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 macHi&d EBBWForied by cuttitiy AhetdFiiatétidiOF MASY HidsE He machiffed elbow is

given in, for example, Patent Literature 2 below. Further, Patent Literature 1 below describes 15 the
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 BZ% gghSu.mmfl%gfe Tgention Technical Problem

nica
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 given in, for example, Patent
Literature 2 below. Further, Patent Literature 1 below describes
15 the 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
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



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 Bart be'Soet By SFoRfingEgentiEBent Hole HoWevEr RHas TeettEohsiderédRRAtt is
impossible to form a machined elbow having a hole of such a shape, in particular, an elbow having a

bent angle of 90 &rfdre ahd empioyHy’ &8 Material 8 160w thachihability rateraZuch s sRinless

steeI(SUS)Pa titanium:based materEall, a nickel-based 10 heat-resistant alloy (an alloy that is
. t%? 1 er%ture . . . A .
nickel-based’and added with an alloy element such as iron, chromium, niobium, and molybdenum: for

example, product ngme: Ineonel, proguced by Specigl Mgtals Corparafian), eyeRwith Useof S5axis

machines and multi-axis'machines using the latest technologies. 15With use of a processing machine

havingsthe latestifupctions.ra benthole cambe processedto a ceraln degree. koweverdn a ggperal
processing method, an undercut (machining remainder part) that cannot be processed is formed on

the hole suiface én amgaskwhishccorrespensls o ihe-innge side10f dhe berdnand this partaP deteriorates
the fluid flow. Thus, a product is not suitable for practical use. Therefore, as an elbow of this field,

there has beermemployed mareibaw manutactereddy aay one of basting,rhending, and welding:e
However, in the casted elbow, a defect such as a blow hole 25 is easily generated, and it is difficult to
secure reliabilitysmipermsiofoquality. dnragditiona the easted elbow: hasaildwer rigiity than otherh
elbows. Further, in the elbow formed by bending, the wall thickness and strength in respective
parts are n8EURITBAM I TS \walPthickiiess ard strengti B the tGFeMeha 16 Pedudeorrtelodtef Side of

the bend, which rather requires larger wall thickness and , ,
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.

15 With 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. Inaddition, the castedelbowhasa lower rigidity

than other elbows.



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 hiH%gtafity; high AECuatyCdnd W HOW PaltPredistancd s Thé masrinéd eisow is a

product obtained by integrally processing an ingot metal. The machined elbow is generated without

cavities, wélBlihg GEFSES dhd Straih§ Sard idnCe M extelfert reliability in ety of qlilfity. \Rith use of

a highly accurate processing machine,. it is_also possible to improve the dimension 20 accuracy and
the Shae SE AL (o Fole DE N Ha ok it A DAt b te A dbios the

flowpath registange , whjch is the; weak pait of the machined elbaw, is eliminated, AACULIs pogsgible to

realize a metallic elbow which satisfies the demands of high quality, high accuracy, and low flow path

resistance. 25 inview ehiis cere o aore embediments ofthe present inyentian has aniobjechto
enable manufacturing of an elbow by machining so that the elbow has no unnecessary thickness

inside, hasa cireulap spape iha stossesediongeerpendiculagto s axisdn gach axial part, and has a
hole including a hole surface that is gently bent along an center axis. Further, one or more
embodiments of thepresent inventiathhasvan objectidoproyide ans-elbowlthatcanibbe obtaineddy the
above-mentioned method. Solution to Problem In order to solve the above-mentioned problem, the
present inveation peovides tapaethaothof pramndactring arretbow bymeachining: eompsisingfoemihg a
hole in a material to be formed into the elbow, 10 said forming of the hole comprising forming a starting
hole in the 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, aproblemoftheflowpathresistance,
which is the weak point of the machined elbow, is eliminated, and
it ispossibletorealizeametallicelbowwhichsatisfies 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,



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 predetéfiiirfedFangie (84) rélafife td'tife AfatedalstchtRat PG ARt -Sittace b the sidethiter is
more remote from an opening of the startir:ﬁélhole on the inner side of the bend of the elbow to be cut,

and is cut infb fieSurfEcE0f tha Starting hdié: Swhild Sinsultanebusiy TavaIvitiy the didd 2after 3G
rotating the, side cutter abput.a cenfer axis of the side cutier, guch that the hole she 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
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 (64) 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
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



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 cultter,
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 enB Sid&of Bi5€ B HORT arfcPreVdiging e Side Autte? alohg tHetholePdirfagd fo Befinished
while rotating the side cutter. When the starting hole is subjected to finishing, the side cutter is

revolved alBhgRP&jeEton bf 53hape SimilaFto 4 80E16 end Shape™sr the ot in BAET 84l pAR when

the hole to Sble dﬁ@nigf&%%isrc%t OQI_ergngL:icg:ularl to tsqlercf%rg:tgr g%iscgfe thheogg? cayttgr é‘ihnei%l?'{[ end ﬁ?lape
becomes atrue circle ft a posﬁon a wnf%c ﬁe cross-section perpen |cularr%o the axis dﬂﬂe cﬁe of

the elbow iz paralief iP a-hlane arthpganal to fhe cepteraxs of the cutter, 15 and beggmesan gllipse

at other positions) main shaft of the processing machine’is moved in accordance with a preset

controkprogras 1o enablertbis;reyolution. . » When the machining allowance,ofitherside cutteris large,
the processing is performed several times. 20Regarding the relative inclination angle between the

material angithesside cuttertr the finishing pbthe, starting bolel farexample; when-adelativelipglination
angle of about 25 is secured, the undercut remaining in the starting hole can be completely removed.
25Further, imthismiethed, htfis preferréckthat priociessinglof ke starting holethescartied out usig.a
milling cutter including
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.

20 Regarding 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.

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

the starting hole be carried out using a milling cutter including

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



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 GftAeFEN Gt tHe ElbBRE the HrOLGR Fole befity Shapeasubdbsiialtyaleng the hokéSurface
of the hole of the elbow on an outer side of the 10 bend of the elbow; and reducing a remaining

amount of e tridéreut By fricitifg the TRty cLttérif & dirctiomih Whidh 29E88irg Ehd BF (AR milling

cutter comes near tfb hnner side ch> %h.e tbend .of the %I}Q%v to c%t clffetl%e undercut th%cutti.%off the

undercut being rlégea ed s%\t/g%? times w%rlfglcrh%r?glng a indlination amgle of the' %tmﬁli%ﬂgl cutter

The outer qigmeter procegsing of the glow, in this methad ean be performed oy anethodaf; ,

sequentially performing roughing by a face milling cutter and the like and finishing by a ball end mill

and the like,1his auter-diameter processing isdareferred 1o, be 20 petfosmediafier theholg is foymed,
but can be performed before the hole is formed. Note that, one or more embodiments of the

present investients: partigutary efiectiveto he applied-toimanytacturing ©f @ spacial elbowdiaving a
bent angle of 90 or more, which has 25 particular difficulty in processing, but can be applied to
manufacturiag ef. an ellzow davingna bent@nglecofdlcamess. Eirthemone o inereceimbbdinents of the
present invention is expected to have a particularly significant effect in a case where the material for
the machine@ elbew ¢s aonetal lie patticotarha how endchinability anatériabsuchras SWUSLas déseribed
above, but one or more embodiments of the present invention exerts its 5 effectiveness even when a
general metalSsithl&s oA ot @redin i GsePas the nidierigl For exaniple CWhen ahicccasiort Afises
where a small number of I%-diameter special resin elbows need to be produced, the die cost is high

if molding i8 Paffdtmed Tnstieh"ain BBEASIBAIE isEconoRticatly stfedtiats machings resih iatkrial

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 theelbowtocutoff theundercut, thecuttingoff theundercut being

repeated several times while changing a inclination angle of the
15 milling cutter.

The outer diameter processingof theelbow inthismethod 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 1like. 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



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, Gt te-fslafive iclinatictrangie betwéen Ihe SidelCiftter &rid e mstefiaf FexcHESthe
allowance upper limit, 20 processing is performed while inclining the side cutter and the material

relative to &2th BEF Inadcdrdandd Withha Hote behPSite 8t the'fdéition AE wiidh the'Hole of the

elbow is bent. Then, from.the position at which the.relative.inclination angle between the side cutter
e the e B e B WiiE the

above-mentipneg method, the jpperdiameter on fhe ong god side Gan,be {fipshed, Eutther, the side

cutter and the milling cutter can be

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 iseconomicallyeffective tomachine a resinmaterial
10 Dblock 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



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 surfacé 6f tHeSotaf tableY andrdtating & Fotary 20tabl. O caelortifg t6 afotHeraspeet of the

present invention, the elbow includes a hole having an center axis bent smoothly at a predetermined
curvature. I fhieisow, the 518 has HohacHnHy femalRd & bart indidetand & athiie ifdd Etther,

the hole hag f’LS %\pgle s%rﬁ%ce(:%rovgdred iri1 tq%alrarl(laesl to (t:h:e %ntﬁﬁa)(is of é@e g%)ow. In this case, the wall
thickness may be nitorm aroun(} ithe tube, or a ‘center of the hofe (I)q‘atﬁe eliSow may be eccentrically

located with respeci {o agenfen of an guter diamater, of the elbow,so,that the tube wall thicknegs on the

outer side of the bend is larger 20 than the tube wall thickness on the inner side of the bend. Itis

preferred that the Quter side. of the benddbelogated atapositipnseparated oy, 180 frama pasitign of
the inner side of the bend. Further, it is preferred that the tube wall thickness be 25 gradually

increased feam tBe inneksidetov@rd the-auter sidenef the-bend. 1The tubesvalt- thiekmess pathe guter
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 fube Wwallthicknesswoncthednnemside of thecberd.in whEufther, thenelbowahay
include a straight part on at least 5 one end side of the elbow, and the elbow may include flanges
formed integrallyraf bothfend portibngiof thévelbovehined is placed on a plane parallel

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



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 BirEetioR 1A WHiER theehd'sdrfadéd: oftHeSclittétIs 'Sepatatedfromthedpéhifgutiie
starting hole on the inner side of the bend of the elbow. The starting hole processing of the material

can be perfothel®y LrnBRAMERNDE, BULiRGhs REnTERfonAR plodedsing igthod” tHete 2b78eT

generated anélgdgrfcu% tféatbcésmnot be processed on the hole surface on the inner side of the bend of
the elbow. The Undercut’s ¢a gﬁ with use of a side cutter including an arc-shaped cutting edge. A

hole of a true circlecar he formed.relatiyely gasily. by, theyfoliowing methed. That is, in grdeg that the

side cutter is 25 revolved in a plane substantially perpendicular to the Center axis of the hole of the
elbow swhils{acliningstheside qutterandthe materakrelativetagachothelsin agcardance withthe hole

bent
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
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



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'sidé catteF BRARRE hidteRalis SEt16a Shall @arf% @&h RGeS0 WARNIREEHeréRCe
between those members does not occur even when the starting hole is processed halfway in the axial
direction). THiSargie thanggs depending bhife dismetdidifrdréiie B e PReF didmelst of the
hole of the eJ[ ow and_an outer diameter of a51[ arbv%holdi the fggwcgtte{.oltbi% irrrpapggfg)(ljecaor%%cure

15 an inclina |0%degle%‘¥%%8r|h the manutac Sr’mg of the 90 elbow, and hence the Inclination angle is

set to abouyf 25, fqrexarppis, Naw. $upResing that he Side Cutteris inghnedat 28 ror ang 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 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 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°
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

10



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 iA%SschYa %8 Partin éjér]b%g-]s%%tiéﬁ pefSeriticUigrto?the Sxis, 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 Hr&thbdHccotding 165'5he 'O MBALeMbodinTerits bt The predeht iVertioh tiére is

used a side c%t(tyercﬂarllving an ggtg]r:di%mgtg{nksfrg llr%rethgg éhretEhdiargeteé o{thg@ol%gf the E:Lbeow.
Further, asthe diameter difference between the ﬁnlsﬂlng diameter of the hole of the elbéw and the

outer diameter of the arbof supporting the side cutter (fhe.arpog haglially, has, a diametsr smallgr than

that of the side cutter) becomes larger, the allowance angle of the relative inclination
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

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.

11



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 profédsing-Bfthe Stafting RBlreHranthe dite BRE L. drit’Rencethe starfifPH6I@ is

processed also from the other 20 end side to finish the starting hole. As described above,

according to'orie B fbre BmBadimetits of e Preséhtilveftdir u siid edtter’iutiify B¥ &rcshaped

edge is used to perform finishing of the sayting hgle while fevalying the side cutteron the ellpse
trajectory. In this manner, I?IS possSI le"to manutacture a machine quOW aving a circular

cross-sectign. anga gentlyshent fole, which has been prayiously thoughy to bg imgpossible. 1,5, Note

that, the inventor of the present invention has proved this point by passing, through a 90 elbow, a ball

smalles by §.2% dhan-thesdiameteg Ofnﬁh,e elhgwwithout €logging. MNotethat, actually, theipper.
diameter dimension is 50. 9 mm, the ball 5 diameter is 50. 8 mm, and the material of the ball is zircon.

Further, machiningss entaleyeehzaind herce it is Passiblesto, manufacture-an elhewds yhieh the-Bole of
the elbow is eccentrically located with respect to the outer diameter of the elbow to increase the tube
wall thicknessharidh strengtha anstheuten sitle ofithe dénd, 40 anebevt including astraightqartgn at
least one end thereof, and an elbow in which flanges for connection are integrally formed at both ends.
Brief DescriptiontefDrawings=E5[FG. 1A] A perspertivelviawtifusteating arcékample of aanaekiaed
elbow manufactured by a method according to the present invention. [FIG. 1B] A view of the elbow of
FIG. 1A in &ltfos8RectiBn perhéndiears toid axisength 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.

20 [FIG. 2A] Aperspectiveviewillustratingahalf of anelbowmachining
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. 3C] Aview illustrating a step of the former stage of starting

12



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 &t&p B & Fatfet 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 ste%of the |atter stage of

starting hole"prGeesSihg: TO[RIG: 4D} Avilv'illdsftatingta Step oF the 14iter Stageordiaiting hork?

processmghole 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. 4C] 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.

[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] Aview 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. 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

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

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

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

13



[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 finishifid 6f t1& orfe B $ide of e Starting hokd! [FPEEBEIA \iéw llGstrafitg tHe F&volihicR

movement of the side cutter in the finishing of the one end side of the starting hole. [FIG. 6D] A view of

the revolutiohTHEverhEAToftRE STde CUtsr Wal' 28 Vielved from abov¥ cdrrespondingly to FIGS. 6A to

60. [FIG. 6 ie the revolution movement of the side cutter when viewed from abov
correspondgy 1o L SR8t THC P A st e o e et o e oo

when viewed gog{ﬂg%veeﬁ%rrgﬁ@éwd&ghﬁ% Fg@%r%\ﬁ% 60,1 [F1G. 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 jother end side of thestaiting holec rating a finished state of the

other end side of the starting hole.

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

machinedelbowmanufacturedby themethodaccording tothe invention.

[FIG. 8B] A view of the elbow of FIG. 8A in a cross-section
10 perpendicular to its axis.

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

to its axis.

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

themachinedelbowmanufacturedby themethodaccordingtothepresent
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 wview 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

14



[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 futtHer-anbtHer exaripte bf e Maehined bowmaritadtured 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 rougting of & Aol8 &hd A Stiter draif&tet i tHe Methdd BRdSrdig fb frid preSBht fﬂ%ﬁtion,
under a sta%e in which th rotfl%cuttingfto%ies (r)nuotu&t:eg] on a(lenfgrlpolrh[lill% 11(%%1?% gidecviewdof the
cutting tool ot FIG. 11A. [FIG! A]nﬁ perspective View i iustra ing an examprTe of a side 25 cutter for

use in finisteiggtq{ghgpg?eigtthgm%tggq 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 illjstrating an example of a ball end mill for use in finishing of the outer diameter in the method
according to the present invention.
Description of Embodiments

Nowwithreferencetotheattacheddrawings, 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 1is 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 pluralityofarc-shapedcuttingedges5bcircumferentiallyarranged 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

15



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-cuttifig ed§8s 255 Girctintfefentially afrafgéd atintervals atoGad the Badingehifofthe
cutter body 1. The mjllinqtcutter | is used to form a starting\;ﬂlhole in a material to be formed into the

elbow and & PBUGRR Edt the Pty Bufer SHFAEE of b8! T8 pelform SuthPEugHiEdtting withshigh

efficiency, tpe millcip cutter | sh%vi{n, in Whigh.the 20 cuttingt%%gces%% are fgrcrged %/nr%rgo §Qlelround

inserts, are fJ)rJé erab )ymroeunrlffg&oneaﬁrgr or irﬁuetratr%imﬁg cutter other than the face mil ing Cutfer

shown, sucf;as g @ig%gg%mfw? 3 ball end mill, may be used instead. HGS124:and 128 ystrate

a side cutter Il'including a 25 pluralityof arc-shaped cutting edges circumferentiallyarranged at intervals

around the cutter hady 4 dhesidercutter llds visedta fipish the starting Role formedsindhe matevial for
the elbow. The illustrated side cutter Il is a cutter obtained by modifying a commercially available

cutter of whichithe cutting edges & akectormae:hy eemevabledioangiinserts sodhat the sutierganbe

firmly fixed to a specially ordered arbor 6. Specifically, the side cutter 5 1l is mounted on the leading

end of the arbos 6. Thesside catted il hastan-outer diametes smallet sham thehdianteten akthetstarting

hole. The outer diameter of the arbor 6 is further smaller than the outer diameter of the side cutter Il.
FIG. 13 illustratesu eamehiertially avaifablé indexablechalker IT.

FIG. 13 illustrates a commercially available indexable ball
10 endmill III. In the method embodying the invention, this indexable
ball end mill IITI 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 1in 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 O 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
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10 end mill lll. In the method embodying the invention, this indexable ball end mill 11l 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 a8 i mahtifdctired using the @bbi&mémtibridtciting todls asarfégamplel Reférence

numeral 12 of FIGS. 2A and 2B is an elbow 20 material in the shape of a square block shape. For

easy unders

material 12 is cu
e

ona rotaryttglkajl

Earftlirtd Gf tHe FbcesSing SitudfiodSSéctbnSews &ré ilfbtrated in'a thantfer thifthg

(teinto half, and the cutter is illustrated in a simplified manner. The material 12 is placed

(nhot shown) of 25 a processing machine such that the center axis 0 of the hole of the

elbow 10 formed is,9n. aplang paraljel 1o the sydface of fheyptary tafle (g fable SUraee I8, o

perpendicular to the rotation axis of the table). The cutter and the material 12 are inclined relative to
each ofher-gsdescribeddater bysrotating, the,rotay tahlesThe millingcutter | issetandthe main shaft
(not shown) of 5 the processing machine, and as illustrated in FIG. 3A, the milling cutter | is fed in the
axial directiontsa-astoi euirisdp ian AnsuHace of dhe-materal 12 while shanging the cuttingupasition and
the cutting depth. In this manner, a blind hole 11_i is formed as illustrated in FIG. 3B, which has a
small undetdut be tirethole surfaceran the louter itQyside afithe benchosition and the cutting

depth. In thismanner, ablindhole 11.; 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. 3C and 3D, the material 12 is

15

20

25

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 themilling cutter
I, themilling 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.;, thus forming a through hole 11., formed with an undercut
13 swelled in the hole diameter direction on the inner side of the
bend.

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 6° with respect to the
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, themilling cutter I is fed in the axial direction while
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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 | 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 18 3Welléd th tHEhole idiameter Uirektion on the Mt 'side- 8f thesobend™ T hus SiRthiststate,
the undercut 13 still remains in a large amount. That is, the side cutter Il of FIGS. 12A and 12B cannot
completelylrémove the undercut by finish cutting. To reduce the undercut, with the material 12 inclined

at e with respect toﬂgSZSOmillg:négtcu%eri guc]::h tha(,;[1 theedleadi\gég er%d %fithg Sf:ugﬁri Ilig Ioclat%% nearer to
the inner side of the bend of the elbow as iIIusetPa%eé in FI6. 44, the mlmng cltter 1is fed in‘the akial

direction while. changing the,cutting positian, {0, pactially remove the.undereut 13. This ppgration is

repeated several times while gradually increasing the relative inclination angle between the milling 5

cutter 6 and-thepaterial 12, to.therahy. sufficiently reduce the.ramaining amonet of theqindereutc13.

The relative inclination angle between the material 12 and the milling cutter I in this processing is set in
accordance with the typesefthe imajerialiso thatian exeessutting loadds net inapartetorthe caiter. 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. 4Dds settotdl: dout thecangles ates hotllimitedithehetomilling 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. 1In an
10 evaluation test, 6 of FIG. 4A is set to 15°, 61 of FIG. 4B is set
to 25°, 62 of FIG. 4C is set to 35°, and 63 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_,. 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_,. This reduces the number of times the cutter
is fed into the hole.
At the end of these steps, a starting hole 115 as 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_;.
The finishing is performed as follows. With the side cutter
IT inclined at an angle of 64 relative to the material 12 such that
25 the end surface of the side cutter IT is more remote from the opening
of the starting hole 11_53 on the inner side of the bend of the elbow

10 tobe cut, asillustratedin FIG. 5A, the side cutter IT is revolved
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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 Il of FIGS.
12A and 128 arfdl Bfet SiderCutter fdsixedttoHfirisA the startingthe <tartig Folet it S Thé fiftidting is
performed as follows. With the side cutter Il inclined at an angle of e4 relative to the material 12 such

that 25 the Bl sUTFace Bf the Bttt il i fore FEmbEI iRt the' dpening of the SthrtiighdiB1-3

on the inneris(ige %Et@gebren%of.tgerelt\;%\yvlé)dtobg Q#E,a%s ighglg'trg{ledtig Flr(nB._?Aé th%s(iag cytter ILis
revolved wﬁ*nleebelng rotated abSut its axis so that the side cutter fi cuts into the Role surface 6f the

starting hole L1, 3. At fhys lime, fhe side culter It is. cevolved sp thatthe cutter moyes, op a heligal

trajectory along a hole Surface to be finished. In this case, it 5 is conceived that the relative inclination

angle ¢4 betweep the: sidg eutter | gpd-thesmaterialiis alwaysicanstagt Butthisds not an essential
requirement. FIGS. 6A to 6F are views illustrating a state in which the side cutter Il is revolved in

the counterglackwise disectiomwhilec 13- being rotated abowd its @xiscand fed intthe axiad direetiom Since
the side cutter Il is fed in the axial direction while being revolved, side cutter Il moves on a helical
trajectory. 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 Dbeing 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.
The hole 11 of the elbow 10 has such a shape that it has a
completely circular cross-section when taken along a 1line
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
IT and inclined at an angle of 64 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 Dbe finished, which has the above-mentioned cross-sectional shapes.
In this case, the finishing at the position exceeding the line

Z-7Z (the other end side of the hole) is performed so that the cutter
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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 Il 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 tHeScrBS¥echidis takeRaldg finés X% afll Z=ZVt FIGLBAUte dVal. AHyeeT stehcovat
cross-sections is different in size and shape from all the other such oval cross-sections. The side

cutter Il is hoGed AR MG Kvofved AbAG T KAte Stiftace 1025 HaHnisHed WhithHasthe™d

above-mentioned cross-sectional shapes. In this case, the finishi t the position_exceeding the
ine 2.2 (i e B s Ot o) 1 BEoHHA o el b Loy v e Ry oo

cross-sectigg only o the outer side, ot:the bengd of the ole to,therehy preyentthe artbor &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 pracessed: 5 Therefore; dhe cutter does nof need to be dorsegly, meved.algngithe 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 cutiing-may berperfermeehsevesaldimes to-resdusethe 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 praguetrioaveod taeget inrelr diameterde therfinakpratessing, fexcessa
cutting load is not imparted, and processing stability and processing accuracy are improved. With the
processingasing the sideechiiter stibjected twItmdve inent comteol, the e@ndércutremaining dm tve
starting hole 11_3 is largely removed, and thus the inner diameter of the starting hole on the one end
side is finishef.C Ut YhttHel prodesing ot thelstarting iole Frorcite orielend, aHepé i9d processiiy
restriction due to the hole shape, and hence it 20 is impossible to finish the entire region of the starting
hole & in FIE 5B CHhgteftter STifseiehth? tHe StatingHote 17_34§ proledded alkorfom tHeGther
end to finish the hole. Thc?1 sidercc)Léttertll JESO rangeda%n the r%t)her end %f. Qﬁesgz%ryngnh%lﬁ 1%3 a

illustrated in Fl .%S,%nt aGn%peréJtFon simifar'to that deScribed 25 above IS performe &he movement

‘igr:tsrc(’:'u'tnot & same.conditions as.above s ot negessary). and ths the remaining parg of the; yndercut
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_;
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_5 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 i1s 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. 5After finishing the hole 11 in this manner, the radially outer surface of the

elbow- is subjected to rough cutting using the milling cutter | of FIGS. 11A and 11B, an
using the ball end mill 1l of FIG. 13. The desired elbow is thus completed. The radiallg
the elbow is preferablytfinishBa 10esfter-forniifg the hilé Betadse Riththis atahgem

d then finished
outer surface of

AP hé MRdterial

can be held in position more stably while forming the hole and because there is no possibility of

damaging theFifiSARES radiily Shter SUFRRAWRER BFNTiny e hBe BUP the tauidily-Sutetsiidce may
be finished tggf e f%rmlingﬂe hole. ],C5The miIIinq cutter. ;:%r Ict}le siQelcutter Il ay be igclineﬁd rlelative
O %B@byo a rUﬁaﬁJo¥ﬁ1 e W1l . e ﬁ e Surra mo %Feéll’ Ie Y

S
to the material inclining the Mmain s e processing machiné on which the ¢

mounted. @g}%g%hg contrel gf the pracessing machine becomes a little complicated

the invention can be also achieved 20 by performing the finishing step of the radially in

u S
, the object of
ner surface of

the stayting hole 11, 3-en-the onerend.asiallowse The side icutterdhisdevolved M‘:ﬂ%’ﬁ@ﬁé@‘?&d
e

about its axis to cut into the starting hole 11_3, and while inclining the side cutter Il and t

10

15

20

25

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 IIT 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
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
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
the starting hole 11_3 on the one end as follows. The side cutter
IT is revolved while being rotated about its axis to cut into the
starting hole 11_.35, 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
that the movement of the side cutter II is performed in a plane

substantially perpendicular to the center axis of the hole to be
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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 Il 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 thelside Sttter [1TdHY theAtetial £2 Feachasah BFRWAN e uppét MR tRe Felative T

inclination angle is fixed. . Since the method according to the present invention employs machining,

it is possibléto antfatiire %h 8bbw 16-asIiudtriiedf FIBS. BAIS 80° i WHIET fife coriteF B the

hole 11 of the elbow is 10 eccentrically located with respect to_the center 02 of the radially outer
Crace of (e T e e gl S R e

bend. LG, BAJS aperspective yiew of this glbaw 10; F 5@1%%' i%ﬁgsfgt@g%‘éigw e theglpgw 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 partindicated by thearow C-Cof HIG; 8Arc 4 -l sugh anielbow 10 agjustratediinFIG.
8B, by adjusting the eccentricity amount between the center 01 of the hole 11 of the elbow and the

outer diametes ceates O20f the elbow,ithewallZQ thickness:af 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 vibtation load. xacksitend-tordevelop in ahaneadrdicatechby thel daskeg>-totted line
in FIG. 8A. The elbow of this embodiment can
machining, it is possible to manufacture an elbow 10 as illustrated
in FIGS. 8A to 8C, inwhich the center O; of thehole 11 of the elbow is
10 eccentrically located with respect to the center O, 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. 8C 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 O; of the hole 11 of the
elbow and the outer diameter center 0O, 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

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

significant effect even against vibration cracks as described

above.
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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 stfaightiFart £2 on'dt fedzt®heendpdifiot 6 difeiBowasdffustisted i, 49, in
which flanges 15 for connection are integrally formed at both 10ends. In this case, it is preferred
that the oufeF SidE & ha behd BEBEGRRd4t abSsifiorm Siarated by 180 frof e Position of tie inner

side of the bend, and the wall thicknessn%ecgrfduaj?le\éifgcr%aesreedcfcr)om tQS inner sé%% Eoward the outer

n
side of the bend. T‘g Olnnt\geenottflmgrn halr?d, itis polsr§|3b i%crease dr ecreatsheethe wall thickness of a

desired par agnecessary togny desired thickness, g 54In é@?%%ﬁ%ﬁ”@c‘ﬁ@ apd fhe ke, ¢ o

developmen% of an "ultra-thin elbow" called a "duct" has been long awaited. 20 Conventionally, a

product hag begn farmegd-by bendingand 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 pressingtbuthes thepseductis made ofapexiremelydowymachinability
material such 25 as titanium and Inconel, and hence studies have not been carried out. In contrast,
according terthelibvention, ievenarittesech 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
10 ends.

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 1like. 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

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

In contrast, according to the invention, even with such

23



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, wodtPvas t3éd betause tRisiFa® atesCrdr VRFiRg thé ProcSsSARY nistHad oTRE foilbviikg
rotary cutting tools were used. As the mllllngcutter | of FIGS. 1 1A and 11B, there was used a

round-inseft MGG iRdexali8 FA& miifin cﬁﬁ&hﬁa?nﬁéjﬁnaou‘f@rl&aﬁ%%&k&%ﬁmﬁ 15 & rAius of

curvature of theiﬂg shaped cutting edges of 8 mm, and the number of the cutting edges of 4. As the
side cutterﬁ of S 2A and 12B, there was used a round-insert mounting indexable side milling

cutter having an outer.diaypetgy of 127 s'th%ag\z'éﬂ% plighyvatyre. of the are:shaped gufting.edges of 6

mm, and the number 20 of the cutting edges of 5. As the ball end mill Il of FIG. 13, there was used a
ball end mill haying-an guter diametes of 3QdMMyter side and on the inner side.

Examples

A 90° elbow having an inner diameter of 190 mm, a center bend
radius of 9200 mm, and a wall thickness of 10 mm was 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 themilling
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,

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.

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.
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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 staring o1& By Re &' GttBFWAS ParFformed sy adsphRg eenetHod MarRithtRe
cutting region remaining uncut was processed on a_ 2 mm hasis 5 tq finally finish with no machining

remainder."AS-3 réSUIE HWES pbSsible-to obtaint mlathinéd BIdowW i Whith 1d mdthining fémahder

part was present inside the hole, the hole was a true circle and the hole surface was parallel to the
Contor axte ot e BlbOu: At Tres 6 M trckeet S bant T2 Eiok o AL ek £ 10 of omch

part of the eifGumilpreatil rass-sectiamliysirated jn BIG. 18) vasion, o Withuss of 2. ;o

processing machine includinga rotary table having a highly-accurate indexing accuracy as described

abovegthe high-aeeuracy-Rrocessing ¢an 88 be erfosmediwithauta praklem 15;hy such:amethod
that, while inclining the side cutter and the material relative to each other in accordance with the hole

bent state ftbe ethewrso thatthe sidesciiterndsihalfisey revalved in aplanersubstantiallyperpenrdicular
to the center axis of the hole to be provided in the elbow as a finished product, the inner diameter 20 of
the startingdaale isrsubjected:totfinisizingeand them Trom apositidreatrwhich theuelative dadination
angle between the side cutter and the material reaches an allowance upper limit, the side cutter is
revolved ort the eflipticabtrdjectory amder sestatelinwhidhethesrelativerinchination amge Isofikedi 125

Industrial Applicability According to one or more embodiments of the present invention, it is
possible tofHaidfacuré 5y iathining: dreibewadkich hashe 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

25



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 | milling cutter, Il side cutter,
Il ball endmill, 1, 4 cutter body, 2, 5 cutting edge, 3, 6 arbor, 10 elbow, 11 hole, 11_1 blind 10 hole,
11_2 throufR hd1BREE ST Seatiihg Hote Mematefials 13emdéredt, P4 strafght part, Pﬁﬁ&’?ge,lﬂ, B
surface orthogonal to surface of material, t tube thickness. Claims [Claim 1]A method of

manufactufiig & el5w t10) BFrmaCRMing: cdmpriding forfhg’a HolE (Y iR & atenar (12) 36 Be
f d into 5 the elb 10 id formi f.the hole (1 ising: formj ing hol
orme 'ntofuat:t%g 0 )asﬁuc()jlgrmlr(],glgdftjtﬁg %%%}%?ggpﬁgn M%G&Fefgm%neqn%sﬁrgg e

(11_3) in the'ma erdl ( )Sby rough cbﬂmg o] ateria rom ions with a rotary cutting

tool, the starting plg (11, 3) hayjng an,ungerait (13) remaining atleast on g hiole syrage go.g side

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

radially inng-syiface,otthe starting holg (L1 3) onpene.end sideusing asside; cdtter(11) ingluding an
arc-shaped cutting edge (5) at an outer periphery thereof and having an outer diameter smaller than a
finished holerdiameieacturing an elbow.
Reference Signs List
Imilling cutter, II side cutter, ITIIball endmill, 1, 4 cutter
body, 2, 5 cutting edge, 3, 6 arbor, 10 elbow, 11 hole, 11.; blind
10 hole, 11_;, through hole, 11_3startinghole, 12 material, 13 undercut,

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

material, t tube thickness.
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15wherein the side cutter (ll) is inclined at a predetermined angle (e4) relative to the material (12) such
that an end surface of the side cutter (1) 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 p@rb%hlaﬁ:ular 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 (13% flnAshln the ra%l.lallg1 nner su surface of thee rting ?1 1 3)o another end
side by ins mgjtﬁe stde cutter %IB into the star |ng héjlej(]fi’.J @Yfrom tche another end side of the

starting ho'@oﬁ%{%‘i‘ﬁ%he & ﬁ%%‘?%ﬂé”%ﬂ%”%ﬁ% *?%%é%rf%‘ie £119)be finished whilg rofating the

side cutter (11) aim 2 ethod of manufacturing a machined e bow according to claim 1, wherein

the finishingthe gme(g‘gilam@tpr ogglejstggﬁglh%le({;l_t%)eomlgleeoqq end @gg‘epgfqrgpﬂ S: 10revolving
the side cutter (II) while rotating the side cutter (1) to cause the side cutter (I1) to cut into the starting

hole (11_3), to therebyrpracess bakway ithe ines diameteriof the hole of theselbowwonithe eneend
side from the opening side of the hole while inclining the side cutter (II) and the material (12) relative
15 to each otheriin@acodrdahee withearhialé bent stafe-atha position at athichthewhdle ofthecelbaw is
bent so that the side cutter (II) moves in a plane substantially perpendicular to an center axis of the
hole to be provideddin tiveélbowtes thedinished product; @nd fixintpa relativninolirstiontangle fiom a
position at which 20 the relative inclination angle between the side cutter (II) and the material (12)
reachesanﬁ%ﬁﬁ%ﬁﬂﬂﬁhﬁﬁeﬂﬁﬁﬁﬁt 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,

15 wherein the side cutter (II) is inclined at a predetermined
angle (64) relative to the material (12) such that an end surface
of the side cutter (II) ismore remote froman 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
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[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 surfades’@5B) 6t the ndte I%%XZMHWCW@&@ ctiftifd fositien aht%h Elttifg

depth, the through hole (11 2) haying the undercut (13) intersecting at an angle equal or nearly equal

to a bent angle-of tHe D& onthe iingr-Side of the Behd b the Bibow, Hhe thiobigh hofe (112 Being

shaped substantially along the hole surface of the hole (11) of the elbow 10 on_an.outer side of the
pon of the SROY LA 180y A eI T AL O I RGeS ot (B3] By Whra cotifing

cutter (1) i”t?o‘iié‘?CtE’Hd”E’@%'lé‘i'%%di‘éﬁee”%ﬂéh%@l@@g cugter (), ¢om Sﬂ}?@rﬂ%elg‘”%?@é?c%f the

bend of the elbow-to cut off the undercut (13), the cutting off the undercut 15(13) being repeate
severaj timeg M@'eﬂﬁﬂgﬂ&aﬂzﬂﬁﬂ@a@%éfBQ'ﬁgOfﬁlﬂ% milling cutter B} [Glaim 4]The method of

manufacturing a machined elbow-according to claim 1, wherein the material (12) is inclined relative to
a 20 milling cutter (1) and the side cutter (Il) 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 machinadismpladed onres ptartenparallehteatabte-surface ofthe ndtagytalile pand sotatingthe
rotary table. 25
toclaiml, wherein the finishing the inner diameter of the starting
hole (11-3) on the one end side comprises:
10 revolving the side cutter (II) while rotating the side cutter
(IT) to cause the side cutter (II) to cut into the starting hole
(11.5), 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.

[Claim 3] The method of manufacturing a machined elbow according
toclaim1l, wherein processing of the starting hole (11_.3) is carried
25 out using amilling 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,
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[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'aprédetefiinet Tuvatire, s tatethtle Ravitg Ad mhckiing remaiidet partinside
and being a true circle, the hole having a hole surface provided in parallel to the center axis of the
elbow, the EfboWAAvihg 2 GHifdrt Wall thickness around a tube. 15 [Claim 8]An elbow, comprising a

hole having an center axis bent smoothly at a pretgl rmined curvature the .fﬂre having no
machining femaincer S oo anc Behg & e Brola) the gl Hich 5 Hol bLats proyided in

parallel (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.,) 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.;) 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 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
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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 thickn&$stiR gradi&kiféreased 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 the center axis that is bent smoothly at.the predetermined curvature, the
oo hm R B R B s S RS

surface pravided, in;parallel 15 tpthe C@ng%iseoferb? eligw, 1, 1he,glbpw comprising 4 staight part

on at least one end side of the elbow. [Claim 13] The elbow according to claim 7, further comprising
20 flangesathethendnartionseftheelbovy theflangesbeingintegrallyfornaediwith the alRoW.cction

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
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 separatedby 180° from a position
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10

15

20

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.

[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.

[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,

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

flangesatbothendportionsof theelbow, the flangesbeingintegrally

formed with the elbow.
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