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DRILL BI'T NOZZLE AND METHOD OF ATTACHMENT
Backgr ound Y? 2¥#437 nvent i on Field of the Invention FCTUSS®MT 1o

present invention relates generally to fluid nozzles for use on a drill
bit. 5 More specifically, the present i nfrention relates to an | mpr oved
nozzl e and net hod of usi ng conpression torque forces to engage and
di sengage t he nozz| cDRILLEBIT NOZZLE 558 METHOD GF ATE ACHMENT

Wl |l s used to extract hydrocarbons fromthe earth are forned using drill

bits that are rotated by a length of drill pipe froma drilling rig
located at the well surface. 10 BadRgrbuAd 8f theIfvehBoRUNPed through the
drill string to the bit, where it exits the bit into the wel | bore.

The fluid serves to cool and lubricate the bit and to return the fornmation

bi t cutllj pgs, ha to.the well surface. The drill bit is
equi pped Wit r?[“'ﬁgg'zﬁ@? ERLOR i r ol the exiting fluid velocity,

direction, and pat fi ; ' Is I ged
within a 15 recep?géz Péégl&rl\t 1{11 ﬂ%ﬁtgﬁ&%ﬁ%@gﬁaﬂlﬁg&@@%ﬁﬁiﬁf&?:ﬁggvﬁgégdsrgggﬁt hat
communi catSes Motdwspetifically, the gresehi ingedition risesplandthprévedugizziehanddnethdd of
string. The nozzle is fabricated of a nmaterial,. such as tungsten
carbi de, t hatUsiRgCcomPIessiom iprawe farpesstoangegs andsdisengage thegrozalsandrhit £ | ow

of the high pressure, abrasive drilling fluids. The nozzles are renovable
to permt repl acenent, as well as to allow a variety of different

nozzl es havi NDegériptimcor thie Frior’Art characteristics to be enployed with a
particular bit. Material such as tungsten carbide, while well

suited for withstaWsllagsehto extrast bydrocarbonsfrogr theiearth arg farmedaysinigydrii bits | e
and subject to breaka Tqr gue r.ces applied.to the 0zz| ile
Seating o wi PRCEAARS bra S ok 8rfl i B & frliPeistz tosmet ot FEGFel sifasson
nozzl e brgpkagey; s brd ]r@t,ﬁ% " 3

subj ect tl?ﬁﬁﬁﬂﬁ%?éﬁ%%déﬁ%ﬁg&??@%%}?ﬁ?ﬂ rac égﬁié%&{t'ﬁgltléfglrﬁie%?%gtﬁ%ﬂg?ﬂt ks)iﬂrleess
concent r at i onwplthon¢.s The @loid sesves to cool @and Uubridatet the bitrandrte eetuitothedbripationabit

surfaces in the nozzle drjve are Prior art nozzle desi gns have
addr essed t heCHRE tpthe, ekl |SuHac%y enpl oying rel atively |arge

amounts of tungst epnC i 6¢ i BLEpHH with ddd51ed W |Gl e AlthR fluid velocity,
direction, and pattern of flow. The nozzle is typically threadedly engaged within a
15 receptacle in the bit body and has a central flow passage that communicates with the
drilling fluid supplied through the drill string. The nozzle is fabricated of a material,
such as tungsten carbide, that can withstand the erosive forces resulting from the flow
of the high pressure, abrasive drilling fluids. The nozzles are removable to permit
replacement, as well as to allow a variety of different nozzles having different flow
20 characteristics to be employed with a particular bit.

Material such as tungsten carbide, while well suited for withstanding the effects
of erosion, is extremely brittle and subject to breakage. Torque forces applied to the
nozzle while seating or withdrawing the nozzle from a bit must be controlled to prevent
nozzle breakage. The brittleness of the material also makes the nozzle subject to

25 breakage as a result of fractures that originate at stress concentration points, such as
occur at the intersection of planar surfaces in the nozzle drive area. Prior art nozzle
designs have addressed the problems of breakage by employing relatively large

amounts of tungsten carbide material in the nozzle drive area.



- 2- Damage to the drive area of the nozzle is to be avoi ded
because of the danger of creating stress concentration points. that
reduce the drive area strength. Such danage can occur, for exanple,
during applwoas/s#? of the nozzle to the bit, or fromfluid PCT/USPHHOYN of
the surfaces .of the drive area, or fromdie adhesions occurring during the
5 fabrication of the nozzle. In fabricat?nhg the nozzle, a powder materi al
t hat i ncl udes tungsten carbide is typically conpacted into a die

havi ng the desiredDanagd o thbdfi®e ared of the nbidd iswHebolded beb41xP of aieluamﬁémat
converts the powdered material into a hard, solid body. During this
heati ng pr ocedf$reating seesysarceatatian paints that radueskthe drive atea swengtly  Such damages

away fromthe surrounding die ny conventio nozzl ri area surfaces
10 are esse‘f#’i %‘{‘ﬁ“g’ g  SrARIe, g‘%tu#ea%élfcégg? o?ﬁ%e 5‘8??? 30 g‘??dg_ﬁ’e%ﬁf’gl ﬁﬂ ere
to the die swrbas ofthe surfack$8f BRZIW 4red,BrRYBdiE%HRslons S¥édrhiflg difng the
shrinki ng process. These adhesi ons cause material to break away from

t he dri ve Sar efabritatidreohtheziozzler daufabricatingrthe ndzdle,cd pewdetrmaterial that iacledes | t
is desirable in th ' f h bodiges t i.nim th b f h
baral el - sur {REER gl Bl ottt R dlprhrie e RSyA Mol s B,
15 . | . ! .
t:ﬁﬁﬂzfﬁﬂfeﬂ W tfeﬂfbéﬂnﬁ%atﬁgtfccfn%% gﬁa ]'f(ﬂﬁ&brw FhatdHF "fﬂgda. Rirli, solid

receptacle w e aid o Ive to at engages a drive area

structure forbely. oDuring thisuhehtingigroesss, the dolpacted materialzsheinkd i yohirievandar ea
structure typically may take the formof a slot designed to be
engaged by a HRwsaway fem b sugeupdipg die. sMaay copestiag rfElyetaseBirfasefaged

by an a - . | - i ri |l gns
ol so Wsed SaliR AP bP Bgs ot HdTioab8 Y IRER, Allpfe o e BLGR A R0
drive surf acethehrizzlerfoviithovasalxadllyvdiring the shhidihi QRodeesd. WFREset ddBediGril cagged
the nozzle so that torque is inparted to the nozzle as the tool is

rot at ed. material to breakipsvay frome therdsiveswea et the aozzle, wadHngin s defgetivendrive es
are subjected to t

nsij e . .stresses.as.the,.tool is rotated the drive
ool - For ces Hfa This defiratie in 4R FRIET P AR Bic mismiad, B by of Sul
structure can,&ald Suifatestozédkeelthe PleGéney df defRtideMe RirmniaRbeYy. |1 al
enployed in the drive area of the nozzle’is increased to accommobdate

greater tldyque Conveptional pozdles dré ontatpd s the thireadersbi neceptaclerwitntpetaid oligh
the drive area nust b decreased. 1t is desirgble.tq,employ as_little:
material as podEivE|g0] fhal eBIEESE Ve, Structure farmetion the JInid exitepd of she
possi bl e and pojeeefhit ﬁﬁv@%ﬁ'sﬁu@ﬂu?@tﬁ?caﬂ?%iy Bke RSO 6F a slot designed to be
engaged by a blade-type tool or a multisided opening designed to be engaged by an

allen wrench-type tool. Other tool-engaging drive area designs are also used, each
20 generally requiring that a tool be engaged with a drive surface that prevents relative
rotation between the tool and the nozzle so that torque is imparted to the nozzle as the

tool is rotated.
The drive area structures in such prior art nozzles are subjected to tensile
stresses as the tool is rotated by the drive tool. Forces that exceed the tensile limits of
25  the drive area structure can cause the nozzle to break. If the amount of material
employed in the drive area of the nozzle is increased to accommodate greater torque
forces, the flow passage dimensions extending through the drive area must be
decreased. It is desirable to employ as little material as possible in a nozzle to keep

material costs as low as possible and to keep the nozzle size as small as possible.

30 Summary of the Invention



30° Summary of the Invention

- 3- The nozzle of the present invention is provided with a
drive area that concentrates the torque application for /(?sf

drive tool YR%5¢Gpressive and radially inwardly di rectq’g% 3?’%@27
rather than tensile forces. As a result, the vol une of mat eri al

required to provide a structurally sound dPrve area is substantiall y

reduced as 5 conmpared with that required for a drive ar_§$ sybhj ected to
tensi on forces by tihe BpFale of the present inmensipn i Rrovided, vily ja, drive agea that

ial al i : .
noss1 e body. SheGHtals B8 Wi okl Bircés 1'IRE BRI g, into cbiPbPe 'l
in smaller bi inwardly directed forces FitBefithal €endil€ forbés. OAS agBhudy ithevdlume dfhe

nozzle is provided with axially 10 inclined |ands that may be engaged by a
surroundi ng t oraterial sgepired ta prowidera stmuctwally saund drive areaisi substagtiallyreduced ast
the | ands gooperates Wt he dri.ve topl structur o limt.the .anpunt.

of “torque 1 habomBgenc e dfmbisd B s iBve ares Sioeled e fardss ) e Jrive
axially off OhodhReduction iff ie/divel #6s mibéribltlso JERANS thelddB oP'aQBer ABH paishge
torque may automatically be applied to the nozzle, andthe total

t or que appl i edhrough fhe nozzde bedyyewhict dutss the nost ofl theonqzzlevandtallb®s it thabeaggedt o
the drive area. Aa{lel ated benefit fromthe use of inclined drive area

surf aces in smaller it a¥€as-no2 71 e body breaks cleanly away from the die
during the heating 0 ?7%111996 | f j.cat.l oo d | e.
The frequency of fiﬁ{engﬁgéah%%aeo{g hus Rt iﬁ;@gtrg&%?flea I%/repg%cvgl aagﬁﬂ§
conpar ed w0t h ifidlieed RnBgthapmay be enghged by @ shireurdingvergas applivation drive todi.e Thet
axially inclined relative to the nozzle axis. 20 The ext ernal
drive area of agiabinshgtiop@f the landsrcopprrates with dheydrivierfeol sfrueturg to limit theg apawati on

concentrave.  SYisithe Poal Y 58 ApBfled HTE nopts HRR® i pBLE Hohdef ARiAV A of the
l'i kel'i hood of @REREHaNBY thes MehnkS the Srdper seating dtquélffay MtoMARale b&applidde
use of mnimal amobunts of material Tn the nozzle drive area to

adequat el y wi tthe nazalet ansl thettotal poruel applieduonbe hogziemay alpoi bedimited teprevery or
Y00 55 et i S S AL LA e
surfaces that j§ e ﬁb%?% 86dy B}éalé%gieg@?{/agfa from thé Yledtilg ﬂ'lléih\éﬁtiﬁ’g frocesshe

cooperating drive too S over t rea, and interna
interfering seniplopad imthehfabticationeofythgenozide. €Rhecfraqiencly iof diringedamagefisitias of

the nozzle to .transfer the torque forces between the tqol, and the
nozzl e. substantlahy reduced as comparedqmth the damage occurring where the drive surfaces

are not axially inclined relative to the nozzle axis.

20 The external drive area of a preferred form of the nozzle of the present
invention is also configured to reduce the number of sharp intersections that concentrate
stresses in the drive area to thereby minimize the likelihood of damaging the drive area.
The design also permits the use of minimal amounts of material in the nozzle drive area
to adequately withstand the anticipated torquing forces required in seating or removing

25 the nozzle. One configuration of the drive area of the nozzle of the present invention
employs multiple, curving intersecting surfaces that form a substantially circular
external drive area. The cooperating drive tool fits over the drive area, and internal
interfering surfaces in the tool engage the external drive area surfaces of the nozzle to
transfer the torque forces between the tool and the nozzle.

30 The preferred embodiments of the drive area of the nozzle of the present

invention are provided with lateral dimensions that are less than the lateral dimensions



30 The preferred enbodi nents of the drive area of the nozzle of

t he present invention are provided with lateral dinmensions that are

| ess than the | ateral dinensions

- 4- ofvoldaBadant recess within which they are to be recePGEPSIFHHAT

di fference in_ dinmensions permts the drive tool to be received between
the nozzle drive area and the surroundi ng -4- receptacle so that the
nozzle may be rotated into place with the drive area positioned bel ow
the surface obfthebibirdcesdwithin which thejhgrerto belreceiivedy €Tl diffectase g dintensions
present invention enables the drive area surfaces of the nozzle {o be

posi ti oned oupemits;the drivetpobietbe reeeivadcbetveen thewppzzle drivecarea andythe surrouping

nozzle so that th riv, a surfac I . i Q84.Q

From the f or egaieRer 1" el 1852 e Risiod b B8 St A art¥ afeaiiopls
pr esent belovettel saffatSof eliovi de a drilling fluid nozzle for use in a
drill bit that may be 10 threadedleé engaged and di sengaged fromthe drill

bit using forque f dhecsozzleadriveoanea afesign of the presentrinventignenables theednivg,aee.
Anot h [ tant obj t of ' ti ' t i.d . |

for e " sirtacet g finogle o Vegostimen sub b e JfH hithie? 15¥ ERRE SDNE Bfng .
central flow Qﬂéﬁ@&geeéd‘tlﬁttl'ﬁ.driverﬁéa?‘&dr’l’%h%'ﬁérﬁ%biecﬂeétfﬁfrﬁ&]hi/d gwkiepdi ng nozzl e

body. 15 t another object o e ‘present invention is to
provi de a nozzl e h&romghe fategoing, it will barappreciatedd thatnaiptiinhigycehject of thepresdnt

£ : h . : [ wh

£he. torque apdRTARNiop gL MePiipea AFiing fuith o5 or vt or il B af may B

uni formy . khr | V€4 | : ' i@l

vy dPr e iRy el i i8hEded Hon e SINERSY A idrals s cbmpress

t he size and tihe dav@urda offthénéedd.al 20 required in the drive area of the

nozzl e. Anot her irrg&r?t ant feature of the present invention is
o)

the provision of a Aweethérdmportant § ofcthe, pressny invgptien i to Prexide g ngzzle &1 e

f dapt.ed t Ll f i, i A
ool “wher oby (R G EY £ o8 Ber Py BHE o B rbifucty popB HEAHON piRbal €
torque appli edrefhﬁv&l?%nﬁﬂli M&rﬂgoéxt%gg%ggzﬂe pédgdetermned limt established
by the angle 25 0 I

inclinati'on of the drive area surfaces as well as. the
confi guratliSon of su¥et anothenebject of the present inventionds toprevide g noprle bavigg adsive

D e Ol o R S BRSPS B oy Sy Ehabtine,
T i 1 1 T led Wy Bk bueR el i Stk bermii i Besiucd
advant ages, anghifobiiycthsoughoutithe drivecarea and isssompressivesand radially inwardly directed
toward the central axis of the nozzle to minimize the size and the amount of material
20  required in the drive area of the nozzle.

Another important feature of the present invention is the provision of a nozzle

having a drive area with axially inclined surfaces adapted to engage similar surfaces in

a surrounding drive tool whereby the drive tool is forced off of the drive area when the

torque applied by the drive tool exceeds a predetermined limit established by the angle

25  of inclination of the drive area surfaces as well as the configuration of such surfaces.

Yet another object of the present invention is to provide a nozzle having a drive

area in which the drive area surfaces are inclined axially relative to the nozzle axis so

that the drive area will separate freely from the die employed in fabricating the nozzle.

The foregoing features, advantages, and objects of the invention, as well as

30 other features apparent to those skilled in the art, will be more fully described and

understood by reference to the following drawings, specification, and claims.
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30° other features apparent to those skilled in the art, will be nore
fully described and: understood by reference to the foll ow ng

dr awi ngs, LLjcation, and clains. ) PCT/US98/11037

- 5- W&%/u‘g? Brief Description of the Draw ngs
Figure 1 is a vertical elevation illust rat_g_ng adrill bit equipped with
fluid nozzles of the present invention; Figure 2 is a

partial cross-sectional viewt AloM i -2 of Figure 1 5
illustrating the nozzle of t heﬁ%g%%%ﬁx%ﬁs{ﬁéﬁ%edl y received within
a receptacle Fighreal &4 vertichl elebfibyy illustrating a drill bit eﬁhﬂ?é&w?m' fiuid nBkASs

vi ew t aken al on‘g_1 line 3-3 of Figure 2 illustrating a preferred
conf i gur at i onofothetpaeseakmyertian;t or que application drive area on a nozzle of

t he present L.nventi.on for .engagenent. with tqol used to.r te the
noszl e 10 FIESE7if  patial SEOASRERL Vioh e Ane Hichng 22 Hede 1
ilTustrated | MubtrdiingShednozzle of the tpn:sent v etion tﬁre‘a&ecﬂ){ Fé&ﬂe&'vﬁ‘ﬁxiﬁfar@c pelid 1 ed
formof the nozzle of the present invention ITlustrating a variation

in the externiladrillbit Bodya of the nozzle; Figure 6 is a
cross-sectional view taken along the |Iine

6-6_of Fi X
Figure 7 is a vert FE8fC S5 P8R visW ‘&k%‘r%}R%h&%\é% Qf(%lgilf’ir?(ra?- ﬁhsﬁa@ﬁg 3 preferredy oy
15 i1l ust ' [ ' . | f | I
for threaded Sotiufatit dnk SRterBl 4588 pBAEH BvElards U ERESACE PBHTIEHE"

Figure 8 is ainvahtiorofortapagenitng with Dol a8l tb @btaterthe mogziong the Iine 8-8 of

Fi gure 7, ) . Figure 9 is an illustration of a nodified
confi gurakl on for Kigusk#ds aRerspesting viewof tige nozgle illngratedehigurabient i on;
Figure 10 is anoth Ll Lon n ..eX al. drive, ar for the present
i nvention; and ﬂgu'f@glsiﬁl%fngf?yveo ﬁ‘%éﬁﬁig ‘e‘_%f B(Mz}ec t %We?.ﬁn% PW«SBHOD
external dri Vﬁhﬂfr@ﬁhtg)ﬁ vhARidY iRStBe external drive YRAIIf e nozzbesy _
Description of the Embodi ments ] ) The present invention,

i ndi cat ed gener al | Figure 60s agrosisgaction] viewntakénsalong therlinel 6-6 of Figwsets; B

equi pped wWth 11Ul ¢ 1927 £% YericaP Secon S bioken Sy Sortlon o3 &l 43650y "

'

=

15  illustrating a drive tool engaging a nozzle of the present invention for threadedly
engaging or disengaging the nozzle and the bit body;
Figure 8 is a partial horizontal cross-section taken along the line 8-8 of Figure
7
Figure 9 is an illustration of a modified configuration for an external drive area
20  of the present invention;
Figure 10 is another modification of an external drive area for the present
invention; and
Figure 11 is another modification of the external drive area of the present

invention.

25 Description of the Embodiments
The present invention, indicated generally at 10 in Figure 1, comprises a drill
bit B equipped with fluid nozzles 11, constructed and employed in accordance with the
teachings of the present invention. The nozzles 11 are threadably received in the body
of the drill bit B and function to convey drilling fluids from the bit into the wellbore
30 being drilled. The pressurized drilling fluids exiting the nozzles function



teachi ngs of the present invention. The nozzles 11 are threadably received

i n the body of the drill bit B and function to convey :drilling fluids
fromthe bit into the wellbore 30 being drilled. The pressurized
drilling fl woles/eMsting the nozzles function - PCT/US98/11037

- 6- conventionally to cool and cleanse the drill bit as well as to
assi st in breaking away the formati ong-bei ng penetrated by the drill
bit. Fluid exiting the nozzles 11 and circul ating up through the

annul ar  bet weesonvértioially fo bl aridgclennse the eriieid HOwEl] hStoddssist RGBS alvsy the
transport the bit cuttings to the well surface. 5 It wll "be

appr eci at ed t hi9fmatan being Repetated; ) therdridbityt Flid exitingthe mozzesk! ard circulating
illustrated i ' L {. ' f.th licati f h
nozaTes to a i fiotgh e YpfullFbetwech the'3iih ookl ins EeUBREL s S A1 Sea o

orientation of trirfdpon QK bt suings BethRi welPsurtRke! as the bit design may
be selected to best neet the requirenments of a particular drilling

applicatiod. 10 It will beappregiatesetiaedhe glasemertezhdveriéntjtimnnof thefrewelesd 1t o
o O BplRRTHER ety Sk maaton S Y Tt o el
comuni cat es tif séOMafthRaPSAHE pgagf%ﬁzﬁt ﬁdQﬁiegnga?ﬂlopﬁz:Titﬁé H%Ile ol tile tﬁﬂ%? Wil as

passage (not illustrated) that Ivers t ng Ssto nozzle

11. The bore 1the bit desigrs may tiepseiedtedi tbbestnineetntht réduirearatsleT 4 particelaoagiingnd
mate with external threads 14 15 formed on the axially extending,
cylindrical oudPCM* ace of the nozzle 11. An annul ar shoul der 15

fornmed betygeen the [OVi shap

oai ot witEn t ho i bfay b Rl Gebabel AR ferbd Bale DR 20 k8 preie ddy.
An annul ar, isacyamaafabmyiIeceaeaivmﬁﬁa@!yuﬂcﬁicmsb&@mpﬂﬁse;@@hdb%mgme%dbore
12, the shoul der 15, and the | ower annul ar end of the nozzle 11. An

annul ar pr ot ec?fjtebit Buandzommusicates dergugh atpassage B with a cotral ideilling Suid supply

That "7 © or RaborBe S Rl Al ol ¥ Rl RS of B o e FBSTE E, o
passage inlet grsuighed with imBhaPtrbadsd] 3 @b agigl Yhl Hhat€ Wt Oeteriiehrdas 14

nozzle is seated within the bit, the nozzle outlet end 20 Is disposed
bel ow t he Bur rfoomed o the)axinlly sktending scylindiéal vuter shrface obthe nBzzl@31. Arharmular

PLACEIEN O R4S bt 1R 15, 4 i PO s
equi pped Wi th gafdl Which Rl iBz1E 11 Ests when it is fully engaged in the bit body. An annular,
elastomeric O-ring seal 16 is compressed between the bore 12, the shoulder 15, and the
lower annular end of the nozzle 11. An annular protective lip 17 is provided at the top
20  of the threads 14.

The nozzle 11 is provided with an axially extending central flow passage 18 that
provides fluid communication through the nozzle between a fluid passage inlet end 19
and a fluid passage outlet end 20. When the nozzle is seated within the bit, the nozzle
outlet end 20 is disposed below the surrounding external surfaces of the drill bit B.

25  This placement of the nozzle protects the nozzle structure from contact with the
formation.

With reference to Figure 3, the nozzle 11 is equipped with a multifaceted drive
area 21 that is adapted to be engaged by a surrounding drive tool for rotating the nozzle
threads 14 into or out of threaded engagement with the bore threads 13. The annular

30 lip 17 functions as a stop to limit the axial position of the drive tool. The drive area

is formed around the central flow passage 18 and is provided with radially external

+



aréa 21 that is adapted to be engaged by a surrounding drive tool for o

rotating the nozzle- threads 14 into or out of threaded engagenent
with the bore threads 13. The annul ar 30 lip 17 functions o]
linmit the 3XPAP543%ition of the drive tool. The drive area ?éT/?Js?Q'sZﬂF%ﬁ med

around the central flow passage 18 and is ﬁrovi ded with radially external
-7- surface areas that nmay be engagéd by a tool having appropriately

mat chi ng opposi surfaces. The engagenent of the, drive area surfaces
of the nozzl eﬂ%ﬁgewrésa%a;sde%be engaged By Ad8al LV ing-APRIORTiAeIY Racching OBRASIR o
such that whe t W ls '

interfere wit rgdr%gs'prqg\%eeﬁg e att}o??uf{iﬁn‘éeﬁ%%%ﬁgf?cﬁgg tﬁlﬁg"%%ﬁ%ﬁ%”‘ﬁ?gg‘?
nozzl e 11 as supfacescofi the deive gool et selett@ suchehitowhent the tdid engages ehe drive area,

A preferred formof the in1.erferiygtg tool and nozzle drive structure,

i|lustrated the mating sarfapgs interfere with apd praventrelatiye rotationdietweenghe tgal and ghe
i nclined land ' i . hat i
each ot her t oidgled LaLiohCHs iBthe spplic By Mool i 3BaA650° [ 18 1B S TRt

The peaks 23 and valprefésred 4o iofMitd MeerfeMn@ to61CAndtibzzletBivel shGbiuns illoxeitedl 10
the central axis of the nozzle 11 when viewed in a plane that includes both

the axis and in Figure3passumesthe farm aka serigscofoaxiallyl wglined lands 22 with tamering
Lve area supages B S T ARSSILOP e L o RR8RR05 AR RIRES
incline at 7[ gid Jayefd 24| The peaks %% b ?51%@% forf lifteRte PRZHAR - thdNBelidacbivaat | on

may vary from/ to as muc err required to assist In
control | i1y t the cexmirajarisfof theanozplp 111l evhehovigwed inazptire. that includes both thel axis fmed

nodi fication illustrated in Figures 1-4 and 7, the drive area forns an

ext ernal surf afeakpfory theraxs a2 vallgYds with twel ve peaks and twel ve vall eys
t hat cooper a Mo t:l L r | b §

area of the fluid t&ﬁ(? Pﬁv% %’e &H%)?n%%e{%, fergglrdeigbg‘? P éggfh%)ggmg# t Ha&irelnds

in the drive fiogpPeroditie The Bind21 of Mprdferrad forndoftheiibudntion indlinkhe 7° relative
conpressive drive forces in the drive area body and the greater the
abi lity of thto the axis of dhe pezzlesiThe inglination anay vary from 7° to as|mugl) a9 2§pas

appr eci at by referenc 0 _the .. st ' t_hat. e i extent of the
drive ared of ¥etq1‘1 eﬁ(‘ﬁ ?‘TSgSt}i%C?QF%I_H’%grfeytrog‘i#&&ﬁ&aesﬁ_@g%%r %’gﬁogil?he entire
nozzle length. A |n the Bpefichtioni iGstfdd@] RORRORSSI-¥ and 17, e &fitRah folfs an
present invention nmay be provided with 25 a drive area that, as conpared

with prior deskwignsl sucfaopiofstwentyefour ddngsomithorwalfe paaks and twelwe alleysz hae
hei ght | whi | till L di t t th f it h di
S or vyt L b B S AL

general, the greater the number of lands in the drive area, the more uniform the

20  distribution of the compressive drive forces in the drive area body and the greater the
ability of the drive area to resist fracture.
It will be appreciated by reference to the illustrations that the axial extent of the
drive area of the nozzie is relatively small as compared to the entire nozzle length. A
nozzle using the compressive drive area of the present invention may be provided with
25  adrive area that, as compared with prior designs, occupies a reduced portion of the
total nozzle height or volume while still providing adequate strength for withstanding
the torquing forces used in seating and extracting the nozzle.
Figure 7 illustrates an example of a drive tool, indicated generally at 25, that
may be employed to threadedly engage or disengage the nozzle 11 and the bore 12.
30  The tool 25 includes a conventional tubular socket drive head 26 that is equipped with
a drive handle 27. The tubular socket head 26 ﬁts over the drive area 21 of the nozzle



Figure 7 illustrates an exanple of a drive tool, indicated generally at 25,
t hat may be enployed to threadedly engage or di sengage the nozzle 11
and the bore 12. 30 The tool 25 includes a conventional tubular socket
drive head 2&otdsata3rs equi pped with a drive handl e 27. PORESISMI0ITar
socket head 26. fits over the drive area 21 of the nozzle

- 8- 11 so that the base of |ands 28 Borned on the internal surface
of the socket head engage and mate with the base of the | ands 22
formed on the rldzalteat fHe bashef landsA8fakmedibe thelinternal surfdcerefnthe 3ocked heddengdpe ve
area 21 are selected to be sufficiently smaller than those of bore 2
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torque inparted through the socket head 26 is transferred to the nozzle

11. 5 and eptes the bexer Feas therdrivsf aneh @ozale énadvanced: belowahe bitrsuoface Se
interfering stryucture.at 10. h ase qQf the jnternal rf of, the drive
tool 25 i sgsubge‘é?’i'ts? of % ‘é‘a%ﬂm%f?mktweeﬂ the 6‘?‘:&‘?%"33?&?@ ar@rtls-lggozzle
surface on the e ' j ,
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tool and nozzle interface need not matc ave at

pr oduce ildt erf erence that prohibits the two pi eces, when engaged,

fromrotating relative to. ea ot her, so t hat torckﬁg,i mpar.ted t hrough
r

the tool is applied!®8 pﬂ"l"f@f"ﬁgg‘%@é?fﬁ'@ invention, the pagterns of é}?te‘ffﬁ‘éng ffEeRf ng
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benefit of imting e torque may be applied to ve are
21 to prevent ofete-dxammalidrige irfac 0n zheenozERAandt Rl beogprédiged) tidwsvednlat the
i nclination of the nozzle |lands 22 and the geonetry of their

engagenment or itedleafdneade inferface Reed not matchoputoged tandy havg forensaihial prasiuce
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val ue. Thitifer fs6 AhatM6rqud Wsiphritdd thvoughttht @Sdl¥eappliall tode RozzRPpl i ed to the
nozzle. The val ue of maxi num torque that can be applied to the nozzle
may al so bdSsel ect ed heoformi ¢ft tierintenfering tool andrmpriziegstiugtuse dliysitnatadnint Figure 7
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of the nozzle lands 22 and the geometry of their engagement or interference with the

tool 26, the tool 26 will be urged axially away from the base of the nozzle lands when

20  the interfering torque between the nozzle and the tool exceeds a predetermined value.

This feature thus limits the torque that may be applied to the nozzle. The value of

maximum torque that can be applied to the nozzle may also be selected to maintain the

torquing forces within the strength limitations of the nozzle drive area to prevent

damage to the nozzle as well as to ensure that the proper seating torque has been

25  applied to the nozzle.

Figure 5 illustrates a modified form of a nozzle, indicated generally at 50. As

may be noted by joint reference to Figures 5 and 6, the nozzle 50 is equipped with a

drive area 51 that includes a series of non-inclined, arcuate surfaces 52 that connect in

curving intersections to form an annular ring about the central passage 53. The drive

30 area 51 includes a series of alternating curving peaks 54 and curving valleys 35 that

extend around the external surface of the drive area to form the interfering structure for



mdy be noted by joint reference to Figures 5 and 6, the nozzle 50 is

equi pped with a : drive area 51 that includes a series of non-inclined,
arcuate surfaces 52 that connect in curving intersect peigsiHi1b®r m-an
annul ar ri§28B8Y{ the central passage 53. The drive 30 area 51 includes
a series of alternating curving peaks 54 _@pd curving valleys 55 that
extend around the external surface of the“drive area to formthe
interfering structure
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sharp stress risers at surface intersections. seen best in Figure
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tool relati veQtfay feludeiang sarreandidg aonforning drlirrfeting internat dovernutéace dhat
within a bit receptacle that receives the nozzle. . I,f z\xﬁn |1 be
appr eci at ed twidl prevent seatiem gfgthagiophaelative, & shedrive arag SZnand,qdll algp be

inclined surfaces that .interfere with.the non-i i drive surfaces 52 to
limt the a°°°r{“6’|°a%_8d it e “_trc‘ic?ﬂ%%d%@%%eeceg)ﬁ? &1‘*@‘{1’%9% al so be

appreci ated that g dyiliviee hiftkcitdeithiOfhe tool engabing! theegivengapsiendy mehideces
may be enployed with a non-inclined drive surface on ny of the
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nozzl e faons inélifedesupfacsethat imedere withtthe poudumdioed dniva curfaeased? & lifdkthe
bet ween the conponents that does noj u the tool a fromthe ngz .
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of being engaggdobyhea nezule donms of the ipresehoiivemidrhto produce confactaiterfergndeng
drive surface to inpart limted torque to the e
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i ncreases above si Rigutdd®, 90} &id DI illMstrat¢ GBettsx@imples bbconfiguratiasshavingainclined
substantially circul"ar configuration that permts increasingly |ar %?r ith
central exttroal drive serpe that arepapaile pbbeing eraaged bna SHESYRADE Hrye tool wi

appr o] mat s BSHIANE BREBGALIS PuiRe ermRafi i pr et bRAg Gt 2 Y
lands is reached ajy feloif® dfftRd invantivRtusRigQVinthBiesairbes o€ Rinds, suelr asitlasicated
20 in Figures 9-11, the lands are inclined to limit the torque applied by a surrounding
drive tool. As the number of lands increases above six, the outer drive area begins to
assume a substantially circular configuration that permits increasingly larger central
flow passages to be formed through the nozzle. The configuration is optimized as the
external drive area more closely approximates a true circular form. The upper limit
25  on the number of lands is reached at a form that cannot provide sufficient interference
with a drive tool to transmit the drive torque. Multifaceted configurations with fewer
than this upper limit of lands are referred to herein as being substantially circular.
In each of the illustrated embodiments, the configurations of the nozzles of the
present invention are such that the application of torque force to the nozzle by a drive
30 tool directs the torque forces centrally towards the axis of the nozzle to produce

compressive forces within the drive area. The result is that the drive areas of the



with a drive tool to transmt the drive torque. Miltifaceted configurations'

wth fewer than this upper Iimt of lands are referred to herein as
bei ng substantially circular. In each of the illustrated
embodi nent YOSHE44BDNf i gurati ons of the nozzles of the PO USHA1037

invention are such that the application of torque force to the nozzle by a
drive 30 tool directs the torque forcd®-centrally towards the axis of

the nozzl e to produce conpressive forces within the drive area. The
result is thahozzes mpyi beemadeawith gibstantéally less material than is required where the torque
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a reduction in the cost of manutacturing the nozzle and
i ncrease in theirsrease af thehsizenafzthe actdloflowpepening. 5 An i nmport ant
advant age of the nqzzl e design of trr1e present invention is realized in
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val | eys, ; f Annmm ] I i i j ,
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respectivel y. af\sfolrfexafrptey the éovnmgilseaed ¢ Figures 4 ind 15 rvetisiedre pro®ided with
conventional nozzle having a tension-producing drive area, nore 10_
material is n&dgglyilargeientpl openingscld and 5@ faspecsimelyt Hs the leworpepingdliamelgr

torque forces._ . I in nd.r in nozzle fromt i
body. This extt & crr]ea#écf?%ﬁncro Z’ﬁ ft Oélgl ﬁ‘?%le §£’\ﬁé$ égﬁ; Bgﬁlgﬁqué?&ﬁo@rg eeafggug“’%%
perm t theg! anghedrialliap@ided id HRWrdReHEN &S withitand the ©RA6R-BRdducinBQofdie ToRks t he
nozzle of the present invention, having a relatively | arger nunber of

| ands or ar cuased is gedting @sd oymatingthe innrale fromi the bit bodia c Ehidextirgmaterial sequires
conpressi on-type dri(\{ie, results in a nozzl.e th&tégcan have rel atively

large flow padsafrer diameteg;nozale, badyqip eyt the laeer diameter 0% (9PEREReBhg

material int QSntgﬁgt,Vﬁxe%ﬁﬁ-of-Eg@ nozzle of lﬂ%‘@lfekémiiﬁvéi‘lti%fﬂahﬁﬁﬁg aSl2808I9 NargaPd

| ess costly nozzle as conpared wth a conventi onal nozzl e havi ng the
sanme size fl omwumbesadelands or arcuate surfioes foor éther nnterfesng i sprfacn designexanpl es

illustrate_sel ected. enbodinments of .the resent inveptjon._In |ight
thereof , Vari &PTBRESIHEPHIEVS i B &ha noFae m@f@ﬁ)@@%fﬂéﬁw large floy passdee

skilled in thegaldh rdduiriff 18 Ghhhf b stdipiide' Mafid M'the EMOhrdal Fhe

i nventi on.

benefit is a smaller, stronger, and less costly nozzle as compared with a conventional
nozzle having the same size flow passage.

The foregoing description and examples illustrate selected embodiments of the
present invention. In light thereof, variations and modifications will be suggested to

one skilled in the art, all of which are in the spirit and purview of this invention.



1. ° A nozzle for use in a dri [ | Hiing: an axially
ext endi ng nozzl e body havi ng aﬂm‘g“\m“]m““ﬂul I ndrical outer surface

and first and second axi al ends,« L ® s *3 f|low passage_extendin

axi al |y t hr W@&M¥/54487d nozzl e body between said first -and chéb%mlmg?(i al
ends, said fl ow passage conprising an internal surface of said nozzle body;
a fluid inlet included in said fl ow passagél-at said first axial end of said
nozzl e body; | ) a fluid outlet included in said flow
passage at saiybBeisoaimed it end of said nozzle 10  body; a
substantially cyli Bidri ca thregded area fl%med on.said outer surface of

sai d nozzl e body iMPQPAEIPLEY 184 YU Pit<¢omprifitg cond axial ends for
engagi ng sai d nozzla axilig extending nBEARHEH HaSHERAL R I }Ea] ! |
bit body: § extendin Iy extggdrj’nal g vgétglrt%?g@?%c?:aalt%g{ma%rﬁ&gai d
second axi al end fisét andi sgcorskatial ebds; body for receiving a torque-inparting
tool for threading said nozzle into or _ out of saij

d h ded
rﬁcept ﬁ(:l e wher ei n 'Y PATEEeAX ;?g}agﬁgugpglggj@nc?ﬁzﬁe\p@d&ﬁ)@trgggq gai% figstiang
than the 5 od sg&cﬁfdeﬁﬂhl E’xﬁcge @ﬁhofi'&a&?;as gt @oﬁfﬁﬁﬁﬁé 2aﬁ lgt%;‘bﬁ’ e f}g gﬁ-‘é q}%%zlgay

be positio et ween sali Ive-area  an ai recep
i npart torquebodysai d nozzle when said drive area is substantially
fully received within said receptacle; and 20 axially inclined,

mul tifaceted exter rigiuid ipletbinslided imeaid Slowspassrgarat vaid firsteaxiad end of said nozzle
cooperation W'b'i)lﬂ surrounding facets on a torque-inparting tool to prevent
relative Ot ation between said tool and said drive area wher eby

torque applied by safigidt@flet iscluded in $aiPRSHEFdsOMelR il LcHRE 4%i8] BRAYT said
2 A nozzle as defined in daim1l wherein said facets on said drive

area are 28 noagde bady, axi al ly toward sai d flow passage and said flow
hassage extends cer]at sruE})ls{a}/lti%H)r/ %?Hrrl]drical threz'lsd%lddaregotzo%rlngd on said outer surface of said

nozzle body intermediate said first and second axial ends for engaging said nozzle in
a threaded receptacle extending into a drill bit body;
a drive area associated with said second axial end of said nozzle body for
15  receiving a torque-imparting tool for threading said nozzle into or out of said threaded
receptacle; and
axially inclined, multifaceted external surfaces formed on said drive area for
cooperation with surrounding facets on a torque-imparting tool to prevent relative
rotation between said tool and said drive area whereby torque applied by said tool is

20  transferred to said nozzle body.

2. A nozzle as defined in Claim 1 wherein:

the lateral dimensions of said drive area are smaller than the lateral dimensions
of said threaded area whereby said tool may be positioned between said drive area and
a bit receptacle to impart torque to said nozzle when said drive area is substantially

25  fully received within said receptacle.

3. A nozzle as defined in Claim 1 wherein said facets on said drive area are
inclined axially toward said flow passage and said flow passage extends centrally
through said nozzle.
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surfaces B&YO%YdPrise at |east three substantially planar
circunferentially spaced about said drive area.

A nozzle as defined in aim1, further cdZprising in conbination:

a tool adapted to engage said drive area for inparting torque to said

-12- din Claim1 wherein said
drive area is substantl ally \\m‘g ﬂ m h said flow agﬂasseenR la
4 A nozzl e as defined whertin said nultif ﬁ jed

nozzl e body, 4.and A®ozzle as defined if £ gitts 1 wheseinh daidrdrive dredls sbapiealyt o
engage said drive area 'fdof'i limting the torque applied by said tool
to said drivé0gFiahwith said flow passages A nozzle for use in a drill bit,
conpri si ng: an axially extending nozzl e body having a
substantially cylindrical outer surface and first and second axi al
ends; 15 5.a flAwgraksagdeftnedeind Cgmaxi wihdryint &id wailltifabed igha
body bet vveenrﬁu%l d first, and second axial ends, said flow passage
conpri si ng arfiAges CREIPTiSE At lgast t@ﬁeﬁbsamm&lzlpéarmabyrfaces circumferentially spadedi d

inlet incleud passage at said first axial end of said nozzle
body; > ea%obt”sﬁcﬁgﬂy% ui g outlet included in said fl ow passage at said
second axi al end of said nozzle 20 body; a substantially
cylindrical threaded area fornmed on said outer surface of said nozzl e
body i nternedi at e Gai d Ainozzle andefirasoindClaim dl, fenthis c:bmprxsmgaglcnmbsrmndnnozzl e
in a t hr eaded, rec | e extendi i nto drlll bit body
a radially externdl " td’?'aggptg‘?é%e%%cﬁaﬁfgﬂv%ﬂ% 5?%P%86ﬁwqa§|t%|sméﬁwzak
said nozzle Lody; bady for receiving a torque-inparting tool for threading
said nozzle |nto or out of said t hreaded receptacl e wherein the
| at eral di mensi ondagetsen mcﬂdmmoalraziaptadm anpagt edid Htienared for limiting ket tor que
di nensi o of sg(g recg a*cl e ereby said tool may be positioned between

P g2 fep

sai d drﬁP{? 49; tﬂrf"eraéﬁ%pt acle to inpart torque to said
nozzl e when said drive area is substantially fully received within
said receptacle; and 30 mul tifaceted external surfaces fornmed on
said drive area fdk coohapatledor wietih a drill bitstdmprisigd:ng facets on a

t orque-i nparting tooI to prevent relative rotation between said
an axially extending nozzle body having a substantially cylindrical outer surface

and first and second axial ends;
a flow passage extending axially through said nozzle body between said first and
15 second axial ends, said flow passage comprising an internal surface of said nozzle
body;
a fluid inlet included in said flow passage at said first axial end of said nozzle
body;
a fluid outlet included in said flow passage at said second axial end of said
20  nozzle body;
a substantially cylindrical threaded area formed on said outer surface of said
nozzle body intermediate said first and second axial ends for engaging said nozzle in
a threaded receptacle extending into a drill bit body;
a drive area associated with said second axial end of said nozzle body for
25  receiving a torque-imparting tool for threading said nozzle into or out of said threaded
receptacle; and
multifaceted external surfaces formed on said drive area for cooperation with

surrounding facets on a torque-imparting tool to prevent relative rotation between said
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is transferred to said
mul ti f acet ed external
surface cir¥

7. A

AEI || (1) 111 1] e AR
surfaces tonpri'se "at °| east sgven

tially spaced about said drive area. PCT/US98/11037

nozzle as defined in Caim®6 wherein said nultifaceted external

5 surfaces corrpri se approxinately twenty 13-our substantiall y pl anar

surfaces di spo

8. A nozzle a§°‘§eaﬁ‘idn%ﬂ drvelagganwherely dewsup applietl buoeid toolviy tramsfemnéd toplsaid

arcuate surfa r.ent bout drive area
9. A nozzl eﬁgsagq%ﬁﬁe%&%gdgﬁﬁm WQ‘F%‘?@[ t&F{i‘f PUEACES AR e at; legpt, Seyent v
10 of SUbSta@t’ﬂﬂfﬁehStircﬂxﬁfbr@:htﬁl'l?rspﬁégdf%ﬁﬁsﬁd)aﬁ%laféhrCU”f erentially about

said drive area.
said faces conprise a plurality
circunferentially di
as defined in dai

adapt ed t 05 be sgpth@k %Hp‘ﬁs@ %ﬁﬁﬂﬁﬁﬁ%ﬁlﬁtﬁyfo& Ubs éﬁ\ﬂ.ﬁ?lgg}iaﬁa?rsﬂ

by said

primrily towalrchm&rmtfalllgwbpmsmrgérwe area.
Claim6 wherein said tool

Anozzle as defined in daim®6 wherein
of axially |ncI|ned

pOS ed ?ﬁ%ﬁfrﬁesfmefi JB Glaim 7 wherein saig, gmlufaceted external

t ool I'n sal ar ea
A nozzl e as defl ned in

drive area of said nozzle i s adapted to be

received within said threaded receptacle while bei ng angaged

sai d tool.

area i s substanyia
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15

20
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arcuate surfaces spaced circumferentially about said drive area.

10. A nozzle as defined in Claim 7 wherein said facets comprise a plurality

of substantially non-planar surfaces spaced circumferentially about said drive area.

11. A nozzle as defined in Claim 7 wherein said facets comprise a plurality

of axially inclined, circumferentially disposed surfaces.

12. A nozzle as defined in Claim 7 wherein said drive area surfaces are
adapted to be externally engaged by a drive tool whereby torque application by said

tool produce forces in said drive area directed primarily toward said flow passage.

13. A nozzle as defined in Claim 7 wherein said tool drive area of said
nozzle is adapted to be received within said threaded receptacle while being engaged

by said tool.

14, A nozzle as defined in Claim 7 wherein said drive area is substantially

coaxial with said flow passage.

15. A nozzle as defined in Claim 14 wherein said drive area surfaces are
adapted to be externally engaged by said tool whereby torque application by said tool

produce forces in said drive area directed primarily forward said flow passage.
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20 coaxial with said flow passag 14. A nozzle as defined
in Claim13 wherein said drive aﬁMlL’”l”fHuuullé” l“l adapted to be
externally engaged by said tool wher®eby tdrqée application by sai 0 ]7
produce for WE98{54433ai d drive area directed primarily forward¥ Qﬂ&?”’llg\%
passage : 15. A nozzle as defined in Claim14 wherein
said facets conprise a plurality of - bﬂxi ally inclined surfaces.

16 A nozzle for a drill bit, conprising an el ongate nozzle
body having a substléntl aﬁﬂgﬂ@ﬂﬂd@ﬁnﬁtm Cl@»méﬁ iwekleregny sdich Gagets Somprisc 4 phamality
fluid exit, an I ui 3 a flow passage extending

bet ween said & a%n cWF?)?“%(’frescarryl ng fluid through sai d nozzl e;

a threaded area on sald cylindrical surface for engaging said nozzle in a

t hr eaded receptacle; 10 a substantially circular, radially
external drive ared7in theozaleforaf dshhibit, tomprdsiagi t for receiving a

tool for applying torciue to sai.d bqody to thread and unthread said body in
a t hreaded recept adfeclongaty “8??19@031’615“’%?&5 Hantady narhindeedr eatemplapgacsn

| ess than § t nsion of said receptacle; and
ection %%Wérﬁfﬁﬁi eg'ir G

a multi facete t oof ace on sal I've area whereby torque applied by a

tool 15 to said exley paﬁsagemtenﬁmgfbamﬂrsﬂd'éﬂﬁandiéntvﬁf(ﬁfcﬁﬁryﬁﬂg" flerd throughe
direction of said flow passage. ) A nozzl e as

defined in O dRghnP8zl&herein said nmultifaceted tool surface is
isolated fromsaid f

Cl aim 16 wherein sai Bﬁ%\%&)ﬁ%s%agfoélcémgo%mig‘é% %’r%’ﬁe fof)leﬁgiﬁlﬁlg ﬁa@fsn%%] afr}eg a

inclined, circueh®ideetémadly; spaced planar surfaces. A
nozzle as defined in Claim116 wherein said nozzle body is fabricat ed

of tungstdf car bi de substantially circular drive area\imthetesen of saidh flgid ¢mgfomrre¢ee\rmg|ang
an axially exte t.hr eaded nozz| drill cIe
conprising t héogdflgbgpg}ymgr}m%e,{a S&‘de‘tﬂdé(t%b@a&&f@&&ﬂkf%a& sal“i)b% threaded

mul ti facet ed, ré&gta@ié y external drive area of said nozzle, applying rotary

torque with said tool to said drive area to produce resultant forces
in said drive area arhaltifageted snob surfaceioal daid drive area whereby torque applied by a tool

to said external tool surface produces drive area forces in the direction of said flow

15  passage.

18. A nozzle as defined in Claim 1 wherein said multifaceted external

surfaces are isolated from said flow passage.

19. A nozzle as defined in Claim 17 wherein said tool surface comprises a

plurality of axially inclined, circumferentially spaced planar surfaces.

20 20. A nozzle as defined in Claim 17 wherein said nozzle body is fabricated

of tungsten carbide.

21. A method of inserting or removing an axially extending threaded nozzle

from a drill bit receptacle comprising the steps of applying a rotatable torque tool to a

drive area of said nozzle, said drive area being inclined relative to the nozzle axis, and

25  applying rotary torque with said tool to said drive area to produce resultant forces in

said drive area that are substantially compressive and directed radially inwardly toward
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conhpressive and directed radiall y_i d said nozzle axis, said
t ool being recei vabl e bet my HE“ Hﬂﬂjgﬂgr ea and said receptacle;
and appl ying said'& L U On «drive area | i ve
area is fulQ¥¥&¥ived 300 within said receptacle.- "6

REPLACEMENT SHEET 21 . A method as defined in O aim20
wherein said resultant forces are prohfllced at distributed points about
t he periphery of said drive area. 22. A nmethod as defined in
Cl aim 20 whersél(F)irix €d*Hozz|l e i ncludes a central passage and a drive
area distributed about said central passage. 5 23. A net hod as
defined in Caim20wherein said nozzle includes a drive area havi ng
approxi mately twe22y-f Qurméthoéts defineelay Claing 21ewterednbaid qesidanafdcex st ed
at twel ve points about said passage.

produced at distributed points about the periphery of said drive area.

23. A method as defined in Claim 21 wherein said nozzle includes a central

5 passage and a drive area distributed about said central passage.

24. A method as defined in Claim 21 wherein said nozzle includes a drive
area having approximately twenty-four facets whereby said resultant forces are exerted

at twelve points about said passage.

25. A method as defined in Claim 21 wherein said torque is applied to said
10 drive area by a tool that may be received between said drive area and said receptacle
whereby said torque may be applied to said drive area when said drive area is fully

received within said receptacle.
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