ROCK BI T HAVI NG A MECHANI CAL SEAL W TH SUPERI OR THERMAL PERFORMANCE 5
TECHNI CAL FI ELD The present invention relates generally to
rock bit drilling tools. The present invention nore specifically concerns
roller cone drilling tools and the bearing seal used within 10such roller
cone drilling tools. BACKGROUND A roller cone rock bit is a
common cutting tool used in oil, gas, and mning fields for breaking
through earth formations and shaping well bores. Reference is nmade to
Figure 1 15 which illustrates a partially broken away view of a typi cal
roller cone rock bit. Figure 1 nore specifically illustrates one head and
cone assenbly. The general configuration and operation of such a bit is
wel |l known to those skilled in the art. The head 1 of the bit

i ncludes t ' sh@i Gofe HReSiioned on
t he beari nrfgﬁ@igﬁ\%' éAZME%}fMMCKE \%I{}:_I'?ISF?E%I%% portlhlclfn of the
bit 20i ncl udes an upper threaded ﬁ ?ﬁgﬂipﬁF ng a tool joint connection 4
whi ¢h facilitates connection of the bit to a drill string (not shown). A
| ubrication system6 is included to provide |ubricant to, and retain
| ubricant in, the journal bearing between the cone 3 and the bearing shaft
2. This system 6 has a configuration and operation well known to those
ski | | edTEQHNIMEABHELD

The present invention relates generally to rock bit drilling tools. The present

invention more specifically concerns roller cone drilling tools and the bearing seal used within

10 such roller cone drilling tools.

BACKGROUND
A roller cone rock bit is a common cutting tool used in oil, gas, and mining fields
for breaking through earth formations and shaping well bores. Reference is made to Figure 1
15 which illustrates a partially broken away view of a typical roller cone rock bit. Figure 1 more
specifically illustrates one head and cone assembly. The general configuration and operation of
such a bit is well known to those skilled in the art.
The head 1 of the bit includes the bearing shaft 2. A cutting cone 3 is rotatably
positioned on the bearing shaft 2 which may function as a journal. A body portion of the bit

20  includes an upper threaded portion forming a tool joint connection 4 which facilitates connection



The bearings used in roller cone rock bits typically enploy either rollers
as the 5 load carrying elenent or a journal (as shown in Figure 1) as the
| oad carrying elenment. A nunber of bearing systens are provided in
connection with the journal bearing supporting rotation of the cone 3 about
the bearing shaft 2. These bearing systens include a first cylindrical
friction bearing 10 (also referred to as the main journal bearing), bal
bearings 12, second cylindrical friction bearing 14, first radial friction
(thrust )¢ Besf kP artf AR (G SROGh) adiilicddoh GHdaR 63Ofk i bR
Figure 2 iIIustrateg agéartﬁgﬁpy@bﬁglg%%g%g¥8€Fégﬁ%PmE?gﬁ¥gﬁﬁggﬁ%ﬁnna%the
beari ng, sy | ter . il focused op the are f the i p Joufnal
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is defined by, an outer cylindrical surface 20 on fhe bearing shaft 2 and an
i nner CV?FHH¥W§§WOE grgi (wpaﬂmbﬁg%LﬁﬂmﬁthﬁFé rl]lf'“l‘%tgng%é'ﬁ-press fit into
15 the cone 3. This bushing 24 is a ring-shaped structure typically made of
beryl I i um copper ,ThsI heAdrasisehén rrller spneoionle bitsrinigellslempley wsiwoliars andeart .
The ball bearings 12 ride in an annul ar raceway 26 defined at the interface
bet weenloahsabgng icligneshaf & jouraald(as shews.in Figure 1) as the \atl lvarrgingr deroentons e
again to Figure 1, the second cylindrical friction bearing 14 is defined by
an out erungyer jofidreagad sgniaee BOvrd tiheoheatiomgvithhéiet jodrnahdeaimgi sUpRbIting
cylindrical 20 surface 32 on the cone 3. The outer cylindrical surface 30
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first radial friction bearing 16 is defined between the first and second
cyl i ndririe@bn bedrflel 0N (DeAkdBGK &Pad Bt ARinb)ouphal ibking) aiAbeatitif a0 4Qn@n the
bearing shaft 2 *. and a second radial surface 42 on the cong 3. The second
radi al  f4ih 8t d-0 R e A e i j:acent: i i friction
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radjial . n the bearing shaft 2 and a fourth radial surface 52 on
thguﬁbA@H§£?&%“§§]£ Lubricant is provided in the first cylindrical
friction bearing 10, ond cylindrical friction arin 4, first radial
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system in greater detail focused on the area of the main journal bearing. The first cylindrical

friction bearing (main journal bearing) 10 is defined by an outer cylindrical surface 20 on the

bearing shaft 2 and an inner cylindrical surface 22 of a bushing 24 which has been press fit into

15 the cone 3. This bushing 24 is a ring-shaped structure typically made of beryllium copper,

although the use of other materials is known in the art. The ball bearings 12 ride in an annular
raceway 26 defined at the interface between the bearing shaft 2 and cone 3.

With reference once again to Figure 1, the second cylindrical friction bearing 14

is defined by an outer cylindrical surface 30 on the bearing shaft 2 and an inner cylindrical

20 surface 32 on the cone 3. The outer cylindrical surface 30 is inwardly radially offset from the

outer cylindrical surface 20. The first radial friction bearing 16 is defined between the first and

second cylindrical friction bearings 10 and 12 by a first radial surface 40 on the bearing shaft 2

... and a second radial surface 42 on the cone 3.. The second radial friction bearing 18 is adjacent



5 the opposed cylindrical and radial surfaces using the system®6. It is

critical to retain the lubricant in positions between the opposed surfaces
of the bearing system Retention of the lubricant requires that a seal be
formed between the bearing systemand the external environment of the bit.
Early seals for rock bits were designed with a netallic Belleville spring
clad with 10 an elastoner, usually nitrile rubber (NBR). A significant

advancenent in rock bit seals cane when o-ring type seals were introduced

(see, C@jlﬁ lsgcony@gﬁlgcgic%ﬁ#cgﬁ% E@atrﬁgglglﬁthe:}’ax‘?’sggf I.%gd%()n tf(t}ech(gi:ﬁ'fél A4 @efﬂlfeg\ﬁg;ac his

her eby 1 ncor por renc hese o0-ring seals were conpose

nitrile, ruybber. a re circular in,crpss secti.gn. .The.se was ,fitted into
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cylindrical surfaces, between the head and cone.. 15 bearinpgs, and the
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cross section of the seal. Schumacher §United States Patent No. 3,765, 495,
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variation of this seal by elongating the radial dinension which, when
conpar etie pppdashe cdalricaiand rakd duifscecasihg thersgsian te dt isegticaéy wtam tgdulyirarieze
to forman effective seal. See, generally, Figure 2 and references 60 and
64. 20nSexeioat betwren ihd npgosvdsirdickons thaf bdahing sseahi NRetervivo et thh dwteicheten
used, each relying on an el astoner seal squeezed radially in a gland forned
by cyl iReuiiesahatstischPBE SorRell besReh e HakinD eRtdr Gne kiendidrsal candoriat Wele
known to those skilled in the art. Over tine, the rock bit industry has
moved fy;pm a standard nitrile material for the seal ring, to a highly
saturated nitrile elastonmer for added stability of properties (therma

resi stance, chem«al., r.asi-st . : : : . i ans
in rock bit beari]%glg SﬁggIf%rrgan’g%ﬂ?sc‘ﬁrfge?[%%erd e‘glété%%gdélﬁﬁg%h]%eﬁﬁﬁé tb lﬁg VJp’)ﬂz};lst
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cutter cone 3 and the bearing shaft 2 to retain lubrjcant and excl ude

ext er naliscieyrg of Whick y8 hosely; ingarparaiet Ly deSEare) oS EsEo1ing S HYeHe @ s §he
bearing shaft. In the illustrated configuration, this surface of the seal
boss 62niiride oultbrmant] yereaeiraiaryin grass sectioby Theesephivek fiied g atrpdiah glagd, §%6kng
24) fromthe outer cylindrical surface 20 of the first friction bearing 10.
[t wi | IFipeeungel stoades hatand l6d) faakd by swyliodndall sekisebbetwaen thefreed and tdne
respect to the main journal bearing surface if desired. The annul ar seal

gl arsd Gskatisesf andred imuhbdoaomewd snldier ghantie @digant dseakiobas snddRured hgrhewi t h
each other when the cutting cone 3 is rotatably positioned on the bearing

shaft. I8 Qciidnngf 8Rakalb0SdhenGemR(EaRed Shadswagdht e 35185{486 e(he)diglostikeo gl and
64 and the seal boss 62, and
which is hereby incorporated by reference) teaches a variation of this seal by elongating the
radial dimension which, when compared to the seal disclosed by Galle, required less percentage
squeeze to form an effective seal. See, generally, Figure 2 and references 60 and 64.
20 Several other minor variations of this sealing concept have been used, each

relying on an elastomer seal squeezed radially in a gland formed by cylindrical surfaces between

the two bearing elements, and are well known to those skilled in the art. Over time, the rock bit



15 functions to retain lubricant in the bearing area around the bearing

systens. This seal also prevents materials (drilling nud and debris) in the
wel |l bore fromentering into the bearing area. Ref erence i s now
made to Figure 3 which illustrates an alternative inplenentation for the

seal gland retaining an o-ring seal. Like reference nunbers refer to sane
or simlar parts. The inplenentation of Figure 3 differs fromthat of

Figure 2 in the 20i npl enentation of the seal gland geonetry. I t
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retaining lubricant in p05|t|ons of the rock, bit between the opposed

cyl i ndri cal and Ifaﬂv%ﬂo SUPHHEdRcass i ek B Sparings é%@rémﬁtlcaﬂy increased bearing
Mechani cal & |d) face seals have al so been devel oped to effectively
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provi de superior performance 5 over elastoner seals in high sliding

vel bei longsetht iifgofehwbeaoingend drill Bitc fhesval spthne ntesitisal kpmpondnhef the askditer
seals to excessive friction and abrasive wear which |leads to seal failure.
Ref erence i s mad&ithocdntigikdetefddnoand Bguret, ah J-Hihg séal &06s dopidbliddain! i séul oken
away view of a sealing systemusing a conventional nechanical (or rigid)
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energizing ring 102 (for exanple, in the formof 10 an o-ring). The rings
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106. The rigid ring 100 includes a ra seal 08 which mates with a
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|nner surface 114 of the 15 rigid ring 100 and an outer sealing surface
116 of Vperestphiahrestsal poss rauldaxbibiighp PESE Vgt FPachee thedndip daymeisaghgi ng
ring 102 urges the rigid ring 100 toward the seal sleeve nenber 112 so as
t o mai ArECcA 1k desireda dihgl angelar Seﬂb&i@@ #o's fermgd in theicanelyndhe slasded arpcalpagenment
and further forns a static sealing surface with the bearing shaft 118.

62 align with each other when the cutting cone 3 is rotatably positioned on the bearing shaft.

The o-ring seal 60 is compressed between the surface(s) of the gland 64 and the seal boss 62, and
15  functions to retain lubricant in the bearing arca around the bearing systems. This seal also
prevents materials (drilling mud and debris) in the well bore from entering into the bearing area.
Reference is now made to Figure 3 which illustrates an alternative
implementation for the seal gland retaining an o-ring seal. Like reference numbers refer to same
or similar parts. The implementation of Figure 3 differs from that of Figure 2 in the
20 implementation of the seal gland geometry.
It is not unusual for the o-ring seal to leak or fail leading to grease starvation in
the surface contact zones of the bearing system. This can result in scoring, scuffing, and even

catastrophic failure like galling or seizure. It is thus critical to provide a sealing means capable



Figure 4C shows a plan view of the rigid ring 100 | ooki ng towards the
radi al seal 20face 108. It is common in current designs for
mechani cal face seals used in roller cone rock bits to have extrenely high
face | oads at the radial seal faces 108 and 110 so as to assure sealing
contact. This high pressure (for exanple, on the order of a couple hundred
psi, or nore) results in a large friction force and high frictional heat
flux within the seal. The seal of the rock bit accordingly tends to "run

hot, " Wretigﬁﬁg%bgfchlgﬁgfﬁ)gﬁ%ﬁé of fhd HeRDif BUGRerARe dpRds i SliRitiéPAnd §XHASST Ve

wear rate a ) are commonly encountered. Thére is a need for

an i”pr§¥ﬁg5”?%ﬂﬂﬂ£ﬁ%%g%% whi ch provides for better 5 thernal
per f or mtance than pri art ‘mechani cal seals. Preferably, a nechanical sea
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di sclosures of all 10references are incorporated herein by reference): U S
Pat ént Nes elagtogegs@byin Mgy g8lizpyclogtisrelimsenvienmeys.185¢h enegamgals, subject
7,128,173 and 7, 311, 159. SUMVARY

the elastomer secals to excessive friction and abrasive wear which leads to seal failure.

Reference is made to Figures 4A and 4B which illustrate a partially broken away
view of a sealing system using a conventional mechanical (or rigid) face seal. The sealing
system includes a rigid ring 100 and a resilient energizing ring 102 (for example, in the form of

10 an o-ring). The rings 100 and 102 are installed in a seal gland 104 formed in the roller cone 106.
The rigid ring 100 includes a radial seal face 108 which mates with a corresponding radial seal
face 110 carried by the cutter 106. More specifically, the corresponding radial seal face 110
carried by the cutter 106 is formed on a seal sleeve member 112 that is interference fit into the
cutter 106. The resilient energizing ring 102 is compressed between an inner surface 114 of the
15 rigid ring 100 and an outer sealing surface 116 of the bearing shaft 118. The compression of the
resilient energizing ring 102 urges the rigid ring 100 toward the seal sleeve member 112 so as to
maintain the radial seal faces 108 and 110 in dynamic sealing engagement and further forms a
static sealing surface with the bearing shaft 118.
Figure 4C shows a plan view of the rigid ring 100 looking towards the radial seal
20 face 108.
It is common in current designs for mechanical face seals used in roller cone rock

bits to have extremely high face loads at the radial seal faces 108 and 110 so as to assure sealing

contact. This high pressuré (for example, on the order of a couple hundred psi, or more) results



Cool i ng channels are introduced into a rigid seal ring of a nechanical seal
for a 15 roller cone rock bit. The cooling channels nay take the form of
grooves, serrations, scallops, or blind holes. In a preferred

i npl ement ation the channel (s) is (are) fornmed on a peripheral surface of
the rigid seal ring which is exposed to drilling nud. The provided cooling
channel functions to dissipate heat fromthe dynam c sealing face of the
rigid seal ring in order to mnimze thernal -rel ated seal failures 20An

e_rrbo_di g(fgtla gl’l C{tlo%el% 'frqé gl?el mn? g\"lﬁiﬁ?n th‘é’I ste}cﬂ aflgeoé)eal n?t ngit t hat
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thermal distortion and excessive surface wear. An extension of seal life
resul t §X9FBHT 6 TRIF apEng SRrYTRIATE FUAMENY eneouisiebhani cal seal .

I n an enbodinent, a drill tool conprises: a bit body; at |east one bearing

shaft extending Themisengid fyorty imaroyerhanashamieadcsetlowhicht provides der beitsr
beari ng shaft; and a nechanical 5 seal disposed between the bearing shaft
and5th &wnaiepdrfmnaaxmatharg paadart Tievehanieh aedlc aPref@albly meleabiedcah sedl s decsiedl

ring having a dynam c sealing surface with the cone and anot her non-seali ng

sur f ackadnpasentiuatiun aiel t¢duecs al hirraeglegpandres B¢ provtdvatocal exsarked
further includes at |east one cooling channel formed in the another

non- segdqy ng:. surface of the rigid seal ring, the cooling channel having an
open end in fluid comunication with the aperture in the seal gland. 10 In

an embodi nent, aﬁe@%@mﬂ&hepﬁ@ae %@%heafoni%h%&mraﬁe@ém&%mh% fiRistRe

posi tioned betmeen a journal a rotating t he nechani cal seal
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5,570,750, 6,209,185, 6,684,966, 7,128,173 and 7,311,159.

SUMMARY
Cooling channels are introduced into a rigid seal ring of a mechanical seal for a
15 roller cone rock bit. The cooling channels may take the form of grooves, serrations, scallops, or
blind holes. In a preferred implementation the channel(s) is (are) formed on a peripheral surface
of the rigid seal ring which is exposed to drilling mud. The provided cooling channel functions
to dissipate heat from the dynamic sealing face of the rigid seal ring in order to minimize
thermat-related seal failures.
20 An embodiment comprises a mechanical seal provided with a cooling channel that
dissipates frictional heat generated at a dynamic seal contact surface of the mechanical seal. This

implementation reduces seal operating temperature and thus addresses thermal-related failures of



Figure 1 illustrates a partially broken away view of a typical roller cone
rock bit; Figure 2 illustrates a partially broken away view of Figure 1
showi ng the bearing systemin greater detail; 20Figure 3 illustrates an
alternative inplenentation for the seal gland retaining an o- ring seal
Figures 4A and 4B illustrate a partially broken away view of a sealing
system usi ng a conventional nechanical (or rigid) face seal

Figure 4C shows a plan view of the rigid ring of the nechanical seal of

Fi gur esthé%agﬁ%hég s%i??%%@?ﬁa@%{og@o teﬂ% e{xgg'gi%le sﬁﬁ?&e \{uﬁﬁeAn extellgsion of sefil life

Fi gures 51 e a parti al roken away view of a sealing
system using a nec nicab é r ri?%d é ce. seal. in accordance with an
?i'ﬁ{}‘é“ﬂ i

e_rrbodirfﬁﬂ’t]tS e prEsent” pee dnical Seal. _Figure 5C shows a plan
{ovr ds 1 he raqi 40 SBEAOHEGL TGP SOMERoHsS BSG: 95 GO S1c PRETE P8 11 ng
| ooki ng towards the non-sealing surface;

extending from the bit body; a cone mounted for rotation on the bearing shaft; and a mechanical
5  seal disposed between the bearing shaft and the cone in a seal gland. The mechanical seal
includes a rigid seal ring having a dynamic sealing surface with the cone and another non-sealing
surface exposed to an aperture in the seal gland. The mechanical seal further includes at least
one cooling channel formed in the another non-sealing surface of the rigid seal ring, the cooling

channel having an open end in fluid communication with the aperture in the seal gland.
10 In an embodiment, an apparatus comprises a mechanical seal adapted to be
positioned between a journal and a rotating member, the mechanical seal defining a dynamic seal
and including a rigid seal ring having a dynamic sealing surface and a non-sealing surface. The

mechanical seal includes at least one cooling channel formed in the non-sealing surface of the

rigid seal ring.

15
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates a partially broken away view of a typical roller cone rock bit;
Figure 2 illustrates a partially broken away view of Figure 1 showing the bearing
system in greater detail;
20 Figure 3 illustrates an alternative implementation for the seal gland retaining an o-

ring seal;
Figures 4A and 4B illustrate a partially broken away view of a sealing system

using a conventional mechanical (or rigid) face seal;



10Fi gures 5E shows a plan view of an alternative inplenmentation for the
rigid ring of the nechanical seal of Figures 5A and 5B | ooki ng towards the
radi al seal face; Figure 6 illustrates a partially broken away view of a
seal ing systemusing a nechanical (or rigid) face seal in accordance with
an enbodi rent of the present invention; Figure 7 shows a plan view of the
rigid ring of the nechanical seal of Figure 5A- 155B and 6 | ooki ng towards
a rear non-sealing face for an alternative inplenentation

Fi gures 8A and 851 ubd &@%P@\%@a%lﬁ%&#%&lﬂe Il? (ﬁWm‘ébl’%alcg sl ?ﬁﬁﬂgh@g

system using a ITE ani ca ace in accor nce w

enbodi Se NV Fi gure 8C shows a
pl an V?g&#g?ﬁﬁﬁgﬁngﬁﬁwr&nﬁarcﬁq Eg%%ﬁgthamcal seal of Figures 208A and 8B

| ooki ng towards the r 8D shows a side view of the

face;
rigid ring 100 | 6ERIS4A 8%&%@ l"flﬁéa“’namﬁgﬁwe%%w"r%@ew of a sealing system

using a mechanical (or rigid) face seal in accordance with an embodiment of the present
5  invention; | |

Figure 5C shows a plan view of the rigid ring of the mechanical seal of Figures
5A and 5B looking towards the radial seal face;

Figure 5D shows a side view of the rigid ring looking towards the non-sealing
surface;

10 : Figures SE shows a plan view of an alternative implementation for the rigid ring
of the mechanical seal of F igures 5A and 5B looking towards the radial seal face;

Figure 6 illustrates a partially broken away view of a sealing system using a
mechanical (or rigid) face seal in accordance with an embodiment of the present invention;

Figure 7 shows a plan view of the rigid ring of the mechanical seal of Figure 5A-

15 5B and 6 looking towards a rear non-sealing face for an alternative implementation;

Figures 8A and 8B illustrate a partially broken away view of a sealing system
using a mechanical (or rigid) face seal in accordance with an embodiment of the present
invention;

Figure 8C shows a plan view of the rigid ring of the mechanical seal of Figures

20 8A and 8B looking towards the radial seal face;
Figure 8D shows a side view of the rigid ring 100 looking towards the non-sealing

surface;



Figure 9 illustrates a partially broken away view of a sealing system using
a nechanical (or rigid) face seal in accordance wth an enbodi nent of the
present invention; Figure 10 shows a plan view of the rigid ring |ooking
towards the non-sealing face; and 5Figure 11 illustrates a partially broken
away view of a sealing systemusing a nechanical (or rigid) face seal in
accordance with an enbodi nent of the present invention. DETAILED

DESCRI PTI ON OF THE DRAW NGS Reference is now made to Figures 5A and 5B
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a nmechani cal (or I'n"accor dan an e ment of the

present invention. The sealing system.jncludes. a rigid ring.100.and a
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rings 100 and 102 are installed in a seal gland 104 fornmed,in the rqller
cone 106. The ri digkre ilAghau®aim M’&@’s"fath?égﬁ“grmgé%\‘?i"?ga@@vai%thﬁﬂ’i%ﬁe es
with a corresponding radial seal face 110 carried by the cutter 106. 15
More spleed;eiidal |y, the corresponding radial seal face 110 carried by the
cutter 106 is fornmed on a seal sleeve nenber 112 that is interference fit
intd the cutter I0fwe Thellvesidsicepartigiiye bpken nyay iviegyy 002 seslingosysicas y&idg a
between an inner surface 114 of the rigid ring 100 and an outer sealing
sur f acemdchéniodl (bhegibeacd gl iahaddrddit8 withhe eatopiness oithe pfestrhénveesar. i ent
energizing ring 102 urges the rigid ring 100 toward the seal sleeve nenber
112 so as to maintain the radial seal faces 108

DETAILED DESCRIPTION OF THE DRAWINGS
Reference is now made to Figures 5A and 5B which illustrate a partially broken
10 away view of a sealing system using a mechanical (or rigid) face seal in accordance with an
embodiment of the present invention. The sealing system includes a rigid ring 100 and a
resilient energizing ring 102 (for example, in the form of an o-ring). The rings 100 and 102 are
installed in a seal gland 104 formed in the roller cone 106. The rigid ring 100 includes a radial
seal face 108 which mates with a corresponding radial seal face 110 carried by the cutter 106.
15  More specifically, the corresponding radial seal face 110 carried by the cutter 106 is formed on a
seal sleeve member 112 that is interference fit into the cutter 106. The resilient energizing ring
102 is compressed between an inner surface 114 of the rigid ring 100 and an outer sealing
surface 116 of the bearing shaft 118. The compression of the resilient energizing ring 102 urges
the rigid ring 100 toward the seal sleeve member 112 so as to maintain the radial seal faces 108
20 and 110 in dynamic sealing engagement.
The rigid ring 100 further includes an outer surface 150 which is adjacent to an
inner surface 154 of the seal gland 104 on the roller cone 106. The outer surface 150 is a non-

sealing surface oriented generally perpendicular to the seal face 108 and defines an outer



20and 110 in dynam c sealing engagenent. The rigid ring 100
further includes an outer surface 150 which is adjacent to an inner surface
154 of the seal gland 104 on the roller cone 106. The outer surface 150 is
a non-sealing surface oriented generally perpendicular to the seal face 108
and defines an outer dianeter of the rigid ring 100. An annul ar aperture
156 is fornmed by the seal gland 104 between the outer surface 150 and i nner
surface 154. During operation of the bit, this annular aperture 156 fills
with dijmhdel i AS n k- ' t .t illing
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and 5B her . i ncludes. an annul ar groove, 152 fornmed in the outer surface
150 anc}Ig (ﬁg{b? W&hélﬁ&&géﬂu% S WhitoRN;te thase silisgindbhatihat il mid Ainednsahnul ar
aperture 156 of the sealfglandu Thi s annular.groove 152 encircles the

per i phBryprgpary peokingmgdia; fag thegnt and e flophel dilbag anidswighinfileg asiujar aperture
circunferential and continuous, although in an enbodi nent non-conti nuous
10 Zi r belnt &o eonlithe rigrbung 188gMknerhaney tho econbreyl pffecThihe sigike ringl 1108 sh&8n amd
floor 160 (which is opposite the open end) of the annular groove 152

provi deigaddiIA embbB Suntteadieclades an annitlregrootet s2sforhed & thdQuishodhce S50 hed | n
contact with the cooling nud to assist in enhancing cooling of the rigid

ring 1p&ingd Be opéreEwhiB it $n AORH donPRarkatbe S8t Be bhsulitderlireSBR! offtAE 82108,
and i nproves the efficiency of convective heat transfer away fromthe

radi al gggal mca%m&pgmew;ézl&meg Iﬁ)@ﬁé?igiﬁ&y oﬂfﬁhéﬁghirr}g RYRICHR oovklE

groove 152 accordingly fornms a cooling annel whrch I'nproves the therna

perfor Efi%:f%%’[gz citraﬁ‘lfgi%ﬁ Qniaﬁ@L%‘L{n%glﬁ%l\rj\sga%I%BE%%yiﬁt g Iﬁ{?ﬂ@%rqlggtr in%gpcokt?m%r | or

art co Ions such as ures 4 I"—llsgure
5C sho view of the ri ig rin 1ﬁ§m§ oki margf th ragj |. seal
r oL 2O Rl Bl < Tear s B G088 SHB O KB 4 e RS e d50,BBE 1952
whi ch has been 20 fgrnquto circunferentially traverse_ continuously around
t he ouPROSUGFIeREn £8E) gF Depanplagerpoys Ao pityidemyiditional wirfage arep onfhe pyter
enbodi ment, the groove 152 nay instead be formed of a plurality of
non- coffasEd0e WiGhcis iiearia sontaft Wity HigecosBrgrame do assiss it pigneine gprlingha the
perinmeter defined by the outer surface 150. Figure 5D shows a side view of
t he rigeid riignd01 Olthe| sokienlg2tiv pesidenet lebose tnths eadialrsgal face 108, and improves the
efficiency of convective heat transfer away from the radial seal faces 108 and 110 which are in
15 sealing engagement. The groove 152 accordingly forms a cooling channel which improves the
thermal performance of the mechanical face sealing system in comparison to prior art
configurations such as that shown in Figures 4A-4C.
Figure 5C shows a plan view of the rigid ring 100 looking towards the radial seal
face 108. The dotted line in Figure 5C shows the depth of the groove 152 which has been
20 formed to circumferentially traverse continuously around the outer surface 150 of the rigid ring
100. Again, in an alternative embodiment, the groove 152 may instead be formed of a plurality

of non-continuous circumferential groove segments extending around the perimeter defined by

the outer surface 150.
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surface 150. In the preferred inplenmentation, the groove 152 is
formed to circunferentially traverse around the outer surface 150 of the
rigid ring 100. In an alternative inplenmentation, the 5 groove 152 may
instead be inplenented as a circular groove 172 forned in the radial inner
surface 162 of the rigid ring 100. This inplenentation is illustrated in
dotted lines in Figures 5A and 5B. The surface 162 is also a non-sealing
surface and is sloped with respect to the seal surface 108 and a di stance
between the surface 1 n f | i ' ess
of the rigid ringﬁ%ﬁﬁggﬁﬁoaf%ggﬁggﬁéﬁgﬁnﬁﬁgggggggg%$¥lS§®%g§ﬁFgm&§%%£1 by

t he seal Igg 10 104 between the radial inner surface 162 and a radi al
head sutf'd¢e'°¥68 at the base region 166 of the head adjacent to the bearing
shaft 118. During operation of the bit, this aperture 164 fills with
drilling nud, andp e preferied | B lcgreabian1thy groowet [unis, formadetor Hugigsvlys 2,
as a cooling channel providing additional surface area on the outer surface
162. THhiayetsheronad thelnatamesirlaos 15 of retrigd ring € A0t eancdsrmagiye Hrlementaiion; ghe

i nprove the thermal performance of the nechanical face 15 sealing system
by eénhaneivegl i ssy [atdad rbeoimiendntéd avm tehreulni gicdve i1Ag fad@®d(ipythe ol cinhere

heat transfer away fromthe radial seal faces 108 and 110 which are in

seal i ngueh@AgRE e rigid Fidg 00OO0VRIs IniBlcmentatied BribtEtytediin dotteirlings aoRkNREI64AS,

al t hough i n an enbodi nent non-conti nuous encircling groove segnents may be

used. Bygdoent mat kinkLeOra2oNM aldenhbh-gadins didffaceindl i GRipeM twithl RsecP RSt e
i npl ementation 20 both groove 152 and groove 172 may be provided on the

rigid rs’uggceﬁp@& a8 rﬂ%ﬂ%%%ﬂ%&%_tﬁ@@u&i% 1Y 2 REHRI {bBke CONLENYANSd&Tnes a

segnente n one e I ment using segnmented grooves 152 and 172, the

| iti £, t.h f i f
angul ar,, pOSILLPAS 0 12 18RO el Bleadh AN Apd0Re 68 1hAE) o 1Rk org

angul ar posi ns nts for ov
whi | e tQ) rooves 152 and 172 a r fer%$ ' e g uni nt e ed
hattiel O VY Tt B0 ErE ] Cutit ST b SRR Findhst NI 42
can be inplenented as a set of arcuate channel se nts. Alternatively, as
shown ithe psaguadiaceit togdhe bearge %‘é&rlégi diE m@r"@ﬁ"’é‘l"f‘cﬁ‘ggﬁ?g’é PisraPgEHE 64 il
channel -li ke structures) may be formed on the surface 150, with the 5
serr at i witls dgHingcard.opl e siirsulan graave Hdat fupgtiamss Bke By #P0VS dPhsatidPtlingnal
surface area on the rigid ring 100 that is exposed to the cooling drilling
mud. Aldhesnehpiovaliyg addigors suréice ane @y ths catar spaqeott2ot Hus therad rréponel keein
structures) nay be formed on the surface 162, again for the purpose of
i ncr easdongcett Wigh areoevdting nuexgpased improfade themeal fperfoneate vf dwgheharded face
cooling. Reference is now nade to Figure 6 which illustrates a partially
brolsen Ruig Wis@W by enhancing dissipation of heat from the rigid ring 100 (by convective heat
transfer away from the radial seal faces 108 and 110 which are in sealing engagement). The
groove 172 is preferably circularly continuous, although in an embodiment non-continuous
encircling groove segments may be used.
By controlling groove depth and surface placement, in a possible implementation
20  both groove 152 and groove 172 may be provided on the rigid ring 100. The grooves 152 and
172 may be either continuous of segmented. In one embodiment using segmented grooves 152

and 172, the angular positions of the segments for groove 152 are offset from the angular

positions of the segments for the groove 172.
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10 of a sealing systemusing a nechanical (or rigid) face seal in

accordance with an enbodi nent of the present invention. This enbodi nent

differs fromthe enbodi nent of Figures 5A-5C in that the annul ar groove 152

whi ch encircles the periphery of the rigid ring 100 is not oriented

per pendi cular to the outer surface 150. This configuration may be

advant ageous in that the angling of the groove 152 noves the floor 160 of

the groove closer to the radial seal face 108. 15 Wiile the groove 172 of

Figure 5B is sh Ol J r s [: i be
MU AELE L RRIOPOLLEH] Al arl gie&ycé}gng HhPREENLR R ulibietlfiba

under st ood that groove 1 ternativ

non- pe ndicular orientation.like th shown i p, Fi e 6., .

Ref er eél]‘(%gn‘igé’ 1%8\?905%@8 thB% Hegidhan 9‘%??&1%%5%%8 é\%f‘r@?ﬁw\% ), bsimplmepted @y ring
100 | ooki.n tomar%% t he non-se%yin%_f%ce 162 fqor the alternative .

i mpl e T BHAMEEN SgEBEE Lromabye ¥=sasp$‘8‘0’lld’é§18“ﬁe PRe? i ef SEEIORY Of ace
162 of the rigid ring. . Reference is now made to Figures 8A and
8B whi ¥allens %t (ot ¢her phanpeldikeystpichies) magabe prawdogn aws@afamg}:ig,ymtbrth@si ng
a nmechanical (or rigid) face seal in accordance with an enbodi nent of the
pr 6% enserialioenet ssallopPragsiste infgatsyaisamby pedvidieg additipggl durfacegurd:0th thedrigid
resilient energizing ring 102 (for exanple, in the formof an o-ring). The
ri ngs dQ1@&hthalB2xposed itmgtealobin drilliag seal AJteamndival94tht eem@ibnk br §daBogsabl er
cone 106. The rigid ring 100 includes a radial seal face 108 which mates

Wi th aoler tiespediengrichded mseat hagal &dAneaniRdidly dhig PHlthehudbls oMre
specifically, the corresponding radial seal face 110 carried by the cutter

106 iSinE&ﬁﬂE%t}@rbnﬁ)uﬁt ofX8Pbsca sGEUR SPBNBEReal tanskh@hd bSolingt er ference fit into
the cutter 106. The resilient energizing ring 102 is conpressed between an

inner surface 111%6@1%&5411?} nbidh&heth 108 V\?)@%higﬂ%t%ge}s%rpgnfﬁgi HaSkeR YUa@S v 16 Of

t he bearing shaft he conpression o nergizing ring 102
i. i i .100 t - d, { he. I b 112 . 1
et a0 Rl Sl #alR iSRRI b gk e g e sdir g B RE e
10Th igidri. 100 furth L ncl ud t rf 150 which i
Ry E i R A S

106. The outer surface 150 is a non-sealing surface oriented general

per pend@F Agar ggraveel S2ewhich smsirgles thenperipkein ek thentigidt wirg dP@re ey odentece
rigid ring 100. An annul ar aperture 156 is fornmed by the seal gland 104

bet weepetpdidicglir dp thapfige eurf®8® Bd ThinsonBgurhtdoemiBhde dyantageoopeén diat ime of
the bit, this annular aperture 15 156 fills with drilling nud. As is known
t o t hoselisgbf thegraavetlhz mawts tht fladr K0 dfithengroowedkldsenet theorslidSeal fee pos.mar y
cooling nedia for the bit and the flow of drilling mud within the annul ar
apey ture hel ps twhitetle drfteerli7giod FiguRgSH @shola oeibhad perpbitRetQab kGuehéect
the rigid ring 100 shown in Figures 8A and 8B further includes a set of

bl'ind hwl a8 vkA0 bt olidiEtdoa A LR 13UIdaRE afterfadRfl RCHRAY I WS aD naRen end
which is in fluid communi cation with the annul ar aperture 156 of the 20

seal %kﬁ&ﬁdkﬁ&?%ﬁmﬁ%ﬁ gﬂgq%ﬁgh%%?hﬁmggg%(anged to encircle the periphery of

the rigid ring 100 (i. e are circunferentially distributed).

ol e 190 provi da i say LOPrAEBETLLRSRRRRE bRt Pl BB RER o

then in contact ,.with the coali d to assist, i enhanci n ool i ng of the
rigid lpplﬁag E_qyba_rdsy\‘[ihe non-sealing acerl%Z %Jr the altemative impﬂementa?ion wh%re?n groovegl72

20 is provided in the non-sealing face 162 of the rigid ring.
Reference is now made to Figures 8A and 8B which illustrate a partially broken
away view of a sealing system using a mechanical (or rigid) face seal in accordance with an

embodiment of the present invention. The sealing S;ﬁem includes a rigid ring 100 and a
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The set of blind holes 190 are positioned close to the radial seal face
108, and thus inprove the efficiency of convective heat transfer away from
the radial seal faces 108 and 110 which are in sealing engagenent. The set
of blind holes 190 accordingly forma plurality of cooling channels which

i nprove the thermal performance of the nechanical face sealing systemin
conparison to Sprior art configurations such as that shown in Figures

4A- 4C. Figure 8C shoms a plan view of the rigid ring 100

o T RS el 1 0] L5 g}gs; BT B OLREL HdEROMBS T oThauT @

8C sho g EYE ol es

190 th
the ri gRaieHg Suo0] e it %F#I%“Ec?@& By AT A g 15 By,

it being understood that 10any suitabl e nunber es cQ Id be in ded.
Fi gur e 88 WpoWe8 whishgeates with & correpdigiedadiphipal eﬂééﬂﬂﬁ@ ST a%tteEﬁQg
non-sealing surface 150. In the preferred inplenentation, the
set of MbierpetiBrally, to@oaespondingeatlialisea facedlilp camied by iha @tteri & sifoimedoR 2about
the outer surface 150 of the rigid ring 100. In an alternative 15

i mplSemesetladi¢éenn menkter $ &2 thaf isholeesreh@Ofitayo thasuterd Me Thepkshen e ezingaing
circular set of blind holes 192 fornmed in the radial inner surface 162 of
the rigiod &iddgpkédeed Bitivger apliene tushiconl4 of ithd tigitrdiged00 andlah teter| sealés i n

Fi gures 8A and 8B. The surface 162 is also a non-sealing surface and is

sl oped g h&e T RSHEARE béa@in% REafs 6B BIW dGReskRB ikt @sitbgteangihetime B drhe
surface 162 and the surface 108 generally defines a thickness of the rigid

ring 10[36 rlgfd Ii{/\“;eé JoPewaRt t‘ljg {,ahgfee@enm%gért Hn&o RQo Mathihis ofOfaNRM sdah ricBer oreal
en the ra

gland 1 inner surface 162 and a radi al head surface

168 at tgqlgt dﬁmg?é%%h&%ggﬁé?hgﬁ head adj acent to the bearing shaft 118.

Durlng oper ati I's aperture 164 fills with drllllng mud, and
ezt o 11 e o AL A S L P B
inner surface 154 of the seal gland 104 on the roller cone 106. The outer surface 150 is a non-
sealing surface oriented generally perpendicular to the seal face 108 and defines an outer .
diameter of the rigid ring 100. An annular aperture 156 is formed by the seal gland 104 between
the outer surface 150 and inner surface 154. During operation of the bit, this annular aperture
15 156 fills with drilling mud. As is known to those skilled in the art, that drilling mud functions as
the primary cooling media for the bit and the flow of drilling mud within the annular aperture
helps to 0061 the rigid ring 100. To enhance the cooling effect, the rigid ring 100 shown in
Figures 8A and 8B further includes a set of blind holes 190 formed in the outer surface 150 and
each having an open end which is in fluid communication with the annular aperture 156 of the
20  seal gland. These blind holes 190 are arranged to encircle the periphery of the rigid ring 100
(i.e., the holes 190 are circumferentially distributed). The side wall 158 and floor 160 (which is
opposite the open end) of each hole 190 provide additional surface area on the outer surface 150

which is then in contact with the cooling mud to assist in enhancing cooling of the rigid ring 100.
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area on the outer surface 162. These thermal channels are in contact with
the cooling nmud so as to inprove the thernmal performance of the nechani cal
face sealing system by enhanci ng dissipation of heat fromthe rigid ring
100 (by convective heat transfer away fromthe radial seal faces 108 and
110 which are in sealing engagenent). 5By controlling hole depth and
surface placenent, in a possible inplenentation both a set of blind holes
190 and a set of blind holes 192 nay be provided on the rigid ring 100.

The | nq- %'sg%lbhn&)hSQS %8@ a%g%sgn%a%cﬁ&%gee O%Ré Y haq%g llJ gafccélhlc()) o 15@5 f?lﬁ%m%gtg%' on.

It will be recognized e |n coul d
i nst ead.-have a sel ect.ed trlc Cr 0Ss- |nc di .. .Wi t.hou

T taﬁfﬁf-?m%aﬁﬁ?rge“ GRS ERI sy Lo B 7 Pf%ea ROl IO e 1 e
like. The illustrated relatjve size of the holes is exenplary only, it

bei ng Eﬁ?ﬁ@g ERBEAMEHatl NPT ind hple lﬁ%a@@rdé%&lééorﬂh%@ara@w aislingelidneland
size of the ring 100 and surfaces 150 and 162. Ref erence i s now

made t Whishdmpeovg thinthermal|petfommance of thepagohpnirdlyfadgrsoiling savieny ivicemparison to
seal ing systemusing a nechanical (or rigid) face seal in accordance with
an enbpdematondifuiBonst sueh py dgeshibwnny Eiuies#A-ABI s enbodi ment differs from
t he enbodi nent of Figures 8A-8C in that the set of blind holes 190 which

are distributed Higowt3d fewser plpheieyw ¢fthd Fgidrringl Id0rodlgngl @ atdsehdRidiadEdaent ed
per pendi cular to the outer surface 150. This configuration may be

advant agequs. MedWbadd ifebargki P%uﬁbf 8¢ Beov elcasrcdRAGroMMe plabdiferk hRPUeth ofach
hol e closer to the radial seal face 108. Wile the holes 192 of Flgure 8B

are sh
O TR AR BTSRRI SRy UL AR AR b L P ot

hon- pehgﬁr}ﬂ{g" Pd()ar l%rﬂlﬁlm&to'fﬂﬂls][r!ﬂeg h})i@? tl oF ké exemp[%iry 0191%/' '?bgmg understood that

10 any suitable number of holes could be included.

Figure 8D shows a side view of the rigid ring 100 Jooking towards the non-sealing
- surface 150.

In the preferred implementation, the set of blind holes 190 are formed with a
circumferential distribution about the outer surface 150 of the rigid ring 100. In an alternative
15  implementation, the set of holes 190 may instead be implemented as a circular set of blind holes
192 formed in the radial inner surface 162 of the rigid ring 100. This implementation is
illustrated in dotted lines in Figures 8A and 8B. The surface 162 is also a non-sealing surface
and is sloped with respect to the seal surface 108 and a distance between the surface 162 and the
surface 108 generally defines a thickness of the rigid ring 100. It will be noted that an aperture
20 164 is formed in the seal gland 104 between the radial inner surface 162 and a radial head
surface 168 at the base region 166 of the head adjacent to the bearing shaft 118. During
operation of the bit, this aperture 164 fills with drilling mud, and the set of blind holes 192

function, like the set of holes 190, as a plurality of cooling channels providing additional surface
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Ref erence is now made to Figure 10 which shows a plan view of the rigid
ring 100 | ooking towards the non-sealing face 162 for the alternative

i npl enent ati on wherein holes 192 are provided in the non-sealing face 162
of the rigid ring. Reference is now made to Figure 11 which illustrates a
partially broken away 5 view of a sealing systemusing a nechanical (or
rigid) face seal in accordance with an enbodi nent of the present invention.
Thi s enbodi ment differs fromthe previous enbodi nents in that the groove

the sodreerebyRRERHERe 63 (PRETRAORRE e (R e Al @88%01 TR

enbodi nent utili r oo 202 fornmed in th adi al. seal face 110 and
havi ng Bn"YpeYs g}‘?dawzghp‘?r)é’[’inﬁ“?el ﬁ{) gt#é(i'fn Seaiﬁg WPTR™: Re CBRHGH S
aperture 156 of the seal g|and 104. The groove 202 al t er nat

under st &eipatign gEhga fregythe ﬁlngao}(@s@nyP%\'e«gmq Bl oA B R0 |faC§?1e°’85
menber 112. It is inportant to control the dinensions (w dth and depth) of
t hi s griseasd 082e2d §H) which grefstscal mgpneasementthe fitting and perfornmance of the
seal sleeve nenber 112 with respect to the cone at the press-fit surface
204.5 15Al t hough ribt capedifg naé Idypts kodrsuifaceFplgeaneent, 1in 4 poswibld inderperdaiost ood
that the groove 202 could be used in conjunction wth any of the grooves
152, 17th 4980 o@BEhdlRRed 190t arsbigifdlind holed 09 msy b& prmidat ow ehe rigid ring 100.

Enbodi mnents of the invention have been described and illustrated above. The
invention is not Tlh'ermdleﬂuéiqlollé’5619dla§@h%%f@ﬁﬁ)pdh@@&@mﬁ@rmy&%ﬁohSItGlmHI MED
| S . Adrill tool, conprising:

be recognized, however, that the individual holes 190 and 192 could instead have any selected
geometric cross-section including, without limitation, square, rectangular, oval, elliptical,
10 triangular, and the like. The illustrated relative size of the holes is exemplary only, it being
understood that hole size can be selected based on application and size of the ring 100 and
surfaces 150 and 162.
Reference is now made to Figure 9 which illustrates a partially broken away view
of a sealing system using a mechanical (or rigid) face seal in accordance with an embodiment of
15  the present invention. This embodiment differs from the embodiment of Figures 8A-8C in that
the set of blind holes 190 which are distributed about the periphery of the rigid ring 100 are not
oriented perpendicular to the outer surface 150. This configuration may be advantageous in that
the angling of the holes 190 moves the floor of each hole closer to the radial seal face 108.
While the holes 192 of Figure 8B are shown oriented perpendicular to the surface
20 162, it will be understood that holes 192 could alternatively be formed with a non-perpendicular

orientation like that shown in Figure 8.

15



a bit body; at |east one bearing shaft extending fromthe bit body; 5a cone
nmounted for rotation on the bearing shaft; and a nechani ca
seal disposed between the bearing shaft and the cone in a seal gland, the
mechani cal seal including a rigid seal ring having a dynam c sealing
surface with the cone and anot her non-sealing surface exposed to an
aperture in the seal gland, the nechanical seal further including at |east
one cooling channel forned in the another non-sealing surface of the

10rigid seal ri Pﬁefek{%\ge gsgx%\*/ B8dE RG] kﬂ@‘\g\%hrf'cgll gl%g? Qlelglar? 0w & dik lllfggd ring

comruni cation with t erture in the se

The dri tool of claim1 wherei.n t anot her non-.sealing.surface i s

e moseitd I9oR e el thahon- FARRE Ftel1R% 81k Atrep N PR dahiDn g hites
3. The i1l tool .of claim erein the dri]l cooling fluid is drilling
mud. 1§Hare pmv“?ed in the noiliseff]ﬁrégmgﬁ ﬂz (ffdgff rigif ri@€ai m 1 wherein the aperture in

2.

the seal gland fills with drill cooling fluid during operation of the dril
t ool . Reference ignowreadgriol Figyrsoll! whick |iluswaies wheardally brelerdpivhy
cooling fluid is drilling nud.

5 view of a sealing system using a mechanical (or rigid) face seal in accordance with an
embodiment of the present invention. This embodiment differs from the previous embodiments
in that the groove for the cooling channel is instead formed on the radial seal face 110 of the seal
sleeve member 112 (that is mounted to the cone 106). Thus, this embodiment utilizes a groove
202 formed in the radial seal face 110 and having an open end which is in fluid communication

10 with the annular aperture 156 of the seal gland 104. The groove 202 may alternatively be
understood to be formed in the press-fit surface 204 of the seal sleeve member 12, Tt is
important to control the dimensions (width and depth) of this groove 202 so as to not
compromise the fitting and performance of the seal sleeve member 112 with respect to the cone
at the press-fit surface 204.

15 , Although not specifically shown in Figure 11, it will be understood that the
groove 202 could be used in conjunction with any of the grooves 152, 172, 190 and 192 in the
rigid ring 100 as shown above.

Embodiments of the invention have been described and illustrated above. The

invention is not limited to the disclosed embodiments.

20
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anot her non-sealing surface of the rigid seal ring conprises at |east one

gr oove. 7. The drill tool of claim1l wherein the cooling
channel formed in the 5another non-sealing surface of the rigid seal ring
conprises at |east one blind hole. 8. The drill tool of claim

1 wherein the cooling channel forned in the another non-sealing surface of
the rigid seal ring conprises a groove which extends at |east partially
around a periphery of the rigid seal ring. 10 9. The dril

t ool ofwelf e & Wheii:ei ®. t he cool ing channel forned in the another
non- se£W|ng sur%ace of the rigid seal ring conprises a set of blind holes

whi ch are distributed ry of the rigid seal ring. 1510. The
drill tool of clgllmlA]'F(é)]rgeolofjl Eﬁéhgngling channel formed in the another

non- seal i ng surfaﬁs of the rigid seal ring conprises a serration or
scal | op. °d¥3. The drill tool of claim1 wherein the another

non-sealing surface of the rigid seal ring is orjented generally
per pendi cul arly t#leesiengveameshaipgriepingiphdbebit besly;

5 a cone mounted for rotation on the bearing shaft; and
a mechanical seal disposed between the bearing shaft and the cone in a seal gland,
the mechanical seal including a rigid seal ring having a dynamic sealing surface with the cone
and another non-sealing surface exposed to an aperture in the seal gland, the mechanical seal
further including at least one cooling channel formed in the another non-sealing surface of the
10 rigid seal ring, the cooling channel having an open end in fluid communication with the aperture

in the seal gland.

2. The drill tool of claim 1 wherein the another non-sealing surface is

exposed to drill cooling fluid during operation of the drill tool.

15
3. The drill tool of claim 2 wherein the drill cooling fluid is drilling mud.
4. The drill tool of claim 1 wherein the aperture in the seal gland fills with
drill cooling fluid during operation of the drill tool.
20

5. The drill tool of claim 4 wherein the drill cooling fluid is drilling mud.

17



12. The drill tool of claiml wherein the another non-sealing surface of
the rigid seal ring is positioned on an opposite side of the rigid seal
ring fromthe dynam c sealing surface. energizer adapted to urge the rigid

seal ring and dynamic sealing surface towards the cone. 514.The drill tool
of claim1l wherein the energizer is a seal ring having a static sealing
surface with the bearing shaft. 15. The drill tool of claim

1 wherein the cooling channel forned in the another non-sealing surface of

the rigid seal Tigng COPIdriPRoRtor! GARY 1 A0Furh ORY SobE WufheP Kiithelh! he
10ori ented perpendi cular to the non-sealing surface of the rlglg seal ring.

16. Th I t 004 i . rein the cool i channel formed in the .
anothegnﬂ%ﬁﬁgggﬁgwi %ﬁ@?%@gh%Pgﬁﬁgﬁf}éfamggﬁﬁakﬁ%aoggﬁgwr%es at | east one
blind hole having a side wall oriented perpendicular to the non-sealing
surface of the rigid seal ring. 15 17. The drill tool of claim
1 wherein the coqgling channel forned in the another non-sealing surface of

the rigid seal ri'ng cORprardletoohiof|daiay 1 onkerejn dbe eopling shangek fmedan the
oriented non-perpendicular to the non-sealing surface of the rigid seal
ring. 2o0atBermea-sgaling surfpen ofghe vgidiseal tinglsemerisesahlsast oot bl lwhannel formed in
t he
8. The drill tool of claim 1 wherein the cooling channel formed in the
another non-sealing surface of the rigid seal ring comprises a groove which extends at least
partially around a periphery of the rigid seal ring.
10
9. The drill tool of clajm 1 wherein the cooling channel formed in the

another non-sealing surface of the rigid seal ring comprises a set of blind holes which are

distributed about a periphery of the rigid seal ring.

15 10. The drill tool of claim 1 wherein the cooling channel formed in the

another non-sealing surface of the rigid seal ring comprises a serration or scallop.

11. The drill tool of claim 1 wherein the another non-sealing surface of the
rigid seal ring is oriented generally perpendicularly to the dynamic sealing surface.
20
12, The drill tool of claim [ wherein the another non-sealing surface of the
rigid seal ring is positioned on an opposite side of the rigid seal ring from the dynamic sealing

surface.
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anot her non-sealing surface of the rigid seal ring conprises at |east one
blind hole having a side wall oriented non-perpendicular to the non-sealing
surface of the rigid seal ring. rigid seal ring defines an outer dianeter
of the rigid seal ring. 20.The drill tool of claim1 wherein the cone
further conprises a seal sleeve 5 nenber press-fit wthin an aperture of
the cone, the seal sleeve nenber having a seal surface in contact with the
dynam c sealing surface of the rigid seal ring and further conprising an
addi tional cooling channel fornmed in the seal surface of the seal sleeve
menber, the additional cooling channel having an open end in fluid
connunlcatlon wth the, a ef ture .l t 21,

corprising: 18 " en@agih D sk 1B AR %ﬁ‘%ﬁ@ﬁwr’% {3881 ween
a journal and rotatin t he chanlc seal, defining a dynamc
seal arfdeigwer 6‘&13% t%“‘fﬁegh?j“g‘géw r 'i“ﬁﬁ“ VY éealli% SHfacc s {ge §AF ace and a
non-seal i ng surface, and further including at |east one cooling channel
formed in the non-sealing surface of the rigid seal ring. 15

22. The apparatus of claim 21 wherein the non-sealing surface of the rigid
seal5 ring is oridat edTgedsHabdl pf pleimpévdiecaint theleperngizet isa sdyinigilevisgalsiabg
surface. 23. The apparatus of claim2l1 wherein the at |east
one coaikhling soifaseneith the bearing shaft.

15. The drill tool of claim ! whefein the cooling channel formed in the
another non-sealing surface of the rigid seal ring comprises at least one groove having a side wall

10 oriented perpendicular to the non-sealing surface of the rigid seal ring.

16.  The drill tool of claim 1 wherein the cooling channel formed in the
another non-sealing surface of the rigid seal ring comprises at least one blind hole having a side

wall oriented perpendicular to the non-sealing surface of the rigid seal ring.

15
17.  The drill tool of claim 1 wherein the cooling channel formed in the
another non-sealing surface of the rigid seal ring comprises at least one groove having a side wall
oriented non-perpendicular to the non-sealing surface of the rigid seal ring.
20 18. The drill tool of claim 1 wherein the cooling channel formed in the

another non-sealing surface of the rigid seal ring comprises at least one blind hole having a side

wall oriented non-perpendicular to the non-sealing surface of the rigid seal ring.
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20conpri ses at | east one groove. 24. The apparatus of claim 23
wherein the at | east one groove extends al ong the non-sealing surface
around at |east a portion of a periphery of the rigid seal ring. oriented
per pendi cul ar to the non-sealing surface. 526. The apparatus of claim 23
wherein the at | east one groove has a side wall oriented non-perpendicul ar

to the non-sealing surface. 27. The apparatus of claim?2l
wherein the at | east one cooling channel conprises at |east one blind hole.
10 78 The aRSAHSIAh £IWVREIL he SR Rod-081iRL sLEARToANE
blind hole conprises a set gé bliﬁﬁ&holes ﬁﬁ?@h are g?s%%#ﬁ%ﬁég al%ng t he

non- seal | surf ?%99 . Lp e h Igid seal ring. 1529. The
apparaﬁggqgwrgﬁé%ﬁﬁ W#%?ZW%ﬁ%ﬁéﬂﬁ%%Flég%ﬂﬁﬁé bli nd hole has a side

20.  The drill tool of claim | wherein the cone further comprises a seal sleeve

5 member press-fit within an aperture of the cone, the seal sleeve member having a seal surface in

contact with the dynamic sealing surface of the rigid seal ring and further comprising an

additional cooling channel formed in the seal surface of the seal sleeve member, the additional

cooling channel having an open end in fluid communication with the aperture in the seal gland.

10 21. Apparatus, comprising:
a mechanical seal adapted to be positioned between a journal and a rotating
member, the mechanical seal defining a dynamic seal and including a rigid seal ring having a
dynamic sealing surface and a non-sealing surface, and further including at least one cooling
channe] formed in the non-sealing surface of the rigid seal ring.
15
22.  The apparatus of claim 21 wherein the non-sealing surface of the rigid seal

ring is oriented generally perpendicularly to the dynamic sealing surface.

23.  The apparatus of claim 21 wherein the at least one cooling channel

20 comprises at least one groove.

24.  The apparatus of claim 23 wherein the at least one groove extends along

the non-sealing surface around at least a portion of a periphery of the rigid seal ring.

20



wal | oriented perpendicular to the non-sealing surface. 30.
The apparatus of claim27 wherein the at | east one blind hole has a side
wal | oriented non-perpendicular to the non-sealing surface. 20

31. The apparatus of claim 21 wherein the non-sealing surface of the rigid
seal ring defines an outer diameter of the rigid seal ring. ring is
positioned on an opposite side of the rigid seal ring fromthe dynam c
seal i ng surface. 33. The apparatus of claim21 further
conprising a seal gland within which 5 the mechanical seal is positioned,
the at least one cooling channel forned in the non-sealing surface of the

Gef i ned by tho seal gninapeets SRIMMPREFLAD i bIeER PE MeGRE pEPE L

journal is a bearlnq shaft of a dril] 10bit and the rotating nenber is a
rot at i fgieBie perPendisyian todle vm- Steﬂ'@gosé‘ Fhg shaft. 35. The
apparatus of claim?2l1 wherein the at | east one cooling channel

5 26.  The apparatus of claim 23 wherein the at least one groove has a side wall

oriented non-perpendicular to the non-sealing surface.

27.  The apparatus of claim 21 wherein the at least one cooling channel

comprises at least one blind hole.

10
28.  The apparatus of claim 27 wherein the at least one blind hole comprises a
set of blind holes which are distributed along the non-sealing surface about a periphery of the
rigid seal ring.
15 29.  The apparatus of claim 27 wherein the at least one blind hole has a side
wall oriented perpendicular to the non-sealing surface.
30.  The apparatus of claim 27 wherein the at least one blind hole has a side
wall oriented non-perpendicular to the non-sealing surface.
20

31.  The apparatus of claim 21 wherein the non-sealing surface of the rigid seal

ring defines an outer diameter of the rigid seal ring.
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conprises a serration or scallop. 1536. The apparatus of claim21 wherein
the mechani cal seal further includes a seal sleeve nenber, the seal sleeve
menber having a seal surface in contact with the dynam c sealing surface of
the rigid seal ring and further conprising an additional cooling channel
formed in the seal surface of the seal sleeve nenber. 20

32. The apparatus of claim 21 wherein the non-sealing surface of the rigid seal

ring is positioned on an opposite side of the rigid seal ring from the dynamic sealing surface.

33.  The apparatus of claim 21 further comprising a seal gland within which
5  the mechanical seal is positioned, the at least one cooling channel formed in the non-sealing
surface of the rigid seal ring being in fluid communication with an annular aperture defined by

“the seal gland.

34.  The apparatus of claim 21 wherein the journal is a bearing shaft of a drill

10 bit and the rotating member is a rotating cutter installed on the bearing shaft.

35.  The apparatus of claim 21 wherein the at least one cooling channel

comprises a serration or scallop.

15 36.  The apparatus of claim 21 wherein the mechanical seal further includes a
seal sleeve member, the seal sleeve member having a seal surface in contact with the dynamic
scaling surface of the rigid seal ring and further comprising an additional cooling channel formed

in the seal surface of the seal sleeve member.

20
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