| METAL FACE SEAL Field of the Invention This invention relates in general

to earth-boring drill bits, and in particular to a bit that has a netal
face bearing seal. Background of the Invention: A typical roller cone earth
boring bit, such as used to drill wells, has three cones that roll around a

common axis. The cones are nounted to bearing pins that depend from head
sections. A seal contains lubricant wwthin the cavity of the cone
surroundi ng the bearing pin. A conpensator in conmunication with the

| ubri cant equalizes the pressure of the lubricant with the drilling fluid
hydrostatic pressure on the exterior of bit. The purpose of seal is to
prevent the entry of foreign debris fromthe exterior of the bit that can
enter and danage the earth bor iMET#L FACER¥EAkad sections are wel ded
together to forma body that is threaded at the upper end for connection to
adrill string. One type of seal is disclosed in U S. Patent No. 6,142, 249,
t o ZahrEediof thd Imvestionn gi d netal face bearing seal wth a secondary seal to
partially seal against debris fromthe exterior of the bit. Despite the

| mpr ovement sThaCilveuReE rélatel if lpenei£lao Real-Yorsgdsill 8ity, Qind ih paftictlaet Heitween t he
netal face seal rigid ring, the energizing elastomer ring, and the

seconda{y o 3R] fack BestingQedl. then has to be filled with an oil or lubricant.
Summary of the Invention: Briefly, the present invention is for an earth
boring drill bit, which has a bit body with at

Background of the Invention:

A typical roller cone earth boring bit, such as used to drill wells, has three cones that roll
around a common axis. The cones are mounted to bearing pins that depend from head sections.
A seal contains lubricant within the cavity of the cone surrounding the bearing pin. A
compensator in communication with the lubricant equalizes the pressure of the lubricant with the
drilling fluid hydrostatic pressure on the exterior of bit. The purpose of seal is to prevent the
entry of foreign debris from the exterior of the bit that can enter and damage the earth boring bit.
The head sections are welded together to form a body that is threaded at the upper end for
connection to a drill string.

One type of seal is disclosed in U.S. Patent No. 6,142,249, to Zahradnik, for a rigid metal
face bearing seal with a secondary seal to partially seal against debris from the exterior of the bit,
Despite the improvements achieved with the secondary seal, a void is formed between the metal
face seal rigid ring, the energizing elastomer ring, and the secondary seal. This void then has to

be filled with an oil or lubricant.

Summary of the Invention:
Briefly, the present invention is for an earth boring drill bit, which has a bit body with at

least one bit leg, where the bit leg has a bearing pin. A cone is rotatably mounted over the



| east one bit leg, where the bit |leg has a bearing pin. A cone is rotatably
nount ed over the bearing pin, and the cone has a rearward facing seal
surface that rotates with the cone. This rearward facing seal surface nmay
be an end of an insert ring nounted inside of the cone. There is also a
rigid seal ring that has a forward facing seal surface which engages the
rearward facing surface of the cone in sliding engagenent to forma seal as
the cone rotates during drilling. An elastoneric energizer ring i s squeezed
betmee n outer dianeter ortion t he Dbearin in and.the rigid.seal
g Teane piac an e g e e SBrE Pgintcieal ed Brab e it g b o TR  ng
forward into contact with the rearward facing seal urfac An el astoneric
seconddryrvaehiacipg gepl ﬁ&&cawgmarea d ef geinpest W%‘Fe“ﬁ]“tsﬂeé? psreenonlhgre She bt
leg. It also has a forward side that has both an outer and inner portion.
The outdso poeidi ssal Big that has pvdorwrasd Geingfseal werfg@cwhldhreyga@émherrﬁwarcg facimg
contact with an outer side of the rigid seal ring. The 1inner portion of the
f or war csusfackenfolic d¢one irs dalimgyapygeaeat torfony a seal bnthe conamtatesi duning Kallmger gi zer
ring. Between the outer and inner portions of the secondary seal ring,

there is a fAf wREdnRKt @neigher ?q& rsgfite2ed bdthictn RhOGUtErS didmeteripotiionaly tHee
general ly triangular in shape ills substantially all of +the void forned

bet wee rbetalk?ﬁ‘g 151h Qhd 1Redid Eéa!‘ﬂng t 4I‘Fr‘is ?la@&haﬁ%ﬁdsﬁs FRNSLAERS rifd RbiasiRE néi*a%eal
secondary Seal ring. In iment shown, the secondary seal "ring

accordi er portion of the forward
si de tlhrn% %&a&%ﬁtﬁ%ﬁﬁfc@&%ﬁﬂeﬁ%&%@ Falqﬂ%%fzagqgﬂu tanltoi al : y equal “to an
Tl R R Y
di aneter. The forward facin seal surface of .the rigid _seal r| nl% al so has

an i nnees-aldlviasa famﬁ@ﬁg{harw@s bothean oty aggdrner portion.  The outer portion of a

forward side of the secondary seal ring is in contact with an outer side of the rigid seal ring. The

inner portion of the forward side of the secondary seal ring is in contact with the energizer ring.
Between the outer and inner portions of the secondary seal ring, there is a forward extending
protrusion. This protrusion, which may be generally triangular in shape, fills substantially all of
the void formed between the rigid seal ring, the elastomeric energizer ring, and the secondary
seal ring.

In the embodiment shown, the secondary seal ring according to the present invention
have an inner portion of the forward side that has an undeformed radius that is substantially
equal to an undeformed radius of the rearward side of the elastomeric energizer ring. The
rearward facing seal surface of the cone has an inner and outer diameter. The forward facing
seal surface of the rigid seal ring also has an inner and outer diameter. The inner and outer
diameters of the rearward facing surface of the cone may be substantially equal to the inner and

outer diameters of the forward facing seal surface of the rigid seal ring.



di aneters of the rearward facing surface of the cone may be substantially
equal to the inner and outer dianeters of the forward facing seal surface
of the rigid seal ring. 2 Additionally, the portion of the bit |eg engaged
by a rearward side of the bearing pin nmay have a recess in the bit |eg
having a flat base bounded by radiused inner and outer ends. This allows
the rearward side of the secondary seal ring, containing when undeforned a
rearward extending rounded rib, to deformflat against the flat base when
the secondary seal ring is installed. In the enbodi nent shown, the portion
of the bear i@%ﬁ“éﬁh@a@@a%yf thsditdpgenegasd ica reapvasdh aide ¢f theheanngRin may have
a recess having an outer end forned at a radius that is between one-third
and onchavglafreeshs & thorbitnlag havide b dlatmbaseshaunded: by alkiveedinper aneowterandsndhisc
secondary seal ring. In the preferred enbodinent, the rigid seal ring has
bot h amllbwisdhe seardadesidendf the seomelary sl fiag econfhliéng when wmdefbenel amgarkarde bot h
a rearward portion and a forward portion where the rearward portion has a

snal | erexgdidiig uadeat 8, fohaéfoknh lat gagavagtcth@qrat ibase whie (e sécoidarpiseal ishave a
ridge that engages the rearward side of the energizer ring and the forward

end of jLhgueqe! astoneric secondary seal ring adjacent to the concave section
of the secondary seal ring. The secondary seal ring while undefornmed may

have a chanfieee flganih WGat B LoRBHNAAR: bifing AL AL W uR Wil o

portion of the el'astoneric secondary seal fing. ion o he

Drawinge, Hguie Lis asectional view of an carthboringybl hal3Hdded soa

one-third and one-half of a nominal undeformed axial thickness of the elastomeric secondary
seal ring.

In the preferred embodiment, the rigid seal ring has both an outer surface and an inner
surface. The outer surface may have both a rearward portion and a forward portion where the
rearward portion has a smaller outer diameter than the forward portion. The bearing pin may
have a ridge that engages the rearward side of the energizer ring and the forward end of the
elastomeric secondary seal ring adjacent to the concave section of the secondary seal ring. The
secondary seal ring while undeformed may have a chamfered edge at the corner between the

forward side and an outer portion of the elastomeric secondary seal ring.
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 metal face seal in Figure 1, shown
unassembled in the bit.

Figure 3 is an enlarged sectional view of the metal face seal in Figure 1, shown

assembled in the bit.



with this invention. Figure 2 is an enlarged sectional view of the netal
face seal in Figure 1, shown wunasscnbled in the bit. Figure 3 is an

enl arged sectional view of the nmetal face seal in Figure 1, shown assenbled
inthe bit. 3 Figure 4 is an enlarged cross-sectional view of the secondary
seal ring of Figures 2 and 3 in a relaxed condition renoved fromthe bit.
Detail ed Description of the Invention: Referring to Figure 1, an
earth-boring drill bit or drill bit 11 has a bit body with at | east one bit

|l eg 13, and ically three |legs. .Each. bit.]eqg 13 has a .depepdi ng,bearni ng

o h 15, A cdie 18 lelpeET ooSiai Rty Yt Rpdte P rng BEREWA 2081 o
seal 19 seals |ubricant wwthin the  cavity of cone 16 surroundi ng bearing
pin 15 MATL WEQ‘PBWWW%EPH‘%B%UM cation with the |lubricant for
equal i zing the pressure of the lubricant with the drilling fluid hydrostatic
pressure on the exterior of bit 11. Referring to Figure 2 and Figure 3, a

f or war dPeptkedsPescrigtign ebthe Inyerfiop) engages a rearward end of insert or
insert ring 23 to forma seal surface 25. Insert 23 is a cylindrical nenber
secured wi t Hieferrihg tacBigiteyl, ah coghdoniag ol biter alrilldnt t hbaseabit hodyriweth at lgest seal
ring 21 includes an exterior surface with a rearward portion 22a and a

f or war coredpittleg 3,220 typredlywhreel lqgor EacnbiRRg 13 has a depmmdingdreading gin 141 doedrer t han
forward portion 22b. A chanfer or shoulder is located at the intersection

]91; Oﬁn he remiaaidneantsicadr 28 RAthd pia For Wanélalpaéd san 19 36uls Ribkiosht atithih tHeance
cavity of cone 16 surrounding bearing pin 15. A compensator 17 is in communication with the
lubricant for equalizing the pressure of the lubricant with the drilling fluid hydrostatic pressure
on the exterior of bit 11.

Referring to Figure 2 and Figure 3, a forward end of rigid seal ring 21 engages a rearward
end of insert or insert ring 23 to form a seal surface 25. Insert 23 is a cylindrical member
secured within the cavity of cone 16 for rotation therewith. The rigid seal ring 21 includes an
exterior surface with a rearward portion 22a and a forward portion 22b. Rearward portion 22a
has a smaller outer diameter than forward portion 22b. A chamfer or shoulder is located at the
intersection of the rearward portion 22a and the forward portion 22b. A radial distance from
cone cavity 29 to the rearward portion 22a is approximately twice the distance from cone cavity
29 to forward portion 22b. The thickness of the rigid seal ring 21 at seal surface 25 is
approximately the same as insert 23. The net result of thickening the base of the rigid seal ring
21 is to allow for a larger area of seal surface 25 over the prior art.

An elastomeric energizer ring 27, which may be an o-ring or other cross-sectional shaped
ring, sits between the interior surface of the rigid seal ring 21 and gland surface 31 of bearing pin

15. Gland surface 31 in conjunction with the surface of cone cavity 29 defines a bearing seal

gland between bearing pin 15 and cone 16. Gland surface 31 has a rounded protrusion or ridge



cone cavity 29 to the rearward portion 22a is approximately tw ce the

di stance fromcone cavity 29 to forward portion 22b. The thickness of the
rigid seal ring 21 at seal surface 25 is approximtely the sane as insert
23. The net result of thickening the base of the rigid seal ring 21 is to
allow for a larger area of seal surface 25 over the prior art. An

el astoneric energi zer ring 27, which may be an o-ring or other
cross-sectional shaped ring, sits between the interior surface of the rigid
seal ring 21 and gland surface 31 of bearing pin 15. dand surface 31 in
conj unctd 81t ingases e searvardeption ohdhe slastopieniy ensrgisasring Bédpi gucsedtial gl and
bet ween bearing pin 15 and cone 16. G and surface 31 has a rounded

pr ot r ustheyemsnt of dlage clastgmerit gnergirgngas 27he Rovadedaprgtrpsien i3gnhast the radditional

el astoneric energizer ring 27 to reduce axial novenent of the elastoneric
ener gi zalvantagegpf2limiradting thechepd fitr sargibbastiigfelmbssutfaes 3ddi ti onal advant age of
elimnating the need for sandbl asting gl and surface 31. A secondary seal
ring 35 contmeé®nddrRek dingridtdouBic@6uriBd pltaRERES. POLdicave Portioh 37 € the
secondary seal ring 35 contacts the elastomeric energizer ring 27. The

concav ese@&{d%/os@aﬁ?ngﬁbﬁc&tacfsq}lé‘ GRstomeABtikiddr rfae Ty QnEd! fRtios3 s Qur e 2)

on its forward side that engages the elastoneric energizer ring 27 and the
(1019 Sl Do G WIS ST DR AL 40 ks Bz ©
Reduici nYSE TP LB Mg P oSl ok PEn S ARy TR BUnHFL THEIEEIoF renad er
oil of the prior art because up to 95% of triangular space 40 is filled by
the triRiAdwien 38 sized tq Bl suiptaptialiall efdhe Hisgylacapase 4 bgjween tharigidsseal fiighi ned
surface 39 where the bit |l eg 13 engages the bearing pin 15 includes a

21, the secondary seal ring 35, and the elastomeric energizer ring 27. Reducing the volume of

triangular space 40 eliminates the need for filler oil of the prior art because up to 95% of

triangular space 40 is filled by the triangular protrusion 38 of the secondary seal ring 35.

A last machined surface 39 where the bit leg 13 engages the bearing pin 15 includes a
machined groove 41, the depth of which is between one third to one half the nominal
undeformed axial thickness T of the secondary seal ring 35, to accommodate the secondary seal
ring 35 between the last machined surface 39 and the rigid seal ring 21. Machined groove 41 has
an outer wall 41a that has a cylindrical portion intersecting the last machined surface 39. A line
tangent to outer wall 41a at the intersection with the last machined surface 39 is perpendicular to
the last machined surface 39. The secondary seal ring 35 engages the outer wall 4la.
Additionally, the last machined surface 39 includes an outer end formed at a radius that is

between one-third and one-half of the nominal undeformed axial thickness T of the secondary

seal ring 35.



machi ned groove 41, the depth of which is between one third to one half the
nom nal undefornmed axial thickness T of the secondary seal ring 35, to
accomodat e t he secondary seal ring 35 between the | ast machi ned surface 39
and the rigid seal ring 21. Machined groove 41 has an outer wall 41 a that
has a cylindrical portion intersecting the |last machined surface 39. A line
tangent to outer wall 4la at the intersection wth the | ast machi ned surface
39 is perpendicular to the last machi ned surface 39. The secondary seal
ring 35 engages the outer wall 4la. Additionally, the |ast nachi ned surface
39 incl udes 1 BipPee Anide rssrondaryateakripgdouis torrstl 1ginshenipeOf forsient 4bF% and
one-hal f of the nom nal undeforned axial thickness T of the secondary seal
ri ng 35parteultly ¢rillippseudopartieles SwooHgasiferinsaif the hif, Imtjcgntaptascthe sead lanst
entry of foreign debris, particularly drilling nud particles fromthe

ext er i dretwedenttheegdps formtel Abtwean therdst matheedeaface?hmd baok faved of benegl®ps f or ned
bet ween the | ast machi ned surface 39 and back face 43 of cone 16. Cone

cavity 29 hazon@ dafit2®tadlh aemiced diafieter POrtibA 4andlo Whidhhinkdi 23 s Spnired. A
captured. A sloped transition 45 joins cone cavity 29 to the reduced

di amet e @flod 45 jGhOBGR dvAP2D Y AR redibel RidnfAA!RAIGH 14INSloped REpIGH Of

seal surface 25. The“location e sloped transition 45 a

ext endegs LSl SEbh b Bl S AAROASPHT AL Wl gho DAY Bl 20 ©

adj acen o seal ace erring ur e i's an enl arged

cross-sectional, vie f the secondar eal ring 35. Preferably, the
bconaas cx@hgta, Nieeot Be deilChid BF P e PRt O Pariry e, bt e
mat eri al of about 40-45 duroneter (Shore A) and a nodul us of elasticity of
about 10REO

Referring to Figure 4, Figure 4 is an enlarged cross-sectional view of the secondary seal
ring 35. Preferably, the secondary seal ring 35 is a continuous ring formed of nitrile elastomer
material of about 40-45 durometer (Shore A} and a modulus of elasticity of about 100-600
psi/in/in, preferably between 200-300 psi/in/in. The unique shape of the secondary seal ring 35
maximizes the filled volume of the assembled drill bit and to prevent the introduction of foreign
debris into the seal gland.

The concave portion 37 of the secondary seal ring 35 allows for the secondary seal ring to
better mate with the elastomeric energizer ring 27 in the assembled drill bit. This is achieved by
the concave portion 37 of the secondary seal ring 35 having an undeformed interior radius
similar to that of an undeformed exterior radius of the elastomeric energizer ring 27. This
enlarged area of contact between the secondary seal ring 35 and the elastomeric energizer ring 27
work to minimize any volume formed between the secondary seal ring 35, the elastomeric
energizer ring 27 and the rigid seal ring 21.

The secondary seal ring 35 also contains a raised edge 47 and a rounded rib 48 that have

widths between 25% and 35% of the nominal undeformed axial thickness T of the secondary seal



psi/in/in, preferably between 200-300 psi/in/in. The uni que shape of the
secondary seal ring 35 maxim zes the filled volune of the assenbled dril
bit and to prevent the introduction of foreign debris into the seal gland.
The concave portion 37 of the secondary seal ring 35 allows for the
secondary seal ring to better mate with the clastomeric energizer ring 27
in the assenbled drill bit. This is achieved by the concave portion 37 of
the secondary seal ring 35 having an undeformed interior radius simlar to
t hat of ,an un d exterjor dius of the ela tonerlc izer ring 27.
This &Mty éa(f aﬁe‘gﬁbﬁeﬁeﬁw% a4 of theromieal rthlﬁlgﬁeg%TaﬁHwt he
elastonerlc energizer ring 27 work to nlnlnlze any volune formed between

the secerrdey sseldingImglizurpase o thegeissdeadee 47 endrayinded rib i ds tofommarcesef ri gi d

seal ring 2 1. The secondary seal ring 35 also contains a raised edge 47 and
a r oundsgh-strdss #Bdetérathe bratpyeof fnraigrhBuit ayaniicdes (2804r dolotiscBes the s¢ah gland wihemthe
undef ornmed axi al thickness T of the secondary seal 6 ring 35, and a hei ght

bet weersettiftandal kbfo3sfis ilhslackdnian assembidfuaitred axi al thickness T of the
secondary sea] ring 35. The purpose of the raised edge 47 and rounded rib 48

is to form arpasidfor e Pred §e%§§dah0séﬂ13ﬁﬁ§ 33 h@s £ BhdnyfeRl dufdr@igi4d toteduce
particles and/or debris into the seal gland when the secondary seal ring 35

Is in p\!vﬂagg.ng e %nal ?ééghou E‘,EHI 15'39 @lﬁtnﬁ{eﬁ%]theao%‘?er%fdgé Q% bE6RER 43t 2-°Sea'

ring 35 anl &F edi e 49710 tear on th

d nf 49 b 5 d
oo macdekne2s fas i AllvatPige oF ARnE el 112 P ieSler SHABS 6, £ 15 ”ﬁe&af’?’@lgs%aﬁp ing

35 b h bj tt f t { t th
35 by bqo;*nvw Jharp, comers sub ect Lo damoe, 1o particy ate entering the

surface 39 and the back face 43 of cone 16.

Axial thickness T of the secondary seal ring 35 is greater than the gap formed between
the machined groove 41 and the end of the rigid seal ring 21. The intent is to provide a sufficient
"squeezing” effect on the secondary seal ring 35 between the machined groove 41 and the rigid
seal ring 21. A net squeezing effect is approximately between 20% and 25% of the
uncompressed or relaxed thickness T of the secondary seal ring 35 using nominal values with
cone 16 forced outward on bearing pin 15.

Having described the invention above, various modifications of the techniques,
procedures, components and equipment will be apparent to those skilled in the art. It is intended

that all such variations within the scope and spirit of the appended claims be embraced thereby.



surface 39 and the back face 43 of cone 16. Axial thickness T of the
secondary seal ring 35 is greater than the gap forned between the machi ned
groove 41 and the end of the rigid seal ring 2 1. The intent is to provide a
sufficient "squeezing" effect on the secondary seal ring 35 between the
machi ned groove 41 and the rigid seal ring 21. A net squeezing effect is
approxi mately between 20% and 25% of the wunconpressed. or relaxed thickness
T of the secondary seal ring 35 using nom nal values with cone 16 forced
outward _on bearing pin 15. Having described the invention above, various
nodi fi caliBhs of the techni ques, procedures, conponents and equi pment wl |
be apparent to those skilled in the art. It is intended that all such

vari at i bndnartinbaringdailliioapaisagspi rit of the appended clains be enbraced
thereby. 7 Clains 1. An earth boring drill bit conprising: a bit body with
one bit | eg;atihleodyiwitl @g Hitdeg;ng a bearing pin; a cone rotatably nounted over
the bearing pin; the cone having a rearward facing sea] surface that rotates
Wi th the cord bidldgitgvidgadehring pig; having a forward facing seal surface that
engages the rearward facing surface in sliding engagenent to forma seal;

an el ast onmerg &ngR&kighL ?%Oume@g,vg%ggm ghf;ween an outer dianeter portion of
the bearing pin and the rigid seat ring to bias the rigid seal ring
forvardly; e cone having a rearward facing seal surface that rotates with the cone;
a rigid seal ring having a forward facing seal surface that engages the rearward facing
surface in sliding engagement to form a seal;
an elastomeric energizer ring squeezed between an outer diameter portion of the bearing
pin and the rigid seal ring to bias the rigid seal ring forwardly;
an elastomeric secondary seal ring having a rearward side in contact with a portion of the
bit leg, an outer portion of a forward side in contact with an outer side of the rigid seal ring, and
an inner portion of the forward side in contact with the elastomeric energizer ring; and
a forward extending protrusion between the inner portion and the outer portion of the

forward side of the elastomeric secondary seal ring, the forward extending protrusion filling

substantially all of a void between the rigid seal ring and the elastomeric energizer ring.

2. The bit according to claim 1, wherein:

the rearward facing seal surface of the cone comprises an end of an insert ring mounted in
the cone;

the rigid seal ring has an inner diameter at its forward end that is substantially equal to an

inner diameter of the end of the insert ring; and



an el astoneric secondary seal ring having a rearward side in contact with a
portion of the bit leg, an outer portion of a forward side in contact with
an outer side of the rigid seal ring, and an inner portion of the forward
side in contact with the elastoneric energizer ring; and a forward extendi ng
protrusi on between the inner portion and the outer portion of the forward
side of the elastoneric secondary seal ring, the forward extending
protrusion filling substantially all of a void between the rigid seal ring
and the el asfoner,ic energlzer ring. 2. The bit according to c a|n1%

wher ei n: t hdh¢ BEA a3 dmedes ﬁ@ogt@wha@atﬂ a3 Topvarh nk A SEspantie ©# of an
insert ring nmounted in the cone; the rigid seal ring has an inner dianeter
at its gusTsigneptered theread of thedusssimngt i al |y equal to an inner diameter of the
end of the insert ring; and 8 the rigid seal ring has an outer dianeter at
its forward end that is substantially equal to an outer dianeter of the end
of the insert ring. 3. The bit according to claim2, wherein the cone has a
cavi ty 3y tThe ditr dordig tdi clatet 2 whitaih theBgRIBRS 4 bovifynsith b redurgd fdiwvedrdhaf seal
bet ween the forward facing seal surface and the rearward facing seal

sur f ace€engdpes ThiCinkdr nﬁ%cmﬁurtq sk4) betvideltro fo%ﬁa%‘hg &Iﬁl LIRS aRPinkir@iwly t he

f orward S|de of the elastoneric secondary seal ring has an undeforned
radlus‘ﬁpﬁ%Séﬁs stantially equal to an undeforned radius of the rearward
si de of oneric energizer ring. 5. The bit according to claim]1,
wherein the forward extendi ng protrusion on the elastoneric

4. The bit according to claim 1, wherein the inner portion of the forward side of the elastomeric
secondary seal ring has an undeformed radius that is substantially equal to an undeformed radius

of the rearward side of the elastomeric energizer ring.

5. The bit according to claim 1, wherein the forward extending protrusion on the elastomeric

secondary seal ring is generally triangular.

6. The bit according to claim 1, wherein a portion of the bearing leg engaged by the elastomeric
secondary seal ring comprises a recess having an outer end formed at a radius that is between
one-third and one-half of a nominal undeformed axial thickness of the elastomeric secondary

seal ring.

7. The bit according to claim 1, wherein the portion of the bit leg engaged by a rearward side of
the bearing pin comprises a recess in the bit leg having a flat base bounded by radiused inner and

outer ends.



secondary seal ring is generally triangular. 6. The bit according to claim
1, wherein a portion of the bearing | eg engaged by the el astoneric

secondary seal ring conprises a recess having an outer end fornmed at a
radius that is between one-third and one-half of a nom nal undeforned axial
t hi ckness of the elastoneric secondary seal ring. 7. The bit according to
claim1, wherein the portion of the bit |eg engaged by a rearward si de of
the bearing pin conprises a recess in the bit leg having a flat base bounded
by radi used inner and outer ends. 9 8. The bit according to claim}7,

wher ei n-t hiee bibageprding teickpdmoh wheteinsths seasweeisided dhsrdastgmaricgecondary seplnee
undeforned has a rearward extending rounded rib that is deformed flat

agai nstwhiteeuridetormpdiBas a igpreiard exdenslingsioundedirid thatde defaryedsidailagaingi ghe flat base
installed. 9. The bit according to claim1, wherein the rigid seal ring

f ur t herwbanhe elagsmeriasecondaey sealuiigis énseatldd.an i nner surface; the outer surface
havi ng both a rearward portion and a forward portion, wherein the rearward
portion has a smaller outer dianeter than the forward portion. 10. The bit
according to claim1, further conprising a ridge formed on the bearing pin
and 1 n 9 eNGAGRIREIM b afin 1 SRAUBUNSHER Bl dhiffurfleRabAPRELC ener of zed ring

and an inner end of the elastoneric Secondary seal ring. 11. The bit

according t | al i condary seal ring while undeformed has a
chanfered e S@“%%g% geéﬁféﬁkagéﬁﬁ%éﬁ the forward side and an outer portion

f th I rj . . . .
of the elas tt g%u%e? surface having both a rearward portion and a forward portion, wherein the

rearward portion has a smaller outer diameter than the forward portion.

10. The bit according to claim 1, further comprising a ridge formed on the bearing pin and in
engagement with a rearward side of the elastomeric energized ring and an inner end of the

elastomeric secondary seal ring.

11. The bit according to claim 1, wherein the secondary seal ring while undeformed has a
chamfered edge at the corner between the forward side and an outer portion of the elastomeric

secondary seal ring.

12. An earth boring drill bit comprising:
a bit body with one bit leg;
the bit leg having a bearing pin;
a cone rotatably mounted over the bearing pin;

the cone having a rearward facing seal surface that rotates with the cone;

10



secondary seal ring. 12. An earth boring drill bit conprising: a bit body
with one bit leg; the bit |leg having a bearing pin; a cone rotatably nounted
over the bearing pin; the cone having a rearward facing seal surface that
rotates with the cone; 10 the rearward facing seal surface of the cone
conprises an end of an insert ring nounted in the cone; a rigid seal ring
having a forward facing seal surface that engages the rearward facing
surface in sliding engagenent to forma seal; the rigid seal ring having an

i nner dianetgr _at | forward end at 1s substanti al equal. to n, i nner
i anet er "ot ThEStrAR Bk R e of A Sone 2Pt dend phdp Rk ind Srodflt b
diameter at its forward end that is substantially equal to an outer
di anmet e¥°8f"% he end of the insert ring. an el astomeric energi zer ring
squeezed between an outer dianmeter portion of the bearing pin and the rigid
seal ring td Beidsseelang hayiing 8 darward fagingosealsufage thah gngagee thestearard dacing
secondary seal ring having a rearward side in contact wwth a portion of the
bi t | egsurface musliding pogagementad famfosealar d si de in contact with an outer side of
the rigid seal ring, and an inner portion of the forward side in contact
W th the el aké dprsesl iigtiaging@h ifiried GiamkRr atlisefobidrd @€ Miatlisgbitantiallpedqual &,
wherein the el astoneric secondary seal ring has a forward
an inner diameter of the end of insert ring;
the rigid seal ring having an outer diameter at its forward end that is substantially equal to
an outer diameter of the end of the insert ring.
an elastomeric energizer ring squeezed between an outer diameter portion of the bearing
pin and the rigid seal ring to bias the rigid seal ring forwardly; and
an elastomeric secondary seal ring having a rearward side in contact with a portion of the

bit leg, an outer portion of a forward side in contact with an outer side of the rigid seal ring, and

an inner portion of the forward side in contact with the elastomeric energizer ring.

13. The bit according to claim 12, wherein the elastomeric secondary seal ring has a forward
extending protrusion between the inner portion and the outer portion of the forward side of the
elastomeric secondary seal ring, the forward extending protrusion filling substantially all of the

void between the rigid seal ring and the elastomeric energizer ring
14. The bit according to claim 12, wherein the inner portion of the forward side of the

elastomeric secondary seal ring has an undeformed radius that is substantially equal to an

undeformed radius of the rearward side of the elastomeric energizer ring.
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extendi ng protrusion between the inner portion and the outer portion of the
forward side of the elastoneric secondary seal ring, the forward extendi ng
protrusion filling substantially all of the void between the rigid seal
ring and the el astoneric energizer ring 14. The bit according to claim12,
wherein the inner portion of the forward side of the elastoneric secondary
seal ring has an undeforned radius that is substantially equal to an

undef orned radi us of the rearward side of the elastoneric energizer ring. 11
15. The bit according to claim 12, wherein the portion of the bit |eg
engaged!byThe bibagoqrding t9jclpm 13 “’ﬂ‘ﬁ'@l%@appmﬂﬂf thechitise :egg%e'ébyéémaﬁdrﬁ@ehe bi t
| eg having a flat base bounded by radiused inner and outer ends. 16. The
bit accelrtt¢ hepring pin edmprisss a wérescinrthabip dngthaying of flat hesehrranderhby wdivesdymperd by
the elastoneric secondary seal ring conprises a recess having an outer end
fornmed atd amteraddsus that is between one-third and one-half of a nom nal
undef or ned axi al thickness of the elastoneric secondary seal ring. 17. The
bit according to claim 15, wherein the rearward side of the elastoneric
secondary seal ring while undeforned has a rearward extending rounded rib

that i siglefy BRChobdringa@ALAR 15)Cuildrdth o BARRNVEICthe! Q@drﬁ%al% QUiRldA BE@Rndary

seal ring is insta The’bit acco dlng to clarm reln the rigid
seal ri further ri S n u
outer stPvalite BB sululd Rt Aot PRy PR 0t %‘%ere in

the rearward on has .a Il er .oyter ter, t t he for rtion.
etween o e—tliurd and one-half of a nomina det% ax:al thrllg(ness of the ela stom n%

secondary seal ring.

17. The bit according to claim 15, wherein the rearward side of the elastomeric secondary seal
ring while undeformed has a rearward extending rounded rib that is deformed flat against the flat

base when the elastomeric secondary seal ring is installed.

18. The bit according to claim 12, wherein the rigid seal ring further comprises:
an outer surface and an inner surface;
the outer surface having both a rearward portion and a forward portion wherein the

rearward portion has a smaller outer diameter than the forward portion.

19. The bit according to claim 12, further comprising a ridge formed on the bearing pin and in

engagement with a rearward side of the elastomeric energized ring and a forward end of the

elastomeric secondary seal ring.
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19. The bit according to claim12, further conprising a ridge fornmed on the
bearing pin and in engagenent with a rearward side of the elastoneric
energi zed ring and a forward end of the elastoneric secondary seal ring. 12
20. An earth boring drill bit conprising: a bit body with one bit leg; the
bit leg having a bearing pin; a portion of the bit |eg engaged by a rearward
side of the bearing pin conprising a recess in the bit leg having a flat
base bounded by radi used i nner and outer ends; a cone rotatably nounted over
t he beay] in;, the cone having a rearward facing seal surface that rotates
with théiQ%HQ?HQOFP%ﬁﬂﬁgﬁé?mP?% ‘having a forward facing seal surface
engagi ng the rearward facing surface in sliding engagenent to forma seal;
an el ast onerd kit bedyrwiflyene bif 18§ squeezed between an outer di ameter portion of
the bearing pin and the rigid seal ring to bias the rigid seal ring

f orwardl y; athe bitdegthammgiadbesmugpidary seal ring having a rearward side in
contact with the portion of the bit leg, an outer portion of a forward side
in contact w pdrtiamoditie @it 16¢ eigzagdd tyhereatvgird side af theibegring pindomprisingafrecesy t i on
of the forward side in contact with the elastoneric energizer ring; the

i nner  pprihd BiRle@hatile a haf MRE Godde b tadilied fhesdnditdrendecondary seal ring
havi ng an wundeforned radius that 1s substantially equal to an undeforned

radius of the.dea5uan mbilfedvel AE bel@PiQmer i ¢ energizer ring;

the cone having a rearward facing seal surface that rotates with the cone;

a rigid seal ring having a forward facing seal surface engaging the rearward facing
surface in sliding engagement to form a seal;

an elastomeric energizer ring squeezed between an outer diameter portion of the bearing
pin and the rigid seal ring to bias the rigid seal ring forwardly;

an elastomeric secondary seal ring having a rearward side in contact with the portion of
the bit leg, an outer portion of a forward side in contact with an outer side of the rigid seal ring,
and an inner portion of the forward side in contact with the elastomeric energizer ring;

the inner portion of the forward side of the elastomeric secondary seal ring having an
undeformed radius that is substantially equal to an undeformed radius of the rearward side of the
elastomeric energizer ring;

the rearward side of the elastomeric secondary seal ring while undeformed has a rearward
extending rounded rib that is deformed flat against the flat base when the elastomeric secondary
seal ring is installed;

a forward extending protrusion between the inner portion and the outer portion of the
forward side of the elastomeric secondary seal ring, the forward extending protrusion filling

substantially all of the void between the rigid seal ring and the elastomeric energizer ring; and
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the rearward side of the elastoneric secondary seal ring while undeforned
has a rearward extending rounded rib that is deforned flat against the flat
base when the el astoneric secondary seal ring is installed; a forward
extendi ng protrusion between the inner portion and the outer portion of the
forward side of the elastoneric secondary seal ring, the forward extending
protrusion filling substantially all of the void between the rigid seal
ring and the el astomeric energizer ring; and 13 the secondary seal ring
whi | e undef ormed has a chanfered edge at the carner between the forward
si de and an theaeepndanrseplgingoyhilaundgfoguedinsa chaméesherlgeyat hegomer hgfweemiye
ridge formed on the bearing pin and in engagenent with a rearward si de of
the elferstaohsidé andommerudgrpertion;of thealastamdrigrserondayschl gingt 4nd el ast oneri ¢
secondary seal ring. 14

a ridge formed on the bearing pin and in engagement with a rearward side of the

elastomeric energized ring and a forward end of the elastomeric secondary seal ring.
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