WO 01/ 098701 PCT/ USO1/ 16553 COMPCSI TE PI PE ASSEMBLY AND METHOD FOR

PREPARI NG THE SAME Technical ,Field of the Invention The present invention
rel at es twoamenopysi te pi pe assenbly, for exanple a conposipca/ysopessassenbl y
for use in oilfield applications, and to a.ethod of preparing the sane.
The present invention further relates to a nethod of a repairing a
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intended application. United States patents 5,261,462 and 5,435,867 disclose a
tubular structure, for example a pipe or a pressure vessel, cqmprising a wall formed
from plastic, composites and elastomeric materials. The composite materials are
20 wound in a spiral manner, separated by strips of elastomer. A mandrel is typically
employed, over which the layers of material are wound or applied, after which the
mandrel is removed.
As with all piping, composite pipes require end fittings to be provided in order to
allow lengths of pipe to be coupled together or to allow the pipe to be connected to
25 other pipes or apparatus. However, unlike conventional pipes, such as those made of
steel, it is not possible to fashion couplings and end connections of the composite
materials very easily or to connect standard metal fittings to the ends of composite
pipe runs. In oilfield applications, as in many industries, it is very common to employ
standard fittings, such as flanges and other couplings, with standard dimensions and
30 thread patterns or other fastener arrangements.. Accordingly, it would be highly
desirable to provide a means of connecting such standard fittings to composite pipes.
A number of approaches héve been taken {o this problem. One approach is



A nunber of approaches have been taken to this problem One approach is WO
01/098701 PCT/ US01/ 16553 2 described by WF. Andersen in "Advanced

Conposi t ewDronlobs7ng Ri sers - Providing Cost Effective SystemashoiecsBeepwat er
Expl orati on and Production”, Deepwater Tecanol ogy Synposium Decenber 2-5,
1997. Andersen describes the use of a so-célled "geonetric trap", in which
a standard end connector is attached to a netal insert. The 5 netal insert
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patents end connection is present having a segment over which the composite matenal is
applied. Again, the segment of the end connection is provided with a contoured
surface so as to prevent the withdrawal of the segment from the end of the riser. In a
preferred embodiment, the end connection comprises two such segments over which
25 the composite material is wound. Thereafter, the two segments are forced apart in
order to provide an axial pre-load on the composite material.
It will be clear that the aforementioned approaches to the provision of end
fittings in composite pipes all require the end fitting to be present and built into the pipe
‘during the fabrication process. If would be desirable to provide end fittings and a
30 method of applying them which could be applied to completed sections of composi"te
pipes as and when required. Further, the forms of joint disclosed in US patents
4,701,231 and 5,771,975 have a joint capacity that is dependent upon the strength of
the composite material in the radial and circumferential directions of the pipe. This can
be very limiting on the capacity of the joint to withstand high axial loads.
35 US patents 5,261,462 and 5,435,867 disclose a method by which lengths of the
composite pipe describe therein may be joined. In this method, various layers of the
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tapered surface of the connector rs formed with a thread to match
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pi pe coupl i ngtaperedZspare af thersonsedords fpimedayith a thread to match corresponding
threads on the inner surfaces of the end portions of the pipes. The connector may be

applied to form a joint between two lengths of completed composite pipe. However, its
application relies upon a thread being machined into the end portions of the pipes
25 being joined. Such a machining operation is undesirable, particularly when use of the
connector in remote oilfield locations is envisaged.
US patent 5,685,576 discloses a pipe coupling for application to a completed
composite pipe. The coupling comprises a male conical member to be inserted
between the inner layers and outer layers of thé end portion of the composite pipe. A
30 female conical member or cup is placed over the end portion of the composite pipe. A
filler is applied to fill the voids between the male and the female conical members. An
axial force is applied between the male and female members in order to clamp the
. compbsite layers bétween the conical surfaces of the two members. Again, while this
form of connector may be applied to a completed composite pipe, it requires a
35 substantial operation to separate the layers of the composite pipe in the region of its

end and to install the male and female members. The need for such an operation and



conposite pipe. The coupling conprises a male conical nenber to be inserted
between the inner layers and outer |ayers of the end portion of the
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high axial loads, for exanple in drilling risers and productlon risers for
of f shore oi | f Pefefab Mﬁsf%wpeﬁ%bewd its VigldP@Pk ed to provide one of the inner

surfacg of the tubl agpliBsicnk Mwhfch the\sorstshE PibetRFemby i9iH IR subiEdar® idn t he
forge nenber with at |east one ribh. Nore
axial loads, for example in drilling risers and production risers for offshore oilfield
operations, it is preferred to provide one of the inner surface of the tubular portion of
the housing and the outer surface of the forge member with at least one rib. More
preferably, both the inner surface of the tubular portion of the housing and the outer
25 surface of the forge member are provided with a rib, the ribs being offset from each
other in the axial direction of the pipe. For some applications it is most advantageous
to provide a plurality of ribs and grooves on the inner surface of the tubular portion of
the housing and the outer surface of the forge member, each rib being axially aligned
with an opposing groove. The ribs, if provided, are preferably shaped so as not to
30 penetraté or puncture the surface of the composite pipe. . The ribs, if provided
preferably extend circumferentially around the exterior of the pipe and, if extending
around the entire circumference of the pipe, can provide a seal between the composite
pipe and the inner surface of the tubular portion of the housing and the outer surface
of the forge member. The number and arrangement of the ribs may be determined by
35 the axial load capacity desired to be withstood by the composite pipe.
The composite pipe assembly may comprise an end fitting for the composite
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and the outer 25 surface of the forge nenber are provided with a rib, the
ri bs bei /goafifosssdbl f rom each other in the axial directionpofi/tsheirgsspe. For
sone applications it is nost advantageous zto provide a plurality of ribs
and grooves on the inner surface of the tubular portion of the housing and

the outer surface of the forge nenber, each rib being axially aligned wth
an opposi ng gPBvier exarepleiafiange s praferrhivymaunigd onhe heysing. (Allgiagivelysiieas not

to 30 penetr absmPssiBPisd AsRniiemay bétaa Rbair S LRIMRRTEI RchbPSF thd ESmbet% i f

provided preferably extend circurnferentially around the exterior of the
pi pe and, if BREORAPAJOINbReSREN MRleagihs PECAMPRSAPICence of t he pipe, can

provi de a seal betwegfurihafasRERUE prRseiifRnBOE pidlRics BNBEhsY bf AsslyiY ah BRd
tubul ar_ portign of the housi ngq and the quter surface of the forge nenber.

The ‘nurtber anBtiBg 4R GeMRAIteRIPE ke FomROSHE PiRhaying: PP ¥l 15‘9"'!35 apiesxi al

| oad capaci t ys@ifse#d drolier stirfabs tvitich J?n)éthbh%oﬁ@ﬁ?éb’i 'chﬂnd%g?Q hoJélﬁ*glﬁ gite
pi pe assenbly maé conprise an end fitti ng for the conposi /098701
PCT/ US01/ 1655 8ibular gpitian afgynddhe gyerorpf @&H&&O”&n&fébeaw?wtﬁwwémsf@ the

housing. Al tefuaataw&bamet.mrmﬁmnﬁébrpe Whé}eb@ﬁ@%ﬁalpbﬁwofaﬁép & WAlllleRRAHS
for a danaged section of the conposite pe or as j oint between two

| engths of coR@¥erR éhgiope mpmbgr anRft Wﬁé?b‘&%rrf@é@“ Qfﬁ'ée b?%tanﬁj AetoRningrihe

providgs a mﬁ?%@w@fnb%?%d(él@%u%r@@dher@bﬁ Hétbinmbg te t@bGI@FB&%bﬁ 8f Rk PBusih§e
conposi te pipe .havin aVIn% an inner surface and an outer

surface, whi cFRAAlY I"?Hg"q{%rBW%‘ééts PFtsY Yigdieing whaiehnieruRulaigrostion of jiog ar

portion aroungoidify &llies bQédeliy .awa@eféomrésls% f@rEe bbﬁin@t‘ tR€ P%'Wall dMaame di ng a
t ubul ar forge menber within th wher eby t he end ion of the pipe

wal | extends fahgq peawer. hquf@ﬁaB@ ft'i‘érf?fé? naﬁmmrr@@phmme 'i?éﬁ"y gHiwgrds against
housi ng; and gRfikkdFsiEraéd18f the pﬁdérv%I WSFgerlﬁ&h@érhé’ ?%forﬁ‘n'é@"t@laélyond
deform ng t he tubul ar portion of housing radially oufwards beyond its
partiald yi el dithWPKtPOIRkher eby t he tubul ar portion of the housing applies a

radially inwards cggHeesRbYAmMERY %féﬁg@ rﬂéhbéﬂ@pﬁiv%d%lrlhg ?ri%r%ﬁ&aﬂé@éﬂﬁe
menber. Preferably, the forge menmber applies a force radrally outwards

agai nst the i Pﬁfﬁpo%tﬁrpﬂ%elnéh'steﬁ‘é’oﬁi"}%‘t |layersipf theopnsbpertiom et the sompesiter abl vy

deformed to bgyenk fo%?\e& 8 24it6 b@erﬁ’@th@toutér%uﬁ’ﬂé‘e SiRe 0GB memséaevflmlbqesrrenber
IS provided durln% preparation of conposite pipe. In this

embodi ment , t @@be v@ngpr@fsluﬂﬁ%ﬂ@neﬁtﬁuﬁt@n ehthéfas'ﬁwebl&@ﬁﬁb@ptr@an%awea}féher or med
SO as g overbé,ﬁ die piiE. Bor SSHbRCA a%n{o@lof:&foﬂ‘?nm |t|¥\QHe%uth§|ower

enbodi ment precl udes the install-ation of the assenbly after the manufacture
of the stress concentration in the composite material associated with the subsequent

deforming of the forge member. ‘
The tubular portion of the housing is preferably deformed such that it is partially
yielded to no greater than 75%, more preferably to no greater than 50% .of its yield
25 point.
In still a further aspect of the present invention, there is provided a method of
repairing a composite pipe comprising a pipe wall having an inner surface and an outer
surface, the pipe wall having a damaged portion, which method comprises providing a
housing having a tubular portion, the tubular portion of the housing extending around
30 the exterior of the pipe wall covering the damaged region of the wall; providing a
tubular forge member within the pipe such that-the damaged region of the pipe wall is
between the forge member and the tubular portion of the housing; and deforming the
forge member radially outwards, thereby deforming the tubular portion of the housing
radially outwards beyond its partial yield point; whereby the tubular portion of the -
35 housing applies a radially inwards compressive force against the pipe wall and the
forge member. As before, the forge member once deformed preferably applies‘ a force
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there i s providdialy auivardoaoainst thee'ﬁawrﬁqﬁf@%ot:@m wall phgain, dberfaree megber pi pe

wal | havi ng ag plréfg@bwsdgfgm BHdyerny ieNi@H pomyr face, the pipe wall having a
damaged portion, which nethod conprises rOV|d|ng a_housing havin

a
tubul ar portion, thee cempprste H!R?r'f“?)bhe(fﬂm'leﬁé""‘l*i‘cﬁj@ﬁwmé%?'é%W@SQP&J%EC%O t he
exterior of tigch Mer#Rhy) bEEMEI,ETtd R %m@sdmb%tr@cdn%s}t@bl e to

provi di ng a tubular forge nmenber within the pipe such that the damaged
regi onSof t hePigVe lg@kage °§f|U'Bé'09l%rd?’fe$%\§e WB'F'QéhQrB'ﬁBe Sughg coRposifenRipe may
portion of thge Déééﬁh'iﬁ!e nié'ﬂ%d@%@r ?bé}%tds*’tﬁ thed %Q&tﬁﬁ\i@ﬁﬁén H@Abib¥fdpalt war ds,

t hereby deform ng the tubular I on of housing radially outwards
beyond its pa‘?‘%ﬁcabe‘iﬂ deweyssi 'ﬁtafuﬂh@r%'b‘gpd!fﬁ@“tt%fﬂr%ﬁ megter Biay be forredsss a

housi ng appl i @sitafy ﬁé\r@'hﬁh ktYe BRI, fl‘ﬁm?ﬁ@ys@é YéhidvabiCRr @Qé’r‘nﬁl%t by REmiRbREe Wal |
and the forge nenbe As before, the forge nenber once deformed preferably

applies a for'@‘@r\ﬂ@‘@w%‘g‘mpmﬂ‘lﬂﬁfﬂmm% radial |y outwards agai nst the

i nner qgurface of tﬂ@urﬂié?%s‘é‘@étlof thRdAehtion B%vfd‘éé@%tt"ﬁﬁ%@mblysfopé%Bﬁbéé}!ey
defornmed to beyond its yield point. The conposite pipe may be formed with a

netal | i c |inePP®RaYING ajdirg wall with an iaer susface and|aniaiterpaiface taadfiting assandply eal

the inside sugdaGRigfa hB@sn@ﬁ&% éﬁjbﬂla%oﬁ@nfﬁaﬁhé\éﬁ’?ﬁnér%aﬁé&emihfchfthl&UIQ
under pressure Wlthl n the pipe. Such a conposite pipe be used. in the

net hods and. a@ﬁp‘mralswge@ftmen@na@é@mtthe axteren @ mtmb@féh%@pdvaé a {byilari bed.
However, in ag ﬁmeﬁ{be?ﬁm& aﬁaﬁtemﬁfefcerf&qoéa%h%thmamef&s };e&fB?ﬁIp@ﬁNh%re%/

unltary part w the netal” Iiner. This ma e acnl eve or exa

form A§ the @pewien@f the ofihepige pellis lriween ?h@@lié%rﬁﬂat:%pf:ﬂaﬁéwlarfergﬁa furt her
aspect of themle%@ﬂéhdﬂmenﬁr%f's@ﬁéc@offthéEdﬂa%r?a%ﬁﬁﬂ‘q}fmef usfh C%Reﬁméﬁorqé' pe

haV|ng a pl pe wal an 1 nner surface and an outer sur ace t|n

assenbl y commﬁmé?ﬁhgelag Hefesmalle ime rattially outwsard gireglionttp dherelawsefgrmathe; tabidar
surface, whi chyistbyt tﬂé hoHQhé b@%qusits af@aqi iR ﬁdﬂte&ﬂzhﬁﬁ&l{ﬁg tJUﬂl?ar%FtBh'oﬂheOf a

portion of the pipe wa nber having an outer surface
for location mttsmgranplhes ecﬁw&al £empiegaive @e wllmvw@r%agal@ﬁi tis pippwall and he

pipe wal | is petigEMdMBer YR ot héthberd pFel?é'raB!VMd JoUsIB be deformable
such that it will apply a force radially outwards against the inner surface .of the pipe

wall.

Brief Description of the Drawings

The present invention will be understood more fully from the detailed
25 description given herein below and from the accompanying drawings of preferred
embodiments of the invention. The description and drawings should not be taken to
limit the invention to the specific embodiments, but are for explanationA and
‘understanding purposes only.
In the drawings:
30 Figure 1 is an end view of a composite pipe assembly according to the present
invention comprising an end fitting for the pipe;
Figure 2 is a cross-sectional view of the composite pipe assembly of Figure 1
along the line Il —II; ‘
Figure 3is a view of a portion of the cross-sectional view of Figure 2 on an

35 enlarged scale;



menber and the inner surface of the tubular portion of the housing; the
tubul ar forge nenber being deformable in a radially outward direction to

t her eby dwbanmvg7ne t ubul ar portion of the housing beyondpcrapandssal yiel d
poi nt, such that the tubular portion of the housing applies a residual
conpressive force radially inwards against the pipe wall and 20 the forge
menber. The forge nenber is referablﬁ fornmed so as to be deformable such
that it will applyFiguefticacmgpapeiengliviow of3 sagrndrinbadientnidie eampasiie - of
the pipe wal hip e%sbélfnbg%?@ﬁé Breb &t ifenfidte lrﬂfvﬁiﬁh 'ﬂgesco sit B Mo gR¥EDL iR,
wll be understood more fully fromthe detailed 25 description given hefein
bel ow and f rom t he FigE® Aram glosg-saetianphgew Qfaﬁﬂ@ﬁéﬁmdlnﬁﬁb@ﬁﬁhﬁ@ﬁmoﬁfe t he

i nvention. A2R6EMBly| P heAitescHt MVeREih in hHIEnE RbnBsiteAliBd chRpriddsd iinet he

i nvention to Flﬁe specific errbo?il ment s, blut are forngxgl %ﬁgt Fonp%ng ne
under stiandi ngWﬁhlapd@égfabfﬂrse membeRe drawi ngs: 30 Figure 1 is an end view of
a conposite pipe a&?g%@bys 2035 deBbrb ikl 81 BREZAD a doRiRRle BiRc COPILiAg A0 an
end fitting for the pip IS a cross-sectional view of

conposi te pi pEOEBaTIFLIIYe B*Fsemgf@\(]@féhﬁpreéﬁbﬂqufﬁ'énl ine 11 - 11; Fi gure 3.is a
view of a portion @iqud? ichefssSBeidanby bf & ¥irfier Eirbdbicht BPtn8Bresait

enl arged scale; WO 01/098701 PCT/ USO1/ 16553 7 Figure 4 is a cross-sectional
view of a secHanianieEming ot betweer Bymeastioes obqsPosie 8PS y of the present
 nventign, in whi CRiduies KOFBERDEGIBIRA GARdSHRmBe! b fiting TdW Gnibsfe 3
cross-sectional view of a further enbodi nent” of the conposite pipe

assenbl y of t RWwemceasing tPAkepiesent inventiPhich t he conposite pi pe conprises a
liner S with an i piges gl.saeé&seaﬁm%of% wsﬁg%flasf.tﬁhgwo%scoﬁ@s&.témgé vi ew
of a repair to a conposite pipe conprising a conposite pipe assenbly o

the present i AgeQiding o the yasant invertion; apdss- sectional view of a further
embodi ment of the FW@% |sé8|’6§§1%é&ian£|qﬁéﬂ/89th@ doﬁipﬁéltebﬁb%%rﬁw«)oﬁ ng&ﬂeolns
of conposite plg ure IS a perspective view of forge ne

fittind for awd ﬁﬁ@'éﬂ"igetoobmﬂﬁcﬁccor ding to the present |nvent|on Figure 9
is a perspective view of a housing of a fitting for a conposite pipe

a

Detailed Description of the Preferred Embodiments

Referring to Figures 1 and 2, a composite pipe assembly, generally indicated
as 2, comprises a composite pipe 4 with a pipe wall 5, having disposed around its end
portion a housing, generally indicated as 6. The housing 6 comprises a tubular

20 housing portion 8 extending coaxially along the end portion of the composite pipe 4. A
tubular forge member 10 is disposed coaxially within the composite pipe 4 so as to lie
within the tubular housing portion 8. The forge member 10 and housing 6 are shown
before installation in Figures 8 and 9 respectively.

The housing 6 may further comprise a fitting for the composite pipe, for

25 example an end fitting. It is an advantage of the assembly of the present invention that
the housing may be formed with any standard fitting that is desired to be secured to
the composite pipe. Thus, the housing 6 may comprise a flange, threaded coupling,
pin or box thread. Figures~ 1 and 2 show the housing 6 provided with a standard flange
12 having holes 14 for accepting bolts for fastening the flange, and henceq the '

30 composite pipe, to a corresponding fitting on another pipe or an apparatus, for
example a pump or a vessel.

Referring to Figure 2, the housing 6 comprises a widened bore at its end
adjacent the flange 12, forming a shoulder 16 within the housing 6 at the end of the
tubular housing portion 8 for receiving and abutting against the end of the composite |

35 pipe 4. .



according to the present invention; and Figure 10 is a cross-sectional view
of the conposite pipe assenbly of Figure 1 15 with a forging tool in
pl ace. Dewaiohi@eB7Descri pti on of the Preferred Enbodi nents Refrarsoi/ngss o
Figures 1 and 2, a conposite pipe assenblyg generally indicated as 2,
conprises a conposite pipe 4 with a pipe waII 5, having di sposed around its
end portion a housing, generally indicated as 6. The housing 6 conprises a
tubul ar 20 housi nngpﬁ)mﬂ%wr@ceﬁféﬁdu%ardwb%mamoytwﬂ%m@ytbﬁ@ RiAIA spdags, 8R of
the conposi temQHH’e SuterSurfatd Bf i bQEIFeMBEORY. 1i&lichSs ﬁie%@éetﬂeﬁeﬁbbﬁié pipe
within the conposite pipe 4 so as to lie wthin the tubular housing
portion 8. Thtisthaldby meapepf figtitrkpineersithiner andousicwifaceearit Beifageal | at i on
in Figures 8 ﬁ@ﬁhb%rﬁ@gm?meltusulxrhommgguvmnrwre@p@aweiyurﬁoﬂ%epmé%rﬁqe
flttlngfort e conposite pi exanple an end fittin I's_an

g

advant &ge of @%?@Wé?yst@r\’ﬂih?t%ﬁ ‘hidher gxialdesds WihpubheGamARSte PIPRd a%a@it'n@frﬁﬁy be

formed with apy 35aneigdithd prefdrablé ﬂ%ro{n@e dat 6rqﬁo,5@nd%rﬁﬂe wr@dsa@acet&%e
conp05|te plpe Thus, "t he housing 6 nprise a r eaded
coupling, pifbglar b@i@'ﬂ%?@ﬁ@ 8pr %@erfua‘ﬁae of g fetoe mer%eﬁsépn is MARvi ded

with a st andaﬁr@fénle@ne%roﬂ& é‘ﬁMfeﬂﬂ/ mib%n%ré&@s 3R GARIF 1 |hﬁ’érts%rf§&¥ of the
fastening the flange, hence the rrgom te pipe, to a correspondi ng

fitting on anbHer P%‘E’é 3(9f thﬂh%tﬁ‘ar%‘?rdﬁe opisF S”@P&rﬁfl"@ fergrimgmber 0. K&ibe| |
Ref errpng to Eﬁoggvoeve’s arbfb@eéwéh I8t én&%mférézﬁefaramyd&e%t BRYR: Rher §L§fa§é‘ﬂ

adj acent t he flang.rb , form nlg a shoul d housi ng 6
end of the tefighe dbulRshisrsing perion &n In g preferred eevodimenk aluialiy ©f HBS 8t nst
the end of thg idr&idesPorPh AR tHe mH@&ﬂ#aQ@%?@l@ tﬁlﬂé%&fn@%ﬁ%n@%d thaer
surface of the tu ar housing portion 8 may b | ai n surface, as

Che outer sureuieEsusfaceiebtederie Membei 0, Refering fe hiduse 2Py orike 16 are
conposite pi pl%ﬁmé? br tﬁ'belhﬂel%ldﬁﬁé‘ﬁﬁthgf uﬁdlé%u@ﬂp%ﬁ%@ THeSridsMBAre@nd out er

surfaces and and the tubu housi ng portion 8

respeddi vel y. sem@mie@gy grapves 8er Thehousieg 8 with dearilps 1§ anduaroReseRiane aiser
axi al | oads V‘%rf gf]ﬁe QO@aﬂﬁérfyeawnﬁwﬁn%@@ﬁé@é i5Rd gf fHeButderrassSsmLY 2,
a eto 0] eC

it is prefer ovide a rrb or pr lon on the inner surface of the

t ubul ar housi iqvggq)membsm&lso‘prm%wma@ "%'lﬁY ohiths 27 andaropvsgé. nhegias 18022
is nmore pr ef.sag e%hhge g\é‘raﬁn@re‘i’l'tléllgﬁérb&ﬂc% e uﬁﬁé%uﬁé?éie &‘rtﬁé’i’u%%la%oﬁl@ﬁ opf the

i nner surface F housi n or the outer
surface of t hieethorgisg @tﬁﬂ@léhe ooter syrfacerns ﬂlQ)fOégﬁjmgH@QK/ aérsélo)ﬂf‘ét@ﬁtflgéfﬁsj ust

one, ey ar e npehe AR EPR: 28 RehiBPrdVRARRg e HoRCS fluid either into or out of

the pipe assembly. In the alternative, the ribs may extend around only a partial
circumference. While such ribs will brovide an improved interference fit between both
the forge member 10 and the tubular portion 8 of the housing and the composite pipe,
the ribs will not provide the sealing function just described.

25 Figure 3 is an enlarged view of a portion of the composite pipe 4, the tubular
housing portion 8 and the forge member 10. As shown in Figure 2 and more clearly
visible in Figure 3, the ribs 18 and grooves 20 of the tubular housing portion 8 are .
arranged in an offset pattern with respect to the ribs 22 and grooves 24 of the forge
member 10. Thus, each rib 18 of the tubular housing portion 8 is offset in the axial or

30 longitudinal direction from the rib 22 of the forge member 10, such that each rib 18 of
the tubular housing portion 8 opposes a groove 24 in the outer surface of the forge
member 10. Similarly, each rib 22 of the forge member 10 opposes a groove 20 in the
inner surface of the tubular housing portion 8. In this way, each rib 18, 22 contacts an
unéupported span of the wall 5 of the composite pipe 4. Preferably, the ribs 18, 22

35 and grooves 20, 24 extend around the entire circumference of the inner surface of the
tubular housing portion 8 and the outer surface of the forge member 10. In this way,



of the tubular housing portion 8. In a preferred enbodinent, a plurality of
ribs and grooves are provided on both the inner surface of the tubul ar
housi ng pwotoross781 and t he outer surface of the forge nenpem/us01/1d43683 erri ng
to Figure 2, a plurality of ribs 18 are fgrmed on the inner surface of the
tubul ar housing portion 8 The ribs 18 are 15 separated by grooves 20. The
housing 6 with the ribs 18 and grooves 20 are also shown in Figure 9.
Sinilarly, astheRRRRSING ribs d8r&and gieaves 2Q. 3¢ cogperpiasigmrerids asealihetwaasythe

menber 10 is EohpEshe\Midd an®hbilishhd & ¥n@thd fokfe MémBBA1@r ooves 24. The ri bs
18, 22 preferab y extend circunferentially around the inner surface of the

tubul ar portion of The RRMRAGRILS RiRE BSSEATPIt AiS %?@Plegd'ﬂ thecfellyfing manpesi: gdenenber

10, as shown ppy FMoﬁ bftHe®®mpéSitd Pipk BiiS ind8Ned rnttethre't@&uéwpbn@&ﬁs aﬁhé%hﬁn
preventing the flow of fluid either into or out of e_assenb ?n

t he al t%er nat i §drom e endd thepRousingchepnasiie e sl ‘V'"hthSé'ﬁﬂg%ﬂ Ehe éQmP‘éﬁ‘r'fénce

Wi le such ri ? e ib knsBFtey inﬁ@tf@%du@ﬂ?@tﬁﬂu !h@te?xﬁff%ee&qﬁe {uall 5Qﬁrtﬁ@ﬁ6e Beblits the
forge nenber and the t por of housi ng t he conP05|te

pi pe, the ri ¢ shopldend wishipfhqiBoysing G.ehhe fﬂjgef mheb A0 ﬁi@?n ¢n§§6¢¢ iéqithen 5

Figure 3 is a@n&Bbﬁbﬂéﬁth\é'cﬂm&&t@p@@Wéo% t@fhett&ﬁllﬁﬁlm?@ﬁ'lett@blﬁlbﬂf‘orﬁonQBPthe
t ubul ar housing portion 8 forge nenbe shown in Fi 8ure 2

and nore cl eaPPysingp qubql'@mmﬂn E|9§[ﬁ%- Bhereqtters F*Esfom'raﬁab@r%%gbjzete fo ghe

t ubul afp housi Ih%rﬁélrﬁréé%@m@ sﬁfﬁ%lenﬁfor d%é?&ﬁﬂthbﬁor@@ nﬁ’érﬁﬁ&tmpﬁiet\ﬁélr‘s ¥ th plpgspect
to the ribs 22 and grooves fo . Thus, each rib 18 of

t he tubul ar hé%m?dub‘d?'i IP%'PP'Bs Pgthﬁfmé'é'ﬂg r’fa@'ﬁ@/ %%%Wﬁ!dsoNeﬁﬂslf@’rﬁg'PteGH’mﬁlP

di rection frompgdmenider %arpfntérnﬁ pré¥stRe évermswnwthe%apmar@aamsﬁct)srpéier&§ of
t he tubul ar housi ng@?ortlon opposes gr oove in the outer surface of

the forge meNperd. 388,758, 4194519, 4@9@}439 |aBd 221325f7418ri?&50i‘2§|9g@'41f9fﬁﬂ&t096 febposes

a groove 20 ipyd rddG ufidrd ffr€eLf the tubular housing portion 8. In this
way, each rib 18, 22 contacts an unsupported span of the wall 5 of the

conmposid e pi pe 4. Apshewain KigureHd, aiferginggool 26 igmsgred iptwbhedargganembere Jhend
around the e”%drélﬁg‘fd Cg{é’ﬁ%ﬁ‘eﬂl?ﬂﬂ‘t“ca@d 4w i thewrégﬁ&ﬂlcgfarrry%mﬁrfé@é‘bar

housi ng portion 8 outer surface o In this
way, WO 01/ ogewmrlmlew% 168g gylindrigan slegi 88 isref arreﬁﬂierltsnatgaalmh@saaves

20, 24 cooper ¢
housi ng 6 and tRg FhcL Q‘%Frgﬁ%@*ﬁ@**'#?é%ﬁ%&%??%ﬂﬁi’ﬁ@ﬁt‘éﬁz%%58 Sl

assenbl ed i n ingeeaseln am@rﬁaﬁﬁépéndnn@ radigly pwear r@pthrheummbéiwrpl pe 4
i's insgyted 'Qéé?n% ?é 58%&@2%% fo'c:ﬁ@d%nr&mwfe@nt@@’ﬁﬂoﬂﬁd the BrdifPidbi ¢ end of

the housing 6 opp0s he en ange e conposite plge 4 1is
inserted int oa@m@en’imeﬁtgveeen@lﬁtqf thet eydingsical $la%\@%ﬁ Theesegding risgn30 ank3ppgle 4

abuts to contain the sleeve 28 and limit its expansion in an axial direction under the action of

an applied internal pressure. In operation, the forging tool 26 is inserted into the forge
member 10, such that the cylindrical sleeve 28 of the forging tool 26 is located within

25 . the forge member 10, as shown in Figure 10. A fluid under pressure is introduced into
the interior of the forQing tool 26 from a reservoir through feed lines (not shown)
connected to the forging tool 26. Under the action of the fluid pressure, the cylindrical
sleeve 28 expands and applies a uniform pressure on the inner surface of the forge
member 10.

30 Under the action of the forging tool 26, the assembly 2 is subjected to cold
forging, as a result of which the forge member 10 is deformed by cold forging radially
outwards. This in turn deforms the wall 5 of the end portion of the composite pipe 4
and the tubular portion 8 of the housing 6. The forge member 10 is preferably
deformed to beyond its yield point such that it is fully plastic throughout its thickness.

35 The tubular portion 8 of the housing 6 is also deformed radially outwards. However,
the deformation of the forge member 10 under the action of the forging tool 26 is



the shoulder 16 within the housing 6. The forge nenber 10 is then inserted
into the end portion of the conposite pipe 4. so as to lie totally within
t he tubulwo opoesg7oon 8 of the housing 6, as shown in Fi gureTAiSoTesseaft er,
the forge nenber 10 is subjected to an 10 imternal pressure, sufficient to
deformthe forge menber 10, the wall 5 of the pipe 4, and the tubular
portion 8 of the housing 6 radially outwards. Means for subjecting the

forge rrenber fiiteghsught taathe tyubay Portiond ef the bowsing 6 iswdefaimed @ pasii nﬂﬂlde US
Pat ent s pBinB SR tHi fespect! % t6R4; “pé’t’tl&%lé‘“ﬁ@%@%’uﬁdé}g@og fcﬁmgéﬁma?ﬁfe

forging tools for exerting radially outward tTorces own I n ure
10, a for gi ngofelhogeng$ mﬁg@ vie the thbigar pritiony 8 hias heemdeformredbeyond ifs ryg?ld: ool ,

general ly i ndPS:ﬁf é’lqtsélﬁngr@urf'aée %Fﬁétaét ity oﬁﬁélr bﬂﬁédecaljfhquigulﬁpﬁmﬁc?rﬁﬁfﬁf e

cylindrical eeve . The cylindrical sleeve Is of aresilient
materi &, suc hoggngﬁ 'Sr l@ﬂ@fﬁé@bly deformed i a oardiakyiele @oiat of ienoreptes thanedSu rteat is

appl i ed w t hi Rolftfe HPEHRs Pihe! Volunidof th@%ﬁ%ﬁﬁne'tﬂblﬂér@;{@ﬁcﬁf 8 éﬂﬂe%ﬂéﬁﬁle' n a

radially outwards direction. Upper and | ower 20 sealin s 30 and 32 are

| ocat ed ci r cuhas beemdefarmsd %ﬁy@ﬂﬁdist)/ﬁ%d PeIPlgiMiere tseipraply. idamrorfiensirsct i ve
ends of the cybéfgéfofRdd ﬁ)l éaﬁé(rﬁal%ﬁeld POt 867 4ragter EH&Q%O@'Qoﬁ@vo’ﬁﬁn@Ct to

contain the sleeve_28 and limt its expansion in an axial direction under

the action of an AppHeEamatiancefiihe tubutas partien 8 of tapbeusingf to 2 partinbiie)d Reint ool
26 is jgsertegdybotife H‘r‘%sfdgélﬁf@rceg%gmgfm 1R a&é‘ﬁ*blﬁ f‘%ﬁcé e fSﬁélirigrlgél'|§ ?éleéleaeve

28 of the for@ing tool I's | ocat forge as shown
in Fi gure 10. apd fanpevedudig eartigulas dhe @arFl%"YWﬂkﬁQﬁﬁh@élér PWE'@“ 3t0ﬁ§16| hmlémg@r of

the forging tgﬁﬁhegﬁc\ rEéi@Uél@a&ansfSFc\éQh\Kla&iQ% Hi%t the Sl of fh‘é%o(rﬂﬁ%nté& 1) ‘This

connected to t forging tool . Under tThe action of UId pressure,
the cylindri cmadlnsle@éw@szlae Hﬁ'ﬁﬁéﬁd@‘ aiahloggpwitkis the mmwwtmpmee%@dhe ageenable

It ggfr 22 ur I ﬁge gga\fgg tdﬁﬁl idePh %an%f‘?@e[hné@we é’&elﬁjﬁﬂﬁ%séné‘t@d By rtHePé\‘oRef désl%f?béfoprr & ng

I's subjected to co orgi ng, as resu whi ch
t he fon"ge nerrﬁ@ﬂglmve% lH@ﬁ%ﬁﬂ*red by co Id forging radially outwards Thi s

in turn deforns t hﬁsgﬁb\#\l ﬁh&’étﬂﬁ iﬁq:ugd}g gP[?ﬁi%ﬁngerfre& Qrﬂbﬁ@ﬁ@ﬂ?@? ﬁlgﬂ'aQE; fbag 2nd

t he tubul ar portion ousihg forge ne referably
def ormed t o bepwiationss the astian pbihﬁtforgmﬂoolrm is itq d¢fgrm the fergs) mgmber thardidhout

adi al 1y out waree” Pomy B el £ e BamBogte fibF " RifSerlict, It R RO
the action of 5t°|ﬁ§16fQW’IgQQ$§e pipel4 inGohtactad by Tibsosither a IHC'HBLMMﬁerBBsUYi@eI 4fmi t ed
oo B o B AR R 0l 6 AU PR Lol B IetnRRE o,
to mean t hat {Therikg g on the inner surface of the tubular housing portion 8 are offset in the
longitudinal direction from the ribs 22 on the outer surface of the forge member 10. In
this way, the wall 5 of the composite pipé 4 deforms into the grooves 20, 24 opposing
the ribs 18 and 22. In this way, the composite pipe 4 is locked to the housing 6. The
25 ribs 18, 22 are spaced to provide a uniform distribution of force along the axial length
of the tubular portion 8 of the housing 6. However, the ribs 18, 22 should be sized and
positioned so as not to give rise to a failure in the integrity of the wall 5 of the
composite pipe 4 at the point at which it contacts the ribs, as a result of local stress
concentrations brought about by the cold forging process. Further, in order to reduce
30 the possibility of the composite pipe failing at the point of contact with a rib 18, 22, the
ribs are preferably shaped, for example by being rounded, so as not to penetrate into
the wall 5 of the composite pipe 4 under the action of the cold forging process. The
number, size and spacing of the ribs 18, 22 and the grooves 20, 24 is varied according
to the axial load to be borne by the composite pipe assembly when in use.
35 Throughout the entire cold forging process, the force applied by the forging tool
26 and the residual forces remaining in the assembly are maintained at a level below



of the housing 6 making up the tubular portion 8 has been deforned beyond
its yield point at its inner surface, but not at its outer surface. The

t ubul ar pwotorops781 of the 5 housing 6 is preferably defornmedTiwsonigsasti al
yield point of no greater than 75% that ig$4 no nore than 75% of the vol une
of the wall of the tubular portion 8 of the housing 6 has been deforned
beyond its yield point. Mre preferably, the tubular portion has been

deformed to aﬂrﬁafﬂheiratrewtmoaﬂmqmpomte Rge g dJAekis, theoMBOsiRPiPe Ads 0l une. The

def ormati on obybdiRdltsBYbRE sBficlnPd Gust dhiggd aHS fdﬂGrthottﬁe @orﬁﬁéétb%at%&l ﬂ
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wal | 5 of the conmposite pip orms into the grooves 20, 24 opposing

the ribs 18 afempositepipe. hT@J%irttmg rﬁélcb@ﬁﬁaﬁnﬂ@pnﬁféloamay hevaiplien fou8 £ he

housi ng 6. ThegiAaafd B R ppraced to provide a uniformdistribution
of force al ong tha amgﬁceoﬁgp p? the tubul ar portion 8 of the housing 6.

Howeveld the ribs £ nofed, ﬂmﬁﬂr@p%éeﬁlpséﬂmawprp@ﬁ linep rie garigulasa metallicdingr,v e
rise to a fai by tgldn%ﬁ%t?ﬁadent@éﬂrﬁ'@j t(ﬁhgﬁh&%"iﬁéﬂe i9sitwrf @ros%%?ﬂ iaf\ﬁe\ﬁ"opg 4

at the point at It contacts resu stress
concent r at i ondurthebagbediniest of the comgosits ripe éﬁﬁnﬂ@v pirtbe esesenFpveriien. i n or der

to reduce 30 b'&ﬁqp%ﬂéﬁt%‘fEHetéfﬂiSﬁdn%Qﬂ &@F&péuftlfateﬁ%gorfﬁbhwg Amidiindigit Of

contact with reb bs are era shape or exanpl e by
bei ng r ounded Figsiee &grwﬂlcat@dp'@thethe aa@elrﬁf@cﬁnce m@mﬂaaw and gfe amese@bqsb@@qve

pi pe 4qinder h@%hg\%'ngﬁgg?eti Re Eﬂ%ﬂoélt@ ggieefs‘zg%{wﬁgs%%isac yliGical MBS l:aéﬂgc? agd

spacing of the ri 2 and the gro , vari ed accordi ng
the axial | oaéxtending alewgriee lppothhef tewimpessurtacpioh thenosmesite pipadn Suchwadimer 35

Throughout t hﬁbag'bte' ééﬁ?ﬁ cprr%é; P% B 36658 a selfor fﬁ@%e‘?@ﬂllféc%doqu? E&ﬁ?oesite

forging tool res forces remal nin he assenb
mai nt ai ned at pipeldearsl proegrdjuid leakage. Composite pipes havmg such liners as the Ilner 50,

shown in Figure 4 are known in the art. Titanium is of particular use as the liner

25 material for composite pipes. The liner is typically included in the composite pipe
during the manufacturing stage, with the layers of composite material being wound
around the liner. As shown in Figure 4, the forge member 10 is located within the end
portion of the composite pipe 4 such that the outer surface of the forge member 10 is
in contact with the inner surface of the metallic liner 50.

30 Figure 5 illustrates a further embodiment of the present invention, in which the
composite pipe assembly also comprises a liner. The features of the embodiment of
Figure 5 common to those of Figures 2 and 4 have been identified using the same
reference numerals and are as described hereinbefore. Thus, the assembly shown in
Figure 5 comprises a metallic liner 50 However, the forge member 10 is integral with

35 the metallic liner 50 and is formed from the end portion of the metallic liner. If

necessary, the end portion of the metallic liner 50 may be of increased thickness, as



WD 01/ 098701 PCT/ USO1/ 16553 the fiber strength of the conposite pipe 4.
That is, the conposite pipe 4 is not exposed to a force sufficient to
cause damugaiagstof ail ure to the conposite material of anycafushhesssayers of
the pipe. As already noted above, the nmetheg for installing the conposite
pi pe assenbly 5 on the end of an existing conposite pi pe may be carried

out on any convent| 03|te s and when required. The conposite
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that are command bmngmm@@bmoméfthébgup@sn% meemmdt\e@geeh_emuehmm sane
descri bed abov wn in Fi re 4,

ref erence nung 1| '
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f | e
conposite EeW&eaH?f af@ aCPI°|§ fPrggagraber s the nsepefass\Af e such
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i s of artlcul ar use as the for conposite pipes.
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liner 1% typi Baysing 10fis ferapd with & pluglifnefGirewmfgrential H*Eﬁ?%s?%a‘i?grhl{f acturing

stage, with tb@cdnﬁyernﬁalgro@@mqel ISimilERly Sthe@utdiR §13268 Whthe fargeuﬁ@lnbm 1oiger.
As shown in Figure e nmenber 10 is |located within the end

portion of t h@r%ﬁﬁ@bﬁ @“rﬁ‘i"td gglrgtmfﬁrqnﬁaltrIQSh@Z@@p@r,at@t}pw%elgrqyfy qfigsogves ge

nmenber 10 is 124 AQH&Q&ﬁoeWabbvé\h% fér%géét témef@ﬁﬁltﬁﬁg AR8ibBL 8le As 12218 the 0.
30 Figure 5 illustrates a further enbodi ment of the present invention, in

whi ch the coRY¥EERYrEacE; 9 dheloesmelpber 1 s pispifeam §1q iikgedn thetner suifagecef of

the enqypdi menthefousin3066n thechiaranedtont Sirkansifeath GrMes, Adhtdtidaye been
identified using the same reference numerals and are as descri bed

her ei nbef or e. Un$HRROredhROreR ahiheywalliphflie amposite pipe 104.

The method of installation of the repair assembly 102 shown in Figure 6 is the
same as described above with respect to the installation of the end fitting. Thus, the
forge member 110 is cold forged under the action of a forging tool (not shown in Figure

25 6) such that it is deformed radially outwards. This in turn deforms the composite pipe
104 and the tubular body 108 of the housing 106. The forge member is again
deformed beyond its yield point such that it is plastically deformed. The tubular body
108 of the housing 106 is deformed radially outwards to a partial yield point (as
hereinbefore defined). Again, once the forging tool is removed, the housing 106 exerts

30 a residual radial force inwards against the wall 105 of the composite pipe 104 and the
forge member 110. This residual force acts to seal the damaged portion of the wall
105 of the composite pipe 104. This seal is further assisted by the interaction of the
ribs 118, 122 and grooves 120, 124, as described above with respect to the end fitting.

In cases of severe damage to the composite pipe, it may be necessary to cut

35 out and discard the damaged section and join the thus formed two ends of pipe.
Figure 7 illustrates the application of the assembly shown in Figure 6 to join two such



Figure 5 conprises a netallic liner 50. However, the forge nenber 10 is
integral with 35 the netallic liner 50 and is fornmed fromthe end portion
of the newaloiiogs7bi ner. If necessary, the end portion of tha/uset/adsssc |iner
50 may be of increased thickness, as WO 014998701 PCT/US01/ 16553 12 shown
in Figure 5, in order to allowit to function better as the forge nenber
10. The thickness of the end portion_of the netallic liner 50 wl| thus be
det ermi ned by en¥sofApipe. Fsalyres offrioyrad thatifse compigattp Ef9use B haye keqnuideniifigdpe

perforned as {bifig ey SmE8PTBRNhce hiimafil ddPdre dshRsafseRMdrainbdfofehan BieEpMRt
I nventi on may be applied as a repair to 5 a ruptured or damaged conposite

pi pe. Figure 8NOMbRSTIgUE o4 utRITBLPT &/ firslrapregie PiResiiBIigiofeditaéhgerd ent

i nvention i nsEah.bﬁ@f b%e&ﬁ&&émm&srp%m oabom@dxoeeosﬁfo% Ofle 8o cR®PBRIShS Fhal! pe
Referring to ure 6, re,oal r assenbly, generally indicated as 102,
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extendi ng around 10 and al onq portion o he_conpasite pip
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and the housi l&lgﬂr@?of\&ohibbé\ité Bipe &Qﬁ@}bﬁ'ieblewmﬁ)tﬁéﬂreé@ﬁng Bl Bein dF I0wee wérymeged
portion of the wall of the conposite 5%104 IS between the outer surface

of the forge ﬁfB‘i‘rﬁE’P'mﬂ@‘a%@rtWFﬁfﬁ%W“B e nventionak fignged ioMody 108 of
the hoyping 106. The thimeie J§|Hf$ﬁ(i§’ur@f7 hipertiortyf ki foRAVeHB8r P10 isiRrobRced

housing 106 is fornmed with'a p urality of circunferential ribs 118
separated by e Helrfcderf e th Wge pipgs 184a 104p Jheend ofthessegend ur f ace

of the forge e@.ﬂbsg.telpweum foaaRGIdiovVEr Be PéMaRINgtRor N Fithe fodEmRMoerth 16 1 bs

122 separated é a plurality of grooves_ 124. As described above with
respect to thén MWF%WPR@Stﬁg@Hﬁ'F%IP'p? héhe hgusing 106y aligred with the feiger ace of

the forge ”En’ﬂ%rmbblq1@%\ﬂ)l.ﬁnfdftﬁ@butfsfd@fafEH@cdnhﬂb%lt@BIprQMé\nﬁMbS%E%@&e@ﬁrezo
t he housing 106 in the axial direction, such that each rib 12

contacts an  QHUDRHBREIO SHPRNKE SProe menkar |ra<$¢"yt%W%r6ﬁf>%f§Pﬂé0"9wsétq04 The

net hod of i nstghpRid PR 18imdtidR of #iRdbit. assenbly 102 shown in Figure 6 is the
sanme as descri bed above wth respect to the installation of the end

fitting. Thus, theln aRaiRmaemERbotinentdorthe instaliriieniolatessenhly ¢fdhe Bresent a
forging tool ﬁﬂ@ﬁtl&h%dnﬁbdgitg'éfp% ielf B prépsrBd Wlﬁtthé ﬁttlh@ oﬂ@ﬁ%ﬁ@éﬁ reyst al 1y

outwards. This in turn defornms the conposite pip and -t he tubul ar body
108 of the hoagwi@olnetsthem%sembmg@tw@%&md sind aﬁﬁrn@é@cﬁmlm@vow& fprge

yi el d goint shhddrdb, 110 kﬁnd&#@o?éﬂe@%tb%éjﬁdéﬁd% fﬁh@cBMBHélt%rmP@Q)ﬂMl% of

the housing 106 is def ormed radi al outwards to a partial yield point (as

her ei nbef or e definthibg)mamgagtyre %H&P'P%esp%ﬁ'f@aﬂb th%l@lyerSs,of ﬂ*&we@’é& 1Q5m£ tusi ng

106 exerts  gnd portion of the composite pipe 4, 104 are wound and formed around the outside of
the forge member 10, 110. In this way, the forge member 10, 110 is present in situ in
the end portion of the pipe 4, 104. Once it has been decided to apply an assembly of

25 the present invention to the pipe, such as apply an end fitting as shown in Figure 2 or
prepare a joint as shown in Figure 7, the cold forging method described above is
followed to install the housing 6, 106 and lock it securely to the outside of the
composite pipe 4, 104. This second embodiment lacks certain advantages of the first
embodiment, that is the second embodiment requires the composite pipe to be

30 prepared in a specific manner before installatioh of the assembly of the present
invention can take place. However, by pre-forming the end portion of the composite
pipe 4, 104 over the forge member 10, 110, the force required during the cold forging
process to install a housing 6, 106 is reduced. Further, the forces induced during the
cold forging process have been found to be concentrated in the radial and hoop

35 directions. This reduces the stress concentration associated with the deforming of the
composite by the ribs 18, 118, 22, 122, This in turn reduces the potential for damage



30 a residual radial force inwards against the wall 105 of the conposite

pi pe 104 and the forge nenber 110. This residual force acts to seal the
damaged pwotoiogs7of the wall 105 of the conposite pipe 102CTASOF1IESER] |S
further assisted by the interaction of the,,ribs 118, 122 and grooves 120,
124, as described above with respect to the end fitting. In cases of severe
damage to the conposite pipe, be necessary to cut 35 out and
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of an Hssenbl jnage of Hie ppesEat exatple IAMiBAtes R earbemfbers wee fypiselly emploged to
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i nvention in mnd he alternative e | ment, hefo
110 is incor plﬂ"%lt‘%t@s afﬁféﬁet"r@ﬂ@lﬁwqof@ﬂmparﬁ rwst@nc@ t@(ﬁ?ﬁb@isfpt‘@r?ﬁsm and fe04
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Once |t has been ply an asserrb e’ present 1nvention
to the pipe, msistanpe tapppactan end fitting as shown in Figure 2 or

The housing 6, 106 and forge member 10, 110 may be formed from any
suitable material which is susceptible to cold forging. The most convenient materials
for forming the housing 6, 106 and forge member 10, 110 are the various grades of

25 steel used in the manufacture of standard fittings. Alternatively, where required, the
housing 6, 106 and forge member 10, 110 may be formed from any other suitable
metal or combination of metals, for example aluminum and copper, or alloys, for
example nickel-based alloys or brass.

As already noted above, the composite pipe assembly of the present invention

30 may comprise an end fitting for the composite pipe. Alternatively, the assembly may
be employed as a repair to a damaged or ruptured composite pipe. In addition, the
assembly may be used to join two lengths of composite pipe.

It is envisaged that the forge member 10 and housing 6 shown in Figures 8 and
9 respectively may be provided as a fitting for application to existing composite pipes,

35 either directly after manufacturing of the pipe is complete or at a later time, for
example in the field. In cases in which the composite pipe as prepared includes the



prepare a joint as shown in Figure 7, the cold forging nethod descri bed
above is followed to install the housing 6, 106 and lock it securely to
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i nportance in designing such a conposite pipe include the required axial
strength and stiffness, the maximumcircunferential |load to 20 be applied
as a result of internal and external pressure, danage tol erance and
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The housing 6, 106 and forge nmenber 10, 110 rmay be forned from any

suitable material which is susceptible to cold forging. The nost conveni ent
mat er i al swofoaw9g7or m ng t he housing 6, 106 and forge nenberCIQSolid3sare t he

various grades of 25 steel used in the manyfacture of standard fittings.

Al ternatively, where required, the housing 6, 106 and forge nenber 10, 110
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exanpl e al umi NURRAA L@Hﬂﬁ%r or alloys, for exanple nickel-based alloys or
brass. As already noted above, the conposite pipe assenbly of the present

invention 30 may c rise an end fitting for the conposite pipe.
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in the field. pPH'°Eg%sé’Qs?q1an‘F€Hﬁ%S'G%ﬁf)@ﬁpdif@ ﬁl‘%e as prepared includes the
WO 01/ 098701 PCT/ UgQubdieSerge hémber eingeadstter Q.Irfa@@rsdldqf"o%é’ﬁ’l%ﬁ{b@pdlbﬁ&é%dt he

pi pe during manufacture or as an integral portion of a netal

the pipe, as WitBiRjaeagusingyaerepy a\H°Ftl°“t5§ the pipe wiall if; digRpsge betwren the inpey a

housing 6 as.shede ¢fﬂh&t®uraeP8n.oﬁbesaa%@Hahg/aﬁéu tHe ButdH et oféa(&erg@n nmay
or 5 which conposite pipes find use.

be useﬂ?ln an | i cations
partic "@%’rposite pi pe assenbly of this invention is of use in the

constructi on of drind ﬂoggb ABAbEF RAiY et def&fiesl rhﬂialW Mt&vﬁffd'i agame{ ihs%é)ém
together with choke and kill lines, and auxiliary |lines. Finally,

assenbl y fi ndihefuising anddhe shular pettiop of e housingrhayipgitasrgby B‘Pe'bﬁiﬁffmmed

expl or ati on apghiallyrodtittis fNa pd@ialMiélt poinbie particul ar embodi ments for the
nmet hod and apparatus of the present invention as herein disclosed in

detail are fully cHisaHPeapportipn af e gusing apelying esonmessipfaree dadialiyrawaids
statedis it i saf@iniehe PRI tﬁ@fgr%é hRmare merely illustrative of the

presently preferred enbodi nents of the invention and that no |imtations
are intended by the details of nethod of operation, details of

construction or desh8Rohsbsit QU oy
appended clainms. WO 010 8870‘51}O I§IXD(I'QCT/ uso1/ %651%@ t ?@%rﬁt%%&{é EfbbihdsSoen
deformed beyond its yield point.

3. The composite pipe assembly of claim 1, wherein the forge member applies a
force radially outwards against the inner surface of the pipe wall.

20 4, The composite pipe assembly of claim 1, wherein a rib is disposed on one of
the inner surface of the tubular portion of the housing and the outer surface of the
forge member.

5. The composite pipe assembly of claim 4, wherein the inner surface of the
tubular portion of the housing and the outer surface of the forge member each
25 comprise a rib, the rib on the inner surface of the tubular portion of the housing being

offset from the rib on the outer surface of the forge member in the axial direction of the

pipe.

6. The composite pipe assembly of claim 5, wherein the inner surface of the
' tubular portion of the housing and the outer surface of the forge member each
30 comprise a plurality of ribs and grooves, each rib on one of the inner surface of the



WHAT | CLAIMIS: 1. A conposite pipe assenbly conprising: a pipe having a
pi pe wall, the pipe wall having an inner surface and an outer surface; 5 a
housi ng cwopnioss7ng a tubul ar portion having an inner surfa&ca/ussaiass ubul ar
portion disposed around the outside of theqpipe; and a tubular forge nenber
havi ng an outer surface, said forge nenber disposed wthin the housing
whereby a portion of the pipe wall is disposed between the inner surface
of the tubul aFUb;'J'Jn?r’ PRFIONA thehepstig andie gHigr ewdacs afdhe torge membsr orRasING &1 ge
10 nmenber; t hgrdove getheesther of e/ inAer firRBe eethetiMdar g dithe HbYSMFISnP@Rl NSt
the pipe and the h U%qu apd the tubul ar portion of the housing having

t hereby been QH¥6F b 10r9§ MGMR%Er ds to a partial yield point; the
tubul ar portion of the housing applying a conpressive force radially

i nwards 15 against the pipe wall and the forge nmenber. 2., The conposite
pi pe assenbl y /of cltrQPr?P p %f?e?'@? ASt '¥8freﬂ%‘ fierein ine iisshaped torkravent

beyond 5ts yLEbﬁbt@ibﬁbftl%ribﬁh&:tﬁ@WShéll@ pi pe assenbly of claim1, wherein
the forge nenber applies a force radially outwards agai nst the inner
surface of the pipe wall. 20 4. The conposite pipe assenbly of claim1,

wherein a ribgis dTapesmposite SIS asdemBi6r dAINES, virerdin e G ekiBrud ubul ar
portion of the, housi n%?l?nd th‘fﬁ outer surface of the forge nenber. 5. The

conposi te pi pSrALUErNtgivaround ihe pike Walkr ei n the i nner surface of the
tubul ar portion of the housing and the outer surface of the forge nenber

each 25 conprise a_rib, the rib on the inner surface of the tubular portion
of the housi n§- bei N§e c8MPeEte pipe AsIamPly PiCiIR 1.hdessip the whvlappertion otthe f or ge

nmenber in thenhaxding isdjidi@sd i0dd GbafehthanBoRSof it yidi@ pomPNPOSi t € pi pe assenbly
of claimb5, wherein the inner surface of the ‘tubular portion of the
housi ng and the outer surface of the forge nenber each 30 conprise a

pluraligy of npbs aRd cGﬁ?@M%Spi;%@a%énﬁBI)bo%iﬁﬂﬂ villerdiR the MRIngSURhaCe of the
WO 01/098701 PCT/ US01/ 16553 17 tubul ar portion of the housing and the

out er surf aceCHNPEFRS FropgkiitiehiostheodiBdsing a groove in the other of the
i nner surface of the tubular portion of the housing and the

11. The composite pipe assembly of claim 1, wherein the housing and forge
member comprise a repair to the pipe.

12. The composite pipe assembly of claim 1, wherein the housing and the forge
15 member comprise a joint between two lengths of composite pipe.

13. The composite pipe assembly of claim 1, wherein the composite pipe

comprises a metallic liner.

14. The composite pipe assembly of claim 13, wherein the forge member is formed
by an end portion of the metallic liner. '

20 15. The composite pipe assembly of claim 1, wherein the assembly is a riser
selected from the group consisting of drilling risers and production risers.

16. A method of preparing a composite pipe assembly, the composite pipe having
a pipe wall having an inner surface and an outer surface, which method comprises:
providing a housing having a tubular portion around the exterior of an end
25 portion of thé pipe wali;
providing a tubular forge member within the pipe, whereby the end portion of



outer surface of the forge nenber. 7. The conposite pipe assenbly of claim
4, wherein the rib is shaped to prevent 5 penetration of the rib into the
pi pe wal I'wodi1/0341e1 conposi te pi pe assenbly of claim4, whererrusohessss b.
extends circunferentially around the pipesgall. 9. The conposite pipe
assenbly of claim1,, wherein the tubular portion of the housing is
yielded to no greater than 50% of its yield point. 10 10. The conposite

pi pe assenbl y ¥ Piee walextends betaiegn theforgs rapmger and the tubuayparioneaf thgy end
fiffing for thgusthg&ndll. The conposite pipe assenbly of claim1, wherein
t he housi ng and forgrg1r menber conprise a repair to the pipe. 12. The
conposi te pi pe ass&rfarpingrthe forgememigk gadially oufnards jaerely deferming thetugelar 15
menber conpri ertdnioPind hdi@ingaadiafVSutvarid egorf itCuasid®piihPe. 13. The

conposite pipe assenbly of claim1l, wherein the conposite pipe conprises a
metal 1i% 1iner. 14WherRbydeefbylar gotiopef thedwnsing agplies aifagially inwaids ei n t he

forge nmenber icsmbriIsERE forb¥ aghinsiiAe BREWVIMNAThd RgdRlefter.C |1 ner. 20 15. The
conposite pipe assenbly of claim1l, wherein the assenbly is a riser

sel ected fromthe group consisting of drilling risers and production _
risers. 16. Aqmet hqHe dhetRoEBRNAIMII G WherEIPiHelfBrgei rRémBSISE BBloYmed B8ydr@MROSI t e

pi pe having a_ pipe wall having an inner surface and an outer surface,

whi ch net hod ¥6#¥9%es: provi ding a housi ng having a tubul ar portion around
the exterior of an end 25 portion of th e pipe wall; providing a tubul ar
forge nmenber within the pipe, whereby the end portion of WO 01/098701

PCT/ US01/ 165538- 18 Tbﬁ@%ﬁ%gom'm B viogtain thetfargernember; angredafaimas appligsthe

t ubul afg por ti @litc@fadidNg oultitas Bgainst Itk HAEOSUNARE of R disy @y menber radial |y
outwar ds, thereby deform ng the tubular portion of the housing radially

outwards beyond its partial yield point; 5 whereby the tubular portion of

the housing app! i esri hatbdldr ¥ain 16 iifereif WPFRGSMEMbEPSGRoRER (ﬁl?rh]gttH@ pi pe
wal | and the forge nenber. 17. The nethod of claim 16, wherein thé forge
nenber is def graPaERtioRwhHe ¢anaposiie pipg. {hsisnd portion of the composite pipe being formed

to overlie the outer surface of the forge member.

20. The method of claim 16, wherein a rib is disposed on one of the inner surface
15 of the tubular portion of the housing and the outer surface of the forge member.

21. The method of claim 20, wherein the inner surface of the tubular portion of the
housing and the outer surface of the forge member each comprise a rib, the rib on the
inner surface of the tubular portion of the housing being offset from the rib on the outer
surface of the forge member in the axial direction of the pipe.

20 22. The method of claim 21, wherein the inner surface of the tubular portion of the
housing and the outer surface of the forge member each comprise a plurality of ribs
and grooves, each rib on one of the inner surface of the tubular portion of the housing
and the outer surface of the forge member opposing a groove in the other of the inner
surface of the tubular portion of the housing and the outer surface of the forge

25 member.

23. The method of claim 20, wherein the rib is shaped to prevent penetration of the
rib into the pipe wall.

24, The method of claim 20, wherein the rib extends circumferentially around the



18. The nmethod of claim 16, wherein the forge nenber, once deforned,
applies a 10 force radially outwards against the inner surface of the pipe
wal | . 19.wohe/omssohod of claim 16, wherein the forge nmenbercraSor/ossssied
during the preparation of the conposite pyge, the end portion of the
conposite pipe being formed to overlie the outer surface of the forge
menber. 20. The nethod of claim 16, wherein a rib is disposed on one of the
i nner surface PiPEVaE t he tubul ar portion of the housing and the outer
surface of the forge nenber. 21. The nethod of claim 20, wherein the inner
surface of the tubular portion of the housing and the outer surface of .the
forge menber @8ch dbgpretbed af ¢laim 16, mbergipthefulbylar pqriieneef the rifoasiag ég vielded

tubul ar porti gnn@hrddi& thats0RDr ReLRY iftset fromthe rib on the outer
surface of the forge menber in the axial direction of the pipe. 20 22. The

met hod of claim 21, wherein the inner surface of the tubular portion of the

housing and thg OUtTWe rdthd@6€cifMm 16) WnbRYY e BRIHRSIE BipE a%QéHQBl}/%Smﬁn&ls rf' ity
of ribs_and grooves, each rib on one of the inner surface of the tubu

porti orP of th@“ﬁ@ﬁ@gﬁ@th%mﬂethe outer surface of the forge menber opposing
a groove in the other of the inner surface of the tubular portion of the
housi ng and the outer surface of the forge 25 nenber. 23. The net hod of

cl ai m 20, wheréi n tThe method ef @"h‘ﬁb@i whereiy WW%%P'PQ@W@V COMerisasia i nt o

the pipe wall joigbeti&ih (Rt dHAbPRfore 8@20 wherein the rib extends
circunferenti aI 'y around the V\D 01/0 701 PCT/ US01/ 16553 19 pipe wall. 25.

The met hod of claim 16, wherein the tubular portion of the housing is

yi el ded to noggreal@kthHbl R r&feingla éotn$po‘é|t§ beRBIprising & g)lﬂé‘ﬁamﬁéWamnnﬁ} aim

16, wherein the conposite pipe assenb nprises an fitting to the
pi pe. 27. The SHEGRoRNGAN @‘Ptﬁi srfese, f\hﬁé’i@l‘ﬂ’ﬁ”th?é"r@cﬁrﬂﬁm%@ AN, adichrmetpod
conpri g@s a jgiplisdet ween two end portions of pipe. 28. A nethod of
repairing a conposite ({)l pe conprising a pipe wall having an inner surface
and an outer surf a®&vidingapppinghavindahupr odignaiieduldan pasiion gitihe houainchod

10 conpri ses: RfAMiL 'dP&Jr\%l tﬁé’ﬁgﬂeﬂ& Grad ﬁge @sml B tHé’Hél?nQQ%d Fé%ﬁ)ntdfl?ﬁ%l Y’i‘réll

portion of the ous extendi ng arou e exterior
covering the danag@ép\ﬂ@@ﬂ atukgdardferge yrgnber within the pipe such that the damaged region

of the pipe wall is between the forge member and the tubular portion of the housing;
15 and
deforming the forge member radially outwards, thereby deforming the tubular
portion of the housing radially outwards beyond its partial yield point;
whereby the tubular portion of the housing applies a radially inwards
compressive force against the pipe wall and the forge member.

20 29.  The method of claim 28, wherein the forge member is deformed beyond its
yield point.

30. The method of claim 28, wherein the forge member, after being deformed,
applies a force radially outwards against the inner surface of the pipe wall.

31. A fitting for a composite pipe comprising a pipe wall having an inner surface
25 and an outer surface, the fitting comprising:
a housing comprising a tubular portion having an inner surface, which tubular
portion is sized to extend around the exterior of a porﬁon of the pipe wall;
a tubular forge member, having an outer surface, for location within the
composite pipe, whereby a portion of the of the pipe wall is between the outer surface



providing a tubular forge nmenber within the pipe such that the damaged
region of the pipe wall is between the forge nenber and the tubular portion
of the howeinmges701l5 and deform ng the forge nmenber radi al IPgTAISHWEISES,

t hereby deformng the tubular portion of bhe housing radially outwards
beyond its partial yield point; whereby the tubular portion of the housing
applies a radially inwards conpressive force against the pipe wall and the
f or ge menber. °§ﬁ‘eﬂgbm?ﬁé’rg?eﬁ"ﬁ'@aeb?”%mﬁl'ﬂﬁ%SU”Wféli‘%tLth@rPB‘F'@@Oﬁfﬂwsmg,

def ormed beyond it $he ﬁ’,lbﬁiafifd? ﬁfemb%@beﬂ@@ef&hﬂ@l@ iPh radidly’ u%ﬁard‘@ﬂ@&t%n”tot he
forge nenber, after bein or me lies a force ra | y outwards

agai nst the i HREFP %@ﬁff’%g‘edﬂb't"ﬁ'ép%f'%o ¢ jhousjng bwqﬁdtltsln@gla‘l yeld:pakdngishi t e

Pi pe conpri si fhtahdiuBBlalBbrtioR 8F ththoBSing BREfesSHcERABS! cofprédiiledBredth&lly
surface, the fitting conprising: a housing conprising a tubular portion

havi ng &n .nnmwegﬁw%'@sﬂnmp%wauwmefommpmbers sized to extend around
the exterior of a portion of the pipe wall; a tubular forge menber, havi ng

an outer surface, for |ocation within the conposite pipe, whereby a
portion of tha2of tTHe fifingeofwaim 31 swhereiRdbe farge manker isdrforabless a3 foamho 1

PCT/ USQl / 16553 for2@ rediafty Sutiviidlaghink0the itk 80%dceadtdnd ppeivamer surface of the
tubul ar portion of the housing; the tubular forge rrenber bei ng def or mabl e

inaradially outward direction to thereby deformthe tubul ar portion of

t he housing b@sond thf’rlttl?@rdf'c{%l'lmBH eﬁuﬂh@loéd?ﬁprlsﬁ'@cé‘rlb bhahe bhﬁetdﬂl@“sﬁl‘faé@éft on
of the housin plles resi dual npressive force radially 5 inwards

agai nst the pi omﬁrlnember @'Pféth?d'?"!fé SHﬁﬁ%?fth%ﬁJbU*ﬁﬁ@OﬂioﬂﬁfH@ hausgai m 31,
wherein the forge menber is deformable so as to apply a force radially
outwards agai nst the inner surface of the pipe wall. 33. The fitti n?l]hOf

claim ¥, furdher dbafitingiotglaim 3Bpwherelpribe smer purfasetal thesiybulae porgen o
forge menber @aBgsihd8nd ﬂﬁ%ut&*@’u"f@&@o@ﬁ‘letf&? trﬁg?HtBé?reaEH'bBMBﬁsé)é I'IE) htﬁe pIB%ItHQ

10 34. The fitting of claim wherein i nner surface of bul ar

portion of t h@nehéwéa%gaféhﬁitther portien oéihlem@émaﬂoemleoffﬁ@?fg@ﬂ fﬂmﬂ@pn ﬂ@cwter
conprise a riyhieofthddbe H%‘fhbe‘r ﬂﬂﬁé a§féf éll?é&ﬁoﬁ’f/vhkﬁﬁ*lé MF&Q rﬂémBQFédoq%L%fn t he

housi ng being offset fromthe rib he outer surface of the forge ne
in the axial ere@%qerrthled/w@hthewer orge menber and housing are assenbl ed
with the pipe. 15 35. The fitting of claim 34, wherein the inner surface of

t he tubul ar portion of the
15 35. The fitting of claim 34, wherein the inner surface of the tubular portion of the

housing and the outer surface of the forge member each comprise a plurality of ribs
and grooves, each rib on one of the inner surface of the tubular portion of the housing
and the outer surface of the forge member opposing a groove in the other of the inner
surface of the tubular portion of the housing and the outer surface of the forge

20 member, when the housing and forge member are assembled with a pipe.

36. The fitting of claim 33, wherein the rib is shaped to prevent penetration of the

rib into the pipe wall.
37.  The fitting of claim 33, wherein the rib extends circumferentially.

38. The fitting of claim 31, wherein the housing further comprises an end fitting for
25 the pipe.

39. The fitting of claim 31, wherein the housing and forge member comprise a

repair to the pipe.



housi ng and the outer surface of the forge nmenber each conprise a plurality
of ribs and grooves, each rib on one of the inner surface of the tubul ar
porti on oWotoh@odtousi ng and the outer surface of the forgecmarsberss6pposi ng
a groove in the other of the inner surfacgqof the tubular portion of the
housi ng and the outer surface of the forge 20 nenber, when the housing and

forge nenber are assenbled with a pipe, 36. The flttlng of claim 33,

wherein the ri48 i s Tordifng qf&'%néoewherﬁweﬁPa%'m\aé@m?m&mbqr@om%e ﬁﬂféntpl pe
wal I, 37. The phivident@io@hd Poriols d3Ppipeher ei n the rib extends
circurnferentially. 38. The fitti ng of claim 31, wherein the housing

further conprises an end fitting for 25 the pipe. 39. The fitting of claim
31, wherein the housing and forge nenber conprise a repair to the pipe. WO
01/098701 PCT/ US01/ 16553 21 40. The fitting of claim 31, wherein the

housi ng a forge nenber conprise a joint between two end portions of pipe.



