DRI LLI NG TOOL W TH ELASTOVER SEAL HAVI NG GRADED PROPERTI ES Cross- Ref erence
to Related Application: This application clainms priority to provisional
pat ent appbizea@tdioroS. N. 60/ 586, 785, filed July 9, 2004. pEralsdoosinz42ke
I nvention This invention relates in general to earth-boring bits, and in
particular to a bit that has an el astoneric seal between rotating
conponents, the seal having a property gradient portion forned on at | east
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
i npl ements for disintegrating earth formations. The cones are nounted on
beari ng pins that DRiANG TOQL WATHIBLASIOMER SEAL HAAANGGRADED t hi n t he
bit body supplies lubricant to the b ﬂb'?élg{.ligsces bet ween the cones and
bearing pins. A seal or seal asserrble I 0 ed at the nouth of the cone
to prevent loss of the lubricant. One type of seal is an elastoneric
annul ar nenber having an inner dianeter and an outer dianeter. The
cross-sectional configuration is rounded, such as circular or elliptical.
One of the di 3RLERA( IR RakL ¢ seal. The dynami c seal portion
is in sliding Mﬂ%ﬁ%@%@mher side of dianmeter portion
fornse a static seal. Sonmetines both dianmeter portions encounter dynam c
seal i ng engagenent Thithaprlicatiph ¢laimgayofbnhto §eqvisienat patenit applieatian BiY-cti on,
t hus causi ng e ey fﬁéd”ﬁxly §70%®4c]i_ri Il bit seals are fornmed of a single
al .

honbgeneous el astoneri’'c materi he properties of the elastoneric
material are uni formthroughout,including at both the inner and outer

di anet er and iﬁiﬁﬁﬂidlﬁéﬂm%m. Anot her type of drill bit seal is formed of
two or nore different types of elastoner that are co-cured and bonded
together. One type ThaSndertiofadtRted1AgdR8Std dith-bdlthg bits, and in particular to

a bit that has an elastomeric seal between rotating components, the seal
having a property gradient portion formed on at [east 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
engagement generates heat due to friction, thus causing wear over time.

Some drill bit seals are formed of a single homogeneous elastomeric

material. The properties of the elastomeric material are uniform throughout,



other type for serving as the dynam c seal portion. The softer portion is
tailored to provide the desired amount of force due to the squeeze on the
seal wherwonsacalibed. The patented prior art al so di scl opes/usassinzi2ss i ng bit
seals with surfaces having different conpositions than the interior
portion. It has al so been proposed to plasma treat the surface of the seal
with an inert gas containing a reactive gas speci es such as chlorine or
fluorine. This treatnent provides a chlorinated or fluorinated nol ecul es at
the surface. \acliding abbotbrihe svienand ester diagtedeigand interion pédioss.ofArethesar t h
boring bit se G nvention
The subterr anggpeaéfedrﬁl Itée%f%dffﬂnq?cﬁ pﬁl Sac%r%%rﬁgl l@”&?}t&?&% ;)rg%ﬂ@&l: of an

el ast oneri ¢ nareco-aurenf aMbcbr&fedltogatpelsl®n@WpeAuapra)gleatey hgrdratise ttiani the f or med
in at least a portion_of the e rrerlc terd al . The_property gradient
defines a gr adﬁ%ﬁ’ t&ﬁ%%%éei"wga?s Pam’f’ seﬁBB@ppyT&e Stoﬁgr ‘?’ﬁ ric
material, suchaifged@r phoeRie, thedasitddcamiodtlofi forog dbelkkthanstiesse of fige seal

el ast oneri ¢ mat er i al opert radient is essentially chemcally
the same as t Hed ﬁam%%m”b%P?ﬁea d ”Qtrﬁé 32?%‘%'58 %?rgb??f'”gtm%e %llsoperty
conpri ses a degifieaffdess RavidgeiFrerémt dohfpogitiafs iah the mtérﬁdrq:oeﬁﬁrerlt Bas surface
for a selected depth. A gortlon of the exterior surf [Hiénbe free of any

property gradlaé?ﬂ eqly prep ?@s@rﬁ'ﬁm%ﬁeﬁ?th?ﬁéﬁﬁ%ﬁtH6§eﬁ'i‘ﬁ' perigag

sectional vi e%oﬂfa;ﬂﬁ%a'r@ﬁctme i s@a&.teélsbéﬁ h98n(Blike BRftidthed THRAMreARAE I UCt ed
in accordance with is invention. gure 2 is an enlarged sectional view

of the seal ofprPYléQﬁéC;hUO”@ﬁf@d/rPﬁﬂéﬁM@ld fotsitaseat gie Swij?@r e/agioug offef ur t her
enl arged sect 'tQ&ﬁJI%O@sQWCHBr&g?% f?férstdrféee %? ah BSrtS sahng)&t ELawe dﬂscnoéee?w

installed withint ure is a graph ill"ustrating for the seal of
Figure 2 the Hbe gatestedait-sus the depth fromthe dynamic surface of the
seal .

Summary of the Invention

The subterranean drilling tool of this invention has a seal formed of an
elastomeric material of uniform composition. A property gradient is formed in
at least a portion of the elastomeric material. The property gradient defines a
gradual change in at least one property of the elastomeric material, such as
hardness, elastic modulus or bulk modulus. The elastomeric material within
the property gradient is essentially chemically the same as the remaining
portion of the seal. Preferably, the 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 one leg 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 5 is a sectional view of an alternate enbodi nent of a seal for an
earth-boring bit of Figure 1. Detail ed Description of the Invention

Ref erri ngwoaoda/garre 1, drill bit 11 has a bit body w thpratr/use@si2ase bit
leg 13, and typically three |l egs. Each bit |leg 13 has a dependi ng beari ng
pin 15. A cone 17 rotatably nounts over gach bearing pin 15. A seal 19
seals lubricant wwthin a cavity of cone 17 surrounding bearing pin 15. A
conpensator 2 1 is in comunication with the |ubricant for equalizing the
pressure of the | uBigucadts avfurtherIaalaog‘e'dlSacﬁgnallviﬁwomnor(ﬁsnaﬂl’@ gpabekure on
t he exterior dr|II bi t 11 could also be a type utilized
wth corrpressgép%?r 3@0\'{%@3 I?ﬁv%ﬁh@tg{ahtd Referring to Figure 2, seal 19
in this enbodi nent Figare# i<x yrapd ilestiatigy éordhe sedl af Figuan 2 \ties bardoesss- sect i on.
Seal 19 has an_inn 23 . that e es bearing pin 15 in a dynamc
sli di ng cont adf" Séﬂﬁ’&%a%&ﬁ%m%‘ mé%%ﬁ"%fg oﬁgg €3§flout er di aneter 25 that

typically statical Fbgueélgmsseétmapwwtoy ahrlte@ate dmbo&amint dPa sealtfti an

enbodi ment thus typically . rotates with cone 17. Seal 19 is preferably
formed as a s@ﬁ&hé’oﬂf‘%@g ohEIAYES Tof a singl e honpgeneous pol ymer material,
such as the foll ow ng: n| trile butadi ene rubber (NBR); hydrogenated ni trile
but adi ene rubber | .carboxylated nitril e butadi ene rubber (XNBR); or
hydr ogenat ed B Pt e IpuentioRne rubber (XHNBR). The material of
seal 19 may al so contain reinf OI‘CI ng materials, such as carbon bl ack,

silica or fibers. Rb?émr@fb ragaﬂengldemlmmmwat B@dyewmabt leat:.t dr%ﬂﬁtlegne
property of at | east a ion o a fers fromthe exterl%r surface

|
of seal 19 to 1Pt8ng Fﬁp&aerhreﬁle@Foﬁécf‘)b'té‘?gaaé B¢ asierending psaringRing©a

sel ected di st @U@&]ef Tpf&étaﬁy%&ﬁé Wer@acﬁ%@bnﬁ&pm% VR¥edf1oepl e, property
gradient 27 is shown InFigure 4 extending inward frominner diameter region

23, however i fubsisantwigin aicasitnat @ng o sWfedineeaERd 81 but ér  di anet er
region 25 or {ReRALAHR2 PR CbRimunication with the lubricant for equalizing the

pressure of the lubricant with the drilling fluid hydrostatic pressure on the

AL A

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 (HNBR); 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



surface. Property gradient 27 has at |east one property that changes froma
first level, at the surface of seal 19, to a second |level within the

i nterior wh2e@all7®. The property may be hardness, el astce/useadloness bul k
nodul us, toughness, abrasion resistance, friction coefficient, strength and
other characteristics. For exanple, propeé{ty gradient 27 is harder at the
surface of inner dianmeter region 23 and reduces in hardness in a direction
toward the interior of seal 19. Property gradient 27 has a depth along an
X- axi s, whl ch Figurg 4 exteraing ivedrd Sien inner dipwmetarfieaien dbaneweyer #zould ksut er

di amet er V!He%tél A lg&gg@bx oLRF B |arr§'{§er %ﬁgﬁg%lnﬁ]retaﬁer#d?t al

dlstancefromlnner |arrete to outer e preferred
enbodi nent, t Hiridept Rraferiyrgpadiett2hhasdatdeast@neipopdrty tkatithaages fom & | ess

an about 1/ 1 Q8 DA SR 56 A5 AR LRI Rt 21008
tlgagl gﬁgu: hgneflaoe'meprtopeftyh’rw hermdnasselasn@mdamst buﬂhairoﬂlmmre;:r of seal

Is. F
o 05— Soct | onaPCaERE: ragpn TRy SRR &idioB ReMRENk SR g AP 580" ¢ he dept h
of property grcﬁtﬁr@ﬂénﬁﬁslEorwxefr@reﬁllplfdpe@ﬂyb‘{a@bmﬂ? ls%ﬁder at@@surfa‘EB%f
Y- di nensi on 28 of ert%/ g ﬁgl gt cf7 al OH% the Y-a '
per pendi cul ar 'f"&ert HON g @ne Eequcss i H”?%'nt% '56?0“896%\@9&%. onal
di mensi on of Sgtiod9r apng. the Y-axis. For a circular cross- section, as
shown, the cross-sectional djnmension of seal 19 in the above exanple IS

"250". The Y-di mendieperdeoafient 3hbas 3 dgpRiAlend ap X-a¥is.iwhichisradhigkngsst e

(Figure 2) prigsehord ﬂ§ﬁw6}hﬂ1é]rtd|é?ﬁet\‘éh93”tdjo@@r bt BN which iBC88SHErablye
property gradient 27 of seal 19 bearing pin 15 when installed. Figure 3

shows seal 19 le%&han@e%mhaléthe;tgﬁab@sta@ﬁ@fram iBRen digeetas 28 talogify t he
X-axi s. Squeezyingegpak, rrtetaeen%i?d&nﬁeqtnﬁ{e buf@*%g?ﬂﬁé@ﬁ%fg@?t act

) g
bet ween i nner di aneter earing pin will
remain at a d.mﬁ@)éfchreptl@"p@l@gﬁ than aboutHH#0'? the transverse cross-sectional

diameter of seal 19 along the X-axis. The depth of property gradient 27 in the
X-direction is greater than about one percent of the transverse cross-sectional
diameter of seal 19 along the X-axis. For example, for a seal having a
transverse cross-sectional diameter or thickness 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.



property values in property gradient 27, as indicated in Figure 4 for

har dness. The surface area of property gradient 27 is |ess than the

remai ni ngwpantd/aam7of the exterior surface of seal 19 inPChits2@sappb€. | n one
enbodi ment, property gradient 27 has a hardness neasured in terns of |IRHD
(I'nternational Rubber Hardness Degrees) %tilizing a m crohardness tester.
The first level, at the exterior surface-of seal 19 is preferably at |east
about 10 percent greater than the second |l evel in property gradient 27,

whi ch is the aver afreornakmbdodindritnproperty gradienb2? das adwrdress measyred iexanpl e,

the IRHD is i e ] I:n.t he
I nterior. Theg ﬁ’ﬁka?ﬁléﬁgkﬁlggﬁt{eg tg)ﬁaﬁglébgo%rrg{a@%t%g%%re%ﬁﬁiai?%genggm\?al ues.
Conventi onal rmadnessrigstensTalfisbleself at theeatnior agfRieorfesecal 19 islprefetably

accurately resglve . the difference i.n hardness w.thin. proper ient 27.
Property gradi hqas&g?oqtfdlq%erp%q ﬂ?ﬁtgq ‘i?‘a'i‘ﬂbe %%gquit?\{el uﬁgrloggrltiérsa%@g toits
pLopert i es thay, 'wfhidhrl?gie d\'vaag%ealuémhfmrthéathrmf@é?lt’r&a [Bame axaawh ‘ties as
the interior q .19. One additignal adyantage of retaining the majority
of seal 19 at téeﬁ%abr‘s Kohpraees g%mr‘?%gaIglgsa(g\lﬁ??a?yr?ar?&tar\dn_’e%'f‘dg%F&?f'oév adi ent 27
is that the foreeedanekepREspond féhesfiRlto Uhore ACRRIRSE&EIEONG the X-axis to
Its conpressed position is less than if the seal were of @ uni f orm hi gher
f

: th .
stiffness. Th&cygBHona MrasYENg BsHHMENESor measEINgapreryWiN%seal 19 t hus

resul ts in redieadhiapdshle Hbldifcteitdn FRRERAY Withinpropb’y hemieHt 2¥ he seal
dynam c interface. Seal 19 could be of different shapes. For exanple,

Figure 5 shows a s&4ppesty gmdient A7.iitis refatyslidindcenmagiuvedrs dessidiedpiitspt i cal .
Seal 55 has a ; L OB, Y |-~ i BV | }on t han
ts Y-dinens ﬂ?@?‘%%%*%ﬁ?@“ﬁﬁ%“?@ﬁﬁf%é'é*? 2510252 ot nig rofeffel it | nor
axi s in the Y-idteriecefissal 1%eneswidiigsalagvantage ofireiawingrthe majeriiv obgeabut er

oo O RS DS A BRI RS R e
or the entire teafaceé devaapddibyethe seal when compressed along the X-axis to its

compressed position is less than if the seal were of a uniform higher stiffness.

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



There are a nunber of ways to achieve the desired property gradient 27. In
one nethod, seal 19 (or seal 55) is nolded conventionally to forma rubber
conpound wot2bhosgamnenal | y uni form properties throughout. Pamiusgoosioes254
conventional nol ding process, which utilizes pressure and tenperature,
cross links are formed between the pol yma6 chains. The cross |inking
occurring in the conventional process is self-limting and utilizes a
cross-1linking agent, such as an organic peroxide. The cross-Ilinking stops
when the cr os@gehhﬂsmga@“eﬁd Typigalhs armechgeTyisiaraployed alosg withdhe ciossenpl oyed
along with the ¢ g%gghpkr ng agent. Subsequently, seal 19 is treated to
create property g I'ent portion 27 wi thout changing the essential chemi cal
conposi tion of the Subhseqtieantlyofeaddllis tt@teditDm'eetetmopentngmdrmhpertrenar?on beam

process is e t rfion. 27 Seal 19 is
placed in a m%@&ﬁ"‘q‘pﬁf t%Sﬁésgﬁ'gtﬁ(?Bﬁ?'ﬂ%gg%@?pO%qL t@%gﬁt‘ﬂa&a‘g%e%m f ocused
el ectron beamiss I?IohE(téc&'ﬂluqd?H eu@recﬁrowbledm}/pmness it remptdswaittf erg,ensrfa(ltjé ki ng at
east a portian of the exteri.or sur of se 19, |If se gradient 27 is
Lo be only. on MoRatRgRal D 22 oA T2 PR in ainebae AN AL ERp! oyed ¢o
mask the el ectatmasmﬂm ducerast feodgeHTeh mcﬂged)éllebtr@rﬁl bedings dredtd eHrowgtoper ty
gradient 27 is gntrol I edg?/ t he accel atr n I%IOlt of the el ect{on beam
The radi ati on "iB %é’t%ﬁq bR $iFisipe @ e§§t PP Oﬁﬂ‘@p@ﬁ?w@#ﬁ‘a%ﬂ 27. The
radi ation dosagg| is ﬁ@@élfg?éélr@ﬁt by istthBelonlfBorPh fraxiRsa Y bErtiohf 884 1@Thodi nent
t he el ectron beam has an accel eratrn%m/glta ge in the range from70 kV to

250 kV. The ra&ilied wibaiemeloyes o Biask theyelestondaatt from hedamaRingParien.r ange
from 10 kG/ t orR0f s p%éﬁrgrédr@wter%&drﬂrmr@@%wr&9@&at.ﬁqﬂ%rfape@%em .

cross-linking of the p hai ns occurs to create proper
In a second méhﬁ@t@ctren beamatTr@radre@%dpme \fﬁrleﬁrmeeprorogrt@ﬁamyhm @romerty. zed to

enhance the f %%&Sﬁt 57 OFhe ré&rgr.&g?%sEg@ r?&rcﬂgr%ﬂea %géﬁl& it e ek&h?]r rd. he 4i ng

pol ynmeric for ation prior pror survives
process and one embodiment, the electron beam has an accelerating voltage in the range

from 70 kV to 250 kV. The radiation dose delivered by the electron beam is in
the range from 10 kGy to 300 kGy. During the electron beam process,
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 molding. 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



may serve to facilitate the cross-linking of the elastoner during the

el ectron beamirradiation process. Suitable prorads are commercially

avai | abl ewbanosalierzor on beam curi ng of polynmers. The f ol lPomusgoosioss2s4 t he
prorad by chem cal nanme and in sone instances, by trademark and

manuf acturer: diallyl nmaleate, triallyl &yanurate (TACO) triallyl

i socyanurate (TAIC) n,n" - (mphenyl ene smal ei m de (HVA-2) pol yacryl ates
and pol ynethacrylates trifunctional acrylate, e.g. Saret

SR. 519t ri f uncttiitnalionab triettmoyylateee. geSgretS&%é'ﬁ SR-517 pentacrythritol

tetraacryl ate, pe‘?‘taqirﬁﬁﬁ%le%trgg‘é&%% g’ﬁ%ﬁg@é%%@ tol pentaacrylate, e.g

Saret SR-399 tTrine acrylate, e.g. Saret SR 350 I|i dw d
but adi enes wi tdipent@eryihnidl peotabemnytatd ¥4.darbi §RI99(e. g. R con 100, Ricon 153,
Ri con 154, Kr AH, Lithene AX)

: vl .LB,2000 asy it ,
Met hacryl at ed%ﬁ%‘FWE}'%IBP%%%m&eiBaC Eeagr%ﬁaéef%g%%r et, Ricon and Ricacryl
are trademarks of Sartoner Conpany, Inc. Krasvl LB is a tradenmark of
Kancrik A'S. Lit .S atr onmer Ltd. The el astoneric
fornul ation @m%q'ﬁn%‘ﬂ‘/'”?)g%f\ﬂ@h%B@@Yfﬁé%r‘)&ds al one or as a conbi nation
of two or nor mlgﬁamegrmmh 10D, RIcOhAG 3L R[cbﬁ 15dded to the elastoneric
formul ati on | to 20 PG g)ﬁart undr ed parts of rubber). In
sonme cases, %9%990 B ejlt‘l entional nol ding process can
al so functi on Laﬁa,eﬁe pxgrad during radiati on cross-linking. In some
applications, the outer dianeter region of a seal may be in

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 Ltd.

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



dynami c, sliding engagenment while the inner dianmeter region is in static
engagenent. I n those cases, the property gradient nmay be only on the outer
di anet er wogn@wni17i7h desired. I n other cases, the inner aou/usatsn2asanet er
regions could be alternatively in inding contact, in which case, both the
i nner dianeter and the outer dianeter %IOHS woul d have a property

gradi ent. Anot her enbodi nent woul d be fo a property gradient to exist
conpl etely around the surface of the seal such that any seal surface in

sl i ding cont acelestad regleas ontehesqterapenyliiplg disgpeinuouanegines orsasteis ®ént woul d
allow for the ﬁg tion of a property gradient in non-axisymetric areas of
the seal. Such areas coul d conprisesel ected regions on a sector or nultiple
di sconti nuous regi tmadditiorstectemissfootirilt bits, sealk forl atherdalibiércanego seal s for
drill bits, sea

o 1 cul ar ]y PRPIGRORAR I RraRIE: RH AR Ry RER Vel e RRl "
Fg? e(r]I 1) &In ﬁo}‘ gr V;a‘grjleosea:thsemlmatermm‘dr ﬂth;seel menmedlsa,bdvabdathemmlmbleal ia]; g(r) nseal S
el ast oner s, pé??t%?# 8%‘@?%‘#% ?%ﬂq%l'nf: Ydsr %‘éeﬁrﬁgﬂ lﬂpg?f{/{)ene

copol yner el asmmaraﬂoonTélastbmmﬂbeammkmrmrgmaétbmm addvant ages. The
property gradient cg ar ea}s better able to withstand wear

rovides surfa
where in dynafiUeracroRrOBYUELE SOPOIHRENFBHRMEI%s in the interior or bulk

portion of the Seafl‘hé\i'tﬂ}éﬁhtlé%ﬁ%§|'gﬁﬁcétﬁtra@@aﬁ©g§§ YR BfcPefyl giatRerito
def ormati on when install ed E?%)sm bi | of del anmi nati on of

mul ti - conponerPo\d@es SLi"fﬂ"@rﬁ*@@ﬁeQEt aQ@éPéN'thﬁfaé‘Hd’é‘?PrtW%? BV@MHE operti es on

di fferent sealcoatict é@&ﬁs a‘Tﬁ’e ?fdp@hﬂe@ﬁﬁ’@he Wénb?oF bk pBMRALIf HE St absign
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intended to provide properties on different seal surfaces are eliminated.
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.



by ganma ray or x-ray processes.Clains 1. A subterranean drilling tool,
conprising: a seal gland defined by a rotating surface and a static
surface; woealoiof7oan el astonmeric nmaterial |ocated in tRreTasatosgeesd in
engagenent with each of the surfaces; a property gradient portion forned on
at least a portion of the seal, defining a property that changes froma

first level to a second | evel; and Wnereign the elastoneric material within

the property gradient portion is essentially of the same constituents as
the remaining portion of the seal. 2. fH@iM% ol according to claimi1,

wherein the property conprises a selected one of the group consisting of

har dness, el astic nodul us, and bul k nodul us. 3. The tool according to claim
1, wherein: the /Seabterrasearmd'rilﬂingatoodjic@nmrieimgand an outer di aneter; and the

property gradient el n,. I t d| ameters. 4.
The tool accordi ng%t ealglgngndf 'n’%ﬁé rcﬁtgtlrﬁ]%uf%%a S%ﬁ ;‘5 ' di amet er, an
outer di aneter, anc seatobassiestonmwhialmatbrial kowzted Mhersdalr[;garﬁd ipm t he i nner

di aneter to the outer i rret r;.and the property gradient has a depth that
is less than &b688° Wﬁ@ erhgf g}eoilgpaé"@gti onal thickness. 5. The tool

according to clai malprop@wgﬂaﬂnent @rtu@ﬁ@drrdwa)rﬁét |eauterpaic®et tAE sed@ll out er
di anet er, and(ﬂa Crosssecti or]}?é i ckness ?ndl pg fromthe inner dianeter
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according to claim1, where
essentially of the same constituents as the remaining portion of the seal.

2. The tool according to claim 1, wherein the property comprises a selected

one of the group consisting of hardness, elastic modulus, and bulk modulus.

3. The tool according to claim 1, wherein:
the seal has an inner diameter and an outer diameter; and
the property gradient portion is located on at least one of the
diameters.

4. The tool according to claim 1, wherein:

the seal has an inner diameter, an outer diameter, and a cross-
sectional thickness extending from the inner diameter to the outer diameter;
and

the property gradient has a depth that is less than about one-half the
cross-sectional thickness.

5. The tool according to claim 1, wherein:

the seal has an inner diameter, an outer diameter, and a cross-
sectional thickness extending from the inner diameter to the outer diameter;
and

the property gradient has a depth that is not greater than about one-
tenth the cross-sectional thickness.



inits natural state, the seal has a transverse cross-section that is
rounded, the transverse cross-section having a first dinension along an
X-axi s amsoaoeaaortd di mensi on along a y-axis; and the proparstgosgesedi ent in
transverse cross-section spans |ess the second di nmension. 7. The tool
according to claim1, wherein the seal @f a core having a property that is
the sanme as the second | evel of the property of the property gradient. 8 .
The tool according to claim1l, wherein the property conprises an | RHD
(I'nternational Rubber Hardness Degree) value, and the second level differs

fromthe first e y east ten percent. 9 . The tool
according to cq aﬁ%ﬂfop%%@?@ﬁﬁﬁ &ﬁﬁse\gﬁé RAs an inner di aneter, an outer

di aneter, and a crtrsn&miwabewte tthe skaldms aetrartsmelnsag:rcbssesndtibathmriuer di anet er
to the out er dia &ﬁtand t he (grggerqtg.é ?lr adi e cﬁ dep h that i.s at
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adj acent a stati onah onen each havi ng an e>§teri or PO %I on adgpt ed to
be exposed Lo dri | FSRIOPPIY HrasRNtiNFAHVEIeOT P55 4aIGR SPREE 98 tieRcBdbear | ng
cavity; a sealgjgersye forned on at | east one of the conponents; a seal of a
pol ymer conpound |located in the seal groove for sealing between the
conponents to prevent drilling fluid fromentry into the bearing cavity;a

gradi ent port 'ﬁ”rﬁé%ﬁ?&bda?dm@?o S8/ 1 ANRerBRMhESedl r%%cé 8&8imgingRD val ue; and
wherein the polyner conpound is essentially chem cal
property that is the same as the second level of the property of the property

gradient.

8. The tool according to claim 1, wherein the property comprises an IRHD
(International Rubber Hardness Degree) value, and the second level differs

from the first level by approximately at least ten percent.

9. The tool according to claim 1, wherein:

the seal has an inner diameter, an outer diameter, and a cross-
sectional thickness extending from the inner diameter to the outer diameter;
and

the property gradient has a depth that is at least about one percent of
the cross-sectional thickness.

10. A subterranean drilling tool, comprising:

a rotating component located adjacent a stationary component, each
having an exterior portion adapted to be exposed to drilling fluid and an
interior portion that defines a bearing cavity;

a seal groove formed on at least one of the components;

a seal of a polymer compound located in the seal groove for sealing
between the components to prevent drilling fluid from entry into the bearing

cavity;



honogeneous. 11. The tool according to claim 10, wherein the seal has an
i nner dianeter and an outer dianeter, and the gradient is forned on one at
| east a pwotzn@niof7oone of the dianeters. 12. The tool aecoruseeng/oras€l ai m
10, wherein: the hardness in the gradient portion decreases gradually to a
m nimum | evel that is about equal to an RHD value of the seal within a
central area equidi stant between the mné and outer dianeters. 13. The
tool according to claim 10, wherein: the gradient portion has a surface
area that is a fra@tgl'@@ll&hf mﬁfl@n fmmed anHBe sealandfiavingcedagreasiog IRHE seal .
14. The t ool a\%ggg ?g to claim 10, wherein: the seal has a cross-sectional
t hi ckness extending froman inner dianeter to an outer dianmeter; and the
gradi ent portion hadeseiddps polymar compowukiselsaentialp aberivalihal f t he
cross-sectional &h éé}?et% 15. The tool according to claim210, wherein: the
seal has an inner er an outer dianeter, and a crosssectional
t hi ckness extend| ng fromthe i nner di arreter to the outer dianmeter; and the
Qut than net nth the

gradi ent porti at, i s, not

cross-sectiona ctl?ﬁe%%C%ngng% a%&@ 8'P %ﬁe?g‘a&%'ﬂ?i lANfE i n: the
seal has a cr mae@mmomafnetén shdtresgradieniid iforgnedramoridigt leagt@rpcdtuam er to
the outer dianeter e gradient portion has a depth that is at |east

th
about one per cBIt° fé‘?eg'ﬁg’e(tﬁrﬁss sectional thickness. 17. The tool according
to claim10, wherein the hardness val ue decreases by

12. The tool according to claim 10, wherein:

the hardness in the gradient portion decreases gradually to a minimum
level that is about equal to an IRHD value of the seal within a central area
equidistant between the inner and outer diameters.

13. The tool according to claim 10, wherein:
the gradient portion has a surface area that is a fractional portion of the

total surface area of the seal.

14. The tool according to claim 10, wherein:

the seal has a cross-sectional thickness extending from an inner
diameter to an outer diameter; and

the gradient portion has a depth that is less than about one-half the

cross-sectional thickness.

15. The tool according to claim 10, wherein:

the seal has an inner diameter, an outer diameter, and a cross-
sectional thickness extending from the inner diameter to the outer diameter;
and

the gradient portion has a depth that is not greater about than one-

tenth the cross-sectional thickness.



about at | east ten percent. 18. A seal, conprising: an annul ar nenber of an
el astoneric material; a property gradient portion forned on the annul ar
menber, owbiznéeng7eEoproperty that changes from an exteri ectaisedoaoes2sf t he
seal to a core portion of the annul ar nenber; and wherein the el astoneric
material within the property gradient porlii on is essentially
conpositionally the sane as the core portron of the annular nenber. 19. The
seal according to claim 18, wherein: the seal has a cross-sectional

t hi ckness ext elfdi Hyf opbagaording imelping il @iiteseint o t he outer dianeter; and the

gradi ent portion h@ﬁe@eé?%@%'zéoérlﬂ%sééioﬁﬁl thi%a%s(iae%éﬁdiﬁaﬂﬁ%@%ﬁg fer OF the

cross-sectional thickness. ~The seal according toc wherein the
property conprdigasteaip thrgDteradiametss; ansl ue, and the second level differs

fromthe first |evele Oy AR b8MoRBRE adin Ha?RlattO bpb & brRSs &M of

the cross-sectional thickness.

17. The too! according to claim 10, wherein the hardness value decreases by
about at least ten percent.

18. A seal, comprising:

an annular member of an elastomeric material;

a property gradient portion formed on the annular member, defining a
property that changes from an exterior surface of the seal to a core portion of
the annular member; and

wherein the elastomeric material within the property gradient portion is
essentially compositionally the same as the core portion of the annular

member.

19. The seal according to claim 18, wherein:

the seal has a cross-sectional thickness extending from the inner
diameter to the outer diameter; and

the gradient portion has a depth that is at least about one percent of

the cross-sectional thickness.

20. The seal according to claim 18, wherein the property comprises an IRHD
hardness value, and the second level differs from the first level by
approximately at least about ten percent.



