;e3e 4P86T h™ r 24 Sept 2002 1 CONNECTOR FOR TUBULAR MEMBERS Background
Art In conduit systems utilizing a plurality of Iengths of tubular pipes or
cpnduuts connect or nmeans must be provided for joining toget#kebeptiZ®02ari ous
| engt hs of tubing. Al though connectors which engage the exterior surface of
the tubing are well known, for sonme apfllications it is highly desirable to
utilize a connector which engages the interior surfaces of the | engths of

outst de. MHAMN llfﬂllﬂﬂliéﬁ?t than the tubes. addi tionai 1y, for sondNNEMININ

applicationsgyhb« | S desirabl e that g diameter of the pasgggeway
defined by the Interc¢onnected | engt ubrng and the connector internal
surface be substantially uniform The desi rability of having an uniform

di anet er passageway for the Joined Ien tub| n and connector is
particularly strong for JGQNNI GUQ&FO g’ uid supply system

or a systemwhere wires or fiber optlc bundl es are passed t hrough. Prior
art conduit systens utilizing the "Interior surface engagenent” type of

connect or forwﬁq__%gﬂggmacent | engt hs of tub| ng result i n a passageway

constriction Ich restricts the flow of flu ior art connector of an
interior surface dﬁg@U&tﬂhﬁYﬁ'ﬁb@s \!nl#“éiﬁgoﬁ)ég-" ﬁB'tY Qfa ths affiubularsinas

07" 47910 whi it CA RIS Uhsto g ilst Pa SToF R o Tatirid Pobgier e - od
g
face to a seogHbiNferigthe. off rtubcreg ed Atheaghatenavétorst whidle enpage tbeend

faces at an acute angle relative to the axis. Each of the truncated areas
has a cross- saderiongurfeeafafdhedublng arerwell knewmcfos,some applications st i al

Chr thes ne R Gt Bl R Re R YO bn SRR ISR BR R cr

I ess than thepf iy KAgth? 6f $abing?BRg joined together. Exterior connectors are
bulky and have outside diameters larger than the tubes. Additionally, for
some applications, it Is deslrable that the internal diameter of the
passageway defined by the Interconnected lengths of tubing and the
¢onnector internal surface be substantially uniform. The deslrabllity of
having an uniform diameter passageway for the joined lengths of tubing
and connector Is particularly strong for Joined tubes forming part of a
fluld suppily system or a system where wires or flber optic bundles are
passed through. Prior art condult systems utilizing the "Interior surface
engagement” type of connector for Jolning adjacent lengths of tubing
result in a passageway constriction which restricts the flow of fluid.

A prior art connector of an interior surface engagement type which
does not restrict the internal diameter of the passageway is disclosed in
Internatior;\al Publication No. WO 97 47910 which teaches a connector
extendingj along an axis from a first enq face to a second end face.
Truncated areas are cut into the opposing end faces at an acute angle
relative to the axis. Each of the truncated areas has a cross-sectional
abnflgurat'lon normal to the axis defining a partial circle. The truncated
area ls cu‘f; such that the remaining end face defines an arcuate surface,
the end points of which define a cord which Is less than the inside



1(A dianeter of the connector and the inside dianeter of the tubing. Thus,
the end fade and thejtruncated area can be inserted into the tubi ng, even
t hough the outside dianeter defined by the external threads 2nSeri@002
connector is larger than the inside diameter of the tubing. In order to
conpl etely engage thé connector with tHgAtubing, the connector is axially
rotated to screw the exterior threads into the internal surface of the
t ubi ng. Connectors of this type have encountered certai.n failures when
subjected '"to strong axial pulling forces for the reason that the truncated
area 1s providiahefiht tieBnet i fid Il bidiiétef YHRE! Riblnd ) iy
limting the surface area engagenent between the exterior surface of the
connect or andhelend faterand theutrtiacetedf arehecaniie ingerted ihto thiotuliiag) evérat t he
connector or coupler'in cog‘gi H,ati on with Joined | engths of tubing meet

h

g:e_rtaidnI m ni ﬁhﬁpgnlth:%_ﬂ“éﬂ _ ﬁaé’éﬁﬁeféf?étﬂtejﬁ byothes ersyh| theeads 08, t@%cﬂ as
jolned Iengt t&%n%ec&b‘PH‘%\;\?%'ﬂg%\SItféér:gﬁsilﬂgtqlg 't'@l%??hé)'tﬁﬁg&.z E}groj?&@rr {e)%g

usi ng high speed air esi rable ol n

| engt hs of t geinglebely emgalgecheiconntbsdranithitbe tulpingdtiecsonmexstoa oanialiypf
pressure with no significant |oss of pressure. The present invention
i nproves upofotatedntSERWona pXterigietiyRads INte Wee dnternah gurface ok thihen

connected, ¢ hepRRATPCARRbRRA'f B FHhAR eRLblRRFal kol FAIEE ednd (he

interior surface “of [ engaged tog er 1s cap
wi t hst andi ng subjddtedttostoomgd armhpulleakingees foothe reasonahapties tuneated
devel oped by use of the connector and joined |engths of tubing.

Addi ti onal |y 8réhds JURNIdnd oyer siehwatIREIR ROt ft%ﬁpnaﬁpmr%apremor ces
W t hout. the ?l&“gﬁpttﬂé sHft etaai]r‘eg%nfgraﬁg}ﬁé}ﬁ Eg@@&%ﬂ the e'x‘?é'ﬁ&péuﬁ&t:é (k)i?‘d?kgé 24

Sept 2002 2 cFosure e i nventlon i'ng t0 an aspec

present i nveripnoecter aod nhetinterforrsuréedecof tige qublaggt h of tubing is
provi ded, said tubing having an internal surface of predeterm ned size and

an open end, said lEbnlfBRedRNE thak tha aenReEten @rHoumer inceominatipmmwitht er nal

surface extendi i (1 i LONn end
portion; t heWFggﬁﬁmgﬁgPMF@e%%%@@ﬁ 'gmli #é%ﬁ%o%ﬁg#éﬁg%ﬂﬁ ion

i ncl udic ng: (imﬁtb"? appitbaiknmh fdue_l'\dasngmsi&;engtm @rrwwcma?vb@ Tilge regpetive df
apart from eac ther, e of said e es extendi.n roma point o
originto a P4h B%Pa%‘%ﬁﬁ}ﬁjeﬂynaggééin%ﬁ@hﬁee%ia“gﬂa&n@éwtﬂrﬁ ! Eﬁ)l ane
per pendi cul a J he:ioldd j r AERAGR angl e
to said axi SGg&?gEE ﬁ;@?pgr%oﬂdg) %@lgfrtl?é g? t%@?‘giﬁéjgggggieg&fsl rstqaelfﬂng(?ge to
t he point of poedefienmiied ambuntcohprassdredgeh noi sighificast dosslof pressiteedge
di sposed at an anqle to sai ext endi ngnfromtheg&oiggt of . term nus

C

_ _ d, axi $i an&*_I ( h
of said first end é@@@f?ﬁfﬂth@"ﬁ& R0 UPPROYSS HEEN A conngc ¢ gny%ge,
said first agHo@AfPIVV0 B7e47d1008¢RabRHRE cotfRdedPlid combhftbreepge and

exterlor surface of the connector and the interlor surface of the length of
tubing engaged together Is capable of withstanding, without significant
leakage, hjgh internal pressures developed by use of the connector and
joined Ien{;ths of tubing. Additlonally, the combination can withstand
sl\gniﬂcantg axial pull forces without the connector separating from the
length or lengths of tubing.
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(b) said contoured exterior includi ng (i) a snooth exterior surface for
engagi ng the interi on surface of said | ength of tubing, sa|ﬂ46)ep15200@r
surface defining a pI urality of annul ar barbs being spaced axially from
said end edges on said exterior surface and extending outwardly therefrom
each of said barbs including: (1 ) a fi2st surface tapering outwardly from
said exterior surface in a direction away fromsaid insertion end; (2) a
second surface extendi ng i nwardly toward said exterior surface; and (3) an
apex bet weenDigglepure ofthesinvestien and sai d second surface. According to a

dof ormabi 6t ubul afcrenpl W<EasoBalE 108, Riebeli IR eioar oA BRAY B ' ° °
internal surfztening & lengtedbetubingds dpreviied, suid tabingpRaviagdan Saieinal
connector having a tubular portion with an internal 24 Sept 2002 2a

surface ext eﬁUTfﬂ@e af QW%”&QP@F'Z& athap Aren @sd, eﬁﬁ'%?o'alﬂﬁptahcﬁ)'ﬁ%ﬁ'mon end
por tion, thg do &Jg%aﬁé\ﬁ Zaﬁ]dnﬁérna(lagur,r dek ﬁﬁfn?' fbggngnpé’ilé qn

i ncl udi ng (| secon end edges i ng Spaced apart

from each ot bemtoueatbxteﬁosand amdsedga%r&kpmdhnma‘ invemtiorpohavtactrizedi gin to
a point of tgrm nus and each defining a plane perpendicular to said axis;
(i) a first Yapered edge di sposed at an angle to said axis extending from

the point of (o Ofd), Sbice Hsdridr $hacBARAIRIRIEGC (IS Rl Seddtd el 2! d

second end edge; (I'i) a second tapere ed at an angle to said
axi s ext endi edgés,osnid remdpedges bélngespnoadsapart $eonal efachsmthenobatcﬂigef saidt he

poi nt of termnus, o id.second en e, .said fi nd.second t apered
Bdges bei ng SpAsEees Slendii S aRnERESiain Ihce poit oL RIMURHR B0 6aCBxt r i or
including (ipf dafil"eAd rlao@é"setﬂéaﬁﬁ" n§%fb%1% b@fpe‘ﬁﬂ&%%r”ﬁ) £4ig é)ﬂée(ll)oé f@trface
of said length of tubing, said exterior surface defining a plurality of

annul ar bar btapsses gdgpafienbsed all ary anglentoszaid axisdextandingdrorahe pointedfi or

(D) afirer SUPTRASH St RP Soot AT U PO oF B8 s SOb SsP b g 2%

di rection awl) 4 6ecdiidtabaras edgem‘vs;ﬁméd 4tdin angleqarsdudsumém extbadidgng
inwardly toward said exterior surface; @@3 an a ex between said first

surface and Eranutf@e%ﬁtw&tﬁrmw OBﬁ@d(fﬂ'?t &Qgﬁdoé ¢ pointrafitegpinusefond end
edges to said Ond WBBdsat 81 EndReBoRldadaibaBldb el & ipaRect of

axially |nto sal tubul ar nber to a point at ann arbs are
engaged to sapadrtibytsaid edgesn;rém:be ski d connect or expandl ng the portions of

sai d tubul ar nenber. cont ac{ ﬁ \{%&a nnect e t he con#| na i on of
he connector andCIHER GAGIared SratchinaldBa 8 STapPXACRERIIAGE 19 t out
significant gh é n%;etﬁléfiﬂ%nof Bhﬁéé@bf Eéﬁﬁ@ﬁbﬁﬁoﬂ%@@d Rytdride dunaicd 1 ow
of fluid reqU|red assin i ber optrc bundl es t hrough the connector

and | oi ned | dafining @fpltur@thnglg aAauianhﬁfbsﬂgemg pagedtaxially fent saidvendst and

fi t t
separat i ng.  EouEt A Seld sRieor el SHBding bubbRAY indrBROAEIER'E
eﬂgageﬂent bsaid%rbgm?ladnng d(ﬂ)asmet swﬂ@&eﬂgpﬁahgxﬁmﬂdw frormsaid 'E‘:fe'tbrg{mt eL
t hrou out exc t the ends to he joine t he ect or erera t he
i nt er%al sur ?‘é&gc%?n Ph‘é‘rﬁiq.'igpn@‘”?\é "9(‘]1\?@?5’ mse@%feaﬁ a? *ﬁ@”‘énﬁ!@feapﬁ bg
joined by thg t‘éﬂal?'%hWardlyht?\Afa\‘@'sgﬂj bﬁeFlgf gﬁﬁEQé EndAehh ApNWathBeR O

resiliency an capapbt it bel ng expande
said first sqrface and said second surface.

According to a second aspect of this invention, a method for
assembling a connector to a deformable tubular member is provided, said
tubular member having an internal surface of a predetermined diameter

and an opén end, said connector having a tubular portion with an internal
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exanpl e, the tubing iis desirably manufactured of a plastic material such as
hi gh density pol yet hy,I ene. In contrast, the connector is nmazdEepta00ed of a
nore rigid material such as nmetal, stainless steel or brass, for exanple,
or a plastic material having significantly nore rigidity than the materi al
from which the tubing is manufactured. Zhe :connector extends along an axis
froma first end to a second end and has a plurality of spaced apart

annul ar barbs extending outwardly fromits external wall surface. The end
portion of tRurfaceexeansinpeldng @ a¥ianacostourad exdrripriandhan ingsstierentdnt o t he

end of a len . of Lt ubin n ed thereto is fornmed or cut to
define a pai BBB“P?\‘gi%&teé@oég?%%&ﬁi&gggérmrdI y froma pair of truncated end
edges. The recess¢s) sarl iseticd endl porivH tirkcladidgs(ipfirdthan@xsscdndoenane

anot her. The truncated end edges are also | ocated on opﬁosi te sides of the
axi s from on€dgas: $aifl end edges Beingnsprasseapart fon &achrather, qacd of saidat ed

end edges Wi t ' 1y i i i th.the
connector or EOSRARRs KiSie Wi Andint 8V Gl 4G EPaEof I Bneidagn o

passi ng t hr odefininge ac pidner penperidicular tocsaidd aisd (Hygesfirshdapédredaxidge each
of the cut egges extending from oﬁfe end ed(ge to the opPosi ng end edge will
appear as a Sipopgdatan @’ggﬁrtﬁisé axis fxtepding from the RAIN 9 0BgKY oligaidegr ee.
to 60. degreeg t ax| : 3 fradeS: 17 t out the
axi s 90. degrggt%fr@oﬁ u?: tﬁﬁoelm(gf%%e&eaé S%?&tﬂﬁ%hguetdg%déﬁe}}sav#f)ﬁge seen
as an arc extapatedgdgetdieposeshathamaingle to said axggexdending fhamibe aointsdpar at ed

o one anolein o S5 55l eBoS SR, el Gk afeh 1o
di rection awaygb! OaUtiret S sECoMDtdpeyed eldes Belrtpspatidgpart B said @pgx and

S
(3) a second surface extending fromthe apex to the cylindrical external
wal | surfaceedpesfandibly, the barb closest to the end' edges extends

he barb’ spaced 1 0 SERERIHEE sions QudBE A A Brelpehy Rt or
di stance sucknbigingithe iaResr daffhoe of darerRABth of AIFMEsdidieddridr burfache fir st
dianeter. | Preferably, the connector external wall surfaces in the areas

bet ween t he SgADINGr agdviAlity, ok agnplar Larba) being \apasad i @dallyafremsaighendr m
d ; i . . Y S h
ength of t uBndgt 5l exiet Bt M olbndiy SUvafd iRt ledth of°
t he i nteri or saki varbsrinabdinfe(1)a fishsurfasatapeeng cabsaly from $aid gbderadr

tubing, the interior di t t h t ubi d [ Lightly I
Lhan Che. out SPHBCEITA R BFolaN AWy S SEl BRI REH. Vel § SeBpRdUNashc o4
Sept 2002 4 ghihdiry fHwSRMovaRb QA Wkiehiol RArfae8NSrd ¢8) SR GpeQidtdbal | On

pernmts the connector to be readily inserted into such tubing end with a
strai ght axi shiddfirshswfacaand saidreecbod seirfacecange t he tubi ng end and

adj acent portion expand as. t.he conpecto v therei,n, Preferably, it
is possible to en&@g@iﬂn%gi'ﬂgggto?n%$W@?ﬁﬁ?ﬁe%ro ?%Siqﬁ'&gt\bmquﬂg'ages not
have an i nt eapalai¢kdpen @hdcBadf @ovinlg shitl eoaRGSIOE Rxilydintédssdidr ®duldr of the
truncated end edges defi_nitr);g the end to be inserted, it is possible to

begi n i nsert MYN ﬁ%tqc%ﬁﬁgﬁ which gaidranrayay Rarbe e ledggend &e salscinteripdki ved

t ubi ng si npl q Zj FRRi i ar gl ; IMNSefiif end to
appr oxi mat e §HR§3%I g@ﬁa%%%g&egg I nclﬁgatbf\éng&?@é@sé}g%élgﬁt u%’#ea ro'g‘gnl ng al ong
the |ong axi sonfactétbtheveby.t o a size larger than the outside cylindrical
external surface of the connector and orienting the connector such that the
opposi ng truncated end edges have their centers oriented with said | ong

axi s thereby permyihifgofitedied eehisinktor bf tidbdrieBiAndngbAsHest
portions of the tubf‘%g gngag%n’ente en .nl n the [e)ravd?%gcs I%{lg. 1 %géa
perspective tWkingd$ capablecfrwithsianding: withputesignificant/tuidileakaga, gntepnals a

si de el evational view showi the conpgctor, M th the d portio f a
Tength of t uBTaRUBS HEVEGPRA By PEJERY figw dif tiid Fequifed”tET da3sing™8F fber
optic bundles through the connector and joined lengths of tubing.
Additionally, the combination can withstand significant axial pull force



Fig. 3is a view si m'|| ar to Fig. 2 but show ng the connector and tubing
rotated 90 about theiaxi s and with the connector closer to engagegept W th
the end of the length of tubing. Fig. 4 is an enlarged sectional view taken
through line 4--4 of 'Fig. 3. Fig. 5 is a sectional view taken through two

| engt hs of tubing joined to the connectzy of Figs. 1-4. Fig. 6 is a top

pl an view of a T-shaped connector. 24 Sept 2002 5 Fig. 7 is a perspective
view showing a | ength of tubing having three integral tubular sections,
each of whi cwithayt the ¢annestorvéeaparating frorméhe tength or lergihpof $ebing’ Theent i on.

Descri pt i f . the Preferted Embodi ferri to th i ,
Dhere 15 onofibing. cBeds i Brohaamemapy BF comtfdor oot UbsttAINg® i o
are conponenysgifétn pitePae inheter itbaghSsERBbt BPtheséd o bd itlﬁnédJBV'tﬁé system

may, for exanple, be a systemfor controlling the flow of uids or a

syst em f or ni @@nnreqgier: t Prefetably thebintemal i surtage: of nther tubivgr isoskivedpes of

s 674, 167, oA e 8PBe d BEGRRRR O e nriior, IPRrto e S it ™
appl i cati on. ofh trhateeill BaviRg RO redillenty! dridcbgydiniitg &f el eXparitel. Foror
fiber optic inserts are shown with sections of tubing having non-circular

cross- sect i 0B%aMPplee the Hikieg & desirably mandagturedoa piasticimaieriat 8Wehay used

wi th tubing - i.QNS i ir i i ation.
2 chown " nBH ey HoRahhens® il BohRese e Cotthadol I Riiftadald Ga !
menber 13 hamoré rigid aratatialsuchaaemkfal, staimies$ stéel oh brass foaexampleaces 14
and 15 has a circul ar cross-sect i.onfal onfi %ratciion of predeterm_.ned

di amet er D1. aTHRSHG AAteHR) haying significantly; mors Ligidiynthan the, matgrial figm e |
suited for ugmicHthB thiﬁﬁtié%édmé&gré@Vi ng an internal dianmeter on the order
of 12 to 100 nm (one-half inch to four inches); however, it. could be used
wi th tubing havi njheaamectar extendserlatigaartaxis fromha firsbendrtonarseeond2, the
connector 10 _and the tubul ar. er 13 are _shown, al,i gned al ong .an _axis A
The tubul ar FaREEH s AUl i hacel it AROHAD par SEEp BB AR o} ane
subst anti al | fopgitPexdral vl Sutfddee TAsighdpaHien ioiehd ubul ar menmber 13 has an
end face 17 which also preferably lies in a plane substantially

perpendi cular to the axis A The connector 10 extends froma first end 20
to a second end 21 and has a passageway 22 extendi ng therethrough. The
passageway 22 24 Sept 2002 6 'T is defined by an inwardly facing wall
surface 23 which lies on a cylinder having a dianmeter substantially equal
to the dianeter D1 of the internal surface 14 and internal surface 15 of
the tubul ar nmenbers 12 and 13, respectively. 5 Externally, the connector 10
has a cylindrical wall surface 24 with a central collar 25 extending
outwardly therefrom The collar 25 has a first shoulder 36 and a second
shoul der 46. Between the first end 20



|
and the collar 25 are a first pair of annular barbs 28 and a second pair of
annul ar barbs 29. Betlween the second end 21 and the collar 2bsepte0a210
third pair of annular barbs 128 and a fourth pair of annular barbs 129.
Each ,of the first pair of annular barbs 28 includes a first tapering
surface 28b tapering outwardly fromth8 cylindrical wail surface 24 in a
direction away fromthe end 20 and a second wall surface 28B joined to. the
tapering wall surface 28A at an apex 28C. The second wall surface 15 28B
ext ends radi edhnedtomimtenided toobe tingertgrkint@ dite tamdt dfea dghgthdofi tubingnd besur f ace

24 The t i [ 1 28 dj d at . l e i he ..
oaf" 10 1o 2ePTAE] JASTElS i et Sheublr RN ¢ R Of SRdRRPeS RO NNl ar
barbs 29 eachdigardly foh$h pgaiidsitiuitatéd bnd 'etbaseTRE fedcriBRs iahd Iqtakd®bR! Y 1N a

direction away from 20 the first end 20 and™a second wall surface 299
j oi ned t her eoppesiteasidap of the axisTiemserisadother t Thetfunceteskerd @slgeadirai | y

vl sur t acodsbgf e ot 8hpbdls BBeR0 S Eirolfohs e Alhe HFuhihe ' ™
axis A The pgectOthecdrmadsofatbandaled eadnedges il pads ahidughtthe st ance
than the apex 25 28C and, therefore, function to deformthe inner surface

14 or 15 of Y¥her &igywed jipeetayptirnr witbnther copngetor 30ieiyad eguemhat dhe
t war dl : : irst ~Rai: Each of
e pes o HEFES SBIPHY 2138 I, bR Bdliho Shr AR oBfERe ofthe o

to be pul | edtrontated dritketigbsiland thendnds, dactobf 1¥e wut ledges sextémding froms 28C

and 29C 30 to dig jn or cut in to the internal .surface 14 or 15 of .the
respective ©0Dg %dp@d%ot? the eRRPSING &dgeowill appean @spa sHbistantiaiyval  of
ei ther tubul ; ﬂjp@é ' r j of that
antici pated g{cr)?'gﬁ e Iﬁ{agggg%aggﬁ%}n@%g#sh%p ggi% q@c?r@ 'Cgegg%'l ':aetpatgféctggﬁebe seen
i n Tabl es 1-4dxiscWyimesethe soanectohédratateal 2Bouh the- axis H0.degreed diom suabt i ¢

t ubul ar nenber. SUﬁce$Sfcle1| Ify vvithstood“PIFél forces great e;[r than 400kgf (900
pounds) whi | SURARRLER OHhE SUR EHIET WA B8 3P0 ASAIT ARt PAINGRRIVESE ubul ar
member succeggénibt Yaiidnasded. pul | forces greater than 680kgf (1500
pounds). The third pair of annular barbs 128 and fourth pair of annul ar
barbs 129, positi dhedbasiswese separatashftoranonglanatherhby ceections2®f are

bar bs 28 anasUSetanys by Fiehioan sleta Wan 0rfded "EafF 2208 HBb7 ChM5s""
whi ch taper owfags Which nagerdi o@mairalfv iAZaYdifediont Awagefomdtienend lbeifygcept

for such reversal, the third Bair of annul ar barbs 128 and fourth pair of
annul ar bar bifisented dn the fuling, (2} antapexrands(3) @secaid stfAneextendipg framand

second pair é”;ﬂé}!"ﬂ ' DS i Lile an
exanpl e, formae connggbgﬁgﬁéﬁl%?v?zﬁﬂgﬂwhé" gﬁ?%&c@?ﬁé??tgﬁ%ﬁb{@éﬁﬁce 24
has a di amet &r then endeedgels rexténds6 outwardiyl ai fish edijtant@esunbetha286 mpgxhave a

di t f 37n 1..47 i.nch t 29 di t

Sl igntly or caFines AdFetdRmer o e e SRS ON Sy EORAEBeSr 10
between the &itehtls iMwaRIRAGglcAterCdiseRet ficht that its'fdexPdéfingdf aajdiaghar bar bs
28 will now be described.” At " a point slightly spaced fromthe annul ar barb

28 cl osest tdiameier larger than the firstidéareetes. i forned or cut a tapered edge 50

whi ch, when vi ewed | Levat | on.i e i Len g N

appears as a stra grﬁ]fgra}eq'ﬁe?ﬁétg%@r%%& re%@%?ﬁ/h@) %‘Hﬁ%‘fe:ggi'h E?AC%'F%F he
cylindrical peiweetukihéchmdart Bafbsd asd bty egindrisaloandnbeig@eirhon 50B,
50B at the end 20. Wen viewed in el evation with the connector 10 rotated

90 about t hedi@RmatenslightiyHatgerithatifte interianyliadgealstiamgiaridnadenginaic. A
second cut e, 5% GHliandSs bR LARRGULH ol eRkr SHE EARRAGMRY Rty at a

radially outer t poi origin 1 Spo romthe pol A and

skive or chamfer at the engagement end of the length of tubing, the interior
diameter at such tubing end chamfer is slightly larger than the outside
diameter of the connector external wall surface. Such



24 Sept 2002 8 extends at Substantially the same angul ar disposition to the
axis Aas the first edge 50 to a pair of points 60B intersegfgégsopbh the
first.end 20. As can'be seen in the drawi ngs, the respective points of
intersection 50B and 60B at the end 20 define first and second spaced apart
end edges 20A and 20B. Simlar edges 15 and 160 are forned or cut in the
area of the second end 21 and extend from points of origin 150A and 160A
Their respective points of intersection 150B and 160B with the end 21
define fir stsiaedetatioostips ploongdwithathe emmmWendldbrdigdralierpeﬂ'mbs dhe edges

20A and 20B h ht nf t, .t I di t
angl o of appratancin, e eRdi sedERdnR sieh Ga oGt % SHRGRA AR n 1 ho
order of 1 ”ﬁéﬂo@%tﬁﬁl’%ﬁt forr@éntéftfétﬁﬁdﬁlezﬁl efd a$ der|pbrtidpc Pt for

the slight reduction in size resulting fromthe 15 chanfer, the distance
bet ween t he Wrwg%mammwomavesttmeml to the dianeter of the

lindrical out { th | ter D1 of
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di sposed perpendicular to the axis A. Simlarly, the edges 2IA"and 21 B lie
on a second @NGMS wffﬁewt pEthe tg@nqaéeﬁmmng&&rdefmlngwwepan%tmbgtmses";%hed
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an angl e to sudreunskiveavttibing hstmipiyt by rsgjueertingased Idmpadohaily detdreningdhder 13
is provided with a skive or chanfer 19 extend| ng[hfromlts end face 17 at an

angle rel ati ubing,oper exnd;te aprreximate adeeval \sharettherabytipereasingihestige 15. The
i ntersection h 1

havi ng a di acr)rﬁhe% QBSE@E%BEP? h%Oan ?ilgeorfggtg eér)\%t}ﬁtgngt dg“g%g?%% ng but is
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havi ng a di aneter | arger Than the aneter of the external cylindrical
wal | surf aceopally erﬂerg@dcpcuﬂg@sofzmtahmgzamagamemmct the chanfer 18 upon
insertion of the connector 10 into the end 16 of the tubular nmenber 12.
Movenent of the connector 10 along the axis A under whatever force is

required to ﬁeﬁh@rmaangngpand the end portion of tubular nmenber 12 w |
continue until the "end face 16 engages the collar 25 at which point the

connector 10 is fGid 37 '§ﬁop%féﬁ¢¢tl¥§|‘Qe‘é‘rﬂjé@%éomwﬂot aktheysesent ifkeian. 12. A
simlar axial nov t 3 wll
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connect or 1OpadiosiafeniengthFofgubling éﬁmjtct@baeaﬁlxnfd théretoul d al so be inserted in
a tubul ar nenber ézh 6{; i S not proY ded W|t£ anf er uch as she chanf er
18 even though thE! i% & ViewhSEpiaate ik Vg A ed??fﬁt%’l?fngn?o t he
connect or 10n ind 181d184°002! atseil! % dlds dnd hﬁm@ UR! RbnABABP' cldger 19 that
case, when it 1S sired to insert the en t he connector 10 Into

t ubul ar rrerrbengagementrwmeﬁmelyd bbth;a leppth eftubge t he tubul ar nenber 12 in

th fit d 16 t d t ubul th f.th d
toeaggsgx?mat esaﬁp I'Séﬁc?{‘ ‘t‘rﬂ s[eﬁ: oﬁél ‘flf‘?r‘&:t"f"&?% ﬂ‘d%ﬁﬂﬁ‘?g rcﬁﬂ:éol%rt e(rangln

surface 14 (i.e. Figoﬁglsté‘geét%?&q RieH téHéfh th h tWé Ieﬂtg?ﬁé of tdﬁtﬁ% jéiR&d
di stance between the end edges 20A and is wll” permt thé connector
1C1 to have to thespningctaitof Figes tedibul ar rrenber o) that the connector can

i acont the end TAEE A ag Hahuiel of M THe'dices 50 and 60 and, as

t he connector 10 continues inwardly, ronped outwardly by the tapered
surfaces 28A and tapered surfaces 29A. Referring nowto Fig. 6 there is
shown a nodified connector assenbly 70 with individual. connectors 72
extending therefrom The connectors 72 nmay be fornmed iritegrally with the
housing 71 with each
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24 Sept 2002 10 being a unitary part thereof. Alternatively, the individual
connectors may be separately formed and brazed or otherw se24 sggt@oegl to the
housiing 71. The housing 71 has a T-shaped passageway 74 conmunicating wth
t he passageway of each of the connectors 72. Each connector 72 extends from
a leading end 75 intended for insertion5in a length of plastic tubing shown
in phantom lines and desi gnated 80A, 80B and 80C. Each connector 72 has a
passageway simlar to the passageway described with respect to the

embodi nent of FI dSg.7 ist& pa@lpegtlve\u@m slowingya lengsh b tubiog havingattiee

connector 72 th | ar and 2 scri bed
o tn r eopect nieSraF Bl A, Shchrorulith Aayl e 1ol Vi 48 BAARERL SR Cr or o
72 has a firfie predensinvastistinul ar barb 76 having an apex 76C of
substantially the same dianeter as that described with respect to the apex
28C of the enbodi nent of Figs. 1 through 5. Additionally, the connector has
a third annu q V\/m ch has a larger dianeter than
t he apex 760b§%c'im gtﬁu(?fﬁgrgwefrba %@ﬁ%nfﬁgﬁpartl cul ar connector 72 is

her ei naf t er descr Rbfstring na\nBtorﬂheg:lrawmys;ItMrel is showinr agbnhectbhd04and ag
connector of the en‘godl nment shown in é t hrough 5. Excgt for hhe
difference i PRIRGTIEPUIGF m%bﬁ%ﬁ?a@n%éﬁbﬁ’h' 2816 EBRIORERIS 9b ansovera
substanti al | e t é?'m?ﬁ JpeyfoOr

t hose porti o%s@gae?%en t@gt‘ggﬁ}\/ 3‘@@ %ﬁeyrtespectg ve en)gm@s gﬁd 21. The
connect or of systemdbes:entrollmgethmﬂmw oﬁﬁurdsthsa eslysltem rﬁmrmlngra portionnof aul |

t th of 25 t
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engaged tubing in nm (inches) when sublj ected to varyi degrees of pull
| oad for varthsuassignee ofhhe diresenisapplicationc Hithongbr pXior harg-multig

2y sorm (1. Singtes cobthaeAEiet iBF Bofl ssecalelsMuE BRebRE oo ©

(1.25 inch) tubigy havinginbh-circliardcrosg4ebtdhs, 2(He2 cdbnestoneasit e pledaing 4)

Additionally, each of the connectors retain pressures substantially in
excess of t h&VEBHRR rigPrefgrablyi veedwith Bebing180d plibylagt sectionsskavimabd es 5,

6, 7 and 8 Sgl?élﬂl{:ﬁﬁ%ﬁ%f"é&?@%at&e various connectors and sizes when tested

to pressures up As can be seen fromthe Tables, the
conbi nati on of thAschowertthesubukbh mémbend@l has aagimterhab sarfases f4l blyd

e e ST s e Pl R 3 3G WA
ForcePass FapuhRuaent 4 | 15 hhio a( LHENED. Groed RS0 RAgGKRens . 15

(0. 006) 435 (9 o PassSO 15 (0. 006) 445 (980) Pass40. 05 (0. 002
(1040) Pass50pEseteynooe) @anﬁwopnas&ermnaegtozscnﬁﬁr(emrmm inveetiouds Wth

For coPase/ FapPRBHEkn bR, Ror o sl oSty 056b%) 580e: 6asjmemed o o2

(0.001) 450 (d@&%té‘ﬁ%g&rfb 0fddr0o0Q3) 34009 Rarshalf. Peh(d> @) éhes);
(980) Pass5 0. 08 (0.003)445 (980) Pass 24 Sept 2002
however, it could be used with tubing having larger or smaller diameters.

The tubular member 12, the connector 10 and the tubular member 13 are
shown aligﬁed along an axis A. The tubular member 12 has an end face 16
which preferably lies in a plane substantially perpendicular to the axis A
and the tubular member 13 has an end face 17 which also preferably lies in
a plane suti)stantially perpendicular to the axis A.

The connector 10 extends from a first end 20 to a second end 21

and has a passageway 22 extending therethrough. The passageway 22
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12 TABLE 3 32nm (1. 25-1nch) Innerduct Wth 3-Ring Connector (3-Barbs)

Sanpl e Tot al Duct/Cdnnect or Peak For cePassl Fai | Movenent mmi ncg) kqgf
(1'bs)10.5 (0.02) 725 '(1600) Pass20. 46 (0.018) 725 (1600) Pass30%4 e(’%@@@?) 700

' (1550) Pass40.3 (0.012) 710 (1560) Pass50.28 (0.011) 760 (1675) Pass TABLE 4
32mm (1. 25-1nch) Innerduct Wth 4-Ri ng Connector (4-Barbs) Sanple Total
Duct / Connect or Peak ForcePass/ Fai | Moveent m(inch) kgf (1bs)10.22 (0.009) 730
(1610) Pass20.43 (0.017) 735 (1620) Pass30.2 (0.008) 745 (1640) Pass40. 13

(0. 005) 735 (1620) Pass50..1 (0.004) 720 (1595) Pass 24 Sept 2002 13 TABLE 5
25mm (1-1nch) Lnnerduct Wth 3-R ng Connector (3-Barbs) Sanple Maxi num

P Co ; ‘ ' ' ' 125
psi) 5 m nut SEC eGP an My eyl s Pic 5 ol B flest e
5 m nut es. Pamyvifey @ dianEdebaubstadliafyicqual 20 thebarreter B 1ha tHel #fiepsal) 5

i nut es. PassHe] d 20 3Q0 i).4.2Q (300 ld 9 b 125 i) 5

i nut o5, PasHBIAPeat 4nd e ¢ ifide: £6 23 thaonltipameraaers 12en 13 c

m nut es. Pas$g%gcﬁe|%p bar (300 psi). TABLE 6 25mm (1-1nch) Innerduet Wth

4- Ri ng Connector ar bs) Sanpl e Maxi mum Pressure Conments Pass/ Fail
Achi evell bar (psi )Exteotally30b¢ ceiohdcrbid} hdg az yhisidyicel wialsuefaceP2dawvithl d at

bar (300 ps@Cantse) Galiy g extendig Gty fRaskadnin dfie pakarEBdas 20 bar
bai). 5 20" ( 168 PAPGIGT 20 33 seeshu Bholiderca 61 By e P hnd 2850 >
psi). 24 aeptth20fxsllat 25 are a first pair of annular barbs 28 and a second pair of
annular barbs 29. Between the second end 21 and the collar 25 are a
10 third pair of annular barbs 128 and a fourth pair of annular barbs 129,
Eachi\of the first pair of annular barbs 28 includes a first tapering
surface 28A tapering outwardly from the cylindrical wall surface 24 in a
direction away from the end 20 and a second wall surface 28B joinad to.-
the tapering wall’surface 28A at an apex 28C. The second wall surface
1% 28B extends radially inwardly from the apex 28C to the cylindrical wall
surface 24. The tapering wall surfaces 28A are disposed at an angle in
the range of 10° to 20° relative to the axis A.
Similérly the second pair of annular barbs 29 each has a first
tapering wall surface 29A tapering outwardI\-/ in a direction away from
20 the first endyzwo and a second wall syrface 29B joined thereto at an apex
29C. The second wall surface extends radially inwardly from the apex
29C to the #;ylindrical wall surface 24. The tapering wall surfaces 29A
are disposed at an angle of 10° to 20° relative to the axis A. The apex
29C extends outwardly from the axis A a greater distance than the apex
25 28C and, therefore, function to deform the inner surface 14 or 15 of the
respective t?bular member 12 or 13 engaged thereto outwardly a greater
amount than the first pair of annular barbs 28. Each of the apexes 28C
and 29C are[sharp so that any tendency of the connector 10 to be pulled
out of the tubular member 12 or 13 will cause the apexes 28C and 28C
30 to dig in or cut in to the internal surface 14 or 15 of the respective
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TABLE 7 32mm (1. 25-1nch) Innerduct Wth 3-R ng Connector (3-Barbs) Sanple
Maxi mum Pressure Comments Pass/Fail Achieved bar(psi) 1 14 34£86pt2dekd 9 bar
(125 .psi) 5 mnutes. Pass Leaked at 14 bar (200 psi).2 18 (255)Held 9 bar
(125 psi) 5 mnutes. Leaked at 18 bar (255 psi).3 20 (300)Held 9 bar (125
psi) 5 mnutes.Held at 20 bar (300 psi)..4 20 (300)Held 9 bar (125 psi) 5

m nutes. Held at 20 bar (300 psi).5 18 (250Held 9 bar (125 psi) 5

m nut es. Connector bl ew out at 18 bar (250 £3|) Pass Pass Pass Pass 24

Sept 2002 15tubnmrEmend®EmiZ or 283 andhprevankrerevalvet eitkerRiubylaconsaesr

(Sreyrera o Bieh SITUDUNRGHE, SRBBCE kB, of Tk, ARCEHES PG4T *°

(300) Hel d 9 bﬂénddc%oﬁémbné ofiuzet %r%@iﬁgbdaétcéwbbaseérﬁﬂﬁrablés $-4£0
(300)Held 9 bar (125 psi) m nut es. PassHel d at 9 bar (300 psi).4

(300) He:g 9 senngciors @iﬁaqh o & dSemHdsisek) m@trdlgctuaast(cawqfﬁn membgm
300) He 9 [
(300) el 9 BatcebityRatiSod NG aEooa yah A0y GaRBeRcl wibcr "0

]'Ehr eedsepgr ?c@nnmsla attaglze&lto QZ%zngw ]g$2c5f |rtdhi)ﬁ|anertf®grtablullamgnamtl)delari Iy

ormed tubul ar ons orm t he ti-celled tubular

menber . EaChS'tBGF(P WWW%@O%BF&QS%S .[patggth%ﬁ&%mf:g@(}p ROMNASYr 97 at the

end 98 to which e | ar
T8 85 530 SRR 0120 oR8 AT Py IR Sy

portions could have conn ual connectors or
(2) a nulti pl29¢ positioned betwesn thensesaindr erud 2(1 Incathe callae 260 ane taperednd a

those ski | | olf § FPETRS Arectarroms et and Spesi bR AY eRGUIBERRRRAAANSn of
present i ”VGEQ'éU’tHd?athe?thdv@at%beﬁﬁg‘i‘wéﬂ shﬁéc@@ﬂ?bﬂ\%ﬁ@ﬁ%@%‘kﬂl\ Rper
intermttent wth axia extendi ng slots rather than continuous as shovvn
However, all outmrdiyemuatéreqtlonh@NamrfE;ymthg seqsindsend & ¥. dexeephrfectsdcB havi ng
SR UE re%/%r aqp{heztﬂ% pair of annular barbs 128 and fourth pair of annular barbs

129 are similar to the first pair of annular barbs 28 and second pair of

annular barbs 29 and will not be described further.

As an example, for a connector 10 in which the outer cylindrical wall
surface 24 has a diameter on the order of 36mm (1.41 inches), the apex
28C may have a diameter of 37mm (1.47 inches) and the apex 29C may
have a diameter slightly greater than 38mm (1.5 inches).

The ‘portion of the connector 10 between the first end 20 and the
closest of the first pair of annular barbs 28 will now be described. At a point
slightly spa;ced from the annular barb 28 closest to the first end 20, there is
formed or but a tapered edge 50 which, when viewed in elevation in the
orientation :shown in FIG. 2, appears as a straight line extending from a
point of origin 50A at the cylindrical wall surface 24 to two spaced apart
points of intersection 50B, 50B at the end 20. When viewed in elevation
with the connector 10 rotated 90° about the axis A as shown in FIG. 3, the
edge 50 a'ppears as an arc. A second cut edge 60 extends from the
cylindrical surface 24 beginning at a radially outermost point of origin 60A

disposed 180° from the point 50A and



16 annul ar bar bs. Acdordingly, t he scope of the present invention should be
limted only by the scope of the clains. 24 Sept 2002 1724C3<ptB021. A
connector for fastening a length of tubing having an internal surface of
predeterm ned size and an open end, said connector conprising a tubular
portion having an internal surface exténding along an axis, a contoured
exterior and an insertion end portion; the invention characterized by: (a)
said insertion end portion including (i) first and second end edges, said
end edges beeXgndpat subgiemtially thensamenangwar dispgsitiopftodhemxisd asgidle

extending fr [ f 4akn t [ f My Chn Ok Sai d
end edgeg deﬁlﬁhlﬁgggaﬁp@ egélti'arg%@r?hﬁéﬁoy‘rp%rsgg}"&ﬁ&mhsf,h%(ﬁﬂig?egaf@'séstapered
edge di sposegcarabeajeenrial thetdranirigs, thié sespectivgipointé o inteheection BOBOANE! i gi n
of said first _end edge to the point of origin of said second end edge;

(iii) a secofeB@ihe end 20fefinefgstard ﬁ?c%mgéﬁ%%j arark and egges %a@gt endi ng
fromthe poi e ) | ' ; | rm nus
of said seco@f'ﬁ@'?&?@%ggg qﬁfdr g?é gh%hsrﬁ{cég’n a[')r]ie?]e%&e%ggée*sm%es?tﬁ%ﬁgpaced
apart by saiend@deand axtendbiromapointsoot origiad! 304 endot60AcThelir respeclivea snoot h

OO L S 7 AR R 1508, 47 e LA ot 23 e A 80 e
v i y e e B A g (1) a first surface -
t aperi ng out war dl Yhé ench edges 20A and20B have a slight chamfer at the outer wall
surface disposed at an angle of approximately 15° to the axis A and
extending at a distance in the order of 1mm (0.05 inch) from the ends 20
and 21 respectively. Except for the slight reduction in size resulting from
the 15° chamfer, the distance between the end edges 20A and 20B is
equal to the diameter of the cylindrical outer surface 24 and is larger than
the internal diameter D1 of the internal surfaces 14 and 15 of the respective
tubular members 12 and 13. Preferably each of the end edges 20A and
20B lie on a first plane disposed perpendicular to the axis A. Similarly, the
edges 21A:and 21B lie on a second plane which is also perpendicular to
the Axis A but spaced apart from the first plane.
In a preferred embodiment, the tubular member 12 is provided with a
skive or chamfer 18 extending from its end face 16 at an angle to intersect
with the internal surface 14. The tubular member 13 is provided with a

skive or ch;amfer 19 extending from its end face 17 at an angle relative to
the axis A to intersect with the internal surface 15. The intersection of the
chamfer 18 with the end face 16 defines a circle having a diameter D2
which is not only greater than the diameter D1 but is also greater than the
diameter oi“ the external cylindrical wall surface 24. The intersection of the

chamfer 19,[ with the end face 17 also defines a circle having a diameter D2.



surface in a direction away fromsaid insertion end, 24 Sept 2002 18 (2)
a second surface extending inwardly toward said exterior surface, and (3)
an apex between said first surface and said second surface. 24 Sgpie2002
connector according to claim1 wherein said first and second end edges
conbine to define a plane perpendicular to said axis. 3. The connector
according to claim1 wherein said intgrnal surface of said tubular portion
of said connector is of the sanme predeterm ned size as said interior
surface of said |l ength of tubing. 4. The connector according to claim1
wherein each of said annul ar barbs extends continuously around said
exterior surface. 6. The connector according to claim1l wherein each of
sai d annul ar barAs cant bageennfrermfig.eht by virtoeref the dhamdfer i18rasdiitsace. 6.

Th t di t lajm 1 ei.n the. barb iti i mat
St ond edgeeseerenatin et Bhe HBhARe haiF PR dbiadt eBrfen o ¢
snoot h ext efihAfetetbf ﬂﬁ?@eﬂmn?ﬁgmmriémvaﬁrg@irfadwzbﬁfﬁ@eﬁ Aefifbs?Z0Al | Y

further fromsaid end edges than Bald first barb, each defines an apex
havi ng a heanth20Brwith eantacs ke chaoxee18oupeninsartdonaithei sonnenteciOvel vy

St zed ot SARA RS kod b i BB b e e N epdoL 3P o BRREL Rl onc
tapered edgpp dRéhdehanasds CAalRdéaivhat8ved HErdeO 64 @Fed®ftoCd@ioiml ahdwher ei n
said insertion end engages a flexible tubular nenber having an open end and
an | nteri orexparl tbegndpoption of tubular member 12 will continue until the end

face 16 engages the collar 25 at which point the connector 10 is fully

and sealingly engaged with the {ubula_r member 12. A similar axial

maovement of the connector 10 into the tubular member 13 will similarly

effect engagement of the second tubular member 13 to the connector 10

as shown in Fig. 5. _ ‘

The connector 10 could also be inserted in a tubular member
which is not provided with a chamfer such as the chamfer 18 even
though the tubular member had the same relative dimensions to the
connector 10 as the internal surface 14 of the tubular member 12. In
that case, when it is desired to insert the end 20 of the connector 10
into fubular member it is necessary to simply squeeze the tubular member _
12 in the area of its end 16 to deform the tubular member in the area of
the end to approximate an oval such that the maximum distance across
the internal surface 14 (i.e. along the length of the oval), is greater than
the distance between the end edges 20A and 20B. This will permit the
connector 10 to have a lead-in into the tubular member so that the
connector can continue to be pushed therein with the internal surface of
the tubing adjacent the end facq being ramped outwardly by the edges
50 and 60 and, as the ,connéctor 10 continues inwardly, ramped
outwardly by the tapered surfaces 28A and tabered surfaces 29A.

Referring now to Fig. 6, there is shown a modifiéh connector
assembly 70 with individual connectors 72 extending therefrom. The
connectors 72 may be formed idtegrally with the housing 71 with each



19 surface and said annul ar barbs deformsaid interior surface outwardly,
and wherein said tubular nmenmber has a chanfer extending at ansagsglop2from
said open end to said cylindrical internal surface, the intersection of
said chanfer with said open end defining a circle having a diameter |arger
than the dianmeter of said Interior surfaoe of said connector, whereby upon
axial insertion of said connector into said tubular open end, said first
and second end edges initially engage said chanfer and expand said open end
and conti nuebeihgra beitarypart thereofs Altermativedy sies irdividpalr cormestars nsay Het ubul ar

nb tact ed i d t t def d I [ 9. Th
Conti nat T on SeedPiE IS nted Abg Brard wraerving Hrtaned £ e AadSto vapihe, T
menber interR[glisify’ YRCRaP’ 4 OT-shApbdSpaddaewdtly Fa doRrPAMEATHg IWiith the

substantially the sane as the dianmeter of sai'd connector cyllndrical
i nt ernal sur passagewny o eaahhofthe @onnestondlF2ng a connector to a deformabl e

bul nber hayi | | f f d i ned, di d
an open end, sai dEAGH R ag 2rgRanHS U Er 2 JEROTGH APt fo dntardeay el
surface extefdenbraliAng fhg¥i &f Jﬁaﬁwttgbmgdsﬁémf " plRdiftoMN lin@§ekhbon end

portion, the nmethod characterize bé: a) said insertion end portion
i ncl udi ng (i ylesipnatedaBBAs &ikh@ndn80 ddéap,h sangecind /2dfas dpargagpwerd apart

from each of bt @a°lheobaSalghBi oedum. LA IR S0The AohRlnfly G 91 1 10

a point of té&rmnus nrng a plane dicular axi s;

(i1l a firstFi@penedroaghes dhdditiorallyathepostitgl of tacls ebAnectos 72xddiackmg from

t he point of orégin of said first end o the point of origin of said

.d dge 't .
second end eﬂlﬁe, d 7@4'%@51"@@?“‘?@”(5?@% ggd_ c@ﬁ%Prtb@ﬂe\_”E'a resRRe d?stBS_sed at
an angle to éﬁ*ebq’g?,‘f‘%'?t g@ﬁiggq Woﬁéﬁ?‘ﬂthe point of term nus of said first

end edge to t ermnus”of said second end edge, said first and
second t apered edfashhithg cpmeetbray2 hady fimi @dnensecamgeannwdadbéath) 76ai d

contoured exp el 8ran Spex 760 of shbSaRlia e same' Ghamoter 4€ Shatesanpad' "9 the

with respect to the apex 28C of the embodiment of Figs. 1 through 5.
Additionally, the connector has a third annular barb 78 having an apex 78C
which has a larger diameter than the apex 76C of the other two barbs. This
particular connector 72 is hereinafter described as a 3-ring connector in
contrast to the 4-ring connector of the embodiment shown in Figs. 1
through 5. Except for the difference in number of the annular barbs, each
connector 72 is substantially as described with respect to the embodiment
of Fig. 2 for those portions between the collar 25 and the respective ends
20 and 21.

The connector of the present invention can withstand a minimum
working pull strength of 320kgf (700 Ibs) for a 256mm (one inch) innerduct
and a minimum pull load of 500kgf (1100 Ibs) for a 32mm (1.25 inch) SDR
13.5 innerduct. Tables 1 through 4 show the amount of movement between
connectors and engaged tubing in mm (inches) when subjected to varying
degrees of pull load for various sizes including 25mm (1-inch) innerduct
with 3-ring connector (Table 1), 256mm (1-inch) innerduct with 4-ring
connector (Table 2), 32mm (1.25 inch) innerduct with 3-ring connector
(Table 3) and 32mm (1.25 inch) innerduct with 4-ring



interior surface of said length of tubing, said exterior surface defining a
plurality of annular barbs being spaced axially fromsaid epylgg oon said
exterior surface and extending outwardly therefrom each of said barbs
including; (1 ) a first surface tapering outwardly from said exterior
surface in a direction anay fromsaid Ingertion end; (2) a second surface
extending inwardly toward said exterior surface; and (3) an apex between
said first surface and said second surface; and (c) engaging said first and
second end edgesedtor fRable 14nAtbitiohally)eauh af theacohrantorseretainnsies®iesg sai d
connector axially into said tubular nenmber to a paqint at which said annul ar
barbs are engdiiantiallysniexcent of fhe reqyired @bjediyePf lobalCiOSr Psikplad¥itng t he

o claim 10 Porr ReveRiiad Ac:e: ShBMaReTPhIELr Bl yilous ShnBRpth affing
i nvar dl 'y andspeswHeroRseRl © Jﬂ?@élur%@% Plo Fabr (300 hel), A A@a&ebe@é@an&ﬁgl ng

said first and second end e s to said chanfer pt 2002 21 12. The
met hod accor Hiendablescthe momblmm@rmqﬁ thai melebmrarww?ertbertupuledaegmﬁn’sed

nternal sur PURE R Rxebets rREHBS R BRMANT 4ot 0"l i m 10 Tur t her
i ncluding the step of deform ng said tubular nenber open end to enlarge its

size in one direction while reducing its size in a second direction
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Sample Total Duct/Connector Peak Force Pass/Fail
Movement mm(inch) kgf (Ibs)

1 0.2 (0.009) 480 (1055) Pass

2 0.15 (0.006) 435 (960) Pass

3 0.15 (0.006) 445 (980) Pass

4 0.05 (0.002) 470 (1040) Pass

5 0.15 (0.006) 445 (980) Pass

TABLE 2

25mm (1-Inch) Innerduct With 4-Ring Connector (4-Barbs)
Sample Total Duct/Connector Peak Force Pass/Fail

Movement mm(inch) kgf (Ibs)

1 0.1 (0.004) 470 (1038) Pass
2 0.025 (0.001) 450 (1000) Pass
3 0.08 (0.003) 430 (950) Pass
4 0.05 (0.002) 445 (980) Pass
5 0.08 (0.003) 445 (980) Pass
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TABLE 4
32mm (1.25-Inch) Innerduct With 4-Ring Connector (4-Barbs)
Sample Total Duct/Connector Peak Force Pass/Fail
Movement mmy(inch) kgf (Ibs)
1 0.22 (0.009) 730 (1610) Pass
2 0.43 (0.017) 735 (1620) Pass
3 0.2 (0.008) 745 (1640) Pass
4 0.13 (0.005) 735 (1620) Pass
5 0.1 (0.004) 720 (1595) Pass
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#1098 ()- , |10%& ()-10%& ()-bCOmlO%& ()-M 10%& ()-S109%& ()-s" @ 10%& ()- 10
10 10s310%& () - 3>' zXJ<C 10

10! 1109%&' () - m mlOo%&' ()-! Mok () TABLEI®DUR ()-M ! nlO%&' ()-M

10] st susySRABE dovie) ety Ring coqecarid afosy' 7% -
10" 10%& () - f SaMBld )IMaLiPAing Pregsire (* , Comhidits 106G 10GG Pass/ Fail
Achieved bar(psi)

1 20 (300) Held 9 bar (125 psi) 5 minutes. Pass
Held at 20 bar (300 psi).

2 20 (300) Held 9 bar (125 psi) 5 minutes. Pass
Held at 20 bar (300 psi).

3 20 (300) Held 9 bar (125 psi) 5 minutes. Pass
Held at 20 bar (300 psi).

4 20 (300) Held 9 bar (125 psi) 5 minutes. Pass
Held at 20 bar (300 psi).

5 20 (300) Held 9 bar (125 psi) 5 minutes. Pass

Held at 20 bar (300 psi).

TABLE 6
25mm (1-Inch) Innerduct With 4-Ring Connector (4-Barbs)
Sample Maximum Pressure  Comments Pass/ Fail
Achieved bar(psi)

1 20 (300) Held 9 bar (125 psi) 5 minutes. Pass
Held at 20 bar (300 psi).

2 20 (300) Held 9 bar (125 psi) 5 minutes. Pass
Held at 20 bar (300 psi).

3 20 (300) Held 9 bar (125 psi) 5 minutes. Pass
Held at 20 bar (300 psi).

4 20 (300) Held 9 bar (125 psi) 5 minutes. Pass
Held at 20 bar (300 psi).

5 20 (300) Held 9 bar (125 psi) 5 minutes. Pass

Held at 20 bar (300 psi).
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10t y2g10% & ()-3s010% & ()-f& 10% & ()-"33 464.7j:::}[9+C
10tt!f10%t & () S)1f10%t& ()-S)TABMET& ()-S)f10% & ()-S) 10% X& ()-3! 10% t
& -3 K
ol 10 & (IEEvA 1R net dopardust Wi &Ring Conpepter (3-Batetk 101
<“‘#>}“°Hcséﬁffoﬁlé (AR $n Predd@¥ & €bmments Pass/Fail

10% /& ()-,10% & ()-!Y"'10%/ o/ & () - F@lo%& () - #>>t 22E@ AAZX9HC
10tt' "10% & ()- !’ "Achieyed (t)a:(pSl) 10% / & () -

|, 91" 10% / & 9! &

10% & () - ABCCOC oo ch%%q)lof(yg& () - st el par (125 pgihggmingies. | oPass,

10/ 9" 10% & () -, 310% & () - E[ EJGSHHBI ZI$Aedd<diClt bar (200 psi),

10t 3(1 10% & () 3(11096 & ()- 11 10%0D8 (). 1110% 1 & (200K & () -1 10omRa: () - s[K

\ K] Kj KI KMVPj KC® 18 (25 Held 9 bar (125 psi) 5 minutes.” Pass
10t 3(1 1y109& ()-S'y10%j & ()--yl0o%& I(_gék‘éﬁ M&K&BS@&)‘?%& O)-
3 20 (300) Held 9 bar (125 psi) 56 minutes. Pass
Held at 20 bar (300 psi).
4 20 (300) Held 9 bar (125 psi) 5 minutes. Pass
Held at 20 bar (300 psi).
5 18 (250) Held 9 bar (125 psi) 5 minutes. Pass

Connector blew out at 18 bar
(250 psi).
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10t9-109% & () -+ 1 1006, (gﬁ 53 In&ﬁnnérﬁu%\ﬂftﬁeﬁmg EbneBr (4-Barbs)
Sample Maximum Pressure Comments Pass/ Fall
Achieved bar(psi)

1 19 (275) Held 9 bar (125 psi 5) minutes. Pass
Leaked at 19 bar (275 psi).

2 20 (300) Held 9 bar (125 psi) 5 minutes. Pass
Held at 20 bar (300 psi).

3 20 (300) Held 9 bar (125 psi) 5 minutes. Pass
Held at 9 bar (300 psi).

4 20 (300) Held 9 bar (125 psi) 5 minutes. Pass
Held at 9 bar (300 psi).

5 20 (300) Held 9 bar (125 psi) 5 minutes. Pass

Held at 9 bar (300 psi).

Referring now to Fig. 7, there is shown a further embodiment of
tubing 90 having three separate passageways 91, 92 and 93 of three
integral and unitarily formed tubular portions 94, 95 and 96 forming the
multi-celled tubular member. Each of the tubular portions 94, 95 and 96 has
a chamfer 97 at the end 98 to which each of the connectors is to be
inserted. These tubular portions could have connected thereto (1) three
individual connectors or (2) a multiple three-unit type connector or (3) a
single connector and a multiple two-unit connector.

Many modifications will become apparent to those skilled in the art.
For example, it is within the contemplation of present invention that at least
some of the annular barbs could be intermittent with axially extending slots
rather than continuous as shown. However, all test results in the foregoing
Tables are for connectors having continuous
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CLAIMS:
1. A connector for fastening a length of tubing having an internal
surface of predetermined size and an open end, said connector comprising
a tubular portion having an internal surface extending along an axis, a
contoured exterior and an insertion end portion; the invention characterized
by:

(a) said insertion end portion including

(i) first and second end edges, said end edges being spaced
apart from each other, each of said end edges extending from a point of
origin to a point of terminus and each of said end edges defining a plane
perpendicular to said axis;

(ii) a first tapered edge disposed at an angle to said axis
extending from the point of origin of said first end edge to the point of origin
of said second end edge;

(i) a second tapered edge disposed at an angle to said axis
and extending from the point of terminus of said first end edge to the point
of terminus of said second end edge, said first and second tapered edges
being spaced apart by said edges; and

(b) said contoured exterior including

(i) a smooth exterior surface for engaging the interior surface
of said length of tubing, said exterior surface defining a plurality of annular
barbs being spaced axially from said end edges on said exterior surface
and extending outwardly therefrom, each of said barbs including:

(1) a first surface tapering outwardly from said exterior

surface in a direction away from said insertion end,
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(2) a second surface extending inwardly
toward said exterior surface, and
(3) an apex between said first surface and

said second surface.

2. The connector according to claim 1 wherein said first and
second end edges combine to define a plane perpendicular to said axis.

3. The connector according to claim 1 wherein said internal
surface of sald tubular portion of said connector is of the same

predetermined size as said interior surface of said length of tubing.

4, The connector according to claim 1 wherein each of said
annular barbs extends continuously around said exterior surface.

5. The connector according to claim 1 wherein each of said
annular barbs extends intermittently around said exterior surface.

6. The connector according to claim 1 wherein the barb
positioned proximate said end edges defines an apex of predetermined
first height from said smooth exterior surface and each of the remaining
barbs spaced axially further from sald end edges than sald first barb,
each defines an apex having a height from said smooth exterior surface

which is respectively sized increasingly greater than said first height.

7. The connector according to claim 1 wherein each of said

first tapered edge and second tapered edge define an arcuate path.

8. The connector of claim 1, whereln said insertion end

engages a flexible tubular member having an open end and an interior
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surface and sald annular barbs deform said interior surface outwardly,
and wherein said tubular member has a chamfer extending at an angle
from said open end to said cylindrical internal surface, the intersection of
said chamfer with said open end defining a circle having a diameter larger
than the diameter of said interior surface of said connector, whereby
upon axlial insertion of said connector into said tubular open end, said
first and second end edges initially engage said chamfer and expand said
open end and continued further axially insertion causes all portions of
said tubular member contacted by said connector to be deformed to a

larger size.

9. The combination according to claim 8 wherein the dlameter
of said tubular member internal surface prior to insertion of sald
connector is substantially the same as the diameter of said connector

cylindrical internal surface.

10. A method for assembling a connector to a deformable
tubular member having an internal surface of a predetermined diameter
and an open end, said connector having a tubular portion with an internal
surface extending along an axis, a contoured exterior and an insertion
end portion, the method characterized by:

(a) sald insertion end portion including
(i) first and second end edges, sald end edges
being spaced apart from each other, each of sald end edges extending
from a point of origin to a point of terminus and each defining a plane
perpendicular to said axis;
(iiy  a first tapered edge disposed at an angle to
said axis extending from the point of origin of said first end edge to the

point of origin of said second end edge;
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plurality of annular barbs being spaced axially from sald end edges on
said exterior surface and extending outwardly therefrom, each of said
barbs including;

(1)  a first surface tapering outwardly from
said exterior surface in a direction away from sald Insertion end;

(2) a second surface extending inwardly
toward said exterior surface; and

(3) an apex between said first surface and

said second surface; and

(c) engaging said first and second end edges to said
length of tubing at said open end and moving sald connector axially into
said tubular member to a point at which sald annular barbs are engaged
to said interior surface, said connector expanding the portions of said

tubular member contacted thereby.

11. The method according to claim 10 further including the step
of providing a chamfer tapering inwardly and away from sald open end
of said tubular member and engaging said first and second end edges to

said chamfer.
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