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ROCK BIT HAVING A MECHANICAL SEAL WITH SUPERIOR THERMAL
PERFORMANCE

TECHNICAL FIELD
The present invention relates generally to rockdoilling tools. The present
invention more specifically concerns roller conélidg tools and the bearing seal used within

such roller cone drilling tools.

BACKGROUND

A roller cone rock bit is a common cutting tool dse oil, gas, and mining fields
for breaking through earth formations and shapimjj Wwores. Reference is made to Figure 1
which illustrates a partially broken away view ofypical roller cone rock bit. Figure 1 more
specifically illustrates one head and cone assemibhe general configuration and operation of
such a bit is well known to those skilled in the ar

The head 1 of the bit includes the bearing shafiA2cutting cone 3 is rotatably
positioned on the bearing shaft 2 which may fumciés a journal. A body portion of the bit

includes an upper threaded portion forming a towitjconnection 4 which facilitates connection
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of the bit to a drill string (not shown). A lubation system 6 is included to provide lubricant to,
and retain lubricant in, the journal bearing betwége cone 3 and the bearing shaft 2. This
system 6 has a configuration and operation wellhmto those skilled in the art.

The bearings used in roller cone rock bits typicainploy either rollers as the
load carrying element or a journal (as shown inufeégl) as the load carrying element. A
number of bearing systems are provided in conneclith the journal bearing supporting
rotation of the cone 3 about the bearing shaffBese bearing systems include a first cylindrical
friction bearing 10 (also referred to as the marpal bearing), ball bearings 12, second
cylindrical friction bearing 14, first radial fricin (thrust) bearing 16 and second radial friction
(thrust) bearing 18.

Figure 2 illustrates a partially broken away viefsFggure 1 showing the bearing
system in greater detail focused on the area ofrthm journal bearing. The first cylindrical
friction bearing (main journal bearing) 10 is defthby an outer cylindrical surface 20 on the
bearing shaft 2 and an inner cylindrical surfaceoa bushing 24 which has been press fit into
the cone 3. This bushing 24 is a ring-shaped sirectypically made of beryllium copper,
although the use of other materials is known inatte The ball bearings 12 ride in an annular
raceway 26 defined at the interface between thargeashaft 2 and cone 3.

With reference once again to Figure 1, the secgtiddrical friction bearing 14
is defined by an outer cylindrical surface 30 oe thearing shaft 2 and an inner cylindrical
surface 32 on the cone 3. The outer cylindricalase 30 is inwardly radially offset from the
outer cylindrical surface 20. The first radiakcfron bearing 16 is defined between the first and
second cylindrical friction bearings 10 and 12 bfyrst radial surface 40 on the bearing shaft 2

and a second radial surface 42 on the cone 3. s&bend radial friction bearing 18 is adjacent
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the second cylindrical friction bearing 12 at theésaof rotation for the cone and is defined by a
third radial surface 50 on the bearing shaft 2afmurth radial surface 52 on the cone 3.

Lubricant is provided in the first cylindrical ftion bearing 10, second cylindrical
friction bearing 14, first radial friction bearirfis and second radial friction bearing 18 between
the opposed cylindrical and radial surfaces udiegslystem 6. It is critical to retain the lubritan
in positions between the opposed surfaces of tleeinge system. Retention of the lubricant
requires that a seal be formed between the beayisigm and the external environment of the
bit.

Early seals for rock bits were designed with a ifietBelleville spring clad with
an elastomer, usually nitrile rubber (NBR). A sfgrant advancement in rock bit seals came
when o-ring type seals were introduced (see, Galleted States Patent No. 3,397,928, the
disclosure of which is hereby incorporated by refiee). These o-ring seals were composed of
nitrile rubber and were circular in cross sectiohhe seal was fitted into a radial gland (see,
Figure 2 and references 60 and 64) formed by cytiabsurfaces between the head and cone
bearings, and the annulus formed was smaller tharotiginal dimension as measured as the
cross section of the seal. Schumacher (UniteceStBatent No. 3,765,495, the disclosure of
which is hereby incorporated by reference) teachesriation of this seal by elongating the
radial dimension which, when compared to the sesslaked by Galle, required less percentage
squeeze to form an effective seal. See, genefafyre 2 and references 60 and 64.

Several other minor variations of this sealing &pichave been used, each
relying on an elastomer seal squeezed radiallyglaad formed by cylindrical surfaces between

the two bearing elements, and are well known teetekilled in the art. Over time, the rock bit
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industry has moved from a standard nitrile matdoalthe seal ring, to a highly saturated nitrile
elastomer for added stability of properties (thdrraaistance, chemical resistance).

The use of a sealing means in rock bit bearingsihesatically increased bearing
life in the past fifty years. The longer the seatludes contamination from the bearing, the
longer the life of the bearing and drill bit. Téeal is, thus, a critical component of the rock bit

With continued reference to Figure 2, an o-ringl $€ais positioned in a seal
gland 64 between cutter cone 3 and the bearind &haf retain lubricant and exclude external
debris. A cylindrical surface seal boss 62 is mled on the bearing shaft. In the illustrated
configuration, this surface of the seal boss Gauisvardly radially offset (by the thickness of the
bushing 24) from the outer cylindrical surface Z0tlee first friction bearing 10. It will be
understood that the seal boss could exhibit noebffath respect to the main journal bearing
surface if desired. The annular seal gland 64nsiéd in the cone 3. The gland 64 and seal boss
62 align with each other when the cutting cone Botatably positioned on the bearing shatft.
The o-ring seal 60 is compressed between the gfsfpof the gland 64 and the seal boss 62, and
functions to retain lubricant in the bearing areauad the bearing systems. This seal also
prevents materials (drilling mud and debris) inwedl bore from entering into the bearing area.

Reference is now made to Figure 3 which illustrates alternative
implementation for the seal gland retaining anngtigeal. Like reference numbers refer to same
or similar parts. The implementation of Figure Bfeds from that of Figure 2 in the
implementation of the seal gland geometry.

It is not unusual for the o-ring seal to leak af keading to grease starvation in
the surface contact zones of the bearing systehis dan result in scoring, scuffing, and even

catastrophic failure like galling or seizure. dtthus critical to provide a sealing means capable
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of retaining lubricant in positions of the rock lhetween the opposed cylindrical and radial
surfaces of the bearing system.

Mechanical (or rigid) face seals have also beereldged to effectively separate
the mud and debris environment from the lubricafhese seals provide superior performance
over elastomer seals in high sliding velocity seakenvironments. Such environments subject
the elastomer seals to excessive friction and aleragear which leads to seal failure.

Reference is made to Figures 4A and 4B which Haista partially broken away
view of a sealing system using a conventional meiclah (or rigid) face seal. The sealing
system includes a rigid ring 100 and a resiliergrgizing ring 102 (for example, in the form of
an o-ring). The rings 100 and 102 are installed geal gland 104 formed in the roller cone 106.
The rigid ring 100 includes a radial seal face W@8ch mates with a corresponding radial seal
face 110 carried by the cutter 106. More spedificdahe corresponding radial seal face 110
carried by the cutter 106 is formed on a seal glemember 112 that is interference fit into the
cutter 106. The resilient energizing ring 102 esnpressed between an inner surface 114 of the
rigid ring 100 and an outer sealing surface 11thefbearing shaft 118. The compression of the
resilient energizing ring 102 urges the rigid rit@D toward the seal sleeve member 112 so as to
maintain the radial seal faces 108 and 110 in dynaealing engagement and further forms a
static sealing surface with the bearing shaft 118.

Figure 4C shows a plan view of the rigid ring 160King towards the radial seal
face 108.

It is common in current designs for mechanical feeals used in roller cone rock
bits to have extremely high face loads at the ta#ial faces 108 and 110 so as to assure sealing

contact. This high pressure (for example, on tigeoof a couple hundred psi, or more) results
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in a large friction force and high frictional hdaix within the seal. The seal of the rock bit
accordingly tends to “run hot,” and thermal-relateelal failures (such as ring distortion,
excessive wear rate and ring seizure) are comnerdguntered.

There is a need for an improved mechanical seatlwiprovides for better
thermal performance than prior art mechanical se&eeferably, a mechanical seal is needed
having a configuration which reduces seal operatmgperatures and provides for an extended
seal life.

Reference is further made to the following priotr @ferences which illustrate
numerous examples of mechanical seals for useller mone rock bits (the disclosures of all
references are incorporated herein by referencel. Patent Nos. 4,613,004, 4,753,304,

5,570,750, 6,209,185, 6,684,966, 7,128,173 andlL7139.

SUMMARY

Cooling channels are introduced into a rigid seay of a mechanical seal for a
roller cone rock bit. The cooling channels mayetéthe form of grooves, serrations, scallops, or
blind holes. In a preferred implementation thercted(s) is (are) formed on a peripheral surface
of the rigid seal ring which is exposed to drillimpd. The provided cooling channel functions
to dissipate heat from the dynamic sealing facehef rigid seal ring in order to minimize
thermal-related seal failures.

An embodiment comprises a mechanical seal prowdtgda cooling channel that
dissipates frictional heat generated at a dynasat ®ntact surface of the mechanical seal. This

implementation reduces seal operating temperanddtais addresses thermal-related failures of
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the seal such as seizure, thermal distortion andssiwe surface wear. An extension of seal life
results from use of the cooling channels in a meiclaaseal.

In an embodiment, a drill tool comprises: a bit ysodt least one bearing shaft
extending from the bit body; a cone mounted foatioh on the bearing shaft; and a mechanical
seal disposed between the bearing shaft and the icoa seal gland. The mechanical seal
includes a rigid seal ring having a dynamic seafingace with the cone and another non-sealing
surface exposed to an aperture in the seal glamk mechanical seal further includes at least
one cooling channel formed in the another non-sgaurface of the rigid seal ring, the cooling
channel having an open end in fluid communicatidth the aperture in the seal gland.

In an embodiment, an apparatus comprises a mechaseal adapted to be
positioned between a journal and a rotating menthermechanical seal defining a dynamic seal
and including a rigid seal ring having a dynamialisgy surface and a non-sealing surface. The
mechanical seal includes at least one cooling aflalonmed in the non-sealing surface of the

rigid seal ring.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a partially broken away viefradypical roller cone rock bit;

Figure 2 illustrates a partially broken away viefsFggure 1 showing the bearing
system in greater detail;

Figure 3 illustrates an alternative implementafmmnthe seal gland retaining an o-
ring seal;

Figures 4A and 4B illustrate a partially broken sweéew of a sealing system

using a conventional mechanical (or rigid) facd;sea



10

15

20

Figure 4C shows a plan view of the rigid ring oé tmechanical seal of Figures
4A and 4B looking towards the radial seal face;

Figures 5A and 5B illustrate a partially broken sweéew of a sealing system
using a mechanical (or rigid) face seal in accocdawith an embodiment of the present
invention;

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

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

Figures 5E shows a plan view of an alternative @n@ntation for the rigid ring
of the mechanical seal of Figures 5A and 5B lookowards the radial seal face;

Figure 6 illustrates a partially broken away vieweabsealing system using a
mechanical (or rigid) face seal in accordance waitlembodiment of the present invention;

Figure 7 shows a plan view of the rigid ring of thechanical seal of Figure 5A-
5B and 6 looking towards a rear non-sealing facafoalternative implementation;

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

Figure 8C shows a plan view of the rigid ring oé tinechanical seal of Figures
8A and 8B looking towards the radial seal face;

Figure 8D shows a side view of the rigid ring 100King towards the non-sealing

surface;
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Figure 9 illustrates a partially broken away vieweabsealing system using a
mechanical (or rigid) face seal in accordance aittembodiment of the present invention;

Figure 10 shows a plan view of the rigid ring laukitowards the non-sealing
face; and

Figure 11 illustrates a partially broken away viefva sealing system using a

mechanical (or rigid) face seal in accordance waittembodiment of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

Reference is now made to Figures 5A and 5B whicistitate a partially broken
away view of a sealing system using a mechaniaali¢id) face seal in accordance with an
embodiment of the present invention. The sealiygfesn includes a rigid ring 100 and a
resilient energizing ring 102 (for example, in foem of an o-ring). The rings 100 and 102 are
installed in a seal gland 104 formed in the rolene 106. The rigid ring 100 includes a radial
seal face 108 which mates with a correspondingatesdial face 110 carried by the cutter 106.
More specifically, the corresponding radial seakfd10 carried by the cutter 106 is formed on a
seal sleeve member 112 that is interference fit iheé cutter 106. The resilient energizing ring
102 is compressed between an inner surface 11#eofigid ring 100 and an outer sealing
surface 116 of the bearing shaft 118. The commesd the resilient energizing ring 102 urges
the rigid ring 100 toward the seal sleeve membé@r<id as to maintain the radial seal faces 108
and 110 in dynamic sealing engagement.

The rigid ring 100 further includes an outer suefd&0 which is adjacent to an
inner surface 154 of the seal gland 104 on theralbne 106. The outer surface 150 is a non-

sealing surface oriented generally perpendiculatht seal face 108 and defines an outer
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diameter of the rigid ring 100. An annular apextb6 is formed by the seal gland 104 between
the outer surface 150 and inner surface 154. DQuoperation of the bit, this annular aperture
156 fills with drilling mud. As is known to thoskilled in the art, that drilling mud functions as
the primary cooling media for the bit and the flowdrilling mud within the annular aperture
helps to cool the rigid ring 100. To enhance tbeliag effect, the rigid ring 100 shown in
Figures 5A and 5B further includes an annular geods2 formed in the outer surface 150 and
having an open end which is in fluid communicatwith the annular aperture 156 of the seal
gland. This annular groove 152 encircles the ey of the rigid ring 100 (i.e., the groove is
preferably circumferential and continuous, although an embodiment non-continuous
circumferential groove segments may be used). Sithe walls 158 and floor 160 (which is
opposite the open end) of the annular groove 162ige additional surface area on the outer
surface 150 which is then in contact with the aaplmud to assist in enhancing cooling of the
rigid ring 100. The groove 152 is positioned clts¢he radial seal face 108, and improves the
efficiency of convective heat transfer away frore tadial seal faces 108 and 110 which are in
sealing engagement. The groove 152 accordingipda cooling channel which improves the
thermal performance of the mechanical face seaBggtem in comparison to prior art
configurations such as that shown in Figures 4A-4C.

Figure 5C shows a plan view of the rigid ring 160King towards the radial seal
face 108. The dotted line in Figure 5C shows thptld of the groove 152 which has been
formed to circumferentially traverse continuousigund the outer surface 150 of the rigid ring
100. Again, in an alternative embodiment, the geod52 may instead be formed of a plurality
of non-continuous circumferential groove segmemtereding around the perimeter defined by

the outer surface 150.

10
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Figure 5D shows a side view of the rigid ring 160King towards the non-sealing
surface 150.

In the preferred implementation, the groove 152oisned to circumferentially
traverse around the outer surface 150 of the riggl 100. In an alternative implementation, the
groove 152 may instead be implemented as a cirgitzove 172 formed in the radial inner
surface 162 of the rigid ring 100. This implemeiotais illustrated in dotted lines in Figures 5A
and 5B. The surface 162 is also a non-sealingasairind is sloped with respect to the seal
surface 108 and a distance between the surfaceai@2he surface 108 generally defines a
thickness of the rigid ring 100. It will be notdtht an aperture 164 is formed by the seal gland
104 between the radial inner surface 162 and alrbdiad surface 168 at the base region 166 of
the head adjacent to the bearing shaft 118. Dupegation of the bit, this aperture 164 fills
with drilling mud, and the circular groove 172 ftioos, like the groove 152, as a cooling
channel providing additional surface area on theerosurface 162. This thermal channel is in
contact with the cooling mud so as to improve tiermal performance of the mechanical face
sealing system by enhancing dissipation of heanftbe rigid ring 100 (by convective heat
transfer away from the radial seal faces 108 ar@l Mliich are in sealing engagement). The
groove 172 is preferably circularly continuous,haligh in an embodiment non-continuous
encircling groove segments may be used.

By controlling groove depth and surface placemieng possible implementation
both groove 152 and groove 172 may be providedherrigid ring 100. The grooves 152 and
172 may be either continuous of segmented. Inemnleodiment using segmented grooves 152
and 172, the angular positions of the segmentsgfoove 152 are offset from the angular

positions of the segments for the groove 172.

11
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Thus, while the grooves 152 and 172 are prefenatpyemented as uninterrupted
channels, in a possible implementation either efgfooves 152 and 172 can be implemented as
a set of arcuate channel segments. Alternatiesyshown in Figure 5E, a set of serrations or
scallops 250 (or other channel-like structures) rbayformed on the surface 150, with the
serrations or scallops assisting in heat transfgorbviding additional surface area on the rigid
ring 100 that is exposed to the cooling drillinganuAlternatively, the serrations or scallops (or
other channel-like structures) may be formed on shdace 162, again for the purpose of
increasing the amount of exposed surface areaefatrthansfer and cooling.

Reference is now made to Figure 6 which illustrat@artially broken away view
of a sealing system using a mechanical (or rigadefseal in accordance with an embodiment of
the present invention. This embodiment differsifrine embodiment of Figures 5A-5C in that
the annular groove 152 which encircles the peripladrthe rigid ring 100 is not oriented
perpendicular to the outer surface 150. This gumétion may be advantageous in that the
angling of the groove 152 moves the floor 160 efghoove closer to the radial seal face 108.

While the groove 172 of Figure 5B is shown orienpedpendicular to the surface
162, it will be understood that groove 172 coulderalatively be formed with a non-
perpendicular orientation like that shown in Figare

Reference is now made to Figure 7 which shows @ yikw of the rigid ring 100
looking towards the non-sealing face 162 for therahtive implementation wherein groove 172
is provided in the non-sealing face 162 of thedrigng.

Reference is now made to Figures 8A and 8B whicistitate a partially broken
away view of a sealing system using a mechaniaali¢id) face seal in accordance with an

embodiment of the present invention. The sealiygfesn includes a rigid ring 100 and a

12
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resilient energizing ring 102 (for example, in foem of an o-ring). The rings 100 and 102 are

installed in a seal gland 104 formed in the rotlene 106. The rigid ring 100 includes a radial

seal face 108 which mates with a correspondingataial face 110 carried by the cutter 106.
More specifically, the corresponding radial seakfda10 carried by the cutter 106 is formed on a
seal sleeve member 112 that is interference fit ihe cutter 106. The resilient energizing ring

102 is compressed between an inner surface 11#eofigid ring 100 and an outer sealing

surface 116 of the bearing shaft 118. The commesd the resilient energizing ring 102 urges

the rigid ring 100 toward the seal sleeve membé@r<id as to maintain the radial seal faces 108
and 110 in dynamic sealing engagement.

The rigid ring 100 further includes an outer suefd®&0 which is adjacent to an
inner surface 154 of the seal gland 104 on therabne 106. The outer surface 150 is a non-
sealing surface oriented generally perpendiculath® seal face 108 and defines an outer
diameter of the rigid ring 100. An annular apestlib6 is formed by the seal gland 104 between
the outer surface 150 and inner surface 154. Quoperation of the bit, this annular aperture
156 fills with drilling mud. As is known to thoskilled in the art, that drilling mud functions as
the primary cooling media for the bit and the flodvdrilling mud within the annular aperture
helps to cool the rigid ring 100. To enhance tbeliag effect, the rigid ring 100 shown in
Figures 8A and 8B further includes a set of blimtek 190 formed in the outer surface 150 and
each having an open end which is in fluid commuiocawith the annular aperture 156 of the
seal gland. These blind holes 190 are arrangeshdocle the periphery of the rigid ring 100
(i.e., the holes 190 are circumferentially disttdal). The side wall 158 and floor 160 (which is
opposite the open end) of each hole 190 providéiadd! surface area on the outer surface 150

which is then in contact with the cooling mud tsiasin enhancing cooling of the rigid ring 100.

13



10

15

20

The set of blind holes 190 are positioned closthéoradial seal face 108, and thus improve the
efficiency of convective heat transfer away frore thdial seal faces 108 and 110 which are in
sealing engagement. The set of blind holes 196rdioly form a plurality of cooling channels
which improve the thermal performance of the me#riace sealing system in comparison to
prior art configurations such as that shown in FeRgutA-4C.

Figure 8C shows a plan view of the rigid ring 1606King towards the radial seal
face 108. The dotted line boxes in Figure 8C shmavcircumferential placement and depth of
the set of blind holes 190 that are circumferelytidistributed about the outer surface 150 of the
rigid ring 100. The number of illustrated hole€18 exemplary only, it being understood that
any suitable number of holes could be included.

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

In the preferred implementation, the set of blirdes 190 are formed with a
circumferential distribution about the outer sugdakb0 of the rigid ring 100. In an alternative
implementation, the set of holes 190 may insteaopéemented as a circular set of blind holes
192 formed in the radial inner surface 162 of tigdrring 100. This implementation is
illustrated in dotted lines in Figures 8A and 8Bhe surface 162 is also a non-sealing surface
and is sloped with respect to the seal surfaceab@8a distance between the surface 162 and the
surface 108 generally defines a thickness of thid ring 100. It will be noted that an aperture
164 is formed in the seal gland 104 between thelradner surface 162 and a radial head
surface 168 at the base region 166 of the headedjao the bearing shaft 118. During
operation of the bit, this aperture 164 fills widhilling mud, and the set of blind holes 192

function, like the set of holes 190, as a pluratitycooling channels providing additional surface

14
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area on the outer surface 162. These thermal elleare in contact with the cooling mud so as
to improve the thermal performance of the mechéniaee sealing system by enhancing
dissipation of heat from the rigid ring 100 (by gentive heat transfer away from the radial seal
faces 108 and 110 which are in sealing engagement).

By controlling hole depth and surface placementaipossible implementation
both a set of blind holes 190 and a set of bling$©1@92 may be provided on the rigid ring 100.

The individual holes 190 and 192 preferably hawir@ular cross-section. It will
be recognized, however, that the individual hol88 and 192 could instead have any selected
geometric cross-section including, without limitetj square, rectangular, oval, elliptical,
triangular, and the like. The illustrated relatisiee of the holes is exemplary only, it being
understood that hole size can be selected baseapplication and size of the ring 100 and
surfaces 150 and 162.

Reference is now made to Figure 9 which illustrat@artially broken away view
of a sealing system using a mechanical (or rigadefseal in accordance with an embodiment of
the present invention. This embodiment differsrfrine embodiment of Figures 8A-8C in that
the set of blind holes 190 which are distributedwlihe periphery of the rigid ring 100 are not
oriented perpendicular to the outer surface 150is €onfiguration may be advantageous in that
the angling of the holes 190 moves the floor oheamle closer to the radial seal face 108.

While the holes 192 of Figure 8B are shown oriemgependicular to the surface
162, it will be understood that holes 192 couléralatively be formed with a non-perpendicular

orientation like that shown in Figure 8.

15
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Reference is now made to Figure 10 which showsaa piew of the rigid ring
100 looking towards the non-sealing face 162 fer daliernative implementation wherein holes
192 are provided in the non-sealing face 162 ofitjid ring.

Reference is now made to Figure 11 which illustradepartially broken away
view of a sealing system using a mechanical (oidyidace seal in accordance with an
embodiment of the present invention. This embodindéffers from the previous embodiments
in that the groove for the cooling channel is ingtéormed on the radial seal face 110 of the seal
sleeve member 112 (that is mounted to the cone. 106Ys, this embodiment utilizes a groove
202 formed in the radial seal face 110 and havmgen end which is in fluid communication
with the annular aperture 156 of the seal gland. 104e groove 202 may alternatively be
understood to be formed in the press-fit surfacé @0the seal sleeve member 112. 1t is
important to control the dimensions (width and dgpof this groove 202 so as to not
compromise the fitting and performance of the séstve member 112 with respect to the cone
at the press-fit surface 204.

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

Embodiments of the invention have been describetlillustrated above. The

invention is not limited to the disclosed embodinsen

16



CLAIMS
1. A drill tool, comprising:
a bit body;
at least one bearing shaft extending from the duityb
5 a cone mounted for rotation on the bearing shaft; a

a mechanical seal disposed between the bearingasiththe cone in a seal gland,
the mechanical seal including a metal seal rindn witfull metal body having a metal
dynamic sealing surface in sliding contact with etah surface associated with the cone
and a metal non-sealing surface exposed to anuapernt the seal gland, the mechanical

10 seal further including at least one cooling chanfoemed in the metal non-sealing

surface and extending into the metal body of théaheeal ring, the cooling channel

having an open end in fluid communication with #perture in the seal gland.

2. The drill tool of claim 1 wherein the metal re@aling surface is exposed to drill cooling

15  fluid during operation of the drill tool.

3. The drill tool of claim 2 wherein the drill clirg fluid is drilling mud.

4. The drill tool of claim 2 wherein the apertumethe seal gland fills with drill cooling fluid

20  during operation of the drill tool.
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5. The drill tool of claim 1 wherein the metal dynic sealing surface is a metal seal face in
sliding contact with another metal seal face preskby the metal surface associated with said

cone.

6. The drill tool of claim 1 wherein the coolinpannel formed in the metal non-sealing
surface of the metal seal ring comprises at leastgroove which does not permit fluid passage

completely through the metal seal ring.

7. The drill tool of claim 1 wherein the coolingannel formed in the non-sealing surface of
the metal seal ring comprises at least one blinig mdhich does not permit fluid passage

completely through the metal seal ring.

8. The drill tool of claim 1 wherein the coolinpannel formed in the metal non-sealing
surface of the metal seal ring comprises a groolielwextends at least partially around a
periphery of the metal seal ring and which doespeoinit fluid passage completely through the

metal seal ring.

9. The drill tool of claim 1 wherein the coolinpannel formed in the metal non-sealing
surface of the metal seal ring comprises a setliofl tholes which are distributed about a
periphery of the metal seal ring and which do natnpt fluid passage completely through the

metal seal ring.

18
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10. The drill tool of claim 1 wherein the coolicgannel formed in the non-sealing surface of

the metal seal ring comprises a serration or gzallo

11. The drill tool of claim 1 wherein the non-seglsurface of the metal seal ring is oriented

generally perpendicularly to the metal dynamicisgaturface.

12. The drill tool of claim 1 wherein the metalmgealing surface of the metal seal ring is

positioned on an opposite side of the metal saglfrom the metal dynamic sealing surface.

13. The drill tool of claim 1 wherein the mechaliceal further comprises an energizer

adapted to urge the metal seal ring and metal dyns@aling surface towards the cone.

14. The drill tool of claim 13 wherein the enemrgias a seal ring having a static sealing

surface with the bearing shatt.

15. The drill tool of claim 1 wherein the coolilpannel formed in the metal non-sealing
surface of the metal seal ring comprises at least groove having a side wall oriented
perpendicular to the metal non-sealing surfacéefmetal seal ring and wherein the at least one

groove does not pass completely through the metdlreng.

16. The drill tool of claim 1 wherein the coolipannel formed in the metal non-sealing

surface of the metal seal ring comprises at least lwind hole having a side wall oriented

19
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perpendicular to the non-sealing surface of theahsstal ring and wherein the at least one blind

hole does not pass completely through the metarisga

17. The drill tool of claim 1 wherein the coolitpannel formed in the metal non-sealing
surface of the metal seal ring comprises at least groove having a side wall oriented non-
perpendicular to the non-sealing surface of theamstal ring and wherein the at least one

groove does not pass completely through the metdlIreng.

18. The drill tool of claim 1 wherein the coolilpannel formed in the metal non-sealing
surface of the metal seal ring comprises at leastldind hole having a side wall oriented non-
perpendicular to the non-sealing surface of theahsstal ring and wherein the at least one blind

hole does not pass completely through the methrisea

19. The drill tool of claim 1 wherein the metalmsealing surface of the metal seal ring

defines an outer diameter of the metal seal ring.

20. The drill tool of claim 1 wherein the conethar comprises a metal seal sleeve member
press-fit within an aperture of the cone, the st&ve member having a metal seal surface in
sliding contact with the metal dynamic sealing acef of the metal seal ring and further

comprising an additional cooling channel formedhe metal seal sleeve member, the additional

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