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TECHNI CAL FI ELD The use of screw threads to connect join Uik P@béat her
so as to convey fluid is a very 5 old art that has progressed for hundreds
of years_i fort to satisfy periodic needs for stronger and better
seal i ng ;‘)ﬂl}d;}g’%gﬁosgiecti ons. Performance requirenents forP(IdE3R@#hect i ons
still vary widely, such as for hone piping containing |less than 80 psi fluid
pressure with virtual | yWDGREIHREAR RIPH CGNNECTIOND | Wel | Pipe that may be
required to hold 15,000 psi gas pressure and simultaneously w thstand,
extrenme_nechani cal | oadi ngs and wi de tenperature 10 fluctuations. The use of
pi pe t hFEANIGAH- BEhRect structural nenbers is also old art. Due to the

hi storica f _threaded pipe connections and thejr. tendency to
| oosen, lrnéa , %gg‘%?%g“%%dég%m{‘el‘fg%ﬁﬁ%fc 11?‘3:}%9%&%"( g5t POy EIailyid Ihvery ef i neri es
has Seeld hit tiat Bk phygrésaelifot Kindleds SIARRS in ALY sﬁ%lﬂeﬁﬂipﬁeeﬁg fops and Tow

a

pressures. However, because there is no reasonab ernative pipe-
connect§6RecF 8rd better soaling pipg ¢ncetions. [Perfprmadcdveleregients Sorghipel dommkctions G | & Gas

15 Vel lgip r i >t.jons, ar.e still ysed.t.oday in such wells, so
nost reseg%\?h‘ﬁggr\iﬁ%#@& 35%%%3’%%"06’?&?%%?& ﬂ]%ﬁpﬁbﬂ‘ﬂgﬁﬁg@ﬁm has been

di r ect edrttatiya theshemicaliveds, BtOILWell Pije thd Gnay Bk réqafaé@tﬁ%m@!oo@bagaé hreads has
been Iinmted by their weakness and their tendency to | oosen nd/ or fracture

whi | e iBEESSWF gR¢amubnenpshiqmtioiang extmemeehanival loaiiigs 4wl wids tdmpeemurdr apped
Vedget hRadsodshah g%qg | .2 -] 7511 but does not
teach how to0 acco?rp isﬁ)ﬁigﬁ?ﬁardégj&gg%?ﬁgdﬁghgﬁn%éﬁs,m "}@fo{‘gg ndefi ned

cl ear anc eBubetthelzistorica valaast of theaddsd pipe EstinediohardQhddtendiaty B860sepes he teach
how toleffellcg; % aghhead seal in Patents: 4,600,224, 4,600,225, or 4,822,081.
25 O t 1§ AR5 Preak,theif e wdusinial plapinand refieriss havhesn limitediby Ingusttial ai ned by t he
I nvent iQyass, a@fsmdlByibddzeR afPIWRE i j e. provides a resilient
seal (26) sm'_d- poimrllt p’%ﬁhe %yati ng t%s?‘gg%s an eﬁecglfkgﬁlg?enlégélreag%naaﬁlg as at 22
and 24 afmglive pipe c@ohecpion for 18- Withimthe venytlinited hole aizes drilled fdiip&Gaseal - but does

not,d e how. .1f .thosé threads. did seal, then his resilient seal and .
et 4l - ta‘ggllﬁéﬁl\é%ad%({e%?%cmﬁﬁ%an%‘? Stﬂﬂllls ‘é@g%l.n Sﬁ’ewﬁ%d‘ﬂ%{eﬁlﬁﬁéa&hmnd n Fig 4 does
not cl alevelépniéat bihthRAgedSAR contetions!ad %n%é@@écﬁl)ﬁv%rg’sﬁ@ltlﬁé. ?ﬁ%ﬁm@ﬁlg t 50.

Reeves 4, 703, 959, discloses a trapped wedgethre connec seal s-on a
sof t s@iFonvertionalpipgbrepdschas hten dioritsd by fHeimvesakmessGoid tiid tandBndy7to ldgai n, he

cl ai nB aﬂdlbpfrfc?ﬂe %ﬂé i:ps'é}vic(éoes not 1 WO 03/076837 PCT/ US03/ 06443

20 BACKGROUND ART
Blose Re. 30,647 discloses Trapped Wedgethreads that suggests a thread seal in Col 2 In
7-11 but does not teach how to accomplish a thread seal and in fact, cites undefined
clearances between roots and crests in Col 3 In 40-43. Neither does he teach how to effect a
thread seal in Patents: 4,600,224; 4,600,225; or 4,822,081.

25 Ortloff 4,671,544 further confirms lack of thread sealing attained by the inventions above
having a common assignee, in that he provides a resilient seal (26) mid-point the mating
threads and metal-to-metal seals as at 22 and 24 of Fig 1. Col 2 In 18-20 he mentions that
the threads seal but does not teach how. If those threads did seal, then his resilient seal and
metal-to-metal seals would not be needed. The embodiment shown in Fig 4 does not claim a

30 thread seal, but claims a metal-to-metal seal as at 50.

Reeves 4,703,959, discloses a trapped wedgethread connection that seals on a soft seal

such as polytetrafluoroethylene in Col 2 In 6-17. Again, he claims a thread seal but does not



teach how to acconplish it. If the threads seal ed the contaiged fi#, el
soft seal is not needed. Mtt 5,454,605 depicts a trapped vvedgethread&;é]
described in Col 2 In 48-61 and illustrated in Fig 3 & 4. He properly
descri be enbly and di sassenbly problens and the damage 5
susceptig‘fqé}ﬁg&% dovetai |l wedge threads in Col | In %—T"@B?/(%Z“I n 2. In Cot
2 Inl 6Q- I | n .6]1- .5 In 14 _he cl.ai .a thread_seal but again,
does nott%act%?gévﬁg ﬁ%%qpﬁslgli.a{f%%dg{eﬁéstseé%We c?ﬂﬁ‘ﬂ‘f‘“@“‘iﬁ‘ﬁ%@ seal {§18h nade- up,

t her e et cl earance between the threads” so not even thread lubricant is
entrapped_there between" but unfortunately, such perfect confirmation is
and wi | | Moy 45985 deniern a trapnedivedgaghreaddebiribed in Cad@dn p&ot amilillestiatedwi t hi n cost

limtati ' tions., Vatts 2 6, 998 teaches how to form an
el asti c]h%g%%% cHﬁgﬁéé&glf&gﬁ%etrﬁ%ﬁsﬁémg %'gi&lssa(s)seg’z’g't%gﬁ%‘f’? %’3@’ 8%- pressur e
seal5 agaseptibilitynf Hovetaibwadgy easals intol l1@n SNARI 2 GON dintddP D $n1H0-BXEBESTE

variatio f. pressure and tenperature. Watts 5, 427,418 teaches an open
wedget HPgiag%lrﬁntlgpéwéﬂ%ﬁﬂgeaﬁwa@ by pgpinedaes potagach hew ibseplagainstevenof f ul |
makeup LD e t l.. hi res, w,th thread dope. The
presentﬁl@cgp% %tgfi%ﬁénﬁgéhaerﬁr t?rlg%éﬁl@rr‘gn B%gge:t%e%ge S FP BRI YERs wor kabl e
seal i nghread lubsicant Brentripped thate tetweehabhg enfornuidiedy, sherarefemicaifiimahenge, per tam
Si x of tge. et hread patents cited abgve have a _common assi gnee and four
name a % '%W%?d?m%ﬂ%f”é?g oty and prricularly withyjn cest Hmitationsfrd cont i nui ng
| Mproov e donfidchigid has 20 been focused on wedget hreads for over 25 years.
Experi ence has taught conmmon characteristics of all Trapped Wdget hr eads of
ot her i nv@aite?.364,9% teathettwweto fotmedn dléseic memtlic lip-seallead datifpiearoaage but trap
dope be e t.hat the stab fl S engage .and enerate a high

en.t.hem whil n 3
pr emat ue%%fapfl%}ﬂ’rg%%e Spal 2pupit g 'lf]’b’?‘ﬁ'l}’e‘fearé’svelﬂiég’@eﬂwnqlﬁwsﬁf tei zed dope in
t he |Q&datfdn§6kp@@ﬁre%&@h§;e¥ahﬁe.i deal position of full makeup is reached, and
that the threads do not 25 maintain a seal. Such prenmature nmakeup resisting

t or que acYatts § 437.4p8 teaghss awepesivedgethotad ant ithe efevbemtsthatwhisodxisehdthevs dope in t he

| o fl d ak .out. oves. .tine and n subjected to

opzi(r%at i@%ﬁ?‘g%g%agﬁ%’e{%% @Re %‘Eﬁ‘é‘é%%ea{%h ESﬁWSEWV}:Qﬁ“%ﬁ‘@%P% Thgmreseiteduces its
abi I'i t yapplicatien fdrah i8pro@mdnOoe F418 tid dRclIRE ti@ﬂd'asl@lsea?iﬂgpﬂi%, fordhe faiuS €2l - Upon
first rotation of such ins into suth boxes, both The crest gap (the gap

bet weerf ?’F’&Fi‘%ﬁ‘eﬂgﬁﬁ@“ﬁﬁdﬁgéﬁg@s@%mm the 30 load flank gap are very wide, so
bogi ne. ot ocHERapA s paA e alows FY o O ABERES B OUTRIE S Dot vecr

begins during the Ta ages o
mat i ng coinmeadmentof, adich cenfrnisahiat@dehgs eurdfiilting Béntiuin dhplofenedPargorbRisng f or ced

ULEr gLy, LLoUON S0s Lang narnow helcal, gap begins to seal ‘and thereby,
characteristics of all Trapped Wedgethreads of other inventors listed above, that the load
flanks do not engage but trap dope between them, while that the stab flanks engage and
generate a high premature frictional resisting torque, as urged by the pressurized dope in the
load flank gap before the ideal position of full makeup is reached, and that the threads do not

25  maintain a seal. Such premature makeup resisting torque acts to stop rotation short of full
makeup, which allows dope in the load flank gap to later leak out over time and when
subjected to operational loads and which loosens the connection and in turn, reduces its
ability to be driven or to serve as a mechanical support, or to seal. Upon first rotation of such
pins into such boxes, both the crest gap (the gap between mating roots and crests) and the

30 load flank gap are very wide, so excess dope flows freely outwardly from the connection.
Increased torque begins during the latter stages of makeup, when all gap widths between
mating thread surfaces are reduced sufficiently that the dope being forced outwardly through
the long narrow helical gap begins to seal and thereby, begins to build a progressively

2



a6 ~TuNE, 2~_uD6 WO 03/ 076837 PCTI US03106443 i ncreasi ng back-%(sgure i.ch
in turn, causes frictional resisting torque between nmating HEE RORE Bf
t he wedget hread patents by others cited above teach or even nention, the

i mportan wor kabl e change ratio (CR = the thread di aneter change to
the cr esti'i{/\?%;cwﬁ%” change per turn) that is required to B&4I0H43 cont act of
all matin tlgg)nﬁis) and a dope thickness 5 in the crest gap so as to: (1)

ef fect BOFFYEPHEHCIHEUHING tBRMtes fistiong] s§sisung oequedetisermatingea]  and; (3)
Tai Nt al frcl@ b 6t 66 Med@ileRIRLS GHALHENHAE G0 &'l ALER dd e _and/ or
being subjected to service forces”VWen wedget hreads nade by 0 fers are made
up to timpodanggofbwprkable changeratip §SR =ghgthread dahsteBiRAnged theeest Witttk gap i s

i der d ds’. | val furt Kk 10 d
Vo1 oviHndehel ) ikt BEipren Pltaeh i oty ol matve el o dabo eiskasson of an
inchsfriarmetdmtg‘arpasraseﬁg)\éﬁ@a@dgmﬂmh@dskxﬁﬁéc&ﬁé&ioﬂf%%ﬁbﬁa%}Jb%{%s%jfgun to seal,

into the wider flank gap and thence helically ou dly fr et ween t he
mat i ng #Mr @hmaintagsbath thesead gnd rpmroosening chasasterisic aftes time@ad/or tehigckness (Q)

t hat thﬁhﬁgggﬁ%wﬁgq?ﬁ%(rpact solids in the dope down to. Progressively
g

i ncr easi root-crest rnterference and its resisting torque then begins to

bui I d, as t WheniwddgetibadsIngidk by ofherwiiiade SipRs B9 SASEPosRI0Y, theeg ggh Whi ch
pressuri zgs ijgl)e sope therein and in turn, forces the other set of mating
fl anks PeyBELand ens flank gap 1swides ge todhe thigaps How 68 valie cand drthetimalgupgr essi vel y

I ncyeasd 1G4 } 1St r hgesistin rques
t 0L e s el N T G i 801 o B raul S Pt B Bier Heh B0 ot on 1 6
st oppedhstérest gapihdsh bongdslicabpath hasgist ten befunftolbdal, ik Giénviddrean 9 abliui d dope in
the flapk g .instead of wedging all flanks 20 together. Later axial
oper at ﬁg‘?ﬁ? @5?@&“@%}'96{ frpm %%B?%@fbmeﬂ%éhremges thg¢Test pen iveaduesddothes, cause
i nter miikdseiiokhdsous, e HORFealiS Ol chiifad: LA PR Bl 1b BllpreGiRUGCS | eakage
o) Pin wﬁ| the

helically throu and out of the i gap l'oosens onnection. A
subs equereasmgkentrorestontgrferencempt ite csisting thrjue dren beginsino build, as the sfidek abor at ory,

f t | : be able to t ily. | the flank , but it
oot Tk BEvigY progS e Wk Doraiadibe Seps shebemend Méuo F 1 i d dope.

25 MbstfoicBiE biBertsetiof metink Hams padorabsiny rpRSShR R LihidiR equent makeup
torque in the field. Thg presllbg;r% agég?i%gtioér?tsé’l-ves t%‘éggs‘%m | ens by

det er mingRySiHely ingEasipg fristionnl kesisting toRue. IVienThoth EsistoR thiGuBISHRITEH37

PCT/ US I SURE OF | NVENTI For . purposes of thj | i cation,
defi ni 8) %@%ﬁ%&%‘%ﬂ%ﬁ% %{gm Q(SWN%@HSW efly mﬁ‘ﬁﬁ‘? tf).smPP O%H%‘f‘%geggﬁe angle in
a pl aneositibmetifalil mgketipf leaviReflill BEpedx itfe AR oSS Webeih A1 SRS

20  together. Later axial operational forces such as vibration, bending, and thermal changes,

cause intermittent flows of dope from the flank gap and in turn, causes leakage helically
through and out of the flank gap which loosens the connection. A subsequent makeup torque
applied to the connection in a test laboratory, after leakage, may be able to temporarily reseal
the flank gap, but it cannot heal a crest gap leak because the crest gap contains no fluid dope.
25 Most importantly, it is usually not possible to apply a subsequent makeup torque in the field.

The present application solves those problems by determining and using, a workable CR.



between a thread flank and a pl ane positioned 90 degrees to tﬁz&is, t he
angle being zero if 5 the flank is perpendicular to the axi & Uaf@&DOé
being plus if the flank faces nore toward the crest; the angle being m nus
if the flwgﬁzggég;s nore toward the root, Included Angle = AI(()gebraic sum of
the stab 1P ank*3hgl e and the load flank angle. Thr eadFSI306A13360 degr ee

portion in = A male threaded pi pe end, the snall est
di anet ep?ﬁ%%ég;@{ﬁe&mﬁg@ﬁhe first thread turn. 10 Box = A female
t hr eadefomjuRRs@ tHiL4pPRehtioR, d¥RhiGoNY Zhll fRmBiad %ﬁ% Gagw @gs‘mﬁﬁf gest di anet er

thread tam being the first thread turn. Pi est gap between the pin
crest aRlank anglamihaapgtedn aploe coindiding with theipiredxis aBdmeSusstin Bagap= gap bet ween

t he box t d,th ti in.ro when assenbl ed. dget hread = A
screw t éfwevg aftgll;éarrqﬁ%[@ﬁafr{‘ga ?%Fﬁgst‘t,mn?(g%q(}eggeteﬁﬁ’ ‘f%‘kﬂ!fr?&g]f%gag?qr‘éﬁk, the | oad
15 fbanthelflehing pepemiehlfio ﬁaeﬁﬁi@ﬁh@ingl&&iein?%lus@ﬂﬁé Aadk B8 Inord BRaRlGP {1 ank such
that the axial length of the crest is least at the beginning of the first

t hread ¢7g#rthe angle boingminueiftherflagk fagesanorg toand theaeritng to a maxi num axi al
| engt h _Qf S hr [n h that .the box and pin nmay be
scr gwe dﬁl{c%lggfpﬁlgjgt %J%?%%gcsélur%e&cft%eo%aﬁ’f}?ag% g‘%ﬁlé a}r@ﬁﬁe lr?ﬁ(gﬁﬂ’& aaglewhi ch, both stab

f1 anks Thmatl Twae X B@ndegree poitias bf Dstebwvafbge agai nst their respective mating

flanks, which stops 20 nakeup of the connection. Trapped Thread = A thread
havi ng BretBeieirendsd pipgsad.dhimalles diapeter thiead tern being theifirgthreadguml ank i dt h.

oh < . S | : 1
ent 10 e Tt el MRy bk B Bihatly BRNAL i Bk W ISl ace 1 or mea
conpl et thread armbethgahepfirsttthiend afn.a box 25 or pin that is in continuous

contact_w th gﬂ?r@ti ng surface of th«ﬁ other, so as to effect a seal against
fFluid P8 PAR 7 SR DRtyesm tRL RIS piset apd the mating bex roat, whan assemblesk | abl e gap wi dt h

and dopBoi OeStHIPSSeap BLMREN hEBbX %St%@?q%gtﬁ%gg?&;}ghﬁeﬁgsseﬁ% itions. Q=

Least d‘(,)vpe t hi ckness that the dope w etween the mating
t hr eadsWedgethreaditeA s@ewdlupasl fosn having atavest, ranty stabtflank dhd/lokd fankpde wagn mat i ng
1 ni num gap w dth between

surfaces. HID = Heal ing thickness dinmensjon =_the
ass:iasratlbl %H’kr?ﬁ’lngﬁ(ﬂmegﬂ? ggffaGﬁﬁelfi'ﬁ@é@gle than is th stab fanksych that theayial feagthy ow
morent a(ﬁﬂthé’créd%(?s_ leB6&ahe Boginfimls oP Btk first &:&a%ﬁ&@&@m%\#ﬁ%ﬁ@gﬁ? PCT/ US03/ 06443
BTD = Bridge Thi ckness D nension = the maxinum gap t ween- assenbl ed
mat i ng INETERSENEHO 8 mraxipwin axialength ai ¢hetend ofittic thottbread ki, wirdhl thas ¢hel box and

pin may be screwed together to a desired position of full makeup at which, both stab flanks

and load flanks contact and wedge against their respective mating flanks, which stops
20  makeup of the connection.
Trapped Thread = A thread having a negative included angle for at least a portion of its flank
width,
Open thread = A thread form having no negative included angle over its entire flank width.
Metal-to-metal seal = A non-threaded surface formed completely around a portion of a box
25  or pin that is in continuous contact with a mating surface of the other, so as to effect a seal
against fluid from within or from outside the connection.
DT =a variable gap width and dope thickness between mating threads, under given
conditions.
Q =Least dope thickness that the dope will compact to between the mating threads, when the
30  dope is free to flow outwardly from between mating surfaces.
HTD = Healing thickness dimension = the minimum gap width between assembled mating

thread surfaces, that will allow the dope to flow momentarily and reseal a leak path.



Angl e of Friction = Arctangent of the co-efficient of frictiogﬁEéI;jt aCt§L L
between two solid bodies as they slide agai nst one anot her. PNy 00
Position = Theoretical full makeup position of a box and pin assenbled with

no thread do%g so as to attain the full Design Radial Interference between
box and BOPHPY¥ads. DR = Design Radial |nterferenc@CBSK6H3t he mating

t hr ead en, at y. Tight Position. SP = Snug Position = a partial makeup

poSi ti i%’ﬂgt_ %ﬁﬁlcmglgwmggﬁhwgmtg% brijweenppsembled satimg mensi on, and

mat i Ng $leadsdedik@adhe .é?ad'ﬁUfaé’\%L:d%ﬁmteCt- 10 G = Wdth of the gap between
gp

3

the | oad flanks when at Snu osition. Pin wall thickness = A dinension

measur edinglexefiFaictign aArcamgehted dielvoeffididneoffrigime that dvtst@tleeen twxdoiadi ng fromt he
pin thre%]d gﬁi%ch iameter to %hhe pin bore. Box wall thickness = A di nension
measur eBIIeR AT BFY SHAS AEARSHORANGIAT of the engaged threads, extending from the

box § hrogdigt PedticH 2TRloRstichiull RAKAM oGRS HoRUEA fif s%x%gx@a%hﬁl)t ch = axial
| engt h between stab flanks, one thread turn apart. w‘Ilg_oa pitch = axi al
| engt h theadwdaens, So@a &b dttaimike fulldPesignRadmbintenferenegimtween buk hndyfin thrgts) connecti on

= i SC g OF i | | d. t de / conbi nat i f
oadn ASRCBRGER O ket hed B 0 Maumio o Bt G DBt T SoRtion or bos | 9 <
first Sreashgdosiibn R@Baﬁiapmgke,@ 9&&6@%&@@@@@ FQ;\?/\%_FBHEHE-Bridggr = pin crest

wi dt h change per turn. CR = ange Ratio The present invention
may be TH&asssimensipnapndmaiing stah flanksmaresin sutuspeontast. t r apped wedget hr ead

enbg)di Dty fiGr A | Y not .L.imted to: conventional 25
doubl ef@oxtv‘h](:%gluopf)‘I%’tlQt a@%é%e?rgt}lagogﬁzlﬁ%%&qup Qﬁpgﬁp?%téonpi pe; doubl e-pin couplings;
i nt egr dtin jvall titickness H Aldimdnsion tnsasuredsatial fiapRiERAGH of @k SR anhRRGS; for
connectin _E@égg@to heavy wal| vessels; for reversibly connecting such as
st ruct (ignd rtE‘?plétthr%ﬁd.P“%éﬂmﬁEH@éﬁW@h@F@r may have advantages over

trappe %dﬁ%%@hﬁﬁ ,‘[A;cgtfnelﬁ%‘?néﬁ%éd raﬁf#l(f}hatqﬁid-ge,ﬁ%&t ogfthergﬁlg%uﬁfeg gﬁ%&% ng and

gaugi ng, nore predi e makeup posliti-ons, m dl i ng damage.'
Tr appecxB30ding Ggmtthe madbreadyitchrdimmette tdhe bex os@Ahangert endencies, in certain

casgs, revent j dial °“separation of mating threads subjected to
ext enﬁ%i’ég’\‘/‘ EWLﬁggt[‘sBW ‘?‘Wﬁ%f?@%‘f’@n"sfﬂ%ﬁaw‘%ﬂ@é‘d; are within the scope of
the pr ggaipitdhV4H 16gth bERfReh 148 MR of¥ MRl Bk | C€d by sel ectively using

its various features in different conmbinations as may be best suited for any
speci f iFallsirerpthaonaB:tion 68 ipeROMICCEOBbAGMY Seal emixion upapplndepadyon under t he

cl ai s 'c0Jn%inElt(iaoz%lCot%‘fosadszf’t at"‘vﬁ%g{? Ehrér\ﬁ&g yfép srtllgs?s o?%g}if Ig)ortli\:(;innc%%hé pr}I? E)r ggxlis!. first

reached.

20  RCT = pin crest radius change per turn.
WCT = pin crest width change per turn.
CR = Change Ratio =RCT / WCT

The present invention may be incorporated with any type or size open or trapped

wedgethread embodiment for any service, comprising but not limited to: conventional

25  double-box couplings of larger diameter than the pipe; double-pin couplings; integral joints;
flush joints; upset pipe ends; welded on ends; for connecting pipe to heavy wall vessels; for
reversibly connecting such as structural members; et al. Open wedgethreads may have
advantages over trapped wedgethreads for some uses, such as ease of manufacturing and
gauging, more predictable makeup positions, and to minimize handling damage. Trapped

30  wedgethreads may provide better sealing tendencies, in certain cases, by preventing radial
separation of mating threads subjected to extreme service conditions. Multiple start threads
are within the scope of the present invention. The invention may be practiced by selectively

using its various features in different combinations as may be best suited for any specific or
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effect a seal between mating threads by insuring that at full p ]
position: all mating flanks are in tight contact such that t&%ﬁf@&:ﬁo@ﬂqé

not | oosen; the crest gap is not too wide for the do_ple u;ed to sfe?! ;_thteI
crest gap. ls not too narrow for dope to flow nonentari ut 5 sufficiently
to resealgvg%lmg "path in the crest gap that may have S8HEdEd by

ti es. The radial w dths of ting flanks may be equal, the
?ggirgl | Qﬁlg{aﬁﬁpﬁf&my hepqlaimg st teaehps p veggedyead ChapgaRatieangatbatiwilli dt h of t he

pin 1 agifet a Qal Beechaslind Mﬁﬁymguﬁr@%hggghgdgg@ep@ymﬁm%ﬁﬁ ter than the

radial width of the box Tlan The 1'ncl be zero, positive,
or negaflanksareThiglitt contiat suciythas thej threadsvall inatl Ibgsen;athe trmgaﬁﬁanotst@wﬁjl eei t her }[Nay.
10 CR V, [N A MW TH THE. PRESENT | NVENTI ON:_ During the latter stages
of rrakefg% ,ngt%ﬁ%e lIlsgxés EO s&@pﬁ%lc&\eﬁttga%sg o8 nﬁﬁ?‘?%@' R ©fley mementsilpbis ent

i nvent i qufficiérelytdRseal s Rk pSBRSthEBieabap ﬂﬁpmﬁilﬁ’ave'iﬁé]%ﬁéﬁeg%ﬁ?é?&} uch that at
final makeup position, both sets o mat i ng flanks wedg n 11°rmcontact.
Crest dopes pFlesadiplovidihs of matinesflanis wey beeaqualgthe raskial svidiimschf thedok $laksr i ng t he

. . i ch. K (1
|2t AR BadTUE R A G R0 o Y Sl G R T L7 e (1
radi al | yaypbe grésterahianshe radial widthef thd B SIARKD URE inbRBed el @5 BEJero] S Mul tipl i ed

by a V\edgit&g factqr equ cotangent (included angl &/ 2 + angl e of

al to:
fricti oPPPIYRET ReLalys| Thsdlapks ma rapiesiaedially, erthey masslopagitharespur e bet ween t he

mat | fl ASYES ¢l ﬁlﬁ?{ﬁpltﬁg‘? Eﬁﬁaﬂﬂﬁﬂﬂ' Q. thickness' of dope
bet{l/\(/)ejgn t@ﬁﬁ\rﬁ] an%n\ﬁléleg:t em toge ria(%irl%vm hout elbglt R%m?rg\'?g%ﬁt that may be
urged byagopef mitkeny ti(adt gapsdatt bétRen\Mering tHreads BEIhE gREnBRRERIoh BreRRST ti Ve, that
r oot - cr est dog‘%ﬂ.‘ﬁressu e acts radially on. the crests and roots during

makeup F& RS AP AP PrESSYEE doRe S‘%"Q&%&Pt final mpkeap ppsition; bf}fhéetwfi ch redu ? es
Lo . ' interference force
ek san SRyl G55l Rl ol b G o 84

bet ween the box and pin urges ard wedgi ng
cont actrootaduringthe lasiciages ofinmtkewyf te kespctkerh apare wiichualutdsendkoupaerqé. tie crest

| | ti.pli b h actor. 25 _and applied as an axi al
senl) ho  HtinF seliB el S igrbiecle Eors et agasEHeE PAGNeR g Gpsimon ~ bot
f1 anks faempRsp PoHi s ?éacﬁeq,ﬁsﬁﬁntﬁmbébya%dﬁﬁgﬁ%%tpféb[ﬂ% et&{cg%ﬁg%he hol ds roots

and crests apart —and reduces makeup torque (i al wedging
force H@M@gaﬂgﬁ’l ‘angle efifikistion arsis applied by axial vactdr sedlearitghpeesfiranks. I n every

se, re _fina eal ed a.dope thi.ckness no w der than BTD.
'(I:'ﬁe ca%ﬁ?%??%@a@%ﬁ%%s spﬁg%n@&%fﬁeﬁ’%ﬁ@ﬁ?&eht thickpessof dope belvepR i se 30 sone
very srthém, adld feld ieaogetherGABa reliVein AR B RNAL GhayBRSHES 6ﬁe§atinEUt they are
thousands of tinmes the dinensions currently calculated i'n Nahotechnol ogy,

andbi 178 d2bYVhen the included anglens nesitbiesthaigect-drest dapeipresswrdivesadislly Guch 3
c all_c 3|r ?ﬁ% &gs_?gt ?Id‘ég&tghd:ﬂlgl Ifake&ets%gﬁqhég ag]a?trta%atlilns Yadidl intgrfeegnrcg o%e v%l%}:}? nce. 6 a
reduces makeup torque, and at position of full makeup, the radial interference force between

the box and pin urges both sets of mating flanks into hard wedging contact, and the radial
interference force minus the force of the crest dope pressure, is multiplied by the same factor

25  and applied as an axial sealing and load-bearing-pressure between mating flanks. (3) When
both flanks are perpendicular to the axis, the crest dope pressure holds roots and crests apart
and reduces makeup torque until the tangential wedging force between mating flanks, stops
rotation and seals the flanks. In every case, crest gaps are finally sealed by a dope thickness
no wider than BTD. The calculations below, that explain the present invention, comprise

30  some very small dimensions as compared to household measurements, but they are thousands
of times the dimensions currently calculated in Nanotechnology, and billions of times the

dimensions used in Quantum Physics. Such calculations are reliable, because mathematics is

a perfect science.



WD 03/ 076837 PCTI USO3/ 06443 How to determ ne and apply a prop -1 S
expl ai ned as follows: Wien a box thread groove, depicted in %@Eﬁd?ﬂéﬁsooé
theoretically held still and the pin thread is backed off through the pin
groove f y Tight Position (DTP) to the Snug position (SP), change
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DT = BT ldﬂvphma ReTn=soHirponureher of\kagk-offiraREomD P+to 8BTs: ADRY eB@D) east CR= LCR

= HID / h e t ut and do not
affect The va Ciﬁ ?heéRbRT e?@r?é%sgﬂw(e?fj%% @Bﬁl%%%‘?da%ﬁt%ebet ween the
box andthpiads e eoamagmlgiobé end tipheenaes oo at BRI PoSBoA S PipRPbsitisn, 0- 0005 cnfcm
length. If it is desired to make either the box or prn thread depth

di f f er elifrease PSFPF PHIadunasomged s (ORA XD oR Tl pndths flank tra@ =(G H@nsMCR = (BTD -

TD) iti,on, may be
app%(é)x%ﬁ% as @%I@v@ow /@%ﬁ%ﬁgg&%a\ég%f&ﬁgs’e Eﬂ'ia‘t erm ned by
car ef ul ¢h;ngedmweeh baxit dffdnd mmﬂcarpy Sobstfer.G BURDRIBETLDE] aa@ sibstituRr@est sol i d

particle cl he defl ned by the rel ated sieve opening that it
Wi n LG a @ total soli
N ‘8{0115’5 bﬁnﬁl H@X@%ﬁ 5B BY; Mamue D HTD, | solid

par ti | ol 10 MchE- ‘iﬁﬂe/Q%ﬁd R-chﬂﬁw”% il BEGeR Y, v U

that mal | eabl e particles arég, e do cadm um
and copqnérrachlrtelermd:dsemtslehquthmddogmpﬁﬁedt eheamlde of CRafelerance differef@s biy Pi cal APl

o, 11 OBl BB peEiste e g el BRa AR BRE I s C TS PRIy 6 oy e
heI pf ul 000 einyid leﬁé\:ﬁoﬁ“i‘t M@EHE&)W mAR R ﬂ?e%ogcrbﬁfm%ad’\ﬁép{hscgﬁea?l on of VCT. it

unnecessarily high for a CRwthin the ran 0 guil de
i s hel pfrem thgwthenbit 2 rencdtencdimensimt” TDA(IﬁerbMC%F (BTDa TD)d €} i Valueswdl ue; CR be

| ect Threads h CR
30 o1 i RIPTEER CRita iR or P ROERY My BepmroRalnd RERIRISRal | empor ar i 1y,

but ar estiasde dobkseihiy mhpbér&até}ﬁ@dea b@c&@ﬁhy bW leFIRborhioR ERN A D Qpé- Typi cal l'y,
makeup stops short of the ideal ~nmakeup position a fraction of a turn equal

to: 20 ﬁlqeyﬁla(geﬁ@ph@g@ugﬁ glass in the depeyilefinedby thezelated sieve opening that it will
not pass; HTD = BTD x (the fraction by volume that the total solid particles are, of the dope

as made); Q=BTD x (the fraction by volume, that malleable particles are, of the dope as
made). Example: Lead, cadmium and copper are malleable, but graphite and oil aren’t.
Using typical API 5A2 Mod dope: BTD = .0152 cm; HTD = .0152 cm x .27 =.0041 ¢cm; Q =
25  0152emx.1=.00152cm
In selecting a CR value within a given range, it may be helpful to first choose WCT low
enough so that RCT will not be unnecessarily high for a CR within the range. To guide
selection of WCT, it is helpful but not mandatory that: WCT be set at a practical value; CR
be selected between LCR and MCR; and then RCT = WCR / CR. Threads having a CR
30 slightly less than LCR or slightly greater than MCR may seal temporarily, but are not likely
to maintain a seal under service conditions. Typically, makeup stops short of the ideal

makeup position a fraction of a turn equal to: 2 x tan (included angle /2) x DT / WCT.
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surface Vi and extruded it into the crest gap against very |ow
pressurewcforsg)gé?%e first flank gap. The second fIankq’ﬁﬁlSWQﬁ‘ﬁ is less than

BTD so it 0, S and .therefore, 5 dope js restrained fromfl ow ng
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gap, so the remaining solid particles ar restralne romflow ng out
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sealin | | articles, However,. nopst of the oil (and/or grease) has fl owed

out _20%&%1%?‘%%“’8‘%?“ bf"fc{ Efﬁﬁer&’ar%&dﬁa}% andfhud pressyrs Wdietres. se cmanped | ar ger

parti cligRf aadiens ﬁbﬁﬁ&@édﬂ%@use@@atﬁ@%c{v&ﬂelﬁga%én robpzigﬁ%few t&ﬁ'cgn ?istqﬂjoe thi ckness
e Y

intermedi ate BTD and HTD, as controlled by a worka al'ue per the
pr esentthé tindaydr ofisolit parislsk. create 4 Isakpgt andratiow duibageatredatseho ffiid dope wedget hr ead

pat gnt al yes i1 hin the ranges defined by ny Formulas, but even
| f ﬁesl}r%sg%ga{e%Qeflﬂ%etcﬁf\fﬂsﬁe?lﬁ%at ‘ange 25 without the CR feature being
recogni z eRAKEUR STAHE Ba fR thR e n4AGap cﬁ&b@,ﬁhér@%ﬁib%/&é} g‘é\ﬁllﬁwr e 67 f ect ed

thereby. Al connections sold ds a product |ine and/or all connections used
i n any floyy o Tosm putiof theyredusing width of the stestgap, sahe rewaining soliskpattivdesaxest em t 0

oper at f . I p.an ol L1, a chem cal plant, a
school ergsaxfamgéi ﬁaﬁgﬂ) “gﬁré) @?HI éé%ghﬁ%ﬁng{ﬁ%ow 5?%‘“?#838@1‘}%4&’2?%95@%@& ctions in a
pi pi Ng mogstseinelslseating sdliali particles. Howelet, @tdst af16e 6iB(afd/bOEERS) thPflowdEousyst em 30
For_ i nst ' ' as well there are several strings of pipe that

nce, in an_Qil or
vard | ﬁ"b?i]ieé‘??é{ ‘éjr]ﬂ}e mamammﬁ 8B kehing/he a@ppeni,laramartmeﬁa@d@e oitaingd gf i o
di ff ' i . t
! er eﬂ.@geaﬁﬁé @Hé, tﬁ?&u . ng dér% )}:ﬂ He&rlf?@ﬂnéaﬁttfé’gfi) ]a?cl: H’ht) a%(rgg%tﬁogfgfl pgﬁ reds o

connections Tn each stri e of severa er ent
workable CR value per the present invention.

To applicant’s best knowledge and belief, no wedgethread patents teach CR values
within the ranges defined by my Formulas, but even if one randomly fell within the range
25  without the CR feature being recognized and taught as an advantage, then invention was not
effected thereby. All connections sold as a product line and/or all connections used in any
given piping system, must seal and not loosen for the system to operate safely and properly,
be they in an oil well, a chemical plant, a school building or an office building, so if only a
few connections in a piping system do not fail, no practical use is effected for the system.
30 For instance, in an oil or gas well there are several strings of pipe that vary in diameter, wall
thickness, and depth, and they are often of different designs and made of different metals.
Further, the hundreds of connections in each string may be of several different connection

types, so many different pipe connections are required to complete a well and should even
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types, so many different pipe connections are required to co&@e@?ﬂg boéb
and should even 9 aG TU N Ea006 WO 03/076837 PCT/ 1JS03/ 06443 “one 1 eak or

| oosen, then danger, fire, explosion, damage to the environnent, |oss of the
wel | an ene expense may result. During applicant's fifty years in
pr oduct e(g%ﬁ,é&znd manuf acture and application of pi Patk i ons, he has

observe ) rsons who didn't know why a
product qﬁ%ﬁ%&ﬁﬁ:@ﬂ Lﬁ%i?#éér? ﬁﬁ gsﬁg'gﬁ%n%ééﬁg%&n?%mpg&fgﬁe ‘f"?q] not work.
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the art ¢hanP&'b SSeholdBoi + ML @Qh enerous radii of the
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| ove? ed therprasduttie nifoyork. of heasferewbiefererich thapdcoidsitally drlratlomiysifiéiedes 0 upon the
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Whi cho aPBTis Y 5 nptiStRish PR sy et e FHfbeBB IS BIGN by
pat ent EeaflitSsoitdouldBeGRddrtadd an@luisélf'?? 'ﬁfysé ﬁllf’eldtu?{@tahgénsgﬁg Gt hat

cross-threading cannot occur as M escribed In val ues, as
def i ned ab¥ide staaflenks and geaerous radii ofthe prafeerad embgtimertack matiegoisible ihe t aper

shoul d _j 3 1t hi n.t he, wor kabl range, roxi mtely as wal |
t hi ckne%né’ qi&%@%@ggeeeé\%?gs'p B jpwe eé‘@f???scbg?‘@ agsﬁf"é’ggﬁle@%%tq’? Wimsr ange al |l ows
f or 10 easponahd RatERlsebifafitofthe bdxo %gﬁﬁltﬂé%iﬁe‘%in@bei éﬁé&?hﬁ?@ﬁiﬂﬁ‘ds&r o prevent

taper | ockup between pin crests and box crests e pini1s stabbed into
t he boxPositions the pingiver hakfpvay inda the hex axteughtbyamyl pated 591887 hewihtthaaned paral | el to

t he pipg; | ' I . the art. Differences in the |oad flank
axi al p?l% C P@?\%@ﬁm%ﬁ ﬁ{éChl;t? %ll)g?os?'ﬂ’é??gmﬁff’%m DL %th%lsi‘f‘bleeﬂn £0%i ven

di anet e€Rivaluesds definéd abevd hiwve irflugRiRton e HREHAPS 288 Qieﬂg? the REfergoaad] acent
flanks which if too great, the threads may | oosen and | eak, but if too

smal |, 1EIasee BB deivirkabla,CR fapge. peproxsmaicly aswall tlickhessiinaehsgsdts ptevent of f ul |
mak . | I or.mul Lyen bel ow for the
Val o » bt realichett M CR Hike Ut WE a0t s R0 o S R e st
f1ank ?&W@t? fiepflg?-éffw preventtiapef imhd)hﬁbywee?_pfncvlrm a'ﬁ& bbﬁérp%ttﬁﬁeﬁ&pihff" =
respective [ OXi e.thejr final values within the proper range.
25 Mat | %‘ié’%ﬁ{ mﬁaﬁﬁﬁ Hds HPrTf% ﬁ%élb‘i}ke IR #dAoothbe psitiogediaralish todkeepipd ank nay
have a g4 kB PEn M : 3 fil | apk .wi dths are
equal , th%ﬁgij?ﬁvgnresul t itt# g%%?fg?g?% nﬁagggg\nhﬁkv%%gﬁa\lﬁ% gensdﬂ‘F? ?t‘\?lgg pi n crest
gap. | fflanktaxiabpitchdevgthfprrt givenadimnstertthreal définephiccthrgential wedgihg@gler e defined in
r naul iven helow as.'S" and. B". To njnimze_ effects of |ocalized
(r:nr/ e%f g%:ﬁggeg%fl]g%en FWPJ(‘J‘R HdPe grsaty the ﬁﬁ?@?mﬁm‘ﬁo%‘ and kegkubut/if tqofmally esent
i nvent i e c@fedtRaehg Stop Hmrsh(;rm thd WeSiAch JokiBBi offufl ulked YA 1 WCTRAR0ned and

tol eranced such that the pin
may be found by my formula given below for the value “J”, and trial values for the load flank

axial pitch and the stab flank axial pitch may be fourid by my formulas for “LF” and “SF”
respectively, to approximate their final values within the proper CR range.

25 Mating flank widths of the box and pin may be equal, or one flank may have a greater
radial width than the other. When mating flank widths are equal, then the resulting box crest
gap will equal the resulting pin crest gap. If mating flank widths are not equal, preferred
values are defined in my formulas given below as “S” and “B”. To minimize effects of
localized crest damage too small to notice visually during assembly, the present invention

30  teaches that the thread flank widths may be dimensioned and toleranced such that the pin
flank widths are less than the box flank widths such that upon assembly, the pin crests which
are most subject to damage, are held apart from the box roots so as to prevent galling there

between. It is within the scope of the present invention for the box flank widths to be less
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flank wdths are | ess than the box flank wi dths such that upoy a ol
pin crests which are nost subject to danage, are held apartgﬁﬁo%ﬁ?ﬁg \8?)9%]@

roots so as to prevent galling there between. It is within the scope of the
present invention for the box flank widths to be less 9 82 G-TUNE 0'~C) 0O
G WO 03/ WPIBATSBCT[ US03106443 than the pin flank w diP€3/GS0FM8443hat t he pin

root s a[le tSel.d part fromthe box crests, but this danmage prevention
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interf e | eco nded, bet wee he .box. .and. pi n t{.hreads, fficient to
10 gendt St Eogh JefiEs R G DB Toh BT ek e Oies iskneie SmsRabpt ; mum
CONpr essi §@as 10 @faks tHe®d ahdpih B6nfOincircaftfittHialRlctddth JS&H&%Q&&&M@. excessive,
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axi al |2@wyst ofaedial ierferenta ddconnerded betweanthsbaxowd pin threads, sufiiidi¢rit e t o hoop

an Xi r r d f.lui ressures and axi | oads.. Therefore,
andloogt igglrifg?‘% ggﬁrﬁﬁ‘é&g‘ﬁgfﬁég?rsggsesﬁ? H]eg)\?g ﬁ?f%%%éesflﬁ%l OOPIFECS f er r ed

di anet rthepih. Bhdudd iekedp G6oplshreftic Wredsitd) tho Bk rdithg RENnsA kil Auidr eads shoul d
approximate the quantity: 115 of the &ihﬁ)e OR tines the pipe material yield
st r ess, PSPPSRI the PIR rating against eial deadgeenid beredyced) bgeausesucly stresgs prebest

perfor : | X | . elt,cal. thread | ength

bet Weerr%rlﬁ ﬁg% hol Hé’hﬁ@%%@%%%%%%%ﬁ% W@ggg&’s&%&g@ﬁ%ﬂ@ﬁ?@?fFglfeéﬁgrg’ stress

shoul d abeptiantfedmreaal thd@esentdhwndbetcachesthhahe prefeae@ diameRialdnerfapel fi ed. Such
controll ed i%erf.ergnce w.ll allow service 20 near maxinumratings, and wl|l

al | PEYERD Higdnating herend minthreadsisheyid 2ppraximatsthe qyaptin s gkthe pivenat ur el y. For
extre eyl ' | ' requires it
ot Al R A HleRIRIN s, RRANTR 1 5 BRGNS cen

ei t her For bdsbperfoemaiee gfitetftrenceshgud exenduallcdatg thehetibal shremidbngigbgwedhac e
positigned adjacent t in e for cooperation wth 25 a mating sealing
surf ac g)oﬁloe}nﬁ% ' ?W@%Fga‘go%ggm g,gggpngquegﬁ&pql«y\% copgidered When of t he box

t hr eadsianydtdrland Rierablefahiges aRApbdifed | RERESHiroAtBinfiftbreh vl jcgl pressure
and t hereby, _redgce both the axial and ciorcumferrgntiaf Qf}{)vt\jl %Jvlf):?essure | oads

on 30he neyrpRxdmME matings, and yilbadso lessen the dendenwy foronedgshreadhfisnks totengapet al  seal
adj acerb}enm&efyarge di aneter end of the mating threads, by

For extreme service requirements or because a user specification requires it, metal-to-
metal seals to augment the thread seal may be provided adjacent either or both ends of the
engaged threads. Such a sealing surface positioned adjacent the pin end for cooperation with

25  amating sealing surface formed within the box adjacent the small diameter end of the box
threads, will reduce the sealing diameter against internal fluid pressure and thereby, reduce
both the axial and circumferential fluid pressure loads on the connection. It may be required
to provide a metal-to-metal seal adjacent the large diameter end of the mating threads, by
forming an inner diameter surface of the box adjacent its face, for cooperation with a mating

30 sealing surface formed around the pin adjacent the large diameter end of the pin threads.
Such an external seal will provide maximum resistance against external fluid pressure, and
may also be required to prevent external corrosion of the threads in some cases. When such

seals are required in a flush-joint connection, then the wall thickness required for the seal lip
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formng an inner dianeter surface of the box adjacent its f :&Jor ‘
cooperation with a mating 30 sealing surface forned around% Pﬁ“%d?\gjé%ﬁt
the large dianeter end of the pin threads. Such an external seal wll

provi de ' esi stance against external fluid pressure, and may al so be
r equi red%b%wg\%nt external corrosion of the threads A S8 H¥4Bases. When

such seals are required in a flush-jqint connection, then the wall

t hi ckne CkP%Sat?ﬁPség" SSF"&WR%‘B‘?ﬁ Stﬁ"g‘hfgﬂwléegm howgyer, byeseof P 03/ 076837
PCT/ USOB/086:4-4%agihd GHSRSF nlySDaleRSs,5 1601 SUSERl hG8! of the
connectic?n, hoaléele‘%r,gﬁ?ug?agf I’n-’Pr’szgsgﬁ%r{%‘gl %gﬂlt%gtﬁa%{e&gd%%n%bﬁatent

5, 516, 158l at g cosh mucks lowentyam costsefor dpset oh fullomagssitdoomections. Baothlxanptiahala cost nmuch

| t .upset N d tions.. Another. optional
t ot ur o eare R Mehrts B iRAfen lentafos o SRFES SAEm HonDit & SoLERdin ho 1 s
abi | 5 t ycdsq iste dlmensiofl tHetastiableR@E bf the Snga%%digfw&%eﬂmhf&%sﬁ?éﬁgﬁﬁud rﬁﬁ&g{?‘é‘l of the

engaged threads and their crest | engt _practi cal n maxi m ze
t he nunBEHMER, 08 maximige the gumberief fhread aurns withjn thaplength ofthckad eumgen@mnt ,  whi ch

I s accogpi.i - L oni ng the | east axi.al .crest_|length qf the first
pi n thrgglghfs E?%nmt{%&geﬁ' rsa?}gés%}ggﬁ"ga eﬁ%/asg%a;fmft&e gfpof; the frst pé’gfthé‘fa%é‘r“ést_ | engt h
of the foibestbstaatallylegeddo thelldast akial efddt dmgthBf MR TirkBbQ Wrédiuh NeomBAR axi al pitch

| abel ed "A" wil] allow future designers to determ ne 10 such di nensi ons for
any si z@“?f’o‘??mé‘b‘{‘#

B megp axal nitgh labeled A hwill Alowdutyre depigners logletstmipe Rank  pi t ch

| engg h : ' I oung. Ly rnqul as for "S7
andg';' LF&@?S@&S@{)@% %ﬂ&%ﬁ%%@ﬂgwﬁ%ggs%éﬁ%y Llﬁgﬂg\f&)rﬁlg%ﬁaéﬁa steful and/or
danger opitchpengthiand the lomi\fldnk pastoleaighlmaybe ol ma fdruRathr SE& andtNE” gap wi dth
exi sti ng betheg crgéts %Fd roots after mati nﬁ%d’PIS flanks wedge in firm
cont act SRFEREYHPVR RER otferiiggavorkaplex westedul andiendangerous produsts  pref err ed
enbodi n@gy beddvoldd® present invention, that gap width is controlled by the

radial w dth of the stab flanks and the radial width of the |oad fl anks,
t he previ dasfiget atmeadonal dthp gap widthexisting bdtweentoessfsand ros afiei mghingai nt ai ned. |t

IS Syt 0 say that "a pin crest contacts.the box .root exactly when the box
cres %:l%af#%lgf et"hﬁmbf(w%’cg&‘fmiﬂﬁfx‘ﬁﬁ‘tﬁ? hT“i’ﬁj t?‘ﬁﬁ@?%ﬂ%@é%s‘% &bt ys uch 20 from
happeni m@feﬂédjexﬁbbdﬁﬂéhﬂoﬂﬁ@ﬁ&?éﬁhinbéﬁ%?,itﬁlﬁ%ﬁﬂ \%fd]ictlpis COMFHEL Oene PRI be

excessively expensive for the manufacture of pipe conriections. Therefore, a
maxi munViggipfliecstab fleplst andishe radinli width ofthe leasiflasks; theeavidusly preatioried@jn-f or t he

t hr ead . eal . as expl.ai ne ahove.. I n keepi.n i th standard
pr Oducﬁo%ﬁa&éa?g@%ecgfcgp Iee P‘%Pg“é‘%e%gg‘ds %Ig’ﬁsa?' E’%"r@?&eg&o@gﬁ&&‘ewﬁét nmandat ory,
m dway roetesesly whEbtiRbdx LHER corfactd\ieiplifrootOBit nfidRihink @abARs Blevddi SudRr esent

i nvention is explained as follows: Wen mati ng wedgethreads having a zero

i nctlid e iprening andde pyey appraaricthatiideakistip comstitéany weuld bp exasssivelyno

expensive for the manufacture of pipe connections. Therefore, a maximum gap width must

be defined and not exceeded in practice, for the threads to be able to seal, as explained
above. In keeping with standard production practice, the target gap width is preferable but
not mandatory, midway between BTD and HTD.

25 Another optional feature of the present invention is explained as follows: When mating
wedgethreads having a zero included angle are being wedged tightly together, there is no
tendency for threads to be forced out of their mating grooves by excessive torque.
Wedgethread radial interference is caused by root-crest interference before and
independently of the final torque magnitude, which can occur only when mating flanks

30  wedge. There are service applications for open type wedgethreads that do not require
maximum torque resistance that my previously described embodiments can provide and for
them, the following optional embodiment has certain advantages, such as to improve thread

cutting tool geometry in certain instances, such that the flanks may be formed with an
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tendency for threads to be forced out of their mating groovesgé cessive ‘
torque. Wedgethread radial interference is caused by root-cr O NE XD
interference before and independently of the final torque nagnitude, which
can occu en mating flanks 30 wedge. There are service applications

f or openﬁ]tosdé}é)y%g\ggethreads that do not require maxi mim{GPHE&5r esi st ance

t hat my [ L.y . descri hed enbodi nents.can ovide apd for them the

fol l omlﬁ(gﬁ%\étaﬁglﬁé t BB ﬁ)@ﬂf‘“ﬁ% e@gg?lﬁ 8?%]_‘33%2%&&6’@ wedgingiforge on gej npr ove
thread flaaks, duo® haelp GRAEES Fikny AmESEtAbhdnE RREST intdhrdict Bdedsne flanks may
be formed with an 11 6 -To rve Quo 6 WO 03/ 076837 PCI/ US03/ 06443 i ncl uded
angl e tragis andcrgsts hewapseaf the Ve sgallthelicadiy gerdigufedfinaluded angle teinecearheal wedgi ng
force akdiernel @i Soofbind QiR QR GHEn BB hIERadreater than the

force of Interferencé between roots an C&ery smal |

hel iscaltinyesctangdngfimabetiel angleizl eghodeerIfctva). e &thdrbBre dvid@mkBat nd BRhfteEe @l vect or
of the axial rce between mating fl anks equal s: the wedging force 5 tines,

f t tn
t angent™ifliexist if ghednelpdpd @pale does nej excesrd twick ghej agelp of frictiprbatweandheflankevi dent t hat
no suc gl | ' ' | es net exce tw ce the
gt o apetdpretthivie 16D nal boc il AL o R Bheal SRS ey o
when i rihat hiver @nodudedraogle leshibamiticentie hipleafdsctiong Shiad it bt Besireadea an i ncl uded

angle less than twce the angle of frjction. Should it be desired that a
pogi ti e ‘?ﬁ%’lngﬁgﬁﬁlm*’é‘ﬁ% e_éce@Q %‘gﬂ&f’\ﬁ’@%"{ﬁ%’éﬂ%&e@ cpgingeripg ealgyfationiapstengi neer i ng
cal mul arkQBsfiriht bbY ahd twaﬁ@%l{:!sfn‘iﬂgtéﬁ@ﬁ R ¥eti thePto e%hlloétb%{nﬁ strong enough

iR
to retain that force vm{nhout ei ng ove%hstresseé, ef ore such an incl uded
angl e iogersiesded, pefprersuchrmgnabeded nugle taded iy kerodegreqpinalfidudraagle iso el i mi nate any

concern_of such..separating tendenc but dget hreads having. positive or

negat i WX ée%?rﬁ%#ﬁ § g@'ﬁﬁgﬁnﬁ §°’§F‘E‘ OE F‘Eﬁ P¥éﬁf hng Fﬁ%ﬁe'%b@ug&f thegads ha¥ingr esent

i nvent ipagitive WiRPative ARARIEd 8 1@@%1&@99@%@@%&6&5??@&& iRy GRELT d with the
atory,

present invention, it is 15 preferréd but not man at the included
angl e Yéhes teappedyopen wedgathrpadspre made intanennd withitheepreshe imveotian, s fri ction for

th o] t.premature thread | ockyp.” When a gj ven threaded
,coﬁlr?gc?) ?egér:??%?utt }5&6124’1@55@ ’ tlh%t tgeclg%)ll"ge%ntg{?%? eea"pﬂ%é‘ggtﬁtv alpe eTEMETtER & suitable
.pi pe dowiee ievinglg o Gidtioh fur g depelusedBtb prevet ipebidait {Heda@Sockip.t abl e to seal and
| ubricate between the threads should be availablé for use on the threads.
Such ‘a dofyBessyenithregded cppnectionyis to keysediin ageord avithithe presentiinvention, ahose br eadt h
Is no |

] p . be fqrned between the
assenblsegﬁ%éf#lggd(ﬁsp@ gﬁ\ﬁﬁmg}%ghn%%@ggo\l/lgl%gnn%ﬂ?éwﬁg@io steﬁlaé}‘? 1 P588 of the dope
vol ume betsverm the tiweadashdubd tssemvhildblecfor @saton Glicethieadia Busiid ddpeiskould bave but | ess than
1/ of the dope volune. as nmade, so . as tqQ prevent entrapnent of excess
parti pﬁaégf” Bﬁme%mw%q ‘mj’s? P’éﬁ‘i@g 1519 less dhappke wideshraokerestgap thahks from
engagi Rthyibe fordelbENERGHE aMBhRBd thealds'sdd whose combined volume is more than

1/200 of the dope volume as made so as to seal the root-crest gap sufficiently, but less than

1/20 of the dope volume as made so as to prevent entrapment of excess particles between the
mating flanks to thereby keep mating flanks from engaging in firm contact which in turn,

25  may allow the connection to loosen and leak after being placed in service. To prevent excess
entrapment of all size solid particles between the mating threads, the volume ratio of all solid
particles to the dope volume as made, should not exceed the ratio of the minimum root-crest
gap to the maximum root-crest gap that may be formed between the mating threads.

Thus, it is now clear that the present invention teaches how to provide a cost-effective,

30 high strength wedgethread pipe connection that may be easily and repeatedly assembled very
close to a desired position of full make-up within a wide torque range, so as to effect and
maintain high pressure gas and/or liquids seals while simultaneously preventing loosening by

service conditions, and can also heal its crest seal even though the connection is subjected to
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25 may allow the connection to |oosen and | eak after being p??f%ﬁ@'ﬂ L
o8 BE @R

service. To prevent excess entrapnent of all size solid par

the mating threads, the volune ratio of all solid particles to the dope
vol ume asygRdegssshoul d not exceed the ratio of the mininmumroot-crest gap
to the maxi nmumroot - crest gap that may be forned bet wedT/¥N¥%1#k i ng t hr eads.

Thus, the invention teaches how to provide a
cost - ef %’éﬂgg’??evg)waﬁ%%%ﬁ gH Efsrnélﬁﬁg v %sf fﬂﬁgt?ﬂ’ ﬁﬂﬁ%‘h%’rﬁ% dpiesHeshat may be
easi |y andlortpmalchaigesassenbl ed very close to a desired position of full

make- up W|th|n a wde torque range, so as to effect and nmmintain high
pressur(greggfz’iée simansions fogmy fedeecthregds et laaghs hergtofoe bybrskgromdareniay bg | 0ooseni ng

by ser i I rest seal even though the
connect i oﬁﬁl}]s %ﬁ?é?@@&”‘f@gi@ ~E61?11 uﬁ%%pg%bg’pﬁ\ﬁf%ﬁpﬁ?%g‘wﬁ@?/‘%w 06443
ext rérreirmq:)ﬂechmibagljrﬂitadd&reby.ch as transient vibrations, mechanical I oadings,

fluid pr ﬁfgsuf% andé‘gr t hermal changes. Preferred di nensions for ny wedge
t hr eads Orfdt %B‘Q?lf’“tﬂ Bfor e by background art, nmay be determ ned per the

fol | ow pg-pigs dadR®. Dhgﬂﬁ\fﬁeran gfaﬂl@te%ﬁ%ﬁﬁ bh‘%leQan%gteﬁ') EPIPEF@FI'EI on is not 5

intended to be IN''mted there ep| ter D = Pipe
deS| gn blb—thetht:pedpmmmmrms@enmnyhmmmhagl@eangmﬁmmmnéor pi pe ends.

tc ter nerally used in engi neering and
rranuf acbﬂrlédmﬂﬁ’f%r Tﬂ)sg r%‘ﬁ}(d‘f"i‘}?‘é‘gtfth‘e@en&%gemﬁﬂfgest di ameter of thread
e Bt Del fed¥oxTulRe. Do shiest AL6ad fuRndthoiiBliest di anmeter of thread

engagenent = Coni cal thread taper arret chahge / axial length L =
Lengt h 51=@ﬁg&b‘é@a@mad@ametéﬁmang%s;uayleﬂ'gth] = Load flank axial pitch- Stab

fl ank axLii 0 ANSI "RC5" Fit, when at one turn short
£ Ell?‘éﬁhgf%a%eg "%%afr) BSUAT al i =<t/ 6=c<

of full wi dth of pin load flank = =

axi al |Jaﬁgbztum&m§1 plch-I’StEtdﬂaﬁikQ&fal pifth=. d%m)/@s@oadmﬂl e (W2 + J x L)
"0.5 LF = Load Flank axial pitch = A+ J/2 SF = Sta | ark axi al pitch = A

- J2 Nh?(m‘r%f‘rm@fs qu petull makeypspositipn/ A 20 S = Radial width of pin stab
208, i of 2 ol i s L = 008 e ©-
A= ‘N‘Iean axial pitch = W + (W’\2 +JxL)"0.5 ’
LF = Load Flank axial pitch = A + J/2
SF = Stab Flank axial pitch = A - J/2
N = Number of Thread tums =1/ A
20 S =Radial width of pin stab flank =W + A x T/2
B = Radial width of box load flank = W + .008 cm

C =Radial width of box stab flank =S + .008 ¢cm

Y = Connection material unit yield strength
E = Connection material modulas of elasticity
25 M= Preferred thread interference on diameter =.2 x D x Y/E
PS =Pin thread P.D. at small end of thread engagement = BS + M
PL = Pin thread P.D. at large end of thread engagement = BL + M
PB =Pin bore
PR =Poisson’s ratio for pipe material
30 R =Ratio of, Box wall thickness to Pin wall thickness
BCS =Box axial compressive siress limit=M xE/[PRx D x R+1)]
PTS = Pin axial tension stress limit =R x BCS
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Y = Connection material unit yield strength E = Connecti on ri-gl nodul as
of elasticity 25 M= Preferred thread interference on di arretggé’.;ﬁ%’\'ﬁ%?@
PS = Pin thread P.D. at small end of thread engagenent = BS + M PL = Pin
thread P D. at |arge end of thread engagement = BL + M PB = Pin bore PR =
Poi sson' Y43t or pipe material 30 R = Ratio of, BoxXGAAIM3AG#ckness to Pin
= Box axial conpressive stress |imt = Mx E/ [PR x D x

wal | thi}gé%‘ﬁf CS .

(R+1)] B B RIPHONOF DRAWBYGS tress limt = R x BCS 13 ! ZO(:DD-IR;ZV\;NGrS&
-~ e . . US03Y, Rl EE DESCRI PT]

Fi gure ?g‘gggidg%lgtg\gf%%grreﬁtg‘gcrugggf;ct | onggﬁ%gﬂ%ocfn%ﬁg%pﬁagwsf I8 connection at

st ab poSgure @repifts thercenicti@pofdigird het thopmiohodfullahakkiugur e | at the position

. -up. Fi depi enl. d f ment th d ti
Caken (B B grte 4 e GREPNEAPL R ich ARAISn{dM locet i on of anot her
ermbosii N Bire U iets @ Ay Bictof B ol boRirAUA vk SRR iy @gé{@%&?gﬁm ary

section showing a variation of the flank angles | gure S a
f r agmenktigyrg 5 depicts o firagrerdary s¢otion stoming 4 \@niaiidn dfitle flankakglangl es.  Figure 7

depi ct s. ti.on of a swage I n and box.after assenmbly. Figure 8 depicts a
freglg(r:reﬁlilgf'rfsl ?gég‘ftf‘S%a%?'ﬁ@ﬂg%g?'ﬁogaﬁ‘?ﬁ’ﬁw&%?nM@&@?Shreads. 10 Figure 9
from Figgade 7defiLts b SeclioR bf £aMptdpif KAEESK AMePROSHIN Oof a pin crest gap wdth.

Figure 10 from Fig 2, depicts a bridge thickness dimension of a box crest
gap wi diigire Beeprctymisgrerrrramrinn fenaUritr sindnpEQperovedgethends. | depicts Pin (1)

. bl Wt hi - 2) . h.that. helically confjgured pin 15 stab
? It aﬁta%égﬁ g?\E‘Joﬁ{?elg’zmiec?g%{sl%%d%%%ucﬁ%éd’]nbelnﬂfm ?tta I?‘%“Férgﬁ%ﬁldlgﬁ, i s supported by
hel i calBigure CORbinGig Bdicpion adtiake thickmdss dithensis ﬁa'%ﬁ@reﬁﬂé@ﬁ' kid®) and box | oad
flank (6) are not then in contact wth each other. Stab position is

attained by lowering the pin into the box w thout rotation, wherein t_hlreaﬂ
0, P RCBOR ARG NNy S e, o e b ] the
di anet er FigoreiltdegitstPin (I stsstablpositighwithit Box {7)atich tha hplidallg Eetifighleapln rests on -
ool ( By a5k ()b e vt e bSRige i o ke, srmmoredioy bt of 1o the
CONNeCtdoRfinA¥d BoxSbIhnk ) PPEVSIAAHRES and BSKYR Ak E%rSiRRRL Y. and also to
contact with each other. Stab position is attained by lowering the pin into the box without
rotation, wherein thread turns of the pin, pass downwardly through thread turns of the box
until the pin stab flank of each turn contacts a box stab flank turn too small in diameter for it
20 to pass through, such that the pin stab flank rests on the box stab flank, and pin crest (7) is in
horizontal alignment within box root (8). Both roots and crests are preferably formed
parallel to the connection axis so as to prevent taper lockup during stabbing, and also to
provide a wider stab flank. Axial length (9) and diameter (10) of the pin thread crest are least
at their lower beginnings, gradually increasing to maximum axial length (11) and maximum
25  diameter (12) at their upper endings. At stab position, axial length (13) of box root ( 14)isa
constant amount of length greater than then adjacent axial length (9) of pin crest (7) such that
when the pin is rotated to makeup the connection, slippage occurs between stab flanks and
the pin thread crest moves helically downwardly and outwardly toward the box root, and
toward the full make-up position shown in Fig 2, pin thread flanks wedge between the box
30  thread flanks because then adjacent lengths (9) of the pin thread crests and (13) of box roots
become substantially equal, and pin load flank (5) abuts box load flank (6) with a “Q”
thickness of dope between, which stops rotation at the desired position of full make-up.

Before such wedging occurs, dope is trapped and pressurized between both sets of roots and
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provide a wider stab flank. Axial length (9) and di aneter @QHBNQS% ioné
thread crest are |least at their |ower beginnings, gradual | NCT easl %to

maxi nrum axi al length (11) and maxi mrum 25 di aneter (12) at their upper

endi ngs. At stab position, axial length (13) of box root (14) is a constant
amount oVOI%¥WYBH greater than then adjacent axial IenﬁFWU%@é"G‘H? pi n crest
(7) such that, when the pin is rotated to makeup the connection, slippage

occur s Cssls arcbin the sspord flenk sam arg radipldnisrierengerhshpen pashrepbipe(2Rkdndcal | y

downwa - I . - . d .to he full make-up
o1 oor Le@TED SUHALE ok AOHP nklaeek e bir e She b QUL B Bidto 50 ™ o e
f | anks vhdih 6223 ao widen thad BAAE Btforntd befaged Sih crebt Whendbor rédi(Haslsiomashs and (13)
of box _roo become substanti al l equ]I3 nd pin load flank (5) abuts box

| oad f f&ﬂ(?’%@ﬁam%hsé’em@mte@}?ﬁ@ﬁ caise he&R isiAcedrddiips rotation
at khe tﬂ?&s@ﬂ%&%éﬁ. 'Iﬂ@raﬂféll of T Gnd Pad ﬂ?ﬁis%?ﬁotﬁ 'BSParY&ﬁngrg g occurs, dope
d and et a

Is trapp pressuri ze ween both sets of roots c6 --4uNE 02C7b
6 WO 0dinkn6isfcd aadTioleisaad Ohchalnt theoatth ofipap (RR) dslhovareindiigld &tltheposiiep, and r adi al

interference between pin thread.roof. (20) .and. bgx crest (21) begins and
progr eé’iﬁ‘@é‘i‘f’&m’l“ﬂdf B%glggtemﬁﬂan Fgggﬁfr lé'ﬂs%gﬁénsb@c t PALEA ﬁe‘gap wi dth
(22) n@oﬂe%@éo@ﬂ’lﬁ%&&ﬁ-ﬁepﬂﬁslgﬁrﬁ%%ﬁt%%ﬁem&pﬁfeSt (7) and box root (8) as

shown in gap wi dths being internmedi ate HTD and BTD, because the

CRis in P@cﬁcmid’F\iﬁlﬁlﬁidtlmﬂmfébeaﬁen'gmmnti(w. thi¢ex thackiness ismaisiredf st ab and

| o flar of borh . box, a in ar diensi a t ol eranced such that
th gvm' a‘i‘ﬂalﬁgfbetd”a?ﬁn{l‘ié‘j‘e@sp‘@ﬁé}!%h“’%a‘%b X@@t”{aﬁ@‘ig&l& ﬁﬁeé’ﬁl SRS ake- up, is
no gr eaiegurddadially WetWéendaethichd pikoRRIanciir ARA fhie Pih L. aﬁ'éf(%S). MBalBackr uncated so

the box or pin thread depth is less than the matin read depth. As seen in

Fig 2 &ayRefrmedyhere aecded ped (26 aeh@énterielax arshlength tolgsances whilskinsusiog i s neasur ed

10 radizal -t i | . nd bpx O D as at (24), and
t he pi ﬁh’%é@ﬁé&é&gse‘?lg n%ﬁ%l{fgére t&a%ﬁglﬁ%ﬁ&gg{l%g’n ({éiﬁee&?t hread pitch dianeter
and the pilthobgh wedpethireat 2bnnectidniballt it pecvad withthidiavdndonaill sshleigeinsteeded as at

(26) and (27) to relax end-length tolerances while insuring "that the
shddl ddigh pigssure gass whem spegial ugsr sDacHisatians FRayire e whas it is geresspyi@dged. Al t hough a

wedget bifi RMEE bleirehd, thch laBGE RERLY hal Bhihe SRt Jngygbw" seal against

15 hi gh pressure g speci al “user speci 1ons require or when it is
necessaelyetively providedaz st (28)and (29) of Hig 2,38 at (03) ad97)tdfi€ig Tatimilripeoal - t o- et al

seal i ng surfaces be sel ecti vel rovided as, at (28) and (29) of Fig 2,

or at ?‘9’3’}”"3 e(’@%}equ 1?%’@‘*7 éﬂ‘%é‘?aﬁ% rﬁ%rqoyfspnﬁ%?ﬁm&wé{ %rrﬂ%‘ﬂgi #C¥epi cted in
Fig 4. ) Aty 'isf@g,g, | | I [ I wher ei n

pi n- seﬁ?ﬁg%ﬁ%‘ ace (Sgé)(ggb Fi guér/tis%dg‘{; hélg%eﬁﬁgknﬁ%m%%g@gﬁaﬁnghdi anet er

t ha&f mbox seglingOrfben98)slas tcasseranamterffr@®}y fis uparastembya Rwesuafacs @7er f er ence fit
upon asmsa$ rﬁ%%i’se bpeI of sﬁéhrtlfy%(rzé%teg‘ giQneter than is mating box surface (98). Radial sealing

surfaces as at (26) and (27) on the box and pin that seal when abutted, are within the scope of

this invention however, much closer tolerances are required.
The enlarged thread form detail of Fig 3 depicts generous concave radii (30) joining the
25  pinroot to flanks, and like radii (31) of the box that are typically but not necessarily, about
15% of the load flank radial width to both reduce stress concentration and greatly reduce
damage during handling, transport, storage and assembly, as compared to the damage
susceptibility of sharp-edged trapped wedgethreads. Threads formed per Fig 3 also provide a
stable support by contact of the stab flanks as at (34) for the pipe joint being stabbed, 1o avoid
30  the tedious handling required during assembly of conventional wedgethread connections
described by Mott, and they also provide axial and concentric alignment of the connection to
automatically register pin crests with longer box roots, so as to assist proper assembly

required to assure a reliable connection. Included angle (35) may be a negative or positive
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may |ikew se be of slightly greater diameter than is mating f /
(9%). Radi al sealing surfaces as at (26) and (27) on the bo?gm’l\%ﬁﬁpé
seal when abutted, are within the scope of this invention however, much
closer tol erances are required. The enlarged thread formdetail of Fig 3
depi cts WOPPABEY concave radii (30) joining the 25 pPATUSEH06443 f| anks, and
like radii (31) of the box that are typically but not necessarily, about
15% of af ifenaydgaerol dgatees: dfithe pbsalutht Yaluewf ithstincluded augle stlese wn cwice gt r at i on and

reatly . dur.i andl J transport, sitorgge and assenbly, as
go npar e“é@?gyf‘ﬁé‘ °%§‘?§‘§gw"s (ReEaBEs IB?’_[ fn"@ﬁ“’o‘i’“’%ﬁ‘&‘?@z %‘8’6 ijt%f’ 3%9&@(1 wedget hr eads.
Thr eadspobiciometfulletakbiry The ah@Ooffriotiorier API SABRbEIfisVIRRIS 1 Piek@RI RSt Of the
stab flanks as at (34) for the pipe joint being stabbed, to avoid 30 the

t edi oustVpidRERblGRes Gausediwhen dengdringoutsas dirisleyated temﬁf@'@lrﬁ(tjwléﬂaﬁed‘ll@dggt hread
conngect ; ' [ QVi axi and concentric
a1 Gy, iER BRIt Ridtea 3Hle bR 18] i BUUEHAER o oot s wi ¢

| onger ﬂn‘m‘onmmssoa&mvmyﬂi@assv@w'lysitlspm?nmd)srtﬂ:s@gnbl y required to a_Sf_ure ?5 6
reliable nnection. Included angle (35) naybe a negative or positive

-7u rvE a e%ﬁ)@é)ﬂ G‘FéSWdP@‘P}IPJ%BWMSUF}tthﬁtdyc%kf@diégl@)(ﬁgg)r Fes. f I f the
absol ut f L ne ' ' gle o

ri oti Qeet HRapiacky® inp e PR B0 Secufock BP0 (R [oth P mbfThes 00T The
desi r echnd pspdct the gowfectian, {t providesipcostaffecting vedgathrdad icmtneafonfngt hifiieito SA2 Mod Ib fied
do s 1 rees.. To. avojd obl e capysed when dope dries qut, as by

el gﬁ)at eaaaqaé}?pdg(?‘ﬁﬁqrﬁl aﬂﬁi“’@ﬂor’r’ b%‘ﬂ&%&kﬁ af:gP"SmF‘ﬁHP FERPMHAL G &egff‘z?S Bribeefited that the
i ncl udaglt ARabasdfly) Fot BSEnde RN wallithiBnek 4),&5}@1)&1 %1} uﬁf{(ndlésfs (5, S0 as to
al | ow easy di sassenblag at sone later tine. Wen load flanks are’forned

par al | elimensionyare seagonablyaptose, tandhe bdxzand n)nmmﬂd:emraat@dexpagﬂ)equadiy Figure 3
equal s zero. to inprove dinensional,.accur.gcy an 0 _reduce costs to

manuf acPipe ke af‘n@gg%“c %?rﬁé??%ﬁﬁ?é?ﬁl% ,M&EXWSQ%%?CQ’C&@?]- effective
wedget hespamhingGregah bfe iBhlainédibr it #Q tvkaishatbered Rl 1o PRABKER!  appl i cation,
both flanks are formed preferably at 90 degrees to the axis, but not

necks s #eparapion phheimasing fieeads which weuld imaurn, ailhxlwéﬂahies sr;]d((zéil)mp(algd pi ndvva!l .
hi ck ' ' . bl th t.he box gnd pin w
cont ract - Shsgtihe STRTHRROAL SRR et A5fins b ItdF Qe imposed | oads

Wi t houtratedlodd,ahat sherredigintiread iaifatence it Siid thinférvaallhentpls bva@torhdBy thebul ar merber
that the, threads are formed on, to prevent 15 separation of the mating

t hr eaddadiplitemse Gaysing differengial diamgtrice),straim then gtah Slanks (5Q) (Fhand loadflaoksd t he b(ﬁx

d pi i ' t | al so near the
Faten Qs {REr SaflubuS ARy Bom S blRor Pithel b non AR R Br T rerber
| s v ergoatest impottinee foraggiveh applicatéonc eussabniankls (60 (AN hnddbadlilake(a2),cal st rai n,
LU t(é‘ﬂ nflaly%paiﬁts doQNSn(\)»)a’rdl)( a?v%a?y f%rt]rgthle g.gig pferI Fa}g %vhen compressive loads are of

greatest importance for another application. In either case, they should slant at an angle

sufficient to resist radial mechanical forces that would otherwise cause differential strain, to
thereby prevent separation of the mating threads. When high loadings in both tension and

25  compression are imposed on such unequal box and pin wall thicknesses both flank angles
being negative may best serve.

Although the preferred value of the included angle (35) is zero for general use, a positive
included angle may serve best in certain cases, such as to improve thread cutting tool
geometry or for manufacture on machines not having the full flexibility of modern threading

30  machines. When the included angle is positive, the tendency of the wedging force to expel
the threads out of their mating grooves increases directly as: tangent (included angle/2 - angle
of friction). In such a case then, both box and pin wall thicknesses must necessarily provide

a reserve restraining force greater than the expelling force, so as to prevent separation and
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(52), (53) may slant upwardly away fromthe axis per FigureShowhentensicod
| oads are of 20 greatest inportance for a given application, or stab flanks

(60), (61) and load flanks (62), (63) may slant downwardly away fromthe
axi s per Fi? 6 when conpressive |oads are of greatest inEortance for

anot her BRI EYion. I1n either case, they should sl anPCHISU44Rg! e
sufficient té) {egi st radial nmechanical forces that wul d ot herwi se cause

di f f er Wstand df gther,operating lopds, WhF 19F exFEYiHeS ¢ wbplarwalls op mduckdhs ng t hr eads.
Wen higghads@adbRey i n both tension and 25 conpression are i nposed on such
unequal box and pin wall thicknesses both flank angles being negative may
best ser Vagural saufigmehtarymestral sgctidn takénfzoro Fig hehicin ddpindenh atarphte (35) is zero

o A8 e TS FOEL ey SCROT o BbghacE L Cooe
MRC/3i N GakBEY, altPihdiéin Ehe(36) hhvihd L¥idi Ad dvat@imimACHRdBtgadiay 30 machi nes.

Wien the included angle is positive, the tendency of the wedging force to
expel dimensionsie fimedbetwedn thépin roateandribe hpxsmstss Thisembodimentdiaydet | y as:

t i |l el 2 - le. of, fricti . . t hen, both
pox_and> SR SGFR ToR e, seman ieefiondionldebt pPMineg Pyl SbPtEREE rect rai ni no
force gigpirenotrbguireihe expelling force, so as to prevent separation and 16 6

uNE Qoo 6 WO 03/ 076837 PCT/ U803/06443 withstand al|l other operating | oads,
whi | e not The\psgsent igusationyteaghes the Fnogianagand yseqr aworkahlei(hengetRatioselas ar e f or med.

Fi gyr e ' ] . aken f Fig.2 ich depicts an

al '9 gr né%@eb%ﬁggéé%@@gegﬁ%'%gg?g%%}h?negagtcb@@c |gg‘8:,n a&%glrléls‘%]eﬁit%rests and box

roots ilaraefvicedoadparh aSextrkeuansian dibvdiens actidsanl (ndfats aPeinpanrav dt h no

greater_ than the bridge thickness dinension, is formed between the pin roots

and t h&MEsS- crests. This enbodi nent may be wused in services for which,

damage 10t ffeinQa AN As 22 SAS XRIaRdd Apd, B it £ b UBAAL WPy oiteag F1 0 9 are nOX
ht t nce and u

required. The prese I nvention teache e I nporta se of a workable
Change dRgd, aftersietemsiningGhet BTIDHEMR2 aid Q edsesfontataioge. | BeRdaemah CR wedget hr ead

ctBortt? < 1ENE0 b1 Bem | oo it e we Seam Gk EL i Bl Bl Changes.

The { oldrQi01S2 BT WkichRs @I ALCIVRRLS b8, URE iy forffth fop appl i ed” t o
any thread dope, aftér determning the BTD, HID and”  Q val ues for that dope.

The MaldealWCERa WCH walngapay-beatiociey, andthes basedron apditSdncharactaBicsathe t he Least

CR = LCR.= HID O = Q0406 /. 0015 = 2. 67, , Wi t abl i sh CR
T 2. 6 PigeR Bty S5 B R B Therafee v NS ERBMIGGREICS @ R range

will seal, but not loosen or leak, after being subject to service loads.
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| deal WCT, a WCT val ue may be sel ected, and then based on appli ion ,
characteristics, the designer nmay easily choose a val ue fo%géﬁt\ﬁ PR@Q&J
range, and know that his connection wll seal, but not |oosen or |eak,
after being subject to service |oads. 17 0-6ToNEaao6 WD 03/ 076837

PCTI US03 9?@36437 CLAIM 1.A threaded pipe connection fRET/GSHEMS y with the
use of thread dope, having a box (2) and pin (1) fornmed with tapered mating
wedget e t he box threads havi ng crests (21), roots (8), stab flanks

(4) and - . i hreads havin rests. (7 ots (20), stab
f1 anks ](J%?ﬁg%({g h?)gﬂa%}oﬁggﬁ?(nsﬁ? ??e,m%a%%“?tﬁgfeiﬁ%gﬂéﬁg‘? *i"%é?f‘“%él?%@gaﬂ?n the gap
bet weenpih (i) forinadkeith tajediel hiting addgdiiavidagh@bdx thishdssiiag creste@l), Wit h as at (17)
and a s cong axial crest width as at (%4 the first and second crest

wi dt hs &t apks (¢ aidenddlnaks (B). &aepin thy: d%b@é(mg,crqsm(@troetsé%@, gbdt h (17) Dbeing
o . ! . o AR
i monai e bdllond Rt {5k elbddilen 80935 BRONRISH ARl bAMn NS, "D oy i

the wi dtbs thrgephaviing difitsteexiall opst width as s15a7) dnd b weend itist crost width dshf @ayls, a | east
t hi ckness .di si on t hat thg dope .can, be conpacted to between the mating

d )
t hr eads EB‘I A S§F ;cr“fsh@dfhs gng Bositigned apg t_ﬁ@a _ aftfEsteasbwidtietldst o adi us
bei NG ayefrgdihenbitiid Witk firdt Bk ( if'@tamﬁe%éﬁd é%sgm%?)a%g;éggm?&?ogggwﬁheﬁ Wi dth

being a second quantity; the fi'rst quantity he second quantity
bei ng acemmdmerbius (46), o bridgeghickrasybimensidn thatbethe gridesttgap widilt the dopedant he rati o of ,

the brid hi . di i di.vi ded by the_l t hi ck di i . 2.
The ot poe DahvheR G Ring PR qest iEEeRS Aeatioh R dons o6 FOMpaEid Cknose
di MensiteBetwdad the natihf thrdada SbmprinoMHdteist CRAt radikemAa e Q&Q?ci l:r?s‘ﬁ’ éé{&ri'ﬁshi n to heal

a |l eak; the change ratio being greater than the ratio o eal i ng
t hi cknesingaifirgirppaiy.dhe/figeetesh yidthmirue ghetsecond ciestowdthdeimgnséoond 3. The

connectj on- of ' - fur r .conpri.sing. .the included gngle (35) being a
negat i vdél%éffgqlée:hl%hﬁna%%% d@"(‘)%ﬂi%tﬂ}eosrﬁ@o&f] qugniingReing aqhpngg ftio; g’ﬁ%L? ng: the
i ncl udeaticitgigendt grehteb i the iftfo JEABE brlidie hiclnesAiH@RI08 Afsided by IHeGefspNnect i on of
claim1, further conprising: the included angle (35) having an absol ute
val ue d"lél&%eésrd]{qqaﬂ‘)ftw ce the angle of friction that acts between the mating

flanks. 6. The connection of claim11, further conprising: the included angle
(35) having an absolute value angle not greater than tw ce the angle of

fricti @dnThépipe earinsctivatofielaim 1, fertimtomgrising: £Beiting thitkbesd dint¥hsion M@Lis ~
the least gap width that the dope can flow within to heal a leak; the change ratio being greater
than the ratio of, the healing thickness dimension divided by the least thickness dimension.

3. The connection of claim 1, further comprising: the included angle (35) being a negative

angle.

4. The connection of claim 1, further comprising: the included angle (35) being not less than

zero degrees.

5. The connection of claim 1, further comprising: the included angle (35) having an absolute

value greater than twice the angle of friction that acts between the mating flanks.

6. The connection of claim 1, further comprising: the included angle (35) having an absolute

value angle not greater than twice the angle of friction that acts between the mating threads.
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WO 03/ 076837 PCT/ US03/ 06443 7. The connection of claim1, furé?gr o6l
conprising: the included angle (35) being a positive angle t:gp'\ﬁra‘?‘l
twice the angle of friction that acts between the nmating threads. 8. The

t hr eaded jon of claim7, further conprising: upon nmakeup of the
connect i c‘fﬁ?mﬁﬁgy mating flanks exerting a wedgi ng for c&TAGF4749443 each ot her,

t he wedgi f orce havj ng.bot an axial, co en nd a radi al conponent;

box wal ?@ﬁ?ﬂnﬁ?ﬁfﬂ ﬁia\'ﬁgﬁ ﬁf‘%f‘”ﬂ%‘?ﬁ% %cﬁdgaé?ﬁeéﬁégeéﬁg\ﬁep%ﬁlﬂ%ngm, in

addi t i OhgleOpréitdr BRlHHicE BRUNEB G frRtivh &Bﬁc@ﬂﬂﬁ@ﬁ%&aﬁﬂ%ﬁﬁaﬁ”d al | operating
a e

| oads wi thout the walls becom ng stressed higher t limting design
stress, sufficient to prevent separation of the mating threads urged by the

wedgi ngg f cti f claiml, further nprising: dianmeters
of Boxb o3 el colNEARRAFSH £yl Eordlrink ot sty L BeombstOhor ¢ 1y

bef or e thbmapmgilinio BxeplingfaibddghplsrtPadatsbdabRbied il Well iflg fof@MfaVIRg b | NCT easi ng
radial force is initiated, through residual dope; bétween the pin root (20)
and boxai¥d compopgntagd p radial gemposerisboxival(34) andipin walh26) iawingmeficiert ween box
and pi n.sheh : & I 1i0n. ke;up, a desired magnitude of
radial Inter gfr]%?ig%g&e%lﬁ%qg%e \}\léeﬂ“rg{‘ﬂofe lﬂ]g‘}?ggﬁ%k%ﬁ)ﬁmtqﬁ?@d@ so as to

Mai Nt ai opetatieg toadswitiduethe nalls bicbfingatésseal Higher tiab e linkiakg RsigaBresgXi StS bet ween
pin creé’inqu and box root (13) of a magnitude no ggrieater t han the bridge

t hi ckne®&! FYERL separRtioppb thednatigs threads uragd brthgsysdging HreeThe connection of
claim11, further conprising: dianeters of pin root (20) and box crest (21)
bei ng di nensi oned such that shortly before the position of full nakeup is

at t ai ne? ThecomgotionmK claim 1, durthen comarsinggdiametenlof bex wet (8Faridpirt érast €0 and

{ itted. via d d b 8) and pin crest (7
St 11 of SHE e RiePabich P Rar bt €F pevimces Hbwokn T hah@uEn such that
at the Iﬁﬂ&hﬁ,iaﬁﬁhcgﬁﬁéﬁlgl‘ddiaﬂrﬁ%&'iy Rritiafed) #9duoR tesRAHobd §8rwREn &@?an'boti nterference

exi sts between ox and pin threads so as to maintain therr interference
wi th ed@h) apdibex creg (2 sufffigientio gsigblisk radial intdyfereneebetivesn bok esd pif2dch and pin root
(20) of Ltude reater .than the RQri . . thickness. di nensi on, the gap
beji ng f¢§|ag@?&o§1ﬁon£53@; 1%3 e—uﬁ,lgd%sbrﬁ%@@grp € E‘%@P]alf’ i{enmﬁé’ﬁ“’@ﬁﬁpri sing: a
desi r ecthéebeN tint pitethhds 9 ds &) maifhRthe¥ RREBrenRONNE&H biker, mh&mag{ﬁ eads upon
mekeup of the connection, extending substantially al'ong the | length of
t hr ead @#tf5EYRsRPIn crot (9) andsborjoat ( 13) pLo magnipde 80 pre@83MarRBT bitite3/ 06443 12 The
connect. ] Al . QMurising: the connection being di nensi oned
for useﬂlﬁgmne?%m%%%#%ﬁe%@%r eaod(’g%pe such that the value of the change

ratio is greater than 2.67 and |ess than 10.

10. The connection of claim 1, further comprising: diameters of pin root (20) and box crest
(21) being dimensioned such that shortly before the position of full makeup is attained during
makeup, an increasing radial force is initiated and transmitted via dope trapped between box
root (8) and pin crest (7) sufficient to establish radial interference between box and pin such
that at the position of full make-up, a desired magnitude of radial interference exists between
the box and pin threads so as to maintain their interference with each other, such that a gap
exists between box crest (21) and pin root (20) of a magnitude no greater than the bridge
thickness dimension, the gap being filled with dope.

11 The connection of claim 1, further comprising: a desired magnitude of radial interference

between the mating threads upon makeup of the connection, extending substantially along
the full length of thread engagement.
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13 The connection of claim1, further conprising: the mati ng g
having a predeterm ned axial |ength of thread engagenent, étdj gggﬁ?gioaé

having a stab flank axial pitch length and a |oad flank aX| aI pitch | ength,

conpri sin the | east axial length (9) of the pin crest glo bei ng

di rren5| ong’ §lf§§7t ant| ally the same magnitude as the | E&USEBUCHE | engt h of

t he ,Iglrest sQo as_to maxi m.ze the nunber of thread turns within the
I

desi red ﬁﬁf"i’“PeE)‘Fon ‘tfl‘i}aé‘é& furthel semerting: die coppectignebeing dimensioned fosuisel engt h. 14
The conpacApPioA I r ng a stab
fl ank g’f}l al |tchmﬁ 1€dn1ﬁ§¥e%dg$ su‘f}ﬁ\atgﬂ %eﬁdfg}%cg f%tg’hlg e%ta thhe axi al

pi tch 1267gnd les§ thah 0. oad flank (5) nminus the axi aI pitch length of the
stab-flank (3), being substantially equal to the sumof 0.0064 cm plus,
0.00036 tines the outer dianmeter of the pipe, neasured in cm 15 The
connectj3qrhe Qf)mﬁh@dnrﬂf lelairh 4T fuRtfdr cOMPRSIAS tHRGnaiidk 'we&%gﬁﬁéaﬁs ﬁ%gé’m s being

positioned parallel to the connection axis. he connection of claiml1,

f ur t herprasletepmined axjal length ofshtead engagement thettlireads bavirig mﬂsﬂdnklangl pitthf f erent in
dIITEI’ISIOI’lth th a th of the. np nore than the
bri dge FISHLAA ﬁ@slg dﬁ*}aﬁg ﬂaicmm’g B ‘f‘ﬁ%ﬁ“sﬂ‘ﬁmth Egﬁg’ﬁgﬁ &1@9&%‘?”& est gap is

gr eat ercrdst\an) by diReasitiRd subsaiiayShekaf® Rikifide 3sthe Eaﬁ a%RRRGH bPMe Of claim 1,
further conprising: stab flanks (4) having a constant axial  pitch | ength,

| oad f IbakREsst(&9), W.t%@a&n@m@ ayreber opthread turesrygjthin e desired lengthwigni t ude t han
the s mean axi al pitch I ength being equal to
t he mat e%{a%n%g%elﬁé vera 58%1@&“?{:&%3? flank and | oad flank axial pitch

| engt h, | east axial Iength (9) of the thread crest at the beginning of the

first thr ad turn (10 being a first dinension, the |load flank axial pitch
| engt h 1% E§°‘Pﬁ6‘“’§‘t°£5 afnP é*ﬁegtb%sucampmmg: fheitirgasks havieg hyjaluflankesiebipitthensi on,
conpri JRAR a8: ual in
magni taé tagdiaﬂga quantl Chﬁég sqt&ggglgf&?pﬁgﬂffﬂgﬁg‘ g)énnl&ﬂpl us the
second thham’nmtdnlpngth ofthe Stbieﬂmkr(@) beiog sv.fbstgﬂt@ﬁsd edpal wabkssunedfl0.006acmed to 0.5
power, @gﬁo(g éfgg fir t di nS| on. EO C.6lur' E SLO06 WO 03/076837

PCT/ US 99036 figes é’u?? E‘Eﬁefﬁfﬁ S PIPBIGASHEdAL LTy t her conpri si ng: the | oad
flank axial pitch length being &substantially equal to the quantity, the
mean axi al pitch I ength plus one:half of the second dinension; the stab
f1 ank d%iThe cprinectionlof nlginhl, hethepcaepsingnall adstsyand quosd being obitompdant i ty, t he
mean axi a lﬁi t[ch | ength lL.ess one-half of the second di mension. 19. The
connectPPBHE AP ti?lcﬁpl?ﬁc On gX5 t her conprising: the pin having an external
sealing surface (97) fornmed around its periphery adjacent the small

di aneter end of the thread so as to.
16 The connection of claim 1, further comprising: the radial width of the box flanks being

different in dimension than the radial width of the mating pin flanks by no more than the
bridge thickness dimension, such that upon assembly, neither crest gap is greater than the

bridge thickness dimension.

17. The connection of claim 1, further comprising: stab flanks (4) having a constant axial
pitch length, load flanks (6) having a constant axial pitch length greater in magnitude than the
stab flank axial pitch length, a mean axial pitch length being equal to the mathematical
average of the stab flank and load flank axial pitch length, least axial length (9) of the thread
crest at the beginning of the first thread turn (10) being a first dimension, the load flank axial
pitch length minus the stab flank axial pitch length being a second dimension, comprising;
the mean axial pitch length being substantially equal in magnitude to the quantity, the square
of the first dimension, plus the second dimension, times the length of engaged threads, all

raised to 0.5 power, plus the first dimension.
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cooperate with a mating sealing surface (98) fornmed within t b0 6
adj acent the small dianeter end of the thread so as to formrlz?eaﬂb

netal -to-netal seal against fluid pressure from inside the connection, upon
assenbly onnection. 20. The connection of claim1, further

conpri si ﬁ“g‘;"f‘mg&“ﬁi n having an external sealing surfacePCT(Q??g?/OGf‘@r med ar ound
Its periphery adjacent the |arge dianeter end of the thread so as to
cooperate with a mating sealing surface (95) formed within the mating box

adj acenfg trh€cdnaédidn oflt1aE] AfirtRR doMprididde the N6 RFANR &daspitkmehgm%ﬁ\ _
nmetal -to-netal seal against fluid pressure from outside The cOnnection,

upon assibsitially equahte thequantdty timmeaaxiaipitehdengttoples érerhalfoétheisedondhe connecti on

of aiml, .funth r.i,Skng. t .do bei C sed of grease-|ike
mat er | a(?pmﬁll" s)%‘)é’dghv?/isﬁﬁ f@@f a‘é’&@?‘rﬂ%@e“s‘%f‘%?té’i%@ﬂ? e‘ﬂ‘l??g;&g‘? AR} tgf)ri cate
bet weenmédneaxiiBbitdhdedd@xles ke PhlRof e SRElEd dited@rl | ON of the solid particles

being mall eable solid particles whose breadth is not | ess than the bridge
t hi ckness di nensi on. 22. The invention of claim21, further conprising: the

mal | ea ' ' ' . J1r J . 0_and..not. t han 1/ 200
OF t ho 5 e b ediBhiok G, B dihosliBY e bR S e Nalink 88k %0 et m
1, furt@®eyfoansdurosidrig petipherycdiacend diesghall diafieas el sffthah@adasas-tbi ke mat eri al
mxed with solid particles sufficient to seal and |ubricate between the

mat i ng $9EReTALA ¢Vitgiamating sealiag surlaes O8harmevien theanabing hoy adiasentghgymall ¢ es

di vi dedy; [ Qs ume ratio
rT:.I?/![ i p?‘lilgg&%l;éﬁ? ﬁgﬁ%ﬁmge Pa% ﬁﬁ%ﬁﬂgﬁ&g%ﬁ’%ﬁlﬁg@g{t%{fpﬁéﬁﬁ éﬁ{ han the | east
gap wi dinkid¢ thatorinketichoyp®nassgmbly of denpactiah.t 0 bet ween the mating threads. 21

20. The connection of claim 1, further comprising: the pin having an external sealing surface
(93) forx{]ed around its periphery adjacent the large diameter end of the thread 5o as to
cooperate with a mating sealing surface (95) formed within the mating box adjacent the 'large
diamete:r end of the thread so as to form a metal-to-metal seal against fluid pressure fror:n

outside the connection, upon assembly of the connection.

21. Thread dope for use with the connection of Claim 1, further comprising: the dope being
composed of a grease-like material mixed with solid particles sufficient to seal and lubricate
between the mating box and pin threads, a portion of the solid particles being malleable solid

particles whose breadth is not less than the bridge thickness dimension.

22. The invention of claim 21, further comprising; the malleable solid particles being no

more than 1/20 and not less than 1/200 of the dope by volume.

23. Thread dope for use with the connection of claim 1, further comprising: the dope being
composed of a grease-like material mixed with solid particles sufficient to seal and lubricate
between the mating box and pin threads; the combined volume of all solid particles divided
by the total dope volume being a volume ratio; the volume ratio multiplied by the bridge
thickness dimension, being not more than the least gap width that the dope may be
compacted to between the mating threads.
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