3 NOV 2004 WO 01/98701 PCTI USOL/ 16553 1 COWPOSI TE Pl PE ASSEMBLY AND METHOD
FOR PREPARI NG THE SAME Technical -Field of the Invention The present

i nvention relates to conposite pipe assenbly, for exanple a r’rﬂ@éﬁ 2@“% pe
assenbly for use in oilfield applications, and to a nmethod of preparing

the sane. The present invention further relates to a method of a repairing
a cOrrp05| te pipe and to the repaired pipe so produced. 5 Background of the

I nvention Corposidsgmaterials are finding increasing appligati®idsts t he
replacenent of netal. One field in which the use of conposite materials is

receiving increasing attention is |n the nﬁnufacture of pipes and
pipelines, in particular for use in loration, drilling and

production operations. EXEHTE E&ISS%H?WRBF lerRE%“BWSHE’Ff‘@‘ELO pi pes are

conposite risers, including both conposite drilling risers and conposite
production risers. Qher applications include nooring tendons for offshore

platforms, as vﬂch?,@,ﬁ%%%é lh%ﬁmbki Il lines and auxiliary I|ines.

Specification 17J o Amrer i can etroleum I nstitute defines the
speci fications for!. Uhesiesen imeriontielatep toromppsite pirsrassemibly.i forexafpieanposi t e

pi pes nay take a;omasretpspe@‘ssérﬁm ru@lﬁ%ﬁf@mphéaﬁoﬁbogﬁh b PO Grari

application of es conprise a %ur%llty
of layers of rrayg? ?%'i‘epe]frﬁé”%s@f“e'ﬁ‘f%gﬂ‘ fHF@ﬁ"éate? %’ggth%f’fn"breﬁ@f"& HfHerpsity t he
i nt ended appl i caifeang to airdpaite®pipt ssprodicedt s 5, 261412 and 5, 435, 867
disclose a -tubular structure, for exanple a pipe bra pressure vessel,
conpri si ng a wall formed from plastic, conposites and el astoneric
material s The Bafgsaindef gdevertigns are 20 wound in a spiral nanner,

separat ed by strips @bmpdsRe hi2iRibls aft KRN iIredsh i over
whi ch the Iayers&?qll ga:ﬁél al are woun ABD gaw%wetmmlg@%e%ﬂgafmndrel

is removed. As ?5?}5”’%"“”&% |°P'@p?ﬁ96€§"‘?’@Elﬁﬁeée'lé'ﬁﬁi'“f”eﬁﬁ'i‘mgs to be
provi ded i n or dattention isdh ﬂme\mdmfmgmmfcpipepap@p‘bé!mbe i¢ partiduRdl fdr@ge inlifiel@r to

al l ow t he e o) However ,

unl i \Iive con\eegt i O Eﬁ) ﬁ?‘ p‘g@%tsaﬁgﬁ;ogug@ﬂﬁ {m I %E%"a $ 'mboqséorn%ppéﬂ?5| bl e
to fashi &% coupPiPeRre sp@pesiy ﬂe%anlwﬂb@mmedec@m@we andredrapdsié s very
gasily or to commoﬁhﬁwambr@ipﬁéatﬁhé:wm&&mbhtfhd@.@fﬁr Qﬁshsﬂf}}ﬂﬂr%ha@ pi pe

ooy st andar 8 YAUREE Wefm B8 ph ARV IR StveRSiton AT e Adpiaen "

}_St andard di nensPetredeusmigistitute defines the specifications for unbonded flexible pipe.
B The constructlon of composn‘.e pipes may take a variety of forms, dependlng
15 " upon the intended apphcaﬁon of the pipe. General}yJ oomposﬁe pipes comprise a
pluralrly of layers-of- matena! the: selec’ﬂon of the: Iayers bemg determined by the -
mtended apphcatton United States patents 5, 261; 462 and 5,435,867 disclose a
tubislar structure, for example ‘a pipe or a presstire vessel, comprising a walt formed
from plastic, composites and elastomeric materials. The composite materials are
20 w::und ina sptral manner separated by strlps of elastomer A mandrel is typfcaily
mandrei 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 co_nnecting such standard fittings to composite pipes.‘
A number of approaches have been taken to this problem. One approach is



30 thread patterns or other fastener arrangements.- Accordingly, it would
be highly desirable to provide a neans of connecting such standard
fittings to conposite pipes. A nunber of approaches have been 3t akih bt
this problem One approach is WO 01/98701 PCTI USO /16553 2 descri bed by
WF. Andersen in "Advanced Conposite Drilling Risers -- Providing Cost

Ef fective Systens for Deepwater Exploration and Production", Deepwater -
Technol ogy Sy 03|um Decenber 2-5, 1997. Andersen describes the use of a
so-cal l ed "ge @t rap”, in which a standard end connect®™58V¥6$3ched
to a netal insert. The 5 netal insert is wognd into place during the
fabrication of the conposite pipe using a mnandrel. A done on the netal
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conposite pipe when In u ce ricati n CO
mandrel is renovekfestive PrséeresmiasDegpwaies Explerptian and qu)qy@tiqmd)ﬁen\getem Fechnolegy

the metal 'nsertSynﬁ)dcsluH D@gerﬁweremm@g?t %dél%eﬁb@é&n%'tﬁ@%etd?atsﬂ%at%ﬁposed end
echni que i.s

of the net al |nseJt : ?ﬁ 3t a speci al

required in order F?J“%’B%Va'f h'B ”Ml‘ neferd,end cg gis@Hechd e Hﬁtab'lr‘%’és'@‘e in
order to avw®id dametglindent it woureintp@iick duringtties fabhcaﬁf:n bilthe cqmpeeitaipipe lising a
exposure to the hegl eqeﬁ%ﬂ-{e%% 1Y mbfAPin Y rﬁé%tﬁﬁé’ﬁ fron%§ﬂ§ l:)%iled oﬂte

for such a wel di ng- st recauP S required I n or o] pre

damage to the cm@étm@ompeiemew@nm@es|Qrebrtf@faqrsau$ heatbeen cmpmg«;zm

di scl oses a net hqgaratel fsHeoRa: Fhdited é'ﬁdsB?&%@ﬁhp@sﬁ%%%'n@échmé@ﬂﬂ@@éahﬁe?ﬁ@al a
metal ring, in which the netal rin th a surface of given

geonetry, over whirser- M@"@&?ﬁﬂ@e@?ﬁéﬁe@r"l’ ed iQ g‘%ﬂ?ﬂ? dgpd piige F‘ﬁ@' insert.
)f abricatiom of tFadefsebacted that gemsehi eyhniduetifiqeisd morienio coblghd melgl ihsert

det er ined 50 a5 il G Wby hBLEL SFLROGE o aIELIRE e AESOIRILAT o BU°T S

and the ring. Ina develo ormo

771, 975 descri besnp&delgri@emosle'emwmeatrgegerﬁtedmMw%nmwm@ﬁdcmmném pepd i S
present having af&%ﬂ&?ﬂhem@rstéyur% Pré@uSQRRESUILE inBREEHb Plevém dadifd toffe
Agai n, the segnent of .the en nection is provided wtnh a contoured
surface so as t o SPPEIRMAlE]E H‘Eﬁ'ﬁ of the segment fromthe end of the
riser. In1a preferreUS@at&nbdm‘em1 dt&dﬁeeadledmﬂmemtrhmgammhmsattwmjla?uch
e e o flipche B GURDRG i wliBh e el W Ben o BALL S ol
two segnents are T ovi de ran on the
conmposite materi 5130’"?*{)’ Wﬁfl‘”hl?é *’E’ﬁf W'ﬁ?&!‘afﬁﬂ@ isWnd SHng ‘Bﬁ@?@"%m Bfatbhes to

tfie provision of mehnég&&mmwmemnﬁ@nﬁy @a&em&uhecrse%ltmfmm ‘end

fitting to be present an ntoth ‘ﬁi hef ri.c
process. 1t woul 5'35%'95'85 B?WSE%BE%E a |"H 5 a%ﬂ,e"gopmerﬁ ok B2
i .20 - formof fitling, US pat_ent 5,771, 975 describes a_comp_osﬂe_manne riser, in which an

end connection is present having a segment over which the composite material is
-applied. Agam, the segfnent of the end c_oﬁnecti;jn is provided with a contoured
sur_féca so as to prevent the withdrawal of the segment from the end of the riser. Ina
i : 'pre,ferreq_.embodiment; the end connection comprises two such segments over which
25 the composite material is wound, _:_Thereaﬂer, the two segments are forced apart in
order to provide an axial pre-load on the oomposite-méterial.
- hwillbe ciear 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. Itwould be desirable to provide end fittings and a
30 method of applying them which could be applied to completed sections of composfte
pipes as and when required. Further, the forms of joint disclosed il_'n US patents
4,701,231 énd 5,771,975 have a joint capacity that is dependent upon the strength of
the composite material in the radial and circurﬁferenti_al directions of the pipe. This can
be very limiting on the capacity ef the joint to withstand high axial loads.
35 - US patenté 5,261,462 and 5,435,867 disclose a method by whicﬁ lengths of the

composite pipe describe therein may be joined. In this method, various layers of the
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30 net hod of applying them which could be applied to conpleted sections of
conposite pipes as and when required. Further, the forns of joint
disclosed in US patents 4,701231 and 5,771,975 have a joint capaci ty that

I s dependent upon the strength of the conposite material im ﬁ gb{ﬁﬁ and
circunferential directions of the pipe. This can be very |intt Q& he
capdcity of the joint to withstand high axial |oads. 35 US patents

5,261, 462 andwp.fidfeB67 di scl ose a method by which | engthspefpéfifesss
conposite pipe describe therein nmay be joined. In this method, various

| ayers of the m 3 NOV 2004 WO 01/98701 PCT/ @SO/16553 3 end portion of each
| ength of pipe to be joined are cut away, revealing the innernost |ayer or
li ner. The | engt lend pdrtigr gfeach length ofipide tgbaa'm'h@ﬂ arg cttevaypegealing thh énnkimests

together, after Iﬁ‘ &hné-o "ﬁ%@ﬁén?fﬁs BESiBS hrd! fjon\e% Wn@fh? Chak éf% inQFs%%eftﬂl}e

joint is conplete i catlon o I"astiCc s
5,261, 462 and 5, # "‘é‘@?%ﬁ‘&@%@t‘“ efial QHVOB"%WP%W%H% Tf‘?\@"\ﬁé’o@P’eEddlmfpﬂl ng

haY: ng hel i cal r egdicsion oﬂuphsﬁ«fm@het bs paﬁnqs@?mﬁezlaaaems 86T Ggbe, A0aNd. : t
Wi e ap reci age | and costly
in terms o t he éd%gnathv ‘gﬁ"% unglie '"’aﬁPecf’?aseelS M "ﬁﬁ%ﬁﬁ%‘é‘%&n &‘ﬁ
joint. In additilayers Fmid beewgﬂutd. rlthl]l bé appreciated thit thig operafiersis bothdmeapaci ty and
ef ficiency: US Pédneiihing aﬂ&&ﬂ?%t@ﬁﬁéﬂ?@aﬁmﬁloﬁ#%ﬂ%& rﬁg&émngﬁfef' L JQB%S{ i al

having a netalli¢c 10 end coupling connected to one cour?l i ng
i s provided wi t hthgipintn fngdd '*'ﬁ%-rﬂ'i%?es“m et is Jimitertia ﬂwqum(:ﬁpq%arg}ﬁjﬁ%py* on of
the tube, and an out ess pareri S443,009 HizEIOsd3G: tBlbeOITG dolfpositel Rateal RivingEemerflic

porti on WLl GRS X S e O B R R R
pl ace and pr evermember, whicheitenss withindin enskpodion obthettilee, andhan otdriniaentench an

15 arrangenment CadenBfigaRag mmgm@omd%&gnCMﬁlpﬁ,ﬁ eRich8 thrddf :ﬁeeckdté\nce
upon netallic pins ca onprom se ntegrit e conposite |ayer,

th
causi ng points W@W@g‘im&&emﬂeﬂaﬂ?w "@éﬂ?’ﬁ@b‘frd“ 855’6‘28&5?“’? eidade. US
pat ent -5, 895, 07 %odpling isias andtpneveatiecvithdranveritan theandjobininng. Wil seagihs of

conposi t I pe. ggg@ I ded t aper mal e
20 mnbe?l%| ch a&%ﬁ%n S E&E% ;ﬁ,géﬁe){n tp%tons c??s'{%&&?mﬁge%rapesu%oerfng E

j0i ned. The out &ins can compromise the. amﬂ@wfﬁeﬁpwe@si@ﬁaneh@ammﬁwfsmss ormed
with a thread t%jﬁhﬁ&dﬁ%awmg%a@mdah[ams on the inner surfaces of the
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_ ~ composite pipe. The connector compiises a single, double ended tapered male

20 member which extends into the end portions of the two pipes being joined. The outer

o ' tapered surface of the ¢ connector is formed with a thread to match con'espondlng
threads on the inner surfaces of the end portions of the plpes. The connector may be
- applied to form a joint betwee'n 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-mgchining-opeiation is. undesirabie, particularly when use of the
connecior in remote oilfield focations is envisaged. -

US patent’5,685,576 discloses a pipe coupling for application to a completed

roamnncita ning . Tha ronnlins coaminricae 2 mala canical mamhbor ta ha inearktad



‘di sadvant age f%8%e in renpte locations is envisaged AcESIYP

application relies upon a thread bei ng machined into the end portions of
the pipes 25 being joined. Such a machining operation is undesirable,
particularly when use of the connector in renote oilfield |locations is
envi saged. US patent'5, 685,576 di scl oses a pipe coupling for aaﬁluﬁﬁkion
to d conpleted rmm~ncifA rth Tha nn,inlinn rmmrscr~c a' mares Nhhi: A
mmnhar fn ho incorh,d - 3 NOV 2004 WD 01/98701 PCT/USOL/ 16 53 4 the-
reliance of the joint on filler materials renders this formof joint a
HIET> |
wi || be appreciated that there remains a neeid for a connector or end
fitting for a conposite pipe which nay be applied to a finished pipe, as

required, 5 Wt huileiddas oN@E fhidtOh fiftF hiRsial PerBRNKIB M ff joirR biRhdRRRIat | ons.
Summary of the Invention According to a first aspect of the present:

di
i nvention, ther e When e Wireraete lpcalifisirsvisadeSi pe assenbly conprising a pi pe
having a pi pe wal | W Abcordingly) tevill lapbrciated did there @ukbs aviced &¢ a,coandttisir Ng
conprising a tubul . ' ' ] e ' | ar-
portion disposed eﬁ&éﬁﬁfg{oﬁg&gg@sﬁ% ggeg@mt ﬁéﬁgle%gélfeg?‘oda g&%‘ﬁg%fpgr és’ﬁ%ﬁ'&ed’
menber having anwitheut thesweed for extensiedndchinig ofreibbeeperiiiophsed within the

housing wher eby samifary or@tk Rierti® Pi pe wal | is disposed between the inner
surface of the.tubular portion of s%{é housi ng. and the outer surface of

sai d forge menber, t Hacopglingdo aspectol theRyessREvenlon, thare s Payidedd, out war ds
agai nst the pi pecanpbsid pipb asseimbly cdngrisilipea fipe haling apipoeall withnaroihndriserfacusi ng
havi ng been def or %rh %I i RtlbliaPborddrSlating RR M LH%
tubul ar portion 8 ‘ 6elﬂ (?gléf%ér%ggg%%{)ﬁﬁd%g‘tpgs'@%qpr egg}:"?/_e o gg%ﬁg@%gf y%e’
i nwar ds  d@ai nst saifhubglapeorten disnapet arpundrivs gdsideriibs pipgiRad pdvlylar e er
prieferably appli gemBer Hfingenloffdl Slrfare, AUIdUEEE enBal disdostdRithinM@holsid ace of
the pipe wall. The. forge nenber .is Prﬁfergg% def?lrFr.Ted to beé@ﬁ% It
yi el d point. 20 WAersR? portien RIpE Y| 13 fis WEE he dnnsT pifage fubufag ¢ o
be subj ected to pboriin ofaxiddousingatsl thé outerssubfags of shid fatge iembgr; tiedenge neemaber
production riserg, £an,0f Eéﬂ&%e% Q&i&t{y'oﬁh&rds%@%ﬁn@thé’ PiPe ahd thb%o{?giuﬁi diRd to
provi de one of the rnner surface of the tubul ar portion of ‘the housing and
the out er ¥&ur f ackbypr ropionioh thgdopging avingibepn deformedaadialiy oupapds tpgpartial yiel
preferably, bot hpdiftethé Ribakar petidragienedioubing appifing & Eorsredsiveforaé raddily aedsng
and the outer 25 sur {) ce, of slhe {pgrﬂ?ree rren‘gerr _.Igﬂg?%fgr QVi (ii)ed rv\%}t tgwaa r 1i b, the
ribs being of f seP9AFLHF BRENAN 5P, A° PRECEx ? PEMPETPSPaNS PRI For
sorme appl i cat i onferdetradially pottardechgainsidbyeoey surface of the pipe wall. The forge memberis -
: preferably deformed to beyond its yieid point.
20 ~ In applications in which the-composife pipe assembly is to be subjected to high
axial loads, for example in drilling risers and production risers for offshore oiifield
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, rf provided, are preferably shaped so as not to
30 peneirate 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 aial load capacity desired to be withstood by the composite pipe.

The composité pipe assembly may comprise an end fitting for the composite



to provide a plurality of ribs and grooves on the inner surface of the
tubul ar portion of the housing and the outer surface of the forge nenber,
each rib being axially aligned w th an opposing groove. The ribs,. if

provi ded, are preferably shaped so as not to 30 penetrate or puncture the
surface of the conposite pipe. The ribs, if provided preferdablN]e2iehd
circunferentially around the exterior of the pipe and, if extending around

the entire ci nce of the pipe, can provide a seal bg
conposite plg%%gf?lﬁﬁltehe i nner surface of the tubular portlo%%?ﬁ{lhge%ghousi ng

and the outer surface of the forge nenber. “The nunber and arrangenent of
the ribs my be determned by 35 the axial |oad capacity desired.to be
wi t hst ood by t he ppeniposiamplen firrge, Tefemblinpwsinied op techausivgnBligmativglydbepr i se'

an end fitting fepmpdifie F@&a@@rﬁb@ maﬁacwaé%}épapf&é u\éaagéé 9&?94&@6%@6553
5 pipe, for exan‘ﬁle af
t

refera unted on the housing.
Al ternatively, Be °E?ﬁﬁ)¥?§1 S@“"g?'b@’od‘i@g%ﬁ GomRBsite pPeas a repair for a
damaged section of tHaacfoum&s;ieet thei peseat ingeptian providés Hmethiod of applyingenpédis of
conposi te pi pe. eql., t I QVj
met hod of gppl yi ng it en%&“ﬁaﬁ%’ﬁ{ecob'ggsng(?@%%gtsnpég\ﬁ‘g{éﬁ'{éa?'rhaﬁ'g c‘&?r‘%%‘s. te
pi pe having a pi pisfagepnd amowtersusace, whish methgd cappriseadprayidiog e dpusing Haying, a

whi ch net hod C0”ﬁbblﬁ%&!&ﬂdrﬂ'tﬁl@eﬂed&?bﬁn&dBﬁr\ﬁbﬁ'%‘ ﬁe pfdé%llaﬁrowm@dé' on
around the exterjior of an end @IQI"[IOI’I o) rowd

tubul ar forge neftBYR iRfoeRemken ﬂﬂﬁ"ﬂ?p'%w%ﬁ?bp tf‘gén‘éﬁﬂt'%?ftq’%ﬂ'p%f“’a“ feedispe
wal | extends bebatgesn thd rdomgmberain die abidariporioh oDk Rbughty; iahe Befoimibd the

“yag or mongT ne. t B aeraish feckl bl RERRY it b Wl BpISn ot ERGRNG o1
its, partial.yi epldalysuwardghevoadhis. naf@aimaldwpmt whereby ¢he tobulainertionefitheng

appl i es a radi al jgusing BP@EQ% rﬁdﬁmfrﬁ&?ds%nfpfé’s?@eméb%insﬂﬁe piﬂe%ll\éﬁéi{heand the
forge nenber. Pr ef erab

er | orce.radi a
out war ds agai nst™® %’eg?f?ﬁ‘égbe {%eﬁ?é“bﬁFg%p"ﬁ%PI °r°e|'Wé"af'¥)P'8\%aW§\éﬁ@Psﬁ s
preferably def ortheninelcswagmddhe pipswyll. €The, forge member ispreferably nisiadmettotheybie
forge me r 1’% during the preparation of the conposite pipe., In
this enbo rrent e Tayers of the end portion of -:the conposite pipe ar e

fior med.so as t o over fneneeabosipery, thesigraepambsy istnievidest dinggherseparatign obthehi s
enbodi ment  pr eclaafpssitelifipd. 116 i drtidd@ien®ithd IBferasmAEBhY paribresr thé\eonipbig act ur e

Gf the pipe are formed so as fo overlie the outer surface of the forge member. While this
emboﬂiine_m precludes the installation of the assembly after the manufacture of the

20 composite pipe; for example at a remote location in the field, it may result in a lower
siress concentration in the composrte ‘material assocnated 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 ﬁreferably to no greater than 50% of its yiekd

. In still 3 further ésp_ect, of the present invention, there is providéd 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 fubular 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 membef 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




conpositepipe for exanple at a renote location in the field, it may result
in alower stress concentration in the conposite material associated with
t he subsequent deform ng of the forge nenber. The tubular portion of the
housing is preferably defornmed such that it is partially yif?dﬁgvtfwo
greater than 75% nore preferably to no greater than 50% of its 'Vie 25. .
point... In still a further aspect of the present invention,. there i's
provi ded a ne repairing a conposite pipe conprising a pipe_wall
havi ng an inng}?‘g‘(?%oéce and an outer surface, the pipe vvan)ICTﬂg\?ﬁ?@ﬁa
damaged portion; which nethod conprises provfding-a. housing having a
tubul ar portion, the tubular portion of the housing extending around 30 the
exterior of the piadmliyaiiward®ugainshihetiirer siaixag efthe pige aall.oAgdit) ¢heNalde member
providing a t“b%ﬁFef{rgﬁifﬁefgﬁ@a%b#okﬁhé‘ LR Soii Pe such that-the damaged

S Dbetween the ¥or§

region' of the pipe"wa o1 W e nmenber and the tubul ar
portion of the housi ndhe&pmperdte sirRiney betiermed with & mataltidiner erdifsdnside swianar ds,
thereby def or m ngsich lihefiArbe dRpidye o &al thB hshRWsiIAG of&@ﬂompbﬁte%e‘/\gr ds
beyond its parti al ‘él f!qu ol ﬂ{}b& @ereb t he t ubul ar portion of the 35
housi ng appl i es PF%8tER %ei" ¢ drdeg g Wilhin e pIPee SHEMP AYTPASHR PSR peavnal |-
and the forge nswheedinAbe methodeand dppafatus@éthemndzent invabtordsy Iesreiskigre ef er abl y
applies a force radi al |
outwards agai nst U] e%nﬁ?ﬂeéﬁr' a%é{;@?ﬁ%%bgﬁ %&tﬁ %réé%%%&gfnﬁ?ﬁ‘g%%@%q e
menber is pref er@i@ry padpih thednata) lingry dhig may deackippdp fer mxamplh by fomingghe e
pi pe may be for ngideribithin@ndPbaibh blindrbARY dknkdss 1 nside surface. Such a
. liner may he enpl oyed,to _seal t i nsi de surface of the c osite pipe to 5
Jorevent | dlkage of £ DGR ARRECLA deJayeton RAYER g hSemal B 2comBRRia  ( o
pirpe- may - be usegipeihavihdne pipetwaddith an thnapgpuefacd arsl 0 cutdresuifaces thetitiing wesdmian  as
her ei nbefore deg; m . o ' ﬁ&rﬂﬁw r agiﬁp Ie nber
may be formed as%gﬁtbu_m gaaﬁr_&?\éﬁgﬁtsmca?ﬁﬁy%g n_llat aq %gr' Ellﬁlfr%@rfg h?:{l;%&bdi&
achi eved, for ex&ffiPRis sipdjopigndpreund the exipsior ofia pertign of the pies wallha tubuilar
}-”” eased' tmjfkﬂﬁgéf merhBerhaling bh SlitePSIRIGS foP fochtitn withitané b&ﬁbl | dRROpipE YheReby
itting agsenbly for. a Ite. avi a,.pi wa n i nner
sur face .aﬁs an oatp8¥1'°2ﬂf‘ﬁ%ﬁ‘?‘%ﬁ&"\e’}'%%eﬁ&ea@gee%?efﬂﬁﬁwﬁ%ﬁ‘gﬂ {Busi ng
havi ng a tubul ar membei and theinhergsutiacd offier tubularfradion ofithiediousing; Bhedtnbuldortgeon i s
sized to extend aofBrhdifckitinable® a Ridiafly Aitbrd@ftedon'tdieRbh Betdfil Ine tdhuter -
tubul ar faorge nmenber having an outer surface for~“location"wthin the
conposite pi pe, W@?’b‘ff)ﬂ‘e housing beyond its partial yield point, such that the tubular portion of the
housing applies a residual compressive force-radially inwards against the pipe wall and
20 the forge member. The forge member is prefer'ab!y formed so as to be deformable
such that it will apply a force radially outwards agéinst the inner surface of the pipé
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
embodimenis of the invention. The description and drawings should not be taken to
limit the invention to the spécific embodiments, but are for epranation. 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 1l — 1I; _ -
Figure 3 is a view of a portion of the cross-sectional Qiew of Figure 2 on an
35 enlarged scale; ' -



15 a portion of the of the pipe wall is between the outer surface of the
tubul ar forge nenber and the inner surface of the tubular portion of the
housi ng; the tubular forge nenber being defornable in a radially outward
direction to thereby deformthe tubular portion of the housirq} Beyprg jy}ts
partial yield point, such that the tubular portion of the housing applies
a residual conpressive force-radially inwards against the pipe wall and 20
t he forge nenwernsshe forge nenber is preferably forned sopegutfbss
deformable such that it will apply a force _yadially outwards agai nst the

i nner surface -of the pipe wall. Brief Desc,yription of the Draw ngs The
present invention will be understood nore fully fromthe detailed 25
description given herEpwedds awrospraedipoaiviewef asecong ampodigeokdtierngsposite
preferred embodpeatienty $ithd et indéntiol WPwAER helcBhpie B cHnBilAdahoul d
not be taken to Ilmé_ thg,lnventlon_ to the Sgﬁ‘?‘lflc enbodi ments, but dre
for explanation and "8 H%?&Wﬁ?‘ﬁ%f’"ﬁ'i??%‘gé’ga & emphodimeat gt theForprosite g
Figure 1 is an epigeassembiyfof theqpagensintentipn pevhichestinyposite pipeltdigprises & Niger

pr esent ingentiom“ﬁm igf‘;rﬂfbg eqple]%g&fitti ng for the pipe; Figure 2 is a
cross-sectional view o e %orrp05| te pipe assenbly of Figure 1 along the
line Il -- I1; Figurdi®me§ isa orosssestional yew of arepeif ta sheormpogitespipecarpising avi ew
of Figure 2 on agpmpeitehipebds@bi Rt preseht ieltig?04 WO 01198701

PCTI USO1/ 16553 7' Fiqure 4.is a cro s-?e,cti nal view of a second enbodi ment
of the conposite pi %Eglgggéﬁﬁ?fysﬁ_ecﬁ% yiew el urthensmbodigent ofdhepresant ; he
conposi te pi pe ciaventivrsfaemiag bijointbetvweeq twesdstions ol canpssite pipef i-onal . view of a

further epbodi nent ofg o) e Wel=Y I esent invention
Yin which ﬁze conposi tF"- p‘f?%ieé %@&‘%ﬁ ‘ﬁiaﬁéégrﬁ%n)/vaef &féaﬁﬁqq%re%?%q’mfs'?ge
" menber; Figure oPipxsacsprdngds thequesenbinygntin,ew of a repair to a conposite pipe
conprising a conposiFgdd ke sFsRoilkWicw of bR usIihE s ittidgd YoeNbdipbsité hipyr e 7 s
a cross-sectional view o@_‘ﬁ% further _er_rbocgl ment of ‘the-present invention
forming a joi nt FEYHRGH hgpreseptivealon,and 5 mosite pipe: 10 Figure 8 is a
per spective vi ew of &igusr tbis sendsesecional viewt df ithregeoinposite werngesemblg of Figure 1

15 with a forging tool in place. o

Detailed Description of the Preferred Embodiments
g Réferripgdo—ﬁigures 1 and 2, a composite pipe assembly, generally indicated

as 2, comprises & composite pipe 4 with a pipe wall 5, having disposed around its end
pbrtion a housing, generally indicated as 6.- The‘housing 6 comprises a tubular '
20 housing portion 8 extending coaxiafly along the end portion of the composite pipe 4. A
, ' tubilar 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
o before installation in Figures 8 and @ 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 8 may comprise a flange, threaded coupling,
* pinvor 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 hence. 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 shoqider 16 within the housing 6 at the end of the .
tubular housing portion 8 for receiving and abutling against the end of the composite .-
35 pipe 4. .



pi pe-according to the present invention; Figure 9 is a perspective view of
a housing of a fitting for a conposite pipe according to the present

i nvention; and Figure 10 is a cross-sectional view of the conposite pi pe
assenbly of Figure 1 15 with a forging tool in place. Detaif gélption
of the Preferred Enbodinents Reerring to-Figures 1 and 2, a conp05| pi pe
assenbly, generally indicated as 2, conprises a conp05|te pipe 4 with a

pi pe wall 5, having disposed around its end portion a , housin enerally

| ndi cated as @“”*ﬁgo housi ng 6 conprises a tubular 20 hous?ﬁg%ﬁ 8 f335n 8

ext endi ng coaxially along the end portion of8the conposite pipe 4. A
tubul ar forge nmenmber, 10 is disposed coaxially within the conposite pipe-4
so as to lie within theinghsirfate Wmmamnﬁmg)ﬁbrﬁon ey bk gRinsamARR, 240 and

housi ng 6 are shown before nst t on i.Nn F specti vel
The hodsing. 6 ry Pe RS Sutafl bahe Rde oy Ol b6k w8 H5es. MeleRPRRHE w25
exanmpl e an end fi4iheldby meansofafmtlanlbaweaglt; inder adbouterssarfbtes anfl thetfergpr esent
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is desired to be secured ite pi ousi ng
conprise a®5f| ang@*ﬁ%d@@s@%ﬁg?%gxm ioads “HFO‘BB’B? qoRIPaslie Ping 4eepaieling fiend 2
show t he housi ng i sliHs@MbIS‘tht 7] ﬁé’fenﬁb}&&@p}dﬁﬂéﬂa f'xﬂ) arrmSjectiba ol ane ifger BakRE ok thel OF

accepting bolts stenl an n Q conposite pipe,

to a correspondi rﬁ%’ ?LH{‘ pc?ﬁ"’&%o'h‘ee “gﬂ 85 Eﬁ' i%ﬁ% F@Sfﬁ}gﬂsmg?arrpl e a

punp or a vessel prdmfeelrtoprvglde@ nmrgw@m anchgropnes on wge 6 the inpeii Sifaceof thalened
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en tubuI ar

hou5|ng 6 at the housi ng portion receil vin
abutting d8ai nst ap$@roayRs a5¢ PERRN OB jHsbe; ey gty Pfﬂ?ﬁ?@'yﬂfessnﬁ\wh%@% s
01/ 98701 PCT/ USO&f thé ibalal Reusingpertion 8! iros preffreti BRbbdiRuhtos phmugloﬂgommt ion 8

may be a plain surface ne 10
I f such is the cgmgvest%%mmggé P&ﬁth%q'&: rﬁ&k&gﬁ{;ﬁa%{?u apﬁojsa"gg’?mf’ PPar i
between its mneputalmuffemeﬂhsmeem@sbemﬂ Rh@ﬂﬁ@ﬁﬂg@gumwmtﬁnbb 13136
tubul ar housi ng Rpntd Gd ﬁrﬁ?&ﬁ%ﬂﬁhé’wbbﬁy\ﬁd{ﬁﬁm? pbmo@ad?ﬁe HEY 18ldie S

assenbly to withstand hi gher axial l|oads w thou he caqnposite

separat i nd®from Sﬁﬂ?éat%@b@fﬁ?‘?s #0. The pousing orvath thg ’ébst"@ aﬁ'F'(W?"H%s 2 $’F B’SBr

. proj ection on- tsewnimEgus. fSiniangf as dhewn tnuibiglres 2 alis itfgopersuifar iy t he
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outer surface ofg{0e . Lo5G%0TERRGEL with a Siliralit§ of WsS2-and grooves 24. The ribs 18, 22
: preferably ext‘end.circumfe(entially around the inner susface of the tubular portion of
the housing 8 and the outer surface of the forge member 10, as shown in the figures.

20 ~In thls way, the ribs may act as seals preventmg the flow of ﬂuld esther into or out of

' .the pipe. assembly In the alternatlve the ribs may extend- around only a partial
circumference. While such ribs will prowde an |mproved interference fit between both
the forge member 10 and the tubular portion 8 of the housmg 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 Figﬂre 2 and more clearly
visible in Figure 3, the'ribs 18 and grooves 20 of the tubutar housing portion 8 are
arranged ir{ 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 tubuiar 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
unsupported 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,
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and the

f %r 9¢. nesnegl%g n%gs 36 and 32 are located c:rcumferentlaﬁy around the forgmg tool 26

ad}acent respectwe ends of the cylmdncal sleeve 28. The: seahng rings 30 and 32 act
o contain the sleeve 28 and limit its expansion in an axial direction under the action of
an‘-app)ied internal pressure. In operation, the forging ool 26 is inserted into the forge
member 10, such that the cylindrical sleeve 28-of the forging téol 26 is located within
25 . the forge member 10, as shown in Figure 10. A fluid 'under'pressure‘-isr introduced into
the interior-of the foféing 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
slee\}e 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 5.0f 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 conposite pipe assenbly 2 is assenbled in the foll owi ng manner. The

end portion of the conposite pipe 4 is inserted into the tubular portion 8
of the housing 5 6 fromthe end of the housing 6 opposite the end with the
flange 12. The conposite pipe 4 is inserted into the housing 6 until the
end face of the wall 5 of the pipe 4 abuts the shoul der 16~Mgtﬁg

t he- housing 6. The forge menber 10 is then inserted into the portlon

of the conposife so as to lie totally within the t Qt|0n8
of the housi Wé)%%sﬁi shown in Fi gure 2. Thereafter, the fggy}ggﬁr%é]?ﬁag i

subjected to. an 10 internal pressure, suffil®ent to deformthe forge
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Figure 10. Aflu ressure 1's I n

forging tool 26 ﬂqadmanw@vethwamsfermfan@ﬂpadéwhmmwﬁﬁte riprAe)the asseblyct ed

to the forging toghg éﬁmdb’%dﬁéan& bEscafig 18 asenithe addisiddhythe Sfokt dscibBa ribs
cylindri cal sl eeve 28 egan s.and applies a uniform pressure on the inner

surface oft5t he f BAGFOOYFENHRESAY. 30 Under the action of the forging tool
26, the assenbly 2 i sAssHowadi delaitio Figore3, irf the grefgredasntadimentifot high axidliled t he

f'orge nmenber
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the action of thEhd@rgismy thener2@iface 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 pype 4 deforms intothe grooves 20, 24 opposing
- theribs 18 and 22. In this way, the composite pipe 4 is locked fo the housing 6. The
25 ribs 18, 22 are spaced:io‘ provide a uniform. distribution.of force along the axial length
of the tut:;ular-portion 8 of the housing 6. However, the ribs 18, 22 should be sized and
positioned so as hot 10 give rise 1o 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

R

concentrations brought about by the cold forging process. Further, in order to r"educe

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, s0 as not to peneirate 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 bome 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



3 NOYV 2004 WO 01/98701 PCT/USOL/ 16553 10 limted such that the tubular
portion 8 of the housing 6 is deforned to a partial yield point. In this
respect, the term"partial yield" its to be understood to pean that the
wal | of the housing 6 making up the tubular portion 8 has "bgeNUMezﬂ:Mrred
beyond its yield point at its inner surface, but not at its outer surface.
The ‘tubul ar portion 8 of the 5 housing 6 is preferably deforned to a
partial vyiel dwoaimgzepf no greater than 75% that is no norerwbmnesss% of
the volume of the wall of the tubular portigp 8 of the housing 6 has been
def ormed beyond its yield poi nt. More preferably, the tubular portion has
been defornmed to _a parti al oi nt of reater thap 50%of its

vol ume. The def offfd Bﬂ"%‘F’thtcﬁ et‘i?g'ﬁf’%ﬁe%r‘{]pr&%“ﬁ 19 COMRPSHLBEE A Wt 0- a
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| ocked to the hostandae, 6’“%6‘021905?"195@318 22 are .spaced to provide a uniform
di stributypn of forcesa thbf&emaasnal :ﬁewt&mpﬁéeéh%rt.mpm:anaraoﬁétémmnr%rof

tthe housing 6. However e, sized and itio SO
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Further, in order to uce e conposite plpe
failing at the Jo@pe 2@(‘-" @@ﬁ?‘ﬁ‘&"‘“@\ﬁhf’ﬁa@el“i’fﬁmﬂ@ numerals gad a’Plaﬁéie%”Be“b?'%qVér ably

shaped, fay exang soly iDEbE 4 BeRMPosiE Pipast ddfpritd PEliratretali IPer 50
extending along the length of the inner surface of the composite pipe 4. Such a liner
may be employed, for example, to provide a seal on the inner surface of the composite

) pipe 4 and prévent fluid leakage. Composite pipes having such liners as the liner 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
v during the manufacturing stage, with the layers of composite material being wound
- around the liner. ‘As éhown in Figure 4, the forge member 10 is located within the end
portion of the composite pipe 4 such that the outer surface df the forge member 10 is
in contact with the inner surface of the metaliic finer 50,
30 Figure 5 ilustrates a further embodiment of the present invention, in which the
composite pi'pe assembly also comprises a liner. The features of the embodiment of
Figure 5 common fo 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 56. 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



the wall 5 of the conposite pipe 4 under the action of the cold forging
process. The nunber, size and spacing of the ribs 18, 22 and the grooves
20, 24 is varied according to the axial load to be borne byt osite
pi pe assenbly when in use. 35 Throughout the entire cold f© iﬂgiéﬁggess,
the force applied by the forging tool 26 and the residual forces remaining
In the assenbly are maintained at a |l evel below 3 N OV 2004 WD 01/ 98701
PCTI USO01/ 16553 11 the fiber strength of the conposite pipe 4. That is, the
conposite pi p@UIPE ot exposed to a force sufficient to EaYYEH&Ege and
failure'to the conposite material of any ofi2the | ayBockeDfo.t O€D9BpZA4-PCST

al ready noted above, the nethod for installing the conposite pipe assenbly

5 on t[le enfl of @ho@%itnﬁgurws w&ae&g%@&wmyn bateeaéﬂ—.be&g@memtaar Y The
conventional co ite e .as_an en.re cQnposi plpe may
conprise a liner, @fﬁ%\dé"’gﬁngﬁhf’@m&c ger, “Y’rlb';ﬁ P?Qn‘? dtﬁqufys
I nner surface, asascﬂanbmemehyogdﬂmrmdthemtytap@bemmmasﬂfefbu’genmmhpnm te
DD Aot T e ush Bl o d-bORE7of io HROMRich B Fra Helempleds 4% BBl o,

necessary that the conposi or prepare
manner in &rder t%“ﬁléﬁ?@%ﬂ%ﬂﬁéﬁm@sﬂ? pige. aE‘S@ﬁ@ISFOW aFWé%?‘é@@ﬂiMWmfant i on

applied. This alakﬁﬁﬂarytdmeqmﬁhhma&n métaueart@&mé& a rébwaidtﬁa alsectlRf of NSt al | ed
in the field in reppt

t d th
no speci al rmodif %ﬁ#ﬁ%@%%ﬁ@"ﬂ%ﬁﬂﬂ& t%gpgfirggse"%hug 5’?’1"%‘% d%g @\é\n as
an end connect i ohasieeenapplizg td the dameged postionnflthiedvall 405 of a cgnsiteopipé 1@4.pA pe.

15 As noted, thepgama0 gZénEFanﬂnﬂﬁa ¥s QWBBrh eéa'tdﬁﬁi%ﬁ bodﬂd%aé)gérﬁl*{qaim&d
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"7)ig. shown &%cr os s aadaienadhe faryages noftion °fﬂ“EP?rﬁE‘?S“%ﬁBBdP‘I‘TEﬂ orgg mﬁﬁ'éercﬁﬁpﬁm te
pipe assenbly of \gched B6-28419 Wwith Meaddinipd St p@élmﬂ&ﬁé ougingt 102 within @l dBRiPo
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the same r ef er.enBE al t@miﬂﬂeddai?a@" St el diiermsle o Kfen 1
Figure 4. the coh@wmnmempesmfac@mebwmmarﬂﬂMamme mmtalrtace;oﬂthe\er 50
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Such a liner , to provid seal aon the |nner
surface offSt he d f‘HFEé “ﬂthé‘rm}"ﬂw&}ﬁ?”"?fﬁﬁﬂf“ F'Efak%ﬁepa@i?ﬂ)%l te pipes
havi ng. such 1i neélﬁ:uﬁﬁerériﬂﬁl drdmeg 120), Srmﬂéi@y\tﬁe bikside MR ebf &kﬁor’gé feben1 1d1e
SI bes. e |1 nereraciliasditafl ot ERuRRirE b 12 schantBl /4 Pl G SBRERT .
rran ufacturing st#fe M\Meswbemebqvay\éh Sesoed(tfbﬂilﬁ end ﬁ@nmas%mbtyl fhbélbﬁ dwruthe .
: outer surface of the forge member 110 are offset from the ribs on the inner surface of
20 the housing 106 m the ax:al dlrecbon, such that each nb 122 124 contacts an
’ | unscpported portion of the wall of the composite plpe 104.
~ "The method of installation of the repair assembly 102 shown in Figure 6 is the
' ) : sameé as described above with respect to the installation of the end fitting. Thus, the
N forge member 110 is cold forged under the action of a forging tool (not shown in Figure
5 25 6) sitch that it is deformed radially outwards. This in tury deforms the ‘composite pipe
' 104 arid the tubiilar body 108 of the housing 106. The forge member is again
deformed beybnd"ﬁc.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 rémoved. 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 fo 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 iwo ends of pipe.
Figure 7 illustrates the application of the assembly shown in Figure 6 to join two such



around the liner. As shown in Figure 4, the forge nenber 10 is | ocated
within the end portion of the conposite pipe 4 such that the outer surface
of the forge nmenber 10 is in contact with the inner surfadg o@oyhﬁ 4
metallic liner 50. 30 Figure 5 illustrates a further enbodi nEn f @%e
present invention, in which the conposite pipe assenbly also conprises a
I'i nér. The features of the enbodinent of Figure 5 commobn to those of

Fi gures 2 andwdohgsre been identified using the same referpovesnuessal s and
are as described hereinbefore. Thus, the assgnbly shown in Figure 5
conmprises a netallic liner 50. h owever,'the forge nenber 10 is integral
with 35 the netallic _liner 50 andéLs forped fromthe end portion of the

metal lic |iner. PRdscfapmesfepturesgFighg 1Jaatarefrramon R igHe §hpyebaen idantifiert ay
be of increased’ tidingctheeame refsrefcaNihe?ddnd/ Mo B3 HORVDE hEdihbeSoe! 16hE b2

Docket No., OID- 4-P L.n..Fl Ln..or . it to
function better as%ﬁ%ﬁpé}}gé&%e%gpmﬁ%mgémﬂ??s@%@1 o% '%t‘gxé\l}%}'%gwi on
of the metallic paruyofgGenpid compositeipipedébr AF netdd Bhovet e due gnd pestigna meayof
the liner,stoget hRE oM diind Reeddltepak 8 dBRaBR deelidiest ppe. tREmbRAGCtHERIPER | N
addition, the assenbly of the present |nver‘#|| on n&y be 3@6@1 led as a repair
to 5 a ruptur edp%*i"’“aﬁ??ﬁd’@ 9 Separate piRge. the-joith PEFigure | figing gmployed instead
cross-sectional ofiaguore comentiaabianéd/jont. Ihitds mspadrthe joint of Eiguwra 7ifiatsiaoed t 0
effect a repair [ . ' ' . ' ,qure 6,
arepair assenbl'%?ﬁg‘;%%&g ﬁﬁ%%ip%itgé?gﬁ%ggﬁ %tgtgréghggglgeﬁg%&g%bﬁ]?‘g%ﬁfe@rﬁhe
danmaged porti on @ minmalWameteqSompared wihie snare cerivertiopelfianged iRiblisi ng,
__9general | yqg ndi cat ed a9 sdfifthe fTBI Fige 72a bbrabh 8 thefRFYe hOBbereMb e ididihcad ound
© )0 and along the. darma eofl Ror}t on of the co&os—“g 3"h ea(}04 A faorge nenber
110 i's 1 ocat ed it TaamEqr ghe pithe compastinpipey {0an194B. 2h& and pfibe it ng 102
vm;c t hihn t he conpasirpesite(pigee16/104a iscsiid birertthe temaﬂmmd@nmbti:ei fonge ofentbee wan
of the conposit .0 e I : : ge nenber
7110 and the- i il et iy o lfifipd, Pheithiho 08 Bdnelual i 0T TR
i nner surface ofmamber fiiarcxnrd g @ytsideof the comeess Pinss P4y 19805 The mregediite wit h
a pluralifsy of GhflirsdiRend &hand thJordd henbePRbRNESINMds Bithéiidlicveans | al

gy es L2 S ko SR Wil | o b 1o, Or0e, TeTber 110 13
plurality of groovesin dlaternativeestediniad faimiestiliation efepresembly of the pesent.
110 are of fet FYSHRR, b Bmpsshe it ohinsledith el of JriBbRBIF TS
the axial . di r ecEPEmbiseidhe prgant ieHiop inmindo In the alterpsitvg embodimenty hedprgsr t ed
portion @b the walrbepio,tihe icincopsuatee int e ehdfortion of the composite pipe 4, 104
- during the mantifacture of the pipe. Specifically, the layers of thie wall 5, 105 of the
_ end portion of the composite pipe 4, 104 are wound and formed around the outside of
the forge member 10, 11_0. In this way, Ithe forge member 10, 110 is present in sitil in
, | the eﬁd pqrtioh of:thé_ p:pe 4, 104. Once it has been decided to apply an assembly of
.25 the present invention to the pipe, such és apply an end fitting as shown in Figure 2 or
prepare a joint as sh—own‘in Figure 7, the cold forging method described above is
- followed to install}:he housing 6, 106 and lock it securely to the outside of the
composite pipe 4, 104. This second embodilﬁ'en_t lacks certain advantages of the first
embodiment, that is the second embodiment r_équires fhe composite pipe 1o be
30 - prepared in a speciic manner before installatioﬁ 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 durilig 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



The nethod of installation of the repair assenbly”! 02' shown in Figure 6
is the same as described% above with respect to the installation of the
end fitting. Thus, the forge nenber 110 is cold forged under the action of
;ti forging tool (not shown in Figure 25 6) such that it is defoygud2004
radially outwards. This in turn' deforns the -conposite pipe- fo4 and the
tubul ar body 108 of the housing 106. The forge nenber is again deforned
beyond its y|eId oint such that it is plastically deforned. The tubul ar
body 108 of Pﬂ%jﬁ%ﬂglng 106 is deforned radially outwards EQ?@? Hng?al
yield point (as hereinbefore defined). Agait, once the forging tool is
renoved, the housing 106 exerts 36 a residual radial force i nwards agai nst

the wal 1105 of t hg yeogaAGwk ﬁwemw%meaﬁerﬁehﬁe nife%e%ffaﬁﬁhg he%gemglg'blstﬁe

residual force acts to seal portiqQn o
conposite pipe 102[esepﬁmger§lglgds notapnljeq i’??éP”?fs’EP%’t%e’BW fereriber 2houe apdhshawn t he
ri bs 118, 122 andn grgums%ﬂé&er X MappicabRs theiilktdiafidhof anyeid FitlirySaeeg witiin t he

end fitting. In Ctﬁ%géopg @g&gﬁgﬁﬂ 31 to the conposite pipe, it may be
i'scar

necessary to cut t he danaged section and join the
thus formed two ends dhegppeesite Pipgdr €04/may tieany chthesomhesita pipes kaawron tiof art.he

assenbly shown i Sud® chbPnbste i B alMid¥al
AT 020 1 T00ag 1 vBlcaM Such copbdie BikdombRt o F@g@,ﬁ%yg%cﬁﬁr@ Rhbhaterials for

Figure 6 have be&Xamplsgpibop Eﬁﬂga@ﬁ' glgsstTPerssiaRp ePevdrein metiyy fommalyaiig are as
descri bed her ei nkemposie giges taheprepared by @haimgmhrﬁbasgups:egrﬁtedd&ﬁa thedpp@irédion of

2 TSt COMPOST ¢ &l ichy e Sed ol SraPAL L Ol PO

conposi te pipe 10% WO en may 5 Pi se out
)of the nedd to re«pmnreda)lcayﬁag@eial&elmer prasent lnﬂhq)’@ISmenaeﬁlaeﬂeytwmmm two end

portions may be fF&@k§ﬁPBy§@%ﬁ&§&ﬂB*dﬂﬁ§thethhﬁ' its&MF. nfhecgpo@ Jg‘dﬁcﬁmea 1084r8%n
enpl oyed instead of .a nbre conventional [}g%ﬁ%%ﬁll nt . hi s respect,

the joint of Fi gl?F”@"?o %"Ppéﬂ%m?\ﬁﬁmp?%‘ﬁg“f%‘"ﬁf PR of tB? ﬂ@t%'%feepemh@d
with the resulti agapgEmint Bel thigkrdss bbihe indiviaiugiMdyersa todetieniitiethe diianation of the

d th th | | t of
corpar 23 w 1 JES g ONEAM AR, o et ) Bt e BB SR B LT
one of thd&5conpogiade obihpwemnaexammblanﬂmesemarbfm ﬁlh?és wedypinglly %'DHQWSQ Tpe

pizpe 104b, 104a infpa resistaNed to i8I dnﬂﬁ?dléllldme%fﬂné‘éﬂm%sn&g?ef ehae/drehse 110
until. i.t.abuts the first i S, allr@ dW|th

osite oysin
the Torge * menbe MIRIELATE GHGh PRBOIHE M gPs iAo S B AP R Ba: 1 04b.
THe procedure 15senlihy parpdsesbdypical dactorp afiithportemce mr@e:gmagbmh a cuthvpmisitey/pipe

outwards is t henmmhé ﬂl\éngtr"%d afiglrgﬂjeﬁétﬁ aM"QrFﬁ'lQQTﬁzte' n%m%m E%df&bﬁbi load to
20 be apphed as aresult of internal and extemal pressure damage tolerance and -
msnstance to impact.

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

i3 25 steel used in the manufacture of standard fittings. Alternaﬁi)éiy, 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 alurninum 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
assembily may be used to'join two lengths of composite pipé.
It is envisaged that the forge member 10 and housing 6 shown in Figures 8 and
9 respectively may be provided as z 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 inciudes the



In an alterative enbodinment for the installation of an assenbly of the
present. invention, the conposite pipe :itself is prepared wth the
fitting of a conposite pipe assenbly of the present invention in mnd- In
the alternative enbodi nent, the forge 20 nenber. 10, 110 ig_gnﬁggpgmqted
into the end portion of the conposite pipe 4, 104 during th nufacture
of the pipe. Specifically, the layers of the-wall 5, 105 of the end
portion of thegouampesite pipe 4, 104 are wound and fornmed aeeuweel/ikie
outside of the forge nenber 10, 110. In this way, the forge nenber 10, 110
is present in situin the end portion of tfh pi pe 4, 104. Once it has.

been decided to apply an assenbly of 25 the present |nvent|on to the pipe,
such as apply an feae member, gihaidncamerted inte e pinerduriog manufaetegor as an jnisgnal as
shown, in Fi gur e péyiioh Bea FRtallichifergi #e iﬁBté%Qﬁiscdéh%S hb&Rdit ﬁh%\é%ufrérentftért)r%d to
install the housrqﬁﬁﬁ 106 %pd l ock, 11 se urer to the outside of

conposite pipe 4F /42 haysing o5 ShRwn io | acks certain advantages of
the first errbodl nent Thd &ssembly of the p-temridreaudnonhyrtremsed emwlagﬁhchﬁmsmﬂposi te
pi pe to be.30 pr

B Senbi'y of she. SHEhEAnbdka8 R fild s, PPl Lol At Bepfbn
the end portion c;wenﬁqe iscefse ¥ the consiryption of dI@Ing andprogiypdion G?Qj%lﬂ

110, the force rggpfichRes, %éamMehdkelaﬂdmmsnﬂm aﬂr&iﬁ&r@ﬁﬁest qcmawttﬁél a
housing 6, 106 is re rces indu the cold

forging process AEFE Fl&@ﬂsP%ﬂ&‘%%ﬂﬁ@%ﬁ@éﬂ?‘?’ﬂﬁﬁﬂr 'f’ﬂ%"ﬂk’é °8@%dnd hoop

35 -directions. ﬁhﬂmﬁb&duces the stress concentration associated with the

“Yreduces TAL pot ent | ol b & pabiedcteniioling i forii et or Anpeiisiesft irthdhe
to the conposit einpgien as h@!@"ﬂ dispipsed i delall amtfulycapatieeiebisningihaphigels pad

assenbly of the acﬁﬁaﬁt%ﬁ hér&ﬁ%&iédom.slteb@mdmdmme@ar@mterb@;n&ﬁawe o@%feenbl y
descri bed above and r@n ure jcable to
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ot al Lati on_of IRPrR aTeeried Grtposiere oL e aton ap it e HBRES RS e e
invention. 5 Theb;cﬂ:apelarl&m‘qmqw of ppekBtibnndgtailsef eongstrodtiot ledesigniesdin ehquinpes
known in igre artoth?rWJ?lgsa&és)(nbeﬁ'ﬂfﬁeQBﬁHﬁgéd 1SRl pes conprise a plurality of

l.ayers of different materia exanpl e carbon fibers and gl ass
fibers, in an epoxy resin matrix. Commonly, the conposite pi pes are
prepared by wi nding the fibers inpregnated with the epoxy resin wusing the
filament w nding process around a mandrel. As an alternative, if it is 10
required to have a netallic liner present in the finished pipe, the
filament winding process may be carried out around the liner itself. The
epoxy is allowed to cure, in

re ormn



order to conplete the conposite structure. The selection of the materials,
the nunber, arrangenent and thickness of the individual |ayers, together
with the orientation of the fibers in the individual |ayerd, alNeBVdgg@#m ned
by aspects of the eventual use tqggbe 15 made of the pipe. F§r exanpl e,

| am nates of carbon fibers are typically enployed to inpart resistance to
axi al and radial |oading of the conposite pipe. Epoxy/glass fiber

| apl nat es .are .often enpl oyed to inpart resistance to radial conpression and
fgﬁﬂ"agééﬁ"ﬁ'ﬁg&r poses. Typical factors of inportance in designing such a
conposite pipe include the required axial strength and stiffness, the

maxi mum ci rcunferential |oad to 20 be applied as a result of internal and
extt er n&l caipesiigridpe assrRgelycoMitiENge and resistance to inpact. The housing
6, 106 ge . . 1 : : [ mat eri al
whi oh PreiueiBPE RaGha sy pikowal. 1Y dife VRRTRRY SRR o b HE ™ O

f ehrduter duracBousi ng 6, 106 and forge nmenber 10, 110 are the various grades
of 25 steel used in the maauf acture of standard Liﬁt&}i ngs. ,dAI ternatively,
wher e PRfHSING coOMpEsingoa SHRYaE PoLiiRg Bﬁlﬂ'"goﬁ”@éﬂ"ﬂ%’ ace, £gid {aidmy be'

f . ki ITe) gog ination of metals, for exanple
aﬁéﬁ?ﬂéﬁ%@rﬁa%ﬁ%ﬁ?{%@g@?g{‘;g?e ?%?Bbser%%?gg?ﬁckel - based al l oys or brass.
As al r addyulanfarge abember haeing @rpouier supiape, said dotgdeymembieadigpassent

i nyentio 30 may c. rise.an d fitting.for the conposite pipe.
APt e hisno Mheretba naronal Y, Ping WAy do dizposer et dfe Wit ged or

I Yifatecof GSERABIIEE poHitt of BaiF Bolisiag, and1ghe aRAGTRLNadE YT RRIHFOGet O j O0i N two
| engt hs of conposite pipe. it is.envisaged that the forge nenber 10 and
heesibes 6 shown in Figures 8 and 9 respectively may be provided as a

fitti f pPRLd ' iSti ,%Qé’q:) ' pi 35,6i directly
afterqﬁgnﬁérggt %‘%rﬁg&o%\i@ S‘?%?Z‘t id;ég%orrp g:%'gfagly g{& ﬁzarldgt gpsitn%ﬂgl’rhefor exanpl e
i compdeitef pipé dindl the dasising andvihectubules pootigrosf the boysingibaping dherdyi ncl udes

the 3 200 4 1/ 98701 PCTI PS0,1115553 15 f nber, eith
i 65 %@@@‘m’m'ﬁ@’aﬁ?%@ %IB%['F?EY' Rt ur e O?rgg gﬁ iﬁ{ egrelal e|K)orti on of

a met ghé kebliaiNedrtibh of ke BblSing applliisg HssRaprasive forck ratially iewandkf i cient to
provide sinply a housing 6 as shown in Figure 9. The assenbly of the
prasinstthe pipewalbandie teegeeehes. any applications for 5 which conposite
pi pes find use. In particular, the conposite pipe assenbly of this

2. The composite pipe assembly of claim 1, wherein the forge member has been
deformed 'beyﬁnd its yield point.

3 The composite pipe assembly of claim 1, wherein the forge member applies a

- ) force radially outwards agains-t the inner surface of the pipe wall.

4. The composite pipe assembily 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 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. |



“Mashenb

invention is of use in the construction of drilling and production risers
inoilfield applications, together with choke. and kill Iines, and
auxiliary lines. Finally, the assenbly finds use in the Cogftréﬁt.ﬁ? of
tether systens for oil exploration7and production. 10 Wi % tM ﬁ& i cul ar
enbodi nents for the nmethod and apparatus of the present invention as
herein disclosed in detail are fully capabl e of obtaining the objects and

adwant a i t Bty e 0 h I rely
ot - 0 pRTgle Pl Stbenitly pPolha BEwHBIHA BicOBCt AadT S FalBE: 2 ana
t habriiog bf thet Bbusing amdethendeted edrfaby df e detgal hientbern@ddiodombrig@er at i on,
details of construction or design herein shown 15 other than as descri bed

i'npfurﬁ%"thﬁf)éhﬂéﬂd'(ﬂrﬁ‘i"f?e% eggh \WRAN pae of heribger surfacesofibg tpbolar porti®rconposi t e
P! Pftrﬁsﬁﬁu@?h ahfRE! édt@ﬂ;uﬁa&&%?% tf@rg@'rﬂ@m'&%}“foggoéing' aﬁ@réﬁ%‘ in Hae pi pe

wa aving an Inner surface and an oduter sur e, usi ng conprising a
t ubthleanf {her ihhensindadenof the tLbular pedichasfdhe dausdingadnd the outer surfaveddfsposed
ar?%ﬁd t he outside of the conposite pipe; and a tubul ar forge nenber having
antGUPHIE BEMPEEe, said forge nmenber disposed within the housing whereby a
portion of the pipe wall is disposed between the inner surface of the
tubul ar portion of said housing and the outer surface of said forge

mefber ; Theheompesjte nmeb@semmw% diriend dehereie dhe il ial Shapedtteardeerigai nst t he

co e | e [ and the tubular portion of the housing
ha@%%gfai'ﬁ'é%ﬁ% rﬁgg'éé\n} eﬁg‘rg’ﬁ%%p radially outwards to a partial yield point;
the tubul ar portion of the housing applying a conpressive force radially

i nwar d agai nst the pipe wall and the forge nenber. 2. The conposite. pipe
Isr)beofco'ﬁé‘?%trerreﬂgﬁemﬁmbﬂ% of efl@ipoidat Wherainm the \Wer xiendie for ge

NeREmfdieatdifStodnd EpipePASi t € pipe assenbly of claim1, wherein the
i

A
forge nmenber "applies a force radially outwards against the inner surface
of the pipe wall. 4. The conposite pipe assenbly of claim1, wherein arib

| %.di Swgegorﬂﬂos%epﬂ)fe Eggembly of cltaim 1, wherein the tubular portion of the

housing is yielded to within the range of 50% to 75% of its yield point.

10. The composite pipe assembly of claim 1, wherein the housing further comprises

* “'an end fitting for the pipe.

)

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

comprise a joint between two lengths of composite pipe.

12.  The composite pipe assembly of claim 1, wherein the composite pipe comprises

a metallic liner.

13.  The composite pipe assembly of claim 12, wherein the forge member is formed

by an end portion of the metallic liner.

14. 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

portion of the pipe wall;



I nner surface of the tubular portion of the housing and the outer surface
of the forge nenber. 5. The conposite pipe assenbly of clairm4 ﬁh I n
the inner surface of the tubular portion of the housing ang” ¢ hil0 uf@r
surface of the forge nenber each qgnprise a rib, the rib on the inner
surface of the tubular portion of the housing being offset fromthe rib on
the outer surface of the forge nenber in the axial direction of the pipe.

17 3 | ' . Clai i he inner
surfayg"l) 6&%@%6 u %rrcf&?%é(;ﬁérﬁ%&o@ﬁ?ﬂzﬁﬁg@sr?{%(gg’tgnéﬁ% mé’?‘%’& r{hg‘uél?%ce of the
f oretioreabibe @pe walloeytends batweanuthel forgye afembdrsarah thegtubeNgrpori@eipfri b on

one OL the inner surface of the tubular portion of the housing and the
out!®® heYRRGE @D the forge nmenber opposing a groove in the other of the

i nner s L e i surface
of t heaéﬁggﬁh%ﬁgé %gﬂ'{lﬁgr (H:)gér'%lc[))g:atu y%@gétﬂgggynb%%{/@rgﬁ ngé qu? (r%nHéll?E'\s\her ein
t heortion af $he hapsidg radipheeutwmardpbeyindits partief yieldepaintb i nto the pi pe wall. 8.

Th ' ' mbl y.. of im4 wherein.the rib, d
c1r cunt BREIEEYalthg - uRGTATG ki G 08 Pousihe RBPicBS sl pBWa e y of

cl @brﬂbﬂess%%ﬁierhddii@sttth@m#ﬁwﬂpéﬁéﬂibfbi’gé Remiieusing is yielded to within
the range of 50%to 75% of its yield point. 10. The conposite pipe assenbly

of claim 1, wherein the housing further conprises an end fitting for the

Forte nineHRmEPERARIh 4P hRrch R ke Mlerfb @l sbre b BoibrbliR WEKFC7 127

Thpoinlonposi te pi pe assenbly of claim 1, wherein the conposite pipe
_conprises a netallic liner. 13. The conposite pipe assenbly of claim12,
~ Jwherein the forge nmenber is forned by an end portion of the netallic

iqer. Al B BPdiaih 1 MRIFEAGNE BRIPARNISEIPbREe ¥AGHRIDY ’ag%)ﬁ@s gonposi te

pi pe having a pipe wall having an inner surface and-an out surface,
whHotde radially @ubwargs iagainst theoaher syffacenefibe pipenwall.ng a t ubul ar portion around
the exterior of an end portion of the pipe wall; L 3 NOV 2004 18 providi ng
a tubular forge nmenber within the conposite pipe, whereby the end

- 17.  The method of claim 14, wherein the forge member is provided during the

preparation of the composite pipe, the end portion of the composite pipe being formed
to overlie the outer surface of the forge member.

18.  The method of claim 14, 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.

18. The method of claim 18, 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. The method of claim 18, 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 tubufar 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 member.




portion of the pipe wall extends between the forge nenber and the tubular
portion of the housing; and deform ng the forge nenber rqgially out war ds,
t hereby deforming the tubular portion of the housing radiald WELtALRE ds
beyond its partial yield point; whereby the tubular portion of the housing
applies a radially inwards conpressive force against the pipe wall and the
forge nmenber. 15. The nethod of claim 14, wherein the forge nenber is
def.or me [ e ol o T t ' : ein the
forzglé mﬁggﬁ?ﬂggc@%ﬁ#‘oﬁéﬁﬁ%@pﬁeﬁj 5 g}% g@etggé;rg?%ﬁ‘ﬁyeﬂguta\ﬁé? 8&%& nst the
I nngrinuhé e whil.t he pipe wall. 17. The nmethod of claim 14, wherein the
forge nmenber is provided during the preparation of the conposite pipe, the
end portion of the conposite pipe being forned to overlie the outer
. Sunhace e : : ' Ay s ribis
di szfg'osegﬂénrhgﬁgﬁ%@ﬂ?ﬁ?hgheﬁpftgggl%&@ﬁgoé% nggnééwi on 'ﬁdf n.feﬁe housi ng
angipehealbut er surface of the forge nmenber. 19. The net hod of claim 18,
wherein the inner surface of the tubular portion of the housing and the
outer surface of the forge nenber each conprise a rib, the rib on the
i nngr syRé afethéd of BRI YaUWierdiAthe Aibuir pdBoR A e Bobeh8 % Ol tf rom t he
rib on the outer surface of the forge nmenber in the axial "direction of the
pi péhinibe range ofiQfodo b %coldisyield paiier ei n the inner surface of the tubul ar
portion of the housing and the outer surface of the forge nenber each
conprise a plurality of ribs and grooves, each rib an one of the inner
fsumt_ace‘rnﬁ mdtisod vbuwladm por whereirothd ﬁemhﬁé rpjg?e aﬁdemltbﬁ/ cumpris?slrahaC? 01;] t he
. for e[ opposing a groove in the other of the inner surface of the
M uﬁ%fggﬁgg?{heo‘ﬁg%f t he housing and the outer surface of 'the forge nenber.
“r3 NOV 2004 19 21. The nmethod of claim 18, wherein the rib is shaped to
prevent penetration of the rib into the pipe wall. 22. The nmethod of claim
1825 whdhei methed ofdiaienih mRerein tbaeompasite dlipe aasernbly aomeprigsispejointl | . 23.

T | M, rein the tubular portion of the housing is
y!}’gﬁ“gg‘%]ﬁ%mﬁﬁﬁ%ées% € of 50%to 75%of its yield point. 24. The
nmet hod of claim 14, wherein the conposite pipe assenbly conprises an end

fitti to . th i - . . .. . . ;
|26. ! n% rrl(z:‘thodeoi’D rle%%lrmg a composite pipe comprising a pipe wall having an inner

surface and an outer surface, the pipe wall having a damaged portion, which method
,compnses o _ S
_ p.m\'fic”iih'g a housing havi-ng a tu-bular'portior'}, the'tubutiar pbrtion of the hous'ing
extending around the exterior of the pipe wall covering the damaged region of the wall;
providing a tubular forge member within the composite 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 housing applies a radially inwards

compressive force against the pipe wall and the forge member.

27. The method of claim 26, wherein the forge member is deformed beyond its yield

point.

28. The method of claim 26, wherein the forge member, after being deformed,

applies a force radially outwards against the inner surface of the pipe wall.



25. The nethod of claim 14, wherein the conposite pipe assenbly conprises a
joint between the two end portions of pipe. 26. A nethod of gﬁgéwg
conposi te pipe conprising. a pipe wall having an inner surf %C é
outer surface, the pipe wall having a damaged portion, which nethod
conprises: providing a housing. having a tubular portion, the tubul ar
portion of the housing extending around the exterior of the pipe wall

t vidin t ubul e nmenber

d f f
i P B ) GEE g e B GRRBInS e Bt 8o Tone rBke be val | 1 <

begmlfbrtgjmfat:@rm@fm@@m@mn ‘e tubular portion of the housing; and
deform ng the forge nenber radl ally outwards, thereby deform ng the tubular

por t i onadfousing eRIMBNsiag reatibalarypestiendeuingbay dmneri susfaser whigh fubellat poi nt ;

coRBet SEeb T Bl hecdub B LA BohBERe W8 Belferper | 27 he
met hod &ftublik Molge mbmiber,n hbbiag! an geuter digfaces fﬂﬁflal‘;@tﬁﬂw hawendht s yiel d
point. 28. The method of claim?26, wherein the forge nenber, after being

det@iPpesite Pingpwhereby & pertienrafdheaof %%gpw@blsd@twagn the eutarrreifasar f ace of
t hér {pL 'ﬂ?ol}@?»l Ijﬁ aq/ém@%e?%ﬂé th rﬁ‘%g stivfhéd éf g tLQuI?PPS ﬁﬂ%&ﬁ&h@ﬁﬁﬁq conpri sing
surrtrace an an oute

a pipe wa an I nner urface itting
corrpr [ sthegubalahcﬁmrgengenmmesm@gleﬁommw ar apmclléllynoimmrdﬁgh@ntlomrter surface,
to exte a portion

h. t I t d dth t
otheRbY e b LIS ptieh Foig otk Pevaisd in st ot Peith £9gk” | or
I qaart RN PortiBs of GRENRSIsHY BppRes WNRLRIBN! eombrréééwb ®rck eyt he pi pe
is between the outer surface of the tubular forge nmenber ahd the

Y nméar%mgaatsémﬁpmevalwmmefpfmm@mw t he housing; the tubular forge
menber being deformable in a radially outward direction to thereby deform
the tubul ar portion of the housing beyond its partial yield point, such
t 138t t Hbetfitling af clpioy 28 owhefein te fmogrsmuyntmm!; deformabés s6laalto applyr®ssi ve

rcer *al I%‘ I, nwar.ds te’?' ai nst t p| B?‘Few” Qd the forge nenber. 30. The
fl‘i.’rf:?ﬁ gy eytyards agaigptdhe innensuriage L MERBEWalk def or mabl e so as to apply
a force radially outwards against the inner surface of the pipe wall. 31.

The fitti n% of claim29, further conprising a rib on one of the outer
sditf ac &hefittingcof claim 29, further comprising a rib on one of the outer surface of the

forge member and the inner surface of the tubuiar porhon of the housrng
32. The ﬁﬁing of claim 31, wherein the inner surface of the tubular pbrtibrr 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 when the forge member and housing

are assembled with the pipe.

33. The fitting of claim 32, 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 member,

when the housing a forge member are assembled with a pipe.

34. The fitting of claim 31, wherein the rib is shaped to prevent penetration of the rib

into the pipe wall.



forge nmenber and the inner surface of the tubular portionigﬂéhﬂﬁgﬂﬁgsing.
32. The fitting of claim 31, wherein the inner surface of 't r
portion of the housing and the outer surface of the forge nenber each
conprise a rib, the rib on the inner surface of the tubular portion of the
housi ng being offset fromthe rib on the outer surface of the forge nenber
in the axial direction when the forge nenber and housing are assenbled

with th ine. 33.. The . fitting,of .claim32, wherein. . the inner surface of

t he ubfﬁr'%rﬁﬁ%? Pﬁ%‘ﬁ"%ﬁ 1 ’t\HPéereHgWQ r}P&)ﬁﬁﬁ% ﬁ'@c"gﬂ eé?ntﬁlfyf ace of the forge
menber. each conprise a plurality of ribs and grooves, each rib on one of
the inner surface of the tubular portion of the housing and the outer
sur¥bace Toe fitheg 06 eladm déhivdereipplbsi hysipayfusibiee comprises ainnend §itingHieri nner
sur%@gl of the tubular portion of the housing and the outer surface of the
fo# e hber, when the housing a forge nenber are assenbled wth a pipe.
34. The fitting of claim31l, wherein the rib is shaped to prevent

penetration of the rib__into the pipe wall. 3 NOv 2004 21  35. The fitting
of 3¢ ai kh8ittinghof elaim: 22 whereln, fsh HOURNG G Farge de POMPYISETRAONt t t | ng of

cl ai . L O ing further conprises an end fitting for the
Bleme@_ m).ﬁ@{@&ubh@ ohga,ag g mp g

pi pe. tting of claim29, wherein the housing a forge nenber
conprise a joint between two end portions of pipe. ‘



