FSH4- 50834- WO FABRI CATED M LL BODY W TH BLADE POCKETS FOR | NSERT PLACEMENT
AND ALI GNMENT | NVENTOR: JAMES S. TRAHAN FI ELD OF THE | NVENTI ON [ 0001] The
field of wheoixmwadskion is mlls for subterranean use an@Crirseoipae17€ul arly
mlls that ha¥§§§ bgﬁgé&fted body with bl ade pockets for placenent and

al i gnment  of PP BACKGROUND OF THE | NVENTI ON [0002] M I I's that are used
for making casing exits typically have a cast body with a series of bl ades.

Each bl ade has an arfgiiCATRPMALY BOHY WIS BRABRPOERRTSS comonl y
referred to as PDC I nggity .SEE{HS REE PAND AR IERMpEL$ are cylindrically

shaped and di sposed on eac ade In a specific arrangenent that uses a

nesting feature where inse?N§ENﬂtﬁ8§éﬁﬂﬁS§f?ﬁ§&%ﬁ@t frominserts in the row

that is above. Because of this arrangenen oad during mlling is

better distrigﬂﬁﬁpqu%ﬁgﬁﬁﬁ?&H:?gy damage and increase mll longevity. In a

gi ven row of inser s also an optinum center to center spacing of
the inserts. [DOOB] CAbe fiblddifabe suedtioass itilds for detgerdnbaduierandskord, 117, 960

have been used. .These bhodi require e. bl ad to be integrated or

ok ned wi ¢ hPEHE R mEadyT T drEier B WREERA SulhlAaEERT he bodi es
usi ng wel di ngatceaipmauesidshal enpl oy hi gh tenperatures and can cause
stresses int t .t | ocati ons. Sone designs use fully
cast bodies mgﬁﬁggg%kgwg‘gﬁTﬁE§§§§gﬁﬁﬁH for inserts as illustrated in USP
7,178, 609. Theoook| ustMind et BRSised fadrSmakitiuadsinkWiat in@ically Ihhvd @kadidki ng a
casing exit and continuing to drill a |lateral wellbore. The cast bodies

i nvol ved a si Agle™ilBet gict Ahiledes nliyd Rl Bast & axdy eherycaripling ve.

[ 0004] Casi ng @¥hfondMidsk®s EORh&ARY hofeh@V R B! B Sndhatmabie WRligdmt 0 a machi ned
body using wel ding techni ques that enploy high tenperatures and can cause

stresses in tHeeBody alindnirallyshaned madt disngeast Poigach hlads dn @nsesific f or

arrangement that uses a nesting feature where inserts in one row are offset
from inserts in the row that is above. Because of this arrangement the load
during milling is better distributed to prevent body damage and increase mill
longevity. In a given row of inserts there is also an optimum center to center
spacing of the inserts.

[0003] Cast bodies such as those described in USP 7,117,960 have been
used. These bodies require the blades to be integrated or machined with the bit
body. Other designs had welded blades to the bodies using welding techniques
that employ high temperatures and can cause stresses in the body at the
attachment locations. Some designs use fully cast bodies with pockets in the
casting for inserts as illustrated in USP 7,178,609. The illustrated design is a
dual function mill for making a casing exit and continuing to drill a lateral
wellbore. The cast bodies involved a single use mold which made the bits
extremely expensive.

[0004] Casing exit mills typically have blades that are welded to a
machined body using welding techniques that employ high temperatures and
can cause stresses in the body at the attachment locations. Additionally for

initial assembly there was a logistics problem of stocking separate bit bodies,



initial assenbly there was a | ogistics problem of stocking separate bit
bodi es, FSH4-50834-W0 bl ades and inserts. Typically the bl ades were
manuf act WweaoytoBs42| at faces that created placenent var ipabiuszag/or2734 he
insert positi ggliﬂn_g é%1,3[4_ 5]Until recently, machi ning equi pnment was not
sophi sti cat ed 6 8 t0 machine a mll body with integrated bl ades. The
insert placenent on the blades particularly on the I ower end of the mll

al so present e desPin@ s, ir? i@ﬁ%{!‘tﬁé Blad&"WRerd RaRBaTREN AL Aad QLR didpe bl ades.
Near the bottom center of Lr)1e Il the spacing was so close as to preclude

a mlling nachicaed plaementidriabilityhie thegnserttplesitiosingil d be the receptacle for an

insert. This ec orientaf i i . t hat

| ocati on gener@%?j/) p?ﬁ%@rﬁé&?& 1%%&?{6&{ %qgﬁhngé;%% ﬁ&dltrr%gﬁ{l%t%?t\e%@?%oﬁl%%xi S creating
a cl earance t gomsetend a noll dbdyowith hetegraict iblidag Thgunserrenidcememesisthe 0 t he bl ade

| ocation without interferin Lth th jacent, rece cle. art fromall

t hese reasonsgtléﬁsltesS R uIaW tqﬁlgtP ?\,1“(130 Ve Ogﬂ‘l en%@h‘iﬂ?ﬁ Hrﬁs nEeec han%rPBfgég‘ 1gvai | abl e
until recentl podktiswase nobe oacishadeihedhe ddesriNeat thy boeasicbhter dfotheachi ne
bodies with intg ral bl ades and insert @acket.ﬁ. O‘tgn gverl opked in such an
anal ysis was PHETCORPERS W) SLHLE B0 SIEERF AU H58EE dL L PAKDL £ r om bl ades
for specific bedi®s tandoildsks the taptaspek fahGndtkiadas. whdBQahsth@e pr esent

i nvention overcones t eﬂwprobl ens vvi}lh cast bodiaﬁs descrj bed above and

of fers a machPH&WH98 ey Egttahatgpsages eersilymeRendiseRetosthat a desired

spaci ng and f wibidlindf fogisn t Z& QRhtiMN Oklcaragtd d& fsahnt ke ajinsemts in the
pockets should they have a cutting end that needs positioning in a specific
orientation t8afhinae cHRPIPE Beserslo Uaphladedpeatine Wibew dptsreringtwithethy near

parallel to thgadpt I%E%Qe[&‘?é AN B MhAL kORordsOw{saghd %R ©ERERENI ng those

pockets. Those'skilled in the art will fully appreciate the present

i nvention fromaghipiag| wehnofogyhavallablgi pad decseily pti ops a8 ¢teidegdoci at ed

drawi ngs whi | i ; | i f i ion is to be
det erm ned frgcr%lﬂ? gﬁg%g%% tipg%%lg%§gmﬁ%p%&§¥%Eb%ﬁl%EW%%%0007] Amll

body i s machi nedeisnOéign aivegookied hn bheldes anhlasis hveps ethpdedisicsl test oécei ve PDC
foature to ensaeuid ALT PHES el Fich'BRAL RPERELE, KA MEBHE o0 Ment at i on
are put into speeifjobtklets at the right orientation for efficient mlling.
FSH4- 50834- V\D[OOOG] The present invention overcomes the problems with cast bodies

described above and offers a machined body with integral blades that have

pockets at a desired spacing and further offers the option of a guide for the

inserts in the pockets should they have a cutting end that needs positioning in a

specific orientation to function properly. Some of the pockets feature a near

parallel to the rotational axis orientation to facilitate machining those pockets.

Those skilled in the art will fully appreciate the present invention from a

review of the detailed description and the associated drawings while

understanding that the full scope of the invention is to be determined from the

appended claims.

SUMMARY OF THE INVENTION

[0007] A mill body is machined integrally with blades that have pockets to

receive PDC inserts or tungsten carbide. The insert pockets can have an

orientation feature to ensure that inserts that require specific rotational

orientation are put into the pockets at the right orientation for efficient milling.
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The orientation of sone of the pockets closest to the bottom and center of
the bit have their axis reoriented to a near parallel orientation to the
bit cent evoariziosxm2al | ow the bit body and bl ade fabri caPCoUSegRioparent
access to dri FgHgg §'4 t pocket. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0008] FIG 1 ‘§8e sBective view of the fabricated m Il showing the
insert placenent; [O0009]FIG 2 is a close up view of the bl ade area of the

mil in FIG % [OQLRLELBond: &ﬁh@?&%t& ot &Oboddaeafl dehiePbr i G 1; and

[0011]FIG 4 is a detailed view of a pocket show ng the orientation feature
of an insert Whéaveithgertiegoiimia t hacpaelede! drigntaten @dhniiheenteDENAI LED

DESCRI PTI ON ! !}NF [ 00. i - 1 the mll
10 has a thrg[a%da-ell_g@etrﬁlgﬁggn ec dil%(li)%gf [%\&Ia;)crﬁeﬁglﬁﬁ%ﬁgaﬁ%?%%ﬂé{%gh%%y 14 that
has a series pfckbl. ades 16 at a |l ower end 18. Inserts 20 are illustrated as

cylindrical SB%?@?P%&R%?OWI%QE%?MW{}Q cal shapes that require a

preferred orie S concept Is illTustrated in FIG 4 where an
insert 20 has[G00Bpy PH:.t hat a gespeciing eicav shépdabipack ahill2doivingt the bl ade 16
only one way so that the cutting face 26 is oriented in a proper direction
with respect tBAPEEMPhl axis of the insert 20 for optimal cutting
efficiency. [{0D08] Ther@sienbloye sivawe of the blate arka biSthé all ingatGed from an

initial shape hat e body 14, al ong wth e end threads 12 and the
bl ades 16 and[qs(ﬁg ar Fy df & Y@W?ﬁt@éﬁwﬁéﬂrf’éﬁu ‘Qgtur ed as an integral

structure. Thpmdyantages ioff &ialdbed rsa hadred aRkin deesitailg i s that the
dressing of the blades before initial use 1s uniformand predictable as the

array of pock&rsurod agirservAen iserirddate theglogkrs forgtaghaedli t h respect to
adj acent | nsepgA20RH DISRILFIAEOHIYRUIRIBGRUSSEARRPRAKEE S that are al so

part of the fabrication technique are precision nmachined for |ayout and
spaci ng as welQ012F déstshowt int HE. pobkeils 1@ has arhecaderbendt eonpgytiemd2t hen be

brazed to theleghiﬂ??o HBebheRdlHdal g tlﬁaghgse§§bgi@ghpgla&gqlﬁﬁt]aqgweru:l@ brazing or

ot her equival ent Tow tenperature technique to secure e Inserts 20 to
their pocketsl®@2lmets @9 serdlograyai ng dyhddrced shapewdwh dahehdyb agiws 16 and t he

Egﬂi_ ééSgZ_ \‘j\%@yn%é’aﬂgﬁ YOSR e RLAdES pRAYRA! SidiaddE I8 ERedGs P L

illustrated in FIG. 4 where an insert 20 has a key 24 that goes into a shaped
pocket 22 in the blade 16 only one way so that the cutting face 26 is oriented
in a proper direction with respect to a central axis of the insert 20 for optimal
cutting efficiency.

[0013] The assembly shown in FIG. 1 is fabricated from an initial shape so
that the body 14, along with the end threads 12 and the blades 16 and the array
of pockets 22 can be manufactured as an integral structure. The advantages
offered by this fabrication technique is that the dressing of the blades before
initial use is uniform and predictable as the array of pockets 22 are placed on
each blade 16 and with respect to adjacent inserts 20 in a precise layout
because the pockets that are also part of the fabrication technique are precision
machined for layout and spacing as well as depth of the pockets 22. The
inserts 20 can then be brazed to the blade 16 when in the corresponding pocket
22. The brazing or other equivalent low temperature technique to secure the
inserts 20 to their pockets 22 avoids stress being induced between the blades

16 and the body 14 as can happen when the blades have to be welded to the bit
3



body as in the past. The machi ning of pockets 22 assures the desired array
on each bl ade and the desired extension fromthe bl ade surface. [0014] FI GS.
2 and 3 swows1¥mesyets 25 and 26 that have an axi s rotat @iTAPSpIIGNR2TAL el y 90
degrees from ggijﬁ_gs%_@serts 20. This is done so that the pockets 22 for
the inserts 2 n be machined with the equi pnment that fabricates
the body 14 and the blades 16. Wth insert |ocations closest to the center
and bottom of Lt fie,bpdy P TREfSHiRR BEpRRedd 3848wl (RMLRIBRLy BfCess to
drill the pocket 22 and interference wth adjacent pockets so this problem
i s avoi ded by cachdtadennd thg desired extensicafiranhée padkatrfaghd t he subsequent insert
that is brazeghd4af 0 | . 5] Those
skilled in thg)dglrQl W!chﬁss'%p%)llra:%f@t%% 19]%3%%%%8%6?52&0 a?%ﬁl??g%ﬁ%ltlgtgée results in
a unitary bit agmokibhalyedladegaargdmentdjwdeer @sarhe20bllhides dhave thriother | y spaced
pockets of the desi,,ed depth rientation. The .inserts ar hen inserted
P the” pocket S 250 B¢ Ty Bradc B Bh i Fidt B b didt can be-useq.
For inserts t htichaviae bodyoBt amisthablages 16 Véittpinegetocattane aloadst @nthabout t hei r

| ongi t udi nal axes tagre cgtn bE (Se]g'e%way in a. rooge i.n the pocket or the
opposi te ori eRFAHABH Poifres & the o P 0 BEA INEE RECIURIRTL A%EERi ng gr oove
:n t he idnselrtdﬁn) tﬁdv\’;zickétm dnﬂSﬁgltf&eﬂjgavigﬂadjﬁgntQﬁ)@mﬁ sc?ﬂﬁgﬁplbmbinckm about E) hei r
ongi tudi nal axe en inserted to_he braze Sonme of the ckets can be
oriented cl os8Yi4ed by TPYyHRERE thjaxk of Hie negked apd the ROSEEPL Tﬂer{)‘gatdf"l ow access
for the machi Biapgl ie@Ui PERkhd KRk BBodREket i n what woul d ot herwi se be a
tight or inpossible fit without the reorientation for specific pockets.

[ 0016] Anot her [BHwhnt dfescatkilleedn dhe i 3y il e2nprictaicalthay she npPYuGtiant hat t he
inserts are aldnRgRRELY i HR%8obipR tﬁ&detaﬂﬁn%%ﬁféﬁﬁfzh&é(fh@@ﬂd%afvépm the bl ade
face. Even if the mll is to b€ redressed after use with fresh inserts, the
same advant ag@rogenly spagedepaskeys akdgicsitpdtdeathinng gasntagan. dhe infserlsagiiequat e

structural copdjti rnql ~ mtheir

respective poc leltulésgﬂfcg@%%ﬁ %(\éﬁn@?é)?e;&é@?&g%%g%#g% %@Eﬁ%ﬁ&l%{e? h the bl ades

t akes away a Faghesusi¢ dior ouertsethat lofe s woikitaltpddn f fpeapenerigitation bbaties t o go

w th uni que bqdi V, t Q I fr Lng the

bl ades to t heﬁggg(?/nglﬁ H&ilg&%ggnsot? grelcglggéi?g%a?é%%tgﬁ%vr%z%% g l?\r'[\ﬁntgéf acility.

VWi | e usi ng coppuiteorienkSbd WHEB34e WY is omtheglokled andie manihing gremlenn ques t o

produce the m'[I I iwi Ehsoi ey al_bl ades aqge pockets. 1S.i niag(i)uz%\l tlhé,(irmre costly,
t

t . .
t he hi gher per of"Encé hﬁat CHRSe “Bbthi Ned AT tREMELBt 4PYEn88h | ocati on

can nore thanlcoginpkns ake whin tnkeateld nbtheabra@dssordé bf eeepieketover beurrent cast
Do e G B SaE Ay B ek b b R TRy, L, bl 2des
to allow al t emRahickBingN&RIFmea0 & gty @k ipadiet ivwha wWaed oddrvdlyb@hven bl ade.
[0018] The aboy 8 0 RS oshbte A without the Toericatation for spect e fockers | ¢4 embodi ment

[0016] Another advantage accrues during the initial assembly in that the

inserts are all properly arrayed and at the proper extension from the blade face.

Even if the mill is to be redressed after use with fresh inserts, the same

advantage still accrues assuming the blades are all in adequate structural

condition and the worn inserts carefully removed from their respective

pockets.

[0017]  The unitary structure of the body with the blades takes away a

logistical concern of stocking different size blades to go with unique bodies

and removes the added body stress from welding the blades to the body in a

remote location from the manufacturing facility. While using computer
4



and many nodifications nmay be made by those skilled in the art w thout
departing fromthe invention whose scope is to be determned fromthe
literal awo 2etuiosARent scope of the clains bel ow FSHAPEDAB201402173€!| ai m
1. A nanufactgghng gﬁy d for a mll, conprising: integrally machining a
mll body and Brae senbly extending fromsaid body; integrally
machining a plurality of pockets on at |east one of said blades. 2. The

met hod of cl ap i diied AR Aifh RQAnilR8 86 biddBed BS &lif %Vleh%t@géﬁmgde@%&et s. 3. The
met hod of claim 2, conprising: Securing said insert when placed in

sai d pocket t pockhie isipitraby neragysiy. a@dllgh@aperﬁémamsh%amdbqymmftd at4, The
met hod of clajn g2 'ﬁbﬁ?)n can_mote® lﬂ&hn%nﬁ)ghs%iel %%% &ﬁf%’u' n said
ndi ng ade.

pocket by brazing sal Insert to a surrou net hod of
claim1l, conpdﬁ@&mg:Odmspusmngwsdkdypadm&mssVﬁwapQKQESMenwmme@earray at the

bl ade per phe{ﬁtiall?'me%ﬁ%eggg CLI fes greapr(r)HuCéd Or 1 Esllrsed "9 be omitted to
reduce cost of fabrication or to allow alternative insert configurations to be
used on any given blade.
[0018] The above description is illustrative of the preferred embodiment
and many modifications may be made by those skilled in the art without
departing from the invention whose scope is to be determined from the literal

and equivalent scope of the claims below:



maki ng the pockets of the same depth. 7. The nethod of claim5, conprising:
orienting the central axis of sone pockets on a predeterm ned bl ade at a

di f f er entwarngl2¢108d42h respect to the body axi s than ot hePCpaskeR®21784 t he
predet erm nedﬁ%‘ﬁgﬁ A The met hod of claim 7, conprising: | ocati ng
sai d pockets W% f er ent angle for their central axes near to bottom
center of the body. 9. The met hod of claim 2, conprising: using an
asymretrical [psgyt; providing an ori enti ng feature on the
asymmetrical 1nsert and a pocket that receives said asymmetrical insert

that only all dws ativameiapgrinhected foretrilocaprisisgrt into a pocket in a

single orientation, gﬁﬁﬂém‘éhlﬁﬁgmﬁu% %n?d e {sg’sal& é:{(t&ﬁm%g from Placing a

key on an insert an roove ocke 0O acce O Insure a
desired orientati onidfodganggiatip mathlnlngsmﬂmﬁaﬂpmtam atTdsvet gretofiod of claim
4, conprising: u5|n an, asynnetrlcal i nsert; providing an orienting
feature on the asy ]% *i®al insert and a pocket that receives said
asymetrical knserThehahodsflcyuimlll ewgpragganci ng the asymetrical insert into
a pocket in a si nglnseert(i)rll‘gI 1gsretrtggnto said pockets.
3. The method of claim 2, comprising:
securing said insert when placed in said pocket to the surrounding
blade that defines said pocket.
4. The method of claim 3, comprising:
joining said insert placed in said pocket by brazing said insert to a
surrounding blade.
5. The method of claim 1, comprising:
disposing said pockets in a predetermined array at the blade periphery.
6. The method of claim S, comprising:
making the pockets of the same depth.
7. The method of claim S, comprising:
orienting the central axis of some pockets on a predetermined blade at
a different angle with respect to the body axis than other pockets on the
predetermined blade.
8. The method of claim 7, comprising:
locating said pockets with the different angle for their central axes near
to bottom center of the body.
0. The method of claim 2, comprising:
using an asymmetrical insert;
providing an orienting feature on the asymmetrical insert and a pocket
that receives said asymmetrical insert that only allows advancing the
asymmetrical insert into a pocket in a single orientation.
10. The method of claim 9, comprising:
placing a key on an insert and a groove a pocket to accept said key to

insure a desired orientation of said insert.
6



12. The method of claim 11, conpri sing: pl acing a key on an insert and
a groove a pocket to accept said key to insure a desired orientation of

sai d i nsewD.201231033Re net hod of claim 11, conprising: di PpPaiSe@28217d4 pocket s
in a predeter ﬂﬁg ?3’4 at the bl ade periphery. 14. The nethod of claim
13, conpri si ngb K e pockets of the sanme depth. 15. The net hod of
claim 13, conprising: orienting the central axis of sone pockets on a

predet er m ned; pl adg,AedodfclHhanto ging: with respect to the body axis than
ot her pockets on the predeterm ned 16. The method of claim 15,

conpri si ng: | eortanrgysmetdcy orsket s with the different angle for their
central axes near Igr8V19191%ta8 %h&%ﬂltg%gatl?r]; ohtf'l% Q?S}ﬁetrical insert and a pocket

that receives said asymmetrical insert that only allows advancing the
asymmetrical insert into a pocket in a single orientation.
12. The method of claim 11, comprising:

placing a key on an insert and a groove a pocket to accept said key to
insure a desired orientation of said insert.
13.  The method of claim 11, comprising:

disposing said pockets in a predetermined array at the blade periphery.
14. The method of claim 13, comprising:

making the pockets of the same depth.
15. The method of claim 13, comprising:

orienting the central axis of some pockets on a predetermined blade at
a different angle with respect to the body axis than other pockets on the
predetermined blade.
16. The method of claim 15, comprising:

locating said pockets with the different angle for their central axes near

to bottom center of the body.



