Office de la Propriete Canadian CA 2923060 C 2018/01/02

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 923 060
e e 1 BREVET CANADIEN
CANADIAN PATENT
(13) C
(86) Date de depot PCT/PCT Filing Date: 2014/08/26 (51) Cl.Int./Int.Cl. E21B 10/566 (2006.01)
(87) Date publication PCT/PCT Publication Date: 2015/03/12 (72) Inventeurs/Inventors:
- _ HERMAN, JOHN JAMES, CA;
(45) Date de delivrance/lssue Date: 2018/01/02 WILKINS. DALLAS. CA.
(85) Entree phase nationale/National Entry: 2016/03/03 MARLEY, RYAN J. C., CA
(86) N° demande PCT/PCT Application No.: CA 2014/000646 BEATON, TIMOTHY P., CA
(87) N° publication PCT/PCT Publication No.: 2015/031976 (73) Proprietaire/Owner:

SHEAR BITS, LTD., CA
(74) Agent: SHAPIRO COHEN LLP

(30) Priorite/Priority: 2013/09/04 (US14/018,339)

(54) Titre : TREPAN AYANT DES COUTEAUX DE GOUGEAGE ET DE CISAILLEMENT
(54) Title: DRILL BIT HAVING GOUGING AND SHEAR CUTTERS

12
18
11B
16
13
14 __ & - 14
' 13
12

(57) Abrege/Abstract:
A drill bit Includes a bit body defining a plurality of blades extending from a selected distance from an axis of rotation of the bit body

to a gage face. A plurality of only gouging cutters is mounted on the bit body. At least one of the plurality of blades has a blade top
surface longitudinally behind the tips of the gouging cutters at a selected distance from the tips of the gouging cutters.

-
. Jf:%-‘:‘-fi- ﬁ'{.h @ \"'".
DO u [
SR, ""
W) ‘

I*I ] . Paven X R e
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 48 & %% 110

| SRR O AP
OPIC - CIPO 191 -




015/031976 A1 IR 1Y) 000 R0 00000 01

(43) International Publication Date

CA 02923060 2016-03-03

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

(19) World Intellectual Property
Organization
International Burecau

=
WIRPO I PCT

12 March 2015 (12.03.2015)

(10) International Publication Number

WO 2015/031976 Al

(1)

(21)

(22)

(25)

(26)
(30)

(71)

(72)

(74)

(54) Title: DRILL BIT HAVING GOUGING AND SHEAR CUTTERS

International Patent Classification:
E2IB 10/56 (2006.01)

International Application Number:
PCT/CA2014/000646

International Filing Date:
26 August 2014 (26.08.2014)

English
English

Filing Language:
Publication Language:

Priority Data:
14/018,339 4 September 2013 (04.09.2013) us

Applicant: SHEAR BITS, LTD. [CA/CA]; 300-510 5th
St. SW, Calgary, Alberta T2P 3S2 (CA).

Inventors: HERMAN, John James; 3505 Township Road
1300, Cypress County, Alberta TIB O0K8 (CA).
WILKINS, Dallas; 7915 Huntwick Cres NE, Calgary, Al-
berta T2K 4H7 (CA). MARLEY, Ryan J.C.; 171 Lux-
stone View SW, Airdrie, Alberta T4B 0J8 (CA).
BEATON, Timothy P.; 90 Aspen Hills Way SW, Calgary,
Alberta T3H 0G7 (CA).

Agent:. SHAPIRO COHEN LLP; P.O. Box 13002,
Kanata, Ontario K2K 0E2 (CA).

12

118

13

(81)

(84)

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,
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, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
W,

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, ST, 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:

12

as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

[Continued on next page]

12

18

/,16
AN
¢ 14
000 .
Qo
@
/11!\ 1
11
/]

FIG. 1

(57) Abstract: A drill bit includes a bit body defining é plurality Of blades extending from a selected distance from an axis of rota-

tion of the bit body to a gage face. A plurality of only gouging cutters 1s mounted on the bit body. At least one of the plurality of

X plades has a blade top surface longitudinally behind the tips of the gouging cutters at a selected distance from the tips of the gouging

W
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DRILL BIT HAVING GOUGING AND SHEAR CUTTERS

Background

This disclosure relates generally to the field of fixed cutter drill bits. More specifically. the disclosure

relates to drill bits having both shear cutters and "gouging” type cutters.

Fixed cutter bits known 1n the art include PDC bits, wherein a plurality of PDC cutters are affixed to

a bit body 1n a selected arrangement on one or more blades formed in the bit body.

Gouging type cutters are used in drill bits for drilling mine shafts or tunnels. among other uses. Such
bits are known 1n the art as "claw" bits, one example of which 1s sold under the trademark QUI-

KLAW., which is a trademark of Drillhead, Inc. Such bits are known to be useful in drilling clay,

unconsolidated sand, loose rock and gravel.

U.S. Patent No. 8,505,634 1ssued to Lyons et al. describes a dnll bit having gouging cutting elements
disposed adjacent to shearing cutting elements on a blade on the bit body. The shearing cutting
elements have a planar cutting face. while the gouging cutting elements have a non-planar cutting

face, e.g., dome shaped or cone shaped.
Summary

In accordance with one aspect of the present invention, there 1s provided a drill bit, comprising: a bit
body having a plurality of gouging cutters mounted on the bit body; a plurality of blades extending
from a selected distance from an axis of rotation of the bit body to a gage face; and at least one of the

plurality of blades comprising a plurality of shear cutters affixed thereon. wherein the gouging cutters

extend a selected distance longitudinally ahead of a cutting surface defined by the shear cutters and

wherein the gouging cutters are mounted to the bit body rotationally ahead of the shear cutters.

In accordance with another aspect of the present invention. there 1s provided a drill bit, comprising: a
bit body having a plurality of gouging cutters mounted on the bit body: a plurality of blades
extending from a selected distance from an axis of rotation of the bit body to a gage face; and at least
one of the plurality of blades comprising a plurality of shear cutters affixed thereon; wherein: the
gouging cutters are mounted on the bit body other than on the blades; and the gouging cutters are

mounted to the bit body rotationally ahead of the shear cutters.

]
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A drill bit according to one aspect of the disclosure includes a bit body defining a plurality of blades
extending from a selected distance from an axis of rotation of the bit body to a gage face. A plurality
of only gouging cutters is mounted on the bit body. At least one of the plurality of blades has a blade
top surface longitudinally behind the tips of the gouging cutters at a selected distance from the tips of

the gouging cutters.

Other aspects and advantages will be apparent from the description and claims that follow.
Brief Description of the Drawings

FIG. 1 i1s an oblique view on an example drill bit according to the present disclosure.

FIG. 2 shows a side view of an example blade of the bit shown 1in FIG. 1.

F1G. 3 shows one example of a shear cutter.

la

CA 2923060 20177-07-06
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FIG. 4 shows one example of a gouging or gouging cutter.

FIG. 5 shows another example of a drill bit according to the present disclosure.
FIG. 6 shows an oblique view of blades according to the example bit shown 1n FIG. 3.

FIG. 7 shows an example blade having shear cutters with gouging cutters disposed rotationally

ahead of the shear cutters.

FIG. 8 shows an example blade having gouging cutters disposed rotationally behind gouging

cutters.

Detailed Description

An example drill bit according to the present disclosure 1s shown 1n oblique view at 10 1n FIG. 1.
The bit 10 may include a bit body 11 having a tool joint section 11A for coupling the bit body 11
to a drill string (not shown) and a cutting section 11B which may include a plurality of
circumferentially spaced apart blades 12. The bit body 11 may be formed from steel and have an
abrasion resistant coating such as tungsten carbide applied to certain wear susceptible arcas (not
shown) on the bit body 11. Each of the blades 12 may extend from a selected distance proximate
the axial center of the bit body 11, radially outwardly to a gage portion 13 having a diameter
approximately equal to the diameter of a wellbore to be drilled by the bit 10. The gage portion
13 of each blade 12 may include gage inserts 14 made, for example, from a hard or superhard
material such as polycrystalline diamond, cubic boron nitride, diamond impregnated tungsten
carbide or tungsten carbide. The present example includes six, circumferentially equally spaced
apart blades 12, but the number of blades and the circumferential spacing therebetween are not

limits on the scope of the present disclosure.

At least one or each blade 12 may define a stepped, dual “profile” or curved shape. In the

present example, a forward (with respect to direction of rotation of the bit) step of at least one or
all of the blades 12 may be longitudinally lower or behind (further back or rearward with respect
to the direction the bit will drill) than a rearward step of blade 12, as will be further explained

below with reference to FIG. 2. Lower in the present context means further from the drilling
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surface defined by the profile of the blades 12. The forward step of the profile may include a
plurality of pick type or gouging cutters 18 spaced in a row along the forward step. The gouging
type cutters 18 will be further explained below. The rearward step of the profile may in some
examples include a plurality of shear cutters 16, such as, for example, polycrystalline diamond

compact (PDC) cutters, tungsten carbide cutters, or cubic boron nitride cutters of any type known

in the art.

The shear cutters 16 may be mounted on the blade 12 at a selected backrake angle. In the present
example, the backrake angle may be about 20 degrees with respect to a plane parallel to the axis
of rotation of the bit. A range of backrake angles within about 10 to 30 degrees is within the
scope of the present disclosure. The gouging cutters 18 may be mounted in openings (FIG. 2)
such that they are at an angle of about 15 degrees to the same plane (equivalent to a forward rake
angle of 15 degrees). A range of values for the foregoing angle of the gouging cutters of 15 to
45 degrees 1s within the scope of the present disclosure. In some examples, the tips (FIG. 4) of
the gouging cutters 18 may extend longitudinally ahead of (in the direction the bit will drill) a
cutting surface defined by the shear cutters 16 by about 0.5 inches (13 mm). A range of such

extension between 1/8 inch (3 mm) and 3/4 inch (19 mm) 1s within the scope of the present

disclosure.

A space between circumferentially adjacent blades 12 may form a flow path or waterway to
enable space for cuttings generated by the bit 10 to be disposed until they are forced out by the

action of drilling fluid pumped through one or more nozzles or “jets” 20 inserted into the bit

body 11 as shown in FIG. 1.

FIG. 2 shows a side view of one of the blades 12 without the cutters (16, 18 in FIG. 1) to better
illustrate some of the blade’s features. The blade 12 in the present example may define a
forward (with respect to direction of rotation of the bit) step 22 that traverses a curved profile.
The forward step 22 may extend radially inwardly to a predetermined position (i.e., a selected
distance from the center of rotation of the bit body) enabling convenience of placement of the
gouging cutters (18 in FIG. 1) i substantially cylindrically shaped pockets 18A. The curvature

of the profile may substantially match the curvature of a corresponding portion of a rearward
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step 24 on the blade 12, or may have a ditferent curvature. The rearward step 24 may be
clevated (or extended longitudinally in the direction of drilling) by a selected distance H at one
or more lateral positions along the blade 12. In the present example, the distance H may be
about 0.5 mches (13 mm). 'The rearward step 24 may define a profile that extends radially
outward to the gage surface 13 and may extend radially inward to a selected distance from the

axis of rotation of the bit body (11 m FIG. 1) somewhat more than the forward step 22. The

“rearward step 24 shown 1n FIG. 2 may in some examples include pockets 16A for mounting the

shear cutters (16 in FIG. 1). The curvature of the profile defined by the rearward step 24 may be
any profile known to be used with fixed shear cutter drill bits. The distance by which the tips of
the gouging cutters (18 in FIG. 1) extend beyond the rearward step 24 or a cutting surface
defined by the shear cutters (16 in FIG. 1), if used, will be related to the length of the gouging
cutters (18 1n FIG. 1) and the selected distance H.

In the present example drill bit, shear cutters are used, as shown in FIG. 1. In the present
example, the gouging cutters (18 mn FIG. 1) are arranged so that they extend longitudinally (in
the direction of drilling) beyond a cutting surfacé defined by the shear cutters (16 in FIG. 1) by
about 0.5 inches (13 mm). A possible range of such extension may be 1/8 inch (3 mm) to 3/4
inches (19 mm). The gouging cutters in the present example may be arranged in a row along the
blades that is rotationally “ahead™ (in the direction of rotation of the bit during drilling) of a row

of the shear cutters by a selected distance.

In other examples, the rearward step 24 may omit the mounting pockets 16A and the shear

cutters (16 1in FIG. 1) and perform the function of a depth of cut limiter for the gouging type .
cutters (18 in FIG. 1). In some examples, the tips (FIG. 4) of the gouging cutters (18 in FIG. 1)
may extend beyond the surface of the rearward step 24 by about 0.5 inches (13 mm). A range of

such extension between about 1/8 inch (3 mm) and 3/4 inch (19 mm) is within the scope of the

present disclosure.

In some examples, the blades (12 in FIG. 1) may only include a single profile surface that
extends a selected distance from the rotational axis of the bit to the gage surface (13 in FIG. 1)

and the gouging cutters (18 1n FIG. 1) are mounted to the bit body (11 in FIG. 1) so that the tips
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thereof are disposed at a selected longitudinal distance ahead of the blade profile surface.

An example shear cutter 16 is shown in side view in FIG. 3. The cxample shown in FIG. 3 is a
PDC cutter, although other types of shear cutters may be used in other implementations of a bit
according to the disclosurc. The shear cutter 16 may include a substrate 30 such as may be made
from tungsten carbide or other material known 1n the art for such use in PDC cutters. A diamond
table 32 may be attixed to an upper surface of the substrate 30. The diamond. table 32 may be
made from polycrystalline diamond using processes known 1n the art. Any known configuration
of interface between the diamond table 32 and the substrate 30 may be used. The diamond table
may have an exposed substantially planar surface 32A, which may have a chamfer 32B at its
edge. The substrate 30 may be brazed to the bit body (11 in FIG. 1) on one of the pockets (16A
in FIG. 2) using techniques known in the art. In other examples, the shear cutters 16 may be
made from materials such as tungsten carbide, diamond impregnated tungsten carbide or cubic

boron nitride.

FIG. 4 shows an exploded view of one of the gouging cutters 18 as it would be mounted in one
of the pockets 18A 1n a blade 12. The gouging cutters 18 may include a substantially circular
cross section cutter body 34 made from steel or similar high strength metal. The cutter body 34
may include a mounting post 38 which may have a same or smaller diameter than the cutter body
34, and be of such diameter as to enable free rotation of the cutter 18 when the mounting post 38

is inserted into the pocket 18A. The mounting post 38 may include a reduced diameter recess

- 38A in which may be disposed a snap ring 40 to lock the mounting post 38 within the pocket

18A longitudinally. Other forms of mounting the gouging cutters to the bit body will occur to
those skilled 1n the art, it only being desirable to mount them as explained below. The mounting
post 38 and the length of the cutter body 34 may be selected so that when mounted in the pocket
18A, 1n some embodiments the gouging cutter extends about 0.5 inches (13 mm) beyond a
cutting surface defined by the shear cutters or the rearward step of the blade (24 in FIG. 2). A

range of such extension between 1/8 inch (3 mm) and 3/4 inch (19 mm) is within the scope of the

present disclosure.
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T'he cutter body 34 may taper toward a cutter tip 36. The cutter tip 36 may be substantially

ballistically shaped and made from a hard or superhard material, ¢.g., tungsten carbide, diamond
impregnated tungsten carbide, cubic boron mitride, polycrystalline diamond or other hard or
superhard matertal. The gouging cutter 18 may be removed from the pocket 18A at any
convenient location, where the bit (10 in FIG. 1) 1s being used, for example. The gouging cutters
may be removed with common hand tools, so that in the event one or more of the gouging cutters
18 breaks during drilling, the bit may be repaired at the drilling site by replacement of the broken
gouging cutter(s).

FIG. 5 shows another example of a drill bit according to the present disclosure in which the
gouging cutters 18 are mounted to the bit body 11 so as to be disposed rotationally behind the
shear cutters 16. In the example of FIG. 5, the tips of the gouging cutters 18 may extend a
selected distance beyond a cutting surface defined by the shear cutters 16.

F1G. 6 shows an enlarged view of the bit body of FIG. 5 wherein pockets 16A for the shear
cutters (16 1n FIG. 5) are disposed at locations along the blade 12, and the pockets 18A for the
gouging cutters (18 i FIG. 5 are shown disposed rotationally behind the blade 12. In the
example of FIG. 6, the tips of the gouging cutters (18 in FIG. 5) may extend a selected
longitudinal distance ahead of the cutting surface detined by the shear cutters (‘16 in FIG. 5)

when mounted 1n the pockets 18A.

FIG. 7 shows another cxample wherein the blade 12 only comprises mounting for the shear

cutters 16. The gouging cutters 18 may be mounted rotationally ahead of the shear cutters 16 in

pockcts that arc not on the blade top. In the example of FIG. 7, the tips of the gouging cutters 18

may extend a selected longitudinal distance ahcad of the cutting surface defined by the shear

cutters 16.

FIG. 8 shows another example wherein at least one of the blades 12 includes gouging cutters 18
mounted therein and shear cutters 16 mounted on the blade 12 rotationally ahead of the gouging

cutters 18. The tips of the gouging cutters 18 may extend a selected distance longitudinally

ahead of a cutting surface defined by the shear cutters 16.
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In other examples, gouging cutters may be mounted on one or more blades and shear cutters may
be mounted on one or more blades. In such examples, as in the other examples described above,
the gouging cutters and shear cutters may be affixed to the blades within the stated respective
ranges of rake angles, and the gouging cutters may extend longitudinally ahead of the cutting
surface defined by the shear cutters by the distances described above.

In the examples of FIGS. 5 through 8, the gouging cutters and shear cutters may have rake
angles, structures and compositions substantially as set forth with reference to the examples

described with reference to FIGS. 1 through 4.

Drill bits made according to the present disclosure have demonstrated ability to drill through
vary coarse, unconsolidated sediments, with rock fragments in the centimeter size range,

substantially without failure of either the gouging cutters or the shear cutters.

While the invention has been described with respect to a limited number of embodiments, those
skilled 1n the art, having benctit of this disclosure, will appreciate that other embodiments can be
devised which do not depart from the scope of the invention as disclosed herein. Accordingly,

the scope of the invention should be limited only by the attached claims.
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CLAIMS

. A drill bit, comprising:
a bit body having a plurality of gouging cutters mounted on the bit body;
a plurality of blades extending from a selected distance from an axis of rotation of the bit
body to a gage facc; and
at least one of the plurality of blades comprising a plurality of shear cutters affixed
thereon, wherein the gouging cutters extend a selected distance longitudinally
ahead of a cutting surface defined by the shear cutters and wherein the gouging

cutters are mounted to the bit body rotationally ahead of the shear cutters.

2. The bit of claim 1 wherein the shear cutters comprise at least one of polycrystalline
diamond compact cutters, tungsten carbide cutters, diamond impregnated tungsten carbide

cutters and cubic boron nitride cutters.

3. The bit of claim 1 wherein the shear cutters are disposed at a backrake angle in a range of

10 to 30 degrees.

4. The bit of claim 1 wherein the shear cutters are disposed at a backrake angle of about 20
degrees.
S. The bit of claim 1 wherein the selected longitudinal distance of the gouging cutters 1S

within a range of 1/8 inch (3 millimeters) to 3/4 inch (19 millimeters) beyond the cutting surtace.

0. The bit of claim 5 wherein the selected longitudinal distance of the gouging cutters 1s

about 0.5 inches (13 millimeters) bevond the cutting surface.

7. The b1t of claim 1 wherein the gouging cutters comprise a steel body and a tip made from
at least one of tungsten carbide, diamond impregnated tungsten carbide, polycrystalline diamond

and cubic boron nitride.

8. The b1t of claim 1 wherein the gouging cutters are disposed at a forward rake angle 1n a

range of 15 10 45 degrecs.

CA 2923060 20177-07-06
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9. The bit of claim 8 wherein the forward rake angle of the gouging cutters 1s about 15

degrees.

10. The bit of claim 1 further comprising at least one gage insert in the gage face of each of

the blades.

11.  The bit of claim 10 wherein the gage inserts comprise at least one of polycrystalline

diamond, cubic boron nitnide, diamond impregnated tungsten carbide and tungsten carbide.

12. The bit of claim 1 wherein the gouging cutters are rotatably mounted on the bit body.
13. The it of claim 1 wherein the gouging cutters are removably mounted on the bit body.
14. The bit of claim 13 wherein each of the gouging cutters 1s locked into the bit body by a
snap ring.

135. The bit of claim 1 wherein at least one of the gouging cutters comprises a cutter body, a

mounting post at one end of the cutter body and a cutting tip at an opposed end of the cutier

body.
16. The bit of claim 15 wherein the cutting tip 1s ballistically shaped.

17. The bit of claim 15 wherein the cutting tip 1s made from at least one of tungsten carbide,

diamond impregnated tungsten carbide, cubic boron nitride, polycrystalline diamond.

18. The bit of claim 1 wherein the gouging cutters are mounted 1n at least one row having at

most four gouging cutters along the at least one row.

19. The bit of claim 1 wherein the gouging cutters are mounted 1n at least one row having at

most three gouging cutters along the at least one row.

20.  The bit of claim 1 wherein the gouging cutters are mounted to the bit body other than on

a blade.

21. A dnll bit, comprising:

a bit body having a plurality of gouging cutters mounted on the bit body;

9
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a plurality of blades extending from a selected distance from an axis of rotation of the bit
body to a gage face; and

at least one of the plurality of blades comprising a plurality of shear cutters atfixed
thereon;

wherein:

the gouging cutters are mounted on the bit body other than on the blades; and

the gouging cutters are mounted to the bit body rotationally ahead of the shear cutters.

22. The bit of claim 21 wherein the gouging cutters are removably mounted on the bit body.

23. The bit of claim 22 wherein each of the gouging cutters 1s locked into the bit body by a

snap ring.

24. The bit of claim 21 wherein at least one of the gouging cutters comprises a cutter body, a

mounting post at one end of the cutter body and a cutting tip at an opposcd end of the cutter

body.
25.  The bit of claim 24 wherein the cutting tip 1s ballistically shaped.

26. The bit of claim 24 wherein the cutting tip 1s made from at least one of tungsten carbide,

diamond impregnated tungsten carbide, cubic boron nitride, polycrystalline diamond.

27. The bit of claim 21 wherein the gouging cutters are mounted 1n at least one row having at

most four gouging cutters along the at least one row.

28. The bit of claim 21 wherein the gouging cutters are mounted in at least one row having at

most three gouging cutters along the at least one row.

29. The bit of claim 21 wherein the gouging cutters are rotatably mounted to the bit body.

10
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