DRI LLI NG TOOL W TH ELASTOVER SEAL HAVI NG GRADED PROPERTI ES

Cross-Reference to Related Application: This application clainms
priority tBOB3PBPEbnal patent application S. N 60/ 586 FF85S2405024354
July 9, 2004. Field of the Invention 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 fornmed on at |east a portion of the seal.
Background of the Invention One type of earth boring bit has a
bi t body with threeprgl NERIGHEMPH £LERTOMERSEAEHAVING BRADER] erent s
for disintegrating eart ormati ons. e cones are nounted on bearing
pins that depend fromthe bit body. PRPBBRTH#ht cavity within the bit
body supplies lubricant to the bearing spaces between the cones and
bearing pins. A seal or seal assenbly is |ocated at the nouth of the
cone to prevent |oss of the lubricant. One type of seal is an
el astoneric an Iar,Qg-nber. a ipe.- iln%%E di ameter and an outer

di aneter. The 22 Shar—cont Hguratr ot i s rounded, such as
circular or elliptical. One of the dianeter portions forns a dynam c
seal . The dynanm c s&bib gpplicdtion dlamisrprisritydiongrowinigaglepaiant aprlicationn@iN. y

the other side g@jsgdiRBEHE] Jlggrgt begy forms a static seal. Sonetines
both di anmeter portions' encountér dynanic sealing engagenent. The

slidi ng engagenent generates heat due to friction, thus causing wear
over tine. ﬂﬂﬁ@%ﬂ!ﬁ‘-’&ﬂ%ﬂt seals are forned of a single

honogeneous el astoneric material. The properties of the elastoneric
mat eri al are uni f or Wit inveugdrotatates in general to earth-boring 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 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
engagement generates heat due fo 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,



2 including at both the inner and outer dianmeter and interior
portions. Anot her t%pe of drill bit seal is fornmed of two or nore

di fferent YYPUEOLH76] ast oner that are co-cured and bond&dUSHYEPHEN,

One type has a greater hardness than the other type for serving as
t he dynam c seal portion. The softer portion is tailored to provide
t he desired anount of force due to the squeeze on the seal when

i nstall ed. The;pal Gl ae.fd t‘hg r}r%F Emébét@r dhmel e?ﬁﬁc?m?@[?tr Eor‘?ﬁhé nQ\nB{hEar

seals with sur]éaces avilin erent corrp05| 1 ONS Interi or
portion. It haéyp@|@drllbbléﬁeqjmfpaa@djofttwom aormdiffereat typeofiagtener that t he

seal th an
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fl uorinated rolodwilyes feitsertieg ssitealysamigaerbrastias: hée sodiehpergoris t o
change the sur E%F'ed% p?t?nd%at‘né hieBRtd Aol br RRR! ohu%rt I‘%! 856N iH ehe

patented art. unmar%a I nvent 1 on t erranean
drilling tool ®fteninsiliedydheipaientealriar adalsodiscleses eartborigditssatri c

material of unifiALMEQERSING Hererd B Bﬁﬁédé t%@ﬁb@ﬁl&néﬁpofrﬁn”ﬁﬂwdsn at
| east a portion of the elastoneric nmateri al property gradient

defines a grad@kP beRARERPOSRC ta Plawna freqfike ?H'fﬁ@érof {hesreat \H'éh 8l BstteAeri c
material, such c@ﬁtaﬂﬁg@@%éﬁve%jn Sdpk SieSBGUMH déSchRirinB ok Kudfdu s treBfRent

el ast omeric materi al e property gradient is _essentjall

cheri cal | y t he PE¥ifies achitipaledpsifiHPiptesbpFeed at thp sudacs: Vapus %ﬁ'bl Y,

the property cesiphigBestcrcHifgs arRsduRRcd af SH&Fth Hofing R sBalade arklossPim t he
exterior surface for a sel ected depth. A portion of the exterior

surface may be & RaEHed 3y property gradient. Brief Description of
t he Draw ngs Figure 1 is a sectional view of one |l eg of an

earth-boring bit havin eal constructed in accordance with this

i nventi on. §E’—'Fﬂ‘—%ﬁ¥¢§£§£—§é‘-’£’¥ﬂ£@nl arged sectional view of the seal

of Figure 1, shown renoved fromthe bit.

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 materjal. 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.



3 Figure 3 is a further enlarged sectional view of a portion of

t he seal of Figure shown installed within the bit.
is a gr apﬁv?lzﬁ’"g@ﬂléou ng for the seal of Figure 2 the hgf:a/ﬁ]é"s%s’&é?séus
the depth fromthe dynam c surface of the seal. Figure 5is a

sectional view of an alternate enbodi mren3 of a seal for an
earth-boring bit of Figure 1. Detailed Description of the Invention
Referring to Figur r; tofone
bit leg 13, and tyg?%u Als %‘ka#@eerr Sd%ﬂ%ggt ; VImgya%&]Bg§¥§E§§%1e0r§ di ng
bearing pin 15F19Na:br$d§0wvm$¢ﬁt"3dwdhmﬂh@)@hts over each bearing pin 15.
o seal 19 seals | uliy g8l Wotdilidnaiid fol 1lseali®ighfe idfid PRS0
bearing pin 15. A conpensator conmmuni cation wt

| ubri cant for ue[ees theidegthfram precyoamic srfaghef thasealcant vvlth the
drilling fluid hydrg r@%‘ngagéé’tﬁ%f\ﬁe\ﬁef éﬂ‘éﬁt&ﬁét@%hﬁ%dﬁen@f}fé bedP¥dr ah 1.
Drill bit 11 could also a type utilized with conpressed air as the
drilling fluidearth- bOmeFQéﬁ‘@rFﬂQWﬁ‘gH o Figure 2, seal 19 in this

enbodi ment is an O-ring having a circular transverse cross-section.
Seal 19 has an_i nner di aneter 23 t hat engages bearing pin 15 in a
dynani ¢ sl i di nBetalledRescHptiengbthednyentignes ™ Seal 19 has an outer
dianeter 25 that typically statl cal | y engages the cavity in cone 17.

Seal 19 in this enh@@remgtto Figus 1, yiﬁu piah i yias atoitthedy with bt leasteont bit l<seal
19 is prefer abI

or.ned a |ng nber . of single .
homogeneous pol érﬁﬂd tm{:aélﬁi%{ee ﬁeaﬁ‘gbﬁ?g @qs&@ep&ngﬁptbp%l%g pin 15.
but gdl elne r gbbercoﬁlélBR)rotatang@mgm each bedrimglpint 881 &sealri@dzeals ( HNBR) ;
car boxyl ated njtr.i tadi e u ogenat ed
car boxyl at ed nI@F'F?rﬁ“ﬁqﬁPa%?ae/ﬁ ° %e‘F é@%ﬁﬁ@g 8%53&%&{ g?l'& of seal
19I may al s? gonmrabensa&iraﬂmsmlcmgwmmmlurahﬂh treuabricast oaetuatizing dok
silica or fibers i l,, . at
| east one pr Opg;etssurgfofH}ﬁ{;é}%@ﬁﬂ&:ﬂﬁt&?ﬂﬂ@h&gﬁﬁagﬂgg{ég%géalfegggjéesoﬁftlp%m t he
exterior surfaertenér cfeall bit 91.t Drill bis 11 nowd alsp bea tgpopidizey wfhadi ent 27

ext ends invvard I t romthe exterior of seal 19. By
way of exanpl e '%Sgr#@p%s?g |a@ﬁﬁ8§9'dl s shown in 4

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 hes 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



Figure 4 extending inward frominner dianeter region 23, however it
could be alter natel‘}/ or also located on outer dianeter reﬁjéon 25 or
the entireV@2O1870 surface. Property gradient 27 has &CTUSZYFYRY
property that changes froma first level, at the surface of seal 19,
to a second level within the interior of 4seal 19. The property nay be
har dness, el astic nodul us, bul k nodul us, toughness, abrasion

resi stance, frigt |00 &GRS 1S4 LCS.
Lot stance, {1 IFeROn SRR EIY obt RN InaBoBR FURAF REbhLES
di anet er regi oflte@ataftorasioested an natedd@wtarrﬁemord% ecthe@ntitecamdaror t he
interior of sealfd& p g an
X-axi s, which |srfa th Irg %%%%gaf@%ﬁawasg%@rs gﬁ’lﬁel %é ?ﬁgﬁhgtrr%t%gp&zg&@%
outer diameter fips lev\%@t;ﬂneﬁyrfg@mgfs@gk%[tcya Séwdtlmwﬁhbme ipiesionefiseak he
total distance fgr qﬂblp@&%’ aémﬂé dresst & ﬁ!&trﬁéd In the
preferred enbo i ment e “dept ﬁ%r rgpe?t |ént R%Odi%ﬁrsth
X-direction is tqﬂ{gb@e%ﬁaé‘hraémdﬁsqtmm ﬁ'qtlﬁléc@ﬁ? estepagitransiotheict i onal
di ameter of Se%harja%te%t‘i)d%gFér"&a?ﬁp@(EFo pek{grfift b7 gfha%é}pﬁﬁ*ev Lﬁﬁé@b@nt
27 in the X-direction is greater than about one percent

transverse crodyies é@m%ﬁd?glaﬂ ﬁﬁ@f‘@fe%‘Pe%@&af@_@%Frb%Q'@Wén Joveaed 1 For
exanpl e, for a;fe@drJpa¥sng a transverse cross-sectional diameter or

t hi ckness along the_X-axis of 0.250", the depth of property gradient
27 is preferably onP{PPrsBp@radiant a7 has adepth along an Xegsywhishhisistiiskness of

property gradi @fteal 1odtcrNBnéMEanicteX2Sto MiarhStePLS, REGH i§ bXiddrably he
e total craoss-sectional dinension of seal

X-axis, may be |less than

19 al ong the Y/esgitgan %tﬂufan%hﬁ'émeé?fah%tégcesfé%"m@r diggeiss Awr{o ovige
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(Figure 2) prid} -AiFGign ISJerohaR ABRHEd/ e tRRIIRYVEESRCresS-SSehd@ht ¢ he
property gradi @i‘etméi@r difsealerd aiaxag the Xoead. | Tiee ddpth aﬁomﬁs&w gra&ému?eﬁl the

Fi gure 3 shows )égl 19. i nst.al ger at1 onal gtkjee
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bul k of seal i fferent
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val ues cor r esparsteliggorestaduld/be sufiBiient éo prebentdmesoperdy gredientChoefesetl tonal
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esol ve the di £ S io HEATEENE HANE Lol selPle AGRISTIELY
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reduced contact stress and consequent |ct| on at the seal dynamc
i nterface. Seal 19 could be of d| fferent shapes. For exanpl e,



6 agent is consuned. Typically, a co-agent is enployed along with the
cross-linkin ent Subsequently, seal 19 is treated to create
property d’l"%g?"éﬁplﬂbrtl on 27 without changing the esseRFTAS2UHNEHEYAI
conposition of the material of seal 19. In one technique, an el ectron
beam process is enployed to generate property gradi ent portion 27.
Seal 19 is placed in a chanber wthin an inert atnosphere, such as

ni Lrogen. A focused el eelia BEATb S diag A% Y hs o badRlel i ©

t he chamber, striking at leas e ex erior ace of
seal 19. If see&rn@mmlélat(lnmnat@nald?tm@ebhwnass Redreas)tutitizing a pieredi on of

seal 19, 2 hi elbid lsRe SDhOYES! 8 ekeilia phasison heamdcamythe

remai ni ng portion property gra I'S contro
t he accel er at i ayleesilabagbl®bpercers adatenthanthpsapenditpeel irproperitogradiesiage

varies the pr OE?r\M}@? g‘%é Iabé}apé 9&8% R/Xhlgﬁr?éjih%'ﬁBr Flseal 1 | ng%gb%&érﬁﬂlet he

dosage is control osure. |n one €
el ectron beam HslREID @¢@@1€éﬁ&ge fﬁ@m\ﬁél'@ @ &t tha suriece 2nged intiominteaiokV t o

250 K. The r adheld amydlaspdebidaifiplo hiteol £e4ra8 BRam 1o 1n the

range from 10 Kk ectron_beam process,
addi tional cr o§§DV$ﬂi*@ﬂﬂgn%ﬁSUﬂh@"]§6Wﬁ@ﬁ fof megasyringeers A willekat e

property gradi gptyrgély resolve th'erhlf?eré?c‘é(?ﬁ‘ﬁarﬂﬁéé&%thﬁphﬁ@h@&:‘a@f&nk

cross-link pronoter (prorad) is utilized to enhance th
cross-linking. The Pogpdugiagienhef. wfd@aotarbfts&dmm@orﬁ@q:tywearﬁéesrs&um B ion

prior to nol di Bebpefkiag tH4Pif ﬁaqeﬁanémaée?egtdhezmér@'o%eoga@@ee&% SIS BBihe
serve to faC|I|tate the cross-1ink |% t he el ast omer durln t he

el ectron beam iNt9TiACh8¢3 A9 pfBeessiditio |aﬁﬁﬂt@9p?fd?téﬂ{‘§‘9athé 'Tl?dﬁﬁ%?fcﬁeaﬁ ly

avai | abl e for ab%eém%rle@ﬁmé‘s@rvb%d@fuswrmmlﬁ prégéﬁ%fg%dlém‘@?‘@k thhSt S
t he prorad by chem caI na in some instances trademar k and

manuf act urer: &SPICH %‘P@%ﬁ EV ﬂ'terﬁe§| whan WM%?S&F@WA@ Xraqedpiity |
i socyanurate ( I&h@es@emposﬂlcﬁm Rie tdnenge bes e bfTé dﬁfdnH\FﬁgHé} stlffness

gglr g? crs%gl gags al]‘hel wer cgr?wtppeasglvgl atd%?ustqu {h]:aun?a%rllt? g? sea?%9¥hus results mg
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 681 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



7 trifunctional nethacrylate, e.g. Saret SR 517 pentacrythritol
tetraacryl ate, _(7:1 Saret SR-295 di pentaerythritol pentaacryl ate,
e.g. Sar et WORIUSHTITY | et hyl ol propane trimet hacryl ate, &CEUSHYP/EF4254
SR-350 |iquid butadienes with 1,2-vinyl content 45% or higher (e.g.
Ri con 100, Ricon 153, Ricon 154, Krasvl kB 2000, Krasvl LB 3000,

Li t hene AH, Lithene AX) Met hacryl ated pol ybutadi ene (e.g. R cacryl
3100) Saret, acr Co

I nc. Krasvl aﬁgﬁ [9 P Aot I;!X'E!rcgll!%gngrgfﬁ%g&qééﬁqf%&ﬁ(?%,&g%é ﬂf'era emark
of Synt honer Ltltdklng agent. The el astoneric fornul ation may contain any

of the above prorad r t

anmount of pr olroad toé%géegggrg&’ ?%ﬁg%'&?%g? r#é%!% Eocgjtreﬁglgpg{l%ﬁb:&goggout
2 to 20 phr (pavithsutmbanging tireeebspatial sheshicalwbtiprition of the naterit efsseat he
co- agent used ri t 0

functgl on as a grgorlggn%%r%ﬁg él oh b%g} &I%SQLS &ﬁagy&a@ g%hé&e

appl i cati ons, mﬁ@eduﬂéadl@t@ﬁélperﬂr @@ﬁbﬁa isPlaged rad crmybemwmm afyinertri c,
sliding engage i

engagenent @Eﬂ&ssp‘gfe}céaggémgs hlﬂ@%én i ﬂ:’gﬁée%r el%&&'n%ahﬁs dﬂe&é? Hr&r?htahe
out er di amet er wirdgvointo the CH@§b$fe§|t“km@1 ab*?ﬁ@ra Reubarsof ﬂnmextemm@urfemof _
outer di amet er faOfeONEsdpdicP2PIS5bORHly W/ rddhomd indiRH SFesdiasta 1N
whi ch case, both the I nner dianeter an out er |arret er regions
woul d have a pﬁbﬁ&w bgeamieied to mask Herelegiios deadritomhe rameiinggrortion.

property gradi ahk depthefipdpefi @Pio‘i’érﬁby iSPERAHBIE S K)ehe ﬁﬁéé&%tlr‘k{]vcﬂtg e 3eal

such that any seal surface in i ding contact woul d have the property
gradi ent. Anot Hegel éﬁff@che@ﬁhﬂ%@mﬂam fesage yarieniae parneaiasovithit praperty
property gradient 27. The radiation dosage is controlled by the time of exposure. In

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



gradi ent in non-axisymetric areas of the seal. Such areas could
conprise 8 selected regions on a sector or multiple discontinuous
regi ons orVeEMPId7bf the seal . In addition to s&GTUSEYF K |
bits, seals for other subterranean applications are feasible,
particul arly for downhole well and mning tools. In addition to the
materials for the seal nentioned above, other suitable materials for

seal s for do"mtﬂﬁbﬁcﬁ&ﬁél métﬂ&’ér}ﬁ?feng U§§ret§th1%fe not limted to,

fl uorocar bon el astoners car bon astoners, and

f1 uor ocar bon/ ptpépiﬁbl@ﬁélm&(tﬁj@lawy@ﬂe @Igaﬁem’hﬁﬂﬁ% The i nvention has
significant ady ovi des surface areas
better able to ﬁéﬁ%@ﬁé};}r&ﬂgn& ga{tée)él qér%?rﬁ ?:ﬁ_(y:ont act occurs. The

properties in tHeethyelerdpgne Bﬁnﬁimwiﬁ'@rﬁgoﬁal@f SRt#0seal avoi d
excessive force being generated due to deformation when installed.
The possibili tY of delam nation of mnulti-conponent seal interfaces on
seal s i nt endedf¢d prigdicaes with ferind soantAS% er ent seal surfaces are

el i m nat ed. h,gheM{yd @,égp,eldonp&%@pmgg figsn psen described in only a
few of its forns, it_shoul d be apBarent to those skilled in the art

that it is not K&Vl HBROERY '%%ﬁV' 1B 380@ d#penefe. t o vari ous changes

wi t hout departi igederQ) t he scope of the invention. For exanple, t he
nmet hod of forming the property gradient nay be by gama ray or Xx-ray
processes. 9 CLAI M

Methacrylated polybutadiene (e.g. Ricacryl 3100)

Saret, Ricon and Ricacryl are trademarks of Sartomer Company, Inc.
Krasvi 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



1. A subterranean drilling tool, conprising: a seal gland defined by
a rotatin urface and a static surface; a lubricant reservoir

cont ai ni ng ZWﬁ@Fpgént a seal formed of honpgendGd/UWa¥P3ZH
conposition throughout, the material conposition conprising an

el astoneri c conpound, the seal being located in the seal gland, the
seal having an annul ar dynam c portion in sliding engagenment wth the
static surf aces@@&eéﬁ‘egﬁm@%sé&&ldr%@tﬂ:ﬂé biSGorhiRusAbLene HORRRIE B!
with the rotating surface e seal sealing the lubricant from
borehol e fluidihesea. 3 pressure conpensator in conmunication wth

the lubricant reserpkQgitighe SaPORLErif Bis2fediXfoPbineF s@terfdHeah 0ol for
equal i zing pressure of the lubricant with pressure of borehole fl uid;
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contact occurs. The propertles in the interior or bulk portion of the seal avoid
excessive force being generated due to deformation when installed. The
possibility of delamination of multi-component seal interfaces on seals
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.



10 3. The tool according to claim1, wherein: the property is at the
second |l evel within an outer dianeter portion of the seal. 4. The
tool according to claim1, wherein: the seal has a
cross-sectional thickness extending froman inner dianmeter portion to
an outer dianeter portion; and the property gradi ent has a depth
that is | ess than about one-half the cross-sectional thickness. 5.
The tool according to claiml1, wherein: the seal has a
cross-sect¢pamist hi ckness extending froman i nner dianmeter portion to
an outer dianeter portion; and the property gradi ent has a depth
that is not greater than about one-tenth the cross-sectional

t hi ckness.1.6. Phsbtenahcaadeilling tdof) compsidigd: m 1, wher ei n:

a seal gland defined by a rotating surface and a static surface;

a lubricant reservoir containing a lubricant;

a seal formed of homogenous material composition throughout, the material
composition comprising an elastomeric compound, the seal being located in the seal
gland, the seal having an annular dynamic portion in sliding engagement with the static
surface and an annular static portion in static engagement with the rotating surface, the
seal sealing the lubricant from borehole fluid;

a pressure compensator in communication with the lubricant reservoir and
exposed to an exterior of the tool for equalizing pressure of the lubricant with pressure of
borehole fluid;

the elastomeric compound on the dynamic portion of the seal having greater
cross-linking than the elastomeric compound within a remaining portion of the seal,
defining a property that changes from a first level at an exterior of the dynamic portion to
a second level within a core portion of the seal;

the entire static portion being free of a property gradient; and

wherein the dynamic portion is formed of the same material composition and has

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.



inits natural state, the seal has a transverse cross-section that is
rounded, the transverse cross-section having a first dinmension al ong
an x-axis and a second di nension along a y-axis; and t he
property gradient in transverse cross-section spans |less than the
second di nension. 11 7. The tool acE@rdi ng to claiml1, wherein the
property throughout the seal, other than in the dynamc portion, is
substantially uniformand at the second level. 8. The tool according
to cl ai m 13. whereitovl hdverdrighp elairy 1 coligpsin:ses an 1RHD (I nternati onal
Rubber Hardness Degree) value, and the second |evel differs fromthe
first level by thppogedyiBitehescadndll@aBkithi an PEECRAheter pArtiohRE1He Q&I
according to claiml1, wherein: the seal has a cross-sectional

t hi ckness extending froman inner dianeter portion to an outer

di aneter portion; and the property gradient has a depth that is

at | east ahout ToB@PEIcERIMg t0klalh @ WHeR$S- Sectional thickness. 10. A
subterranean drilling tool, conprising:
the seal has a cross-sectional thickness extending from an inner diameter portion
to an outer diameter portion; 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 a cross-sectional thickness extending from an inner diameter portion
to an outer diameter portion; and

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

sectional thickness.

6. The tool according to claim 1, wherein:

in its natural state, the seal has a transverse cross-section that is rounded, the
transverse cross-section having a first dimension along an x-axis and a second dimension
along a y-axis; and

the property gradient in transverse cross-section spans less than the second

dimension.



a rotating conponent |ocated adjacent a stationary conmponent, each
having an exterior portion adapted to be exposed to drilling fluid
and an interior portion that defines a bearing cavity containing a

| ubricant; a seal groove formed on at |east one of the conponents;

a seal having a uniformmaterial conpgsition throughout the seal, the
mat eri al conposition conprising an el astomeric polynmer conpound, the
seal being located in the seal groove in contact with the | ubricant

for sealing betTheesv] hdtordi i OREAT Swiedei iR \pedplertd thrdughf\g tHd s¥dldothdrom
entry into the bearing cavity, the seal having an annul ar inner

di amet er PRkt inGke dyRamlcigaitig, B BchsBaadllyRIAIMANERAGE histddnd RISt at i onary
conponent, the seal having an annul ar outer dianeter portion in

static and85€a|ﬁh@%d¥%5fﬂ@ﬂgt%ﬁahnflhﬁhe&&ﬁﬁkﬁ%e&? FRAIRH an IRLD a

pressure conpensator in comunication with the bearing cavity and

exposed t qQuARmRIdnSI RiBberOfarliiies i)éﬁ?&e) fvﬁ’[ﬁe %ﬁ&’ﬂe's@doﬂ@lepél%ﬁ%ﬁ BoRkhel &
| ubricant Wth pressure of boreholé fluid he pol ymer conpound

on the innggd B glggﬁg>%h@g greater cross | i nki ng than the
pol yrer conﬂ%u%%ﬂﬁéthﬁﬁgé fénal Ing portion of the seal, defining a

gradient portion on the inner dianmeter portion that has a decreasing
| RHD val ue; wherein the polymer conpound throughout the seal,

i ncl udi ng ¢ he %gggé)l an%{a%rgtbglq%mﬁ%&p& cal | y honbgeneous; and

wherein the outer fon 1s free of a gradient portion and

has an |RD valyie ool Lo RELEHMAH AL AchBsend AR bhen RB alye on

an exterior of e gra |en pOI’ Ion on t
12. The th an SR> ianlilélgrpogrio%g gndm 10, wherein:

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 containing a lubricant;

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

a seal having a uniform material composition throughout the seal, the material
composition comprising an elastomeric polymer compound, the seal being located in the
seal groove in contact with the lubricant fc;r sealing between the components to prevent
drilling fluid from entry into the bearing cavity, the seal having an annular inner diameter
portion in sliding and sealing contact with the stationary component, the seal having an

annular outer diameter portion in static and sealing contact with the rotating component;



the hardness in the gradient portion decreases gradually to a m ni num
| evel that is about equal to an IRHD value of the seal within a
central area equidistant between the inner and outer dianeters. 13.
The tool according to claim 12, wherein: the 1121-1D val ue of
the outer dianeter portion is substantgally equal to the I RHD val ue
of the seal within the central area. . The tool according to claim
10, wherein: 13 the seal has a cross-sectional thickness

ext endi ng fr omadphessird behpatsacih esmmatitatidn with thd atuy evitghmlspesed to
portion; and the gradient portion has a depth that is |ess than

about one- fiadxterioher tBe RSB0t EfifaliAR@preéstief fiRISbricarnk Svith Ph@sire of baageey di ng
to claim 10, wherein: the seal has a cross-sectional thickness

extendi ng figigm the inner dianmeter portion to the outer dianeter
portion; and

the polymer compound on the inner diameter portion having greater cross-linking
than the polymer compound within a remaining portion of the seal, defining a gradient
portion on the inner diameter portion that has a decreasing IRHD value;

wherein the polymer compound throughout the seal, including the gradient
portion, is chemically homogeneous; and

wherein the outer diameter portion is free of a gradient portion and has an IRHD
value on its exterior that is less than the IRHD value on an exterior of the gradient portion

on the inner diameter portion .

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 12, wherein:
the IRHD value of the outer diameter portion is substantially equal to the IRHD

value of the seal within the central area.

14, The tool according to claim 10, wherein:



the gradient portion has a depth that is not greater about than
one-tenth the cross-sectional thickness. 16. The tool according to

claim 10, wherein: the seal has a cross-sectional thickness
extending fromthe inner dianmeter portion to the outer dianeter
portion; and the gradient portion,has a depth that is at |east

about one percent of the cross-sectional thickness. 17. The tool
according to claim 10, wherein the hardness val ue decreases by about
at | east ten palesalthas a cross-sectional thickness extending from the inner diameter portion

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

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

sectional thickness.

16.  The tool according to claim 10, wherein:

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

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

sectional thickness.

17.  The tool according to claim 10, wherein the hardness value decreases by about at

least ten percent.



