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FI TTI NG FOR METALPI PE AND TUBI NG Rel at ed Applications
This application is a continuation-in-part of
w@eosopemdicg United States national patent appl PCHUSIING/026094
serial no. filed on August 6, 2003 for TUBE FI TTI NG
FOR STAI NLESS STEEL TUBI NG which is a national stage
appl i cation fASKIINGHFORIVMEANL BEREANRARIBING i on no.
PCT/ US02/ 03430 filed om F b({ ar 2002 for TUBE
FI TTI NG FOR STAI NLESS _Mgﬁﬁ@—'—‘é" oth of which
cl ai m t Meisbgpdititionofs AJaortbehatbieparPo®\CoSeatlial WdtcdNStates national
application serial no. 60/266,735 filed on Februar

- 6’
pategtoepplicafionT sistal moT T NG W THiledPEGRAgUSAIGT 280D fPERRBIE FITTING FOR
tgppardi |, of.: whi £ 1l ,
sTaERss o ey ekl Bl Bl Y s s
applicatv@ntrioo nPAHREIHAK)3d80 filad eort | Kebriasy ggneoed | fyr dITBEt BITTING FOR

STASEESE P B, P e R P Bl Mt Provision
paterit! ApELARD detibl ha)I/Adeat3si Mel SHFBrel-£ 8P 26010 R WP{I%’IFING WITH

surface and/or geonetry and properties of the mater
INTRERARNUTHANEY FﬁRH@Ed&mien@re disaivsuass adl dfewinioh eredinlly inwerporated by
refer?ﬁ'eppi ng ring. Background of the Invention Tube

ittings are used to join or connect a tube end to

anot her nenber, wigdchaical Firld OF The IfesHL be anot her

tube end such as through T-fittings and el bow )

fittingshe ppech ypeptien ispgengrallyiteeted [t therpsbak ittiogs forjstainless steel

: C 0 i . .
pipe ghdulC MG PLFEkIAY, Bt Ml ohildh & BB ED M ARUEN iphflhatjpetude a steep
angle cabimgg senferei atdémdgabntetryi ancll prd@eddies ofiche beatdriali dfetle ttebe gripping
d .‘%oi e, as V}EH. AF tube fitting nmust acconplish two
evi en‘g%htaéﬁt HYROT PR STRPPRIHSEt he pressure, tenperature

and vibration criteria that the tube fitting is

designed to neet. First, the tube fitting nmust grip

the tube end so as Backgroundpf thedaveitieeal or tube

bl ow o ondly, t tube fittin St intain a

pri mar ;}'{“ uhe &lggsg?%s Se(? goa-l?élb & C%Ctr%&&% r ﬂtan?fﬁgrt mgmber, whether
that dthidremérmbéribagnatheomibe exdsiuchas rbwgh T1AiGids QA8 ehdsy MEBES, for example,

the drivi gegi factaor in tube fjitting desi gn for decades.
or a devigg that nerdisde bede (hid commupicatien with the Sihgrends sughtasifer example, a

valvd, iA§ {1&9 }fe{%ilgﬁl%tte&sd%er ’ %ﬂd g{uhg‘ga?lget i?ll e%ldecp &)rlilgl%ﬁ% lenot be limited to

criteria, but basic to any ng desi
pipe be:well) Ahng tobmfitivigemiisticcemplisht twe trifirtagt fldRtiofih®ithin the pressure,
fittin st.work with, ingludi.ng.the material, _. )
mpbl B SV B8 SRS 51 Ll i e e g
must@iipRthé ftheSdd! soRBté ?fé%ﬁﬂ@ss' svehl saabd brY At ¢ Foﬁd‘l’}bﬁhe tube fitting
fitting for its in The Isto

_ ended applications. goa
must genigil a prigisey seal ragpigstt laakage.e | Thelrequizanidng Ve at tabe fitting accomplish

these%ﬁiﬂ:u?c‘%iohy Bzgs l%eh Qheaﬁ]lgviﬁg ?alctofr Y %tbie (H%tsmgw aetsg]ginnfor decades. A multitude of
factors influence the design of a tube fitting to meet a desired grip and seal performance criteria,
but basic to any tube fitting design will be: 1) the characteristics of the tubing that the fitting must
work with, including the material, outside diameter and wéll thickness; and 2) the tube grip and
seal performance level required of the tube fitting for its intended applications. The goal is to
design a tube fitting that reliably achieves the desired tube grip and seal functions within

whatever cost constraints are imposed on the product by competing designs in the marketplace.
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what ever cost constraints are inposed on the product
by conpeting designs in the marketplace. A fl arel ess
wo awe/0f471¢ i Ng generally refers to a type of t uP€r/US2004/026094
fitting in which the tube end remains substantially
tubular, in contrast to a flared tube fitting in which
t he t ubk flanelessgulbaifitimgdeyerbllnrafersdo artype 6f tube figfing in which the tube

component. Flared tuhe ends are co I ncaunt.er.e .
end. {ERRLS R R Ao B OG5 ) SoEEE0 e GEBERT (Y fGLe tube end is
outwardgy AERENer h TG E@Apdnent OFlafbdr 1664 Bittist e Rb@IoNSy encountered in use

tubing or tube fittings because such fittings have

with glaghf fipliaatang plastic drbn fittigs) | Brrgpeesentdnyentienjigmot directed to plastic

. pr t kg ffect:t. ik of Lt hng.t .
Y T W KRN
propésriey thid affecp Heesabiliof anedfittiaane bathusripsthatebeadndrovide an adequate seal.

typically substantially lower in_the plastics art. Iq :
OpergfintgRresiyFednd iFRPErABiss @8g 2160 Pigly ghbsipndialy dovgr in the plastics art. In

. h et 2t ing. . _ .
b FFAESP, VREKS 1 48 PPl R 002 HAERDe fing provids
little Sube ghidenderfgsa héraplasinetubefigimged f or use with stainl ess

teel tuhi i ml ticul arl .
chal | enbitigiBestbal tf T sp des B ovidt Ffefes e o, fgperample, ar
partidlB; EHdIRnGNE t6 Yabigh i 6+deP RS achibVSthdldesi®Sd fubeMBriphhd seal functions.

_hature of stainless steel which, in terns of typical. )
This egsayelran dhe patateaed spintess sho¢lighisktiarteans of gpigal eqymprgiadly available

. i al. 0 e
s i B RS BONED B o bPug RO OKEES, puincs s
tubingpphlse adedabshigh prdssad applécations ingvhiet thettibiak waH shickness is substantial

substantial (referred to in the art as "heavy walled", _

(referrefbiorig)the pbay yhegdy alledi woimes Heawyi wall fubing 1gdifficult to grip because it
. it i . Gt Ti . .
s sol B985 by 4% 00 Ly bt 1o P i more it
defordi th itwhihg plasticdy co as torehieub i dgsipddshed grgd.| y so as to

S ai nt Lo e o sie iR L P bhver e do sy of: 1) a wbe
gripp®fg de¥iceBofistR) tHE FdrRI 6¥h REMICHR fe@hibs br iargn‘F)BElgfrﬁfgnm&f sti@cture, and 2)
I Ke

ferrule or ferrules, or a gripping ri n%- )
a pulbpp geachamasm dericapping the fube gpippweitienios o beringdalledi ange tube end so as to

grip glgb[ﬁ%é} éljrxclp glllcp Eléoq]?a/ueib% geeatrl] ggglﬁsé}i lgarﬁga L:.l %eocgrn‘? “f)ﬁ)ﬁ)—ﬁ ’egl?hp?}(/) refers to the

oglde a Seal “agarn

operdtieakdgiphtehivey thertobe fitting assemblyngol 4 toedodipett hd Bembly of the fitting
Qperation of tightening the tube fitting assenbly so

onto the tybe eudnitiuthe desieedfubcesn ndoteak he fitting onto the
tube e ' 3 ' t rq . AV o
a stai E?Sél\égglgtsge e%%ﬁéé"[ ﬁﬁgte tin ?sﬂr |a?§%1b2§(§glnqof%%?%|{ l;r%gl};{c condition
and thén smgeanch iogbther sotabliettoans ased to hightea onfmrikip”’dhe Gttingrto its final initial
suitable tool is.used to tighten or. "pull up" the .
and cpipleie e ORUHGR T Prieefecan BT B Lok B b, o swaging tool
is uséd0 Pré-irRtnll 4 fenSREIt6 AXAGHInES AR6 pall uy h@hahidhdsst tofionly used is a
is used to pre-install a ferrule

sizes, a_ swagi ng tool
threagdask epnnpetionutfi nEpmathtrgaded nuipconeronari s nwgle brmadeshbedy component,
. T . CO [ u
it 35 LS NS 04,8 TRLEMILSEIRS lreded g
tightdnia o ggthieppThgbetivincladéed ge and Rdeitingrbobywith@s angledh camming surface
corrgronents ﬁ@l tg(gy afre t hreaded and ti ghtened .
at the G IERO ThhRey: i1HE MR SOBMORRSeth GamEing Srfigesssp dusto-conical
such Yat theARrR FEhBAIEAMPI YR {AHE cone angle of the camming surface relative to
the tube end longitudinal axis or outer surface. The gripping device is slipped onto the tube end
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at the outer portion of that bore. The nobst conmonly

used canmm ng surfaces are frusto-conical such that the
wa eqos0ioasmi ng angl e" refers to the cone angl erOf/US1964/026094

camming surface relative to the tube end | ongitudinal

aﬁ"lts or outer surface. The gripping device is slipped
and Hie; Bibe fad t‘tﬁbaé‘l"éWdHﬁ@'t%@tQ (¥ bedii bore amd grlends pasirt ecﬁusto conical

carmhfﬁ Q. b?gé{ ngpfs Sx1ERdP o{&gyﬁ? h%ﬁr re{ﬁStfglggr P %I?t position such

ng surface. I'S partl
that ﬂxhéubmgiyppmg ddweca‘ls mgpmreﬂl agiﬂllyﬂmswédnane saghiddhairfatdénd the nut. The

ub d t d [1y bet th
nut t%%}pﬁ}ygr | Elﬁ gl% S %{ngqu atu fy@s 21:1}'( %pyy@n@gqn\é&%glce 1r?to engagement
with ltl‘i&ln&g]!&ﬁ cﬁﬂmh@‘@frﬁé e %éj%dyt EEaEheq(%‘éﬁﬁ btoﬁﬁ F)nggnents are threadably
devi ce into engagerent Wt

tlght@&ﬁnﬁoﬁ@tg@rur fl&e eangledt ermmingyswiice Heparis aarmilatbaxdmpressmn to the tube
n re, t hr eadabl ht ened t et her .
e AR, Khieftian B BEBPink o H S0 ACiniie. chepierde it e tube end
The ﬂube ghpbmggievneltmwi@vﬂs G6 forhPh Gl hghiht thH Rt rshﬂﬁ’der&‘ the tubing and
i C |nto a gri ppi ng engagenent vvlth the tube end
also aﬁ"‘}glsf ged HnmingaNiee typically is to forma seal

agai nst f and a

agal nstT}%ell}gmgtﬁ&ﬁﬁrgﬁMgn@ng% t‘%e %ﬁgplhg %ﬂﬁgesng]s ?ta‘&@wmeb tube fittings
todayughkel ntagh eorgmopb/l ugd dey Ifemﬂe tyfpeStilbd: fitt@s) séifele fuberip by causing a
front ok L L n S,. todﬂ%&@he most commonly used are

PLROSH D S ST PIV 1oq A .bge éntp dhsetugp iepd pyter surface. As used
hereif, aHé to@h ‘%1tfa"’ £¥rs 96 tHé%ﬁ@stlQ ‘aéfo'rﬁiﬁ M of i€ tﬁﬂé?é‘lggfﬂg%ﬁg into the outer

device to bite into the tube en outer su
surfagpsefcthp éhsi and sorps to @lasiwaﬂwt@fomaem ipdérd thdrmbpigawith an almost cuttmg—

ke SSEAEALEN A5 6408 B B D S e ripin

dev1can d‘hmdﬁt&’ thikesdriddi 430 Wrdrly @ﬂlcﬁirﬂoféﬁtuféifot 151@%11‘( Kgbe lrlow out at high
tion to create a generally radial shoul der or

press‘gF’ Rayieylarbptor dpgershameter thbing sueh aspi/Agandehighess. Thi s
"bite u feature t
pr eventd‘{éﬂ E%e%geﬁ%é\?vﬁ%lg?l g? ﬁ%?B E?%‘gss%ﬁéeefélgg T8 tﬁ?ﬁ Cg’ not rely on a
“bite’f type hctiogebutdathaemerelyt tatiatiy csmph:sﬁﬂle ik grivpehddegt@against the tubing

¢ the years th hav Sbeen numerous tube fitting
outer alél'g-?cgn gorp%g\fl hythe gl{e %qa i Sfing 1nfg; the: tulilg;g, avithert ermating a bite. These
des1g1ﬁsabféeﬁoﬂ7§[1&blé fcﬁdlhghlﬁfes‘éﬁﬁpﬁ%Esg heel Yhs ﬁ&i&%?' n’?lF1 fost common

devi ce agglnst t he tubi ng outer surface,
commerqiglht avsilabla stanlpssgtdehtube tﬂﬁfelgSLdspercgﬁllM fohbigh pressadeiappliéations have
a of. sui for hig ressure
historRpli bp GG 1 Hrtigh S g s efppitsnioe Sl ormue ube

ﬁttingstamlmv@f@fdlcytuav@tti@bj e stainless steel tube fittings
especi ?\lcl y for hig gressure appl i cati ons have
pbg

hi st or Fic&nele é@@He d Witingadasc el pame simiplies, dsssi ysingle ferrule to
t | fe e tube fitti
acconiplSh |WORR (56 (BR YAp SN SE1 SRS CHoMBent UP s tsbaripe “increasingly

recogtiped ﬁhagthe@smorfamtmme arerqn otldsswith seash éthér wigdnedckighinglaGubfitting that

acco lg)oth th and seal functions.
gg i'1oq @%é’&%ﬁ‘?aﬁé’e’n’fﬁwg’ﬁg R} Bs gnbocawset thadesign criteria
needed h@%ﬁkufél\ﬂlaf HRCubO gt Sohflye@ I8 AR ©BE %Hgtdgﬁﬁlwg%s against the

desi gning a tube fitting that can neet a desire
abilitygpf %le dgle Earulpér tlep proveds o effedtiva.sedlhi Gonssqurmtausithough prior art

smglett@ﬁulg%ﬁhﬂék G Jcﬁfekt@ adequate tube grip in some cases, this tube grip performance
comes at the expense of having a less effective seal. One result of this situation is that some

single ferrule tube fittings have been designed with additional components and techniques to
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needed to assure that the tube fitting achieves an
adequate tube grip usually works against the ability
w@booshe7sé ngl e ferrule to al so provide an ef f eRCT/US2004/026094
seal . Consequently, although prior art single ferrule
fittings can achi eve adequate tube grip in sone cases,
achJeVehbﬁ atiekimtegxeiab Dessf thamaptimumoseab patfoxtﬂaac@isppﬂné@llmy noted in single
%% Iess effe %%lve seal . % tg@ hi s Sinele forrul
Ferrulg fytijng Bt qHiemph g Seabagatast 35 PeRTallS: gk PrasEHTp §3% Single ferrule
tube f M‘ﬁg s 86 BredR8418N G Nuitha fivet @w@ﬁﬁ‘iﬁ@ @ﬁﬂioﬁtl&{kdsuch as hydraulics,
ni ques toachi eve an adequate seal. Less than
howewgr; eveminsesh lpwerf messarecapplisatisas tsingld fortule seet petfarmance remains less
thmligngée ferrule fittings that attenpt to seal against
84%%and especially high pressure gas. Single ferrule

tube fiHokisige FdiHe AR BEWMas,! e Imtﬁr% §¢ﬂdhel@ dsoallyoussbceiated with the
pressure liquid agﬁllcatlons such draul i cs,

smgleh&mll@bemé\ﬂ@ﬁgmd oAV (i1 et lsIlngéd sPiiatafipBrige tube wall in the
centr é 8£ ﬁ‘l[l._% %ﬁloﬁeq?lth%)%{lélg '&“ée[%{lg ggﬁfﬂ?&/’éﬁn Jtsh%sf?%ft Q@@ back ends thereof.

The f&ﬁtt ied of theufstraleliy dﬁsamgaatsememghdtclamng gdr&cé of lthd Imdy by the nut

pushlpg égmp%zsé gﬁgd%tgloqu[ﬁ%vfe%%n@a 'tl?éjizgx%qlné @Seil(tgh gps glrec? %he Igont end of the
s1nglénfé;ru@9 Edth YRk AfbeldAB. SFHRMRvihe Lk iR isLAsy uaat tIA/ec%{iiet {48 back end of the

front and back ends thereof. The front end of
ferrulego rhldemse@ngage\/aa]d gripafhngube ¢rsl. ablis agl a@@mnhﬁlgedsllﬂuﬁ]é)c by PrOVlded an

SRS R E  PAER BEREV BE P O e s o

radiaBy do@prekd ﬁwﬂ:bdéﬁ'eﬁdfcﬂ’rthél Fegrullinio ta"ghﬁ)iﬁgea(ﬁlﬂﬂ onThe tube end. In some
bowi ng action is also used to cause the back end of

smglq fearuicodasians, the bhsl of dhe: fegrailreanparenly ipinfanded tpofitesintp, the tube end.
S c I I

i i3 GAERALHBE  9A 00 AB0ht omrov

the tllﬂﬁaCﬁttmlgCh pérfarhenesd ngdl@ Vilatioh desamsashd backaeidgtiy attempts to isolate

v1brag%qn.ﬁzr8g1?r§gqt Bﬁ’e g?tlcg:)}gig etgﬁ Cfﬁ’]ccupé] Iggg{rgg,; olﬁ quér%%o%r :rillm ' }' Rf%lg ni%stallation that

1nclu&JI%Sa! Hoﬁ?a@&ﬁﬁ etk chd Gk ®hicul € apparently is

nded to bite lnto the tube end. This back end tube
gr | p i STteometof mclasmﬂtuhﬁtgmptmaélbfwmrbs figainst the ¢fifort to grip the tube

rder. t t tt0| tubeflti 'S .
end BT dihh ARG ol PR o s Mo Tpieo BHReIR itpang th load of
grippad PP tiEdeP pré&Strd]l gXinkr ﬁtel &nge rmsxg Endynheusigldefetti® should be
fitting such as, for exanple, in_a

substpmisdly| N dhree dimengionpheqmession (3uieh, raqh:ab%ﬁdalvq%bﬁwem the nut and the

camngllﬁ fc%q)f ttl%{zl? cgflg tﬁ‘owgﬁg %@1{ ?f&c} gnﬁ Q&ha]ﬂ‘ﬂa 06 GhfeP ac(::}mg tension

ai ns o grip t e tube
or leﬁénddfaldl rcoftipreasidn o6 tHehsingdé figtude fhat wotles. aglame‘aﬂhb )front end compression

nore effect.i vel thst t he,l oad of
being o FrB 0 e Yahgedrii s ACHISoRERY (e oRit tEEHE pfion tends to work

aga1n§ﬂ A8 lefroft &6 FgHi) fheSBY Lléjthg EroRHORT Stht & n@é ﬂeﬁufehfe@ﬁlse in order to enable
di mensi onal” conpression (axial, radial and op

the ob@wé bowingeaction, the dmtglﬁefenalnwqulrm I&ame@ﬁnash ¢hab trdgdjacent the tube

dj, b k | I I
aionf S A B0 BB SR B SR U v e e
body Siwagfont eertib&etd) @omedid@ﬁtlﬁ,@&i dlﬁtvaﬂdﬁbeb(ﬁ\f/@mmge derrule fitting could be
conpressi on belng used to_provide the tube

gri
mOfeAH%ﬂeP‘iﬂﬂﬁécr fegrule epdlapses 195y of $s8landgpossiblydhbe lélﬁ%rsouf 8 highae pressures.

In order to achieve an adequate tube grip on stainless steel tubing, single ferrule

stainless steel tube fittings have historically used a rather shallow camming angle of between ten

4



10

15

20

25

30

agai nst the effort to grip the tube at the front end
of the single ferrule because, in order to enable the
woeeardibow ng action, the single ferrul e reqRdT/ES2084/026094
| essened mass that is adjacent the tube gripping
"bite". The outward bow ng action radially displaces
and twie@tyr ddgeeddnSEhis edtigt alf ahglet heref@radulochdpeid yas d'slzallof’omly be a term of
t.ube .end. Consequently,

. n_outwardly bowed singl .
converigden ahat fecanals 16 Boher el P SOPEEIEINE apgle fis pegpgised in single

C i ' LGS Ao RWro Al iall
ferruleh%lhgfﬁg?betg@ﬁgg?haﬁﬁqg?de?ta?g%g%%igéelbﬁe an adquatL%Ot u%sealn ey
elongatdi ganoningtsaifadecapmimst whichttolslide andradiplly dogpress éhe single ferrule front

tai.nl ess steel, tube fitti have his ically .used a. .
end to] iferjuto tgﬁglr ec?%dé)éf -splréacgn E}—l?aga Sta gﬁsmséegLPL{bglrgarﬁat)épé\lléhetcss51tated this
clongHRUEERSe cAMfing ABEEh A oAk8!t6Svd BblE &b erek @Rk kidghefiule &5 create an

"shall ow' only as a termof convenience in that the
adequatp fite fordubagtippr Oserathe yearpethe paklederrelshes Repndhenugh harlened or case

been us [ i=ngl AT i,n
e 6 DaTIRPLEBAL B U LSy BBl vonr, e st
cammiPEgevpldds stilhusedi tadldyyinsuetngagle derelatiitivgss S0 bbtamea mgelianiial advantage
ich to slide and radially conpress

wh ; he singl e,
from the feiiple stiding 2leng tho canmng FIFECE [ e éﬁf_a B efo as to assure an
i 1 ing th
cqu gL, 1 O £S5 B, SRBTEAls e ing s
case harddeed feprufte ambb ehalwvwg eamunive ighy bE ahat tetwy tdoguses &t the CPI fitting

: an equat ite for. tube grip. er, the years, .th . .
line a¥‘i“]13§?ee%1"@r i’&{q@rﬁ‘%@@@e. O’EH‘??%{? h %"g’é’ﬁ eedm%‘P%c 1% dhe BO fitting line
availabiR SR EEme R GfmbHPtHAEusds PnihtduzBtiakdenbdsiigle fehale iliea twelve degree
stai nl ess steel tubing, however, the shallow canm ng
cammiggdinglei s still used today in such single ferrule
fittings_t i 2ani . :
ferrul gl & n|(Eeoli(gﬁ1 %aﬁgﬁéﬁ%%% a%?rlﬁor?g&\sﬁﬁd%; gg@mtngé)g?rl% uclcleas been tried
wherebyien atdérhft'is atadaso timphs presetharferanle gyaihst thelbetegsurface Afithe tube end,
exanpl e of a commercially available single ferrule
thereby gk Ciepling #Bite-hahe prsuk i Sucheases BSTIPFFTE SnigWapressure only
- I GRIMERE ANBislesS st@PaHinstwenty degrees is the
ﬁttmg@ﬁ?atﬁﬁtti ng | ?%% avallﬂeabsl e ?ror% Par ker - Hanni fin _
Cor por &hé sinllokratingng erglaphé elongathé cE&@ming surfage hndhaxial movement

ai l.abl e from Erpeto GrbH that, uses hr ough .
neecdeq i IS0 20 KO BIPOFE e A ey b P Rah Ry, rgrpromises the
ability2dTah€ sinble RATR 16 aBkikee felstall fandRSl BipciaBy ROExtFMYE Elironments and

camm ng surface has been tried whereby an attenpt is

for seafingegaso ‘Bhifps Pegsiiess thet fientraadrefl the sl frruisattesmnts to make the seal
agains?.ﬁl{ef et felo?nﬁﬁe& %%m%gg sulERE! Ofe ﬂﬁfall?ro%%élﬁgoo%viﬁé Btion causes a
e resul t i A such cases I's a’low grip or°low

owever
larger poRaLTeh®ohtyr furfaté ofthiefraint anicofiht sitzld fesulettodotne into contact with
stainless steel fittings. The shall gw canmmn

. I
the cagRNGISYHEE SEPIEAVHIFTY o8 beHBCURYE: akhea oo RERRRTtY 15 @ larger seal

surfacg %‘F&e?ettv‘ae@@ﬁé EYEr BFALEHUAL SiddhD Ferflllé Rntithd) cAmMiMPL& face. This
errule fitting, however, conprom ses the ability of

enlargedecad breglceuses an uhwanted dishibatien phthesealingf farnstbiebygen the single ferrule

especi.al ly.in extrene environnments.and £ or. sealin
and 2B e L ETERREY DR BHA BRUHG TR Tohs o allow leaks
to occh© I Tb & pHirficiaSa hetalrel@etahgeab Rdle @ abritfistell @ nav-nddkdl Yo non-metal
el ongated camm ng surface. The radially outward bow ng
seals: ofer epanpla iBasplastic fitting it is usually desirable to provide an enlarged Seal contact
area because the more highly ductile plastic material can better form a seal between the two

surfaces.)
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| arger portion of the outer surface of the front end

of the single ferrule to cone into contact with the
weawsirgieur f ace agai nst which it is being driREnUSZNE026094

result necessarily is a larger seal surface area

between the outer surface of the single ferrule and

t he camBstange bistdrimaldy thtsinglefrrmiqgiiting dad used eshaldors esnmmg angle to

. unwant ed. di stribution of t.he sealjng.force. bet n, t he .
schiof WERMEF a3 Hoes? P omliint 2l PP S eI EGER dsFrecognized
limita€ib® ®heiHe &Ebl@daQBﬁ oAItBA fiti@fg, D ali@itiBndl MeSife8 AHalv® MSed @esigned into the

allow | eaks to occur. This is particularly a netal to

singlenfsrraile Sdine, mosturotebly attempisdotiselude onvr fstaelasiomeric seals with the

singleni%ﬂhfge(; itf? %!l&‘lt %fngfé(?e%heeco ' Qra?es% %%\}i&e g'bte{t{ﬂn&af $ith stainless
is usually desirable<to provi JE En S eRITAY ged sea

steel tabingaSte, forexahmia UBeted Beatexiratend ngh 16y0701976iahé 5354308 C United States

terj better forma seal between theg two
Paten@?fé@&?f@@e%%% hivet Wam?%/off ﬁ@nglieﬁﬁfrreﬂ? eécau«fdea cutting ring” in
the pattgﬁﬂ iGnd @t %SISIP% ﬁ)?ﬁéel{/elp‘ﬂlec NG AR atcﬁe@fe'l‘dsf‘o\ﬁ'feric seal. The

adequat e t ube ess than optinmm sea
5,351 9908 pateohdessribest the betdlite ohtasgddy separmting theztie grip and seal functions
- Iim'taagi on on the application of the fitting, or
mnto tyo ST H eI W RS Sr es have been designed into the single

ferrul @ ddnirhérdRily APsilabROdndHiyhi R hQBRHAS thve feriele YHENONRd for tubing
, or nore elastonmeric seals with the single ferrule or _
is comyereialyi vaileble faqm fiveagelokr Gomapanyo Setams &hie @ngripdesfeibad in United

r ' | S t L-Nn for
States PAb NOE T s 090 B BTG 383 St O syeiiBon) 0 3.103,373 atl of
whichSer8 o n888n chinivioatyShatassgridatednthe Pleserfs ,iﬁ)&fe&ti&f?,&he e}ltire disclosures of
L il rates a typical exanple of a single "ferrule” .
which(arg ibifnsormefiied’ 1%611«1 ibafgefaerfﬁw-h & fhepcetito) fepis fitges. g tube grip and
1 feldRAP o e 3P RelyRhictER by 4 ' ;@9&'1 ]
S8 el alst orre?i cesgéal . e%lhe %e?g(g%y&}ég%ggtogﬁg escr%iglbgslletﬁ?gward or front
ferruld proviides sanoertcgllerd dsebly cmpagaitst iggs, tand thelbaclyor peanftrrskaprovides an
" llfé}gﬁi ons into two separate conmponents. A commercially
excelly Wit and highly successful two ferrule fitting
used f Uhe it @ik 6AHIRE CindlkkoelieMAkéalWye chfiihg against a shallow
Swage| ok Conpany, Solon, Chio and is described in
camming; susgcspplesichas srentydegress, dis ihecavse the ifraps Serfulhrdoes not need to
" . O] . 3 73 all i ch., .
slide exeBRRRANFRL ol MEHERLoME Cacdiled ity Bloghh “Likcowise, e
front ferruleris hoircasé hedartlibeeaude gl pemure @u@bse};\dﬂﬂ b ﬁ@hegef'ruld ily to seal and is
Lncorporated herejn by reference, h these two ferrule
not to ﬁ?ﬁtﬁﬂmﬁ diée, tupf g1 -uie)féusgtg? Flathiehs sgfter” frut ifegrde aehigvesag excellent seal,
rtic @8NP a@hiaktY s AC B &Y #ubl tid'Bodis Botfal L MNEiRE " ammi
pa 1cfoﬂ?ﬁ\/\/zfilrgdl orgf’ront felrl%l e p?%?/i%rgéalan exﬂééls ef%fsc gr-ég%ts ac e
angle ef/ahoutityesntysdegnees, and the back or rear ferrule

provid n,excell ent tube Ip.. The front_ferrule
achi evgge E?Fk_ef? 9 %%}evg%%e %e @Eﬁrﬁaﬂﬁloélglgi tﬁgtai)gve noted two ferrule
tube fistived. | Divé SerR1Terit@le syedsaterdand © &%Bst@i&ia‘l%ﬁirdér deatBSfube end. The
i s because the front ferrule does not need to

Thi
front f‘é’ld: %éh% Redksfermyls samsrpeetnst & Snpiorrgnisal ¢amemingrsusieerformed in the back
end oi?tglg IHNE fldrdid) b?h@[)ét&s;ﬂgg glté%lg gf ghé %Mnf’r?giqseu&%?? %s;fragtty—ﬁve degrees, but

rrul'e 1's not case ecause
due topthepssknginaviemefir ofithef fromtufeeruies the effeativeacuthing angle is actually a

shallow angle of about fifteen to twenty degrees. Although the effective camming angle for the
back ferrule is shallow, the back ferrule is not required to provide a primary seal (although it can

form secondary or backup seals). The back ferrule also does not exhibit the undesired bowing
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not to bite into the tube end. Thus the relatively
"softer" front ferrule achi eves an excellent seal,
w@2msiocaahar | y agai nst gas, even though the bodpCT/US1004026094
camm ng surface presents a canm ng angl e of about
twenty degrees. The back ferrule achi eves the tube
actlongmlt patherngripisdhe tubetdnd aslzofection efia radiallyeinpvgrdhingpg action. As used

i Ry S e e R OB ST one ugpet »conr

regionr thidSoP@siKof tRE Fathe BEIPBurRigaions hn ﬁlvxfatdly‘ﬁrmla:lm@nq;aéssmn as distinctly
camm ng surface forned in the back end of teg q@@

contrapted ite pdowingeonordEHy i dyward tiyplacsmerth Shusathi %0%‘?? gw camming

angle Ig?t 41?1%8%{ > oﬂnc%f %Pl%ﬁ%@g? thtebﬁﬂlnéj F%cl: IC?RI by, Sit h&hﬂgrngﬂ%ﬁﬂﬁﬁfy enhances

he ¢ e canmm ng gle is
the ovaellpatibsmamcs batHeaubefiighg egfecabipditr stdiflbmated tublm@ nt y

degrees. Al though the effectiyv M ng. an
back B8 PV dPTuloE FU1RaCh R RGP Rma TG O3 ome ol he key tube
ﬁttmgrﬁﬂ&i(fng dink QwB rf@ffhﬁetuﬁ’e Bftid@dc&e%@@’cre&@ﬁddﬁ@lﬂ% gifip @@d seal functions.

orm secondary or backup seals). The back ferrul e al so
This puimeart o ferie bibe fittieg sl bas medéxm@gé@t& commeieial gcpesp especially

. arip he tube d as a fu o f r adi

in e BF i ! ARG o AL T Rt P Rl Y Soch s i

pressur€tRIg ohIhdo@ens Bo0e Psid /iy tﬁﬂipbﬂﬂlrﬁfatingébf tgfogahie te U200 °F and in
that a central region or md-portion of the ferrule

many b@ﬂlycaumﬁeii gigatficant nuker (I yemalensdP “EFRAkCe SSFHHO e loosening and re-
tlghtergmgt Fg?tttlr}/ at%p%%ﬁﬁﬁzﬁ?mﬁ%g?f bowi ng or radially outward

ective shal |l ow canm ng _ _
angl e Daited$itated Patenndlo. SAHBr1861 iHlesttates fiset of agsh@allockmg ring as

capability, it act all}i subst anti.al |
g

oPPosGy B AfFT YASFSHR ALE OB TG FBE BB AEHAT A HESEL oG f g hat appears
to be grtegﬂﬁmh%ﬁ %wilf 1§ @berb é%béﬂﬁoreBUutl%ﬁé Reg 8@&@[0@56;)&? & %il @ fcaflpdeform into

to achieve prlnarlly only one of the key
the tubmgtbun gatlﬁamcmamm slastiheo thnbﬂfeermgﬂls eleﬁlglw wlrptairhgs Onglnal shape after

pull- By F%ﬁv Wt‘i({b‘el\%g ;}%a? LS éha? aﬁe ﬁltt%ﬁ]éj fo%e‘ ¥ ml]é%%%e'l Rlbe- ﬁt’gﬂés of the type
considdr&IBAEIAY J 2 MRFEH it ImSdet pﬁﬂﬁ:aﬁ&p&@-&%i%ﬂﬂu@tﬁt&ﬁa aghtemhg ring that

stainless steel tubing in_part due to its perfor
MO A T T
ﬁttmgcc[o%g élgtg%pg%%qg ?)5 %@fﬂ't_c gg staBIRS s %E%?m[%aats PBE is covered with a resin

i'n many appli ations a
coverSi gnlflcant nunber of remakes (a "remake" refers to

thelo enin nd ret te ofaflt
initia e}glg(@pgm)a}lonwcilgﬁ c,ggpgml W%%%ﬁg{tti%do not require
such fu%#; g?ésElﬁE %ﬁlﬁg&%’ﬂﬁé afld ?érﬁkgde%)ekféﬁhm{ég chhfaBteAstiB P MO GHledeflt invention
erein the lockKing ring acts against a

is dirsated &z e mfuttg@nor@ngﬂ that hen mesplawes ne@foni@alwe@haéacterlsﬁcs without

compg)%glg%mcgf(%}% gg y ee ggltqaglg pr%r H%lat ?ﬁ N opegxl etg trf)%sent invention is
directb@tH@rnewe Biﬁglésfeﬁhwsﬁlbé fRing Bed vhdanty th@@olf Shade.ﬁngﬂhﬂ)lﬁ mgmﬁcantly
retain its original shape after pull-u bothf)f whi

improxed PeréIMANe OYH P10k P’ siigkuferls twbe gitingt papicadelsfoE éPP»Chcaﬁons that
4 JHRIERE

do nok y&&é thd hfggsena ot BiindiBRnEanehARk o HEARVE dedih ferrule tube
fitting. | ghtem ng ring that appears to be intended to have a
gﬁ\émsngTﬁLf ect and gréupmltngrev(tnut?lglg‘tlegtﬂ)% front and back

In accordance with one aspect of the invention, a single ferrule tube fitting for

stainless steel tubing or pipe is provided that achieves a significantly improved sealing function

7



10

15

20

25

30

fitting does not appear to be applicable to stainless
steel tubing as the tube is covered with a resin
w@owsn197Many appl i cations and uses of the descpe¢hEs200wa6094
ferrule tube fitting do not require such high
pressure, tenperature and renmake performance
over mivasaglefestd e fiftfhgspridkeniso achiwity anexcsllditrteled grib fumction. This
a new fitting concept that can neet Iowerslllzl)erforrmn

sealing {ciionds peliPved Wwithaws dhe Bssiiph 5dtonAlelatiemeiq of pther pgp-metal seals.

In ond BhnG8dihdeHt, "i‘l‘%jgﬁglr ft@ﬁg]@rfﬁﬁ‘e ﬁMi’l%elRi‘ﬁ%s atrglﬁtl\%‘if%é‘ﬁ camming angle for
|nvent|on|s ect to a ne smgeferruetue

the cafriming syrfagecbfithe figtmgsbadye e efcordrmce wath thisrspéat of the invention, in one

o) -G e B S PSR Q4L FEAGERSshout 60 dgros

and pemhmy‘aﬁ rtmnE@ at astiut TGty foesbout Bt legied In®hdst referred to be about
erformance characteristics of the above described t

forty-ge? degrees: ube aeorddneg witluarethyr aspeatinf thaevrntion 3 rsmgle ferrule tube

ﬁt’clngf r? 9%@? ed%é.’{” él%w?ieg aﬁr@rn&é/t é;elaln%gaqnétg %t V%EKB sfde gﬁgnagllgfed camming

surfacBJ e thﬁmﬁfmﬂnldﬁiﬂméﬁt&hls%h]l ie\feied 18i gnotitecapeiey surface of the ferrule,
nproved seal | ng functionover, priqr sjngle ferrul

that iR @s FeeRly ABS ledlfs fh caMuBng B¥itis: bRneRlagie y efrmeg gcoined with a
generzgw P fhd chhtac-[lagﬁ %ﬁ | ona% léﬂl%deocﬁgleswﬁﬁlﬂ'tﬁé’ %Ve noted range. In

out the use o el astoimeric or ot
accordanne methainothen hspect! of the mvenﬂwd iarsenglle fertude Bibn g]tieng‘ wrth unproved tube

TN IR LR N e R —

ferrul@GHRIHPNAR otk lethboBinfen@ YRE Edrrud istdase h:ﬁ&@{&il t81be at Tea¥out 3.3 times
enbodi ment the canmi ng angle is in the range of at

the hardness 0%19 taidessctagh e@sn& on tso(iekss I@éhweeecaleemre preferably at least
r t 0

4 tlm% tﬁé ggérggés%n é)lf ?rhoes{lggieg{] gcrgerlg{ijlﬁg. g‘}ée fg\% e‘ﬂu@rﬁ‘fﬁ? bé otfér)i)art or all of

the fed&@rﬁeﬁce | This atiows sicsingle fmdea od hﬁquaﬁbﬂﬂte info lhhehard stainless steel

i nvention, a singl e ferrule tube fitring i s praqvided
surfacerigt S SN G %FY%W s alecRgaanyping gl I,k efsy axtal travel. In

accord @@ Rtk H@llele?s ARt RE the diflfe BRAfe %‘”ﬁ%bﬂ%&efonned during

'S sea y an outer tapered surface O
pull—upemﬂua dingigaefiécs ifhts lasgisg eg¢pinypradupeed radialin mvwdmomgressmn ona

central Epongof of Fhoer i og tally "Rt et 2 SLATH feele 1 bites into the

tube chdl TRENIRIE 6Ffodt blakss hbe BReEenGitdt thaMeiation Bf the tube gripping bite
accordance W th anot her aspect of the invention,

and proidpesis@ coletrtypeox srging aotion §f thietcantraher @vwoﬂm@fghq fsrruke that helps
1solat€’ B GBP lgﬁ%ﬁ gegq%teultr{)ﬁqt \ﬁbﬁgﬂl‘? offdct na I?ﬂ %g 5 ﬂoﬁ% ue%ﬁﬂo%l%&t hthe ferrule

geonmne 0 enhance err
geom&’tr}o Iilﬁ:h&h&bmﬂllmntone tiheribe cirtlmferentiabh s edsatod ertexicd U)heb hmgmg action
. east ﬁ‘@ut 3.3 ti mea t he hardness of the stainl
durln&? PPt b getns actien efse Relps © qiethe frde aiter tapged sur ace optionally
to havE egeﬁ&%ﬁi/ Yarddw |11‘ﬁ@§5nt§cttv€11ﬁﬁﬁe Eﬁﬁmﬂgﬁ?ﬁéé B adiftfonal embodiments the

tai nl ess steel tubing. The case hardening nmay be over
hmgnmffecbmaalﬂlrthﬁr blerfecmetadlh}eths quzrhdc éaavﬂtfg |as:0atolumdsbatch avall such as for
e ferrule t ite into the
examp [ siediy o€ o' BBl At Wi b, B orSBefavivn, (The various
geomé@rys bEERE! foF el REuRNH29 A8 bk ekcRYi @l plodadkethe Hékired hinging and

colleting effect while optionally resulting in the back end of the ferrule to be radially spaced from

the tube end after pull-up. The invention thus contemplates for a single ferrule tube fitting many

options of ferrule geometry and material properties available to the designer in a wide variety of
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accordance with another aspect of the invention, the
single ferrule is plastically defornmed during pull-up
wowRak/o087é ngi ng effect. This hinging action prPdUER04H026094
radially inward conpression on a central or
m d-portion of the ferrule body axially froma front
combigidn®bnd fid-E@nbitAtfonk bahchidvieessitedt tabé Bdp by hmgarphnd Tollsting effects,
hi ngi ng effect places nore ferrule material at the
and/or|opigis iohagReirgdesingd sepling shaacteisties-and produces a
col | et i ' ' i that utilizes
i - pory Bsdh AL 860 UM 1 R heRebl B concept
only t@o icpmipomenits, remfetyoafivtirtgr idyomdef medifed fitting mat. ofhé nwladnd body are
nbodi_men t he rrul e geonetry.includes at..least.on
adaptel o BF KFAablS: APLAT I Tt SRBAEY PGPRERIARE o° P TYIRR G together.
The mBCHhRR niy de8r Biinkplé! B fendd1€ tHhédded Agt, aflided ad igegrhleiBS gripping ring
to cause'the ferrule outer tapered surface optionally
that coapetatasewith geerarmaingysunfaes owvthe hedy ghendhe fifting wsHpade-up. The body

o FRRARRLAFAFS ey BFLL | APy ST BRBGR 2y DOl o

drivenh@iinagpudl-gRn o ueedddme kvitkabhe spiidnahaspecr ofthanpentian, the camming

convexity, or a tapered outer wall having an qQptional
surfacg g cigePely thapheonysptional teachinge rfgr Jphg ddng 67 surfaces. In one
ifnk e AHCE ol ehidp-Five &K to about
embo @ﬁ{étiudrlilg Sg%ﬁeﬁéﬁg?gn%%g%{esﬁ t\i/\l,hirfl)rgeg%opt [ cc))nal I y§ groes 1o abot

sixty depsedst i Tige tubet dréppiveec king mayobe nieehined rwikhe theonigeor separately attached
radi al ly spaced fromthe tuhe end.after .l -up. The .
theetq Fijat PSP RILPIoETO G 1 BTy Lo Qe rog PEPpuPE et e, The ring
is radibily bbMPresRAYandMlAsABAIOdefbRiddUoRindE MR LB oBBCw AR k@ FdrRl a seal and a
_ properties available to the designer in a wide variety
tight tobe gripibitat i Bresring dlse fbrmeo AtseH et theostesphr eyamiessyiage. In one
.ube grip by hipngin l,et | ect r :
cmbodiiBfo it Pobtafif, A8 oo ho e SR s AL o comming
surfac%'fhﬁglé,r Gt ial’gbﬁ&ﬁll? mai’r‘o’\lwaliﬁs)caiitaicﬁ@j‘q&dsdab againstvthe wizeper camming
itting concept that utilizes only two conponents, .
surfacpa hBP §ing 14 PRE PRIGOHBIFH! 8 e Ve d IRaIRE alwﬁ terplastic deform
i - ] Wiyigadah! fr cRUNeEOWBY grip, and
dunn$glﬁlgtap$%%?gt%gﬁ?§ﬁ th érg e?l\%ggﬁe ol!rmng%ahervm ge ] oiened stip 'an 'an
axially adjatdnerswagher mwotlet zumeghatnaglatse the embgdded| mosa pogfal Fom vibration
threaded nut, includes an integral tube gri.pping rin .
offcts. iEe G53BPEPERcH RS Rebawalk J o aRe R by nBbssarity case
hardetMaeNThE Qe fittinBUis | BpdBRAR- B ful TAR€a R edsNetddldase dtting, although the
canm ng surface agai nst which a forward portion or
inventieysis nof limhisdttolsay gettisplen glaps ﬁ@miegtlsdrhl\,@qo@gmqugnh another aspect of
. pull-up. Jdn accor e W '
e i B £ ST AP W Pa, Q0L 2NApRERIEIT L 0 ap and o
prevei@R¥&sive eigatentrgadtithe gamparentsu Tthefrirtgt nag optionailp gtilize one or more of
surfaces h one enbodi nent_the, steeper canm gl% surfage . .
the gepme(ry; apf gnafexiid Brapertiep gescribpd Pt resRyet taé@? gaglefgrrulp S fitting, and
vice—v%fs’ét y degrees. The tube gripping ring may be nmachi ned
wth the nut or separately attached thereto by any
conveniThese qod etles ssputhandsadvadages f theprgseng imvention will be apparent

sol deri.ng, for. ex l.e. .The ri.ng is.radiall . .
o trogaFkdhe arhfrof BE Ry g SererBon & BB fered smbodiments in view of
the ac@thPinyhal drakngbor m a seal and a tight tube grip bite.
The ring also forns a seal against the steeper canm ng
surface. In one enbodi ment, the ring includes an outer
tapered surface, that is not as steep as the camm ng



10

15

20

25

30

surface angle, formng a generally narrow |line
contact-type seal against the steeper canm ng surface.

wab@sn0i91ge i n one enbodi nent is designed to havRCHUS2004/026094
hi nging action and to plastic deformduring pull-up to
enbed the nose portion into the tubing wall for

excel | ent tube grikef B&Cripflomsi tld Draadhgcent swage or
coll et zone that TsSolates the enpedded nose portion

fr om viThe dnveptionemex sake. phypigalfform i gersmrpatie Aid arragggments of parts,
preferpe%reﬁﬁb%ﬁirﬁ{rl@/ aﬁ({?mrﬁfhgg of %f‘ch%iﬁfb%rcﬁp Bl a819H in this specification and
necessarily case hardened. € new fitting Is
illustres@ actihalatoonmimalink desviagswhich fessa pare béreof)bed fvhereimg,

al t hough the _invention is not.limted to an .
par ti cHlar 1 dHusategn %@{fgplgg’ltuﬂmg EoPtsarEan i ﬁ{rﬁt gmbedimpnt of a tube

ﬁttinggglﬁ fradfke WRG thOMRB R atihef fiftlipbgtipRY include a

-gauging feature to indicate sufficient pull-up
and t oFpe¥ dhistraies the sinbedimeayh 0ERIGL infa puiled ap mesitient s .

oo et G TR nRBded 08 inerdt eiofd (O oo BS Y ip!ddfordance with the

invenfi@Spect to the single ferrule tube fitting, and
vi ce-versa. These and ot her aspects and advant age

. geg of .
the pr E¥efit 3i sndedt illosiraip lanother agnssr ehithe snveRbeR With 2 self gauging
v ¢ bl LiQht! AWLNHAIES BE4iRSsspREtively;

featur? ’%ﬁlff‘rg g}ég? rﬁ t(tetg&e%’ggva inlr‘lreﬁ{r?tﬁs&fg’rn{1%ltea\&}vwg;1 ﬁ%cﬂgﬁgcéorrgan [ nglyve ¥

dr awi ngEGBr isefan®e6 ditligitato mnothet kenbodmménngs Thgauging feature of the
) i,nvention may take physical formin certain parts and
mvemé‘?qéangerrents. of parts, preferred enbodi nents and a

met hod ppGs Wi £0 i § kinRgaResambigeididl 8ebaidctibilviehk 9f single ferrule

specification and illustrated in the acconpanying = |
and catnmwighgysfanhdE h singlenferrulsanbe fitingah acenrdangh evidy the invedtion in a finger
. illustrates jn hal.f | ongifudinal cross-section a first
tight I&?’é’&&iaﬁ@m‘ﬁ%“%l’?%%@ rfeﬁ?etcfly]ejy,i n accordance with the

i nvent ifpgs| B-p fillitgete hddifidnaP @ebink®; extinGles 2for a tube gripping ring
) illustrates the enbodinent of FIG 1 in a pulled up
integrplowith fherutiFl G 3 il lustrates an integral nut and tube

gri ppi device i . i ' 1e3Brule tube fittine:

2 B G EY o BEECUARACR e ol oY Sl Wil tube fiting;

i nvent FiG. W8AHs an salafged atgy 0f] afpeaticnr e thedidting ofFigh®3 to illustrate a
e fitting shown in the finger-tight and pul |l ed-up
differepsgiapglssense@tpect i vel y: FIGS. 5 and 6 illustrate

anot he pr &M diiRREs Bk MASAIGITI 13 624 Hﬁlﬁuﬁfcoﬁ(hﬁon; and
invention; FIGS. 7, 7A and 8 illustrate half

| ongi t F#GRal154s d8 sansle €1 iidustrateedigferint Shregfl eortions b thendube fitting
cami urface of..a si.ngle ferpul.e t fitting in
comp R0y Hon Do o it R inien SF FREASrtBE, 11 gh

position and pull ed-up position respectively; FIGS.

9-12 illustrate additional %_eomet ry_exanples for a
t ube gripping riBefailed Description of thé Invention

In accordance then with one aspect of the invention, a tube fitting is provided
having a tube gripping device that acts against a steep camming angle surface of one of the fitting
components. The steep camming surface angle is particularly advantageous when the hardness
of the tube gripping device has a ratio of at least about 3.3 times and preferably at least 4 times
on the vickers scale the hardness of the tubing material. The present disclosure utilizes these
aspects of the invention in two distinct general embodiments. The first general embodiment that

will be described is a tube fitting arrangement in which a tube gripping device is provided that is
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integral with the nut; FIG 13 is another enbodi nent
of the invention for a single ferrule tube fitting;
WO-R@s5/0188 i s an enl arged view of a portion of PEEUS2004/026094
fitting of Fig. toillustrate a difference angle
concept; FIG 14 illustrates the fitting of FIG in a
integrall wiﬂu,qnec‘lfrﬂié two mhreaied déhﬁsnelﬁﬁmanﬁl)aﬂm feinklgsthreadesl nut component.

The %elsf rgr%{r%lt %l?o f o H%{e]eﬁ% {?,Lq,?? s@]el full?éng that uses a
separht@Vele @Berulbaisahk &db@gﬁpﬁmg) tdePide %ﬁoﬂgh@qth NHE 1O Andl rfemale threaded
accordance then with one aspect of the invention,

COMPEQEHS. f | B@ﬁhnaenegal perakadirents auash gh%retmm@n@pt b wgn@@wemects of the
1nventtlpﬁ‘5‘% % Q%‘eoo 8?}%% ?t@m%ﬁﬂgg ?te%ggocea@# n% ggfglr’l?t& g Y8mbinations

and amgdcﬁnblﬁatmst sadh as | the adumiihg gRefi6e Wiefile! hige RamEiRs Ssurface angle,
of t ube gri ppi ng.devi ce hasaratlo of at .l east
geomgy @Ptlen@ﬁe thidubeagiapRin s e a)d Aprdnessharacterisiics Grihe e eripping
(bvm¥&&5%&%0%&9&6u%@§mgﬁﬂﬂneSS of the tubing material. The
present disclosure utilizes these aspects of the
| nvent iAdthough tawpumbert oihespege i thb ivintidh reeatdsscribeé herein as being

. first .general e t wi.ll. be described js a .

incorpqraE P 1 g PG AT A CwiA it dsporaeh G be Sonstrued in o

limitiﬁﬁ‘dérﬁag Fér ffyPariedartapplicatish Heo@kidlis ¥dpbbs 0p ﬁw%vénﬂ@nh%} be used as
readed conponents, nanely the f erral e threaded nut

requirednipofisierent Thabnatientdansk mér-eambintintis tereof. s Furthermoke, calthough the
p1rese:1t1’3J Eﬁscf %lsétte'sg%c{lﬁ)ésf gltr}(?b glﬁr;égra %]ee GQ% %@p%elg%a glzo?/g’eg and alternative

embodimmgs viuth debﬁ‘lpmhe agndof afteddedt ﬂorle@dﬁdl shOAORAR MbeS construed as an
nbodi nents may share a_nunber of conmon

Bat h
exhauégis% titeot g‘-@@ GBI &I A @Fpaﬁ‘ﬁ?ﬁy Ghosgekilied dn dheopt vl geadily appreciate
and uﬁhéx@ﬂ’aﬂ@taﬂd‘iﬁénél gEm‘éE%stéﬁig lRoifes fhﬁE Xmﬂ&n the spirit and scope of
sub-conbi na suc A g

mbi nati ons an I ons, as t
the lnsemfoaws sptrfbfthlnethetapperrdaahniangs surface angl e, geomat ry

options,.of the tube devi ce, .a har dness .,
cﬁar act¥ % ough V@POP% ?‘Eﬁ}@gﬁtﬁ ﬁg"’ﬁfjmbe@a?eégn P‘@ﬁ‘astpfe?}gc reference to
the fittihgt dbehpgorbitd BeiiBtBAdRdS sthhlehOsed], BndBMPRtichr d8P8GThEess steel, such

of the invention are described herei n as being

descriptien iiafeadedito e exemplang ierasirarand sheydd naihe eonstsuadrin a limiting sense.
Thosé:l ?181315& Bﬁzltﬁ@aﬁr\gﬁﬁl Ide %ngerecﬁ%%ﬁt @g ?Iﬁlolnl nr‘p ¢ gug'eahzed using any

ense. any par appl i cati e ar
numbaSQEdﬂf&renf t)tplee of mewltmawndlmﬁr hlee fifig cdEpoREits, 8 delDas metal tubing
di fferent Pg i ons_.and_sub-conbi nati ons_t here
and pRFPAEH gat imied (o3t 3181530 S0AE, %@W%@ or ferritic

stamws@@{éer ahly 'dﬂﬁfe&%%a%ﬁeé% s'EBéIT’%ﬁg ngékgﬁﬁﬂ ok RO HEST fOY, INCONEL or

ternative enbodi nents escriptions are
MONEﬂi-t enyl ptecipotatien hﬂﬂdesd'ﬁbﬂhldleﬁsastedesucbrasﬂﬂ e & eaaample brass, copper

xhaust ive |Lst ch choi ce ernatives.
aloyssi A2 R PEISY oSG <Gl 1oF U cir) sl andfuy leaded, re-
phosphBelgsdssarRcudshiliizédstadl s@bﬁ 8¢ M2t 14 §iselamsl eﬁlﬁﬁplgn D BhSREmt aspect of
that are wthin the spirit and scope of
the choice of materials is that the tube gripping device preferably should be case or through
hardened to a ratio of at least about 3.3 and preferably 4 or more times on the vickers scale to the
hardness of the hardest tubing material that the fitting will be used with. Therefore, the tube
gripping device need not be made of the same material as the tubing itself. For example, as will
be discussed hereinbelow, the tube gripping device may be selected from the stainless steel

materials noted above, or other suitable materials that can be case hardened, such as magnesium,
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the invention as set forth in the appended cl ai ns.

Al t hough the various enbodi nents are described herein
wowak/ospeci fic reference to the fitting conponBCit/BES2004/026094

bei ng made of stainless steel, and in particular 316

stainless steel, such description is intended to be

titaniu@X 8AP bR A, RbAHiE s@nel agdigonal ‘eRainples. (Whidd theeidvenioa is described
[imting sense Those_skilled in the art w

hereingyith pefigelar ¥ehgencere aj fHiah{ardhdsriiye plethp dvar z%‘g ’uﬁ‘r‘fﬁﬁl should not be

| l
T St
as a gqticpe refateacd @l aetal dtmﬂmdsl ang thai thenioyertiond cbeds both316,

Steel , Nt relkupicao ﬁ%iﬁaﬂsﬁegré%ﬁkﬁlr"e%ﬁ{ﬁﬁntc 484 N8R fiting 50 in
whlchﬁt‘gr&% e dﬁﬁsm lg§d¥retdEh a féfidle AEREddd i@t$208nd a male

ened stainless steel su ﬁ as 17-4PH for exarrpl e,
threadbd hedy 540 JhernuaiSR dy subsmyalé)adﬁfﬂmﬁ fronp healyPisg! mutaised in a prior art

reru§ 5 S SRS S BB s ROy e uER Bl i g s o typical

body §de@ah prief f@t)(rﬁggph@wev@sﬂ ds I’Wl@rﬁeaébtplﬁﬁWﬁﬁ'thef hérhm ithisipesferred but not
of materials 1s that the tube gripping device

necesq@neﬂha:taﬁlpyb@is/o 54 clise be csingiped fp roBEﬂi’eh A&y VG the new nut S2.

n I

o o SRS OO e Dy ARty P At o

otherwis¢ detsgral tbiangthempat isath bhat vilhe bbdy,t magifeld| ér b‘réaelu sexponents for
ith. Therefore, the tube gripping device need not be

CXaitgde of the sanme material as the tubing itself. For

exanpl RotAhatMd the RRawihgs HRSRANBE 1R INRAFB int1BR %ﬁddli)@l cross-section
gri ppi ng device may be selected fromthe stainless

but ordy delf ofdheesectips inidustteds dvsing rndsrsieed Bat thetstleer half is identical and

omitt )g) %iqa% ?eésﬁ%llg%aa%%ﬁﬁm ﬁaﬁ opﬁ% 1113&&'?1035‘ herein, various gaps and

dimendfbalk bte%ﬁiewﬁ&taéﬁig@ated/\fbﬂe@sdd’f&llumﬁﬁﬁ.l On I S deSCH bed
herein with_ particular reference to a fittjng for
t ube, wBebedy $his agsnaratly gylindrical wain badydodha das Blémtegral extension

or en§ YA gg‘gg téﬁgt @(ttérib{gnt 5(2911’?3 N§€a T bEA) NBF ekimpRR, or part of another

I nten e are used Interc ngeably
compa&nasmmrfaf examiipie ewahfetb@dmas abted drechimabsvandh¢ hwin bédy 56 may be

t b th f t A h
By Skt G SLEE S oL L el SRRt B Hh el ok st s

vveldlﬂ‘é1 bf Bthtef" Shitb& RcRbive. t The gb&}ﬁ 56 ifcI6RRROARN ESntral ?d]‘%ﬁtudlﬁal bore 58
tf'emal e threaded nut 52 and a mal e threaded body

that isThppropriatélp sized $olstoselytand| slideahly feseivnta fubeend Hé t Thei gt bore 58 is
some\ﬁﬂact a als,g%g bllfl nc&am%ﬁ e(%% Al t(gﬁﬁfa’[ %l % ntdyﬁ et ég) % Jt éxttérﬂ tinq;uﬁh the end

esm ar 1n

exten§1§n 56i ypiteaody @y (l)ﬁecdlr!aen 11Dtlhb dlitiig 50 g Slosétbwmvmnneca&n the inner
be expl al ned further herein, it is preferred but
bore 590\{]01%@@1’51@%9“9%& Offe body 54 al so be optim zed for

pr oper nee not %gréf&gblgcr et %%mst%‘%‘oﬁht@fb%}é 80. t’Ikh% body 56 is

body 5 y Separ ate conponent
machined oraytheswiat tfamhel with extentahemale strdads eﬁj?r dhatt threadably mate with

cone S RSB et RO TR R Gt st i

order o bidid ISad@ERert Irhid o AR ahd nbWRG1E BOEN @M RiitQSSts SAE pidt art fitting
components, that the thread pitch on the nut and body of the present invention may be
substantially different from the thread pitch values of prior art ferrule-type tube fitting nuts and

bodies. This will avoid interchange problems and also allows for a course pitch that provides
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but only half of the section is illustrated, it being
understood that the other half is identical and
woeiosvedid or clarity and ease of illustrati on.PCTUSI004/026094

of the illustrations herein, various gaps and
di mensi ons are sonewhat exaggerated for ease of

high h}hh]usitdkat\i/ldn rediibed hodgot&bni or xogpiete phll-yapcy]l?drrm«a'mpm a fitting that

56 t.hat has an integral tens (fl
incorpigis e bERG BTSN SRASHEE Falfooeih NERs ot PRBIde suffcient axial

dlspla%élﬁeﬁ’c'tg aclﬁéveoﬁlfbf)er%llﬂﬁﬁhrheﬁahctﬁfﬁj OR §ical Peibr &% f'&tﬁ{g by comparison is
exanpl e a valve body as noted hereinabove. The

pulledsuplyithel ey 1be turas WNobihgf rosveveheresenteths tdgwnfasfrqnh makmg the thread

pich 8l T SERT B <CBiiE PRleHifg, & LRSS, BEG 4RBnidbes 1o avoid

interchifdeUtk®i8s. a Therefdre,aBE bhéhalf @@l for guldab iHaise oﬂe% ekdi@dle iof a variety of
appropriately sized to closely and slideably receive a

design glipicesgyaliale. The first bore 58 is somewhat larger in

e oy LA R SO Ry SREORF et i

slightaadialdeinwatd taper & ir¢lativegoIhe loagindihad sed 26 (BIC. AN nd ¢hid tohe end 13 such

t he i nner _.hore 59 woul d not,. be .a thro bor e,
that ﬂ%%@émswaoiit?waoéﬁr §$ s%ﬂrwﬁ%fa@zﬁ?w ig dhh 3 gﬁre Pé\%@ﬁée counterbore
60. IR exﬂﬂﬁleb Qﬂé’ taplr iy HRCANoBES dRbredd Hﬁﬁ%u?ﬂ deBrdeB, dal’ﬁMoﬁﬁh the selected

external nal e threads 62 that threadably mate wt

angle amqt@@ﬁmmlwgnﬁleaialTéwtbhrea%ﬂjéla@met eﬁﬂmdomﬁerhammhnelden i just slightly
less ﬂ}:aﬁl H%glﬁtgsﬁ?m &Pﬁtge glfq} en‘gllgt Zgﬁgﬁg{]@q@ t%%gu >c; egﬁ &§X13§ a slight radial

interf@ahdesfitvéftdfepr thetisaddths bif b iinth fop BR@MAO Iath théBbret38e This interference
thread pitch_on the nut and body of the present

between ferhare A8 #ag thseuleeng bhptodides ag prti-gqtetian aofiginte help prevent the tube
end l?hfrgl A0 P hdﬁ{*fH h?}é pfﬂfg fa1df fefi{l@é’srllégl uélytgﬁugrﬁ Qﬁess that may be

ng nut’s and aV0| I nter
inducgd otbd drestube dnchtlm)toaiotabm off cb]ne tabe (guplslag elcncint (8ﬂatdur1ng pull-up. The

tube eﬁrg?l\éi S hl cg%%up yd‘%gfer Okl?ot{\g}gfliacmg ete gga{]r{é% Wrg%%)ﬁltét%%ore shoulder 60.
This ik B%ﬁ@@ﬂh@ﬁrﬁ&f&r@ﬁceﬁﬁ%ﬁﬁtpréﬁ&@ﬁ‘ gb&f‘pﬁfﬁé&y%éﬁ beRtenthe bore 58 and the
pitch threads that provide sufficient axial

tube amdslél aﬂmmtmfetamcaﬁh plso élebxs aperoveuh¢ tubp grip by thalttibet gnpm)mg element

O T R

of thed@ibe @ﬁ?pm& fleﬂléi’ﬁKSO’)gs tubed forpReskr [efotaBRty avdiube grlp rather than any
suitable to a partlcular application, as there are
lost agahwptipr ehoyeragntiad the, bg cp @gm@g]gg]ggnlpgs 4&s taper of the bore 58 may

extend gﬁz{dﬁ{ﬂg Ql]pn% Iﬁ? ofifie: a&‘f’ell flerfgt}g Br Egﬁ agua‘}‘ goﬁﬁpaagfatecgﬁ[l}ﬁee counterbore

variety o I'gn ch 0|ces val
60. central body bore 58 is preferably al t hough not

ol at P 49 eyt BRGS | SRS thermes sk 2t bochEBT are axaty

dlmerfsibkﬁ@d %%a@&pcﬁﬂﬁ’ﬁ dripati-dp) %r@xﬁﬂ??eedr orREhal@rPON Be %&t 52hrelatlve to the
ia

decr eases ralaqulnt e ax di rection towards
body Séhumtfamiset end 06 dtdhe axhaphkly comtacsts wearad shayldere6$ioo othep axial stop

e byt h.the sel ect
surfacgnogl §%&y(n)% ?iéﬁr ttlé Cfgll% s§ %g?l I%aé%sl I8 e}%%a%bnrgeasgg qo the fitting 50 to
therebdi iaﬂibhﬁrsuﬂiméﬂi eullaypniel Ropreval @vkegghteting 08 theshitdY. | Mowever, for
those situations where it may be desirable to permit additional axial displacement of the nut 52
relative to the body 54, such as for example, remakes of the fitting 50, the nut 52 and the body 54

may be axially dimensioned to retain an axial gap therebetween (for example, between the
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| ess than the outer dianeter of the tube end 13. h
this manner, the tube end 13 has a slight radi al
wo paosoiesience fit of a few thousandths of an i PCHUSIN4/026094
exanple with the bore 58. This interference between
the bore 58 and the tube end 13 provi des an
respegtifeci endst &t @ath 68% tupom complesing q@rentaitprom nulbep.edu the latter case, a

s LR R R
devict Uoe catfthmd text tthe I At N befvebiehé WERE iGBPaMD 68! 858 Nhot exceed a

80) during pull-up. The tube end 13 does not ) o
Pfedeif‘é@fg?é‘a‘faﬂuey%@wnw@n bdihe sancisafwre mayalsaghs wied toHeplement a limited
numbSP Y aﬁ&?@rﬁ% %§§ 60. This is because the

interference fit ps provide a good primary sea

bet weerWithecfbrenee 48 anEIG.% thaune SRridclides alfidt central bore 70 having a

nterfer fit _also .hel i prove t he tube gr

first ifhaiet 1 fﬁfﬁﬁ i SRR a8 a5 he it éﬂ héhe .nﬁﬁsz Also includes a
seconﬁlﬂé?e ﬁ‘ﬂaﬁﬁé‘i 562044 Mlaq{é’iér'm &léltllve Wth%‘?:eﬁt?ﬁtlo %t%dfn‘zﬂg%?s of the fitting

axi al di splacement of the tube gripping ele
50. In ﬂllml”ébOCfl@lﬁntpﬂ@pbmn@eﬁ 182 irelessaharnthe dta;umerdbl pFurttten@ore, the diameter
al ~nmotion or he t ube
D2 is i3 B Wl T borR T e ¢ BP0k BRdube end 13
(FIGgI)adml fiingt BAro17Q terinEin®ed atrLlodationl thhteip akiallp Fspaﬁ:e& it 8fe nut back end

axi al portion adjacent the counterbore 60. h the
74 to EQrbR trRRAR: 70 Such thgd, the ny§d ipcludeser radielly zlw@lyw@feapdm collar 76. The
[
collala{)ériﬁs ?égﬁ%ci y ﬂieggr%lgﬁ eﬁ@?@%li@néfgtﬁé ﬁtg 1?6r %geﬂeé f&a et Yore 72 and the
largeltdmnbtedborBZlO a forward end 66 of t he nut aX| aI I y
cont acts nd shoul der, .68 or other axial st
sur f acirl 6?°°f &Yy asugnifierut a?i’é"aitq?rﬂée Wﬁ‘glqnn%r% pafisdudes a tube

gripping SRWice Mbﬂ”&(tm%ﬁaliyommﬁﬂ{/ id b Behewfal &Iﬁlmé?s;e?éayfashwn from the
i ndi cate sufficient pul'l-up and to prevent

collarciperTh tgh@ eﬂpmgg deviehn ﬂmst example-svie vler geneod foroefa gripping ring 80

B Lt A A —

tube dnd lBl'(FIGOIJ)y T, disetdr BS off @e riealbaak 82 nifBHAS sithe a;h& different from
fittin the nut 52 and the body 54 nagébe axially

the digmgish 949 E%ﬁe%scqné g baren’Zant lawdmdga@l wakthabeefinse the grénping ring bore
82 ex%ﬁ@&ﬁl% %%ngt oL ﬁtpgxcﬁésgga Ft?cqlsj&? %f Wﬁ@@ﬂ&??@g 80. The nose

conpleting an proper
ort1one&431nch1dgaag|amg111yd.albermay)uﬁae sufad S(Dthae incraasey Dptie rad1a1 dimension

v B 8 ST B ST AG hty r
front &idr:f?&&h@ %ﬁkﬁﬂg 8&iclogp TRk gﬁ%&?ﬁﬁ@a&af’ﬁ@ﬂjﬁ%ﬁ rsglngag%ave g small angle

val ue or nensi on. The stop feature may al so
or tapgipandiginerie the iangri aylinducah hotscf2 asfa Hreﬁnvmbbsslfam cariner 87. Altematlvely,

e b e WA DS RSG5 8 M Bmery o

showt)i ianmik eftoﬂﬂ enﬂed)fathevleng 80 tHa®inlg0A Glidniktbrnlat X kSm&FhdtNBreer than the
fittln% 50. The nut 52 also includes a second bore 7

diametgy {37y &X?é‘d@ﬁ@néxnar?&rwhe@pm eni83 tpavards the backegind, 74| of the nut 52.
| ongi t g %Ereﬁ%hﬁa&%é gfrfls %&et frbilend s lpk ?lh/soy ft Tadius portion 89 and

enbodi men I'ess
at its Dlial dppesiteenddrye, ratliue Sda zlmegenerﬂ_?y ¢)31_nﬂnzai ghostinnt Mat\iv}ﬁdlein turn joins
viaa rlaglga ?% ﬁ%a faﬁgr%ﬁ l%lge gvr?@e / lry 95‘? y+ﬂentg1§érgc? out\é\faxl;vgll }ocr;rtlon 95 joins along a

radius to the trepan 75.
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(FIG 1). The first bore 70 term nates at a | ocation
that is axially spaced fromthe nut back end 74 to
WO 2005089716 epan 75, such that the nut 52 incl udBGT/EHS2004/026094
radially inwardly extending collar 76. The collar 76
is defined by the back end wall 74 of the nut 52, the
smal | edt ¢ apted eat thisr poifal theh dhe Iveridwsr gmmeﬁ}anmweﬂ'mﬁpe of the tube
Q nce . w th a significant as of .the . .
srivpiideticB S o fhosn it Pl I iatiof g a5 Aolapeh fntie pagtions, adius
portiche ahfab oaX hRfecidi Al dsito iceat ébpkdprﬁtesﬁﬁﬁt‘IWQhward hinging action as
cantil evered fashion fromthe collar 76. The

will ber fugibPieririnedcherpimafien sAescadipely, the gaemetry cgf@mbalgnppmm device 80
f e 8

will b% de@erﬁﬁﬁx#éﬁpdggﬁlg cgqu Stt% ?égdqfltﬂé: b%?e%%h?f%hgﬂunﬁmig :%8%}}1 a5 l%ardness and the

ﬁttlng:bcnﬁpdn}enﬁs,etﬂie iditegnsidne off tlte&uﬁﬁg a11<$ tI(eE‘b@ure’H)tubér $ép and seal performance

eg net er of {herln bore 82 may be the sanme_as
neoded; {0F rnaiont Giplisrtion; apherdPreofiia ?Pécglémdﬁﬂ?mbéu‘@“?@d herein are
1ntenci@aetocl¥é R m"@iu!lreta{ﬁﬁtnd@ anluﬁﬁg a5 g JH% lgont &gyr of Mk tube gripping

bore 82 extends axi al froma tapere nose
deVleo rByl Wny 84 emmplleebgr w;dkwu’u gntendigg 8@be Tineiting SEIGSRr 9-i12 nllustrate other

ncl udes. an a t apered oyter,surf gce 86, th
scomping AR TP MHE PR P FSK ol e GRAY S FiREcsLEAan or the two
ferrul@fﬁtﬁﬂg alsoNiu§ieate hHGitIbAR %e%ﬁ‘ie@rlyt Rhriafibhd 8F GacBfa®Xth8 MSeing effect to
froma g@nerally radial front "end 85 of the gripping
obtainyp gesited 8be gripi s generally radial front end 85 may have
a smal ky Zﬁ;ﬁ{ n i N nner e
cylindri caPéfgrgfr?%e@ a S. Zl gr""é’ e4r’ gfﬁtgpér aPcﬁse oor1~t A Séélin.ltlauy enEages
an axhlliyetapaed vahmingautiee8s thinefoensray dpemngewtldfdlba bore 58 in the main
m‘ereatlal rece S qQr.step_.or notch or

body 5@0 ® Fperes Gﬁmgﬁw %0p 88 fea PurBiee thanipiay the I]?@rerﬁsn‘ﬁalh'@ the back end
wall ¢ 6F Mk Bo ggre r’chE rei?r}boldﬁne?l@ s, ! lagugaez El??%ar‘hﬁﬁn surface 88 is
di anet er aX|a y extending fromthe tront i
chara@srizedweiy dgenh@llb aokven dortdurof HoweverutheSéhapd loé th@pmfaed 88 may be
front., end 85 refera

selecp b0 et PR B lienen 0 BaIeRle oo S REB gd dube gipping

charaétaities réfided ordhg BRBIER0 1 aCéﬂeblﬂG raggl atiBR! tThed) af Hlustrated in FIG. 4,
vvhlchlnturnjoms via a radius to a tapered outer

the capgningyriaceo®s’ 982y mef edpisiaerninal ehapsalr cxasmnle.oNa@Salso that FIG. 4
| S not

s 5% SR0, Aol AELARARE LSRR, 3 bl b2 ARGl o an wiay

shortenpottioa atljzbentghié @pintegbateddce 80 (such as, for exanpl e,

the varjous recesses, notches, tapered porti ons,
radi us [FEB M‘?@oﬁy@%ﬂ% A5 shaned Jg |efigpletsverg! upqrant functions of the

e r r
g5 he PR 83 AR i AL, BLORT0 B5HER pimry sa
agamst ﬁbe @)@rﬁét sammingssutfate 88 i Tips nepl cheayi b@a&mmaryloubfe seal for the tube
ﬁtting;j ﬁ)é %[r %yebge 1&%{?0%& g(%%{:l@:ﬂ’gg)i Ibgﬁt;}aﬁ]? ﬁgafl 11$ F]?Y g%tl ?ormed between the tube
end 18 QABAREBbEy 54,NPr CkamPRI mﬁ% Bk Boe wall3g18h B&YTtht ft%unterbore 60. The
required t ube %r i p and seal performance needed for a
grippipg ring 8 alpo Hph| P@alalRé’ﬁnarYﬁé?leﬂﬁdh@ locetien ghexsi the ging 80 bites into the
outer SRRl g@{y&tt;a%é bhd'P3 KPR AR ARLD o &,nh&ﬁ&ﬂ 381t §L0f e ring 80 cngages

the tub)@embdutgt saffateh eAgamb,ethg Mpicipyiry geadl ﬁl&ﬂydﬁ efth}t belat)baef:—up or secondary seal
ut hout t endi to be | t FI GS.
to anygsengqqqeggzy 5‘1” puit 8?ql$grf3nagea?nst ’Hl% bo?iy 5% Ilnna]myI erl/gent the gripping ring 80

must form primary seals against the camming surface 88 and the outer surface of the tube end 13.

In addition, the ring 80 must adequately grip the tube end 13 so as to maintain seal integrity
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geonetry variations for the tube gripping device. The
above referenced patents for the two ferrule fitting
W@bk®s/nid7haist rat e addi ti onal geonetry vari at i onBCT/US2004/026094
facilitate the hinging effect to obtain a desired tube
grip. Wth reference to FIGS. 1, 2 and 4, the tapered
undemnprsesupp rteiperaBde amd vibadtion efegtigesd anpmxerl thy titwperdefiom separating

rface .88 that forms an opening to the tube
ﬁom@?@alggu?%rfﬂ‘éi Eaﬁ‘ﬁﬁf‘ 56. The tapered cami ng
surf aCQn&ﬁderStoaacaﬂéJeaﬁ Fluid8gnt fahand fﬁ@oebgﬁﬁnﬁg ab@dd, the ring 80 is

the back end wall 90 of the body 54. he enbodi ment
desigagd t°| teplagticaly deformpd endt a\mﬁedgn@dh¢ b %9 ypen pull-up, as illustrated in

FIG. 04:: g%éﬂtég qglﬁéve% n : reg%é‘lgy th% (}ngggi)s e e Ct e dhj P% Oatcﬁ el} whereby the

taperedme @odﬁmeﬂ?ldb ngt Giily Hﬁeerpaﬁﬁll}cfmhaﬁrdrals rige ﬁﬁfSerﬁTﬁtréanBd onto the body
t.ube ‘8 cﬁpl ng characteristics required for th

54, blf’({ltI E&q 18 éacg EHeBidriven gﬁ)prilggg@rpgﬁ “Withihe outes surface of the tube end
13 wéﬂ | *Fﬁé Ftlvarh Ly &3 gfth% nokd) 5?1%%{11”8'4% tlﬁﬂré‘o ?es§§c} Iﬁ?&ided into the
al s also t

frusto-conic hape for exa
tublnEIV\@ll with b Iresuittpett siresst tiger 0o brtem thlelraglon designdtad 94/in FIG. 2. The front

t. ed tube bore ered only at an axiall
end DR S0 RGN BRI I3t e, Epibar otauden Al pfped out of he
plasti6dliyPdifevenddi tiBe S8 nGteSARPELE dHouRES wknga%\é@ﬂfél eniHEH@écI B8t end of the
functions of the fitting 50. The gripping ring
grlppmg_sqng $(henthps dpyer ap QXertJ@nallyrsgongj gneg riica (nes;qt@ms to tube blow out at
ighel R = AGRUISL bl ARSI AR YL 35 Sy st ana

strong igtip iongth® GubeogndEy/, H’he Irﬁhg@(f BdUurtRersdsigned td/ eibip Waﬁ&mentloned
. seal to any seal fornmed between the tube end 13
radia m@“@&ﬁvnswg aeden BANBIWagt ofglleHbe pylindrisal walbg2 agﬂillﬁsé fhe tube end

ata I&Bﬁo& QKB nggée%t 6P ea%{?‘ﬁ%l %rf 'tlf%ﬁ“tﬂ%gs ﬁée?g 1894 %ﬁ geﬂ}érél %eglgnated with

forma pri ry sea catl on ere
the nipn¢rek96. ntlos stegiogted collat tfee sobstaﬂnmlly ehkaneegith 3uberg11ﬁpmg function

and sgﬂlag é%@se({lﬁgtt{]% Sg%!g%@e L]Ecs:sglrpogﬁ(gr? alg b1t 99t ﬁ‘omt PFI% e%?ects of down tube
vibrafiddr 4RIl a¥soSie@berdBite tiungéd ect be a back-up or secondary
seal to any seal forned by the tube end 13 against the
body 54\lthopgihfiye neossnt inventionge dpssiihed heeiy iBChertignious embodiments as
f
effectﬂ{% %?E%B? al(::lzmg? %Pﬁ%ﬁt&geat%ﬁ% ggla? ag@or% 8[§0 (iichﬁela in the art will

apprel‘:ﬂat&agth&ﬁmmdﬁﬁe aspRigatidrs| syicly frigproub eletiph eriednid rih@y ﬁ@t 8$ay9be required,
nia seal i nt e(i;rl tyunder pressure, tenperature and
particyjaply ihagy et ¥ REFPISYr ‘@v@ﬁ@efﬁ‘ﬁetemﬁ@ ahvipFaien and pressure

effect§ e pﬂ{e?éﬂ)fé? oht UP thBSalitt c{oh?%)téj Be ?ﬁe tGh{ t1§ Nfi€ Drovision of a

In order to achieve a f tight ea and t
ﬂarel@s itydysi ffn‘fgngctha;t alogs héteuseiong o8 ndrs faivdesy betirath‘er hlees a tube gnpplng ring

that 1431'}}? Sgtral[!lsxfal ha%n (ﬁftg% B?sgatdg@ (Ij'i]t gr_%gljpoégrtltg-h&ge P(i(ﬁﬁ?l%a? ggmgf aspects of the

nut, bag{iag¥ %\if\iﬁ?ﬁﬁgdﬁ’ﬁg G ifoh hBRid hdBrefPrel Cnftbianentd sh&ild %erefore not be
action ereby the tapered nose portion 84 is not only

constiged v A Limiting rs«;nSfe Suiveatier 28 sgln@tablg tenBancements of dlafcbhsimeancepts of the
invenfiGPtotRhed s reg{f‘ﬁtr d’a{ 28%11%1§ula9 Lttyongl spl aced or driven

I nt o engagene r surface of the tube end
In order to achieve the desired swaging action and tube grip, the ring 80 is

designed to exhibit the hinging action that allows the tapered nose portion 84 and the central or
mid-portion (as at the region of the cylindrical bore 82 or the region designated 94) of the

gripping ring 80 to be radially inwardly compressed as it engages with the tapered camming

16



10

15

20

25

30

13 wall. The forward end 92 of the nose portion 84 is
t hus conpressed and enbedded into the tubing wall wth
w@2008puW7t@Nnt stress riser or bite in the regi oPCT/US2004/026094
designated 94 in FIG 2. The front end bite 94
produces a generally radially extending wall or
mouthS§®WraRE 138y f3¥ MaUisOningid dckien [k agdol aRldl tp pkefvmermdlgmﬁcant radial
tube end material. The shoul der 99 engages
displaesrarad ded compressiemaf Be ayhadigel ppllid tPisHgEs @et%n& $f,qnto the tube end
cept t | piqa
13 axpflf PR ERR P Tresh oF KPS FRRURLE Y KBS, TG Rk ing action s
facﬂltzl&@d by pRovEding iaqﬁrefeﬁe& iatesighatoh uaiforendy ebdueret] radial inaerdcirgumferential
trong grip on the tube eig?ls The rin

notch aﬁéhaé feaialy apwifighed Refccty éﬁlé‘?ﬂqcah%“ﬂg%%mw 18f qotch 98 i
suitab yﬁﬂgﬂﬁ%ﬂ gﬁf'fhff [ﬂﬁﬁﬁng%% fop12MRABy QfofiR lath&&olla'ii@e in a controlled manner so

agal nst t'he tube end at a locatio
as to mdmuy bmnampaﬁemwhmqabwama dgaifistt the ﬂﬁlereéld swwh be .desaresléollet effect.

and gene designated wi.th t
This rg%%bﬁnﬁéﬁ Erit &Ex%qeﬁ&y 1&91?1@1&1@ 0 R ’Pﬁ?tc I py L8 ea%%grswg ﬂ @%mon of the
gnpplhg‘ B8s 801 MRE PartlURE béodetansd thefv@sing fing 80 wall €huisibe designed so that as
nbedded nose portion and bite 94 fromthe _ effects of
the nuca &dns thuerded obtogthe badwid the sapriagpasdinges apgh a}?@té%ally deforms to grip

the m@néﬁwﬁ% tog RSt ;ﬂévtﬁﬂée arlStnd ?;pgfné g%gmggggﬁam 88. Standard

e various e S as ectln nose
desigipgrotédunessnch ak Fﬁméﬂiémsmlaogiaﬂbg;lsamay be1 usddhtosxptmkzd the gepmetry of the
the art w reC| hat in sone atl ons uc
ring 8P bgisd sV agigkle gfp Bt ol Frﬂibl%m%ﬂ)ayg’p g pavall thickness,

and reﬁoﬁg %@Ls@f&! Yerh¥ratldeldnti Rt ati it ernbn RechiraBR Sk st O

te ténperature, vibration and pressure effects,.
Ther ef Brapgr defermdtionte thegmnpmgmng §0 anayf further her eonigatled by selecting

i nvention is_.t rows f.lar Iesstub
an apprE ek SRR o or (G PRRE SPR S £ s Sl GpdiP3 pbiclbose of he
ring 80589 tBerfRE vall iR PaA FefdrMthet thatiniifg bd aghatr o Kdw @déernﬁg 80 hinges,
the threaded fitting conponents. The additional desi

compressse end plestiqally daferms poprpperhtePedipe Agse RYsHOR ot bitegpiorhe  tubing and
also 8‘5184: @h aeﬁlr fc%ﬁlétepr ?\9‘%)%91?% Bl F Rh%rﬂm? Ghe 8RB 6F the camming

cons Fued in a sense ut ratRer as
surfac&&lsaﬁi}abé éestnted ne achieresthetledited sba dietwenrtbepng 80 mosdygortion and the

e i S ARl g o
provuf’eﬁtﬁeﬁﬁkeﬁ'me nGFih P80 LBthE il BE 13s designed to

exhibit the hi'nging action that allows the tapered
nose p@heinoh5B4vitnds ittegralegrinpang ong H0dupyp be insnufagsired by standard

machlfl}g% g aI[tlg)gl g’afAlflt\g]ﬁ 8a183?r I Eﬁl 5, ?erpﬁn %ésr% 10ﬁ Ee rag‘hg p}lter contour of
the nﬁ@S@rs‘iﬂzhf a€ ¥ REEbtES 100 fRRYAUPR. v&rnerbthérefeatam rof the nut 52 can be
camm ngnout h 88 of the body 56. This hinging action_i

reahqu goth el kv svchiaing g@f@wqﬂﬁc aBlteferr%%&V dut giog meﬁ?,sé‘i"féﬁtthe nut 52

GG A O, B S U 80 R 54988 i st
in thetdtew#l feadidy aprgeciate4hat Iuﬂe vhihe dittingl Borenly rofjuifds @latite whtation between

t he hi ngin ctio C|I|tate b roviding a . .
the mu 33 e Ak (oo B e i Bt oL e Bty PP pfpayired during
apuugigrcgbléfﬁftl%ﬁentl al notch 98 that is axially positioned

tween the cylindrical portions 72 and 82. The notch
98 i s We have found that it is highly desirable for the camming surface 88 to form a

camming angle 6 of about 35°-60° relative to the longitudinal axis X of the fitting 50 and tube
end 13. More preferably the angle 6 of the camming surface 88 should be 40 degrees - 50
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suitably shaped to permt the ring 80 to plastically
deform and collapse in a controlled manner so as to
wo 20b5al47y6 conpress the cylindrical wall 82 agaPeHUS100£026094
tube end with the desired collet effect. This result
may be enhanced by including an outer notch 100 in the
degrees) tapd nwt prefnnredithmang‘le 6 Hieouwdd b plbmg 46idngre8{) ThHikeange of angles for the

camnie s R 4HEGT Pt Hm A VB2 R e esigneo Cimonty used

tube RAMYs Bdve E@mTs! RPRPY akdl8GinNihB Gﬁ%ge%idlmhé%&ésc-aﬁ ¥egrees, which is a

deforns to grip the tube end and to seal both against
substarﬂi@lly ghallosyed angld coppated e ﬂwr@mmrwgnh@ut Bhgghallower camming angle

is ne%ﬁ ge}rrlgprijo?&rg %ttftggggt%?lgavgzp sr%lglle galet e F ; oa? cP aénce along the

camniihg) urdee hasade emy pribakt Eerfiiled &mams Ugve @Bighhefférehidlhardness. The
mat eri al,, tubi ng hardness and wal |l thickness, and

shallgveg &F“FIEH% Argle pravides @rgsetual tAoe anerechagicat sdpntage to convert axial nut

h

load : Ifnsfé@%!&ﬂrﬁlﬁ% gﬁgéﬁﬁag&# 18)%1{1 ﬁf fer@é@i@%ﬁtegg %He 1hﬁ>nth9 furkhernis greater

slidingealct—:imt petgli’esrthapmecgﬁppin@d@dmttmhe mone grh@aﬂlgrredleﬂiy deformed into the
S e 88.. This surfac es t t aper ed.nose

tube b & gBioBiMa 2R F B S, Diis ERGr SRAPR acigfualso permits a

gradubl @igithe2BE tHERGRIle Ffonl %Wdtlhﬁ) Eﬂenﬁlbgoada' PB®Eng up an accumulation of
conpresses and plastically deforns to properly enbed

deformpé trusg npterial.oPrico tiiet Bitings $iat recladedi wiept anighippsar to be a steeper

cannf 95 SBIRLE 7 ) LS5 AR E, Bhmirrg o o o

prodube athiiziig Nigdtubinga dRicdydirkifiag dl&ﬁpﬂ’eéﬂﬁréﬁ@istah@é 9E88 fithes. The shallow
ring 80 nose portion and the tapered surface 88. This

cammgggs ingls of FRSOPHQE AT, thSWFﬁ%n 6REPRnlisesdhe abilibhelka siglenfsrrule to form a
depenfdhlslre' gg and drﬁovtepﬁ gaﬁ f?%hﬂ%%&ﬁ)@@%ﬂ V&ﬁ{lﬁvalg{néppérﬂglﬂarly strong

ring e tube en e nu
because tlegnaske q:frthp femge hiadigo 86 siraifaribe tapandftacsﬂlde @tolifye shallow camming

st andar d ch ing o ratlons and wi i cal l :
mout B SHED SR AiF D5SHEb P GG e HES By SR ggmming surface
angle @f w‘h'ﬂﬁ ﬂe'rrﬁﬁs t%ﬁﬁéﬁirg @y AR pSRPANEH RQUrb: thAR cfoﬁfed into the camming

exanpl e. The o eatures of the nut 52 can
surfagecl witheiit\gi suhstoetial skdingmacting mqnetbygfogpg;gm ngqgllent seal. Those skilled

in thepa{}gﬁgLﬁﬂré(ctlﬁg ilaggxéer Qﬁa& %ﬁ % "l(}}?}é C%I‘Ll]l‘gl}n g?e 18 otpgﬁnéﬁ ﬁlgd HUE required in

all apﬁﬁceﬂi@h@, ﬁdﬂ’@c@zﬁﬁyfcﬁﬂappﬁéwﬁ»ﬁs $K inthligddla istoiidh Sea&ifstlch/\lhé hgainst gas is not
gadlly appreciate that use of the fitting 50 only

requitedqui res rel ative rotation between the nut 52 and the
body 54y {Rehent: J&fﬁ{a 319 TRARE "the 3 DBbL i
r ot at egn as reqL}h%gd uri na a pu ufé Sée?gﬁ"gﬁ% %ludes the radius

portion89ethbtctranditivhaito fht ouer tﬂpgi’eld;surfeea 863 bTlis ooter slir&oe a&tﬁthpags generally

surface. 88 to form
ot an §i31e B3 70055 Heth 5107 B Pt AREIOE SR BT The Fangregguter surface
86 pré\ﬂéﬁhbbu BperNkidiB widir® ReRhGhARAMal HitheASiBh Qoﬂaﬂéﬁ thd'Back end of the
surface 88 should be 40 degrees - 50degr ees,
grippiag G‘lrﬂoﬁk

Ehléft@er@doutﬁepqh@n 86 qné/hb tadiusheortiom 89 camacts the camming

surfacg g]?tfle e?cg,:m Ql%r I ﬁ’%pcl 1f1ne8 \r%,]hﬁg tc&?tn&ulgwg fspl{{HI szlpﬁ gmt has high

stressded ngttaial Emﬁimgmb yllcus &fé fratend bf thie REIPpinG ¥Rz GAHCHIG into the camming

e angles in the range of 10 degrees - 25
surfac&?{fr a’ﬁge e‘y\wg. %ﬁnqrgl Iy, narrow 11%6 contact” is ngt intended to preclude an additional

area of contact between the outer tapered surface 86 and the camming surface 88, but applies

more generally to the concept of a localized contact zone near or at the innermost extent of the
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substantially shal |l ower angle conpared to the present
i nvention. The shallower canm ng angle is necessary in
w@eiosn1ene fittings to have the ferrul e slide BCUSHD€026094
axi al distance along the canm ng surface because sone
prior art ferrules did not have a high differential
camnfing dnescs. 88ThE highadttessvend owmbamah goiahxy eetweav ibdemiter tapered surface 86

R AAMOL TEPEnl el aduaniage b comiert Al o
gnppfr%r rid 80 AdHdVies 8 dod Akt ld Mctal bl bPandt YRecanihing sﬁffﬁ@et 9 by forming

Iiding action permts the tube gri pping device to be
a genﬁmﬂlef ngrraweirc ferautizi ling caetherofadethnbusnishes enimstad teieffect a gas tight
a gripping action or bite on the tube. This
pnmar?éénler sliding action also permts a gradual digging
of t he If Brimpbaaitrionbteahst thetise dﬂtﬁpdrw@ﬁaradaﬁnmhg\ahgll isiflot dependent
an accugul ation of deforned_tubing nateri al

Pr.i
necesgarH¥ op;tpe PO {dRe FHiEacE d8d IhEer Hogt th@pqaekﬁofﬂatefﬁét i§ the angle at
whlcl§'ﬂ?ee ﬁt ST B %M Iﬁg g%l ohtdtd %rcahﬁllu}ﬁé%ﬂrfgce 88 to form a seal
sha w portion t he surface or not
theregr dﬂuus,etha chintrang surfdve %uham g),deechbaf etage withi 4 nmgﬁmhte-conical contour,

such tﬁ.&%ﬁ%veeé%g& SI:}FSQ’E eéi IB lFLIgiS graintdIZ::gwe%g gean otW %@’ the front end

of thd H&ppaid Hhd 80 QbntactHis M@ plBbTeH sBrih@ §83rmeaacﬂﬁﬁ)%ﬁﬁ&ﬁlq%und angles or
seal and noreover necessitated a ferrule front portion

contoprsarf the sammingsrface §8 ardyybestsed rig bpiéer facibtatehibe hirging éction and tube

. I . - simlarly tapered to slide into
bite a%‘ﬁgvgaﬁ;a};t?{o%’l@gnﬁl&]?%%ﬁout h. I'n sharp contrast, the
pr esentWhethi@nhe @amuting sm@s:eassslu krstnadtl Aok |cympblﬁﬁpﬁ{gled surface with

anm ng surface angle permts the grip
addltlppﬂgana%ééoﬁw Togh At Sélellow 19 dacilipisehe pimeme avtion and bite of

the gﬁ@%%ﬂl ts‘%ge i ﬁleSt%bc‘—!V'eM‘ 94! 1naac$;Uﬁ§ hanbifl ¢ elf_ﬂéc@ @f the invention, the

, form ng ah excellent sea
sealinglpiolrtiedof the fr!oet endtofithe grigmipg sog 80 émhhmamrplarlyatn‘mﬂﬂnents the radius

. St r ca angle is o onal nd not uired
portcly BOL i ciie] HRY st PRt S1EFY APSlEQERIL 2 DR amping surface 88,
prefeBiyCst éﬁéﬂgﬁd@b&@(ﬁi inIHEAndS o ARIRINS bf S5but BS dBBEes - 60 degrees relative

require he exenplary enbodi nents herein, the

to thml@ggmpbmluam Xofithee ﬁu@eéﬂt ansl tubeliend 1p.omptegpreBeabii fhte angle 0 of the
cmnﬁf&?%l?rfasch :ﬁ?%%éﬁg%g?fg%gérggsg éﬁ(g ?é ?esséﬂ{(f A5t %gf rrg-{] Fhe anigle 0 should be

aboutn@i atishe laapomsviehe tlaﬂghﬁlagf sédhds aarpe ﬂﬁm&dﬂ fReferdly although not
el t aper.ed out er I;Lé age 86 preferably tapers axi al I}/1
neces§gr} thin Pimapeses] Hghicdad &Y adinveretashiype fagagsmeridobuesn the front end

fth Les@4ddARs ngg Bf.c g8 s tapered outer
© eegf}g) [ égn 1%8 g h%%upo?etl on 89 contacts the
canmi ndhs ls‘ref:me:a@aimg surface anglé hecthe addigend Ibahéf;t thed ltheamse or front

. Z0 of.line co t act ha stres
portich e PP 35yt 8 B Rl SHRst R oo iass 5 compared
to if tB KRR Hsibh BE BlerigAgd  blioWeP cAhRirpAHTaBY aisdls hREhSE Brior art single

The term"generally narrow |ine contact" is not

ferrulp pnd gr@Ingoting desigte Ahisaaided ineasal alang avidy thedringipg action, tends to
pOSItIQIS %%”ﬁ@%ﬂ@%ﬁy %Pe%a?ér ntleﬁg gg S‘%lt)e%{eé[ Etgc%gl}egf h%qgcatn?ﬁ (I:lgg Plte 94. This

signifabintdy stoagithene dhe mhb atibping Rﬁvﬁe dn resistinlg ﬁrb@uﬂe%ﬁfaﬂﬁﬁﬁtrengthens the
gh siress and

f 88 of hi
collet e Erihaisalb e TR TR 4 R P i, g o prior art

single ferrule or gripping ring designs. The greater mass at the forward portion of the ferrule

along with the differential hardness, has the added benefit of allowing a positive rake angle vy to
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and/ or radius portion 89 against the camm ng surface

88. By "coin" is sinply neant that the gripping ring
w@o0aokm7eses a good netal to nmetal seal agai nSPCT/I82004/026094

camm ng surface 88 by form ng a generally narrow

circunferential |ine contact of netal burnished on

help thelﬁaalm bdpeadfithe fertulOidenti i01! the tib¥Bd. SR thel ferth® front end deforming
ortant to_note that the use of a particular camm ng

to sorgﬁ Q]"@nﬁ & i sm eéfp@ﬁméthtuh%@@ﬂs&mpmvaﬁhe%gbdmsolass Igtely to become
gr eateltrlgl?atn?g(iaeﬁﬁ%eggt} th%/\ﬁék@%ﬂ?ﬁe ec&lﬁg gPefageltr cgaﬁ}eqr;?g flcould tend to |

dlrectrthm ferBile fromt eandtaut bfiés Qﬂﬁmld@t SsThé ﬁﬁ@u&&cﬁ@n fal%b @r@veﬁ@&he back end
ng surface 88 may indeed be

of thel g%eat Thus, E e cam&1
SYPRIRE eVt Ui, thernd opReLiAIthe Beseciid 843 fiom eentadiiag the tube end,
that AR\eRYreXIBP Sriprih R ut the
%0 “Seal s Sti ?ﬂlbﬂl oérjﬁéevg&tblsg} %)galfa#lg;ﬁ%dlgein gﬁ%; C%S]ﬁg gri ppi ng
ring 8@1 g@wraé,cﬁor atpbe gwipping devigt tulernbed iate bRS and hep the tube end, the

e ) B0 ERTREBRS I B3, AP AT e i,

The glmangl ﬁ@al&ﬁbi@ﬂibnﬁ@d at febRIoin & sﬁ@lwv@‘éﬁge b:‘énfnlilﬁg gﬁétgﬁ"o@ Ghe prior art
80. Whet her the camming surface 88 is forne

aﬂowscaﬁi}&}ﬁéo SHEEE inte aripbg evep wﬁena@auferlr@n d omlyghedrately harder than the
to facili

L et S | ——

the tubenemi Iﬂkﬁedetvmew«aﬂdi b 3nabla t@a@@mdal}cgqy\ﬂiehuﬁé'lﬂﬁr a%&@%gléa camming

ST eI T O .
pull-up "usead bylsth@%ée'p&n c&%)mﬁ%’ afBle! h?IoWe'vHHr %@@gﬁ&e Yith the present

steep angl ed portion of The canm ng

mventmneﬁayrlgblpyg 5hest®gpgramg1gedle\@@r Slgmrﬁlcarrtly( hadelaﬂngﬂ thé tubing, a steeper
ees relative tqQ

bout 35 d r
angle %E&hm R{fa%l %ay axlE ><a”(e51fe 5 ﬁfée IIVFttg AGUED i ey gépnangy device to
adequdtalymterlﬁoph@ﬁleea;mm dripghengee q of the camm ng surface
88 shoul d be 40 degrees - 50 degrees, and nost
pr ef er F&g STFPR?I Sagmang agglsuf d’fﬁbe abwsent Sentiont #leo results in a much

shortell Qfétaahbé’ﬁ 3 taﬁgug Rt B tHe 363! 80 Fulb ﬁ tl?%?lgll—sp.i g?%;e@k@gpy, the nose

Pr ef erab not necessarl
portion 84 e‘fhﬂemecétb by radidliyriefaartiant doyipecserb@age RNUbOEIIVEE With a much

shorter, gl fi8Plagstioa o il o BB g ¥0eerin cehian fe aBETtHBe erip then,
the gnp (ﬂgtrir@'w isedrefably éa@@haﬂ%ﬁ‘ednt‘asae%é?&?écsé QP%]t I@ert a'bglﬂ P4 times on the

e tube gripping device 8
Vleer%ﬁl‘E?éQ hardprathay the fubinggetedis]. c Gopaxample,cifithe tdbeang‘ matwrial is stainless

steel, iP ﬁ{aﬁr e%ﬂlb'i’tf'adh% g{éesn %?g tgraﬁ h@%qg‘“@rck%? n?ﬂm@%g}s{g,r%?q%g%ﬂﬁ@ce with this

aspect off ml@ esityns whintise AHAGENBISed MBNUNhEQ hirilk NG Rbe gripping
position a substantially greater nass

ds to
devicego ‘Hgtb% e togy 1aia af a4 Kast bt DS th@H@rdmb@oﬁhe @bing. More
preferr&‘fL thd QiR g%ilpgfﬂgf de‘%ﬁ:‘%tsm‘ulﬁtﬂe%g& g&lg Sl?gtu} ?g%gl? %eharder than

device in pressure an
the tubing) 18l fofther theteh’ate grqxpingtm% 8theecliinbebd éd@ﬁhﬂﬂd@ﬁ@t b@tr}ather only the

nose pmplon %2 rI%)a(}efrbaetsgfectwe }frgaste ardenedcont rasted to prior art

In accordance with this aspect of the invention, all or part of the nut 52 and body

54 may be through hardened or case hardened to increase the tube grip of the fitting 50 when
used with harder tubing materials such as stainless steel. Suitable case hardening processes are
fully described in United States Patent Nos. 6,547,888, 6,461,448, 6,165,597 and 6,093,303
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single ferrule or gripping ring designs. The greater
mass at the forward portion of the ferrule along with
wao b@saidrier enti al hardness, has the added benePCT/Us$004/026094
allow ng a positive rake angle g tohelp the front edge
of the ferrule indent into the tube end. Wth the
issued 8" the! Bsfghentorend pledeat mveative Genentirxtdisdosasesi bf which are fully
_ enbeds into the tube wall, a positive rake, angl Igi e
incorpereted Berwa| B FaderBResond heTeCHI0ESSSeH BIPIBE AHFUESS of iy fibe eripping
. rak I i istanc
device s o0 fo YOGV IR R DR conf Ay B0 EBERsib] resstance of
the fittingheOtheglesst harBeringiteuginiygenhowerer aaydeprsed entsuirhé baskhardening
end of the tube grjpping device (i.e. the end oppgsite .
of thettyhe @g@ngrm%iy Alobh G5 g 89 g %dﬁ%“att?}ésegfa’na{lc? St egfmst tubing
materihll SulN b il s4 &t &l 1iRRLMEe MBYlck Sstaiflebdst8Y! aTh@RBoveAfbf@bneced case
conpression. In general, for a tube gripping device to
hardenéngbpaderitnhave 4n adslitiond] beriefit phprovigdies shfhces pre theuties 80 that reduce or

rippi devj.ce. t be.harder .t.han t . This

preverf g B Y I BTt o v BB G 2 W Bl

axi al VERYREIEIbri¢htsemberaldsl B nfedawithaht avbeapdping aimgi 80to reduce

mouth of the prior art allows a ferrule to enbed into o
galling apd yesidval ntorierm stefe asedoryprampleo ATYEqgisateat 8NY $H53sge rcontamng

t.han t. / circunstances if the tube
mdybcgl?r}uﬁ%%ll%glp%@glgggl g§§%§gﬁgﬁey noder at el y harder than

t he t ubssednedentripeteckmiiues tymivilty béll wsallie tho eritte uat2lapd integral

grip the tube for st ee | e canm, ng, surf.ace :
tube gHBRIAESWETD ok B EfHTS |ﬁ§l_%§ B Ei57 haRiemingio PEFfRRed,qn stainless
steel, go{i] :egEﬁei'gﬁ, 8¢ 1P RicN$hoYE Y feRnEMH batentP 8t IpateRt %ﬁ%@mtﬁmﬁm oxide

per camm ng angle. However, in accordance with the
skin ispfoersedht Iri anogrer iembodipyentrakihegneansion,ubeoligrinprigant mag pe @gplied to the

o BT T8 O TR0 e
tighter%iﬁ'% t AxBesoliidi [iMidadt ekvieC@sell ForatiRpiRBEk ¥ndinta@yisn¢losdlidelubricants are
upe

end to grip the tube. The steeper canmm ng angl e,

well lgiowinhe Ap fess e¥emiplpseare gaPhles gnoludanpa diguldiday, Rypgsten dishifide and

UHM@H% oA | ' enf s thil8e $8cd neat, i.c.
uri {%&apg‘igﬁlﬁ(%g n@eéﬁ@‘??‘%},ﬁ% ﬁeg nosgee g%fl Ic?}g% ‘\084 Svi I? nea.’ e

not cofb@tbdtvaitibnatieed inadtérial derfraixed dvithrohothenmatesisbshichris @ re$igous carrier or
be end 13 with a nuch short

Jtu r axial.,displ nent o
the k] [ AR o A, 58 1RO B OR cip sgkd ForE R Hopiers, eranules
andp%{eisp then, the gripping ring 80 is preferably case
ardened to a hardness of at |east about 3.3 tines on

t Belid lubldiears ©f dhie thiea arer welh&nowhecomumgreigl peadeetsal Examgles include

xample, i f the tubin terjal.is il - -
pow E55TBAE3| brk i HBRoR 2L S0P BH08 GpbpBhon r idans
Michighe bed SliSkoté® PHCLUBEN0E avhilldblé Mok d3ascChah Cdutings, of Monrovia,
Irnvention, when the fitting SGs used with such hard

Califotigeri al s, the tube gripping device shoul d be hardened

t 34l QneR1 | RSS! iBIS 26 BRRS By Brosol or ai
t ﬁg;?ste &%l;ﬁnc gl.ltg I%I?Tée %ﬁ%?g rb ?gg%ttaﬁ%ég %egﬁgr i pp?gr}g}; devi c}é rosot ot att
sprayiff @by drothaicdendpmen. aAnpicbatingf thitknesasi be nsadewhich will provide

. harder than the tubing,.Still further, the entjre
tubricHESPRRFY rplg A ke e nshaEo S A g slgprances are
usuallg g?%reeﬁgigecﬁc@ SppRepidtehSthbiBant Ren 818b BEhéat&d 16 ehB&®ee its adhesion. For

example, some lubricants, especially those supplied in a resinous binder, can be heated to effect

cure of the binder. For example, Slickote® Dry Lube 100 can be heated following

manufacturer’s instructions to 300 degrees F for 1 hour, for example.
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In accordance with this aspect of the invention, all
or part of the nut 2 and body 4 may be through
whandemsds or case hardened to increase the tubRCOUE046026094
the fitting 50 when used with harder tubing materials
such as stainless steel. Suitable case hardening
pﬁpé:ﬁa?ﬁ&ﬁalaérﬁocfdﬁhleﬁ ﬁ@@@lﬁb&ﬁﬂm' £ dinbechnbhal &srikat e is used on
6,547,888, 6,461, 448, 165, 597 and
stamle@s @t@@ 180353 whih laye baen amcgﬁﬁiet@ low terperpiuEs eaiburization using carbon
the entir Q
mono it G B AP BT By TEr SR8 sHld fitaiCol the Yhin, coheron
chromfirR QLklfa@ fAmhehieh aferdtl tfdsmlst\tﬂb@ 196 ktopli i @xpkmd aeaigf Low temperature
about 800 to 1000 Vi czers or hi gher vm%?out . 1
carburizshipn Qﬁﬁ@m?fﬂgs sisel Resisr Bish em those mede fom 4151 HE and B fhgtainless steel,
Wil B8, UBEErASse this soot
usuallycAFs 5D IBTRELBed RERSHAPRZ. HAAEHEOIRN SO, B E0 G Re his soo
is usualljr esBoveldebyr waguﬁg) Vohendengooat mlOyO)gdﬂ% s vsed ascthe cadpan rsotrce in low
- tubing materials sych as stain]ess el i.ncl udi
tempegAe R U AR 85! SR SopL oL BY o AOF BB ACBG L 2ig¢ lm also forms
This {80 %Qid@ Qilﬁafs%hﬁd&%yﬁf (ﬁﬁel%gﬂfrbhloﬂﬁ@coﬁ@feﬁtf ¢Hro@fum oxide film which
providing surfaces on"the ring 80 that reduce or
makegutaiukest stegd staimeps e thee Bris thicker andgevgtﬁntlmt:wssm af ggically this film is
ut 52 ndthetubln s tubricants
also r%?/veg}bgg)r%gseutg Cwe{ e s G t(’et%gz ¢ fyg%{fér% ring 80 to

r educergatddrihcanglitl abisdpiaticil@r ambalisient) this, hdaoy oxide film is not
exanpl e, PTFE greases, and greases contai.n

removied | Beiere rapRligAtON) %ﬂ@esoafi lﬂlbﬂ@@élf -en Rathst| {§Hp c}%f? qiathg carburized part

surfaclgéroqea?ll gtt thng%ﬁ eosf the/ Pl sWhdestE %Hllﬁbﬂcﬁtédh €n accordance this
i ntegra tu e gripping ring 80 to be

partlcﬁlaﬁ emhahﬂenedt haWbean fhmdohatehd aatdsaﬂﬂnyr@mls s;nemfum nﬁﬂhl&:hﬁavy oxide

stai nl ess stee], for S
skin apis 1o B Fegpr ok BIEUEARS BRPBRT ‘o 3 FELTBRE o Adultyffe lubricant is
more Q& %llfdnnwb@ldfo@l{é?ﬁge bR RedsBeindenEnesl i@ tdvithdignd repeated fitting
invention, a solid |ubricant may be applied to the

remakieh (iendoosshinghendstestightening ef Gelnuhuvikhap bemerremgred. Other aspects of

the 1"‘}’?‘&%‘?‘{3%1&8 1}9\:1’3 edfg“f% %8 ﬁb? peggfl écan ge useggt]‘a - anpfication serial no.

10/359l9ﬂ@0$@edan&1 nBébfu&*yChj SQ03l KatbriUBRIGATED wetDW kTFEM?ERATURE
few exanpl es are Fhl te, nol ybdenum di

R
CARB@R@%EI% STAISLESS oD ARithites Fiire fisclopyr h&éuﬁ fplly incorporated
| yet hyl ene). These lubricants can be used
herem\r@alt%?érle&gi not conbined with another naterial, or
m' xed With refaehteto FRGS: 5 aind $,dh aasther embodiogst ofithej isvention, the

ik ddi t he
i B i B 85 b B e SRS, MG s gyromove.

The b%ﬂ? 5REH1ESeen FRbdifled 4O fdnwat Sin @his lchdeS HeyRRiyaesr Rl Wall 110 has been
known commerci al products. Exanpl es include Dow

axiallgoxtendesi r A tﬁmiltlm)pomomrﬂuj bray darised i dim Hheeeridr Gl bbvto the axially

nin Cor an of i<ga
taperG e RRERS e otp Ll i MR B e PR o s s the g 50
as dedefiBEd W@ refefenbd iy FIM}‘S. 1-@alTht ek ihded Atisidendthof theasmtisvall 110 causes

b lied b tandard net hod
the mggrrlllgé ,%bglﬁgerlcﬁ t]g;ip%t/n zﬂ] ’cosaxallerllllyar[on’carc[}te theobodilue% wall Ply() bhe?grg 'the forward

wall 66 of the nut engages the body end wall 68. This is illustrated in the pulled-up position of
FIG. 6. In other words, the self-gauging feature has been located at the rearward portions of the
nut and body and only requires close tolerance control in the trepan area and axial length of the

body rear end wall 110, whereas in the embodiment of FIGS. 1 and 2, more dimensions and
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sprayi ng or by automatic equi pnent. Any coating

t hi ckness can be used which wll provide |ubricating
w@e@petd7ies. Solid | ubricant thickness exceedi POI/US2004/026094

standard class 2 thread cl earances are usually not

required. |If appropriate, the |ubricant can al so be
toleraftves agedinvolved immsaring sicauthie selfigaugiog degdegl & eatgppwmber of tolerance

| ubricants, especially those supplied in a resinous
stack-WSnder, can be heated to effect cure of the binder.

For exﬁf‘?&'c@nda&é WP R (ifVenBoN, d4ifigle Efhle amelfittifientatd contemplated.
follow ng manufacturer's instructions to 300 degrees

=
The sihgle ferrhisunbe ﬁtﬁmge\wéllhﬂ designed WpRrMARUPEIC SHBE IPRREATS A9 ad"amages

e 5 DY ER) At DRI, ABRH B V808K6) i o

(wher8idHoRe R Gidgle lf@1E @mpertabel gxéppmg kiemca)apaMDulaﬂy rbgt not limited to the

car bon npnoxi de as the ar bon s urce r}JEq?? eeId back wall,
variossopéioalnfeatisesprichingisg ot Fﬂ’étet F\‘?l t of éW@rg’é‘ﬁt ocr‘?P e a

tapere%x$qur %{Lﬂ{l %l% 'aﬁ Q)I}_)'UQ&@ redREdwt lyf Bhtihaties ok e 1%@[eﬁotb}§ or recess, line

ow tenperature carburization of
conta&t zal thé mmmg esb.rfpxm; tradialuspaced b[ado <ad raftee piH-am Zdshigh differential

316 and, 316L stainless ste Ie e It
hardnesgratiQ when sgpg'ﬂream ﬁxegglﬁeer{%o ege( rgeh%{h et%tg Qﬁl R& be repeated in
detall\?\ﬁfb‘éfr% 1486t HASthBOME ihtSgrdb HAY dnd tﬁl@H@Yl@ﬁln@mﬂgﬂﬁiﬂbﬁ@ms much like the

rbon nonoxide is used as the carbon source

singld femlk@mh@damnt bensy i mithdhe Burulabring mtseralavitishs demagf preaded nut.
but i ngi&ge ‘f,ﬁm drheﬁl\ﬁé’trfﬁé'a ?rﬁflé !feg}l?% ﬁf’beffﬂﬁ ISiHéhfbodlment of the

heavy 'S consi dera rent omt
invenGOMeHe s Stungite,ubt @thule 180 s \Mpacahe pak.chus pmv:dmgs three piece tube

i g TR i e R R s
althoffRf ExdfSE 0 WHIKRME! tok RS AR LafiGaLRUruERY, Surface.

nce Wt I's particular enbodinent, this
heavy d)hedmdyullsm m@u«lustammgmde@nbemerselrfa@ll%ﬁtat wm@ferably in the

o B GO BT B0 b B gy, T ot

ferrulb 180 9@51@6‘ bf&@r@b@lﬂ'agéﬁﬁéede@ to @bty Vivkt® thardnss of 800 or greater or at
accor dance articul ar enbodi nent, it has

least ﬁbmln& 3ttiraes han@erﬁi alubg opdlduThefrané portiendss |ﬂ%‘3 ferrule includes a

radiug %B?%t& g(f 8121? %nt%cgé ezsﬁ?e%nag%gbﬁh%xﬁfﬁ?es @gé i‘ﬂ%ﬁﬁ@ng pull-up of the

fitting ttbfdrﬁﬁﬁﬂémﬁ gofmatstypel E?ﬁﬁm sdah a%amﬂuh@l sigbh angitgé ;eammmgm gurface 186.
case, and hence is able to wthst r Itt

The frestfatioation 18% of theobszwffi gt %ﬁ%arggn?fsg rasfiRGog eng gt pfi y88a with 2

forwé% tsgﬁ‘ﬂ fedgg '199 0 ﬁ@féﬁ‘ale @am%es%d%%é dulk stultscel dfhe @lﬂieeéilld 13. The

escr I'bed 1n co-pending United State
ferrullaab Pisticydlyl daf«attnedmnslemoalcem@ genealip@adially £xterding ﬁhoulder 194 at the

o3 i e 80 SR R BEF R ot i

respeetf toV%Bb Ghbd §nﬁﬁiﬁ% ¥lehRG08(M86 @aed dagfrali purbyr méd-poreion a96 of the ferrule
reference to FIGS. 5 and 6, in another enbodllge}a 53
bodyomdt:ﬂgees avatiallomward comprossion tos 0oLlgt 9F [SHagS shonar sge tube bite 194.
t hat .ma r
The parficar %8m%tr§1 ﬁ}ﬁ gfg%ul%é‘%}}fﬁe d¢ gegna@fé hXo ‘f‘&zl?tﬁﬂekiﬁéjhmgmg action

and tleé kfp@ng Ibite tahtl Sotleisetion e desumiiped élarelrdmﬂarwahd alsbOashidescribed in the
above ?rﬁ:rc])rporated patents on the two ferrule fitting. The ferrule 180 may be provided with an

inner circumferential notch or recess 198 to facilitate the hinging effect, as well as a tapered outer

wall 200 as described hereinabove. The ferrule 180 includes a back tapered wall 202 that is
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axially extended. A transition contour 112 may be used
tojoin the end wall 110 to the axially tapered
weasongierout h 88. All ot her aspects of the fiPkCT/ng080026094
may be the sanme as the fitting 50 as described with
reference to FIGS. 1-4. The extended axial |ength of
drivent B 18N GunvahbulddO20puReingt hudl-myt  Tha dernslbolB0d also ouncludes a central
treagan 114 to axi al% contact the body end

longitigima o shstra i eiadric B FPTIHZINA e GHATY Behiedily front end
188a a%ﬁ% V\@elc!ass 8 B&éﬁ]@'bﬂ/h 'ﬂgé %}2%&%1?% f)cﬂ“u&b 80P dr@fdUB as to remain out

pos I'on o the self-gaugin
of confa@tivith@hé aamintensurfacaderingpuli-up to e”mmatedthp demmasing ngd line contact
. the nut and body and only requires close tol erance
primary$edly ol in the trepan area and axial length of the
body f% R%%@n&‘ﬁ'ﬂorelﬂ&uoﬂ\@%ﬁﬁﬁt {suxtdg e tneaackoénd 202 of the

FI GS. nmor e di nensi ons andt ol erances ar
ferrulej mdothvse@cevsa 19%8smay g the samatddarsepr ox au@f PFQH'UGJ@U{@W @s the forward

cyhndaﬁ:aﬁ ﬁwg%ivﬁ%ﬁﬁgrlge@% geﬁé gt?ér(cﬁ eb a]?ﬁa %ﬁ&?ﬂﬁ?the back end

portlo@h%‘a 6@@1%@&58r&iyﬁﬂdnc'ﬁh Boﬁlregthms fratlﬁlw qgatced) Grofri :md m} of contact with
be deS|gned with many of the sane concepts and
ﬂwtﬂnﬁmﬁdﬁa@@%pd APeved with the integral nut and tube
grippi ' Vi R djﬁ)sl‘?er éttl@%t about 3.3 times
her ei n’f‘l?e\/\ﬂﬁ%’lecfﬁrrﬁlgaﬁtgﬁ% }gpﬂgq ?agr rule ?s t he
hardergrangpmobge @eatbrably, a‘p aabsi xabmar #ytilhet haoter,| thant ‘é)d tubetemé 13.  The

BTG TIR TE TE M TE  ——

otherﬁ‘UEt%Ees"iﬁA}}bé"ﬂlsteﬁ afrdRfrk@nal concavity, opti onal use Of
I nner ‘'notch or recess, line contact at the camm.n

sur f ac€he siagledkiryle ﬁm@mbﬁmn pmdqgquéﬁleggmbc @pm seal functions

compalrgfgg) it f fﬁg]eé%wg i {Elﬁ e%%m%fstﬂe}putm}?% @? %%e?%aﬁ]ﬁuﬁg]ﬁlrface angle

for thé BREALE lﬂleJtaﬂ! selg] giﬂstagtléllybﬁrﬂ@‘ fbﬁ’ﬁl&gmn?ﬁdadt tbahe titbéng, and strong tube
i ntegral nut and tube gripping ring functions

grip bitingeactipe diha ghbstantially Ihérdﬁﬁ%‘é’aﬁ‘?ré'ﬁtcoﬁ@ﬁ@ﬁﬁo “\??}Jf{gﬂhaﬁ#&ss allows

excell%‘ﬁ ngé %’11%7 an%,ﬁg etlg{ YHeely  Gyikilt 8RAGELpRH Camming angle

['us rate a ng e ferrule tube
ﬁwﬂﬂﬁbﬁﬂkm@ﬂﬂ&dnﬂmﬂ@dﬂnent of the invention. In thIS
exanp the ferrule ar at

provi th% nyepfipn @s &egg@e@ &lﬁl@llﬁ%{e) ﬁgnt% E ateﬁ & B lsoer of aspects and

featur hﬂ:ﬁ ZnayippliBd ta8ithek B?béth"iﬂé §inbleIfelth1e ahdthte 1 ﬁlbe gripping ring
ting I's partlcularly al t hough not_ excl usively

embodumehtssthabt fadilitate thespringinah alfhenghi eejexslsp perfBimgice pharacteristics of
sealing G g e o ERep e, S PpBBMHDY AidARE I ddiAe important in

some RppIRjanaRoMebARY oTaEE ndedittnglod withband télrﬁpejlagreeﬁﬁectsThéther criteria
le ferrule 180 is also preferably ened

may T@bhﬂaﬁ @WWF@ Rest-aess Lfogssgnplyosndy F‘%‘é@gfy harfd lon. ' The present
1nven+c§‘g‘§1{0vﬁgs9 1%g§—'v5§?r§t a DAEAEbr Adpahs Eﬁ@c&ﬂé@&ts %iqie%r%nlnyhecube fitting

por he terrule 1 ncludes a radius
that wtill amest theqrerﬂaﬁﬁaﬁdaa‘qumrteatst o a peticitlacapplicajloacdraangei quapphcatmns

e SRS e o R B bR i s of e
mater?a'f‘ of @d t@&r@lﬁi‘)ﬂl fo% qBe 8 si %’l@ fér08 br PeIgkil AbelGfppfs ring) as well

e ferrule’inc u es a gener a radi al front end
as optgmraf aspects 88 thevtitpenfithing components such as the threaded male body and female nut

of the exemplary embodiments No single aspect or feature of the invention or combinations

thereof is absolutely necessary in all designs, and as an example the present invention may well
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forward sharp edge 192 of the ferrule that bites into
the outer surface of the tube end 13. The ferrule is
web@sviva | y def ormed and produces a general | yPCEHUBZI04/§26094
ext endi ng shoul der 194 at the | ocation of the tube
bite. The ferrule 180 exhibits a hinging effect as
find sigdicatidieth fbe EitnipsfRAt@IoMdt Mtilies BQEfea&éEi édﬁ?hhgj BEtween the tube fitting
pi ng element 80 so that a central
first i‘ﬁddsei&elil ComPauRtsothat make ap rthe éttmgdylmm dtecragwsseatherefore the present

mvenglgg }ﬁ%\hges'te[‘uéﬂé% f&q'fﬁ% éﬁﬁg‘éfﬂ%r S%P%I‘I h breofrbtg{sé:@?aﬁ >)mglike Prigr art single
ferrulfednbcm Ifittingay attdewss| talbd gelp amdreqling byl 1hébrf)cﬂﬁ11ﬂ1% *aaﬁlﬁglhﬁl Qction as the
; g %-.@%8% nd tub grlpplng bite and co

eml BE petaPrisedling im@gcalletng &&eﬁemduqyédby a radial
compké%sﬁ)ﬁ%fazbé%ﬁ@fal E&‘%H‘Uf e ?erﬂfl’é %ﬁﬁs’c e hﬁg dai0 i 'iﬁﬂr%?né action thus

fitting. The ferrule 180 provi W't h an
produeps pigirally rﬁﬂﬂlamglhmtmcessanlg desH apPBcdtion§ amohvémpcﬁﬁbfn @f the ferrule

I r ed out er wal l
that 1 ARD oBipien SRiVE ther e (ot e ra g o PRt ik el tube
ﬁttlngsathe If@i*dlwvabﬂcaﬂél? bohiall alvagl rﬂo‘x‘r@fheﬂﬁbé B&a. n’Pﬁe ﬁilﬂgfﬁ' del Bféing effects
during pull-up, The ferrule 180 al so includes §
allow dgnqeapate ek SFiRIPYeIaaine hexdss thalring maltepatsmﬂmarshmwf camming stroke

slyeen. t he f
o R RN e B0%aE Yy BB L0 AL G5t
cammnybieg $urfaee.208 i s angl ed so as to remal n out of contact

witht canm'ngssurfaedurlng pull-up to facilitate
the forn8rFBA"oTPEC ARE ORYMAYPIS itathy designer ippscordance with the

invenf tEHIGR! thd ﬁés?reﬁ%ﬁé él’ft; at Sﬁiai iy ai : u@)éieaﬁétﬁngf%i\g% ntjée following.

t he back end 202 of e an e recess
One agpect freths e ofip atrepa rcamrnlag dingle dramreet ﬂlrﬂlmEtrﬁnalﬁﬁfet h’ﬁmther aspect is
t he

P T N
the fepﬂtefgr@iplr%oﬁﬂg of att1bRt bbuie 3. b dhdeAthal Qﬁeetuﬁ)ﬁf%&f‘ﬁle Vickers scale.

ﬁanally spaced_from and out of contact wth
The hardgning mgy; ey cage hprdeming wélr@ughghaédmg oNee pABOT il of the surface of the

h b b
e SARBYETAO ORI SRSl [F BBl s oy o e

ferrulct/gxmgsn@a{mgeuo prothare 4 ﬁmgmg)ﬁmﬁdnlﬁ effébﬁdﬂtﬁ@g BURRDI ONBE fitting as
may be referred to for

descngﬁtg gn case har deni ng
SRR S0 aasls‘tuﬁdﬂfﬁﬂero’cl‘l’ﬁér inderjatéans io thy ting wall with a
colletitiS O sRBgih e Gﬁbét%%all?&%hﬁﬁ@ﬂé ﬁdgﬁgﬁdﬂ e][“ﬁé fe%{&uﬁ@ %rqg}nﬂg device may

provi des excellent "tube grip and seal functions
be des&wéé@ bite ingp fheitare cadt assh pical fretrighdrerésstreiapplickeishgsto be radially

conniDbe et 18 0 31 SSOE SRR G LS Pk Sl B

geomattgmmamddratlonsi ey ﬁruﬂ)udéglse R An Shrie? MDtchiBesO bf Boriabity) glse of an outer
n. The substantially harder ferrule, as conpare

taPere?&’ath@ﬂ% oV idpuh & cemrayky, dar usmef esesouredbadkuinl, gudhpas for example a

)?gl.?ﬂfh\é"tﬁmdﬁt whi | e.t he,.st ee

conve canmcng angpﬁl1 ?%%?%%{yaftggg}% %gay%?lhﬁé s use £ P TaY porgﬂlé to engage
the carhminghstrtice asthcbeg&nneraﬂigdmh evgiattbovfetpplaasiidhd ke ad well as indenting
the front' rTng 0 Iheafseg’ulc into {]}16 tube wall to create a strong bite and tube grip. Another

aspect is to design a hinging action whereby a rearward portion of the ferrule remains radially
spaced from the tube end after a completed pull-up. This helps prevent the creation of a stress
riser or region that would be otherwise susceptible to vibration effects down the tubing. Still

another aspect is providing a difference angle between the drive surface of one of the tube fitting
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features which may be applied to either or both the
single ferrule and integral tube gripping ring
werodiatent s that facilitate the principal altPOUykong026094
excl usi ve performance characteristics of sealing and
tube grip. For exanple, another performance
compoherrtaamcbthesa‘ssomat&daﬂermb}drbmn isnfacet suvh asforsexnapple where the nut presses

s PS585BSt G b Sy insig acion to
effectivél) UHBet @S %rﬁﬂ& ?luﬁ& 6O8%hbe GREEnPhlsaIaSHileY thdehdial spacing of the
assenb@siv verification. The present invention provides

ferrulelveary @ﬂ'@@n ﬁpmﬁhaﬁbbaﬁn@t y of aspects and concepts
for de e f|t t.
per f or E?T‘%lﬁt aPBI% { |ectb tggggiyg{i §1gmﬁcantly adds to

the state dfan@ert @ff sfmglél feﬁ'aleltﬂlbksﬁttlﬁggqﬁrtdjuiafrmieﬂ thecﬁsmgnury embodiment that
aspects include various options on geonetr

combipesrthe SBYINSLal G SIeAPET RETHHIEAEN, dRCTENE] eSgﬁraIﬁpt%lﬁ ginging action.

Thes‘gj %Jeg Qs np(e@f‘s \kf&skt Bgetﬁélnw Fesﬁl@ i Y ﬁn@é LRLE LR £ f Etﬂﬁethat exhibits good
g rin ptional aspects of tie tube

sealnfg and tm@e @oippehanctesistiesc hn]aiee pﬂmzr arhsiagldefiiruigl tebd Gitkingan dVoreover, in

| f : | ar. inale .
man 5Bk B S o e R i SRR B AR it st
t her eofwi fa@PRahd iRt YorReme ﬁ@iaéubﬁb S the gﬁge @&$ule AB6! (49 hence also

an exanpl e the present invention may wel i
the mﬁw&h tob BEppinHTIng b@bodlmemsg svarth:ataﬂor@lﬂi@mghnqt Iercczl@maely for %" tubing

and I%rgg ?{ 2\66%8 gxﬁ d t{l%ntg,ﬁt}axm? %&g%tl% % H‘gd ffln s?ﬁal]%{]{glgglg the inner

notclSRAs alsb ey ahidtee fort idﬁld)ﬁﬁﬁleﬁioﬂsﬁhl&mhgbﬂn ptlithctz@e@pI@per hinging of the
single ferrule_ (integral or separateg tube fittin
ferrulepypay b&rmm@edléﬁquétr th%th%'Pn\wﬂéo'«F dhe grfeht dugetor ﬁh@thlalgeg rigidity of the
achigey&s tube grip and sealing by incorporating a
I ngi ng action as the ferrule plastically deforns
d u ri ng ThelHingipg namulis espgeintly asefdl foespphigatefns edten the tubing material is

duce ara | conpression of entral portion
hard 51[1(: gg F¥E{P@1€ a‘é‘?&lﬁ’é ta?;ﬁgsst %ﬁeg, &ha?ﬂiq Eerﬂﬁ?] Eﬂﬁ)l‘lfétbe case hardened
sufﬁéiéﬁtlyoﬁ 114 t}ﬁfﬁ%&%sg 18 figde@P into dhd AMUwWAR! The harder the ferrule is
necessarlgy in all applications a convex portion of

made;, the rhenedifffieult itzis tq deforauthel fblyuleonrprsblé@é@mag@rm@aswmper tube grip
and s]ealdb%hg ﬂgngglﬁac 58 %11 st ﬁlh %eIPLEIe ?J pr%gé@a a.t‘f;({a %ﬁ#tl% tﬁﬁ’igg For softer

erru g concave

tubinf MMerﬁiItﬁsucﬁhe céipegior @xanplecihe |s&épd’1?@aﬁahf1ﬁ’g3 tngglab htvne iy be adequate
adequat e tube ?rlp even agai nst harder tubing

to assyEs BiPe g1R apd 89912 shorter cammi ng stroke or axial
di spl ac e dyr, bp& I St .
aseur g ed Qerekidfiol AT L th iy neBecldl 5 L8Rty of design

optiofievhielr iroays bes peedt sloaacoropt iaom smanlaarl ablveritws tbmbinations and sub-

desi gner. i n_.accordance t.h the invention to ac
comtiRodBePPEA HOSLORIITS i et toiiaaeess ot hetpd Aupiter option is te
taperéd WhieeGvdio20d1e il hﬂ%ﬁ Ghe Pa6k 3/P0L dfSthb NBrrlSemAY b8 contoured as
steeper canming angle g as set forth hereinabove.
explaiyedt inethe a%@?eplitelilts stdheas weth gf cones shifeg as émng@fal@esi from the straight
YinR" :
comc%f(;&aﬁl% llilﬂﬁat r ; uésay élp? gg.lofge?éoﬁf‘ r[}%ﬁ?gsa{ é({?’l%?)&e gc?r[t abou % ferrule back
end 28230t hltaepativelyoe corithaad thee fagbi20g o@fhdlhe 1‘8’2@)!1(6681) sehices galling and

The har deni ng se har deni ng_or throug
pull-ypa foagHi HW%PV%%XE utipg thiy relaﬂé)nsquea&)@%@ntth% feriie and the nut.

smal

 Thos8'skiill g ﬂg:eéﬁ W& kSt ! o pre%fa'té thaf R RafoudPERk dndl hilPtake on many

appropriate geonetry o
different shapes, such as for example are described in International patent application no.
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ferrule/gripping ring to produce a hinging function or

effect during pull-up of the fitting as descri bed
whensimabove so as to assure proper nose i ndenPEL/USI004/026094

into the tubing wall with a colleting or swagi ng

effect axially behind the indentation. The

PCT/U860/84838t filsd g Dopimapr Aé 2080 ey FERRYEE YR RELIEY JJO REDUCE

' t he, t ube en ] ' i N [ s 49 filed
a2 B Tl S8 b bRl gpet e g e on
DecehB&€22eM999 @endifig iné)fet FERRULENWITHREIEEFt TO REPUCE G the

ecesof ter t ubf@ﬁg. %’he )e_omet ry cqnsideratjons i n¢l.ude
entiratslashresiof Py arn St BrinperpeRicddrereid RSP e Ll ot of the these

. Qut er Y ot fAc& ONGA prds¥nt iRshtion, but rather
op YLy RERSI Pl s e fectosonea g gion
provié@mdtoral ifaneive Adsigh combdurgeosef pyoftewrdbeck wall and other geometry

include the use of a radi.ys portion to_en t .
considratgoL B A neretiongier e R B EEFd Rl wbe fiting or

a sin%g ff@r‘f&li? RéheAithihg O NGe T8 RouRtR MRk hwallSalid1geilitatsga hivgsidg astion whereby
dge of the ferrule into the tube wall to create

. a
the bsdk antyobilteefeamis mabdegradislly mpancHcfiorashe dtbing after pulkugmps set forth

.a,hinging action r [ I [ "
v B P R S SR oA L0 bl v
stressidePhaBesitdTBé Qiseehtidld to-defeteribns sibraetlopefpcisyvent t he

creation of a stress rjser or re%&il?on_ thgt \g(a)uld e 1ole ferrule

ot her wi With sefeieags fodiig. 13 m,amsher cBodiment pEthg Sipyynjipry a single ferru

. ! i tullifalPhA¥ ts9ectiofl ihf £150861¢ assembled
tube tglﬁg‘}ggg%oe V\giél%]trgﬁ&;tl%??r\}%?su face of one SQfet r?e _lt ube 7
conditioh tohrgabemenEntIa thadraties, as Sothi athed dfashings, sargrys\gaps and spaces are
surface, .such as for. exanpl e. where..the nut pre . :
exag%gpqi %qr qlardy gad easeqf ypders ,?élgglgr ?suTvgi Qerﬁeélglgﬁ' %@?énﬁit% those skilled in
the a@NQl € facilitates a proper hinging action to
effectively collet the ferrule against the tube

en .
and al sBheffaiting BO@instnden e ferade 302.9hedy g4 gnd prwt Q6 3131 i§ joinable to
rearward portdion fr e . il -
e AL R B PO LB SRR dhaovcn. e
bodySI 08 hélEad éty?pa@wiﬁnmg suffeces3(aeas Gt forth herdinabbvei frythés embodiment,
ferrule tube fittjings, particul arl(x f%{e tpe ex Iarby described
the ferblsddPens at ggxerq}](ynﬁylﬁgglcglhgwéﬁ apd, dnade of” apy i the above-describe

exent W@e %’caﬁér hdr8&EiY hdbesta Wngss pﬁ:ﬁ&aﬁl BuhhdiGbdifred in all cases

ese three aspects work together to result in
havea diffaghtal frardnebseoft an theasf attout AG tirhestthe hirdness ©f gasolbing material on the

. .sealing and_tube i har act er.i,sti GS n) i [
viekGR et ton & bRBBEF U BPubhR ety end 13 pses
The ﬁ'cﬁ? hd &A@ B? alshSstaaRN9 CotthRold SgindicacEdll308angt extends from a nose or
differential hardness alone will suffice. W

have )
forwamduprdtiorh 31 0 16 thes fmvaileaop? back proresrverd A 347 ngihe 1esp PQrten 310 may

. 80 (and, h l. e, | ]t Li oDl Y
o T Oy B
for A' Thbin@iadtd inahesxemplayembedinehafudtheuincluges atheuter wall 320

i nner notch 198 i s not rmirgd spal ler tu in% ZheT ¢
that maY eptiongty R CTarsseragess SPcl O PUIFT SUIRVLIGHTS¢4r iTBfouter concave

fonnakii“gga{is icQseSféﬁBng(f 85 PLOREAILENHIASaIONa Boridr 82028and an axially

may more di t“to achi eve without the notch due
tapetied vdilepdrtighd20tr. i Bheleanpavef forine323rissingitar fie fingtiew to thgdapered wall 200
of tl\%lr?n Io?ﬁ%e%? tat??gg Hiﬁ?es ,i%glidarill b3 lcHitaRRL kit iN05ka compression

of the ferrule 302 during pull-up to achieve the desired hinging operation that produces the

indented nose 314 (and resultant stress riser) and collet region axially behind the indentation.
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hard such as, for exanple, duplex stainless steel, so

that the ferrule nust be case hardened sufficiently to
w@bkdosmq7ne ferrule nose to indent into the tubP@myusmibd/ 026094

The harder the ferrule is made, the nore difficult it

is to deformthe ferrule in a suitable manner to

assur e Phofarule fistheginichndana cemaired bhack Wall§RAg The comnured back wall

ovvsth ferrule to erl deforman rip the
324 f s Gty @R 4G Rninl HSie R 8 oBpjsefiosrpprated paten
and @dt@ﬁmb{ﬁhcaflbﬁs of @s‘-‘ﬂl%:wngﬁiﬁih ﬁﬁ:ltﬂlégh%eﬁ{*iréﬂyz&,s’tﬁalgfﬁ)égﬁ‘i@al portion 324a that
adequate to assure tube grip and sea not e
joinsgraciagiap 6V ether penviex shanegd gzéb taf 81¢ TAdipl Qiiercdrideaithelbagk wall. By having

the ﬁiﬁ'iral %r}fac?:[,g‘?l?es fe?r[ﬁleogéi 0P c%%nhaé antgl?]l%g sﬁrfgce an rad1a11y spaced

various hEORR
fron*sﬂhcmhé) Ieﬂ@tpr tigere Qﬁ&s@fgaﬂlhgsﬁnﬁgtptﬂln@ bsd idveer ﬂdﬁﬁi’e needed for final
ess as noted.. Another option is th
asse {y gu%gpql aggofamb{altqq having therback I’F‘é‘dbﬁgko%% ferrule radially

spactgcpﬁfoﬁfthé Rl%e ERA hid:SHu gﬁt}f)a(g@ewﬁgﬂfég Yt § e o?ﬁlggp(gésﬂg&jhlhgmg operation.

he ' 963 patent, convex
d| st i ngdb slhisttated (mriargm sedle & Lilgt 134 the ﬁdrnm bkl \eall 324 generally has a
st rat a cony

conthis (P HERR e Rofrth 8 Budided faeison (apied o Herin as o “diference
anglé) tfeimisat ber@bsh 2 tmeaitxl Ecﬁﬂledfultéf&ogﬁ%vg)pfjegﬂfn bi'@e Wtface 324 and the
182 or both) reduces galling and pull-up torque b
driveygirface AR W1 dfhet muth uThqﬂgtlEhgnﬁéﬁdﬁﬁ? GAnYesr msolm@ct m@we 324 may be
f S
el LA 30y M DR BT A S by e

the coakex amfaomA4 di & leato tmbapadiallg lslﬁzh:eai‘rd‘n@ theetiBeh® AlBough in the
descr.i ernati onal patent l'icatiagn
e BT 80) B B Tl SGR G BateaBiert o raddgsbportion of the surfuce
324, EERRRYE MR FERhER:i 10 BRRMGE: Sl bk
corr espoyégll ng Unit en(lJI Stcat es patent app’]ﬁpﬁgtnltloﬁ Hééhre Cefltral region of
the spidace3A469, 549 fil ed on Decenmber 22, 1999 (pending

[ FERRULE W TH | EF GAl h
enti e HRCEPGGPES: BotA am%wﬁ@%ﬁbwﬁ dye ek wall 324, the

dlffehaﬁb@ lafiglBYp Bed ehe BeRr v&@l‘leﬂ(ﬁ@&lhh g Sw i atﬁ etk 88tion and a concavity)
pplications are not needed for an understan ing and

facﬂlﬁ?ﬁ%&tﬂu hinging agtinn thatcpreduces gsirang Bibe biigtand @pHetrngp as)wpu @s leaving the
r S
ok 3480 LARAL D S5 BBLLY A%,
for theThd ﬁg‘Wlagi opeioat 3 1dnof ehd Feruld 602t1heludésathef ﬁblﬁtué@e 314 that

prefefiht aliieh it Dot bues sl BeR® el tha fugng Sl iegll-up. The
forw@dRinB 31108 o A&l RAuNGISRY g@rfé?alﬁfar%ﬁla ot Hel'l?orft %Pééjkﬁ at an angle y

may be radially spaced fromt ng a ter

thbss thetin¢ludednarigde frmadb cm‘éx th@lcemmtamgx of mlneaﬁttmgéiO@/e éfhe angle v will
errul ack e t ubi n

depel'S 18 el oG Gt e MEine B shrb e teaine pat s g s important
in achﬁhgtalsﬁﬁngéﬁﬁ@ﬁt&the\ﬂﬁlﬂ%ﬁv@ﬂ EdreNE Perl a@uzﬁ's&okel@f th Berrule during pull-up

anat her  enbodi,ment of the invention, a single ferrule
beyopd, fagsritight ﬁ@srg% Insmpst] ggsesrthe apgle nvﬂé, detip ghe approximate range of about
750 téﬁ’tﬂ% gdinal half cross-section in a |oosely assenbl ed

Ition on a tube end 13. In the drawing, as in the
ot her dkltiwiughshe bauki ends3 Qagfsthafelndp 302 prefembly is radially spaced from
rated for clarity and ease o rlderstand| ng

the t qg g@ nullzup, |890ha]61ﬁ¥|118¥|‘?e rguired dpall gpplications,, For those apphca’uons n

which such spacing is required, another alternative is to form a recess such as a counterbore 313

(shown in phantom) in the back end 312 of the ferrule.
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the art. The fitting 300 includes a ferrule 302, a

body 304 and a nut 306 that is joinable to the body
wa@s/0sIeh as for exanple by a conventional thPEHUSH04/026094

connection therebetween. The body 304 includes a steep

camm ng surface 304a as set forth hereinabove. In this

enbodi rﬁlnﬂungﬂ@ao‘tren rforl the 802nfien andgfenell ambydm;ehtsrhd;ralm edn be further

d d t.h b d
i e o Sty B A 0ot o o
concdv@ dMr&hRkieR|of dUtfeRRle tyBRRYI [ thd ?rl Cﬁ\?}é f&aMe fattings, preferably
differential hardness of at | east about 3 times the

involyesraiduss sotation effect mgniresgnied tbarthe diresiionplearsgvisket gnd €41 i Fig. 14. The
Th I de h
back {;Ii;](g3 {26 %fr tﬁeé dTug%rot%ésS 1leT'1Sa E'F% %&%ﬁc&%&v&& Ode ]%Cne d@%&m My tgllllﬂs clockwise

and couisi-aAbEkvakd dreanad faruntohvenititidfetenat bugtlon3ne 1lld3ﬁrhted orientation of
extends from a nose or forward, portion 310 of the
the dieaiag reherdhan BRCIETwFed IRl AREctioncPL3aiationth ar ApeiTom the tube end 13,

whildRE hobo g&&oﬂﬁ)’rc}taﬂgél équ e%elfaﬁ Bmﬁglgaog’lgvé‘lsé ﬁéctﬂoﬁ'(ﬂ§ dpPosite to the

a tapere rtion |us portion
rotatibe dtredtmnfiﬂZhe badkhind 362)3 n‘thJarrgta'anﬂo ofitheemose pomtllohehus contrlbutes to the

radia qo%%ggseslsma @gc%tn‘[eﬁrxl H‘Q@{l%g’%qg %tgﬁi?l{{ﬁ%ﬂg td o a?dr rﬁ’egggi tﬁe mdented nose

pomquhz B. oyy SEerftl ?aﬁﬁnf’ N MeRd 4 deBiohth 1§ BeBvdeh thefriRderdYand the back
a generally indrical wall portion 320a and an

end O£meafﬁtryletaaé @mbmmelm Bsrmiddle of fapferrpire Rasherathe ceujrahportion as used
heren% hszthat rpé)%ao Iai{h rr#_iln é&l}? { 2 r‘é& gllg@%%h%gjse gLungtgﬂ% RIbe wall axially

ereo

behindakd indéded fibhieenda dihdd radiall\afrﬁbre@mif}ﬁﬁﬁm&m thef dekinel colletlng or swaging
ferrule 302 during pull-up tq achieve the_ desir

effechphyPeigion pébacet ir PRet cingaerl ovalt #QS mralinbeling &f'eméir&ed front end

. (31, R O SBT3S0 P Spbsh gl i

characieristons o dldiabekﬁmmglan& pdrforfimace mquvements.b ik colkel tegB@308a is axially

t hi d
v A M b OISR Mg o ot of
desigARBbILE 8 That® maQ bedScabdiOMKacBR 18 ithe inA&dtedlfSseand A8dERIdd\stress riser or

strai ght conical portion 324a that joins to a radius
may g axdelhespaewhihescfionnprecoBigioustwitth éo pame alfew gkanplesdThg collet region

308a fag] ellu%ﬁ&te%g%k/ al%)Bye {h%%g&a%@ Gs hgb%\%?@tr%(g rg e%&gur ﬁ‘[aé é&gp]rgsses into the

tubing axfhlllahhhat&bélhﬁ@nfgr aperition ﬁrbﬁbﬁbt}ﬂﬁroﬂﬁcestsheh & cofivdxedeformation of the

cylinggeabi Al S0BABTLJE PbkT. SB FEALe Foisedl o RGP gDpspriorart itings

in Wl‘?ﬁlvﬂhg 9 rlélhfg Sﬁﬁ&g)ﬁ)g;ég fcglé%wglfy almg é(?‘lg T tﬁ]lo @Y ?%11 tﬁo%%ﬁ'ﬁfés that were
througle hm‘dbnedfwcmié rehasn getdarztilwlmgmqb ar ﬁtap@n

illustr er .scal e .in .Fi

pack vt Seslogia e ?Pfga%nasﬂﬁlsﬁﬂeta%@&ﬁémﬁ bfgge or more of

the Véﬁods Cgefn%ﬂfy FehtinBE b AReATR] BichididpthR o dnfiRd N KRS WbeaT a contoured
"difference angle") formed between a tan?ent Zto

back Wﬁﬂ of thederrplst inelysiparof p dlififgpnesrangledetvpendhe fegnde anddhe Aeve nut, and
a congﬁxllt:ﬁnw &.ﬁgrewglp Een R 108 %lgiiéd 1n-m§ art Iﬁ %e{eg{ ik %@stgégmgtry features
con nay be se e

ex ‘contoured surface ed as n
for tHeOferralepﬁalr tal pattieulaagplicatin tmnfaciﬁta&é elicabieyof hateepitcamming angle, and
06 | tiall ct s
optlonald{y tﬁe Slf ren%a ardness o%{ the(%
We have found that a desirable collet result is one in which the compressive

colleting stress acting normal to the tube surface gradually and generally decreases along the
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the convex surface 324 at a location that is radially
spaced fromthe tube end. Although in the enbodi nent
wW@R00F0p71d3A the initial contact is near or atPETES2004/026094
radi al distal portion of the surface 324, such is not
required. The initial contact for exanple could be
colletTB4i6n ifidnt Me 16Ratbi af the &gieared @ont bl sfithé &emil8Ratk aldng the mterior wall
ne or. more of the aspects ingluding the contour

of o | d
308. pHes degired ailet cffret i mtpisFieRdR AWREPEIONS AHFTE HelSo geispd to reduce or
. : i 1
™ e e L D P sy
decreasiing toligging hesalbeg dredcalletihg zomy308es stieds| coaseritration pggions near the

...the ba end of the ferrule.radially s ed .fromthe.
el 19 6 he 4P LB OBRP B UEH BT ELTHG SR Gy gL minated.
porti o &1Qsafl B hey Ceflisttfe AB%réMchrede Dptibes for AR tiR€@RA coupling
314 that” preferably although not necessarily bites and

betwdendbhenst 30ft and bedyt 3 nBigna A idustiateg cpnyentigpal 3 drom normal (i.e. 60

forward.end 310a of. t ferryl l. .
e S SR el bl 8 S50 e e optonn
use of & Hulteesk Agbatll @ehignigl whikh riethrasidt flunkh @recasyirnadtrieat iveithXone flank 350

~of the fitting 300. The angle g will depend on the
typicajiyeinghe rangs o Abeut 4o sleprees ad the adapent;flrgkiip theqapee of about 3 degrees
to abGRP] H%%Eésoﬁl m HSmb! 'Ehéaﬂlgc Ess! thirea %igﬁ%oxji&bsafﬁgﬁ Si¥ed¥%h loading on

a strong bite Into the tu I'ng wall r-a glven axi al
one sider takhelpfredive flaingudfthdunit riyripg | Highu porhes essemblyn gt in high pressure

o S B osh et tng ol L Pl e e
symnidiGcdd BhkoNdedbLattle 5t & Abbitl BdedPees 6 @bt Flegrdes from normal. The

radial 'y spaced fromthe tubing after pull-up, such )
acmerthipach desigeprovifles highet sireagth lapding saiforany comppred fig g conventional 60
d agg#iéations i n which such spacing is required,
CEICENOYHer alternative is to forma recess such as a

count erther @vedkidn(isdioyden i desqivadtwit) réferehbe td dekprefetred Iénbodiment.

of the ferrule, The hinging action for the inventifn .
Clearlys anqdsficaiops and alirations Villeacenmiocathers gy priffing and understanding of

this sﬁ@cgﬁ&aﬁﬁ)ﬁp Gt ié“.iﬁ@n&&ft%riﬁag@e 41P sfdh%oéiﬁcatiﬁi@ aPd B8&R%ons insofar as they
ction, as distingulshed froma bow ng or concave

comedeiflan iheet scope af the hgpehded clhigstor pheejuivatenthihersof.or art
single ferrule fittings, preferably involves a dua
rotation effect represented by the directional arrows
and C2 in Fig. 14. The back end 312 of the ferrule
rotates in a generally clockw se direction (herein the
terms cl ockwi se and counter-clockwi se are used for a
conveni ent reference based on the illustrated
orientation of the drawi ng, rather than any required
actual direction of rotation.) or away fromthe tube
end 13, while the nose portion 310 rotates in a
general ly counter-clockw se direction (i.e. opposite
to the rotation direction of the back end 312). This
rotation of the nose portion thus contributes to the
radi al conpression of a central portion 326 of the
ferrule that is axially behind the indented nose
portion 310. By "central portion"” is meant a region
that is between the front end and the back
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end of the ferrule and need not be in the m ddl e of

the ferrule. Rather, the central portion as used
whersiom7ie that portion of the ferrul e body thetT/US2004/026094

radi ally conpressed against the tube wall axially

behind the indented front end. This radial conpression

produces the desired colleting OLAIMSJi ng ef fect of a

partion 308a of the inner cylindrical wall 308 axially

bR dereriboddbn invgntioro e B 314. The length of the

coj | et ' : 41| ing on the overal
dggign'%ﬁ%%gggggﬁgp¥%gt%¥ﬁ%¥ggﬁg%ggTitting and

pen)f or nelrreky and quit thetentbs joifibd; seidlHody hawigg en irBe&8a bose that is adapted

axi al | ehind the indented front. edge b t )recj se .
to reftiyee il ey £°d ABne o FRRDiSTBRGTRS G o 1hg,{iEPEGRN Dore having o
camnfifg s@faceh® biCer®iofishidtbokd; My be |ocated adj acent to

the i ndented nose and associ ated stress riser or nay

beblaxi aeidnus haviaga feredefrivnusfacesindi guous with, to
n a J %%@Hl Sofro -ma%d %8!1 la%taclg &8l ggid%gl%‘fﬁe ¥ack end having a ferrule
i | Tustrated nay 158" he Char Acter Fzed as “a Convex
drivenadifate gughting saidhait faanpdass esficetwhenhtie fitthigng podled up;nsaid ferrule
that the hinging operation preferably produces such a
front eph GRSASHEF S b sertyosdo &m hefel: cail foanle hagne PRty bore formed
- : i . i L1St.d i .
vy BBy SRl SHERLcH GO LS ANRY U G cnd i
assengidpcavel y away fromthe tubing or for those ferrules

E:)hfﬁlt n\gﬁrxf]geg%;ipl irsgiﬂ hlggﬁﬁg s?lﬂ ch:a\[ﬁou ls?ag,:ig{{ﬁ 921 %egﬁgc?t‘%lé héést about thirty-five
degre@P & @ouP8ixilydelitds witB eédpbdtad 64d Mhgitheinkis&iQf one or
nore of the various geonetry features of the ferrule,

including but not limted to the use of a contoured
bagck f e; hnelusi. Lffer . -
iyl o Doz e @ 4L Wit 3@ Gemile hohh bAEREREES said camming
surfacotodarn tyndtal td hetabptimaryseal.. Thus, those skilled in
the art may sel ect the best geonetry features for the
ferrule for a particular application to facilitate the
u Of 1 . i . . . .
Gt or onperane UL A NI eip 3R PRUIFIAKUY Joms with & hinging
action izt pmodiesd a aibdiel comipiressionaigd ternitial porionrpfisaidcfertubeeagainst said tube
conpressive colleting stress acting normal to the tube
“surface gradually and generally decreases al ong
thecoll et region fromthe | ocation of the indented
front end of the ferrule back along the interior wal

308. Thiheduls filbiag @brlabn 3evhceqin sqid ferrue diopkend farms a generally narrow
- ' ' % S sired to reduce or
line cgﬁ{l&hq S%gli {ggg]?tr %ailgga%@ﬁgﬁrrtg%m ting from netal

deformation during pull-up. By providing a generally

decreasj ng colleti stress along _th Ql l eti ng zone

308a, Qe ﬁ%lﬁ& ahe | °Fey R Lerml Ay sy ¥SiCARYeX.

edge of the colleting zone opposite the indented nose

can be reduced or elimnated. Figs. , Band C _
i 16. ust ridweetublé fittangenf cloim d adherpini saik fefrore fioet et awldatd into an outer

coupl.i ng, bet ween t he nut. .30 nd body .304. Fig. 1 .
surtaf PRt B8 @b Tl R sRibuost e B3 Hagh Y Gl emute having o
subst@x@ g es/lihdidal deeri@gdre Jpoftiorihe isCaljadeht @idl ffohfBkE s3RObore portion

. and, 352. Fig. 15B illustrates the_ optional, use of a )
beingyadialy samprepsed dntg dhig tyhe eud wonaemplriingep daitial nudlnysofihe fitting,

asymmetrical with one flank 350

end
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typically in the range of about 45 degrees and the
adj acent flank in the range of about 3 degrees to
wW@bwman1971elegrees from normal. The buttress threemUS2004/026094

desi gn provides high strength |oading on one side to

hel p reduce flaring of the nut during high torque

agsenbimheaust fitfink o blaih 6Sehsiein agifrhdiglt donnsession@f sdid®ore portion is

illustrates the use of acne .threads wherein the flanks
convexgaidpredused hyradingingactipn of eid font@dsrmgpgil¥Psuch as

about 3 degrees to about 7 degrees fromnormal. The

acne thread design provides higher strength | oading

urg. f or rifhy talssfitting chftotrimhie whersirestid Geralle bakdegiriseadially spaced from

threads. The invention has en.described with
the tulbéF’_é‘?_ é ‘-‘10811%1?’?%(?’6‘”@? BPﬁ'é‘B ogﬁﬁo@gﬂ%nt . Jearly,
madi T cafl Qffe %@@1@1‘&?%@&6‘?{(@@%’&%&?@@@ df 1dast At4HR0GS3.3 times on the

upon a readi ng and understanding of this
vickespeelefthelerimass of theitebeiamlended to include all such

i ficatiQnps al terations, Lnsof A
withi n PhdtEie s § REESBERRUETR diveE Syl Rig SoHx.
equi valmapt ttinpesfedhinCll AvhEreiraydid feiitels aointpeided be outer wall having a
invention, we claim . A tube fitting for netal . . )
concqv@tmthg’fa@bﬁfﬁsirgqhﬁ]gqonaareﬁlqu&ya PoTHOR Qg safl% syl alyimterior wall against
d’ iH d; said body having an interior bore that is
the t bge . .
adapt’'ed to receive a netal tube end along a central .
| aregi t URtienfittingxofsclafm tinewherein sejd radibldly lsomprdssadi pertian collets said

camm ng surfagce, at _one. end .of said bagre; b) said nut

ferrule opfo,e H‘sheé?ln lﬁ‘f"é‘ﬂ)ﬂ pelyad §‘Hgﬁ € ﬁﬂtoe“g) a f)er rul e
ha1\ési. NG Phef fitAAL o€ BRiAN0wRerBRCKp&NGa of Midl fE8ilE Wodt Bt iadents into the
en

having a Terrule driven surface engagi ng said nut
tube éretupoheutlripve surface when the fitting is pulled up;

P L T T AT 0, P, AT ARG s e

drivel SirpEe ob%aid suthstaaifordncy Rt ihetebets/eely Isb rtati edd ferrule back end is
interior wall closely received over the tube end
radiaHy ppasgd HeBehp fupe cgy a epplets P8R ng surface forns
any 4 ncl i i b plddi&d1d-defdMR during pull-up with
dglgér' ees g&%@%% aé?ﬁﬁ%%%?é@é*%h pr eépe t et o saiugIlng put-ip Wi
a hingimgipetation athesein a.folvard ipertionlef the fariubgravdtesinad fivst direction so that a

erein said ferrule frqont e e e aid capm. ;
ron 15 el B bl e ST FREREER 528 AT B g porin
of tht YBSuIE ichlibte BF tGbAERN BhME R iRdSRET bR édleCand said ferrule back end
plastically deforms with a hinging action t hat

rotatqsrio dopposierdiicdon fompeaiskisbdirgation se enia bg ragipllyisppeedfirom the tube
daﬁai d 1L_errul e agai nst said tube end. 4. The tube
ene e PYRYPof claim 3 wherein said ferrule front end
forgrs arigemenabl ylaimal fhatrein the tube end is at least about .5 inch diameter.

17.  The fitting of claim 1 wherein said included angle is about forty degrees to about

fifty degrees.
18.  The fitting of claim 17 wherein said included angle is about forty-five degrees.
19.  The fitting of claim 1 wherein said ferrule comprises case hardened stainless steel.
20.  The fitting of claim 5 wherein said convex driven surface contacts said nut ferrule

drive surface at a location that is radially spaced from the tube end.
21.  The fitting of claim 20 wherein said ferrule back end is radially spaced from the
tube end after the fitting is pulled-up.

32



10

15

20

25

30

line contact seal against said canm ng surface. 5. The
tube fitting of claim1 wherein said ferrule driven
wa@okace16 s convex. 6. The tube fitting of cl aPem/LS2004/026094
wherein said ferrule front end indents into an outer
surface of the tube end to forma shoul der that
cof2.act $hedittihg oHokire 29; whakil faét colvexhhiviengusface comprises a radius
substantially cylindrical interior bore portion that
Portion. a4j acent said front end; said bore portion being

radgal | yne @i‘fﬁi{%e%@glm QQQVﬁéi‘ﬁnts'dﬁeccﬁﬁgx BB SHFRIeCAHREt comprises a
an initial up of the fitting.7. The tube fitting

stralghtp@rtamm 6 V\,her ein said radi al corrpr eSSI on of said

0 nve r a _hingin .
actfon. 5 Bl o Aol T G i Lomtak P opped by an wxialy
tapelfedg) rtnﬁ #atl agleaérall} cydiirliiebipostadrtofiseidrdita veack end I s
iall ¥ spaced fromthe tube end after a corrpl et

i n?2 al Thefiftinggoloplainpd \fvh@r@mﬂgmn@ulmsmdt eirelg hos % front end that is
1ndeﬁl!e&“1ﬁ'fb ]thé"’ﬂ%eeénﬁ Bhd Erﬁf hle{ aaﬁﬁ% éh&%ﬁtfrcﬁﬁ tlﬁeb&[lﬁ ?id and a portion

I Mes on e Vi C ers sca ess O
betweﬁdsald @onfland Hack emdfsgha:tfcohd:tathm fBrruke evith aicawkd rddedl rcdin@ressmn

o L e e L A st sou

33tﬁ@é%%Yd&ﬂlahﬁﬁémB@Ghdbﬁﬁfeeﬁcﬁéi‘gécﬁie conpression of a
portion of said cylindrical interior wall against the

t u%’é enlihe figring el it  wgrenf said &rmlevinshuion adedind edge that indents into
[].
I O RN T —

up of ﬁle frﬂmgg fi$ tddialy @mpgtaatdradaiidiehietube n@as tbét safd fedul onto the tube
ferrule front end indents into the tube end upon
end, 5gid| ragiglly pampnesgeds partiom §aving @) gsenerally Wrapasing %oammesswn force along a

lengifheorffﬁh%rg‘%lb \éﬁ%ﬁ&iﬁ% Iﬁ%gltesagd]%??lﬁéd ﬁ@htded g BF %(? are et ween

surface of sal erence
s 028 hat Agebedfittieg farl metb]aukingmmmisirgdl aI ly spaced from

9t i St ool ep et Bipogtncieiop erer b Bt s adapred

to reGéi{fé ACn&bl fubbRnWaldheta BidiGl NhoRREHAL 1-G0 oMARY ﬁitﬁg said bore having a
forward portion of the ferrule€ rotates in a first

cammgingesgtihesrat 9oe eihof widbaveit edge thereof is radially

res into the tube end with a
Ol??)r al Ssagdgr Fl\gﬁirng ]ﬁ%lef%nﬁ i acgbarq%et ing the tube end
bet) nd 4 ReruleBemies fiohindid @dgebackRAd;Saldfetald BicR eh@Bkving a ferrule

dri end rotates,in an o%oosn te direction fromsaid first
driveg; suglacs enpagingsaid putferryly dirixe |Syrf%€ﬁaw1a@ the dHiing s pulisd up; said ferrule

frontfeﬁg e{‘}%%gr{ e n?jﬁ &anﬁiﬁmgjsﬁrfaéms foin} & E sgfdhﬁ%rﬁierﬂa%mwedfsﬁﬂ bore formed

I's at | east about inc
by a Fhigstdntintly ngntofuous eylindiicalhietegion waﬂlodbseh/cﬂeuﬁieeﬂ avglthe tube end during
aglout forty degrees to about

assembly;

d) said ferrule driven surface being convex and initially contacting said nut ferrule drive
surface at a location that is radially spaced from the tube end;

e) wherein said camming surface forms an included angle of about forty-five degrees
with respect to said longitudinal axis.

29.  The fitting of claim 28 wherein said ferrule back end is radially spaced from the
tube end after the fitting has been pulled-up.

30. A tube fitting for metal tubing, comprising:
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fifty degrees. 18. The fitting of claim 17 wherein
said included angle is about forty-five degrees. 19.
wab@sHiqa7té ng of claim 1l wherein said ferrul e cCRPOPUSREE026094
case hardened stainless steel. 20. The fitting of
claim5 wherein said convex driven surface contacts
sa) d nutbotigatidihet thHiticde bs joihal; eaidbody hodag aoimtdrivaborteshat is adapted
radially spaced fromthe tube end. 21, The fjtting of )
t0 regejvg; Hrinsthl ey @1chalens & ceBrslPRSiBRAal aiE qidhe iR |sgid bore having a
mmos £ Lot dE Jfuhg pepd after the fitting is
o pﬁ?ﬁ%—cup. 226. Tr?e %lgtt%g of claim20 wherein said
cbhvex sddinveaving 4 freledmpriusfess; and adi us portion. 23.

The fittin f claim 22 wherein . sajid, copvex.driye .
T8 hoe e ey Red BPFEa ot e Ehc o Sl el Pk gnd having a

ferrulb idkiv M Surdce ©hgd g BRd A fepdlHdidel firf288 Whek INE AMInk)s pélled up; said
formed by an axially tapered portion and a generally

ferrule Jorwaert petsion petluding adfons ghd theti eegagambaid cammirg,gurface to form a seal;

Cfitiing. ol ai . o ' ai i o
i KA B3 o R ot SR IOD Rl HRRA, ARG farior wan
closelyaedeieddvehiht tute ehddughg yssspadbed from t he tube end,
and a portjon between said front and back ends, that )
c1 ot SHAHEHler it en i uging et SBar TR ks ftbe end, said
The, tibidnn : ' : ef ' r [ :
ol e Bobly 0 S LA S gAY L by Sy in
locativin ariatly dbehmd esagh thdemted HeonViedgee withst edmepredsive Fthass that decreases in a

fitting.of .claiml wherei id ferrule includes a
senergl iAldGEng Y e ol R e end and o

panti on fubatittiry BxXidtal bRy weeprigas.d ferrule front and

back ends that upon pullup of the fitting is radiall

c8ipr c8dedy gebidhaitche be iiesds eid bod bivies ansaiatior bpiedh is adapted
to rec]%we.oa fn@?al ttl%%een nﬁon%s Q'c@nﬁﬁqblgéi%in%? @fs?o%stﬁe ﬁret(i)r;gt, Is?fa bore having a
aving a dgenerally T ncreasing conpression Torce’along
cammiing @nfitd atodnesad @f 4d botee ext endi ng from sai d i ndent ed
front edae of said fere:](g‘_lie. 28. A tube fitting for

mil al FHUBIHLIAERD TV eTaCHEBY and nut that can
bey j oi pethy1e %%Q%%Mﬁ&geﬂi Ndd™y Bck ¥ha PR &8 bdcR end having a
adapted to receive a netal tube end along a centra

ferrulé dnigént siifacalengaging sdid nhefefrutet dnmg; sustacel when ¢hehBivinggs pulled up; said

vt AP aSah Rty RIBE Bl SRl YRl et om o sa
said fBxdvlk Mavidg far RAtralciidle dithed RaACkyIRAecalSAletlof Rl YldBelR@6deived over the

end having a ferrule driven surface engagi ng said nut
tube end dpging asgembly; sur f ace when the fitting is pulled up;

tsgb d ekl lflcl:r?ul% 'thg%r} s‘jﬂ@c%&ﬁg Eﬂ%\;?ﬂé&% P‘%@n@t ﬂrlagl?gszgﬁéa%?&out 3.3 times

forma seal; erru a ofe
hardef tham#e tube end, said camming surface forming an included angle of at least about thirty-

C

five degrees to about sixty degrees with respect to said longitudinal axis, said ferrule cylindrical
interior wall being radially compressed against the tube end axially behind said ferrule front end.

32.  The tube fitting of claim 31 wherein said ferrule comprises an outer wall having a
concavity that facilitates said radial compression of said cylindrical wall portion behind said front
end.

33.  The tube fitting of claim 31 wherein said ferrule is case hardened.

34. A tube fitting for metal tubing, comprising:
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by a substantially continuous cylindrical interior
wal | closely received over the tube end during
waswsenid7yg d) said ferrule driven surface bei nBCT/USR00X026094

and initially contacting said nut ferrule drive
surface at a location that is radially spaced fromthe
t ube endfirsefittiMgedoBiponsi £id Ged¥obmD fifiinel REfoheitMBataaAn be joined; said
i ncl uded angl e .of about fort)ﬁ- five degrees with

first fitgng éemp?leﬁng hading amgiteripgibaes thabds gdapted fomeecive & metad tte end along a

Lol . : _ : .
cnel LR SR RGNS BOEFL bl ot on e o
said tpwd;| ed- up. 30. A tube fitting for netal tubing,

c rising. a hody and nut that_can be joined; said

b&dy hé@%c%ﬁaﬁtﬂ’c’% PBPOTSBI RVt fep%ﬂeaah\fésg%fai% am_f

re§ei ve @ndlBt@lull HRgnehR Fi*ré)ﬁ 0arfll £EK @, 5RD HrFdtdbHA end having a

axis of the fitting; sai ore having a canm ng
ferrulg rivan sutfaceoprgaging sid serodd Histies copeming feratle Wiz rsgrface when the

. ferr driyv urface: and c) .a ferrule .having a o
fiting §f G 4 it SO Bl enEheife S PohErPE suttiielle fomg o seal said
ferrulb Auving adechigslbotefotihtd B 2 Sehdralbec @RdaghlNgtefiat $allblosely received over

ferrule drive surface when the fitting is pulled up;
the tubg o dwine asse®yinar d portion including a front end

Chat enc ) . : :

(&7 uf SIRIER DL AN ATyl @il oyt S T BN IS of the wbe
end ondh¢ Vinketssscale| saidlférndd plasticaily deforaing @lrgeiul-upewith \wetdnging action

over the.tube end during .assenmbly; d) said ferrule .
that Ry PO ST LE G Y Ry B eHgeror el R rieelyegmptossed against
the tubd!BEd BAMLy Bedisth {81 felluf ¥ RQ tdaco@flér éérl(g%flglﬁ irﬂb the tube end.

generally cylindrical interior wa
conpressed in a location axially behind said indented

f r,Qnt W Lh. a conpressive stress t.hat .decreases jn. .

a 3§éner%g’gﬁ9beaﬁ{a§g Ogici%%te'%o%heﬁﬁﬁfa@%ﬁlg% ofs# 83@‘?‘%@"‘1 interior wall
that i ta0ially @ 6@fresstll. fond Alb@vek pidfilGusd pulBdR! t ubi ng,

conprising: a) a body and nut that can be joined; said

body having an interior bore that is adapted to

regei v tal: : I it.udi nal

wars ot PR e ipk WE IR 343 80n Raftbiohe s SbelR oty degrecs
to abmut fiftzcleg@ts amicsaghdtiveh ssdaad ibosmwexb) said nut having a

ferrule drive surface; and c) a ferrule having a

forward portion and a back end; said ferrule back end

hayi ng Tae fr@de fitkifg OF bMBRA 38 WHAGE s8098918BaSalH 8 gédially spaced from

ferrule drive surface when the fitting is pulled up;
the tubeprdl 4fter pullepfod theefittingor ti on i ncluding a front end

t hat engages said cammng surface to forma seal; said

ferrule having a central bore forned by a cylindrica

| BBer i Qhe \WeHd fitting 9€clhimeI7TeWHain03Mel fdrhfe back end comprises an interior

counterbore.

39.  The tube fitting of claim 34 wherein said cylindrical interior wall is substantially

continuous along its entire axial length.

40.  The tube fitting of claim 39 wherein said ferrule back end comprises an interior

counterbore.
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tube end during assenbly; d) said ferrule driven
surface being convex, said ferrule being at | east
W@bman1B18 ti mes harder than the tube end, sai BCTYHRI0D41026094
surface form ng an included angle of at |east about
thirtyfive degrees to about sixty degrees with respect
t odisai dTHeotub tfittihgal chkins3i4 sabdid ed4id Wylndrjdal Rderdigialvall comprises a
.Interior wall being radially conpressed agai nst the
fadlal Tegess &b iaially spa %a%ﬁ;eé&wf&ﬁ@ ferrgit end. 32.
The tube fitting of claimwherein said ferrule
conprises an outer wall having a concavity that
f a. | i tHteelibs ditting aflicklimchhphesdi said dbrrslai abmprises an axially tapered
0u,m{:r%gli'ndrical wal | portion behind said front end. 33.
Al t ube fitting of claimwherein said ferrule is case
hardened. 34. A tube fitting for netal tubing,
conprising:a) a first fitting conponent and a second
fi4% i nglhedrbofting of skim S4nvltneein shidderrruls gpwipfifessn outer wall having a

Jo k ] Vi it.erior. . bore that is
concdly HE ARG b BREUAFES BBl B RBRDe e
| ongi tudi nal axis of the tube fitting; said bore
havi ng caymi_,ng surface at_ one end _of said bore; b) .
sdt'd s e"'g@r{&g%nﬁﬁtnigrﬁ ciampihwhercinasaid frsh and pgegneé compaaents are joined

by a SalEFConn@fbnC) @ single ferrule having a front end
and a back end; said ferrule back end having a ferrule

driven surface engagi ng said second fitting conponent

ferrul e drive.surface.when the fitgjng.i ul l ed up; .
sard f :Frqﬁlﬂﬂ%e ﬁﬁlgﬁtc’?ﬁf’&me T RBFRE Ssqéﬂt @‘I%Qﬁ‘?rf‘g"ﬁ’e%ﬁnf %fg’épnses buttress
threads) form a seal; said ferrule having a central bore

formed by a generally cylindrical interior wal
cl osely received over the tube end during assenbly; d)

jd f ' ' i t t t .
S, | e BRSO Sy 0l fRlaghE s G RY purises e
threadscal e, said ferrule plastically deform ng during

pull -up wth a hinging action that causes a portion of
said generally cylindrical interior wall to be

ragi al IpheGRIPERRSSH c?%?ﬁl' %tvh%[b:ﬁl Ldip ?efrﬁﬂg dﬂ%%?%dﬁface and said second

behi nd said ferrule ont end to collet sai errule
componeng fetralet dbee emdace3forniThediffetrace iangienthembetstean nwlieh said surfaces
erei n said ti .sald cylindrical interior wall
1mt1a]\[i\’1¥]151teetl @Wﬁ&?sgﬁ%;i/y %’%ﬁ%%&%d forns a convex profile

upon pul I -up. 36. The tube fitting of claim34 wherein

said camm ng surface i s about forag degrees to about
fidfty dégridestiting of glamdl7 weereig saidadiéferance amgle ks swit. that said drive

Fi 44 e I ej ald ferrul.e back
f: .
sl \BnlB Sl b e S 1 Pt MR PR, BBk
of the fitting. 38. The tube fitting of claimwherein
said ferrule ck end,.caonprises an interior
%9. e['ile tube gt?ing ) cl%im 3réllpwherein said ferrule front end forms an angle « with

the surface of the tube end, said angle being about three to about five degrees from normal.

50.  In a flareless tube fitting of the type having a first fitting component threadably
joinable to a second fitting component, with at least one ferrule contained within a cavity defined
by the joined components, the improvement comprising said threaded connection having buttress

threads.
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counterbore. 39. The tube fitting of claim 34 wherein
said cylindrical interior wall is substantially
w@omsiomious along its entire axial |ength. 40.pdnesioobe6094

conprises an interior counterbore.41. The tube fitting
0§1.cl ajnm $radis kel figiab brahéd typditatinl d Aiseffittig v@hponent threadably
conprises a radial recess that is axially spaced from,
joinabde foraseonslifiising tompprpnt,svithgtdeasyone feralerqopained; withip agavity defined
cl ai m 34 [ L.d.ferrul e co ' ' :
by g ioie gt NS, B FAblhy BRI SR u MR Ep Bacclion having acme
threaddherein said ferrul e conprises an outer wall having a
concavity between said front and beck ends to
facilitate said hinging action. 44. The tube fitting
0y ¢l ar gﬂ)evﬁ’tﬁﬁg b cBfth 28hHedin 35d 86RMastieABPAEBIngs during pull-
are joined by a threaded connection. 45.° The t'ube
up withi a iinging eétionl thatrmoHdts whecfewile oitn detkhesnnded connecti on
conprises buttress threads. 46. The tube fitting of
claim 44 wherein said threaded connection conpri ses
agye t ArgesiSting for dibal fubhg, édniprisigg: of cl ai m 34 wherein
said ferrule driven surface and said second conponent
ferrule drive surface forma difference angle

t her ebet e ' C LRid.i-all dit 4 .
nssenniy 1ot T Porffhiisf 454 %6 Shoh iy, pliRBEn M Bk be joined
togethdr alohe b ebritras akid of itef fttingieeidairgl andisscaddittihgedmpaiedts being made of
drive surface contacts said driven surface at a
metalj ocation that is radially spaced fromthe tube end.
49. Theyf Lf?ﬁ fﬁtﬁh%'c&g. Bent banPridts WREkE it SRAblersV& a tube end
front end forns an aRgIe wth the surface of the tube
and a tapdred sainthisggiréacbet ong cadedsaidborse t o about five

degrees .from no |. 50. Inaflareless.tube fitti f

of t hes?lg ﬁgccwgvflﬁ%g acofn?q,ogfzrﬂf Qatvmgn& %%%P]%IH% dfevwe e is integrally
attachbd (RASAG Bhy thhOéiipa Bésesaldcatrsing endackivitien Nige £QiNRNRALE up.

with at [east one ferrule contained within a cavity

defined by the joined conponents, the inprovenent

Cc ri si i~c.. . . havi - bt t .

CRTD" RSPty bEAIGA, £PNIERH) QBARKL Wl BERE oxtends i o
cantil®vgyéd@amef fiosi a portion nfisaidsgeonefittinglcompdadiity | oi nabl e

to a second fitting conponent, with at |east one

ferrule contained within a cavity defined by the

J gij.nedrmg TRRNEELS of mi PR AMEHEAId SRAFRAA Sédodd TBhPonents comprise
t hreaded connectron having acne threads.

stainless steel.

56. A metal fitting component for a flareless metal tube fitting, comprising:
a main metallic body having a central bore therein; and
a metallic tube gripping device that is integrally attached to said main body and

extends into said central bore.

57. The tube fitting of claim 55 wherein said tube gripping device extends in a

cantilevered manner from a portion of said main body.

37



10

52. The tube fitting of claim28 wherein said ferrule
plastically defornms during pullup with a hinging
wa@edosom7ihat collets the ferrule onto the tubeP@ntis2084/026094
A tube fitting for netal tubing, conprising: a first
fitting conponent and a second fitting conponent that
cai8. be Tiei tbd fittigetoliedaial §6 wharegeriidafubésripp@e ddvie functions as a
fo %lttlng said first and second fitting conponents
SWSei ng nmade of netal; said first fitting conponent
conprising a bore that slideably receives a tube end
and a tapered canm ng surface at one end of said bore;
sdi% selderibé fitthigny cdmmpBhehéreinesaidfprmle islvaseghdrdried@ver part or all
Ofltsdev &e that is integrally attached thereto and that
eNg&Yes said camming surface when the fitting i s made
up. 54. The tube fitting of claim53 wherein said tube
gri ppi ng device extends in a cantil evered manner from
a Porti dftingajof deivodd Mhereim gaidoryindsicsl iBetiorTell comprises a
cﬁcw&%génﬁﬁ}%ﬁﬁgaﬁés0|a'"’53 wherein said first and second
conponents ' se stainless steel. 56. A netal
fitting component for a flareless metal tube flttlng,
co a main netallic body having a central bore
Hﬂp ﬁfheaﬁﬁ elaim X phersiny said o yhigdaesl isterion a’falh i substantially
con&hﬂh@gkﬁkkﬁbﬁ%ﬁﬁﬁyﬁgeﬁﬂe ﬁhﬂbﬂ%ﬁn body and extends into
said central bore. 57. The tube fitting of claimb55
wherei n said tube gripping device extends in a
cantil evered manner froma portion of said nmain
body. 58. The tube fitting of claimb56 wherein said
tube gripping device functions as a ferrule. 59. The
tube fitting of claim 34 wherein said ferrule is case
har dened over part or all of its surface. 60. The
fitting of claim31 wherein said cylindrical interior
wal | conprises a circunferential radial recess. 61
The fitting of claim31 wherein said cylindrica
interior wall is substantially continuous al ong
substantially its entire axial |ength.
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