine owned by the applicant:, This CNC hot Z. 0 ttt:,H
I boring-machine includes a world's most advanced rotary table having- a 25
divined irbkmi,lnq accuracy ofli/10000 degrees. Ihe material was set to
this rotary table, and the material and.the cutter were inclined relatbve
to each other by a method of controllingthe rotarytat:lab          The
processing was performed along the procedures described with reference to
FIGS. 3A to 73. The finishi , of ttarting hole by the side cutter was
performed by adopting a, method inwthi h the cutting region remaining uncut
was processed on a 2 mm basis to finally finish with noachining remainder.
As a result, it was possible to obtain a machined elbow in which no
machining remainder past 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, 13) was
uniform.        With use of a processing machine including a rotary table
:savingahighly-accurate indexing accuracy as descrilte?tial)ove, the
high--accuracy processing can also be performed without a problem 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 outtao is halfway revolved in a plane ubstbritiallyperfxnxiticular to
the center a 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 pos t ion at. which the relative inclinatibn angle h.etween
the side ot br 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
According to one or more embodiments of the present invention, it is
possible to manufacture, by machining, an elbow which has  kn.esi's's
ir415fle.?..a 



perpe.,:ncliQu-,1,<ax ss its axIs in ect axial pa"Kt., an.4  fti.ttliel.4,
hay:, a hoItricdudillq a 110,1,4 ;;:4 5a fttest invest: ion can heanven
cctnsu sect as a of 'estitic:tsxnQan 4 c3   If',11.1. ricl.:".;it.to::::,
11: side cliLtat',.. 1111 bdri, (;:;:vid P,11.1.-1.." a ,.. 4 2 ,
throuqhh.o1e, 1.1Sta.-.1:11-4.1101:4" 12 iOt.t..,.;.:4.4,1". 44
st.r:34.glat.part, 15 flangeiA,::).rt"1K;sp4j. is s rt.zce of tka*:  Claims
[Clain"( 1A method of manufiring an elbow (10) by machining, comprising
[arming a hole (11) in a. material (12) to be formed into 



5the elbow (10), said forming of the hole (11) comprising.:
formincr a starting hole (11.<i) in the material (12) by rough cuttibg of
the material (12) from two directions with a rotary cutting' tool, the
starting hole (11_2) haying 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;            iS hinga radial 1 Y 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, 15wherein
the side cutter (II) is inclined at a predetermined angle (84) 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 (1.1_D) 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 takes 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 srdb cutter moves along
the surface of the hole (11), and  finishing the radially inner surface of
the starting hole         on another end side by inserting the side cutter
(II) into the starting hole (11..3) from the another end side of the
starti.1-1c hole, and revolving- the side cutter (II) alone the hole
surface 5 to be finished while rotating the side cutter [claim 7]The method
of manufacturing a machined elbow according to claim 1, wherein the
finishing the inner diameter (if the starting hole (Lei) 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 tilinLie inclining th.e side
cuttex (II) and the materiTal (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 (Ill moves in a ptane substantially.
iserpEnmdicular to an center axis of the hole to be -1(unrided 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 [Claim 3]The mbTdimsd
of manufacturing a machined elbow according  to claim 1, wherein pr OCESS
rig of the starting hole (11..s.) .is carried 2 '3 coo: USirtri rn
1-1-,r)1:(cutter(I) including an arc-shaped cuing edge (2) at a leading end
outer periphery thereof and having an outer diametem: 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 thxough.
hole (1.1_2) by causing the milling. cutter (I) to cut intADeat.liof
adjacent. two surfaces (A, B) of the material  5 (12) while changing a
cutting position and a cutting depth, the through hole (11_2) having the
undercut (13) intersectingatananale echiztL or nearly equal to a bent angle
of the elbow on the inner side of the bend of the elbow, the tnItugh 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 the milling cutter (I) in a
direction in which a leading end of the milling cutter (I) comes near the
inner side of the ben.d 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]Themethcxioft):Ennifacturing amsxthined 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 having a rotation indexing function under a state in
which a center of the hole of the elbow to be machined is plated on a.
plane paral]el to a table surface of the rotary table, and rotating the
rotary table. 25 [Claim 5]The method of manufacturing a machined elbow
accords] Elg to claim 1, wherein the material (12) comprises a. low
machinability  metal material. f ClaElm: 6)TE-19.: me..mana.facHta.r.ii.n.q
a tn.r7chine0 e thow acoording whereineatiiantriaa...try 



respect to an outer diameterthe elbow a:diP:.4ttinn               wall
thickness of tb:e  elbowQn. an patp.r:: ot the .b0.nd-n,.f.elbow 




