; €3e8445t 7dp7F86| 8T8gw# -1 - THREAD FORM W TH MULTI FACCI TED FLANKS
Descri pti & 40 Technical Field The present inventio
general | yTMﬁm‘“\\“\mWﬁf orm for .tubular connections, and, m)rz QEDE@?UOZ
specifica , L0 threaded connections of the type used for securing flow
conduits to foPH'A desired continuous flow path. Background Art A variety
of threaded connections are known in the prior art for joining flow
-conduits in an end-to-end rel ationshipp-to forma continuous flow path for
transporting fluid. For a};anple, such threaded connections are used in
pi pe- strings enpl oyRIREAD FORNY WK MOLTIFACIHTEDERANKS and ot her forns of
energy from subsurface earth formations. Exanples of such pipe strings
include drill pipe, well casing qgg$a{ ction tubing, known commonly as
"oil f field tubular goods . " O apprTcations for the threaded
connections of the invention include horizontal/trenchless drilling
operalﬁﬂﬁ&ﬁﬂﬂaggb are non-oilfield applications associated with the
constructi gfei BEUSLRY .- ié\ilxéne&ohhféfaweegaﬁeéalWpé@ya tdHRaed ceRnBgEt i ons
of the type under consideration for connécting adjacent conduit sections or
pipe.behfér Tieonasehioneen AlGer oMorady AR ficakivad techhibregdefn
recen : . 30 7 SE LN 1 ¢dl.SC a2t uhu
conne%?%{%%&ﬁésﬁ%gog Eﬁlféquﬂﬁ%ﬁgsa%yf%% %ﬁ?%ﬁigéoégggdEgﬁagﬁggugpl 585 rong
connest deaiwkidl ecobanngius flavheadthress and strain in the connected pin and
box nenbers of the connection. The thread form featured mati ng heli cal
t hreads which were tapered in thread wdth in opposite directions to
proviggcﬁgigﬁahkhe engagenent of the opposing flanks to limt rotational
make-Up O € connecti on. ~ 9 D E C Zoo2 -2 The wedge thread, if
propedl yagdetyned, tpreddsss aangieatdrdiomde fawmwn gt cha v iaxguéiong
axi al yRnihAdiAlow ! LERSRT LN, (A LHRULBL G8NIGDLd Ofbathar, TR Crygnoh the
j oi nt 7 “TubuFar "connections w't Igh torsional resistance ‘resist additional
mak euponkinnougoifiowrpath nferr vranspouking fluddsi eForo ebeggl eouisuche
Jj oi nt §4.l [ ‘ e ry, J1e I ng k or, i,al e S in
t he t%Pgégggdiégﬁgg |ohgﬁgaagguxﬁﬁgyéghﬂ§@é€oﬁe¥gﬁ ?oﬁﬁﬁggyg ighgigﬁgble to
wi t hsparwduatdomat of | bydrcafaripersat iamg sbches afidrmer acfi. aMerggas from ,
tradi tj.on rea o] I enp ti threads. structyres.
which%bg§§%§ i t%%?t%izﬂ$%& gg%ns‘con%géggﬁg% aﬁg the o§1§% ﬁ%&gnggnsion,
t he Blimsdudenndxil bn pdge r owkedd tdesisig esasds profediom theingt i hopovenber s

to pu'JomB\%?llg;V‘Qs”Fngrfi&?&%@ﬁﬁla{%&? s .t'haBt%QQI gpplications for the

threaded connections of the invention include

—

horizontal/trenchless drilling operations. These are non-oilfield
applications associated with the construction industry. All of
these type goods employ threaded connections of the type under
consideration for connecting adjacent conduit sections or pipe

joints.

There have been numerous advances in thread tachnology in
recent years. Re. 30,647 issued to Blose in 1981 disclosed a
tubular connection having a unique thread form which provided an
unusually strong connection while controlling the stress and
strain in the connected pin and box members of the connection.
The thread form featured mating helical threads which were tapered
in thread width in opposite directions to provide wedge-like

engagement of the opposing flanks to limit rotaticnal make-up of

AN
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the connection.



U S. Patent No. 4,600,224, issued July |5, 1986 to Blose was a refinenent
and further inprovenent to the basic wedge thread concept. 1gu&g Eﬂgﬂtl on
di sclosed in- the Q24 patent, a connection was shown havi ng a evron"

| oad flank. Radial makeup of the threaded connection was controlled by the
special thread structuring where the radial novenent of a thread into a
mating thread groove was ‘restricted by_chevron type interfit between two

| oad bearing thread surfaces of the t-hreaded connection instead of relying

upon threa i d NGya .l toskh i i cti f € v ads
and the ba?%%ewcﬁdéé;d?a c?’d‘po%gnf%%éoﬁ%{ hgggg%s&onb?h%ﬁ&éa% altrinl(rkuoad
bear i fpragkdnalesresishanchr sddhouno inddrdhgcempedemr ofadiadsstuessemduced

ineit t i o] f e ection. v | al ible
to conjtqﬁ)? %@? g#%%%?uéogﬁggﬁioﬁhﬁlé%be@a%%b neég{]i%lﬁemﬁ?%gf abu |n§g]'La
shoul dssnmect heng eiinth hiighugbrs henak dgsigtacteareof st tadd ithi sl make-

t hense] ves. controlling.the radial -. .i.ntecrfit_between ,nating threads
bt | BTk TR SRR MBS LBeSehr o Ml iRl £ R 5ot € L HheRiberny
é99_2 tjcB?Rewesgpuhn@r %&cﬁ@e@&xece:;h&y%l C_g(;egébbd@c_ihm@ hmamvw%adiz}the
asi c Bl ose wedge thread, design. expl.ai ne t at ent ee, en Blose's
Conne T RETeS | fat BTy CHIGRAMY (PRI ot PRUTSS: CARReREeT hTRad

| oad fhwedkbded nelei®hessi Abket b6 aarkHdtiid aigreaterhdlevdlqWl sy raeingapped
bet ween the engaged | oad flanks. This trapped thread | ybricant can,resist.
Che. neBERERS 1 ARG LRRA Y ve WNSTRAEe (tHAIE HOMHC A DERHRS: GMATELPRE| ower
than dafhlededinfsingthitddd BthecRdre8dneech ipl adrl BroseCphReshi BBopnd
reduci ng the design strength and | gad carrying capacity. The invention
descr i HERPFRsREON 3 ANMs £ e Bext dny Bogpe Haitid Ahe ‘g‘b%spﬁf’ﬂet FHRNEGE 1R

i ndi catb@Pri1L8rene Myrexséydiniiddd eadchebnaeany herpebst veepul hethlr ead
| oad flanks that are brought into engagenent at nake-up. . In the

convertYQBemBe ¥8, tapgethekncZREBAT BAY 2PaYhgl e 1 oad flank is typically
engaged during naké-up and cl earance is provided adjacent. the back thread
flank. By providing thread clearance on the back flank of conventi onal

thread strubt8rcBatankdipeat  GaQad?d f HFUSEsTHK bP 1 22BFBPrB19SEr W3Fded

for regeryificietRnte RS SEobt e s PiAsASdridit ded hERadphieht Gatdgdluthpgad
make-up. ‘Since Blose's threads were structured helical I'yz( as a "wedge", it

was neteRBSePy-to pRovilR dnventdone dhsaireedeiechhehe 33f e Rt @HSt s2and

oot s HHRAeBBKEnURakOsROMM Hovifg £eTheedoasCRBLdPALANR, aRydEALr ABREd
| ubricant. _Re. 34,467 purports to elimnate the problem of entrapped

| Ubr | RO Ehish EhHEAGRS CRENGESHEnr yascanie dYled byelbe sRPeaaleEhTead: o
As Staéeﬂuéﬁuwﬁgp%%&fee%hé e diQal méRlehedit e sl {dd&ad fpeERay

contacts the crest walls on the internal. thread nenber to exclude the
t r appi FRTBRA| BHAPYet MaSe RA TR g ar AbeviTeRalt YRS el e Bf 1t hpetween

connecgw8n. 1444 t BRa83g eEhBbade fFIREL 09f [t I eAkeadRe Cé8ahacefiohhe
t hreads did not engage.” Thread | ubricant could be trapped in the |ong

hel i catn8pgee Bét KX ifge YR $haeddcwédel 8oPRe thread. In Re. 34, 467,
the threads were nodified so that the roots and crests woul d engage before
the | oad flanks engaged, thereby causing the thread 19 DE C 20D2 -4

| ubricant bBUfedi? ttae r bedd cadd wadging eetions Rfcebhe Shirerdsm BREWEHE t he

sui f acgg1 heker gftelﬂsdgazﬂﬂeeﬁ BRehtsl Fhdnf tHIE eﬁl E)n('}ﬁhe?’gtgﬁ? 2% 1884

34,467, the pr rre reads were “dovetall ed-shape I'n cross section,
bei ng ‘Rrasingt sunéacessof tharthreads nooradial Sompanent £HELIZEE Was a

depart y r h e j ' j vet aj parti’ etai l
e SRRSO Phae 8580 47 e o B e RIS Al 011! 3 3
gr eat ealslmap_oshe‘btller tadcoottrol akxhahanake -ture oft thdi thoepabiedetonneictioof t he
term 9:9_%?;%?&' ‘abutting a shoulder on the joint through the wedging
action of the threads themselves. By 'contrxolling the radial
. interfit be-ween mating threads, lubricant entraptﬁent could be
" controlled.

Re. 34,467 issued December 7, 1992 to Reeves purpor{:ed to be



The present invention has as its object to provide a further nodification
of the basic wedge thread concept which provides inproved erforna over
the prior art designs; 19 D E C 2002 -5 Disclosure of ﬁE 2@&2
inproved thread formof the invention controls radial nake up by speC|aI

t hr ead structurlng where the radial novenent of a thread into a mating
thread groove is controlled by a cogplex profile interfit between the two
mat i ng t hread surfaces of the threaled connectlon The conplex profile can

be present t 0 n on of

t hep?ﬁxsj *‘Tpaﬁ??("é %‘%o tr o‘l-']{l lsc? Isggr aér:lceéel 2‘9%” (r} lﬁéteb C} w@ l‘[é&le Irratapl‘ éng

cr esé:;pgﬁlnhé bigt ttgxelnqugedxtbler,gwghsnt BlfﬁeVQnCOhydcambnc i exm:affal:ldlgrlhdupt ]
ent.r appe u n et.ween a r ro0t.S, e sta

{1 anBRABOHD &6 prRFRFS RRRDD End® gHeBE aé it gt 38 s on"l o

eyt ”ﬂm@g e e on ha it y‘“‘a‘é/x”*{m?‘ﬁd ks of

refera e co e r of j ovi on e stab.an r. l.0a anks o
t he PﬁFEﬁénfGHﬁ Oaﬁa539538f|a&glﬁaSFﬁapﬁﬁ % fﬁ%ﬁ?*%ﬁ??s and

f our caadiresReE %hébmfakan&p tBeqie nahd reiate @@ﬁ%&&&@@rmdlmdidﬂnand t he
pin roots have a oot wdth. The the grest s less thap the width

of t RBAFOBESRLIGA| th *%”%mg%bﬁﬁats’é%ﬁ?& agf FHEA YRNRE ANI HRAPEE

desi gf. tﬂeeslbéeadoﬁﬂéat%ntmdlmﬂn@nthé d@éf?hd%tf@ﬁgﬂﬁeahﬁ Bokdbul ar
connection of the t{ye havi ng a box intern threads with stab fl anks

and FBEYYARInREPaRd |atT%apyeaﬁaoe %“é’r?di A0RA - i £ 7 RYEPAEF St hr eads
W thest abr-ddAiks ape |;§@§bifﬂﬂri‘t§r anel Eh@éecrlaatl&aea@nr 08f S tigw d&itbﬁg Wi th

the internal threads_of the box to nmake up i pe connectj on, he t hr eads

i ncr exsduding dihread o%@ﬁ%‘?%%ﬁ i Bﬁo'Bnb‘?'h‘ée%x Bedthiegre kna’r E4pPESti on on

t he thtsgr@h@&dughﬂwyﬁgb éﬁﬁgﬁﬁmn@ngtfhgngsugf t he threads nove toget her
during make-up. The pin thread has a conplex profile stab flank nade up of

at Ieast an inner wall portion and an intersecting outer wall 19. DEC
2002, @n_theo%h'v‘éﬁt%hﬁﬂ ?Pﬂ@f hete cdnilegtdenb! Sniboaegl hankohar
enga i ng- amating stab, flank o he conplimentary box 0 provide an

i nt ed fLatnlheﬂ-ﬁ/eehYPhéaHHb gngagesl ofurheg pmawaoﬁnﬁlenﬁéegram@ i Aferfit
SEer Vgﬁ: sT'ci“ &d &Qéﬁ& %ﬁ&egﬂ& Ahdd PILAKIr eady Jﬁ@HEhQQ?BOX
conp str

Inentary hr ea ucture to control “radial make-up o

p| pe A@Earange Pn meeflﬁcaqolf}ankh@f conpeRiipnal i threadbstruAkurssa a
mul t 'hécl%ﬁ;'efle@sféa?%kf gﬁ:@%%% %gzig,%%f@@ﬂ a4 b%&@aeho%ﬂ §§l:le&9§h tab

flank. In a part odinent, “the pin threa

conplaayy pamesse ¢6a@1$p 4 o} i gihpad riath@arrraodmram BRkehup .
conpld TRY Ao 0%: NEBREIas Whird Reehlclire ﬁ@ﬁ@amws bszx--mgagf ekl agls and

| oad fianks provi des a cl earance between the roots and crest the pin and
box tWEkaRecessany| s@ PERViidg of r@@laéntcrléﬁp‘é@cﬁhrk@édvﬂqmrtbanthrﬁ\atdhreaded

I I h
too add‘%pt er%@?@tféo@%'nﬁké@gﬂ In?%@? é‘ é‘ﬁédd n%iféaeéﬁbi gﬁt own.

The connectl on “features ermedl ate nenber wt Ite
faci ef pﬁmf entappes dybodiceaty fRei rip fi6Y puadpostgage #&tlmglaw@b( th@nber S

whi ¢ G o] t to
pset et o S Laghoch AU el lopt SyReynb ohe! JLBnef3Y EE LAY,
corr Qﬂﬁr%gdg@ahmraado@tru¢ﬁumﬁm:nenbers are formed of NACE. approved
materials. The pin and box threads can have the previously described

conplex stab and load flanks to provide the desired interfit between the
fl anks of Amespanednwwxbhemyamﬂmtmﬂ,dmmtmwetOWHéi wedgehe heesdrpadf i | es.

A et e ng..s fa of nd pin

and J%%S%? e e@%e%t%odf% dé sur?f%%sg h§%90f EF%EeF 5ﬁa%bf t he

connecenber The exthhde othret airaemﬂlng sef vélmlénd:anmd}ﬁtenééne dordaded

sur f the co ectlon an thereb i sol ate the enca at ed urfaces

fron?%%??gé?Q% alRES WA t iC8al ?ﬁﬁ%&ﬁ%? feaﬂﬁ*eghﬁndgﬁﬁtb §5ﬁ Il be

appareohnect i b, wehet eoodesandpbreatmoﬁhtlﬁ@l&M\Sadsl did not engage.
Thread lubricant could be trapped in the 1long helical space
between the roots and crests of the thread. In Re. 34,467, the
threads were modified so that the roots and crests would engage

before the load flanks engaged, thereby causing the thread



19 DE C 2002 ., _ Brief Description of Drawings Figure 1 is a side,
cross-sectional view of a threaded tool joint adapter connecti L.OYINg
the inproved thread formof the invention. Figure 2 is a si daé)rbgﬁ)z(ﬁﬁil
cross-sectional view of a portion of the tapered connection used in the
adapter of Figure 1 showing the thread formof the invention. Figure 3 is
an isolated, close-up view of the thread formof the invention in the fully
made- up position, the stab flanks of “{'he pin menber being provided with a

conpl rofile. Figure 4, is_an isolated, close-up view of a thread form of
Cheli ToURECRRe BeieRs Ehe! 5aPE S ShrteRtRobR Bre SUAFIAR TEaFPRriks
of theb@iwed®riled fiRadde BOFGrExtRéOotbhRebt ibheibnfanilyomade gigr.e 5 is an
i sol ated, close-up view, simlar to Figures 3 and 4 show ng a chevron
profile on the stab flank of the pin nmenber. Figure 6 is an isolated,

close-up vigy pé.tBe,Bas &idPdré Nr &ad 460, M Ghe t PeelfRYGHd Othr&d@IM Rere
certain_of the angul ar and di nensi onal aspects thereof. Best Mde for

Car ryi hgovetatirdtahaped bniki gupes] seesiota Mindian den| af ofhe Gaapter
connec¢h R, atdehedpabed. 96 es alpyr &t 14, £6®) £¥i Read N dIPRAL Frogaensor m
of the_ Invention. The adapter 11.includes an internedjate nenber 13 having
opposi Btpgefdesign pin Bhas assemi-davatadil i dparababxdevairithtbygadlo
whi ch 0 i, L.h [ ' f A

i cadens, APEGEedl, ORIt TPsLRaed T ae fabh cbniiiped, £8-be

pr ef ergedater mttan hg e dhnead | naat i migithediad e imentde 18rpditdeonad of a
corrosj i o) HFF\’.. Leri gl while the end nenbers 23, 25 are
fornedag?ié??*?ﬁgg%e&néeegleng I\ééégg%g%dards. Typi cal exanples of CR A type.
materials include: ti) stainless steel; conventional austenitic, high alloy

austenitic, r I Gy i 0l t.af |l ed]%q? jo Lt bt b e (2)
precipitati gﬁgr%féc;ge%\%%cla% rg\gf[% @%%% r(;'L\rigsgi cKe qtgal@e%%ys% anif%hggopper
al | oysmodhflicgagionobsl tthmsbasict arddge abbdreadc eangapt | vhichTprovides
descri pjd Sifi.cati; e ials actually

i ncl udggbggﬁéi%%fggﬁﬂé]?g%ig ggpk:li%n??lggp%rﬁ ng E[uiyorgért he wel | application
under consideration,, and is nerely intended to be illustrative of suitable
materials for use in practicing the invention.




In addition to having the mati ng wedge-type threads of the invention 19,

21, the connection enploys netal-to-netal seals 27, 29 'at the E :z@
and i'nternal term nus of the threaded regions . This Configurag'g 6 %s
that all stresses that woul d nmake the base material subject to corrosive
attack, i.e., in the threaded area, wll be encapsul ated- and isolated from
corrosive nedia, whether internal or external. Additionally, the

metal -to-netal seals protect the inmt®rnal critical section area of the
joint fromcorrosive fluids. This area of highest stress would typically be
the point of failure in rotary service, but the fact that it is protected
and even structurally supported by the netal; to-netal seal .area tends to

throw the point of failure beyond the connection boundaries. As will be
expl 'ig "Q‘. Het ail,, the connection does not enploy a positive
torqwsg—mg&'&e thread formof the invention takes up the applied

t or qUEhe rithpYoweidd ehraade formositt the imqnemho:poneeoaasmdhal v:migae-u;hr eads

| ock .t he pi nber s et her i adi_al, storesses _are no
FequiTEasBECHAl d thteal (Per gt GRTng ] neke CehRc rRRY RRVRRRRE ot

el i MtwteY Pnposat maeings qilersadpgrbbeencad cﬁmtﬁolbequyshoqui@rlex

el i m nat Thi s turn, eli nates the need for the terlal uired to
mac hi P égl& %‘fﬁ{ﬁr\'dek?euﬂgeﬁ & HWe t‘ﬁ%ti’a%nEIé‘FFSH er{n q'b can
bﬁ plagﬁ@hdaﬁ mcn&&al ddr?\urng arngabbmp%@ﬁhptr?ggered Idan de spm @:m‘rttb_rnaih@n

t her eo Wwou e shoul dered c nne t. ons havi nq a

si mi | 8kak OE caPB8cft S’? q@?é; E%FE re@Taf Pt i 2affP tRE torgr]et}lf 1%'0‘?'% of
the | pvaRktd On AScbfAtaog el eréhm@rlé 2peb¥idedh)bdtied Ot wsEtng N
shal l ow, horizontal drilling for the trenchless driJlin n The sane

dustr
conne%??%ﬁ?c9§19h?tkﬂ&fq%PﬁqﬁF r%?ﬁ?%ﬁslﬁﬂu@f?ven?hEYQB%H%EFFgﬁeg%uﬁﬁlI

sui teﬂuipdu%p@éﬂééw Bp éﬁ@fhpb@@gu%ﬂfcaﬁ'{d |Hetmé@'1 usiesl tiréadosr&ons al
i ne iS co illing holes and pulling

bori n nly e
pi pe 63 c§BPEsundé[}hero%E%b r@‘i&y@fh@ §h£?aé’émbé?er|%r§ heyreRfough

onl'y shepé@oloiBilat snbpeadesia&gmmiwni@f ala g‘&é@ kerdeshdda tge 1 Rg ead
formgof the invention s shown, it wll be understood that other ti/ges of

conneé{ 2Bk sOE aFhe ecABRLINENEE TEh ®Ph MERPeHr m e faEabhy ent e ncorR

exanppofille R RTdd &S L& sRaHURRAY o8 1888- £DSRks AFE (G chgehaPesed O
"cyli ndr| cal™, nant apered _connections. Connections can_al so enpl oy ot her

t ypesi8f anBudsirhrcaleds fdans havheg debclrssd ithusosEarkts 3andatouRd
ReevegaRes éér4§Zabngaﬁﬁ 5 qbfyviaiq{lecﬂf@@@dcf@wé Ofaa{raeal BYEBEi RatA
greater detail . shown in Figure 5, the pin nenb 31 has pin threads
Wi th ﬁﬁﬂeabecpegt 5088S aR@Veh fe FPAto ot isitds. ﬂ%&ecweétg 38 hhe FBBES BS Of
the phasgeghgh @He%fd@l@a@fthEOrBBtgadﬁhliEth%he%a'%%tlgzn%pﬁ%lﬁﬁn@ﬁét?’?
having a conplinentary thread structure. The pin thread crests 33 are

f or me® bépﬁeaﬁnﬁréia@OY‘Fﬁﬁk]-B@eéﬁ@na | oad flank 41 of the pin thread. As
used herein, the term"”load flank”™ will be understood to designate that
sidewal | of a thread that faces away fromthe outer 19 DE C 2002 - ~0 -
end from t BBer Ehpead FormIaf okhe eiivenfipPed Ssof-ierded hEox hueadinsa
for meduandrt BEnheEM oRt &SP lf;llléntl.‘ypéé“ ﬂlév%ﬁ? UNARLS LA eI tcﬁrEQats

sidewal | surface that faces toward er end of the respective nale or
f emal difBnEErbafiliaskppendsiopd fdipghes end Hd gtorwotdumng cuestisnpnfap
make- YO haligol QkEEW;ﬁ]etﬂk@ard@% SRRy leanlkdd dry idé(&l? §§°§h
chevr onshaped I's adapted for e gi ng mat I ng of the
conpl ifH&% §resbexan@mret 3’ fOF¥ gnpt bug del th c&éﬁ/rmtalgﬁp%l |trhmafda ofetheen t he
stab f he. . p S. &S Ri h
threagﬁﬂg\%ﬁr g‘%k[sahglgeé g?'gg ?8 nl%laﬁ'%?ls made Ggl\é%fa&a%n |r%r#ree%sv%alk E%?‘ttlﬂon 45
and arin oner dértechionworrthal bogoandoim4tie dtleex rﬁuerembidmpmttm@npdlﬁ forms
a neg n h ng ax 49 of th ubul ar
connegq \gﬁaf? Q}E& J?O%Eédt | \% an’glagl%l tgli(r%&bi{%t E?é r\ﬂér%aég WG 5’r°ﬁ‘8gh%5t ween
t he |rdm:r1ngalniakpeup| on 45 and the adjacent thread root 35 is an acute angle
whereby the inner wall portion 45 flares inwardly toward the thread
root.35. As shown in Figure 5, the.outer wall portion 47 of the pin stab
fl ank for mThe pasi ttihreadr et useccanglexppmbfhleespabt flankheakdengpt odi nal
aX|s 4 the out er n flares outwardly fromthe. point
£ T et PR e B et el en [ ABe rbri e Fof RLE hPREE T FARK. The
p|n | oad flank 41 fornms a positive angle theta wi t h respect to the
| ongi tudinal axis 49 and the load flank 41 flares inwardly with respect to
t he adjacent pin thread root 53. Load flank 41 and the inner wall portion
45 are thus non-parallel. The thread crests 33 and roots 35 can be parallel
to the | ongitudi naI aX| s 49 of the tubul ar connectl on but may al so be

v e Y b1



Both the pin and box threads are helical wedge threads and thus have
progressively changing axial width along the helical length t@alw ét ba

ot her words, viewing the pin nmenber in Figure 5, it can be s 2 2
thread wi dth of each successive thread 19 DEC . 2002 -11 r progressively
decreases fromthe outer extent 55 of the pin nenber along the helical

| ength thereof to the inner extent 57 adjacent the nouth of the pin
menber., Thus, the thread width of fiYfe pin nménber 31 at "X" is greater than
the thread wdih Y. in Fiqure 5 The ial thread width of the box nenber
57 progFELohy dhjche trassbst Forth 2ofRull s o PES TARRE SR igiated ATy
changhaginyi skapi dlfank dheclpe nc@@h@nﬁdmm Pflembede s pesigide anterfit
to limt aéi,al nake-up-g\]é t he tggu ar cgnr{fection. Th thrg{sﬁed tubul ar
connetPEBRLdEnPREVESP £B8, SEPPhELARKRE RS Ghe Rdp énéeﬁam BX8f thee®
presefhteret saRveady td anefied rdd areasleibat bhechér sadscRr&adsspeeed on a
t aper gﬁl lustrated by axis 59 in_Figure 5). Figure 3 1l|lustrates another

enbodFhenflasing, o5t cuember noemPL SRERYATII B a3 FITHTUTRER eoRbrek
g;of '| £8a3kab wfah@nky P f %h@?gggtge%gué%1éw. StpPeféPd¥1 PP Bhe t8BEmBRExMEMDET

n this case, the stab ) of the pin are forned_as nulti-facited
f 1 ankBrefdileygssabl fienk Asea mudtisfapited flank haying 8f imastobthresdi i
per s R fagi i ed 4 {,0 angl es
per skabibieaka foe: SGALE Rig augumbakes 1 Saistacaphy s pactbean

wi t h eeboddmens t ke @i tihrerd aldoshas ef conplpkpprebhhecivad fhrnk the

angl e f u st 1S 4 d 77
Foamstan Shongang el harIng, Bold SIARRRSEIcH ol e B3 bER P 1 e
di r ecThen bihtehfiadjafcenhet pigndandobor9 stad vikarks | angi gupad 3f1RhkeEre 4

| Tuspeal audany *@fe&f@ﬁé&’% ”Bﬁ&weénté”&?e | PSR | St aédfté’hﬁ' g!ﬂﬁeaﬁd In
whi ch“the simlar parts of the connection are desighated wt r-mes. In-
thi s base thmeesserto tablov vephbey &fl'amyaentrepnsidexhpesid [lakiriapnd ank 81,
in addition to the conplex profile stab flank 63 prine. In the enbodi nent
of Figure 4, the conplex profile Ilpad flank 81 is also a nufti-facited

f1 ank havi iy thrdagesi tanled oiati adapBer SHnmgskt ikre haydings e8gapsslagedar e

i dent i by, i Nyrfl T a d it ' o ' C~
2002 -s%g']eaén%'? o}d% ?ﬁggantgﬁﬂes, b, gqgend%%é\neﬁ ?:gg:%eeg%:zgg t%%ﬁ%%%ﬁqt udi nal
axi s Asherwmedizte henerapercctwidrh \WpphsitedyentacingFipin e edydshe f Thiet s 89,

whi | o SRS EEENE g oy IS ek iak 20 PR Mied Wil SIRIBE 00
st.ab Ms;qﬂ(sth@fauﬂm:lpian mam@ardl'-rottaryFitgmletj@ithqoameeséms tohaplset r oot

; , L e pin
groov‘in‘(’ji%{{] I r?gp 5681 feh£€ P{?ﬁ ﬁ&%rrﬁ%&é’“w%rﬁlﬁlﬁékhs’r gg;'r‘?n%%mosf bhe p

crest “t \ repr esenfs e pin root too repr esents the
box creexresmboh wedibtaPl radprassent Bhe Heospi memizexs gavevEowng@hofhNACEL 1

repre I k | ea \ t the, b r.est | W]%f ' t he
pin r?ﬁﬁ%‘%‘é@ hg%g:%nééz‘ﬁ;%t is%\*}ue'd\gﬁf hgﬁ&t he o%xr%c?o : gl fce'he té__?%gt
t oot h prrefrhouslgnddéseribadwednplekastaiheand ooad dotdnks dich pricva dehrideed

h ; A ) . ) q ,
of r s T LAPE M R 1€ PERGLERCEnL AR KR L Bin B Bt Bl e o on
t he rams. hamd othets wedge rdkeead profddeer. t & wetialetorapped lsebdi dant .

The rq d he t | .19 the plLpe _axis .qr

par al I€+§%€8n8§£§§%§1 ﬁ‘i;qttjtq% t%‘g}g“ft%@t%ﬁge@% S%Jbﬁ%naﬁﬁgaﬂ'g Eflg |9|p€l?r’sé‘ is ~
cl ose-egtehta pdrtiloe dhrebdetiodwyfeices adexest cnnelrthen ehdFodurtel
showi n .ste read fo utilizing the conplex profile stab flank
enbodi%%ﬁ?éﬁglf’ﬂepi %t?‘%{\ai\g"f’ﬂnﬁtﬂ ag%?jff’ = Er&og_engﬁgg}ﬁiaﬁg ﬁlhr? stab
fl anksthBehded tdierfares exPr ohel ecqurmridtdes] yases thdiethy | Dséhet emrad nent
of Figure 2 ihe hread structures 97 are forped on a |larger radius while
t he se%%ﬁﬁpgll Bref BHEL o585, T O GoEgo8hVE &RERFEr radius or distance from

the longitudinal axis 101 of the connection. The two step thread can be

either cylindrical or tapered and is generally recognized for speed of
assenbl y dufrddtinead pPRipeks Theaburen|anst agvaptagesonillidse apprresnt be

used fon LHBM WedBEehC SRS Ptii JIFGRIRR! ¥oPlokxC! uded all together. The
netal -tonmetal seal areas aré shown in close-up fashion at 1v9, 1lil in

Figure 2. The netal -to-netal seal at 109 is designed to be a




19 DEC 2002 -13 short, |ow angle seal having an engaged | ength between
about 0.200" and 0.400", preferably about 0.250" and bet aper.
The purpose of the short seal is to allow the nonentary 2§f9u@£§:q@ﬁ02
entrapped thread |ubricant upon nmake-up of the connection w thout danmage to
the seal fromradial yielding or collapse of the pin nose 112. The

metal -to-metal seal at 111 is designed to be a long, |ow angle seal having
an engaged | ength of approxirmately triple that of the internal seal.
Preferably, the long, |ow angle seal is of at |east 0.400" in engaged

| ength and between 1 and 5 taper. The purpose of the long seal is to
provi de the maxi num nmechani cal support to the critical section illustrated
as "c" in Figure 2. It has been learned that in a connection of this

conf|EmLkikxuxmﬁLJMEQEanmaag_support|ng seal as in 111 wll greatly di m ni sh
fatigue stFesses n,the criitical_ cross- sectlon fron1rot ?_I%é% qglng of
[

t he connect i 8R*e ﬁﬁsabgéﬂefoEﬁﬁF??FecQﬁﬁﬁ%%c fSH 8F £ni gura i on
that jbenti gdapten qmiredfi®nempppedngaxeedsprovelr ehdeadnformdofipdre
rotatyional make-up of the connection is fromthe outer region of the
connetBYSRIPR111 toward and through the inner region of the connection at
109. The cl earance between roots and crests of the threads as shown at 94
on Figure 6 .faciljtates this .m gration wthout, structural danage.tg the
connect i on FQBFFtﬁelﬁr%s%hé%'d?gﬁﬁtﬁgﬁﬁéﬂnPﬁKEEﬂwl rd &L ?ﬂr?ﬂdgaisenbly
utilighpered kinrdit i ohed hiy Mg cidapidr G e pgugenp! ehdwireac ier ns)
the first contact |s eneraII made with the stab flanks. The connecti on

gener ShF§af desmoRE: GSE§HEP|&HRS initially until some interference on the
chevrons occurs. This |nterference is generally a function of either built

in design interference or, i se of no, desi interfer caysed by
the ovalit §igkrend ig§oanats ?ﬁ@ HBnﬁé%V|%ﬁ ?%eg%mﬁ?ﬁ |§ OFfeR F

runni ggeURnvientqwey mgﬁg@mwmemp is$ tashi, 0|&he Halk £ 2002 of
-l4transfers the stab flank | oad to the [ oad flanks soon as the

transtBe E@@um§mbﬁﬁeQQiﬂ$19§9ﬂ%¢§ﬁgﬂgéﬁeﬂtC%Eﬁkeéspﬁpﬁbs?t|ve stop. This
novenment will stop even though the box nenber crest and the pin nenber

roots have not made contact. If addltlonal torque i s applied, the bal ance
of forces SHIURE dortsh@N stRekatad oiclose-URr ¥4BvW Pinkes WiYeadt BPERUPE her

radi akheMuQERES o, glﬂmlaﬁ.»hw e Bheuhore IFEHRN kRkOsthbe apdn1gagoves
and axi al squeezi the threads between the stab and |oad flanks will
occur £deska nef qugﬁerPhﬁkemﬂ’ﬁ?erl'hEaﬁﬁmﬁhe oforRded Pre&idfceofostha

Fi gur @ nfRlerjtfi® ded between the thread crests arid roots is determnm ned by

t he angles of the chevron or other conplex profile flanks utilized. By
properly determning the angles, the clearance space can be controlled

wi t hout relpiifRg-sd eisy dRoNsbNiead, Wilide ap WaRW, NG iGisa + ntseP&guBearl or
wedge thread designs. , An i nvention has been prOV|de wi th several
advanBagds 4 /ghavingka- Gheyrophprefitaden EBAn8ERPof 1emk Hefi BhenPian can
be copienddyed W thout abutting a shoulder on the joint by the wedging
action of the threads thensel ves. Radial nake-up can be controlled by the
special thread structuring where the radial novenment of the thread making
up Tnto a i LBread ghoquRIMkkl DRIKERLLECHALPYOE GUPP! BreRabihe on
the stab fIa oad an or conbi nation thereof. By controlling t

r adi althyead tiarmafidre rmverg:m,ea@sa)vmgbwtmm epf r theeangedarpbend
contr Iex profiles of the |oad and stab fl anks
causegi “%nc%%ééﬁssges V\;‘I thr eads wedge upon maeke-up. By properly
desi gning the angles of the nuftl-faC|ted flanks, it is possible to bal ance

the radial stresses caused by the torque bearing | oads with opposing
stresx; to¥geadop.a g iutthe lnentiany between the stab and |oad flanks
There is t aie%lﬁa 'é‘”‘ﬁﬁr@%dé&rfééfs 240 a!baagatre%d' Bnk%'&:‘ﬁg%nf:rannOt
occur when the crests and roots of matin Hreads are 1n c earance he

shoul msmaMmmmlnfaa Hel |Empelr¢Ml@g shenimpreved1thpEed2dozm o5
conce td n he l.d Iess
conne(r:%tli%n e‘?s‘i a es %ﬁgggtli %ﬁﬁlﬁgfee%g %89 E?%Eha %3%
reducthamlmg s’ppb’saesﬁyenﬁm:esg t penple}mdsasls‘ia,nbly t ®agrh tbfou@h:.aht hglst er

| ventFBTCRPE AT 0 RARF, 28 aRRBEAcoHS A Ao TE AR CopERERGdp of

the internal dianmeter of the pi pe nenbers. The threaded tool joint adapter
of the invention seals off the threaded regions of the pin and box nenbers
with netal -to-nmetal seals to thereby seal internal and



ext er nal pressures and insures that all stresses that woul d nake t he base

mat eri al subject to corrosion attack will be encapsul ated a1$igggt¢m)2
Addi tionally, the netal -to-netal, seals protect the internal [ FARD

section of the joint fromcorrosive fluids. This area of highest stress,is
protected, thereby elimnating this traditional point of failure. Wile the
i nvention has .been shown in only thrge of its forns, it is not thus limted
but is susceptible to various changes and nodifications w thout departing

from thgesll bi bEetRel matind9ookCeR@0RembbisChai,msl. A thread formfor a
t ubul ar connection having a pin nenber ' adapted to-be made up with a box

menber to forma pi pe connection, conprising: a pin nenber having pin

threads W i t.-gr;%c}tqrc%atazlgnd%wf@féefw%&mm&h #he adprtmadidip, benerde up
with a natln%‘ ox menber having a co i mentary thread structure, the pin
t hr ead nbegsedibsiengembered 3bdenwdormedsiadb & |cokraston readstratkadfovhe pin

thr eacierylie iR i eqfiavicdd LEORRIBE A ofd | 28t ahofkanketRde WRigh &
east an I'nner walT portion and an intersecting outer wall portion which
t oget Ipdipef omeebinyuMNACES| shaddakdak f offypigedi ngxampdesngoft £IRA | &ypeof t he

conpl i nent ary box er IOV an_jnterfit t-h g l.anks of
t he pi%ﬂ%&xlﬁ%ﬂﬁ%s, { eslt 1513.%5[5 E&F\?ﬁngctoé&%%%q} e%rugg’l%g’lltrlm%\r}enent
of thédighallhoyaistenitiichemaatengibbr, Endetpiroapiondwrdened dagplex
structuyr o_cont rol di al._make .up,of t i pe ,connecti on; ,and . wherein the
hr oadhd  EBREERLEY (A1) BreltiieaR R ' BEFRAEACCANEC dlia S Uy Y

t hr eachifakeh-dasel alhclys wheidkel t bepperpladloysgf idmd s{ah dodvald i-dbame,

muf ti-facit.ed flank ,having at Jl.east thiee facits.apnd four. radii_per_ stab
1k S A @l Rl s e | (s cfebRaBEERhy e SRS ol 5
conpl el gueiffilcatliond df aOkA hatéidallsr esck ddl by ofincllaides3, a whgtréad tdie
conmplex profi.le load flank is a nufti-facited flank havjng_at |east, three
Faort dafEian ropBifns o dendndin ooy bhe " welly dhb 1A erClons dder
wher ei doridirigyat ildir, eagndr €sf Smeggkya Nitaided dito abd tiklwstraodre e a
root w dih, .and wherei,n the w dth of th%:thread crests is.less than the

Wi dt h Qﬁlﬁqﬁ;qlmqgﬁfﬁq%ﬁ or use in practicing the invention.

In addition to having the mating wedge-type threads of'the
invention 19, 21, the connection employs metal-to-metal seals 27,
‘29 at the external and internal teérminus of the threaded regions.
This configuration insures that all stresses that would ﬁake the
base material subject to corrosive attack, i.e., in the threaded
area, will be encapsulated and isolated from corrosive media,
whether internal or external. Additionally, the metal-to-metal
seals protect the internal critical section area of the joint from
corrosive fluids. This area of highest stress would typically be
the point of failure in rotary service, but the fact thaE it is
protected and even strugcturally supported by the metal-to-metal
seal area tends to throw the point of failure beyond the
connection boundaries.

As will be explained in greater detail, the connection does
not emplof‘a positive torque stop. The wedge thread form of the
invention takes up the applied torque and provides a semi-positive
torque stop. Because the wedge threads lock the pin and box
members together, high radial stresses are not required to hold



19DEC2002 -176. The thread formof claim1l, wherein the pin nenber has a
hori zontal axis and wherein the pin thread roots and crests a‘r$ Ipﬁr@lZBﬂZto
tthe horizontal axis of the pin nmenber. 7. The thread form of ‘cfa ,
wherein the pin nmenber has a horizontal axis and wherein the pin thread
roots and crests are non-parallel with respect to the horizontal axis of
the pin nenber. 8. A threaded pipe cgnnection conprising: a box having
internal threads with stab flanks and |l oad flanks and flat roots and crests

and a_pin_having,external, threa Ltth.stab flanks and | o I nd fl at
o oscERENGORNAPEL R, Sainds, T Y RatMifibfian AIEda it ue PoemE Fooake o
a pi peheomeect i fior &heotrhuneadhoubderassngliimiwmadtiehl.i n Theésdi decttwmpn t he
box and.,in _the other direction,on the pih so that.the roots, crest,s and

PP ankBLainns Sen ey Doy £oF o BN ERERET R RARAZEE: L8 AR P I B

havi nghaudde@y .ex Xs odi teswltnb thendonmmeste ign ot athéﬁasﬂvea:ftﬁijdm?am/abéd o
portion and an intersectj ng, outer wal ortiqn i ch tog er _forma double
sl opeHRPICS PBr BABSS rl}ba‘gi%t i%gsg'ﬁiﬁgf?l ahﬁ'ow?ﬁ%eﬁongbi' mef¥ ar §°BBx
nenbeeohbipaedicde 8hetabe| f ithabetw®eld t Be stiid idamekswathi hehehIdenddabox
nenbers, the interfit serving tQ limt the radial novenent of t?e glg

t hr eaGOTIRES 1ORE BRYHRE béx S%QH&%I S re FERAFLENr ead QG LRFSFBTTS

cont ragpu%ia%li_dwkef HheOft Hr@adpiFpemC OfiNeRki @Rveht iDIE 14 PEo CONGRELLER Of
claim@8, wherein ch conplex profile stab flank is a_nulti-facited flank
havi n§igmetesst (2n?e@ AR s tand 1 IRdnY adFrdpeln sERBLMCHK. heBl Z29RE2D| pe

connegidian i@y ClfdxM heWnekehBn188sPi dril B¢ als@udesya conphex pamkile

|l oad flank for engaging a mating |oad flank of the conplimentary box

menbe CORNECEHAN Gage beonpedt inFhs mindng andussryi-n THe EORPEEkIPFoASIe  ~
9 SEEwAG2 guk& dPaghs |l ying? t@ idhortadleh@ Hd %ﬁ(dﬁ‘\’lﬁgpﬁ{)dﬁééa GRree
facits and four radii per 'stab flank. ' 12° The pi pe _connection of claim 8,
wher een hREigPAtedr cherthgsmachine awhieht 3§ daemarilohe Pl avest sERive a

root \&ﬂtlfmn%_:p fo¥ea 8ha dileL i‘ﬂdj%gh.p@f of NG ¥ cAfid edhRd S deeeanidlaBnihe
wi dth of thethread roots. 13.” The pipe connection of claim§8, wherein the
pi n maAher mrfagmMazsiess axi s and wherein the.pin thread roots and

crests are parallel to the horizontal axis of the pin nenber.

Although only the tool joint threaded connection of Figure
1 embodying the thread form of the invention is shown, it will be
understood that other types .of connections can be made using the
thread form of the invention. For example, the connections can
be upset or non-upset and can be tapered or "cylindrical®, non-
tapered connections. Connections can also employ other types of
wedge threads such as those described in Blose Re. 30,647 and
Reeves Re, 34,467.

Figure 5 shows one thread form of the invention in greater
detail. As shown in Figure 5, the pin member 31 has pin threads
with thread crests 33 and thread roots 35. The crests 33 and
roots 35 of the pin member 31 are adapted to be made up with a
mating box member 37 having a complimentary thread structure. The
pin thread crests 33 are formed between a stab flank 39 and a load
flank 41 ;f the pin thread.

As used herein, the term "load flank" will be understood to
designate that sidewall of a thread that faces away from the ocuter



14. The pipe connection of claim8, wherein the pin nmenber has a horlzontal
axis and wherein the pin thread roots and crests are tapered with res

to the horizontal axis of the pin nenber. 15. The pipe conn c ggﬁ: |m
8, wherein the interfit of the pin and box stab flanks and Ioa | anks
provi des a cl earance between the roots and crests of the pin and box
threads to allow venting of any entrapped thread |ubricant. 16. A threaded
pi pe connection for a pipe having a-Aérdi zontal axis, the connection
conprising: a box having tapered, internal threads with stab flanks and

| oad fergh Ifsromnt:lhél nespect svamiate est sf eétal e amemben-rarwhich the ttilgread

| ongi tudi X f e _piLpe ,and.a MRi avyi. t t S'
w th S e Bnd chal nRE RE A A Madd, B TR Sod Fo e
non- pa:rc?ald}ﬁdt ta;deh?alltlﬁra;iﬁﬂmf;madhitxi Sa@ésti_aewa'rdether oumiemgemit thdf ttthee
internal threads o e hox make up a_Ri pe_connection r

i ncr edSERETEH VG TS r?rotﬁe“b?feec'??'glﬁegnaflﬁe BBRCXLE ithe H&e’cﬁ %at&é%t i on
on thejqint it thee irdddinl g up skt ftleakfodht | he t hreads move

toget her during nmake up; and the pin thread having a conplex mufti-angled
stab flank made up of at |east an inner wall portion and an intersecting
outer wall 7994 tddgD t‘!ﬁ&é&dtﬁﬁabhﬂafrﬂd M. 1 dodblauiienasd dp and ERévron-

~soEczqoz -19 engagi,ng.a pati n b_flank of ,the co Ilrren box rrber
to pr Fhared £l q'lelt‘z"lbe"‘t edsfap engARdngr & MAtine \Eﬁ“ﬁ& ers

the i ndigs fddmpi@.h\éh'&ﬁrtyobbk%émbéﬁ It QlprioMere Rt cﬁiavtrl& RiyDet bﬁ@éﬁ'ﬁit nto
the mati ng box menber “cqonpl.inmentary thread structure contr ol radlgn make

up of RHgRPEhS Mteh iIdR oF FiiPHh and ex ct ?%{ ge bBBWBRAWRNEMpin

-and b%#@f@@ HHRS I rA e THO P9 MRS | §€aBf £ 2AMKERbr 3BPREAE hgad
| ubri can 17. The threaded connectjon of claim 16, wherein the conplex,

mul t i -2 @it 18086 FARAKPPELIoMAT andan dpterssetisng aytar rwééét PPRE &EN

facitsgpnd heur jhafiy WL Sbeetfllo@ﬁk«;s 18orthie d hﬁeedeséveormfgaté ap @itgl aim
16, wherein the pin also has ompl ex, nufti-angle |load flank. 19, A

t hr eadeRSPRRY ‘}Q)lﬁbeaélaﬂﬁéﬁuééﬁ?éctw M9 RE EMCapsiPRtan SPRBESELON:he

adapt effy COREROL N GHETd qunea"n@%haevam éﬂ.{;&‘éf@' £bPmeadpetivtBnStRl
fl anks ‘and |I0ad flanks and flat roots and cresis-and a pin havi ng external

t hr eadSNORF Hakla PR 400 @Nco&drer PATRS R thrgad TaQts 3dhd & 85t 3CHEF

mat | “gaﬂgié WS dHY ehRaknhBiegds) GhottifoR WS 1A JHE iHhaA-PI P& RRHEEEheoN,
the threads increasing in wdth inone direction on the box and in the

ot her th¥eadi ¥MPbmi he AF Showne b FHEUFSo? s, theesbEernalilapestiprn: Ad
thr eadgs mpyg anets*tearb dey g FBERsUR ﬁa@lw@e pbe heeak haniig 8 weeml ex

profile stab flank fox_engaging a mating stab flank of the conplinmentary
box nehBEPeED pPovile denTitardinabegxdén 4%e shEFehankdeof ovERY pWalind

box nMegRSE $on4E F1RLR bht%ﬁ:ﬁl@gf%nﬂ tAbtpd IRt r&fli Bl dPyEseidn A1 WHenPi n
threads_into the nating box menber conp Ilrrenta thread structure to

contrthFaéIPaFrn‘ﬂel uPCBELPRe4pi pE §Bﬁn§§lﬁ‘ﬁ§§ ¥ netal -to-netal seal
formed between mating surfaces of the box and pin at opposite extents of
the threaded surfaces thereof, the netal-to-netal seals form ng an internal
seal and anTBppBint lqadr £AABEd et EPREF FedPOfhEiNes &M@l e o thREAp Wl o

tzgi thegggedt St f@res1hgl P EARNCakE 8N 49N nkiN@hePY a0/ Aldhit N8 £128ed ~ C
J._nwardly with respect to the adjacent pin thread root 53. Load
flank 41 and the inner wall portion 45 are thus non-parallel. The
thread crests 33 and roots 35 can be parallel to the longitudinal
axis 49 of the tubular connection but may also be parallel or non-

parallel to a taper of the connection.

Both the pin and box threads are helical wedge threads and
thus have progressively'changing axial width along the helical
length thereof. 1In other words, viewing the pin member in Figure
5, it can be seen that the thread width of each guccessive thread



-20 encapsul ated surfaces fromcorrosive attack. 20. The threaded tool
joint adapter connection of claim19, wherein the conplex proflle s%iﬁé
flank' is a multi-facited flank having at |east three faC|t dii
per stab flank. 21. The threaded tool joint adapter connectlon of cl ai m 20)
"wherein the pin thread al so has a conplex profile |load flank for engagi ng
a mating |oad flank of the conplinmenjgary box menber. 22. The threaded tool
j oi nt adapter connection of claim 21, -wherein the conplex profile |oad

fl ank BaPell k@élga&éﬁfgaééénﬁr&ﬁ‘ﬁwo%ttelreéiEehlﬂr§§ SRGiHeS paROméRAbE, " adi |

per sPa e threaded tool joint adapter connectlon of claim 19,
Wher epAongethenhehicad éeagt:b ha@aseafct@st:hw dnpnexnextiratphih A8H8SeRRvVe a

r oot t d | %%H% t | 58S he

wi dt hwg F\ﬁugghf\gg Fh%o qri ]{: r ead g{fﬁﬂé%én‘?lg gp(tggrt%gﬂgjé%t i on
of cl miembeg, 3\1helte|“&£"t h@ ;gneaﬂeamaharastlse horreadt widtki $YAndnwhRaswra t he
pin threa 0 d I zgnt al e pin
nerrber% gn{el' ?egggrg j ol ﬁéf Egét rg(ra){:ohﬁ%@%%if o%qo?’rggg}e%s%&?&g\her ein
t he pidecresses hasthehoppmnttal direstand .whEhe progeesiaivelyegbangdng and

crests I [ XIS of & er
26. Tﬁéutafe'ir‘égggié ‘?%Vg{ﬁ g & :Sf%%? %’9‘ Eggﬁggé’:t on o#l Jk:Thi él%l%gl?gfﬁgﬁe

i nt er fict ldfmithaxiad madtebmp siﬁattl'fd andtsaland daratedt ks provi des a

cl earance between the roots and crests of the pin and box threads to allow
venting of any entrapped thread | ubricant. 19 D~ C 2002 -21 27. The

t hr eaded t ahk ):hreadeda&pnh\nlanmmmemm{ cambe t8pewvbdr, ealrhdiegh nhdisnal
seal |s hort | aw_an a betwe n, 0. 20 400 _in_engaged
engt e R tod e LF RS FE0ERe meCoREE ciPPRERoBun ol T aRBrg e A% angl e
seal afeart Itdext tthe meadseagegdislpem@ﬁh aanda beapeen (ildwdtratedeiby 28.
The threadgg tooI J oi_nt ﬁgdapt er connection of claim 27, wherein the

|+

ext er M3+ internal seal in engaged |length by a ratio of
greater than 2: 1 29 The t hreaded tool joint adapter connection of claim

27, wher el Lhe oxbor i, 2eal EXCostNide Wb eio% e NeS0oqgRt gt h
invention in which the pin 61 has a complex profile stab flank 63
for engaging a mating stab flank 65 of the box member 67. In this
case, the stab flanks 63 of the pin are formed as multi-facited
flanks having at least three facits 69, 71, 73 (Figure 3) and four
radii per stab flank. The facits are illustrated in angular
fashion as the angles t, m, and vy in Figure 3. ©Note that the
angles 1 and n form obtuse angles with respect to the longitudinal
axis 75 of the pipe connection while the angle y forms an acute
angle with respect to axis 75. The load flank 77 forms an obtuse
angle p with respect to a)-cis 75 and slopes inwardly in the

direction of the adjacent thread root 79, as viewed in Figure 3.

Figure 4 illustrates another embodiment of the invention,
similar to Figure 3, in which the similar parts of the connection
are designated with primes. In this case, however, the pin member
61’ has a complex profile load flank 81, in addition to the
complex profile stab flank 63 prime. In the embodiment of Figure
4, the complex profile load flank 81 is also a multi-facited flank
having at least three facits 83, 85, 87. The facits 83, 85, 87
are identical to, but oppositely arranged to facits 69/, 71‘, 73’



19 D E C 2002 22 30. A threaded pi pe connection having encapsul at ed
stresses, the threaded pi pe connection conprising: a box hayi ]

threads with stab flanks and | oad flanks and flat roots and¥4f33tifgﬁﬁﬂé

pi n having external threads with stab flanks and | oad flanks and fl at
crests and roots for mating with the internal threads of the .box to nake
up a pipe connection, the threads |nddbaS|ng in width in one direction on
the box and in the other direction on the pin so that the roots, crests and
f | anksaridrifomn wdrrhgeangnlmf i3, upoandretk avitgh afespleetc tonehei dnngandda,nal

met al -t o ma{% seal ﬁgﬁ betweeg mati ng surfaces of the box and pin at
opposiPEBIBRED? he PR GERBE°ELPaces thereof , the netal -to- netal
seal s form ng an |nternal seal and. an oppositely arranged external seal
whi ch serv sulate the thre sur.faces t onnection and

t her eby |s§f}aﬁé ’é?l‘&%‘f)s‘h? B s g@&sfFFbﬁ?cﬁ O%\éo S;) ReFFF i ch
alhso m@yitdﬁtr)étfu@t ugalfo&um@mtldau Mrms]pld;m ttie tdrftﬁlmerme]sss]s’e@mﬂré(;j on
the pin an 0X e ose o e r.easi stresses.in sai
et Chibof 8Byt endtont 55 o Losherd | GRORSe PRBTEiTE, Lhikel «5o% othEs

fai | Urgnibied R akOt a1 ¥nkat i Gfie c3er \hxe. mahbeFhes1hr eadad Pigersomnecsi on of
claim 30, wherein the internal seal is ,a short, ;ow angle seal of betmeen

0. 200"TePRERLER the BAYageRtH grgeNeaNidbRt vBerePraReNts fhe bat KIRE

ext er nabogal widge | 0Bg, FeP¥-SHEntas Sdle Obi%t teast O0cd8eni nweagryedpl engt h
and befween 1 and 5 taper. 32. The threaded pi pe connection of clai m 31,

wher ei FEPResent e the E’é&l reRtet@othnuidkher Ralreprasamt i) RPN SHRFE by a

rati o @boghewigh! hap, ZréprééenEBe thar %ﬁdﬁdré&uoegfaao@cwla@rpfwmlaé m32,
wherein the pin thread crests have a crest “width and the pin roots have a

root WePresents e cleadntlankt head. tm@t@hﬁéa& EhESIE»@x.%r%%slq HAeFRe
wi dt h ofi5 ﬁhé’hé h%fﬁdrb%t %nd34:heﬂ'tﬁr§ heRade d DiAREO G itHe Hoxe et 33,

wherein the interfit of pin and box stab flanks and | oad fl anks

provi ddinge ckher mtbet%‘éh widthodiss smpd laresin widthetprn dhe peRot

t hrea a p ri g iVeldPER-SREET
(ARTI ?%6% Uia\%l (%ﬁ 89 5%%5%E?h€€§dg§bsggté!gnr?'g'?ﬁnon conpri s?ﬁg a
box haopn‘genm@nnhl dovietadded threeds. f |1Zanief rdgarengek84ane- gt a®nr oot s
and Créﬁéso??‘ Pl ¢, 6Y! D9cKX ! £5 r@o&i@e@%’ét‘ﬂekh Ehébrébégkfn&r@régég

fl anks and at crests and roots for ting wt i nternal threads of

t he boWpPen make-up hnpppdegohﬁewwérenﬁmmﬂ éa@ylﬂa@rteasrhg rectp ddndi n
one di N, eN e a r [ n t he
oot s, CEFeEBoof char capt oy be pRIANIEL U0 AL PRRP aklf Bk pRtaties

wher ei ATt Aenrpparahiedd teashe @rﬁﬂé‘a@%rof(ﬁlse igt Eporrenk)made up of at | east
an inner wall portion and an irntersecting outer wall portion which together
form a double sloped flank for engaging a mating stab flank of the

conpl i nent aF}gpsR AehBed cslp%eovmfg @nppﬁﬁéﬁﬂlfﬂ perevterlt HeistapdapEfks of
Lhe Pi BoARACBISnTBEO¥igyuddier | BhSk{Ad &b Nokdp él?f%édtf@rrﬁaﬂtf‘iéﬁm‘@m”t

of the pin threads int e matlng Imentary t
struct the cempdet oprofilel stake Lpavk embo‘éi‘p@n’éoﬁﬁe@theomnmlfmtﬁér

conpr i $hA8s8-AREA 10 PERhdbe S5 i* dc et "?tf%'f‘ﬂ €§eﬁ%\9é the box
and pin at opposité extents o the edF Surf aces Thereo

met al - compdex| pseﬁnefprﬁvhguadm deeeniabeieaﬂname aﬂmhmbwmntelo; Bigumeed
externgl sgal iy ServeaiQ-g0c8nsylat eotheq! i caded, qurf agas of Ll
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seal oftwat stesst thr&d' éanerhﬁgedthengtdylalrdiﬂiera\nee@r1tapéfédtapﬁi is
generally recognizel for speed of assembly during installation.
Thread relief grooves 103, 105, 107 can be used for lubricant
reserves 1f necessary or excluded all together. The metal-to-
metal seal areas are shown in close-up fashion at 109, 1111 in
Figure 2. The metal-to-metal seal at 109 is designed to be a



37. The threaded pipe connection of claim36, wherein the external seal
exceeds the internal seal in engaged |ength by a ratio of greater than 2:1.
38. The threaded pipe connection of claim37, wherein the ergepec %B@Q
exceeds the internal seal in engaged |ength by aratio of g er t
2:.1. AM-ED SHEET ( ARTI CLE 19)

A@ AN. AA, . A3. AYSe. AS!l y?. AUS. Ay, . Ai44\ . Ae. A5. AR ASuyy. AY(. AYf. An@. A, . Aa. A
2, A@R&. Al (. AE-9FV1@ nRzckpt ( * U
zupkf aj a, a c aqg],(?*a < ] ag,{gah.p cayalcal cal c
a] ca]%a cg] c’(g%]vga lggaTcL%%%"g% cal ca] %ﬁaéhﬁ\/béé 2 bégheah
671 PO Nep 8 naadzPeteal caPé'a}f@Q?Jé cabeut chj25] tans Heteen chj capdafcal cal ¢
a] ca] ] cakgal aly 1 gakgal:
| vagl g ?ééfca] ]ga g?lrg?ls% ]t%% %g%ﬁi % ca]gcafcgga] ca ea]"(lzoa ecn%allic a] ca]
ca] cae]ma]:ua]oa] c;a]c@mac caub]cmcant upon make-up of

i (2} X33 4eghl ] cgi-cal ca]

ca] cafca]qggirgg? %\ﬁ%ﬁ Gd'%méé%a%%a @ga] ca caﬁ:&lnf f@%% ]e] ]]q‘icj&a]éi—al ) ** 2%
*xxxkaddiap8e, gf- thenpcm/ hokeQV1lMninl} 1~11~ytoj e [V]ca] ca] ca)] ca]calca]calc
aJjc*alc*al]c*a] ca] ca] ca]c*a] ca] ca] ca] ca] ca] ca]ca]ca] ca]c”alc*a]c*al]calca]c
a] ca] ca] cal 112j 2k222(3+3M344} 4~4e6777b8d888991;

; <<<<>?&?Thenmetileformptallcathl At dldalisallealigapdat cabeadcapng] chPea] cal ¢

i e R e ey

] ca] cafcahea].na]ara]ma];ea],ca]Enae}ﬁm]am]]}c,a]tdm] tahga] tajcahgle! kil pkl 8§JJ, K- K

KKKKVLV\L NNNNN& d

Jcal F cafc R e bk anlatlodle le catagleal ool oo
8981' Rtire REGHRER ﬁ‘&ﬂgﬁrsTltBTE}rbﬂrxdel the|mittamaheahenlicalcal cal

col ol ol CalCal o )l o oL AU UL U A 5 LGB oo oo

cal

XZi)\ ] ktﬂﬂa@w&mwmmﬂg fb@{r}e@u"ﬂdh Z-Jﬂ:]t]ri:aas] Cc&t}mﬁ:l?ai:aa]xoa],c?] cia]

calca ca ca calcalc a] cal cal c* ca ca calc

al f (f 7f e ﬂﬁ#‘?ﬂu Fl"]pPL’ %](}r’i’@]mﬁé?ﬁ‘n 23" gﬁoo]o]&]p Lﬁf ) @%M Q]B‘g ca] caj

ca] cafFazlemleC &]t&@]smlga]rczt]nea]cca}:cahcabcabﬁraéﬂ:cwﬂx catem] eatasglioal aa]dc ajc*a

* I >
%%3#&%&?{ &hﬁﬁ%ﬁ%&%xxx%yyyz} xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] c(a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c(a]c

! | Ygr~—~=>~

O Lim vant 4 1 b PR Founat in & conneqtien of 5Pis] CanEAPUERLISIC PEY) cal ca
] ci':t] cahéa]ncl] ajrea] K] el €] 68] éﬁlﬁﬂﬂ:ﬁj&]l paéﬂ?@gﬁg% (ﬂn{éé}:ﬂ\/} esem?duZh] ]L@av]nc?] i:a]
Cal Cal Cal C ca al Cal C Cal Cal cal.Ca a al cal Ca cal Ca calC(alCa
] ca] c% (’,Jﬂ 3 'LJQ" r’iﬁ((i\glv“‘*‘;i af]}é{ﬁ d’]ofﬂng&]OBa]?'Ea]%EQ]“c PEa?BJAFEaFE%’]H?%] f] ca] ca
]Y% ?] ca]r? Ic@inzﬁd u]faairﬁ] alte j?lJ]lCJ( al salren Jaed] ]eza]r@a];ﬁakﬁa] @ﬁak@a]:ag]h%' o &He) a]rrpS]X

xsni d*ni ca ca ca cal calcCal ca cal Ca calCajcCalC cal Cca

ca] ca"<eaEs dd%a] E‘g’ﬁ ]éic'ﬁgfﬁé %i" %’F CI%"] %@’/«Er(%s‘: o¥ Gl

&$10%%H1)ea@5|-08/& ehowdl Q& 94 - éﬁcyﬁlbhre@l@é%l@lt\él:@é<pl§ltﬁlg4m1grat1on
107! F=109%&R () -! @ #10%&' () - @ 10%&' () -, : $10%&' ﬁ %10%3& ()-!>3 s$109%& () -
rst K Wgh qw.)f /@ﬂqﬂ@ c}arp%g_ﬁ)%ﬂ ‘g oennec ion from the’ pressure of

" 910%n¥ apped Wit dad ) 1 @200 () - G

During assembiy utilizing either the single chevron or multi-
facited complex thread forms, the first contact is generally made
with the stab flanks. The connection generally rides on the stab
flanks initially until some interference on the chevrons occurs.
This interference is generally a function of either built in
design interference or, in the case of no design interference,
caused by the ovality of the tubular members. The connection is

generally free running until power engagement occurs. This action



10 10zodY: 10910%)U&f()-N|104| 104| 104|0, @'!10%| & ()-!'S'y, &10% | & ()-!;
y, £10%] ol & () 1940%AL () -*. 271 10 U Uyl #10%U Ut () 1 Fy Gl
Ust ()-y' $10% UE ()-10% U8 ()~ " 10% U8 () - FY9' 10% U ()- M, @~1 3 UEC 2002

-14 -

trangferg the stab flank load to the load flanks. As _s,cson_ as the
transfer occurs, the load flank engagement acts as a positive
stop. This movement will stop even though the box member crest
and the pin member rodots have not made contact. If additional
torque is applied, the balance of forces on the contact surfaces
of the thread flanks will stop further radial movement of the
threads of the box member into the pin grooves and axial squeezing
of the threads between the stab and load flanks will occur
stopping further make-up. The amount of radial clearance (94 in
Figure 6) provided between the thread crests and roots is
determined by the angles of the chevron or other complex profile
flanks utilized. By properly determining the angles, the
clearance space can be controlled without relying solely upon

thread width as was the case in certain prior wedge thread
-designs.

An invention has been provided with several advantages.
Axial make-up of the threaded connection of the invention can be
controlled without abutting a shoulder on the joint by the wedging
action of the threads themselves. Radial make-up can be
-controlled by the special thread structuring where the radial
movement of the thread making up into a mating thread groove will
be restricted by a complex profile on the stab flank, load flank,
or combination thereof. By controlling the radial interfit
between mating threads, lubricant entrapment can be controlled.
The multi-facited complex profiles of the load  and stab flanks
causes balanced stresses when the threads wedge upon make-up. By
properly designing the angles of the multi-facited flanks, it is
possible to balance the radial stresses caused by the torque
bearing loads with opposing stresses caused by the threads wedging
between the stab and load flanks. There is thus created a balance
of stresses such that radial forces cannot occur when the crests
and roots of mating threads are in clearance,

The shoulderless connections of the invention eliminate
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concentration of stresses at points of shoulder contact. The
shoulderless connection also eliminates the stiffening effect of
the shoulders. This reduction is stiffness enables the pipe
assembly to go through a tighter radius than would otherwise be
the case. The wedge thread design of the invention presents a low
profile connection which allows an opening up of the internal
diameter‘ of the pipe members. The threaded tool joint adapter of
the invention seals off the threaded regions of the pin and box
members with metal-to-metal seals to thereby seal internal and
external pressures and insures that all stresses that would make
the base material subject to corrosion attack will be encapsulated
and isolated. Additionally, the metal-to-metal seals protect the
internal critical section of the joint from corrosive fluids.
This area of hiéhest stress is protected, thereby eliminating this
traditional point of failure.

While the invention has been shown in only three of its
forms, it is not thus limited but is susceptible to various

changes and modifications without departing from the spirit
thereof.
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1. A thread form for a tubular connection having a pin member
" adapted to be made up with a box member to form a pipe connection,
comprising:

a pin member having pin threads with thread crests and thread
roots which are adapted to be made up with a mating box member
having a complimentary thread structure, the pin thread crests
being formed between a stab flank and a load flank of the pin
thread;

the pin thread having a complex profile stab flank made up
of at least an inner wall portion and an intersecting outer wall
portion which together form a double sloped flank for engaging a
mating stab flank of the complimentary box member to provide an
interfit betweén the stab flanks of the pin and box members, the
interfit serving to limit the radial movement of the pin threads
into the mating box member complimentary thread structure to
control radial make up of the pipe connection; and

wherein the threads on the pin member are helically
structured as a wedge.

2. The thread form of claim 1, wherein the complex profile stab
flank is a multi-facited flank having at least three facits and
four radii per stab flank.

3. The thread form of claim 1, wherein the pin thread alsc has
a complex profile load flank.

4. The thread form of claim 3, wherein the complex profile load
flank is a multi-facited flank having at least three facits and
four radii per stab flank.

5. The thread form of claim 1, wherein the pin thread crests
have a crest width and the pin roots have a root width, and

wherein the width of the thread crests is less than the width of
the thread roots.
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6. The thread form of claim 1, wherein the pin member has a

horizontal axis and wherein the pin thread roots and crests are
parallel to the horizontal axis of the pin member.

7. The thread form of claim 1, wherein the pin member has a
horizontal axis and wherein the pin thread roots and crests are

non-parallel with respect to the horizontal axis of the pin
member.

8. A threaded pipe connection comprising:

a box having internal threads with stab flanks and load
flanks and flat roots and crests and a pin having external threads
with stab flanks and load flanks and flat crests and roots for
mating with tﬁe internal threads of the box to make up a pipe
connection, the threads increasing in width in one direction on
the box and in the other direction on the pin so that the roots,
crests and flanks of the threads move together during make up; and

the pin thread having a complex profile stab flank made up
of at least an inner wall portion and an intersecting outer wall
portion which together form a double sloped flank: for engaging a
mating stab flank of the complimentary box member to provide an
interfit between the stab flanks of the pin and box members, the
interfit serving to limit the radial movement of the pin threads
into the mating box member complimentary thread structure to
control radial make up of the pipe connection.

9. The pipe connection of claim 8, wherein the complex profile
stab flank is a multi-facited flank having at least three facits
and four radii per stab flank.

10. The pipe connection of claim 8, wherein the pin thread also
has a comﬁlex profile load flank for engaging a mating load flank
of the complimentary box member.

11. The pipe connection of claim 8, wherein the complex profile
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load flank is a multi-facited flank having at least three facits
and four radii-per stab flank.

12. The pipe connection of clajim 8, wherein the pin thread crests
have a crest width and the pin roots have a root width, and

wherein the width of the thread crests is less than the width of
the thread roots.

13. The pipe connection of claim 8, wherein the pin member has
a horizontal axis and wherein the pin thread roots and crests are.
parailel to the horizontal axis of the pin member.

14. The pipe connection of claim 8, wherein the pin member has
a horizontal axis and wherein the pin thread roots and crests are
tapered with respect to the horizontal axis qfithe pin member.

15. The pipe connection of claim 8, wherein the interfit of the
pin and box stab flanks and load flanks provides a clearance
between the roots and crests of the pin and box threads to allow
venting'of any entrapped thread lubricant.

l16. A ﬁhreaded pipe connection for ‘a pipe having a horizontal
axis, the connection comprising: |

a box having tapered, inéernal threads with stab flanks and
load flanks and flat roots and crests that are non-parallel to the
longitudinal ‘axis of the pipe and a pin having tapered external
threads with stab flanks and load flanks and flat crests and roots
that are non-parallel to the longitudinal axis of the pipe for
mating with the internal threads of the box to make up a pipe
connection, the threads increasing in width in one direction on
the box and in the other direction on the pin so that the roots,
crests andfflgnks of the threads move together during make up; and

the pin thread having a complek, multi-angled stab flank made
up of at least an inner wall portion and an intersecting outer
wall portion which together form a. double sloped flank for
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pé vide an 1nteré1t betweeniéhg)sta% f%%nkg EW%X/@%Z% %d box
members, the interfit serving to limit the radial movement of the
pin threads into the mating box member complimentary thread
structure to control radial make up of the pipe connection and
provide an offset clearance between the pin and box thread crests

and roots to allow venting of any entrapped thread lubricant.

17. The threaded connection of claim 16, wherein the complex,
multi-angle stab flank is a multi-facited flank having at least
three facits and four radii per stab flank.

18. The threaded connection of claim 16, wherein the pin also has
a complex, multi-angle load flank.

19. A threaded tool joint adapter connection having encapsulated
stresses, the adapter connection comprising:

a box having internal threads with stab flanks and 1load
flanks and flat roots and crests and a pin having external threads
with stab flanks and load flanks and flat crests and roots for
mating with the internal threads of the box to make up a pipe
connection, the threads increasing in width in one direction on
the box and in the other direction on the pin so that the roots,
crests and flanks of the threads move together during make up; and

the pin thread having a complex profile stab flank for
engaging a mating stab flank of the complimentary box member to
provide an interfit between the stab flanks of the pin and box
members, the interfit serving to limit the radial movement of the
pin threads into the mating box member complimentary thread
structure to control radial make up of the pipe connection; and

a metal-to-metal seal formed between mating surfaces of the
box and pin at opposite extents of the threaded surfaces thereof,
the metal-to-metal seals forming an internal seal and an
oppositely arranged external seal which serve to encapsulate the

threaded surfaces of the connection and thereby isolate the
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encapsulated surfaces from dq:rosive attack.

20. The threaded tool joint adapter connection of claim 19,
wherein the complex profile stab flank is a multi-facited flank
having at least three facits and four radii per stab flank.

21. The threaded tool joint adapter connection of claim 20,
‘wherein the pin thread also has a complex profile load flank for
engaging a mating load flank of the complimentary box member.

22. The threaded tool joint adapter connection of claim 21,
wherein the complex profile load flank is a multi-facited flank
having at least three facits and four radii per stab flank.

23. The threaded tool joint adapter connection of claim 19,
wherein the pin thread crests have a crest width and the pin roots
have a root width, and wherein the width of the thread crests is
less than the width of the thread roots.

24. The threaded tool joint adapter connection of claim 19,
wherein the pin member has a horizontal axis and wherein the pin
thread roots and crests are parallel to the horizontal axis of the
pin member. |

. 25. The threaded tool joint adapter connection of claim 19,
wherein the pin wmember has a horizontal axis and wherein the pin
thread roots and crests are tapered with respect to the horizontal
axis of the pin member.

26. The threaded tool joint adapter connection of claim 19,
wherein the interfit of the pin and box stab flanks and load
flanks provides a clearance between the roots and crests of the

pin and box threads to allow venting of any entrapped thread
lubricant.
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27. The threaded tool joint adapter

" $f109& ()-F 10Z 10Z

connection of claim 19,

wherein the internal seal is a short, low angle seal of between

0.200" and 0.400" in engaged length and between 1° and 5° taper

and the external seal is a long, low angle seal of at least 0.400"
in engaged length and between 1° and 5° taper.

28. The threaded tool joint adapter
wherein the external seal exceeds the
length by a ratio of greater than 2:1.

29. The threaded tool joint adapter
wherein the external sSeal exceeds the

length by a ratio of greater than 2:1.

connection of claim 27,

internal seal in engaged

connection of claim 27,

internal seal in engaged
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30. A threaded pipe conr.ection having encapsulated stresses, the
threaded pipe connectica comprising:

a box having internal threads with stab flanks and load
flanks and flat roots and crests and a pin having external
threads with stab flanks and load flanks and flat crests and
roots for mating with th2 internal threads of the box to make up
a pipe connection, the threads increasing in width in one
direction on the box and in the other direction éon the pin so
that the roots, crests.anid flanks form a wedge interfit upon make
up of the connection; and

a metal-to-metal seal formed between mating surfaces of the
box and pin at opposite extents of the threaded surfaces thereof,
the metal-to-metal seals forming an internal seal and an
oppositely arranged external seal which serve to encapsulate the
threaded surfaces of the connection and thereby isolate the
encapsulated  surfaces from corrosive attack and which also
provide structural support for adjoining critical cross sections
on the pin and box members for the purpose of decreasing stresses
"in said areas, whereby :he entire connection has increased
capacity to resist failure when in rotary fatigue service.

31. The threaded pipe ccnnection of claim 30, wherein the
internal seal is a short, low angle seal of between 0.200" and .
0.400" in engaged length and between 1° and 5° taper and the
external seal is a long, low angle seal of at least 0.400" in
engaged length and between 1° and 5° taper.

32. The threaded pipe cornection of claim 31, wherein the
external seal exceeds the iaternal seal in engaged length by a
ratio of greater than 2:1.

33. The threaded pipe connection of claim 32, wherein the pin
thread crests have a crest width and the pin roots have a root
width, and wherein the width of the thread crests is less than
the width of the thread roots.

34. The threaded pipe connaction of claim 33, wherein the
interfit of the pin and box stab flanks and load flanks provides
a clearance between the roots and crests of the pin and box
threads to allow venting of a:zy entrapped thread lubricant.

AMENDED SHEET (ARTICLE 19)
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35. A threaded pipe connection comprising:

a box having internal threads with stab flanks and load
flanks and flat roots and crests and a pin having external
threads with stab flanks and load flanks and flat crests and
roots for mating with the internal threads of the box to make up
a pipe connection, the threads increasing in width in one
direction on the box and in the other direction on the pin so

that the roots, crests and flanks of the threads move together
during make up;

wherein the pin thread has a complex profile stab flank made
up of at least an inner wall portion and an intersecting outer
wall portion which together form a double sloped flank for
engaging a mating stab flank of the complimentary box member to
provide an interfit between the stab flanks of the pin and box
members, the interfit serving to limit the radial movement of the
pin threads into the mating box member complimentary thread
structure to control radial make up of the pipe connection; and

further comprising a metal-to-metal seal formed between
mating surfaces of the box and pin at opposite extents of the
threaded surfaces thereof, the metal-to-metal seals forming an
internal seal and an opposn:ely arranged external seal which
serve to encapsulate the threaded surfaces of the connection and
thereby isolate the encapsulated surfaces from corrosive attack.

36. The threaded pipe connection of claim 35, wherein the
internal seal is a short, low angle seal of between 0.200" and
0.400" in engaged length and between 1° and 5° taper and the
external seal is a long, low angle seal of at least 0.400" in
engaged length and between 1° and 5° taper.

37. The threaded pipe connection of claim 36, wherein the
external seal exceeds the intermal seal in engaged length by a
ratio of greater than 2:1.

38. The threaded pipe connection of claim 37, wherein the
external seal exceeds the internal seal in engaged length by a
ratio of greater than 2:1.

AMENDED SHEET (ARTICLE 19)



