METHOD FOR MANUFACTURI NG A DRI LLI NG TOOL W TH AN ELASTOVER SEAL HAVI NG
GRADED PROPERTI ES Cross-Reference to Related Application: This application
cl ai s prwonbdsp1dbm4pr ovi si onal applicati on 60/ 586, 785 f ipcedsdaosp2885 2004.
Field of the Invention This invention relates in general to manufacturing a
seal for an earthboring bit that has a property gradient portion fornmed on
at least a portion of the seal. Background of the Invention One type of
earth boring bit has a bit body with three rotatable cones. Each cone has
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mount ed on bear i ng piaeTomEIBERL HAVING bR RbEDIIPERTILE! | cant cavi iy
within the bit body supplies lubricant tot earl ng sSpaces between the
cones and bearing pins. A seal or seal assenbly is located at the nouth of
the cone to prevent |loss of the lubricant. One type of seal is an

el astoneri c annul ar nmenber having an inner dianeter and an outer dianeter.

The crOSS-seOttids@aReﬁﬂéﬁdegwnéliat?éu Applieaiyipd, such as circular or
elliptical. One 0 ameter portionsS torns a dynam c seal. The dynam c
seal portion s in ?Cﬁédl n%ﬂ, en%age&ent and normal |y the other side of

di amet er port | &h PRSI0 CEIME PEOU AP pr@ﬂﬁ‘@f‘?'n@@“%ﬂﬁ‘ &/a88 8P filast 4ulvns
encount er dyrg;moo4-seal i ng engagenent. The sliding engagenent generates heat
due to friction, thus causing wear over time. Some drill bit seals are
formed of a si.n & dgpgeneous el astoneric material. The hardness of the

el astoneric i rmthroughout, including at both the inner and
outer dianeter portions. Another type of drillbit seal is fornmed of two or
more different tyfdéis iofertianstetates it bateral & ®@auREHIing a seal for an earth-

boring bit that has a property gradient portion formed on at least a portion of
the seal.

Background of the Invention

One type of earth boring bit has a bit body with three rotatable cones.
Each cone has cutting implements for disintegrating earth formations. The
cones are mounted on bearing pins that depend from the bit body. A lubricant
cavity within the bit body supplies lubricant to the bearing spaces between the
cones and bearing pins. A seal or seal assembly is located at the mouth of
the cone to prevent loss of the lubricant. ,

One type of seal is an elastomeric annular member having an inner

» diameter and an outer diameter. The cross-sectional configuration is

rounded, such as circular or elliptical. One of the diameter portions forms a
dynamic seal. The dynamic seal portion is in sliding engagement and
normally the other side of diameter portion forms a static seal. Sometimes
both diameter portions encounter dynamic sealing engagement. The sliding
engagément generates heat due to friction, thus causing wear over time.

Some drill bit seals are formed of a single homogeneous elastomeric
material. The hardness of the elastomeric material is uniform throughout,
including at both the inner and outer diameter portions. Another type of drill



One type has a greater hardness than the other type for serving as the
dynam c seal portion. The softer portion provides the desired anount of
force duewbaotammomgueeze on the seal when installed. |t Poadisadesozdsen
proposed to plasna treat the surface of the seal with an inert gas
containing a reactive gas species such as chlorine or fluorine. This
treatnent provides a chlorinated or fludrinated nol ecules at the surface.
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are di scl osedtiSgatiRdormraceefiteg osmore diffareityiyrgs efiflastventhabard ¢o-t he net hod

of this invegten, It i L i : i on of
t he el ast one??t:éanha?g(? %?%Br%?%?%glhgf&nteﬁi tiﬁ%%%ﬁ @/é}& a%f@%? I'Vll@ %g{h%ed by

exposi ng t he dyBaNiaseahpodaRi Toamefier pastien Emvéi:gr’thddaisiremangenuidif?‘_cel eazt I
j j rdness, el ast.ic nodul us
one_proper ty 4ok 1§ > SIBRLORRAS oI\ fdAhotaR s Rs NALIRRRS, - S1aY

or bul k nodulus. I'n ohe enbo nt, an e I'o _ ed™ ﬁ?radiate
the seal, inelasas iheptdhe serfadendditheg sedl withearpiblestrozs contdimiag & rebdtivetgae

ssont i Py ShETbs sfifef HABARTE AfbriR. ritralinel! Brovitests afoaedanl ™ '°
rom he. Skt e Lot S B Lo o e e er T or
SL?]En aceerr:\l; géhﬁeeéy%} e%{ﬁ‘ﬂlb?ﬂr@sgfﬁ)ﬁGFeag'Fg'ﬂge&]@rtﬁ@fpaﬁég%q Altion of the

Drawings Figure 1 is a sectional view of an earth-boring bit having a seal

constructed ign accordance wWith this invention. Figure 2 is an enlarged
sectional Vi M%MMMQUM 1, shown renoved fromthe bit. Figure
3 is a further enlarged sectional view of a portion of the seal of Figure

h installed within the bit.Figure 4 is a graph illustrating for the
géaf S}NHF: gar e 2 emgtap etthis inventl%n, a property grgdieﬁt is formed in at least

a portion of the elastomeric material. Preferably, the property gradient is
formed by exposing the seal to an environment to create gradual change in at
least one property of the elastomeric material, such as hardness, elastic
modulus or bulk modulus. In one embodiment, an electron beam is used to
irradiate the seal, increasing cross-linking of the polymer chains within the
property gradient. The elastomeric material within the property gradient is
essentially chemically the same as the remaining portion of the seal.
Preferably, one property comprises a decreasing hardness in the gradient
from the exterior surface for a selected depth. A portion of the exterior
surface may be free of any property gradient.

Brief Description of the Drawings

Figure 1 is a sectional view of an earth-boring bit having a seal
constructed in accordance with this invention.

Figure 2 is an enlarged sectional view of the seal of Figure 1, shown
removed from the bit.

Figure 3 is a further enlarged sectional view of a portion of the seal of
Figure 1, shown installed within the bit.



versus the depth fromthe dynam c surface of the seal. Figure 5is a
sectional view of an alternate enbodi nent of a seal for an earth-boring bit
of Fi gur ewd.20a8atieioked Description of the Invention Refecirng2a0s/0Bd4guire 1,
drill bit 11 has a bit body with at |east one bit leg 13, and typically
three legs. Each bit leg 13 has a depending bearing pin 15. A cone 17
rotatably nounts over each bearing pin 15. A seal 19 seals lubricant within
a cavity of cone 17 surrounding bearing pin 15. A conpensator 2 1 is in
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enbodi nent ' a circular transverse cross-section. Seal 19
has an inner ﬁﬁrpgnép%%ﬁﬁ%%géngages bearing pin 15 in a dynam c sliding
contact as cone 17 rotates. Seal 19 has an outer dianmeter 25 that typically
statically '!l] he C\ut L one 17 Seal 19 in this enbodi ment thus
typically ro CHE F—c ot : 80, 5 preferably forned as a single
pi ece nenber of a single hoaneneous pol ymer material, such as the
followng: nitril Retmtnagitceﬁxgurmhtmﬂl hitNBR)as dnbtﬂbogyemtheiﬂleést bhé bit kagt adi ene
rubber ( HNBR)
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sel ected distance fromthe
pressure of the Iubrlcant with the drilling fluid hydrostatic pressure on the

exterior of drill bit 11. Drill bit 11 could also be a type utilized with
compressed air as the drilling fluid.

Referring to Figure 2, seal 19 in this embodiment is an O-ring having a
circular transverse cross-section. Seal 19 has an inner diameter 23 that
engages bearing pin 15 in a dynamic sliding contact as cone 17 rotates. Seal
19 has an outer diameter 25 that typically statically engages the cavity in cone
17. Seal 19 in this embodiment thus typically rotates with cone 17. Seal 19 is
preferably formed as a single piece member of a single homogeneous
polymer material, such as the following: nitrile butadiene rubber (NBR);
hydrogenated nitrile butadiene rubber (HNBRY); carboxylated nitrile butadiene
rubber (XNBR); or hydrogenated carboxylated nitrile butadiene rubber
(XHNBR). The material of seal 19 may also contain reinforcing materials,
such as carbon black, silica or fibers.

Although a single homogenous material, at least one property of at
least a portion of seal 19 differs from the exterior surface of seal 19 to its
interior. A property gradient 27 extends inward a selected distance from the
exterior of seal 19. By way of example, property gradient 27 is shown in
Figure 4 extending inward from inner diameter region 23, however it could be

alternately or also located on outer diameter region 25 or the entire exterior



exterior of seal 19. By way of exanple, property gradient 27 is shown in
Figure 4 extending inward frominner dianeter region 23, however it could
be al t er miDabges/an10al so | ocated on outer diameter regi onP2F/useoosletent ire
exteriorsurface. Property gradient 27 has at | east one property that
changes froma first level, at the surf%ce of seal 19, to a second |evel
within the interior of seal 19. The property may be hardness, elastic
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diameter of seal 19 along the X-axis. For example, for a seal having a
transverse cross-sectional diameter along the X-axis of 0.250", the depth of
property gradient 27 is preferably only about .010 - .040".

The Y-dimension 28 of property gradient 27 along the Y-axis, which is
perpendicular to the X-axis, may be less than the total cross-sectional
dimension of seal 19 along the Y-axis. For a circular cross-section, as shown,
the cross-sectional dimension of seal 19 in the above example is .250". The
Y-dimension 28 of property gradient 27 in its natural state (Figure 2) prior to
installation should be sufficient to present the property gradient 27 of seal 19
to bearing pin 15 when installed. Figure 3 shows seal 19 installed under a
typical operational squeeze along the X-axis. Squeezing seal 19 along the X-
axis increases the surface contact between inner diameter 23 and bearing pin
15. The bulk of seal 19 will remain at a different property value than the
property values in property gradient 27, as indicated in Figure 4 for hardness.
The surface area of property gradient 27 is less than the remaining portion of
the exterior surface of seal 19 in this example.

In one embodiment, property gradient 27 has a hardness measured in
terms of IRHD (International Rubber Hardness Degrees) utilizing a micro-



typi cal operational squeeze along the X-axis. Squeezing seal 19 along the
Xaxi s increases the surface contact between inner dianeter 23 and bearing
pin 15. TWe 2bdkowh seal 19 will remain at a different pcopseag/oraBie than
the property values in property gradient 27, as indicated in Figure 4 for
har dness. The surface area of property gradient 27 is less than the

remdi ni ng portion of the exterior surface of seal 19 in this exanple. In
one enbodi nent, property gradient 27 has a hardness neasured in terns of
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The lower compressive modulus in the majority of seal 19 thus results in

reduced contact stress and consequently friction at the seal dynamic
interface.

Seal 19 could be of different shapes. For example, Figure 5 shows a
seal 55 that in its natural configuration is elliptical. Seal 55 has a greater
cross-sectional thickness along its X-dimension than its Y-dimension, creating
a major axis along in the X-direction and a minor axis in the Y-direction. Seal
55 has an inner diameter 61 and an outer diameter 63. Property gradient 65
is shown located on the inner diameter region 61 in this embodiment, but
could be on the outer diameter region 63 or the entire exterior surface.

There are a number of ways to achieve the desired property gradient
27. In one method, seal 19 (or seal 55) is molded conventionally to form a
rubber compound with generally uniform properties throughout. During the
conventional molding process, which utilizes pressure and temperature, cross
links are formed between the polymer chains. The cross linking occurring in
the conventional process is self-limiting and utilizes a cross-linking agent,
such as an organic peroxide. The cross-linking stops when the cross-linking
agent is consumed. Typically, a co-agent is employed along with the cross-

linking agent.



a major axis along in the X-direction and a mnor axis in the Y-direction.
Seal 55 has an inner dianmeter 6 1 and an outer dianeter 63. Property

gradi ent 6 20&/abmwn | ocated on the inner di aneter regi ®1TAIS2005024485 S
enbodi ment, but could be on the outer dianeter region 63 or the entire
exterior surface. There are a nunber of ways to achieve the desired
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additional cross-linking of the polymer chains occurs to create property

gradient 27.

In a second method, a radiation cross-link promoter (prorad) is utilized
to enhance the further cross-linking. The prorad is included into the polymeric
formulation prior to mélding. The prorad survives the molding process and
may serve to facilitate the cross-linking of the elastomer during the electron
beam irradiation process. Suitable prorads are commercially available for
electron beam curing of polymers. The following lists the prorad by chemical
name and in some instances, by trademark and manufacturer:
diallyl maleate,
triallyl cyanurate (TAC)
triallyl isocyanurate (TAIC)

n,n' — (m-phenylene bismaleimide (HVA-2)

polyacrylates and polymethacrylates
trifunctional acrylate, e.g. Saret SR.519
trifunctional methacrylate, e.g. Saret SR-517
pentacrythritol tetraacrylate, e.g. Saret SR-295



addi tional cross-linking of the polyner chains occurs to create property
gradient 27. In a second nethod, a radiation cross-link pronoter (prorad)
is utilizwo2w@/mntvance the further cross-1inking. The proras200s/oe438% uded
into the polyneric formulation prior to nolding. The prorad survives the
nmol di ng process and nmay serve to facilitate the cross-linking of the
el astoner during the electron beam i rradi ati on process. Suitable prorads
are comrercially avail able for el ectron beam curing of polyners. The
fol I owi ng |iGk@n&ﬁmwpwmr@Qﬂﬁauyhﬁﬂb@ﬁBanamﬁ%agé in sone instances, by

trademark ang. cturer al | mal eat e Lallyl cyanurate (TAC) .
triallyl isog%naﬁ}%a EOREFR| EH)T‘ebP a"e(?ngp 8’%?3*/[3%{1%3% smal ei mi de ( HVA- 2)
pol yacryl ates and pol ynet hacrylates trifunctional acrylate, e.g. Saret

SR. 519 trifunctional nethacrylate, e. Sgret SR-517 pentacrythritol
t et raacryl at Bquid bytadigneswith %/QQ’BB’I B‘é'ﬁg%te‘?@'{"ﬁﬁ tol pentaacrylate, e.g.

Saret SR-399 ;gquppé@ﬁ,e&pﬁ@@amgoﬁﬁ5grq§,egﬁﬁ5hate e.g. Saret SR-350 liquid
but adi enes W|th 2Zvinyl content 45% or hi gher (e.g. Ricon 100, Ricon 153,

Ri con 154, KK&@)’I LBQOQ@d@raSNr%WOQ_E'tB@@@A Li t hene AH, Lithene AX)

Met hacryl at eE ,péﬂ %}4} adi ene (e.g. R cacryl 3100) Saret, R con and Ricacryl
are trademarks o rtomer Conpany, Inc. Krasvl LB is a trademark of
Kancrik A.S. Lithene is a trademark of Synthonmer Ltd. .

Methacrylated polybutadiene (e.g. Ricacryl 3100)

Saret, Ricon and Ricacryl are trademarks of Sartomer Company, Inc.
Krasvl LB is a trademark of Kancrik A.S.
Lithene is a trademark of Synthomer Lid.

The elastomeric formulation may contain any of the above prorads
alone or as a combination of two or more. The amount of prorad to be added
to the elastomeric formulation is about 2 to 20 phr (parts per hundred parts of
rubber). In some cases, the co-agent used during the conventional molding
process can also function as a prorad during radiation cross-linking.

In some applications, the outer diameter region of a seal may be in
dynamic, sliding engagement while the inner diameter region is in static
engagement. In those cases, the property gradient may be only on the outer
diameter region, if desired. In other cases, the inner and outer diameter
regions could be alternatively in sliding contact, in which case, both the inner
diameter and the outer diameter regions would have a property gradient.
Another embodiment would be for a property gradient to exist completely
around the surface of the seal such that any seal surface in sliding contact
would have the property gradient. |

Another embodiment would allow for the formation of a property
gradient in non-axisymmetric areas of the seal. Such areas could comprise
selected regions on a sector or multiple discontinuous regions or sectors of

the seal.



The el astoneric fornulation may contain any of the above prorads al one or
as a conbination of two or nore. The anpbunt of prorad to be added to the

el ast onerwo 2b@varodoat i on is about 2 to 20 phr (parts per poune@d/opass s of
rubber). In sone cases, the co-agent used during the conventional nolding
process can al so function as a prorad dél’l ng radiation cross-linking. In
sone applications, the outer dianeter gion of a seal may be in dynamc,
sliding engagenent while the inner dianeter region is in static engagenent.
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While the invention has been described in only a few of its forms, it
should be apparent to those skilled in the art that it is not so limited but is
susceptible to various changes without departing from the scope of the
invention. For example, the method of forming the property gradient may be

by gamma ray or x-ray processes.



dynam ¢ engagenent. The different properties in the interior or bulk
portion of the seal avoid excessive force being generated due to

def or nat iwo 20éw@mnoionst al | ed. Whil e the invention has beemcaascooshedss n only
a fewof its forns, it should be apparent to those skilled in the art that
it is not solimted but is susceptible to various changes w t hout
departing fromthe scope of the i nventi on. . For exanpl e, the nethod of
form ng the property gradient nay be by gamma ray or x-ray processes. d ai nms
1. A nethod of form ng a subterraneanGlaimg i ng tool, conprising: (a)
nmol di ng an annul ar seal froman elastoneric material of generally uniform
conposi tion; (b) exposing the seal to an environnent to forma property
gradi ent on at. Aessthodopformingra efbtérenczaalrillithgftool| ogmprigingperty that changes

froma first level _to a.second | evel wthout essentjally chapgin he
conposi tion of théei@ '%@Pi@”H@fé??'ﬁﬁr‘?m(a& elagiomsils @aﬁ@rogaﬁ?%a' et wveen a
rotating and  gifsimicompesitipgnent ; and (d) placing the seal in the seal
gland. 2. The nethod according to claim1l, wherein step (b) conprises

irradiating said &) PReSiNgthe Sgak o anemfropment ixformza praperingradentRc or di ng

to claiml, whesfkn Sofeh bfthesdbl MeniMCIBFdpRRS t41QHRNLBK Fram 4 ARt R\ast omeri ¢
material of the seal prior to step (b 4. Thé method according to claim 3,

wherei n step by eesAnd deue! (withqus | ersentialyachangiag ethgy comppsitiemes thecr ease
the increase &&ﬂéﬁ&)ﬁma@ériéﬁhe cross-linking within the portion of the seal.

5. The method according to claim1, wherein: :
(c) forming a seal gland between a rotating and a static component;

and

(d) placing the seal in the seal gland.

2. The method according to claim 1, wherein step (b) comprises irradiating
said at least the portion of the seal.

3. The method according to claim 1, wherein step (a) further comprises cross-

linking the elastomeric material of the seal prior to step (b).

4. The method according to claim 3, wherein step (b) comprises utilizing
radiation energy to further increase the increase a density of the cross-linking
within the portion of the seal.

5. The method according to claim 1, wherein:

step (a) further comprises including a radiation cross-linking promoter
in the elastomeric material, and

step (b) comprises directing an electron beam against the portion of the

seal.

6. The method according to claim 1, wherein the property of step (b)
comprises a selected one of the group consisting of hardness, elastic

modulus, and bulk modulus.



step (a) further conprises including a radiation cross-linking pronoter in
the elastoneric material; and step (b) conprises directing an el ectron beam
agai nst twe pavdioma of the seal. 6. The nethod accor di ngctrarsedoaioza4ds
wherein the property of step (b) conprises a selected one of the group

consi sting of hardness, elastic nodulus, and bul k nodul us.7. The net hod
according to claiml1, wherein step (b) E nprlses controlling the exposure
to the environment to create a depth for the property gradient that is |ess
than about one-half of a cross-sectional thickness of the seal. 8. The

met hod according to cl ai re| sfe ses control.l
exposure to t/ he%éﬁ"]\r/‘?erﬂﬂ(?ﬁ“r@ﬁ‘forf]'ﬂg P& L @é{‘f?iﬁ’ ?%BHELEO'BPB?)%% ??thf IE& ent
that is at | ¢askxshmé td hdehGrRMmat ta o@é:ﬂéSa gesthi fonele pmp@m@sd.emt t he
seal. 9. The nethod according to cla rein ste ri ses

control |ing tha '%B@ééé*ﬂﬁf‘eak?%ﬂpﬁ%’f@ﬁ\ﬂf ?&ﬁ?l’%?nﬁeclt'B”@rt@Qf"égsé Qfé'ﬁﬁ ﬁrg?or t he

property gradient that is at |east about one percent of a cross-sectional
t hi ckness of the seal. 10. The method accordi ng to claim1, vvherel n the
property of $t dpe(ipthodngsicorting i clarpr . (Whareinnsiep dRhFompEeRs CoRFdiNgs s

Degree) val ug,q %95?0&“’% t?%@@qu'c?n‘(ﬁéntqgfdcr@été d 68;5‘?{”8? id bidpert§\grhdiBiit

approxi mat el y "at rcent hod of form ng a subterranean
drilling toolthatd®apleast aigput Q&perﬁ@hﬂpfr@cr@ﬁséﬁﬁm%* thickaiess pf)&heeﬁeﬁbl ymeric
material of generally uniformconposition; (b) exposing at |east a portion
of the seal to a radiation source to forma property gradient on at |east a
portion of tlge Fhalmethed atoordingdoalaigall, wharein biepwde sompriseaconipliied a

static comPORS teXpos?uq'e (t )thé) e%\(/:llr&%nérneto S§8hte' & dEBt‘ﬁ f%?%e @dﬂéqu gradient

that is at least about one percent of a cross-sectional thickness of the seal.

10. The method according to claim 1, wherein the property of step (b)
comprises an IRHD (International Rubber Hardness Degree) value, and the
second level differs from the first level by approximately at least ten percent.

11. A method of forming a subferranean drilling tool, comprising:

(a) molding an annular seal from a polymeric material of generally
uniform composition;

(b) exposing at least a portion of the seal to a radiation source to form
a property gradient on at least a portion of the seal;

(c) forming a seal gland between a rotating and a static component;

and
(d) placing the seal in the seal gland.

12. The method according to claim 11, wherein the radiation source of step

(b) comprises an electron beam.

13. The method according to claim 12, wherein the electron beam has an

accelerating voltage in the range from 70 kV to 250 kV.



12. The met hod according to claim 11, wherein the radiation source of step
(b) conprises an electron beam 13. The nethod according to claim 12,
wher ei n twe 2ebsaadren beam has an accel erating vol t age i rCrhzs2e0angassrom 70
kV to 250 kV. 14. The nmethod according to claim11l, wherein step (b)
conprises applying an el ectron beam dose in the range from 10 kGy to 300
kGy. 15. The nethod according to claimil, wherein: step (a) further
conprises including a radiation cross-linking pronoter in the polyner

materi al . 16.14Theematinod saconiin togclbion diiaiwmeddin stdpe(dicomsisep app)yingonpri ses

i ncluding cross-|inking co-agents in the pal terial prior to nolding
the seal to GRRIECEN t?e%ng 88? E‘%%@'}q%ﬁ‘?’ﬂd%ﬁ{?eé@oﬁ% r material during
the nol ding. 17. The nethod according to claim 16, wherein a portion of the

cross-linking co-agents remain after the nol ding to enhance further
cross- 1 i nki n§5d-tﬁhi5ﬁ@?t§‘?%ﬁcc(%§“!’9 i®clan dde WBered¥ forning a seal, conprising:
(2) mol ding an anaulpafs FRERGTcoBEEd Indlding kit 6sd-iiy papfaeal | y
uni form conposi tion; ahd (b) exposing at |east a portion of the menber to
an envi r onnerit theobdlynai Magr@perty gradi ent on said at |east a portion of
the seal defining a property that changes froma first level to a second

| evel without essentially changing the conposition of the elastoneric

mat eri al . 19.16Thbe meathediaeessdinditmglairo 1d] wheei8, wherein step (b) conprises

irradiating said | eas ot 0 [ g ;
according to clai ?hEefB?ﬁm%%r&@?sr?gs{néya?‘g) E?Otﬁrgfﬁﬁgﬁagganﬁg%gsésﬂg{rﬁgg‘géwl %li(I ng the
el ast oneri c meaterialapriaf td meoldinghibe gealdo causst ep iGlipl cross-linking of the :

polymer material during the molding.

17. The method according to claim 16, wherein a portion of the cross-linking
co-agents remain after the molding to enhance further cross-linking during
step (b).

18. A method of forming a seal, comprising:

(@) molding an annular member from an elastomeric material of
generally uniform composition; and

(b) exposing at least a portion of the member to an environment to form
a property gradient on said at least a portion of the seal defining a property
that changes from a first level to a second level without essentially changing

the composition of the elastomeric material.

19. The method according to claim 18, wherein step (b) comprises irradiating
said at least the portion of the member.

20. The method according to claim 18, wherein step (a) further comprises

cross-linking the elastomeric material of the member prior to step (b).



