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WD 2004/ 048834 PCT/ GB2003/ 005129 1 | MPROVED CASI NG
JONTS Field of the Inventi on The present invention
relates to a pipe joint particularly for use in
 VEQAMMEESKYy 5 pipes which are required for USBCT/GB2003/005129
underground, for exanple in the oil and gas industry.
The joint is especially designeg where the pipe is
likely to be subject to non-uniformforces

per pendi cul ar to the axis of the pipe. Background to
the I nvention When transporting a fluid, such as oi

or natural gas between two | ocations, the 10 nost

cost effective methods utilise, where possible,

pi peli nes. Such pipelines are normally constructed
fromindividual pipes joined together. It is also
usual for the pipeline carrying the fluid to be
retained within, a further pipeline, often referred to
as a casing. The casing serves to protect the carrier
pi peline and to enablISERBVEDATASENG DOIRIkNe to be
positioned easily. The casing can also act as a safety
barrier 15 in the event of |eakage of fluid fromthe
car r ifgdld pf pellhwdtions the leaking fluid is retained

W thin the casing and is prevented fromcomng into
contact with the ‘i nedi at e environment. For this

reas pggb%np nrﬁléﬁlttes al, SOh; ?8 §§iﬁ§§?{5§% goﬁfl}ese tu? connecting

t he S an e pressures

- pi peplpaesnflacle awtqqmtdzdeﬂ).r ulb endeegrioond; fohexamileén eD6is and gas

ut e di scon n both the i nner and

b0 oHABHRL FhEiSEn gt SERA frplehv b L S kEl do be sibeot to

SOUT GESuRifoMYe IR HSrpshdilIAR tb B axksi o .pipeline. It
Is inportant that any such weakness i I ni m sed as

much as possible, as any loss of fluid front the pipe

I S bphékonasidab e Biedii@gour ces and potentially
di sastrous for the enV|ronnent Furthernore, the fluid

| ost can also 2 .
When transporting a fluid, such as oil or natural gas between two locations, the

most cost effective methods ufilise, where possible, pipelines. Such pipelines are
. normally constructed from individual pipes joined together. It is also usual for the
pipeline carrying the fluid to be retained within a further pipeline, often referred to
as a casing. The casing serves to protect the carrier pipeline and to enable the
carrier pipeline to be positioned easjly. The casing can also act as a safety barrier
in the event of leakage of fluid from the carrier pipeline, as the leaking fiuid is
retained within the casing and is prevented from coming into contact with the
immediate environment. For this reason, the casing must also possess resistance to -

the fluids and the pressures to which the carrier pipelines are subjected.

The regions where the pipes join, constifute discontinuities in both the inner and
outer surface of the pipeline and as such are sources of weakness within the
finished pipeﬁne. It is important that any such weakness is minimised as much as
possible, as any loss of fluid from the pipe is both wasteful of resources and

potentially disastrous for the environmenl. Furthermore, the fluid lost can also



increase the risk to personnel fromfire or explosion.
Repl acenent of inefficient or leaking joints is not
al ways easy. Particularly in the case of the oil and
gas industry, pipelines are situated quite often in
rel atively inaccessible |ocat?ons and replacenent is
difficult and expensive. Joints between pipes, which

Wﬁ&@aé@tﬁeﬂ@sk%%’e‘rﬁnn@l‘ s inRe oPExﬂ!&‘?orﬁ é&%gﬁ{eﬂt of inefficient or

common]y effected by using a screwt
\Aﬁﬂm%@aﬁs st alvaua Pagp. Fartionlarly itythe aane ehthe diand gas industry,

W@Jh@é‘”eﬁltearsﬁ’tuét@dt dake Oéﬂéana%léﬁ%W i ?&@ssnﬁgcrbcatlons and

joints shaoul d capabl e of resisting

dPPIpEemaeHAt; '%ﬁ'E‘CP‘fﬁaBﬁ’ expans¥epet ween t he insi de and t he
outsi de of the pipe. They nust al so, noreover, be able
toremain fluid tight when the pipeline formed by the
MRt iReturens pipgs g Mihios peke sur dhereagriieit Bipglineu Py de Sinaipe are
Qomnilsy afested! hyolkihy 4 rééF@v@tHréék%@lr }o‘ﬁﬁnwtﬁué ﬂalvﬂfﬂl‘él pipe

to rock formati ons orf the Conventi ona

trlé‘H'&gtaothf%?rﬁ’c‘qu@me’ﬂ%'aiﬁwo\/‘{h@rpféﬁ% RdigesTdining. Suek i sbould be
%ﬁpbbl@%f wksisting Megé Q:ﬁﬁﬂrénﬂa'iba'in tppéassﬁl%r BQﬁn}@%Hctﬁe%ilHQeand the

line is weakened and there i s risk
\HH'

ide QLibR R Aoy et sy M%e%rohﬂ akle tofrerpaiadiist fight when
ity Biﬁbhr@“feﬂﬁe@ b?YHéjiﬁdﬁldHéIpﬁrdldHt 'Eﬁpe 1%%&%%9&?@& Ee or

above obl ems and perfornmns I pes bel ng

j8viates Séls'éﬂyrfam ean%@&car!ﬂgurﬁtlwe ta é@qh Pisations ohibetlisens
casi ng and pi pe can be used interchangeably, casing

often denoting nerely a |arger dianmeter tube than
{oaventional pipes fendde fﬂnfﬁlppepoo iR ysush bepding fforeps agnapplied

AHBAhE rdtQittRatttRE pbidrRiahbe Br IHaSSifeling i® WRYksHY d there is a risk
screw—threaded oint for pipes conprising a rst

of lsak @Qﬂw‘ﬁ'ﬁ?feék'crbp@f'qtfé\ﬁpw’g at one end a male
-screwthreaded portion and a second pipe | ength or

box having at one end a female portion having a
HdmﬂﬂeﬁBlﬁPta?fyp@é?féwp‘mt'@rado RreNide @r pipe ieinb avhigh adipssss the

b@owéqﬁr%ble%gﬁﬂl%eﬂoﬁ'ﬂg well Whef s elrﬂb"J‘Jonneﬂfar%]Iﬂgta tgﬁéé)@él. In the

| ength of the threaded portions the screw t .
fgzariplen fig tegms sasina @ndinipe Ban barisediintecahrogeabhtl casing roften

aélhﬁtfhﬁfmél'b@ 4 EQrg'éF‘ 8ialh2Rg 'tﬁﬁ%ﬁﬁ”that fefbsedlo ﬁ(sh§ g?b pe

| engt thé male thread extenlngtoa
shoul der adj acent

Summary of the Invention

‘According to the invention there is provided a screw-threaded joint for pipes
comprising a first pipe length or pin having at one end a male screw-threaded
portion and a second pipe length or box having at one end a female portion having
‘a complementary screw-thread, the portions being adapted to inter-engage along
the greater part of the axial length of the threaded portions the screw threads
thereof being inclined in the same direction and at an acute angle to the longitudinal
axis of the pipe length, the male thread extending to a male stop shoulder adjacent
‘a complementary stop shoulder on the other portion, the complementary stop
shoulder comprising a recess.in the form of a cone receiver having a rounded apex,
and a first conic surface,



a conpl enentary stop shoul der on the other portion,
the conplenentary stop shoul der conprising a recess

in the formof a cone receiver having a rounded apex,

and a first conic surface, 3 substantially parall el

to the axis of the pipe, of the conic stop shoul der of
the male portion or cone receiver of the fenale

3 r 0

%‘,‘%’Bfﬁ?@ﬂ“?"}’?’%"gﬁﬁ, t@@?é@ of g@é &/ﬁgr gfvtﬁét &Hl'b\éﬁg) ?Iﬂ)‘?ﬁc}ér Wthe male
FoFtfoace agne regeiver op thesiemaledeertiomiricludes one PI atorg convexreurved
B&ﬁlo‘ﬁgr V\rﬁ‘i‘h ®dt! QPR ShfacWREreth e ‘ﬁ?@e(f?nﬁeeﬁjﬁéc% oPfhe stop
forned can resi st separation o ortion
fshawrehiaciudesmp élabgfarthp@nTh%ﬁd"vgd pertiong r:@ragwe a stronger seal to
%rfBﬁﬁé@Wﬁ%h Qhin'y sth%' Fatleﬁ‘ oP MQ% pori ﬁ%ftﬁf?en%le portion
the or each curve tion prefera I es on

@nd giMefiagrearas waoanarmerqfltl@ejomdoahea@@@usl y the radius

of the circle is from2-10.5cm and particularly

advant ageously from0.9"-1.2". Preferably the distal

dihg syffagenel tha e eaghparied portion ipecfpiahlyi lies ohdhe eireumferdnee of a

¢haaf ﬂ&%tag‘%@gﬁykiﬁ%rﬁgdlﬁé nffthea GO froffl 24852 taﬂdhﬂ%‘f'ﬂcularly
axi s of ere edge can enabfl
ﬁﬁV&PtﬁﬁﬁWS’dffroﬂh‘ég @& to be thicker and therefore
stronger but can also nmaintain a snooth surface

around the joint reg]l on to reduce turbul ence i nduced
Frefetably the gigtad end pliine inner suifage of thepiariaphamigred, thet chamfered

@e@é Beify af 8GH Hgid {9@1 dgzlz@a uﬂh RUl,Ress tﬁ@&.ﬂe@é{e gr?ﬁ;nme%' edg® can

eplpe axl s |nc OrtIO
96@*@'@ &e orin badycd dhe pipgrie @@éh@l@m andviaerefoge strenger but can also

%&mtﬁﬂ%s tﬁ%%k&cé’groﬁﬁﬁ’%ebour&%%% Fbeltelgﬁcé)’h@ﬁﬂ@rﬁﬁhmau%d in

articul arly advant ageousl
gl@dh"\bﬁ?@k«"ddﬁgleéﬁ"nay provi de that the pipe is thicker

and therefore stiffer increasing the joints
resi stance to opening. Preferably, the second conic
Etaferably aofirst epnicsusircs 196 thedsiep shenlderdargaly C@rﬁgdlai tothelgipe axis

' %%Iqu§ ) ﬁzﬁepo?ﬂlcﬁp%aﬂfflgte% i ag'ihet & ﬁl@gu é}f TQ\%{%geously

I pe and particular an an
subtends an ang!e of from 1° 15 W|th the plpe axis and paft:cularly advantageously

an angle of 1.5°-4°. The shallower angle may provide that the pipe is thicker and
therefore stiffer increasing the joints resistance to opening.

Preferably, the second conic surface of the stop shoulder subtends an angle of 11°-
20° with the plane perpendicular to the axis of the pipe and particularly preferably

an angle of 11°-13°.

Brief Description of the Drawing

The invention will now be described with reference to the accompanying drawings
which show by way of example only, one embodiment of a casing joint.

In the drawings: Figure 1 is a sectional view through the stop-shoulder of a pin ;
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Brief Description of the Drawing The invention wl|

now be described with reference to the acconpanyi ng

drawi ngs whi ch show by way of exanple only, one
verbodhssert of a casing joint. In the draw ngSeCIFGRRIOI05129
1 is a sectional view through the stop-shoul der of a

pin ; WO 2004/048834 PCT/ GB2003/005129 4 Figure 2

isith .sec?i .oqﬁl view t hr 05% t he stop-shoul der of a .
corr eg%lﬁed' !t setopal oyl R Lirpyely the siopshpyier of a corresponding
di strippution of stress within a stop shoul der; Figures
4a-4c illustrate plastic strain distribution arising
fromstress shown in 5 Figures 3a-3c; and Figures

>a- SCEHfes ShBd!iish 2l 2sRinrkif oPUARI WirhiK o YopAnBlifg; 1 OF Nt

whi ch i.s subject' to bending torces and pressure’ :
differentials. Detailed Description of the Invention

- Fi gur ighre8 NOWR ASE-AP pEREYLLSH %ﬁﬂfﬁoﬂ Risthefom WrelPlifwn in
for 10 a pip g .

section, of a connection e or casin

j oi ntFigmesBadepind 10, the final crest 11 of the
screwthread is shown. The pin 10 has an i nner

surface 12 which, when the pin 10 is connected to a

cor r eSigwisd iSag ok siaijations DEthel stabiliy off @rpipe Jeirgurigci2)s subject to
for tof the inside.of .the pipeline. The female
secmeﬁacﬁfﬁégﬁc e I%SS%rg?lf?%?Pt’ﬂgve screw t hr eaded

portions (not illustrated) along the greater part of

~ thei rD&é.:!eﬁlglsgP&th'of!iheﬁe ﬁcr ew 15 threaded portions
are i v ction and are at an acute

‘angle to the longitudinal axis of the pipe length. In .
use, ' ion of torgue the two screw threaded .
por 110 hLFEL AR B S BFa igr Hmalh GG Hapgmiection for
mal e aapige fograakiag j6iat th GRS plrO OB A HinaPreQUE € b BIY dcASRihread is
13 has a Sﬁgst_antl al l'y straight cross-section tapering
sl i gifPPSyR- Thy PRAY hasan igper sadics 13rwhighs My thetngn 0 B connected to
fr omyt greefdRdingobx VRS féﬁlasz%cﬁﬁf)ﬁ?i%e% forms part of the inside of
the pipeline. The female section and the male section have screw threaded
portions (not illustrated) along the greater part of their axial length. These screw
threaded portions are inclined in the same direction and are at an acute angle to
the longitudinal axis of the pipe length. In use, on application of torque the two
screw threaded portions inter-engage to form a joint and hold the male and female

sections together.

An outer surface 13 has a substantially straight cross-section tapering slightly
away, at an angle of approximately 2°, from the crest 11 towards the apex 14 of
the stop-shoulder 15. The outer surface 13 engages a corresponding surface 22 of

a box to form a sealing surface when the two pipes are screwed together.

Due to the features described below the taper of the surface 13 is only 2° from the
axis of the pipe. This enables the distal end of the pin 10 to be stronger than
would otherwise be the case in conventional pipes. Therefore, pressure from

outside the pipe which penetrates between the threads of the male and female part
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the stop-shoul der 15. The outer surface 13 engages a
correspondi ng surface 22 of a box to forma sealing
surface when the two pipes are screwed together. Due

WO 20dm48Bat ures descri bed bel ow the taper of PORPGB2003/005129
surface- 13 is only 2 fromthe axis of the pipe. This
enabl-es the distal end of the piga 10 to be stronger

than 25 woul d otherw se be the casein conventional

pi pes.of theepipe driet andrwduchtends foqmesio thesd the pdrts gpiapids vdaiseld due to

penetr s-het n the threads of the male and fenal

Part VS SB0AT B Ea bbr s 3008rBi6s 155h B e S ipete prosent
j oi nt isvedtivhie -1 enad panicpua} 1ishese two parts apart is
resisted due to the stiffening effect on the pin 10.

Angl es which can be used wthin the present invention

are 1-Thé stpcshpalded TUhRrd firther3dbhsThersd 0915 8beE 8 cotesponding

has a further sealing surface 16 to engage a ) .

corre$ i9ghe boxstf} dse forn & Rathspseablp tapient Buitl sseaping through

fiirt : t fel: U] [ t.he
t&ﬁ:flloﬁl@.aﬂ'he sEalie SUE: acl e6 1§]J_ Ex&PR tl%g?t}é%r St%(;tg 13 by the curved

joint. The sealing sur I'S conn

- out er petiofiiddeTHe3eblyng snefacaulty isdit appangllé @l 22 4 a Flage perpendicular to

10

15

seal i surface .16 i.s.at .an ang] e, of tQ a pl ane ., .
per pe ﬁ%i BRI RFSof %wtlﬁ'@ 1ﬁna\i © giop gil%‘fl‘%’? Hé%ﬁ‘? ﬁleﬁqrewmcal portion
stop géfdddey HS sidisced NBLIAM U 18 Wid ke badRObE 1R conical portion
defined by the surfaces 13,14 and 16 with the base o

the cEtalialboflons fedpticd bise Enn Bigiie hi Bg to iee thaproend sealing
l'i ne | . | : ling . .
char act e B e JR L bt Rl IR SR R s e pane i
sur f agallgwhbt & vdnvintionel joinéneAd suchsthalah@eetbtthiRA chf be fiom
convegf%iz%@al joints. As such, the angle subtended can

be fr 11-20. The pin 10 of Figure 1 engages a

conpl enentary box section on the pipe section 15 to

which.t s bei joi ned. The box 20 has .an,i nner . .
Sur f bl B 10§ g 8958%'?%&? & COIP TP RATYSRp Selian arpthe pipe section
f or mstol yikich WSis dRInEYomBECTHR bok 10 REah NEndMG e 81 RiR&Stogether
are joined together. The box 20 has a nunber of

fur t Hth dherfusleess 121 7Agrmsiio dnsider irfacened 2 pipelineawhen the pipes are
st Op_’j%ﬂ}%&' tggéthé}?\f'hg b2 26HEER 1 'br?:(r:lo Eudﬂu\é\f' tserfa%esF 55,23, which

. secti-on,

20

30

together form a stop-shoulder having 2 recess (included within the scction,
bounded by the dotted line G in ngure-Z) complementary in shape to that of the
stop-shoulder 15 of the pin 10 and which engage the piﬁ 10 to form 2 number of
sealing surfaces. The recess formed has ﬁ substantially conical cross-section with
-a rounded apex 24, The longitudinal sealing surface engages the corresponding
longitudinal sealing surface. The surface 22 (on the box) includes a convex
portion 22A. The convex portion 22A provides a redistribution of forces within

the pipe sections when the pin 10 and the box 20 are screwed together.

When torque is applied to the two pipes to screw them together the convex surface
causes strain induced within the stop-shoulder to be distributed such that the strain
1s primarily concentrated in the area around the convex surface 22A. The strain
therefore is distributed to areas of higher sirength within the pin 10 and the box -20 .

and the stress produced therein therefore causes less damage.
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bounded by the dotted line Gin Figure 2)

conpl enmentary in shape to that of the 20 stop-shoul der

15 of the pin 10 and which engage the pin 10 to forma
WOE048884 seal i ng surfaces. The recess for meeChi@B2083/005129
substantially conical cross-secéion with a rounded

apex 24. The |ongitudi nal sealing surface engages the

corr 0 [ .
cur o 3Rl GIRET ot LRE SRS NbRS" d tgom @ it
22A. h'Ehﬁg aandiex op@ptomnatagr/-’z Perny ialivcug rﬁcﬁﬁtbﬁﬂ:dm U0 0dins have
of fqrce Mﬁthé 25 the pipe sections when the pin 10

and tHe? epcEeritiewed t oget her. Wien torque is
applied to the two pipes to screm1then1together the

convex sur.face aéses strain induced within th

st op-8 AdHIHeR e RINGE tppledes P hared SERader ) copﬁe:ngg the;serfaces 12
|'S Prahi¥8bi e emﬁemdrsatf&% 1705t 36, \FE 8@ b@t&tﬁaotn aWfirection towards
convex surface 22A. The strain therefore is

di st thaxentse of ﬁle@awutgffomeglh 8ihe slt%ioengtdn wpuléh be sufficiepito result

10 an the 0,.30.and.the stre roduged therel

t her &f %™ 84EE S ZS %Csesfoﬁﬂgﬁ%ée "%ﬁeiaéﬂll O%%B%ﬁon & imside of the
PCTIGBQRQ&@QQ&kﬂ%snﬁm&he cross-sectional surface of

t he convex surface 22A lies on a circle having a

radi us of approximtely 2.5 ens, al though radii of

f'r omFZutdy. T 16 FBhOR IR cahwtbdfs@ﬂaﬁptna&eb% ﬁl@%ﬁi@tsﬁbﬁlﬁer tkflon of a

addition, the pin 10 includes a chanfered surface
conndRint iy thase f@&ttfﬁsa@e@aﬂi@ sheling éndigres That 'é‘lhfamréﬂé@ region is
sur f [} (o)
 bon it A8, HBUALRS SLGR: LBl R OB of -
def oOraSiron22u0bdnd atekthsidffthe suefice irDan&&LBb‘; (-0i292¢h£22.05cm). In

resultin S ce, formed b rfaces.12,17._and 21 on

the PSS ﬁmﬂ? dbe §adh feferd 10 g'ﬁﬁéls FehRYD ShBisgepe 2, with reference
Fi QUERhe3mabRa SHAMAL MSeGRbSIBIaR0:s $hekdhsd frsﬂt%@ QerdtR of the
t he stop-shoul der region of a 10 joint. In these -

Fi guP®s, -a darker shading indicates that that

particular region is under a greater strain. The

centre of the convex surface |lies has co-ordinates of

- 0. Thsbey sepiometie fovets shawn ipfFigures Imanfidbdn¢inder ¢pmves surface

3b, gf Rard %%'Bn ZFWQ gﬁma:y di&erences can be seen in distribution of the stress

between the two joints according to the invention and the prior art joint of Figure

-3c. Firstly, the main stress in the joints having the convexed portion is located in
the two areas, the first being around the sealing edges 31. The second region is
then two lobes 30, one on either section of pipe a substantial distance away from

the sealing surface,

The lobes 30 can be seen to project radially into the body of the pin and the box
members. This resuvits in a seal which is stronger than with conventional joints
with regard to resistance to bending forces. The effect of this is shown in the joint
as a result of applied torque. Again, as with Figures 3a-3c¢, the darker areas
denote regions of high flqw. In the prior art joint of Figure 4c the plastic flow can
be seen to be primarily in the region 45 of the sealing surfaces 16 and 23 with a

small amount 46 on the flat surface 13, relatively close to the curved apex 14.
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these co-ordinates the x axis refers to the axis x

shown in Figure 2, with reference to the inmaginary

point AL The y co-ordinate is reckoned fromthe centre

WO 20044048885 pi pe. The box section of the joi nt BCHGBAN3/005129
in Figures 3a and 3b include a convex surface of

radius 2.5cm Two primary differences can be seen in

di stribution of the stress between the two joints

accor Hiipglastc e leapdnta segnitisnt whekepwgor the sea] pioducedfby these
Flgurﬁmﬁiﬁlﬁthstly, the main stress in the joints

havi ng the cdonvexed portion is located in 20 the two
areas, the first being around the sealing edges 31

The [ | obes 30 e on ei

sect %R}B r%ﬁ:%es% ilaﬁst%%%?m aVP&’ EECX%§X§ P C?Iﬂ’élg down
seal ithgtisend] fom fofkdne thebesstdOshoaricRepse e dobredkeipahé seal.
radially into the body of the pin and the box

menbers. This results in a seal which is stronger than

Wi t h Incrouiend, thaqﬂasho iffotsind@ed ih tthe c@ERpchdiR feBhs tmrmeOf the
to bendi ng far.ces. eff ct of this is shown in the

j oi ndORE shopady figyes ‘fﬁp SERSPHVRY 1Sappalir melbesg; regions with a
Fi gur@fedRndiag rE&lﬁuQ@hkﬂim@%Q@%he o?ﬁﬁ'ﬁﬁe& &9 Zl%@é ﬁ&fhﬂg surfaces.

high flow. In"the prior art)olnt ure
pl astHUEthﬁlfnmxp,cdﬁwugle aswel a;rmomte of plagte rﬂloyv isrshotwe in the regions

regi 5 f aI| surface 6 and 23 ..t

rml (DR iSRRI, B Lech 57 Hnd® 13 Bl e, the fow i
cl os eelhtivei email indedtinde ¥robd sed 3 BRAhi 248834

PCT/ GB2003/ 005129 7 This plastic flow leads to a -

si gni fi cant weakeni ng of the seal produced by t hese

sur f akitisout Geing3limivet @o¥ 8pecificBe@oah fakin Gedshh ThedddnSex portion
acts .to revent exher nal . ressur e, com ng down the
$f prgin wsl %i@ﬁs%ﬂod’éﬁﬁge%%@i bending is as
so brgiakd t f
i nduced |ﬂ%tgggi%?%ghggm§?ﬁ%&?e%ﬁ%gg ng’er E‘%ﬁ%# h-&ﬁl thé"é\éuplmg
j oi nof twhqupe jointE] @Jb@sommul #ba regipe of |th@qut| sway from the
srmlle in_the onsvmt

redu g‘fﬁ} S}lﬁacg e S copcenty p eﬁsgpﬁggrs B{jsrf?rﬁg g%ergy gives a very

seal stigngSsuaf af®shat this energy is concentrated in a relatively strong section of
pipe which is resistant to plastic flow.

Although the convex surface 22 is illustrated having a surface lying on the
circumference of a circle, it can also have the form of a number of other curved
surfaces such as an ellipse descrii)ing a curve having a genemfised formula a x*/a’
+ y*/b* = 1. The surface can also be formed having no planar section 24 in which

case the surface between the apex 14 and the foot of the crest 11 is purely convex.

Alternatively, the surface 13 between the apex 14 and the foot of the crest 11 can
mchude more than one convex surface which may or may not have a substantially

planar section between them.

. The improved performance of seals incorporating a curved sealing surface is

shown in Figures 5a to 5S¢, the seals shown in these figures corresponding to those
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Furt hernore, although a small anount of plastic flow

is shown in the regions which fromFi gures3a and 3b

are seen to under a great deal of strain, the flowis
WQ240e048834/el y snmal | indicating a strong seal PEI/GB2003/065129
mai nt ai ned. Wthout being 'limged to a specific

t heorof Figuréd 34 ©363c. rBRELAoShERMHRX siBfildtd TespoflR’ Q¥ €Sarticutar
the strength of a joint and its resistance to

weak ePHGIHh ioEphidliiferentisl betwkeroths int¢rioriagd Bel exévietlof the pipe

t hat e face St A ting fromthe, . .
coupl a}ﬁﬁ 3" Sd(# P ?%ob%?% 2’%?‘0 i nlﬁes éﬂfi %& %%“‘%c on %HP ?Lgttoe §oppmations of
I egi Guendihg tidpiessund differytifl fdete he joldt 1S stable NThs b dSker areas
16, 23. The concentr.ation_essentially, of stored energy

gi v e§°He%P8P§ 10 RIPP dHRfs dp which he prnet ik inclivideal gipep doined fogether
conceyd Lk | - atj n ' f '

whi ch iéﬁ‘r%gi ﬂédtia‘%tixfdcl) péliéa/g%[%/ lcjzé %f%w.ﬂo% t oug r?gt :ﬁlg 3t he Stab?e
convésgiewr pxford o9er & litke gange axfldbiramidh diferatinf pressures.  These

lyin €. Ci nf e e of acirgle '.it can al.so .
nave e e SRERRGELER G Rindlef oE i woPEr dtem in
such Fagmaic evliclpiestabds &1 okl A0esiricidd tangdaid e st quadrant of the
general ised fornmula a xZ/a2 + y2/b2 = 1. The surface"’

can &%8 be forned having no planar section 24 in
which case the surface between the apex 14 and the

foot of the_crest 11 is purely convex, Alterpatively,
t he Jﬁrz P}%’éfei@ HERthER dhEle sencare paripnElpngay isest grseetipa of its -
CreSlenkih &R BrovidiCh UROHRY foif Qﬁ@ 18 fce GRfbNFh Z‘fé(vf Fitfiin the fluid
whi ch may of may not have a substantially pl anar

sect ilowitgsthvoagh therdpe. The i nproved performance of

seal s incorporating a curved sealing surface is shown

in Figures 5a to 5c, the seals shown in these figures

- cor r Bsphdf peprscobe hudmstWd DBOhe(G1838idn is not limited to the specific

PCT/ B2003/ 0051 8 of,.Eigures 33 to 3c.. Thes

Fi quitBeL AERP PRS i ichy 44 ERGRLY B (i FrAEaeaply, and that
Pi peviriiuR trSodi oAb Sidl Rtefhibhire Pbisile RELRESopE8f the appended
interjior and the exterior of the pipe and to the pipe

bei n§la#&nt . The shaded areas correspond to

conmbi nations of bending and pressure differenti al

where the joint is stable. The inner, darker areas



5 correspond to pipe joints in which the axis of the
i ndi vi dual pipes joined together are already not
co-axial. As can be seen from Figures 5a and 5b, the
stable regions extend over a | arge range of | obes and
differential pressures. Thest results are in
conparison with the response of the prior, art pipe
C'oint "shown in Figure 5¢c which is stable in only a
mk%giricted range, in the first quadrant of the 10
graph. The chanfered surface can include a concave

¢ t { f
1o ovhae - BRBsPh i TG rienfalied mial B (S Pt having at
W £ ome e e abro ueacg toticnuzgid 4 seond pipe Eértgth/\bd boetaving

te
o Sl MR RMANE L DERLARR el B o
ar e bping ﬂdwed/vt{ymtﬁf-eemﬁpaieng) m%/greatnd pathat thevaial derggth of the
nodi tthéé"E!EH Egﬁloﬁg‘ ?%W lﬂ[’éaﬁgifhé"r%(ﬁ b%ﬁ\%%&h%d W h8 sERE direction
scope o
scr edid ﬁraéaﬁ?é@ qr@iqip theplongitysiénal axdsrpt hsiping fengﬂrl rtee malepibread

| engdylfer@fingPot Maw gig) @ﬁom&m %dﬁegntaa e@hae;ﬁ@ﬁtswtw @mﬂmr on

portion and a secon or box havi ng

end tgefOé'?%P@rtﬁarWP(ﬁqm@Wqﬁ@ar& Stﬁ?nﬁiwél#em%lwlsmg a focess in the

SCr efokrh foeaadoné RéceRRF thaling a ROINIEd 3FRR! 8Fd tOfirst conlc surface,
part of the axia

inter-e t
! eng%'?st&?“a%q'ﬁ darg 'ﬁgt@atgﬁtfg‘ﬁ’oﬁ%t 8155 196 Tt pp gyder of the
t herragie pbﬂion @r cored riebsgkrigh tﬁdﬁﬁnﬁ%rﬁbr{ iBElideRone@n tharé convex

an acut le to,t Ny di nal axi f the
oGV Rk oo B oM, e HgorBt e et o8 Gy ce of he
shoudtafeshoatifenineintesaa flatppltiaent ary st op shoul der on
the other portion, the conplenentary stop shoul der
conprising a recess in the formof a cone receiver

2. haviAipird acourdide do &beim 1, auhereain fhier srfacebf thesutrehelt eurved portion
SubskeBhu dtuRialdet atgbhe axis of the pipe. of the

coni c stop shoul der o mal e portion or cone

receiver of the femal e portion includes one or nore

3. CONVESint according to Claim 2, wherein the radius of the circle is from 2-10.5cm.

4. A joint according to Claim 3, wherein the radius of the circle is from 2.2cm to
3.0cm.
5. A joint according to any of the preceding claims, wherein the distal end of the

inner surface of the pin is chamfered, the chamfered edge being at an angle of
18°-25° to the longitudinal axis of the pin.

6.. A joint according to any one of the preceding claims, wherein said flat portion of
the first conic surface subtends an angle of from 1°-15° with the longitudinal axis
of the pipe.

7. A joint according to Claim 6, wherein the flat portion subtends an angle of 1.5°-
4°.



curved portions on the first conic surface wherein the
first conic surface of the stop shoulder includes a

flat portion. 2. Ajoint according to Claim1l, wherein
the surface of the or each curved portion |ies on the
circunference of a circle. 30 A joint according to
Caim?2, wherein the radius of the circle is from
2-10.5cm 4. A joint according to Caim3, wherein the
radius of the circle is from2.2cmto 3.0cm 5. A

8.j oi n& jeivicarcdidirg; tocargnyneodi thb eregeagdilags ChvBere®, a second conic

wher gj IS of the . inner _sur e of th
pi n @sﬁgégoﬁftg!ra esg{?Fl tsﬁg"ﬂ%?{aﬁlfbé?ngg %@@ggée‘?fagﬁ:é%&awﬁ%ﬁ@? glane
of pspasliquarthibellengdidiogl iamialof toeigpeof the pin. 6. A
joint according to any one of the preceding clains,
wherein said flat portion of the first conic surface
9.subt&reist agrording to Bfaim r& wherein Shavised¢pnidhe@nicosigfacea divhiends an
axi sangf oftfhe1gi pe. 7. A joint according to Caim 6,
wherein the flat portion subtends an angle of 1.5- 4.
10 8. Ajoint according to any one of the preceding
10¢! aiATint \WOEdr@ihG t@ afif PRIZEJIRG Ridim %k&bé,taﬁ%mﬁﬁs RS U8R ribed with
ShOl#éfd%c@t!hh@@&ﬁnn%n?ﬂ@Hﬁamﬁ&fdgs.lll' 20 wi th the plane
I na

per pendi cular to the longitu axis of the pipe. 9.
A joint according to Claim8, wherein the second conic
surface subtends an angle of 11-13. 10. A joint
according to any preceding claimsubstantially as
herein described with reference to the acconpanying
dr aw ngs.



