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:e3e,}(()$*@NJ, 6, T,S] 7 SPECIFI CATI ON | NTERFACE SYSTEM BETWEEN COWVPCOSI TE
TUBI NG AND END”W""I“M"MWN“EI d of the Invention 2 8 MAR 2002 5 The present

i nvention gene to the art of filanment conposite tubes and,
particularly) to vagigus features at gpp interface between a fil ament
conposite tube and a rigid end fitting. Background of the Inxintion

Fi | anent conposwmmWMHm mmmﬁically i ncl ude aligned reinforcen@ftMAR B&#2s in
10 conbi nation tting or thernoplastic resin. Such tubes are
manuf act ured by the+amm+i cati on of resin-inpregnated reinforcenent fibers
or rovings to an internal cylindrical mandrel. The rovings are applied
under controlled tension in precise orientations and thicknesses to produce
a tube wall with desired properties. This can be acconplished by fil anent
wi ndi ng, whereby the mandrel is rotated about its 15 centerline and the
roving is applied along the mandrel by a carriage assenbly. Braiding can
al so be used, whereby 'the internal mandrel is passed through roving
del i very heads which orbit aroungptbgrioamoON . Nunmerous hybrid processes
exi st which conbine features of TiTanment w nding and brai di ng. Commonly
used reinforcenent fiber materials are carbon, aram d and 20 gl ass
formul ati ons. The reinfor f i ncl axi al reinforcenents or
2 8 MAR 20A2 2 circunfemgﬂgﬁgﬁ i##ﬁW@g nts. The axi al
reinforcements are si ZeQMROSI, TUBINGANILENR FHEINSS i al strength andl or
stiffness required for a particular application. The circunferential or
hoop are sized to provide the tube with the circunferential ,strength
and/or stiffness required for a particular application. The resin
stabilﬁggp%pwg|gggnﬁ§¢rs | oad between the reinforcenents fibers 5 and

pr ot ects e fipers 1romenvironmental attack. Therno-setting resins such
as epoxi es, phefbtimesent myenten geneaally poétesstoethe arteofniiiamesdncmmpgysitesed.

Less comonly used are thernop] astics such at% nﬁ%ogs. The thernosettin
resi ndUBPE @dd PRBUGUIRBMIT I YPrigrE afREiuTEse Pt AR BHCHREE | Reiwes™ 1fe TWHVRRE i n

l'i qui : j | S r1ed*rt)val of entrapped air or volatiles. The

r esi ndclo‘;nC?éc(%%ltle‘é\@Pi%}fdbgﬂghd;eé gilﬂ[l on of heat 10 energy, resulting in arigid

fiber-reinforced structure. The internal mandrel then is w thdrawn,

typically to be used agai.n. For applications requiring the contai nnent of

i qui 0 v ure, an elastoneric or thernoplastic |iner

typically is u L DS t 1 grAaf e ¢ Al
Sﬁﬁadw@ﬁt‘ &?mf:?gté Hﬁ%_s Qgﬁé@%p%lucﬁ@e %p@ﬁéd’ 'Felﬂffod'[ecgﬁm?l? ‘P@%g%%e

fluids through the conpos wa 0S| bes as scri be
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10 ar e usetnbination avitretherelospttingustt theppbplaatic oasin. | Dudhutlibes aid mandfa@ared
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20

producti on and_devel opnment  applications, including tubing, casing and
ri ser Y e appligationaelresinnpiegnatechreipfofeerenhiibeissei revings te pnyintanal
| ar ge .Open| el ative t.o Lts _cylipder i QI | .
confi gcgﬁé {'o% é}%rrélck:ﬁHem?\'gﬁg%aa:rgs?ﬁbh.ﬁ%@ 4 ggngérﬁrodlggd?as'a S0 &G
conporichitatidns and thickiestsapprogabe @ tubelwalhivithi ddsiredrpropetties r #hke can

systerése. alcgoinr;)?iggegpgyllifﬁaartnie%? S\Mngir{-g(,)iv%e;esby the mandrel is rotated about its
centerline and the roving is applied along the mandrel by a carriage assembly.
Braiding can also be used, whereby ‘the internal mandrel is passed through roving
delivery heads which orbit around the mandrel. Numerous hyb.rid processes exist

which combine features of filament winding and braiding.
Commonly used reinforcement fiber materials are carbon, aramid and

glass formulations. The reinforcement fibers may include axial reinforcements or



required to react primarily to axial |oadings, resulting from aﬁpl i ed axi al
tensi on andl or internal pressure. Joints are required between t&i®MARAER hs
in order to afford good service in these applications. The joints typically
are provided by end fittings at wound-in interfaces between the tubes and
the fittings. The end fittings are gen%'rally 25 hollow, rigid structures
.typically fabricated of netallic or |ike material. The wound-in interface
bet weegiraumfergntiat (hoopp seinfarcementsandhe axialirginfencements @nel sized: fonprovidesn

2002 - e Lok LI PHEbSKRNGH ARLOr ST aRERR reuired i o bastta GrolicaBon.
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oxi ol IBE R Entl BiCna08, ate A2PR a6 Bty R Fib e vt Shokiflensialg

t hr ouglstieggth apdior stiffress bepritdofor bqeattiodar gpplgatiane of the trapl ock

groove. The surface area of the |oad-carr |n&face is one of the 5
paraneters det elheresty stabilizes ang: aryieisoadfatiwesn thaireinfercemente fibees i ng

area c be. i i QGr j Laht - Carryi f ace.
5 ovovoRTd oS AECbats HaH] ERAIdaeriE) BRLER Mleilf e AR S '4E

rel ati éebmebp\w@m@liw Gidyk Eslers Thed Polyaster afnvROSIPEoRPRBHIY bl A &dghgl e
trapl ock groove can becone quite large as the height of the |oad-carrying

face i sommardnysed arhtheangntastias suelyas mylans sThe themenosefting resinsaarepesed
reduced by the use.,of multiple traplock grooves, but,.there is no _efficient
et hodMath GRTTRY T eaAiE ey Gare bf Arpid ¥4 B ving Moyl emnBi8a Fige ha
such dg{eefdhbdl FshitayPeadif or P0I8tiIRE D iTHedekin ik%oﬂgfﬁbh!tﬁﬁt’het&fdi' oPhedDr €
t han one trapl ock groove does not necessarily result in I nproved joint
10per t or energy, resulting desa rrigid dibehaeinfdrted rebipicturk. gTbevieterbal erprairélythen is

rei nf orcﬁg and al | @rﬁl ock grooves carry an equal 15 share of the load. If
the i nWaPe W, typically iLRe Ysed a988ber 1y, the | oad may not be distributed

equal |y between e b r i Rﬁff@i I ny
one trapl ock grgrgeeaé%ic%g?l:‘ﬁrﬁeebggiﬁgh%tﬁ@rstﬁw&% ogﬁ Ig oovcge}ls%ggrgﬁyeﬁ@e'a

si gni f premsuré, oan . el&tohiericuot tiesrmupladtentiner typicatiguist esetl ingide ehe gabeotosuch
trapl ock interfaces because a stiffness m smatch general |y exists between

the cobisyent Bigratienad the gontained fuids dhrpughithe ggmmvisés Walten i s of netallic

iihadis | . _
180 the | oad on GOTIRITE,WBES B lhschBES SEbvELaR TSPR & Jorhf R dihatee ©
t r apl ogpplig=tiove, indkpimyl oh @ndryadheiddectibmandiéveldpnmett applichBorsMpelating t ube

has hi gher sectional stiffness. If the fitting is stiffer than the

conposiubéng.ueasing rang dserser ek tubes; are ialsraresespriative of o RERISHES VEsRebe
I > | Ui 2 : . . 1
ube. ne 98 R bRefifle faistles 1818 chfifder FBitst, EERDbor Bt FRIRY (7 o

| ar ge joeket rob@redaes! elTHeyv alsboatd @isedbas b ditruchiral lcohpdditer spaolr ek are
encountered in establishing and nmaintaining a pressure-tight seal between

20t Ze coRpRiitable ttQUiQrﬁW_@iQ:hhéffﬁdof iframe Fystems il9 hesei aAanﬁqatgons, 2 PimAR 5002
(-1 npdrel8 EFPRREeANCY i Hadob.leRhio o Fowi BT bt

encapsigtérn@f présdure. uintefareNRqtfBRasdtiveehUubBe dehdthe iht Srderls iFRird YbodThe

flow of the resin prior to its consolidation preclTudes the formng in place
of seasémviger dntthess appbationsygr obagoiots Hipically. areprevided dry @mdafitiegsvat bond

bet the.end fitti d the, tube |i i |iable due to the 5
e e bt CEATRGR Y AR Y Pt S BbEe e e oo
255y st eﬁh&wmdie%trué&ré@?y;{iééw:fasrieaée%f%tam@rd# iNB9RAteigpd, the Iiner

mat eri al and "adhesi ve typically cannot accommodate this differential
movenent wi t houTherwounadn intedfacedpaiweenbarfithmegnt composite tube and a rigid

interior end fitting often includes one or more "traplock™ grooves in the ' exterior of the



The present invention is directed to solving the above nyriad of é%e@
10 by providing features at the interface between a fil anment corrr?g be

and a rigid end fitting to enhance the properties and performance of the
components at the interface. Sunrraa~r ,of the Invention An object,
therefore, of the inventionis to prov?de a new and i nproved 15 interface

.system between a fil ament conposite tube and an end fitting. Another object
of t he fitiR@@NddAta which %‘PJU?@@”&OH@V‘MGEmﬁﬁFSone@etG‘HBIP%I@ tgb@c@rm wetHaen

an end qchdAg é%@g&?hecorrppy te tube and a generally hollow, rigid interior

end fit r object of the invention is to provide a new and

i nproved seal i ng |A0sg¥St £MrRbWEGDINd fhé aBAL |CHRROStramsferBE B@ﬂvé‘éh QHQ
fitting, including a conposite tube Wwith an elastomeric liner. In th

exenpl anommsmedub@anddhe end fi rtmgethnr¢t¢gh bearngad the inkioagd Mstoad‘rcarrbmgrfacend

and an bo d th a of cirgunferential terior gr es

def i ni @3“@9 far QCRtgfv‘\’néS’f’et rlB %%QE%% °I£>Zﬁ§| 'P?dt?@{m Tosg I%rﬂil,eg otAES nal |

g hi ckn Eﬁe?er’rs e fé?@t% ¥H@Joﬁﬁt%‘?|l%ﬁa%o%%sbé’é}ﬁ1é%‘aeah% ge of
|tt| ng ar t he

t he gene aIIy ho erent for at |east some

t r apl odhcrgased dyy. m‘Eimsmgmims inegght uifethbaeatiidaarying fach. sphﬁmi/ernthehbeanagl ock
grooves of the fitting to lock the tube to the fifti n% R.2002 -5
Pr ef er &H16pS wh@hM¢|cwwﬁ¢e@§&r '%tcaFFI%JMte§ rstatively MéfﬁQ)Iﬂ( 58r‘%§@ve¥he

i ncrea gto
t he tr%??$éﬁg]géﬁc}%\|/é nea es{j Q{}}ﬁ%\g@&r% E@Ek d \f&%ﬁ'bg C§ ‘3‘“‘& g?%és?télttgé;ed
her ei nhelidie ofethe 1bAd-ckRgirRERiceNS ivgegsed. T hendibaictal @é@we?h@ntsr@fpth@qtsmt
ﬂgrooves have angl ed bearing faces which face toward the 5 outboard end of

he f.toanngear@@uagdumstthmsawof M@Ulflpbaﬁén@ko@mphé&cbhbé@?lﬁelSt opeefligignt The

for ar aueR kT 3P Brletinihd GoR WebBsoarmBRe PLABAYES AREesthy cttd Sflase
fromt mtéwnﬁabﬂshs HHOANE Aedaditaryheani ahdss wBAs of Aré 'théh %et t‘Pa;BIBSk

trapl ock groove nearest "the outboard end of ‘the fitting. As disclosed
her ei ngrobee dogb awtinecessardy aesult iminfpyored jgeiot pedoimancer dfierdesitable that
enbodi n, el astoneric rel ease,l ayer | i spgsed between the innernost
1+ amemiotrapRek o BENRR e Sabbe FERPrErE i ofldEARIPOK IREORYRF R A, SOHAL

18 el easgnhay & the Maaonﬁeﬁhet mtéﬂffcef i hoPYesified bkﬁi@% %h@floéa%psgm% e

tube are conpacted into the traplock grooves over thé rel ease
fi | amedistribuieidudguallyi bétweesmxthenchultiplé ittagiankt groovepadt éd poasible telapcbane by

circunferentially 15 ext.endi fil Anot her feature of the ipvention
s ¢ he BFOARIPBAUIROVEOdR e HhipTe ODER N BRI SRR Y STUNGATAIGAT t he. end
fitt dth t t h

bbo dent of |t g, HPEp R BB AR it Bfesidiing "Sus HRYBEN

cr oss- frtetfaces becdede acstdfnpas wnlsmadimh/gegenagyaHXIEts bebmam tite tbmpiosite debeind

the outside 20 of the fitting at the inboard end thereqof. Preferably, the
2Q onposPid tepEIidagne fitiing ahieh often is of metallic material. This ‘stiffness mismatch

tends to concentrate the greatest share of the ioad on either the furthest inboard or the

furthest outboard traplock groove, depending on whether the end fitting or the

composite tube has higher sectional stiffness. If the fitting is stiffer than the composite

tube, this difference in sectional properties sometimes can be lessened by the addition

25 of localized. reinforcements in the composite tube. However, this solution can become
quite expensive and can result in a large joint diameter relative to the tube body.

Still further problems are encountered in establishing and maintaining a

pressure-tight seal between the composite tube and the end fitting. This is particularly



el astoneric liner) and the Y-shaped seal defines a | eg extending \ég‘ n@g
diverging arms, with the leg being unitary with the liner. The d|2 3}‘ 2
arnms of the seal and the end fitting nmay be provided with conpl enentary

i nt erengagi ng tongue and groove | ocking nmeans. 25 O her objects, features
and advant ages of the invention will b€ apparent fromthe follow ng
detailed description taken in connection with the accompanying draw n fgr

2 8 wmalugoifthe @omncesﬂterséberhqmrbmtgﬂortmeror/é\mrﬂ@%ﬂ?f?@w%taﬁdpémg)fseﬁm

| ne it St EeRte e § ofieelial ik thf B Sofule.”

advant Wdhhﬁgﬂ@ffabﬁ@émo@\e Pestownsdens tann phvr t¢ite E:@ﬁ§<§1|da@ioh Hﬁeél@be%é‘g
description taken in conjunction with the acconpanyi ng drawi ngs, in ch

| i ke 5 forsfiegeimcplacenet aeahmmémmfe;s ISURR a8 gneemas on glam;ds| d%nelwcandm an
which: FIGJRE 1 is.a.fra nt ed rou a.co i e/ end
1t c 1 ngoheeer Bend skpat e st FioBLetd ghe los gt st FRlBHIR VLR 1o dRe

FI GURE f ROER Xhal F h [ I Ry ce
of a sggtféemnﬂalw ng a éﬁéﬁeﬂh? r ggﬁgcﬂl%b{%%%l?é gﬁpé%?flbaya %gd g)@({é‘ﬁ
sect i oopthatiorghAs thelfiting moves mwtbeatchundératmedgthéwhw makeriad Grsl, adhé3iRE 4
is a fragnented axial section throu a tubelfitti ng intertace halving a

pl ural MWC%’B’ F?@?ﬂtoﬁﬁ@%‘?’ﬁ%é@ 1hﬂfcgt*‘|%6‘?'§iqm@°‘(%eﬁte heeticraskings d8aring Ohe
|nvent| Qen FI GURE 5 is a fragnented axial section through a tube/fitting
i nterfac rpor ati ng one enbodi nent of a seal according to the

invention; and RAiHYResent fventicaianestddasisalving tie abolvd iy & problems
tube/fitting interface incorporati ng a second enbodi ment of the seal.
€

1Met ai | b mr@ywng)tfeainreﬁ at the pterfage batweaivaifiemest ggmogwe duhe anehe rigic:

desi ongrdaiS i EranPe Ren 8ERee sh Pefiinads ioR FhoaiSeCa0 B 11

i nterf aferfhfel udes a filanment conposite tube, generally designated 12, and
a generally hollow, rigid interior end fitting, generally designated 14.
The end fitting has an inboard end 14a and an outboard end 14b. The end

fittin%isfabr' ated 25 of such rigid materials as netal. The inset of
Fi gure—é&'%@%ﬁ&t——% 0 _In RRnt conposite tube 12 includes a plurality of
layers of axial ArfiBfelt ChERstord,| fefhe OeRfdl ¥ &¢fovide a new and improved

15 interface system between a filament composite tube and an end fitting.

(6]

Another object of the invention is to provide a new and improved traplock
system between an end of a filament composite tube and a generally hollow, rigid
interior end fitting.

A further object of the invention is to provide a new and improved sealing

20 system between a filament composite tube and an end fitting, including a composite
tube with an elastomeric liner.

In the exemplary embodiment of the invention, the end fitting has an
inboard end and an outboard end with a plurality of circumferential exterior grooves
defining a plurality of traplocks spaced axially between the ends. The wall thicknesses

25 between the bases of the traplock grooves and the inside of the generally hollow fitting
are different for at least some of the traplock grooves. The composite tube has

filaments disposed in the traplock grooves of the fitting to lock the tube to the fitting.



2 8 MAR 2002 _7_ between a plurality of |layers of circunferenti al

rei nforcenent fibers or hoops 18. An elastoneric liner 20 is di sp%ée*AA%RUUZ
the inside of the conposite tube. The reinforcenent fibers are conpacted
into a plurality of traplock grooves 22 near inboard end 14a c>f the
fitting, with the circunferential reinPorcenent fibers 1 8 conpacting the
axial reinforcenent fibers into the traplock grooves. Lastly) a seal,

gener alRreferablys thimwab thicknessesd dee bpses phther Eaplerk geaqyss ineieasadrarathei s
di sposed. between conposit,e . tube 1 d end fitfl 4, at inboard 1l4a
of "t e ARG G15¢R ABRGRS e rivkafd guf o8 Bifa b the BRekits Urahly SRafent e pe
used t @y ABsA@NahE bflthk SithgP Fe Bisglosed theram, ithe WAl tHitkids3es iAérealsBeat a
conposite tubing 12, the axial reinforcement fibers 16 and the
ci r cunfunifermirate.r ei nf orcenent fibers 18. 10 Therefore, a conmon
under st andi ng shqul d run through the entire descrjption of the figures.
Wth this ungergﬁ'ﬁngﬁﬁg’,CkF@@QP’gs $ave| Jgled kearinge ag?ﬁﬁ’b’@&‘ fare tAwerd dBemon
nmbodi i QAR d i e 4. OV ith a
gl o ot ehd bFeaing Ghl acklinct WEER BReriaMidrt BBt coPpBER ittt
t owar d TtHeeinlentioh omtemp laded 4hatothet Argles tdfi the. bé&aning daddwe beadifférsit foe aof

conposite tube 12, axial reinforcernent fibers 16 are placed over coni cal
sur f acéeass some phihe Baploskigsaowas. eBraferabhs thefangigsaincrease Bpaeientraplocke

cur 2o e A e odrd BRTRACIE! SRR, R LY GAmAeR diabye  HoAtR8t e
f or m nguthdrdiehd 6 tAEMRlhd. OABHigtlddetPhdiRin, Ahé iahales iAkRIasétR Piiniform rate.

circunferential or 20 hoop fibers are provided as a protective coating
1Qbout the ext erilora aireféreed @mpbediment,ubs. elastaraerc deledsef @yesds odisposgdsi t e

be 1 2 and, .theref h kK joint. . VA
it boabgtae e GPEeERGs UAeRis B REF poltuinu’ ik RrEiee Ltk rgcend or
are I CRIRENTRE Rledlel BYSr iSlnbGRIS & It fikig. [ 7AE ﬂ%ﬁg@{f bhthePESHBRkite

i nventionevolve around configuring 25 nultip geonetri
resul t ituloe iane onguacked sitarthedgrayflotlo gcbdvesvener thhearetadsel lalyer.t Mgl flakwents The

i nventio onpensates for significant differences in the sectional .

or oper 143 gxaliaexienging &latnents cPraRACeranto dhe 0aVE bk CreURYERAY o a

traig iziing of gross traplock geonetries based on strength
15rsequi rgé(r{eér?\.{dﬁdﬁlagﬁ%h R 2002 g the detailed fitting geonetries are

det ermi ned basednuhér fedtereebe thex invemdibnsis sthef provisigiofitgn etstdrerig seal an
equal distribution of |oad between the multiple traplocks., Before detailing

the i nPEVeRdMm thainboard; end of dhe endulitting andatheninsids 8t the) flasmentecamppsile of

d fitti \ . . . ;
ot engl € rERRBh 8NP ECATRER Srpbert B Y SO peRBRAG PnbBEd iy
use of ceoss-sedtivonbto definealpaiest diversng aanws embriziciyigy the2ingitid g tiié batsidgdove.
The foll ow ng gross dinmensions of the joint nmust be determ ned: (1@&ga The

204i amet Pf the ERG At dpe inkoard iend; thaeedfo Prefesablyptheceampesite tubechas Ande@rieased

| ) . . o .
i i mgaagage JPRReR e FhaBET LAl dbhits BNRY' GREAGRD, Mo aeiibidhg

t hi cknaamsoithltRefléd bieyy unieey witretHe IBdrodhd giveiging atms Tifthé ¥etPany thée
tensile and pressure | oads inposed on the conposite tube. This should be

done pendt#Eng gxay resnprevded willy copyementary gotasengagiegdiesogys and tdieove
producrdckh&’({%nghe t hi ckness of the axial reinforcenent fibers in the
joint I'S ted to fibers 1 6 in the conposite tube. For instance,

25 ocal i zed | ayer ©tRkr ajets, fehfifres aRaEavantAss of e Rivehfion ivilll ieddpsaren®f t en
are added over the length of the traplock. The conposite material i1n the
trap i Fosubbhedollewingi defalled adrscsiptian itakemrid eanectieni with $he eascompanying

drawings.



20 generally resulting in |ower fiber strengths than achievable in the
conposite tube. (4) The nom nal thickness of the protective O?QFM hqm@r of
circunferential reinforcenent fibers 18A) described above, 0 must

consi dered. 25 (5) The required bearlng area of the traplock is determ ned
by dividing the required axial |oad by®°the all owabl e bearing strength of

.t he conp05|te material. The annular projected area of the |oadbearing face
26 of ief Desgription efithe Brawingsornal to the tube 2 8 MAR 2002 _g_
center-line nust be equal to or greater than the cal cul ated bearing area.
The depth of the traplock is allocated between the thickness of the axial
rei nf orcement firh@iafurbs o MEGARhtIoA Ihichuré ahe0el 1888 ARl are set forth
circunferential reinforcenent fibers 18, Is referred to as trap till.
Si nce with mmacullgt)swmagappeﬁdemampml 'yrhenn\Eemlmlmpusgetbethbrlisad)tqecs air&% to
20% of typlcal fiber tensile stren th tragpaegths si zed based on th

r equi r B RAVENtRESS dherediumay beak §Héﬁl§’&(§ xnederegeet i dhe; quOWI'f'Q he

trapl o f 8 teLs d

(vl 1 - BRpoREE Safen ' eor)GRGIGH VR R CabripaAfh BfaeR i \hikf] s
s5face i refefenge thﬁmEraﬂslfd%n%fy nkb gl@mméhwthesfgdreswmmfwmble fl tting Wal l

t hi ckness under the traplock, the depth of the trapl ock, and the thickness

of axial and/or Ellgm&'érﬁ|f@9m%1tﬁ¢jcﬂxdiimloﬂltb@t@bét@nw&'ﬂ@embﬁé@d)ck

est 11 T GBterPearia A RO PR S e IR TORT T 1 £ ng i nt evt ace,
then a single trapboRE 099k BAGMAEARY DEalSdERNBn ithrdtghihe tabénﬁhﬁqeﬁﬁéﬂf@&éi

above is appropriate. 7 5 However, in nany applications, a single traplock
conf i gaf atsiystent hawing deingisstiaplockput violating the dianetral restrictions.

1050ch mul (1 pt o t1 ENPOEE dcki & HECRIIER AU SGRron ARiauieh ¢ AUbsing: Aertass:

requir f IBH /fitting joint or interface. In the sinplest terns,
by di stﬁ?:w}@gt ﬁiﬁ]eé ﬁe r'gﬁw red bearing area between nultiple traplocks, 20

the total wall tFRiGKREY isfa flagmerded @xial jsection |thrdt@d|uaedbévéttmgsmtedfaace

dept hs of .t he trapl_ocks are reduced. A sinple approach mght be to sinp

subdi via¥inthe Hwalityneh OP'éeﬂsrPOYﬁﬁrﬂ'éﬁ’orBPrqtﬁnﬁpF'?ﬁ:I&et‘%\ﬂ'ﬁ‘%ﬁeﬁ]qr?s 2 HW t he

j oi nt fn%ﬂﬁoﬁ-onfi gured without violating dianetral restrictions. A

conparison of Figure 3 with Figure 2 illustrates how an equi val ent bearing
165area can be achi EVGURE Ghisra fragnidrited awidl Isection kivesgh a nubeéfittingSinteriacedy

using three trapl ocks. However, as pointed out in the "Background") above,

t he us'é‘C@fPQf@'F'égPﬁ&@rﬁh@d'ﬂﬁiﬁIoééks%éﬁxc‘?fgin%@c@?slBY‘F’I‘HDW'@§l§’|t in inproved

j oi nt pertormanc f d h ocks

to failure bef orglq;lEﬁQE bqsfﬁﬁg%&é a%?%'e e'§n Etfr?rgl&%% ?(qmg\a/@r%m(&:; %tér’%&%

si gni finearporhfiag a sscondtdmbadiyndt@ithelesalgns which sinply find it exped| ent

to increase the nunber of traplocks. On the other hand, it has been found

inmportant and the invention contenplates a particular sizing of the wall

t hi ckn £ f, £l r Jbtﬁl Q h trapl ock, based on the

st renﬁmm&—weﬂ al. In those 5 applications
20where the secti opgjurgodsthowethd BenerN@ohfigdirafionict De6Apesitd hase/ERE fitting

sectional noduli of the conposite material of he tube, the wall thickness

of thelnieftfiﬂ(i&]ggaﬂeltaﬂé @@?elgaaﬁe@lf 18, cmth wdmpbcﬂhesfﬁajuwsmftme fAveintiom are

reqwred Ifo reqU| nt§I nlmz stiffness m.sm t?
bt e cRPRIREDIS T deraes st e Pirderl P e e deasren el s 12
shows andd b'ehle?ally" ﬁ@l‘l&ﬁknglﬁsinwld’i* él’ﬂi H&ingy, tg’e@\alékél@kées@haté’%‘ﬂme FREerdat
the end fitting wall under Traplock (n), thickness tn' nust be sized to

carry fittiagthasaén a:xbmelrdlemﬂMMawd\an putbieard BhdKifds sTlag enbidittimgl isf fabricatednal |

250000 oof SR Fbic ialieridle 28 e e e ge e Figurs 1 SDOUS AL SRS TARAPROHe | { s
| ocat i Qfpe ]I_beln%ﬂfbécs' yblﬂf]él}[(‘ﬁldf 14 lesr ofr"aﬂﬁl Q‘élﬁfcgr@emérﬁ'ﬁﬁ‘é?gs% s andicis

sized to carrying on portion of t axi al




15 load transferred across the inboard traplock face. (In the case of

combi ned | oadi ngs, such as axial tension and internal pressure,2 8 NARI0P

t hi ckness nust be sized taking all |oads into account.) Conversely, if the
end fitting material is nmuch | ess stif} than the conposite material, the
end fitting wall thickness under each ftapl ock may be sized thicker than
required fromstrength, again to mnimze the stiffness m snmatch between 20
end fi tbtertwgearﬁj pigay9ftlayersnofagiirumisrentia! reiafercement ibess ph horeswvikd.1An

il £1 - A PBcadBeg T vt Ree e s ipskas & IR ey B ald
differ Qélhfcﬂfagﬁﬁﬁt FBel%%Qiéﬁnﬁac%d QRS LHlUFARY Qf‘ﬁfﬁpl%k ‘Q?@é\/ésf'@ heapirdessd
More particularly, once the gross geonetries of the nultiple traplock 25

i nterf ®nd b¥a pbthe fnmagewiibéhe @Hcemﬁemetla!bnesﬁdroemmtrf@@gs A &ndmpeotieg the
requirenents .a descr | eadi ng a_deci sion mhﬁther

in, up t
or not 3Xial; FRjn r??'?i‘ﬁf‘ eﬁ:l '(5’ f%ecyﬁpﬁ’&gr AIYESt s Q‘ﬁ;ﬁ’op?l 8gd, geperally
t t h I
L 2L QUSRS Onh drky WRRUIbR YRR S SerbinEhof TR haiat
200Z - J:ﬂ:rr#pdsltlsﬂubeﬂeﬂhnd@ndff'ttuhgz1l4ratemtboard énd t4weolithe fitfingli f f er ent angl es
on the | oad-bearing faces of the individual fraplocks to influence |oad

sharing bet ween thrapobews therfiguses| Eo@mqrhéeﬁeé?’ép%é&m?f@'ﬂ‘ 6k ke upedr &9 ock
he  r o PEETERE P oDk, R LY HAES 13, UleBpRSRs M fiinane 1R

conposigkpal ateihffcémant Oﬁﬂ‘ersTher ehar ghe t bnecmﬁfér@fﬁtuail téinforpémang! fiseren 18he 5
mul tiple traplocks influences the relative di splacenment between trapl ocks

1Gind, cdhecefoeat & commen |unserstandinggshsatldueem thioughrthelerdike desheptian obtheg
describhes a nethod by which an optim zed conbi nati on of angles for the
| oad- bd@HiG%y faces can be determned. Figure 4 illustrates the concept for

a traplock joi nipht this mndéran@hamgs F@@ré-%smaé@&eabm@ s.;tnp%s@vsﬁa' Jnds?l nt
geonetry, including the anbunt of "axial and circunferential materi al

pl aced comnear Fembagimerk, ofi 3 tiaplesinjairidobitedade Stittimggl 4 Iarm‘ogldedEWl‘thca
(25" SIS conte SibaEH e "THE e G057 e Bl Sl B G Ra TEmBlT Bty
15 rapl Oﬁlﬁtﬂosarﬁeég‘?c% Hebesr 1R fftﬁh@s DU t?n‘ékm%HMacﬁﬂ@ of cd P?QEeeﬁfBE ?zggxi'aﬁ S

| oad-bearing 1 ace. A value ~, I's chosen, typica t ween and
60. D, reibtrcement fibers 16 ace pla@edmvea cmaloaéswffacfe 26 hét ied aompletidn bﬁeach
structure under load is anal yzed usi Gg?ﬂae finite el enent nethod (or any

ot her IRYERSHAKR wntoak%enwt eaee@eﬁf of theylayee isseempaeisd ad @%tqut. ng
d
ot weonDarsh s PoniBs ftdte NGy SIS ERCURlorntd rLifiIEbmeltRbeh BSHI0C 2,

beari ng8sforesingswhat isheferoep tsidsea rtﬂa'peQBaIAlfmaﬂ ha’yetrr‘sans of lercusiidreayak ot
iterations, the value of ~~-, (and hence ~~ is varied until

28 he st hegR fingfease; Rrovidgd acR RTHSeG(HME mayag&qpqt ﬁhq %’(T%t()ftwg eRISPPsite
degreeyqfe e o4l EFH forces o bt ibe 12 and, therefore, the traplock joint are

represented by arrows "A". Outboard axial forces on end fitting 1 4 and, therefore, the

o

traplock joint are represented by arrows "B".
Generally, the features of the present invention revolve around configuring
25 multiple traplock geometries resulting in an equal sharing of load between the multiple
traplocks. The invention compensates for significant differences in the sectional
properties of the metallic fitting and the composite tube. Subsequent to a

straightforward sizing of gross traplock geometries based on strength requirements,



sequence of iterations is then perfornmed for Traplock (n-2) and %W@cﬁm
(n-3), and so on, until values for: 1 =ri n_1-~n 2~ . ., ~3 02 , =Tl
n1-'--'n-2, . . 5npand On.1 - Oi ~n-1 10 are obtained which result in
an equal distribution of load across all traps. Another feature of the
present invention, generally, is a sea® confi guration capabl e of
.compensating for a differential nmovenment between end fitting 1 4 and
conpostheedetalied fittngvoepmetrieosrendeiermineast based pn finite eealent analysisef the m of

-sh d b . i d, 24 i | . h -sh d |
s ot AL o AERBLS Al EREo AL o St e Pl g Tar go
deformations w Bagte GéfafingMBedhveRir, h inliie SIS sAbuPbEthRES, :%&flirﬁj td ng

elongation at failure in eXcess of 200%1s essential to successful seal
oper at thensizifige of esdafittidg gevmefueatanshcompobide depl releforcersent pased ain the

di ' 24 d 24b, al i th I 24c, Thi _
CREE R PR N T M eI A SR
b b terj : fitt]

bt BRI IR, REE P ZARL BB il | FhpBic iy 0

i s proggiénsioheopttedoint mtustiod deterined- 8 MAR 2002 -13 Figure 5, the
i nboard end 14a of the fitting is machined wth tapered | ands 30 and 32
respectivel y on(the i Adeddiamairisakrenveiopengestiicipae taratha exppiicatipe are

Lt T canr et on o P RIRERAt ACRAIEE A B R gflspe
adhesi ve bond is creagpgliddtiond RikVRYuireS ePanRimem Ghsidee didmbtdrm amdt e
fitting. The fitting, wth the seal installed, is 5 nounted on the nandrel

10t hat forns the insi demaximaoeoutsideotipoistee t ube 12. During the fabrication
of the conposite tube, the yncured el ongric liner, 20 is,applied to,the
entire surface g?) theTﬁ&nWPﬂlt%meéitcgﬁﬁ'fngéwg HPg?raH&tm%ggPds&?dt%
exterior surface of tQSfe‘i)‘?aéara;r Egecmﬂé'%ﬁdtﬁ%@,sa,@%é& GhipRs8d BMethd he

mandrel /liner by filanment”wn and/ or braiding. Wen the conposite iIs
cured, the liner is boodgpdsite tulfe.t Thissdwluldbd donerperdhe eequigdmebtsr ofiany i s

created to prevent the perneati on of contain fluids through the conposite
wall. Figure 6 shows ‘he use of sea
I'l. Fi hows §° %ﬁ?ﬁ&&?@@ht@&%'%é’? ﬂ%ﬂ PERfaglcth f |
mat eri al s whi ch,ganno teliabl T : i
15densi ty polyet h§/"/?:)ene ;rrr\] e%‘éﬁq‘ly”??ng ed(?ﬁy on)é%%@e}ﬁn oafr ’%ﬁﬁq@%i&w?ﬁﬂi ng
1 4 is machined 15 w tilmiteddbifibgrsn @inetheBbrapokitetubes fFraxtinstahge olochlwed

i nside dianmeter and outside dianmeter of the fitting. The | ocking grooves

are wider than the nolayess ef axinbreipfemementdiberhaspitRpin Fgpree 88 | ed
. fseocion i ; . o : T
Lhe o ooves 1 om di verged Sl I8 JEnd T 40 BpIquk. | T EbRRoBtE st I 0,

seal is injection nol gesitrapti®stbject ot significahbehédningrand asiipressibarst@ssf | ows
into 20 the | ocking grooves and is nechanically retained in place. Prior to
20i nstal | ati on onto a na@gaeedly regultisgdn/lewer fingr sisergths yhar achigvaklew they, as

at 38, to an extruded ljper.20 . creating a pressure tight welded |iner
assenbly. The wel ded F%)h@%sgég%?%l y then is slid over the mandrel and the

conposi te tube (4 fabmheatgsmmedr thiBengsssesbl the protective outer layer of
circumferential reinforcement fibers 18A, described above, also

must be considered.
25 (5) The required bearing area of the traplock is determined by
dividing the required axial load by the allowable bearing strength
of the composite material. The annular projected area of the load-

bearing face 26 of the traplock on a plane normal to the tube



Finally, referring back to Figures 2 and 3, a further feature gf hngﬁ?
I nvention is the provision of an elastoneric rel ease | ayer 40 cgtvveen he

i nnernost filaments of conposite tube 12 and the outside of end fitting 14.
The rel ease layer is unbonded to the fitting. This release |ayer further
conpensates for differential novenent '%etween the fitting and the conposite
.tube inherent to traplock operation. 2 8 MAR 2002 -14The rel ease | ayer
may be fabricated of seoterdneanistibe egualddlosgreater than ﬁhleecalquﬂetacbbwm

| ayer ensures that load is nce te C or

bearing surfaces 26 ofif¢%e tk ‘%{Pﬂg fOIttﬁﬁ/i ff?P&?&RUE?d@i@ {]?G’st ‘f"e?ﬂe
|nventfon may be embognddl of Rl axiRGe|ribiehRirifTiberd hcsl&or%gae@d' Ao iﬁé)m
the spirit or central aracteristics thereo pr esent exanpl es and
enbodi nents, therefor ﬁap&rcﬂxtandbehe:omwrdfmedtlalrre&ifbrcem&dtberas 8i, wmeru isative

and not restrictive, and the invention_is not to be limted to the details
given herein. 2 8 LfRmeddo-asstrap AllvGince therheasingextranalh aimestodimah end

501 2, il anent composi Lo iuheandyangenys idor ol dow of Bk iEL Sopsil

fitting, 'conprising: “sal V|ng a i nbdard an

end with a plurality @freﬁgfﬁuﬁa@r@éﬁth@&ﬁﬁ EéS@d o PRVeFuiretli bédithgarea
plurality of traplocks spaced axially between 5 said ends, and wth the

wal | thicknesses betwesultinarbadeguate thigknesspl tbanxftl;nrothﬁetsaralndkt he inside
O e et ol i Al e L o bBon g B bhedd™
4 2pos8 ) Sdseltpbecrmronienl o el Wi ok skt jpeipene
10at generally is the sum of the fi ttlng wall thickness under the traplock, the depth of the
traplock, and the thickness of axial and/or circumferential reinforcement fibers outside
the traplock. |If this total wall thickness is compatible with the diametral envelope
restrictions for the particular application of the tubeffitting interface, then a single
traplock configuration as shown in Figure 2 and described above is appropriate.

15 However, in many applications, a single traplock configuration cannot be
used without violating the diametral restrictions. In such cases, a multiple traplock
design is used as shown in Figure 3. Such multiple traplock designs can effectively
reduce the wall thickness requirement of the tubeffitting joint or interface. In the
simplest terms, by distributing the required bearing area between multiple traplocks,

20 the total wall thickness of the traplock joint is reduced because the depths of the
traplocks are reduced. A simple approach might be to simply subdivide the area into
the least number of traplocks which will allow the joint to be configured without
violating diametral restrictions. A comparison of Figure 3 with Figure 2 illustrates how
an equivalent bearing area can be achieved within a smaller wall thickness, in this
25 case by using three traplocks. However, as pointed out in the "Background", above,
the use of more than one traplock does not necessarily result in improved joint

performance and, in fact, it is possible to load one of the traplocks to failure before the



t he bases of the traplock grooves increase fromthe traplock gr, gw@&iest
the inboard end of the fitting to the traplock groove nearest t

end of the fitting. 3. The traplock systemof claim2 wherein said wall

t hi cknesses increase at a uniformrate. 15 4. The trapl ock system of claim
1 wherein said traplock grooves have éﬁgl ed bearing faces which face toward
.the outboard end of the fitting and agai nst which the filanents of the
conposothertdptodksagyen barmasignificant ladde dsaaith myarf)falsrwmmeiies'@rmi\ﬂhieheﬁimpiwr at

| east some of the trapl ock groove The traplock systemof claim4
V\/nerelﬁ gg,ed(pgﬁbqrggogfcrgﬂ%e g?é’a?\"ﬁ eEGfVQBlQQIt‘§ ‘ncrease fromthe trapl ock

groove near est g-fe‘? RAR, Oft hEereéhtf’ohgewmoér@ntt %ﬁ?GB‘(E)EI_( I%cgfm’cﬁw

near est the out boar of the ittin Z00S

t r apl océnteyilatesct parlmurarEsler@bfethe wall mnalngdsssofcifttmgmmm & boktoyy ofoyach
increase at a uniformrate. 7. The traplock systemof claim1 including an
el ast otf@ploek brsad eon atperstb@agteeﬁanamhtf%@f ﬁbgtend Ifikinchtraateriak aj kp dweRsosi t e

5t 0 t hoapPIGHTRS Ehgf® B SetfigBRCmbbll of the b8 MRS Smaddchah B attRBR e <
i ncl udgorpliadf theeéémpdsm@ rﬁéﬂeﬁﬁ?@f %ecmasbactﬁ@dvalntmél@]e%owmebﬂmng at the

circunferentiall endi ng | aments. 9. The trapl ock systemof claiml1,
i ncl udboitora 6f eﬁhurapleelalshbeldvmma menirurn equired fordstegngthirdqfirements tond

and the.i.nsid he fi nt c te_t.ube. he trapl ock system of

cl ai m 9MR¥LS Qfs§éﬁ|s’ 'bgﬁg’?’n% %Wfti'ﬂgﬁé‘gjlﬁﬁt UPSss- sect on to define

a pair of diver dith g'léf’ @Ehfiéh, IFI§ute ' 'sHBWR rrﬁ‘i'l?pl |

fitting at the ?E grar en |krllereof gu ThéS tra[ﬁj sgg@ of c? %ﬁﬁ\{l%
10wher ei m traglackso nfiasint lee tseba that trenetd fitting wiadirureleastraptocko(nl),| thicknessdnsai d

Y-shaped seal defines a | eg extendi
IOmust be sized to carry thegtotal axnaﬂ !

cr)]gdf | oweverdthe thickness of the end fitting
wall under Traplock (n-1), thickness t..,, may be sized to carry only that portion of the
axial load transferred across traplock faces inboard of its location. The end fitting wall
under Traplock (1), thickness t,, may be sized to carrying only that portion of the axial

15 load transferred across the inboard traplock face. (In the case of combined loadings,
such as axial tension and internal pressure, the wall thickness must be sized taking all
loads into account.) Conversely, if the end fitting material is much less stiff than the
composite material, the end fitting wall thickness under each traplock may be sized
thicker than required from strength, again to minimize the stiffness mismatch between

20 end fitting and composite.

In addition to the differences in the wall thicknesses at the bases of the
traplocks, the invention contemplates a multi-traplock design in which the bearing
faces of the traplocks have different angles to achieve a stress equivalence between
the traplocks. More particularly, once the gross geometries of the multiple traplock

25 interface or joint have been determined based on strength and geometric requirements
as described in detail above leading up to a decision whether or not a single traplock
(Fig. 2) configuration is appropriate, an iterative approach is used to achieve a design

with equal load sharing between traplocks according to the concepts of the invention.



diverging arns, with the leg being unitary with said |iner. 2 8 MAR 2002
-17 12. A trapl ock system between an end of a filanment conposited 8 MAR 20y a
generally hollow) rigid interior end fitting, conprising: said fitting

havi ng an i nboard end and an out board fﬁd with a plurality of

circunferential exterior grooves definthg a plurality of trap | ocks spaced

axially between said ends, said tragl ock groo es havi ng angl ed beari ng

faces Yéhitwnu%é%atgrq ohdhel inyRntion: ISP AT GiTIaTRRt ANGIESHRN ARl IeRdPR3TNGNI ch
berng derrerd e ARFRTIERO G 1 fyEREe b2 SEpEaBhudciyifRiaRy TRESS

fil anmeningi®opase Icad-besrimavidedof 4 trapritksdstepnpeedhe teldignshipidtekcarioay es
of the fitting to lock the tube to the frtting. 10 13. The trapl ock system

of cl aitransferipdrasiresss thedfapeganrd the relative exial siplacamenthef thesend figing aed

I I nb he fitti . | ock
hear eotie HUABEh SRRFoRHR Bine TRk | hhereiare. Him Wed) difkrerh Befisspafel m
5}3 V‘herrﬁhl'ﬁp&ait%ﬁagkse%ﬂtﬁeﬁ&% tctpémé?gﬂwrdwaéemﬁf epstvedin draplbdidr Brdt e.

5 15. The trapl'ock system o aim 12, including an el astoneric release
| ayer lmenseqaenthe thentatesharfrid aebmean dhe seaplockamrpoktia doltawing adesaribes a

outside of the end fitting, the rel ease Jayer bei unbonded to the

fitti ngnetfed%mﬁ'phaa %Q?l{%§9§€8mbmaf&”a?*]rﬁ@e%ﬁ¥rtggI’P%‘ggﬂaﬁ”i’@ e he| ude
axi al | We?ér?ﬁﬂg&”g filaments conpacted in the groove by circunferentially
extending filanents. 20 17. The trapl ock systemof claim 12, including a

flexible seal beRigeen4tihastratesand condepf favaa trapldcki jognt evith e drapheckisnsAge of

the filanent conposite tube. 2 a MAC 200Z ) i
10 stated above, the overall joint geometry, including the amount of axial and

circumferential material to be placed in each traplock, is determined based on strength

and geometric constraints. The extreme inboard traplock is here referred to as

Traplock (1), and ©,, is the angle on its load-bearing face. The extreme outboard
traplock is here referred to as Traplock (n), and @n is the angle on its load-bearing
15 face. A value for ©, is chosen, typically between 30° and 60°. A, A, ... A,

A, ., are given a value of 0°. The behavior of the structure under load is analyzed

using the finite element method (or any other method which takes into account the
relative stiffness of the fitting and composite in the axial and circumferential directions).
The load share between Traplock (n)'and Traplock (n-1) is evaluated by comparing

20 peak bearing stresses in the composite material in the traps. For subsequent
iterations, the value of A, (and hence @M = @,;AM ) is varied until the stress

levels in Traplock (n) and Traplock (n-1) meet the desired degree of equivalence. A



-18 18. The traplock system of claim 12 wherein the said trapl ocgaq{‘m\gm
have bases defining wall thicknesses between the bases of the traplock
grooves and the inside of the generally hollow fitting and with said wall
t'hi cknesses being different for at |east sone of the traplock grooves,
increase fromthe trapl ock groove nearé&st the inboard end of the fitting to
t he trapl ock groove nearest the outboard end of the 5 fitting. '
seal ed saquencacs iigsatiansnisghen pgrfermed dep branieck (bd) and Taaplpgk dn13|h,t@md ép end
fittin r||S| n said filament conposite tube having an inside wall-and
a dist é‘r?él' vgye §g?rd end fitting being located within the tube at said
distal end thereof, the fitting including an inboard end and an out board
end; and a flexible seal between the inboard end of the end fitting and the
inside wall of the filanent cq os te tube the seal being generally
Y-shaped in cross-section to A of. .di VB ghsrg&arrrs enbraci ng the
i nside and the outside of the flttlng at 15 the inboard end thereof. 20.
The seal ed interface of claim 19, incl udi ng conpl ement ary i nt er engagi ng
t ongue- and- gr oove neans bet wee 19 g arns Athe Y-shaped seal and
opposite sides of the inboard end o Tl T2 hy! Aﬁt A. Aa. Au. A. Af . AH. Aa
.ACA LA L AFI . A3Y. AaY. . AF. @ Al f _. Al (e. Al r)Kbdo30O F
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15 and the material must be capable of large deformations without cracking or tearing.

The use of materials exhibiting elongation at failure in excess of 200% is essential to
successful seal operation. The Y-shaped configuration of the seal defines a pair of
diverging arms 24a and 24b, along with a leg 24c. This geometry is configured for
elastomeric materials where a high quality adhesive bond can be produced between
20 the seal material and the end fitting. Very good bonding can be achieved between

elastomers and metals if the metal surface is properly prepared. Therefore, in
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ropldgds vodngctipn moleedl (Ontodtbesittiny. arpadhesive bond is created which
prevents separation of the seal from the fitting. The fitting, with the seal installed, is
mounted on the mandrel that forms the inside surface of composite tube 12. During
the fabrication of the composite tube, the uncured elastomeric liner 20 is applied to the
entire surface of the mandrel and extends some distance outboard on the exterior
surface of the seal. The composite tube then is created over the mandrel/liner by
filament winding and/or braiding. When the composite is cured, the liner is bonded to
the seal and a pressure-tight barrier is created to prevent the permeation of contained
fluids through the composite wall.

Figure 6 shows a Y-shaped seal 24A that allows the use of seal
materials which cannot be reliably bonded to fitting 14, such as high density
polyethylene and polyamide (nylon). The inboard end 14A of fitting 1 4 is machined
with locking grooves 34 and 36 respectively on the inside diameter and outside
diameter of the fitting. The locking grooves are wider than the mouths of the grooves,
or the grooves may be dovetailed in cross-section, to provide secure locking of mating
ribs extending into the grooves from diverging arms 24a and 24b of the seal. Actually,
when the seal is injection molded onto the fitting, the thermoplastic material flows into
the locking grooves and is mechanically retained in place. Prior to installation onto a
mandrel, the sealffitting assembly is fusion welded, as at 38, to an extruded liner 20,
creating a pressure tight welded liner assembly. The welded liner assembly then is
slid over the mandrel and the composite tube is fabricated over the assembly.

Finally, referring back to Figures 2 and 3, a further feature of the
invention is the provision of an elastomeric release layer 40 between the innermost
filaments of composite tube 12 and the outside of end fitting 14. The release layer is
unbonded to the fitting. This release layer further compensates for differential

movement between the fitting and the composite tube inherent to traplock operation.
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illustrative and not restrictive, and the invention is not to be limited to the details given

herein.
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5 said ends, and with the wall thicknesses between the bases of the traplock grooves
and the inside of the generally hollow fitting being different for at least some of the
traplock grooves; and

said filament composite tube having filaments disposed in the traplock

grooves of the fitting to lock the tube to the fitting.

10 2. The traplock system of claim 1 wherein said wall thicknesses at
the bases of the traplock grooves increase from the traplock groove nearest the

inboard end of the fitting to the trapiock groove nearest the outboard end of the fitting.

3. The traplock system of claim 2 wherein said wall thicknesses

increase at a uniform rate.

15 4. The traplock system of claim 1 wherein said traplock grooves
have angled bearing faces which face toward the outboard end of the fitting and
against which the filaments of the composite tube bear, the angles of the bearing faces

being different for at least some of the traplock grooves.

5. The traplock system of claim 4 wherein said angles of the bearing
20 faces increase from the traplock groove nearest the inboard end of ,the 'fitting to the

traplock groove nearest the outboard end of the fitting.



10-u 10- uS5MB10% u&' () - VACXXX>YAZA< = 1513 *(109% (& () -!yf':$10%r( Y(& ()-

3 $m(10% & ()- S MBLO% & ()-3ff: $10% & ()-3!i F(10% () - SAZZZ; [ <[ 9 gIMAPRRE.
1's!310%& ()-% 109%&' ()- 10( 10( 10(S4 $10% & ()- S1°$10% & ()-3

*(10% & ()-P[[[[[[[~_>bC I's! “y10%& ()-3)10%a& ()- Ps

10% & ()-1) 910%&' ()-410%& ()-:$10%& (J6{\\i\JU __~<.C

10! . F$(109& ()-!)F$(10%& ()-!.F$(10%& ()-Fl " (10%& ()-0S10%& ()-3y@L0%&' ()-_
__° " abWgHC 10! . &y Ms10b@traplak(systan of claynd@aherein oak anglesy vdd@e trpplocko
10WccdbddedEHC 10! . F n&%&)%&' (Liy' ' $10%& ()-y: $10%& ()-

@ 109 $POVES HgERSE Bhe ﬁ.ﬁ"t‘)’-@ffm gggdEHC 10! . @ 109%&' ()-f" -

109& () -f+Mb1OY& ()-f*: $109%& ()-3Y(n(10%& ()-f! Mp10%& () - gVhhhRi Si Ti Ui bi Xxnb
C 10!.&10% h& ()- 10 10

10f 5: $10%& () - y4: BLOYRTh$ tiaPRockl SPdRern) oBEAMO YR ifluding) an ejdstéraBrib Celease

10!.:$10% h& () -! 10% h h& ()-10% h& ()-F :10% h& ()-:$10% h& () - MB10%
e () - ) RKRKRRIGTCHED Mer0sh Harems Ehsa So80aRg JUSR epdiae (qLisice of the

end fitting, the release layer being unbonded to the fitting.

5 8. The traplock system of claim 7 wherein said filaments include
axially extending filaments compacted in the groove by circumferentially extending

filaments.

9. The traplock system of claim 1, including a flexible seal between the

10 inboard end of said fitting end and the inside of the flament composite tube.

10. The traplock system of claim 9 wherein said seal is generally Y-
shaped in cross-section to define a pair of diverging arms embracing the inside and

the outside of the fitting at the inboard end thereof.

11. The traplock system of claim 10 wherein said composite tube has an
15 interior elastomeric liner, and said Y-shaped seal defines a leg extending from said

diverging arms, with the leg being unitary with said liner.
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tube bear, the angles of the bearing faces being different for at least some of the
traplock grooves; and
said filament composite tube having filaments disposed in the traplock

grooves of the fitting to lock the tube to the fitting.

10 13. The traplock system of claim 12 wherein said angles of the bearing
faces increase from the traplock groove nearest the inboard of the fitting to the

traplock groove nearest the outboard end of the fitting.

14. The traplock system of claim 13 wherein said angles of the traplock

grooves increase at a uniform rate.

15 15. The traplock system of claim 12, including an elastomeric release
layer between the innermost filaments of said composite tube and the outside of the

end fitting, the release layer being unbonded to the fitting.

16. The traplock system of claim 12 wherein said filaments include axially

extending filaments compacted in the groove by circumferentially extending filaments.

20 17.  The traplock system of claim 12, including a flexible seal between

the inboard end of said fitting end and the inside of the flament composite tube.
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the inboard end of the fitting to the traplock groove nearest the outboard end of the
5 fitting.

19. A sealed interface between a filament composite tube and
a rigid interior end fitting, comprising:
said filament composite tube having an inside wall-and a distal
end;
10 said end fitting being located within the tube at said distal end thereof,
the fitting including an inboard end and an outboard end; and
a flexible seal between the inboard end of the end fitting and the inside
wall of the filament composite tube, the seal being generally Y-shaped in cross-section
to define a pair of diverging arms embracing the inside and the outside of the fitting at
15 the inboard end thereof.

20. The sealed interface of claim 19, including complementary
interengaging tongue-and-groove means between the diverging arms of the Y-shaped

seal and opposite sides of the inboard end of the fitting.



