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| TS ASSEMBLY | NVENTOR: RI CHARD J. HERMAN and M CHEAL D. FLOYD r. FIELD OF
. THE INVENTION The field of this invention relates to equipnent and

techni ques for assenbling points in sulsea risers particul ar

strains are to be built-In to the assenbled joint. BACKGRClJ!\‘um ,mﬂ“"wm

1 NVENTI ON When joints of pipe are subjected to a conbination of tensio

| oads and oscillatory bendi ng toads, such | oadi ngs can cause st regke
reversals which, In turn, can cause the connection to fall. Such | oadi ngs
are a particular issue when pipe joints are connected as part of a riser
pi pe extending vertically between a well head) x-rnas tree, and an offshore

| ocati on tensionin ' ' h(ﬂf ' Lakd1iNA 0
vessel frmq-v'\ﬁ'ch oper at %@E%Méﬁ%ﬁgpe . %’%Fg@g?égﬁkgﬁ%lbﬂ can
extend to I of sev thousand feet, Is nat only subjected to

t ensi on tom§w$% vessé[é"‘l'ﬁsﬁ JrtERMAN andsMisiHﬁA&m EVQ‘Q'Dbut also to
bendi ng | oads due to the water currents. To deal with such situations, a

pi pe connector has been proposed in U S. patent 4,012,059 where a part of

the joint EreeH'GECPAE INVENTIORY it While the preload is held by rotation
of a nut to—rrage—up—a'n'y%k—m- iIsed by the tensioning of a portion of the
joint. Some of The flekpetahisalrentbn! felatesctd eiquiisment dridhitesRAiquesl fir has
to be specially designed and that the nut has to be rotated with

appr opr i at asgemblingdoints insubseatigess, partioulady where atrains care tnbe dulitihus) a
| arge nut nust be operated with a wench while the two conponents of the
joint are ﬁ%i%@$§5&' jo'&‘it}d the pin is under a tensile (9 4 FEB 200 2
stress. The nut is nounted to the box and is rotated with a wench until it
engages the pin. The Joint construction Is conplicated, making each Joint

expensi ve t@Amﬁ%gnggingwat!mFti re riser string which contains

NUNEer ous | ial investnment for the well

operator. Addi tiVien Jgints bEpipeaire subjected td awdmbihationwitensionrloatstdmy nut

whi | e one conponent of the joint is subjected to stresses. Final lé’ t he
anount of resdillaiary ending loads, suchdoadings can cause stressureyersalswhichylret i on

21 ens | ondn Seb et albblSh 4t SUER TSmiergres it RS o
%56 55" B SHBRCRIN 6" pifecisiies belf 61 koS Sy Wurtaly
4,185, 856; HKetwderd aoweltheds, ¥ rhastrééZartd &n SfsHoredocationid atdAsioning
4,062,571; end 3,948,545, which illustrates a breech |ock type of a
connect i on. devige onsupperting device aboandea driling ¥essakfrom whichimparatiens
Joint of could be conducted. The riser pipe, which can extend to a length of several
thousand feet, Is not only subjected to tenslon loads as the vessel rises and
falls on the water level, but also to bending loads due to the water currents.
To deal with such situations, a plpe connector has been proposed in U.S.
patent 4,012,059 where a part of the joint is stretched to preload it while the
preload is held by rotation of a nut to make-up any slack caused by the
tensioning of a portion of the joint. Some of the disadvantages of this tech-
nique are that each joint has to be épeclally designed and that the nut has to
be rotated with appropriate power tools for each joint to hold the desired
tension. Thus, a large nut must be opserated with a wrench while the two
components of the joint are pushed together and the pin is under a tensile
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- si'npl € construction that can lend itself to rapid depl oynent Vm!#eﬁbk&@hi
same time being of a | owcost design. The joint can be assenbl &l *gli o]

_ provide a positive preload riser connection which has a robust design with
enhanced fatigue-resistant operation in a wide variety of water depths)
envi ronnmental conditions, and riser lZngths. One of the objectives of the
*invention is to provide a riser connector end depl oynent system which can
be used with drilling, workover, conpletion) intervention, or production
operations for conventional vessel riser supporting techniques or

sel f-supporting freestandi ng buoyant riser applications. Another objective
of the Invention hs to provi de equi pnent i will facilitate the rapid

make- up afifB88. r EheRu i§rmosnted &0 the bax ghadggmetate@jvdm awrench untlk Bvi de a
oi (1 ol o Bhards floe w5, e iolBh EBppEuEHGe s sompliated, Makng; eath Joints abi e
and saf el PG 8P SrpFEuRE SRR iR JRE, G, ABer, e MR Rotng L1 <o
vl dont |11 o e S s I B s PR Ui R Wl BpBhator.”c

descri bed Additionalby/Midre afe Nelzards/indoivddAnj eperatidasolithed aut iwhileohs

useful in subsea risers is disclosed, The joint is preferably of a pin and

: bﬁx desi grgqmpaaebh@ftaﬁiohvéitgulplm%& stresses Fimwy?theaamm?mcnesiden_ as
i R ok W ik
the riser t@lﬁrw@vﬂfﬁﬂlﬁ P8 Al Bl et f oS 15885 i ¢ o et o
[ncl udi ng bt rgt o PR et AR etahy QifeRt KOSt Rl tsed D
and box nesulbssavidersardisebeyinrthefoliewirsy tl.Shpatemsie 3¢ 8d,872n8,508;640;

strengths and nodull of elasticity. BRI DESCRI PTI ON OF THE DRAW NGS
Figure 1 i4,18%856; 0aD62/5R 14t i 2,901,832 4/844,%1 tonAABSB56r MHABGBR6ENt

wiha brchagtale s Bl h.ST 2875k Tad L BRE B Bnl SB4E 545, whidh s
Zi gure 3 1 fi3tratss o BrédeIock thh8'bi% dofité@bn O0Ck rings. -9 ~ F E B 2003
What has been missing in the prior art described above is a joint of
simple construction that can lend itself to rapid deployment while at the same
time being of a low-cost design. The joint can be assembled quickly to
provide a positive preload riser connection which has a robust design with
enhanced fatigue-resistant operation In a wide variety of water depths, envi-
ronmental conditions, and riser lengths. One of the objectives of the invention
is to provide a riser connector and deployment system'which can be used with
drilling, workover, completion, intervention, or production operations for
conventional vessel riser supporting techniques or self-supporting freestand-
ing buoyant riser applications. Another objective of the invention Is to provide
equipment which will facilitate the rapid make-up and/or release of each joint.
Yet another objective is to provide a high-strength joint that will provide the
performance capability of olifield premium joints. Another objective is to be



"Figure 4 Is a joint of the present invention which obtains a prel gad

t hrough conpression on the box and tension on the pin, using a br&bbhFE&de3
.to lock the joint) Figure 5 is an alternative to Figure 4) using threads.
Figure 6 is an alternative to Figure 4, using lock rings. Figure 7 is an

el evational view) part cut away to cho@ the box end of the connection

Figure 8 is an end view of Figure T. Figure 9 is a sectional elevational
view in part section) showing the pin end of the connection. Figure 10 Is

an end view of Figure 9. Figure 11 is an assenbled joint using a tenslle
prel oad on the box and a conpressive preload on the pin with a breech | ock,
coupled with a seal ring. Figure 12 Is a spider which can be used to apply

a tensi| e ablel terovidesarjoirkiwhieh ban b tade s Yicky Bha"disBEssRitisd | "

t he expanded condition, creating a tensile |oad I gure is a

pl an vi ew quiicklyearzbsafely. | Simpicity ot the designoand Etrengm apdiperforenanes/apd
Figure 14 with the spider in the closed position. Figure 16 shows a safety
| ocki ng dvalse ebjasdivascef thietjeinttis question. Thosacand other sbjactives wilEsé! LED

DESCRI PTI ON, JHE PREFERRE MBOD] MENT The joint Qf the present invention
is prefer a%Y‘ag%EE"b? rgvﬁg&(o gp_[g*erred embodiment of the Invéntion described

below.

SUMMARY OF THE INVENTION

A joint design particularly useful in subsea risers is disclogsed. The joint
Is preferably of a pin and box design where one of the components is held in
a stralned condition as the Joint Is made up and locked together. A portion
of the applled strain is then removed, leaving a preload In the assembled
joint. A hydraulically operated tool is used to apply the strain while at the
same time supporting the riser string. The Joint can seal with resilient seals
or metal-to-metal contact seals, or both. The locking device can be of a
variety of types Including but not limited to breech lock, threads, or lock rings.
The pin and box may be made of different materials that have different yield
strengths and modull of elasticity.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a sectional elevational view of the connector of the present

Invention, using a preload on the box and a compressive praload on the pin
with a breech lock.

Figure 2 is an alternative to Figure 1 using threads.
Figure 3 is an alternative to Figure 1 using lock rings.



~and a pin end 12. in a breech lock style for the present invention shown In
Figures 7 and 9, the box y0O has circunferentiaily spaced proj quidprﬁqlgg“
. Separated by circurnferential spaces 18 such that in the design depitc qn
.~ ~~"~ FEB 203 5 Figure 7, there are three separate projections 14 above
each other to formrows of projections®4, each separated by an axial space
8. The pin 12 has projections 20 which are circunferentially distributed
on Its outer surface 22. The pin 12 has a | ower end 24 which is insertable
into opening 26 at the top of the box 10 (see Figure 8). The projections 20
on the pin 12 have circunferential spaces 28 and axial spaces 30 such that,
as shown in Figure 9, there are shown a stack of three pro]otlons 20 which
formdiscrete rdigurd 4igepintoof #e Pivsamkiﬂventwhe;vhiahrﬁbtialﬁsl&t gﬁﬁl@dd' n
Figures 7-10) the box 10 is preferably stretched with a spider 32 (see
Fi gures 12 targughegompressiastan thecbow akditgnsion oméhe ping aising abridechdock
described lLater. It suffices at this tinme to say that the spider exerts
equal and éﬁéggkthPiQW‘es on shoul ders 34 and 38 so as to put the box In

tensi on. | nterngldl er se. shou 38. Adjacent to
reverse shoul de?&'gé}%ﬁggﬁgélt%’meﬁgﬁi "ﬁ@&égr Egm ﬁﬁé@ Lower end 24 of
the pin 12 ulti 1S, o N i 1 the spider 32
supporting the V\rﬂpgﬁ eoi? %’ﬂgﬁéyﬁﬁ\?ﬁh@ﬁ%qﬁ@&@@@ﬁﬂ;@gmmS of the
riser already prE)g.e8s? Is a8t I h 'S0 t he
spi der 32 incr eas\gsmt he‘sdi st a?\?:&etﬁ{)heat'v\vﬁeee\ﬁ' ?gttcebrtg?mﬁfgg%tg anJHt%ﬂgcgrfows
of proj ectithescamnestiarhe box 10 is elastically strained . Wile the spider
32 holds the box_10 under a tensile.strain full Insertion of the pin 12

iRto the box 10 BIQWRS ‘%%ﬁ%ﬁfmoiﬁlmm-der on reverse shoul deL 38) as
A . . T
o o] act | ons-20° PR s S88Rnat $isiEnaRB) | Bl I pht BeBYn SnBiwin, Ine pin

straddle th rGi«eatd n the box 10. The anmpunt of relative rotation
Enfiaifibl cctiffactiory

necessary to With an applied tensile stress varies with the
configuration of Fig\grgd{Qil€ah eibvibiv 8fFigure d. 4 FEB 208 6 20 and the
various spaces 16 and 28 circunfereijNQy'betmeen adj acent projections 14

and 20. In the pFidure ttiscanhassembled jointausing a tenslle prelvadadn the Box and
sufficient to lock the joint. This condition IE attai ned when the

proj ect i ons 8XPMpressive preload aadhaipimwitha beaechlack,coupled with.ageal tings | s

the spider 3214 Fiobth (3T 5 sglNHich Khin'd'yséa 3 anpiig tendie RFakel .
occurs, the proj ﬁuw-ﬂé tlﬁtﬁ?‘&ﬁe‘fv%ﬁﬂr%ﬁg?@ wutrhmﬁamtih% aﬁggﬁeée

position is fixe ue to e shoul der ower end 24 on rever

shoul der 38.cofuiionacreatin @ tensiie logddn thaiboX,y such that the spaces 18 are
wi der than the axial dinmension of projections 20 to allow the necessary

rel ative rotati orFligure dddstamplgroview o%wdpr In the;oper poghian.of the

DSt e o R o gt 1Ay B R bl o,
onst e 1or e, UAckog 1Bfats 3ot Than sivER b S st MR A Brdli o °

the | ower engg i rse shoul der 38. By building in the residual
strains into tﬁénp%?gg?iégns 14 and 20, the joint remains | ocked and does

not become undone due to the applied | oads fromsuch things as wave action,
currents) and other cyclical | oads which a peri enced by the riser (not

shown) of whDETARED DESCGRIRIION Ofothik -lal MBOIIMENT i n the art
segment o connect ed evialaLAl HisresantinyeAn ERietacatiy miade ot abeh Bt s
76 on the B SPHEhA 320 5£ Bhedc et BruB8 srbeent HIbhBbE S ',

mount ed. TheFﬁ’éQieﬁt?i 8A8 9. MHy bBRX1G%d&“él?c%fé’reﬂgglxggﬁﬁeawoﬁcm qigt er

| ~ 4 FEB 2~~~ "r tive rotation end 2s pops out nro to prevent
reverse rot aseparaled byl ciecamferential $paces hecsuchcihatin the design depicted Brex
10 and rotating pin 12. Wile a reverse shoul der 38 coupled wth O-rings 40
and 42 have beets illustrated as the sealing technique for the joint
described In Figures 7-10) those skilled in the art wlll appreciate that

ot her types of seals can be enployed in the joint between the pin 12 and
the box 10 without departing fromthe spirit of the invention. The seal and
the joint can be a sinple netelto-netal seal with an elimnation of the
O-rings 40 and 42. As shown in Figure 11, a seal ring 44) which has a
sparate structure fromthe pin 12 or box 10, can be enployed. This seal
ring 44 can include Orings such as 40 and 42.




- Anot hef' feature of the projections 14' and 20 |s best seen In Fi\guzq:gg. 2003
The projections 14 have a sloping | ower surface 46 which, when the spider
.32 is rel eased, bears down on a mating sloping surface 48 on projections
20. In the view of Figure 11, the joint is fully nade up and the respective
sl opi ng surfaces 46 bear down on oppos?ng surfaces 48 of projections 20 to
force the pin 12 against a shoulder 50 shown In Figure 11. Again, the
nature of the seating connection between the pin 12 and the box 10 is not
limted specifically to the illustrated designs but can incorporate a
nunber of variations known to those of skill In the art. Simlarly, the
| ocking feature of the connection between the pin 12 and the box 10 can be
vari ed. AFlgueadedhersarethrse Saparatebprojactions 14tabove bach®thdPid form
stretched by the spider 3Z. The thread type of lock I's shown in Figure 2.
Wt h t hr ed@veohpigioctionshl4,cacteseparatad by amaxlial spaceridi Thadinit®hhaser e

e AR o il e
e TR P A M oA e s

| d . : .
shown 1n FopiG BPEIREERR FiER"E). " THS BRblectiond B0 BRORETHIrE AP A B2, | ¢
- downhol e 't cehﬁare?ﬁiaesFaééWB@iﬁ?aﬁla‘%ﬁabéé@Esmthl tivat, &5 shown ireFidure g9ise of
a lock ring 58 which loosely fits on a serrated pattern 66 on the pin 12.

The box 10thare aresshowneaisiack ofthsee projectiong20: which torrmt discretetrows 6b on
the | ock riq&QSS, As a result) the loose-fitting lock ring 58 all ows
advancemenPréiectiaes @t 12 into the box 10) but does not allow withdrawal by

ondone by ot T FEkRB Ml ietdeli oSS bobly 0 meirdbi.
o Figure Sooiciog WinA SPRIE3 (8 FUICR 32, 151 SThE Herellel MorkMER | 0"
el asti cal | gheedpldard2 WiIPbe! dbioéiibe’d fatel.y it Sefficesatinis timeto Bayahabtite 82

shoul ders agai nst reverse shoul der 54. At that tinme, the spider 32 Is

rel eased, |spidemexearts equalandxpposite jorces oncshoulders34 38 sohas to put2
and the box 1Q through the |ock ring 58. Those skilled in the art will
appr eci at e heR% Sloibelgt@ﬂaﬂﬁnﬂ?g'rm* 1048 a)@\@msmuléeeaw Agl?m

| l‘é g medRasefas %Z&&l&%@@é?ﬁﬁ% pac! O dodle Ao hoF 44 EBNSY Il o,
T . : : . . .

whi o the Promedie 12 YRihdloly loHEaBR kg e cing 26 Wit the stddr a2

Those ski | | sgpportingetheweight of thepbex 1 and tiaé associated seghtents of the riser

enpl oyed for release so that the box 10 is restretched before relative

rotation of argadypreviousiyesssmbiad: dt should bamnoted that theruse of the spider
tion. Fi 12-14 further d i be th tituent f f th

cpidor 32 28 Micreases e dlstence Letvesn raveree, Acyiat S8 andntd fes pher

| at 72 : ~ = 1 j ti

Cfour 7o aBfeioghend W B box Jo3f uMiehyy bFARRE While WGUIH 2 Ao

di mensi on, gt PHNMQ U Ei’ear?ﬁfé 8Ra ﬂlll"lﬁ%bﬁlﬁrﬁoﬂfﬁpﬁi 92 ifRFYE bag 10" an

Iris fashion to accommobda range of’ plpe sites wo ng on a principle)

for exanpl e gowslowerrend 24rto\stoultdor ohaeversarshotider 38, las strowh inRigure ar e
opposing |l ower plates 80 arid 82 which have simlar cutouts in them such as

shown g or p|1aéI Asrotatlamall force appligd to mhp‘m;& paits the fafO]anﬁona 2Quwithirsthend
7 qures-1- 5baRee:1 856V pBRoRP o s A Ta HredhIele BRI B4 omer
Scparat o t nafErRnI b ek oP g osHGT o=t REals o160k G IABL i o

shoul der 363?‘?““ f¥hdir éﬁg?%amﬁ&mhe&dg@gg&%@ oheia Pg&bﬂ@ﬁs qafand

separate th rom pl at es and The 74, 8 nd 82 are
actuated hydraulically fromthe position shown in Figure 14 to the position
shown in Figure 15, using hydraulic cylinders 84, 86) 88 and 90 which, in
Figure 14, illustrate how the top plates 72 and 74 can be brought together
or pushed apart. The external hydraulic systemis one known in the art and
is therefore, not illustrated in the figures. The spider 32 can be used
with the configuration shown in Figures 4-8 by allow ng the upper plates 72
and 74 to engage groove 92, with |Iower plates 80 and 82 engagi ng groove 94
The operation to place a conpressive |oad on the enbodi nent of Figures
4-a is sinply the reverse of placing a tensile toad on the box 10 shown In
Figures 1-3. Figures 4-6 illustrate a slightly reconfigured box 10" which

A~ o e o a ~ T e .



"98 areillustrated as those devices which are capabl e of bringing the upper
plates 72 and 74 closer to or forthr away fromtower plates 80 an¥ ,8FFBo2003
.facilitate the application of a tensile or conpressive force to the box 10

or 10', as described above. The sequence of operation In assenbling a riser

systen1u5|ng the spider 32 and the confections of the type illustrated, for
exanple) in Figures 1-6 is as follows: A segnent of the riser, which
i ncludes the box 10 or 10', is suspended on the rig floor. The spider 32 is

then used to retain the box 10 in groove 85 or, alternatively, if using the
box 10" In grooves 92 and 94. In the case of the box i0) the weight of the

assenbl ed [iser at S tQ assist in uttirécba tensile force onto box 10. To
the extent 29 48d|the V¥arqusispacasi16 and 28 ercumfatentially batween exdjacentl0' .

EQihiBLSF;e?ﬁ@gﬁpb@%Rﬁ Eloint in the riser is [1fted on the rig tloor
their conti gur ath iy BrefRiret cHABpAtnerY, Saldivettatin B ablu s0S1Stfdent.
2003 m be &G%@Rﬁ@elﬂnﬁ” chH@itloR1sl dMalfBE"AHGMA the Jt6[bctions 54 afd 3 ©:

using the breech IoCk or threa terna Ive s OWn i'n 1 gur es

spi der 32 Ia%lgnbdrwnthepacqsewbnsaﬂbmvspacé@dab%léih él@owmh?mélhaﬂp |h*F|gure

enbodi ment shown in Figures 1-3, using an applied tensi force;

ex !oa_ndI usitigWhen mplingiﬂ tﬁlﬁd@d M‘the lboxn}o; dhesspldﬂ) 32is agtwatptziutesalm
need to be BERY 1010 8pfiFact: Mgk Bacedairs tns efaibetans 14 mevealaiveiw «
mde of o (Prng BRldctorh gﬂ‘é“ﬁﬁ@%ﬁ“&dﬁf il aBe3h e haliEaRg by 1Gwef oo
Versa | ankdon GTRATEE oubE 8 IRt 1 LS SOl dick et

strengt h, corrosion resistance I gue fesi st

light wei ghthecsphdes @rardiwidersthdnthesixial difmenaiirest projettiondi 20 alfdw e are

utilized for high strength, corrosion resistance, fatigue resistance) and a
hi gh nodul Lﬂeaaasangralatlye crnbatlnn to look the ]annteslalomamltds ionesfanet ofithe
sel ected because t will s st_corro cularly when the J|Oi nts

are subj ectEEPQQNs '%%E'lsa bex &%@l@fw 80 qonsract ko4ts eyiginal

Ve o CREbaRHR Bl %%pé*ﬁh%ﬂrhgﬁwﬁo%é%%m o2t s

charact eri stlie §pideh 82¢ apsteRed, & fee W&I’lbﬁﬁ Wheﬁnﬁcﬁ o?l\éed

in that the release of the box 10 rom e sp er 32 |n

enbodi ment 44 beagrudewh, orthe projdttions@® andt puste thep [dwerdehs %htcbwvenset he
pin since the box has a lower modulus and is) therefore, nore el astlc The

pin 12, whi SRoMidersig Bdelngsmrtbe residugkelraing| ke theiprajections 14 ang
Tore rigia. tadotf TBmag I85K8d Anth 988 S n%?ér*r‘»%;énébé‘ge%ﬁo Sbglaléq; ed
P ey o \O8IR Forkrutn ARRECES WA\ 4R W s Bl Gu Ry s i ©°

force by elastic conpression |ng

effective c wnhoar@bxpéﬁbﬁéédl by the nserl(holt shbwn Eoﬁw?ﬂcn gﬁ'ﬁmh@% But a

objective of the joint. While the preferred conbi natlon ha en reveal ed,

ot her conbi rcamponeot part.eflihdse, skitied finvthélart willrappreciatethiat tie piser (adt t o
the conplete are also within the scope of the invention. The

t
f or egoi ng dl%&ﬂﬁém@%\'& |S}9ﬂi99rpf(ﬂ|pﬁfﬂ,egrﬂ96m connected 1o each athardyind
expl anat or he e hape and materi al
a)s(pwell asyl%ﬂﬁhggﬂgtf'%g Mgﬁ'afﬁ'f\ ?lﬁgﬁir 'congltfuz:tisonl,o may be mad:a >
t hout d t f | £A ' i ' .~ t
wi thout depar tinoafddihy #h%glﬁfrﬁ td @(r)%\tperrlhgi%xg?yé%fa%n is HustratedSn Figtre {82
On the pin 12 between rows 20 and in a recess 21 a flexible tab 23 is

mounted. The projections 14 on box 10 push back end 25 of tab 23 and after



“a box Héving a longitudinal axis; s a pin having a radial projection to a
| ongi tudinal axis and insertable into said box; a |lock acting orﬂqaipc[goizu?g
.and said box to hold said pin and box together; said | ock operative to hold

said pin and box together under a residual io strain resulting from naking
up said pin to said box to engage saidlock at a tine when one of said pin
or said box is elastically longitudinally strained followed by allow ng, at
| east in part, a reversal of said longitudinal strain. 2. The joint of
claiml1, wherein: is said lock is operative internally between said pin and
said box. 3. The joint of claim?2) wherein: said |ock is actuated by
relative rotation between said box and said pin upon insertion of said pin

o, sai d R ENPEARESCAR BaFhPUY Rstresreicn 14 2prsnrevealatotationny one
as sai d pi td f§'9%§ﬁiﬁéiﬁau§éeq%asmﬂpg?% Brmdb% 18.”%@'%5'%%1‘12@1@
one o ol a1 1yl S8 di o b S CRAHGE o 42 Al
2, "I b gl e R e, Pt LY,
assenbl y tghg%ei w&% ﬂg tg‘él %ﬁ“\}“giaﬁmg?ﬁgﬁl glﬁﬁ:‘ ?tﬁ%ygﬁl%*sglég%bgéﬁ be

conpri ses @IpPioy®dsiothajaist batweemthe pin 82 andathe box t withwutefepartingoduce
atensile Hom itpte isBlrﬁ %if ﬂ'\eb invention. | epsienal ia%datﬁzeigﬁ;lt%%nt be a simple metal~
to-metal seal with an elimination of the O-rings 40 and 42. As shown in
Figure 11, a seal ring 44, which has a separate structure from the pin 12 or
box 10, can be employed. This seal ring 44 can include O-rings such as 40
and 42.
Another feature of the projections 14 and 20 Is best seen In Figure 11.
The projections 14 have a sloping lower surface 46 which, when the spider 32
is released, bears down on a mating sloping surface 48 on projections 20. In
the view of Figure 11, the joint is fully made up and the respective sloping
surfaces 46 bear down on opposing surlaces 48 of projections 20 to force the
pin 12 against a shoulder 50 shown in Figure 11. Again, the nature of the
sealing connection between the pin 12 and the box 10 is not limited specifi-
cally to the iliustrated designs but can incorporate a number of variations
known to those of skill In the art. Similarly, the locking feature of the connec-
tion between the pin 12 and the box 10 can be varied. A threaded connection
52 can be made up while the box 10 Is stretched by the spider 32. The thread
type of lock Is shown in Figure 2. With thread 52 made up while the box 10
is in a stretched condition where it has yielded elastically, a release of the
spider 32 results In shouldering of a lower end 54 on reverse shoulder 56,
thus holding a preload in the made-up Joint shown in Figure 2 because the



- sai d box

box and said | ock is engaged.

wher ei n:
'j oi nt .of
di fferent
pi n conpr
13. The |

met al cont act.

and said lock is engaged. io 9. The joint of claimb5, mﬂerein:
sai d box conprises opposed shoul ders which are noved away from d

. to produce a tensile strain in said box as said pin is assenbled to sai
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Yet another alternative is shown In Figure 3. This type of a ratcheting
latch Is frequently used In downhole tools, especially packers and bridge
plugs. It involves the use of a lock ring 58 which loosaely fits on a serrated
pattern 66 on the pin 12. The box 10 has a serrated pattern 68 which en-
gages a serrated pattern 70 on the lock ring 88. As a result, the loose-fitting
lock ring 58 aliows advancement of the pin 12 into the box 10, but does not
allow withdrawal by a longitudinal force. Instead, the joint reflected in Figure
3 can be undone by rotation since the serrated surfaces 68 and 70 define a
thread pattem which allows disconnection by relative rotation. In the connec-
tion of Figure 3, the box 10 is stretched using spider 32. While the box 10 is
elastically deformed, the pin 12 is fully inserted untll the lower end 82 shoul-
ders against reverse shoulder 64. At that time, the spider 32 Is released,
leaving a resldual stress in the connection between the pin 12 and the box 10
through the lock ring 58. Those skilled in the art will appreciate that other
types of components can be used to accomplish the locking feature without
departing from the spirit of the invention. The locking mechanisms described
in Figures 1-3 Involve relative rotation for release. The Figure 3 design
allows locking without relative rotation, while the Figures 1 and 2 design
require relative rotation for make-up.

Those skilled in the art will appreciate that the spider 32 is also em-
ployed for release so that the box 10 Is restretched before relative rotation of
the parts is attempted to facliitate rapid undoing of the connection.

Figures 12~14 further describe the constituent features of the spider 32.
As best seen in Figures 12 and 14, the splder 32 includes upper plates 72 and
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* A tubular joint, conprising: a box having a longitudinal axis; is a pin
having a radial projection a |longitudinal axis and insertable into said
box; a lock acting on said pin and said box to hold said pin and box
together; a device nounted to.at |east one of said pin and said box to
apply a 20 longitudinal strain to one of said pin or said box prior to
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and thereafter to separate them from plates 80 and 82. The lower plates 80
and 82 contact shoulder 36 when the spider 32 Is actuated to bring them
together and to separate them from plates 72 and 74. The plates 72, 74, 80
and 82 are actuated hydraulically from the position shown in Figure 14 to the
position shown in Figure 15, using hydraullc cylinders 84, 86, 88 and 90
which, in Figure 14, illustrate how the top plates 72 and 74 can be brought
together or pushed apart.
The external hydraullc system is one known in the art and Is, therefore,
not illustrated in the figures. The spider 32 can be used with the configuration
shown in Figures 4-6 by allowing the upper plates 72 and 74 to engage
groove 92, with lower plates 80 and 82 engaging groove 84 . The operation
to place a compressive load on the embodiment ot Figures 4-8 Is simply the
reverse of placing a tensile load on the box 10 shown In Figures 1-3. Figures
4-6 lllustrate a slightly reconfigured box 10’ which in all other ways is similar
to box 10 shown in Figures 1-3 except that two separated grooves 92 and 94
are disclosed. Other than that, the three embodiments shown in Figures 4-8,
respectively, are ldentical to these shown in Figures 1-3. The only difference
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10 hsOy10% ag 'sér?é/é% gcove The sequence of operation In assembling a riser system
using the spider 32 and the connections of the type iliustrated, for example,
in Figures 1-6 is as follows: A segment of the riser, which includes the box
10 or 10’, Is suspended on the rig floor. The splder 32 is then used to retain
the box 10 in groove 85 or, alternatively, it using the box 10’ in grooves 82
and 84. In the case of the box 10, the weight of the assembled riser acts to
assist In putting a tensile force onto box 10. To the extent a seal ring 44 is
used, It Is Installed into the box 10 or 10’, The spider 32 is then aperated to,
in the case of Figures 1-3, stretch the box 10 elastically, The next joint in the

riser is lifted on the rig floor with the pin end down for stabbing into the box 10

or 10’. Depending on their conflguration, rotation of the upper riser joint may
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be required to engage the locking mechanism, such as, for example, using the
breech lock or threaded alternative shown in Figures 1 and 2. The spider 32
Is then released, allowing the box 10 to contract, in the embodiment shown in
Figures 1-3, using an applied tensile force; or to expand, using the configura-
tion shown In Figures 4-6, which applies an initial compressive force.

The materials of the pin 10 or box 12 do not need to be identical. In
fact, advantages in operation can be obtained with dissimilar materials. In
one example, which Is preferred, the box 10 can be made of a titanium alloy
and the pin can be made of a nickel alloy or vise versa in anothér embodi-
ment. Titanlum alloy Is selected for its high strength, corroslon resistance,
and fatigue resistance, as well as its light weight and low modulus and elastic
characteristics. Nickel alloys are utilized for high strength, corrosion resis~
tance, fatigue resistance, and a high modulus and rigidity characteristics.
These two materials are also selected because they will resist corrosion ,
particularly when the joints are subjected to subsea uses. The low modulus
of the titanium alloys facilitates elastic deformation of the box 10 using the
spider 32. By virtue of the fact that the pin 12 has a higher modulus and
rigidity characteristics, the desired effect of prestressing the joint is achieved
in that the releasa of the box 10 from the spider 32 in, for example, the em-
bodiment of Figure 1, allows the preload to be applied by the box to the pin
since the box has a lower modulus and is, therefore, more slastic. The pin 12,
which is more rigid, is not In itself slastically compressed as much as the box
upon release of the box 10. Rather, since the pin 12 Is more rigld, the shrink-
age of the box 10 simply results in an applied preload to the pin 12, as op-
posed 1o a dissipation of the available preload force by elastlc compression
of pin 12 by the contracting box 10. The effective creation of preload is the
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desirable objective of the joint. While the preferred combination has been
revealed, other combinations of materials, which will enhance the applied
preload to the completed jolnt, are also within the scope of the Invention.
The foregoing disclosure and description of the invention are illustrative
and explanatory thereof, and varlous changes in the size, shape and materl-

als, as well as in the details of the lllustrated construction, may be made
without departing from the spirit of the invention.
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What is claimed:

1. A tubular joint, comprising:

a box having a longitudinal axis;

a pin having a radial projection to a longitudinal axis and insertable
into said box;

a lock acting on said pin and said box to hold said pin and box
together;

said lock operative to hold said pin and box together under a residual
strain resulting from making up said pin to said box to engage said lock at a
time when one of said pin or said box is elastically longitudinally strained
followed by allowing, at least in part, a reversal of said longitudinat strain.

2. The joint of claim 1, wherein:
said lock is operative internally between said pin and said box.

3. The joint of claim 2, wherein:
said lock is actuated by relative rotation between said box and said
pin upon insertion of said pin into said box and releasing said elastic strain.

4, The joint of any one of claims 1 to 3, wherein:
said box is configured to be placed in tension as said pin is inserted
and said lock is engaged.

5. The joint of any one of claims 1 to 3, wherein:
said box is configured to be placed in compression as said pin is
inserted and said lock is engaged.

6. The joint of any one of claims 1 to 5, wherein:
said pin is elastically expanded prior to assembly to said box.

13
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7. The joint of any one of claims 1 to 5, wherein:
said pin is elastically contracted prior to assembly to said box.

5 8. The joint of claim 4, wherein:
said box comprises opposed shoulders which are moved away from
each other to produce a tensile strain in said box as said pin is assembled to
said box and said lock is engaged.

O 10 9. The joint of claim 5, wherein:
said box comprises opposed shoulders which are moved away from
each other to produce a tensile strain in said box as said pin is assembled to
said box and said lock is engaged.

15 10. The joint of any one of claims 1 to 9, wherein:
said pin and said box are made of different materials.

11.  The joint of any one of claims 1 to 10, wherein:
said pin and said box have different moduli of elasticity.
20
O 12.  The joint of claim 11, wherein:
said pin comprises a titanium alloy and said box comprises a nickel

alloy.

25 13. The joint of claim 4, wherein:
said pin seals into said box by metal to metal contact.

14.  The joint of claim 4, further comprising:
a resilient seal between said pin and said box.
30
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17.  The joint of claim 4, wherein:
O 10 said pin further comprise a stop shoulder to engage an end of said
box after said lock is engaged and said compression of said box is reduced.

18. . A tubular joint, comprising:
a box having a longitudinal axis;
15 a pin having a radial projection a longitudinal axis and insertable into
said box;
" a lock acting on said pin and said box to hold said pin and box
together;
a device mounted to.at least one of said pin and said box to apply a
20 longitudinal strain to one of said pin or said box prior to engagement of said
S lock;
said fock operative to hold said pin and box together under a residual
strain resulting from making up said pin to said box to engage said lock at a
time when one of said pin or said box is elastically longitudinally strained by
25 said device followed by allowing, at least in part, a reversal of said
longitudinal strain applied by said device.
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