1 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 gabrAp FacsiAg, exterior of the bit that can
enter and danage the earth boring bit. The head sections are wel ded
together to forma body that is threaded at the upper end for connection to
a dril}. str n ype of seal is disclosed in U S. Patent No. 6,142, 249,
to Zah#%%hﬁk?gpg?ngoéigid netal face bearing seal with a secondary seal to
partially al ,against debris fromthe exterior .of the bit. Despite the
i npr ovenent SUSEH; @e@hr%t?swnta’?ee@bt?o%&gr‘wg&é‘ﬁﬁ bjis, @i RErfaaree aHRit gk ¢ he
metal face seal rigid ring, the energizing elastomer ring, and the
seconds y eaia](facehgpang/asa t hen 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

bet weepea@flg Pi, Ghd dh&@ BB LhasdPP tdar@ftd Ahcihd) Seal REAEdHaiobradith e Eédl driggal
ring. ThIS pl acement causes the energizer ring to bias the rigid seal ring

forwar o Lt @ 1 91% {84l Hi’i‘aée*lnlx}hﬁe aeid b glﬁsgﬁ'rfﬁgn o%ﬂkequ{ {l]éagﬁgoﬁtgl} e'ﬁ.@#‘?{ﬁ” c

secondary Seal as a rearwar einc on e bit
l eg. It, al so.has a de at has bo uter and i nner r.tion.
The. outleh 4 R Aae WS piiaPlet Min 51 pitale M e g D8fine
contact with an outer_side of the rigid seal ring. The _inner _portion of the
f or war §rispeief i8¢ conedn skidigs aagagersen|to quWga seal ashe e setptenrumng ddliher gi zer
ring. Between the outer and inner portions of the secondary seal ring,
there is a Avnrelstanasict enedgingy rigy &t squsezgd. beThean an outensliamgterpértibn redythde
generally triangular in shape, fills substantially all of the void forned
bet weebeatihg pini giddhsagd sealnihg. (Thes Hhaaican®mubs thnategdiZe fringitd Yias edridid eeal
secondary seal ring. In the enbodi mrent shown, the secondary seal ring

accor dhﬁgfomarahﬁo%@csmhmme&&wgﬁfamg/@amrfaa@er portion of the forward
si de that has an undefornmed radius that is substantially equal to an
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(The rearwar d acl ng sea ce o e cone S ah 1 nner "and outer
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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 nmay 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 may 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
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secondary seal ring. In the preferred enbodinent, the rigid seal ring has
bot h aMIC B reArRRE Bide, i thin SSCARGATY SeA)ring GontTmNELheR BdFTaERe higp™ade bot h
a rearward portion and a forward portion where the rearward portion has a
smal | eextending ralindedridy te kigformhBatf agaivat thepBatt basa. whithethlo esgeéndgrypseal mng is have a
ridge that engages the rearward side of the energizer ring and the forward
end of inktaled.el ast omeri ¢ secondary seal ring adjacent to the concave section
of the secondary seal ring. The secondary seal ring while undefornmed my

have a chanfemetnfftdfnglt shbRnCoENRitiRELNBRMb A 16LENRILED By dBe aRstoRBriOUL er
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portion of the elastoneric secondary seal ring. Brief scription of the
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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.
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with this invention. Figure 2 is an enlarged sectional view of the netal
face seal in Figure 1, shown wunassenbled 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

lleg 13, andripiyiRi4Cialah ¥nlahied @rds8B8cticBMCHeW bf tHeQBcohdaasalainbesraigirad Beas i ng
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pin 15. A cone 16 rotatably nounts over each bearing pin 15. A netal face

seal 18 Seeked LdaltlcnabhoVed f e, cavity of cone 16 surrounding bearing

pin 15. A conpensator 17 1s in conmunication with the |ubricant for
equal i zing the pressure of the lubricant with the drilling fluid hydrostatic

pressulégtai]g‘p])%&?ipqi&g‘eorfitﬁ){Inq)_‘engti) . 11. Referring to Figure 2 and Figure 3, a
forward end of ti1'gid seal ring Z1 engages a rearward end of insert or

insert rin to forma, seal rface 25.. Insert. is a.cyljndrical nmenber
secured Wit erztsﬁmt“ﬁéo%rég}’ir? )I/’?ﬂe”dﬁ’nyléoni‘@ bif g% i‘tﬂﬁgﬁzﬁﬂ'@ﬁé\?@‘ gf’dyﬂﬁ‘éh ?tiaIQ?SH seal
ring 21 includes an exterior surface with a rearward portion 22a and a
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forward portion 22b. A chanfer or shoulder is located at the intersection
of t hel& wdatatly dnqyotst ¢ven eachabeanidg tpire 15.0Anaxct! fase tsealnl 22bls IMbricadi withidits¢ ance
from 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 sanme 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
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conjunction w cone cavi aring seal gland

bet ween bearin in,15 and cone 16.. nd,surface 31.ha raounded .
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el astoneric energizer ring 27 . to reduce axial _ novenent of the elastoneric
ener gi ¥&pntagsef Simingingthe desd ot sndblasing sland suefacs 3ddi ti onal  advant age of
elimnating the need for sandbl asting gl and surface 31. A secondary seal
ring 35 conbfactandansedledng?dreniaitormindd pratrugoesaile Hooncare Tl 37 dicthe
secondary seal ring 35 contacts the elastomeric energizer ring 27. The
concavsecpadaty seal dig Basontacts drendastbrhdricomgtgizer riap ape dhpicondans poriod 87 (hes gur e 2)
on its forward side that engages the elastoneric energizer ring 27 and the

rigid sfaled inmrgalhr shied prodSIdnt 38 qRiGUIeAD) DRARE Forviir@t fidks it 3Bages tkzed to
fill substantially all of the triangular space 40 between the rigid seal
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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 4la 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 machined surface 39. The secondary seal

ring 35 engagepuipdse 0PtR sivBhdarftldal rifpdds tid anatdl YagatnbiCedtds b FEBH NRArgUr f ace
39 includes an outer end formed at a radius that is between oné-third and

one- ha{gﬁrtigﬁlﬁrp%hﬂﬁﬁﬂlg'gggh J#H%éﬁéesoﬁ&ﬁdth@)&kého} *B'F Q@Bﬁ,sggt ?Ién Ee r %%Qé&ijgfaﬁd seal

ring 3 e pur secondary seal ring o seal agal nst
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bet ween the | ast machined syrface 39 and back face 43 of cone 16. ne
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captured. A s|loped transition 45 joins cone cavity 29 to the reduced

di anet ppgsotransiion /b jomisspael cavitydd toj the redssed diamgien pewdios|4dg Hilppeds tangitien of
seal surface 25. The location of the sloped transition 45 allows for
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adj acent to seal surface 25. Referring to Figure 4, Figure 4 is an enlarged
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secondary seal ring 35 is a continuous ring forned of nitrile el astoner

mat er i gl.rf 2@bout 40-45 duroneter (Shore A) and a nodul us of elasticity of
(about 100-600

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 elastomeric energizer ring 27
in the assenbled drill bit. This is achieved by the concave portion 37 of

t he secondary seal ring 35 having an undeformed interior radius simlar to
that of an undeformed exterior radius of the elastomeric energizer ring 27.
Thi s =g 35, ged adeght bétwean @6 tand @ 5%adnhd hemmelCwidd furiyned agibl thidkgessT @hble t he

el astoneric energizer ring 27 work to mnimze any vol une forned between
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seal ring 21. The secondary seal ring 35 also contains a raised edge 47 and
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secon aFéhdgga%%r%nrgggsg]’g.lé Re lﬁluarnpa(%%cén%(l)‘?%elf'we rai sed edge 47 and rounded rib 48
is to formareas of _ high-stress to deter the entry of forej fluid,
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is in place in an assenbled unit. The exterior face of the secondary seal
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secondary seal ring 35. Chanfering the outer edge 49 between 5 and 25
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35 by renoving sharp coners subject to damage from particul ate entering the
(--dri || dvrfierbativje@ntot fendgdsfromBsuiidi®de entering the drill bit between the last machined

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 1s 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 21. 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
appr exdippt el y between 20% and 25% of the unconpressed or relaxed thickness
T of the secondary seal ring 35 using nom nal values with cone 16 forced

outward o i n Havi ng described the invention above, various
W?l catgﬁﬁ%&o °@ﬁ@“ﬂé’éﬁﬁ?’m}3§g procedures, conponents and equi pment will

be apparentt”\l’\ﬁoth se |IIed inthe art. It is intended that all such
vari at i onSHpPedy; et ong t(:lf)%e and spirit of the appended clains be enbraced
thereby. 7 Ca : 1 An earth boring drill bit conprising: a bit body with

one bit I@Qb“ﬂ%&?mﬂﬂﬂaﬁéy“ﬁﬁv?mg a bearing pin; a cone rotatably nounted over
the bearing pin; the cone having a rearward facing seal surface that rotates
with the %@W@ﬂﬁdﬂWNngnﬁd@Nﬂﬂhhywhawng a forward facing seal surface that
engages the rearward facing surface in sliding engagenent to forma sea
an el ast othecire leriag gireawandi fagn s spabarfock thatrwees with teudose; di anet er portion of
the bearing pin and the rigid seal ring to bias the rigid seal ring
f orwar dl y3 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
pits 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 a rearward end of the rigid seal ring,
and an inner portion of the forward side in contact with the elastomeric energizer ring;
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; and

wherein any remaining portions of the void are free of any filler oil.

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

secondary seal ring is generally triangular.

3. The bit according to claim 7, wherein:



an el astomeric 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
a rearward end of the rigid seal ring, and an inner portion of the forward
side in contact with the elastoneric energizer ring; a forward extending
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 a void between the rigid seal ring
and the el agie@sRiohof tha bit (igzAgaged BiYi readrddid Tithe WRAnhg A BIHae: ddedekd ons of
the void are free of any filler oil. 2. The bit according to claiml1,

wher ei rin tHaoitflarhasing a €t aBebougdddtairidisediin@and beetdndgtapderi ¢ secondary seal
ring is generally triangular. 3. The bit according to claim?7, wherein: 8

the porti onwltreinfife fRbrwaldeidcdTUROSAtomerid sdcBRIaVBdedl rilgdehiRiunbdiem@asd N9 pi n
conprises a recess in the bit leg having a flat base bounded by radi used

i nner  gegdwardteRien@ingl foun@dCHBMAGY iS GEXolnktd fTaCaganaf fle TatiBas®wht e Glassien®eric
secondary seal ring while undeformed has a rearward extending rounded rib

t hat isseaﬁagymi,i%igtmﬁgai,nst the flat base when the el astonteric secondary
seal ring is installed. 4. The bit according to claim1, wherein the rigid
seal ring further conprises: an outer surface and an inner surface; the
outer surface having both a rearward cylindrical portion and a forward

cyl i ndry, e bit BRbkdifg e cléhie 1 Shirdi e FHgRVA g R¥héM@psds: portion has a smal | er
outer dianmeter than the forward cylindrical portion.

an outer surface and an inner surface;

the outer surface having both & rearward cylindrical portion and a forward cylindrical

portion, wherein the rearward cylindrical pottion has a smaller outer diameter than the forward

cylindrical portion.

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

secondary seal ring.

&. An carth boring drill bit comprising:
a bit body with one bit leg;
the bit leg having 2 bearing pin;
a cone rotatably mounted over the bearing pin;
the cone having a rearward facing seal surface that rotates with the cong;

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

the cone;



S. The bit according to claim1, wherein the secondary seal ring while

undef orned has a chanfered edge at the conmer between the forward side and
an outer portion of the elastoneric secondary seal ring. 6. An earth boring
drill bit conprising: a bit body with one bit leg; the bit |eg 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; the rearward

faci ng seala sgid fsedt @in@fhating acforveard Gatingi s8dl sufivechsl dAfages theNB@iviard faligg Nount ed
in the cone; 9 arigid seal ring having a forward facing seal surface that

engagesurfabeinrshdingerigdgérant Roforms wedafice i n sl i di ng engagenent to forma seal
an el astoneric energizer ring squeezed between an outer dianeter portion of
the bearing pin and the rigid seal ring to bias the rigid seal ring
forwardly; an el astoneric secondary seal ring having a rearward side in

contact Wi tdh clasRiclit @iorfiertriiy sqlidckod IRBveed An GUieRdiaROet pifiorbf e baukingr d si de
in contact with a rearward end of the rigid seal ring, and an inner portion

of thepih@ﬁmedigﬁiséadn@t&ﬂameﬁgl\ais&hﬁwﬁn@hagt;oneric energi zer ring; the
secondary seal ring having in 1ts undeforned state a rounded, generally
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rigid el i fiflerHdtion! 't SSORFD &G8E il doict Fitth b r&Bward end of the rigid seal ring,
and an inner portion of the forward side in contact with the elastomeric energizer ring;
the secondary seal ring having in its undeformed state a rounded, generally triangular
protusion on its forward end and when the secondary seal ring is installed on the bit, the
protuberance wedges between a portion of the rigid seal ring and the energizer ring, filling
substantially all of a void between the rigid seal ring and the energizer ring; and
the secondary seal ring having in its undeformed state a rearward extending rounded rib,

and when the secondary seal ring is installed on the bit, the rib deforms flat against & flat base on

the bit leg.

7. The bit according to claim 12, wherein the flat base on the bit leg comprises a recess in the

bit leg, the recess being bounded by radiused inner and outer ends.

8. The bit according to claim 12, wherein the rigid seal ring further comprises:

an outer surface and an inner surface;
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substantially all of a void between the rigid seal ring and the energizer
ring; and the secondary seal ring having in its undeforned state a rearward
extendi ng rounded rib, and when the secondary seal ring is installed on the
bit, the rib deforns flat against a flat base on the bit leg. 7 . The bit
according to claim 12, wherein the flat base on the bit |eg conprises a
recess in the bit leg, the recess being bounded by radiused inner and outer
ends. 8. Thihe biter anrfice diavigg bothcd searwatd® cylideical iportioh eant i apfostward alylifidriegl f urt her
conprises: an outer surface and an inner surface; 10 the outer surface

havi ngpdatibilf) whefeif thoatdwandl dylitdricabpor@ hds Qsnialer cutdrQlistidiel tBar the dsrivarll

portion, wherein the rearward cylindrical portion has a snmaller outer

di anmet eylindhédr pbdienf orward cylindrical portion. 9. 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 agd AQULRK bSHESlIDbiCRRPrikiR.at abl y mounted over the bearing pin; the
cone having a rearward facing seal surface that rotates with the cone; a

rigid seal %ﬁi%@%ﬁf&e%hfléﬁv"ard faci ng seal surface engaging the rearward
facing surface in sliding engagement to forma seal;

the bit leg having a bearing pin;

a portion of the bit leg engaged by a rearward side of the bearing pin comprising a recess
in the bit Jeg having a flat base bounded by radiused inner and outer ends;

a cone rotatably mounted over the bearing pin;

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 clastomeric secondary seel ring having a rearward side in contact with the portion of
the bit leg, an outer portion of a forward side in contact with a rearward end of the rigid seal ring,

and an inner portion of the forward side in contact with the clastomeric 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 clastomeric secondary

seal ring is installed;

11



an el astoneric energizer ring squeezed between an outer dianmeter portion of
the bearing pin and the rigid seal ring to bias the rigid seal ring
forwardly; an el astoneric 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 wwth a rearward end of the rigid seal ring, and an inner portion
of the forward side in contact wwth the el astoneric energizer ring; the
rearward side of the el astoneric secondary seal ring while undeforned has a
rearward exfewaidngteadingd@dtrusidn bétadeert thedah@arpomibn’ dal thagangargioriidicof that base
when the el astoneric secondary seal ring is installed; 11 a forward

ext endippgardlside S tHeNel e @RNscobftialyn BRI riR@) the orvaRd ckiRad@pt@smient fikiAgof the
forward side of the elastoneric secondary seal ring, the forward extending
Pr OL 1 Ukl h AP AR el sl g i e RS OB gl if g gh! el

ring and the astoneric energize nd wherein any mal ni ng portion

of the void v}héreInr&? r%aiﬂﬂ:% putioln%’f 1R void is iee of any filler oil.
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