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"Mul ti-Functional Tube MIIling Head." FIELD OF THE

I NVENTI ON [ 0002] The present invention relates to a
mlling head for a rotary tool, which is preferably
utilized to process, prepare, or otherwi se inpart a
desired finish to a workpiece, preferably an end
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diameter cutting blades are provided which are adjustable. In a preferred
embodiment, the milling head outer diameter cuiting blades are provided with
elongated, slotted bores. Methods for performing operations on workpieces with the

milling head are disclosed.

BACKGROUND OF THE INVENTION

[0003] Power generating or other plants circulate fluids, such as water or steam,
through tubes or banks of tubes. The fluid is often heated and used, for example, to

drive turbines.which generate electricity.
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[0006] After the damaged or worn section of tube wall which is to be replaced has
been cut out and removed, it is necessary to properly prepare the tube ends exposed
by removal of the old section before positioning the new tube bank section in the tube
wall opening. Proper preparation of the exposed tube ends of the existing boiler tube
wall requires chamfering or beveling of the exposed tube ends to facilitate a good weld
between the new tube wall section and the existing boiler fube wall. More specifically,
the adjoining tube ends of the existing tube wall and those of the new or replacement
section of tube wall should be provided with a frustoconical bevel so that when the
adjoining tube ends are placed in alignment, a circumferential groove is formed to

receive molten metal from the welding rod. The replacement section of tube wall is
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tube with a correspondi ng bevel is matched with the

first beveled tube and the tubes are wel ded toget her
[ooqgg The prior art membrane removal heads seize, stutter and/or stop cutting

when exposed to weld overlay or tube material. After the membrane material and/or
welding overlay material removal, a frustoconical bevel is milled on the tube around
the entire circumference thereof. Afterwards, a second tube with a corresponding
bevel is matched with the first beveled tube and the tubes are welded together by
molten metal or solder placed around the joined tubes, especially at the circumferential
groove formed by the adjoined beveled tube ends. It has been found that beveled
tubes joined in this prior manner without diameter cleanup or film removal often have

weaknesses at the weld area, occasionally due to pitting, which causes air pockets or
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[0011]  The first type of milling element is utilized to remove a predetermined radial
thickness tube film or material from an inner surface or portion of the tube, preferably
around the inner circumference thereof to a predetermined depth or distance from the
tube end. The inner surface milling element comprises at least one cutting blade. The
cutting surface of the blade generally faces away from the central axis so the inner
surface of the tube can be milled by the inner surface milling element. In a preferred

embodiment, the milling element is adjustable in a radial direction with respect to the
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around the inner circunference thereof to a
predeterm ned depth or distance fromthe tube end. The
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[0013] The third type of milling element generally comprises one or more bevel
cutting blades which are preferably fixed at a desired angle in order to mill the exposed
tube end and form a bevel thereon having a predetermined angle with respect to an
axis perpendicular to the longitudinal axis of the tube. In a preferred embodiment, the
bevel milling element is adjustable in a radial direction with respect to the central axis

of the milling head.



cutting blades which are preferably fixed at a desired

angle in order to mll the exposed tube end and form a
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respect to an axi s perpendicular to the | ongitudinal

axis of the tube. In a preferred enbodi nent, the bevel

mlling element is adjustable in a radial direction

with respect to the central axis of the rriIIing
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compigde fighe prepgrtidional nilling head includes a nounting
portion at one of its axial ends and is adapted to be
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surface or circumference of the tube in the vicinity of the tube end, the method can
also include removal of material from the outer circumference of the tube, removal of
membrane between adjacent tubes, or beveling of the end portion of the tube, or

combinations thereof.

[0016] It is yet another object of the present invention to provide a milling head
having adjustable milling elements in order that different size, i.e. diameter, tubes or
workpieces can be accommodated. In one embodiment, the inner surface milling

element is fixable in a range of distances from a central axis of the milling head. In a



al so include renoval of material fromthe outer

circunference of the tube, renoval of nenbrane between
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tube, or conbinations thereof. [0016] It is yet

anot her object of the present invention to provide a

mlling head having adjustable mlling elenents in
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The invention wll be better understood and ot her -
features and advantages wi |l becone apparent by
readi ng t he ERIEARESCEICTION OMTHE PRAWIRGSt | on,
taken together with the drawi ngs, wherein: FIG 1 is
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mlling head as may be taken in a direction of |ine 2-
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invemiJ)lJl,itHg f%‘ﬁ?éj af%d %:H& al tﬂgﬁﬁr inﬂerﬁ'bjgr or workpiece which is shaped by
the milling head of the invention;

FIG. 2 is a plan view of the milling head as may be taken in a direction of line 2-
2in FIG. 1;

FIG. 3 is a plan view of a portion of the milling head as may be taken in the
direction of line 3-3 in FIG. 1;

FIG. 4 is an elevational view of the lower portion of one embodiment of the
milling head particularly illustrating a bevel milling element and an inner tube material
removal element; '

FIG. 5 is a perspective view of a pneumatic rotary milling tool which may be
used with the milling head of the present invention for the purpose of reshaping a
tubular member or workpiece such as illustrated in FIG. 1;

FIG. 6 is a front elevational view of a cutting blade support having a curved or

rounded edge cutting blade connected thereto;
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direction of line 3-3in FIG 1; FIG 4 is an
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illustrating a bevel mlling el ement and an inner tube
material renoval elenment; FIG 5 is a perspective view
of a pneumatic rotary mlling tool which my be used

with the mlling head of the present i nvention for the

purpose. of reshaping. a tubul ar or ece .
subH>.ak 5 3 pipsersarlianal visy ef Fig. O paricplerly ilairsBpg e cuting blade
boreﬁl.ﬁm eamiee@.rg%mi a%eewg é]@m@h hSHBRALY ¢ %jphg a

cur Véd or roun e cuttln connecte ]
t hEH&t 8; |E|aGcrdba-@QuooaloxJJQWS@fcFlcﬁmﬁl wheeevm(ﬁ sEc@ing element in a

ronREGH g Bh tnrob S R U Bt M et i it cuting blace

whlcﬂIﬂﬁ rﬂéﬂ%&hb}ﬁ@f ebal iblscold ditdncer® aRea8emid QiatantiziWwpefpendicularly
wherein_a _securing elenent in a tightened

iher%@@“t'“lﬁﬁra@@@rfd@ @ distance A out fromthe face
sur_—f G Ry 58 (f%d{i;a bR Yik é\‘da?s & B%ﬂllﬁq hERR Hé?ﬁr[q HElotted bore;

equa 10 secon st ance sur ed subst ant
peFp2raB ew mﬁwe@twt wewsaf iha m@ceﬂdng hlade&hoam IFIFGS. 9A;

ﬁgﬁ,é&gﬁ; qu}t %&@gﬁéli%@}g}/ﬁﬂn %‘ %ﬂ@lﬁg@&? e ligvu%}%ls%%%d bore;

Vi BYE.0f 1 ishefrast e estioH tvidwn of @bat‘ﬁﬁg hlarhavind=h Courttdd cutting edge;
FIG 10 is a front elevation view of an annul ar

andcutting bl ade having a slotted bore; FIG 11 is a

r ogn[édeﬁi R\ALLO Ve 674 ﬂbe&n@%%%ﬂflga RIiIRSS hEAY | bf‘ﬂ\e%re?elg invention

cutting edge; a side view o
havihgbreumddd e fimhremavil tittieg bedds afs waléagr%be\mhng element and an

ventlonh I n tube filmrenoval cutting
lnneBB tgba@(‘n r%’go%a t?g%ng? ‘ng el ement and an i nner
di arret er tube filmrenoval el enment. DETAILED

DESCRI PTI O\b SF ATLHED IDREOR|FINORIOEOTHE MV ESITION pti on

of preferred enbodinents is to be read in connection
w th the acconpanying dravvlmg whi ch are part of the
[0048]t i ridhisvdeserpiioneafoprefarrashempodiments is inbpdrad jin conaection with

the %ﬁr%‘ﬁéﬁ@ﬁ t@ tdg&ﬁfng@? %n(g‘l (2 Bgﬁte&fe{ﬁ%eeﬂﬁjrgb\%ﬁeﬁro%seﬁ&gon of this

invention. In the description, corresponding reference numbers are used throughout to
identify the same or functionally similar elements. Relative terms such as "horizontal,"
"vertical," "up," "down," "top" and '"bottom" as well as derivatives thereof (e.g.,
"horizontally," "downwardly," "upwardly," etc.) should be construed to refer to the
orientation as then described or as shown in the drawing figure under discussion.
These relative terms are for convenience of description and are not intended to require
a particular orientation unless specifically stated as such. Terms including "inwardly"
versus "outwardly," "longitudinal" versus "lateral" and the like are to be interpreted
relative to one another or relative to an axis of elongation, or an axis or center of
rotation, as appropriate. Terms concerning attachments, coupling and the like, such as
"connected" and "interconnected," refer to a relationship wherein structures are
secured or attached to one another either directly or indirectly through intervening

structures, as well as both movable or rigid attachments or relationships, unless
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identify the same or functionally simlar el enments.

Rel ative terns such as "horizontal,"” "vertical,"” "up,"
wOdaos19444t op” and "bottont as wel|l as derivat PCEAIS2005/015440
thereof (e.g., "horizontally,"” "downwardly,"

"upwardly," etc.) should be construed to refer to the
orientation as then described or as shown in the
drawi ng figure under discussion. These relative terns

are for conveni ence of description and are not
SXPrSFEln g CtiBe] eqiiereisg. phig | Blng"oBeiedNElt CBANSREdssis such an

= \ S £ q
athﬁiﬁﬁ\%gf; é:fogblni/%ﬁ %ﬁﬁ%ﬁﬁ)\ﬁa f}h Falla\ﬁ % 8@[—1 n%ﬁ'}]aﬁyctygeﬁ to operaie as
intendled by airftueanidhatireleiiokehiare to be |nterpret ed rel atlve

to one another or relative to an axis of el ongation,

or an axis or center of rotation, as appropriate.

[00Zgr MEFICONT QluRirBgbsabh agdadhal vieaupt engiiliid hebg 10 ke.ihe present
such as_"connected" and "interconnected," refer to a

mvenép!app@wgn% a{Aws 8iWOrspiegeIQPe¥iah & thisinstancayis a tube. Preferred
WOH%%@%&S% | Io%%ﬁﬁﬁ@@%o‘ﬂkﬁ iD&L 16 'i@e%erﬁfa@srr@gt@'hcﬁ QEddiYbut it is to

nt erveni ng structures,
be urmimﬁbed d)inatrcbtg@nrr@ltalaccbmmiymerﬂ ar gloathimaiiinis dhereof can be utilized

to foig @%3/{% féﬁ%ﬁ‘?’;gw’ﬁldes ' tﬁadagp i@g{]’t\ﬁngrpr%% grh\%%pn can be attached to
a pEAsPlooNg0Qls iostaed iR FIGhatarl LigedtiBepdRirin Aenilling operation on
structures_to operate as intended by virtue of that

workrpieeg i18RshiThe milling kpad 10 plither Riessnh nventQntis ghdpast utilized tfo
rem&b@ Hgmggnalblfrbﬂgaﬁmivl Jgiel %rh%a fe?ﬁd?%dr?%l géﬁ@ﬁ, preferably in

positione ove a
an amestexierding feon wineendPpeftinr efdthaciukpi e'Elm é@@ anoanoiw FIG. 1 has

Wor kpi.ece_ 10 S neral |
oo i B Sioind B SMIRE R0 A o PEE Tdnent MG, FySkbtece 100 as
shoRfliy BBbSanfdllycE/TRd M| ity tdrrgekisCan Ae inbirhiste thd @pper milled
formthe workpiece. The mlling head 10 of the present

endjghyearkpigre é‘QH has 3 oxtareRiled SaomsRE 0F 6l ower ayrface 102, as well
as Hév}eté%% Cht! The u"_?nénlqlll%'ée'gﬁ%gxt tﬁﬂ"?@éeﬁ%ﬂ %Qn?]er spirface 108.

eratl 4n on wor k
An drpled shtblddprr iexseateti i eath dncatlsna: theeasd otithiel lnuedanobouter milling
port on_or,dia

clert g A0 SRR pr L6 ARGl AnGle ZRB e B o7 B pcual or

proriduneed, M ge@éraw dé d théhe ned®s d0fesieewT theehdl Gsed The outer
has been mlled utilizing a m|ling head 10 of the

showds.an haweeani angleVwhich: sererath ra@;%a‘mm agout 0° to about 85",
desﬁ#ﬁztfﬂ%' 55 lté/ |uf e | %‘ﬂh ?h@@ cgth?cS X{ a%% apreferred,
e 0 has

trated, upper pi ece
measurexlwith respéoémb aegxemperpendioulaotu eentsal rafxmc%o 105@3 oauaer shoulder
anglvéleclsaln be produced by fixing a cutting edge 45 of the outer tube milling element 40

at one of the above-noted angles. A 45° cutting edge angle is shown in FIG. 1.

[0021] The milling head 10 is preferably attached to a milling device such as rotary
milling tool 90 shown in FIG. 5. Rotary milling devices are well known in the art and
are commercially available from sources such as H&S Tool of Wadsworth, Ohio.
Examples include, but are not limited to, Model MB, Model MS, Model B, Model MT



as bevel ed segnment 106, and inner mlled segnent 110
| ocated on inner surface 108. An angl ed shoul der is
wonemtoagh4at each | ocation at the end of the i nReT/USDI®S/015440
outer mlling element 30,40 mlling paths. The
shoul der angl es can be varied, can be gradual or
pronounced, and generally depend on the needs or
desires of the end user. The outer shoul der can have
e whi ch generally ranges from about Q to ab
a“d%Od%'eMFTablpspl@Wom"B“i Y555t A60I=RFENY AiRAlee!yf C’raBB%&“”at'Ca“V
Lfd o about 45 preferred, nmeasured with respect to an
PO
axl s perpendicular to central axis 20. The outer
shoul der angl e can be produced by fixing a cutting

o£49° simidf ﬂ%%‘cgaﬁg%%ﬁlg%#ﬁ%d ThlAER. n@?@@@izﬁﬁgﬁﬁgeg 1€ sHstantizlly

cylirihiegn bbﬂ%r Fi2Ghaving [00ddperThertioh! 14 agdheaswdOpbgion 16. It is to be
preferab attached to a mII|ng devi ce such as rotary

undﬁﬁschhaﬁtdm olggr sHBRIVA §MepdiglenipRAY R IGNngave other shapes
andféﬁ"d%‘:ﬁgpﬁ ??%‘ﬁl}l‘l% JARe céﬁétﬁd&ﬁoﬁ”?e atﬂ%ﬁé@/f V\ﬂm(%;\g;?%]rl nd lower

aval ourc such as H&S To
portomso. %tmee@rallycbylwncalutmddrr@ heed| iGdinelddes, a Msdékl axis 20

extelffind" T % Brud ez WHEoMER 2 Ritee{ " ornIREY portion 16

inclubsuraidl eddunying @oBnh&ction] (ORZ reddolvhblagonaaetididtoas milling tool. Ina
illustrated in FIGS 1 through 4 includes a

prefirad iebeAmept.cifiei iogl ireintingdgonNElani Hy has adiRse 22, preferably
cy Ilr{?ﬂf b fH?oa]d%acﬁﬁ\%nPtd QML RO biPBy k@r’uo‘nt f‘r%t Rfling tool 90. In one

erst |no er alternative errbo fment s body
embbﬁlmanrl iﬂweylmdmeal Isdrepi inshudiesra hey Blot ri’éidWh@mmgtmgly engagec a

ar onstr I Nt eqr d.,.up
keyl gooq‘] tqegﬁlg lg% t@%ﬁg H’g?ﬁl&@ %ad{ q@nﬁ thﬁ] ﬁo an a further
emﬂw&ﬁeﬂtoa$ nszudm i EERL1 afnoamtlﬁg Foritor &Bdsr}ﬂovlﬂed with a] radially
rection _along a | ongitudinal axis thereof. The

threag@cﬁ PFE 268 WHHET iRrives 2 hsikagonalthesd Wﬁb%@r@%oﬁgth% astener in
bord W@ﬁ Baf YRR t%WeHbv%bW dddupd tﬁé’ﬁ{llhné 'F\eéd%%ﬁ{)r\y #fliling tool

nment, the tool nounti ng connecti on
90. 20f cqures evatolg otlyerimeans: fir mrwntmgt ratlingehead 40 4o aarcwdiput shaft of

r ot L op of rotar b1 { 0, . 0 .
a rofiy JhillHa B0 piscRaghin S 4k BibledtBs Bl Gyl fead mounting
port®Incfor 8drewind B rffﬂihgmﬁay! ternpigesdet] spubshafhef é@@ﬂary tool, or any of
gearing to lock the rotary mlling head 10 to

Var'?‘b%FO”Wer'i‘t'S”?'JPP'@WC&’BBBm%ﬁ‘?ead? fm%’tnlt‘ﬁg @dtOPLp'PF%tO the rotary
or otitpulBHA% bPY rOGH Mflfhg .ol S Provided with a radially

[0023] As best shown in FIG. 2, milling head 10 of the present invention preferably
includes an inner tube milling element 30 utilized to remove a predetermined amount
of material from an inner portion of the tube preferably around the circumference
thereof to a predetermined depth; an outer tube milling element 40 designed to
remove a predetermined amount of material from an outer portion of the tube
preferably around the circumference thereof to a predetermined depth; and a bevel
milling element 50 utilized to impart a beveled surface on an end of the tube. In

relation to central axis 20, the cutting surface 34 of inner milling element 30 is located
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t hreaded bore 26 which receives a hexagonal head

socket screw or other fastener in bore 26 which can be
wagew/ost4 enmovably secure the mlling head to POTAISY005/015440

mlling tool 90. O course, various other neans for

mounting mlling head 10 to an output shaft of a

rotary mlling tool are known, such as a threaded bore

on a nilling head nounti ng portion for screwing a

mllin ad to a threaded, ou haft of a rotar .
fad'?’z&blfﬁl"”’%r RRLE S v RELY Pem@ﬂt%@fé 'F SHEING: =G aE RIS 44 of outer
rnrllr% r@ém@ﬁﬁﬂé J@ﬂlu%@&'nﬁ‘%@ QOOBe\S‘eIQﬁFﬁrﬁqoele%n'i %baéil¥o (Pr'icludes a

arotary m |ngtoo
cuttmgowffaqs M Gavrzq nﬂrrlcrn%\ghl@baaremcaied traélatby @mﬁt to central axis 20

el 4Rk 2B B 50l KERAESD. ol Shbl e b Mprraby s
cutiioly svdsets dceftedat rmlidl niktzngeerwiioh o@érla;brewthubﬁer milling element 30
pr ef er&%:#/{égr ound t h circunference thereof

or yircRle (LIS, B ages0 0l SPMOIRIORSI TPieg IR cR(Erigg between
the Hﬁlﬁh@ BRMEMs IEBRY o ﬁweoét?fﬂé%r%rl&ﬂ@ﬂ &;%?Pd’f‘ggbﬁferﬁf%ﬁ‘ ﬁ{rfolﬁb elements

frontan outer portion of the tube pr y aroun
30, #0eand PCgnfroillingdreacht} eblhetyesenivdationrasntidstepded fny the attached

, d v 11 _ AR to i t.

foufi3 ThieBLEiaha i iSRG MHbd plastit o 3p Rk R controties

duegenie aujuazeimgaf af le@sicnhéd milimusibaent 38, of bévedilling element 50,
millin ment. 30 is | oc tedradrall cl oser thereto

or 2\Qe8H %W%b&‘@ﬁeqfdﬁ f%%“%@t ﬁﬁ@e@ﬁlﬂﬂ%@ denprhthe miling fiead 10,
outer mlling elenent 40 as illustrated in FIG 2.

Bevel mlling elenent 50 also includes a cutting
[0024]r f doea Ptelfearedngmpodimentsthehbaler anidingoelament Madisalocgted in an

oo Bl B SEINIPL RESIRPHUFR, FOPLEER 0810 Boer miting e

portfonef @ rsabh Yashiag utliting fegsteners Reess Isaowheid RIG. rzadF&B 3 rllustrates a

di st ances ver with inner mlling el ement
lowsyr PQyipR 16 e@vwéﬁ’i’mg Jc? wigudgedanergpil 'ieﬁﬁ"rt éﬂsand bevel
mrIIth%‘i&ﬁén gdhe overlap betvveen the mlling elenents is
die to tthe strategic | ocation or arrangenent of

mlling elenments 30, 40, and 50 on mlling head 10 of

ool t
o033ic PREEP By SBHR 25 i AT hd Bl | 6L 1o tover
port&ige@femlllgwg{:aeadbe?pmzrlnge! sasoe:rrerrsqlsﬂeier?i 3dpeudinas h&rsggted in FIG. 3.
a tanilit at eas I NN m I n el e nt , r
'”“%é{}@!s“gﬁ lemert 3L ingledRs e '"%Pu'ga%%r ﬂ%’?@%l‘b’ gﬁ%@%f’r Pﬁ‘er honed
edgé%tﬂ&h%‘ah@ {aetor @RI MatdhRY SLeM asaby Eﬂﬁng‘ !abr‘a@l%d“%fr‘ﬂdmg, or

referred enbodi mrent, the outer
the hj{eeffemt ammneg stidace efR wnrkmece Cutting surface 34 generally faces away

from central axis 20 in order to remove material for the tube inner surface as depicted
in FIG. 1. The cutting surface 34 of inner milling element 30 is connected to base 36.
Inner milling element 30 can be fixably secured at a plurality of radial distances from

central axis 20 in cutting element bed 17 of milling head 10.

[0026] Cutting element bed 17 as illustrated in FIGS. 3 and 4 is generally a
channel, groove, seat, slot or the like, having a predetermined depth such as about
0.25 inch to about 1 inch with about 0.50 inch being preferred formed in body 12 of

|
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upper portion 14 of mlling head 10 which is fixably

connected to lower mlling head portion 16 such as by
waideioasaag fasteners 28 as shown in FIG 2. Fl &CTAS2005/015440

illustrates a |ower portion 16 of mlling head 10

whi ch includes inner mlling el enment 30 and bevel

mlling element 50. [0025] Inner mlling element 30 is

adj ustably and renovably secured to | ower portion of

i R 00 L% e S SEh o =3 e <

preddiSimiAes Iét%?él'd?@:aﬁéé fnfl‘éleraai%l dﬁ@é‘lﬁf@ln‘ Ylid t%d@erﬁfal axis 20. The
ot her honed edge which is adapted to renove nateri al

widigughhthgschispnelimaasyredabr adiiieglion tiangiverge forthetredial eiis is at least

f rk i : .

S L To S LRl REE R, HHAL BB i comen

suclﬁ Ca@r ﬂi@meﬁ&tjmeirailllmfgometﬂmt tagber lb@melr I‘I‘ﬁmgt% @?ﬂéﬁt 50, in order to
pi cte n Fl ttin e of I nner .

ey Ienge menol Secbifedecd FUlmageedels | Atdpat one cuting

elerf@hil pd¥0 | Bli n@@n%ﬂm@%édd@@' Yn %%fe?rg?cﬁém%od%em a plurality

plurality of radial distances fromcentr axi s
of cutiingi elgmentheds 1Fearelmesentninithi one hedd 71 §20026iling element on

o441 8 S B! W S R o o, o
for the knerhabe ndlliag er@n@ilmmdnéimfdlb@m hlmﬁ%@lﬁmént@()%

inch to about 1 inch with about 0.50 inch being
preferred formed in body 12 ofmilling head 10. In a

ooy ef erdechSnhegiess in H&éé e (S8R f%?&]é in€b8P AP rémovably

predetermne | at er al |stance|nara |rect|on
secyre pendlingnelemantnior @ parion 20.thghmilingtheagt the In a preferred

e DB gAML S 9 GRL20 1| BF8Y RSl Bpyr sucn o=

screﬁN br bomoalthcmgh it |§ un@@%&oﬁl&ha@btﬁéﬂfge@ﬂﬂh? egsted binfasteners can
e (UG ASg el B Jade R e ob e S BEIRES aiEetgs 33 which i
utnhi@d {d feadh afBal o Hnlﬁrﬁ? cRBht k8 HfayM2 bk 'ﬁﬂlhh@%aao] C?.m/\éedge 33

| east one cutti ng el enment bed 17 |scgr esent m
extendac RE@defermingst distancedalend edengiht ancawjsitaodiibedyl 7of In a preferred

emb%@%%@%}f%%ﬁﬂ{q Qﬁ?&n %E grfgst é%g?%a lp'lh%ﬂedi@etn?%r%gs shown in

FIGp3 @hdrthfedvedbﬁu)lswedibgagir&t IbblseISSBr@‘tlﬂderi mllléﬁiogﬁeg%rmmd whereby.
or the inner tube m and one

the Pe" ARG EISTRTS SGCwed AT heabbogy 13 seinesn updse 3 and a

wall?ifng%uwdeﬂn dorhEaPhbRchBSIRNRY bRNUM&ade036, 56, can have a

tapered portlony57 which preferably form fits with a tapered portion of wedge 33 to

securely hold the milling element during use.

[0028] As illustrated in FIG. 4, the cutting surface 34 of inner milling element 30 is
set at an angle with respect to an axis parallel to central axis 20 of milling head 10 in
order to remove a desired amount of inner tube material. In most cases the angle will
depend on the end use of the tube. For example in some cases a first tube to be
milled has an inner diameter different than a second tube that will be welded to the

end thereof. Accordingly, the inner surface of the first tube will be milled sufficiently to
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secure a mlling elenent to a portion of the mlling
head 10. In a preferred enbodi nent fastening system 32
woanpriises a t hreaded bore and a fastener suchrPas/ua2005/015440
screw or bolt, although it is understood that other
securing systens or fasteners can be utilized. As
illustrated in FIG 3, the fastening systemincludes a
wedge 33 which is utilized to fixably attach a mlIling
el ement to body 12 of mlli head 10. Wedge 33 | .
maigh peribs ings r@@@@tﬁrwﬁ@ae Hibsﬁt %‘n‘@@ %d@n@eaaquﬂ qreveidurbulence in
the eﬂ{é& RhedSAd ib?omb% %B?ﬁff‘r’d\f{/ eth ﬁﬂp%tﬂgpgcé?ﬁno the lHner portion
astening system 3 astener 1s mani pul at ed
of theriebass shikeeh suffickirdy ® acmbmlfmed&a@dgechlﬁ rmgswmich prevents weld

mei B T oty Fowg tor B & < heBRrRL EeEha P iGh BBty Thet sei
the I@@t@th kdaribed vedromedgase3d nakend el én @fnqtéeﬁf é,gner!any ﬁf@mBabout 0°

enbodi ments, mllin el epent base_3 56, can have

to aba\esie%d desirelplyiros SRRLER” (R @PerRAPY %ﬂr iSRS iremm %bout 10° to
shol P FERGFEIAD EpHRaS 3l BEpAByahs Bk L o of e milg
heaé! @Gn gnqlBhﬁ mjtisishgvmwnﬂ%iee Btor guttingnewrfade B4 mner_lube milling
cer§uTREL e e s b oM, 8, LR oS Bheve any

longPluEREl lePgfresmiicient Fﬂ\eérldfee% aimpentubeferidnioes dedided depth, with about
material . In nost cases the angle will depend on the

0.2%\ecrheus 2dnchasedasinge, a%ﬁb@%ﬂﬂﬁlcb nrefessfe cases a first
tube to be mlled has an i nner dianeter different than
a second tube that will be welded to the end thereof.
[oozaj corldimghv'lar raanen hevebmilirgceleofent B danrlst s¢ared ud Milling head

ff . th [ t
oo iz cufifigitiineft St it TR B HRIPST SYRRR 20 BRI Base 5o
of eldméites0reaied dadansd asdepEnvaY ﬁefd’i’ﬁéﬂdWeNvMWreéﬂé@% lelement 30.
anot her scenari g, the inner portion of the

Beval miliag <lemest SRt W’L@@Sa@é@%ﬁﬁ&ﬁ‘@@@ 2% nrhigh .4; r»@"u%.l%nmpart a
frustc%H@QF logd tﬂ@teﬁﬁ'(ff Eﬁjﬂﬁﬁé(@ bg!?)%vé%ﬂ'%lﬁgnt 106 in
e an Iowpolerrs. at said, the

creafing
FiGcdt t Cu@mgusu‘rme Fedge dacbbeveled miliogesiemieat SAnisadigphased at a
f._gener al fro apout 0 t Qut O desi r I
prediteiFiNed Bholk b ouEt oy Re! 8p 3R8itky HisidteRiclPeve’ (TR angle of
cuttﬁ:@%ﬂgéﬂ@ﬂ&ﬁé%&dﬂﬂtbhhéeé‘@m@ rbtatianalaxxis 2IBbﬁ|nhlﬂ|hgtlﬁEad 10 is
the central axis 20 of the mlling head. An ang

Genaral Jraph GHFUE HOE 13 2tput GO° i PiegScabit fow 908K S0 fuabout 45°,
OneEe i:‘rgﬁrgg% bé%&%@{n%%@@grﬁ%agg g 'H%g;ﬁ%sgf\ﬁ/‘tg@% BhEh ififling head 10. The
one or more bevel milling elements 50 are located at a predetermmed radial distance
from axis 20 such that the bevel cutting surface at least has an annular cutting sweep
capable of beveling a tube from the inner diameter to the outer diameter thereof, either
before or after an inner and/or outer tube film removal operation has been performed.
In a preferred embodiment as illustrated in FIGS. 1 through 4, one inner milling
element 30 and one bevel milling element 50 are utilized on miling head 10.
Preferably, the milling elements are located in substantially opposite radial sections of

the milling head 10 as shown.
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| ongi tudi nal length sufficient in order to mll a tube

end to a desired depth, wth about 0.25 to about 2
wonoetsagodesi red, and about 1 inch preferred. [©80RAR2008/015440

a simlar manner, bevel mlling el ement 50 can be

secured to mlling head body 12 in cutting el enment bed

17 utilizing the fastener system 32 descri bed. Base 56

of el ement 50 can be secured as described her ei nabove

hresecttoele 0. Bey mlli el e t 50 .
100381c | ST cirPRGS STTE: e & WUEH3 B 9B IS 1. 2 2nd 5 s
utrh*rfFP% trer‘f\o(/é gﬁ%t%ﬁélf‘ b @iim%d’rﬁ' theNout8e dFaWel@f oft ¢ q\ﬁﬁék,@'cﬁcag tube by

exhi bit bevel ed segment 106 In
cuttm@rr gaoémgroredbewae oEMigwing| @(ﬂllf‘mqulhlngambﬂalﬁeﬁﬁﬂﬁmer guier surface,

prett g SEF P Bl AR EFRETRT Y BalfBR i hdthe htoBfrEs thereor

Tha@}{@@r r'ﬁmrdn bﬁhega%oﬂim@rdr’ﬂetef @tﬁhﬁtve’d@};ﬁ&dd}g@i 10%&‘13@\./\/@@ overlay
of mi |ng ea is general]y from about t o abo
matgelane/ o BESHABNG m%@ﬁgbﬁnﬁ'n@é HOLEYTPUNNY thi iyhe in the area

whe@fiffe Qt?&éﬁ aﬁﬂétér Ql%ﬁﬁuﬁg%b‘rép% ofAgd. be present on each

1 ng e one or nore bevel mlling
eI emsnts 50 are located at a predeterm ned radi al

ot el RS 13s2 M) of BB Yo bl s puter mitine

elergéniberteiol mil & pbrie dfralmtiehaslweﬂéas dhaveile® bvédayt Bed/or membrane
outer diameter thereof, either before or after

an
thatjif mepsemh @NoNsL AE B10Te Fiftest e rteRSy dinSapieRmlbie lggent 40 has &
cuttﬁﬁeféc@%ﬁi%ﬁ”gdselﬁ Heénrﬁbe r?cf . ?ﬂr iGSO RS BBRhuBEe Qultﬁrqgn 81’ surfaces,

lustrated 1n FIGS one 1 nner
espect:lerhwnonthcmdoroaembeoeﬂmundsl wr@ac:esatmht a:f;dmarrmt limited fo, tube

ciclfinfarafifs 8P b2 et i sl bl Bfne miling

hea8 efifbseiifialy prdentd lthe m@aheﬁ@h]éerﬂﬁg Sbatehing0888or @ﬂdmﬂng during

wor kpi ece mlling el enent 40 a ted.in FILGS
operaliop akehecsehiRs Pf SRAYIHGS FWRBY Temiae DR Cing sifAdRscRrpTerably

be by cutting,
allo%r{h% %ﬁh&}rﬁﬁor‘j’é t@r“ruﬁtredsé{fttf r@&nd’Fotétrt{dJ

g or otherwse renmoving a filmor thin annul us
fromthe outer surface, preferably substantially

on4PL B Yyl R ORL P M G B A g 10, on

optrbﬁalrﬁlwel@doveﬁawdénbveh dmal/@nymevbranev eemayalmid egeérfdrmed to a
and/ or menbrane material remaining on, or sur{yo%mdi

predaiermpinsd dapth meeagused iR @ MOEKRIRS PN dsRefaly Fpaamut 025 to
abo8t 875/ ifci&ds#aBR %o about 1 inch, and preferably to about 1.5 inches or more.

The outer tube milling element 40 removes an outer radial portion of the workpiece in
a range generally in an amount from about 2% up to about 20%, or about 25%,
desirably up to about 15%, and preferably up to about 5% or about 10% of the total
tube radial thickness (annulus), measured from the inner radius to the outer radius of
the tube in a radial direction from the center point or longitudinal axis 20 of the tube.
The outer tube film removal step exposes a clean, bare-metal surface on the outer
portion of the tube in the cleanup area. Rust, scale, or the like is removed during
cleaning. The outer milled tube surface provides a strong bonding area for a

subsequent welding operation.
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[0031] MIIling head 10 has a configuration or design
which allows the outer mlling elenments 40 to mll a
weoandeioaswsof a tube, as well as any wel d over | apCamg2ms/015440
menbrane that is present on one or nore sides of the
tube. The outer mlling elenment 40 has a cutting face
which is self-cleaning and provides for conti nuous
cutting of surfaces, especially continuous or
sem -conti nuous surfaces such as, but not limted to,
tube circunference, weld overlay and nenbrane. The
28¢! f Gl api kit yo-of el
00 o TS T o 27 fi, PR prad, {ERudes one or more, and
pref@rabtyha mgarahwwfamillﬁ‘@pk&m&gﬂ dwppngs cifewhtdhoareaindmet exfs part of the

ooy BRP A1 8B, L1 RSP 4R S SR clemen

suppitdl 4B0itlidyy. 2 Qﬁﬁﬁﬂnc@hﬁa@fe tw@%raﬂyemr@édé@ﬁ@V&ce\Mt@ securing
mlling elenment 40 of mlIling head 10, and opti onal

elemgat @r 6@@?[‘%@/4@ EHEN 3F RS ARG £APACERBTLES ,|I§Jstratedym FIG. 2,
mllln\?\%é[?%ém%ot lﬂglﬁdeé %%F?%HFQ@Q hggﬂg% g&g@é{sgﬁaéﬁ %@s egrroundlnq

i ece end genera rom a
a boracthroum‘svmhwlhl thet tasédrmut cahnientshmiliingl giereeetr éﬁlty» acportlon of the
ut 15|{Pche or _.nore. 4%e outer tube mlling

rnilliriq gﬁ%ﬁjﬂ' € PIRG FREU SURRPE S adi al  portion of the

wor kpi ece in a range generally in an anmount from about
2% up to about 20% or about 25% desirably up
[003éﬂaout’n eoorefeirag W@P@'mtwfl!@“ @QVWQ?OW @fO\ﬁ%%%ihel@%'ty to cut

awa?faﬁcp? ﬁweﬁélwéﬂépi%géaﬂh@ v&c—ﬂb! Céﬂfé?l% Eh‘b?%ne ”Ela%ugcgr?\bmatlon

e I nner rus to the oute us of t'he
thereaf, fasierdirdlasdi head, ieod dartion, tdrdhe dke whlquexiems a distance away or
on' di nal ,axi s of..the tub The. quter, tube film
out T @RShe 1ot yrdls 3 B8 BhirlondneBEiiotis JE S hhani@catigyit Baual to o
secdridedigidree Readires fRdm tareotitebedgs dfhf@stén%aﬂlaploaﬂﬁanearest cutting
Rust, scale, or the like is renoved urlng cl ean;j

sdgertb. SR ArskidisteRra WHEN SOMRRIEd i de aesond Gisiasig s Generally less

'thanFﬁchl qr@gﬁfggéerftoﬁﬁaﬁwtét@ﬂe l ?wr’]cc@ rgQTBQEH ??e%raﬁy less than
abowtri#) perceot. eln aifwtrmre:freﬁeabbl;erabcpﬂimemt mlqde)fecmslslls agmensioned so
| enent or [ as. f..the .
that FeEhet 47 11 drepiebpomvt PhgVfend S BRGRay B auhd rabea That i, the
top @ﬁlﬁetlﬁéﬂ%ﬁfasth‘héﬂ 18¢ flsHmivuntdEOrdcedd nicititedien Iﬂade face, see

lindrical bore preferably threaded to accept

FlG-s'Zéer%?g“@Perﬁﬁfef%'Fe?‘ %Ft@ﬁel?’adf% Is; gescriedanddy §W%\ppl‘l\catlon Serial
No. 98526820 haRM il ihddrpSiatcd 6§ rdfBrdice 2.

[0035] The cutting sweep of cutting edge 45 of outer milling element 40 is such that
a predetermined amount of the outer radial portion of the workpiece is removed, within
the above stated ranges. The cutting edges of the blades can have either positive,
neutral, or negative rakes. The shape of the milling element 40 is not limited to the
embodiment shown in FIGS. 1 and 2 and alternatively could be triangular, curved, or

otherwise.
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mlling elenment 40 includes a face surface having a
countersink or recess surrounding a bore through which

woheosfrastsener connects nmilling el enent 40 to aPOOMUSRME/015440
of the mlling head, i.e. mlling el ement support 46.
[0034] In a preferred enbodi nent whi ch advant ageously
provides the ability to cut away and renpove workpi ece
films, weld overlay, or nenbrane, or a conbination

f t h t on, or the like
EOO%@?E%P@@E@%@@??@%W?ﬁw 35@ “%'I%r?ﬁlﬂrh@ @ra%régéd on milling

hea8UTd 86 8haf thbh@uifind kLSl 8MBRbeYRrE Nod=d %SﬁreHE@Fmﬂfed distance
about equal to a second di stance nmeasured from an

fronp gech abligewbenimestaned vath tespepkbionter esniral wds 3G, ddge preferred

emtgj%lq‘lgnf tﬂé béter %b%t ﬁﬂﬁ'ﬁf‘q es@?ﬁn‘fﬁﬁ%@( e%%stfg%%lﬁg ﬁgtgﬁﬁdof milling head

¢e 1S general han “about
10 desiestbdol MGastlnwaonMMh 9 eporeztat distarteptteheinabl Yube milling

| ess n._about 9 rcent. In a further preferred
e’erﬂ‘ﬁ%to%érre Wl?leadjég%"g‘i@esge‘i%e@a‘u ReyRliming smenio0 and inner and

f i
ouiéraeﬁb@ﬂﬂﬂmé%lérﬂg@ts%@ﬁéarﬁﬂ?g?éf%égﬂ?%lg cglp l:%ﬁ\:Za e O{%o?f%@n depend on

endfugetanplicali®.i s flush nmounted or recess nmounted on
bl ade face, see FIG 7 for exanple. A preferred
cutting blade is described in U S. Application Serial
[003%. 10/prfkrreGIBethiodrier otifizihg ynlllqufaadrm@a@%llows Mllllng head

10 (ARG (R P4GIh ol BRunG, BOMRSCUGE R & Haroigry MinG ool 80. The
rota%f @.thgrfaon% ATRWTErBly tt&ﬂp@l‘ﬁri‘ﬁf cbﬁﬁé‘géd P& Eé&!"rgé?fto the inner

he work prece Is rennved hin the ove state
surfa@mgéﬁwe Whekpigas utﬂ@lr@d@eglleif% ae illstigted indriGhévelhe milling head

10 i§ 'é@%ﬁc@@? vbénréeth rfﬁﬁé aﬂg&hg o otr%fll}nnrﬁe#gﬁﬁ%g J;e% z?;b ABStact and

enent

mill d’rd)?giﬂerbremt:umfwmitlze of theGorkpicaado 2 ;ﬁédet@fmm_‘?ﬁaiégvﬁ Y Milling head
u e triangplar, cyrved, or ot e.The m.llin

10 i€ irtierevg00S8 8rongirng Ao e, fib a e mlistOgs Pl suPerformed.

Anyorﬂemﬂréhé‘gnaﬁﬁqméllg oi@rlh??éeéé}ﬁ ditlie SGaid Bfi?\%gweFkg ece is also

| ades are | ocated a term ned di stance
rem@V%W'WﬁbﬁhﬁT@dﬁ'@@é&W%ﬁ af blasiseeutting edoe 4mniAsatheamiiling head is

advéiked HiohgPihg! fibkCthe BROG! MRl dldifedibdl ﬁ%(?‘%gdnbh%} Mbe milling

ent romthe om of
elenmarer3gstontact thﬁnuoﬂ(plege camanaillt a evdl@nt Greaaberor dembagdtner tube

than inner t II|n el ement 30.
fim, RSPaGHEY b TRt R o EhER BATL AN TGP aiRgnts SR and 30, one
operttién may begin before another. For example, the inner surface of the workpiece
may be milled by the inner milling element 30 before the bevel milling element 50

makes contact with the workpiece due to blade height, or vice versa.

[0038] After the desired milling operation has been performed, the rotary milling
tool is disconnected from the workpiece leaving the workpiece having a beveled end
section, a section where outer tube film has been removed, and a section where inner

tube surface has been removed as illustrated in FIG. 1 with respect to workpiece 100.
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outer tube mlling elenments 30 and 50 respectively can
be varied and often depend on end use application.
wOQOBMN9444 preferred method for utilizing mlli RQTS2®5/015440
10 is as follows. MIIling head 10 is attached through
tool nmounting connection 18 to rotary mlling tool 90.
The rotary mlling tool 90 is preferably tenporarily
connected or secured to the inner surface of the
Morkpiece utjlizing a coll 92 as illustrated in
ezl 1Ha SoF el Foa oSO bl dieeet BB RS QUPeOEFtEr iubs
film tr@l%o%'lt Uty |ellérﬁ(§nle&reﬁféﬂé ﬂ'@%eﬁroéi@@%%\ﬁﬁtﬂ ﬂa&%«% lok 2 rounded

he outer circunference of the work pr ece
Cuttlpg@w@iﬁe?z"kﬂ @@oatd@@me@e aggmenigpfieadlace wmﬁ@eﬂg@rsurface see FIG.

. ASHRRTRLAAGOR, LSRR AISHARE A% IR Bgve tube materi

frorroth@rduﬁgr PUrERBNGT a)tukieheuﬁmgfbm 210 the rembkpineaebizsie and/or weld
i%@o renpve W|th|nt e t|n sweep of bl ade cutti
ovel,

r Ih= T Teseit 90 e bsaodler ZHTAPR edn A1IGnG, EHNG Dlade 210
II‘ICMdégeal chﬁﬁlqbﬁ)’r%ce”hé\hh@%neérﬁ{[ﬁég‘ et 2150 jandl g‘rém@frléd;ém@odiment,

l'ing elFenment 30 contact wor kpi ece an
cuttlbgvbladem%Ot thStabeutblnqr@dg@ecqnnpemngugen@nallyn 311: least 1/8 of a

mrmﬁﬂﬁfei??lﬁgal ﬁ%gﬁlﬁﬁ}%g,%g!gﬁg %sﬁ%ﬁ)@%&%&iﬁ/ gﬂ; %fe%icli,{cumferential

segipefbsiea anoehand |é:pref@mblyrérmularhﬂ dnfcma"r Mefrm&e@f atdiiing blade
wor kpi ece may be m | | thelnner mlling el enent

210365 PETOYRH tHEN Vel |Wtﬁ@9 et s havHide dnegHEL cadil from a
pred®idthib e pBRk KOEIREE bRPScdRep Wﬁsﬁﬁb%tm FIG. Yi CEnYE! Qflting blade
T G eeTT e P

After t desire | I ng operation has
210mesfamrcn®<ﬂor oeiddiseahppeaiin bhagmbedimest. di sconnect ed
fromthe workpi ece | eaving the workpi ece having a
bevel ed end section, a section where outer tube film

[00409s DRencuresd\Rtincbhide BELirichrieshat @apernory of Bbbee 216 which can
surface has been regoved as i1lu trat%j in FIG 1 with
accgpgsapg%qurtr@ g@@m@&t OF sltgger[ b@e,g? @\dey@t £56t g secured to a cutting

blad%”?@ﬁ’;b&?nézd)f oy %%%HdlmBNtenﬁwaEunéaangtlﬁQ Qla@!ge?e%fe has a

tube filmrenoval cutting elenment or
couetsinkiedraress 2g2around baror16. Fosiesdy cthethasg %‘tﬁgef the securing

clerf 231 k23 e 3t TRRl Rl ORahAdR, Ry e or e
cuttihg bielen? Gdag icditddwithinl thacduntersinic222ae shetverindiGf Fom

the outer surface of a tube, cutting blade 210 can
renove nmenbrane and/or weld overlay or the like if

[0044'['[ esghly gféférli*@d EHRDIAHERS whidhfAefs 4 UsEF the QpilifHid édt%way and
remove outer diameter tube film, weld overlay, or membrane, or a combination thereof,
the securing element 218 has a head, end portion or the like which extends a distance
“A” away or out from the face surface 215 or plane of the blade face which is less than
or equal to a second distance “B” measured from an outer, lower edge of securing
element 218 to the bottom or lower surface of cutting edge 212 opposite the end of the
milling head attachable to a milling tool, as shown in FIGS. 6 and 8. Distance “B” is a
percentage of a radial distance from the center point 217 of bore 216 to the outer edge
of blade 210 to a bottom edge thereof as shown in FIG. 6. Distance “A” when

compared to Distance “B” is generally less than about 100%, desirably less than about
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includes a cutting surface having an annul ar edge 212.

In a preferred enbodi nent, cutting blade 210 has a
wouabdeingtsedge conpri sing generally at | east 1/ 8CofUS2005/015440

circunferential segnent of a circle, desirably at

least 1/4 or 1/2 of a circunferential segment of a

circle, and is preferably annular or circular.

Al ternatively, a cutting blade 210 is provided mﬁth a

curved cutting edge 214 having unequal radii from
05%prndiptsberabieaspiiat 2R rls Biviencent d ¢ 3171 Hogh the end of
head B! qeé&nnsc_]'qr@éﬁwerﬁ e s @é%l%ﬁﬁ oPBcB\RHTzRE 215 of blade

one” enbodi ment he curved cutting

ZlObIade 210 |ncludes an aperture or bore 216 which can

accept a securing elenent or fastener 218 so bl ade 210

can be secured to a cutting blade support 220. In one

enbodi nent, the curved cutting blade face has
(00400 nlbpaTHinoheaECeldhe Bpss et dTRTBB Ne VP OBy eaeqra{sug}ded edge

cuttnh?%lgﬁf@ié%re%aﬂﬂ&ﬁlaﬂ?CMefLﬁlglnehﬁrﬁg"‘t[ut?ésshéﬁné §Qél%ﬁ9ely narrow
f ene

osition’is substantially flush ™with
width wcfenembltalme, emh eadess thae 122 dncin dehivesn edjawenihhuhe@héf he curved

count er sink
cutt EPeR DU AaRredD uhiLer P rihscs iy ek, Bop nayine curved
or rbaQndatt @éhbﬁbdeartﬁbz aumsre thet efillidd aopdretion s fbelel’ﬂ dmebni{mued or
overl ay, or mhr ane, or a conbi nation thereof

termingied. iS58 IGeigntVhes angules eﬁae&uﬂmob'a%ﬁ ﬁfﬁquwe?h'@ a preferred
emblfogﬁeﬁsﬁ"l}hg%%é%?%? tRe HSIPELE rarfe ?%Waée/raw froHt aEélﬁ’t”@ bhao about

ace 215 or plane of the b face which is
0.50 ipsh, désirakdy frequabomtooasstecahmutc%?ﬁam 'apd prefaraklydrom about
f,r.om. an ower edge of securing elenent 218 to
03’117-&8 %8{‘ @:#grm(f vver surface of cutting edge 212
opp05|te the end of the m'IIing head attachable to a

ho nd
004 4 HIG, 48 ThisyBies adubadogIwiirh e e SRR & iing head of
the P@s@h%%énﬁ’én ﬁ@\rnﬁ %uﬁé? ihbe f|9Htr§ﬁ10%QQSIa@Es @‘I@dﬁlo%lé)s shown in

ottome hereof as shown in FIG 6. D stance
FIG &\ Aah&mstrasaqu EiSt 82,0hetcaiitng blades 21gdwawedigep ytdiged to remove

t han S
an quP8pAHEH o R Kind 530 St LESEEEHtcRARubiPS Mgt A rounded
sho%l?%FBGZfllé crﬁatetdﬂﬁt Etlgél telfmlhead?fZ?c& afllllaggwera’g)relbgn?et tube film
IS ush with the ane of C rface 15
rempyaldiadesc? 1 6699 eehaRS P 1L AA8e of O WECR e gBRglar on at least
the EMMARG SLARCE MErB8r. aTIRSEHE Gf Uibd 00 AGH stdBeen beveled and an inner
diameter portion of the tube has been milled utilizing a milling head of the present

invention. Membrane 303 between adjacent tubes has also been removed with cutting

blade 210 of the present invention.

[0044] In yet a further embodiment of the present inventioh, cutting blade 210 is
provided with an elongated or slotted bore 224, see FIG. 10 for example. FIGS. 9A
and 9B show a square outer tube film removal cutting blade 260 having a slotted bore
224. Cutting blade 210, 260 having a slotted bore is preferably utilized with the
elongated axis of the slot arranged perpendicular to the central or longitudinal axis 230

of the miling head. The milling element support 220 is fabricated to allow for
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cutting blade 210 are particularly useful in mlling

tubes having a relatively narrow wi dth of nenbrane,
weuals/asih ess than 1/2 inch, between adj acent PQDAS2005/015440

The curved cutting edge mlling blades 210 are used to

produce a mlled tube 300 having curved or rounded

shoul der 302 where the mlIling operation has been

di scontinued or term nated, see FIG 12. \Wen annul ar

-ciuSGH, Hbtie PHENG: age dy aletiohdhgieiaa BaRb Thgusid bore present

her@nﬁnqfcﬁ'édzrrfp"lé?,"Br%b@f%eQmﬂﬁqtél’erﬁgﬁtl%up%oﬁ%ddé%rbhown in FIG. 1 would

desirably from about 0.257to about 437 "1 nch, and
not pregeat | Iabm@ @mbmﬂIaWﬁOGh%tltﬁewttmdM@d@ZéO@ﬂwmha slotted bore 224

coulfihs’ Shifaisd, ot i ShE bl BresiE 437 ol R Sl &R 20. The

heighawf e G681 Ukapefpedgiduldrm rierelsabatdages i2 f@tmdwa hily areater
gs hown in FI'G p6ltp‘é?\sulustratedb|n FI G 1%)99 Rontly @

thanctier dingeinrpidse 2eourng elamesm desidnegdda &e@ur%%\/@la@iﬂ to the milling
hea@YtHz ﬂSﬁédj %Br@{’%gxﬁ 2% P?é’f%%b@ﬁ%g@ﬁ%@ﬁkt gga]rllsgfogir I'%glst 2 portion of a

Ci rcunt érence oul

head oeanddation béi.i‘tesai;mln'@ glemisht and prefegablydhatandine bpd portion, io
1h tubefilmr bl a ue ;to the shap ;

be f@ﬁﬁt%f&cﬁ%%’“@ * g’@ged"r‘]ﬁu%ﬁ =NgH %&""il'oé‘aéﬁet‘??é‘”gers'”‘ 222

The GEh§IhNEF SY ERE &ahhesigofepetithC bl Bk iHdfIRE Hasndlbite and/or
been bevel ed and an_inner_ dianmeter portion of the tube

secuiing pementililized anrd In 2indgfearedi embegmeahrngestgrnerally from about
0.1 0125 SRty T bR 1T REUPE 22 Rt R abou

0.18poneewt 0i2Dvieah nmeasufdDdd thd baglesida of thet iede eppositanibetiace.
of the present invention, cutting blade 210 is
provided with an el ongated or slotted bore 224, see

(00481 G dtih@biaieaomb e2661Haingd4 m&%@gmasmah@d to a milling
outer tube filmrenoval cutti ng1bl ade 260 havi ng

elemgritsupBOB 328 Vwithha segufingglemeand Ql@efqr@dhﬁwpngn@elemem 218 is
com?‘e‘?céﬁjgghﬁvr h%&ftﬁﬁ blleY2 44 '2L6bé§gef‘étt$‘dé§\ c?b@é]ﬂnﬁ,zﬁeferably

é ot arr nged ‘per pendi cu e cen
w1tha‘esbmtgotthd|0mﬁrahmxs 23D dhat i‘&e the Icuiting bledd.2TDh&60 is adjusted

ey P HERby SHERAL bt Py OGS, bRl sepra s

20 oftthé hilling hkhe i bak tedbdiiment e SeMrmidees e ah- a>dr'soat a predetermined
exanpl e, one of the mlling el enent support ed

degreRaMIan ANGIPNILY reRPSHINERNH AiEn0 PHObAB deRspRRthBRIEngbove, o
an ifféHedgdCordtht! P&HiBh 3 ehL ERtRG M @ 184E4 §DrRALR AR distance

from central axis 20. In a preferred embodiment, each cutting blade 210, 260 of the
milling head is aligned in substantially the same position and/or distance with respect
to the central axis in order that smooth, consistent milling with the milling head can be
achieved. If desired, indicia such as lines, notches or the like are provided on the
cutting blade 210, 260 or milling element support 220, or a combination thereof to aid

in positioning of the cutting blade 210, 260 on the milling head 10.
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could be adjusted along an axis approximately 45 from

the central axis 20. The height of the slot, i.e.
woeo@ngiscul ar to the el ongated axis, is preferablUg2005015440

slightly greater than the diameter of the securing

el ement designed to secure the blade to the mlling

head. The slotted bore 224 is preferably countersunk

to all ow at Ieast a portion of a head or end portion

of the securing gﬂent and preferably the entire end

00458, 1 11Bn=CaR0BIEY Wil 167 PeesSiattlat clidi Rotheisads Rrefemsd
emb%dfrﬁéﬂit PO $4i0BrinSHR SR & tﬁéqﬁ verfin lI%i |I|ﬁf‘i@€iﬁhereto but
sl ot can vary depending on the size of
muh@mbyth&ﬁdﬂp&dﬂimmaﬂ@@hadadavmaug el ement utili zed and in
a preferred enbodi nent ranges generally from about
0.15 to about 0.25, desirably from about 0.18 to about
0.22, and preferably from about 0.18 to about 0.20
i nch neasured on the back side of the bl ade opposite
the face. [0045] Cutting blade 210, 260 having a
slotted bore 224 is attached to a mlling el enment
support 220 with a securing el enment 218. Before the
securing elenment 218 is conpletely tightened, the
cutting blade 210, 260 is set at a desired position,
preferably with respect to the central axis 230. That
is, the cutting blade 210, 260 is adjusted laterally
al ong the elongated axis of the bore, preferably
perpendi cul ar to central axis 20 of the mlling head
i n one enbodi nent, or otherwi se on an axis at a
predet erm ned degree or an angle with respect to
central axis 20 such as descri bed herei nabove, so an
i nner edge or other portion of the cutting blade is
| ocated a predeterm ned di stance fromcentral axis 20.
In a preferred enbodi nent, each cutting blade 210, 260
of the mlling head is aligned in substantially the
same position and/or distance with respect to the
central axis in order that snpoth, consistent mlling
with the mlling head can be achieved. If desired,
i ndicia such as lines, notches or the like are
provi ded on the cutting blade 210, 260 or mlling
el ement support 220, or a conbination thereof to aid
in positioning of the cutting blade 210, 260 on the
mlling head 10.[004S] In accordance with the patent
statutes, the best node and preferred enbodi nent have
been set forth, the scope of the invention is not
limted thereto, but rather by the scope of the
attached clainms. WHAT IS CLAIMED | S:
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1. Amlling head for a rotary tool, conprising: a) a
substantially cylindrical body having a central axes;
wopommidssamer tube mlling el ement connected toPCHAShwAP1IS440
and having a cutting surface; and c) an outer tube
mlling el ement connected to the body and having a
cutting surface |ocated at a greater radial distance
fromthe central axis than a cutting surface of the

inner_tube mlling element; or d) a bevel mlling
WHAT dfsrk ARSNGBt ed to the body wherein a portion of a
cutting surface of the bevel mlling elenent is

1 loﬁ\%lﬁ@gﬁewﬁtﬁ&rf?&g& d%&m}ﬁ%ﬁ%ance than the cutting

surfac nne b g elenent; or a
coapi nak lsobstaiﬁllaﬂ)/ caidtiridyl badly REtvengma bdritred 'mwd
accordin the .i nne

el Bhent @ g@eg ug,k}%g‘nlézg Wem@qmpeﬂeqtgd éqjﬁn%ﬁcgc& f}nd havn%g a cutting

surf&@ngRgted to the body, wherein the cutting surface

substantially faces radially outward fromthe central
axfls, aam owtestehe milliag elﬁﬁ@nttoab@e@i:ed o Hip bodherd hpwing a cutiing

b A2 QPR ) AR L PSR Bl gurce o

the lhn@aubéuhmn@bldnhm @l enent cutt| ng surface has a
| ongi t udi nal which is dis

th d at l f .
{8 abBUEU6! (OIIR GREMED: RARSFSH e HRSHERTor, Sgforton of 2

cuttlﬁé L8R &f t'n@ lhetr@ rﬁlhﬁg%ﬁ'élﬁéﬁ' is fochfed & a grEbRr %dlél'd"ﬁance than the
ead according to claim3, wherein the inner tube

cutting slifaee eﬂtbamnermhetmﬂigwgs@@maeb has a | ongit udi nal
l e ed at an angle of from about 10
8%%%8%&%“9@?%%89 th respect to an axis parall el

to the central axis, and wherein the inner tube

2. mMihé lﬁﬂlllﬁ%%@@ﬂtac&blﬁtnqﬂ@ aalif ‘&Gﬂheheifh the |nﬂ1wltllib63ﬁwllfﬁg3919ment has
about 0.25 to about i nches.

a baggchprtiom gvhien %?dlwtaélwaﬁ%e@t@@doéhe(j%’éb’ he %%%&tmg surface
subﬁé‘ﬂréﬂﬁ“fﬁk dAdlélP ﬁbﬁf@%ﬁn ML cgl%é'l BIESHY wﬁereTﬁ‘@he inner tube
mll1ng head accordin

g to claimb, wherein the bevel
millimg elemrent é fixable atavanpeof distances from fivielceniigl adsenent
cutting surfaces are each independently fixable at a

3. ' a?ﬁg n%ing head according to claim 2, wherein the inner tube milling element
cutting surface has a longitudinal length which is disposed at an angle of from about 0° to

about 60° measured with respect to an axis parallel to the central axis.

4. The milling head according to claim 3, wherein the inner tube milling element
cutting surface has a longitudinal length which is disposed at an angle of from about 10°
to about 37° measured with respect to an axis parallel to the central axis, and wherein
the inner tube milling element cutting surface has a length of from about 0.25 to about 2

inches.

5. The milling head according to any of claims 1 to 4, wherein the outer and bevel

milling elements are both present.
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radi al distances fromthe central axis. 7. The mlling

head according to claim5, wherein at |east a portion
wofhodslaodaevel mlling el enent cutting surface PET/US2005/015440

| ocated at a radial distance fromthe central axis

| ess than the radial distance of the cutting surface

of the outer tube mlling elenent. 8 The mlling head

according to claim7, wherein the body conprises an

up er section connected to a | ower section, wherei
8. heunilipgthese arcPidingyicepiaim At Whsrein irebesd niting r@éemeni and the

o B TR RS0 ek, B 0L b e e o

radisletiditioces fBom Tecentidl exig. head according to claim 3,
wherein the outer tube mlling element has a cutting
. edge affj xed at an l e of, fromabout 10 to abo
| g Re r@@b‘&ct‘e@‘% aaw@i%gswp iR VARSI Rio'epRie M%P? the bevel
mllhﬁ'eﬁeméfﬁ culityy Birfdceng 1eRE af &adizNgistshce! fdriie central axis less

erein the outer tube mlling elenment cutting surface
thani tse aadiak disiencelpbiharsingwayface ofiherruieidvee miling Elegent.
el enent or inner tube m I1ing el enent cutting surfaces
ot h. whe ma hottomend o he body.
5. 11 TR et SreEng oo ang PRy e kol fafBfies en upper
sectith conhetetno bhewerkddtion, iaeerinl the paileme rillitg/élehieai is connected
surface is rounded or conprises at |east 1/8 of

to the pERRF T8RN and @‘@d@%’ﬁ*‘t jfing e&em@mteanqlgmemtébeﬁmlﬁn%@Iement are
rﬁ&%?dﬁ‘)%@ﬁ&h&%etcﬁoﬁl aim1ll, wherein the outer tube
[

ng element cutting surface is ovoid or conprises
at least 1/2 of a circunferential segment of a circle.
9. 13Thd inmllmfg IHetad @cb@ddtg&toamldi &g/vtneTem theroutst, tubd atilﬁhgm element has

he 0 fg% %(53 & anﬂ'g?qtzmam ?@?U“t %ﬂfﬁé hfiSsnect to an axis

perﬂ%g,@|éﬂlt@fﬁét§nt@faflgom 0.25 to about 0.50 |nch 14. The
l'ing head according to claim13, wherein the outer

tube mlling el ement dianmeter is fromabout 0.312 to
10. abdbe roillg@sheart accarding Tieeclaim 17, wheaieiadtheceeditulg milling element

cutt@ﬁy ru@{ag@ % gr@r’tﬁg} (glst'aitge %@Jgﬁt&nt {r\% F%{tl@l@% %{)éﬂtertt' dt9nner tube

millieg eRntem gutting salfetesemrhoth when measured from a bottom end of the body.

11.  The milling head according to any of claims 5 to 10, wherein the outer tube
milling element cutting surface is rounded or comprises at least 1/8 of a circumferential

segment of a circle.

12.  The milling head according to claim 11, wherein the outer tube milling element
cutting surface is ovoid or comprises at least 1/2 of a circumferential segment of a

circle.
13.  The milling head according to claim 12, wherein the outer tube milling element

cutting surface is annular, and wherein the outer tube milling element has a diameter
of from 0.25 to about 0.50 inch.

-22-



wherein the slotted bore has a length greater than a

di aneter of the securing elenent, and wherein the
welhoistoagh4lbor e al l ows the outer tube mlling el BABRMIS2M06/015440

be adjusted and secured at a plurality of different

positions with respect to the mlling el ement support.

16. The mlling head according to claim15, wherein

the slot of the slotted bore has a |l ength of from

0,15 to about 0.25 inch neasured on the back of

14. 1 h§¥‘ﬁ| milingghesd aerRrding7io gaig iy YhRERih &gl obite dvie FYllieg slement

dlar% ir 18 fH8m MeRE 81 A el b'%"%rh%iﬂ is arranged

stantially perpen |cu ar to the central axis. 18.
The mlling head according to claim17, wherein the

i5. OUtl . rfgﬂgribw?l g %%oir g]nﬁgtan%,/l 8it cfal ngtLh o 514f ! %er@m tHe outer fube

milling element has a face and a back with a slotied bore exiending therebetween,
wherein the slotted bore has a length greater than a diameter of the securing element,
and wherein the slotted bore allows the outer tube milling element to be adjusted and

secured at a plurality of different positions with respect to the milling element support.

16.  The milling head according to claim 15, wherein the slot of the slotied bore has a
lengith of from about 0.15 to about 0.25 inch measured on the back of the milling

element.

17. The milling head according to claim 16, wherein the slot length is arranged

substantially perpendicular to the central axis.

18.  The milling head according to claim 17, wherein the outer tube milling element

slot length is from about 0.18 to about 0.20 inch.
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