w 2213/8166 A1 | |11 11100 O A A

(43) International Publication

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

=

(19) World Intellectual Property
Organization
International Bureau

Date
6 June 2013 (06.06.2013)

WIPOIPCT

(10) International Publication Number

WO 2013/081606 Al

(51)

(21)

(22)

(25
(26)
(71)

(72)
(75)

International Patent Classification:
E21B 10/573 (2006.01) E21B 12/00 (2006.01)

International Application Number:
PCT/US201 1/062654

International Filing Date:
30 November 201 1(30.1 1.201 1)

English
English

Applicant (for all designated States except US): HAL-
LIBURTON ENERGY SERVICES, INC. [USUS];
10200 Bellaire Boulevard, Houston, TX 77072 (US).

Filing Language:
Publication Language:

Inventors; and

Inventors/ Applicants  (for US only): DUCKWORTH,
David, P. [US/US]; 16548 Donwick Drive, Conroe, TX
77385 (US). SUI, Ping, C. [US/US]; 16548 Donwick
Drive, Conroe, TX 77385 (US).

(74)

(81)

(84)

Agent: SMITH, Marlin, R.; Smith IP Services, P.C., P.O.
Box 997, Rockwall, TX 75087 (US).

Designated States (unless otherwise indicated, for every
kind d national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, 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, IS, JP, KE, KG, KM, 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, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, sV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind d 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, MD, 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, S, SK,

[Continued on next page]

(54) Title: DRILL BIT WITH SEAL HAVING SPHERES IN A MATRFX SEAL MATERIAL

FIG.J

(57) Abstract: A drill bit can include a seal which seals
against a drill bit surface, the seal including a matrix
seal material and a pluraity of hollow spheres in the
matrix seal material. Another drill bit can include a seal
with a matrix seal material, spheres being more dense
in a portion of the matrix seal material as compared to
in the matrix seal material outside of the portion, and
the portion of the matrix seal material being in dynamic
sealing contact with adrill bit surface during operation.
A drill bit can include a seal between a cone and a
journal, the seal comprising amatrix seal material and a
plurality of spheres in the matrix seal material, the mat-
rix seal material comprising nitrile.



WO 2013/081606 A1 |IIIWAL 00TV AV R OER OO

SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, Published:
GW, ML, MR, NE, SN, TD, TG).

— with international search report (Art. 21(3))
Declarations under Rule 4.17: —  before the expiration d the time limit for amending the

— as to applicant's entitlement to apply for and be granted claims and to be republished in the event d receipt d
apatent (Rule 4.1 7(H)) amendments (Rule 48.2(h))

— d inventorship (Rule 4.17(iv))



10

15

20

25

WO 2013/081606 PCT/US2011/062654

DRILL BIT WTH SEAL HAVI NG SPHERES

IN A MATRI X SEAL NMATERI AL

TECHNI CAL FI ELD

This disclosure relates generally to equipnent utilized
and operations perfornmed in conjunction with a subterranean
well and, in one exanple described below, nore particularly
provides a drill bit with a seal having spheres in a matrix

seal material of the seal.

BACKGROUND

Drill bits used to drill wellbores have to operate in
an extrenely hostile environnment. As a result, such drill
bits are highly specialized for their purpose. One such
drill bit is of the type known as a roller cone bit, in
which cutting elenents are nounted on cones which rotate as
the drill bit is rotated downhole to drill a wellbore.

To facilitate rotation of the cones, bearings are
provi ded between the cones and a body of the bit, and
lubricant is provided for the bearings. To prevent external
debris from damagi ng the bearings or otherw se causing
excessive wear in the rotating cones, and to prevent escape

of the lubricant, seals are also provided in such bits.
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Unfortunately, in the harsh downhole environnent, seals
in drill bits tend to fail (e.g., permt excessive wear, no

| onger exclude debris, fail to contain the lubricant, etc.)
sooner than is desired. Drilling operations could be nade
much nore econom cal and expeditious if drill bit seals had

| onger lives.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a representative elevational view of a drill

bit enbodying principles of this disclosure.

FIG 2 is a representative cross-sectional view through

one arm of the drill bit of FIG 1.

FIG 3 is a representative enlarged scale cross-
sectional view through a seal which can enbody principles of

this disclosure.

FIG 4 is a representative graph of sealing force over

time for two seal exanples.

FIG 5 is a representative cross-sectional view of

anot her configuration of the seal.

DETAI LED DESCRI PTI ON

Representatively illustrated in FIG 1 is a drill bit
10 which can enbody principles of this disclosure. The drill
bit 10 is of the type known to those skilled in the art as a
roller cone bit or a tri-cone bit, due to its use of
multiple generally conical shaped rollers or cones 12 having
earth-engaging cutting elenments 14 thereon.

Each of the cones 12 is rotatably secured to a

respective arm 16 extending downwardly (as depicted in FIG
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1) froma main body 18 of the bit 10. In this exanple, there
are three each of the cones 12 and arns 16.

However, it should be clearly understood that the
principles of this disclosure may be incorporated into dril
bits having other nunmbers of cones and arns, and other types

of drill bits and drill bit configurations. The drill bit 10
depicted in FIG 1 is nmerely one exanple of a wide variety
of drill bits which can utilize the principles described
herein .

Referring additionally now to FIG 2, a cross-sectional
view of one of the arnms 16 is representatively illustrated
In this view it may be seen that the cone 12 rotates about a
journal 20 of the arm 16. Retaining balls 22 are used
between the cone 12 and the journal 20 to secure the cone on

the arm

Lubricant is supplied to the interface between the cone
12 and the journal 20 from a chanber 24 via a passage 26. A
pressure equalizing device 28 ensures that the lubricant is
at substantially the sane pressure as the downhol e
environment when the drill bit 10 is being used to drill a
wel | bore .

A seal 30 is used to prevent debris and well fluids
fromentering the interface between the cone 12 and the
journal 20, and to prevent escape of the lubricant from the
interface area. As the cone 12 rotates about the journal 20,
the seal 30 preferably rotates with the cone and seals
agai nst an outer surface of the journal, as described nore
fully below. However, in other exanples, the seal could
remain stationary on the journal 20, with the cone 12

rotating relative to the journal and seal.

Referring additionally now to FIG 3, an enlarged scale

cross-sectional view of the seal 30 is representatively
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illustrated, along with a seal groove or gland 38 in which
the seal is retained, and an adjacent surface 44 of the
drill bit 10 against which the seal seals. In this exanple,
the seal gland 38 is formed in the cone 12, and the surface
44 is formed on the journal 20, but in other exanples the
seal 30 could be otherwise retained and could seal against

ot her surfaces.

Note that the seal 30 rotates with the cone 12 about
the journal 20 during operation, so the seal dynamcally
contacts the surface 44 (e.g., there is relative
di spl acenent between the seal and the surface while the seal
sealingly contacts the surface). However, in other exanples,
the seal 30 could dynamically contact the cone 12 (e.g., the
gland 38 could be formed on the journal 20, and the surface

44 could be formed in an interior of the cone, etc.).

This dynam c contact coupled with abrasive particles in

the environment surrounding the drill bit 10 (for exanple,
in drilling mud circulated through a drill string and
wel | bore during a drilling operation) can result in rapid

wear of the seal 30, particularly where it contacts the
surface 44.

However, the seal 30 depicted in FIG 3 conprises many
spheres 32 distributed in a matrix seal material 34. The

spheres 32 enhance the wear resistance of the seal 30.

In this exanple, the spheres 32 conprise hollow glass
m crospheres. Suitable hollow glass mcrospheres are
mar keted by Dyneon LLC of Qakdale, M nnesota USA (e.g.,
Product No. iM30K), and manufactured by 3M of St. Paul,
M nnesota USA

In other exanples, the spheres 32 may not be holl ow,
glass or micrometer-sized (e.g., approximately 1 to 1000
m croneters). The spheres 32 could instead be solid, made of
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anot her material and/or nanoneter-sized, or otherw se

di nensi oned or configured.

The spheres 32 nmay have a hardness which is less than
that of the journal 20, or at least less than that of the
surface 44. In this manner, the spheres 32 will not
significantly abrade the surface 44 during operation
However, the spheres 32 can have a hardness greater than
that of the matrix seal material 34, so that the spheres do
not wear away as quickly as the seal material, thereby

reducing the total wear of the seal 30.

The matrix seal material 34 in this exanple conprises
an elastoner--nore particularly, a nitrile material (e.g.
NBR) . The nitrile material may be hydrogenated (e.g., HNBR
or HSN) . However, other materials (such as, fluorocarbon
seal materials, EPDM AFLAS(TM), FKMTM, etc.) may be used
in keeping with the scope of this disclosure.

The inventors have discovered that hollow glass

m crospheres can desirably share a conpressive load in the
seal 30 with the matrix seal material 34. This results in
reduced contact pressure between the seal 30 and the surface
44, which reduces wear. In tests, solid spheres do no share
the conpressive |oad as desirably, perhaps because of the
greater msmatch between the conpressibility of the matrix
seal material 34 and the conpressibility of the solid

spheres.

However, as representatively depicted in FIG 4, less
sealing force is available over tine from a conpressed seal
30 with the spheres 32 therein (as indicated by curve 36 in
FIG 4), as conpared to a conpressed seal wthout the
spheres therein (as indicated by curve 40 in FIG 4). This
unexpected result can be conpensated for by increasing the
initial conpression of the seal 30 with the spheres 32
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therein, so that it retains a desired sealing force over a
desired period of tinme. This increase in initial conpression
can help to exclude debris and abrasive particles fromthe
journal 20 and bearings 22, and wear effects due to the

i ncreased conpression can be nore than offset by the

i ncreased wear resistance of the seal 30 with the spheres 32
therein.

Referring additionally now to FIG 5, another
configuration of the seal 30 is representatively
illustrated. In this configuration, the spheres 32 are
predom nately in a portion 42 of the matrix seal material 34
whi ch sealingly and dynamically contacts the drill bit 10

surface 44.

The spheres 32 nmay, in sone exanples, be exclusively
confined to only the portion 42 of the matrix seal material
34. In other exanples, the spheres 32 may be nore dense in
the portion 42 of the seal material 34, as conpared to in

the remai nder of the seal material.

As depicted in FIG 5, the portion 42 conprises an
i nner dianmeter portion of the seal 30 which contacts the
journal 20. In other exanples, the portion 42 could conprise
an outer dianeter portion of the seal 30, the portion 42
could be in sealing contact with the cone 12 or another

drill bit surface, etc.

Furthernmore, the portion 42 could conprise an entire
outer surface portion of the seal 30 (e.g., the seal having
a core of the matrix seal material 34 with none, or at |east
| ess density, of the spheres 32 in the core), so that any
surface contacted by the seal also contacts the portion 42.
Thus, it will be appreciated that the principles of this
di sclosure are not limted to the specific details of the
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seal 30 exanples described above, or to any specific
positioning of the spheres 32 in the seal.

It may now be fully appreciated that this disclosure
provides significant advancenents to the art of constructing
drill bits with seals therein. In exanples described above,
the wear resistance of a seal 30 can be substantially
increased by incorporating spheres 32 into at |least a

portion 42 of a matrix seal material 34.

In one exanple, a drill bit 10 can include a seal 30
which seals against a drill bit surface 44. The seal 30
conprises a matrix seal material 34 and a plurality of

holl ow spheres 32 in the matrix seal material 34.

The holl ow spheres 32 may conprise hollow nicrospheres

and/ or hollow gl ass spheres

The holl ow spheres 32 may be are confined to a portion
42 of the matrix seal material 34. The portion 42 of the
matrix seal material 34 may contact a journal 20 and/or a
cone 12 of the drill bit 10. The portion 42 of the matrix
seal material 34 may be in dynamic contact with at |east one
of a journal 20 of the drill bit 10 and a cone 12 of the
drill bit 10 during operation

The matrix seal material 34 can include at |east one of

nitrile and hydrogenated nitrile.

The holl ow spheres 32 may have a hardness less than a
hardness of a journal 20 of the drill bit 10.

Al so described above is a drill bit 10 which, in one
exanpl e, conprises a seal 30 including a matrix seal
material 34. A portion 42 of the matrix seal material 34 has
a greater density of spheres 32 therein, as conpared to

outside of the portion 42. The portion 42 of the matrix seal
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material 34 is in dynamc sealing contact with a drill bit

surface 44 during operation.

The above disclosure also describes an exanple of a
drill bit 10 which conprises a journal 20, a cone 12 which
rotates about the journal 20, and a seal 30 between the cone
12 and the journal 20. The seal 30 conprises a matrix seal
material 34 and a plurality of spheres 32 in the matrix seal
material 34. The matrix seal material 34 conprises nitrile

Al t hough various exanples have been described above,
with each exanple having certain features, it should be
understood that it is not necessary for a particular feature
of one exanple to be used exclusively with that exanple.

I nstead, any of the features described above and/or depicted
in the drawi ngs can be conbined with any of the exanples, in
addition to or in substitution for any of the other features
of those exanples. One exanple's features are not mutually
exclusive to another exanple's features. Instead, the scope
of this disclosure enconpasses any conbination of any of the

features.

Al t hough each exanple described above includes a
certain conbination of features, it should be understood
that it is not necessary for all features of an exanple to
be used. Instead, any of the features described above can be
used, wi thout any other particular feature or features also

bei ng used.

It should be understood that the various enbodi nents
described herein may be utilized in various orientations,
such as inclined, inverted, horizontal, vertical, etc., and
in various configurations, wthout departing fromthe
principles of this disclosure. The enbodinents are described
nerely as exanples of useful applications of the principles
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of the disclosure, which is not limted to any specific
details of these enbodi nents.

In the above description of the representative

exanpl es, directional ternms (such as "above," "bel ow "
"upper,” "lower," etc.) are used for convenience in
referring to the acconpanying drawi ngs. However, it should

be clearly understood that the scope of this disclosure is

not limted to any particular directions described herein.
The terms "including,” "includes," "conprising,"
"conprises,”" and simlar ternms are used in a non-limting

sense in this specification. For exanple, if a system

net hod, apparatus, device, etc., is described as "including"
a certain feature or elenent, the system nethod, apparatus,
device, etc., can include that feature or element, and can
al so include other features or elenents. Simlarly, the term
"conprises" is considered to nmean "conprises, but is not

[imted to."

Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative enbodiments of the disclosure, readily
appreciate that many nodifications, additions,
substitutions, deletions, and other changes may be nade to
the specific enbodi nents, and such changes are contenpl ated
by the principles of this disclosure. Accordingly, the
foregoing detailed description is to be clearly understood
as being given by way of illustration and exanple only, the
spirit and scope of the invention being limted solely by
t he appended clainms and their equival ents.
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VWHAT 1S CLAI MED 18:

1. A drill bit, conprising:

a seal which seals against a drill bit surface, the

seal conprising a matrix seal material and a plurality of

holl ow spheres in the matrix seal materi al

2. The drill bit of claim 1, wherein the holl ow

spheres conprise hollow mcrospheres

3. The drill bit of claim 1, wherein the holl ow

spheres conprise hollow glass spheres.

4. The drill bit of claim 1, wherein the holl ow
spheres are nore dense in a portion of the matrix seal
material, as conpared to in the matrix seal material outside

of the portion.

5. The drill bit of claim 4, wherein the portion of
the matrix seal material contacts a journal of the drill
bi t .

6. The drill bit of claim 4, wherein the portion of
the matrix seal material contacts a cone of the drill bit
7. The drill bit of claim 4, wherein the portion of

the matrix seal material is in dynamc contact with at |east
one of a journal of the drill bit and a cone of the dril
bit during operation.
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8. The drill bit of claim 1, wherein the matrix seal
material conprises at |east one of nitrile and hydrogenated
nitrile.

9. The drill bit of claim 1, wherein the holl ow
spheres have a hardness |less than a hardness of at |east one

of a journal of the drill bit and a cone of the drill bit
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10. A drill bit, conprising

a seal including a matrix seal material, spheres being
nore dense in a portion of the matrix seal material as
conpared to in the matrix seal material outside of the

5 portion, and the portion of the matrix seal material being
in dynamc sealing contact with a drill bit surface during

operation .

11. The drill bit of claim 10, wherein the spheres
10 conprise hollow spheres.

12.  The drill bit of claim 10, wherein the portion of

the matrix seal material contacts a journal of the drill

bit.
15
13.  The drill bit of claim 10, wherein the portion of
the matrix seal material contacts a cone of the drill bit
14. The drill bit of claim 10, wherein the matri x seal

20 material conprises at |least one of nitrile and hydrogenated
nitrile.

15. The drill bit of claim 10, wherein the spheres
have a hardness less than a hardness of the drill bit

25 surface .

16. The drill bit of claim 10, wherein the seal seals
between a cone and a journal of the drill bit
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17. The drill bit of claim 16, wherein the portion of
the matrix seal material is in dynamic contact wth at |east

one of the journal and the cone during operation.

5 18. The drill bit of claim 10, wherein the spheres

conprise hollow mcrospheres.

19. The drill bit of claim 10, wherein the spheres

conprise hollow glass spheres.

10
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20. A drill bit, conprising:
a journal;
a cone which rotates about the journal;

a seal between the cone and the journal,

PCT/US2011/062654

and

t he seal

conprising a matrix seal material and a plurality of spheres

in the matrix seal material, the matrix seal material
conprising nitrile.

21. The drill bit of claim 20, wherein the spheres
conprise holl ow m crospheres.

22. The drill bit of claim 20, wherein the spheres
conprise hollow glass spheres.

23. The drill bit of claim 20, wherein the spheres are

confined to a portion of the matrix seal material

24.  The drill bit of claim 23, wherein the portion of

the matrix seal material contacts the journal.

25. The drill bit of claim 23, wherein the portion of

the matrix seal material contacts the cone

26. The drill bit of claim 23, wherein the portion of

the matrix seal material is in dynam c contact

with at | east

one of the journal and the cone during operation.
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of claim 20, wherein the

conpri ses hydrogenated nitrile.

28.

have a hardness

j our nal

The drill

of the drill

bi t

bi t

of claim 20, wherein the

| ess than a hardness of at | east

and a cone of the dril

nitrile

spheres
one of a
bi t .
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