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The use of screw threads to connect joints of pipe together so as to convey
fluid i s wowsnyes3d ol d art that has progressed for hundredsTafSoyeams i n an
effort to satisfy periodic needs for stronger and better sealing pipe
connections. Performance r f tions still vary

wi dely, such as for hone ﬁ%ﬁdﬁ%%nﬁggﬂ@ggﬁgﬁgﬁﬁ% psi fluid pressure
with virtually no mechani cal |oads, to Ol WlIl Pipe that may be required
to hol d@}&ﬁj E§gy Pressure and si mul t aneously wi thstand, extrene
mechani cal™ ['oadi ngs and wi de tenperature 10 fluctuations. The use of pipe

threads t oTigomeef screiv thfchty @l cofidth Riifts of pide $6zetiet s@ b to ddrPeyt Muilli€a very
hi storical weakness of threaded pipe connections and their tendency to

| oosén, old arhthat hasdyregressed 4o, hmﬁ@dﬂ otmf@rs in anedfigst toisafiisty perindic rgeds faff i neri es
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15 Wells, threaded pipe connections are still used In such wells, so
most  r eyutually ngmeshanicaldoadsotortaih Wedk Pipp thatihay bpirgtined mn di 16;%)0 Ipaisgaseen
directed towarddsucrl] use. Strugagﬁral use ‘g{q co e(?tl on I e threads has
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Trapped Wedget hreads tha uggests a thread seal in Col 2 In 7-11 but does

not teach Iamm the histastepl wsaknasstdf thrgadeslqape eondeétions and theiri temlenqy]welboswd

| t d. t 43. Nelt
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attai ned by ‘the inventions above having a common assignee, In that
pr ovi deglternatied pipe ponrectdn {02 63e mthhnpm vﬂryﬂllrmtelddmlemgzestdhﬁleacﬁs @Gih& Gas

?g Sﬁéqf&é Isasat 22 and 1 Ool1 In 18- enenlons
Chads t VLT, fucated pibsiconghetiatede sl seeLiomRsic Fellh 5o Bhicss eal ,
then hi The
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nmet al -t of nmmhtmmablpmhmadms bRaelimaged by (hgir9%hkneks and deateadencafapledsen
wedget hre& gonnectl n that seals on a soft seal such as

pol yt et APBYPLBRGBIE P10l 21n 6-17. Again, he clainms a thread seal but
does 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 sealed the contained fluid, the
soft seal is not needed. Mttt 5,454,605 depicts a trapped wedget hread
descri bedwpDr3@mds32 in 48-61 and illustrated in Fig 3 & 4PCHaSps/ofes |y
descri bes the assenbly and di sassenbly problens and the danage 5

suscept itdach how tohcabmvsiishiil. Ieidghrehdy sealdd thecofitdined flwid the sé®bealislmot2. 1 n Col
2 Inl 60-65, Col 4 in 61- Col 5 1n 14, he clains a thread seal but again,
does note¢dedch how to seal agai nst even nud. He states, "when nade-up,
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cost limtations for pi pe connections. Watts 2, 766, 998 teaches how to
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hi gh- pr r I a Qn Q0 of

extrerreﬁ@gr(?oét%el gng %‘Tﬁ élsl%assagﬁﬁeeada %P%%eraogsf%m?/%?’ % %?gg'fgt ‘zches
an open nweid g suiteg Fwhel nidde-upl MERITE o tleatantaBdtwe fhk tideads8o hbt dRai tion of
full rrakeup for a pipe thread to seal high pressures with thread dope. The

present t afpbllub@amt arentepped ﬁhnwrbw\w@ tbubmef@rtunai@y,t swah perifent corfrmation ksabl e

seallng r 0 he r.adi . chan he t dth

turn. 't‘lh’vea &S/véﬁé@f(wpé% ?%?ﬂpg fyt’g Yi\% %°(§ﬁﬁr‘8atatg | ﬁee and
fouqonagq,eamnmy i nventor, which confi rms that a long, careful and
conti nui ng i nprovenent effort has 20 been focused on wedget hreads for over
25 years. Waperi766088 mghqsah@g\mo fctmmm plasthemeiallir lipssdat andoihating sefit spasatd

V\édgethrﬁaqs of, ot her ent.ors |Lsted above ihat the |l oad .flanks do not

engage BUFCHAHED- 8%?5%}"%&‘? EHY |$8 of JnY ¥eqtfat il undgt cqpdifans pf G e and
gener at Qaﬁat{yngafpfegg{ﬁéyﬁ@tei@epd&ﬁr@nal resisting torque, as urged by the
pressurized dope in the load flank gap before the ideal position of full
makeup i s Wetishetl, ‘blﬂdeadhasaan&mw@aﬂmeadmnd@he élememts thatimustexdissat theSuch

akcanp. PRHTGHCITak<e 56 hiPe Fea Pl tetapp B i Roiniad Bt S PHRRSE ¢ e
and whegon AL e RARAED] et 15529 LI SRR Bb 6 HERIRGI | 01

and int reduces 'its |tyto driven or to serve as a nechani cal
supportphmgett@tlwehieadlsdpdnhchamgetpﬂdumtlon of such pins into such boxes,

both the c ga a etwe n.mating roots and. crest and the 30

| oad flan E%\geffs@{‘v ﬂ%ﬁéemw Bbewshay, gaéomrwsaswfga%q %ndf})awm@/ from
the cong o‘ﬁfl n't&%ﬁl%ié%nﬁ@ﬁs%&t ePl%Q r&led Goh rﬁ ovéﬁé’rﬂ%?fogfhas
nmakeup, en gap w dths tween t| ng t rea es are reduced

suf 20 ci &edr ﬁ)cudedtont\migdthp@dbﬁomgeﬂﬁrm diMpesiettieyhat tuughgdbmmble I ong narrow

hel i cal gap begins to _seal and thereby, begins to build a prog‘resm vel y
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



2 WD 03/076837 PCT/ US03/ 06443 increasing back-pressure which in turn,
causes frictional resisting torque between nmating threads. None of the
wedget hr ewo opat@st s by ot hers cited above teach or even nmeatiusa3/odsne

i nportance of a workable change ratio (CR = the thread di aneter change to
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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 plane positioned 90 degrees to the axis, the
angle being zero if 5 the flank is perpendicular to the axis: the angle
bei ng pl wsoioB/otdss7 f | ank faces nore toward the crest; thepramgisesd@itng m nus
if the flank faces nore toward the root, Included Angle = Al gebraic sum of

t he st api§CBORURBIDE DAWENTHEON oad fl ank angle. Thread Turn = A 360 degree

portion of a screwthread. Pin = A male threaded pi pe end, the snall est
di anet eFox purpesgs ofithis anpliggtiqm definitions and fampulag given balowpwHl applX. f enal e

thr ead £k BgEDAIRER o Lol Soislidile Bl e pidp R anit el HERRPH BBTT U1
pi n cr epttwassa thteadBinlgh ah©fdsitione 00 dsgreediotBe axiBake Qﬁ%l@beiﬁ?@eﬁ igap

bet ween the box crest and the mating ?i n root, when assenbl ed. Wedget hread
= A $cr 8w flankasiperpendieantortbe axis thsangle bring plos Hishe Flank fageompdawhidthz, t he

| oad 15 fl ank bej formed.on ater helical .angle than is the stab
fl ank Sﬁ{lgﬁt?ﬂmﬁngle{;\genég&nmusllﬁwaﬁhgﬂgqceiﬁlgrectpgé{d 5hgr %ast at the begi nni ng of
the fir giclidedaamld +Ngetrdle sGhF the eAfldhkdngrURkd/the 1028 ElafRahglE tO a maxi mum

axial length at the end of the last thread turn, such that the box and pin
may be Jbresddan ogeddlbdegres portiesof estrppdireadon of full nmakeup at which, both

stab flanks, and . oad fl.anks, contact .anpd dge ai nst their respective
mating s ASPAER e BEeh TR P e Berdam B1ne St Sp dHoRrPEhd = A
thre@d BAYNG f@nA8 UFEANR JipCnddBEmaN@l Ratk Witha! pih Wehd, ahPRFdesQllabtet s f1 ank
wi dth. Open thread = A thread form having no negative included angl e over

i ts ent thread tuem beingdbdfirst tMreal tutmo- net al seal = A non-t hreaded surface

formed compl et el d ti f box . 2 in that i '
cont | nuBTRCESHeaRT 27 Prwee s hil st anddbe Biting BobiorbrvheadSsetied of fect a
seal a%k@&stﬁg?'ﬁ@'%d(ﬁf%&ﬁtﬂ Bo;eteregtraag%%aﬁé%msoew%e&s%sbmedm = a

vari able gap w d dope thickness between ting threads, under given

condi ti dvisigetreadizeAstresiothecatiformk haang 4 brzbt, tdot, stbpanki dnkd leahfleenk thedodskt ween
bot Hoon ik brDE LarFied 90 ETFREs hekArRinghih s 28 DTN GBH 1 9 AR rurn
025", S RSIAER1oRE SN Eey LT e B iy lgh e | e
PCT/ USO Bichéadihg to BhiaximbBimi kel 1kgticinbsenddfithe astthreadttiva, sohithal thegtgx asddt h
e ey be Sorewed toggther tb a dosired posttion Of full axakeup at which botly Gab Hanks ™
seal . binmay be screwed together to a desired position o makeup , s
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 friction, that acts
between two solid bodies as they slide against one another. 5 Dry Tight
Position woDheoiseti cal full makeup position of a box and pcm/mesedssd ed with
no thread dope, so as to attain the full Design Radial Interference

bet ween BIdX =®riligp ThidkhegdismensioiRE= the Dagingon Baplinadth betvasch aseibiedagitigen t he
mating threads when at Dry Tight Pgsition. SP = Snug Position = a parti al

makeup oS susfaces, thas therthfead dope used wjHsedqual s the Bridge Thi ckness
Di [ ' I ' . . = Wdth of
D] 0! g 0t TSR PO AR e SORUBS o G g of

A di nengiodies aetsy Eledt dgatlistdbieyandtheri d- | engt h of the engaged t hreads,
ext endi ggyfromthe pin threagllrfgi tch diameter to the pin bore. Box wall

t hi cRned¥yJight&osiipg Forhepretisal ful makgnp posjtient ofid bpx andqin agsempled vaithyagyed

o ot o reFE OGRS R S AP RS e e B B S WL

apart. DriadDpiif RadiabbatedferdiRd Getivdes temningOmetatit FMKS at DRET Y BRdiohur N
apart. Full-strength connection = a pipe connection that will seal and not

r upt ur e SPrcSRugipsItionsTd partial wakeup posuies ahwhichi the crashgapedmalsited Bridge ess of

any portion of t.he pin or, bagx is.first reached. 20 RCT = pin crest radius
change :)Iléx}crf?aﬁsr@m n’:a"_SiIﬂa g}gesiatb %‘%ﬁ ﬁreéﬂgﬁﬁ%gﬁgwafturn: CR = Change Ratio
= REy / @Wi‘&ﬁﬁofﬁh@%@ﬂbetweé&ﬁh%'l@ﬂﬂl@ks Rieh RESHURQIoRktRE. Wi th any type or size
open or trapped wedgethread enbodi ment for any service, conprising but not
| i m t ed Pimwald thicknesy © Aedin@Bsidn msasurpdradisdly@t imdidength ofthg engagedtheeadls, t han

the pi pe;, doubl.e- pj lings: integral joints: flush joints; t pi
ends. wEMEAGE FouhlE Py Biead ok SamaeiP e B BBy vl | vessels; for |
rever si Il ANRRKhERS A diheforShbatttedraliaPARISenth oRihe REEARAGES, hr eads

may have advantages over trapped wedget hreads for sone uses, such as ease
of manufatnding fpnathd boy shrgadpitchndiameter tadthe babbeterdiameterposi ti ons, and to

I ni, M dli A T 30, dget h d i de bett
;neg!llgn n;%aﬂ?@hé?&ﬁ?%g?w%gﬁ%gg&ksmg _'g‘ffé\r‘}gﬁ?f%g?@/agirgrl gepgr ate iron of
mat i ng m@gfggalsggjamhgg Heﬂw&htl?fd@arﬁc?,rdﬂeciﬁreﬁ&ﬂﬂhtat)&ﬂs- Mul tiple start

t hr eads w thin the scope of the present Invention. The invention nmay
be pr acFullettetpth sednection elaypipaisinngctionshatawillceal ahd abtirvpsure nndbirfaher ent

conbi nati o S e best sui for. any specific or. 5 WO 03/076837
PCT/ bsog;)@gfp&gon gP]%a S atwsch, t}lljel {Jﬁ/ﬂiyle{d stress o anylpo}tfon of the pin or gox?s f?rst

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

5



general application under the clains. It teaches a wedget hread Change Ratio
Range that wll effect a seal between nmating threads by insuring that at
full makewp opozissi on: all mating flanks are in tight contadtusesieda4s hat t he
threads will not |oosen; the crest gap is not too wde for the dope used

to seal gehdisl appHedtiopamdesths Qlaith§ Olt FAChesw Wedgethag! Clankk RatioRABSY @ai Will but 5
sufficiently to reseal a leak path in the crest gap that may have been

opened Bifedfeseal batyeer ppidrgthrepdeby Hynans thatatdall srakgen position: athkptingy be

equal , l.al. W f. . t.he. b ] reater .th he,r adi al
wdth of RS EigShs: Fon RS oRieals iEoer TR n RS b R o b lfid

gr eat er fghheddprcused td sdal;whéltrastQap idwsot hondrtdan ks dopo & flow mieahtangbet may be
zero, positive, or negative. e flanks may project radially, or they may

sl ope eisuffisientls o rewl@gzemmm thixcrReiRaRBhatTRY have beerEsrengd bOBR@IMN: Dur i ng

the | atter a . of . nppk . 1 ast l,e bet.we. i threads of
the pre FRES: ﬁk?%ﬁ?‘%ﬁ“ﬁﬁsegfﬁﬁ%‘mggﬁé‘i‘f m§¥§§% lt%glr?@?} Vgﬁg’sg)? g?rsl’%?‘ifglgﬁﬁope
such t hadayde grédie thadhe WidiRosidiH SMthe PRAtMnkSlof RS rad BB WidiB of trRPiS fEdge in
firmcontact. Crest dope pressure acts radially on mating crests and roots

duri ng mwy begseatenthayethe sadiatenidtipofithe herefankseFhapghuded angle may bdaews makeup
t . (1). 15 Waen the.included le | ive the do. f
hot g Phtfg: By PEERvRe Thy BEVTEE SRRRERRURe T SeY RS $0% Bathed. i s O
nul 9 pl i edCRW ALVEY INKCEGRDOWIEAUME PRESERTARDANTIGN NDhHAS theditiHre/ 2 +

angle of friction) and is applied by axial vector as a bearing pressure
bet ween stages ofemakeypSthe tdst gapafi¢fi bétwnen mafing thréadmof thegwedenoimverttion ag® the

e A DB e oS b TP SRS B L
angl e i $haps ifah¥eweddedh firRQonke Sred Qgﬁ‘et %%M&S Adlafly oaGhatn ?%el%& anidhe

crests and roots during nmakeup to hol m apart against ra
i nt er f ereotis durling the lashstages of edhlrews torkekp them apani) evhichnddates peketp onquef (1ul |

mak , the radial interference force betwee t he. box_.and pin urges both
et 35 ot VRt flded el S (18 AGPT BFeTIAE LACES SXAiRg TR afgorest as
i nterf emgﬁgil}%?lﬁgﬁsi%ﬂ'i@reﬁaﬁadf%rn‘ftﬁti@ﬁedt GE&he HRRR cRLA TS WoRingét

multiplie sane factor 25 and applied as an axial sealing and

| oad- beé@incindeparezied reanght offeintiorytand ¢ dpphed by axi3)) vedfrenas albedring presskise ar e
perpendicular to the axis, {he crest dope pressure holds rogts and crests
apart QﬁWeF%&Efcfééﬂ%E@&é Stléﬁcw@y Smth‘rmﬁwa! an Hent a‘?““%@?f@ioge(’?"obwe%t ween
mat i ng [ crest
gaps. ar S50 p5iREm Rl AR R GBouklnl WAVHAR) bl el Btk

cal ool afforoess (REWhen thidiatludxdhrgldistpositipe, ahgtirbot-crest [op© pressupdriivts mdiaBly omome
very small dinensions as conpared to _househol d neasurenents, but they are

t housan#e crests andyeetsidyaingimakgup torhold themeanartagaimsiciadial wderfarenqs Aorce ogy,
and bil L] ' ' 1S ¥ ' A L '
cal cul ak élcglggs ﬂal]ékeéulrpgﬁ %g%’lr%d a‘ggc a{tl]@e ma{l E%%g # 2}51%@% %@%}@%ﬁﬁ gcg, ?’gﬁgeee.n

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.



6 WD 03/076837 PCT/ US03/ 06443 How to determ ne and apply a proper CRis
expl ained as follows: Wien a box thread groove, depicted in section, is
t heoreti cwblog/ol@Bd still and the pin thread is backed of f pchirusoshe443 he pin
groove fromthe Dry Tight Position (DIP) to the Snug position (SP), change

of the piHowtedttermigie 4sd apply @Eﬁ@fér €ROe skplninBa ds fllohwat @Vlﬁ@reﬂﬁtﬁ@thfd@m) +
Bri dge Thi ckness Di nensi on 5 (BTD), and Axi al Flank Travel =

Radi us @F@QY@ edapigtednigrsgetions i thmre&ga"ﬂﬁ helgstilhangdithe pindhigad p?eback‘iﬂf off tlg@ughh e

_rll_ﬁgtr)]er C&‘ 8&%‘7‘8&%}‘#%@'3% ni'?tl%-[%gog O?EE%} é’é‘f@%&% pﬁﬁ%l?‘ﬁ (S£$>t e?n%ehogth? hr eads
ar e coatpflcrestirididopefopned I='IIH§igﬂﬂ%1fil LterEBade (Smg”%iﬁig"elmﬁbkh@ssblﬁﬁhsmn

Position, increase of the pin radius as forned + BTD - DT), and the

flank t (BFBY), and(Azial Fiynk Erevelo- GuR&Up= Brdits Qbmgenpes IDm aptWCT Threyd whi ch

equal s eca CR can C e b ke
Salve'r i Ehager s Bghds e b s bagkclf R BRI S ot BB T e o
= DI/ Q /kexi=ng/wOT. Thed &R MRCTIWTPTsobadtBff SR = (BRIHBIM)/CR=TAdaRaffer B / Q
and Least CR= LCR = HID /Q Thus, the val ue of |  and'radii tolerances

cancel dlreadsrade dentertbwithdppeand trghtenst tf@nbﬁa@luglﬁﬂsamdo dightfPositiences on 15

e o V2B S5 o L0k BPEL b e BT B "o
or ppn GM&%&@P{@W@I@%T)/M@}W&%@?M@M -oFf ERUBERANEQATR darensi on
"TD', then BTD - TD) /" Q Values o BTD, HTD and Q for a gi ven dope

go rrgosi tchamge ho;gyeebé)aal?pfl‘f@nd meakeab. falsolg@fdrﬁ/\s QDRIsBDBY D ged duhsﬁmte Ghey may
.m 1D = 20

of |ar gilip TS pﬁCBZ&ﬁ?rtﬂé‘* S OES et o B BB Migipug) e i 3 ed si eve

openi ng M!‘i}ﬁﬁx]uint CHRE ML @Bﬂaﬁé an?*{@?]sr Cg{ﬂ:téR(=T= Perp Y?CtTI'R@ tﬂé{_Bé(l% %JP?R‘I hat

the total solid partl es are, ope as nade
fract i oanthyadiicblenmced demtcelroit hrddd aotpdfett the &sluaroéCRodelémmhxpﬁ"emcesrmd e).

Exampl e Lead, .cadm um and _co r.are Ilea e, but graphite and ail
ar en? R preyWilobetweenibe beR ang/Bin "él%B 2Ckyse NG ma%llmaw@cys% cm

X. 27 = QQbh al ue
within a gl \Slgﬁl/?rgrl]%ngﬂgﬁf1tﬁ%§gsbeﬂ"rt]&e<]11%¥u':9%%ﬁt?dsgdr oos%g‘ (g\;f\f/g}%eﬁough SO
t hat RCTrom the otigdr bba thimosticesdifiehdiyn DN, ther MCRR (BTN TDH €. r ¥afes off o gui de

selection of WCT, it is helpful but not mandatory that; WCT be set at a
pract i c&TR:A T andR fopa gy@néep%@orm%@nmeme aRproinratediaffoflpwWhH ORDT = WCR /

CR. Thr r than
VR may SCanEe (o ot o aeerd b Ry P ortb s S B S ThE L
ser goce sizend latrg@ngothpwﬂi@ablays inTh&@otie, 8éfixied byhie feldéd §iBe: opdamlg 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 0152cmx.1=.00152 cm
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.



makeup position a fraction of a turn equal to: 2 x tan (included angle /2)
x DT / WCT. 7 WD 03/076837 PCT/ US03/ 06443 MAKEUP STAGE A: At Snug

Posi tion,wa oBiorass7 f| ank gap (typically the stab flank gappchasozbaszd,
because sliding action between them has sheared off all dope not in mnute
surface criefAKIESP STAGEA! wdSdug Poditiém atfiret flanksiap gapicalipihiestab\ank gapyv
pressure, fromthe first flank gap. The second flank gap wwdth is | ess

t han BTHasgosed, hersusscdiding astion hetwesn thepphasrsheared gffalslope sotiagringiened from

f1ow ng SE@A&C%%JIXCS%H@ CQ{I'U&CIaQt l. Ocﬁ)l?ngfS{ g% t&JH’ EECS&U?C tl{%aﬁrtsl al l y

seal ed I'ength, but can easi ["ow i on o an inch into

the w dﬂanlegqﬂTWC@ﬂd flarfkgip vﬂﬂﬂﬁﬂﬁs@thaASBmk@uﬂla@b &6 &8 and tReréfereond
flank gap w |l be reduced to "Q' width as grease and fine powdered sol i d

par t ¥ cl depe isgostiginedframy ﬂawmqmwllmloéi thegrerendydank; gapdkropgintts long pagialig

at g TR RS BB el o bR o R Sl ™ "

tightly |Gedrpeasurieh Asfrharkp progkamvme,se@nd@and@af willbe katiRised 1@ Widasis gap
can not maintain a seal because it is not ti wedged, but is subject

t o ther gegdase mmmeremdmmsmwmm the malslmhi@sohdsmﬂeql@mthat arpri ef

e T N R R e ¥ I TR
al | ogv | Eakieowill RS 8 s, Belchrsd ﬂ@@&u&eﬂ vébé &r@gﬂ@tbememﬁ@ﬂénk@heal ) the

crest |eak path. MAKEUP STAGE B: After %ast flank gap closes, there is
no w deHoywyerf ai‘Qiclope tmclmfemwamn@smgapmrmnma@ritamrvesealelmsmusqgt inindt tighsly t he

t lid I t d f fl
o SRR S s B R T e ST Bl g ™
progres %h&ﬁ'réhsfe%@wbﬁﬂno%%h @a&&é rélafidERov iR BetweeH PGt aBdl ciedBtha) dan GRRgHOT
grease) has flowed out 20 while nost of the solid particles dam up behind

t he cl amlpaeljui laygyef splad partlbles; cagate aleak pathaind @llowdeaksge becapseage fiugl ddpe is esul t
in 3 dope thickness ‘igagt rrredlﬁ TD and HTD, as controlled by a workable
Al u reﬁ%‘?”?ﬁeée% hihecrrstlepk B 1o applicant's best know edge and

bel ef, q\@ﬁ@?{ TRSE BAUFRE elied tanORay AbUSStheid it Bb Widdiga fined
by ny For mul as gt glten Hmoﬁg ranE Jy?e%stvmdt@hl%n t he %aélg(gr S%thout
the CR ﬁ]eatmtoefrdnmongoft«hem@mnmgdmdthcbft@gbm gap, wnhacbrmmageolid peticlesarent i on

was not effected thereby o,n ections sold as a duct | ine and/or all
connect TesHaingd gr@m oWHZ ougrhw sgp%nw E?Hca}r&%ﬁ sg a ar&?{dn%tﬂ sen for

t he sys d

chom caP ranyERgeAlf oAl g,ggcheanéaggegg et ot plt g d ihsdy oy “‘S’Hes B few
conpect iwhils niast af the polidjpatisies dard apibehint ahd clampecpraagetr lpaﬂicles aad ae refafredt ed
for the system 30 For instance, in an oil or gas well there are_several

st ri ngs ad$ealinpagintato (eaplyin 4 Qpeéh@k@qss iRtggmediate BTD and HTD, as controlled by a
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

8



t hi ckness, and depth, and they are often of different designs and made of
different netals. Further, the hundreds of connections in each string may
be of sewsopaB/ndisBf erent connection types, so many differ enotr/ysopesd43
connections are required to conplete a well and should even 8 WD 03/ 076837
PCT/ USO2h0 tebk D1 lamsen, tiskdapper, fices explodibwe nladimpe) &y the envieonngent)| 108 oithe wellmge t o
the envirgnnent, |oss of the well .and/oqr eé“sfi[l e expense may .resul t.

Duri ng ABHPT Bdfrmeexpepseymeiesalt | Ruringapplicant Yeaghid progiict fesigny pad and

applica oRSEk ct
changes%@mgﬁﬁggﬁg&wﬁgﬁméﬁéen%w \Aﬂs{ﬁg proé\ﬁ’??e Wor e@ Eﬁﬁi{eﬁé’p Sl

uni nt entchanpek by pa’emgelﬁb didhhé&npw aehycd produot storkead; ko theh ahﬁfiémlenal@ dhahggdence
that accidentally or randomy includes a speci fic feature does not

est abl i dhe RIRENCE iR wmk dhpretere; heeferengedhat apeidenially an pdemlydneudasige
f eat Uf e &lﬁ{gegv&?w déa%oyé'sgﬂpfs fg&cigﬁg) UGR8ss th: ¢ g%&&%ﬁ Jfﬁﬁg tdal ésflﬁe art”

per Tgenerous ra € pre erred

errbodl mégdturerse itk iroaglietcdaind usdd T8 thbde\skilledsh aefart apass Cibearav.over ed
into the box for assenbly, the pin stab flank rests 10 upon the mating

stab f| ankWade staleflanks and gmwrﬁdm rEthsipsferred embedimegt arasade pessiblehy ch al so
t |
5001, 790 Tl e Fngt? AWHEY oW HRE IR 5t Ah QRN B pERSBHER o515 cagi ng

cannot @penl theatatiatstabdBmkroffiRobdxto sGffort th@Blﬁé@b#@ Bemgl%lsdﬁl%d NeRicRRRYe have
i nfluence on the thread taper and ideally, the taper should increase,

wi thin mnetlmqhamneo\eRhalﬁ\M@emtca@p box asrtaughtyby=rgy mlent 1,81 &KHesuchithatr eases to
pr event essi.ve thre e.a

el oot | Bl EuPeRiERRaly a8e Pusp B cosdireriob SO BeaP S M osfBRIE NG,
bet ween OR ValGése s deffmad abéve Hak€ Hiffuchétesh the ehRhdtapér an'iltﬁ@ill@dth'e'ﬁ per Bﬁtﬁu@ox It
Is preferred that the crests and roots be posi tioned para l el to the pipe

axi s, asndreaspevithif theworkableR range, appfoxématalyas wall thivknéss antrédsanto mweat

[ | d K | h h f
D168 . SR et Ry Ch OB SRS Bl S R
whi ch i f \Ieﬁ(?leﬂ@?alto prEVé?lt Qf}%ﬁﬂféﬁuﬁ‘ﬁé{wE&PﬁlﬁQréfﬁﬂd%& cr&%ktwl'wfn th@BmSiﬁml | the

connectlon may “stop far short of the desired position of full nmakeup. A
trial WSHbbed mto thehyx,| belsfpnezfnded)ghatrﬂlefcmstaﬂnd Tgots be pbstlmwedfparaltehm t\hablm J",

and trial.values for the |oad {lank axi ch and th xi al
pi tch ISR i WGH&"BV“AWFW et e 1o lamis il pggeat o e ieb
appr oxi f ng fl ank
o Gt o, TR ALAERIOHILARA KX 10 hinblel e, BEARADY Eiteb A e gna MR 00, e
radial hetkden tthacert flanks Wiich 1Mbegmaatt]nm@m‘akian1ay\l\mcdbinanchhek oot él too sinelh, t he
resultl box crest ap.w || the resulting pin crest. ga I f mating
flank wiiR $ARNESHONTRAY SO shast SHE desnedparios of A raékwemrw?wfﬁ? MGl as
grven b?ljlaglvﬁe%undsby Y Fornfiila g1-59n BLIBTor fhe Q/fafu‘ée‘g’s, aRll trial values for the load flank

axial pitch and the stab flank axial pitch may be found 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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| ocal i zed crest damage too small to notice visually during assenbly, the
present invention 30 teaches that the thread flank w dths nay be

di mensi orwo 0a/ds8Dl er anced such that the pin flank w dt hecansos/esss t han
the box flank w dths such that upon assenbly, the pin crests which are
nost sulthanche pm ﬁtmllkagdthsauﬂl thet e pprerobtsfaroheld lapar fromr tho bex srestasbutehipr event
gal ling there between. S \MthV%"t he ;cope of the present invention for

the box dAMABKPHYEIR fFQT“{?eW‘P‘Llé be bps ghbespeeplipggonfimuaiion, explginede pin
fl ank
B ) DO b B P

seal i ng oﬁ@m\fedguhahd @srnecessahlgmwhloﬁ@r&mnltbmxla%ngﬂaefﬂmhh cetsgsetsr end of
t hread en% genent, the axial length of the box crest of a wedgethread is

necedsaPraieiTed embadimgat provides thatthe Janger \eeﬁgtbﬁxefe% ﬁe’rqspﬁ lgspergzap vadthrp 5
preferr %‘ﬂnﬁﬁ?@@ﬁﬁé}{degéyo\xﬁqu?lufdgﬁéssp}(%abﬁ)@(&l‘fl thé H@ Oﬁijtﬁaﬁﬁé sﬂ’o%r neP

| esser gap wd I'mze ressure

typi cal kiest kagirdefihesd widkpgag, bat ndt hadehban e blmld@e thi¢leess dxﬁleg:h&l defl nes a
wi der gap, but not w der than the bridge thickness dinension. So as to nmake

t he box andP #ite neakerthe hoxandpinferfermicarumiarentialiy ko eacherthera predetermsingd ned
amunt Qﬂaguﬁtfdfa%dla{%feﬁe‘?%g? 'gf 8&% &g tﬁgpﬁegﬁ‘d Oé] Qﬁhrgga‘ss ﬁ}'}ﬁgfg ﬁq t he

t hr eads I ¢l en an Optum

box 1and gedrateafopaRhERELiVE h&smregé in&ES boxXand SRR compRidbide RBAEURSOROP
stress be excessive, the box rating against internal fluid pressures and

the pi nthepinn§hedimeieupkoes stte@samemmw, te boédﬁmgabebmlsﬂmﬁ stresses

are additive to and axi.al er fluid, pressures and
el T Bt it BP B A0S, R34S Ol REFEGAFES fsuci, Bakabnainen BhERREE

t eaches aididve tdM0 ra‘ﬂﬁ%&fa@@'tréi‘s@@héﬂa&@'b | THi@ pfeSSRECAd RidD F3a08 EThéBRrEML | Ng
box and pin threads should approximate the quantity: 1/5 of the pipe O D

ti mes t e opligmal fieatwre o theypresedt mwrém teathes thatithp prafermeddipmemimakbimteaferensdul as

ICIt For. best erf c nterference shoul ¢ nd.all al ong
Che Ther peieet thesmting i ariiin HeR S Sebuia® i oamuglS oHIRRS. and
the int @Ibeﬁﬁ%ﬁle%ﬁﬁeeﬁﬁteﬁﬁ'@%lq sﬁ@ssc@igﬁieg By oKk ;Wﬁ@ thatcHaR ARUEGs 8PS LRS!
tol erances are specif uch controlled’interference wll allow sérvice

20 near Fnalxestrpﬂforatanc@smedcrdnw dhould| es:tﬁnlde\ﬂﬁmgme helésadl dread length bethgenhr ead
fl anks o enga pr emat F extrene servi |re s .or because
L ooy bawe BE e BhET R reed. pad thg SHEie e Febeshoul b S UGad SRR ¢
thread g Pﬁﬁet%d?&épe?'i&é!ﬂaﬂé‘éi A éﬁ&?i@& Sh&ﬂ‘ 'ile@%gl-féfﬁﬁ& Wil atll|8€v Seﬁ;}g@ged

t hreads. Suc I ng sur posi ti one acent t pin end
coopeér anearmaniimiom2atiagsyand wgl slea leissem thmtehdem:yffor wedpewiredd fihariki ¢o mgagad j acent
the small diangeter end of the box threads, will reduce the sealing

di anet ePTERMWREt internal fluid pressure and thereby, reduce
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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both the axial and circunferential fluid pressure |oads on the connection.
It may be required to provide a netal-to-netal seal adjacent the |arge
di anet er wopd3ofesBhe mati ng threads, by form ng an inner acansoyocdsurface
of the box adjacent its face, for cooperation with a mating 30 sealing

sur f ace thioknseslis 690 todset fo£ mptaniudjl seeipth 6fithe barrgetich, hAoweedr, Bneke@f It-he pin
threads. Such an external seal wl| &rovi de maxi nmum resi stance agai nst

ext er nalPToqes-Bvasing tausht byany pateatS.al 6 b he frlb sienetiineas-fysk onecion wanbe
corros! gy ?1{ a &Q?mﬂ?ﬁ RO ttf;;'a{}l éogﬁgoﬁgfsgﬁgr f%@&aé&ﬁc&m&?ﬁ)ﬁ %&th{;ﬁgﬂf&l ]Id 'n a

flush jornt connecti on, en hi'ckness Tequired seal lip

10 WO 0Fédhire 3B theRfrdde RS ARAAS enhdtice KrRefsectibnls 8Endtk), itkudilltpto saaL hadisal
strength of the connection, however, by use of In- Process-Swagi ng taught

by ny p&egnts todmensippghe axialjength of thepnpaged dhreads and thejnerssttlprgthsapraptcal had

at a cost. nuch | r .than, costs faqr, u or..f-ull swage on tions.

Anor hor. PpHEM, and iR dn fh o ol P s Lighi thes RIRHEGH iR0H EbdleBen,
connect ivictSis atdodmiilished by Ginddkiohing theleastakial areek lehgth of GRFirst pift tHréadhufENSi on
the axial length of the ‘engaged threads and their crest | engths a practi cal

m ni mumto besubstartialyzequahte the Feastraxidl crast lengthtof thesfingt bax thread gum| Eagnidapf

t hread engagenen whi ch i. i,shed. . i i Qni. th t I al
creat | GRGDROBY ok e Peitonid ieh PERlgs o o eb s SR s Bl ot ne
| easd axie diffefi§ibnd fOP gﬁ*a@é_ cotBctidn Sffheh?é’aséd‘blfﬁié Vallfelbf “BOT {Hels@8 fladk ven

bel ow for the nean axial pitch |abeled "A" will allow future designers to
det er mi sl Bengihcinddheriond flenk pitcly leagth rsdyzie foundhby mydarmathefor “SEsel Gt he

val ue of "A" he stab, fl apk Ltch | ength and .t | pad, fl ank pitch | ength
ray e FEBRGElY T W eI alhysopihegon-Sdablewasts b e Ol SRl o
Thus, o beiQBida@r kabl e, wasteful and/or dangerous products may be

avoi ded. To effect a thread seal, the gap wi dth existing between crests and
root s aft efo affitdt aghreddsdall,athk gapwiifie existifg betwemndrests andmosts afist matinged t he

bridge thi ckness .dinension., In the referred odi nent of th resent
vt SRR TR 48 ST anie, s Bt espedane b Rk Bmgsttion TBE, he ot ab

fl anks i: | 3 : ; j i oned

pi n- bow g‘éﬁ?rﬁ?ﬁl@h@rﬂﬁggﬁéﬁt %ehﬁ%%lﬁt %gﬂf(ﬁmlit%l *ﬂﬁ&g@gg@%hﬁg%@g at a pin

crest cawtthaif she dtab flanks and die radiat tvidth whithe loddefldnks, the petvionsiytrasrttionedipinpi n

root, but machini t ol erances prevent such 20 from happenin nd to even
appr oac Ro¥ FahaljipieHereacs beipgmamiaipgd maaywesaw@éww% cogta @%w for the

ot | nod S RADURE BEBRF G QURaobIRl Frl0S:, R TRHTHE el Hve Sln o

defined an eeded I'n practice, e to seal,
as egpl donehappabiag and toeveaapprogchnitatidsilistd aoadifonduaild bacxoessitdlee, the
L?—E)get geggen\ls\{vg tfcr)]r‘tihg m%.rngga%tru?eb Ltg pigleJ E:onnrégttionns? r’]l%%lte%r%,’ a Qaglvn\?%n tg)e% &?d?}rll ml?l-ls-tD and

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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25 Anot her optional feature of the present invention is explained as

foll ows: When nmating wedgethreads having a zero included angle are being
wedged tiwybtobprdsepet her, there is no tendency for threadecrwshgodsas ced out
of their mating grooves by excessive torque. Wdgethread radi al

i nt er f einalediafgleah@esigiyter thah twice Sie Anplceof feicaoe eThedailavedgthg fordepaneent |y
of the final torque magnitude, which can occur only when mating flanks 30
wedge. flaelksedug to makappderqueis many fimes regter tvarihe {osee ofcintseliermneabetwepmit do
not requi

erbod ni € A e Bk fend SRR o Rt Bl B el Rkl ron

has cer fighks. aKheandiabesttorof et Hal frck B@ﬂ%@%ﬂrﬂaﬁh@&ﬂnkﬁé@hﬂs%ek@@%in@@@x@t ry in
certain instances, such that the flanks nmay be formed with an 11 WO

03/ 07688meptamggnbBncledabangleid  aridelobfitgrien) Hats therefpreevident thed no sughcidreene
le of .friction.. T i al .wedgj ng forc th anks, .d
et O DG UL 5 Sk e B o B i SRS D

and cr egpwevdr Ssremafir® fockii®mup b¥cud Weh imeHEeatd forcelld Mbifoihtdaas wieghepnyl e
between the flanks. The radial vector of the axial force between mating

fl anks dwthie anineludedignghelesoihgr tBice theemgle efftietion. [ Showildit bel desitgddhat a- angl e
of frictiop]..lt s therefore evident.t . no such force wll exist if the
nel udeBoshts cliged anelf cRseed duict diecela e Tr TR ameerron Setei Ryt
flangs, fird QURNSS thaPbSLRIAPIR wall§ LEtIFRY RGN to VAR thAAifBick WifidGELdiY ces the
mating threads together that have an included angle | ess than tw ce the
angl e obvérstresséd) befoBhsuchdniinclbdedcmglerie dsedn ot zero-degree inchadedrangleded angl e

exceed twice the_angle of friction, then engineeri cal cyl at,i ons nust 10
T ot BT DIFUETITER SBHEPTISFR SfahLSCRRBEE Fgen Bgtedeetirats P ieha: f or ce
Wi t hout ,B&}iAdor rfé:ggggé ifnéﬁllaézﬂané?é‘sfa‘?é ?leeéﬂfg’itﬁﬂl thB Sl A gt &nt Svbaef A

zero-degree I nC angle 1s pre red to elimnate any concern of such
separ at Wigentteapged oy opdnuvedgethgeidh areanaienaacergd withshe preseminveetjan,iitie i ncl uded
angles are clearly within the sco f. the present |nvention. en trapped
or égenpwgw&W@aH@aaﬁiaéO%@ét s lrgfi%’géan%ethﬁw %3&9 SRS GFRGETER. it 1S
15 prefers 1 | Lacl an absol ute
val ue g?‘glgfg g}eh é@n&gf{l\g\nﬁ Q{ejﬁ%ﬁﬁeé/%o glqlgt];dd?(l;| re:v%idg%ﬁ%gr%q ?tegdz%g(gp'used, to

prevent prWwieh bigevehhiireadtd coakeaion Wierbeaised inedrcofireitit the preseniciatémionj & t o be
used in accord wth the present inventjon, sui t abl e pi pe dope havi ng

h
Eot h | aPytablgpipe daps havang bpth largs @déén%lﬁoiiawgai% sgitahle tseal mlpb%’\%aé? |
t !
ohour d BEehaiRaaS SR CoPaflitl A USE oh the HRBIENSIAS ddiSAGAM Ve | 2, SO0

t hapot htarpé, dekid, nidlizhblemagiclgawhbdedircadiis nodedsaharethe watave fovtichst gpsthab! ed

t hreads and whose conbi ned volune is nore than 1/200 of the dope vol une as
nmade somMiy bedomred batweer the assepbled thegpdssands whase gpmbineg yolumesis mase han

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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1/ 20 of the dope volune as made so as to prevent entrapnent of excess
particles between the mating flanks to thereby keep mating fl anks from
engagi ng wpo oBiorégsront act which in turn, 25 nay all ow t he eomnSsos/iH@m3to

| oosen and | eak after being placed in service. To prevent excess

ent r apmertremé opdrhtiig wadsaichds pandiént vitgativeis)vaechahival wadinpg fMuld graskarest he
volume ratio of all solid particles to the dope volune as nade, shoul d not
exceed tR&/oF thermalphanges. i ni num root-crest gap to the maxi num root - cr est

gap thatp fay. bg nlgr[eglgggg r?y\?&g%ehes ag?ﬁdt%g%\pﬁﬁ %()re-gg %ggkgéét%ngia{pﬁl\gy%l ear

that the prese |nven rovli

hi gh st rdet%@hihed@égtﬁte lﬂcﬁlmng ifgrend) RewEvedthé Sdtipe BBYheligeseAsinkontidAds ﬁapeat edly
assenbl ed very close to a desi red position of full make-up within a w de

t or gée ﬂ@ﬁq@dtgbebﬁl'@dt@rﬁ@m and maintain high pressure gas and/or

| i qui ds al neously preventing | oosening by service
condi ti oéné %h\c,)%]ééaﬁu%gu its crest seal even though the connection is

subj ect g¥l=tPipeldes P BB/ QW&ZaPm%@&M@ O.BxidléRocd & pipé &is| oads such

as transi ent vibrations, nechanical |oadings, fluid pressures and/or
t her mal PdPanthedhrend pitelt digtneter rasigsnerally essd myngve@hgelgtand mgfaqmnngaug ht

her et of foll
for mut abL FOVRRR b REAd e s 1S, Aol o FfEnaBimenls not &' niended to
be l1pm tE¥= Dagribox thiea®P T dt BRaléP Qiafiet? lof rédPddhgdhent Pi pe design O D. =

the mean dianeter within the O D. tolerances for pipe ends. P.D. = the
thread ﬂ‘faqnmleﬂmadrtapeae (@m@ca¢haygm/s@@hlll¢n@lngl neering and manufacturing.
ox.thre di anet er of thread engagenent. 10

= Dei': rg'&n ‘?W@%fgthﬁcags ZbLs%ﬁq? st di ameter of thread engagement. T

CO“' Cgl= E&H%ktaﬁﬁ%n& Cgtzﬁﬁﬁzhﬁr ax%h REJE-’OOGXH@)%&)@EﬁtilANSf“kéﬂ’gFﬂ of
engaged threads = (B d flank axial pitch- Stab f1lank

axi al piwheh atomemmoﬁ&ifd’uli makemmsmm Fit, when at one turn short of
i 45 SR SRR oo logd TaRb st /'S i el Brbend By S (w2 + g x L)
Mg s )02, S o B il e
fl ank =DR/~LdadFldulklaxial pitch=A + J/2

SF = Stab Flank axial pitch=A - J/2

N = Number of Thread tuns =L/ 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 stress limit=M x E/[PR x D x (R+1)]
PTS = Pin axial tension stress limit =R x BCS
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B = Radial width of box load flank = W+.008 cm C = Radial w dth of box
stab flank = S + .008 cm Y = Connection material unit yield strength E =
Connect i owomatedsdal nodul as of elasticity 25 M= Pref erredPCresasioc443
interference on dianmeter =.2 x Dx YE PS = Pin thread P.D. at small end of

thread BRIBEOBSTCRIPTENOIDRRWEIES N thread P.D. at | arge end of thread
engagenent = BL + M_PB = Pin bore PR = Poisson's ratio for pipe material
30 R = Rigurel depici@iragmentarnseckior ofa bex mdpiff the sonpegiion ot salspesitten: axi al

conpressi v limt = Mx E P X (R PTS = Pin axial
oot omFlalie, 2 HERER thd Bedyic ot PigireyaTNt ek SEAM malii G ans” B £
DESCRI PFigubé Dtiepibis\dh Nidfar dfddfripmehtageiréddsedtidn akeiERémFige el i on of a box and
pin of the connection at stab position. Figure 2 depicts the connection of

Fi guf e Figare 4 Hepipls gifragmentary sagtipn phaothas enbogdiment gsitg pidevlle-ain equplinged

f ragnmentar read ction taken fromFigure.1. Fhayre 4 depicts a

f r aomenFaYe S ARERS A TRy SE08 HiaG A P iGione nc N Siefkn P oupt i ng.

Figure 5@@@5 désic® al frRAERIRE6tiIS R 6F Artithey RaMmhtich of tHaflhmt arplesof the flank
I g

angles. Figure 6 depicts a fragnentary section of another variation of the
fl ank aHigues7 depictgarsectionddsi sswagedipivaatibox afier assemblyed pin and box after

Cpen weigats P e 5 secl B R oS o el bief ckness

di nggsi @ 9 &roll Fig®, 8&lictd @ Mridhdithickness ditheRsidPof & B réP odp wilRRI Cts a bridge
T 9 frofl Fig @, Aeictd Abrity ol dbefbioRol R Fush

t hi ckness di nensi on of a box crest gap w FOR CARRYI NG OUT

THE | NVEigTreON) fogurig 21depagts a badg thigkbgssalimensadn pfoshax aest gap wildthBox (2) such
that helically configured pin 15 stab flank (3) and the wei ght of the pipe
joint it is formed on, is supported by helically configured box stab flank

(4). Pi gesaadoDERPOR(CARRYINEUTa3EE IN@BKT{GX are not then in contact

with each other. Stab position i1s attained by lowering the pin into the box
wi t hout rKigaeiladepiothRingi hattstabgwsition withimBox (2) spcinthaphalsallp vonfegudidypin hr ough

box 15t Bt Pk DL tBeseighbptths PG b BrTour P, s oirparpbas bRaBlgh such
it Eat t heomighred Bk JthknK @5t PinQbad AKX artd Bk foh@Rlink &) drd it tiidnGRt (7) 1S
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) is a
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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hori zontal alignment within box root (8). Both roots and crests are
preferably formed parallel to the connection axis so as to prevent taper
| ockup duwirig/ozdsabbi ng, and al so to provide a w der stab PCrarsk3/osns al

l ength (9) and dianeter (10) of the pin thread crest are least at their

| ower  begisRand @sthe Gecddlank gap Gndasdisldnietferohyd Betineai pidl thicad 660t (£0) bhdand
maxi mum 25 di ameter (12) at their upper endings. At stab position, axial

| engt h besyrest(2 bbls\egﬁmnd(pmgressyeh/ ingrepses A1 PrassBIzRd dope befwsen thpre #ndigap han

ot at e "Ta et s PRSI & GRmeBbySET B o (Dl bl ot B PPURAR B
the pi nFidy, ®ath GpesidtHidéR itRhhédhte HTUPUANBTD, Becaiisk &H"(}Rifsdh Scdogdvitd t he
box root, and toward the full make- ;E 03|t|on shown in F|£ﬂ2 pin thread

fl anks mgseném@ﬁmnt e rastial 30dthiofs andémrdsﬂanks:aﬂls@hfohénn ingcent | engt hs

9) of th d (13) of b b N
Saual . Seeriohed ahdRisr o sis BB b HigR of B350 3 Roopey i p 2 e gpition |
thi cknegs figf malePey, RehyBRBter ’M%h@l'ib BridRShitRie3$ ditfendfon! mréieﬁiay 8€ tafsdtéd on of

full nmake-up. Before Such wedgi ng occurs, dope is trapped and pressurized
bet weens@dterbos@trsltnﬁuaadabpthamtbss_thamihmamdmusow 06443 crests and

(20) and" Kuseer e 03 iadanh oF tiad setieanar OS5y h¢ het BiuBests Mepfied ri e
dopgg betr:Y&?ﬁQ’ BetRiBn B8 %gﬁppltcw cﬁ&tﬂet@%})d HH CWUj a$ att(b@j; afPrhe gid tHiQmeRds bet veen

pin crest (7) and box root (8) as shown in Fi gap w dths being
i nter rreaiiwswed-iﬁawéllyd)eﬁ'ﬁen the thaeeslepitch ehmtcrsamdrthapmdﬂli awtat (5% Akel gpaesent

i nventi on. Ter |aI of b | o fl anks of bothb and pin are
i vonsi S bt Ay s Resled aoat b hand Cutoe raengiong lojor3jces Bhun Siairibe Fi g
9 at th | he bridge thickness
di nensi ;ﬁha?ﬁi s%lr)glgers%ll dggggﬁggﬁ%e aglé%&&%q@ﬂ?' pi gea{'hr ead depth is |ess
t han t he rmnthdughmhvmdthmntcbnndksos beilt inacéord \A’eitlﬂinsrmvbnltieng\ﬁlh sedl agdingtad

enga t he box thickness js neasured 10 radially between the
thrégdnSP&hd%eséWQrﬁéﬁé’V Arieyshuses pecigisatiqns roqire ofYhepHbis BEFFSATY Kkness i s

measur e D. as at
(25 ATEFALEHEMBEPNERR. o, hf FRnphll SRR EBIR R D) - 0, Tol ax
end- | engélbctivelyegravided aydti(R8) dnd(29) ofFig 2 haatat (989 and (AN) dEFiz Twodl dimiladly, fbuit

before the flanks becone tightly wedg ed. Al t hough a wed ethread cqonnecti on

bui It i #h %fé@@ﬂanwtmptcrﬁdsmﬂgfém&u%sqm ma%@anpraﬁﬁyhe@rwa or eanggal prtacssr e
ot 5 SReRAP P Neat i LARE R P RIS s R Y ool i R RRARY 1 ©

sur pacesoxsealing suﬁz&ieE(QS) s6alsYo PRy anl ﬁderaaeﬁde fitAfpon assdmbhP) Piakurfacg (87) or at

(93) and (97) of 7 or simlarly, for the enbodinent depicted in Fig 4.
Such sema® likgyise skightbyyareater-diamptenthan dmating ok fupiaees (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, to 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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wherein pin-sealing surface (93) of Figure 7 is nmade slightly greater in
di aneter than mating 20 box sealing surface (95 so as to cause an
i nt erferewoaspidas3upon assenbly. Pin surface (97) may | i keRCIaSosoah3
slightly greater diameter than is mating box surface (98). Radial sealing

sur f acesr asma#tbe(R6) déréeks( 2f7the @bsolite vhiax ofitie intladédaiglesie ddss WMaanwedeuhé ed, are
within the scope of this invention however, nuch closer tol erances are

r egw r e@ng wéfreqﬂoarbgléaotmrceal@ flanksmaytleghupgrermmtyrely, gbest @f%‘g@@ﬁ@dous conﬁ ave
box t haposib?pDhMntkso, TRe Rhile GEflorloR i 8Pf Sa2 Rbbitiecifont 7 2 bt o,y i

radi al  whéitbrétleiOtdust € AHER el RS 068 @@Bﬁble&itb@tbn%k@atﬂfe&ﬂhbh’rddﬁ@ééq% damage
during handling, transport, storage and assenbly, as conpared to the damage

susc@pt luricityyit @fprgfftmﬁéﬂé’dgﬁdnﬂuwlquﬁﬁ@a@ﬁomnmeéémaﬂg&%d per Fig
3 al so REQVI i de a agl #lg%g bl cont{aget of the stab flanks as at (34)
for the Ib‘f B’é’ foo?‘chtp 8wrF§S% ytaf)s%% 38%% he tedi ous handl i ng required

during asswm@hma@fﬂaﬁkﬂm%ﬂn%aadarmme kRBH1BROARSE thad Micludbdaklcesh iy Mtt,
and they also provide axial and concentric alignnment of the connection to

aut omat Figiré ¥ eqeals zaresto pinproye dsm@lsmnahadcmge an tcxredwcmsts $omagufaotuss si st

PP A g AL, DB B A R
nay 19e ﬁﬁlﬁbﬁegbﬁé‘eﬁem‘l ?ﬂlfb‘ﬁué‘rp%{m%%@ﬁnﬁ% f)fé?erhﬁl |a{-’9’(?&leg%&|t8 tﬂesa)dlﬁss

than tw ce the friction but not zero, the Tlanks may | ockup
pr emat ubet §qt rsmssanlyxf Forhiestamsi wheh bgrowall ittgokrss 24),landpiewpll thitknesn@se of

friction.for. APl s 1.2 degrees avoi | e
caused Wswaﬁéf%f@ma@wbss@ﬁﬁﬁ&s|b8<sav g SR irechasd g Rl o ¢ s 5
l'ubrici Hﬂrm%hakéuop%ﬂf\%ern%d&%? ogeaqbé&%ﬂmgh glb? arfeseh‘?e'sr%ditahan four
times the gle friction | ow easy di sassenbly at sone |ater
tinme. V\Kmtrairmm:lstfelngthl«i tl wmbhlar ﬂBd]pr.ﬁ'k‘lt llhelthremdstdnefcsmb oh) tarpkeveatich t hat

' e 3 equ s zer di nensi onal

ncl yded angl e n r 0 0
:atcc& acye ‘Otnd’ rt Wlé%ng:@éqags P IchamoH %‘té‘iﬁ% a113w3eql{{£g) x OrJH@PEYnnecti on, it
provi des %fbfo§ EH%F an%%%ing'&n&‘ g az{i)F&{dtH% Ség‘ gx‘e’glel abl e.

For genera app catlon s are for pre rees to
t he axi sated natl, nhattthem%shlead mlerEOendenﬁ tlwthmnew\hellllni&mbemldvetcbmlbyahs (24),
and pin wal | t hi ckness di mensi ons _ are reasonablé%bacl ose, n t he box

and pi nragidlifores sevsieg di fpneﬁlpawaet@aalaatllayl themrstadeflankr @Abarme
e e R oA A B R e SRR £
sepao at ighatest mi;hmaﬁ&t fong givehapplscanioh cdr svubulahki (600 Ui6h) aml loadvilhsiakb2)y and/ or
Lo (6 oy et donpwaredy away Hom the as per Fif 6 whon bompressive 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 modem 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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rated load, that the radial thread interference in the thinner wall nenber

is overcone by the radial force causing differential dianmetrical strain,

t hen st abwbloankas3{50), (51) and | oad flanks (52), (53) nmgTdaisanocsupwar dly

away fromthe axis per Figure 5 when tension | oads are of 20 greatest

i mpor t anwithsfaad al odiey @perapng loadd, iwhile not owdrstiessihg festub @) wallsooh) whieH theoad

fl anks §62) (63) may sl ant downwar dl y away fromthe axis per Fig 6 when

corrpres @Slaé‘*aﬁgmﬁfie of great est inportance for another application. In

ei ther ca A a di al
Sﬁ eNOY%s ?E&#ing.nﬁbg fse@fqom%r?froﬁléﬁ é?er eE'l% déﬁ?“é ?1? aﬁémﬁt?

nmechani cal or ces erW| Se cause rain

t her eby embed@itnt fefhakaibodimeit ofng IR pirceaesand WorRobts aieff@adbags i n
bot h_tensi on and 25 conpressi on are inposed on such unequal box and pin

wal | 5t himakaen a8d whetein gamER), amgnng@ w@t:h nyeraeighthian chehridgedkicknesy ve. Al 't houg h

the pre I of, th d I 5 eral use,
posi 11 vt i@ pdoiEel BE OG0 e bocdretf  FBE BmoBigFh el be.

I pr ove ykdd iaaervidées tfcbrr\ghxmQiama?egfm&ﬁﬁbﬂdvmgmgfa fel Y6:1£the BmBBEiMeAE SF NOt
having the full flexibility of nodemthreading 30 machi nes. Wen the

i ncl udedighgteaot sequised.t i ve, the tendency of the wedgi ng force to expel the
threads o of th mat I n rQov.es i.ncreases rect,l : tapgent

(ol uded. Hisgeseat v iimRaespe fRibotitice i B8e b4 Hotkabls ok AR be ok anc
pi nipal kog V&t NESRERiIng AHE leaRSRATRAN gk thRiad\olRectidn! KRR MEr f RNubRCRUAG force
greater than the expel ling force, so as to prevent separation and 16 WO

03/ 0768 daterRenvitsSOadOmtH 35 ewmtrmwnambrattohe,racolpemat impgcts@ad ssmpdratuee not
over stressi %J the tubular walls on which the threads are formed. Figure 10
isafréd E‘?ﬂgﬁ ary central section taken fromFig 2 which depicts an

al t er natrge fEITRAHL %pl%%sésh@ﬁmﬂoﬂﬁ% WEe "Buglt%an‘%‘% idd thlafly fHr&&f S and
box roots interfére upon makeup, and erein gap (36), having a wwdth no
great er dbpﬁalaftemaetd:rmmhgg tlnehB’fEnH§‘9 ahidr@ meluenfor ttst tloparethelidavierm CRe= pi n

wni o5, "Mk B P & b hTe S L BPRaaRarR EIe R e 00995 Fi g o

are not fne/qe'(blrs‘?CEmI%ﬁ%?&%ta!bﬂ!t?e@*a'@i‘rén?@%b?%ﬁt@?o'gﬁ@@%@@age O?Pse of a

wor kabl e Change Rati o so as to prevent | ooseni ng
wedget hﬂmﬁ“&bﬁmeWUTomlumeylbaﬁdlmTed tand then bbjeziodneapplicatidnatheracteeisticsc thel oads

such as extrerre tra 5| ent wl:i ons cci dental inpact and tenperature
changes! esrﬁ@rmﬁwea ichooseaslue frr K wishinsthe ranga; andderowdhat ipeanneetionan pe

appl Ted i @i A PRGseriANGuk. AL Veirh 6ol isBHidd18aHTD HTD and Q val ues

for that ope
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15 MCR = BTD/)Q =. 0152 cm /.00152 cm = 10, and the Least CR = LCR = HID/' Q
=.00406 cm/ .00 152 cm = 2.67, which establishes a CR range of 2.67 to 10.
Usi ng ny Woroaotea3f or |1deal WCT, a WCT val ue may be sel ectreajusanas4then
based on application characteristics, the designer may easily choose a

val ue fpCL@&RvM t hin the range, and know that his connection wll seal, but
not | oosen or |eak, after being subject to service |oads. 17 WO 03/076837

PCT/ US03/20duerded pipeicanngction fordssasalel avithi the useonfithead dops baving abanl3) andt h t he

mti ng RRHgLPRl G iR phape belGnRR: B Relad TR SEIDGIRRE o
flanks (@%st&ﬂﬁaﬂﬂiﬁd) %ﬂ@l@K&ﬂﬁ@sﬁ)ﬂ%@?@?ﬁ%ﬁsﬂﬁdﬁagwﬂg) Go&S(20)(sfb roots

(20), stab flanks and |l oad flan an incl uded angl e (35) neasured

in the fapksfdi miah)aé nks (4hies includesl angled@abmiasuredginahe gapictwsandhe danks,

width a 7) and econd axi. cr width as .at. (54), ..the first and
second- Bedbreeds MR Br gl d YRle R h e AbEa docplo Figh R il Bt e,

Wi dt h ( {He)firsfidGcsHderest vadds bihg Poditibidd dnddhresd (uk@ hpaf) dirdRe@nGidth epr) W dth
(54) being dinensioned with second radius (55), a bri dge t hi ckness

di mensi being dimenisgonet avithi firsttadiga o1 8)iadd lsecond crspwidth (54) bemig dbwensanedivith

mat i ng t hr eads,. l.east . t hi.ckness. di nensi,on.that .t he do can be conpacted
Lo betvaBng FELNIOPHG Hrifee SHEesAiEIeRSPR oot (A0E PrigSt ety Heth PRABR M hus ¢ ne
second 2 8ktwelf kiiSmatdf) tRfkads, fal 16t (1HUSRES dithendib tHat ItR{dopE B8t bd\EdthphctadnUS
the second crest width being a second quantity; the first quantity divided
by the sebaiwdenjthemating threhdsy cemprhisingyéhe fitst orestiradius hnamggahe sexbnd cigst nadiunot
greater than the ratio of, the bridge thickness di mensipon divided by the
oot " bHRBR SR s cooot Hith SFipes o6 SRR ettt BT PP BeCORd ¢ her
Conpri sighe } ' ' hPGudnbi®) bdie a b RARS, tEdhapdt h that
t he dopgﬂ%élrgﬁftﬁg\?v}é\;\ﬁa?ﬁtﬁytgl{élnﬁgg)ﬂ%@%ggk;&%ahg%hééﬁ%% llrihglg%:o béi ng Sr ater

t han t heatiocheiing wdt gréaiter theathé ragiotdf] thiebeidlge thickness dimedsion diviledybyttheldastast

t hi ckness di nension. 3. The connection of claim1, further conprising: the
i ncl udethigkigpedimEy$ioBe; ng a negative angle. 4. The connection of claim 1,
further conprising: the included angle (35) being not |less than zero
degrees. 5. The connection of claim1, further conprising: the included
angl e ( 35Thdpipe BonmctiabsDilaiie], furthercogipeingl a htwingtthickeess Hienensivhehaifis
friction that acts between the mating flanks. 6. The connection of claim1,

f urt her thedggst Bap Wéfml theé therdapg e@uﬂawgv@{l %_B‘Caﬂl algakgthgchangegntie being gr “@Tangl e
not gr ea;aﬁrthé haR othhQ ﬁezhnx% AR Aimddslonldidded W{hquzisﬂh?ﬁ&@?s%m'égﬁoﬁm I'ng

t hr eads

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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18 WO 03/076837 PCT/ US03/06443 7. The connection of claim1, further
conprising: the included angle (35) being a positive angle greater than
tw ce thewariglogssef friction that acts between the nating tromasds06483 The

t hreaded connection of claim7, further conprising: upon nmakeup of the
connect i70The cdnnectiont ofidaifl Bished xombringg ahsvadtdided ahgle ¢35)agaignsposaeh ot her,
t he medglng force having both an axial conponent and a radial conponent;
box wal [anglo gyeates tham twiggathe apgle pf frisiion ghas asts betweasn the matngbregds.engt h, in
addition to strength required to wthstand makeup torque and all operating
| oads wi thout the walls becom ng stressed higher than the limting design

stress, 8 Fhd fhr&ided torrecRbeyRdAinS B [farthdricothpabingNépoiehakedp b firadandstiond by
t he vvedgr ng force. 9. The connection of claiml, further conprisin

di anet ettty Batingflanks gxertigy aamgpngrfor@ﬁ @gams(tr)ich othEm thegveriging @rr@daasmgﬂmﬂh at

hortly b f f d

nor eas ARG RLGroneBE A 4 BiehFomtlerieal 3R Bl R P SR e R e R B
Pi N 1 00kesefvdQiregihl iAQAYIRIOR S stfez@h r%b]uﬁéc?tb&ﬂihsia@d@ﬁdk@bﬂ) torQue i a3
interference between box and pin such that at the position of full

make- up 0p@ramlqaés:lwrthglmthmwellbbeopam&stresmiéng@r radhelinging designstiess, t he box
and pin threa n t.hei terfere t ach ot her, such
Chat "o guforRa fouv il soaetfpo Beudti scall Fep bV PiCy ey B3R, "rmoni « ude

no greater than the bridge thi ckness di mension, the gap being filled with

dope. 10. The connection of claim1, further conprising: dianeters of pin
root (20) Thaeprimestianr afsdaim( lzﬁrtlnmicngpdismg rdiaroetets of ok redi48) agidqnm ksest@) or e

th pti f f d d
i o1 being Birpensiatiett sl A b o bena s nes et ek S isBflowne GSERE o
[ 00t ( B)naR8eh BhindiER g hdil R & GhiBfka o ae&kd@hda,ﬁdbérkveérmh@rpﬁ@ro%@ce

bet ween box and pin such that at the posr?r on of make- up, a desired
magni t u(lZD)(ahd bexl cmst (21) sufficierttoestaklish mdilablntﬁﬁ:mence Hnet\mn bardngppm subk eads so

as to intain their ppterference w th each ot such that a ga exi sts
ot ween B3 BF aortipn ol RITHR . Aastreing ris ohiginl TUGRETHR P Bt BV fan ( he
bri dge tﬁe*Bd&‘%'ﬁﬁ%ﬁn ﬁiré%@?b Qo &Qrﬂta%ﬂreﬁ%t@ﬁfexfeh&é &fth hdHotHAPSuC Jtljrat-gb:z'ag
connection of claim1 urt er conprising: a desired magnf tu e of di al

interf eremlsts@et\mwmecresﬂ(é) amt boxgrodi(18 polsa mpgmtudelnegoecaddr thdrethe bndget | on,
ext endi ng substanti al | e fu | ength of thread engagenent. 19 WO
03/ 07684clmesy Yimsasiont ggag HTgrng‘BWHg@PP%n of claim1, further conprising:
t he connection being di nensioned for use wth APl 5A2 Mdified thread dope
such that the value of the change ratio is greater than

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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2.67 and |l ess than 10. 13 The connection of claim11, further conprising:
the mati ng wedget hreads having a predeterm ned axial |length of thread
engagenmernwp oloesshr eads having a stab flank axial pitch Ipemgtsa3/edad3 a | oad
flank axial pitch Iength, conprising: the least axial length (9) of the pin
crest ( 1Q)rhbebmgecdbmeﬂslhﬂmeofuﬂhhsdompris'aigt thetdoanetaion being dimerdéonad foheel east
axial length of the box crest % as_to maxim ze the nunber of thread
turns wwii APk HE2 Modify reédhlee%g@w I ﬂt"’ﬁ Flt?a‘ﬁﬂ‘&ﬁféb"eﬁﬁﬁge ratigris greater thasst  axi al
crest | t e connection of claim1, further conprising: the threads
havi ng a §Q§t§g1%ﬁ‘§ Eﬁ“&’cm al pitch length and a load flank axial pitch

| ength; the axial pitch Iength of the load flank (5) mnus the axial pitch
|l ength of the stab flank (3), being substantially equal to the sum of

0. 0064 ddThg |ce§necuom96@elm il fugthenomppsELE: theanatingrwesigethrradp hpang freasured in
cm 15 PNacRONNSALLANAbCIH I dond bR 08 HREL 0% Ado RS gk 0Ot S

bei ng p SIFIOH par a nnection axi connect ron of

cl ai m 1jength ddded 10a@ ARAK SxiBigpitch Nengtia doatpriding? the Qfast Ixgal Dengtt (99 0K ﬁleqﬁn ng

different in dinension than the radial width of the mating pin flanks by no
nor e t harest H8) being dgeensioned m@nnalﬂmﬁhgusane magaitudensithelsast axwl lemgthyof thei t her

crest g ter han the  brid ckn ss di L Qn. . The

connect PEReGFEBE f s o e BhvnPR g e Sd Rl MR Byt oneflSe,
const antnraad @{gagﬁhérﬁhfokﬁﬁg[eastam&efsﬂ@ﬂ%@ﬁ (6) having a constant axial pitch
length greater In magni t ude than the ab flank axial pitch length, a nean

axial pitch length being equal to the mathenmatical average of the stab

{hrond T8 ESwecFRS of afth Atk cofishe: tE i dbing 48 Byl | oo
i mens sghgt At d R lkh@larichlengd RO wkiBNSHcR 1gAYSE 5 ool (bl al

pitch Iength bei ng a second di nensi on, conpri sing: he nean axial pitch
| engt h Hmaxgplsmbhﬂ@gth @ﬂthg/stelqﬂaxhk 3. bmlmubsrdehalty etqlu@l tquilzensum 9f 0.00@t eguar e
of thef Q&ggensm B al esg ond dlrren5|8 times the length of
engagedp QP36 times the gfitep famstes o ﬁ'}? FIRS Me3FYrEd {heMs i st di mension. 20 WO
03/ 076837 PCT/ US03/ 06443 18. The connection of claim 17 further
conprising: the load flank axial pitch length being substantially equal to
t he quanf iThyg conteetion aficlar i furgher compasiggtalidresss amkrohtlbeingfposttienskcond
di nension; . the stab flank axial pitch I ength being substantially equal to
t he quaﬁ?ﬁap9lt°ttﬁ%°°q’ilﬁ%ﬂpna?72‘ilsal pitch length | ess one-half of the second
di mrension. 19. The connection of claim11, further conprising: the pin
havi ng an external sealing surface

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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(97) fornmed around its periphery adjacent the small diameter end of the
thread so as to cooperate with a mating sealing surface (98) forned within
t he mat i ngols7@df acent the small dianeter end of the threadiseso@ssto form
a netal -to-nmetal seal against fluid pressure from inside the connection,
upon assenbly of the connection. 20. The connection of claim1, further
conprising: the pin having an external sealing surface (93? formed around

its perilphElconasetivamt claym 17 fogker somprsiag: ba doagiflankaxiah puelylengthbsingy

cooper at i 1. L ng _seal.in r ( r wi t hi ting box
adj acen?@sﬁgglggaée{% tol %ﬁ@fl@tn&%ﬁﬂ#&?g’glak ;ﬁl?g&%@%@%@g OP%'%?@ P {rvnﬁ‘% s0E0rid

et al - t gimi@isRin; SRatabofmkixial pitth Kn@harfigrsabdtamiblly@uhslite éhel dianggNHECt i on,
upon assenbly of the connection. 21. Thread dope for use wth the

connect mgan gkiabpigghlengthess vhe-half oftheiss¢ang:dimpesietope bei ng conposed of a
grease-like material mxed with solid particles sufficient to seal and

| ubricate between the mating box and pin threads, a portion of the solid

particl ¢s iRl ddeinsdH on@FR|a8mSIO Kirther sﬁﬁﬁrﬂiﬁﬁg%%e/maﬁvihg@ﬁ@m;ﬂaa; séh%h? k@scet han
the bridge thickness dinension. 22. The 1nvention of claim21l, further

conpr i s{9):fomesl arenndsitgspesipberyiadjapentithesmall digmeter sod ofrthe éhreadiso ay90 and not
| ess than 1/200.0of the do b ol o 23.. Thr.ead dope for use wth the
connect FOTPEGHS B ating SALPEIorgH () i YHES s nemes o s epibbamat o
gr ease- ljakferdfRh@lof tle tiicag Yo W folfoR b intktAAbirh&thBRaBdthinsCAGA prdsSurs #Im and

| ubricate between the mating box and pin threads; the comnbined vol unme of
al | sol imbideath¢ cannestich, uparaissetoblytdf¢he ednakctbmpe vol une bei ng a vol une rati o;

the volune ratio nultiplied by the bridge thickness dinension, being not
nore than the |l east gap width that the dope nay be conpacted to between

the mat bhorid¥drAeSion%F claim 1, further comprising: the pin having an external sealing surface
(93) formed around its periphery adjacent the large diameter end of the thread so as to
cooperate with a mating sealing surface (95) formed within the mating box adjacent the large
diameter end of the thread so as to form a metal-to-metal seal against fluid pressure from

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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