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SYSTEMbMETHOD, AND APPARATUS FOR REDUCI NG RESI DUAL
STRESS | N AS-WELDED ROLLER CONE BI T BALL PLUG WELDS

WA BOFARG#6. FI ELD Fi el d of the Invention: The pPEFEf1006/027294
i nvention relates in general to stress reduction in

S tA%\uﬁ thp AR PBS FARURRDUE R G RESTBUMCSTRESS
%stgliss | ? %di? q’?xﬁjﬂ“% ug V\Q$st

BACKGRQJND State of the Art: Rotary type dr|II bits

i nclude both rotary qpagmIcihs, ipipol |l ercone bits. In
a roller-cone arrangenent, the bit typically has three

con&igld edcthei ImvepemdeThe quaa@ntanrwn@owr@lntes dgpgageral o stress

redyBmin rl oot haed Bap B Rorr PRSP RRGhoRetge, and

appBELE fRreSRIA AsRIuN s‘t@ﬁsr‘iﬁdswbmtrslléﬂt@he Mtd)&lldﬁlg Welds.
cutting action of the bit. Roller cone bits typically

use a ball retention gysteericwNpecuring the cones to
the heads. The retention systemincludes a radial ball
r ac Statpobthsohdt Edtarptypechthbitsoneluds bothtretapedigg bits and roller-

ST o kbR RSO bl rees B b
indpeRIEhtly .roldfible twith espertits thabidbddy idp@oftﬁ@%hetd@ﬁes through

respective ball races are aligned a get her, they

begrifig pwembiey. ouﬂsﬂ C@f&ad‘éﬂys‘%ﬂhﬁf B@ﬁgﬁaﬂéjsf otk s eBAately
fortled IL{L%éqﬂt %{ Fﬁl%%"ﬁa%ﬁt .bal | plug is then

i nser the discontinuity
(i . Rollet hmdﬂlmltﬁl)yplcally hee mbaibrdimitllonrsastema(bd stowrieg sher @nes to

at_t baIIbearlnsa et ain in the race. Th
i, sl L FecentiBg sty BIES RADER oS aPRGTeh P cach
coﬁ@%d e ﬁefaarﬁewﬁhgg ng, banaﬁdydy qu\ﬁHé@gamaﬂ tIRC I Maf Bce and
he weld region (e.g fusion and heat-affected

thezbwdsc)utermapmn@r rﬁ@D);t@rﬁacilitete aedcariint Noheraihd opng i Maled to the
0 he resi dyal, stress rvi

nefth ghe i (Bl s P P RS RO space
Bajlt bddgings ale GRRIduGET fal BB bAllVesy it6 @hé Gpaue Aypal plug is then
head section failure, which includes cracks that

inserfed inge dheyball eyt tsobloght therrdisapatinuiby (iee-vide folm dntth% head ball
o SRR 08B A0 B, PO B o v g s
se&tditol the heddODetidwelkliigng t hi s probl em woul d be

desiy ﬁl?e cooling from welding, residual stress can accumulate in the weld region
(e.g., the fusion and heat-affected zones). Dependmg upon the orientation and
magnitude of the residual stress, the service load capacity of the assembly can be
significantly reduced. This structural configuration gives rise to one type of head
section failure, which includes cracks that initiate at the root of the ball plug weld and
then propagate toward the head OD, and then turn and propagate toward the base of

the bearing pin. Solutions for addressing this problem would be desirable.

DISCLOSURE OF INVENTION
One embodiment of a system, method, and apparatus of the present invention
describes several solutions for reducing residual stress in the region of as-welded ball

plug welds. In one embodiment, material is selectively removed from the weld, the
1
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DI SCLOSURE OF | NVENTI ON One enbodi nent of a system

nmet hod, and apparatus of the present invention
waemcroiees several solutions for reduci ng resiBUEDS2006/027294

stress in the region of as-welded ball plug welds. In

one di men A eri | is.selectivel
RGO Rr, ol oMo s BBt SinB e i fRioleh B Roh ¥ esidua
stBd4E.r Ovlag la[t&’n@l[e&iinlid@lnﬂéﬁﬁﬂéiﬁcﬁ@h axmiposed ahd/beBé#Wwalvibration is
stress. In an alternate enmbodi nent, deflection is

apniise de aramir splaxadion. &ty xedpeing skl 4r§a Egsplupbeirass Withahe peesent
r{vgh@ailaéé&ﬁ? I nveﬁ?&gﬂ d}ﬁ/&’%&%’éﬁﬁ fi&efligl stress with

resen n, service capacity and/ or
ser V'[l“he fdreg@ng and odiee abfdts aﬁﬁ@dﬁzﬂﬁm@uaﬁ ghapréseﬁthﬁf/entlon will

b BPRGAAAGHOSE SR b GLTRIER Fotiom pf GIoHPP IR fFtgial sppription of

tHehﬁrefsé}itl fﬁ‘%ﬂ‘:ﬂmd ehRdd 88 ARRmLliat it %e @emeﬁs @Rims and the

invention, takén in conjunction wth append ed"
a@lompmylag\drat\mggsacconpanyl ng drawi ngs. BRIEF
DESCRI PTI ON OF THE DRAW NGS So that the manner in

which the fe ention,
wel I as ot heggf&ﬁ%m]?%@gc@%iﬁgg%%&ﬁwg% attai ned
and safhdvehdindanstiaoshith teofeeuetanlll advamthgesPal the Giledtion, as
description of .the invention brleflé sunmari zed above

2

WeBgs piberathipl wilk beseameapnatnt pe alipine ﬂ%ﬁ%ﬁ berdeaftood in more
d%ﬁ%‘&ﬁoﬂe Ju%tcfegérﬁﬁlohrbfttﬁ@m@%% %?%ed%' ?@may be

vvlng orma art of "'this speci t1on.
hdak bp atfedench doethe re,mlidﬁlaheﬁthlhenébﬁwhmjﬁ is illusahtedtia ol ayppended
on and therefore are

dan errbog gedgt of he [ nven{) j g
rawings. whis %vylélgs QTR 3 p%o 15; §pgcl %wg g1sttﬂ &e noted, however,
tHatWhe %dv@iﬂgﬂﬁhsﬁ‘ﬁ@‘o&ﬂ}l &h %Bﬁlm@ﬂ@ the/ 1@@5@&{ éﬁ’@therefore are not

enmbodi nen I gure lis a f-sectional view of one
toehdh octisidened Bmiting of literscopenas thet ingemivnrmey @dminto other equally

etg %ordagcg \ %h the present invention; Figure 2 is an
e §BG°SEE Ponal  vi ew of a head and cone portion of

t he Fighteell i§oN@alistcttfnalivisw 8f bnaNinboliGemsbf UCloBer kbne bit
accordance with the present invention; Figure 3 is an

C%ﬁtrmt@féul ageendpperavith o prefentinveion; embodi ment of a

roll
pr esgr% I'nv e"%[ %né%g&ﬂ%‘ﬁ‘éﬁﬁ%é& 2{5‘? gl 82[adjT‘imfﬁcmleé)v gilor% ?f ‘%e roller
catiedir dRigire @ nad esbudiroesd 1rDefcc@rdH@ctefW1dh &Qﬁﬁésfeﬂﬂﬁl@dnti(ﬁh
accolgdance w th the present invention.
igure 3 is an enlarged sectional view of another embodiment of a roller cone
bit constructed in accordance with the present invention; and
Figure 4 is a high level flow diagram of one embodiment of a method

constructed in accordance with the present invention.

BEST MODE(S) FOR CARRYING OUT THE INVENTION
Referring to Figures 1 and 2, one embodiment of a roller cone bit 11
constructed in accordance with the present invention is shown. Bit 11 comprises a bit
body 13 having heads 15 (one shown) with cones 17. Each head 15 and cone 17
includes a retention system having a ball race 19 at an intersection between the head
15 and cone 17. A ball way 21 extends from the ball race 19 to an outer diameter (left

sides of Figures 1 and 2) of the head 15. The outer diameter forms a portion of a
2
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BEST MODE(S) FOR CARRYI NG QUT THE | NVENTI ON Referring

to Figures 1 and 2, one enbodinent of a roller cone
whrdo7ot1680ONSt ruct ed i n accordance with the preRBenUS2006/027294

invention is shown. Bit 11 conprises a bit body 13

' h th con 17.
PR 20 e RO T Pestlabier Bivh o) Bl yRges & rogion
obtHel head Cles dfertling@fomNthe RAGKAP D1 RELNBL BudiRgd Qﬁ@%{ﬂiﬁy inward
and cone 17. A ball way 2 1 eéxtends fromthe ball race

with respeatfo i teall Wimdkt er (1 eft sides of Figures 1 and
2) o ut gr r, f or,me_a -po
of ants PRuPaR th gy R B o AR 15 Rl ol Mok lhea o
defmeaa 2&rogah epak] yBaltscizfu deslcrate@dhahe @ElltrB@: heaer Achanically
2 1 radially outward and

BB G Pl oRAer oA ek bilb Phiacs biallpcaias instng balf ey 21 to
ref 8 ﬁ%cﬁdll‘é ®5ha ltﬂe B’aﬁgrg% 19aa phi0h, %d}ﬁ a8 ﬁ%gehé 5 @}%g AWfacent

17 are aligned ne a toroi da ace
thg ogter dwm@t afrthe ead 3 4ltd secacethe Hafl qntugﬁsbhahe ball bvyy 21

th 17 t he. head 15. bal | .
o T BR% dererth b RRos AlsS eymigises SResseiediiom e f fagucing
rels1ﬂu§lhﬁreb§hﬂ the dafiet %e.g A viAd) deind2Re p%Hﬁf%te@%ré% %ﬂ)ﬂthe'h%ad 15

fornmed adj acent the outer "di aneter of the he
adjaeent deropier igmetey to dncrqase g seitvéceaad camyltsz arld a Wreice life of the
t ent Lises stress reduction .
roRe gl T o PSR TR SR B POR Ao Bfses a inncr
Wélel . (Figwt @) féighedftbrh hefigembideibbidjaded thddaf pilhfe7head weld

ent the outer dianeter to i ncrease a service
231%§a’§ﬂ183<§ quiths mpgHweldsd {fpmea pgopad graterind thaj|hage highes strength

thih thel Hrst! HaBRQ. TR @i‘r{fgﬂéteriﬁlh@ g ?)gl)sé ﬁgalﬁﬁe%l?fere@ %%erlals

conprises an I nner
in¢ludeig mieltedr niakel aﬁpnmnletmﬁeddahﬂd nicugalZ TTheTReonkingte] may

FI Ee inner weld 31 froma second nmateri al
“?ﬂgpeﬁgP %ﬂﬂ?b ®r strength than the first material.
The Thi 4dgitionB b &gl w@lﬁ)ha@ﬁfgﬁfohﬁﬁlsﬂﬁ%ﬁe%r nfl(?l{a ?ﬂgses lay | be used

mat eri al s, |nclud|ng ni ckel, nickel allo tan
assthe diarrieyn?f. i ideseepmbadimentscats maat wilizal a nmglecmatenab such as

I n addition,
el B WA VRGP B Sl AT B DAY s,
softalr mla&lrlaE 9In ddugise? carHdamhh ¢ BF SheahSniBWeHlibd, tBE stfess reduction
single material, such as nickel, to formthe welds.

megs éBW@FISGSt e01d 3P (Figugged kinsthg biaier 89.mBle Vpighi%msy ngingrise a
dri3Rbh8le tﬁgtt&”t%ek in Ad 30 i 8{1 rf“g@tﬂg 'bgﬁ?gvagg the present

i nvention stTess reductt on Fean rises a void
39 (”JFllngzIBEnBjnvemtld:nhéscbmnﬁpr&Es 2 Qystdih €ovietGeiB® rd¥Rdaal stress in a

roﬁerrg%)ne %H ﬁ One embodiment of the system comprises the elements described

above, including the retention system for securing the cones 17 to the heads 15. A
residual stress reduction is located at the barrier 29 and the perimeter area 23 to
increase a service load capacity and a service life of the roller cone bit 11. The
residual stress reduction may comprise an inner weld 31 formed adjacent the ball plug
27 from a first material, and the barrier 29 may comprise an outer weld formed on the
inner weld 31 from a second material that has a higher strength than the first material.
The residual stress reduction also may comprise a heat treatment that may be

performed on the entire roller cone bit 11. As shown in Figure 3, the residual stress
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drilled hole that extends in an axial direction of the
ball way 2 1. The present invention also conprises a

wayBremesoOr reduci ng residual stress in a rol | BCT/USVE6/027294
bit 11. One enbodi nent of the system conprises the

TR Ry SOBEPAA PR D58 05 5080y 2,

withsa shdall devicess (¢.80bbedteBurcs, dnadaheaiciool, Re:. oaidrd &@ntrdBer 37
and the perineter area 23 to increase a service |oad
forapptiing adiat Beaweyt @rean) yligsopre vipvatips (eaimenbesnsrciively, to the

r - r io [

SR 5 1Y ape 2R ERRr R 20 oA oSBT S56yE ok 20ilal sices
redhiction alay wnabcoieplified byeemaeingayatedaifrans ¢healvaroert 2, such as by
wel.d faqr Qn the i.nn weld 3.1 from.a secand .

£iiGHit ol AR At G extpadigiorAn, FHA PR Mg respect to
tIEPBAT Wway 21.The residual stress reduction al so may

conprise a heat treatnent that nmay be performed on the
ent | ridiersesent inyeritonizlso comprisss & hwilod of Eilepimgredidualragress in a

i l..stressyeduct ion y be | ocalized dlimte
1S, R iE 65 S5 TP PRt B B ol s s
isdiedtéd d@tép@l,%d(@n@rises’iﬁn’ﬁeﬂingsﬁwlfe@ codbid hithalsears Gvith cones

tool, etc.) and a controller 37 for apﬁlying a heat
(gFR 4B Netecutipg dhe Gpresaeohe diegdsmithi bailst losafedanta ball race at an

: [ t iar [ .

HERPAR B 08y BAL A ofch Aok R fIRE o Bl Sy ¥oithing
firoed thet badhracayo kepesiartmpldasdfatie hygad énepy i)y imsdiBng alball plug in
fro he barrijer 29, such a y formng a_hole 39 in
cofiebahirep ot Hic bR e o bolhFos (iep )RR BRARE R the

pEBBRRE hrdaQo rARINRAL ballei¥ig 2l the HAR vy f%gﬁ%ﬂ\é@ﬁlﬁﬁ%)fésﬁhéﬁtress
conprises a nethod of reducing residual Stress 1n a

at thie| barrieromd the perimstes hwsario invrddisg arservdce loaé ceprodyliané atservice
.of e thod starts.as, inndi cated at.step 4 d

B8 o388k P 50 e SR s B SaRTo FinaBl i ¢ 1
coneghesheBodA)so HEE YbmPHse REMERNAS itiRr ted Meads Mét Raterial

balls |ocated in a ball race at an intersection
agjaeens dhe bald pleg mad dpaning 48 ovksicrel n| the doereruelil ftpmn a second

t ' I erl I .
il 404, G SRAIRD OO, DR B8 Srof AEGE BfIPSLIRLP bomprise
apginghelidat Wfagmteﬁt, rs&cﬂﬁagrbyt dubjebiand mﬁiballtﬁll@ adl¢vatitemperatures

step 47); rmng a baryier at the perinmeter area to .
d %ﬁ}? §t¥ess Be.jprﬁnoagra‘@oq. nrfglﬁ @nglgﬁ}m%ygqysﬁg@emgarppnse localizing
tHeSHAE LB StnTeRS tH Bmifh i fRnAds thb SolRa b Bitgﬂau iﬁg the bartier and

perinmeter area to Increase a service [oad capacity an
the peeinvdtercarkd,far subjetting thelehiire roberecdmietbif ot thp hbdt)iteatment. Step
shefore endi ng as Hndicat?d at.stgngB. The ne hgd al so

OB PRBFO ARRIHGE AR YeRORIC P ERIPP JFAaiingt g Darrier and the

pBfhelet @dea, or removing material from the barrier, such as by forming a hole in the

barrier that extends in an axial direction of the ball way.
While the invention has been shown or described in only some of its forms, it
should be apparent to those skilled in the art that it is not so limited, but is susceptible

to various changes without departing from the scope of the invention.



adj acent the ball plug, and form ng an outer weld on
the inner weld froma second material that has a
whe@herie8é rength than the first material. StepPGI/LS2006/027294
conprise applying a heat treatnent, such as by
subj ecting the ball plug ¢osgligvated tenperatures
during the stress relief operation. This enbodi nent
Wikatyis elaimedbis: conpri se | ocal i zing the heat treatment to
alimted portion of the roller cone bit including the
barri.er afdnéthed pé€tédmeingrresitde, stross BMUDkSriddge bit€the method
entjre roller cone bit to the heat treatnent. Step 5 1
CORIESay conprise appl ying an ultrasonic vibration
treatment the barrier and the perineter area, or
5 removi ng @ht erpravidingoniollpecasg it veith heads withscamgs;f or ni ng
a hole in the barrier that extends in an axial
di recti or(bpf tsseurdieg thewayes twihd keads avithnbvadlstlbeatechimsa ball race
bee ho or..descri bed i,n onl of i forms,.it
shout nﬁ\éﬁgsﬁﬁ%?‘éﬁtet“feSnteﬁ?}% ot e Raqh AL pece (pking; 4 ball
IS nedy S@eddidg £r66) thObill faSe SIS FRRHEEY) Bed BF MR MHeRUS
changes without departing fromthe scope of the
i nvent i onefLAI ih@am?ta badl QL@idTBLR (il Way £ E@&imﬂ%eéus in the
reduci ng residual stress in a roller cone bit, the
10 met Hel reeipri sing: (a) providing a roller cone bit
with heads with cones; (b) securing the cones to the
heads wi t(H) balfosmingcabaeder at tlee paxlrhetemarea af redain the ball plug in
I nt ?’S@éﬂl on between each cone and head, each ball
race " hadt W¥>dal | way extending fromthe ball race to

a perineter area of the head; (c) installing a ball

plug in é8kh BEfYciRGIpsidyal tiess M the barigr egdithe peremesey area to
" acerbl) of QR | benpes 0

g e A S T A S G
residual stress in the barrier and the perinmeter area

15 to i2acr edsmethoslgcodnding to4daivapavliersinatey (e) senprisee fdrinfire an
. of |1 .hit:; 2. hod di. to d ai
imeh R o 4 Brss FERE A aingfic i R PR SRS riiges Gty weld on

thd inaen welll iffost a FBdoRE inddterad i€ BN a hiBRerddlehotB!theh the st material.
form ng an outer weld on the inner weld froma second

material that has a higher strength than the first
mat &ri al A method according to Claim 2, wherein the first material is selected

from the group consisting of nickel, nickel alloy, stainless steel, and inconel, and the

20  second material is steel

4, A method according to Claim 1, wherein step (&) comprises applying a

stress relief operation with heat treatment.

5. A method according to Claim 4, further comprising subjecting the ball

plug to elevated temperatures during the stress relief operation.

25 6. A method according to Claim 4, further comprising localizing the heat
treatment to a limited portion of the roller cone bit including the barrier and the

perimeter area.
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3. A nethod according to Caim2, wherein the first

material is selected fromthe group consisting of
woec@releshi ckel all oy, stainless steel, and i nPOREE2006/027294

and the second material is steel 4. A method according

to aim,l, erejn. s (8).:.E0NTPE | fanth

trdse 1 imngha ARl ChiflOfPRRES Bl MR Suiccting the
entiRiBNer @@6 oitds ig Heat trdamentd, further conprising

subjecting the ball plug to el evated tenperatures

during the stress relief eratian. .6. A nethod. .

accdr di nd mstiaacePHing ff CHER b OHBISISisHg (5 carPYssigoplying
antlﬂt‘?asgﬁi%tviﬁlﬁﬁ g@i@&eﬁﬁo%é bdF}ibCHdRRE %)érﬁﬁet@f arehle roller

cone bit including the barrier and the perineter

area. 7. A nethod according to Claimd4, further i

compti si iy nmthsjderscprding toeClaimily avhersin sfep (oneOmyIise moving

t he .heat trbeat nment. 8. A nethod according to Caiml,
MR Bedi™) conpri ses appl ying an ul trasonic

vibration treatnent to the barrier and the perineter

(ar ed . 9. Anmwlidiostcanking thi CRim®, Ghithencdbmprkimgeomingephole in

e) conprises renoving material fromthe barrier. 10.

thebgrEieibat adenls i Ayl diresipn thhﬁ}?ﬁﬁl’f@" conpri si ng

formng a hole in the barrier that extends in an axial

diregtion %etﬁJ@a&a}ding(fWCIaikﬂ-l, AhERENSEp 4 Rh3es fRming a

Caim1, wherein step (e) conprises formng a_single
singdd weld homa matewali sglected| e grp@mmesﬂgg@% pickel, nickel alloy,

CﬁgSiﬁ%ti ng ,of nilckel , hickel alloy, stainless steel,
stadplgss el 1ncpFel- A et hod according to O aim 11,

further conprising formng the single weld with at

| easit2. oneA pasthodl reovdig rgl@Eairmtler ifather 1&mpisyss feming the
for reducing residual stress jn a raller cone bit,
singheriyieldsyvitly at lgash ppe B T g siglepalgdalyi t h cones; a

retention systemfor securing the cones to the heads,

i ncl udi ng I i WG RESR 1ofBr i WRE BorRfisding:
conelLBgnd %gﬁg%goﬁgﬁﬁcl%;@gﬁﬁﬁiig froomthe bal | ?{gcrég

to aa@gpéd@éﬁnrﬁq{e ?T %thtcgﬁeshead’ balls in the ball

race cally retaihing the cone on the head,

2 aFﬁalsllrelt%tigﬁ élysg%%ltfgg %elé:gnﬁg ?hebc%lnles YP%e thga({s,eirﬁihfhiﬁgg ball race at
an intersection between each cone and head, a ball way extending from the ball race
to a perimeter area of the head, balls in the ball race for mechanically retaining the
cone on the head, a ball plug located in the ball way to retain the balls in the ball race,

and a barrier formed at the perimeter area to secure the ball plug in the ball way; and

a residual stress reduction in the barrier and the perimeter area to increase a

service load capacity and a service life of the roller cone bit.

14. A system according to Claim 13, wherein the residual stress reduction
comprises an inner weld formed adjacent the ball plug from a first material, and the
barrier comprises an outer weld formed on the inner weld from a second material that

has a higher strength than the first material.



and a barrier formed at the perineter area to secure
the ball plug in the ball way; and a residual stress

WO e@ao1iedh in the barrier and the perineter arP@I/US2006/027294
increase a service |load capacity and a service life of

t he Il er ' .14 syst.em,accor.di to Claim

(5% 180, o SRR Rebrayito Qi S Regrar . Bidinseriahls Sigoted
fromrtae gvaipdcdneistiigl ofsickel ehickélnglop abthinRssi Stebll @hA hcbheélsind the
material, and the barrier conprises an outer weld
secondatesial iséel-nner wel d from a second material that

has a higher strength than the first material.15. A

syst ggn acgosdie a&@gﬂg‘?{.or@ljaﬁfn 14heheleh {Ha.ere{ihﬁa?ts’g?ss reduction

material 1s selecte om t he "gf oup consi sting
5 comwices a stresskeliefalf hea trestnainnl ess st eel, and inconel,
and the second material is steel. 16. A system

accof4ding,to Claim1 wherein the resjdyal, stress,.

red ug?i on*cBH5M %cggrdiﬂgsgoréégn ﬁér afreyt J[hﬁgf’ﬁh Iﬁ\’%%ﬁ TrRiseted to
eldvhtedtehipstR e QEGHthe Hedt @rebndini 16, wherein the bal |

plug is subjected to el evated tenperatures during the

heat treat ment. system according to O ai m 16,

18. A
wher Bi'n t feSHdaR acceringerde ¢limotal whewimiibe IHeni trsamept is
lobdl£el3hd '.liﬁfiteﬁ??ﬂ{erb%irga’?E{ﬁej{eﬁiﬁ{eﬁé’e}-aﬁéag- A system

according to Cdaim eat treatnent is
performed on the entire roller cone bit. 20. A system
10 accolQi ngAt eysBinai anca@ingmtier€laimt hg whsiettudhe dtenies®atment is

g gucéi onl?co riqi@s an .ul trasoni c vibration treatnent
pegrorpRd op dhe enttre tgllgT es Bl i neter area. 21. A system
according to Caim13, wherein the residual stress

redurd.i ONAGEBRM Hesrdifipt Brdlaim Neruedid the Redility Bk ir&duction
22. A systemaccording to Claim2l, wherein the

comrises g uitasorierpibeadion tsatmeng obthebagierigpd theynerimsptes amsl e
in the barrier that extends in.an axial direction with

respgct t Y, ; S : ] :
PR A el Gl 1SV BF SIS peion
15 cofpoisesamatetrigl iealovsé frent thel bimiem t he group consi sting of

ni ckel , nickel alloy, stainless steel, and inconel.

24. m r di.n [ M . rein, I ngl
wel d& :y? ?spf%tgrﬁca%ccgrldm t(t) %lgmail, w%?éielr\f% n%tenglt}se re%ov%d ?’rom
the barrier by forming a hole in the barrier that extends in an axial direction with

respect to the ball way.

23. A system according to Claim 13, wherein the barrier is a single weld
20  formed from a material selected from the group consisting of nickel, nickel alloy,

stainless steel, and inconel.

24. A system according to Claim 23, wherein the single weld is formed

with at least one pass from a single material.

25.  Aroller cone bit, comprising:

25 a bit body having heads with cones, each head and cone including a ball race
at an intersection between the head and cone, a ball way extending from the ball race
to an outer diameter of the head, the respective ball races of the head and cone being

7
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with at | east one pass froma single material. 25. A
roller cone bit, conprising: a bit body havi ng heads
wowrdocweses, each head and cone including a baPCT/U8z9e6/027294
at an intersection between the head and cone, a bal
din C 048N
oigfet 5 OFR, Ao baE, ML AR BOuRCLAN R ) Shfcally
retGidif the lcﬁﬁéibm grectkald Mprlm@lcmated (5] ﬂﬁelbal]s‘p@c@ retadrl the balls in

located in the ball race for nech nlc
i bl Eehcmgrn VR TRERe scieast e s rrearodt i bijlolEeyre e
baIIs in the ball race, and a weld
baﬁ%yﬁégtgﬁﬁggg%% e outer dianeter of the head to

secuyre th ' imeter
Socut e 8 a1, B eSS
ardied fthe hdadhady ecfdnﬁﬁteecrutarchanﬂér tohiacivestda sefjvime dord ¢apacity and a
outer dianmeter to increase a service |oad capacity and
seryiegdilg iof the totler @medie roller cone bit. 26. A roller
cone bit according to Caim25, wherein the stress
redugt i 0Ny FEAGScHHE B dce8RliiNtol ORGH 258 ehekdin MRdstidso daction
first material adjacent the ball plug, and the weld is
méans wethpoisest e innen eveldviirged fim & st srsterishediepent thgqhall plug,

o5 e B SO B Sl s i

stlehgth thdBhe firdlmdteridel ected from the group consisting
of “ni ckel, nickel alloy, st a| nl ess steel, and inconel,

“and the second mater| al i 2 r .
bi t Hecorditaler epne bit ﬁch ‘%gllﬂ qu é’ﬁ%ﬁ‘{?lggﬁe fifst Tuaterial is

se{e%ﬁ:}icﬂ'&ﬁ QhJTE%ﬂ? cSHﬁRfrf Smékel/ ‘i’lhcq(el 5,‘116 18tEJsi sBlel, 248 inoBnel,
roller cone according to Oaim28 wherein the

andah@sdcond hetdyml 5 steel.i s a hol e that extends in an axi al
direction of the ball way.

28. A roller cone bit according to Claim 25, wherein the stress reduction

means comprises a void in the barrier.

29. A roller cone bit according to Claim 28, wherein the void in the barrier

is a hole that extends in an axial direction of the ball way.



