Office de la Propriete Canadian CA 2944868 A1 2015/11/05

Intellectuelle Intellectual Property
du Canada Office (21) 2 944 868
(Lj’,[‘ngaiirri“esgaena i mfﬁfﬁyaﬁ; i 12y DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2014/05/01 (51) Cl.Int./Int.Cl. E21B 10/62 (2006.01),

E21B 10/42 (2006.01)
(71) Demandeur/Applicant:

(87) Date publication PCT/PCT Publication Date: 2015/11/05

(85) Entree phase nationale/National Entry: 2016/10/04 HALLIBURTON ENERGY SERVICES INC. US
(86) N° demande PCT/PCT Application No.: US 2014/036380
(72) Inventeur/Inventor:

(87) N° publication PCT/PCT Publication No.: 2015/167570 PROPES, CHRISTOPHER C.. US
(74) Agent: PARLEE MCLAWS LLP

(54) Titre : MONTAGE ROTATIF D’ELEMENTS COUPANTS SUR UN TREPAN
(54) Title: ROTATIVELY MOUNTING CUTTERS ON A DRILL BIT

210

436 - b

432

434

<

B
.'- -l a .l‘.
-'I 8 \ . . - .
- o ; ’ - '
..’ ' o C , o
s ’
/ .
- s , .
s .
- »
o' < 4
b )
. 'l ‘.‘ -.i U
" ¢ 7
-
l" .'JJ
& .
/ e 4
- o ¥ o
"‘/‘ '.J .'_,'
- v ,.' 5
2 v -
R o ’ ("’
o o .. o~
It - R 5
- 4 )
.."" o~ s -
/'.‘ I.' / N
Ny - 0 .J, r -
- 2 B s
i . 4 -
o e
l".
r
o

X, o
. f; S 1
".r " . - - .‘ < / L -" . l/
¥ 2 2 AN ko
‘a , - ~ 0
K i 'y - % 4 [
f S ) w - “y :
Vs : 2 : i D N, "\,
S {,.-"' . ' -
. RO - ", ;
- ' _( - - -"l‘ ')
K o ',r" (‘." .,r' ‘h‘r.‘ Xf 5
' A 3 L, ., ., L
Yy ", A '
}“ -"_-' \
&
J A
l'}l.
108 i
 ;
A
/“ g - )

Fig. &

(57) Abrege/Abstract:
A method and apparatus are disclosed for rotatively mounting cutters on a drill bit. A bore Is provided either directly in the drill bit or
IN a sleeve which Is mounted on the drill bit. The bore includes a female screw thread, a circumferential groove, and one or more
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(57) Abrege(suite)/Abstract(continued):
bearing surfaces. A cutter with a hardened table has a generally cylindrical body with a male screw thread, a circumferential groove,

and one or more bearing surfaces.

he cutter Is engaged with the threads of the bore and then advanced until the male screw

threads pass beyond the female screw threads. VWhen the cutter Is fully installed, the circumferential grooves provide relief for the
screw threads so that the cutter can freely rotate within the bore.



woO 2015/167570 A3 | {10 RW S0 100 0RO 0 0 1

(43) International Publication Date
5 November 2015 (05.11.2015)

CA 02944868 2016-10-04

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Burecau

WIPOIPCT

(10) International Publication Number

WO 2015/167570 A3

(1)

(21)

(22)

(25)

(26)
(71)

(72)

(74)

(81)

International Patent Classification:
E2IB 10/42 (2006.01) E21B 10/62 (2006.01)
E21IB 10/43 (2006.01)

International Application Number:
PCT/US2014/036380

International Filing Date:
1 May 2014 (01.05.2014)

English
Publication Language: English

Applicant: HALLIBURTON ENERGY SERVICES
INC. [US/US]; 10200 Bellaire Blvd., Houston, Texas
77072 (US).

Inventor: PROPES, Christopher C.; 179 Park Way,
Montgomery, Texas 77356 (US).

Agents: COOKE, Brett et al.; Haynes and Boone, LLP,
2323 Victory Avenue, Suite 700, Dallas, Texas 75219

(US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

Filing Language:

(84)

KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM,
IN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
YAYS

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

of inventorship (Rule 4.17(iv))

Published:

(33)

(34) Title: ROTATIVELY MOUNTING CUTTERS ON A DRILL BIT

with international search report (Art. 21(3))

before the expiration of the time [imit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

Date of publication of the international search report:
28 April 2016

DN N

AN

K .
N \\
g 4
b N - .,
§ e .
& N
. . ‘x . '-- -
RN \\ = )
!r.\. 2N - o .
F I N "
T W N, '
L 0 e . \ - ~
if‘-. N N
NN " .
Yoot N
L T " - -
- ™~ ~ \ ",
N N : oy -

108

104

(57) Abstract: A method and apparatus are disclosed for rotatively mounting cutters on a drill bit. A bore 1s provided either directly
in the drill bit or in a sleeve which 1s mounted on the drill bit. The bore includes a female screw thread, a circumierential groove, and
one or more bearing surfaces. A cutter with a hardened table has a generally cylindrical body with a male screw thread, a circumfer -

ential g

roove, and one or more bearing surfaces. The cutter 1s engaged with the threads of the bore and then advanced until the male

screw threads pass beyond the female screw threads. When the cutter is fully mstalled, the circumierential grooves provide relief for

the screw threads so that the cutter can freely rotate within the bore.
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ROTATIVELY MOUNTING CUTTERS ON A DRILL BIT

TECHNICAL FIELD

The present disclosure relates generally to oilficld cquipment, and 1n particular to earth-
boring drill bits uscd to drill a borchole for the recovery of oil, gas, or minerals. More
particularly, the disclosure relates to the mounting of ultra-hard cutters to the body, blades,

or roller cones ot drill bits.
BACKGROUND

Oil and gas weclls arc typically drilled by a process of rotary drilling. An carth-boring drill
bit is mounted on the lower end of a drill string. Weight is applied on the drill bit, and the
bit is rotated by rotating the drill string at the surface, by actuation ot a downhole motor, or
both. The rotating drill bit includes cutters that engage the carthen formation to form a
borecholc. The bit can be guided to some extent using an optional directional drilling
assembly located downhole in the drill string, to form the borchole along a predetermined

path toward a targct zone.

Many different types of drill bits and cutting structures for bits have been developed and
found useful in drilling such borcholes. Two predominate types of rock bits are roller cone
bits and fixed cutter bits. Both typcs of bits may include hardened clements that cngage
the carth to cut and liberate carthen matcrials such as rock. Roller cone bits include cutters
that cut carth by gouging-scraping or chipping-crushing action. Fixcd cutter bits include

cutters that cut carth by shecaring action.

While a drill bit is rotated, drilling fluid is pumped through the drill string and directed out
of the drill bit. Drill bits typically include nozzles or fixed ports spaced about the bit face
that serve to inject drilling fluid into the flow passageways between the several blades or
amongst the roller cones. The flowing fluid performs several important functions. The
fluid removes formation cuttings from the drill bit's cutting structure.  Otherwise,
accumulation of formation materials on the cutting structure may reduce or prevent the
penetration of the cutting structure into the formation. In addition, the fluid removes
formation matcrials cut from the bottom of the hole. Failure to remove formation materials
from the bottom of the holc may result in subsequent passes by cutting structure to re-cut

the same materials, thus reducing cutting rate and potentially increasing wear on the cutting
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surfaces. The drilling fluid and cuttings removed from the bit face and from the bottom of
the holc arc forced from the bottom of the borchole to the surface through the annulus that
exists between the drill string and the borchole sidewall. Further, the fluid removes heat,

causcd by contact with the formation, from the cutters in order to prolong cutter life.
BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments are described in detail hereinafter with reference to the accompanying

figurcs, in which:

Figurc | is an elevation view in partial cross section of a drilling system according to an

embodiment, showing a drilling rig, a drill string and the drill bit of Figure 2 for drilling a

bore 1n the carth;

Figurc 2 is a perspective view of a fixed cutter drill bit according to an cmbodiment,

showing a blade having at least onc cutter rotatively mounted within a bore disposed within

the blade;

Figure 3 is an clevation view of cutter for rotatively mounting within the drill bit of Figure
2, showing a gcncrally cylindrical body with a malc screw thrcad formed thercon and a

circumferential groove formed adjacent to the malc screw thread;

Figurc 4 is an axial cross section of a slecve into which the cutter of Figure 3 may be
rotatively mounted according to an embodiment, showing a bore having a female screw

thread formed therein and a circumferential groove formed adjacent to the female screw

thread;

Figure 5 is an axial cross scction of the sleeve of Figurc 4 shown mounted within a pocket

formed in a blade of the drill bit of Figure 2 according to an cmbodiment;

Figurc 6 is an axial cross section of a bore formed directly into a blade of the drill bit of
Figure 2 which the cutter of Figure 3 may be rotatively mounted according to an
embodiment, showing a femalc screw thrcad formed therein and a circumferential groove

formed adjacent to the femalc screw thread;

Figure 7 is an axial cross section of the sleeve and blade of Figure 5 shown with the cutter

of Figure 3 being threaded into the bore during installation of the cutter;
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Figure 8 is an axial cross section of the cutter, slceve and blade of Figure 7 shown with the

cutter fully installed and rotatively captured within the bore; and

Figure 9 is a flow chart outlining a method for rotatively mounting the cutter of Figure 3

onto the drill bit of Figure 2.

DETAILED DESCRIPTION

Figurc | is an elevation vicw of one examplc of a drilling system 20 including a drill bit
100 and a drilling rig 22. Although drilling system 20 1s illustrated with a drithing rig 22
that 1s land based, the, teachings of the present disclosure may also be used in association
with marine and offshorc drilling rigs, including offshorc platforms, scmi-submersible,
drill ships and any other drilling system satisfactory for forming a wellbore cxtending

through one or more downholc formations.

Drilling rig 22 may be located proximate well head 24 or may be spaced apart from well
head 24, such as in offshore drilling systcms. Drilling rig 22 also includes rotary table 38,
rotary drive motor 40 and other equipment associated with rotation of drill string 32 within
wellbore 60. Annulus 66 may be formed between the exterior of drill string 32 and the

inside diameter of wellbore 60.

For some applications, drilling rig 22 may also include top drive motor or top drive unit 42,
Blow out preventers (not expressly shown) and other equipment associated with drilling a
wellbore may also be provided at well head 24. One or more pumps 48 may bc used to
pump drilling fluid 46 from reservoir 30 to one end of drill string 32 extending from well
head 24. Conduit 34 may be used to supply drilling mud from pump 48 to the one end of
drilling string 32 cxtending from well head 24. Conduit 36 may be uscd to return drilling
fluid, formation cuttings and/or downhole dcbris from the bottom or end 62 of wellbore 60
to fluid reservoir or pit 30. Various types of pipes, tube and/or conduits may be used to

form conduits 34 and 36.

Drill string 32 may extend from well hcad 24 and may be coupled with a supply of drilling
fluid such as reservoir 30. The opposite end of drill string 32 may include bottom hole
asscmbly 90 and rotary drill bit 100 disposcd adjacent to end 62 of wellbore 60. Rotary
drill bit 100 may includc one or more fluid flow passageways with respective nozzles 20
(Figure 2) disposed therein, as described in greater detail below. Various types of drilling
fluids 46 may be pumped from reservoir 30 through pump 48 and conduit 34 to the ¢nd of

3
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drill string 32 extending from well hcad 24. The drilling fluid 46 may flow down through
drill string 32 and cxit from nozzlcs 16 (Figure 2) formed n rotary drill bit 100.

At cnd 62 of wellbore 60, drilling fluid 46 may mix with formation cuttings and other
downhole debris proximate drill bit 100. The drilling fluid will then flow upwardly
through annulus 66 to return formation cuttings and other downhole debris to well head 24.
Conduit 36 may rcturn the drilling fluid to rcscrvoir 30. Vartous types of screens, filters
and/or centrifuges (not shown) may be provided to removce formation cuttings and other

downhole debris prior to returning drilhing tluid to pit 30.

Bottom hole assembly 90 may include various tools 91 that provide logging or
mecasurement data and other information from the bottom of wellbore 60. Measurement
data and other information may be communicated from end 62 of wellbore 60 through drill
string 32 using known mecasurcment while drilling techniques and converted to clectrical
signals at well surface 24, to, among other things, monitor the performance ot drilling

string 32, bottom holc assembly 90 and associated rotary drill bit 100,

Figure 2 is a perspective view of one embodiment of drill bit 100. Drill bit 100 1s a fixed
cutter drill bit having a hollow bit body 102 that has an upper pin cnd 14 for threadcd
connection to a drill string 32 (shown in Figurc 1). Bit body 102 includes a plurality of
bladcs 104 that extend from the lower end of drill bit 100. Each blade 104 forms a cutting
surface of the bit 100. Although six blades 104 arc shown, any suitable number of straight

or curved blades may be provided.

Drill bit 100 may be manufactured using powder metallurgy techniques, which generally
entail blending and mixing metal powders, compressing the metal powders into a bit-
shaped matrix, and sintering the matrix under clevated temperatures to cause solid-state
bonding of thec powders. However, drill bit 100 may also be manufactured by casting,
forging, machining, or another suitable manufacturing process, and the disclosure 1s not

limited to a particular manufacturing process for the drill bit body.

Blades 104 may be angularly spaced about the bit face and project radially outward trom
the bit axis to define flow channcls, sometimes referred to as junk slots, therebetween.
Drill bit 100 may include one or more nozzles 16 for jetting drilling fluid to aid 1n
formation cutting, tool cooling, lubrication, and debris removal. Nozzles 16 are fluidly

connected within body 102 and reccive drilling fluid via the drill string 32 (Figure 1).
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Each blade 104 carrics a number of hard cutters 108. Cuttcrs 108 are madc of a matcnal
sufficicntly hard to cut through carth formations, such as by scraping and/or shearing.
Cutters 108 may be spaced apart on a blade 104 in a fixed, predetermined pattern, typically
arrayed along thc leading cdges of cach of scvcral blades 104 so as to present a
predetermined cutting profilc to the carth formation. That is, cach cutter 108 1s positioned
and oriented on bit 100 so that a portion of 1t, 1ts cutting cdge or wear surface, engages the
earth formation as the bit is being rotated. Additionally, cutters 108 may be disposed so as
to define a predetermined rake angle. The configuration or layout of cutters 108 on the
blades 104 may vary widcly, depending on a number of factors. Onc of thesce factors is the
formation itsclf, as diffcrent cutter layouts cut the various strata with differing results and

ctfectivencss.

According to onc or more embodiments, at least onc cutter 108 18 rotatively mounted
within a borc 300 located in bit body 102. Bore 300 is typically located in the leading edge
of a bladc 104, but it may be formed on bit body 102 whercver it 1s desirable to attach a
cutter 108. When rotatively mounted, thc portion of cutter 108 that 1S exposcd to the
formation at any given time continually changes as thc cutter freely rotates, thereby

providing an overall greater cxposed cutter arca and extended cutter wear.

Figure 3 is an elevation of a cutter 108 according to some cxemplary embodiments. Cutter

108 has an clongate and gencrally cylindrical body 200, which defines a shaft 201

extending between a facc end 202 and a root cnd 204. Each cutter 108 may bc
manufactured as a discrete piccc. While the disclosure is not limited to a particular
material or manufacturing method for forming cutter 108, in one or more embodiments,
body 200 may bc formed of a ccmented mctal carbide, such as tungsten carbide, by

sintcring powdered mctal carbide with a metal alloy binder.

[n one or more embodiments, a hardened table 210 may be bondcd or otherwise attached to
body 200 at facc end 202. Table 210 may be formed of an extremely hard super-abrasive
material such polycrystalline diamond compact (PCD), cubic boron nitride, thermally
stable PDC (TSP), polycrystalline cubic boron nitride, or ultra-hard tungsten carbide (TC).
Table 210 may be formed and bonded to body 200 using an ultra-high pressure, ultra-high
temperaturc process. Although not illustrated, cutter 108 may also include transitional
layers in which metal carbide and diamond are mixcd with other elements for improving

bonding and reducing stress between body 200 and table 210.

N
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Shaft 201 of cutter 108 includes a male screw thread 220 defined along shaft 201. In some
embodiments, male screw threads 220 may be defined on shaft 201 adjacent to or in
proximity to root end 204. Male screw thrcad 220 defines a major diameter D,, and
extends for an axial length x,. Shaft 201 of cutter 108 also includes a circumferential
croove 224 formed therein located adjacent male screw thread 220 toward tace end 202.

Circumferential groove 224 defines a diameter D, and an axial length x..

Cutter 108 may include a circumfcrential radial bearing surface 230 axially located toward
face end 202 from circumferential groove 224 and/or a circumferential radial bearing
surface 232 axially located toward root end 204 from male screw thread 220. Cutter 108
may also includc a thrust bearing surface 234 located at root cnd 204 and/or a thrust
bearing surface 236 at a shoulder axially located toward facc end 202 from circumferential

groove 224.

Figurc 4 is an axial cross scction of a slecve 106 according to an exemplary embodiment
into which cutter 108 is rotatively mountable. Slceve 106 dcfines an elongate and
oenerally cylindrical bore 300 that has an inner surface 301., a face end 302, and a root ¢nd
304. Surface 301 of bore 300 includcs female screw threads 320 defined along surtace
301. In some embodiments, female screw thrcads 320 arc defined adjacent to or in
proximity to facc end 302. Female screw thrcads 320 define a minor diameter Dy and
extends for an axial length x. Surface 301 of bore 300 also includes a circumferential
aroove 324 formed thercalong and located adjacent female screw thread 320 toward root

end 304. Circumferential groove 324 defines a diamcter Dy and an axial length x;.

Bore 300 may include a circumferential radial bearing surface 330 axially located toward

face end 302 from female screw thread 320 and/or a circumferential radial bearing surtace

332 axially located toward root cnd 304 from circumferential groove 324. Bore 300 may
also include a thrust bearing surface 334 located at root end 304 and/or a thrust bearing

surface 336 at a shoulder axially located toward or at facc end 302 from female screw

threcad 320. Shoulder 336 may be defined by the face end of sleeve 106 1tself.

As shown in Figure 4, slecve 106 may be manufactured as a discrete part and have a
cylindrical cxterior shape, for cxample. However, slceve 106 may have other extcrior

shapes as appropriate. Figure 5 1s an axial cross section of slecve 106 shown installed 1n a
blade 104 of drill bit 100 (Figurc 2). Slceves 106 may be initially mounted to drill bit 100

in one or more various processes: According to a first technique, drill bit 100 1s formed to

6
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include pockets 105 into which sleeves 106 are received. In one or more embodiments,
slceves 106 may be press fit into the pockets 105 or inserted and brazed into place on drill
bit 100. Although brazing and press-fitting are preferred methods of attachment, other
techniques may be uscd, including cementing or hard facing. In one or morc embodiments,
a drill bit is manufacturcd using powdcred metallurgy, which may be made, for mnstance,
by filling a graphite mold with metallic particulatc matter such as powdered tungsten,
compacting, sintering, and then infiltrating the powdercd metal matrix with a molten metal
alloy. In thecse embodiments, slceves 106 may be placed 1n the matrix betore ntiltration

and then bonded 1n place by the infiltration process.

Figure 6 is a cross scction of a bladc 104’ of a drill bit 100" according to an alternate
cmbodiment, in which the gencrally cylindrical bore 300 of sleceve 106 (Figure 4) 18 formed
dircctly in blade 104’. Accordingly, discrete slecves 106 are omitted in the embodiment of
Figure 6. Bore 300 is of blade 104" may have the same featurcs and characteristics as bore
300 of sleeve 106, including fcmale screw thread 320, circumfterential groove 324,
circumfcrential radial bearing surfaces 330, 332, and thrust bcaring surfaces 334, 330.
Such fecatures may be molded or cast with the bit body, or thcy may be machined into the
bit body after it has been formed. In the embodiment of Figurc 6, cutter 108 (Figure 3) 18
rotatively mounted in bore 300 formed in blade 104’ in same manncr as described herein

with respect to sleeve 106.

Figure 7 is an axial cross scction of slecve 106, as it is being mounted 1n pocket 105 1n
blade 104. Cutter 108 is installed by screwing cutter 108 into borc 300. Male screw thread
220 is engaged and advanced into female screw thread 320 by turning cutter 108 1n the
dircction of rotation of the screw thread, i.e. clockwise for a right-hand thread and
countcrclockwisc for a left-hand thread. In this regard, in one or morc embodiments, the
screw threads may be right-handed threads, while in other embodiments, the screw threads
may bc left-handed threads. Cutter 108 may be characterized by a natural tendency to
rotate cither clockwisc or counterclockwise when drill bit 100 1s rotated in the wellbore
during drilling opcrations, depending on the direction of drill bit rotation, the shape and
orientation of blade 104, and thc position and orientation, 1.e., rake angle of cutter 108 on
blade 104. The dircction of male and fcmale screw threads 220, 320 is preferably selected
so that cutter 108 is inclined to screw inwardly during drilling operations to avoid thc

tendency of cutter 108 from unscrewing and backing out of bore 300.
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Figure 8 is an axial cross section of sleeve 106, mounted in pocket 105 in blade 104, with
cuttcr 108 rotatively mounted in slceve 106. Cutter 108 is advanced into bore 300 to such
an cxtent that male screw thread 220 has disecngaged female screw thread 320. Because the
diameter D, and axial length x, of circumfecrential groove 324 is greater than the major
diamcter D,, and axial length x,, rcspectively, of male screw thread 220, becausc the
diameter D. of circumfcrential groove 224 is less than the minor diamcter Dy of female
screw thread 320, and because the axial length x. of circumfercntial groove 224 18 greater

than the axial length x,of female screw thread 320, cutter 108 may freely rotatc within bore

300 of slceve 106.

A first radial bearing 430 may be provided at and or defined by the interface of
circumferential radial bearing surface 230 (Figure 3) and circumferential radial bearing
surface 330 (Figure 4). A second radial bearing 432 may be provided at and or detined by
the interface of circumferential radial bearing surface 232 (Figure 3) and circumferential
radial bearing surface 332 (Figurec 4). A first thrust bearing 434 may be provided at and or
defined by the interfacce of thrust bearing surface 234 (Figurc 3) and thrust bearing surfacc
334 (Figurc 4). A sccond thrust bearing 436 may be provided at and or defined by the

interface of thrust bearing surface 236 (Figure 3) and thrust bearing surface 336 (Figurc 4).

Bearings 430, 432, 434, 436 may include various bearing matcrials, which may be laycred
on one or more of the individual bearing surfaces, for example. Bearings 430, 432, 434,

436 may also include lubricants and/or bearing elements, such as balls or rollers (not

illustrated).

Although cutters 108 have generally been described as being mounted on the blades of a

fixed blade drill bit, cutters 108 may be incorporated into any type of drill bit and mounted

on any part of the drill bit, as desircd. Thus, in onc or more cmbodiments, at lcast one, and
in some cmbodiments, a plurality of cuttcrs 108 arc rotatively mounted on the cone of a

rotary cone drill bit (not shown).

Figurc 9 is a flow chart that describes a method for rotatively mounting cutter 108 on drill
bit 100 according to an embodiment. At step 500, bore 300 18 provided i drill bit 100,
which may be formed directly in drill bit 100 as shown in Figure 6 or may be formed in
sleeve 106 which is then mounted in drill bit 100 as shown in Figure 5. Borc 300 includces

femalce screw thread 320 and circumferential groove 324. At step 502, which may occur



L0

IS

20)

25

30

CA 02944868 2016-10-04

- WO 2015/167570 PCT/US2014/036380)

independently of step 500, cutter 108 1s provided. Cutter 108 includes male screw thread

220 and circumferential groove 224.

At step 504, cutter 108 1s positioned into bore, and at step 506, male screw thrcad 220 1s
engaged with female screw thrcad 320. At step 508, cutter 1s rotated so that 1t 18 fully
advanced into bore 300 to a point where circumferential groove 324 provides reliet and
allows free relative rotation of male screw thread 220 and circumferential groove 224
provides rclicf and allows free relative rotation of female screw thread 320. Screw threads
220, 320 retain cutter in bore 300. At step 510, drill bit 100 1s rotated within the wellbore.

Cutter 108 freely rotates within bore 300 during such drilling operations.

In summary, a cutter for a drill bit, a drilling systcm, and method for drilling a wellbore
have been described. Embodiments of the cutter may have a generally cylindrical body
defining a shaft extending between a face end and a root end, a hardened table disposcd at
the face end, a malc screw thread formed along the shaft, and a circumferential groove
formed along the shaft between the face end and the male screw thread. Embodiments of
the drilling system may gencrally have a drill bit having a drill bit body; a borc formed
within the drill bit body, the bore having a generally cylindrical inner surface, a face end
facing outwardly from the drill bit body, a root cnd, a female screw thread formed along
the inner surface, and a circumferential groove formed along the inner surface between the
root cnd of the bore and the female screw thread; a cutter body rotatively received within
the bore, the cutter body having a generally cylindrical shaft, a face end, a root end, a malc
screw thread formed along the shaft, and a circumfcrential groove formed along the shaft
between the face end and the male screw thread; and a hardencd table disposed at the face
cnd of the cutter body. Embodiments of the method may generally include providing a
drill bit; providing a borc in the drill bit, thc bore having a gencrally cylindrical inner
surface, a face end facing outwardly from the drill bit, a root end, a femalc screw thread
formed along the inncr surface, and a circumfcrential groove formed along the inncer
surfacc between the root end of the bore and the female screw thread; providing a cutter
having a generally cylindrical shaft, a face end, a root end, a male screw thread formed
along the shaft, and a circumferential groove formed along the shaft between the face end
of the cutter and the male screw thread; positioning the root end of the cutter into the face
end of the bore; engaging the male screw thrcad into the female screw thread; rotating the

cutter in a first direction with respect to the bore so that the male screw thread advances
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past thce female screw thread into the circumferential groove of the bore; and rotating the

drill bit within the wellbore; whereby the cutter 1s rotatively captured within the bore.

Any of the forcgoing embodiments may includc any one of the following elements or
characteristics, alone or in combination with cach other: At least one radial bearing surface
circumferentially formed along the shaft at an axial location sclected from the group
consisting of a first location between the face end and the circumferential groove, and a
second location between the root end and the malc screw thread; at least one thrust bearing
surface formed on the body at a location selected from the group consisting of the root end
and a shoulder formed along the shaft between the face end and the circumficrential groove;
a sleeve having a generally cylindrical bore formed therein, the slecve having an inner
surface, a facc end and a root end; a fcmale screw thread formed along the borc and
dimensioned so as to matc with the malc screw thread; a circumferential groove formed
along the inner surfacc between the root end of the sleeve and the female screw thread, the
circumferential groove of the slceve characterized by a diameter greater than a major
diameter of the male screw thread; the circumferential groove of the sleeve 1s characterized
by an axial length greater than an axial length of the malc screw thread; the circumfcrential
oroove of the body is characterized by a diamcter less than a minor diamcter of the temalc
screw thread; the circumferential groove of the body is characterized by an axial length
oreater than an axial length of the femalc screw thrcad; at least onc radial bearing surface
circumferentially formed along the inncr surface of the sleeve at an axial location sclected
from the group consisting of a first location between the root end of the slecve and the
circumferential groove of the sleeve, and a second location between the face end of the
sleceve and the female screw thread; at least one thrust bearing surface formed on the sleeve
at a location sclected from the group consisting of the root end and a shoulder tormed on
the sleeve toward the face end from the fecmale screw thread; the male screw thread is
dimensioned so as to mate with the female screw thread; the circumferential groove of the
bore is characterized by a diameter greater than a major diameter of the male screw thread:;
the circumfercntial groove of the cutter body is characterized by a diameter less than a
minor diamcter of the fecmale screw thread; the circumferential groove of the borc is
characterized by an axial length grcater than an axial length of the male screw thread; the
circumferential groove of the cutter body is characterized by an axial length greater than an
axial length of the female screw thread; at least one radial bearing formed between the bore

and the cutter body; at least one thrust bearing formed between the bore and the cutter

body; the at least one radial bearing is disposed at an axial location from thc group

10
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consisting of a first location toward the facc ecnd of the borc from the female screw thread
and a sccond location toward the root end of the cutter body from the male screw thread:;
the at lcast one thrust bearing is disposed at an axial location selected from the group
consisting of the root e¢nd of the cuttcr body and a shoulder formed toward the face end of
the bore from the femalc screw thread; a sleeve, the bore being formed in the siceve; a
pocket formed in the drill bit body, the sleeve being disposed within the pocket; a drill
string coupled to the drill bit so as to rotate the drill bit within the wellbore; providing a
sleeve; forming the bore in the sleeve; providing a pocket in the drill bit; disposing the
sleeve within the pocket; orienting the bore in the drill bit so that the face cnd of the cutter
defines a rake angle; urging the cutter to rotate in the first direction within the bore by the
rakc angle while the drill bit is rotating within the wellbore; coupling the drill bit to a dnll
string; rotating the drill bit within the wellbore by the drill string; providing a hardened
table at the face end of the cutter; retaining by the male screw thrcad and the female screw
thread the cutter within the bore; providing relief for frece relative rotation by the
circumferential groove of the bore for the male screw thread; and providing relict for free

relative rotation by the circumferential groove of the cutter for the female screw thread.

The Abstract of the disclosure is solely for providing thc United Statcs Patent and
Trademark Office and the public at large with a way by which to determine quickly from a
cursory reading the nature and gist of technical disclosure, and it represents solcly one or

more embodiments.

While various embodiments have been illustrated in detail, the disclosure is not Iimited to
the embodiments shown. Modifications and adaptations of the above embodiments may
occur to those skilled in the art. Such modifications and adaptations are in the spirit and

scope of the disclosure.

11
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WHAT IS CLAIMED

. A cutter for a drill bit for drilling a wellbore in an earthen formation comprising:
a generally cylindrical body dcfining a shaft extending between a face end and a
root end;
a hardencd table disposed at said face end;
a malc screw thread formced along the shaft; and
a circumferential groove formed along the shaft between said face end and said

male screw thread.

2. The cutter of claim 1 further comprising:

at least onc radial bearing surface circumferentially formed along the shaft at an
axial location selected from the group consisting of a first location between said face end
and said circumferential groove, and a second location between said root end and said male

screw thread.

3. The cutter of claim 1 further comprising:
at lcast one thrust bearing surface formed on said body at a location selected from
the group consisting of said root e¢nd and a shoulder formed along said shaft between said

face end and said circumferential groove.

4. The cutter of claim 1 furthcr comprising:

a slecve having a generally cylindrical bore formed therein, the slceve having an
inncr surface, a face end and a root end;

a female screw thread formed along the borc and dimensioncd so as to mate with
sald male screw thrcad; and

a circumfcrential groove formed along the inncr surface between said root end of
said sleeve and said femalc screw thread, said circumfcrential groove of said sleeve

characterized by a diamcter greater than a major diameter of said male screw thread.
. The cutter of claim 4 wherein:

said circumferential groove of said sleeve is characterized by an axial length greater

than an axial length of said malc screw thread.

12
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6. The cutter of claim 4 wherein:
sard circumfcrential groove of said body is characterized by a diameter less than a

minor diameter of said female screw thread.

7. The cutter of claim 4 wherein:
said circumferential groove of said body is characterized by an axial length greater

than an axial length of said femalc screw thread.

3. The cutter of claim 4 further comprising:

at least one radial bearing surfacc circumferentially formed along the inner surface
of said slecvce at an axial location sclected from the group consisting of a first location
between said root end of said sleeve and said circumferential groove of said sleeve, and a

sccond location between said face end of said sleeve and said female screw thread.

9. The cutter of claim 4 further comprising:

at lcast one thrust bearing surface formed on said slecve at a location selected from
the group consisting of said root end and a shoulder formed on said sleeve toward said face

end from said female screw thread.

10. A dnlling system for drilling a wellbore in an carthen formation comprising:

a drill bit having a drill bit body;

a bore formcd within said drill bit body, said bore having a generally cylindrical
inncr surface, a face end facing outwardly from the drill bit body, a root end, a fcmale
screw thread formed along the inner surface, and a circumferential groove formed along
the mner surface between said root end of said bore and said female screw thread;

a cutter body rotatively received within said bore, said cutter body having a
generally cylindrical shaft, a face cnd, a root end, a male screw thread formed along the
shaft, and a circumfcrential groove formed along the shaft between said face end and said
male screw thread; and

a hardened table disposed at the face end of said cutter body.

13
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11. The dnlling system of claim 10 wherein:

sald male screw thread 1s dimensionced so as to matc with said female screw thread;

said circumferential groove of said bore 1s characterized by a diameter greater than
a major diameter of said male screw thread;

said circumfcrential groove ot said cutter body is characterized by a diameter less
than a minor diameter of said female screw threcad;

said circumferential groove of said bore i1s characterized by an axial length greater
than an axial length of said male screw thread; and

sald circumferential groove of said cutter body 1s characterized by an axial length

greater than an axial Iength ot said female screw thread.

12.  The dnlling system of claim 10 furthcr comprising:
at least one radial bearing formed between said bore and said cutter body; and

at lcast onc thrust bearing formed between said bore and said cutter body.

13.  The drilling system of claim 12 wherein:

said at least one radial bearing 1s disposed at an axial location from the group
consisting of a first location toward the face end of said bore from said female screw thread
and a second location toward said root end of said cutter body from said male screw thrcad;
and

said at lcast one thrust bearing 1s disposcd at an axial location selected from the
oroup consisting of said root cnd of said cutter body and a shoulder formed toward the facc

end of said bore from said female screw thread.

14, The drilling system of claim 10 furthcr comprising:
a slceve, said bore being formed 1n said sleeve; and
a pockct formed in said drill bit body, said sleeve being disposed within said

pocket.

15.  The drlling system of claim 10 furthcr comprising:
a drill string coupled to satd drill bit so as to rotate said drill bit within said

wcllbore.

14
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16. A method for drilling a wellbore in an earthcn formation, comprising:
providing a drill bit;

providing a bore in said drill bit, said bore having a gencrally cylindrical inner
surface, a face end facing outwardly from the drill bit, a root end, a female screw thrcad
formed along the inncr surface, and a circumferential groove formed along the inner
surfacc between said root end of said bore and said femalc screw thread;

providing a cuttcr having a gencrally cylindrical shaft, a face end, a root end, a male
screw thread formed along the shaft, and a circumfcrential groove formed along the shaft
between said face end of the cutter and said male screw thread;

positioning the root end of said cutter into the tace end of the bore;

cngaging said male screw thread into said female screw thread;

rotatively capturing said cutter within said bore by rotating said cutter in a first
direction with respect to said bore so that said male screw thread advances past said female
screw thread into said circumfcrential groove of said bore; and

rotating said drill bit within said wellbore, with said cutter cngaging said earthen

formation to rotate said cutter within said bore in responsc to the rotation of said drill bit.

17.  The method of claim 16, further comprising:
providing a sleeve;
forming said bore in said sleeve;
providing a pocket in said drill bit; and

disposing said sleeve within said pocket.

18. The method of claim 16, further comprising:

orienting said borc in said drill bit so that the face end of said cutter defines a rake
angle; and

urging said cutter to rotate in said first direction within said bore by said rake angle

while said drill bit is rotating within said wcllbore.

19.  The method of claim 16 further comprising:
coupling said drill bit to a drill string; and

rotating said drill bit within said wellbore by said drill string.
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20.  The method of claim 16 further comprising:

retaining by said male screw thread and said female screw thread said cutter within
sald bore;

providing rchief for free relative rotation by said circumferential groove of said bore
for said male screw thrcad; and

providing relief for free relative rotation by said circumferential groove of said

cutter tor said temale screw thread.
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