2184963 M LLI NG TOOL FOR CUTTI NG VEELL CASI NG This invention rel ates
generally to a cutting tool for cutting tybular nenbers, such as pipe,

casi ng,\_casing liners, or tubing, previoudly installed within a quIv\%qg 5
noré par™cularly, to such a mlling or cutting tool which is ins%ﬁ@i'.‘:ng
within a well for renoving a predeterm ned |l ength or section of a tubular

menber fromthe well. Heret Vari.ou ) n r.cutting tools
have been provided for cutt91 iio.G%T’ﬁ;éﬁ%gggéﬂiggghéiie%égéﬂéasing

previously installed in a well. Such tools normal - |y have cutting bl ades
on their lower ends and are lowered within the well or casing to be cut and
then rotated in a cutting operation. A suitable drilling fluid is normally

punped down a central Thdfe HAVenkion: redgtesolgenaralily 1e ehaewbtibepeionl

the cutting bl adgsrapehtdAngPWalkhh 1E:0Mebdrde, dhwdhaggegipbli dakinghecasing
annul us out si de Hhe cutting.toql renoves th cuttlngs Qr hlps resSul ting

] G
fromthe cutting'dPEFrsri 8A &PﬁhepﬁéVﬂpuﬁﬁwlﬂﬁétF drd pathip gy Wedla and
section of exisst moge2Pactiicndaalyt,heol iskehf aomiad 14ekyl okocetitdvg keen which

provi ded heretofqre., | ons .0f .casin regr ved f.or variou ur poses,
such as, for exa%ﬁ"l efnﬁs%f%ée#)maﬁ %g'lgli det ?’%&EI n5°‘§ggF5‘Pi"&H9i e dPF(?%Fi Sﬁglllne%
drilling, to proledgth parEeciion pfodutubuldaromemberafooni tbe Weldl., to

provide cement 25 bonﬁb%ta%%e,hvaﬁ%fh' ¢ Ree b m&giligidqsgs}dchba%i% 26815

formatiion, or to_renove a Iooseﬁ10|nt of surface pipe. . , .mll1ng tools
are ysed for nil PRNE BPePeEFPNQ &6 £epscuttdnongr Pdl lisgoeri§tangr pipe or
ot her inperfego- thedagl previdonddys insthldedainna w¥illem sheh Rbadisnaozfal-
whi pst ocks in di ri L i n_caorrecti denHed 0

mashed-in areas E§C§5§EﬁéugFlpﬁegﬁPE§% kgg5§%gknﬂpﬁﬁfn§npéoﬁnﬁg§r§ Suered
plurality of bl awdthipatbe ateddt crthecamittey turbaceutfandiethenl rotahethén a
Lower 35 surfacegy@lihle opeddtdocnnoag %ﬁ%wpﬂifﬂ&é’l {8805 normally
pumped down a central bore of the cutting tool for dis-
15 charge beneath the cutting blades and an upward flow of
the discharged fluid in the annulus outside the cutting
tool removes the cuttings or chips resulting from the

cutting operation from the well,
Milling tools for removing a section of existing
20 casing or the like from a well bore have been provided
heretofore. Sections of casings are removed for various
- ' purposes,. such as, for example, to permit a sidetracking
operation in directional drilling, to provide a perforated
l ' product_ion zone at a desired level, to provide cement
: 25 bonding between a small diameter casing and the adjacent
formation, or to remove a loose joint of surface pipe.
Also, milling tools are used for milling or reaming
collapsed casing, for removing burrs or other imperfec-
tions from windows in the casing system, for placing
30 whipstocks in directional drilling, or for aiding in
correcting dented or mashed-in areas of casing or the

like. '

A common milling tool has a plurality of blades
spaced about the outer surface of the tool with the lower
35 surfaces of the blades engaging the upper circular end



Sttt 4
: * X .
surface of the pipe or casing in a cutting operation to chip or cut away -
progressively the end of the casing. Each bl ade takes a bite or cut-from
t he upper end of the casing during tation of the mlling tool. he yate.
of penetration or cuttina away of t casing is normally dependent -
several factors, such as, for exanple, the rotational speed of the tool;
the anount of weight on t he tool, the nunber and type of bl ades, and the
rate at vvﬁPEE*Fﬁe%lTs%eoP—@Gt tCP’hg‘éaﬁF-E"’ré-tﬂ)vcedc’ﬂﬁbhﬂﬁh@mdtl%rﬂml 10

penetrati gRipates keatetHior e gravedearvarwurdeeidit 6P tRecl@dmd 11) feet
renmoval of around one

per hour and. blLades have requjred re | acement after

hundr ed fgéf: }t’%ﬁé‘ﬁ 78 <%, i’f'lﬁng"’tl"urcgﬁtn F b2 r BERATSPRS Rthds € n

I ength t hetstand dhnmm:rlrc&mtidﬁ edsfieshevwrtanlezaxﬂ"l tddEr 19k haweﬁeefr
provi ded f.Qr ritl.c I -obt n|n ey h| h rate ene-
tratidn |gg|r‘§§:? %lféé‘rm?/% é"# %t s rap t(i—*:l’-’L "% sofrf%ﬂ‘i t he
limting fepeodent tdre severad (fp@rmson $uch hesrat8onf examplal, dfhd he

Tetal ST 2B RBhLA! opdu@C20nd ULGLDOSLAL SHAYRRODS QUL IBSLELL!

S
times, such_renopval rates. resen%J i nventron i s parti- "IarTy rected

to a cutttR§lvodheadspbeg F@dbémred’]ﬁqelﬁvn 3t d’d’t%rrwﬁsﬂ I=f€:a§11rfg:f1for

cutting, @hendHighs Wr cbueamgsaa&ectf@ﬁb@d 28rbANghB Qfe1aN XAy casing
prewouslﬁ8 gtalled in.the ed | hes eC|‘{1|cat|on nd cl ai ns

herei by t REREEFME "SEsFﬁ‘é:'essIl?&I‘IEtl?fsr Cﬁ’tﬂ fEFrpel8leds ng, .-
tubi ng, | elewen atitipt feetsipet ahoturbudmd hs&a:ﬂelss Havsd ah:qulwehhlfe-a WEW

Accordi ngptlgceggn'ﬂr e§§€éri r}\é%g)iacin B@ergrééngr%\ﬁedeﬁu%dred feet of
casing. Also, long turaings over around six inches in
length that tend to curl and internest with each other

15 have been provided heretofore.
A critical factor in obtaining a high rate of pene-
- tration ‘is in the removal of the metal scrap material and
oftentimes the limiting factor to the cutting operation is
the rate of removal of the metal scrap material. Long
20 turnings or shavings tend to restrict, at times, such
removal rates. _

The present invention is partic':ularly directed to a
cutting tool adapted to be lowered within an outer well
casing for cutting, grinding, or chipping a section or

25 length of an existing casing previously instelled in the
well. As used in the specification and claims herein, the
term "casing” shall be interpreted to include pipe,
casing, tubing, liners, and other similar tubular méinbers
installed within a well.
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cutting -tool for cutting a previously installed nmetal well casing at an
open upper end thereof, conprising a body having a portion adapted to be
receiwed within 5 said casing for rotation about a |ongitudinal axis;
a pluralify of blades on the body at spaced intervals about the body and
extending'outwardly therefrom each of said bl ades having a base with a

| eadi ng surface 10 relative t@_.the direction of rotation, a plurality
of cutting elenments of a predeternined size and shape secured in a
predet erm ned geneAeddndingy rwethe cpregmttt dnrehvionithdreadsngrovidate of

sai d base, each of g e ont cuttlng 15
face, an opposed re%‘?tg]fr%%ogegﬁ#e fhé]{%hgggY oﬁrﬁpgz\%%?‘; sai d
base, and a peri p¥ethlcasino aﬁea@mmmumeneemetho@,f aompr:;leingnang a
relatively sharp cubéd qlﬁc&ﬁ@ at pbheidd MiaptedOfo L ﬂ%rellraaaf {mﬁiﬂface and

front face; 20 said c t|n Ignents bei ng aB05|t|one I n closely spaced
si de-by-siderel ati PRFOAF AR aPRY; & Qﬂﬁﬂ@&@éné i @%&k%y bl ade in

a plurality of closely spaced substantlally paraIIeI rows extending 25

general ly outwardly_f X t.he _arrangenent heing
such that in use v\,h%nIS ﬁ#ea]tﬁg’l % i’f?'lde% %bge#%?x Vi SP&FP@ é?? 2% he
front faces and asbont a-tl’@dbedrtm exthpadiing outwarsdlor wherefnom; repch

el ements define aofléwa bladaéfﬁa&iﬁ@elaymgen&m&w% I%Qdmﬂ Colbt £40
surface mhlch eSS|veH%% worn away during a cutt] perati on,

sai d_gutting Qurfa Ity atPakle Lieatder: PEnrekatian t éoPltlEa-H-‘ﬂé afto
sai d upper end of tdettiary @geménastxufta ngpredbtermined esive NBA@! $HHpd ngs

bei g worn avey sl TS Bhnord 19 HOTERRRBH oAy oBPREE i at 1 on
continues with the patternudocssidcleadinggusface vt said base, each of
said cutting elements having an exposed front cutting
15 face, an opposed rear face secured to the 1leading
surface of said base, and a peripheral surface
extending between said faces defining a relatively
sharp cutting edge at the juncture of the peripheral
surface and front face;

20
' said cutting elements being positioned in closely
spaced side-by-side relation to each other on the
\/ leading surface of each blade in a plurality of
closely spaced substantially parallel rows extending
25 generally outwardly from the axis of rotation the

arrangement being such that in use when the tool is in

its operative orientation the front faces and
associated cutting edges of the lowermost cutting
elements define a lower, effectively continuous,

30 cutting surface which is progressively worn away
during a cutting operation, said cutting surface being
arranged on rotation of the tool to bite into said

upper end of the casing in a cutting action to remove

metal turnings from said wupper end, the cutting

35 elements and adjacent base being worn away along a
generally horizontal plane as the cutting operation

| continues with the next successive cutting elements
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t hen engagi ng the upper end of the casing in a continuous cutting actdon, -
said cutting elenents also bei ng arranged and 5 constructed
to act as <chip breakers, whereby a substantial majority of the netal
turnings renoved fromthe upper end of the casing have a relatively |ae. .
t hi ckness and a relatively short lepgth to thereby assist in mnimsing:
internésting of the netal 10 tup[nl ngs and to enhance the renoval
rate of the turnings fromthe bore. A cuttln tool accqrding to one
enbodi ment of FRENFFRGASHNG ntBAt | PPEONEAGs e Eﬂ%r &a8iP9of IR oved 15
cutting bl adesontimsdus suttddgl aoriemch ot her bet ween around one inch and
three inches about the outer periphery of a generally cylindrical tool
body. Each blade is generally identical and has an el ongate |eading pl anar
surface inclinsdideautdvidiay elements 2)so bepeg eratrangedrespmdt to the
axis of gotati QBﬂséﬂﬂ:téH | opgr g geEti %‘l'u. acgrééké:fgtl %eggﬁ%acé Wi t h and

biting into pper. circul ar end of e casing to be renbved.

i nclination of Suhetantkdln gajrahky %%rf':é@e pesal t StYINinggr a5eRevedr puI I ing
of the |cwer cgbbhnoekslgRppek0Sénd haof ARy caBihg Hav & &énaaseepj the

casi ng being cut a proyi de Qve no utt| ng action
which  al so resgFes }H?quﬁé ?Bﬁ\{rraﬁl dfr?q'aﬁf'ggigl aﬁqﬁ’% 9‘ P ength
turni ngs or chtherdbwiaspistl engmm.i.mm.ngha.ntemest:ntgesft Ihheelhqtab permt

th h [ d. 10 ...
Thg ng 0;18”2\6?4?‘531 %%] eachegl %é%g%%egr%ﬁé‘yapl ur alel t?egf&gl )
car bi de cutti njueningstirogetheclorer t he

A cutting tool according to one embodiment of the
present invention comprises a plurality of improved

15 cutting blades closely spaced from each other between
| around one inch and three inches about the outer
periphery of a generally cylindridal tool body. Each

" blade is generally identical and has an elongate
leading planar surface inclined rearwardly from its

20 upper end with respect to the axis of rotation and a
lower cutting surface in cutting contact with and
biting into
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base of *the bl ade, and in the enbodi ment shown includes a plurality of
nmetal carbide cylindrical discs arranggd I n adj acent generally horizontal
rows,: each row having at 15 |east t W carbide discs therein and being
istaggéted wi th respect to adjacent rows. The hard carbi de discs are
. secur.ed such as by brazing to the base or body of the blade and formthe

| over cutting eige whLeh diga.qnbidse LAt 0w NEURNET LT LhE,ERS NGO

be renoved. carbi de cut elenen Ssupportrng base
t he bl ade wear awaylnabnonheaﬂ otre elmcﬁq;‘nfnq he’bhade s iare cyesivigs in a

operati on conti gugssindnet Bakness of the bkade badkisupnastingctbes tne

carbide cutting el éfenfs I s around tw ce the thickness of the discs and iIs
formed of a m | @28 PégﬂaﬁaﬁéFlédﬁi%QQNQﬁﬂSP%N%EE&P%eQ%hnﬁlﬁés 8¥ftertc

than the nmefal gasPide daﬁcslzﬁ&ct&@d aéanb&lﬁag duiddhe awrdlonf | adn ifclr rre.deb,y
t he bl ade body contigtln I S.m ni

upp of th cash zed
| ower cutting sHFfR sofgflhe Fadgo °§o °§0 EﬁlFg&VﬁégatﬁgérFak&ePGFHEd
by the rearmardtunnknaaucr1cﬁ;pﬁeﬂammﬂgmpfaeacahtl&s$laﬂammsimrampaa;

to the axis of £BLELLANCANMCLNLS LRSULLSy DBl bB0+ok deadel na.qh itn

cutting edge across he surface f rove ting acti
conbi nati on wit hha waiﬂnbn1qumﬁénngff@uaées as can be acconnndated whil e

permitting the efficipot adyhigld eshw@céer@yalveﬁ Hiadet 8k QE4ias By -
turnings fotfed in the cutiing action B of cut or bite taken by
each piade of bRtWEBAiE¥oBARI™EER2 FﬁEhlPS CBG§1 AckleFepESmsecHred t9

of mEt al CUttiB§=é/ﬂbth thHee BV4dd s and | imothe éﬁbbhﬂﬂeﬂﬁ andwhhe.lhe:ll)acles a
easy to renove f nfo t hat a‘%#rface sp eed

welJ . _It. has_be
each bl ade alona Fﬁé ggeﬂﬁxﬂeEﬁh S?rgﬁgecg §d5ﬁc5& THunfot 368un&n
three hundred tadfaceathurshere byl hicrtizdnd=tl peows) nigachpr eowdebavirg nedt
effective Cg;t'Tg QEt%WE carbide discs therein and being staggered with.
respect to adjacent rows. The hard carbide discs are
secured such as by brazing to the base or body of the
blade and form the lower cutting edge which digs or ‘bites
. into the upper end of the casing to be removed. The
20 carbide cutting elements and the supporting base of the
blade wear away from the lower end of the blade as the
cutting operation continues. The thickness of the blade
body supporting the carbide cutting elements is arouand
N\ twice the thickness of the discs and is formed of a mild
25 steel material preferably around seven times softer than
the metal carbide discs so that any drag from t?e wear
flat formed by the blade body contacting the upper egd of
the casing is minimized.
| The lower cutting surface of the blade has a so-

50 called negative rake formed by the rearward inclination of

the leading face of the blade with respect to the axis of
rotation and this results in a pulling or dragging of the
cutting edge across the surface for the improved cutting
action in combination with a maximum number of blades as
35 can be accommodated while permitting the efficient and

effective removal of the metal cuttings or turnings formed
in the cutting action, and a depth of cut or bite taken bv



Insofar as the life of the blade is concerned, the 10 blade length .
determines its life and with a twelve inch bl ade on which the carbide discs
are secured, around two hundred feetyof casing may be cut before the,bl ades.
require replacenment. Such a | ong Iifé%,blade m nim zes the nunmber of tYfps .
for the mlling tool required for replace- nent of blades. As noted : -
above, it has been norimal heretofore to obtain a penetration rate or
cutti'ng aw®Fc PhrARaSHPRFYRRR AFCURS | - 8P 2aisisdy BPgnPOB o ichyetre f eet
per hour. fdewever,shbecpresenth dHOmetal cutthad rehesnof r@epefsasi on of
fron1thirty,tqifort¥;fiv? feet per hour, 20 which is three to four_times
greater th&iinES &% BPLpLRet PR iBIF nePeR T or &S $AFY s TRV Dbt Red by
the use of thieewell. H[Hladess cospni Sougdt bhapr esanirfacd adesd ofFoga€xanpl e,

when wusin he | t Lepgpye - i - casjing. having
A ofiti sades” i tbhe  Bbebloct MM or Whe cd MY of FESEPimE
posi ti onedoft arpundatbres twindnedietpeddriee funduwrd esné didamffeence of

the cylindigealnitRle Rade it AR Heuh s feStiJECEuPERY e popuUNd three
hundred and fifty feet per mnute along the upper end surface of the casing

with a bite of around .004 inch, a weight of around 12,000 pounds,
and a torque of mgiomen Zs5ehef ddlfepotfdehant Gad¥0iEo/orRUMES, athe

penetration.rate pf between thirty and for feet in .one Bgyr was. obt ai ned.
Sch a0 n P RRSas it T ot c B S FRRBEFatToh ARESDAST UFLShoe: A SAtF Scn
surprisingbymdecmnmmhédhwthh_qanbid&uéiscsfapéne@mﬁﬁaﬁ}furmnmﬂcmﬁomﬁth
somewhat sl 4 y@‘é’ét?’fog‘ 'ééé‘%nc}o%air ageshop bﬁeFBEePrﬁﬂé argiad s / The
i nvention w be descri be nOW/é%*way of exanpl’e onl'y"w t i particurar
ref erence Fe@IWEeFeMhraefent dr 84y 1ong heife dlade minimizes the
number of trips for the milling tool required for replace-
15 ment of blades. As noted above, it has been normal
heretofore to obtain a penetration rate or cutting away of
the casing within the well of around eight to eleven feet
per hour. However, the present tool " had rates of
penetration of from thirty to forty-five feet per hour
o9 Which is three to four times greater than the rate of

penetration heretofore. This has been obtained by the use

of the blades comprising the present = +tool. For
example, when wusing the cutting tool : -
to remove an inner casing having an outisde e

o diameter of nine and 5/8ths inches with twelve blades
positioned at intervals of thirty degrees (30°) about the
circumference of the cylindrical tool body and operated at
2 surface speed of around three hundred and fifty feet per
minute along the upper end surface of the casing with a
bite of around .004 inch, a weight of around 12,000

30 pounds, and a torque of between 2,500 foot pounds and
3,000 foot pounds, a éenetration rate of between thirty
and forty feet in one hour was obtained. Such an in-
creased  rate of penetration has been unexpected and

35 surprising as compared with the rates of penetration

heretofore with somewhat similar types of milling tools as
shown by the prior art. )
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5 . FIGURE 1A is a longitudinal section of a prior art mlling tool
or progressively cutting away the upper end of an inner well casi ng
mevi ng- a-‘predeterm ned section or length of casing fromthe well;

FI GUREMB is an enlarged fragment of the prior art nmilling tool shown in
Fig. 1A showing the cutting action resulting froma prior art blade in
alignment with the axis of rotation; FIGURE 1 is a | ongitudinal
section of the present mlling tool Zconprising the present invention having

the inproved bl adesphlefGathifidn wliliil?g déy&ibglg g?pgd%wbar ?ﬂé}@e an

inner casing installed wthin a we or renova ction o I nner
casi ng; 10 Frephe sith particulay ZDefREANCHered ANS acaPBRAYINE | i ne
2-2 of Fig. 1 and s&pawirgs.he Iar thaoér@fingsfs t he cutting bl ades about the
cylindrical body of the mlling tool showm in Fig. 1; FIGURE 3 is a section
t aken generally along line 3-3 15 of Fig. 1 and show ng the inproved
cutting bl adés of tREGURE |iAndgst eolondithdinal sechiper syfecla verbért hert

mlling tool of FigSsiiseayS i1 : i 0 ting
bl ades biting into gﬁ%a%ﬁé_?ﬁ%%@r asnlﬁg?'gr&g%%iﬁo‘i %g’gyt &%%i r
casing to strip or €pd y 8 ADRenr ekl oragipgnerfaWy TERPVERGY A ze
netal cuttings a predetéaminedd sestion @r caehgth ROIAsinhg Srém € ar ged
fragment of Fig. 1 |IL strat- ing one blade with hard carbide cutting

el enents secured 25%8b &nd forning the | eading face thereof; and Fl GURE 6
IS aﬂgenlarged side el evation of the bl ade | ooking generally along line 6-6
of FI'g. 5 and showing the |ower cutting edge of the blade engagi ng the

upper end of



£

the inner casing in a cutting operation. 30 - Referring nowto the .
drawi ngs for a better under- standing of this invention, and nore
particularly to Figs. 1A and 1B in which an exanple of a prior art mﬂ;ggﬂjf’,
tool Tis illustrated, a plurality of Xl ades B are spaced about the oOfer
peri phery of tool T. Blades B have lower 35 cutting edges E for contacting
and engaging in_cutting relation the er annul ar end of an i nner casing
ICinstalled w FﬁﬁngnthﬁJt 2F AL hl?’é)‘%} fragmentpofycthes Prigrogitdssi vel y
gut away amﬁuad?tgerﬁahcme\c,i\;lsaﬁﬁl 1Y Tflgt haa relswimpi thei aatudn@g acaiidns J

et ween casin L8N t ich are nor oun s B are
wel ded ont 5%‘%& | She?f/l t fa%g ﬁ&/‘i? n&?‘l cagl:lﬁ i"rﬁ"l % t ool
and extendamnsaoﬁemntauiMn°direction parallel to the Iongltudlnal

rotational axis pglyRe hlngstqpllgg ithaiheentgsd é@cgﬁeofr@ B

rOVI e

have cé&rbi de cuttlng chi ps secure thereon whi ¢ a cutting surface
and as. shoWﬁllngg}OQKB?9EP¥b§k¥9cﬁbﬁnﬂ}?ﬁ?ﬂiﬂﬁﬁY?QﬁlQﬂaBéVBnﬁxt s at a

ri gpt ang:c 9 nip? ovied fkﬂ%@f&esfc th[h‘ér‘éforﬂfﬁie c&tftridm | |1?ﬂ5> auwwﬁé? Iund1yr end
surface o ner_. casi,n 0 .provi plurali ur ni ngs .or

chi po_C | nepd P ERoARer s e dnetadipd iant iy Wilde Sk HRTOR Y n ¢ he
si zi ng of bﬁéansbakﬁbm*mfhgheounh&nﬂaa§1n91lps C may range from around . 001
inch to .020 ingh | cknes t., of th
turni nd® over si xdlu%&re}s g% agr&%{')‘f ? bﬁe relgllgéeggﬂr%u& Oq-&gat%%g -
nmovenent rddue: i2m@ feEmEimt akt a9 t Rhovwdnar ﬁlﬁfaéé‘gmml?ﬂ&de@f Bt\het h g

upper end eutitd KaRiesOabbhf the NlihariTaia phdle yar tabl 9{11@‘ et al
chips or cuttin i Bartlcularly the 1ong length curl'ed or rolled up

shavi ngs, 'al'shaV|ngs will intertwine or internest in a
mass whi ch w | I mesmm Gt ilshen resmivbdn otakér gehekallyniaghgbidee 3HI [ 1in

fluid ?g'n%de%%hﬁﬁpegn&rgwaing the improved cutting blades of the
milling tool;

g

FIGURE 4 is a perspective of the milling tool of
Figs. 1-3 showing the lower cutting surface of the cutting
blades biting into and engaging the upper annular end of
20 the inner casing to strip or cut away in a plurality of a
generally uniform size metal cuttings a predetermined
section of casing;

FIGURE 5 is an enlarged fragment of Fig. 1 illustrat- .
ing one blade with hard carbide cutting elements secured /
25 to and.forming the leading face thereof; and

FIGURE 6 is an enlarged side elevation of the blade
looking generally along line 6-6 of Fig. 5 and showing the
lower cutting edge of the blade engaging the upper end of
the inner casing in a cutting operation;

30 Referring now to the drawings for a better under-
standing of this invention, and more particularly to Figs.
1A and 1B in which an 'example of a prior art milling
tool T is illustrated, a plurality of blades B are spaced
about the outer periphery of tool T. Blades B have lower
35 cutting edges E for contacting and engaging in cutting

relation the upper annular end of an inner casing IC

installed within an outer casing OC of a well. Blades B
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25 tthe lower end of mlling tool T through a central bore. Wth the use of
pr art mlling tool T as shown in Figs. 1A and 1B having around ei ght
bIZﬁEs\Lgr cutting away a casing section haying an OD of nine and 5/8ths
inches,™a rate of penetration of around elght to el even 30 feet per hour
was nornal heretofore with the bl ades wear- ing away at the rate of around

t i nch f ft f f ' b
Reter 1 ng now tPEPgEERyifelyl B80Sy D CRERRALEERINGR PUIRIGRRE Che,
mlling tool corrﬁ)PPQFnQCQSﬁ@‘i)r éé&ituﬂiﬂgenﬂpéntsSJl | befween edagdimg albpgahs

10 and is adaptegnieh vkt hBgmal1y hkbﬁﬁda\e’ﬁxrkgefaaeul ar etnd 12d0f i
ar e pOSI i oned w In

i nner casing 14 and a | at ed coupl whi c

outer casing 16 of a §3P§e5w§|ﬁﬁﬁ;W%i§L PPEO stiBBoPUEE T RAK IR P hicEhe
for rotatlon by eswiia8fécpdwbodyeats mikl s | tdaDVvin, anddi ekténd algoaadapted
to apply a prede Q0kol Llin ool .10 has.a .
cy}iggrycalplome%ggngeggg#??onsgggm%%chkae?PﬁggonéﬁggéfgﬁlpEP?ﬁﬁéPEFI axis
surface 20. TheoEowdrlldmy pbeeil of. of Thedyfpent i dnaddnforfimses svfibblades B
and stabilizer rh9§e22a59§asoeue£§n§pe§§§ssEbankha Eﬁ@?béﬁ Pﬂ?chngfpvige a

peri pheral surface of 1nner casing posi - tionin
accurately withi RUFRhBE &3 fage1 /Andr Ak PwhdiR4F 9 d Fb@llgﬂeﬁAFHFﬁlﬂﬁe

upper end of caseagel®. o Imarmetmoéxﬂ&n@éISae Caenﬂgﬂhtbehm% ttd”leﬁl@é n£vBheh
15 is adaptedi¥to receiy

||
it sctar e from ¢ FRSEnatopTRas: Bdng, Y388 MhEng! L8R, pular: ehinguriare of
renoves the netahnnertnﬁ@sngnﬁﬂp§x>spnavn@e,aomlmmbahtscnz@ matali ahrnings

resulting fromtpe %ﬁlgmi OPf('r%taiﬂ%ufsf o4 HEs 2aRY! gagz%%loutﬁgeﬁmmg&o

tool 10. Arelatively earance, suc as arou ‘6t h
provi ded bet ween¥&€8hiariagtiqmsin the sizing of the metal turnings or

metal chips C may range from around .001 inch to .020 inch

15 in thickness with a substantial amount of long length
turnings over six inches as a result of the relatively
rough rotary movement resulting from contact of the lower
surfaces of blades B with the upper end of inner cas-

20 ing IC. With such a wide variation of metal chips or

cuttings, particularly the long length curled or rolled up

shavings, sometimes such metal shavings will intertwine or

_ internest in a mass which will restrict the removal of the

1\ ~ metal turnings by the drilling fluid being discharged from
28 the lower end of milling tool T through a central bore.

With the use of prior art milling tool T as shown in

Figs. 1A and 1B having around eight blades for cutting

away ‘a casing section having an OD of nine and 5/8ths

inches, a rate of penetration of around eight to eleven

10 feet per hour was normal heretofore with the blades wear-

- ing away at the rate of around two inches for each ten to

fifteen feet of casing section being removed.

.Referring now to Pigs. 1-6 in which the present

invention is illustrated, a milling tool comprising the

present invention is illustrated generally at 10 and is

35 .
adapted for cutting or milling away the annular end 12 of
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22 of tool 10 and the inner periphery of inner casing 14 so that a m ni mum

| ateral movement of tool 10 is provided upon rotation thereof. 25 . An
i nportant feature of the present in\ EL?'On is the inproved bl ade de5|\gg/
mu I ng

which is designed to provide a maxinumcutting action with mnimal |o
and m ni mal fri ctional contact between the bl ades and the upper annul ar end

12 of inner to be, ut a ed. The bl ade
desi gn of tf r‘?ﬂ%ﬂfgr%flasses v%aq/%}& g%né’ﬁ’iﬂ R Rt
bl ades i ndit:'.a:tr@cﬁ atidpimmahter I¢asngg akG n@ﬁyabmdés aMiddringe Hessild y

posi 1 oned ghopkepyl g8 A% PEREY Al cole B8EI i lon DRYY B MIHE

provi di ng a equ spaci ng effective renova

cuttings oPIHAMERNSr GH éﬁﬁi}I °30’rbwrb‘|ql'4 lishqksiadaptedh 49 mppd ¥as
- shown i n Fig predetictetinhed qdﬁ?dl Q}rpr\g,aerlqahery 20 of at |east around one

inch i $ believe cessar or er t 0 Qr.ov. uate ce to rermve
satlsfactorllygﬂa Gt q}@r’dﬁi dg?

spaci ng S dfg8 awhict dwﬁmescrm ouﬁmhpealphecrang éhrrﬁacbezas mmfe as
around thr h u | row e effective
resul ts. el%"}er}c géd ggghaa"%%gggat g%rﬁgr‘]’q g& 2?0 peri Ehera‘ﬁ J‘ll'rz'fea{:ce 20
of bet vveena(mTe snehlahaerhrré@s @hetherenn dasehespaced usi ghkdy &eoml e,

for a millisg toplerl Gastidicsen fir FRIDGH Gindiasicits iy NA I sk odM of

ni ne ar@ 5/8t S |nch e use of twelve bl ades 32 a,rran ed at thlrty
degrees [erty e@é&? Jandr HbhArRCwateise Wi ‘B’EE'FQ %bt ai

best resul mperéa eﬁdneueoyui@és Fitg®l 204 ﬁbt‘)m&.ﬁoaihelou‘p‘pblﬂ' t&@diwbﬁﬂ ades
32 thereon, | e |g 1, for purposes. of illustration, has only three

" bl ades |Ilusﬁr§‘[ c}vmth t he remai ni ng bl ades omtted. It is to be
under st ood, howMild ing/etqol hkd hasl| alTesftEly. bareoé d theveinwethiecthl ades

32 the&%abngadapted to receive drilling fluid pumped from the sur-

face for discharge from the end of tool 10 at 28. The

discharged driiling fluid removes the metal cuttings,

chips, shavings, or metal scrap material resulting from

the cutting operation frdm the annulus 30 outside milling

20 tool 10. A relatively small clearance, such as around

1/16th inch, is provided between stabilizer ribs

22 of tool 10 and the inner periphery of inner casing 14

so that a minimum lateral movement of tool 10 is provided
upon rotation thereof. ' - o/

25 An important feature of the present invention is the
improved blade design which is designed to provide a
maximum cutting action with minimal 1loading and minimal
frictional contact between the blades and the upper
annular end 12 of inner casing 14 which is to be cut away
30 and removed. The blade design of this inventiqn comprises
: a plurality of generally identical blades indicated at 32
and utilizing as many blades as can be feasibly positioned
about outer periphery 20 of cylindrical body 18 while
providing adequate spacing for an effective removal of the
35 metal cuttings or turnings from annulus 30 by"drilling
fluid. A spacing S as shown in Fig. 3 between blades 32
along periphery 20 of at least around one inch is believed

necessary in order to provide adeqguate space to remove
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Each blade 32 has a leading planar face or sur- face 34, an opposed
tra4I|ng pl anar face or surface 36, and a |ower. cutting and wear “surface 38
posi thoned between 20 and at right anglis bet ween surfaces 34 and 36 prior
to use bl ades 32. Lower surface 38 is'iln contact with and rides al ong

t he upper ‘annul ar end 12 of inner casing 14 which i's being cut and renoved
during the cutti

F d 32 to th t
peri pheral 25 suggggggiﬁtoﬁlgxngﬁlggﬁgiecurlnhﬁﬁfle ??ﬁﬁghﬂ?gﬁggﬂ%;taEQ
i s positioned atpraferabtyur® dfpdciaid isigofur haoand6 widh pmstiq¥er alsuch a
o as® 5 o BEhdellg) & AES beos RuShOUE LROERE, +firll! BobiRsPuRRdR Sone

bl ades 32 extend an an
vertical 30 rot@Pﬁﬁﬁ&PnaxcgnéitWPhslngdtDvbvidewhf£30tsvanrepuﬂnan1oThﬁsve

degrees (5),. fog g | fqﬁg [ e

around three degaeegaggbre]n&gbé%wga?e?r\l@ggsae%ega g‘?e butgmb‘1 Su Ef%&@ 20 of
that under certa ﬁ tYeRni dnghy and, kbt “&&‘&?ncpl{%%r%%tw?s&hﬁs%
t\r/1\/enty dlegrees [feor] eﬁﬁlﬂlbdef,uggfl lanmsa.umiga%egl4 hLg. thmzeanarreFmbbagf of
the angularity of _eac ade ea ace i nelined or slapte

rearwardl y fron1F?§1ng EﬁngV&ﬂg ﬁﬁ(aﬂuﬁéw&&“%nﬁﬂ é/%é$%cgn?%e?hegéﬁi§sﬁf
rotation and tboEs twalme dbtadas hégainmmgemkaet thimty Hegreds B0 t be
o L0 aer9e 89, Shchobthest biRhl W JRET P BLLL FlLhA NG UBELTE HOSDE

pul | ed acros¥%an ong end su ace 12 1n cut ron for provi
hi ghly effectiver8@BtA.cutht ngsadiated that; §Jrﬁﬁ-ed3't41a§h9W| dFOCUo 1aQ1wa§hr

of bl ades 32, |0ﬂﬁé16érfﬂ%{ﬂé’s‘3 33 BRepesd| Cymiliy #9gl endi Bgf gaeriiseddos

angl e B Shoun | 1B Aak Tabr'> ey EPHkEe b3 MENRY S i ot "B
Leadi ng face 34 remdihingd Bhadespl omatted. of Iftaris caobibde undérsigoed nMROWS
preferably comPregepy 3nde!'é8dt Yo of Fig. 1 would have twelve blades 32
thereabout.
Each blade 32 has a leading planar face or sur-
face 34, an opposed trailing planar face or surface 36,
and a lower cutting and wear surface 38 positioned between
20 and at right angles between surfaces 34 and 36 prior to
use of blades 32. Lower surface 38 is in contact with and
rides along the upper annular end 12 of inner casing 14
which is being cut and removed during the cutting opera-
N _ tion. For securing blades 32 to the outer peripheral
o5 surface 20, a suitable backup» or support rod indicated
at 40 is positioned at the juncture of trailing surface 36
with peripheral surface 20, and welded in position as
shown in Fig. 2 with the elongate blades 32 extending at
an angle A shown in Fig. 1 with respect to the vertical
30 rotational axis of milling tool 10 which is an optimum of
five degrees (5°), for example. An optimum range for
angle A is between around three degrees (3°) and fifteen
degrees (15°), but it is believed that under certain
conditions angle A between around two degrees (2°) and
35 twenty degrees (20°) would function satisfactorily.
Thus, as a result of the angularity of each blade 32,
leading face 34 is inclined or slanted rearwardly from its
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of cylindrical carbide discs or buttons 42 secured by suifable brazfng-or\

the like to the planar face of base 43 15 of blade 32. Discs 42 are

preferably arranged in horizon- taI{i;?ggered rows of four and five gis

as illustrated generally in Fig. 1. di sc 42 which has been-found tvo

function 1in a satisfactory manner has a thickness of 3/16ths inch, a.

di aneter of 3/8ths inch, and i,s _sald ugder 20 the nane Sandvik S6 by The

Sandvi k CoMBERD, Tbatsy ThE noGald, ondc,dn “TesRERT (G| RHF GRS aPEc - 42

has a frootatioe 4&idwhthris f rovikiemr ta omegfatiilve sumakace showa obyl eadi ng

face 34, pposgd e :ace | ush 1 Wt , 2@ out er
eggglgzg £60¢nk é?tt&ﬁ& gé&?agg b3h1 bR 03%2add: 38 thEggg o

cutting . about front "2 ormng cutting edge
| oner surf §fe PEFMittatCREERT 0PAgRg3%i i kRcPUpped aAanash avdfadeng2 of

cas- iag 1énas su*@@eel N 2Fiig &@Eﬂa@“ﬁ'ié’c&iéﬁ”féﬁep96viéﬂﬁg43Dhigﬁ!15; di sc
42 betveen faces,42A. and.42B., Front faces 42A of, discs 42 extend.,in a
pl ane whi cREHEFEA¥E STRAtYy HFHHLIRG BATION- ot ThndiSe DRI ntRRERREEOE, t he

axi s of rote- anyoweadrerehyblades 0¥2 delawaegatrfaceale fer peapendibufor nmi ng
cutting ed 39.. .Erant f 425 | | fe i Led Lt h
Y&y %o -lea%q}xg ﬁa%e % " ba%%e()\rrgeta t{ﬂ :ugefi%r_ ]Ch}ﬂ% Hf%to ai d

depressed area Or Teceéss therein receivi r urmni ng
i n breakageame wisc anidgle A4 t HoweRen o &oharizontplbweakeflat wusfacke

cuttin Opesa!f'g eliS a¢2ERERsedoW bladBsURYSed Bhawa 34 rligies surface 38
which @ forned by the Iowernpst .portion f “surface 42D and _the | ower

edge portion 47Leprdgngdefase |34 ads idptingd BY 13 PAvEaIE PRt haxdanghg,/B
as shown iaaEbﬂdelcutthngegneante phefa?ﬁgn?gxgm@rgfﬁhg&go%ag?g15&22ng 14.
Pover sur | BEC S4B EEat T 4B 4E o led exl UGLEBER 18 ol a2
formed by shéthbilezbwaalingeor fthet ldkef Zoetbe pdamarecdgeepoift based A 3of
bl ade ?gseof3bqgae 32, Discs 42 are preferably arranged in horizon-
tal staggered rows of four and five discs as illustrated
generally in Fig. 1. A disc 42 which has been found to
function in a satisfactory manner has a thickness of
3/16ths inch, a diameter of 3/8ths inch, and is sold under
20 the name Sandvik S6 by The Sandvik Company, located in

Houston, Texas. Each cylindrical disc- 42 has a front

face 42A which forms a portion of the surface area of

leading face 34, an opposed rear face 42B flush with

base 43, a front outer cutting edge 42C about  front "
25 face 42A forming cutting edge 39 of lower surface 38 that
bites or digs into the upper annular surface 12 of cas-
ing 14 as shown in Fig. 6 and annular surface or face 42D
about disc 42 between faces 42A and 42B. Front faces 42A
of discs 42 extend in a plane which defines leading
30 face 34 and at angle A with respect'to the axis of rota-~
tion thereby to provide a negative rake for face 42D
forming cutting edge 39. Front face 42A may be provided,
if desired, with a depressed area or recess therein
receiving metal turning or chip 44 to aid in breakage of
35 the chip 44 thereby to form a. chip breaker.  When the

cutting operation is commenced with. an unused blade 32,

lower surface 38 which is forméd'by.the lowermost portion
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t he d ower nost horizontal portion of surface 42D, After 10 the initial
hori zontal wear flat surface 38 is formed as shown in Fig. 5 by the
| ower mgst row of discs 42 and base 43, suc ive wear along the | ength of

. .

bl ades i g*al ong a horizontal plane as shown in Fig. 6. Thus, the
cutting stffaces forned by discs 42 are the cutting 15 edge 42C and the

portions of face ﬂ%ﬁ 4 i i I Lacent c ' egdge 42C. It S
been found that %fgﬁa oY (Zj@p %‘g g%}? E’)iro@r |tee({§§<e§&%#g%?eﬁg ggr %&&gelg%
as shown at D inisi @t crightiranglies0to ifacke 34 tand rat dapt AnglecBt asr shiown
taken by 20 bl ad§n3%Qf. ay oy n- e a5 1R ninh 15y 9 - L5Lh
snoot h rotati onal naqt:'(i'gon net al t%%%?ﬁgs% 412@h§§§"‘%g'éﬁlfaorgnefdt Oéﬂgsﬁﬁ% 12 of
general |y short F@%4P¥ Bétween around three and five inches. Under sone

gondi t2 iSOSS, gt may bengwkr@&glc%ﬁfﬂéﬁtiﬁiigaa ﬁéh?dbffea&ﬁr ISékG@:l'(xﬁés'ENQE%d%?’
y a epreéssiqgn_in face of dis ~ol0.aid in the hreaki away .0

rel atively short “fCFs 4%4 tﬁé’twgﬁy lsb‘r%s&cﬁ'i B8 8FPBRS aP o%rltaﬁe ng),r&ﬁ:o){ltal
material formed syrferel asurshows i Fign Shdommed lby dtheé | hogitbutdl wear
preylously.notedflgktgﬁk%g%% Bﬁelbh%Elb@%ef %&Q&05P45h%frﬁhgd%fbB%@ehﬁa%k n
30 is the rate of renpval of the nmetal scrap nmaterial and it 1's I nmportan

to have a netal theni leremmest gheordzontalgtporbieomart tswotacaod2Rur | After

i ntermesh wi &h_ OLRQ’ Frit¥dUShéPLEONMAR Wwahde fTRSS Qfr HdaBa 81 EBkmedBhs
formng atu Ai ng 44 haying a th%ckness between . 002 inch and 005 inch in
thi ckness and a FBRYPH b@t%é‘e%t r &Y abher i IRWeIRIRS, roW | efstd¥gns £2 and

substanti al maj obakg 48 ,alsucswsivetwdarned bongl tha bDeghth eoff bdades 32 is
of ‘penct rati on fBMoRS 13 HOFBPREHE FAoBieicts rEhOnR s B by ovrhuds e
sufficient suppocuttdngt hewrdecese diorpedi2by t disssbden facend thieat cwddd 43
15 edge 42C and the portions of faces 42A and 42D immediately

adjacent cutting edge 42C.

It has been found that a suitable depth of cut or
bite taken from end surface 12 as shown at D in Fig. 6 is
around .004 inch. With the depth of cut or bite taken by

20 blade 32 of around .004 inch as shown in Fig. 6, and with
a smooth rotational action metal turnings 44 have been
found to have a generally short length between around
three and five inches. Under some conditions, it may be

N : desirable to utilize a chip breaker such as provided by a

25 depression in face 42C of discs 42, to aid in the breaking
away of relatively short chips 44 thereby to permit easy
removal of the scrap material formed by metal turnings 44
from the well by drilling fluid. As previously noted,
oftentimes the limiting factor in the rate of penetration -

30 is the rate of removal of the metal scrap material and it
is important to have a metal turning 44 of a short length
'so that it does not curl and intermesh with other turnings
-to form a large mass of scrap material. By forming a
turning 44 having a thickness between .002 inch and .005

35 inch in thickness and a length between three and five
inches, at least for a substantial majority of all scrap
metal material, a highly effective removal of the metal
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shoul d have an optimumthickness Tl as indicated in Fig. 6 tw ce the ’ .

thi ckness T2 of disc 42 in order-to provi de adequate strength and yet not
exert a relatively large drag to the ? tting operation. A thickness T1,
bet ween one and three tines thickness 42;hae”6een found to functian 1Q¥
satisfactorily. The thickness Tl of bl ade base 43 may be, for exanpw€, .
around 3/8ths of an .inch when the thick- ness T2 of, discs 42 is 3/16ths of
an inch or°4tHiRes 4 t%bﬁ%bn% e Wikl  fecornespapding Réghcaak®y afag
resul t- i npefetrabienE3r il bingl toglebd.surface 12, the material 15 from

whi ch base 43 is_f | ' e in Lnell, hardness
rahge of arounhfniﬁégggtﬁgrgélg%g}%gn?érE%gP?a%agdagggi?éﬂﬁﬁ BFPBPHENnd 130
and 160. Tfercthei c¢erbides UBdsaAR ,a Fochael begnhdfichmeks sthodt abased43

ei ghty-fi [ -2 Lehyed dpseyen: L o: Qi t s harder 20
Chan the renof1e) Ry 4 Wbe fh b 2cBhOLRIS UEN: hE B BEA LPESHT' 6
results, itwigepdhethicknessgi Tés &b G46q d2neint oxden FoouRBOVHEE tinmes

harder thasaégegtd3 steavigth ldndhafet anBti Wit Handneasivedly atgygd two
hundred and_carbi de discs 42 are around flxe %%ngs harggr 2; t han casi ng
14. As a re&s¥ft 8f§535%u§§lﬁglﬁﬁe¥8?ﬁﬁﬁ'of atRHurckpesf SévRebveeR RReas soft

as carbi deand sthré2 timesweshitkaessufadmsit bdéni fommd |yo Wwhuncabay with a
> ¢ > b e g =

or queld eqit FLEEpEEoE Ry 7V TRE U PleBa ThE) Y (b PagdoBhad s dnBh ibEY ™

depth of céerpexemiam frgund i/ &hecodd an dn@dr vheobtthien thiekrmum

rate of pepessatpoBeWidifscy 142 dBs NIPDELRET o adESinkR hogagh Si@de gt ai ning
t he sane cuttlng.depth or bite D., Further, it_is desirable to obtain a
t

rel ativel y*WRhbPt ORgral FWHAGT1g 1y WAKY P LLWFL B eITaGt TesRbtro
i ntertw neingt firamheasehayi mgeingdapoayi dadasurfaeents) i Bhemaaseyhath m ght

restrifg tBfom which base 43 is formed is of a mild steel having a
Brinell hardness range of around 145 ‘with an optimum
Brinell hardness range of around 130 and 160. The carbide
discs 42 have a Rockwell A hardness of around eighty-five
to eighty-eight which is around seven to nine times harder

20 than the material from which bklade 32 is formed. For
- satisfactory results, it is believed that discs 32 should
be at least around four times harder than base 43.
Casing 14 has a Brinnell hardness of around two
hundred and carbide discs 42 are around five times harder W/
25 than casing 14. As a result of base 43 being formed of a
material several times as soft as carbide discs 42, the
wear flat surface at 47 is easily worn away with a minimum
of friction thereby providing a minimum of heat and a
minimum torque required for rotation of milling tool 10,
39 &S is desirable. o _

The depth of cut D shown in Fig. 6 is selected in
order to obtain a maximum rate of penetration with a large
number of blades with each blade obtaining the same
cutting depth or bite D. Further, it is desirable to

35 obtain a relatively short metal shaving or cutting 44
which does not tend to intertwine with other shavings and
provide an internesting mass which might restrict the
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removal, of such netal scrap. The inclination of face 42A in contact with
the metal turnings 44, particularly if formed.with a depression therein,
assi st\s in the breaking of netal turnings 1 at arelatively short Iength
of three\to*~five inches, for exanple, nd since a substantial

thi ckness of shavings 44 is provided, the curling or turning up of the ends

of the shavings riget h t e f II|n
designed to provi;egr‘e \gé%uéfa%gc sp‘gg gf g%#gg 58 g‘(‘)‘%g l&ﬂp 1’%?%%{1?%
surface 12 of caddt ngongagt it ithem metaiomnm Mdpeutgeﬁmﬁrﬂg if

t hree hundred: argj,;fméd 0 t m
cutting depth fo eac‘_(;ﬁl(%gga o?@gif%ﬁﬁiOEOEHé?ﬁ%H \E}%g%sgge?&t ?%{% Zr{kés%ﬁjhﬂa;

speed, a torque 9 FUgHR9S %(ﬁ? fadie lakival hahort pangth 9 thras
satisfactory forto ofdvieoninthes), | i fgrt antanifle A swidf agenspees Aubiaiavieinl

two hundred (20 r nre andf 450) fee e[, mnute. alon
sur - :‘Jace 12(|s e%v%sgéjt g@ép%}:& n§§t|54f (()rPF Vﬁﬁﬁél’pc ?alﬁuurllng or
conditions. 20 turning ym off dihs \ends aaf theershavings nig Mestasi&xdom
prising the present ighenihe ié‘né?ee?@%@er §%1L9{ﬁ€e@88‘ie Oall%erl\%]éig#

rate of fromthlrtytoforty Ive per our en ob ai ned
three or four titResPEPELERr a: i fare rapeeds ofefrkadas 2 hatersf she. @E‘Per

This has be‘;i[i} atandivied bsufbscasezofoft heasowng! 1! age ade%gelmﬁ il |dﬂﬂ1nd
tool 10 as (o)

and scrib [ f_ bl
cl osely spacedm%&’iﬁ?eﬂ’%ea‘ﬁd(%é é? ntﬁgﬁef*‘ Hﬁﬁﬁ@ fté’ag(% )aofee%tz
t aki ng a subst ameriminuta gm mndewrtaeitaiaf acruto;[timnwv&atttﬁ@ &pihcfor
and .005 inch fr n ak arb di h m ni nal
drag and fricti oe(r%@rlgs%g ?&ﬁ% hg??z%ﬁ gr wewgrgnf %)E%r %ﬂgcatt nquEI &
bl ades, a snoot FRER% | 8n t@fr%iiel | 9figareundl1 2380 obPaiIN) wEobt a pesndsurhas
rate of penelr atieah foﬁhade@oél%earsawwa@e@yyprﬂﬁr €$ptaidhVebY \Mmﬁ?gc

row of di scd342 bel n uccessi veé/ wor n avvagl In a continuous cutting

oper ati on. Fortop glé)d.e A surface speed of between two hundred (200) and
four hundred and fifty (450) feet per minute along sur-
face 12 is believed to operate satisfactorily wunder
certain conditions.

20 - As previously noted, when utilizing blades 32 com-
prising the present invention in the manner set forth
above, a penetration rate of from thirty to forty-five

_ feet per hour has been obtained which is three or four

U - times greater than the rate of penetration heretofore.
' This has been attained by the use of the novel blade
design for milling tool 10 as shown and described utiliz-
ing a large number of blades 32 closely spaced between one
and three inches from each other, each blade 32 taking a
substantially large bite or depth of cut D between .002
inch and .005 inch from a negative rake on a hard carbide
disc, and with minimal drag and friction resulting from
the horizontal wear flat surface on the blades, a smooth
rotation of milling tool 10 is obtained with a maximum
rate of penetration. Blades 42 are worn away progres-

25

30

35 sively with each row of discs 42 being successively worn

away in a continuous cutting operation. For a blade
around twelve inches in length, a casing section or length



around twel ve inches in length, a casing section or |ength ar ound tﬁo .
hundred (200) feet may be cut. Thus, /Q%Ji ng tool 10 would not be required
fee

to be to be renoved fromthe well for | acement of blades 32 until thg
renoval of around two hundred (200) of casing 14, for exanplﬁhﬁﬁfy

The' bl ade design of the present invention cuts away a Iength of casi

ar ound flftgfgmt“? L ntt%(mﬁ%tq I{Iznd gEQerRl e%%hlétg%h q{.lae ek Cg%ﬂ,\ade 32.

As a specifTc exanple t he-&nd oF
havi ng a wetohl b W@ul? QQVehe(neguinedprnbg perbéonemomﬁdccrgm hhae and

5/8ths inchggyy a%wtfépiaeamenm Idf nmaeeg 19 hawiing tuel ‘E%n@xﬁa?lﬁsofz of

t he present |1 nvention arrang ed hi rty egrees err to_each

depth of ei ¥RPYLL; EKP FHE@rPﬁ ﬂﬁpgé hdges 1 easimtlhe i £9r exemples
around “thithy Hilerle fesighowf whe lbpres®hei Natreiitidd ObatsoWay saeed of

mlling tool 10 one_hundr.ed an revol uti_ons m_ nuf e 170
2nd el ontATERI B8 SPeARGATINE VELLFRRR AR SOBRGY S48 1he EPGSE. 11
S apparentupbateachlLnghtoﬁlwearconpbladeg32he present invention and

utilizing an inpggvgdg éQc:.?iédExQ@ﬁ ?8§ REER:1RE %N egn&’”#ﬁh ahNfLB@SES

the rate of penetratio rate o tirng away a“section o ca5|n8 Wit hin
an exis | ngg’?\éﬁﬁ tf afagaband 4t t'l%ﬂvl-%gt R e\iebg ot t £assygeederr (8RAn

her et of ﬁouﬁdspr gt deggL ] radlong dO0hinkt m:ﬁiJCB/aahgnmm ]EJI ta@la o
0 e neta

desi gn mhlc sults in 2 cti.ve and f.ast
e O o e E7HLes, hnf 2180, o0 Tohb Baite BreaverBihes™S, oF; Lhe Ssety s
forth, a h|ghégenupinvedtleauhrrhagebeaﬂ 0hiatyedegwbebe(poeﬁetbedach

enbodinents \Y; \Y; en.il n t it
S apparent nndl ca f%ﬁsggﬁhegdgggﬂglgﬁg%opjkﬂgﬁ%%%?%rré% Eg |nents
will oci::tijr penehne'elgm | *ake| rf heara:mnd Hahdrdy, ifleets per hour was

obtained at a rotational speed of milling tool 10 one
hundred and seventy revolutions per minute (170 RPMs) and
a weight applied of around twelve thousand pounds.
From the above, it is apparent that milling tool 10
comprising the present invention and utilizing an improved
20 blade design has been provided which increases the rate of
penetration or rate of cuttihg away a section of casing
within an existing well to an amount that is three or four
times greater than heretofore. By providing a milling
tool with such an imprdved blade design which results in W/
25 an effective and fast removal rate of the metal scrap
material from the well under the operational character-
istics set forth, a highly improved result has been
obtained. '
While preferred embodiments of the present invention
30 have been illustrated in detail, it is apparent that
-modifications and adaptations of the preferred embodiments
will occur to those skilled in the art. However, it is to
be expressly understood that such modifications and
adaptations are within the spirit and scope of the present

35 invention as set forth in the following claims.
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be expressly understood that such nddifications and adaptations are within
t he sprrrt and scope of the present Ij set forth in the

fol | owi\ng cl ai ns. - 16A- CLAI I\/B ng}“Hmamgmluml for cutting a

previ ous imstalled 5 casl mg sat* an open upper end
t hereof, conprising a body_havrng a portion adapted to be received within
said casing for rotation about a Iongitgé&nal axis; 10 a plurality of
bl ades on the body at spaced -intervals~about the body and extendi ng
outwardly therefrom each of said bl adésAIMSi ng a base with a | eadi ng
surface relative to the direction of rotation, a plurality of cutting

el ements of a predeterm ned size and shape 15 secur ed in a
predeterm ned generally symetrical pattern to said |eading surface of

sai d base, each of 3ai g ewttiny t@oﬁﬁ%&ksc@ee'iﬂ(}ﬂ &n Eé@i?&?éhf tS!ﬂ%éa

face, an opposed rear f ce S cured to the

Surface sa
and a peripheral ceV asipgengt ngarbeﬂﬁgé‘n uBpPer fecil9e§he€8? Eni ng
a relatively shar pcouprmsgxx@(h;)e:caly thavinrglctajr@oetlbhe adaptidaer &b spef ace

and front face; sai g nt in [ ti ned n closely 2
spaced si de- by- si de*eeg%é‘? éggﬁ g‘ﬁ%glsg Fher?%aﬁﬁ%’g S%PPEC% of
each blade in a pIuﬂthtyu@ﬂMﬂldgdBy spaced substantially parallel rows

extendi ng general 'y outwardly fronrthe axi s of rotation the arrangenent
bei ng such th in use_whep, the t s in its operative

ori égration he frBhpratitpof & 3%%.%*}%&0@& fEngPaRsE s intervals
| ower nost cutting elabsant she dﬂ:fdyne.ndaext@uﬁng outhhedly ilere foonl, | BE6RIS,

cutting surface Wh'%@ héx&rﬁﬁﬁééﬁshﬁ% XgmgrﬂﬁégMﬁﬁth a leading surface
relative to the direction of rotation, a plurality of

cutting elements of a predetermined size and shape

15 secured in a predetermined generally symmetrical

pattern to said leading surface of said base, each of

said cutting elements having an exposed front cutting

face, an opposed rear face secured to the leading

surface of said base, and a peripheral surface

*
*

20 extending between said faces defining a relatively
sharp cutting edge at the juncture of the peripheral
surface and front face;

said cutting elements being positioned in closely
25 spaced side-by-side relaticn to each other on the
leading surface of each blade in a plurality of
closely spaced substantially parallel rows extending
generally outwardly from the axis of rotation the
arrangement being such that in use when the tool is in
30 its operative orientation the front faces and
associated cutting edges of the lowermost cutting
elements define a lower, effectively continuous,
cutting surface which is progressively worn away
during a cutting operation, said cutting surface being
35 arranged on rotation of the tool to bite into said
upper end of the casing in a cutting action to remove
metal turnings from said upper end, the cutting



tduring a cutting operation, sai d cutt| ng surface bei ng arranged on . ‘
rotation of the tool to bite mtoLﬂ"”"mm f the casing in a
cutting action to renove netal turni wm’mpper ‘end, t he

cutting -17- elenents and adjacent “base® béing worn away al on\gf/
general ly horizontal plane as the cutti ng operation continues with™the .

next successive cutting el enents t]'h]en engagi ng the upper end of the caS| ng

inab conti nuous cutting act said cutting elements also being
arr anged andebmatuwcaad adjacmit dbasehlbe:tr@ak@hSawa&\eaRSh@ 2]

substanti al S fromthe upper
end of the c |ng %hggggﬁﬁ% é:fy argge {t’:ﬁl cl?r?és?&ngndog /M vely short
l ength to ther%‘?ﬁﬁé@@isstwﬂ-ﬁhmfmﬁn diexy Buccesmive mgtuﬁ.ngm@wws t ur ni ngs
and to enhancepfidif r@qu_ﬁb ke Qf p{elge EHAN S dneOMebBendo 2. A

cutting_tool as clai alm wherein sard cutting e errents are of

metal cdrbi de TRRLHMGUS| SHERIRT AFFi%%e of a generally similar size and

shape for each blade 20 3. Acuttlng tool as clainmed in Caim1l or daim?2

therein Lo SO0 e Gl oS! SEL P Saelle g g ve T ke
rot ati onal am@@mCtedf tte @Aatiag tobipdlh:aeﬁea'scutwhengeh;pelaat ion, the

front cutting §1ﬁ§sﬁ:%n%&a "RalOUEETRE bl Gkl CHRRASnGE ilyithicgnOCd, i1
in

use of &E t for ectively _e€antinous™ |owernost cutting
sur f ace™Bxt en auBB?ﬁt ‘-’r‘%?dl 2F| the £asiNg have: acrelatimely \J
large thickness and a relatively short length to

thereby assist in minimising internesting of the metal
turnings and to enhance the removal rate of the
turnings from the bore.

15 .
2. A cutting tool as claimed in Claim 1 wherein said
cutting elements are of metal carbide cutting elements
and are of a generally similar size"' and shape for each
blade.
20

3. A cutting tool as claimed in Cla 1 or Claim 2
wherein the frofit face of eag:h cutting element
presents a negative rake angle of between two degrees o/
and twenty degreés with respect t the rotational axis
25 of the cutting tool during a cutt -_operation, the
front cntting faces of the lowermost cutting elements
being arranged, i;x use of the tool;, to form an
effectively cori iimous lowermo .‘,_cut'ting surface
extending from a peint radially ardly of the inner
30 peripheral surface of the casing be ng cut to a point
radially outwardly of the outer peri;';heral surface of
- the casing for. riding along and biting into the upper
annular end surface of the casing i_ I a cutting action
to remove metal ‘turnings from’ '_s_ai._d annular end

35 surface. SR - i
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30 . peripheral’ surfaceof t he ca5|ng be|ﬁ@“EUT*TU—a-pefﬁ%—¥ad|alIy
outwardiy of the outer peripheral surface’ of for riding al ong
and biting into the upper annular end surf Hm um |n a cutting
actionkbeavﬁennve netal turnings from sai surf ace.

- 18 - 4.* A cutting tool as clainmed in any precedlng cIa|n1mherein sai d
cutting elements conprise cylindrical discs arranged in said plurality of

rows and col unms on the associ at ed bl adé8.*5 5. A .cutting tool as clainmed
in Caimd4 wherein 4ai dAcyduttliriaCalkodlsés clin@anenakhy m&e&m&@ Biaige and

shape and arrang st.aager I QWS mnth the C IJndrl discs in
each row being in agﬂgﬁéfﬂg ¥ gFﬁ ol SR ¢ 7O FHGFFE%

di scs of adjacent r@iscsc. arranged ngnte@idegiuﬁaanngdofrrcwg/qndecemungsclain1
wherein each of sai dpbladessdstiat & and has a 15 pl anar

| eading surface inclined rearwar on1|ts upper end between around two
degrees and t@wwﬂy degrees with respect to the axis of rotation of said

toolOI Z?t 7I A ctlst.tl ng m#&x &oﬁl%?&dldﬁhe@ln%f&ﬁﬁ“&gﬂ@r%h.ﬁ‘hﬁ\égde' n
said cutting el ements ness_of _at r tines the hardpess
of said base on whi && ]t%ﬁﬁcglgﬁﬁdT?“ﬁngﬁb gﬁ““zé“‘ sige
cutting tool as cl ashegein mq,/ pmedga@ cimi stalggered sows elwdmgatEhdsl ades
are spaced at inter %n&f Uk ng@wan e ngheg t he
outer periphe g:gll ‘f’l ndr i %E:?. E_{-I % giﬁ%t ﬁ'ﬂng%t Fsg'%lﬁ
C|akﬂ9d in aﬁyyprecgglﬁglqmqhqg with e cyllndrlcal discs of adJacent
TOwS.

6. A cutting tool as claimed in any preceding claim
wherein each of said blades is elongate and has a

15 planar 1leading surface inclined rearwardly from its
upper end between around two degrees and twenty
degrees with respect to the axis of rotation of said
tool.

- 20 7. A cutting tools as claimed in any preceding claim

wherein said cutting elements have a hardness of at

f least four times the hardness of said base on which
o : the cutting elements are mounted.

25 8. A cutting tool as claimed in any preceding claim
wherein said elongate blades are spaced at intervals
between around one inch and three inches about the
outer periphery of said cylindrical body.

30 9. A cutting tool as claimed in any preceding claim
wherein the thickness of said base is between one and
three times the thickness of said cutting elements.

10. A cutting tool as claimed in Claim 9 wherein said
35 cutting tool is arranged to be rotated at a speed to
provide a surface speed of said blades along the upper



:wherein the thickness of said bese i's between one and three\fines t he

*

-

t hi ckness of said cutting el enents. 10.” A cutting tool as clained in Claim
9 wherein said 35

cutting tool is arg ted at a
provi de a surface speed of said bl ades mgm HNW’! - 19 -
out

sai d casing between around two hundred an

m nute. 11.

cutting el ements have outer faces

A cutting tool as féajned in claiml, wherein 5

speed; t
S e

fifty f eet ﬁer

sai d

to receive net aurfmmlaﬁgsau.ﬂecesmqcbaﬁmehnaaOMGaeﬂngmadmgdofamdle met al

turnings from g8gr URRRIr

substantially

?1@% v B&e€ rnﬁanﬁge A cutting

as herelnbe

t ool

Figures 1 to 6, but not Figures 1A and 1B of the acconpanyi ng draw ngs.

5

10

11. ‘A cutting tool as claimed in claim 1, wherein
said cutting elements have outer faces formed with
depressions therein adapted to receive metal turnings
therein to aid in a breaking away of the metal
turnings from the upper end of the casing.

12, A cutting tool substantially as hereinbefore
described with reference to and as shown in Figures 1
to 6, but not Figures 1A and 1B of the accompanying
drawings.

0
of

ormed with depressions therein adapted

ore  descri ed w th reference to and as shown in

4
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