TI TLE OF THE | NVENTI ON Anti-tracking earth boring bit
W th selected varied pitch for overbreak optim zation
and vi bration reduction. . BACKGROUND OF THE | NVENTI ON
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Another solution to the tracking problem is the use of varying pitch (angular distance
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Pat. Nos. 4,248,314, 4,187,922 and 3,726, 350. Any
devi ation fromequal pitch, can dramatically increase
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cause for detrinmental axial resonance frequency
vibration for roller cutter drill bits. 2 SUMWARY OF
THE | NVENTI ON The mai n object of the invention is
creation of earth-boring roller cutter drilling tool
desi gn which sinultaneously increases footage
drilled, durability and rate of penetration while
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FIG. 1 is a perspective view of a prior-art rolling cone drill bit that is of the general type
contemplated by the present invention.

FIG. 2 shows a side view of a cutter designed according to the teaching of the present
invention.



3 FIG 3 is a schematic drawing illustrating a
preferred arrangenent of tungsten - carbide inserts
on the surface of the cutting nmenber according to the
teachi ngs of present invention. FIG 4 is a schematic
| ayout showi ng a preferred arrangenent of cuffing
el ements conprising mlled teeth. FIG 5 shows vol une
of formation broken w thout overbreak optim zation
(prior art). FIG 6 shows volunme of formation broken
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DETAILED DESCRIPTION OF THE INVENTION

Referring now to the Figures, and specifically to FIG.1, a conventional roliing cutter
(also called rolling-cone or three-cone) drill bit 50 conventionally used for drilling a bore in
an earthen formation is iflustrated. Bit 50 is typical of those contemplated by the present
invention. Bit 50 comprises a bit body 51 that is threaded at its upper extent 52 for
connection into a drill string. Bit 50 optionally may be provided with a lubricant
compensator §3. A nozzle 55 is provided in bit body 51 to cool and lubricate the drill bit
during drilling. Bearing pins or arms 54 extend from bit body in a cantilevered, downwardly



conpensator 53. A nozzle 55 is provided in bit body 51
to cool and lubricate the drill bit during drilling.
Bearing pins or arms 54 extend frombit body in a
cantil evered, downwardly 4 dependi ng fashion. At |east
one cutter 101 is nounted on bit arm54 and is carried
for rotation by each section of bit body with a
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Overbreak optimization of the cutter 101 according to the teachings of the present
invention mathematically determines optimum pitch between the cutting elements 107
arranged in circumferential rows to produce the largest chips possible for selected cutters




and optim ze overbreak of formation, the decinmal part
of Kv is preferably in the 0.3-0.7 range. Overbreak
optim zation of the cutter 101 according to the
teachi ngs of the present invention mathematically
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107 arranged in circunferential rows to produce the
| ar gest chi ps p033|ble for selected cutters 5 101 and

i d. .The | h W LD
101 anforRGbAR R Pl The 1196 BpS 6 ot ook forBiatog F amevec
per unit dicergrgeand thegreatst isrcestretiuction, tlmmndedergv%éﬁyigs Placement

o cut it RS B, MRS G5 B i o

per umbobekmngy, pabseqmeht pénetrationy farthentlﬁﬂ tfie bptimenefistaideqBsults in

inoreasel R b lien s Blnad s S CERRATRAI®.  Cpl aced by

Thel eultasr_ﬂm ris m'bhatedmtr)t tae blljteahnl 51 arius ftated iall)tigtmlt_kndntrar anis 115
. t
in e A0 208, PR B0 bbbt 568 il ind Sorilo s on e
surfacedefithe eutterst 0 Hferngebwhém thehﬁlaxweomainmb the mrﬁa?ﬁs 914 bihe

t con i ng.

cter 8808 BEAHRE B Pl Sl e gor o
the geametrie stiiface &fdbe oaittext10M e alstotieravardd, acjeneratiin i"sla”lglrve that forms
e s Me At 801 AR SHOREFLE 455 Al bl S

drilling f roaindorcelinesgtibncibetoben the cutter 01 asd formatior issing @dintegrated

occur iR’y pfbta Ao ThefiibR: oPlimdHhe MR Hhufithordehonts it
respect tvpthein demsity rdorigogeniseatricesds sruuaegnaemuomomamﬁhlwmatmn

S R STURE et 981 Kol 50BRY v

structugs ithe pitahes @stwaendhe cuting blﬂmermm idefineaf astherangle between

eciaosl B Blmof! 4586 F4ch i el B B bRt =
increaging &wesrmbmtwe oitch ma touthe imvaciredine ipitch 409, 0forechedri albpitches are
dﬁereﬁtfbgudal on eahﬁ cir cur@d;al ﬁ Qha&%ﬁﬂn Bﬁcrﬂm{éta%éas {eﬁ) gach

row, "are progre
other. N@K@agllyngwefmmwnmltnhm 108 emall ggutderehtial naws mmps staint

along él%doﬁfr}x &R)‘é@ﬁ gf@%ﬂatrﬂé fﬁ%ﬁhéﬁoﬂw%&é%ﬁﬂﬂ&%ﬂm biHhermore, the

m ni nu he nmaxl
devnatlgrmfr aedhe geaeremm 1 meot exsaed 4b dagﬂeby and iscprafenabty tess than

half thepfrﬁrﬁllﬁﬁ& ﬂl@ﬁ JQB ?ﬁé éﬁﬂg&%rneﬂtl'lé‘lnaﬁ%ﬁeql%? ﬁ\ﬁ %%Lffft%lf]éntlal

g Rocen ganeratri
rows 102108 of ﬁ@lﬁ’@dﬂlng memberrtoﬁ émmms&d mihiguripitches 108 sfarting along

said gér{é‘?atﬁf‘i ?QE? H&rééﬁ‘\gcta'?ﬁélfTGmﬁﬁ[@m Sfoglegrees and is

S_re er ab ess nimum pitch 110. The
Bﬁt’“ﬂ'meéémr@ﬁ 108in gl cmrmfewnheldommowns of said cutting member

101 coiildr %‘%ﬁ gg@ étlr%n% IrﬁNul%m%Q fm.ﬂ;p gltéﬁggslﬁ? gn@ Ii’)htga'llar&?rcx%fépgﬁtlal rows
1021 06 of said cone 101 could be equal or different. The increase from the minimal pitch
108 to the maximum putch 109 can be defined as arithmetical, geometrical, exponential,

- logarithmical or any other mathematical function or a combination thereof.
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~ Referring now to FIG. 4, the cutter is illustrated according to the teachings of the present
invention. Annotations similar to those in FIG. 3 are used except in this embodiment of the
present invention cutting elements are made of the same material as the cutter or milled




In one class of enbodi nents according to the
principals of the current invention, the pitches are
cal cul ated as an arithnetical progression of the form
"mnimal pitch" + D'n, wherein Dis a constant which
is determned as the optimal value to maxim ze
overbreak effect and n is a consecutive positive
integer (n =1, 2, 3...) Yet in another class of the

teeth TFSOPLIRRIE ROPRLES) shRlpriEh 203 Rg S pfip spuEHARRE pitch
204 apy iustrased fapcircurafecartial oy 'm&v?semesamomféreﬂtm fow 103 in FIG. 3.
The o‘é{a%@a{l& é?fécgg‘igrég% f& d:“gg&f @(1 ﬁr}gecs:rylgwg(ﬁﬁ ﬁeg} t%p@gsglp%scgﬁ?rence

betweien\;s@iqctaﬁpltcmﬂﬂatmdl itsremlcsiated pair Vaneﬁhﬁtale 204 isrdréateBthan® 0% of

nt, of the res
e a5 85 B0l Gl A 199, bt ot
are seimted fox ICIrwnferm'ltlaUtwmo&) rTha dbwe défihieen for sircimfefdntial row 105

can bé'rééiétteﬁgﬁ h‘%ﬁ"e%gt%?'ffgﬁ“: sel ected pitch 203 and its pair

uted varie 204 are illustrated for
Ci rcurrf er e{R03a+ 204w 0.05]108~s108| ci rcunferential row 103

t. of mat j .
B L T E R L ———
the teg@hlm@f the paseet:inpentmh 20 Sireundferentialaaw 106 3Gt m:hrzo3 and

4 t h %, 0 t h b
commiB T8 gt 208 AL A8l b Rontil
circumfegentisbow 105. Wieddic 480 & mebsm'edé trofncthe pointA Ribfiietas Alidpoint of

| Cl r G tial r
Sfelect%ggfltg:ﬁ 203 -';Q&rrcgs X n%ﬂ fr6 rﬂa’% ﬁrgﬁ)gt rggf 23 n){VF' B&ogpofgﬁ fo the
direction@0$-of _cgw 100 Emtatton i H'hel snd af arcASD dailsivithirod cemmh pitth, labelled

compt%lt%ﬂ e Egi CHnd QF :ﬁ?e&é?{o?@&(a op EH r%lﬁ ?q {80 rl‘eqaggf F L&l rferential

e teachings o resen

row 105 (Z?ufrﬂ)smehrplled by ﬂw@%n&l Patef Kviviridh will beddefl ote@ GEINID.
its pair varied pitch 204, Arc 450 shown as a dashed

curve is a part of L e KVB Y @uiimef 8t i al row 105. The

FIG. Billastreiés he v@mwmﬁe forRiAtibh Brokeh Wit fﬁ&&
sel ect ed tlch :'203 [ nhé’l’ts)?% ere tlmlf.atlonmpnor

art). 18 854, BoteP B ety A, Subsraient Benaypbens o cingiemens i
not opdinmizedt, th'mvcﬂ@ﬁe of thétfbﬁﬁtloia%lféhtaﬂd' de&pth @"fen@f?&dﬁf ar@f C
0 _fall in a_certai itch, |abe nput ed
insigriPatiBoio Svaredk nago Esns Pa dhesdefinion 8 peerbakipsoording f
the tehemmjd‘lofahe ﬁﬁs@nﬁh%ﬂ‘iﬂlﬁﬁ 6if Binpassible RY\eréafe. c(vg*tﬁé?l( @%h constant
rrult|€ ai the decimal part of Kv whi

pitch QIS n 'E“erﬁb‘ﬁf"(dﬂ' itgof prigrack. G 5 i1l ustrates
Refertifigenowe kol FIS. ekoluhe df tigRimatordbRkEMwith biitbieak WRE RS Btimal

spaciiPhoMEAE P e Bhrsuehtpietatons i Cfing aamars s shown.

Overbedaknie wptimized for a given circumferential row when at least 20% of pitches have
mathematically determined pair, which satisfy the definition of overbreak according to the
teachings of the present invention. in one preferred embodiment, all pitches of given

circumferential row have a pair satisfying the definition of overbreak accordlng to the
teachings of the present invention.

FIG.7 illustrates volume of formation broken as a generally convex function of spacing
between previous and subsequent penetrations of cutting elements for a given formation.




not optim zed, the volune of the formation broken and
depth of penetration are insignificant |acking
overbreak effect. Based on the definition of overbreak
according to the teachings of the present invention,
it is inpossible to create overbreak wi th constant
pitch conventionally used in roller cutter drill bits
of prior art. Referring nowto FIG 6 volunme of the
formati on broken with overbreak due to opti nal '
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frequency vIbr:lﬂtllon of bit 50.

If cutting elements 107 are not aligned along said generatrix 400 in accordance with
the teachings of the present invention, detrimental axial resonance vibration of bit 50
offsets benefits of overbreak effect; therefore, objectives of the present invention cannot be
achieved.
FI1G.9 shows another embodiment of the cutter 101 designed according to the teachings of
the present invention. The cutting elements comprise both tungsten -carbide inserts 107




penetrations of cutting elenments defining pitch 203,
optimal pitch difference will create overbreak effect
and elimnate tracking during drilling process. Varied
pitch inproves scraping efficiency during formation
drilling, thus even those cutting elenents that are
engaged in sliding fashion versus conplete penetration
contribute to better disintegration of formation as
conpared to constant pitch bits. In one enbodi nent of
the present invention, cutting elenents 107 in all of
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than 45 degrees and preferably with deviation is |ess
than 51% of the selected mnimum pitch 108. FIG 11l is
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cut er crosses
cutting elements in other circumferential rows being aligned along said generatrix with

deviation from said generatrix of less than half the maximum pitch of the
circumferential row occupied by the cutting element.

2. The earth-boring bit aécording to claim 1, wherein at least 40% of the circumferential rows
have varied pitch.

3. The earth-boring bit; according to claim 1, wherein, for circumferential rows with varied
pitch :

mathematical relationship used for one circumferential row is scaled to mathematical
relationships in other circumferential rows as a directly proportional function of radiuses,
the beginnings of all mathematical relationships deviate from one selected generatrix by

less than 45° and similar direction of change is chosen for all circumferential rows.
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centerline of at |east one selected cutting el ement

and the geonetric surface of the cutter; cutting

el enents in other circunferential rows being aligned

al ong said generatrix with deviation fromsaid

generatrix of less than half the maxi mum pitch of the

circunferential row occupied by the cutting el enent.

2. The earth-boring bit according to claim1, wherein
4. Athe eﬁﬁ‘ﬁboﬁx%r?@;cct)f&) (TS hAdbindhe §dWRed é?xixa\ﬁ@ﬁl' ed

pit e earth-boring bit; according to claim1
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wherein deviatiogns fromsaid generatrices are |ess
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cul®@ bR chiGerBitlal ﬁﬁ&é@’fgélﬂguﬁé? claim1, wherein the
earth-boring bit has three rotatable cutters. 10. The
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all ma ematical re atlonsﬁlp starrﬁ?rom one se ectec? generatrix and similar direction of

change is chosen for all circumferential rows.

13. The earth-boring bit according to claim 1, wherein the KvD is in the 0.3 - 0.7 range.
14. The earth-boring bit according to claim 1, wherein pitches between cutting elements
are grouped on the circumferential rows such that the pitch within a given group is

constant and the pitch between the groups is progressively increasing from minimum

to maximum on the circumference of said row.
15. The earth-boring bit according to claim 1, wherein, the maximum and minimum pitch

are determined as a function of physical and mechanical properties of a formation.
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cutter for all circunferential rows of said cutter
12. The earth-boring bit according to claim1,
wherein, for circunferential rows with varied pitch
mat hemati cal relationship used for one circunferentia
rowis scaled to mathematical relationships in other
circunferential rows as a directly proportiona
function of radiuses, all mathenatical relationships
St o] At kil
165 Pl AL ARRELER FCLAROR I 1l gyt
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arigmetiqalgrearpssion seleetnd fareachuticpumbaensial th-bet ween t he
groups is progressively increasing frommninum to
maxi mum on the circunference of said row 15. The
earth-boring bit according to claim1, wherein, the
maxi mum and mnimum pitch are determned as a
function of physical and mechani cal properties of a
formation. 12 16. The cutter according to claim1,
wherein for all circunferential rows mninmal pitches
start fromone generatrix with deviation of |ess than
half the minimumpitch of said circunferential row,
m ni mal and maxi mum pitches are adjacent to each other
for each circunferential row, pitches increase al ong
the circunferential row according to an arithnetical
progression selected for each circunferential row 13
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