2@814L7 Thi's i'nvention relates to erxnblﬁ/’lpes and partlcu- larly to

- pi.pes. ecapabl e of mﬁthstandlng hi gh i.nternal ei?dﬂhres of tha

4000/ 8000 I b “per sq..inch or nore /anﬁtfmfbhqa Wficiently él‘éﬁcﬁgﬂ

al l ew for repeated 5 nnvenents -and -quite severe flexing to take place

wi t-hout damage. to the pipe. A-particular requirement for such a pipeis in

t he under-sea oi k- and, gas well .i.ndustry. Currie post under-sea oil wells
havé arge and 10 ex59g§| FEVRNGL 8y ﬁﬂ%ﬁ?%ﬁrﬁ?v#i%%lgi? Bépﬁénﬁﬂgsﬂ%ﬁt*cu'_

col le- .cti-ng 14£19i toapdpeeadiapalbile ik %iﬁf&ﬁﬁdm?fﬁgdhr?ntbr:ﬁc‘i&rg pres~
an ) e very

reservoirs or_to pipe convey it tg t
“attractive to""ﬁﬁ?g gl Iee°§é1a‘ X &F @q&#ﬁil orPSh BfF IPCHLCHAMPEENd
then to conneaﬁdthh:.&haahed smefrﬁﬂdiaaln&]g( EDatoib e tecauowgfealm p:,epnfatélﬁ -

e

developed benéamaQEhaoothanslpEO-mnuld have to stand up to pressures of the

order of 5000/ 7000 hbéag% dﬂiaf“?%#ﬂlfgﬁéht Eg sg%ggh gébginénfﬁStﬁ e

not - capable of standing up to such essures an st andi ng
up to repeat ednéeexsng @id- mmﬁygaa wa&icﬁnd@ﬁt@yplace wheh a-pi pe runs.

freely fromthe sea podrgfig Wi UlAGR Ola 1581 AER9sOKELE 1%0%;%5&”6

dLstance S aaneCt O IS 1 nvention to provi
for. gas or qhqnpensmm msehqrs Radifieums ovhiel aebers apbties rf@s leme

to stand up tetbhghtaeeaaw ehd Il%émgaaeé PhesSthaverbear e nlg

helically woupd 30 netal strips and hgve: been satisfactory if they are not
subj ected to +BBRAFEGSEVNSLFSe OMER RARAS | ¥R FPRYEYr EEstPedhe madkesShi pes
are subj ect edyhnarepeated flexure they tend to constrict under-axial

tension and this can_| ead e failure under arduous..conditions. 35
.In accordance with tke¥ 6F§2b%FPWmﬁ¥u?tﬁF§%E1$§|EP have a simple sea—@ed

© 15 termlnal for an 011 or gas well and then to connect the
sea—bed termlnal ta a buoy or receiving ship, on the surf—
ace of the.sea, by means of a long flexible pipe. Such '
- a flexible pipe, to be-adequate for use in the type of oil
well which is. now being developed beneath the oceahs,

20 would have to stand up- to pressures of .the order of 5000/
7000 1bs per sq.znch or-‘more. Existing flexible - -pipes are '
not capable of standing up to such. pressures and at the
same time standlng up to repeated flexing and movement
which takes place when a pipe runs freely from the sea~bed

25 to the surface.of the ocean over a conSiderable distance.

- ' -+ It is an object of this 1nventlon to prov:de a flexi-
ble plpe for gas or 11quld flow which is enabled to flex
freely and at the. same—tlme to stand up to hxgh pressures.

.. In. the past pipes have been made of helically wound
" 30 metal strips and have been satlsfaﬂtory if they are not

C

subjected to reneated flexure under high internal pressures.

If such pipes are snbjected to repeated flexure they tend
to constrict under-axial tension and this can lead to pipe
failure under arduous. condlt1ons.

35 - In accordence w1th the present invention tHe awlal



™\t ensi ons and the hoop stresses which arise in use of the pipe are =
afately provided for. This permts the pipe * to be designed so as to
i/st varying conbi nations. of hoop stress and axial |oadihg w thout- having
he’ desi gn 5 factors for one type of loading interfere with the design
factors for the other type of loading, i.e. a resolution of |oad resistance:
i's achtensdonﬁr@mﬁbﬂéeaﬁmmn sﬁrQSﬂﬁsrwhinh(nrisesimnuaefbﬁxthbe pi pe

) corrprlgv\pﬁ grgl §re 'zIaX:e & g}g}g,lsl rare r&% rntbis Etl Bgggaged so as\,.g‘

S
r

to all mte &t v radi a "enen mttlngthe
pi pe t &of bexdsetlrsnlea’dusaﬂr 1ap e rraﬁvi@rft ucﬁmams; cqmieimahggngepﬁg held in

pl ace Ryop elt%@lsl @faﬁ%ﬂ.pqro%ﬂﬁémiaﬁr?oﬁ rr?er\erﬁ?gbea@ 88shghd the ri ngs

in_place and tg limt the relative, hovenent of the. rin t he pi pe al so

'|n§Iudfﬁﬁtﬁﬁsogﬂé’QWQngnﬁgﬂﬁ %Rﬁﬂiqgu}Qﬁﬁfgﬁrqeﬁﬁﬁh Fberaﬁéigﬂlurd tight

li ner, rabgoest €oirs tthebyo thairs tytﬁwtoﬂ Neadilres ; eNgRYi A0r&&50T6t26A Of such .
Ihlckne?s % tensil.e strgﬁg ai%tc)vmthstand the hoop stress devel oped

i nterng il 53&9%ﬁ1 pressure fluid is flow ng through it,
and t he” keeFeom . whechspmqmwaﬁéhhaﬂinvenm&anuniqsItmgatﬂﬂenible of the pipe

st REPUroRBLIBI b PaUlaty AN aldoh Yayrfebleyy nO% Bre O
tthrlﬁgsersepgeﬂﬁdaﬁbyaﬁ:ﬂQﬁﬁiIQﬂMlimﬁﬁﬁﬂ relativeeapbal ahdch nay be'
desi gngdal 91 apeQeRRARL, e Hr&iw'pté%%ﬂa&ir?é G5 pil §CPEER BbERPTCferably
circunferentially staggered
-radially and longitudlnally, the rings being. held in place
by a plurality of keepers which are. arranged both to hold
. the rings in place and to limit the relative movement of
15 -the rings, the pipe alsq_including'an outer  fluid tight'
..covering'and at. least one inner‘fluid tight liner,
characterised by this, that the.inter—engaging rings are
of such thickness and tensile strength as to withstand
the hoob_stress deveioped internally in'the pipe ‘when
20 high pressure fluid is flowing through it, and the keepers
which comprise members‘extending longitudinally of the
pipe and arranged-exterhally of and circumferentially
arouhd the rings, are of substantially less thickness than

the rings.




5¢ -arbund the rings, and may be in the formof narrow resilient bars. The e__-"'-
‘rings are preferably of high tensile steel such as forged steel of grade '
X70 and the keepers may be of the same or simlar nmaterial.

‘Al teérnati ' vél'y' high strength-10 al unini um bronze may- be enpl oyed or a
hi gh strength plastics materi'al such as N§5I0'n Preferably the narrow

resitient bars, or kempesll th2bRndEsAbEednds rangd 1185 e tbafs
whi ¥ ext end Ioig ﬁdi i\l 1y, of th% each bar. engagi ng :and Hol a
pai r. of adjacen wicehthgk, o rrgﬁ‘ebgeﬂ’&é'&el’” &d oo Mayaibe dGSigned

ci rcunferenti al agrcemlmadame mahgldadaﬁhle%g&@%st.he same 5  pair of ri ngs

One bar nmay engage o p rings._an cen y e one of
the rings of that pa?ﬁeaﬁaef’ﬁgsngf 86‘1% llyl 3 “Igrib %}eﬁg kaggered
are sufficPentéponndi thenringsy hendamay bepamd dilee floorne reeh Ireatdewn t 0 be
sprung onto theprd@s15kAgSparieans may be provided at the ends of the bars.
and projecting radiall'y fromthe rings to allow.inter-engagenent between
t he ‘keeper bars and ThE® FLRgS. arer prefagedlyheinbigh &@maml%aﬁe&fgrsrgch

surfaces at thea§nﬂérgédeéﬁée@abfagﬁl-adéokﬁés%'&d't&% !?%gﬂ %%3; rm\ferrent S
Xi a

prolectrng out r.adi al | romthe_rin

P e 1 oot IBhE chatiBop? BXmAdeRcRA thriALe ho MeToR YLy (el & T onE o,

t he olne or - mrlealﬁmﬁniﬁhUbﬂohzghmay bgneﬁ@l'bb%l’d%‘ laﬁ'ydab@n%ﬁ lﬁﬁﬁh}fﬁ tﬂ'ﬂer '

stai nl ess stee core.to provide support for the
pfebtfs natefoh] HARR] s80N G

i nner flexible P be of ext ruded el astoneric
mat eri al such as natBreferabbgr theynahebwcreslitl&erﬂ:r bairast ior dtebpées,

el astomeric inner sleeves may be of simlar material, in each case form ng
a fluid. inperneable | ayer. Exanples 25 of sui tabl e rraterr al s are

rei nforced or unreinforced poly- .




ureyhane or pol yanide. The.inner coiled liner may be a conventional . °
ycally wound core tube -made from stainless steel strip or other
copf osi on-resistance metal.: [t may be.anchored at both. ends 30 by

W&l di ng. The segnental keeper bars may be |oosely held in place by steel -
bands engaging in grooves ih thedars. .'In an alternative arrangenent the
segnent al keeper bars are of relatively |ight construction, not designed.to-
35 taRket AErangRd; Afdihaering @f segigentat bagswiddah rexctend t aken by Sg#

I nner ££08iNaNSy &F RiHY r Séf .
prefergﬁﬁ?/ encased |yn a sh eat%hl%éfl Oésl %ﬁl%éﬁa?eglagmgﬁcj:{ ')0? %opyl ene:

The | ridicPaiBbPE BAIRGENE Fe e s rPRES ahayt E’eeﬁd'@%;ﬁ n§°of spi ders

whi ch PRyt aksecaREeY et iadial gﬁtaaﬁgaé@@a%aesaabow&h%ﬂgeib% oy af Ia
i nner- capl e gr Wwire to be usted. At each end -the pipe a. f ange j oi nt

mdy bePPtbvPHel PgSenaling e Q"&E%%ecﬁ’ﬁﬁeBFéG oF d%ﬁ%%n?nﬂengt hs of

' pi pe Othé Oadfatkehtwiar rnfaymemjag{a oRE O BBebyONg® oPithat Nphhe
' |ustrates very 10 di agrammatical ly :an

accomnpan dramnn
“under %%% gﬂ? Rer’E g@ﬂ dofttted to a floating buoy by means of a.
flexible plBseéeba&&ynghdiheqpefsﬁarerwwﬂfiﬁmeﬂEﬁguwesilﬁeﬁt|éﬂgltUdlna

sectio thr of, a od resent vention, the

sectio gg?ﬁ g%‘ﬁ%‘\%ﬁ%‘ Sofsh %}%%%%%)ﬁ gg #’et o r&n&songe gi"? 3is a

- dizagr an:mgsc eupanetedtam be ghronvided rmtsphgoenc_isyoxﬂmltwe thersi apa are I

i nt er -, gure.4.is. a section n1 ar

Lo 1 POURSEELAS, FAHLang ikth MIEREGS o FLIHY” afnele SpiRbetent T, °

scrap QatwsﬁalthEekeepeth@qquaqﬁnthewmsm@an | BrEfgrahly the means
comprlses wedging surfaces at the ends of each bar and
corresponding wedging surfaces projecting outwardly radially

15 £from the rings so that axial movements of the rlngs tighten

their engagement w1th the keeper bars.

In addition to. the one or-more inner fluld—tlght
. liners there may be a further 1nner stainless steel coiled
or corrugated core to prov1de support for the 1nner flex1ble
20 liners. : '
The outer 60ver'may be of-extruded elastomeric material
such as'natural'rubber;'synthetic rubber or plastic and
the elastomeric inner sleeves may be of s1m11ar material,
in each case- formlng a fluid impermeable layer. Examples
25 of suitable materials are reinforced or unreinforced poly~
urethane or polyamlde.

The 1nner c011ed liner may be a conventlonal hellcally
wound core tube made from stainless steel strip or other _
.coxrosion res;stance-metal. It may be.anchored at both ends

.30 by weldlng. _

The segmental keeper bars may be loosely held in place
by steel bands engag;ng 1n.grooves in the bars.

In an alternative arrangement the segmental keeper
bars are of relatibely light construction, not designed to

35 take the longztudxnal stress, and the end-yise stress is
:taken by an ‘inrier cable or wire, or pluralzty of w;res such



Figure. 6.is a diagrammatic illustration of. the.way in which the- keeper
bars qr ‘tendons are fitted over the rings; 25 . Figure 7 is a
perspective,. broken away, view of a portion of the pipe;.Figure 8
illustrates, in. dlagrannatlc section , an. optionak feat ure by whi ch the
keeper bars are kept in place by--stalnless steel straps; 30 - - . Figure
9 shows, in longitudinal section, one. eﬁd | Oi nt end of the .pipe by mhlch it
i s _attached to a flange; -Figure 10_i s mlar to Figure ut. sh ms
R e o e AN et PERR gL e grabeh 1 hdtn S ic
hal f of anot hermaﬁiéléia’vtﬁ smrasrpbwgropyleheer n&ﬂﬂeverﬁrémobamné oi: wixes

i nvention - I ncl udi ng, a.ce tt cahl e, made u Ww.re

pol y- ... propyl eﬂ@ysﬁé%tﬂl &?8’&?‘3 G aﬁ'n i ng@&aﬁﬁpsa rﬁr %ﬂ'ﬁg’ (ﬂ.ay '
the ri ngs and Iaammrcsanfyténsaéjrhsﬂmgnmeahs to alleivguslee 113ens:.encotf chivesy
portion of the .end of t cent l g _a how t he plano Wires are
attached totsa f’bﬂrﬁﬁe tg‘ﬁd %Pg{vj?% ggl gea%gal % ‘on of a 'spider with a =
cable in the ‘mddle smmmeach eaécofohhelplpe a fﬂamgégnnznt mayths provided
drawi ngs is sh [ e £h
erags oo DY e drd AbeB B LinlletliVe SR Bllnb BN THE
bed 10. The pi pdpe ¢%. t@ormeeiddws latprpena@ R nqe;%am@nlgupyemrolshm-

pi pe 13 (shown broken 4 {HE SbdbhBahts é arai iRl ¥ 0005 188 3bktrates very

| ength). The upper- en I pe 1 I's at d by a
to a tank 190G agranema hleablyyancundesriesd 6k meldurterringl fFonnae bed

located and maiyy & rﬂbé@;ﬂgsbﬁbﬁnb9YméB)‘)sCQﬁ°V@“f1@}?51bI@3ﬂ9§pe embody:.ng
he present invention; :

Figure 2 is a 1ong1tud1na1 section through a portlon

of a pipe embody;ng the present invention, the sectxon
15 being shown - through one half only of the plpes,

Figure 3 is a dlagrammatlc exploded view showzng the
splgots by which the. rings are 1nter-engaged and also
show1ng a keepeP bar- S - e

Flgure 4 is. a sect;on 51m11ar to Flg 2 but showzng an

20 alternative form of the rlngs,
' Figure 5 zs a scrap external view of the plpe portlon
shown in Fig. 4; = o

Figure. 6 -is a diagrammatic lllustratlon of the way in

'whlch the-keeper . bars or tendons are fitted over the rings;
25 Figure 7 is a perspectxve, broken away, view of a

- _ portxon of the plpe,

: ' Figure 8 1llustrates, in. dlagrammatlc sectlon, an
optlonal feature by which the keeper bars . are kept in place .
bynstalnless -steel - straps, :

30 S Figure 9 shows, in 1ongltud1nal sectzon, one end joint

| ~end of the .pipe by which it is attached to a £lange;
Figure 10 is similar to Flgure 9 but shows: the other
end Jjoint connection to a f£lange; - _ ;
Pigure 11 is a -section through half of another pipe
35 incorporatlng.an alternative embodlment_of the invention,



_ _ The buoy 16 is shown dlagrannatlcally and would,- in practice,tbhe a
ary Iarge buoy adapted to forma terminal from which 0|I coul d be drawn .
@ tankers and ot her ShIpS Al ternatively, the pipe mght connect to a
shi/p or tanker directly. 25 The oil below the sea bed is often at ‘a
very high pressure of the orderﬁbF 4000/ 8000 | b- per sq. inch (2,812; 280
Kg/ [ eihb1h@aingbdd cehtriéy/ wablle mradepnp arfll pitend Ivebm'ebs elpi zpedeywouI d be.
subj ect ed Eot onbéﬁgggthls high internal pressure but to censtant flexur
and nBYEREAERE|S ub-surface current's and wave nmovenents. Conseq- 30
uently thlvlguwe nasisOaMeemwargaﬁsdﬁegranmat1Qxﬁmawmmg ob| the| exi ng and.
st ressgi1 |§n %%rtso ﬂtfh%g‘\ipsr %ﬂﬂdﬁln@?&l stress and | ongi tudi nal

efu%%

stres¥ f nal t he pressure fromthe well. The illustrated
fBexibl e prgumegH-t3 dgua ma’q:@Wecposstlorf At Ehpend| PT RSy t he sea

surtaggn el 'E‘a%llte %&Js%a%dwraw PR tWakds Qhbe bat thehegas

re- |nJect|on I nt - Sub-sea well and for water re-injection into a -
wel | to pré‘egmul@e tqiﬂéigas remaining in it when the gas is to be extracted.

It s knowltg%ﬂésqd l1exidh] @IEwvasidmrof aveyider ovith aocabie finom the sea
bed to.an Qqi but known es usual ly conprise a tough rubber or
pl ast tR 35\}1"(9‘190%1 A} nf ‘%a’% M an inner steel liner in the form of

-.gpirally wmw(rﬂguﬁetkﬂuﬁIthendnawingsriSNShpmm;|%srwfd§§graMFy | ai d short
. lengths ;qr. eI r | hj ind, able
Ao ingn it et L Fodiindl VhEoh Infuséh & pigt

to st e const ant exur s |nvoIved
requi 24s mmlﬁmmmj aam;ﬂd ozt e vk hi et yshowmy) t helawr EnBoSe& i sfactory

pi pe bag Hiplioed {dadohédt éa%saﬁ 2rgoser §oohtt e eeder
. of . 403%%%%8% | bs pg§ QEEné% (2 812,.280 g?r 3
long flexible plpe 13 (shown broken 1dd1e to
15 . illustrate considerable length). The upper end of the
flexible pipe 13 ;s,attacned by a joint 14_to a tank 15

contained in a buny'lG floating on the surface of the sea

-f

17 located and maintained in position by any conventional
' means. ' o o '
20 The buoy 16 is shown dlagrammatlcally and would, in
' practice, be a very 1arge buoy adapted to form a terminal
from which oil could be drawn into tankers and other ships.
Alternatively, the pipe might connect to a sh1p or tanker
directly.- ' :
25 The oil below ‘the sea bed is often at a very high
' pressure of the order of 4000/8000 1b per sq. inch .
2,812,280 Kg/m to 5,624,560 Kg/m ), or more and the -
flexible pipe 13 would be subjected not only to this ‘high ' C
internal pressure but to constant flexures and movements ' -
due to sub-surface currents and wave movements. Conseq-
30 uently this pipe has to be able to stand up to conslder-
able flexing and stresses in addition to the very high
" hoop stress and longltudlnal stresses set up internally
by the pressure from the well.
The illustrated flexible pipe mlght equally be used
35 for a gas well below the sea surface. It might be used
not merely to extract oil but for gas re-inJectlon into a



-2 15 *t0.5;624,560 Kg/[ err] ) or nore without failing when' subjected to )
- repeated flexures. One known kind :of pipe has reinforcenent in the form fm
~individual strips of high tensile.-steel laid in helical fashion followed i
a second 'l ayer of' helical strips known 20 as "tension tendons". These are
designed to carry the end stress but -pr7okl ens ari se when t he pi pe stretches
and-the helical strips shrink radically inwards which causes-friction, heat
andwetdegr adat i oBubR& e #ellls and o wakeaf rtehelrpjlemm \deryo ha gre X essur es.

25 In the first .enb t i t
" Figures 2 to 1§ |"<§\7| 3%‘ {“I%% d%sf"%éé’ F’I%e qtﬁq{]wlae%l étflse %%éafésie{r;fpebseof
hi gh-tensile sewlralcrtlegis 20, 21 (see Fiigures 2 and 3) held together by
keeper bars 24. The y eﬁﬁ"w 4 0 %Hgt .
stress must bé at Ieast%h rﬁé:.%t f‘ﬁstcekrfg's%'rsxrof‘1 r?e]'td;éle"’n%rél lé % present N
exanpl e thep ap& £esuifroms thenssea hed itey afhm%lnéesz Lnkknqm piresd 21

are inter- engaae@alﬁys RioHilr 16N 3L Houhs ribrtid 36 pdasmcar&e& dkaBvggoned
that there is'a clearance.27 in the axial 3% . di rectletg{lee?é a clearance 28 :

in the radi.cal TaAPEOICE byhan dnper steal 1ings 4 ThODSRITALLY
wedge shaped endaiar @M.lgdi rtenﬁd.ee mﬂawﬁﬂ and Sshrie‘Setcsf spirﬁllyoiaid '

three rings 20_and 2 Id by [keeper e
has a pair of = ]"37 &“gl‘?& ?ﬁdf‘ pa'nd cﬁ?cf% (F {]‘6‘5 g &Bdge :
| i ke faci ng%uo&‘ad:tﬂa?kimﬂi &b Jree dpecttiared yup a:o the \ﬂéxw rmtglocbnéssesesbl y .

of these steel aiudt Q:ﬂea'?:%n e:%?lq{ %1‘@';Mrelse ilq,r%q_r e’ r| dﬁ%}?%ﬁéﬁﬁi@%oop

They formthe cen core
stress and. t he asdd-complsitcatias maqhmmmal Furthermore no satlsfactory

_ pipe has yet been produced that will stand pressure of -
) the order of 4000/8000 lbs per sq. 1nch {2, 812 280 Kg/m
15 to 5,624, 560 Kg/m ) or: more W1thout failing when subaected3
to repeated flexures. _ _ .
One known kind of pipe has reinforcement in the form
of individual strips of high tensile steel laid 'in helical _
i ' fashion followed by a second- layer of helical strips known .
' 20 as "tension tendons". These are designed to carry the end
stress but problems arise. when the pipe stretches and the
" helical strips shrink radically inwards which causes
friction, "heat and degradation and results in failure of
the pipe at very high pressures.
25 In the first embodiment of our invention, as
~ illustrated in Figures 2 to 11, we provide the desired
‘flexibility by use of a series of high tensile steel
‘rings 20, 21 (see Figures 2'and 3) held together by
' keeper bars 24. T he keeper_bars 24, to carry all the
30 1cngitndinal stress must be at least half the thickness
of the rings 21. In the present example thej are about
0.6 times the ring thickness. The rings 20 and 21 are
_inter—engaged by spigot connections 25 and 26 which are.
- 1) dimensioned that there is a clearance 27 in the axial

'35 direction and a clearance 28 in the radical direction.
- The rings 21 have radical extens1ons 29 with wedge

shaped ends prov:.ding wedge surfaces 30 and 31. Sets



sure is carried by the steel keeper bars and these 10 keepers are * . s
ed 4n a staggered fashion (Fig. 7) so that each keeper traps.3 rings.
keepers are sized to carry the total end-thrust-and to linitt the

' ent of the pressure carryi rg8rings sufficient that the pipe can’be
_bent to a radius of 5.3mwith the extension (on 15 the outer bend radius)
shar edofinthoeai yiogsr 28 Ian|§r @dsare engpged ransk dwick yhkeeperss sinilar to .
.the husgn spLRg! L,i ebrae bei ng t'Rhé
pr essu?g ri %hgﬁaﬁggkue t e Tg%s augattlsﬁgfflt %ﬁv}\?grdtlé’%rpg&jﬁyﬁ%eper s. Thus e
f1 exuren@sed2nand Adupnf Whichoare flormeg wesiand kel Tpoive joints. of the:

pressusgrfhBgs Buecwaal sbakrespecdiishigiement of the rings (no "slipped
~discs"). the renaining portions_of t e wal | of ‘the pipe as illust--rated

condri se anTBQtWG338deP s PEREMPEYo Qfe theGfe Stael \ings iand | uid tight, and
. two |f\kéé§eﬁé lﬁmﬁi: pet aeebmblaa ihnmrrel idei v 13 1 ek 38 mwd ortgg b{Fa : 9.
-stainless stegel ‘helic coi | e cor . rugat ed -core ;39a (Fig.

The plﬁg @h%ﬁﬁ CROER feaﬁ(f % g:ag. X eg}tﬂ w:—)‘g"'L
pressuther hoopt srtﬂrelsayand Ahei Iehds-ttmmst idue suoeellnt'emgasl 20 and 21 are - .
spi got her le 0 S ey can nove
bgt% aﬁ?g%gggéngs gﬁ’gﬁ.ﬁd gg’t % Séc%%g'n#e%ip #po&e%e%%ihﬁa# eé by the use "
- of 1@ hekeeppes Baesapnli$ﬁeineep§¢dgmer€§4ﬁashﬁnnuxﬁigxiZ}rsmnferentlalIy .
. aroundghhe ghph ﬁgﬁpéget%%ﬁ” r\@ét a"ﬂ esri?elaerfg Ay ?{f% ment in an -

al so m t ra

axi al sense [0 occu novenen the rings’

whi ch E@nc8EEYr th‘PhéO@?éaﬁélﬁcé’%erIder@dZS?W'ﬁi& hamreenenbf - 9.-

the orgertAk Br@sElireN car?9 it g durdi R e the Wis8. rings 20 may
be of the. order of 25 nm I.n gg%h This will allowthe pipe to be bent to
a radi §&nopesbenk, to a radius o 3m with the extension (on .

15 - the outer bend radius) shared uniformly'over all pressure

rings.

In essence the pipe is similar to the human sp1nal
" column, with limited flexibility - the vertebrae being
.. the pressure.rings and the .tendons unifing-the vertebrae,
the keepers. Thus flexure -does not incur friction.‘ The
20 tongue and groove joints of the pressure rings prévent'
' lateral displacement of the rings (no "slipped discs").
".the remaining poftions'of'the wail of the pipe as illust-
rated comprise an extruded elastomeric oﬁter_c0ver_36,
which is fluid tight,'anq two 1ayers-df an elastomeric
25 inner lining'37'and_38 supported by a stainless steel
helically coiled core 39, or a conrugated core 39a (Fig.9.. _ -
The pipe shown in Figurelz and 3 thus has a flexible, '
segmented, pressure-resistant iayer. As-illustrated the o
steel rings 20 and 21 are'spigotéd together with cleara-
30 nces in such a way that they can move both'axially and
. radially but the extent of movement is limited by the use
of the keeper'bars 24. 'The keeper bars 24 are staggered
circumferentially around the pipr and are sprung on but
allow small relative movement in an axial sense to occur
35' and also limit the radial movements of the rings which
can occur..The clearances 27 and 28 may for example be of_



aﬁpr‘bx'l matel y. . Being made of high tensile steel the 5 rings 20 and 21
w | | *accom)date and sustain the hoop stress devel oped by t-he high pressur
of the oil or “gas in the pipe. In thi s enmbodi nent the keepers 24,- al so
bei: hg made of high tensile steel are desi gged to be thick enough and 10
strong enough to withstand the end-wi se or°axi al |oading on'the pi pe but

d fe -
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end-Yi se - stresgs"as | t'he enbod ment shown 1 n FIgufes

later. The'rin DNES LDriae |9t ndiR eyderefngs 1mm Lnelengyh.
from hi gh tensiThd sstveied 1 mcmetmchipénm Béeost 8668 £9aihe ﬁfqﬂ' seg

degree of accurg e that, the_ s | earance between the rings are
mai nt ai-ned. AIt%%?ﬁf’gﬁrfF% e %‘iﬁm%%&]aéﬁ Shh? teelethe
shape- and t Ben nimgs r&m anﬂfalna#imaq::monwda)n:ecamﬁd giufvééi? ?ﬁhe ?%%pgpe; Al
Figure 4 is shqupaly ”ﬁﬁ% |

of gt he sane cross sectlon ﬁ%éndég’f éﬁd;speaﬁsém&%s? ‘gf]th%’? ERBy are

non- symretri cdm ithe RiRfense t hat there is a spi got 121 at. one end of each

d f h tag h f ,each
:: 28 anAggl ﬁOI LESDOIIQH 'ﬂli@%&)%diméi{to%eziea%% %Aadlea %gt%esfrggtrﬁgg

them Each rin§ pr %’ér]&; ensiis &t ‘%%t%ﬁh(#a?x]#@%lﬁ be cWhikk enpagh and
wedge. | i keleurmgl%oulg% 110 Vﬁfmwttﬁfé’ SHY-LPSRO S NG 1127 adﬁ%
surfaces 126":a e The keeper bars enbrace only
two rings in- t%l S stpg'l?cee’ zjﬁﬂ: %%t’fgj@%’é&%ﬁ%‘iﬁrﬁ%r’eﬂﬁ%ﬁ@%@ve _
i |l ustrated i nmeiags @.reﬁpgtmcﬁcsmmdmmiacﬁﬁlmmimrse st?rﬁ)? g%%diﬂén this
ol o keeper Hor Papbeiher At 36 MRS A Gt araceR Heten-
t he gaps bet ween t h&Readdingse?0 and 21 are preferably made by forging
15 the rings from high tensile steel and then machining the
surfaces to the required degree of accuracy to ensure
that the- small clearance between the rings are ma:.nta:.ned.
Alternatively the r:.ngs might be cast to approximate
shape and then’ machlned to firal shape, or precision cast
20 . 1In Eigure 4 is shown an alternative embodiment in
which the rings 120 are all of the same cross sectional
~.shape. 'The .rings are designed so that they are non-
symmetr1ca1 in the sense that there is a spigot 121 at
. one end._of each ring and a’ corresponding recess or grove
25 122 at the other end cf ea'ch'ring. Again the rings are
‘arranged with axial and radial g_ans between them. Each'
ring 120 has a radial extension 123 which provides a
pair of wedge. like surfaces 124, 125 or engagement by .
-~ eorresponding wedge like - surfaces 126 and 127 on keeper
30 bars 128. The keeper bars embrace only two rings in
- this instance and are staggered circumferentlally .as
illustrated in Fig. 5. ' '
F:Lgure 6 shows how a keeper bar is’ appl:Led. - In this
' instance three rings 120a (shown diagrammatically) are
35 embraced by a single keeper bar 128. The rings are
_brought close together, closing up the gaps. between
_them and then '




. the bar 128a is sprung over the wedge surfaces at the ends of ther ,
There is sufficient clearance to allow the rings limted freedom of
novenent but the keeper bars * retain the -rings wi.thin these I|n1ts
Figure 7 shows diagranmmatically how a flexible pipe in
~accordance with this invention- stlw I't up. The 'stain- |ess steel
helically coiled core 39 provides support for the two elastoneric. |nner T
i ni'ngehayeas 388ands3§pruﬁlgewerrgsttﬂezme(dqnetms:.anesarade tiietendsype shaw:gj

F 4) 10 t t end .
:Rtelrgg%ﬁ"glé%} %?Bﬁgeley %eg‘%ee%fi}eé}%béairés}&g%éfare %gﬁttg Eilr p%lggdeggrlsbed
'vmtr1rmﬁmgsntﬁmibealgreedpmupﬁlanﬂﬂk;ms&smﬁ@tsbu§dthq;kﬂﬁgetmbarsngs) and
are bﬂ%’éﬁ";"?ﬁ@et angtgt LSR5 Slhqméég 1fefig; 7 so that the keepers or

keepe are geréd circunferential Ly around. .the The
agsenbl y cap Fhgurbe7cshpwst i agramma bicahlyx evdad fiexih oPePESG | f

requirgd, a&g ggﬁag QiR &% & SRR SRS wfnﬁaee Wmdrgee %n@aﬂhﬁSt ic

cover 1S ex st eel s nay be encirc round eeper bars
128. Tbe$%c$t¢?&tbeihéﬁkﬁm|q9ﬂ GaKe r 39 PFPHAIBE EMEROLEaFAFess stee

bands 5PE1 2 BRbReFIY: AindY Quirlaey P8BS Bnld B7 8 -hkh recesses
130 wh Eﬂf gfe gr?an eg to ahnr1vmth eﬂéﬁﬁ%ther SO ?ha a sin Ie steel band -

129 cH-DBS BEOaI(P-Hn&P&st (}r’e""r’r'a‘}‘iﬁ 5 e type ﬁB@H@r W ELgusRi 4dcan be

r eppat£ee ag1iat 8hval eheaem;ln(?stmt@éi tati gheid. sphquem@sm&neerme
flexible qﬁ % be attached to an end fitting with a -flange will .now be
descrlﬁﬁﬁg t hOPERP&¥ence to Fig. 9. The flanged end. fitting 131 first 30

receives a stgné. Reépelrn@at@ M8 c&rélasheneappleeal,glats d)esd:rﬂb&dl?»?» of
el astongey, C teria flex1b1 st eel _band Lnserted. This
band. HHEEh saEeEshe, ta Bak- 6 (i N, Enftrshanpd . BGAAIRS [ her T
38 anconlypi twessingsd| and are bullt up in the pattexrn shown in
15 Fig. 7 so that the keepers or keeper bars 128 are staggered
circumferentially around the pipe.

. The assembly can then be completed by use of an
extruded plasticcover 36, If requlred,.ln order to maintain
. the assembly in place while the plastic cover is extruded |
20 steel bands may be encircled round the_keeper bars 128.
To facilitate the application and retention of these
xetainless'steel bandS'tﬁe’keeper bars may be.ptovided,;as
shown in.Fig. 8 with recesses 130 which are arranged to
align with each .other so that a single steel band 129 can
25 be arranged to encircl le all of the keeper bars.  This can _
be repeated at intexvals-as illustrated in Fig. 8. -
- The way in which-the flexible pipe. may be attached to
an end fitting with a ‘flange will now be described with . T
reference to Fig. 9. -“The flanged end fiiting 131 first
30 receives a steel end .ring 132 which has pressuce tight '0’
rings 133 of elastomeric material. Theh a flexible steel
band 134 is inserted. This band has'a gap 135 to allow it
to flex readily. ' - o o
' ThefelastOme:ic liner °  °38 and stainless steel
35 core 39 are then fed into the flanged end fitting 131 and



hold the core in place A second end ring 138 again with '0' r:ng seal 133w
is.then inserted: An appropriately dinensioned washer 139 5 is then
added and -a steel plug 140 screwed im g§p:as to tighten up the end ,
a§senbly This causes the menber 134 to flex and grip the liners. 37 and 38

fimely. - Th 140 Luds wb 14 I t
BT Do not co PRESRRIGHS BHLER 1 aith ML deiadd 180 Ta' £k o 1
the ends of éhé@ £fibginy2030r o sy thes wobedin ApSecees of - rings: 120 are

previ ously descr | bel. Sghent B e R iR kR T2 B AR At 193

applied it nbg bhehehdsEmmmdy||$qﬂappx¢grneamkyod1menSaapeﬁ¢$aﬁher 13¢
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i nserted totBGbVEBeu@ ﬁbﬁmQﬂﬁﬂéﬁﬁthlsupﬁ%h%SmﬂenSeSghhenhﬁmh#Euﬁﬁ&43
20 ~ TRs ejbgr a?l'?ld ngJ.r} hﬁ*é 'f’%&&é’ ﬁpgn 53§0 kb gd é” | ar

flttlng as shown in_Fi g erels a |tt ng 145
integral flahf@ }2!61Ud315mal &ru%rﬁfnﬁ"ﬁf"ﬁgyl 139% Bm]i 188a1ar @Oérﬁﬁwed

together with a flexigbhgist el M}.fbléél@t £¥ei pragshge! 1@a¥wmé§9@1tﬁ 2a
enpl oyed: andﬂng gﬂﬁred in plug 147. When this end asse . been

conpl et e40 simdlar, furthe ends Qksthepeings f! ro)éﬁ’éreé‘?&%“?%y Fig.

9, the end plggct4peds | ocked in .position by bolts 148 which squeeze

t oget her parts-149- and 150 of_the sCre d end Iug zg 147. ai n

inner core is wel de® £8P QF HAPLRd %6u§r?@ BftpP g OYET,S ?&ﬁﬁsﬁﬂaly

t he outer cosad REbye k@eper bars 24 are applied as previously described.

- 85v"core 39 are then fed into the flanged end fitting 131 and 11 - af“ )
" extension plece 136ais then wel ded at 137 to the flanged end flttlng 131 .

“When' the extruded elastomerlc outer cover 36 is’

15 app11ed it may ‘be held fltmly in place by means of a clamp
143 of conventional design which holds the cover 36 against
an enlarged dzameter ‘portion 144 of the flanged end flttlng

131, A steel backlng tube 136A is inserted to. prov1de a
firm backing or support when tlghten1ng clamp 143,

20 '~ The other end of the flex1ble pipe is completed wzth

a similar flttlng as shown in Flg. 10. Here there is a

. flange fitting 125 thh an 1ntegral flange 146. Similax.
end rings 132a and 138a are employed together with a
flexible steel band 132a. Agaln a steel .washer 139%a is

25 employed and a screwed-ln plug 147.

" When - thls end .assembly has ‘been completed, in a simi-~ -
lar manner to that described with reference to. Fig. 9, the
end plug 147 is lockea in position by bolts 148 which

. squeeze together parts 149 and 150 of the screwed end plug

30 147. Again the inner core is welded .at 151 to the end
_plug to complete the assembly and the outer cover. may be
clamped in p051tzon by means of a clamp (not shown) similar
to that illustrated in ‘Fig. 9. '

' In the alternative embodiment shown in Fig. 11 a series
35 of inFer—engaglng r;pgs 151 are used which are held together



~anped in position' by means of a clanp (not shown) simlar to that .  « &

ustrated inm Fig.' 9. In the alternative enbodi nent shown in Fig. 11 a

ies 35 of inter-engaging rings 151 are used which are hel d together

in groups of four by thin ljght-weight. keepers 152. In“this i nstance

" tHe rings 151" are suff|C|entIy thick and are of. sufficiently high tensile
strengdh groNpshsffPumdIddpinikiahtiweight figepons 152.kedpers 152 are 5 ,
thin a‘t‘f‘u”Eiﬁéﬂeﬁm%nctﬁ’é)l&lﬁuéptlwra%|éﬁﬁ§iéi’érﬁt?*eﬂﬁi¥k5 gng to L

wi t hstand t he maxi mum end-w se stress -W se stress a

nunber 288€ OfeMHEGIenHY i8R Hepidh W?%%gg?et‘hu‘ﬁéﬁ’éﬁt%get her to form
a cabl gn&Shodp @’cﬁeeszcmermb Vp:t;ib dYe| v apyéeees ssat ArdS4. The keepers
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descri ls&aongs ts:ee:i’orrsﬂ%:m trrﬂe uﬁaacmngseﬂﬁwisa%tness engagi ng 15 spigot -

mb 153 I di al
gg d:;(s;“ be n%et%g preVI oUS %#g vg{%één%‘@f/ er%%%@%%I'Bge%ergﬁn%%nespam nos
fl exi bia [theeforsb afhdianmn ewiﬂ%%sarset gainghed atoge tloendtooforms6 in L
add'“%” e 159 tﬁ‘&?&é) &If WK L@gofﬁﬁbﬁ@%éﬁ% shdfgncabl e 153°is

carrie its end y a stee cotter pin 1 ous end which is
at tlgché§4to the cabl e -by .nmeans of a ferrule 159 which may be vacuum

i mpregnat ed pyiel eRRDS rm '?na ®mbrace Aok ORings Fag. shdwhhencotter pin
158 is attached to der %,and held fast by bolts 161.  The spider is
gri ppegllgn a1 zﬂﬁgé’tf’ %0 7 PYY Bo SBINgE, eWét1§§eY The

pOSittemeO%ﬂdggeﬁedkvir&umﬂurénhiainw 49 pPéyiously described.
As seen in Fig. 12 the rings 151 have inter-engaging
15 spigot members 153 and recesses 154 and also have small
axial and radial spacings as described 1n the prev1ous
embodiment. .
The pipe includes an -inner flexible 11ner 155 and
a stainless steel spirally wound core 156 in addition to
20 the outer polyamide extruded coating 157.
. The cable 1S3 is carried at its end by a steel
cotter pin 158 with a bulbous end which is attached to“
the cable by means of ‘a ferrule 159 whlch may be vacuum
impregnated with epoxy resin. ’
25 - As seen in Fig. 14 the cotter pln 158 is attached to
a spider 160 and held_fast by bolts 161. _The spider is _
gripped in a flanged end member 162 Fig. 11 by set screws .
163. ‘The position of the spider may be adjusted to vary = |
the tension on the cable 153. This achieved by tightenirg - - -
30 wup a nut 164. A gauge nut 165 is employed to check the . '
tension. It should be noted that with this design it is
not possible for the pipe to'be 'pigged' whereas with the
embodiments shown in Fig. 1 since there is a clearance
down the central bore of the pipe it.can be pigged (i. e.!
35 a cleaning device can be drawn through the pipe end-to- |
" end down the central bore). .
" In the second embodiment using the cabie to contain



# he tension’on the cable 153. . This achieved by tightening 30 up a nut
164. -A gauge .nut 165 is enpl oyed to check the tension. . It should be not :@
that with this 'design it is not possi bl e for ‘the pipe to be 'pigged"

wher eas ‘with the enmbodi ments shown in Fig. 1 since there is a clearance

down the central bore of the pipe it <at3be plgged (i.e. 35 a cleaning
devi ce can be ‘drawn through the pipe end-to- end down the central bore). In

t fe“second eehgdieﬁgna,igéi - rgé%e@blﬁtvﬁhffrﬁ%“ fbtad ehit qﬁ%dee%av' se

stresses, it Wl e noted that s 'ince the cable rs céentrally disposed.it

is on the neaebde i seakrialdy Idbapased The i}‘é)d?ﬁlstﬂ@s§°il§rlﬂé-5|é§i-‘e%l by puré .‘
tensile streggrifg thqeé‘:%&@r.at eHd Hop 5stress is dBs;cealr dly fhisd on cable

can. conprise a bun ‘foor exanbl'e 788 16-gauge piano wires helically
wound -and bok@R81Ls §ﬁ6e§§rﬂﬂ(i?QﬂSQERﬁﬁ¥§mF1HQﬁe cabl e: can be subjected

before imstallati on'rha b@%ﬂdz@l Reryidkasoné - eaﬁyééﬂﬁkhgestauuméoae
The.end fittings for ép nwnbodlment of the flexib EéPe are exactry
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as illustratEQTi fXprb es “ERUIR RARRS %¥r§§|9§;§°§ YaMoHRR
intervals ofb&naédltb/ Zhefledirulrid éth&eélw eﬂapng'rhéhaaﬁa.lél ®an h@eSpl def S

bei ng of the_t t he, dra A fl bl e
p|LegconprlS?Hégﬁcgﬁgqéﬁﬁaf%ﬁ Hﬁ?%ii%ﬁﬁ%m E?e&?ﬁﬁégPﬁnsnP&' Eé% as
to aIIOM/I|nhyédau&hetstadaﬁeﬂsx&nhﬂéuhmﬁerﬁw&nfﬂttlthSf@mWﬂﬁisng the.

o gy%ex RBbHshads Ll A0 4Ol DAL Var L "ERLLSS 3 AALGeISkES "

in Elgures 9 and 10. A number of spiders are arranged at
intervals of 1 to 1% meters all the way along the cable,
the spiders being of the type shown in the drawings.



rranged botﬁ to hol d the rings in pla he relative. * e @
nt of the rings, the pipe also incl ud| ",mmouter fluid tight

‘'ng and at | east one inner fluid tigh Uﬂﬂjﬂ'ﬁ“ sed: by th| S,
ihe 10 i.nter-engaging rings e_of ‘sucn ensile

gth as to withstand the hoop]s ress devel oped |nternaITy in the plpe
when hlgmanmsssure fluid is flow ng through it, and the keepers which RN

conpris er, di I p arranged .15 Y
externally nﬁ 5@&3*%§%h %%weégﬂﬂﬁ%%éyg) éﬁf#Q S g“%? substantlaII;\g}
| ess thwh&nhsar@hamdseimwﬁnﬁeriEngagedIQQ|¢$et@|@blawcbimmngdto claimi1

and [0 YR ERa° Ml N KRR Ol nd 0050 s Fe HERBLSLI Gl hat of the

keepers are esz%?ed to accommodat e 20 stFess. 3. A

pi pe acPdpgi #@ g3 exn dakh rtﬁdieﬂlalnfnam%rﬂepngﬂmmaihﬁ, kthperingse .
ci rgunf geeRy elelm s&ee&eﬁiw@ BhdreL PP flkesses3 Wil el enents. " 4.

the For RFeT sHIARBRd B0 it TiRdie, ths TLogsi 1A BLess dang t6 AAPLSrecedi ng |
cl ai m agdel m'e\Maﬁihrethdvdrdﬁt’ |mshreélcb;trt@keaperpipéeamde of high tensile
e SRR SR Tl Y R h SUALRlLg 50 both
to any nhaeeddﬂ@mdztughﬁuiﬁnenMﬂcﬂaﬂnnteriseﬂxﬁyethﬁsntthamethb nylon. 8.
P PA8° BREIRRAAH Sl W g U0 Qeokgngs afROBGRBIS" P 0T
t hat pastrenhgtngs did wilidhstand shehgopdsteess dévigloped A pipe
accor di 3o tePndiy°lid R 'HaGR vien U AN A ure fluid is flowing
: through it, and the keepers which comprise members
extending longitudinally of the pipe and arranged
.15 externally of and circumferentially around the rings,
are of substantially less- thickness than the rings.
2. A flexible pipe according to claim 1 and in which
the wall thickness of the rings is at least twice that
of the keepers which are designed to accommodate
20 1ong1tudina1 stress.
3. A pipe according to claim, 1 or claim 2 and in which
.the keepers are circumferentially staggered around the _
hoop stress ‘carrying elements. = _
4. A pipe according to any preceding claim and in which
25 the keepers are in the form of narrow resilient bars.

5. A pipe according to any preceding claim and in which ) .
both the rings and the keepers are made of high tensile
steel. ' : ' : : ' .

6. A pipe according to any preceding ciaim and in which
30 both the rings and the keepers are of aluminium bronze..

7. A pipe according to any preceding claim and in which

both sets of elements are of nylon. ,

8. A pipe according to claim 3 and in which one keeper

'engages one pair of rings and the next circumferentially .
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keepers are sufficiently resilient tQ_§ﬂ§9L2_§___£?§g%;g
:egrnﬁécgnzgethe Plngs 0. - A pipe-according to any preceding ¢ aIIy _
;whi ch” neans..are provi ded at the ends of the keeperﬁmmm lmﬂ ”m, “
and neans are provided on thé rings. also projecti it L
-|nter-engagenent betvieen .t he 10 keepers asd-t he: rlngs

faces ati
t I whi ch. t he means conpri ses, wedgi ng sur
;?ﬁe endngf gaghg%i; angnES?ngpﬁﬂgﬁﬁﬁsweﬂgl95 §bﬁﬁa@e&rpnm(ﬂﬂﬂgﬁ;éﬁdvfﬁély

f the rings 15 tightens.
‘radially fron1tmﬁktlagsatbythdﬁaeénﬁ|rﬂﬁﬁ@”ﬁnt 0 plpg acoor di o9, Lo

Lhel r engaper r?a:,mmwar%fﬁg GEPeharhE, bo; any efeeheheme@srlliylewmmrmdo
any preceding | $t1yArBERY 136R0MY NG, ey any
provi de suppor t1 ¢thick thmekeepexsbhee Sﬁffici tlyAr & (i

t |s of extru elasto
|
Pr;tegffielng (154(?I n&hég? pted\k;t’:%gbrdl ng to gﬁy%? H gclaimin “whi- CE t he ke:ggrs
are |oosely helwin IRARe b?C%Q%Q4naahdsaamgageogdgngowtaimn1gb?g?§ﬁig o
O Rl s et e
e
3:?en1éragﬁuL2I %% m%ﬁﬁ%ﬁﬁﬁ?mPgﬂﬁ%m¢9 cmohgethEngsnhueb space
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be- adjusted A pi pe
|1 the.tension"on- or wire to

gccg\rNdl ng to afy -pr écadipey adcdmiiag! ton dsthuiiiil :@Gé ?g&fbhéﬁ%%érg ggep}nggﬁ,a
flanged j oi nt b%m?’rﬁ\é'e%e%et&i?l’\% SRS d NG P end of each bar and’

gth o
gdjacent Ien. grresponding wedging surfaces projecting outwardly

‘radially from the rings so that axial movement of the “ings
15 tightens their engagement with the keeper bars. _
' 12. A pipe according to any preceding claim and 1n which
. there is a steel helically wound core to prov1de support
S for the inner flexible liners. ' T
h 13. A pipe according to any preceding claim in which
20 the outer cover is of extruded elastomeric material.
- 14. A pipe according to any preceding claim in whlch -
the keepers are loosely held in place by steel bands .
engaging grooves in the bars and extending circumferentially_
-around the pipe. : :
25 15. A pipe according to claim 1 and in which the end-wise
' stress is taken by an inner cable or wire, or plurality
of wires, extending axially along the central sSpace
within the pipe and supported- therein by a plurality of
‘spiders. :
30 16. A pipe according to claim 15 and in which adaustlng
o means are provided to allow the ten51on on the inner cable
or wire to be ‘adjusted. . .
'17. A pipe according to any preceding claim and in which
_ at' each end of the pipe a flanged Joint is provided to
35- enable the pipe to be connected to an adjacent length of



pi pg or to an oil - or gas well termnal or to a're'cel\;ﬂ%'buo or ship. 18% es »

N, pe according to claim17 and in which the end fl IM’M’M’ﬂlﬂached
_ ngage

Xe pi pe by means including 5 a pair of sealed
e}ilient metal ring, and in V\/risch_'a metal plug, when tlghtened Into the
engdfitting, causes the end rings to press inwardly upon-the resilient

et al rpmgeaox} e;ngageotllleqmms eleddt deamindl mrsttsoaa:sed:e:.vxbng them 105"

19. thg sgc%m_sng to claim18 and in which the screwed- in plug in th(@.&,s
flanged en I't also forms the first of the metal rings which are held o 8

in plack8by Ahpipecpecordipg te (dladin|ly Frpk dubshieh i the yemnd her ei nbef or e
¥ desfibﬂ%@d E?.Peefi%r %’t%%.cﬁ'fed:'iﬂi”ﬁfe Jpltﬁe ¥y Ghe 4iS %&elaagﬂgpany' ng

dr awi ngs pe substanti.al 'y -as heérei nbefore deScribed and

as | | U8t PALECOEN SPAGERe SN TIRES) B Gt ENEARS e FLL B R ngsaion. - A

f I exi bl @mgpeaaacahdthcw a2 e t1eeAdigo wiert nedthtémed a4 hed tRean:
under - sea 0L i nstal |l at on so, as. t-0 connect- an, under-sea oil term nal

to a buBPdo Fi§\ﬁﬁBgOr CeRES dhe SRR ITANES R MTGES (HIWREAIECHEPEP t he sea.

The t exthef réh&lipentl imetttallomiln@ dral resywaghicite inméwt eTagyongribe .
appli an{ls ori gi nal ¥E)e %I’I It may contain a few amendnents which are - ~
difficu tREESr 82425 e ‘t ypesci pt - cont ai ni ng t hese amendment s may

. be B@petfed Anptipe plcsmmié&g)ﬂ:q led st @ &QfG e which the screwed-.

in plug in the flanged end fitting also forms the first of -
the metal rings whlgh are held in place by the keepers.
20. A flexible pipe substantially as hereinbefore
described with reference to Flgures 1 to 10 of_the
15 accompanying drawings.

21. A flexible pipe substantially as hereinbefore
described and as illustrated in Flgures 11 to 14 of the
accompanying drawings. .
22. 'k’flexible pipe. according to any preceding claim

.20 installed in an under-sea oil well 1nsta11ation so as to
connect an under-sea 0il terminal to a buoy or ship or
other oil receiving point on the surface of the sea.
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