Fitting for Tube and Pipe Rel ated Applications [0001]
This application clainms the benefit of United States
w@e@silgisomal patent application serial nos. 60PEBUSBBB013758
for HARDENED TUBE FITTING filed April 22, 2004 and
60/ 633,885 for FITTING FOR TUBE AND PPE fil ed Decenber
7, 2004, the entire disclosures of which are fully
i ncorporated herein by reference. Background of the
I nvention [0002] Flareless fittings have been in use
for decades for conduits such as tubes and pipes. A
flareless fitting is used to connect or join two tube
or pipe ends or to connect a conduit end to another
assenbly such as a tank, a valve, a manifold and so
on. The applications are as varied as the types of
assenblies with which the fittings are used. One very
common type of flareless fitting is a ferrule type
fitting. In a ferrule type fitting, one or nore
ferrules are used to join or connect a conduit end to
a fitting nenber, typically called a fitting body. The
fitting body may thgfindfor Disteshd Pipeor be part of)
anot her assenbly. In a ferrule type fitting, the
ferrule or ferrules nust establish a fluid tight seal,
particul arly under RedstedAppliestiows | as adequate grip
of the conduit and protection against vibration
fatigue. Hi gh performance fittings, such as are
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. oint that the conduit wll burst before a seal is
dlSCl@HFﬁP@Pﬁhé‘é‘oar% Ibrgceppraiaddicssin Py aelerssec.t heir grip on

the conduit.[0003] Ferrule style fittings have an

advant age over other end caonnections in that they do

not rely on any EguT,«:tﬂ?iyY?E?fo the tube or

pi pe end, other than | ow cost squaring and deburring.
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Typi ca , these applications are high purity an

of flardless diting:is a fryplatiype bitting. 1 anferteleaips fitling) essosmer fepnles are
used ?ot PO%E olr Wl § Whdlt el% %ha Sﬁittrinegn%telqlbg}, lt}%’igéﬂy called a fitting body.
The fitting body may then be joined to (or be part of) another assembly. In a ferrule type

fitting, the ferrule or ferrules must establish a fluid tight seal, particularly under pressure, as
well as adequate grip of the conduit and protection against vibration fatigue. High
performance fittings, such as are available from Swagelok Company, Solon, Ohio, are
capable of withstanding pressures many times the rated pressure of the fitting without
leaking, without vibration fatigue and without conduit blow out to the point that the conduit

will burst before a seal is compromised or the ferrule(s) can lose their grip on the conduit.



[0005] Lower cost narkets, such as the autonotive
i ndustry, have their own performance requirenents for
Wo bwsdogsonnect i ons. Most notably, autonotive aBSEEBi0YS/013758
requires sinpler assembly procedures. The autonotive
i ndustry has resisted using ferrule type fittings not
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rely ofragiyfeaciak prepRAtiomdf B g er Prﬂegfﬁldt RISE Grpdew cost squaring and
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I's comon known as pull-up by
turns. Two threaded conponents, such as a nut and
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0 prevent over torque or inadequate pull-up. The
low coeem tighestienatialloys.on t he ot her hand typical ly wants

to assenble parts by torque This allows a sinple
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ntalned at a pressure of 000 psi
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ﬁttlngqm}{%nﬁﬂilsasgmﬁl@@ cbhditibR g, THenmﬁhbére(ﬁStﬁmﬁsOﬁBcarefully prescribed to
cations, nust be hardened. To this end, the bl ock

prevamt avat esrifed of imadequdte pullivg. f The iaptpninsiry indusiyden 4y oter hand
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ting, manufacturing the fitting fromwork hardened
asserblahedst ock is suitable. Mre conplex configurations,

such as el bows and tee shapes, however, require
00061 Aot 89S0 HSELS, e Kl s FOL ISR iy b i
the a%%ét:c%fsﬁt%rﬂaﬁ'@‘f@éﬁs sulhi o i @R Presuiry BydiBg R M eagretburd thtings that will
be required significantly exceed current rated pressure for ferrule type, flareless fittings
(although not the pressure capability of high performance ferrule type, flareless fittings.)
For example, it is expected that gaseous hydrogen will need to be contained at a pressure of

15,000 psi (15ksi). Current flareless tube fittings are rated below 10ksi.

[0007] For current high pressure flareless fittings, the material used for the fluid components
of the fitting, in at least some applications, must be hardened. To this end, the block of

material from which the fitting body is made may be a material hardened by heat treating
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[ 0008] Sone threaded tube fittings, on the other hand
are made from conpact forgings which save material and
wa@ombs/106Bne use of forged fitting conponents i sSP@EUB2005/013758
accepted for | ow pressure applications. The forging
process, however, can cause material annealing which
or, in fel SXLRPLELSE ABsRATtOEtaisk stell dRRibegnantifuctured Gogedork hardened
nponents are typically unsuitable for high pr Sﬁure
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.. DI OV - r.oanc ey t bid 1v @suitab

ctimif i tor DR EEREAREC T, e B SoRpOfidys ARRAEERL Shouitable or
high resgur@dpplicationswi th a mating nut that is made of a

harder material. For exanple, the body may be anneal ed

stainless steel and the nut may be work hardened

stai nl ess steel. Summaryebthednvemtionn be used in

hi gher pressure applications that can have rated

ressures greater than ksi, .even_greater t. 12 .
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for exanple by a | ow tenperature c ' '
cost g B by B P R BB 5 0 A8 Bonc,
such AEMMincRIGRY b 488ctBreS RERAEBhMraMCSRIBE grifpiak dagae,sath & a ferrule
surface of the fitting body. [0010] In accordance wth
or feamies.neks aggsels thefmating femakmfittimg, comonet pegdinot §e Sommppdgfrom a
W th fir CcO n . has. '
rans i el TP BB BErh  gpes
high bR&s1GeMERE Mat siliver X fittaigderigdef drer metesinp lveith & maging nut that is

madesell bt BeicibrOTexameId e bory ey R ARDAAALpiBless igs! and the
nut n%éﬁo%&#&ﬂ?#n%ﬂ@taﬁﬁ%s& ltslce'ag PRIROABHatioR ¥arPb@ddcdGRlgher pressure

e materral on an exterior portion or

appliSaticna ¢ieat @b hivee faesdgiresshiet teiaatpr dharpd lrsinevenBeeatostban h2 ksi. This

sel ected portion js woyk harden
in part arises fron? the use of a nut that has a earglge’ss tre!}leo Ee?a%le%o the body of about

1.3:1 to about 2:1 (Vickers scale) or greater. In another embodiment, the ferrules are case
hardened, for example by a low temperature carburization process to provide very hard
ferrules. In another embodiment, the nut provides a secondary pressure seal against a

surface of the fitting body.

[0010] In accordance with another aspect of the invention, a fitting is provided with a first
component that has a portion adapted to constrain a tube gripping device where the exterior
of the component is work hardened, for example, in the area of radial constraint. In one

embodiment, a selected portion of the fitting is work hardened, for example the female
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fitting conponent can be initially made from a

non- hardened material by forging or casting. In
warwshessienbodi nent, the work hardeni ng provi deCT/aSI005/@13758

useful configuration to the fitting. For exanple, the

wor k hardeni ng can include an external thread
fittingorouplonentpby plasticadilyldefmminpetht inididrig oh Qn @RRE hoMoh br surface of
h éno%{}fgr. device or structure. The inventjon also
the fema JUng SompRBeHo Pspussdhe selpgied porionkis eordnidened, the female

. i - r i ' or, .t hreads .
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condition by torque rather than by turns.
a methed of restectively nepk handening, sushpan épt rolling birasmferantit] ridges or

[ stru re.havi ng a surface that engages. a ..
thredld5bb O e kL RMAIE Rt im0 e heitaeds nitialy as
a forging) - up by torque. In another enbodinment, a ferrule is

provided with a flange that engages a surface on a

female fitting conponent to facilitate pull-up by

[0011]tTarageeydanae wich anotbehapeentfdtic imehtior, hefentule iype) fessHfiiting is
xternal surface, for. exanpl.e urfa of a.tool
proviZie Bl Sy REFOTER o mileTRgR B el seseiblacopongitiopetoetope rather
than ®yftubdsi M SHRAYMbOARER], o MaRCEBRPARERONEAD @Jﬁo%shgrnut, includes a
aspect of the invention, a ferrule type flsare ess
strucfyre havipg p suipethatesngegrsta surfaoten b demealadittingisdrapbreht nfacilitate

I di i.ngle . assenb hat ha ne, or_. nor
ol bP SRS, Bk RO BaTREE T letylsB mesiideq it dchanee that engages
a swékost HEBaleafitmet dontliRiciilo ASHRAE 1Al gyﬂsto@t €. Oh yet another
npre ferrules to be retained securely on a fitting

embqdifpenihistmup inchrdes gn iextsrnal surfacenfos examnale a wefabeof alfed engaging
i ot 14 - il.t not. become separat ed
po 1%? ?}(l)%t ré?%%e%]é]{l a e%?%ﬁfé@?%n gnri?(ltaét‘rfge%()dg ihbodi ment of the
invention, a tool is provided which retains the one or

[0012] MR raEcdr@drce | veish aRdtRerdashbdildfMBe GRERGHENY feph ing i
installation and i_% rsgrrpvablil duri ng as@%f@%q}%%isﬁ]ﬁﬁmg 8
provige thah aHawe der edsydngialiationdry providing agingle hssambinthehadone or

f I . mal e hardened nut, i.n cqnbinatijon
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mStalﬁadi’l‘PétSP dhedithe fprgtesand dhe fittiag companens woHaobbeaspresseparated prior to
instalgﬁ?ié)gyllﬁsanbﬁe? Br¥BhiBRLAbE 8 G09HLh! 2801 1D Brdvided il retains the

one or more ferrules onto a fitting component prior to installation and is removably during

assembly.

[0013] The invention also provides a fitting with an annealed female body and a male
hardened nut in combination with the pull-up by torque functionality. The invention also
provides a fitting with pull-up to torque functionality in combination with the functionality
of a nut that retains one or more ferrules in an uninstalled condition. The invention also

provides a fitting with pull-up to torque functionality in combination with the functionality



provides a fitting wwth pull-up to torque
functionality in conbination with the functionalityof

w0 b@snod3id or m ng a seal against the body. The POWERL00®013758
al so provides a fitting wwth a femal e threaded body
having at |east two tapered or canm ng surfaces.

of thel AR 1bImbk AP LEARGENYILLRY.aMchiaveridpetio plovides a fitting with a
invention, a ferrule type flareless fitting is

femalp fhyeadgd Body having ay laers §ve tapgred of GRITHFIRRE SYTEACES. ysh wi t h
the body or recessed in the body when the fitting is

o016 B e ot o BB BT 888

providiSthgt EMdEY £malSARURAL i§ Fubie ditahé bedP¥efeatdsed @ngielbody when
Briefr Description of the Drawi ngs [0015] The foregoi ng

the fitteey v és aopuliddeumcondition nle ong cembgdimetie @okeyedppalkentt, and
to one skilled in. nt t ' .
correpRySRERSH b Piedidrianedin & B Pef Pech b EARRL s overall tength.
description of the invention with reference to the
acconpanyi ng dB%ﬁQ%rié t‘ibd"@l‘t‘ﬁ@hlﬁlﬂ%| FIG 1is a
| ongi tudi nal c - n_exenpl ary enbodi nent )
[0015] Ghe dorbgding figires aftthe poatdnwintion will beewse ARParens é;m pRosikilled in
0017]. F . 1A B,.and.C il lustrate different .
the a%t.ptt‘P .o‘%i]é‘c#‘ %et Wésefni?t ‘Wﬂgm&’o FHBR NPT o f or{shc{ee?aéus)g nﬁf g[?“g Pitowing
descrfg‘rtitoh'o@ theSHPMWMR oh Rvift! 1eferdncelt® GbBlecdthfanyzngd drawingeimarigetst

0ss section of a first ferrule of the exenplary
fitting shown in FIG 1; [0019] FIG 3 is an enlarged
[0016] FIGS$ iSecClongitudifialacressseotion ef ranl exeniplarh emthodiméndraf a fitting in

fittin,alshovvnin FIG 1; [0020] FIG 4 is a cross

accordenaci Wi e PESRYINYTUCRe exenpl ary fitting shown in

FIG 1, [0021] FIG 5 is a cross section of the nut of

nl ar n th ] ri ;
o071 1. 18 e flhelle g i Gt ghhaCPt i cofighs of the
exem{platdfﬁ&ﬁl SREWA ih FIEI G 1, [0023] FIG 7 is a half
ongi tudi nal cross-section of the exenplary fitting
shown in FIG 1 in a finger tight condition, enlarged i
[0018]iFIGt hés ar edanpkd tiuss ketionlof ;2 firsORnplerfthe gx¢mplaryhiitipng shown in
| ongi t udi nal cross-section of the exenplary fitting
FIGdhown in FIG 1in a pul | ed-up condition, enlarged in
the area of the ferrule;[0025] FIG 9 is a graph of

idJustrati r ' :
oot 6L bR e R TR Am e o Spgaingsoown
inFI&01i s a longitudinal cross section of the nut and two
ferrul es of the exenplary

[0020] FIG. 4 is a cross section of a nut of the exemplary fitting shown in FIG. 1;
[0021] FIG. 5 is a cross section of the nut of FIG. 5, enlarged in the area of the cartridge;
[0022] FIG. 6 is a cross section of a body of the exemplary fitting shown in FIG. 1;

[0023] FIG. 7 is a half longitudinal cross-section of the exemplary fitting shown in FIG. 1 in

a finger tight condition, enlarged in the area of the ferrule;

[0024] FIG. 8 is a half longitudinal cross-section of the exemplary fitting shown in FIG. 1 in

a pulled-up condition, enlarged in the area of the ferrule;



fitting showmn in FIG 1 where nut and two ferrules are
installed on a tool; [0027] FIG 11 is a perspective
wok@#/1ed31¢ he t ool shown in FIG 10; [0028] FI GT/8M08013758

are side cross-sectional views of the exenplary
fitting showmn in FIG 1 illustrating various steps in

[0025] F@. 9sB Dfgripheof didistrhiive dalai fog-tofqueheerust mitndisplhdid} for the
FIG .13 |% a Ion i tudi nal cross-section of another

exemplagy fitipeshpyvpdn § -olﬁ the present invention shown in a
finger tlght condition; [0030] FIG 14 is a half

udl Ccross-sect i an of, he ex Ia
100261 EFGoA0 i MR BA85P ST P he Budi Mish ol df Bl egmtary
fitting Beoval BFIG. 1tWiRrd Ritlaull &wo FEO3dd ark Iu@talrba oh& taole; ross
section of a nut of the exenplary fitting shown in
FIG 13; [0032] FIG 16 is a cross section of the nut
[0027] ¢GF1 Gis aliferspentiar gew off thet thel showa infFIGhE);car t ri dge;
[0033] FIG 17 is an enlarged cross section of a fi rst

errule of the exenplary fitti n% shown in FIG 13
[0028] [Fé6§4}2$1ltare1sgdei gogrscahipnal yiaysctidhe cxemlpyfiting ahown in FIG. 1

58 o oo dn Bgghel e TR B aldtb b AR o ot

anot her exenplary fitting of t he present invention

[0029] 913'1@\’\4’13' i8 A1dn! ﬁﬁkﬁﬁalt B8t seefBliot laaBthet @038 1afy! Gitindofl the resent
| ongi tudi nal cross-section of the exenplary

mverftlontShﬂ‘gnsm@ﬁngﬁrrﬁlght @nditri;n a pul | ed-up condition,
enlarged in the area of the ferrule; [0037] FIG 21

al f_l.aongitudi nal cross-se on of an
[0030] é“sl@nﬁflawhﬁlﬂqqgﬁgglaﬁ L Grpss-5PRQb At | ey ERpIeDh TLHG oA in FIG. 13

in a}}ulﬂgd grbgﬁ&ltﬁ)h gé?ﬁarg?ﬂﬂ't ¢ ORa B@ﬁr’éeﬂsrrﬂeﬁ 22 is a

perspective Vview ey tool for use with the
exenplary fitting showmm in FIG 21; [0039] FIG 23 is

[0031] FIGN 5 id PEGES deidradf &ﬁlﬁ&ﬁ‘tl‘iee@deh@ltargfﬁtt&[g(ﬁhb% iRFeEPI Ay
fitting of the present invention own in the

pul | ed-up condition; [0040] FIG 24 is a half
[0032] IKIGgil 6 ixch craks erbeseithe hitoof K. dhomhegedeinshphma pf the cartridge;
fitting of the present invention shown in a finger
tight condition, enlarged in the area of the ferrule;
[0033] [Ri&él 17 isancenlggeq grogs mgﬁn phadr derHart thesxgmplary figmeshown in
FIG a}EQt her exenplary fitting of the present invention
‘'shown in a finger tight condition, enlarged in the
area of the ferrule.

[0034] FIG. 18 is an enlarged cross section of a second ferrule of the exemplary fitting shown
in FIG. 13;

[0035] FIG. 19 is a longitudinal cross-section of another exemplary fitting of the present

invention shown in a finger tight condition;

[0036] FIG. 20 is a half longitudinal cross-section of the exemplary fitting shown in FIG. 19

in a pulled-up condition, enlarged in the area of the ferrule;

[0037] FIG. 21 is a half longitudinal cross-section of another exemplary fitting of the present

invention shown in the finger tight condition;



Det ai | ed Description of the Invention [0042] Wile the
invention is described herein with specific reference
WO 000a/10@10 ety of structural and material feat UPE€FUSEN®N3758
descriptions are intended to be exenplary in nature
and should not be construed in a limting sense. For
[0038] &Xan} ,a penspeettenyibarof adel oatil femiss vettethd esanplasdfitting shown in
FIG. ELI marily in terns of a stainless steel tube fitting
r autonotive applications. Those skilled in the art,
however, will readily appreciate that any one or nore
t r f b
[0039] %g(e} d@igbstaaz {Sfo Fﬁ?(ﬂn;.lec?(%slé-sg %o\?leoff'%l nge%pcl I%m}{%s Hle present
invmmmhhhmmmarm@bauathpbomﬁﬁmLsta|nIess steeI and can be
used with many conduits including, but not limted to,
tube or pipe. Mreover, many of the aspects of the
[0040] |FﬂiGe214 lwhaiﬁgpneeudm@@rwweumf guothes gxamplatyt fittigg of the present
h e re C ts..discl d he ein
1nven y g%\gn g%%j% i er%@{ n‘cc’il'{ Cl é‘ﬁﬂ{er?éeaﬁ%ﬁ eE sel f
W ll be used in a | ower pressure appl i cation. Stl [
fragat , r
[0041] 6! 3015  Rd1F1OR ﬁﬁrglﬁg fofo 3 LR0H mgtﬂsa%férﬂglaﬂ ﬁtﬁhg 8F fhe present
inventoa shewgn uhaﬁngprft@hab(md(tione enlargedimtlel ayda dfthe ﬁaﬂmdie
conmponent receives and abuts the conduit end. Many
aspects of the invention wll f| nd apl ication in
mal e-styl e fi Detailed Descuiptipn pbthadwyentiont o t hose
ski IIed in the art. The invention vv| II al so find

an ti.on f.or fi assenbl do. not uire
100421 R, 35, ViR i IR, mABE seetitte, TRt f d vatety of
strucfu®dl ﬁ&f’lﬁﬁleﬁalcfeﬁﬂﬁ%d sith RQEARBNE iakd IMERIARY tR&xeMPhry in nature
The invention will also find application far beyon

and shpveldeehp Icmsymednub@nlumﬁnmgsemeqr efFor exemple, dameremplasismbodiments

are dgsfcn%fxg mgg%lgg X Qo ahsécinage[s%geelet ‘{73 Zﬁ%{ﬁ%%’]]ﬁ#@{%&\([)ﬁ%é gﬁ ications.
Thos@tlkified GOMe Wit Bowé\}e@VWﬂlQBidi V\ﬁ@ﬁééi&@@ﬁhat &ONér di@hdre of the aspects
mani fol ds and so on.[0043 | e various aspects of

and fegtures of dha inyantignemgy de upgrbeutside of Ithlmelttwapw epern cal be used

with e?giseéjthéﬁh&? g@h{‘&% 'sR81 élﬂlbéaﬁeoe dﬂlﬁﬂ%@&ﬂhﬂ? {Hcﬁldmg, but
varl ous aspec lze

not lmhtedrtlamlbv @r @ifeo detVSr nﬁnylwrthaa agpevis dfahd jnventiommay be used

varl ous co _I nati ons and sub- conbi nati ons
for lQyrguessuigpibingt.\orele highet e BISHSHP ICORGTEH %aﬁﬁﬁeﬁéter% gnay be
used Eﬁ’i‘q ﬁstﬂﬂg %Qﬁp Wieh 'tﬁ’@ﬁttﬁl eltéeﬁ{v%'i‘ld@éjuééa & I’va]éi’ Ip‘i’es%ﬁl% agphcatlon

present fvention. Still furt
Still ﬁt&theuu‘he alxemphagt meo@mnd;l lmfﬂtlsllastrat@ wihheisvamirpody known as a

v R e g Bl DS Dot esves nd

abutsnmte hedguit 48y, Mﬁly SPEUYRIE She BREANGT Rill €QatapPlicdtd8iif male-style
SO on may descri bed herein, such desScriptions
ﬁttlngsr @s will be apparent to those skilled in the art. The invention will also find

application for fitting assemblies that do not require threaded connections between the
fitting components, for example clamped or bolted fittings may be used. The invention will
also find application far beyond the exemplary embodiments herein as to connections that
can be made to a wide and ever expansive variety of fluid components including, but not

limited to, other conduits, flow control devices, containers, manifolds and so on.



not intended to be a conplete or exhaustive |ist of
avai |l abl e alternative enbodi nents, whether presently
whe@snogio | at er devel oped. Those skilled i n t heCHUB2008§13758
readi | y adopt one or nore of the aspects, concepts or
features of the invention into additional enbodi nents
[0043] VWnItl)lﬂHd atibgs sspees of thh einpér&fbﬁngrei dfl&ﬁﬁbéd) rendv husirfited Uitddein as

enmbodi ments are. ngt expressly discl osed herein.

embogid; ¥y entRRINgHioTe{re ey wyﬁa@&@cﬁgﬁ@me eSeC YRSt asPEsts may be

realiZéd Rk %aﬁlyoélte?ﬁﬁiv'e&%&iﬂ&t%th@?irﬂ?ﬁ&ﬁdl@e& Y £1ds R8mbinations

eing a’preferred arrangerrent or nethod, suc
and stbsombptations therentit Unkseexdeebstyoexsligge bereirhalt swhalombinations and

sub-coFon S F OB R LG A GPe O B ERanTSioye STl further,

whild/ 3hHES FRENAARISMbEBYNS b8 ab UHE Ovdrdud Sih&dts lald features of the
under st andi ng the present invention however, such

inventimhyeyctarsd aliargatty canatarisds, t Brugbireso reonfigertipps, amethods, devices,

[imting sens nd. are inten t 1 tic v .
softvgp biiehed FRGorPEiCEIG s ubRY B beheBfe bl Pk Bsiigjons are
not Mehi&Us BeROdbMPRES oRleRhalRECE libedf hedikible witématbwesinbbdiments,

reference to the fitting conponents being nade of
whetberairerenthy kaqwe pr lasaiclevelenes i Prose pkilled inthe geamey tragidy adopt one

e r i .
or R Bl D5KAEE SR EBRS L HE hpdimen
withiapibe escopd ef thatprdsbet investiin evennifysuok enetaidimments wesé mgt expressly
discigiid o nddeimpohren GSlopme SEisdes) CRtsehtagr aspects of the
: eri,al j (NaTe Fae! t nedlBL ;
BT cREbALIRIP U Sls p LR GriBngBlOL oo st
descaptjondisphatxinghded te ssggdst ¢hat sadly fedtokels raquicgd euopceasary unless

TALLOY, | EL, MONEL, alloy 825, .allagy 625, an
XD BT G oot BT o6 SeP BB ATV BiPg and 7 gy may be
includBd tEARMPLE un@r@ﬁ@in% fRPResenilveiSon BOWerR 1RA valuek @4d ranges
al l ow steel such as 12L14 steel for exanple. An

are Tiohpobe aenstrasp it o lisfiting senshaingd arontended to Ap srifigaltygles or ranges

e tubeﬂgrﬁ%%% ng device preferably should be case or

e

L
only ¢ S EFgFes dtoaratio of at least 3.3 and
preferably 4 or nore tines harder that the hardest

[0044]%%@1&(2.%8%{1% ambolfthedtd Grd HésEfdiB‘éﬁ, Wereln Qgthuﬁgiﬂé’i fefbrence to the

re, the tube gripping device need not be nade
fittingf carhporeatsebeing enadd ofisstaihlesst stk puich sdgis¢riptioyr is intended to be

examl e, the be.gri ppi n ' .b I fiL
exer BV Gonbgal SRS0PTEB PSHt e TG0 8k SORER J6AM i e
art will ird Rk QppRERLd Mhbthtiitentish nk teasflided dRRethy mwuier 85different
magnesium titani umand al um num to name sone

typenddimétalnahatesialnfoirebe ftoog spmpprents; efseveh @ mefal-fuhing materials,
inch{dﬂ%t lglléﬁqlt ﬂ%uf%g th %‘i%,ugjl%i, %OE,' §O§ltL, fa.{l§ El{lgt]g]lﬁ(? BPRRaRt stllﬁlless steel,
any duplex stainless steel, any nickel alloy such as HASTALLOY, INCONEL, MONEL,

alloy 825, alloy 625, any precipitation hardened stainless steel such as 17-4PH for example,
brass , copper alloys, any carbon or low allow steel such as 12114 steel for example. An
important aspect of the choice of materials is that the tube gripping device preferably
should be case or through hardened to a ratio of at least 3.3 and preferably 4 or more times
harder that 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,

the tube gripping device may be selected from the stainless steel material noted above, or
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be realized in the formof a female threaded body
having internal threads 14. The first fitting
wae@oeowpsamsnd 12 joins or connects with a second PCT/UBI0G5/013758
conmponent 16 that can be realized in the formof a
mal e t hreaded nut having external threads 18 that
othert $witehldatnaieripht thatviceln tehease hinezdetwd,1 duadf ag meaghesist, titanium and

co nent 12 when.the fitting 10 i s nade-up or
alum]é‘élgggoo]fl%ﬁe. Sﬁ??‘gﬂté‘?ﬂa?f’mas‘opti ons and non-t hreaded

coupling designs may be used for the first and second

i t:s = |
100451 i PRSP RFE A2 1 PR s CopB AR omapeey 12 that can
be reelized! innfe Hetmvetn fehmldtinyadt@ badg havingliGterdal ghrebds 14, The first
. illustrates 30 fromnormal, (i.e. 60 _degrees inc|uded
ﬁttm%tﬁgyng))nggg S C?W%%d” ith &nqggorfggttg)?gdcmnepg 36 thgy can be
realidgh iy e RERSE _tarhﬁale BtrbaRalnue ﬁ%ig% cRrehial &% 18hAa eadably mate

~design in which the thread ks are asymmetrica
with thietthreadse14 baihk fitgacomponest 12ywhen thia dittizg i isohadesapior 46embled.

odegrees, and t he .adj acen | ank. i n, the range of oyt
Disrefigf EEE PRons e Hhaipaed ofinerisriat e ot dPodls st and
secoridfitiagl celapobntsPr ovi des hi gh strength | oadi ng on one
side to help reduce flaring of the nut during high
torque assenbly and in high pressure applications.

[0046] FIGS. LA, Blahd € flasteste diférasehehd aptienstfr e drtsadsti@oepling between

the flanks again are symrejrical but of st eeper
the bigigl Lagih 15 T dch TsSuley bt naeat - kBB e Rl anlo
symn OB thredd €1aAK6dTR0d B E80b d€34 OB ANRKAIEE thbEH¥BA] use of a buttress
strength loading unifornmy conpared to the 60 degrees

thread ldesigasn Wit fTeed flanks ang aspminetridabwithragieibek Wattypisally in

ri ppd ice. Ferrul es.are anpl e of b
the xgfgcl gy idEEroan and M Einecne TanEHE s g% of ANPHSS drigees 0
aboud Nabsdadod nbfRAl THe Bultti &k thre4d 8dsBndfowides Bigha6kn@h loading on
second ferrule 22. The fitting, however, can be

one siftestodishivireflge Uaringgoidhe nngfwinedhigh tasqes asgpmblyraad) ip digh pressure

. gr.ppi . i T r uk .
o852 EXIRHEE g IR b R GREE R Baguain ar
symnielric41 048] a Ktbéper angls sach sydbeupBdegeastd abeait7 depreds flom normal.

first or_front ferrule of the exenplary, fitting shown
The agmefleead) desigreprqvides gher figngth bgﬁjlag geHermaly| gpiapsges &y the 60

ith a generally cylindrical interior wall 24
degrét%ﬁg%reéqsi ps over the outer surface S of the tube end T
(see FIG 1). The first ferrule 20 has an outer

[0047] Sthef f€ifg 26 fhARdr iheli@ésSa mvevgafg@mg ddvice. JRRRi@l dr¥ an example of a
coni cal manner froma forward portion 28 to a rearward

tube goppingdedoe amthdn fthip warmpisoht Hiruds asainclusefuel&ont enlispferrule

20 and a back or second ferrule 22. The fitting, however, can be designed for using a single

ferrule or alternative tube gripping device. The nut 16 and ferrules 20, 22 fit onto a conduit

end T that is received by the body 12.

[0048] FIG. 2 is an enlarged cross section of a first or front ferrule of the exemplary fitting
shown in FIG. 1. The first ferrule 20 is a generally annular part with a generally cylindrical
interior wall 24 that slips over the outer surface S of the tube end T (see FIG. 1). The first
ferrule 20 has an outer surface 26 that tapers outwardly in a generally conical manner from
a forward portion 28 to a rearward portion 30. The forward portion 28 may include a sharp

front edge 32 and a rounded nose portion 34, The rearward portion 30 includes a frusto-
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front edge 32 and a rounded nose portion 34. The
rearward portion 30 includes a frustoconical recess 36
wo ba@s/ 16310 a cammri ng surface 38. The tapered BOL/@62005/013758
surface 26 may converge to an axially aligned flange
40 (wherein the axis X is the central |ongitudinal
conicﬂxﬂeﬁes@f%T et Cf%ﬂiiudt fcarafidng bﬂféde?&ng?hﬂaﬁhper@d)ﬁm@} stiffde 26 may
is an enlarged crass section of a second or b o .
convergs o Ane 13t Higned %ﬁﬂ%‘f@%“ﬂ?ﬁm e HY 30 ol onesygnat ais
ofﬂmﬁﬁﬁﬁﬁgﬁﬁfﬁk t€n g»[s a generally annular part with a
generally cylindri‘cal interior wall 42 that slips over
the outer surface S of the tube end T (see FIG 1).
[0049] FIG. SRGANGIAEEd ¢tbss setidrisf diecond 6l b Fertulo of thepaemptany fitting

46 and an axially extendi ng outer surface 44 that
showexndfifs labdihe secprchfemHe 23oist # @anarglly fanppar pagt Wit 2 generally
T . g
cvind) PR RPSEL Lt DLy SRS S B updgaa et o
The de€@id pRrilé P fBhdrrinohutibea shes portidgetdanditn axiallk extemding outer

s e ChSE s LA ST P LS o
inclu&é%paﬁgl?agp Bkt g&’%é 54 ?ﬁ’& Qfostataf)érE(? %_)oﬁﬂﬁlvﬂjt}ﬂp EkteRdy ®ard the rear
suc ius, for e.

as ara exanp he second tapered
portiquo48 ifrom B¢ shepgeige GO ablaenkis angle vind abpirtafifigsor dageres.4lor grample.
corner. or .ed 58 which y alternativel e
The fisiRpErec R G o i e 0P o SH A el RgLiop 54, one a first
curved o 56 St astSraaRRUfor Rarplé: FTheaseEl@@ @& ed boition 54 merges or
exanpl e. [0050] The second ferrule 22 further includes
blends thdlek axinkipgprion 44 rat @Corsator isdse 48 arhichemay pltemetvey be a radius.

o {35 ] ST S0 P e,

frve e rence
exmmgg{nal to the axis X), for exanple. The driven surface
2 merges or blends with the axial portion 44 along a
second curved portion 64. [0051] FIGS. 4-5 illustrate
[0050] & hersessndsfentiled?? ffther includes a bk edarptiern §0 that hasgdriven surface

own. in FIG The , nut,. has ap overall, cyljndri
2. HBRrFa surieve 4% et e pae s AL Shanpiect 8k iBut fve
degrdel Sre‘féf@ﬁceﬁ HEbnd néiid] RO RSKBNY), Yor ekampa)t THebIrh@S strfidetd merges
end 68 that defines a socket, recess or cage 70. The

or blewiskgth the akial pertiondd alppga segmdranyadaortion @4 portion 72
and a frusto-conical portion 74 that tapers radially
inwardly, towards a back e 75 aof . the nut . The .
(00511 Ay MgER pFeisGROERA. Tl 1 o o PSP s fpgym in FIG 1
@4 { L @Rrisdl oRf Subho? Hefilify 8REARM toke bR Gt recei
The ﬁ@ﬁ u g%ﬁu%ﬁ%f%ﬁa?ﬁég.&gﬁe d%i)veesur%ace 74 | se for rreéecewes
the tatie @d Bdutieg assemblyh & raibd6has 2 fivetendiehthebdefines p socket, recess

or cagégiagl "Jgie §Bq% g{gﬁe.vtéﬁ%ng& 8{:% crylilngﬂcgall ff'lfrse"trp(:(‘)rl']ti‘-ior{c P IQq’rusto—conical
portion 74 that tapers radially inwardly towards a back end 75 of the nut 16. The frusto-

conical portion 74 forms a drive surface that contacts the driven surface 62 of the second or
back ferrule during pull-up. The drive surface 74 is formed at an angle 7, such as about
fifteen degrees, for example. Because the angle 7 is different from the angle 6, the driven
surface 62 of the back ferrule 22 initially contacts the drive surface 74 at the outer radius 64
(see FIG. 7). The difference angle ®, where @ = 7 - 8, assures that the initial contact
between the nut 16 and the second ferrule 22 is radially spaced from the tube end T; thus,
the contact between the driven and the drive surfaces 62, 74 is not a flush.
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surface 62 of the back ferrule 22 initially contacts
the drive surface 74 at the outer radius 64 (see FIG
wQr05/is1di f f erence angle F, where F = T - d, BSHURES5/013758
that the initial contact between the nut 16 and the
second ferrule 22 is radially spaced fromthe tube end
[0052] The Fdsukst 70 hefoemad adthibat ey &tending wed gardaltyheyliddiica wall or
.surfaces 62,7

4.is not.a f|ush. oy
A g o B BRE R Pl SR oo
the reg%lfa{r@ dbitfofl 306 the ﬁrﬁmgi%ﬁhfei MABeréhh, tol RmCANtah8 $81vA6 adsembly or

lzed'to retain the back ferrule 22 and at |east a
cartrighger tuitcwsemibly 8 (sexaFarl®).pdhe itaym Gtrisize tak @iséd berein is a shorthand

ferrul.e 20 thergi .to f t d f I I
rtersf L FuseEEh Tuahiph ol JH R kah Gl ¥ g PR 16
having%r&ﬁibﬁg@mﬁcﬁm@biﬁ 8h&bimbfe Rrralteihdtanih eSLWRACHetagsembly is

~ The concept of a fitting conponent, in this exanple a .
uninstedlled withr tha deading fitting coraponegt. aThus the carsidgn apt gsgembly 78, which

. et.ain_one or ' :
inctud G B e lnt R Fud Bl S} et AEEAAL 20, £ ey BE Dol retain the
ferrule® RO MG togettt Svheh e agveinbiy geeithet vabstaiibd yor 68y wdstatiad in the
i ncludes the cartridge nut 16 and one or nore ferrules
body 3@ in 2 fingertielhsondient o retain the ferrules and nut
toget her when the assenbly is either uninstalled or

ly i.nstalled in the bod in.aafi ti e

ooss) S5t RS S Buied iy B oo ol ARGl a0, 22 witin

the chi$@dbel Qutr 8 pdidy {ohBndl QulllipeooEveneintilal @sseiibly Z#o Whe hiating fitting
the cartridge nut 16 prior to final pull-up or ev

| en
compiongnti diorexempls, y noRteontaREnging glye oF edhasyccampBrasgd to hold the

or, € | e NOR- GON ' L o} [
rerrf§ 3 2E 7 By e VA RO, BSBY 8 WhipCine 168 MR pull-up
Alter%lht%%ly, Qltl@aﬁ'}r[t@ei\irf]ﬁl a6 hmylhgckﬁghﬂjlﬂ lerifnped: eadid]lypimkiazrdlp to retain the
ernatively, the cartri wa 76 may be s]ightl .
forrul (203 thetira] Sy SHRRTAIEY ABes s B RenBsedoiel Pisdipgdvm into o
: i n... St f - Si .
g SOEE Shancld hp! M ASf 89 SDE TR RS iciocd
hereihgalioobispisbd toulpold drecpaets tégetten ot meassembhul $rsee Fif.d6).osed
herein, a tool is used to hold the parts together as

an assenbly 78 (see FIG 10). [0054] Wth reference to
[0054] AWV (th referenhe tacBIG. 15, thpecartedgyo may inddedea tanpsr @artiserid tiaﬂﬂ tapers

. 82 t hat ers, radi al | t 0

i o O AR R A it 15 RS AP0

an ar), Subh asSfee kxaspleaboefanplfecdbgrats.f orty-five degrees.
[0055] The nut 16 further includes a tool engagenent
portion 80 that allows a torque wench or other tool

[0055]t Thebreut U efdrther inglghesemtoghengagemenfportien §Q that plipvispa torgee wrench

00| age t . portion 80 in.the.ex ' :
o oy BRSS9 58 P55 o BRPEE prion
80 in the exemplary embodiment of FIG. 1 is realized as a hex portion 80. The tool
engagement portion 80 can be formed in variety of ways. For example, the nut 16 may
include a key hole that allows a corresponding keyed wrench to be used to tighten and pull-

up the fitting, as described in relation to FIGS. 21-22.

[0056] The nut 16 may further include a neck 77 of somewhat reduced outer diameter
between the threads 18 and the tool engagement portion 80. The neck 77 may be used to
provide an intrinsic gauging function to verify proper pull-up for both pull-up by torque and

pull-up by turns. By intrinsic gauging is meant a structure or feature associated with the
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engagenent portion 80 can be forned in variety of
ways. For exanple, the nut 16 may include a key hole
Wo bas/1ed3iows a correspondi ng keyed wench to bECTESZNOS/@13758
tighten and pullup the fitting, as described in
relation to FIGS. 21-22. [0056] The nut 16 may further
fittind FRIUES cantPefl With 8fses@am Whator rgedgec) ¢t pudredestaraindioation to the

etween the threads 18 and the fo t t
asseier dn GROET T REPRRIoDE B TR AP PUIAS MRy 1A GigE vatety of

struct%l"’e%:l %& @&tl%gpg%ﬂr &f&l‘ﬁl rﬂl _siSLé%E?hg BithdiioHPsdRE ePRhfles of which

ue an urns. By intrinsic
are digéelogadnigy Ilnaarmmamal Apphcam@hllﬁce Q3V07f768tamdeU §s Petentit\pglication No.

Lo 35h, S b ek b B LOR BB b SR i are
fully gﬁgﬁgﬁtﬁ %ér%w fé%eréﬁéet | Gah ?eugeeﬁay RO PEIukyd 35S RAGIE thanner

l'arge varie structures or
tocoﬂ&mﬁmmp&qmﬂnqpﬁﬁh@QMMgﬁﬂ|ntr|n5|c gaugi ng function
sone exanples of which are disclosed in Internationa

% plication . 03/07739 and fl:
[0057] Nith nefigrpnce, t95F3TG &n @elﬁﬁmaéf‘dthﬁag?g?o‘g’ 1Lk er%l se%m@e?al part
centep% 4 B§ 4 EE[ fér eril §64PTY rhg%S Wﬁhg @338&% forkhoa end 84 adapted to
ACOr porated herern by re ere gauge al so
receﬂ&BthH&fhé dnﬂ R krthalrimm 86 eKi@ndmllthugmtm bq;;dy 12)@11&1 s ¢fport 88
thefltt referen

which defifcs at glagdp dih%@oqt §§' gwgehe fci,es :ihhlsﬁé]'u}%%cimmumcatlon
with RftbtheC g&%%ﬁ@ﬁj a@r‘a R/Qﬁleai‘ées elbow! hBarly, dé. RSshadld be noted that

openi n forward end 84 adapted to receive the
althotiglbthe efatdaFE thmd@hﬁmlg compends 13y snyen ahi sengrete slang glppe part,

e e B B L ESHMIED S e

threaﬁmﬂg ‘E@ﬁﬂo@ﬁeﬂﬁﬂcbﬁldaﬂ%ﬂe&fve@abé ifousforfed mto abukk bddgesS such as
bow, “"manifold, etc. It should be not ed thﬁt al t hough
a manifieldf vsied, pumbyr eakicdfsoron; eammenkyaeisred 102 alUNRR: as a

separate stand al one part, the features of the

N, R e T
end ’?%Eﬁ&ﬂ@ﬁ%é{ﬂt Xhe Qﬁ)ulcfé? 9h RHcAlrBckivaat ) the BBli¥ 1R0dhe@ounterbore 89

val ve, punp, tank, and so on
may { havemslightriefes rto e‘dtOt el $oran  isedl dbpwrthe tytwome T ppen pull-up of the
fitt Bale body further includes a counterbore 89 that
llngé ms a shoul der 90. The tube end T bottons agai nst
t he shoul der 90 when recelved by the body 12. The
[0059]%nfeg{aﬁ)eoﬁ in 29 fi‘tV?Z iudteéaq{rstt éred tsﬁrfﬁk% Buch as for
forma sea he tu T upon pu “up of the
exaniplé frustg-chbhical ﬁﬁﬁ)ﬁﬁ: 92Haed ﬁencwlné tetperetd. gface mpdn@mfor gpample frusto-

further includes a_fir
conical surface 94. TLfl ts rst frulstosctongc% g&r?ace%ﬁr oS 'a first r%‘grralg rca:mmmg

surface in the body 12 and may be axially adjacent the forward end of the counterbore 89.

The second frusto-conical surface 94 forms a second or cartridge camming surface in the
body 12 and may be axially adjacent or near the forward end of the first camming surface
92. The first or ferrule camming surface is formed at an angle 0. The angle 0 may be
selected to optimize the camming action with the nose portion 34 of the first ferrule 20. In
typical two ferrule and one ferrule fittings, this angle is about twenty degrees but may be

any suitable value from about 10 degrees to about forty-five degrees.
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exanpl e frusto-conical surface 92 and a second tapered

surface, such as for exanple frustoconical surface 94.
wab@sfiogsse frusto-conical surface 92 forns a fPEBUSIN5G/013758

ferrule camm ng surface in the body 12 and nmay be

axially adjacent the forward end of the counterbore

[0060] ‘B8 sctbfd sEERRgE CaahinCORfRa 04 Sefohmed adsh 4mplev. B this example,
second or cartridge camm ng surface in, t

. | body 12 and
the angteyis poout,fpray-fiye dagraes Rt s aaly ISORErCABY ?‘6‘“‘2@%@%0’ fal{]ﬁ’eo may
first ] r.fac . ' Il ]
bl LA LA 1o MR Bn o, W BRI drn,
therefor eteed d adRDistepi FWethahpicathe tng aotming swifatestdPe 9osEhis step

portion 34 of the first ferrule 20. hi..typical,two
may bRardia) @ TRRCRSOETT ENEle 91 pRer g oot PRSISHRERY  About

tvven:yldegrees but rm)k/) be any suitable value from
0 t t . f f] .
00611 T8 Yol 2 FRREE bRl byt 1Y FuRBP B ERbRORRL wit e

threadit135¢h MBGh#e But 160 Tt Bicul@kanplee thd: it wiy!sd sy albotie formed into
forty-five degrees, but this angle is not_required.

a cap ’pbrecl@sﬁiggh off o5 chipdnabingdle pert BAesush e Ry xampicesante g dp cap the
ach .other.~1n t i r.afd: Aenel :

et IR bbby SR Rk R R Rling e

body il themits] &t is deingaightemeil dgwauhiiages!lan, QficouTss, puluppnvolves
may be radial or may e its own angle or

. : k h s

relative peipl RRsfation beswrcte 1ttipg 687Po sty A bRSY 12, in this
0 1 f - . .

o S TR AR val s st o iy
compbhatt it beinpdetid 8dd whjchais dwirgetufmdrelt 4 newthicaded deypling, pull-up
i closjng off or elimnnating,the rt 8 C
involgsegapge 85! Benol 0 esipint g e Op i 3 inhd othr than

TiR6db@ LmbnéRY, HR1PAOHIrdQenilé Hwbesonigoatts tforced together b
two t__am I??gt e ﬁol di ng tﬁge kfodym\%ni l e the IJnut 36 ]ifC: bgfger:ger e
clampinglde@ned down during pull-up. O course, pull-up

[ _nvo! ves relative axial translati on between the
fitting conponents he n

[ t, 1 d bod ' hi .
(00621 Fhscbod 11 2apeaey ircbadsc vt BSEAGPERTY B HOTEIRY Sl gpcially
dye f WO Cd it i : : o
oun P R OR0EL25 22 N 1 By o Meras g
device@OpRRNthe amdunt eyl lovetden ef work-hardendng gimbe selegied, f5jappropriate,

e oG bk B BB RDE g7 o v

end %@Hpﬁﬁeﬂﬁiﬁg 866 ad tha@esRes 160ation GhAAID} BGwEEY bE the radial step 96.
0062] The"body 12 nmay al so include a work hardened

The pork iherdeging patiomdheyesvsr.alpy exidaforyesmplarig diogfign radially
ferrules 20 2., lh, addi.t] . ' '

ouifl oS et i 1y° oY e S BFRIR R rgfng KheTEheth of

the dxBERY IsAffadd ofMekbddgr R NThE weik Hasleanigeis taedomplished by plastically

appropri ate, _ . : .
deforming the material on an exterior portion of the fitting component 12. The material can

be plastically deformed in a variety of ways. For example, the work hardening may be
accomplished by creating a series of generally rolled circumferential ribs or by rolling an

exterior male thread 98 on the fitting body 12.

[0063] FIGS. 7 and 8 illustrate the fitting 10, enlarged in the area of the ferrules, in a finger
tight condition and a pulled-up condition, respectively. In the finger tight condition of FIG.

7, the first or front ferrule nose portion 28 is positioned partially within the camming mouth
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for a given application. The work hardened portion
preferably extends fromthe forward end 84 of the
Wo pdositogibody 12 to at |east a location radi al PET/US2005/013758
outward of the radial step 96. The work hardening
portion, however, may extend, for exanple, to a
formpd b thefermdcahingout fass 92.0Note Wat 188 bues fr@hDénda F@s the drive

BN LT LTI G,
end pUMiSe B0 BYtHeSeSROERhIeMSHIR R &S %fntﬁﬁll Ja%aﬁ? 8{\&%@ fohd t%e outer

material on an exterior portion o
surfage fpditemitube znd TheAnthe @amatlmaﬂlebmwbmlbncléldfyhed‘@afokrmi@dle 22 is
e wor k hardeni ng

plastel? JER o el B sk S s PRI gy e il gprface S,

duathg edtroh wmf HouldeP3 00" ! P
prod Iéeet hr egad 98%%%1 oul tetl n ag@é A9y tigﬁg%e% 1 {a%hﬁ% nose 40

also hngegsq fhay; ginostien 19%of thletQth il Vfahll 492 g;enadlaﬁytcbmpaaseai agamst

tion
e (8 DS sLBSCL30,ogBe By Ao YD e L RRAERE g vty
spacezcbinhcintth@blte)ﬂ 06| Ghis Fegibhef high&&dl@I ccfrﬁﬁ@ésufne:iﬁd%o?leﬁﬂgg 8f the back
tion, i S_positioned Eartlal Wi thin the canmi ng

forrafs 12 pPBidss e P oteghap bhe ddeion gndent 106 Gogovibrbpe. The back
ferruier@z tﬁlﬁ% Qi%ﬁgnécﬁfor fﬁilng :ﬁf E08AGToh e&éct Lsf)r lgl??ﬁyhégcolletmg

of the nut 16 at t erencea
region H&L Mmqbamghp itk -oumdehiel (hadd tdaB(ﬂ)a@lO eiid 601 06 ﬂleOFenhféewhﬂe having

di al | t
e R BB R o P o b S o

surfa 8ot KHEE tudehEnd TS € TRET dxh &Nt i oF R Qeﬁéllf efé'ggidl 162 will be
is plastically defornmed so that the sharp

determiinedsbys ramangeether things, the;esmmbﬁﬂ'swehateeZB hpmda ccmg, the collet

e P e P o R O o b o
may @cmut gially Opacell fidwe teyite e ih&atk. Wak |coﬂ& rb§10ﬁ adh g} ym 1 some case

npressed agai nst the tube wall surface Sto s
be f“"cﬂé‘?rl C@ﬁrafsWélZﬁfgbkafc@mfewpéoiﬂz theg aivagas theraibsend.ace axi aI ly
spaced fromthe bite 100. This region of high radial

f the_back ferrule 22
(00641 TREFH GRS ERaEFmfiftop Soten s 61 TLRG SOmPEnes 14dde performed
) thﬂtoﬁeffb%rbl'tb?% dbd Qlﬂrfacy@ bek Jaﬁhﬁgé 96%% falafésarfdscams against the
desi gned inge in deformation
secongujppereg stfaee ) ¢fethc hgdy &%i The I;Oﬁa&a‘diet\nm 1fnh (eaxh)md@ 06 and the v

. end f the. f r I
st Rl SRPRCREORE 65 BT RSt ikl orms o
stron® ﬂuid’ﬂ@ghtrsa@il aalngt ddtoamintng cTaden®t, ont ale sﬁﬂfef’cﬁﬁ@ t& Bbnt ferrule
the tube end T. The exact location of the colléting

surfagee giRsAially 2t {he ldiya 3defoansp ﬁé@ agpinstaiio rﬁgstmahm;lng lsum?}t;& 92. The
i . the,col |l et
e o S T

while in other cases the coIIetlng regi on
[0065] The primary functions of the ferrules 20, 22 are to create fluid tight seals and tube

grip, along with resistance to fatigue from outboard system induced vibration. The front
ferrule 20 is used primarily to provide a fluid tight seal against the body 12 and the tube
outer surface S, while the back ferrule 22 is used for a back-up seal against the tube outer
surface S and to provide excellent tube grip. The particular geometry and operation of the
ferrules, or a single ferrule in such applications, can be selected as required for a particular

application and dependent on the types of materials being used. The back ferrule 22, for
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may occur axially spaced fromthe bite or indent. The
collet region 102 may in sone case be further
web@saedser i zed by a convex profile that swagespthestoobe3758
end. [0064] The relative axial translation between the
two fitting conponents 12, 16 is performed so that the

exafpleyiaeyl be ppevidell withfome er fifbre fredekues datHer in€tgRr €§lindrical wall 42 of
econd tapered surface

the ERISEERE uREER Toerhhid Sl dEril6 atevhercambasrech Bill diggher, one or
both76f eiRdfdriutesv2urd aesy B¢ RICHMAES IR f&ob)gééﬂﬁl lﬁr}};g B {e%{]perature

so that the cartri dge tapered surface
carbukizabing Hreessy t P@Wdeslé@‘b’ laghfamﬂest thet sramoiogiogutisGst. The case

the fr r L e s rface,
ars g R T o R L2 et e
patelﬁts rchﬁclcrsamllbhi] @asamﬁlaeﬁng and THR6mEH§ %nééfftsf a€ n%% B@prhed to the

tional |l e or bite into the
rmE Q(PB atgs Ppigoeps. ﬁk@%@ﬁnﬁﬁeﬂ 8&81;06 1@ﬁqs97ofand 66993,303
1551,1<=fd‘:-‘tf0r fhk ea%s%ﬁee gizt}% t%] t%x%ﬁ{ign fhy 'egtl ?ﬁshélaglﬁgslr g{:n%Vthh are fully

tube grip, resistance to-f
mcoxmrd{mhﬁldrwyélyemfemﬂweﬂ wilbraat POT. InTéiﬁatidrﬁDtPufbﬁEéitiéheNos WO

d fl d h
B T S e
and t\hﬁlcbﬁce{p&eth@éﬁk Ho®Vel &Y, Gre?el g‘f{ e a’?s Bagk Pl(r]@%el% 1nvent10n and

ainst the tube oufér sur prov
shouldieqs e epnstrugdan grlinpifing kenspa Mangwlﬁeregmw hiir:deﬁlﬁg processes and a
WK&OQ%%%%a Qn of he feéru es, or single ferrule 1 n such

I%el%ne TG, SORHSWIaS 1(&§t may B 9 @@p@@ly ¢pntrol the plastic
defomaaﬁonwktw feRRkideAhl pAI-AP% 9@9@5&%&&%@5‘%& h tat gﬁ

mat eri al s bei ng used. The back ferrule 22
may be provided with one or nore recesses in the
[0066])i Under |etﬂvatﬂsilprmﬂ;uresaforvmbﬂnplfb21 ksif e thes fallewilRREd 6 De radially

ven .surface 32 of tg errul e nay be cont our ed.
exPa%‘ifidr Pushipg joafwar, BI‘PF?S&O tRe B¢ cartededs sevepdy radially
contd€ tieAfefrultarde QQdand eﬁéve?%%@@'o? Py Ad! t%\%g‘ﬂgp?\gr : u a? dhe body 12

carburi zati on process to provi e very
does gk eonstreincmbcly §f @y ofethe Stamn fernilt 80c dle diassion bmgalﬂmg the front
d over of the ferru

1z | |
ferrull2 BRI B cF pudo R i adlepait e cortidBe o o casesih the
back ferirale 2N oTiAB 6s SipRITREAY f0f POEERY that R bE“ﬂYch%ea Fh@}énﬂ%k}x@ Note

the ferrules, such as United States Patent
furthey, B@tycvl@éy g Figs 1, hgBtheplienal 567k hardng] @9&1@0&1 wilkalelfunction

f resent. |nv ntion
to ool A8 BLANRE L, oAy BoRaANng RS Apritine e Fefidegy7s in an
assemlﬂédacmnld:tmn.as wel | as PCT International Publication
Nos. WD 02/0631 95A2 and WD 02/ 063 194A3 al so
i ncorporated herein by reference. Such patents and the
[0067] &Ij}@@@ﬂlsup, elresi e Chﬁmégee’m cagagee fengeband/ cimmitgt siifc@94 in the

oty 13, LR S UGS SR ot Bt e Conslibed
will flEOQ6E&LS sﬁ@@ and dramatlc increase in pull-up torque. FIG. 9 is a graph of
illustrative data for torque versus nut 16 displacement. Note that in region A the torque
rises somewhat slowly and steadily as a result of the ferrules 20, 22 plastically deforming
while biting into the tube T and camming against the body camming surface 92 and the
front ferrule camming surface 38. As soon as the cartridge 76 contacts the second camming
surface 94 in the body 12, however, the torque in region B increases sharply and

dramatically. By selecting an appropriate torque value that corresponds to proper pull-up,
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wi de variety of geonetric configurations may be used
to properly control the plastic deformati on of the
wo evosabesso duri ng pull -up to assure adequat e seRtCT/HRINNS/013758
tube grip. [0066] Under el evated pressures, for
exanmpl e 15 ksi, the tube wall will tend to be radially
the @tfipa@edn bppsliidgp by tosqueiracier thaa biyatimd] FausQ, sirﬁglel td1d8e wrench
es

artridge.76 seryes to radially contain the ferru
can g?)‘,lsegéo gr%eﬁlpésgﬁfthgo]& Note dwont Fich @ thafighe gartiid geoneept provides
htloh 8teB® bt ' Al much - f .any of th .
VNI e e AR RORSIAT TNTIER iy Sl oo i
fittirggs rwhgreintbe rtongiua | grydualigeincrpases s rthe iftarded defoed. bginkheoo many
riri 76, ,as 1S, t case W.th the back ferrule 22.
factdif | g’glg‘F & i %%duﬁf;‘?"fﬂlé%sfs%%n%sh APTaHF| Panpet @hwesssbedised to
accukelgigah IBup UEHASY fiteigs t | i¥r Hifinss Sypi ;
t ha? gtahgé %\gﬁ%l u}?/\org harlttzgle%edhfgif)‘(étLl &elﬁ]grr ﬁglln’é\li'm%lgaallﬂys%e pulled
up by GARFHgHUmS of difplicempntaiidhe presstivetoliie badii. didrexample, region A
: gy pporting the cartridge.76 in an
i FR AR SHPRRSHL Bl A1 3SR Pafpement o
nut oeativei thgehe? Godylga@e Spretientiag CRRfheC ABH Bgnélﬂﬁﬁge‘%@elp%i’f}f‘ turns or
t he %gdy 12, not only will the cartridge forma sea

displagelnéidt ) ui d pressure, but the assenbler will also

notice a sharp and dramatic increase in pull-up
dat a

t W FLG 9 | h of il]lustrati f or
ooss S ) Gt BB b S e gt e
madé) Eheh teatalbof nﬁ@ﬁﬁingcels@%}ggﬁess%k Y darfide %ﬁﬁﬁ@%@ﬁ%ﬁa into the

result of the ferru 20, 22 plastically de
bodyfer eachuermals: ietiemifiandy slighslyT Bondrecashein torquminusdastsh éhe angle o

cay nd thefront ferryle cammin
ey SRR AR K L0190 ARES SRR woud
proveiecodrdmatienincngnss i tagee &4 gull-igey RREYe, bat il QMY Bises 13 lessen
h rque inr glgon B_.increases sharply and dramatically:
the apyity g r@@@k%g’e Hiag b9 afier the initid pyllawval ue t hat
corresponds to proper pull-up,the fitting 10 can be
e..rat han by turns.

- orqu er Thus, a
[0069] g?ént%%ggﬁgrlgéé %\/\Pse Hval]l %saﬁebaé%egggae i en Fp.r%t]ﬁgs. 14 and 21 for
exandplld, the@nidet bdkieen tHemirthilite fRwhRBdurfaBESE ahd HeARy tapered surface
concept_ _provides a very tight or steep torque tg rPut

94 togetisst aullwerhy fosquecalsorpiodupes 4 redidl gnpriorcefithe dody rfas thetaartridge

¢ AR [ rgue qr |l y.i.ncreases
st LS, 4 L0 S Al B AR DA e o
fitting af highergeessines gloagwath the palepHasiqie %ncﬁi@ﬁﬂﬁ?. cannot
al ways be used to accurately gauge proper pull-up of

prior fittings. Instead prior fittings typically are
[0070] Safhereemiodiments unay he used tsefect gullpipalne tegie efthérhtam tibving the

L35 Ul OB, L SO0} Sl BB Aot © e e
bodysh gnhdrineattf eftécs pLBSRMBMordte, hd&scribed below with regard to FIGS. 19-
20. In addition, any two generally radial surfaces of the nut 16 and the body 12 can be
designed to engage upon proper pull-up of the fitting 10 to provide the sharp torque
increase. For example, an exterior surface on the fitting body may be designed to engage
an exterior surface of the nut upon complete pull-up. These surfaces, as with the camming
surface 94 and cartridge tapered surface 82, may be angled to allow for remake of the

fitting.
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nut relative to the body, thus preventing torque from
correlating well with turns or displacement. [0068]
wa\e@hilngie he canming surface 94, such as at t heCHUD§2085/013758
p, allows the fitting 10 to be r e nmade. Each renake
of the fitting 10 progresses the cartridge subassenbly
[0071] AufitiRem ddebRlahdewiiR et ihoentRaGHay 16e WSRH én preaie bppliatiyns below
slightly. For very sharp torque increases, the g] e %
12 ksipayena k#ip betrmenermotaplyggy dedised a3 ahigher P@S%ﬁef?&@f § g above &
. _Thi |t ti r I oV : - i
i, el By oY Guiiops B8 RO, HBH plo M M (R AHBTTRE o the
abilityCofBs fittg th eFtstant highabratdd pressaraspcasakid] towebd discussgl. 10
after the initial pull-up. [0069] Referring to Fig. 8
as well as the alternative enbodi ment of Figs, 14 and.
[0072] Unliké waditimeahiftresle styte Gitingadhe m@@mrprpwée%gﬁmgd@én which the
rerulest 4020 i PR e d e ST a0 b AREAE M RES ahnd Bressure
by theMRR A tin® torhpéhchOyher Gantthe fen@dlé fitthgeoafpoaentp iih bthepwords, the
This feature of these enbodi nents when used.fyrther,
front feanile 2O sngages mathibe camming surface; Hginah Hﬁ%ﬁﬁeﬁmﬂ?fe@ﬁﬂoésfemle
. al on i th - LA i -
g bl s NP Sohatiioinh B o NGO Y cat BRDNs.
torque rather than having the cartridge 76 engage the

[0073] oY tthgs (hRarEXRIPLE stahldsBlstdél, @he ant hecalebs gnadtkthardened part,
engage the body in a manner to effect pull-u

b
such ssovaquie, mashigkssiremthar stoek,diar @xatmplﬁégeawetlbmmtﬁﬁ S%lmg enough to

20. I n.addi t4j.0 a L. || j f
e e 0 R SRR RS S PGt con
not nédAOR B HREMed ot Worlohartibgedf mbtefisighetBusedt j3rmov ndeessandy utilized

Sharg‘tt orque increase. For exanple, gn

to progetithe Eroies Hb 2EITOPHEFOBOy  mag oIoEs oS Pee b Y dagaed from
an.exteri : ARl 5

o ORI LGP IR B BRSPSl b by

12 b drigtigdge chstipgy & exanipiec ausbéhitensiginives stegl, edn te sgnifoantly less

for remake of the fitting.[007 fitti in. . .
expengivsoinan FIEIDE HPYIREIITHYE PW%&F%’@II EFQQgg' hljgﬁf' gapspiplly true if
f] . i H
the ﬁﬁ%@a‘%@ 1%391518 it Yl dlggi‘r%ﬁex_ Qe Bk aé a tiHdr 4DEBow. As a result,

_ ~a higher pressure rated fitting |
signifitsan eodt ksingsesaanbalyealized 2viklsithe Aresemtbiaweions e Fuifhers austenite

. and aspects of the.invention relate t Lh it f
sainBRRtFL VhisG GRS ER Y Qa4 AP ol e body
withdtft ln'eecﬁﬁ%’t(b%o R4HSS B stdPO Féimidalth& Body fdint dusteaite stainless steel

female Style fittings, the invention provides a
is ad¥antagenygs inOniny apipliesionk du¢ tor ity gxesliony corposionfrgistance.

especially the front ferrule 20, are radially

constrai ned agai nst_pressure . . :
[0074] The ability to progvide a ﬁt?mg 10 that can function at higher pressure rating or

working pressures with an annealed body also greatly expands its available applications.
For example, the fitting body 12 can be formed by providing a female port in a variety of
fluid components that are made of softer annealed metals, such as pump housings, cylinder
heads, manifolds, tanks, and so on. Still a further alternative embodiment, however,
provides that the body 12 may also be formed from work hardened material or have a
portion of the body work hardened, if so required, particularly for even higher pressure

ratings or working pressures.
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by the male fitting conponent rather than the female
fitting conmponent. In other words, the front ferrule
wQoosngasges with the camm ng surface 92 in a nAOMER2005/013758
simlar to prior female fitting designs, but is
radi ally constrai ned and hel d agai nst pressure by the
[0075] cS@letctlvdgewaﬂc hbﬁ&ﬂﬁ]]g Eagorfiord tdfn@e fikale BoEy ﬂ@dﬁlaﬁés the fitting

| th t 16 b k hard
withefard e i eionres v ARk eI amage b waud cause leakage
of theXafRs 90. b?ﬁﬁ'@%‘%lécﬁv éﬁorp% gé] HE afe "R g 93§ h@r%?fdﬁgla similar

the ferrul es hi pressur
advamjaghy ta mot hm]ggmgr thedbmisl o pratess dhe dube gﬁpf)ﬂfgrr&ﬁnéer oM 22 under

pressf SURIASTS RS B Regaiee A L el necescan Ty
hardepe® HatE@Ck. TfIﬁlﬁé @b Qesult@@n lﬁ‘mﬁn%aorfﬁb(t O b af fn%?%laﬂessure

anneal ed material, such orgi ng or casti ng,
ratln%ggmlgng ARSPIFITeY Tk é’efrﬁ%hzedgat woglgnifigartgycosbsayiimgy @ver prior high
'mfw&é ggg for exanple austenite stainless steel, can be
ignifTcantly | ess expensive than formng it by
rrachl ning from hardened bar stock. This is especially
[0076] tj[f [0 éxfamﬁat@ tifd ﬁtttlh 90 ROy r§tefl 9 15 Bsi p@l%ﬁ 1th )qﬁn&&wl Sfivention,
shape, such as a ee or an e esul’t’,
teSte‘%‘D’QWﬁﬂY vadar hydewlis wﬂSﬂgs up &m am:bexoeedhng émilr\/armda thdt@ressure rating

@ +BEF R i S b Hhap dafid b o 5 O st LY sigwtint uinber of
fittingst drb Iths&di t® tcf %dﬂeidé@dlﬁg’@ﬁ 1t RUELIYEREHBOWHR h‘(‘%H ¥onfidence that

harden the steel. Form n%gt he body from austen
the fiffing Wilbee te plelepstifauraiment qeowsctive werkjngprshiuca wiitinst leakage.

App S8 M O R TR S an ot
pressinieg hgr tqoraesmu 7e k@tanﬂggﬁﬁteif\ﬂtﬂlﬁs GoAERES B &RistMat SLt@N tube grip
anneal ed body al so greatly expands its avail abl e

perfoREIop EafipionEus Rslect el el ménmgtamoas@orb@me iffingsh a0 allows
the usflef'EFrglaHVel QM Qg 1%r {h%'}ﬂ{n? pc?c{ od,n a variety of
| uid conponents™t are f softer anneal ed
netals such as punp hou5|ngs cyl i nder heads,

[0077] msndés@h'déd HefohebovaNtheSAtRB. 1Py R §IEdEly work hardened by
alternative enbodlnent however, provi des that the

plastigally daformring a|postione 81 kel fittingn whrportien @éribel fittingd Datadially
outl E AR 35, By b PRI IO AP S il s o

an extemhal mysle direwd) QRlongh@ fieapUuRly. 120071 wost: Eﬁﬁéﬂfxﬁ%%aﬂ\@é erformed
eni.ng.a portion of the fitting body 12 nmakes the

°°11°ufﬂiepﬁ¥ g thahe nsackhimngpitheifitiag hedy bt e 9@%9&% Spenifically, a piece,

such Qseﬁ%rfggﬁm%%d?h l}g@?@gy calll P'I veﬁmﬁl @ﬁt fea %ﬁ\%ﬁ%e achi} having

multiflet inilery positignprad Whﬂds vaSmnlad{mmgV@;mrﬁgmﬂ @e ddhe sequentially.

til the.b t the tub devij c
With gyéelz ogémea% 8B§r§t10nos emg the rolﬁlgg of theenbsu orethgeadp 8I [[‘c? Woslé/ilarden the

fitting body 12, the body need not be subjected to a separate work operation (off the one

machine) to harden it. The part 12 can be loaded once onto the machine, machined

including the work hardening to form the thread 98, then unloaded.

[0078] In addition, the male thread 98 that may be formed in the work hardening process can
provide a more useful configuration to the fitting 10. In particular, the thread 98 can be

used to attach certain fitting enhancements to the fitting 12. For example, one or more lock
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pressure. Specifically, the body 12 may be formed from

an anneal ed material, rather than hardened bar stock.
wmeisgoso results in a fitting 10 that can funeCT/082085/013758

hi gher pressure rating or working pressures but be

realized at a significant cost savings over prior high

nuts dah 88 SteRieliontd hgsnale Ml 98 th, fuiftiver s&‘Emgthdarethetth’&ng il(D t Ad@itional
10 is to be rated at 15 ksi, then

by i ndus

examplgh e EHCUe VARE B8 1S Ky mab e PRIy T e s el or to

u i t
i Prp P SICSRHAT B, M LB PSSR KB (6 i
attenugitiag kst éffeatsl of osisidd tibe mibtationndrenthaffufidtions.ngs are

tested up to and exceeding 60 ksi to reliably predict

with high confidence that the fitting will go to at .

[0079] ThadighkenpressurersainghdS ssoerdughay@aybe %ﬂr‘ilgerﬁicg@yai with the fitting
Wit h

10 afipe e HERARe AT AERTL R HEY e BHOE S Sl e s, o
allows aRe TerilepnOS 3ItE ShitePaid s@b@gﬁmﬂkaﬂ{i hmddne@r emtdaits such as for

exanttﬁ@i;%ﬂai%@ge@fﬁ%;i@dt%:s&aiiaiai bR B o

highel gfe{sg Bﬁﬂcaﬁ?n?l {T l‘%l\ﬁ)ngl% § & vafk ?erftﬁé ]QQ itN&!Ms substantial

or t ody 20.
bulk dessial b:eﬂ1ahe the f&ahlln/ﬁromghﬂnf grtppm&thm@:on@yt hewell as being able to

bite %g)lr q%gg::q}/@.l{ gnfli%wef : - b%/ ﬂgﬁcgfo% :ﬂg% | ah%lcfgﬁfé%; :itgattrlgtn ghe second

anmﬂ]'tgg § rd%‘&éé’ai %c@ﬁdaﬂﬂ Qr besitupl R81 B0the Bddyissalofiied by the
ene by rolling a set”of circunferential ribs or

front afemfx DOragainstrthe dirstivemming surfce9Re Thietcrrtriges s aganst theesecond
r f
camifRE R TPy Re S e §Y BT s SR dphERd todgt 1 1 1e

Specifically, a piece, such as the fitting body 12, is
[()OSO]t’Ml%I ﬁl%lllt}/ nfmii%WeO&d d? Mof 1tk 18! GseSRitAMtAnlBE BieBE materials. For

positions at which various
exanipie hhél langnopies dhdwhy, aspecxaﬂyi dors eltrrnativieafulel vehiglen, By decide to

of these o b th |l f..th
e WSS SR EL o5 B Lo, b N8 PR e
1nvetkﬂﬁ)‘ii1ypr8€ﬁgs %@anpa%é HPIngGlsE @ LAban SRBIRAsAH €11Vl though carbon steel

ration the one machine) to harden it. The part
can b]e?nac@me&b by laoacididgo ﬂ‘hesetmitv enteges incdedd b arqrifinisd to e cartridge

ok AL B TR B SEgy vi

cartridd@tag iRy tREbdBY, ﬁﬁ&'Ftd%dlﬂga Veidg tharsae b pgllpd o eserqemather than
prowdearmre use configuration to the fitting 10.

by turms.particul ar, the thread 98 can be used to attach
certain fitting enhancenments to the fitting 12. For

o051 R SRR B PR BT A2 or
exenifl &yt fitBA& shown in FIG. 1 where nut and two ferrules are installed on a tool 103.
The tool 103 provides a convenient way to hold the cartridge nut 16 and one or more
ferrules 20, 22 together as a single assembly 78 prior to make-up of a fitting 10. Thus, the
assembly 78 and tool 103 together provide a single unit 104 that can be installed in a
mating fitting component, such as for example the female fitting component 12, so that an
assembler only needs to handle two fitting parts. As a result, there are no loose ferrules to

assemble, and the ferrules can be installed at the manufacturer to avoid installation errors.
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exanpl es can include using the thread 98 to nount the
fitting body 12 to a panel or to attach a neans that
weanwsaupport the tube T, assist retaining the pabeSIN5/013758

the fitting 10, assist attenuating the effects of

out si de tube vibration, or other functions. [0079] The
Other 'ﬂécﬂhﬁ;ﬁe@fo@ %?(Widing alchitfdgelfut iSdendly Midihie the wseyoflad adhesive have

her achi eved with t%e fitting 10 discl osed herein

beml@@@du@éwnﬂmﬂhﬁeablI|ty to case harden or carburize the

ferrules. This allows the ferrules 20, 22 to bite and
seal agai nst work hardened conglwtg

100821 ERGri BoHEHGH A REPPEAVE QARG OPPPGORAMITSR. ¢ P gl 103. Wit

refereH@J 1{3%"1@@ TR 1 12khel B 103%51@@&6911&@ r0BitIREn BE @RRUAIE gripped
i'cations. The fitting 10 provides a back ferrul e

or carﬂﬂe ghppedﬁasa sipipd¢ ool isa¢h mm)h@rmﬂ"b¢ tapl 103 ingRiagleplastic element

ot o) P EBE e SRR A 196 S o

the hda12 05 8R4 ﬂcmam@ th¥r febiRoctias afstaqie@d 'é&aﬁg@hp\ 4074 led S@Zbo frhe lips
camm ng surface 94 ?row des a secondary or backup

107a,b end Hﬂeadonﬁ/d@ﬁml a slot proeArHgse HS Pme rirhiets e gagrigge nut PF6nd the

ferrul%%% n%‘éa}rﬂ% H%S ‘%1%% gc on étﬁgnrfng sur gg?gmﬁ CMHE?&E enough to
allowf{B€ hli 16&RTthbY tlusﬁrmfesme 23 68 trewe anerctht digs ﬂﬁﬂg{b 008 0he head

105. Songernack e imsel0 o the BpdsTs Rite b itk S bisdeieine te
femlﬁgga?gga?ﬁg éﬁf P@fd&@{hley off e B 1@3%%'31&%15 seémysse! es,

rsue carbon steel rather than
st ai nl ess st eeI for various fittings and conduits. The

[0083] FI¥SNT3 2 BndN I8 lil@tragValtius §&ps imthichse s eheofook 20D anmake up the
steel as well, even though carbon_steel

fitting 40 d dieelaksyum heeaifing 40, theastemily aﬁﬂ%g@%rt?f@%ﬁ@ fple body 12

o SRR HILL BI85 SR 5, Sonehps sk e 1

and thé B¥igilDgoarggalthevntihintde femnlerpotigim agaﬁlanshodyheAbdbg/ nut 16 is

threagqr;]? @é&%g{%ﬁgqﬁ ﬁ]fgmpfgylr(])t a,&)n\gl 1 {1%3%9%? 1'% | Ieelg%gg gleqbody 12, in this

e 1
cse 041 U A0 RIS L b SO T
103 1i11towhe bedyil2 cands thedirfgersr 6ed tarbe radisiinidmpresed glug dop camming

.. The tool 103 provides a convenient way to hold
aCtloFﬁ%aIE%WI?erli’(Ujé’el?ﬂut 16 and one or nore ferrules 20, 22

together as a single assenbly 78 prior to make-up of a

[0084] t%&oﬁ pued axi 1253123@&0%&68}53?&’9la¥se{r§ﬁ§‘aﬁ ah@%ol ]1@§ causes the fingers

a Sin e unit at can
106albnet drhgesd sufficiently figr fhiet 1ipsng)7:a¢mmobe dhnersumhllgsmaliﬁr than the

1n81d§)§1?ann.qétgr (t)fht%effg%lleg Z]Z)I t2 g the nut P()e ntl“h% %601 1%3 ttlllas s&If disengages
from the ferrules. When this occurs, the tool 103 can be easily extracted from the assembly
78 and body 12. Note that the tool 103 can be easily adapted to any size fitting, and also
can be color coded or provided with other indicia to indicate information about the
assembly 78, such as the size, materials, pull-up torque and so on. For example, a groove
109 or other suitable marking, indicia or structure may be provided on the tool 103 to
provide a visual indication to the user that the fitting has been adequately made up in the

finger tight position to allow easy removal of the tool.
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assenbl er only needs to handle two fitting parts. As a
result, there are no | oose ferrules to assenble, and
wo b@sfiemsiul es can be installed at the nmanuf act P€PUS1005/013758
avoid installation errors. O her techniques for
providing a cartridge nut assenbly such as the use of
[0085] BIGRdIess ikishiate andtiercxdapary fiethheflthe prebat énvehO0@ 2Many of the

FIG 11 illustrates a perspective of an exenpl ar
functigRglofrfiss ob i EIOMBICH 95 SWRLA ociherWAEe CRIPORITESt ycept as

other@{3d rfbﬁd.t e te‘ilglgpﬂlgsﬁ.{tﬁl%lb}‘ﬂ?ﬁ ?I@%ag’jy-grgﬁnélﬂ@és £ f?éof%z%?g threaded

manual Ty gripped or can-be grippe a sinple
body $12 hndis npllé threaded het tldo| The0®dyd 12 isdlndgse fpbtasitining surface 116

elenggt but, ot her erjals nag be used as required. .
and apjegQRth CETRTH riacs 04 S S5s6Rd SRmEHBE Pt HE Figdges with an
angled Quradd 1006 #denidfiol Rl 122 POk kridee 194 ForddedaRPartdf the nut 114

~raised lip 107a and 107b. The lips 107a,b and head 105
duringlpfillng &IS| d4). oFhecangld & gé theosirage d20mayhbe #hout frb-fivgydegrees

.nut 16 and.the.ferrul es2 22.ca ' I
relatf¥ o PR BN B LSBT X S 8o Bl AR 5 mp B usca o
requirtd! QMVtHi§ BmBodimkat, ABtrevdictheicherifl gy 124 iasludés a BBered ompotdcal wall
over the lips 107a,b toward the head 105. Once past

126 thatdformps tapsred ocketHa8pnybpek feomde B3G aathatdsesk 2dpriesy of 2 front
L .0l Y .
153, PR b8 8RR 0: o SRy g1 Ot L g

disassJe&fbllyi n%:cééu%B thé [fasileatcen disehgage &bmpsontart twich tiwewall 2Aeduring

_tool 1 to make up. the fitting 10. To e up the

withdrpyaliafgha put. ¢ e eIl dABRpY fepar el ph gasle &ty Fped about twenty

degrefe§ TRL S LRAY cdffraf %gitﬂ&énﬁsa?ﬁm Rt R 88RE mayuseudell A8 @6quired.
pressure to rotate-and threadably engage thé nut 16

The baok férhde hadynayAndlode  apeated outee walltporimem]l 3 todhsilitatexdpassembly,

ant RS, DO Wl B8 AT o BB AL gh 158, g nd
front tgf%‘?ulg‘l{j%&éréhzoutéﬂ\vélﬁi 134 85EmbY Be frbinsdd fafmhie saitsfl@aeachieve the

_ ther axial displacenent of the assenbly 78 and
desired effect0Boriexampleh ebdvdivelo abauiseenthdegrpesgiekative ie fhepaxip X, but

be radially c re d-due .t o ] ' ' .
ot gl R RS THE G RRALPLBA D Shin
whicﬁ’fugbﬁ‘ QAiAGRAN the chtigdghst@bly df0Be aat$bs andawd fangess130, 132 can

106a,b to conpress sufficiently for the |jps 107a,b.to
be withdgivmesrs Woaed thy migeen de qeﬁ&rﬁte{% gemenggdy eTE‘? ysgpn gf a tapered

the ferr ; .
o) SHEh S0 8 S o ad e i
not Hilke of 6@ld?Q3 thasodket ealivppnexdirge bedprlicetion hé highsmrssuye. The

78 and_ _body 12. te that the tqol 103 can he. easil
ferrules aptlctisangagmiyomi e _t"%i’ie’feﬁi %9@1?“ ézv?glo%ﬂ &5 bR iR E o that torque
will QA& HiieB%O Ylt)edfeﬁ‘ul@ﬁ rifL ifasdeRbIF] FnisOwilNgHlE @s@re that a proper
I nforrmati on about the
remake of the fitting can be effected.

[0086] FIGS. 19 and 20 illustrate another embodiment of the present invention wherein FIG.
19 is a longitudinal cross-section of a fitting in a finger tight position and FIG. 20 illustrates
the fitting in the pulled-up position. In this embodiment the fitting 150 includes a nut 152
and body 154 that may be similar in design to the embodiments described herein above. In
this embodiment, however, the axial length 155 of the cartridge 156 is shortened because
the cartridge 156 is only being used to retain the back ferrule 158. The front ferrule 160 is
no longer contained within the cartridge 156. A tool, similar to the tool shown in FIGS. 10-
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assenbly 78, such as the size, materials, pull-up
torque and so on. For exanple, a groove 109 or other
W@ osam3eo mar ki ng, indicia or structure may beP@r/osiodsal37s8

on the tool 103 to provide a visual indication to the

user that the fitting has been adequately nmade up in
12, niafebd uigeto maithinp o Sidgloompomdnk amseeatsly asenmitel aboke tdescribed

tool .[0085] FIGS. 13-18 illustrate another exenplary
enloﬂﬂﬁqﬁ%g of the present invention. Many of the

functional features of this enbodi nent are sinilar to

0w B RE DR e BRI 5640 FRLAS, ol B, s

162. tﬂh&@?aﬁ%é* 1624y s1lé<£tcﬁﬂﬁwﬁhﬁi&i Borehredastatle miuinglﬂcﬂdy [%de The flange
2 includes a first camm ng surface 116 and a
162 fsuélmnacludmﬁ fAven yorn swfare 4 660 PRA asseabsfaca 1P 4 adomyasd gortion
e
169 hif 098G Ty, ARSRRILS LR 868 SOLOR AR of 1 B
degreé§,4ffoﬂ Hf(an}%lgpurﬁe— sHal élElfa@e I8)engipes @ figdtecamihg tsheface 170 of the
surface may be abqut f five degrees rel at
body {54 dHEng BRRTE > TBRGRE MRS eeaabl S espredrs Prespite sgrLfg pull-up

to to@ﬂ% dgsg %E Emﬂ li® ?uﬂ@ﬁ)ﬂnt (ﬁtﬂésé%%agén&ﬁ Qfithe€font hd b the cartridge of

omever, e cartridge 124 includes a
thea‘tto@zpcerrﬁ)ddmemmm cal wall 126 that forns a tapered
socket 128 for a back ferrule 130 and at |east a

portion of a front ferrule 132. The tapered socket 1%?
[0088] |£Inh© irifen spisrocclid ar this axpmpleds /2earalin eadigl angljengagss; fhg front end

f

72 SRR A0 B i
160 befardTh Thdakk Fedulevlsst spedriaes dre _ﬁrngtl Ermlofl 6& kaIWard until the
e e e T ey . S g ot
taperécﬁg&ge p%gt]l?n-rbﬂ ﬁ’ﬂ?é‘ngfl gésra“ée%oﬂ&%&dﬁﬁﬁlg' quetabs €760t @B *Bb@y“‘ 154. The

ortion 4 to facilitate disassenbly,
flangt &2 fmanbe ﬁppmphaiehy%mﬂ:ayomdssm that thedlange tis penpotted @wéhe body

wal |l portjon 136. The bac errule el
wall (e PRt ety §iter ergsobity 0T oo i i) o RORA of work
hardé%ﬂtﬁw ﬁafe?iaﬁcd?' B hbite wies haRknRicl Rudctivél9T appXadmd @n annealed
out five td about twenty degrees relative to the
bodyaxi s X, but other angles may be used as needed. Thus,
the invention contenplates a cartridge design in which
on di sassenbly the entire.ass of the n
[008913IG s abal.f&cpr&tui@@l oot BERhGn oY iAo the present

invertl AU %ﬂﬂ@%e ﬁhﬂﬁoﬁeﬁpﬁl%demﬂ—&ﬁm'eﬂtc tHesritang 080 Acludes a

apere soc especi al l'y usef ul for hi gher
bodypt&samkirferrakep IlBé,a1t8i6dh$ mzacmsmﬂahm designub ke einbodiments described
ind or to the socket

herel&ﬁlﬂﬂvec At tg’r% Wb%“@ﬁntpp%‘g%‘fff it 1%618‘5 gﬁ‘:ﬁﬂ&eess %‘ffﬁr&ﬁ nut 188. The
nut 1%'891%9 %%efaﬂ? @kg{i‘(ﬁ%%?@&ff%@raﬂéﬁkﬁit dedinks @padshge M0 for Seceiving a
tube end T. The nut 188 has an external thread 192 for engagement with the internal thread
194 of a female fitting component, such as the fitting body 182, for example. The nut 188
has a rear face or outer face 196 that includes a key hole 198. The key hole 198 is adapted

to receive a key tab 200 of a keyed wrench 202.

[0090] With reference to FIG. 22, the keyed wrench 202 has an elongated handle portion 203
with a generally rectangular cross-section. The cross-sectional shape of the handle portion

203 can be other than rectangular. For example, the handle portion 203 could have an oval
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will not be applied to the ferrules during
di sassenbly. This wll help assure that a proper
wo eovakeas3od the fitting can be effected. [0086]PEI/GR00LO13758
and 20 illustrate another enbodi nent of the present
invention wherein FIG 19 is a | ongitudinal
or cirGilessrosegkiion The &ef itdbi 200gextenda ffom e handighporpios i208 (anabout a

right gl Tken b £ S i e et f @R SL0H e ngather than
a ngh?o %iﬁ’e ﬂg@%ﬁ%ﬁ%@ éleég’ ?C : ?@éd B 1R 156 T00 ﬁradbﬂteé%‘&hﬁfé with the

ed herein above,
key hetdtafi wedtqw Hm/\babew;rench @0axp abtateethgtoiut 188 sgfﬁqwr@ly to pull-o the
Atti cg(&ri dge 156 is shortened because the cartridge 156
1ng $%%nly being used to retain the back ferrule 158. The
front ferrule 160 is no |onger contained within the
[0091] @&g‘%’ %8@11%1%2 zﬁ%c{)ﬁl% dxgggh%éa%‘@c% tggérfrll‘l’?g Qg’f %@H&MQ alodg a central
axis 2OHphe handls $)eft‘rdny2(BS The t]bﬁaﬂd@%r&:nﬂrgs?;ﬁ' 4 estked and pos1t10ned to

enbodi nent 0087 hi s examl e,
allow; 56 Ve Y GRRss? Grioeeds Gbe Pl T DB PGPS gott e tube
in&ﬂ%ﬁ ~The flange 162 is sized to fit within a bore 164

0 he fitting body 154. The flange 162 further
i ncludes a driven rear surface 166 and a seal surface

[0092] 188 1adgtia of Gioraitdl 880 tsklebted GO thdt, when tHeamges fﬂ]ﬂbes@esaéd into the
surface 168 extends at an aﬁgl e d, such as a

fitting bpdy 133, vhe reapFased 96 b theenrd Fpieflushwith dhg el&ﬁf?‘ge Body;§82, or is

e IGR BT QSIS Bt hlthe ot 3 152 s
resul? e shamee 8€ adaertenp lddsenipg too rd:mo'qalu of desngnl & isireduced isince the
unction tq the enga nt of end of t
abilityipdipagEans S Mo 50 St MR Dl i pave the
f ! Gl B 1Ry hole 198
oGR8 05! 1 AR e picas St gy bt 1
on thewlut 18 mey allhwtspetific paoducisdgiees ietcelp| be ranufesiuted dn combination

thfro ferrule 160 forward. The back ferrule 158 al so
with §peciflesWISENSs: ont ferrule 160 forward until the

cartridge 156 engages the front ferrule flange 162.

[0093]&2.\?@31[ %@éa.}l%g }{] '“i{u‘? 1880 dsUok RS edt %‘éﬁ‘@l@%’tﬁn BRBS £, ﬁ&sa%sembled

engages a s cond camm ng” surfacé 17
ﬁttlngfl 80 lesnaiidy. Thid.cad be bédedicipd 1rﬂzﬁﬁ)hnat§,oﬂsen ahpehopréeis et g«premlum

o ST A Lo OGS, PR B0 o
for c&éq‘edlfcﬁf:}ﬁ mﬁ@%h@@orﬁﬁl‘éféerglt efn YOSk P BIARNGS: liBMLation of the threads

have wor k hardeni ng sel ecti vel %/
192) amﬂoruedletmeedmo a@imtazlebdplb‘@dbe threads or to strip plating off of the hex area

(as is done for standard female nuts) for cosmetic effect. Thus, silver platting can be

accomplished by dipping the entire nut 188.

[0094] FIG. 23 is a half longitudinal cross-section of another exemplary fitting of the present
invention shown in the pulled-up condition. In this embodiment, the fitting 210 includes a
body 212, a nut 216, and ferrules 220 and 222 that may be similar in design to the
embodiments described hereinabove. In this embodiment, however, body 212 includes an
exterior camming surface 224 that engages a tapered surface 226 on the nut 216 upon
proper pull-up. The exterior camming surface 224 may be located on a forward end 228 of

the body 212. The tapered surface 226 of the nut 216, tapers outward from the axis X away
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[0089] FIG 2 1 is a half longitudinal cross-section
of another exenplary fitting of the present invention
wa@b@dnodsmo t he finger tight condition. In this PCT/US2005/013758

enbodi nent, the fitting 180 i ncludes a body 182 and

ferrules 184, 186 that may be simlar in design to the
from €EOBEdyRNLS TIRS eileddsunfaceiz2abmug bel locithd,sfoe rdxaiphe i, a tool

however, fitting 180 includes a different nut 188. The
engaggmentymetipn such a§ahex BPTHPAA0 ndri cal configuration t hat

defines a passage 190 for receiving a tube end T. The

88 has..an .external thread 192.for en t
00951 PR3 768 alls BFwREhEt T8 b B psagror refitRgS ZERBE okl Brosent
invenfi&i€ Bhd¥eén fnhBe fihdritiz@t S@tickB An thie en®¥éifadne thel iRing @50 1i¥dudes a
has a rear face or outer face 196 that_ includes a key
body RS2 2198t 2Ffhe ard\p fisttefongds 260 ababieay be sivde; yie dgsighyto the

tab 20 . e ehch - . 0 j :
ebof lisfedesSapdt HRANE “DE B A SRR bt (RERR 8 Fctudes an
integran fdhe ROD tthaarcad Gxhed tdplare ghe €irstl feyruleedilang ab ahown in FIG. 24,
Ccross-section. The cross-secti

functiggr a5 arseoel &arilbe Hichrorpfish 0?3@’? aﬁ%&‘%&f?@% Pze@h Wheh %, for
exam féagn%xpeerecf O @RELE pBRich! %é, @scﬁ’dﬁign@@é@arﬁih%{ al Rse portion

I'tcul*ar cross section. T tab 200 extends from
270, arheschem)dk eclpeted sons ROSTadt aakapptopaiatei rgdiallymeyyard hihging egtion of

e i EST BAR ThSBe A B G Y Qpghl sre
such ?sa aRlagehEetrfade7k ey o ARre8a dorticdant od teofirsaiferyie t260. The

e key hole 198 to allow the key wench 202 to rotate |
concdpheofnait inte@eel sfiefritlec inéhady it @ ftting bag heers idisclosgd Fgolnternational

[0091]. The 02 al NGl
punt G R RT3 B R AT B B SR goora
hereiR3YdbRrdRE! TR pabicatibiend!tRataieptsaha@sin) forevkr] sresikamglary in
and positioned'to allow the key wench 202 tq straddle
nature petoctha gedsentanvensag aad shavdd peftbereystjiedin adimiHas fense
interfering. [0092] The length of the nut 188 is

009 FES 54 B bl IS of el oot s rscn
inveﬂ_’lc_%gfs Y%h iﬂwhtefﬁntg&gﬁgg @ﬁ@éitibﬂ.enbmyenhﬁ)aim@m, s fitpaersteidcludes a

re 1's no standar ex configuration projecting from
bodyt B82,f & trivit ri2pohoayl 4 st Aerrule r2Wutthat mpe behsipler gp design to the

i had 1 en! i .. t . _
embqldglglal\étg (rsleen 8% %?%%%h@% iol{rytflfé & ?osc’lggérghfgc&&iéh etﬁ% Iﬁ%lﬂt If8n691ncludes a
separhBlé fefuleEBNr thel &6 ditePRdpladeths Eirneat3aib2O0 drhad sitvanein FIG. 25,

the specific keyed wench 202. In addition, proyidin
functifirf pepaseondofermicon$he separse fayulg A% liglétag‘r?d [ t\{lﬁ Gt 286 by

fran%}ﬁl% mr]égéogtlricl)engﬁ’%ﬁ p@gdl;}];éa%téfllrpglﬂw S the KR 280! the)sepRatl€ ferrule 292

engages a camming surface, such as a camming surface 296 on a rearward portion 298 of

the first ferrule 290, and breaks off or separates from the nut 286. Once separate, the
separable ferrule 292 functions similar to the ferrules described in the embodiments
hereinabove. The concept of a separable ferrule utilized in a fitting has been disclosed in
International Publication Number WO 02/063195A2, the entire disclosure of which is fully
incorporated herein by reference. The publication and the concepts therein, however, are
exemplary in nature as to the present invention and should not be construed in a limiting

sense.
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with specific wenches. [0093] Further, because the
nut 188 does not project fromthe fitting body 182,
wo b@saesenbl ed fitting 180 is smaller. This canCbes2005/013758
beneficial in applications in which space is at a
prem um for exanple, autonotive applications.
[0097] H“heaiﬂvymtid}m chag eedl 8ikséribed| withbefeére &) 11RS fdferf@Y embodiments,
hd(ﬁ? 9%4 oSt red ction, since the conplepe nut can
0 {S*‘E?‘? fﬁ T3Qns ‘t’ loRcepy, foy ?téﬁftsﬂmﬁn@fre@ﬁ@g whd saderstanding of this
eci t ads. or
P e PRy S ot sl Rt s hey
comeswihigahel Sﬁoemlfdlerapp&)deﬂ&ialmoenﬂieleqllﬁrﬁfeﬁtsttheﬁms
silver platting can be acconplished by dipping the
entire nut 188. [0094] FIG 23 is a half |ongitudina
cross-section of another exenplary fitting of the
present invention shown in the pulled-up condition. In
this enmbodi ment, the fitting 210 includes a body 212,
a nut 216, and ferrules 220 and 222 that may be
simlar in design to the enbodi nents descri bed
her ei nabove. In this enbodi nent, however, body 212
i ncludes an exterior camm ng surface 224 that engages
a tapered surface 226 on the nut 216 upon proper
pul | -up. The exterior canm ng surface 224 nmay be
| ocated on a forward end 228 of the body 212. The
tapered surface 226 of the nut 216, tapers outward
fromthe axis X awayfromthe body 212. The tapered
surface 226 may be | ocated, for exanple, on a too
engagemnment portion such as a hex portion 230. [0095]
FIG 24 is a half |ongitudinal cross-section of
anot her exenplary fitting of the present invention
shown in the finger tight condition. In this
enbodi ment, the fitting 250 i ncludes a body 252, a nut
256, and a first ferrule 260 that may be simlar in
design to the enbodi nents descri bed herei nabove. In
thi s enbodi nent, however, the nut 256 includes an
integral ferrule 262 that can either replace the first
ferrule 260 or, as shown in FIG 24, function as a
second ferrule. The geonetry of the integral ferrule
262 (such as, for exanple, a tapered outer surface
portion 264, radius portions 266 and 268, a nose
portion 270, and so on) is selected so as to effect an
appropriate radially inward hinging action of the
integral ferrule in response to the nose portion being
driven into a canm ng surface, such as a canm ng
surface 272 on a rearward portion 274 of the first
ferrule 260. The concept of a integral ferrule
utilized in a fitting has been disclosed in
I nt er nati onal

25



Publ i cati on Nunber WO 02/063 194A2, the entire
di scl osure of which is fully incorporated herein by
w0 edosrnedse®. The publication and the concepts tPeT/@82005/013758
however, are exenplary in nature as to the present
i nvention and shoul d not be construed in a limting
sense. [0096] FIG 25 is a half |ongitudina
cross-section of another exenplary fitting of the
present invention shown in the finger tight condition.
In this enbodinment, the fitting 280 i ncludes a body
282, a nut 286, and a first ferrule 290 that may be
simlar in design to the enbodi ments descri bed
her ei nabove. In this enbodi nent, however, the nut 286
Claimd Ncl udes a separable ferrule 292 that can either
— replace the first ferrule 290 or, as shown in FIG 25,
function as a second ferrule. The separable ferrule
1. zezom@ltaﬁf&@gh@% rgnfghe nut 286 by a frangi bl e web
portion 294. Upon partial pull-up of the fitting 280,
the se arable ferrule 292 engages a canm ng surface,
fding comprneny aduntedioaecdee oporaluitead\wiong ayentralons;
298 of the first ferrule 290, and breaks off or
he nut 286. Once separate, the
separghﬁ&n e?ﬁh%e 292 functions simlar to the
ferrul es described in the enbodi ments herei nabove. The
mh Elpﬁ ﬁttfdngaccmqmﬁl wiothet cfwrbel.l_ﬂo'medttb:thez ﬁgsltimtu@g édrhlbdﬂﬁgt to cause
as_been di scl ose nt.er onal Publ i cation Nunber
the tub&éna%ng Y18 ﬂﬁ’?é‘r}%?qdrsquf’ Ssemledt which is

fully |ncorporat ed herein by reference. The

rwﬂﬁmlﬁ ahé Gifst aMting BEMPORGE B SorkshEEEH Tronl QWEMEal tﬁeftEis softer than
nplary in nature as to the present invention and

the ma@ﬁéhwdﬁ%?orw&uwhgsma@l fittingzcompeineitng sense. 097] The
i nventi on has been described with reference to the

RS R AR 9L AR §%re§ét?ﬁézﬂo<‘v%éb [} @g; 2l terations

occur on a rea ‘under st andi ng
of this specifi catl on. It is |ntended to include all
2. Sibetrondyiit fhitirg dOrlsinaidwhdrtiartht isecumd fisiaf *Rbn@sndMeys a hardness

sSco of the appended clains or the
ratio R b, e P GheSR Rl SRotA- o fadlron e Nighgrs seale
conprising: a first fitting conponent adapt ed to

3. I’Rh@&io\d&m@ ORI tlaghd dheReth MeCRt Ealn@ddipornt #88ade from an
device; a second fitting conponent tﬁ can

almealﬁ@ n}aéﬁ and thetsheorkli fitting fornponeyt isongsterferm aﬂlardﬁaekaatehel
tube gripping device to grip the tube and seal when

4. a93%pb4 oL o b
e culs utfé?tét “P{g%rf‘éiaﬂn h?hgrélﬁ%ﬁe% {;lls% h C8P}%P61} H%?] forged part.
5. The conduit fitting of claim 1 wherein the first fitting component is a cast part.

6. The conduit fitting of claim 1 wherein the first fitting component is made from

austenite stainless steel.

7. The conduit fitting of claim 1 wherein a portion of the first fitting component

positioned radially outward from the tube gripping device is selectively work hardened.

8. The conduit fitting of claim 7 wherein the selectively work hardened portion

comprises a set of circumferential ridges.
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the material used to construct the second fitting
conponent; wherein the fitting is rated for pressure
w@bwsaoabout 12 ksi. 2. The conduit fitting ofPcl/asrmio13758
wherein the second fitting conponent has a hardness
ratio relative to the first fitting conponent of about
9, Thedeohdhi® fRiide 8P clalig 1\vEdEihghs Goheendof thesecomiddiittihg component
fitting of claim1l wherein the first fitting conponent .
further idefinescrerctainime portaombaradialhpeisiaining e tpe gdpning device against
fitting conponent is made froma hardened material. 4.
Pressifene conduit fitti ng of claiml1l wherein the first
fitting conponent is a forged part. 5. The conduit _
10.  Thd ¢édudgit dfttind of ¢huiln Windieedimthielsecdnidrfgting cemponent Grfheneormprises
.ls a cast part. 6. The conduit,.fjtting.of claim .
a radialjy e¥tending petace raéfiptf’ﬁ-lr fq ?I}g@g%w&b*}%@rﬁxt‘?“gl%%‘é%a?? 8’Fn%he first fitting
t G0 | Thgo@RstUiotqel febjhiel & continue
compoffyt <EY iyt Shelk %*‘?%3???2%“58%7 e Tirst it nfj
pullingewgnthe ffi¢iiig ocharpiymeasadi al | y outward from the tube
gripping device is selectively work hardened. 8. The
ndui t .fi.ttin f.claim7 . j h td
1§67 ROt Bhing oo 1 oS OBE Ty GrpRLRETMHALY on the first

fitting Sdrh eEprisal a kbbagsadmidhertoa dud thefradinilpgxtefiding airface on
1 erein the front end of the second fitt

. LN
the firs ditpomepmpeuant faneryexdiallsouwarsh & # Fgmphthet ff?ﬂ% qugyof the second
. radially constraining the tube gripping device agai nst
ﬁttmgﬁ? Ogllfpé 10. The conduit fitting of claim1l wherein
the second fitting conponent further conprises a i
12.  Tadicahduit fttingnsfi olgins it frdeesin daptaditlly cexéengéngesuaface on the nut is
ace on the first fitting

radi al | y extendi ng sur
angled@&ﬁ?fﬁﬁéﬁtdeg-ﬁﬂntt%‘fe“ﬁﬁ #X15-engagement causes the anount

of torque required to continue pulling-up the fitting

13.  TBeSHAdR! ﬂttiing%‘f@ﬁt%ﬁ-l WherethiiBe 608 @tippinkidetlos goniprisdsait ieast one
10 wherein the radially extending surface on the first

ferrulef i tti ng conponent conprises a second canm ng surface
and the radially extending surface on the first

Ltting €o € e ! fhodd@Ycd Efiprises two
14. Ellﬁlg ‘forngﬂlﬁ @ﬁggo&t f%@ﬁsfé?g{r’?%% ?‘%1% %f%%w?gg‘goﬁent .c 12‘_%{113_%
ferrulggondui t fitting of claim 11l wherein the radially
extendi ng surface on the nut is angled at about 45

deg. f[c%m,the central axis. 13. The conduit fitting of
15. & eonduit fifHes SPAPES®E: ube gri ppi ng devi ce conprises at
| east one

a first fitting component adapted to receive a conduit end along a central axis;
a tube gripping device;

a second fitting component that can be joined to the first fitting component to cause

the tube gripping device to grip the tube and seal when assembled,

wherein the second fitting component includes a front end defining a retaining portion

for the tube gripping device;
wherein the fitting is rated for pressure above 8 ksi.

16.  The conduit fitting of claim 15 wherein the retaining portion radially constrains the

tube gripping device against pressure.
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ferrule. 14. The conduit fitting of claim1 wherein

the tube gripping device conprises two ferrules. 15. A
wa@oeovdaod3idi tting, conprising: a first fitting BPOIYpSIVEs013758

adapted to receive a conduit end along a central axis;

a tube gripping device; a second fitting conponent

17. Thetbofdit REinp UM Qsind 05 tRréihIthé tibet gripting devioa@oinptises a first

cause the tube gripping device to _%Ejlbp t he, tgb and )
ferrule gadip sogvad farsele abd e relgiing partiondadialborrnsiping ﬂ@l ferrules against

conponent includes a front end defining a retaining
pressurﬁbrti on for the tube gripping device; wherein the

fitting is rated for pressure above 8 ksi. 16. The
18.  Th&duwintluif i fittihg gofotlathai 5n vikerevinethei secohé fidingi epmppnent further

o LIRS STl L e LA SOLAR .

secondvﬂﬁﬁg 'b&ng&fen’é HRE 4t RRE BN ERR AR HGurd of tor§ie required to
ferrule and a second ferrule and the retaining portion

continuepplilbhg-yp terfgtingtonshatpdy inciease.ul es agai nst pressure.
18. The conduit fitting of claim 15 wherein the second

pttin oppaonen urt her ri;se ' :
L
extendfhe! RRALH B Tidrsbesid fking kempesan dnd ilid jadipllg esfeadmgtsusfacdhon the
t hat their engagenent causes the_amount of torque
first fitting gpmpenang farBy @i sserndaty ssahpganst {IHE BIESEeng to sharply
increase. 19. The conduit fitting of claim 18 wherein

20. :’)[?8 tcﬁﬂ@lﬁg %ﬁﬁ‘%} ?).b ebnganR Gvﬂ@reﬁ?ﬁieatlahﬁéllﬁ Xk dindOsua et d%ethe first

e seco itting conponent and the radially
fitting eadnpoutinh gorapitifea a@eamdidamniing surfidetand thy rediafy seiending swiface on

SIRCICL T TIIET N ORI

ﬁtting%élrn Bfinag surface on the first fitting conponent
con‘grl ses a second camm ng surface and the radially

extendi ng surface on the second fjtti n% conponent
21. {Eaoeosdyinfftig of daimndl tvhaway thergialln extending supgceen theesecond

. second fitti it fitting of
ﬁttmg(gpgxipml%lwgye%aﬁ %Qﬁ?gﬁaﬁ% ﬂ-é—g?eélﬁglp%gé'surface on the
second
22.  The conduit fitting of claim 15 wherein the first fitting component includes an

exterior portion that is work hardened.

23.  The conduit fitting of claim 15 wherein the retaining portion comprises a generally

axially extending cartridge.

24.  The conduit fitting of claim 23 wherein the generally axially extending cartridge
includes a conical wall that extends at an angle of about 5 to 20 degrees relative to the

central axis.

25.  The conduit fitting of claim 24 wherein the tube gripping device comprises a first
ferrule, the first ferrule having a rearward portion and a tapered outer wall portion, the
tapered outer wall portion extending away from the rearward portion at an angle of about 5

to 20 degrees relative to a central axis.
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fitting conponent is angled at about 45 deg. fromthe
central axis. 22. The conduit fitting of claim15
wok@saodsida he first fitting conponent includes BOT/US2005/013758
exterior portion that is work hardened. 23. The
conduit fitting of claim15 wherein the retaining
26. BRI ddn@iit bBASnE24 eMheforl the tabe glipping dévdeeliunder compnsmg a

cartridge. 24. The conduit fitting of clalmzs\gg gl
second ﬁb:eulgémeml 3 ﬁrséﬁn@an@ acseeatieney the firsticnd snpieng Hfissatgeast one
coni.cal .wal | t
ferule 30 360t &t S0 R End i g 1B nEQRhd iy ckhling o
driven §1irfafcb RGapéd Bl auighgthe drieingi sarfateof thb ecagnil fittingcaheponeat radially
nprises a first ferrule, the fj ferrabe havi g(ﬁ th
spaced rfwflv@? cFopavit ik BhEreR fhe srcend fRatadially r‘i‘%“&‘ﬁal théy the
outer wall portion ext end| ng away fromthe
retammrggg)rwar'd portion at an angle of about 5 to 20 degrees
relative to a central axis.26. The conduit fitting of
27.  Thatondhdt ﬂmmgeifrclaihezﬁ wheraim itppsasgnddede mq}mldeﬁ@rtapefed outer

canpr.i Si ng seco rrul e hav
wall pBgb R SAtpnds ey gt e O aY Aot Pt poiE 838 g5 degrecs
rdaﬁvgﬁﬁﬁykgﬂ@@gxﬁncludlng a sharp edge for b|t|ng into the

conduit, the second end defining a driven surface

adapted to engage the driving surface of h ond 1 f
28.  The ppm@lfcﬁﬁ@grﬁrpﬂalmam gthgpng g&@ge FigRng VE)& spcon itting

compoe%xﬂ a{él\ﬁéaiﬁ? Oécbﬁep ?%éﬁ? 81:1als,1n gferéégé?n‘bl? of kﬁ%nkt)illatwn and in a finger-

faine ng port The conduit
tight cdddifiorng of claim 26 wherein the second ferrule

i ncludes a tapered outer wall portl on that extends

away fromthe con d at .,an a 5
2. Fhgrenditisiagp 2% Redh R as S s haaf Rghet B ot
fitting of claim15 wherein the tube gripping device
30. 'CFPQ é&ﬁf?ﬁ@mﬁg bf £1A8N 2O KRRASN theddsSenttal i Hiedd Rigbther byp apaditesive.
a single assenbly prior to installation and |n a
fingertight condition. 29. The cothgwt flttln femal
31.  Jhaicondsgt Gitimeaifislaimel Sagyg@rﬁm She,fgs qtlagtcgglgp nyﬁl,ud(fs a female
thread%cgg%l?;}Bp );md Ill?%sergé)ﬁqjﬂftl féohfp'oﬂ&"gﬁﬁcélggesﬁél% tlﬂ'é.ﬁdl&! porti&€ adapted
to threG@bidlérdgakt tie fe@akafthlfeh@edrpol'ﬁombéﬂle ifinsttfiieng congponfent: t i ng

conponent i ncl udes a f enal e thr eaded porti on and the
second, fitting corrp

32.  pPofirstdifting gglpgq'pent he Qlt to _]0111 &) a seconH‘%J tfng ing c 8&%% of a conduit

fitting to cause a tube gripping device to grip a tube and seal when assembled, the first fitting

component comprising:

a structure for retaining the tube gripping device to the first fitting component as a

single assembly prior to joining with the second fitting component.

33.  The first fitting component of claim 32 wherein the structure for retaining the tube
gripping device also retains the tube gripping device to the first fitting component in a finger

tight condition.
34,  The first fitting component of claim 32 wherein the structure comprises a socket.

35,  The first fitting component of claim 32 wherein the tube gripping device is integral to

the first fitting component.
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to threadabl e engage the femal e threaded portion of

the first fitting conponent. 32. Afirst fitting
waeoeowpansnt adapted to join to a second fitti ngPCT/US2005/013758

conmponent of a conduit fitting to cause a tube

gripping device to grip a tube and seal when

36. Th8 @iﬁmlﬂe@m% tdiBpdrienSéf dldibd 3NGheohhe ave PPl deivitdis &tached to
structure for retaining the tube grl ppi ng_device to

the first figging cerponent end geneigsomwen Parial pulkup gf trediftivgbl y pri or
to joining wwth the second flttlng conmponent. 33. The

f'[;hE i fﬂtﬁﬁ &{EHP QPHEIHP% ; gﬂg{ﬁ §t°oo‘1\’9&§feﬂée§ Weh the structure to

FUCT ure etalnlng t e grippi evice al so
retain ﬂettﬂ)mgmﬂmag dletha tgrthefirshfjttohg\comgponentt he f irst fitting
conmponent in a finger tight condition. 34. The first

L tti {
5. dbpphPOaEnE cotruent oF TR VeroiF 4t plGo b repEhgREs i the
strucu&é & 1t thehes b iR ddigieodnd Akt Afing@ohdRnéd. | nt egr al
to the first frtting conponent.36. The first fitting

conponent of claim 32 wherein the tube gripping devi c%
39.  Thedirstafitiing qomponents of eleing B2 (wheseie dhe stieciurealqy retaming the tube

. epar 3 h
eropif FHES B o P S8Rl colinoR ofBfls 4 Ofimth e 05 T
cooperates with the structure to retain the tube

40.  gx cqpluitdittryicomptisinghe first fitting conponent. 38.
The first fitting conponent of claim 32 wherein an

es s.wth the structure.to retaj
gl sy BBl SRats t ireor PPLISF FeFivile L Eouplol il 2 central
axis, tl%gmteﬁhﬁ bf)l‘er}ﬁatm{g 4 tikdang SeHRAN AN g Silr#lce) WRerehitthe body is made
he structure retaining the t %e gri ppi ng device
ﬁmnanamﬁhkﬂﬂnﬂsmdflttlng conponent conprises a tapered
recess. 40 A conduit fitting, conprising: a fenale

t.hr eadex | interi (ol
cao%e&lﬁrat %Q%r I}ﬂ%eigg’ul%rhagglltgsd: i eﬁ&’ ﬁ%létiofﬁor % ?éé%iﬁggPﬁgomon
the firsd ehd psﬁtloﬁﬂﬂvﬁ‘@@ﬁaﬁere& oien guﬁaa:effemmgagmgrthe firdt embmngy surface to
is made from an, anneal ed material; a generally annul ar
form aprimpry seal pgaiastiNd PGSREi r st end porti on and a second

end portion, the first end portion having a tapered

QiJéef%ora?HIrJnﬂﬁl%r £Qoné @%ﬂé AGvihPa frktr &ld goridn &igaﬁﬂfgfﬂii@ gccond end

rma primary seal against fluid pressure,
portiorgefitheafirsty fearnhe: brack asemmobnﬂerxonmredmvnm@ daivien rsgtfa@m ¢he first end

pOI’thIP 1ncfu|d9nr2g aesql%rpgec&% épﬁuﬁg 0 gPhe condult and

a male threaded nut threadably joined with the female threaded body, the nut
including a central through bore for receiving the conduit, a front end having a socket defined
by an axially extending cartridge; the socket having a first portion adapted to receive at least
a portion of the first ferrule and a second portion adapted to receive the second ferrule; the
second portion defining a drive surface adapted to engage the driven surface of the second
ferrule radially spaced from the conduit; the cartridge having a tapered surface for engaging
the second camming surface to form a back-up seal against fluid pressure, wherein the
engagement between the tapered surface and the second camming surface causes the amount

of torque required to continue pulling-up the fitting to sharply increase;

whereby the cartridge radially constrains the first and second ferrules.
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portion of the first ferrule and a second end portion
defining a driven surface; the first end portion
WO p@baaisng a sharp edge for biting into the copdnig2005/013758
and a mal e threaded nut threadably joined with the
femal e threaded body, the nut including a centra
41. tAnetgd feocendedting @ cehduingnd tvea fiestditiiig canporent hengg a tapered
havi ng _a socket. defined by an axially extending
surface.4h¢ picthgd compEsiagdhestersRfi ng a first portion adapt ed
to receive at least a portion of the first ferrule and
rSAGRABh ot Wﬁﬂinag'@pﬁﬁg fithd GBpdRnt K RBENME the conduit end,
errul é; the second portion defining a drive surface
wherein degdiozelinchiden g fige coimenivlg swdacessur f ace of the second
ferrule radially spaced fromthe conduit; the
cart.rid havi n tapered surface for engagi ng the
§%@8W@g% %EP ggggato form a back-up seal agai nst
fluid pressure, wherein the engagenent between the
tprpddiad 6 suchad itiamg cdiporsc anth £ aentraddhusugl dose fausedving the
the ampunt of torque required to &ﬁgtinue.pullin -u

conduit, hwhetein jthey spepngh Gfting, compprraddls affeidbio dRR tar ?ifgféte fitting
i @bl I A £l aNdi5885 Hgrrules. 41.
compokaﬂnbt gééco?l g?ﬁ%%@%%gt 121&;1212%1& uit aenog ?%tla Tirst
fitting conmponent having a tapered surface, the nethod
qusipionsigribe tube ent cths twfe: gripping déivivg, andogrieasivi phitiontdfghe second
fitti first f{tt'gg CE onent for receiving the conduit end,
itting GprapReRt WHANEBY BOendidides a first canming surface:
providing a tube gripping device; providing a second
fhdllinglgp ERTEARRNbY Wbinthgatheentsml fitthigosghipdiene afidthe first fitting
receiving the conduit, wherein the second fitting |,
compopetp HRETFIN ke BSREWING dpHre, fargs . Eutd propsure spgligpainst the first
. ; ng. fitt] | t.d udi -
camm{ig RPREL snd AP sBHEA Kl SefibnE BODEY cdrREHHE (80 1, srivping
deviceQidappt Muidlgvdsage, aheredt al tapertd auyfavet 0D theofecbhd fRw® wdmponent
fitting conponent w thin _the bore; and pulling-up the
engagdsj the  taRpres; syigacsi ofgthenirst SE& e carPneRy g‘t s?ﬁﬁsﬁggtaﬂ%ﬁ’&p of torque
i hfite dultibidd- QP& bharpMpfifcfiale. t Ne tube gripping
requlré evicg){éﬁ@%ﬁ%ﬁﬁeg thlggﬁgr%ssu? segl aagai nst the first
canm ng surface and the second fitting conponent
42. rAdbaddiyfitingstongirissng: he t ube gri ppi ng devi ce agai nst
fluid pressure, wherein a tapered surface of the

fi .
R e e
torque required to continue pulling-up the fitting to
shaibpleyipping Hedise,

a second fitting component that can be joined to the first fitting component to cause
the tube gripping device to grip the tube and seal when assembled, the second fitting
component having a portion that upon assembly engages a tapered surface of said first fitting

component.

43,  The conduit fitting of claim 42 wherein the engagement between the portion of the
second fitting component and the tapered surface of the first fitting component causes the

amount of torque required to continue pulling-up the fitting to sharply increase.
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42. A conduit fitting, conprising: a first fitting
conponent adapted to receive a conduit end along a
wa@eosned3i@xi s; a tube gripping device; a seconeCT/UB10051013758
conmponent that can be joined to the first fitting
conponent to cause the tube gripping device to grip
44, The cbne: fthidg DELaimhenwasanieqbrtiéhef fewaoshdf fitting vgmponent
conmponent having a portion that upon assenbly en age
that upgn pagsEIbAY|ergages tapered suiface ofsaid finst gﬁ% CeHWﬁéﬂ’é ﬁ? a W%%CG that
' it tel f j Pt ment
tapers RIS ANl sy oA i Ehdb e SR i R
and the tapered surface of the first fitting conponent
45. Thesesddihditampofitclahn #drwereinetai radidl sorfaesnen rthe second fitting
ull.ing-up the fjtting to,shar i ncrease. 44. The
Compog?i‘ﬁd%f“?gl?‘f%ttalgﬂbt 4§f&e§t &P%thﬁc%ﬂgh éﬂﬁ the portion of the
second fitting conponent that upon assenbly engages a
46.  rBO6RELIS Hitfpcer Ahin® aB dviidréiatthé itdgerdtigsie P 9 poditibiedaon a tool

surface that tapers radially outward away fromthe
engagefmen posior of thetsgeonskletéing compeRey conponent. 45. The

conduit fitting of claim43 wherein the radial surface

t Ao Tt {1b 0 tind § gttt ADPSKitichRd on a

47 3@8&?‘9@% ffl (df] Sl 430TRORG the RaRRel Séhefle B ing of -
generally akiill¢ Ixwheingicarttidge. t aper ed surface is positioned on

a tool engagenent portion of the second fitting

conmponent .. 47. The.copduit fitting of .claima43 wh i.n
45 {iRe coage dutes,of SBUR L deren dhe Ahsreipeylh By e JRIE"S nose
portio@?ﬁ(?l[l kéﬁiﬁy SAHINME BRIk WIIEn tHPtapdrB@ s@P@Us & siirffideiohghe flange

of claim 42 wherein the tube gripping device includes
that tapers oaskalyorutwand axrey feom di Fontyend of BisdeerndriitHpg cOmPRIESE n

the tapered surface is a surface on the flange that

tapers..radi all f:romthe front end of the
49. é%g%}ﬁ%ﬂffﬁﬁ% t]oé)é@gﬁr%%iﬁéerg{’.%X@éljlgl%\g'conduit fitting for a
conduit end, conprising: a fenmal e body adapted to
refegialesbddhadgneatio recdndtheaonduitiend; gri ppi ng device; a
mal e nut that can be joined to the female body to

cause the condqui.t gripping device to grip the conduit
Arf@nduis PIRER d5HEB bl ed, wherein an exterior portion

of the femal e body, positioned radially outward from
th@ale nut that can be joined to the female body to cause the conduit gripping device

to grip the conduit and seal when assembled,

wherein an exterior portion of the female body, positioned radially outward from the

gripping device, is work-hardened.

50.  The conduit fitting of claim 49 wherein the conduit gripping assembly comprises at

least one ferrule.

51.  The conduit fitting of claim 49 wherein the conduit gripping assembly comprises a
first ferrule and a second ferrule; the first ferrule having a tapered outer surface for forming a
primary seal against fluid pressure with the female body, the second ferrule having a first end
and a second end, the first end engaging the first ferrule and including a sharp edge for biting
into the conduit, the second end defining a driven surface adapted to engage a driving surface

on the male nut radially spaced from the conduit end.
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gri ppi ng device, is work-hardened. 50. The conduit
fitting of claim49 wherein the conduit gripping
W@s®si3yo conpri ses at | east one ferrule. 51. HEEUS2005/013758
conduit fitting of claim49 wherein the conduit
gri pping assenbly conprises a first ferrule and a
52.  @e@adddie e of tchimf 49 sthefeii thd Gerhaly ibddy anddepomdan annealed
.outer surface for formng a prinmary seal against fluid
materiahr essure with the femal e body, the second ferrule
having a first end and a second end, the first end

' WaToX FTV e TG edge

S R P A e B B e
driven surface adapted to engage a driving surface on

54.  {The aenfleit fiiting adicddimy 49 p'd@é@inftg@ rfempls eatydisi made dtopp austenite

tainl Thg}fonduit fitting of claim49 wherein the femal e

STAIICSy § ﬁ'nade froman anneal ed naterial. 53. The conduit
fitting of claim49 wherein the female body is a

55. e geeduiefitting o4 claith @9 eeteekin thef xtdriorgwork-ledrddned 46rtion includes a
wherein the fenmale body is nade from austenite

set of cypynfredial §gest . 55. The conduit fitting of claim 49
wherein the exterior, work-hardened portion includes a

56. EI?E cplfldLﬁf £ERETE R 49lwHA LR R exedior, WEKCRREHeH pbitidniidludes a
of clalrm49 ereln the exterior, work-hardened

male thpeadt i on i ncl udes a male thread. 57. The conduit
fitting of claim56 wherein the male thread can be

7. FREIRTER Bele OB B PrRGTa Rhy e IR

threaded@IEPiceses a |l ock nut. 59. The conduit fitting of claim
57 wherein the fermal e threaded device conprises a
nmeans for cpnduit_sug ort. 60. The conduit fitting of
58, dlhaicendmit HEeRtoltine 1 SibaTein e BGSIERSg? devigmpRmRsss a lock
a means for attenuating vibration. 61. The conduit
fitting of claim49 wherein the second fitting
conponent includes a drive portion conprising a rear
59. frheeonduihfitingeyf chuime 7adzpeiodhe Brradcireaded didge ¢auprists & means

eyed
for conlélu% support.

nut.

60.  The conduit fitting of claim 57 wherein the female threaded device comprises a means

for attenuating vibration.

61.  The conduit fitting of claim 49 wherein the second fitting component includes a drive
portion comprising a rear face with a key hole adapted to receive a key tab of a keyed

wrench.

62.  The conduit fitting of claim 61 wherein the rear face is flush with the first fitting

component or recessed within the first fitting component when the fitting is pulled-up.

63. A female fitting component adapted to join to a male fitting component of a conduit
fitting to cause a tube gripping device to grip a tube and seal when assembled, the female

fitting component comprising:

structure for constraining the tube gripping device;
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wench. 62. The conduit fitting of claim6 1 wherein
the rear face is flush with the first fitting
wae@oeowpamsnd or recessed within the first fitti nBCT/US2005/013758

conponent when the fitting is pulled-up. 63. A female
fitting conponent adapted to join to a male fitting
canpaBttpodfiortwbANKHIdnel i iﬂe%geat&rﬁcﬁﬁi}s(ﬁma%éiﬂge
gri pping device to grip a tube and sea en
assenpled, the female fitting conponent conprising:
SWﬁEF@’(HLfS% fomale componeat i fﬁgn‘tcﬁﬁom@b@ngealgbma@ridbvi ce; an
exterior portion work hardened in the area of radial

64. CARSh#dt HtincWHEL & f&ﬁ%} . component i s formed
from an anpr?gal edg%l{zitug:é?l% i fsm%. conduit fitting for a
conduit end, conprising: a female fitting conponent
h&Jemagle dfiting tconiponetichayimgn dn antembre biet 4ridng B8R eS component

Y th.the first fitti onponent to assenbl e
joined: tvﬂ{el{]t?l? tﬁ%@glt i étnbg,ﬁoan%ongahﬁﬁsien‘gﬂ%ﬁlegﬁ%ﬁ%ﬁ%to@d:,oné@ﬁ eids t
end retention positioned within the bore; wherein an

exteansdor purduitend @étehtitt Jo3hed (vithid the peRIPONENt ,
positioned radially outward fromthe nmeans for conduit

end retention, is work-hardened. 65. A nethod of

MG P L e i CKIRg08 RoshRIuiof the tfemply filingaceroprnent, positiontheradially
outwaRIGRGH ke rﬁéa{ﬁs!f&gccﬁﬁ{lﬁ dnd %telﬁfoﬁsi%%o?k—%gféfége&z ksi, the

met hod conprising the steps of: providing a first

fitting conponent nmade from an anneal ed materi al
65.  capaghed of nipsiufagtueigka endlién&tiingnibe hai eundgitandOlif conduit fitting

L.t he first.fitti conpaonent: provi ding a
rated %hgﬁ%gﬁr?‘lﬁp{%l’ tb%@’r‘?g&’& Cﬁgg’ﬁﬁngﬁ%ﬁwstcfﬁ n the bore
for retaining the conduit end within the first fitting

quovidingri firsb GittinpheoniRinkatmade £bml A fRehiel bWhMidrial capable of being
work (o30) ?g(g& ng the step of work hardening an exterior

n of the first fitting conponent radially
outward fromthe conduit griping assenbly. 67. The

L i f k har deni
RidRaEn O4 bﬁe%mlﬁgﬁ'@ﬁé g?féﬁkgﬁlg%&?' of wor ar deni ng

conpri ses astic an ’exterior portion of
the first fitting conponent. 68. The nethod of claim
FPEovifing i pondue stiying hsseobky hasidamidngithianbe i®es for retaining the

Condui{‘?’{dlt‘:”ﬁgn&}gr %ﬂﬁﬁﬁ{é c%ﬂlp%ﬁgne&ri or portion of the first

66.  The method of claim 65 further comprising the step of work hardening an exterior

portion of the first fitting component radially outward from the conduit griping assembly.

67.  The method of claim 65 wherein the step of work hardening comprises plastically

deforming an exterior portion of the first fitting component.

68.  The method of claim 65 wherein the step of work hardening comprises rolling threads

on an exterior portion of the first fitting component.

69.  The method of claim 65 wherein the step of work hardening comprises creating

circumferential ridges on an exterior portion of the first fitting component.

70. A tool for holding a fitting component having a central through bore together with a

tube gripping device as a single assembly, the tool comprising:
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69. The nethod of claim65 wherein the step of work

har deni ng conprises creating circunferential ridges on
wW@roossabesno or portion of the first fitting conpPEENE2005/013758

70. A tool for holding a fitting conmponent having a

central through bore together with a tube gripping

Q@Mh&e as a single assenbly, the tool conprising:a

head:” a plurality of flexible fingers extending from

t he head wherein at |least two of the pluralit

pimlyelity ohH8puble ﬁngem swignding froos ithq bepde verain ¥ﬂeast two of the
proraicp e B IS0 ph dSpf B e A Gl O ot e

cooperates with the head to retain the f|tt|ng

oxdhiepshin eind resed Yt tthid isgl i gpi dfgatdleaﬂ't adeoorf ﬁlhepltlmt]ity aﬁ fingers,
si ngl e assenbl 7 1, The tool aim 70.wher
cooperglp Wi dhe hekiadetrin b iting senpanentand HRTRe GbRE Spdespn the

Q g"%@éxﬁb he plurality of flexible fingers is two

RXﬂaS%'nlerg 73& The tool of claim70 wherein the head

further conprises a gripping portion. 74. A method of
71.  (ieitog] ofiplaim dOrvcheirein the tophig neadapions  plgsie st eps of :

providing a first f|tt|ng conponent having a bore for

ARt RPeRn A b S R A8 RESS Nl bl e
gri pping device; retaining the tube gripping device

73.  \iHehodl of bRira FOkedtiertia tiodad furtieer tcoln@risesi ppippingigortion
and second fitting conponent together as a single

ass ly,. installin he.conduit .end. and th S|ngle
S Tt v Pehde TRE ForgprisSRares B o
uII|ng up the fitting to secure the conduit end in
E}H@Vl hing St firkd ﬁthh@ JomPORAA BiMing 4 Dore HoLredBiviRth @ndait@hd)
wherein the Step of retaining the tube gripping
device within the socket further co i ses the step of
mroviditigrigsegand ditiéng oempeiofk bavips e @ghpfé T Focervinga tube gripping
conponent and tube gripping device that will rel ease
under the strain of pulling-up the fitting. 76. The
net hod of claim 74 wherein the step of retaining the
tl‘dtaﬁu@ ihepiggdieping devit¢ Withint the ssakek tat candigiteciube gripping device
npri.ses the step cri n%%mmg?(tlon of the second

and seqqngltﬁt’ﬁlgg Wgﬁ{ogetﬁer as a sl

72.

N

74.

N

device;

installing the conduit end and the single assembly into the first fitting component

bore;
pulling-up the fitting to secure the conduit end in the first fitting component.

75.  The method of claim 74 wherein the step of retaining the tube gripping device within
the socket further comprises the step of providing an adhesive between the second fitting
component and tube gripping device that will release under the strain of pulling-up the

fitting.

76.  The method of claim 74 wherein the step of retaining the tube gripping device within
the socket further comprises the step of crimping a portion of the second fitting component

to retain the tube gripping device within the socket.
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to retain the tube gripping device within the
socket.77. The nmethod of claim 74 wherein the step of
WO eqoailmi3ng t he tube gri pping device within thePGDURBD5/013758

further conprises the steps of: providing a tool
conprising, a head, a plurality of flexible fingers

77.  dht emihodgof dlam Thwhheadthestepr fi ratanting thagstbd gvppifig titdce within
I ity of .fipgers include a raised |ip positioned

the so"%&ﬁ"%‘b@ﬂ"&?@?ﬁﬁ%ﬁ ,ps\f\’iﬂer ein the raised |ips and head
define a carriage; positioning at |east one ferrule

and n?;;fov@dﬁﬁggt@djeoﬁlgﬁgihgge wherein the at | east one
ferrule is positioned wthin the socket. 78. The tool

of claim70 wherein the tool self disengages fromthe
tube gripph§adievi ce when inserted into a mating
fitting conmponent. 79. The tool of claim 78 conprising

a feature t i ndi i .
assanbly kA e AE RSy T IR 1R grhergin ot loast

two of the phrgliiyed fihgemindhede aagsed dipgoisitignetbatitber distal end;
wherein the raised lips and head define a carriage;

positioning at least one ferrule and nut along the carriage wherein the at least

one ferrule is positioned within the socket.

78.  The tool of claim 70 wherein the tool self disengages from the tube gripping device

when inserted into a mating fitting component.

79.  The tool of claim 78 comprising a feature on the tool that indicates sufficient
assembly with a mating component so that the tool is disengaged from the tube gripping

device.
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