ELBOW FOBMED BY CUTTI NG AND METHOD FOR MANUFACTURI NG SAME Technical Field
The present invention relates to an el bow fornmed by cutting 5(bent Pi Pe)
for a ei-e and a nethoci of n IrtnLimmring the same. Background Art

As exanples of netallic el bows for a pipe, there are known a casted el bow
formed wwth a die, an el bow fornmed by bending a 10 stra ht piper a we |ded
el bow fornme' by integrally but-welding two hal ved, bent pipe naterials

obtal e by P98 borfclok oA AR LB RR [ROE Lg OrLt o

ewe mate, Patent Literature 2 bel ow, Further, Pat ent therature 1 bel ow
descri bes 15t he el bow forned by bendi ng vinci .ne wel ded el bow, Citation
List Patent Literature [PT-, IL JR_75 % gplé PTI 2) JP 2000-343136 A
(JP,t052 132) 20 Summary of Invent| on ni cal Problem

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)
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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 ctnventlbnal. ma-Li.l elbow, an internal. (low path is formed by
formng holes in a. material fromtwo directions, andthen 25 intersecting
the c.wo holes inside, Therefore, for exanple, regarding a 90 el bow, the
internal flow path forns substantially a right angle, and hence there is a
di sadvantage in that the flow path resistance becones |arger when the
el bow is used as a part of a pipe. This disadvantage is pointed out in
par agr aph P j r T I f w pat h
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more and eppl Oyi ng.-aSra-dvberial, a low anchinability material such as
stainless steel (SUS), a titani m')csteitmaterial, a nickel-d::a ;ed 10
heat -resi stant a0y (8nedl boycthat: ds dHekelshasgdcand, addeds ywitdy &y, al | oy
el ement such as iron, chrom um niobium and nol ybdenum for exanple,
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use of S-aris mach i1nas and.nmulti-axis machines using the | atest
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functions, a bent hole can he processed to a certain degree: However, in a
genera.. p#acessnth metrhodulan, wadercat harachianbagt remichderogiast )mddeat
cannot be processed is formed on the hole surface in a part which
cor r espondsnd ceridieviinger asi denafertikg , bendow anekbtihisbiparty 20tdeter iorat es
the fluid flow. Thus, a product is not suitable for practical. use
Ther ef or e, aastannétbowidkthi(58sfi el di tarhemebhasd he¢rrénpl oyeiclkanl ldrew
manuf act ured by any one of casting, bending, and wel di ng. However, in thed
el bow,1G& det@ttresuchiaas al Iwewahaolle o25th8 easiiakagjemesatiethd andedlivtithi cul t.
to secure rei _iab:LLity in terns; of quality. In addition the casted el bow
has a | owean rdldiodi €yenevan svchers dlrgowschiRuriturer ni plelwh b ewdf Be hgeldnysendi ng
the wall thickness

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.



and strength in respective parts are not uniform The wail thickness and
strength of the tube lond 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 wi th high
accura Furt her, iti rho welded ED .I.t)OWaal texture at the wel di ng
joint part may change to the one which easily causes a stress corrosion
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hi gh accuracy, and |low flow path resistance. 25 in .virew of this one or
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manuf acturing of an el bow by machining. o that the el bow has no unnecessary
Oh knes. i @torrosion 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
itispossibletorealizeametallicelbowwhichsatisfies the demands
of high quality, high accuracy, and low flow path resistance.

25 In view of this, one or more embodiments of the present
invention has an object to enable manufacturing of an elbow by

machining so that the elbow has no unnecessary thickness inside,



has a circular shape in a cross-section. perpendicula,r to it

s axi s in eabh

axial part, and has a. hole including a. bble surfabe that is gentl\ bent
al ong an center axis. Further, one or nore enbodi nents of the present

i nvention has an object to provide an 5 el bow that can be obt
above-nentioned. nethod.. Solution to ProblemIn order to sol

ai ned by the
ve the

above-nenti oned problem the present invention provides a. nethod of

manuf acti ry an
lel to belkggﬁeﬁf i nn sai

forndg a. 'x?te%rc%i QQiQ?';ﬁaJt", Lhg fBL er ih%'lebXnE?ch{}hgg%t biong of

fromtwo dllretlons W t arotary cutting too starting

LB oy Byl L 0g, COIN |51 PRLOCAAD £ 001 5.4 05, Lo

e com bri Et hx",

oo havi ng an

under cut remaj Qi a a h rface on L gde, whi r onds
AIBLO NG, abe) €51 000 BnNQAUR UM TAAR ON BoLAe MNLED 607 hB3R

to an inner SI ( _ the el bow as a fim
fini shing énﬂo%?&Heh@'syOfr\{}‘r“é " %EEﬁEeir‘}\ferFt*l%nSBQEtéx‘f‘_%ﬂ}%'c% 28

ed. product,

& -si de

usin.g a. side cutler including an arc-shaped cutting edge at an outer
periphery dheneeha.andahayi ngpan reut ey dhaneisfe -simklighetihadca 41 ni shed hol e

di aneter, wherein the side cutter is inclined.
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Solution to Problem

In order to solve the above-mentioned problem, the present
invention provides a method of manufacturing an elbow by machining,
comprising forming a hole in a material to be formed into the elbow,
said forming of the hole comprising forming a starting hole in the
material by rough cutting of the material from two directions with
a rotary cutting tool, the starting hole having an undercut
remaining at least on a hole surface on a side which corresponds
to an inner side of a bend of the elbow as a finished product,
finishing a radially inner surface of the starting hole on one end
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
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

has a completely circular creos
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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



at. a predetermined. angle (04) relative to the material such that 20 an
end surface of the side cutter is nore renote from an openi ng of the
starting hole on the inner side of the bend. of the elbowto be cut, and is
cut inrp the surface of the starting hole, while sinultaneously revol ving
the side cutter and. rotating the side cutter about a center axis of the
side cutter, such that the hole 2.5 has a conpletely circular cross section
taken al ong a pl ane perpendi cul ar a center axis, of the hole and

per pendi culFAP EhP TEREr CaxPE o the sTaetTut 815 &hd BT Ve cPBSs8&ct i on
taken al ong an | ane perpendicular to the cent . axis of the hole d not
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noves al ong .the surface of the bele,. d finishi the radially.inner
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to finishing, the dide Cutter s revofved a ong a“trajectory of a shape
simlar 10 @ Llge of the starting hole, and revolving the side cutter along
the hole surface to be finished while rotating the side cutter.
When the starting hole is subjected to finishing, the side
cutter is revolved along a trajectory of a shape similar to a cut

10 end shape of the hole in each axial part when the hole to be finished
is cut perpendicularly to the center axis of the side cutter (the
cut end shape becomes a true circle at a position at which the
cross-section perpendicular to the axis of the hole of the elbow
is parallel to a plane orthogonal to the center axis of the cutter,

15 and becomes an ellipse at other positions) . A main shaft of the
processing machine is moved in accordance with a preset control
program to enable this revolution.

When the machining allowance of the side cutter is large, the
processing is performed several times.

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



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
beconmes a true circle at a position at which the cross-section
per pendicular to the axis of the hole of the elbowis parallel to a plane
orthogonal to the center axis of the. cutter, 15 and becones an ellipse at
ot her positions) . A main shaft of the pro e is noved in accordance with a.
preset contro:1l. .programto enable this revolution. .__\Wen t
Pmch ni ng 319 SriBa B B2 SRR G, ) 15 Bhah Hhmnpr stiamdliRg $8%ne
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processing of the starting h married out using a. m 9 g cutter including
an ar csshaped CuhbhHo,£d98. AL & Leadt Ny end SUnes s ner SAL1Er ¥nthalepfy, and
havi ng an outer dianeter smaller than an inner diaméter- of the starting
hol e, the pyRcessing fe LRBSLAF tilﬂ%gsr@@lc%_m@lang-ancgﬁ(]ﬂ@%q%tlr of HQugh the
steps of : formng a through hole by causing the mlling cutter to cut into
each of adiq@cantot wopsw faces ofF the dmiwr bal Mbi g changingr acigditddniag
positron and a cut.tina depth, the through hole having the undercut
i ntersectidg tale anbangl enequaloh Reak] bedudlsHpa bapttangl£110f d1kegel bow
on the inner side o.E the bend of the el bow, the throuch hol e bei ng shaped
subst ant i alHey hallengut fecdholfetsaridee oaf thd e Ielwe oaf at heitelrbenwdon anheut er
side of the 10 bend of: the I b nd rednoi hg a renai ni hg anount of the
under dut Byeridnokithaglbhe; mrdd raguclid er réemanidig ecbuon dintibiwhieardueadi ng
end of the mlling cutter cones near the inner side: of the bend of the
el bow to cut ioffitheguridemdcll jng heitdutrt ingr ofiffethéonndemtuthbei g diepgeat ed
several, tinmes while changing a inclination angle of the 15 mlling cutter.
The out er dicamst éhepnotkssd mytdfert hemek bowe s rtitehiisinget hode cah e pemidor ned
by a nethod of sequentially performng roughing by a face mlling cutter
and t he |ickehanptdedy ke ShFrgfahbalndegadt nithk candinte ffitkhe unfkirsugdedng
di ameter processing s preferred to be 20 perforned after the hole is
fornmed, buicREareHeSperfat . tiffed bet b @ ingl @ ixciiomrder angle ofNGhe t hat,
one or nore enbodi nents of the present invention is particularly effective
to be lappltiedd ¢ AEhtEActu a special el bow having a bent angle of 90 or
nmore, which has Earticular difficulty in processing, but can be applied to
manuf act uri ng of "&AUEFPOWARAYTHETaCBeht"anglFae 6f-P0 1orthigde tiEgt t#HePe one

or nore enbodi nents of the ; present inveption is
per ormedsby a met odpog sequent\llaffy performing roughing by a face

milling cutter and the like and finishing by a ball end mill and
the like. This outer diameter processing i1s preferred to be
20 performed after the hole is formed, but can be performed before
the hole is formed.
Note that, one or more embodiments of the present invention
is particularly effective to be applied to manufacturing of a
special elbow having a bent angle of 90° or more, which has
25 particular difficulty in processing, but can be applied to
manufacturing of an elbow having a bent angle of 90° or less.

Further, one or more embodiments of the present invention is



expected to have a particularly significant effect:case where the materi al

ior the machined elbowis a netal, in particular, a |low mach ability
mat erial such as SUS as descri bed above, but one or nore enbodi nents of the
present invention exerts its 5 eftecni.veness even when a. gen, ...aa. neta

a. ct as frau. or aresinis used as the material. For exanple, when an
occasion arises where a snmall nunber of |arge-dianeter special resin el bows
need to be produced, the die cost is highif UU|di2%5iS performed. I n such
an occasi ot *HYCHRE 62 GRIAI T AATLEREBELY vid IP0 ThBERF e {8 el B Aat® efFea 1
10 bl ock to obtain an :M/havin% a.  required shqge and si ze. _
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connect i on Tan™5&°f of Rt gt al°y SE? end potti &%geB?l?ﬂe ?%hé?s | i Phe

manuf acturing et bed of one, or, Jore enbodi nents of the present invention,
| €% tHer and

until the relative 1 nclination ang et ween e side cutter and the

material reachesy Lhe . nke ONAN C 0, WRDRL LI Myl o 20BLOCSSSEGoL Sinere

per f or med elnmlning the site cutter and the materl a atirve to

each other jn,acgopdance tlgrgg_ﬁ%ggh@t&eg&)e&g&er@giﬁ hepBQsi Lion @t Lwhi ch

t he hole of the el bow is bent.
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



fromthe position at which the relative ",,- n a. ti n angle oetween the
side cutter and the material reaches the all owance upper limt, 25 the
relative inclination angle is fixed. Wth the above--nentioned nethod, the
i nner dianeter on the one end side can be finished. Further, the side
cutter and the mll ing cutter can be inclined. relative to the material.
by an5. one of a nethod of noving the material under: a state
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the hole has na.”, q":hinina remainder part inside and is a true cirolé
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am a of the elbow.” In this case, the wall thickness may be uniform around

the tube, or-&genternglxihe hpleioh hhaefelénqé/u@y iheywgcoend tégaldry drocat ed
wWith respect to a center of an outer dianmeter of the el bow 30 that: the

tube wal | ¢Hd cknessr emet bepOMtRr bSingdeahetihes handeisoh ar gean2Gh4:han etihe
tube wall thickness on tha inner: side of the bend. It is preferred

t hat. the tutercasildesot riaehxnidhee rbeeal ethialie a pPoSsirbani sepatated iy 190
froma position of the inner side of the bend.
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



Further, it is preferred that the tube wall thickness be gradually
increased fromthe inner. side toward the outer side of the bend. |he tube
wal I thickness on the outer side of the bend may be |larger tan the tube
wal | thickness n.r side of the bend, and nmay he nore than tw ce the tube
wal | thickness on the inner side of the bend. Further, the el bow may
include a straight part on at | east one end side of the el bow, and the

el bow may include flanges formed Thtegrall yatbat hendportjonsi_of the el bow.
Advant ageous* Ef¥et %nd?q“el ﬁ%ﬁﬂ%ﬁ ’fﬁé THOP actordintg ttione bre msre
enbodi nent . f t he present inventi has the follow ng features That is,
The st art PG THoPRelons PG RBSnaPEr | %1 s S IMSPEsE oo | H g i £ h
use of a side, cut i ncl ydi ng an arc-shapeo cutting edge and havi ng an
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outer dianetelc & thah a finishing hole dianeter. In addition, at this

tinme, the side c%atgﬂeis revolﬁgg and .nmoved, on spiral t%%%%ctor%ég#il
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st ahol e
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 generatedan 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



on the inner side of the bend of the el bow The starting hole
processi ng-of the material can he perforned by a known nethod, but in the
conventional processing- nethod, there 20 is

gener at edai | under cut . t hat cannot Nnor ocessedon t he hol esurface on the inner
side of the bend of the el bow. The undercut is cut GE2_ wth use of a side

cutter including an arc-shaped cutting edge. A hole of a true circle
can be forne rela veI asily by th oII thT at i.s jin order t hat
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menbers i s unavoi dabl e. In one or nore embodi nent's of the present
i nventi on, ; 4k 0fden ckopavei s thics bhempethe: £ alakioigabnel i nation angl e
between the side cutter and the material is set to a small. valise (an

angle in 10 whi gh.oddiberdsreahe.batie 81 ttheser Jmifher svaoeso ot naGeidr even
when the starting hole is processed halfway in the axial direction). This

angl e changesvdepengi Hgronlthe wamet etieh fifrenenseibetaegr bbBewddnehe

di aneter of the hole of the el bow and an o ter dianeter of an arbor

hol di ncr tdielsicdeteut ded .thiet maBet 1HIOSSI bke td aseHdl & @l uengkhnatd on iangl e
of 45 in the manufacturing of the 90" el bow, and hence the inclination
angl e 1lics setidloiabeute2&cd ortexanplienscNowniseppasiesgnd hatccutecsederhent t er
isinclined. at 25 lative to the material, when the hole L,.) be finished
of the eliflle starting holacks axicalespart hal bmy ampltareaparal fetedtodrie end
surface of the inclined side cutter, which is perpendicular to its axis,

t he out enthigf anlgd ehohenbet ofms=ranngi onLipsedignansst dpbseremps . betheeghape
and size of the cliipse dii: icr in each part of: the cutting point, but by
nmovi ng t hetlrutinaert feaetficrend shapelat céadte saPevoind ke euter iy sitsr, the
undercut remaining on the starting 25 hole is perfectly renoved, the holc
of the el bowdecshes 2otFuw diheckeds oW -axF &l i parPoshihler o2 sisaeE on

pexpendlculer .
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 holc 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



gently bent in parallel to the center axis. Note that, in order to
enabl e hole tinishlnci by the nethod. according to one nore enbodi nents of
the present invention, there is used a side cutter having an outer dianeter
smal | er than the dianeter of the bolh of the el bow. Further, as the

di aneter difference between the finishing dianeter of the hole of the el bow
and the outer dianeter of the arbor supporting the side cutter (the

ai tpornatural l yhah a. dianeter. smaller than that of the side cutter)

becones | arfErtly KERAI FBWAMER! Hilglt® GFet RBNFRT atiivie inclination 10 between
the side cutter and the material beconmes |arber, and thus L. e processable
range fromthe of8BNI'3fde o PRE hoIT @K Fandse HoWeErd Rifehlt HEE OG er

di amet er of thed?rbor becones t oo sqgll, t he Egol. ri gidi :educes, anci

thus chati ét5°FYRE CUPLEPHEIT GBP YT Hccur ﬁrﬁrﬁgc‘eg‘?:o]@ev?é]i g™ THicE e
adversely affects the.15 processing stability and processi accu and hence
the outer diameter Soft %eg%}?ﬁﬁ}hanggta%oﬁ%?%%r#%? %Fﬁfssﬁ8?%?? i e
Further - the i_.re redgi.aon .of. the e e annqot bfihished by the
pr ocessiSngh% aer‘r[%tee t otf?gdgh eho}?c]:elef r%fm e %%beévg'nde%ﬁ%\eﬁe%én shetﬁlcee lel agn e%tee{rti ng
hol e is prag 2305 end side-t.q finpi t.arting.
ol o, R R 0SS S e b B S e R

t he present,_ i . S t i i : hggﬁﬂ i sed
to perfor m%‘r%dn??s{ﬁﬁ%egf&%%%é%ﬁ?%i% %g%%y\%kfgggggéﬁ%m}i%ng t gﬁg?(g]é @S"[ét er

on the ellipse .t 8cI0Wnad B dHH BRI 1L chSn RASSI LY end QimBNUfactyre a
machi ned el bow having a circular cross-sect. flIP and a gently-bent hole,

whi ch has heenmpievheysty thoughtowbacheahgposst bl relative iMNoti@dthah, the
inventor of the present iInvention has proved this point by passing, through

a 90" elbowetabal theneldeebubyeh. 4% thamdthe idiianetefie of1 e rol Howaukhout
clogging. Note that, actbally, the inner dianeter dinension is SS Snbm the
ball. 5 di amet eirdces3@b18 fmamgandohehavies icald oidé her bakl hbSe zd4eoms .
Further', machining is enployed, and hence it is possible to manufacture an
el bowi nwhi clouiche rholieeoftHheuttkli bDIMats=reecenhei £adry Heacatedtaw tdmarnaespect
to the outer dianmeter of the elbow to increase the tube wall thickness and
strengt h onheheoout eigsidey ofeddreshendd uancteltewingcbbdiing @itsteratight
part on at | east one end thereof, and an el bow in which flanges for
connect i on ldrélenttegrakchy flormad. patcdotimepnd§hiBr eéverPelscrd Piebcas che
Dr awi ngs

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 c¢ircular

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

thought to be impossible.

11



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

machi ned el bow manuf actured by a nethod according to the present invention,
[FIG 1.B1 A viewof the elbowof FIG |IAin. a cross -section
perpendicular to its axis. [ FT-G 2A] APer specti ve ell' 11 rC, a half of
an e b g MeChin" ing region of a material- [FIG 28] A plan view of the
hal f machining region of FIG 2. A .SA] Aviewillustiating a step of a

forme- stage of staattiff hole praocessing. [FIG 3:-.31 A view
| 7atst rat.i ng"BCa; g o SeRe 1RO oF e Ml PEOr ™ B ol &° BroTessi ng.

FIG 301 Awview.illustrati t f 4R f ing. hol
pr ocessi gt I FPGL ST PACVHAN (TTIRGT 07 EF-T8F e DS aga o L VAN ol &

Processi nguna ond EEGR A A¥iaw iLisstrating.a sl o hatterstage of

starting e processi ng. view I ating a step of the

latter s_age of ;8farting hale PLOCessi Anension is 50. 9 mm, the ball

5 diameter is 50. 8 mm, and the material of the ball is zircon.
Further, machining is employed, and hence it is possible to
manufacture an elbow in which the hole of the elbow is eccentrically
located with respect to the outer diameter of the elbow to increase
the tube wall thickness and strength on the outer side of the bend,
10 an elbow including a straight part on at least one end thereof,
and an elbow in which flanges for connection are integrally formed

at both ends.

Brief Description of Drawings

15 [FIG. 1A] A perspective view illustrating an example of a
machined elbow manufactured by a method according to the present
invention.
[FIG. 1B] A view of the elbow of FIG. 1A in a cross-section
perpendicular to its axis.

20 [FIG. 2A]1 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 [FIGC. 3B] A view illustrating a step of the former stage of starting
hole processing.

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

12



[FIG 40] Aviewillustrating a step of the latter stage of starting hole

processing. IQ[FIG 41)] Aviewill:Usti. it ing a step of the latter
sta./ of s tatting hole processing. [FIG 4E] A viewillustratinga step of
the latter stage of starting hole processing, [FIG 5A] Aviewillustrating

postures of the material and a side 15 cutter when one end side of the
sta-ti g hole is firWhed, [FIG 5E] A perspective viewillustrating- a
hal f of the starting hole whose one end side is finished, :FIG 6Al Aview

i | lustratinlecPePGESFoR%ovegent of the side cutter in the finishing of the
one end side of the starting hole. 20 [FIG 6E}? Aviewilistrsti Lg.t.1-t
vol uti ( : moveientPbf YHe i des X &9 f 17 teRe° F iTAPSHI T Tof C 2 He Cbrid-2érd S de
of the starting hol e, 1“:' G 60] Aviewillustrating the revel ati on novenent
of the sidé' Gt PEPCFRStHE fi ni shihg of the one end side of theg hole.

[ 7T6D] A vi of rmagl utio venment of -1 cutter en 25 .vi ewed
Ffom above Cafretbbmuriaiy i eeres = rere B TAPErE h R Trebeitior on
m)vemené Et, (ihe side_cutter when viewed from above correspondingly to FIGS.
GA to 6 - ole processling.

[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



6F3 A view of the revoiution novenent 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 8Al1 A perspective view
illustrating anot her exanple of the the [FIG, BB] A view of the el bow of

FIG [.?2?7 1] - ti 10 ndi cul to i i | G I A
Vi ow ot HE TG bBh 3 T ERGC BA A aPobs SRR N e Lot (8% o,
FIG 9] A, ti ' illustrati til I f th
Erachi ne]d. \élpeg"{oeso&v%r?}él\rﬁaﬁ?&lf_%véolerd:egs%Orfglhg’gﬁzﬁllog&%28%?3%%35€?t'ﬁe0pr esgnt 15
[ tion. I 1 [ i.ew il f.ur h

exampl ¢ of 515 rabht 1 BEbon pediT hr e By M he ot o AAgaraRg €5 the
present inventjen, EE&GM&%A&] %.hepgrtgggﬂ% ve view illustrating- an exanple
of a rotary 20 cutting tool. fTor use in. ouglh| ng of a hole and an outer

di anmeter i e t i : - LN i r are in
Shich the TEADCIEPLOM-AEE0L IO IR L0 PEEAANN, RIkEN g MA0E of Ll

view of t r@c}{elii teinﬁgsg_ggl opftﬂzel @'ta:l:%é‘ng hole.

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

machinedelbowmanufacturedbythemethodaccording to the invention.

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

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

to its axis.

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

themachinedelbowmanufacturedbythemethodaccording tothe present
15 invention.

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

of the machined elbow manufactured by the method according to the

present invention.

[FIG. 11A] A perspective view illustrating an example of a rotary
20 cutting tool for use in roughing of a hole and an outer diameter

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

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

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

[FIG. 12A] A perspective view illustrating an example of a side
25 cutter for use in finishing of the hole in the method according

to the present invention.

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

14



[FIG 12A] A perspective viewillustrating an exanple of a side 2S cutter
for use in finishing of the hole in the nethod according to the present
invention, [FIG 12111 Aside view of the above-nentioned cutter under a
state in which the cutter is nmounted on an arbor, [FIG 13] A side view
illustrating an exanple of a ball end mll. for use in finishing of the
outer diamat in the nethod according. to the present i nvent: Description
of Enbodi ments Nola Whf:E? r e rtCe 1:0t he at 1:: IL E?ddrarid ssCO C A
made of a riet H&dCHf ChantifEeturish oA teAbdl By i -ng, embodyi ng t he

pr esent |nvent|on and an el bow manufactured by this nethod. rst
exanpl es of [f&tary! cﬁtﬁ%qﬁ;WHSUIélh%%ﬁFﬁ§+“Bhénnﬁf?ﬂﬁﬂfééﬁbPdpﬁblt%ﬂ? ﬂﬂe%ent

i nvention a illustrated jn FIGS, 11A to 13. The cutting tool illustrated
in FIGS. 1 aHaellerfnlgléhl%rﬂ%F]&?&qtf @h?IP%\ttﬁrean‘H&H‘%FBO%E}%%&lBEtter

(face mlling cutter i ncl udi a plurality of arc-shabed cutting edges 2
15 circunfeF)ﬁﬁFaPF§gﬁ??aﬁaeﬂl o%lntervals around the | eading end of the
cutter ?ody 1. The mlling cutter | is used to forma starting hole in a
materiall to be forned into the el bow and to roughly cut the radially outer

surface of el bow. ToM such h. cuttin L efficiency, mlling
cutter I shown, in which theﬁgggriﬁéﬁon 1 %%%ggém are formed by renovabl e

round inserts, aﬁgwm@%fé@@ié’nd@é% datoééc%%u?h%%ni Ecﬁlgl%i(i&ﬂnﬁ{l%%t bal |

ot her than the face ing cutter s |us
end mll, Qﬁyabﬁegﬁgg 6P§&ﬁﬂ&ﬁcturlng an elbow by cutting, embodying the

present invention, and an elbow manufactured by this method.
10 First, examples of rotary cutting tools used in the method
according the present invention are illustrated in FIGS. 11A to 13.
The cutting tool illustrated in FIGS. 11A and 11B is a
commercially-available indexable milling cutter (face milling
cutter) I including a plurality of arc-shaped cutting edges 2
15 circumferentially arranged at intervals around the leading end of
the cutter body 1. The milling cutter I is used to form a starting
hole in a material to be formed into the elbow and to roughly cut
the radially outer surface of elbow. To perform such rough cutting
with high efficiency, the milling cutter I shown, in which the
20 cutting edges 2 are formed by removable round inserts, are
preferably mounted on an arbor 3. But a milling cutter other than
the face milling cutter shown, such as a radius end mill or a ball
end mill, may be used instead.
FIGS. 12A and 12B illustrate a side cutter II including a
25 pluralityofarc-shapedcuttingedges5Scircumferentiallyarrangedat
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



FIGS. 1 A and 12E. illustrate a side cutter Il including a 25 plurtli r
c-shaped t trig edges 5c:ix-cumf e r :ant ar ed at intervals around the
cutter body 4. The side cutter Il is used to finish the starting
nplefOtE7.- in the materihl [or he elbow. The illustrated. side cutter Il
is a cutter obtained by nodifying a commercially available cutter of which
the cutting edges hare formed by renmovable round inserts so that the cutter

can be fir fixe to a specially ordered arbogD 6, S eC|f|cldJé>/ t he side
cutter 5 1§ %ﬂfﬁF@ oh ?h%u’f‘é%t‘al End SHHRE SPhBFES &Gt fer. 11

h t dd l th t he f th t I Th
ut o7 df arfSTBF 030 hE ATBbISES & TUFPRGR SHarteFiE hah LHE GULEE & &Fét er of
th d ut t 31l | trat | | abl det abl
pal 110" ent i oY (AR Ret UL ﬁ%‘é‘%ﬁﬁ%dﬁv. EaeT RdtT PR T B meaabl o
bal | d | | | ternat | id [l d, w i h
a en e& c)aoéh%%acgn%Fk¥e or%. 9301£ggal%%bkhes%ﬁg%gm:% inis

t he radi al y outer the machi ned
I b t

1T ust raed in Pree A1 508 1984 af%ﬁ%“ T b b7 howates P08 i 6w

wi thout a {{ ange, S.Qek”&ié%&é%%@sﬂgife}%hgﬁvﬁﬁlg J2aGEPLET AXES Depte sppothly

at: a. predet ermned curvat ure Description is now gi ven how the 90'

el bow 10 of, R GSpnd Avand- LBahs+ bR aglured,usi ng the-abeven et ongd

cutting tools as an exanple, Reference nuneral 12 of FIGS, 21\ and 23 is an

el bow 20 naterdakr Rithecshape 9f a;isquanecdl ock shape. For easy _
under st andi ng of the processing situation, section views are illustinmM EE)d

in a manner thatithelamtensatatds? al sSoRtrdintio yhatdiiand theegublenals
illustrated in a sinplified manner. The material 12 is placed on a rotary

t abl e 10notershein) rof . 25 rat ik Aeessd rRgoiaghhAehsucchhabnt heicei®ixaaxies 0 of
the hole of the elbow 10 fornmed is on a plane pahalle'l to the surface of
t he ball end mill III or alternatively, a solid ball end mill is used
to finish the radially outer surface of the elbow.
An example of the machined elbow manufactured by the method
according to this invention is illustrated in FIGS. 1A and 1B. The
15 elbow 10 shown is a 90° elbow without a flange, and includes a hole
11 having a center axis bent smoothly at a predetermined curvature.
Description is now given how the 90° elbow 10 of FIGS. 1A and
1B is manufactured using the above-mentioned cutting tools as an
example. Reference numeral 12 of FIGS. 2A and 2B is an elbow
20 material in the shape of a square block shape. For easy
understanding of the processing situation, section wviews 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

16



rotary table (the table su2ace is penpenthiculan 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 mlling-
cutter I is set on he main shall (not shown) of the processing machine, and
as illustrated in FIG 3A, the mlling cutter is fed in the axial direction

so as to cut into an A surface of the material 12 while changing tue c

t.Grvilxx3iiti.olliind tdnEdutJ:ing depth. In this nanner, a blind hole 1l
is formed a¥<id dstPateeP1H FI @GBBJtWﬁ GRhage s 12 lundereat o 156 hol e

surface on the outer 10 side of the bend - Next, as illustrated in
FIGS. 30 and 8D Eh&Onat et idiner2 2P sIpdst tisshed tetchY e tiing Bhe urFtdcd
which is ort onal o thE surface faces the mlling cutter I, In this
state, int me manner as the hole is forned in the A surface with the
mlling cutter t.ter ed int recti

25 to cut into tRBeEEn Tl gbERdr S &ﬁaﬁ%ﬁ r?dl %%%IW afboém Shodit
cuttlng deg%haugghesghe Q%kﬁlthus f q_ 8a tea w Ee bllnd hoIe
11 1, thus form t'hF 8GGRRoI €1f1°F o med éHlunaerCUt 3 LW ed i n

the hol e di e%rIql r?&& 1?1%]?%a&?gﬁIc{m:%rctibgesoogstt%e 29 ]_l%%% an A m*rhfeac-le-l‘]uS

in this state, the undercu remai NS 1 n anoun hat Si de

cutter || ofe £GP 126 2194213 5a000L; OBl gledy . Jeemye.the ,n%ﬁ{ne& o o

finish cutting. To reduce t W t the terla
with r eSpeQieﬁtq)l t hfn %ﬁlg"n{édn%g eﬂdﬁ&ﬁ& hlol\%ulclh tlgafofn{’é%t gga_tq'lﬂgtggge@f the

cutter is located nearer to thé inner side of the bend of the erom/as

i1lustratedridl BPhGuiAfn ke andddingngutter oh 1% hgdeidhidhecax ahedivyieetion
whi | e changi ng the cutting position, to partially renove the undercut 13

Thi s one: r adien drs thepeahed several times while gradually increasing the
relative inclination angle between the mlling 5 cutter 1. and the nateri al

12, to thereby sutktgientiiyusedueedtie rresai ni nghdasdUthomattbe iander gyt .
13. The relative inclination angle between the material 12 and the mlling.
cutter | i rpddiitsoperacesshnghdts iset B BuaEeos dance Wist brthegbype of drkea
material so that an excess cutting lead is not inparted to the cutter. In
an 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 soc 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
20 Dbend.

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

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

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

in FIG. 4A, themilling cutter T is fed in the axial direction while
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10 evaluation test, e of FTC. 4Ais set: to 150, el of FIG 4E is set to
25, 02 of FIG 4Cis set to 35, and 03 of PIG. 40 is set to 5, but the
angles are not limted thereto, The undercut 13 may be renoved by
feeding the cutter fromboth ends of the through hole |.12 But in many
cases, the undercut 13 15 can be renoved sufficientlyby feeding-the nutter
fromone end only of the throuqh hol e 112. This reduces the nunber of tines
the cutter .is fed to dof ti:-te ste

St subhmi g FRE 1Y SB8 PTG avsd o Ane & BTG alOTh e eRER Y 12,
Then, the tool nounted 20 cc the main shaft of the processing- machine is
repl aced. with the side cutter Il of FIGS. 12A and in, and tne side cutter

1 s used to TinhaostBE-slardsl1d Lhe SLATLLOE DO ines ypi e ddU-80LND |15

perforned as fo e si cutter inclined at an angle o

relative tlt}mtr}é%s%%;ert'h@l re&%tﬂ)ghlhgﬁln%} nencg‘tgl%urt{]() tef tthrée nﬁ'lqgn%m ter

ITis nono renote fron the opening o e startlng e 11 3 on the inner

si de ofs the,hendof 4 r}tﬂématt:,ttgpvyzlo HePBE WLy %fﬂlcqéhtéyepea&&@e SA.,

the side cutter. Ilisrevolved '€ being rotate(’ about. its axis so that

the side cuttenihd %htbﬁn’cnéf’ tn@ tﬂ@cheer&w face frnthecgahole dl-13.nAt ont hi's
time, the side cutter is revolved so that the cutter noves on a helical

trajector yaradl@n%e@waehetﬁwrt@@@rital he fingi shedmiinitdisucase,T iith Bhis

is _:orceivecl that. the relwily idnatioz ngle 04 net:ween the 3 CIE? cutter
| T. and. t hermicEsihgl ik Ssal way s c66Rsi @y «wiBut thi Syjs cFothamessentli ab

requi renent. FIGS. 6Ato 61' are views illustrating a state in which
t he side ciddternl éxissd evakved idsad He Gotnirgraiteckwb sehdiduectiron Wwhiahe 10
being rptated about its axis and fed in the direction. Since the side
cuttero | awmlfuedibn téet,ax alf Hi¢ectd an whilte bhéI ngot evolrved, 4Biie seut t er

Il noves on a helical trajectory. The hole 11 of the el bow 10 has
such a shape 25lat 62 noha&lGa dénpkeset yracidtdul and cdbss- §86t #bniv,saferb t aken
along a line perpendicular to the center axis of The hole 11 of the el bow
10 bef ore 4einyputi hhshewsbew par ablel indte¢dhetmmdtour f ace of the side
cutter, which is perpendicular to the center axis of the side cutter IT and
inclined at an Zhglwedsfrcas kehay bger sioidtebwdeediad the ¢itler Wheh dodken
along the line Y--"Y of FIG 5A), while all the other 20 cross-sections
paral | el tGshefehtr shrPage ple Hé-si dBUE Lt BANY| Pt 2t figet Wedercut 13

cross-sections taken along lines X-Y and Z-Z of FIG ,SA are oval. Any of
such dval Ho8s-SECVICENT f sl diertey et f?ﬁdétﬁéh&nﬁu%tﬁarpérP@meattdPﬁé.‘/ot her
such oval . cross- tions. The side cutter. is noved whil e being revol ved

al ong t he Hofe® Shrpagepéeds-pe FiAF §ﬁ§&cﬁﬁlt@ﬁ e Het SbBve hErtitéhéd

Cross- SeCtI on
is f%d 1nt8 the hole.

At the end of these steps, a starting hole 11 3 as illustrated
in FIG. 4E is formed in the material 12. Then, the tool mounted
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 ITI 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_5 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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In this case, the finishing at the position exceeding the line the bend of
the hole, to thereby prevent the arbor with the umdmmtal. in the finishing
ofe st rtinc hole i:romthe onkE end, only a half of the hole is reuired to
be process- d Therefore, t.. cutt:er does not need to re forcedly noved

al ong- the hole cross-section on the of the bend. anmount
of material has to be renoved dirri pg finish .t.txnc, the! |iSh aII tg may
hef crated' eral. t; Pae te P ;Mi e the cuttlng can: per one . binme-, 1. 4qgt:

adoE? t . )Whvlt}e bg Y & tRaERi %}P?fgt rléﬁa?’ﬁb%rsop’é]?%t |t§1egFé@I%eﬂult§leEu¥I (?r“ftsl n
several tines to finish. the groduct to have a target inner diapeter _in the
final brormPioaghe Eesyrouts Eh? cUdhe Mo Le 1ﬁ'p3art%1a tha’rﬁdtb‘F%'cé%l?l ng

stability and pro SSI accurac re inproy
ot ocess ng MO FPGEEReLTITS FEVRIVERer® B ot PBeF i EETerheh TadFPer of

t he undercuyt . |n|n nth tarti 11..3. |.a renoved, .and
thus the. : LGRS ?Je?n%f‘* Frit iai el 393% Bighatd og Wi ENE 8
processing of the sta hol e, fromt he, one .end e rocessin

Peotrt b o Yichiee Al thIP lloh & LA LRS B £ anb1858 bBEEEER EhEd ifeni sh

the entire %Qle%”xffanh S&Q{%P& 1%%:%%\@37.% LS B SReud Nl & are o gubgeon
Er pr OCGSSG(}’1 romthe other en e site
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 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
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-7Z 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.

*
h Y

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

Z-7 (the other end side of the hole) is performed so that the cutter
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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 cuj hed abovepert(the novenent
contr.oi _ in the sane conditions as above is:eces rs the re-ninincH part of
the undercut- 13 is c In this manner, the hole 11 of the el bow

has such a shape that its :osssections taken along any plane perpendicul ar
to the axis of the hole 11 is a true circle, with the hoIe surface
noderatel,. bent in Rarallel to its center axi Af ter nér |ng

the hole 11° i “EHi § RBANETS | Fé&FirF?Ctl?ﬁtoé‘rlYSl?r“f 588 Bf‘the

bj ted t h t i |1 A d 115
and then fi BREAChsi g b Ay T davent il S fhed ﬁgéo(‘]‘ejs?‘?ee%leéﬁl%gw s
th | et f f t | b f bl hed
Pdhdlet i %E TRl DU S A 0l ?ﬁh}nagg%n? nHES BELY K" e

be held in, rgos td O%fnri‘c?{;% $LARl ¥ k| eh‘ﬁa?” L ”?eé %‘&"@o 5&5‘e Soc&‘ésseedt her e

is no p055| magi ng the shed ra outer T face when

formng ef}%lr% e tagidanby rPé{etoerco ff%?f n%%efd' Qié CEthf ore
i the Srds ct

fornlng thee%ole e mlling cutter Si tter
inclined nelal 'c‘é%sEQsé!?@l&?tcﬁ{ 1a]. l%nQi‘ éf&é'cﬁ' NGt hengain Shaft of the

processi ng machi ne on which the cutter is EnGlinted. Al though the control

of the prcLnq ikk,; bhnge REERAIBSH A ralt btk 81 GONPLE GAL ednoddie 4ab) 86tri6f shhe
i nventi on can be al so achi eved

cutting, the finish cutting may be performed several times to reduce
the cutting load per one time. Through adoption of a method in which
10 the machining remainder part is gradually cut off in several times
to finish the product to have a target inner diameter in the final
processing, excess cutting load is not imparted, and processing
stability and processing accuracy are improved.
With the processing using the side cutter subjected to
15 movement control, the undercut remaining in the starting hole 11_;
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 113 is
processed also from the other end to finish the hole. The side
cutter IT is arranged on the other end of the starting hole 11_j3

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

NS
w

above is performed (the movement control in the same conditions
as above 1is not necessary), and thus the remaining part of the

undercut 13 is cut off.
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23-y performng the finishing step of the radially inner surface of the

sterting bole Il __3 on the one end as follows. The side cuttw IT is
revolved while beittc.3 rotated about its axis to cut Jnco the starting
hole 11 3, and while inc inino the side cutter Il 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 elbowis bent so that the novenent of the side
cutter Il is perfornmed in a plane substantially perpendicular to the center
axi s of the hol e 'Po-'be "proTF déde Fnlt hé i bofw HL¥ rafhicshed ﬁPBH%cﬁhatt he

i nner dianeter of the startlngéhol 11..2 on the one end side

L1 rocessed“'hsagtff%sf?%‘h’ilt‘ﬂ’eS ) PGV PLRBS di e RER Y F‘rttr?etﬁ%laé‘lSThen
frOMthe Tbs o] |bh the relative incli n | e between the side
5 Gutter | oide nel el er Faf fﬁlergéefﬁé ¥ Bl AR I S Ry
relative |Q§Itpat|on aT? elis ts cehte axis Slnce the mecnoo accor chitng
tb the present in. Vent fon enp oys nacﬁlnfﬁg' it is pcw..w-;ilale to

manuf acture an ehbow 10,as LhLusiiLited; i BB BAL0 0.0 1 hlGh Lhe

center of the om1|s Ceccentrical oca mnth

respect toéd}efa]%%”&ﬁ g%l%fowtl@s‘hﬁﬁﬂeéké QUL &I ﬁHufgﬁ% Bélﬁ %h%'npﬂ"htn‘&

i ncrease the ness and en t of . on the outer side of
the bend, yrrer fl Ge. rBAST S B REISRAEGL gﬁd%}% offml@m%dehp% 10,e H.Gy 813

is a secftonal view of the el bow 10 whén viewed from the direction
end mill III of FIG. 13. The desired elbow is thus completed.
The radially outer surface of the elbow is preferably finished

10 after forming the hole because with this arrangement, the material
can be held in position more stably while forming the hole and
because there is no possibility of damaging the finished radially
outer surface when forming the hole. But the radially outer surface
may be finished before forming the hole.

15 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

20 by performing the finishing step of the radially inner surface of
the starting hole 11_3 on the one end as follows. The side cutter
IT is revolved while being rotated about its axis to cut into the
starting hole 113, and while inclining the side cutter II and the
material 12 relative to each other in accordance with the hole bent

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

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

substantially perpendicular to the center axis of the hole to be
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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 el bow
10, as illustrated in FIG 85, by adjusting the eccentricity anount between
the center 02. of the hole 11 of the el bow and the outer dianmeter center 02
of the elbow, the wall. 20 thickness of the el bow on the cuter side can be
a et: to a dinenbion corresponding to the strength to be required. Cracks

devel In the.fk O t C wd i brati d O t oot
Govel op i oG 4Fea Tnltat B by 3 o "HSABEL O 11 460 AEF G C BR e
| bow of tt mbodi ment h desi L1, thick t its flank,
and.hence. Bt SCh LEIGHPIPabart LT Bob BvER: AGaPrist NCOFRCoN TrARRs ac

descri bed Pl G BB, L0 ket | l e
escri be %bé)n\{t%gliec%ﬁ end t!;{q‘aezaA (()ér%let réh(ﬁ%n%eg%e{ e ékﬁefe. R o ?r%rlﬂjtt%[eh e

el bow i s eccen y loca aneter o e el bow 10, e

sent. | nvgglr;'c%gi 'oni 3t i'chI itﬂ:étl?edlatﬂ(?;ee&gcl itohiea g@%eﬂ;ﬁt%ew}lgesi <

eccentric y located at any point other than on t aneter of the

el bow 0. ,cter I/icggadwg 1o d:his epbedippnt . toqi1S, passI gweﬁ Olimit,
il FIG 9 h

manuf act ure an el bow as ustrated in , Which includes a straight.

part 14 on.af J8astyane,end, pordd aRgiQrianselhs: n4 as illinst:Jated in

Since the method according to the present invention employs
machining, it is possible to manufacture an elbow 10 as illustrated
in FIGS. 8A to 8C, in which the center O, of the hole 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 0; 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

\S]
wn

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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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 | ocated at a position separated by 130 fromthe position of
i nner 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, devel opfeAtCof®an " tTEH PrePhowecaPted h. °F dutt "y Iong
awai ted, 20 Cbnventiggali%, a(grodu t has been fgrned by bendi ng and
vel di ng an $ 30O Fa Y el BratHe 17 Kee S&Sh8 Tt hPekRERY i & 7aPu t95-t hi h
as 1,0 ramor |less, and hence a. .uni.formprcxha-t cann be formed. due to
508 LRESThi SR S dunihg B eBit S Yhurt Her not e Broduct 15

t he unevenness
made of an extrenely | ow . machinabilit terial such 25 .as titanium_and
Inconel , ard HEReES T UATES KAV InoPCBEEH ear FREd e Ll (et &Pl §7 141 s
possi bl ¢ tq.pracess a thin fﬂ#%) ohaving an inner dianeter of 2 inches to 5
i nches anb é\ﬁ%I t Ai ckness o g,8 mmto 1,5 mm Also in this

case, the wall thickness, an.pes sab anbihrarid ¥ 5.8, described aboye,an the
anpl es A 900 el bow

outer side and on the I nner side. avi ng an

i nner dj amuVabn 10f;: 2 190 10XR @ c8NL T chend adinus, of u §220 BT, ARk a.vyal |
t hi ckness of 10 nrawas experinentally produced by the nethod according to

the present;j Byemt hQRstAZnd e dlBopBL &4 &r hAre 18 akbow uy00od wes, used
because this was a test. fO verifying the processi ng net hod-
10, inwhich 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 like. However, the thickness is as ultra-thin
as 1.0 mm or less, and hence a uniform product cannot be formed
due to the unevenness of the thickness during pressing. Further,
the product is made of an extremely low machinability material such

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

out.

In contrast, according to the invention, even with such
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The followng rotary cuttin.p tools were used. As the mlling cutter | of
FIGS, 11A and 116, there |zasusecla round -insertreunting indexable face

mlling- cutter having an outer dianeter- of 50 T(E, 15 a radius of
curvature of the arc. leu :: cutting- edges of 6 PM anb the nunber: of
the cuttingiedges of 4. As the side cutter Il of FIGS, 12A and. 1253, there
was i bh:md a round-1nsert nmounting- indezbble side mlIling cutter having an

outer dianeter .of 127 ma:, a radiys of curvature of the arb -shaped cutting
edges of @%ﬁeﬁ,la;ﬁd {%ésnﬁﬁﬁ%%gfle th Re“cutti%h E‘éagee]sboov? DE VIR Yhe "R&TT end
m.LL ::1 of fIG 13, there S used ball.end nm.ll . hayving an outer

i amster oF-og6 oy 1 2 LRl Ko TRt & et hBEhere s 0el8 a on
hori zont al_baqrichg machi ne owned by the applicant:, This CNC hot Z. 0 ttt:, H
| boring-nmachi'ne includes a world's nost advanced rotary table having- a 25
di vined irbkm, .CC y..Qf | i d [ ]y!acé: t to
this rotary tabiﬂkg,go g&d%ﬁg cnécaéteérl{:%?%%%&. tgﬁgg%ﬁets‘[éerggnv\e%g%%%rl ne a?rgllgt bve
to each other; by a,08t hod,of, contrglLipgthe rotaryt abal aber sige. The
processi ng was performed al ong the procedures described with reference to
FIGS. 3A tQ.f31.Lhe finishi , of ttarting hole by the side cutter was
performed by adopting a, nethod inwhi h the cutting region remining uncut
was processed Op ¢ 2-MPbPashs nboad iinakkys fimieh Wk tihongachi BERg-F eraunder .
As a result, it was possible to obtain a nachined el bow in which no

machi ni ng #RARIsNEL K 2PBSHn Was dPd e@sent i Nginde st hie 1hohe wakhexhol enamas 1ayt r ue
circle and the hole surface was parallel. to the center axis of the el bow,
and furt hermoduledwsy -hehhekines scaboantl tthetkdipe ccanwaldvdriiieknesss tht0 of
each part of the circunferential cross-section illustrated in FIG 13) was
uni forlm materiaW fdr use efbawpracesskngusmt hieneusactiuci mgsaarwoisr Yotabl e

: savi ngahi ghl y-accurate i ndexi ng accuracy as descrilte?tial)ove, the

hi gh- - accureadyf ypnocessi mgp cars ialgsmebkogper f or med wi t hout a probl em by such a
nmet hod that, while inclining the side cutter and the material relative to
each other in attorfdanceingtdrtelg holte nigempolst atee ofsetdhe 45 bbwrsd ltithat t he
side outtao is halfway revolved in a plane ubstbritiallyperfxnxiticular to
t he centercuatef I hé FH6Se 11 bed phbvitded s vit heeelabowras iaskirhinshed ipgoduct ,
the inner dianmeter 20 of the starting hole is subjected to finishing, and
then, fromraepesle fare ALl laAPcHitiRe perany v imcRrndt #bmtandglfe oN. Bfween
the side ot br and the material reaches an all owance upper limt, the side
cutter®i s & éedlvedofRuEhet ere (95t FRalancrafeeedry Under €doet &tfe i mAreh t he
relative inclination angle is fixed. Industrial Applicabilit

Accor di ng 16 BHEPOT ChdHE erbodihBntes 6f ¢ helpridsent it WEHFF#, of FIGs -

ossi bl e to manufacture, by machinin an el bow whi ch ha kn.esi's's
ipr 415f | e 42Aaan(§l 12B, thére ¥vas usega 9c’>un<9—insert mounting Endexable sslde

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 IIT 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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perpe.,:ncliQu-,1,<ax ss its axls in ect axial pa"Kt., an.4 fti.ttliel.4

hay:, a holtricdudillqg a 110,1,4 ;;:4 5a fttest invest: ion can heanven
cctnsu sect as a of 'estitic:tsxnQan 4 c3 [f',11.1. ricl.:".;it.to::::
11: side clilLtat',.. 1111 bdri, (;:;:vid P,11.1.-2.." a,.. 4 2 ,
throuqhh.ole, l1.1Sta.-.1:11-4.1101:4" 12 iGx.t..,.;.:4.4,1". 44

.r:34.glat.part, 15 flangei A ::).rt"1K;sp4j. is s rt.zce of tka*: dains

[Claln"( 1A nmet hod of manufiring an el bow (10) by machi ning, conprising
[arning a hol e (11§ H4P&SShaferiaPeriofmed v Cothedroreaures described

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

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

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

5 to finally finish with no machining remainder. 2As a result, it was

possible to obtain a machined elbow in which no machining remainder

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

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

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

10 of each part of the circumferential cross-section illustrated in
FIG. 1B) was uniform.

With use of a processing machine including a rotary table
having a highly-accurate indexing accuracy as described above, the
high-accuracy processing can also be performed without a problem

15 Dby such a method that, while inclining the side cutter and the
material relative to each other in accordance with the hole bent
state of the elbow so that the side cutter is halfway revolved in
a plane substantially perpendicular to the center axis of the hole
to be provided in the elbow as a finished product, the inner diameter

20 of the starting hole is subjected to finishing, and then, from a
position at which the relative inclination angle between the side
cutter and the material reaches an allowance upper limit, the side
cutter is revolved on the elliptical trajectory under a state in
which the relative inclination angle is fixed.

25 Industrial Applicability

According to one or more embodiments of the present invention,

it is possible to manufacture, by machining, an elbow which has
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5t he el bow (10), said form ng of the hole (11) conprising.:

formncr a starting hole (11.<i) in the material (12) by rough cuttibg of
the material (12) fromtwo directions with a rotary cutting' tool, the
starting hole (11_2) haying an undercut (13) renmamining at |east on a hole
surface on a side which corresponds 10 to an inner side of a bend of the

el bow as a finished product; iS hinga radial 1 Y inner surface
of the starting hole (11 3%, n one end. idehusing a sigg cutter (I1)
i ncl udi ng "Hh APRESHARED cl ’[‘?()L?‘I'ge“’@dgjeni €rat "ah Gut'ert PertphetiPs htt ebf and

havi ng an outer di aneter snak#grltha a.éinished hol_e dianggeréi 15wher ei n
the side OB SEFE) Of PRIRTIHGAEE HOpt Bl Rod ShoPa 1BA el &fve to
th terial (12 h t hat : f of .th i ( t i
oo fr o) BHEh b3k ANANRASUTREEE B pBE SLAG SULRET A ol ore
t he bend. f .th b i | nt f ,

oo (ndd g #120Mehs PG Rt he AN dcBelill nd ML OB ANLAGRALMDEs |

rotati t i.d r. ; t i i u . t hat
Rg the sid grs;yame ﬁngfﬁm%_ cent gL %a?n@igemgég de.& g;éle-; neIUeH

the hole (11) has a conpletely circular cross secti takes al ong a pl ane
per pendi cyl@r,a,,¢8RLEF AX1 &, fifhe hole (11) and perpendicular the center
axis of the side cutter, and an oval cross-section taken 25 al ong any pl ane
per pendi cHat- 40 the; gentersiaxis of the hole (11) and. not perpendicular to
the center axis of -the side cutter, whereby the srdb cutter noves al ong
the surface of theihehg klkr, andsidd piehingrtheanadialhyiinnen sunface of
the starting hole on another end side by inserting the side cutter
(I'l') intoddwg,sbarsdicgthabesddd,. 33) 6fa.0md,heocanobder 1@ndosé dea iof Hihed
starti.1l-1c hole, and revolving- the side cutter (I1) alone the hole
surfaae 5 Hahel Iprhshedhwailke iriot athhgiidibo5¢ de2cuttizen afl ¢liaiundArbe , met hod
of manufacturing a nmachi ned el bow according to claim1l1, wherein the
fini shing thetirangrt gaanet ©F flehgthey ,sBastrfigchokeh¢d®idl an $hefore ognd
si de conpri ses

material, t tube thickness.
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10revolving the side cutter (I1) while rotating the side cutter (1) to
cause the side cutter. (lIl) to cut into the starting hole (11..3), to

t her eby process hal fway the inner dianeter of the hole of the el bow on the
one end side fromthe opening side of the hole tilinLie inclining th.e side
cuttex (Il1) and the materi Tal (12) relative 15 to each other in accordance
with a hole bent state at a position at. which the hole: of the elbowis
bent so that. the side cutter (Ill noves in a ptane substantially.

i serpEnndi cul ar to an center axis of tHe' 5l e to be -1(unrided in the el bow
as the finished product; and fixing a relative inclination angle froma
position at which 20 the relative inclination angle between the side cutter

I dth terial (12 I im 3] The .nbTdi nsd
Of  Tmnut act 7. &) achfREE08 DoW ALCEAI g 0 6 SLarTh B0 pher BT F TGOESS
i f th tarting hole .(11,.s.) .l i 2.  US i .
R[%-?r)l:?é%?%%%%?ggfﬁﬁﬁﬁ%¥%algﬁ&%#%féﬁg%él%%ﬁ%ﬁ6§e§§§ Eﬁﬁkéﬁgémégéﬁﬁﬁg end
: : Favi . ' . ¢ th; :
i amet of of Pne Sohr fERy” Fft i 84 B A O e M T

hole (11_3) beingofﬂiﬁ%%fﬁggﬁ$§ﬁéggﬁg Rmf4§t§$§jgimateriafgégngYQI%g%OUQh

hole (1.1 _2) by causin cutter to cut 1nt i of

adj acent. twQ SULf d¢esnEAnBLr 01 t e Bt R alyo R11612) 1 ¥hi 'v‘é’itﬁrhaaﬂgédl%f?
cutting position and a cutting depth, the through hole (11_2) having the

undercut (13)dinLensest i pgat %@é?@hﬁ‘%eﬁbiét k10r) ngarlyy equalndo & bent)angl e

of the el bow on the inner side of the bend of the elbow, the tnltugh hole
(11_2) bei ngrshapad subsdat ibal hynal ongidhechehes sdirdacaieh therdgedsll)

of the el bow
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) is more remote froman opening of the starting
hole (11-5) 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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10 on an outer side of the bend of the el bow, and reducing a

remai ni ng anount of the undercut (13) by the mlling cutter (I) in a
direction in which a |l eading end of the mlling cutter (1) cones near the

i nner side of the ben.d of the elbowto cut off the undercut (13), the
cutting off the undercut 15(13) being repeated several tinmes while changing
an inclination angle of the mlling cutter (I) [Claim

4] Themet hexi of t ) ; Enni f act uri ng .ansxt hi ned el bow accaording to claiml1,
hor e 1o et b I D Tt e S B BTl (1)
and t he si cutter (I1) in_a necessary direction by settin mat eri al
C1o oo o ek hetn e, g e e I Rker hugsi v rader ForL b TS o2
whi ch a center of the hale he el bow to be nmachi ned i ated on_a.

pl ane par aq}eeft%tén aolqéa' éﬁiﬁzcgr%nf t%;l?‘ﬁearrl% ar'y © talbfle,e é’%dgﬁrl%tszttaﬁr%glntghe

oy Lail . 25,111 5)TS LAY o SRR a5 10D 8, P TS, 3 o

accor ds] g to aim eria nprises a.
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[Claim 2] The method of manufacturing a machined elbow according
to claim 1, wherein the finishing the inner diameter of the starting
hole (11-3) on the one end side comprises:

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_.3), to thereby process halfway the inner diameter of the hole
of the elbow on the one end side from the opening side of the hole
while inclining the side cutter (II) and the material (12) relative

15 to each other in accordance with a hole bent state at a position
at which the hole of the elbow is bent so that the side cutter (II)
moves in a plane substantially perpendicular to an center axis of
the hole to be provided in the elbow as the finished product; and

fixing a relative inclination angle from a position at which

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

the material (12) reaches an allowance upper limit.

[Claim 3] The method of manufacturing a machined elbow according
toclaim 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,
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respect to an outer dianeterthe el bow a:di P:.4ttinn wal |
t hi ckness of tbh:e elbow. an patp.r:: ot the .b0.nd-n,.f.el bow

10

15

20

25

the processing of the starting hole (11.3) being carried out
through the steps of:

forming a through hole (11.;) by causing the milling cutter
(I) to cut into each of adjacent two surfaces (A, B) of the material
(12) while changing a cutting position and a cutting depth, the
through hole (11_5) 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
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
(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
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.

[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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metal material.

[Claim 6] The method of manufacturing a machined elbow according
to claim 1, wherein the hole (11) of the elbow is eccentrically
located with respect to an outer diameter of the elbow in a direction
in which a wall thickness of the elbow increases on an outer side

of the bend of the elbow.
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