10

15

20

25

30

FI TTI NG W TH SEPARABLE GRI PPI NG DEVI CE FOR PI PE AND

TUBE Rel ated Applications This application is a
weomwsiomIati on in part of co-pending United StaP@sUS2004/026096

nati onal application serial no. filed on August 6,

2003 for TUBE FI TTI NG W TH SEPARABLE TUBE GRI PPl NG

RING which is a national application from

I nternational patent application no. PCT/US02/ 03431

filed on February 6, 2002 for TUBE FI TTI NG WTH

SEPARABLE TUBE GRI PPI NG RI NG bot h of which claimthe

benefit of UI”‘I ed States Provisi at ent

o TINCOWIa 8 SEP KA Bl aaakriNg BEVIER Bk 2gE, A TBE

2001 for TUBE FI TTI NG W TH | NTEGRAL NUT AND FERRULE,

and seri al no. 60/329, S«lated Applicatiomy:t ober 17, 2001

for Ei]E'u %ﬂ— Hon §he &fﬁhht‘i Pﬁ“ﬁ%a?ts Hf €8-p8hdin flé'}qgh g‘ﬁates national

are ful corporated by reference. Technica
apphc}tlomﬁenalmoe ntion_ Tihel stulﬁjuelcst 6i PRO8rfoi EHBESFI@EENGaW?H SEPARABLE

TUB I(I’}ﬁﬁ,tl)ﬁg? K a%}’hlcl’} B nat1|0}1alI ?l?caflgr{ fBinPite na?o{xeﬁ p%tent application no.

re par he |nven on 1Is I rec
PCTAUSAR B 43S fitedben fFiebman'yg6 t2090 fos EUBE FUBEINGS (WJHIGEPARABLE TUBE

RIS Ryt ok B b bEERES 5SSt et st

seriaBy§S 0RbE, 7DNHRd @ntﬁu&ea@m}l 20(Bafok JUBEIITOING W@IT‘I—DM@ML NUT AND
Tube f|tt|nﬁé are used to join or connect a_tub

FERRYLEn#cheriahaanel 329,348t ff:]l@ql ip Pgtober hbr208e ,f%;rU@g FITTING the entire
discl?t{ﬁf'gst&ﬁ fof W&gra?éﬁllg_pﬂﬁgrpﬂﬁtédmyq%ﬁn& fittings and el bow

tings exa or device that needs to be in

fluid comuni cati oMWhMch as for

exanpl a Ve, Y nd.
" oy ngne BBt FusihEn ¥ BohenTh iBeblio I MEof it A fhge and wbe
Mmd%ﬁﬁaﬂalﬂ\/&hé invehort tsbéirdcteldt fore flangkets axbeofﬁmhg Slnattums a tube gripping

nportant, functions wthj the ressure era
clemggh i R JEREd & P Philie SBIRE, BETPHE A &ggpeates therefrom during

asserg@§b%%qugeoengeet First, the tube fitting nmust grip
the tube end so as to prevent | oss of seal or tube
bl ow out. Secondly, Bglsggmuné_ﬂhsiu@_mst mai ntain a
pri mar .
yl‘t ?g ?ilttl %9 %&e”tfs d Fﬁ&econﬂga{sa Pﬁg léh& W ihe: Iﬁgeté%b%r, whether that

tube f nctions has
othert hemlohr ibe |angthé1amb@ Bnd such b ¢hrbught T-figginge sndyplbbwriittegsa flesxample, or a

Al tity of .f.gctors influe edsi a.tu
devic Rt b G e PISE VI DR CMERn P PO RRAARER 2 vabve. 4s
used ‘ﬁéﬂeinethé frmP Blub&amid CtibihgdRYe fnteheed tbﬁﬂidlm Bﬂe&mtgﬁ lishikdd to pipe as well.
be: 1) the characteristics of the tubing at the

Any e iiog st sgomelish PH0 TRRTAH{GHIHE IR DS GFosuire, temperature and
v1b1a9§1{1' ﬁttgﬁa ﬂ‘la‘?gﬁttﬁﬁe ?t'ﬁﬂg Weldsichtd fRERS Firdi @hezt)lbé hﬁl ?lﬁ*ﬁ%t grip the tube

or mance IeveI required of
end sblas ta prgvehbloss Q’@ealrw arbd btbvapp! Secandlynibe urbh@ﬁﬁgmnust gnajngain a primary

seal agamstqgakggé uﬁje rfaqutlrtelmrégt thzll'tacittugeefltjtm bz!tc\éoﬁglmhe[ﬂ%g t&,gl functions has been the

driving factor in tube fitting design for decades. A multitude of factors influence the design of a

tube fitting to meet a desired grip and seal performance criteria, but basic to any tube fitting design
will be: 1) the characteristics of the tubing that the fitting must work with, including the material,
outside diameter and wall thickness; and 2) the tube grip and seal performance level required of the
tube fitting for its intended applications. The goal is to design a tube fitting that reliably achieves the
desired tube grip and seal functions within whatever cost constraints are imposed on the product by

competing designs in the marketplace.
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desired tube grip and seal functions wthin whatever

cost constraints are inposed on the product by
w@ovpetd7ny desi gns in the marketpl ace. A fl ar el BEGEUS2004026096

fitting generally refers to a type of tube fitting in

whi ch the tube end remains substantially tubular, in

contrast to a flared tube fitting in which the tube

end is outwardly flared over a fitting conmponent.

Fl ared tube ends are commonly encountered in use with

plastic tubing and plastic tube fitti ngs. The present

i nvent i rmrll directed to stic¢ tub
ot ube e e Bt e B FE6 143 ige ob e Btng in Which the tube end
remainsgBbétirG Rl kybuth f if @bsRdst hahheass itk HBVIGER Ble tube end is outwardly

roperties that aff ability of theflttlng
flarey o @ﬁlﬂﬁ"gt GOmPOPEHE- i:iﬂi ci)f@g ie8ds ¥R cg@gwgt gncgungpred in use with plastic

tubuiéoé&ﬁ\i%stlc aheEitGigs! e dsREAtiSveRliod ﬁ%o't Px\iﬁ@fﬂyQﬁreUn@bf to plastic tubing or
ply to non-netal tube fittings, i cul arl

tube §1€wﬁ aptagse yple ﬁgmbbwglg@lf&a@m dlﬁfglﬁefccthallqngb%alfd metpned properties that
t {
affecgpﬁ abfif of t?l& il g%g% , P gﬁﬁgl;(égun%{]arﬁi pgéxgheggr?%clﬁgﬁaﬁaﬁag dHowever, some of
the aspr:a;tsl @‘h@s rigventiord ey gnplyrio owodenetdl gulzcittings patteubldsithe eeparable tube
. tub and seal functions. This arises fromthe
gnpﬂ%%?”g FSpg?al nl ess steel which, in terns of typical
conmmer Clubk Ifiytiry dhdt afeligtehdddi foQusaBhith stahlesd stech abtiertadtal tubing, for

terial ally on the order of up tqQ 200 Vickers. .
example, jafq @%@C@%r ﬁmnzﬁ weﬁle%tlawré%ﬁv Aghicve ‘gF dsingd dppe grip and seal

funcfids, MG aﬂ?ie@fﬁ%ﬁ{ fheaRRIrE GALILANSs 5ReWPhiER ih REmisud t?ﬁcal commercially
wal | thickness is substantial (referred to in thé art

availahje 'thiggg/ynamﬂal,elg 'a y@rbdm@c} maigsia yusudl)d on ks ngier of up to 200 Vickers.

Stamﬁjésg Eﬂr,glo noth%r 8k aptugﬁgq%’@l?%{d% fl'f?relﬁgf_%rg% e{ﬁ? %tl%}'g 1nI \lrhwh the tubing

wall t}nclmasrses dmlfsfanﬁall(tef&rmddeﬁmﬂamaﬁm “hedyy rvgﬂlpdl’amblng}al Hyavso;vall tubing is

dlfﬁctuf}ﬁp ?pla}el%zgq % &gte %h}t gagg éHﬁﬁ;ga no&;}arg brteéubﬁgz M)wgductility makes
it moel@&imu 1©HéB1in the tibgy HlasianIBf sods k@ddhidve a @ksided rumélgei§ or

a gri ppl ng ring-1ike structure, and Zb gul | -
mechani ¥ figings sipiseHy incinde ep pesemblynii he o %%@W&adqy@e often in the

[ u t
form cﬁ's‘at ?éé}eu‘?é; ofs3 gea %s,g gtle ﬁ:%}f%Pﬁl%kﬁ%“ﬁl& Tﬂ{e}im?léér m%d Hba[e pﬁl‘i‘ o I hanism for
causxsg t’rpltyberg:fppmg device tmd)eomlkﬂ oo @ tuiie end gmasemlgmg ﬂuehtabQ grtleand provide a
fitting ass
seal geanst lﬁ%(aé?it ‘glqbtﬁén i ]&LB? 11 amw t e]{S t% tfg g)elragan ?‘ﬁﬁé‘ltgwgptge tube fitting
assenﬂ:ﬂyl s¢ eato codiplas the a@sembﬂb%f the ffittivg onso fhie nee adseittbthe dedired tube grip
“finger tight" condition and then a wr ench or ot her
and S%?h table tool is used to tighten or "pull up" the
fittingshay b utd ﬂ&hgllalﬂlstaésse%mecpml %geraﬁ%wnbbmm and then a

condition. "The pull up mechani sm npst conmmo used
wreneh eitntles duithbledaplde used o tighten ereipull ap't the Sitinado s tﬁnal initial and complete

assen?oq‘%ﬁjgd?ﬁmonarﬁxe uﬂﬁl %&aﬁaﬂ%}' IP %8&%8&? tha thY'%a{iQi &Hﬁectlon of a

ube ppi ng devi el ng ac upon ese two

femakedlm]ea’ded rmnnsccﬂmpmhﬁymdia mald’]ﬁhﬂ*adiﬁkbodm (donnp«y’[eh‘e etk the tube gripping device
nc udes .a tub i, Vi

being, 543 Than I it P bRt AP by ot B R enesRd rodfge. The body

includR AttuROERA. receiving bore with an angled camming surface at the outer portion of that bore.

The most commonly used camming surfaces are frusto-conical such that the term “camming angle”

refers to the cone angle of the camming surface relative to the tube end longitudinal axis or outer

surface. The tube end is axially inserted into the body bore and extends past the frusto-conical
2
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The nost comonly used camm ng surfaces are
frusto-conical such that the term "canmm ng angl e"
w0 2oens97tD t he cone angl e of the canm ng surf aR€I/US2004/026096
relative to the tube end | ongitudinal axis or outer
surface. The tube end is axially inserted into the
body bore and extends past the frusto-conical canm ng
surface. The gripping device is slipped onto the tube
end and the nut is partially threaded onto the body to
the finger tight position such that the tube gripping
devi ce captured axially between the canm ng surface
camrgifg sgfsen Ebe gripng devigeyip plénperl priorike Whe snchend thavavids partlally threaded
onto %%%hg r&r)re tlr}é ha \,ﬁrg{gﬁ@ﬁfﬁg ?‘é%“@% r%?ﬁr 'tlr[ilg& %D%#ELeﬂ’évgc% ct }gﬁu%g aémlly between
the casmtrig@urfme aad dhdoody The n‘qmjm;mlb/ 1ml@des an @akad Ehyoulder that dnves the tube

oS LS S LB S0 e B ot o

comﬁoﬁérﬁd; rage tlhﬁadhblbeugitenﬁd)l togeticbey i The hndled @agmingpswéice imparts a radial
aemstvmththetbeen Th tuhe gr.ipping devjce
compPRalr e B ot OCEl i 1 e SRS Gyer aple @ erpping
enga@imenfRith Wi sk &ad Tk $1ﬂ)e?@pﬁ§tde‘hb@ty@i&9ﬂ1}eﬁ 16 8J¥ \ékal against the outer
surface. The npst common used tube gripping devices
surfapepigheiuping 48d alseagainst ihe afﬂsl@d PARJRINE BYEAFS( t he nost
Com’mnlrme fjc&ﬁlﬁoﬁlg u'éé& fabd 1ﬁéj@é?vl<fe‘s G 5B@Rhs gea'tﬁ%eﬁttings today
tube grip by causin fron r hose portion o
(e motysomplyiat dE\fq:ruée-txpe piteditingspachinye tultseriorhy coutieg a front or nose
portl?ﬂ %ffstﬁ? gl'ba é}-‘lgﬁi}s}g evgcger 0 f lltltg %hebtﬁgmndbdutte% sulgfcfee & &sgcil Bg%m the term
“bite? Feerott te phwiid defernefion béthblmlﬂﬁ @ngadea&e o rHeamtdr cadfdcy of the tube

end segsgqr) %?q?q%ulg r&d o @E}H Sqffegl? %\g?@\?ﬂ%gt Q Irp%ﬁc' PYjfipgfike action to create a

genexﬁmD plage Ehdﬁ[de}‘\@f Waldht thdBokt-00 b1 88 QluHéfgritp?i%g {de¥a6e. OTRIPPHIRY thus serves
devi.ce. This "bite" thus serves as rong structura

as a fieengustuchwalpieaiiento pighent Bhlswblout ot athiigh pﬁﬁ@ggupaétlculaﬂy for larger

dlamaercf hﬁgh 'hla\é 2@ %ﬁ{gg&r di aneter tubing such as 1/2"

years there have been nunerous
t ube f |(1vt=,r thg }d:exsltgers haveabeed arumetous élbe ﬁtnnadésbgnsehattdppmt rely on a

“bitsipp gy QLR B PEE KG ORI h e d TP T30 Qo 8B the ubing

outerutBicd, REmE TWige thedffecN 6 Mdkdtthgl toOtht habibg Riithgutvbiehingt a bite. These
creatlng a bite. These designs are nft suitable f

desighs gFe PP Suitable Jora Piphe B BRI GIH S (1¥hen @%ﬂngﬁ“heTﬁ%s‘FOSt common
comn?é? SRR 2 ahE rs@e{u"ﬁ ELJ,systé'%Y ?db'e qg{lﬁgssésﬁéd‘ﬂlﬁlsﬁr $ g%elbreﬁsﬂﬁeapphcatlons have
Itti'ngs especially f hi gh preSsuré applications
histofigellp: teers bb I il diskinesideigns Ethe el grimping fivise--single ferrule tube
desi.qns .of gripping device-single ferrule
ﬁmngslfﬁlggwfeﬂuetgg%nﬁggm ferrule tube fittings. A single
ferrul g gmgae fdriuld ubg fittng, dthe naneimpliek, wss a single farrule to accomplish
both Jeaios GHEIGHE! MREHbe HoNEEeh & b BesH e BE rfgyized that thes
two fiRGBIAE %fjod(ﬁ "ﬁltht Qs SthEN\@hénLHb@thﬁF% t@feeﬁtﬁﬁ% AEl8anWhéed a desired tube
each ot her esganlng@a tube fitting that can neet
grip and gead mmé@rman%crgmap Hglisdeequsp e fdevi g préleriapeeded jogassure that the tube

ﬁﬁmg E%@e\{e %JP L iR PaRLAR %o 85difkt AREAAHy LP tRSMYIE ferrule to also

ub:
provide an effective seal Consequently, although prior art single ferrule fittings can achieve

adequate tube grip in some cases, this tube grip performance comes at the expense of having a less
effective seal. One result of this situation is that some single ferrule tube fittings have been designed
3
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fitting achi eves an adequate tube grip usually works

against the ability of the single ferrule to al so
wee@side1an effective seal. Consequently, althpamyis2004/026096

prior art single ferrule fittings can achi eve adequate

tube grip in sone cases, this tube grip performance

cones at the expense of having a |l ess effective seal.

One result of this situation is that some single

ferrule tube fittings have been designedw th

addi tional conponents and techni ques to achieve an

.. adequat e seal Less than o m seal performnce i
with ﬁgﬁﬁtl?r@i camponenst and tF%ﬂ@ﬂ?ﬁg{o 4%/? an éd?wiq s5¢s Ifeﬁatthan optimum seal

perfoRhhRENE PafichRAy RUA ﬁ‘lshn@@%mﬁ@ Q'lt@nﬁaecﬁétait{ pRit@Real against gas, and
pressure gas. Single ferrule tube fittings thus are

espeqyélyahlgy pagFsere bt etingle ferpie tubg rfétﬁggﬁr tus jagpupsgpally more suited to lower
ressﬁ'ﬁpﬁc‘p J@§tm§1‘s‘ Gl fLY, 'h%ezvep QWEY §5 suchiERer fesiHpplications
sure appl i cations’single ferrule seal
smglpmmserdmr:efommc resndfinsdess theadesiedi r ed For single
ferrul f . .
0101 3ok ARGIAORARR G0 BV 0] R BHRI i e i
ferruhdmdnlgmleagmaldb dbWyin a mztdmﬂywudvaré direcmnn fioonthte hébe twailen wWeel dentral region

o e R b AR e B BB 1 RELE e o o

the fe-Fhﬁ’e fsrc@i%n epin®the! dnglefl @hhitiigy susfacl dfMBE baGabNE nlth sh1ng against the
camm ng surface of the body by the nut pus
3‘ %/ fggziule into the

back 28 phe Temlch b Senisege Lol U e ool g swgle
tube %‘ﬁie PShedh {xﬁ% dactuq_ﬁ Llse£RLaRE ddack 'e{ikgbﬁhé &5l 8 1ikBHRe engage and

t ube OVVI ng action is 0 used to cause
grip theeulaeid. efibisdf acdoenplished uiseallydbyl piowided en @ngla@ drizpgurface on the nut

shoul%f: gegngaéﬁ% l%gehgq g deng Ip% a‘xgl sirt%? CPe%nR:l s:gsa?. %:ei adia %o%ﬂa?é/ s the back end of

the fdridd infg ng dtEol ag theaiitt pll. Izhﬁ)n‘&l shgplleefefralterdsbignss chedback end of the
to radially conpregﬁethe back
(o}

e g oD B bSR30 G e AL P Srties o

RIS ErepaR it beder i SRR o ovef the Afe fiRfidd Serformance under vibration
with pp?aﬂrél(]ente y |Is |netrendedﬁ)?o %ﬁ?e into the tguubge end. This

becaltsadlke ool endimsipptiepissio deplase viveation semning fremiqyisids thgtebe such as, for
examp {nual ﬁ‘mhg 1n(§{ ﬁ&tﬁon tHatzi‘llicIl pﬁlﬁ%'fﬂ}?ﬁ ¥&1ih ﬁletﬂ‘&?ﬁnd tg‘%ec ite.

or mance un er“vibration betause t .
end gr I'I}he anset efmbacktend iube lgap ectuallyr wbike agaiwstithege ffortgmegrip the tube end

tsid e tube, such_as. for ex . i n fittin .
o et 519 8 Pt e e A YA oot r A Rt (s Pfag roped e
undef E)f?:%ur@ %aﬁlb'tb&lebﬂefr@le fidie eHe ethefsn%leb%iakllee stbutdibe s@lﬁsltamtlally in three
actual I'y wor ks aglgl nst the effort to gr|tﬁ)1the tube e

dxmemlortaheomprmoném radiahdoap)rhgiveeer Sreryf and thagamming Stl@ace of the body.
Provﬁﬁ{g ik G4 g‘Mg laé’tuémj Q%QQQO&?& Acﬁﬁéjteﬁglolg bt I%Q&gecf &59@1 compression to

er press the terrule front end,
the smglegﬂamulé drat mcekssatgembtdh@ &ostmdtcampr&aswlyb@ng usedde PlfOVlde the tube grip.

Addqx?f'gﬁ € 8%&!&{({‘:&}3 gg@%‘ﬁﬁg teélu # Ork a%gi{lﬁ éth%&go?WoFéig)ttH@ &1@3 at the front
end of thesiligle Tekrgle ibpeansd, i bidgr ’Q)l aﬁbls the omwatdelvovang lacbg)n the smgle ferrule

tensjon or | essened axial ressi.on, to”t
requifegr lipenech HIESHATkSS BURCRSHETHE FTGTRE SHlF cgﬁiﬁ @gﬁa@nb"mg action

rad1aﬁ’f81@ aéé§ ?Qﬂlé’ rREehEA 16 R e b&HTyl divay Artfhh the @Rl dnd, Coh®quently, an
rd bowi ng action tends to work agai nst the_ effort

outwqrdlydmwgdtsh@let wele dittingrouldrhsripore gepcertiblaye ferryg cellapse, .loss of seal and
posmglg e b?oxpﬁﬁtaatfi%hieﬂeﬂ}?s@&%r to enabl e the outward bow ng
SI g el ule
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requires a | essened nmass that is adjacent the tube
gripping "bite". The outward bowi ng action radially
wale@plawoes ferrule mass central to the ferrul eP@DUS2004/026096

away fromthe tube end. Consequently, an outwardly

bowed single ferrule fitting could be nore susceptible

to ferrule collapse, |oss of seal and possibly tube

bl ow out at higher pressures.In order to achieve an

adequate tube grip on stainless steel tubing, single

ferrule stainless steel tube fittings have

historically used a rather shall ow canm ng angle of

bet vveerlin toeder 40 dtchlwemmy adpayatedube FHip on rsmg}esswﬁeeérﬁlg}llu& single ferrule

I

stalnlgsg r? tué ggmig% h:% h?sltc{}hce A %S%Fg r%lfcggf[rsg E)ér%/ cagr%naﬁg taﬁélﬁbpttetween ten and
t\zven’@h&glre&w c ahisi angeantlapglbsa i bﬁﬁfaredume(ﬂenem 8 rfglaflow@ranlyl @s a term of

oS B0 SRR TS k5 BB R Bt st

ferrul8 WitlidgsetoagithinSd mabHagital shvahtage bedadser tdi shhillow angip rpe@.&des an axially
the single ferrule frontmg to bite into the tub

elongaigd spmaing gEkece ppingt whigh aad ghelly FBPREF ST 18 i e front end

to blfée g5 Sid ﬁfb@dentdhétﬁereélﬁﬁgﬁt 0hr8 |stAh18G SIMhkEg ddidrdD nkéessitated this
er to be able to get the single ferrule to create

elongahd alding seroming astipp in erdereto deiable torgst the isinglecisrryle tp prsate an adequate

bite tﬁxlat&gée gté%e S[?g’wa@e E}Qa‘ct‘% Zl?egslnnggg@#: a4 antaP %Eﬂlet?g)gxlgﬂ Bﬁﬂéﬁe@ or case hardened so

as to bt aigﬁif&mstlyehaedﬂr thambthe giainkesnsoe rtubmg; dovhwir) thwshfahm qagpming angle is

0 GRS S P R B S AL g o o
Slldln{%%lldﬂél tfe §é1h1ﬂiﬂ@%uﬁh@ﬂﬁ p‘i‘&lﬁc@ﬁﬁ"‘bﬂ@’ Msfta%ut@alpﬁdbdm«etube grip. An

bite" so as to assur a uat e tube gri
exampleeio compreraABORHASS AP 1 F@B?gl%% ey puféted femule and

a shahﬁ&rl c[af'dntnh Rdcie r@tabb‘&%eﬁt Ctﬁ%f’eeb?sr gened fi@hg Whe a@ﬁﬁlﬁﬁ from Parker-

om10 ng angl e about twenty degrees is
Hanni@R Chipbtatiog. IAnméieavaarmr&tn isethe Ehfiftipeine-avpidabla frpm Ermeto GmbH that

ti er, e g line
s SRS B TR B bl
har denesl wineghigglé eferrull edesiptls, aa tnomicunicale greingasnnfacg has been tried
angle. In sone S|n l e ferru] e_de ns non-c ca
wherehgrd WS B Gumplicrerr b e ey B S afifce i the tube end
thereﬂ@ggt & at rH’inYe p"fﬁegfe:sﬁlhfh §RA Iclded hBGaVdrSE allb® Bt @Mow pressure only
ace o the tube end, thereby not creating a bite.
fitting thet are s well swited: ot staielawssteRlREDEF is a low grip or |ow
pressure_q t, ar i t
ctainl é@s s@IEﬂYO\{ %ﬂﬂp{h%n&@?e 80 é%ﬁedv‘t%kﬂmﬁg shtke é?ld axial movement

| 'ow canmi ng angl e
needaing ahizng aheadlewmnuhg gsp rw’ntix:e salg& ﬁmﬂal ﬁtﬁngselmwwel compromises the

abilie o s inels FEmle S SRR AP Rt Sabafly 1 &ltefhothilrhonts and for

sealidg s S TGS bédé[lé’eltheﬁ'bﬁl e&ﬁ laf ﬂié&lﬂglwfeﬁe]alattémptsttm make the seal against the
especially in extrenme_environnents and for, sea

axwﬂga@éonml samingeruiice ThorafibhPURaE BIWip @Ctgqnncdfl%es% larger portion of
the oﬁt?lr SfaBe gfﬂqg MBhtenl O IRKRofeTErPI8 & caBinibSdontabwi b8 lchMming surface
ongated canmng surface. The radially outward bow ng
agamatcwhlom it ¢abmmsdrivehal heresyorecesserilpfs & largepspabyuriaeg draaketwgen the outer
surfa%eo?ﬁ tg{:: gllflt%eefnmtllg en(?: gn%_rﬁ%m%sgi L{rfe‘lﬁé U'IFI%S 'éﬁ’[alcggg@edl BEe causes an unwanted
distribution of the sealing force between the single ferrule and the camming surface, and also creates

a larger area for surface imperfections to allow leaks to occur. This is particularly a metal to metal
seal issue (as contrasted to non-metal to non-metal seals: for example, in a plastic fitting it is usually
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agai nst which it is being driven. The result
necessarily is a larger seal surface area between the
wouisnigur f ace of the single ferrule and the ceamiUsI04/026096

surface. This enlarged seal area causes an unwanted

di stribution of the sealing force between the single
ferrule and the camm ng surface, and al so creates a

| arger area for surface inperfections to allow | eaks

to occur. This is particularly a netal to netal sea

issue (as contrasted to non-net al to non nmet al seal s:

xanple, in a plastic fitting i
demr%?é%ﬂ Proyss iap £Blageed éeeﬁ rceWﬁear%?nbeemssﬁlefe@Oselaghlx GHetilg plastic material

can b&? ForAEF SdBBtivb& (DR i@y ductile plastic material

can better forma seal between the two surfaces.)

Becaus Sepause disiaigrllyythe singls fegrle fittipg breuser tat shadow ggmming angle to
achw*?'eS gdjeqﬁatgt@@t} @ﬁﬁ ﬁﬁggssgg#%ﬁﬁg% g(]ea‘??u r%:{égl? 1saé§lﬂ31§1utgl e?ﬁé&rj Rea recognized
lnmtetnoh @nahee@pmsatmnrcé dleegfiiiting cbr Iadqlrtlmml ifepturemhavih deen designed into the single
ferrulﬁ g@tm Cr:nté)ﬁton éas | yg%thcgnptslt tnllc{l] e one 09 d%& ei%a?s?oﬁx}:enc%@%l%&%ﬁ the single ferrule
ot witiDshich cHeadirigle &hﬁl&l‘qmbperﬁtes torprbdead’»atear Geal m)’lhetalnless steel tubing. See,

for exgip i, UPe! Sieive Peridios oy 73008 589 5o b5, Uifisd siptts Phtent No. 6,073,976

illustiafk taQFrplgﬁaéxal\fMerbf%t shdM eBFuRt @@hle& dcmeng Sﬁg? inf 1B patent) fitting that
exa nlted St ates Patent nos. 6,073,

and
attempts 3¢ ;Eolgg ghe ‘{9pal? isquespith addep glasipmenis. seeé Jhs 5@-,5@ 998 patent describes the
LAl
beneﬂ(t%: g#?lé%@gf%@grtaﬁ{%gﬁ ?ti'lbﬁ gflﬁ aR4 ?eﬁgfurr)lgttlchh ;ﬂ?b ?’V(% te c%mtponents
att enptAsccmmnsrgilal}ya a‘fdiieble ge@high]ygglg@saﬁlhwod‘dmdd ﬁttlng used for tubing is

el a 9 escr
comnggﬁ%#y ?Vsallslgngf wg%e %ke ggr g%n%/ %ofoﬁe%?n ljjbgnds ! de?c% Seé_{mted States
Patenf Ma6.td, 0315963dnd 3,103,398 maflﬁéiéwmompm@ma 1nAomﬁ1”d§_l’[EHypuhalakygnee of the
oo ek g SUGC Sl L M et £ Mierence. tn i
two fN@8 GRMRBE Yrip 2l Q41 ﬁ%ﬁ&sm drS s&RAREY Rafkved by the use of two
United at es Pat ent Nos. 131, 963 and 3,103, 373 both
ferrules. Whe Bimwvardeor dionk Griute Izrowﬁsmawwltl@t a@épmeaga@rﬁﬁ gajeand the back or
rear f%“ﬁ?ﬁ’%ldewr?&"% mﬁggre}?ntl re disclosures of Whl ch are

i ncor por ate n by reference. In this two
f er r ul @he ot ﬂeguletahmetaskaa egcdliontagedl Qemmrﬁimg @gaimw shhldowv camming

surfac-%rhaglgf e?twéat etlg&ré Lge:gfee\é?e gr% gh%rc%@g a]gef frtgﬁ\{o gelrﬁﬁj ﬁtnOt need to slide

exces§i®ely cAVBE cagAIHSdurf@sin ardd tb REhiback tde giigafindtidvhr UliRewise, the front
provi des an_excellent tube grip. The front ferrule
ferrulg, gsmad gase l@meg%gqcp@qtm%@gparﬁyuw%p%@e grgaq ﬁquleds to seal and is not to
bite @ﬁ hJeOtIMb A NGnG {Heaféﬁau%l? Rofle Mt ﬁ»ﬁetaehfiew 6 Srcellent seal
isis ecause the front ferrule does not need
Partlcsllaﬂ}d egant ga% venl though thetmwdy gomival gaxsmmgae@efac;erprcﬂedt@ a ctammmg angle of
about tgﬁe gﬁtube grip function. Likew se, the front
&'TS not case hardened because the primary
pui posEh®badkHferriile actlieves thieudibe gidp fimicS@ain thndbdve notd tvo ferrule tube

. bite.int e tub Thus .t he.rel at I fte
Fitingy  gioofle B s SR MBI 40 LR AID et e e iy e front end
of thea%k'}‘éﬁ'ulg &8ms @%&ﬁﬁ‘s’c tahmusecdnival baghti nf@%ffﬁébj folB&MNGhe back end of the
0

surface presents a canmm ng angle about twenty
front M%eghe ostensible angle of this cammlng surface is forty-five degrees, but due to the

sliding movement of the front ferrule, the effective camming angle is actually a shallow angle of
about fifteen to twenty degrees. Although the effective camming angle for the back ferrule is
6
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. whicly ater tgatures that RE wsu

The back ferrul e achieves the tube grip function in

the above noted two ferrule tube fitting. The back
w0 20051019917 s case hardened to be substantial | y P&r/tis2004/026096

than the tube end. The front end of the back ferrule

cans agai nst a frusto-conical canm ng surface forned

in the back end of the front ferrule. The ostensible

angle of this canming surface is forty-five degrees,

but due to the sliding novenent of the front ferrule,

the effective camming angle is actually a shall ow

angl e of about fifteen to twenty degrees. Although the
shallop, dhet hagle fesartais Aet ragtgied t9 providad pbimeky Seak (alihangh it can form secondary or

j e LS. r [ to _proevi .
sacl358l) e HER (RRFLLE UM, LyOP e SUE ol R 6 e i
the tyhe Ruthase instion Jhveradiblk ifveard bingirg o 0As usat hegsihj thé term “hinging”

u i i, i on_but er i ps the tupe .
et LA BR 4L B o Rt Bprton of
ferrubs bude dndeeges en inbverdlyeradial Riomgteagon, raf @sthcllp cantrasted to a bowing or
d.glont rtol I eg. ef ormati,on o tg‘% ferrube such that a
radialnR Y RRET BGPIBFISTL mi oY (oot SRUCY SRpies Begly not only does not
compiiodiseghe fittaiy sedliapdbility 10 eiad]lyCOPRARIBEY Bfhan@S the overall performance of
ﬁgs i.nctly contrasted to a bowi ng or radially outward
the ¢ %%:Pﬁ%%”ﬂi’éﬁﬁuy fphgfainlegt e fbiig i ve shal | ow camming
angl e Ny y@Rk %etheRS riRllesCH 5(91”{0_52%}1{605 fi.ngi%ﬁ(grﬂ? QAL of the key tube
_capability, Tt "actually substantially gnnan es the
fitting\fapcaions, per twor famwle eubsfittingeachieves trémanidowy telepgiy ald sgalffonctions. This
: i L ubi ng. . Usi ng separate ferrules for ., .
pio ) RS G e B PR AARE S 1 s Lty i e
art of staihlesgstéeal ndfingoinpart dhetot iuopetformatice cliaidigerfstiést subl as high pressure rating
tach'evgf(}renﬁnq¥¥§ tube gri.p and seal functions, %hIS L
on the,0F ¥ o5 000" 1 BPReTE RIS R of Gheperme s FA0) “Erfnd jomany applications
a sighifRERNERET 60 FFRLE] @ 1aHAGe $5RSPEE ﬁbé&ﬁidg%hh@-t%{mﬁg of a fitting
stainless steel tubing in part due to its perforffance
after ap i@ uliBdi cs such as high pressure rating on the
or der : [ i d ratin f .
o e e ARl AR 2l a8l ko g pposed
to a feirglej Whereintthalociieg ring actespalostsa {uafale leavhigelh angtk elias appars to be greater

he.l Qoseni ng_an -ti ght eni of a fitti ter an .
than Ky SRR oF T ool o P chopess dnplofdsalld aSing fngg e tubing but
rathet tdnutiisr listis suSkat Glie AnSisnihigndORKeRG itd HKLiRS SRROFRE phiRup, both of
a ferrul e, mherelngkhe | ocking ring acts agai nst a

@ for gttpless pigel drke Higngreolhe stnsrconsidered herein.

JaparleBRHIHWRIIY] SIBUERRA 4912088 Blustiids 4 tﬁ‘%ﬁxt&ﬁl 1:%0&% #?)Ears to be intended
appear’ to plastically deforminto the tubing bu
to haygt h@Wlng@ﬁfgﬁr@d &tipghs wbsd thhEonttand badkrapds.s TheSitgppelded wt appear to

i1 Lalnal: | = bot h of which
oo appfePlelo pIQt iRl AR aRG B L bk P ot e ol

t ube f iAtteinpeshané bedremhdepn deipaitdier ﬁ'ﬁinF@Eﬁ?h rai tul@PAHKSE element that
ustrates a

L%ti it del publ.ication 44-29659 il : .
separgipfirini L) RAUCHGE ub PRSI SIoF5RLabS BRRRIESPc: fapbmaesigns place
the bRANAWYS BErh@f onaRdin@lel trebd dikiRnét:. ithangjf,.tﬁ@ EP(%@? gesigns either

ends. The fitting does not appear to be applica
force gheduby grinping dement agaipgg a shallomecammag pufacoergledr du ndt atlempt to create

a ’cubc? ?ﬁjtpiﬂ}%;@é%m Y ﬁltﬁﬂ‘gféﬁg?@%glll%gﬁ%lag?éﬁgﬁsﬁggf?xsﬁ% the"Rfhe limitations as

f wth a
the prior art single ferrule tube fitting designs.

Many applications and uses of the above-described two ferrule tube fitting do not
require such high pressure, temperature and remake performance characteristics. The present
7
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separates during pull-up to function as a single
el ement tube gripping device. Known designs place the
whe@aksray el ement on the mal e threaded conponBCit/US2004/026096
Addi tionally, the known designs either force the tube
gri ppi ng el ement agai nst a shall ow canm ng surface
angle or do not attenpt to create a tube gripping bite
into the tube wall. Thus the prior art designs suffer
fromthe same limtations as the prior art single
ferrule tube fitting designs, Many applications and
uses of the above-described two ferrule tube fitting
inverftonnist direstpdi toea sew hfitting fropeept shat ean tneash dovesr upegfoamahce characteristics
. . . I i Stles, e
w1th%1?t %ﬁ{ﬁ%&% {)\I%g%ﬂﬁtgﬁg Iﬁlrt%g{t}g %ndts‘poerf%nnanl_g

resentinve a new fitting concept

that can neet | ower Sunimanyaifckee hivastdot eri stics

wi t hout. caompr.om si.ng overal |l .fitting integri nd .

per f or n‘&ﬁ‘&‘é@fd@ﬁﬁ% OnaSpgeL, of e‘HYeingﬂll’lalﬂneg%e’g’%Jgﬂ%concePt requires
user MkstRbONEE apaet cdhﬁpohhﬁs,iﬂaﬂﬁlyltd ﬁfﬂi%ng @odiibe!md AlBginkidut.i TBe nut and body
v o o R bR SBRETEY e RGBS ntdes
initiaN9 dtepia® nie aRipBRhg et b FaRdaRlaY cospemkadyiP d8hhslind Y¥urface on the

relative rotation therebetween. The nut includes an”
body; vhen e fftinghisegrderup: ubbe Hioe EoibpYe eleseahmag befraachiried with the nut or

rf ac the . !

sepaif ) EREBEHRLES L) BRI BRRULLACR, By BBRY or spldering, fo
exampiey lnehawestribed dmbbdimehtibe hibk gappiag plamantas y riag like bedture that, after it

t hereto by any convenient .process such as brazi ,
sePaER TG U ORGP Polt ICRAER e OPYHS) Aos ARG fehily The detached
fenu&ﬂbﬁ&dlidﬂ@%bmﬁfé@seﬁ Whe pREtiany BefoshRImaihstithe Abé bier WhIKE form a seal and
structure tnat er It separ ates fromthe c_on'ponent

. ur €, ,  aft . :
a tightduigngrembite. The detachedherulegiboriamesa admary sealgieainfiche eqraming surface.
i ool UL 508 B Aed o S bk BPREERSE Al fping o gnrly
narrofib ting gostecittypenstah agdinghtthe odsemingi yurfbee. e Tha ferrdletinaine cembodiment is
. ul e al for a_@r.iLnar I ai ns he capm .
e i) e gk 00 LY 5, GE0LE B9 ros portion
into thetubing wylefoe dxceileft ante gaip, addsanfaxduilly adjacknt ewagerg callet zone that isolates

e 50l AR BSOSt KYPE SRl S0 1S e
outerd Gtk AN@ekatOin A Reral P 1iNOEIMhcBGh AR ARchiAPsR88t The fitiing components,
deformduring pull-up to enbed the nose portion into
and papficuiaukyi they sepiarablef srruksx exsl prefarablyuye ngt ngsessarily eape hardened. The new
. | . . .
el BRI SRR, 8L AL G005 A SRR i
not lilnited tcnanyaettionter alassoothedtgs. Inackerdmnce méthfanothert &speutoéthe invention, the

ﬁttin% %%?ﬁriﬁ u %Hsglg%gﬁgmﬁéf%%{r]?e ng,]a gdzcs%%ﬁ%%%tp% Iﬁl(I}VVI.etlltdh’cotphrgvent excessive
tighteB@dptdfehd evidpyndn® separable ferrule, are preferably but
not necessarjly case hardened. The new fitting is

especi &* pspordende yithaddiiopalaspacissef the iggsntighdbe paeningsigoe profile is
substhrHRBy fhddifida98 om Abriod AHIAnEIE GerhflY el t{?cﬂn%%leﬁ?ﬁ by Mcb§Brating a steep
t I n acco ds arice Wt h

0 any particular class of netals. _
cammingtahgle iasthe eangsfoft shoui fudntiverdegiebretdf pbaut reixtyralpgrees. The steeper

i-ncl f- [ a . indi cate suffici.ent .
camrdﬁlﬁlﬁ? FH%% pgor%ig\g%soa g%\g} élﬂ:% %rﬁ:c{ehgugs I%\rllélp art smgf:e I‘errulse tube %ttmgs, particularly
when the ferrule is hardened to a hardness ratio that is at least about 3.3 times on the Vickers scale

the hardness of the tubing material. The ferrule may also be designed with a geometry that
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tightening of the conmponents. In accordance wth
addi tional aspects of the invention, the canm ng
waensaceiprofile is substantially nodified froPePUEIN4/026096

art single ferrule tube fitting designs by

I ncorporating a steep camm ng angle in the range of

about thirty-five degrees to about sixty degrees. The

st eeper canm ng angl e produces a better tube grip than

prior art single ferrule tube fittings, particularly

when the ferrule is hardened to a hardness ratio that

is at | east about 3.3 tines on the Vickers scale the
facilitages dzrneéﬂlljaﬁmt/ahé hingbignagtiom tieringapull-oth e Thigrhinging atipn dmprpves the tube

oo 252750 ARG SFPE e MR (22,2 radially

action Iﬂl Eﬂbbﬂléﬁé‘e Wwittea futiher gptiopal aﬂpﬂac&ﬁ’ahe mSerﬁmrfplhe adbe tgdpping device
prior _sin eferruletub{eflt%jh; n.acc,

or sty fle T5pi ErER s PRI > HEVTRG BRI S e Rtg! e nut upon

separ%dno pSt‘ﬂQa%’t’ﬁe?% Qén ﬁetﬁﬁrtﬁ@ls@alfaslferfbﬂrﬁe by taverai SilBﬁarftﬁﬁﬁ continuous
forns a P ference angle w_t H a drive face o

cyhnqual inyester g@élar h‘t chqardmgp,vylrh g s, F oBt&anoﬁsppgt qfﬁ-g‘i mven’uon, upon
scapargltllhb‘:ﬁt SERASAG tﬁ [éﬂrﬁ/eﬁ'?a)ée ﬁe}ﬂ@sn@alﬁftﬂéﬁrﬁh@& k@4 1% form a contour, such as
cont | uous cy rical interior . I'n accordance
a conméxt portiors tthet tfacﬁlmtemngm@mt@n@rf tlwgwé@ apst meyalse A Byedite ppduce pull-up
upon separation a portion of the ferrule driven face
torqufs pl astically deformed so as to forma contour, such
as a Cam¢eXardaither Q@pectsl’aaﬂ aﬂmntalgeet oft the pi'asctgum\@namt jwgth be apparent o

s b B SR B AL B vew of e
t yeqntion will be apparent tothose skllledln

accorﬂgﬁg*r%tdr%@o%qt he foll OWI ng descrilptl on, of the

preferred enbodi nelBiie pid HEAVRREH npanyi ng

draw n Jhey £ vart

 nvent 1aK %ﬁa@zﬁﬁk@%’w ?%‘ﬁ%‘ﬂ%ﬁ‘% Dar o e of parts
prefe&édi am@&%i'f&ﬁ%slagﬁ a\;/)mmthm ofpwiitle lwlalﬁ g?j é?@ﬂéﬂ@rﬁe@ﬂa}ﬂgﬁ? Sspemﬁcahon and
lls o e B R TR VAR A P et B ek

dr awi nggQMi ifikstfa@sTh Qlaﬂ'abﬁgl’(h&hﬁ&fmssaﬁdlm eaemplaﬁ @mbddiment of a
illustrates in half | ongitudinal 0ss:section an
tube ftiogin @chrdéﬁ‘i?o‘ﬁllﬂh@ﬁfm’élﬁuoé ip g GBes; “lg FRR§IOR accor dance

wth thed, Q\fﬁ%{rh@&hb RmBodilRat FIGODn @Wléllyq:ﬁhllefh@osalon

illustratés’t nmbodi nent of FIG 1 in partially

pul | ed KIF. Baldistatenthe embpdigent af FIGy ht%cquéet%&tﬁl ﬁ%l#ﬁd up position;

of FI G posi tion;

2l o B AR aEES phBidinBl oPtic ififenlifh: DO

i nvent iRIE. SHllGstrafesi dnbihist erabetment atf ey mnmnmm wkmcmdhe separable tube

the_inpvention wherein the s arabl ube. -
grippipadeyicehase s @B"éatlgrﬂ’?tg}ulok}s ojngt Wﬁlglf‘g \Qn erl R;dﬂﬁ} falf cross-section;

and Shown i n |ongitudinal half cross-secti on,

FIG. 6 illustrates the embodiment of FIG. 5 after separation of the ferrule but prior to
complete pull-up, illustrating additional aspects of the invention including a difference angle and a

contoured driven face of the ferrule.

Detailed Description of the Invention

In accordance then with one aspect of the invention, a tube fitting is provided having
a tube gripping device that initially is integral with one of the coupling elements and upon pull-up
9
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and FIG 6 illustrates the enbodinment of FIG 5 after

separation of the ferrule but prior to conplete
w@eios/ouw17 il lustrating additi onal aspects of tPEI/US2004/026096

invention including a difference angle and a contoured

driven face of the ferrule. Detail ed Description of

the I nvention In accordance then with one aspect of

the invention, a tube fitting is provided having a

tube gripping device that initially is integral with

one of the coupling el enents and upon puII-upseparates

therefromto function as a single ferrgle fittin

separaittethpregpay Pelmeivnadi nErale 14Te fitiie: ghitBp Pﬁéerbeé\ﬁ“%é’d@?em the tube
guppling rc'léxHLeemJ BrrhlB HSQQL gllgll%’ erﬂl’éH’Wijth‘éﬂ ftiRa18 el Gutt :J%H eaiRched thereto by a

i's at hereto by a frangible thin web
franglbbrtfun(mett pratiorbthetilirsaks @s ﬂwe‘enr@lp cang initiaMy gepingt agamyning surface of the
ainst a ca S e ¢
male @% i 8ﬂ?1po%sn.{naaxgl né‘f{l%l@?er ] u &é} ?Blfa %r{é Iggfge?@genactst etl]gamst the steep
camnﬁxq ariglesatis ofig maﬂesﬂ‘nrelahei idye pTlmaatmp regmaning siwrfoe fegels partlcularly

s T AR PP RSB SR B o 2. s

and pfffer. iﬂl? afl 1@&@ 4 Gikriep fehgrddlessiof the hﬁiﬁn@nﬂf&hala)ncthe Wickbmaside.
about 3.3 tines and preferabl east 4 tines

har dneéét eueh g umbst ﬁ’& 35R§°Ls © gltﬁ% ﬁn\feﬂgorvla{ﬁ( élp%crlg%cg‘ﬁgrem as being
incor@r&t@%%‘%@ cRANEY BlboBRRAG! Rick HescAftidn¥EHH nofbeadofstrued in a limiting

escr herei n”as being, incorporated into the
senseeFengiyarayticatrn epplivetinnsthe ¥arions awsels obitedrveghgLIay hopsep gs required in

dlfferg‘gnSt l(i'ggia 1onsnatn§ olib-BhbiRgich§ 'ﬂ%?eof F??rﬂﬁﬁéx oRaLIHOGEh 8e present disclosure

€ varil ous asp ects o | nventl on may
descrides WaeMr aiflustecpyi 4 athniber diff dasr@nthmmsbamhtaltmstl\@n gmbodiments, such

s BT 3 S0 1S E A MG BB of st

and 4HeAREYesOf THRS GKilled Gh ciBe e@tndvﬂahéﬁiﬂlyaﬁppm:weertandl welatsand  additional
such descriptions are not intended . to

alteropoee 5 SoHB shaBeS el WEHFUR TG SGAP G LRI ORb R gbforth n the
appe:n%n&i aﬁ]krﬁ; rpgg i }’egectrt iW3RSS Rkdnbli@Bld 18 dnh@oAddit Mehubling but not limited to

appr CI ate and under stand additi onal
mbeaMQQﬁnatlves and design choices that are within the

spirit égtrﬂd?g}ctﬁgsar%%teggodlﬁgﬁg LR s@fed ﬁérelfn%ﬂl{'sp'eagf Reerence to the

append resent I nvention
ﬁmné Qoﬁ*@&néﬁtm defhg rhael blﬁswamldwtstaebt arldi m tp@mflculer t3m6)estamidss steel, such

Y G TR R
Thosé& m&ﬂﬁ%éa@%’ﬂm koA By Rdcitd Batihe $Sveiti®hay BAebalifed using any number

particul ar 316 stainl'ess steel, such descri ft ion is
of differenristent afondsel reatenial Bor yha Hittingcomaonsal, ahwel @ mstal fbing materials,
on ued,. | Jd tq 'y Rict ha l teel,
a3 S Rl SIL0E, S SBeL B8R BeRt) Gkl By s, an
duplekegthinled stesl, nay aniykeh Lﬂlﬂbgrsudi asl HAé’ﬂ"éhLOtYy d@@@ﬁETﬁBIFaMONEL any

materials for .the fi S ppel | I
precip iR GBS Soib iR BLE el b oo TR any carbon
or lovs hfdby st@é?‘éucméhms a8yl fausk@piel hiel Ay 16aded, irt-phospharizell €5 -sulphurized
st e€l , 4y
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 about 3.3 and
preferably 4 or more times on the Vickers scale the hardness of the hardest tubing material that the
fitting will be used with. Therefore, the tube gripping device need not be made of the same material
as the tubing itself. For example, as will be discussed hereinbelow, the tube gripping device may be
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dupl ex stainless steel, any nickel alloy such as
HASTALLOY, | NCONEL or MONEL, any precipitation
whardemsdr st ai nl ess steel such as 17-4PH for eRr@nphmp4/026096
brass, copper alloys, any carbon or |ow alloy stee
such as steel for exanple, and any | eaded,
r e- phosphori zed or re-sul phurized steel such as 4
steel for exanple. An inportant aspect of the choice
of materials is that the tube gripping device
preferably shoul d be case or through hardened to a
% of at, |east about 3.3 and preferably 4 or nore
selectedrfem g ifialons gired rRAlaTiok iotachaboN 8 wgs Swiabletyaattmalelthat can be case

hardén%@' Ql%hn§§ %ég%mﬁtﬁattltaglhﬁn fanht 4 C]ngmw | 10 PfaridS %&glé"' a{cfaglonal examples.

ere ore, t ube gri ppl ng device need not
Furtb@melﬁethQ éf?élgm Eeptuzd ofaibe thhe gruipmggrmg =gl femaleghreaded nut may also be

reahz%%im&fsme%?tu‘% h{nngg di scussed herei nbel ow, the tube

besel ected fromthe stainl ess
st eeI ﬁiﬁi‘ﬂ% rrefatescentﬁ)t BiG.ahothe prasentdbteikios mbﬁt&bblates a tube fitting 50 in

LR ) D R S o BB g ol e
and eﬁﬁhdietth&ﬁ@éd odgradl €Fhe o 52 he subsfatiallyhBrréed @R g typical nut used in a
and femal e threaded

%;ure of t e tube q@ 5 ng r|n
Pﬂorﬁt}t e t&n’%w pEtngs 1he §odh 3481y hetthg similge iy ganesah gesign as a typical

bod W&ch A BHEF BRRGs, [ IRvWevEs, ad t
° yC(:j'nt éngl at esgl%st ubg fi tat mﬁ %o&?ﬁ‘ﬁﬁq.%@ﬁgﬁé@pgﬁ és 8rererred but not

necessqtly tlet Srerbods 54 glsp bn eptimizpd ?om proper meleeurbivigh theaww nylt 2. Addmonany,

the bc%gﬁfe"ﬁl feed gét%daeﬂs %1;?%5 Palq%dco%dﬁ?%ng Pgﬂ[q%?@ agtabfhegx? ylb?tg%{wwe integral

to anatbidr paEt(sth as aavaplel bmdy,amamfbldrdr otter égmmnbmbﬁ)rfekdrﬁplélgs

;I' I;Si 2 gﬁ{!\/%%% Z"E%l ag?’l?rieﬁssﬂlaﬁan“?’é% %‘IEQ %?rﬁ{%a& gqnglt crqss -section but

only Bgf 65k sédtied i Makthedd, heks gﬂmdéﬁtob@thﬁf Bk JfHe HalPlstid&ical and omitted
necessary that the bod al so he opt|n1zed for

for clayity sad eptgied iliystraliann Ip g Ofité\ﬁ/l%wafs@s A, VAV IgpRs, andrlimensions are
retely separate conponent
some@ﬁ%ﬁ&% Eagﬁ;fto{‘%%gﬁ NAstdSE

to or otherwise integral to
anot heThphedy ¥ish gaserallyeplindritad chain trelyiS6chal has arpinkegral extension or

onpone ts. far ampl e. te that in the draw n t he
end SGL PRI K1 Sbr SHETR oot Socky 15t pistheien e e Eeiengbe dogpponent such
as for’(mdam@rel yviled bodyf astriveddredinabovd. STlhé InbiatHody 66 ,mdytbebzﬂhdlﬁhed from the
rstood hat the_other half |s identical and

und
Same ém"ftaééh“f ERd BXIERSIRySeaner BA% &° of herwisg, aitached syeh aspbyapelding or other

su1tab‘l€ tebRBqud. | R bk %cl'ﬂ@ésed frst E&fh’aﬂbﬁgﬁﬁﬁ?ﬁl PBR 58 that is appropriately
di mensi ons_are Sonmewhat exaggerated for ease of

sized fq qlwkyr@ﬂusaéﬁabmﬁecwmendé a The fiest bore p8 dsdomerhiatdatger in diameter
than i}%gga%%gé(nds% rd g@ﬁuatt@‘?enﬁg%&ﬁagﬁegégd?iﬁgﬁg%g%y&tlﬁeg&%y 54. Of course,

ext ensi on
if the ExtimgP0es a dpsqdand cafnedivmt the nnneob:pe 2 noulluohbas thi@igh bore.

exanpl aIv her ei nabove. The

body 5L bR b RITEF PR GEEie: SPBisaE Qe b pody 56 i
machi@¥d j?s b@Rrisa f@ﬁnddia)éwﬂie e%ﬁﬁf while fdhds 2d usn Cﬂﬁre%&alﬁy mate with

wel di ng or other suitable technique. The body 56

correspppdingifcsnale thyeads 64 rmedor mephisied inithgamt Por kb lmntemlatectthat in order
to avﬁgpﬁlgﬂeh@ﬁte}rﬁb%ﬁ%%?dolﬁ Oangol%zf“ g%dea'ggd lhdl6R! ? p%értg %ﬂ{ Y)?mra art fitting

ube end rst onmewha ar ger
compatienigethair the thread pitch on the nut and body of the present 1nvent10n may be substantially
different from the thread pitch values of prior art ferrule-type tube fitting nuts and bodies. This will
avoid interchange problems and also allows for a course pitch that provides high axial stroke with
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than a coaxial second bore 59 that extends through the
end extension 56a of the body 54. OF course, if the

wo paosiong160 is a cl osed end connection, the i NPEF/URINE026096
59 woul d not be a through bore. The tube end 13
preferably bottons agai nst a counterbore 60. The body
56 is machined or otherwise formed with external nale
threads 62 that threadably mate with correspondi ng
femal e threads 64 fornmed or machined in the nut 52. It
is contenplated that in order to avoid inadvertent
m xi ng of old and new style body and nut parts with

redyseqd gt gtation; for jcagpletmphiant For ehamplehe fitingetdt picorporates the present

vk i i be .
il Al 0 B L0 S5 AL 90 A achice popr
pullap ipeibelf tamt A &rpical prianyapicfitting by tomparisgn isundledng with 1 % to 1 % turns.
i ' ' avoi d i pterchan r,obl.e and al so .
Mot eyttt e il R8T SURETHLUEBLEIRnRE, P2 e 1 o
partisulankm,)lim*rfdnr aazitlhfele dre_rmherrtmﬁiq:uéﬁmfa%idﬁﬂﬁﬂéhﬁiﬁe if3uéd, “TRrefore, the one-
or .exapple,.a fitting that jncaoj paorates the present
halt i SR R etie et Birich Hperpsia RS do
suf fi ci € cetrhlabodstibo R 58Cie FRdTérabl) aBRAIR Rt RERREHly formed with a slight
cal prior art fitting by

.pull-up in a half turn, A typical
radidly el orolpiys b soaicedbial acis X, (RIGr ARof e twhersgd 13 such that the
dianRRNRY S BrE 8 Hedrehdd§ rAhS3ly N e £{i8rﬁifé&{fdr{%mﬁahﬁ thd L&R%rbore 60. For

pitch any value suitable™to a particular application,
exame, 1 thisrtapea raayo b ebout @R fimiabera 51°t elttwugh the seleetedhangtyeis not particularly

Ther: hal f turn fo | -up,.is ,
crltuiaﬁ :J%"f?eg‘nno(ree geg)iglrrp {g? %tftﬁg]aceo\\/lgfrg?ogfeyshgglldarelg JLELSI@H{.W Eeégthan the outer diameter
of thavtabd edal #3. Tin¢hic enmhnea) thoanhe &l 13 by 4 slight efdedl ableyference fit of a few

o PR PR PR e Sy 0
tube khd OB pr&eddsuleangingtaficn setoh th MRy frbfentHRMBbEENL3 Exlaﬁl rotating during

bore 58 decreases radially in the axial directio
pull-pRydihifsalsh eeduersriedus fersign stressrthetxmasp be indubéds inteyier tube end due to

tat iR t . al 1 houg ted angle .
T e T
to botthe conwietaly bgaiest iecolmterboieshulddr 61 Tl ik Yedarssthé bdsiference fit helps

; - dia er. of .t he tube.,end 13. |l S nner,
provbRE s il 08 0L o B %5 0, P RERES o et
improve the fubs gripdystaa dibb grigping Blehieat(SOPby Qﬁ@ﬂ@h&diﬂgttg‘en%&!}tg ﬁ:éd stationary

. bore 58. This jnterference between the bore 5 i
during hfi-ug s thps g ) el lisRlpCmERt oF edbecan PRIl (Waispsed for proper

defor_lﬁ_faﬁt#@ Bhd tibe gripbeineNthad 3nf ;Idéﬂhﬁ@x_t ﬁbﬂi&lﬂoxd%b{}%é{? %rkrge“@ge end during

his al so reduces residual torsion stress

tightenigy Chg thper of thecora Bomen extenrbgmdnallytalanigots eofiretdxial fangth or a shorter
axial g&ﬁieﬁbgsgce‘?&&%%ntérﬁ&lﬁﬂ.“r' ng pull-up. The tube end 13
oes not necessarily have to bottom conpl etely agai nst
t he colhe enbd mchteud fist cénfal Hdie 90 havibg e dusalidrh®er DI relative to the

Jdnterference fit I rovj,de a, d primary sea
U AL AL ——
diametért B2 frele@c® fhetcentrd doMuliDal SE OF ehel NRInE WS B ik plﬁbodiment the

X thﬁ%Zt uﬁe glgl pﬁl ng el ement (80) by axially holding the ’
diameqter 2 isheps Shanthe diamgtenbi i Rarthsabpreyithe dipmetaaD2 i gizedibd that the bore 72
definé®¥d @bneISPLAGRIBA twal o fock; "LPPLAD 18] FIEND ( :

s %sned ffygrﬁpr 0 per\_N ef or ng%x?%ﬁthgntgﬁ’e? E%g Igr(?g@'r g 'hg?lg first bore 70
termingiggrat atseatiosthatdy peikllnwpecedriroor themvebeek end 74 tohferrh e panTs, such that
the nt 45 idfides a radially inwardly extending collar 76. The collar 76 is generally defined by the
back end wall 74 of the nut 52, the smaller diameter bore 72 and the larger diameter bore 70.
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tightening. The taper of the bore 58 may extend

gradually along its entire axial length or a shorter
w@x0al0190T t i on adj acent the counterbore 60. ThRCTUS$208£026096

includes a first central bore 70 having a first

di anmeter relative to the |ongitudinal axis of the

fitting 50. The nut 52 also includes a second bore 72

having a second dianmeter D2 relative to the centra

| ongi tudi nal axis of the fitting 50. In this

enbodi nent, the dianmeter D2 is |ess than the dianeter

D . Furthernore the dianmeter D2 is sized so that the

bore 7 desbidanes withy @rsegnaﬂiqayt appat rod theciavengian) the gt 52 includes a tube

gripp[ngcd%{n\ég ?0 tﬂﬂ? e)ztémﬁ agﬁﬁ ﬁg% §3me\£ﬁib? cgdtllie%%reggﬁs?uo%%om the collar
ocat on t I's axial ?/ space rom
76. The umatgli@amg @m;te 14 this ekample ds i SyagendBl fosmedf @ lgsippinpeing 80 and

. ut 52 incl r-adi al |

inclu an-janer @81‘6@ t?1§t6de|ﬁ§esgae %ue mile\tll\@ apg/#ﬁfc}]rg%f g’gﬁ{ﬂﬂ‘g c@géclk ?éé:ﬁxges the tube

end 18QFIG.7%. mhe thaeten D3I thethee Slrﬁiay ¢ tiddisame beor diffeilentfPom the diameter
and the ter cordance

of PRI AE 5 BBE DIBRTEH & AL AR He B iog Jore B2 xtends axially
from 'ar’cﬁﬂe&‘édﬁﬁoxﬁ otrli'lQ?e ﬂ(ﬁh&@ BNGf @%Vgr%m%chﬁgm Td ﬁdb@é‘pomon 84 includes an

axi al i nwar d in a sonewhat cantllevered f ashi
axxallfyrt@nﬂ t@rcﬂurfaqe 8fthatrinereasgpdn Hieirprpnl rfamaléW’c@WﬁWStfhﬁ Gack end of the

ring §rafip t‘i?érgde gﬁ{g{; ﬁxl‘ffﬁ%eg %}?clsncfscﬂ:dﬂ Qloertrd Ty' B&NFokt 28 88Qf the gripping

and i nc ore 82 nes a
devics 80s tTaixt gemkially cadidl fthmi ezd 8¥ins tprtbﬁ m@bro@éllnsirwaé beleVi2sat a preferably

sharp'gzgre%tﬁ§9 © nd 36 Ioglgv%') th(eiThe e}ﬂl!é ﬁ%1rﬁ%dm£1téﬁ8frxafegﬁt@%ceess or step or

notchObr bther gﬁﬁﬂﬂﬁ (Ao sH@ﬂWh@ if Zhe Tibet end ol irtel 80Nhh\hng laadlameter that is
defines the grippin gbre 82, .ex endé xi al My the back
someyhgtdgrapidhan the diamsfer p”‘é Y GRieading fropiae %P‘Fﬁﬁf‘ﬁa towards the bac
endﬂ'o@%e%gtsz-rhe nose portion 84 includes an axially
tapered outer surface 86 that increases in the radial

di mensiTbg tqp@mé sedace 186 joing toe digat ord 85uclerahly too rative porﬂon 89 and at
s s AR50 PULEY o A GR68 P F oIS Sranet 3l iy o s v s

1amugmm&ﬂﬁéhanadJal front end 85 joins to the inner

Zlylt Iepg | 1%: \%lgﬁegor m&tmﬁ t ere?a&%hggec%%e%rg -agtgléfé][%s o§ Zh‘e tube gripping
devicE 180 ¢4tixh BE, 661 xanples R SBriOls Bt fesOfiotdhet,alpetsd wirfi@is, radius portions and
(not shown) in the front end of the ring

eonetry 80
S0 oxg aw chdcﬁoaqqép &ffeqtipgtapprorsgaaadially qnylaﬁ]elpmglﬁgﬁctgqpeas will be further
fok 80wi EBQd termined b
G TER o AP i S s
the cha.tadter[sec586f fhoi magerizhof fthmhfou@rﬂﬂtd%s perdhess apd 9heo§iﬁ@g components, the

dlme?s&qj}sﬁ tg%gx ln%naél 3.Ea{]e%ua c{/ ltuiaélg]%ﬁ c?gl CaEP %%i(’jﬁr){rﬁangy giéﬁ\éd %or a particular

apphé!ﬂﬁbﬁ h Théreford, fhe pedific \tmhodimbﬂd ilistrA3d haeinheee intended tote. exemplary in
Is noted at this point t he .vari ous

natul% h%f]r%f&théﬂuﬁ 254 th5reepiEiy efbt FﬁBPIH’@g drxisee g3 ?ng%%renced patents

for th@stwo IEHAARbRo ill3Raty AldiAMIE] ERHRETQ8siatiak GdeASLhtate the hinging effect
t apere ortrons, radius portrons and so on) are

to obtsé aedesizell whe @ip-t o ef fect an appropriate radially
| nwar d 5&9%&906%{}1 AP aéfﬂeét of B 111‘1\5%5{1&?, khe tube gripping device or ferrule

80 is attached to the female threaded nut 52 by a thin frangible web portion 95. This web portion

breaks (as illustrated in FIG. 2) when the ferrule 80 cams initially against a camming surface (88)
during pull-up so that the tube gripping device or ferrule becomes a separate piece and functions
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expl ai ned hereinafter. Accordingly, the geonetry of a
tube gripping device 80 will be determ ned by the
web@sact7er i stics of the material of the tubi ngpEIUK2084026096
har dness and the fitting conponents, the dinmensions of
the tubing and the required tube grip and seal
performance needed for a particular application.
Therefore, the specific enbodinents illustrated herein
are intended to be exenplary in nature and not
limting as to the geonetry of the tube gripping
device. The above referenced patents for the two
with the hnudrd Hody tih effecilas o sirlglefstrnlatfistingl dThe spampted dorde 8( has a back end
vari at.i.ons.to .facil.itate ffgC
150 it B BN G fogtel ok HeABR e 1538 NI srves as 2
drive §irfdck ﬁ)rldﬁVBﬂgtth@férruIem fouvimed grinspthe gamhamgcserf@cre fbecrompl@ng an initial
80 is att

pullopy g P e p BB S ST SR por T AP e (ol the devie
80 frdnh kHeStut 82.86e ki fdck ©5a 2at WhkBodetl @ldhg I‘tliidJlbreaIBIi)neCm not interfere with the
initially against acamnn surfaceé} duri

drive gugfgce l}|§2§§ tl;q]%ﬁt dupag figther gy BE)F"(]@OHH%‘ %)Slserf’@?'r dysqused herein, the

Y 'g t enPi-RERIANG 0 FQRSN b3 dd8e inttcham@ably when
termsb‘etg @?g‘ggf%gs%%@& ngle ferrule fitting. The1
1eferrmgrtatlatd@m(‘»¢§0 piidreeigatioadron haswt 58nd 150 that is

axi al I dr| v t I dial

120 AT sl PR MBI e i

groovarisy ithg 1§ &%lécbgdmfaﬁy&&vérd rth@msﬁdag’étlnitmalhéhngadndnm@ﬂ This groove

54 5o B e T R L e Y, 525 e e

ferrulte t&fi‘itall)%I 'ihsﬁ%@ %ﬁlﬁfrﬂnfg‘su%cé dter the értide SOsdpararss tifoen 'ihel huiﬁﬂ, Preferably
he surface that is exposed al ongm%f% br ea {eﬂa 750 4
but n@tm@sesmtly e 2andiheboph S0 SaaRt 95 gy of fhgut 75° degrees

or 50 ¢ i a’u%I (56 Nk t&l')'étgb?{l a?félk n%{&ohéh %M@& antyhﬁe AFRedH| dépending on the

her e tUbe gripping device" and
partlcufae app]icetfiom rTHesd MaeeSfléz rand 30 mawbeenngpures teredvgn gellipg gad torque if
when referring to the device 80 after separation from
sorequifgdnyt 52, The ferrule 80 is machined with the
frangi yfigh weheR2 (9 FIGBON 2030df30 thel tgprad nasd ipai'tiogr&jdnieially engages an
154 that is angled generally toward t L nsi d
axill Tl eREBRG B RG BV G2 T 50 GRG0 165 b8 PE TR hBgin body 56
The t%?b‘ﬂ %@agm{ﬁfng %&%ac%%ﬁyh%uﬁ&em ifths@e b Isadilato mlbhcklé'na wall 90 of

nut “that drive the ferrule axially against th
the bodynin gTlsisichmoung Furéace t38eis fbpregipazedobss & e e S Fiigrfonical contour.

Howéfgg t eu%la]?enzof tE ﬁ%@gé _Yf)gg WE sORedCGE SRRF HHa¥ed Jbﬁeﬁ(ﬁ{é on the particular

are machined at an angl e of
ring c&:lﬂcﬂﬂhtﬂ@azﬂeglﬁaegmpmg cheractetisiics nequﬂr@l ﬁ.oh’éle fltting IWon e spseific application.

e "per B0 ol P Sckl 85l U982 4508 g oan 7

whicl8vi&:s 9%&1@1&1‘6 &6p b@lﬁﬁd@@g@t&hhg n&amwramkm defsmsb the back end 90
required. Wth reference to FlI

may bagrétlbycipresd drogo heitERIEE TP camwtf‘érfgalgjé@ U P59<I?35 pyYrup in this case
may %ﬁ@e?{f%@ u&@%%ﬁ}g ﬁlﬁé E?ﬁﬁer%&tﬁﬁ%c%ﬁ%}@sasaﬁkmﬂ ng to

e naln The t apered
canm n@hs lwlfaa@@pm fesrub &msfsé@@dtth a#ffeptoteneral Fepopigpicfungiions of the

ﬁttm\gl\@b Tlhg fc-t:nhu e muste upon Iper lellng, provide a fluid-tight primary seal against the

tapered camming surface 88. This seal may be a primary outer seal for the tube fitting 50, or may be
in effect a secondary or back-up seal to any seal formed between the tube end 13 and the body 54,
for example along the bore wall 58 and/or the counterbore 60. The separated ferrule 80 also will

14



10

15

20

25

30

the body 54. This camm ng surface 88 is characterized

by a generally frusto-conical contour. However, the
waebape1wi7t he surface 88 may be sel ected from BPCTES2004/026096

shapes depending on the particular ring defornmation

and tube gripping characteristics required for the

fitting 50 in a specific application. Upon a conpleted

pul | -up, the back end 90 of the body 54 contacts the

trepan 75 which serves as a positive stop agai nst over

tightening. Should remakes be desired, the back end 90

may be axially spaced fromthe trepan 75 upon a
formeanprnaY sepl £ the thCpmﬂ wiigse theferpide 8(bikds intp therputdn |SBrfaDa$)éthe tube end 13

in thgﬁﬁéﬁ %el\éetﬁé Eylﬁlfanyzé 'b&% 83 ogﬁﬁ f?ﬁ%‘ggg rgxrl%aggsht%e ibe reﬂ‘?l 8utgosurface Again,
this prémart ap@ dnayon effea@dt ai)@demad)r seeqndanyasail td anbcﬁelabfmSmaf byt fhe tube end 13

agau{slrt %l%/e he f er rtj tlg ?er%lp;% B'Iélﬁlp %S‘BPR&@I? lé%aégf% tpe camming

surfacaﬁ&‘anlgtlmmufea@ﬁrfd% of ﬁhltﬂoe%&lmﬂmyacbﬁu@l ﬂfelfé\iﬁily 80 W81 adequately grip
the tube, fittin or may be in effect _a

r
the tQECH0A 4359 00 thatmein eI R GhdeR presle irraEeIset dbeson effects, and
to préveat the Bee@nd frbdh RpslatidperddOsh¥ fiadhg ks s@tﬁl@@f?&uﬁxs@aﬁa%g the

bore wal I 58 and/or the counterbore 60. The separat ed
f er r ul dnguden @oaﬁihquPff’oﬁmdélng ﬁ??érﬁpdsté}aﬁ gepping@ction, the ferrule 80 is

des1én9&:%§ 'b@npli{‘é't‘ﬁﬁlle a el %!Hlllgwgggd QEeetzle e mﬁﬁcﬁ ﬁp%qh&?r{lpleted pull-up, as

surface of t e end Int rea
illusteaged indfiGE 3. Dlois ees8l IDﬂCh!Gh'ed be ldctugrenﬁ theciagelg 89 tbthavd aihimging action

wher%gk%g{ed%%%e a%acﬁ‘t?c’)n X gfeo t(l;Ec(l]réve aég ¥cergva§rﬁ§ QE%%H'( %2 is threaded onto

the bbdy &#chubyisb He radidhie cm’pthcécﬁoza@&leﬁﬁiﬁtotdﬁgaééﬁﬂﬁt \"5}4}1 tHeNow@ésurface of the
seal s agai nst

ev h rrul.e t form primr
tube Flﬁﬁ ‘é{ﬁ‘ﬁn ﬁbﬂ Eav Q@Bg g%ngfi}a NPRPOBRIEH 516 semPisHSe ped embedded into
the tlIUithgewﬁD dith 3 re&dl‘taﬁt%e&s‘ 198y ot lﬁ% ih SHd f4bien &BsiBbedd 94 in FIG . The front

guately grip the tube end 13 so as to maintain se
end hﬂﬁt9 duges meraerally easkially extendinp el on s@uédw 99 fymad potnof the plastically

defm?feﬁ QS endaﬁ'l%?ﬁzﬂ pfhg ﬁ&}ldeg@ etng% rﬁﬁeﬂﬁécﬁ &n ar atg'g?%f 6he gripping

the fi er suc urrst ances. of
ring 8@ o ewe forihl ar d!edeptgim’aﬂﬁ sabngamecanizel gsisapeane abdkitdéw out at higher

el SRR R ST SRS R e e R

tube @il 13. | Tiedt tirdd S0isi fOrtleh Gesighed T8 ehibi el dforbheRonb® YR nward hinging
designing the ferrule 80 to have a hinging action

actiony i P%B‘X/ SYRge Paprdlet therfybindrisgl wp@,ﬁZg@ga}ngt Wéttu@nmﬂ #fra losation axially
adj acéﬁf 'o@ |s%a§éec§ %%9 SHcks hg,? t94 %ﬁd éhe'i ?gﬁ%g@gat&iq{vﬁh ttlnﬁ:enun%eral 96. This

but also iIs driven
Swagléle ga@ e@ﬂtaﬁteffwttwb&tmaldwtnémn@a tHeetu‘@ gippingefubetiva aaddert to isolate the

I r of p n. 84
el el BRI AR L, DR DO R Bl o pomportre
chan@sresul t ant st ress riser or bite in the region
desi gn d n 3. .The front end bite 94
pr oducgitﬁ‘&u e‘i’i’% rpé‘fSF iPign Ilild%gﬁ?]éeiﬁid’i??ﬁﬂnv%lélﬂlle Hprious embodiments as

effectigOs] eRbediRd flﬂﬁé;?&'tl@i#tan@fatﬂeﬂﬁnpE@u’lé: adton, %s@ KB in the art will

tube end nateri The shoul enaes
appregipiscihiefett $4eherRlisaions syeh rigeroys dppem grﬂierlﬁ gnEBIOthoaIthssbe required,

[ le ance
iP5 0 R L] AT s
Thereénrel 9@ adbitiongr dWJgdespetEm blf the ex.ceddyeatd gep;iln@ndg aet forth herein as

prefer?etdre%q%dgrrlén% s%rc}ultdQEerefore not be construed in a limiting sense but rather as selectable
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tube end 13. The ring 80 is further designed to
exhibit the aforenentioned radially inward hinging
W@easom7sd as to swage or collet the cylindri ceCT/vweiob4/026096
82 against the tube end at a |ocation axially adjacent
or spaced fromthe stress riser bite 94 and generally
designated with the nuneral 96. This swagi ng and
coll et effect substantially enhances the tube gripping
function and serves to isolate the enbedded nose
portion and bite 94 fromthe effects of down tube
vi bration and al so tenperature changes. Al though the
enhayeBes ofnifenbasisnconsente i thpeivénsioni to be uskrd agareijgited for particular
applfFhogdi ments as effecting an enmbedded nose portion and
attendant swagi ng action, those skilled in the art
wi | | apbr euleatte achiate ithe dwired appging atii@nandude grip, the ferrule 80 is

ke R R T —
portivn d&x aitthe tegimnerfalicueydindridabbart 80 ror atetke fibe FediiRtedl 949 61 the gripping ring
80 tTgeer gfgﬂr e, t g]g addi ti gnal, desi gn. ﬁg{éect s of the nut
DBt gy REPTPSRG SSLEnggee i depFresCapyng Foud 88 of the body
56. b ddhigimndction aocistd &Y @bABEa Bighifbt ¢ARA WispRMerhtht nd compression of
rat her as sel ect abl eenhancenents of

Ihg&'tigg ?ense but S .
the gy I'.H,‘& all 82 F&@ﬁgg aGentyah ar mllﬂ,gqﬁl?@p,f the fayaile §bbodypnto the tube end 13
axiall AbERd 16 Ahe PRLE hcst 4 #PRLJ GALI RS ddf?Fl‘J]gfeSd Sl{-_l’»,:)t%e [inging action is

.achi‘eve the desired swagi ng action an
facilftaed by progulings prefsirgthalthotigh rotiédvired tadinl hinexgirgméritahnotch 98 that is

. -al | t [ 0S oLd | 4_and the . .
wia{ Bl 80l 08 SRR3R |l is sttty shape 1
pernitythe rfdirile &80 fooplesti8lyodefore anid: golpselRisa epaidddd Hhn&f so as to radially
0.80 to radi al ly i nwardl

T AT
georﬂgﬂiygdf tﬁ@g@piﬁ%ﬁn@ﬁﬁ%ﬂ%ﬁs B lissidhen g Flﬁ:cj IQsCﬁl}a O $515HuTir threaded and

~used to provide a significant Tadia spl acenent and
tightensdyméa dheohodst 54 lgeercihe faavle 0 sapatafes Sthetforrainelflehinges and plastically
d r 1.d- | O . ont o, the .
ciofETe B 84 4P Snd fhd oot ARSE e, o 418 e 84, Eiming mouth
88. (Stendhwd dastgndproeadivesfsuéi @SFinite Flembie Anahgisngapdei@ed it® optimize the

scon A0 Yo s B bR e hbe g o oscoes an
wall thidkakdsyardasdquifed PRGsUDS kMg RMtiB and Viblaioh p&#rmaesel dhaiasteri®ics.

and 82._ The n?tch_98 IS suitablﬁqshaped to permt the i
ferrul ETHRFT1A5IPMaEen ehithe, fegaico i mav Tuther dpseonirelled by selecting an

apprdpfiRfe Bhlog# fd?‘@l’ibl"tlﬁﬁer@tps@ﬁcé §3. ?ﬁé §{tu{€%g %g%?géﬁﬁ? ﬁﬁ]{aﬁeg nose of the ferrule

cylindrical wall” 82 agalnst t
80 sherdorecwill én pert fdetstming e pianing eud amangeooehow thé férhde 80 hinges,

L 0P NG 80 -wi Il thus.be designed so.that. .as. th :
compS AR B8 ot o bR BB P Bt B biffinlsolg tbing and
also lﬁ_dvidé therdesilmil doéibt_rmlsiezaﬁﬁ% s?tmr Juehermboks tﬁeﬁfoﬁtd)klgoﬁ(ﬂe garnming surface

i S. an stically deforms to grip the tube en
88 me RO 555G 18 pdoye Betias oAb ud Bt PalrcPh hooe peen e th tapered
surfadeO881 Tis BB S inSsbrtam! 18 KPS W rdlBSrBPmHce ©8 4 ®8nS YSRs 88 seal provided
Finite El ement Analysis nmay be used to optimZe tshe

betwega Shecleryled0 apfidhertitsgngd3based on variable factors such
as thethuRi Wil & th@bral fuHO éﬁﬂaiﬁ?feprﬂﬁ%% n?a[}q)e manufactured by standard

machining operations, and will typically include a trepan operation to form the outer contour of the

ring 80. The other features of the nut 52 can be realized as well with known machining operations.

Preferably but not necessarily the nut 52 includes wrench flats 102 to permit the user to tighten the
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wal | thickness, and required pressure, tenperature and
vi bration performance characteristics. Proper
waledosoreti on of the ferrule 80 may further be PCT/US2004/026096
controlled by selecting an appropriate contour for the
tapered surface 88. This surface engages the tapered
nose of the ferrule 80 and therefore will in part
determine the timng and nmanner of how the ferrule 80
hi nges, conpresses and plastically deforns to properly
enbed the nose portion to bite into the tubing and
| so provide the desired collet or swaging action.
nut 5,% tg

HEE RePI4 t Fhesetkiied ir thearttwill readityrapmjeciaie thatese®8 theelitting 50 only
e
e T —
may i rodateda refgredrdpring anmll-tlp)opmaéloover aI | performance of

the fit h L QVi bet we
Forrul oy B E 1 BB LHE Tt BB it Spitse 88 o form 2
camiting 8gglalt dflbeutgiSF60T repivena thecofiudiny! dhis XAt 88land e end
pica

N N M YTV

the anglet beshbuldgbBSabout E°.0t Tigls rhigRt off 89el&f for NBe Renide Giflace 88 differs
i ni ng operati ons.

%4 3%ﬁ$ed as well with known nac
dfamﬁf Iy yolﬁﬁwnwﬁseﬁ@te@é,sfwwwyaeﬁ@b% fitting depigpy. ufommonly used tube
ﬁttm%! BRGcafin@he sdi@de tQolRE f e | 3 t‘& 191'5“1569 sﬁ%‘?&%lly shallower

ont o the body 54. Those sKi
angler@mar%d tapbe @@Saﬂ d@nvehtien. ughe dfalltJWel ¢anirbing gm56 i mbqessary in prior art

r | en the nut 52 a
S B8 A A OLIEER L b, A0l " e
camnying amgd pewidee g gradeal reopion gneahyidal adhmn’sa@etoa&dn@)él’t a¥i8] nut load against

the fegm\f eg{gcg g%gl x{'\%lafoaé ﬁf g_ls Cth Wﬂ‘? é) gﬁ% lgflétg[%%h%gga]@ng greater sliding

actiorf pdritlits \ige fube EHEpihOMGideU6libp @lor@%ﬂa&uaﬂqy%dlﬁlﬁﬁdefféﬁﬂeﬁ R8Nk tube end to

and tube end 13. Mure preferab hé angl’e q o
form g grRping 2&innios bite grtherwhe d h&ﬁegra%erse@dme Gctmﬂsﬁlsomeeﬂés 2 gmdual digging
of thtat ﬁﬁ’uf%nl%n? efld IOy l%eanﬂtbg&%a??? aﬁ%chﬁkﬁﬁalt%ﬁ of Fi%ﬂgec? fibing material.

he camm ng surrtace ers | Ca
Prior mbmﬁﬁmgy theg exstluded whatfngightisppear yple 4 stbeper d:al‘rtrmmg anigi‘s r@ndly either 1ely

o SR B 53 L R SHA ey g

the pebsiird Qugstanae gifeth@cﬂmfgr ed’ht Ghtlltev REGHRIH andly %Ftthé)?niofr BR, however,
shal | ower .ca ng aggve IS necessaaé in prior ar

compRYTHIEGs B aH Y 70 S ElrA T (o foBme dependablg seds & sheg egntrast, the present
invenfib S hiARES a%h%nﬁl'[&esté‘éi‘)mdﬁgnﬁ rsﬁﬁ&c% n%l'@% S| Yiﬁfts fhe gripping ring

canmmi ng an rovi des a gra of nec n| ca
nose ppaieIibige @t t@ pioeinad intei thy camumng @W&CQQ& iwithouttshlestantial sliding action,

therel{ngm’ﬂb?ax‘lgicgu f| ed load of the ferrule front end

ylnto etube This greater sliding action
per m t B thé ede;ﬂmy gmbgiinags Herving the hosey@roiooy 81 1@&1&6&&11& Mdlus portion

9 e LB B S S et e W50 o

that isafot bosted HAhPRIEME dfIhAcpindielyl Shrfate 881 THe Bbelel Sukfblrice 86 preferably
t end into the tube and plowi ng up an accurul ati o

tapersafuaﬁg%tm@@qrwa grdiad digpangion toyardsy the bask end ef the ggpmnarmg 80. This
tapere!i AT N E@I@o%@tancmngﬁg u?B&%@ﬁ 8b QoiEetdes S SAard 8 with, in effect, a

ngl e actually either're
generally narrow zone or hne contact upon pull—up that has high stress and material coining to allow

_:m_

the front end of the gripping ring 80 to coin into the camming surface 88. The term “generally
narrow line contact” is not intended to preclude an additional area of contact between the outer

17



10

15

20

25

30

on a shallow portion of the canm ng surface or do not
produce a bite in the tubing, thereby limting the
w@e@sswre7 resi stance of the fitting. The shal | BOT/US2004/026096

camm ng angle of the prior art, however, conprom ses
the ability of a single ferrule to forma dependabl e
seal. In sharp contrast, the present invention
utilizes a substantially steeper canm ng surface angle
g, which permts the gripping ring nose portion 84 in
effect to be coined into the camm ng surface 88
W t hout substantial sliding action, thereby formn

taperek eeface 86 awdahe cammingesusiaeqrBP.abyy appliRs INPRe ritcacRlly & %’e concept of a

locahlzﬁcgi;on?ac? 2B HLOR a? thel 1ﬁﬁérfﬁg?‘tsex{eg of adll béiﬁm g R@TshiRR 8.?8901‘ high stress and

ransitions apere surtace
matedal ceihingreteesa t%outanmased@ufeceﬁd andér rahusamgm@ 85}1@ms§;the camming

Steep as he an aof th

surfaqe[és a%becrogh IBE}F‘@ Y Deq gggﬂxg§rlgpﬁg gﬁgg}) g&{lg\}égagggd g8 all to metal seal
againdd thé caimingGuga®i 880y fatthiak acgleimﬁiiyl motmmumﬁertﬂtal bm:daontact of metal

end of the g in h| s tapered outer
burniphseon gretal 6° %’ﬁ%"d’fg?asr ﬁiﬁ Pfgmiféﬁls?q on 89 contacts the

canm ng RUkbakt 8 nfetthat théuef éﬁcpamaﬂgeammhg mnglarisf ﬁw dependent

zone or line contact upon pull- (g {has

n

necessardly rontte peritow il thgpriase 381 dwofhse WoF heé"ﬁéf;d?fgf Ipisst R the angle at
whlc}%%}iepf? Inp &nd bf‘t@e? PI?IH Gl 80 cB‘ﬁtht§ he cﬁmg"sﬁlrfé&g $96L10AA a seal thereat.

erm  genera y nafrow [ine contact™ is not
Thusj the emﬂxadlgtsorfpcree&& majeindeed bd diade ovithi2 nendrisgrcoaisat eaatour, but the seal is
riARE S ' 2IPY 88, Additional

sill §ipr 5% i Fofpig Y LS B, ek REEPiRhog ss. Addidons
compéﬁncaaﬂg@séair @i elure oﬂﬁaem@rgesunfaw 8&1na3abe tseé td beter frodttate the hinging

extent of the c n}{% r% ace 88 of high stress and
actmmcbmbqiblte&;hwv?j@) ?%@%ﬁ? be outer tapered surface 86

and/ or yrRghdi SihP Qhrhyi Q{% &ﬁfa@gf%nﬁtfofrﬁ@ E2RTSoRGoe fa@g&@i surface with

88. By "coin" is sinply nmeant that the gripping r

in
addltﬁﬁa]amg]eé\pegloas thelote aeensr of Qﬁlau@wqgto @@ghtat@@g ihpging Eﬁzgon and bite of the
grlppbqgr ré%gﬂe mto Ehactlgb S8 P¥3, 90 pdhnfe ARAGHS la%]:)éctn@lf th@\Wivention, the sealing

1 Fhe contact of neta rni shed on
portisiedfahe frontehd efthe grippisg ting$l (ip themacryplggahnbodnnqn@ the radius portion 89)
not e, t hat

ol OB 5 08 S B B BRSOy o s

anglddNSoret fa®e rfe of Anglt lest aboudsse-G0Reclaimg © thé longitedlﬂdtaxw X of the
is the angle at whi ch@ghe front?ggtg%of the

Fiting R grbUDG O Ko T ME TR BELH PSR STToR i be 40°-50°
and 1{1953 é)?&&ir dTtaH %H%IE REhERETHeMBon s AGRe ﬁf%aththﬂQ @@dprbfiary seal is to be

a non-frusto-conical contour, but the seal
formeds Brefekdblyf athuegh byt netrssarilyy His pritaary Feal reeffegied @v@ geperally narrow line

actin t L£ep an
Contar?gﬁ‘ﬁ%ﬁf}ﬁ?ggﬂ@t $ %ogljtogﬁern é%ﬁh%%ﬁ 8& ﬁ%n"ﬁ? g?ggljéur Sarming surface 88.
may be ”Fh‘é%@bepa dagirieg sirface hhglathes thia exdditiogl rbgneﬁtttha’o rllhe nose or front
and tube bite achlev by.the f rr.Ie 0.. \Wet her
portignAfithp gbs e iPRiEE dgECT g@' ff'&hﬁgo @’&Hhsgﬂﬁlal ARe fess '8 compared to
if thesﬁ‘cgrft geﬁoi‘l\ﬁh&&‘toaéﬁgéée' OfRallovR %ﬁﬁn@%ﬂh@b&ﬁkﬁaﬁn fh€ @rior art single ferrule

steeper or shallower to facilitate the |ng|??fgl act i g
and gippitty tieg desigise s gpdadgmpssnalony with: e himeing,#rliornigngssto position a

substalntleﬁl& I%eageq%a%s W LBl & 2588Gke REatioR&riHVEDE bRA94.t M8is significantly

strengthens the tube gripping device in resisting pressure and also strengthens the collet effect that

isolates the bite from vibration and temperature effects, as contrasted to prior art single ferrule or

gripping ring designs. The hinging action also results in the back end of the tube gripping device
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portion of the front end of the gripping ring 80 (in
t he exenpl ary enbodi nents the radi us portion 89) forns
wao b@sprd7mary seal on a steep angl ed portion of P€T1ES2004/026096
camm ng surface 88, preferably a steep angl ed portion
in the range of angle g of about 35-60 relative to the
| ongi tudinal axis X of the fitting 50 and tube end 13,
nore preferably the angle g of the camm ng surface 88
shoul d be 40-50, and nost preferred the angle g shoul d
be about 45 at the | ocation where the primary seal is

to be forned, Preferabl gt al t houg%not necessarily t

(Le. ghei cwdrcsppgsé*aﬂ ¢ gossrand e oy contagageihg ke Ty B ihef moee "o the gripping
deviGdiehd stxP@xﬁnmeaﬂS Maiftebmpetidnne front end of the
gripping ring 80 and the canm ng surface 88. The
st eeperlncgamﬁlln@r glivtegrippiag grechash aheleayls to |e€ﬂ1?841 into, bite and grip the
f K t
tube %ﬁ&‘ etflé {ubg gﬁg}?ﬁmg %g%}ges‘ ﬁm&bbe 1?%# ﬂ%ﬂ \;c\l}e't t%ﬂes c dS tTglEst ngg §1ally so for thick
wall muml@ rfﬁtegrmer@@mpmpmm of 4 ferriuls ifi p glrtllopanglecnaminzidg mouth of the prior

e o3RRS a2 I U T AR ARAL 30 ek s v

tube TUngerakide dirctmssanced i thg tubietgdnipping dh\rwﬁgﬁﬂ’rgera (oh]yanodetm@iyi farder than the
[ f
O R TG T
becatideI fhe CRBithtiafy I-BAGrNENS rhhRmektdS Ge i tikd @ﬂp}ﬂﬁ%’ idetcd during pull-up
resisting pressure and al so strengthens the coll et

caused bpdhe sieener icomming snglpe HAWSYSR i #FeATdANGS "ot Riggpresent invention, by
r r a n8l
s TR BRE BRI IEHS: PRICA ISP hOnDI S04 L bt camming
surfaab myrmnsbtﬂ and 5 ¢ffeetivamkeassedthe futetgrippingedeyice ppiadeguately bite into the
% %. the end opposite the nose end 84) from
tube@’& to&th thﬁf“Pﬁe tube end, so that nore of the gripping

devi ce THeosTﬂéep@ln@mﬁmg Ang¥ baf ,thefmé)smn‘ﬁmderrtﬁdlawo results i 1n a much shorter
conpr essi on

eneral, faor tube i ng devi
disten b A APl r el of il 0, ginE B Hb GG fhe nose portion 84
will tnﬁéﬁet dradltalgf dEféHﬁecgﬁﬂdpéUrﬂiﬁesg&Ninﬁﬁthmﬂ@e a8 awHe R hibAnshorter axial

een This is especially so for thick wall
dlspllacdmnamg or Eﬂiﬂenggmemlmnt aki eidemiovashisyr the oreper &ibe @i thep, ghe ferrule 80 is

prefq,_rg?}/ PSS }{aaggg%e e i gesg‘i’%ﬁo Mot léa@teﬁ{d 9{3» ﬁgﬁ i hﬁ\ﬂﬁﬁ;sg of the tubing

even errule
matePial on M OdHElekLdcyleh Efbd exanipha if thé mbingb'eaterliid destainleesgieel, it may exhibit a

C|rcunstances |f i e tu [ levi ce.
hardpgsg of #pdP B0 Vekh Shetbtb e é%&r e it @rali o nvention
whe ﬁaelmﬁll?é 50 fs%saﬁ&ﬂy §&dﬁl HardihtBridlf)ehd be gififiing@dhicafould be hardened to
angl e camm ng surface because of the substantiall

a haxshesstratio afatdpashrabasid it tiags the Bubingderdpesso pVIRE Iaéfﬂi&% the tube gripping
dev1%osrhoﬂﬁ Uk ff)aauﬁlﬁg oP Yt 1%5&?4%‘&@ R bR HiAle 3N @hifl -further, the entire
. I'n accordance with the present invention, by
gripping ring) 80 meed ndsde griedpirdened émt withes pufpithe eesa tployfloﬁa?“dé@}’ be selectively

b %g the tubing, a steeper angle canm ng surface may
casefyardgncdy and is effective to cause the tube gripping
devi ce mGicostegicatuaihythisiakpeci oftthe tnhaltioubﬁl emnphrt of the hypt 52 and body 54

the tube. The steeper ca
may R ARG Of GEn Ao oy el TPt B o e SER Pwhen used with
hard 'uﬁ‘i!n ‘fﬂa%e? a@%ﬁ&?&t stddfledshifef qgtﬁtbﬂbl@ &30 hetdehing pRi¢kdsed e fully described

nse tent | y, the nose gort i on
in United States Patent Nos. 6,547,888; 6,461,448; 6, 165 597 and 6,093,303 issued to the assignee of

the present invention, the entire disclosures of which are fully incorporated herein by reference.

These processes produce a hardness of the tube gripping device of about 800 to 1000 Vickers or
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will need to be radially defornmed and conpressed into

the tube end 3 with a nuch shorter axial displacenent
w@roosShidding novenent. In order to achi eve the PCDPS2004/026096

tube grip then, the ferrule 80 is preferably case

hardened to a hardness ratio of at |east about 3,3

times the hardness of the tubing material on the

Vi ckers scale. For exanple, if the tubing material is

stainless steel, it may exhibit a hardness of up to

about 200 Vickers. Therefore, in accordance with this
b aspeﬁé of the invention, when the fitting 50 is used
ighgy H ISORBIRIFAE dhy LoOsip desisiange oofi Bisi AitjingeviQuker case hardening
techBia0eH HwePer 1AL r '

ot e g R TncicAblsdy e e Bl ine 80 allows te
ring§fjdo ?@Hﬂé‘a@}ry | G 3y sed\Ageiastdhling dlat@elahaindeasesialnlessastdehtncmdmg duplex

I s Stl
stam‘PJss QtEeeIr %?’tﬁgéve nliefé%cédqc?asé HQ&&%#}%‘% Ve gl addi L%rgl henefit of providing
surfewa& eicthe ding 80 that sduey orqm(tvpntt gablingdeaveen tid iy A wHesh rB@tes with the nut
I |y case hardened. In accordance with this

SZ)&ﬁtlgegtEJBﬁé the invention, all or part of the nut 52 and

body 54V ariops hebrichite ugh alsarbd epaiowiili easte B 8000 reduce galling
d d;;{elﬁ%\e .t he tube of1 tgﬁe@{f tting 50 when used
an WS{ &t suchhph 0| EFPages: %%ugmaéqsscoﬁa@@ng molybdenum
dlsulﬁmdéabduﬁggiﬁﬁﬁsmﬂﬁg’eenl ng processes are fully described
In United States Patent Nos. 6,547,888; 6,461, 448;
6, 165, H5oAre Aagowing trshmauesitumcabl Wil redvdt inghsd grhmenuthZt 4nd integral tube
e [
eSO IR, Bl oty oftk BERRTHE FpclopHl 6 ohfecs stee, or
exampley e Bsths apredaferneedpataires patzht ﬁﬂpdicitid)hﬁalgdidhﬂﬂhﬂ@ude skin is formed.

Vi C f._ab 800 1000 Vi ckers orhi her Wi th
In oL S8 RP B Rty oo Soith e v s ﬁ%PIPFittPu% threads of the
stainlekdweeel (ﬁﬁlSGZhalfdﬁBeb ﬁ@tlbl@@ﬂi&lﬂhﬂ Uesce HANRYEDrgIB Yuis r%s Any solid

req wrg % Elgrdenlng of the tube gripping rin
hubricanf” g be ae forﬁgt (PURYSE G erE sycly Folisl ibticangatreaprll kistwn. A few
exanﬁalé@' 268 JRpISkl 3hQyRidaln a(ﬁs ﬁ@e‘ N 2 e*iﬁﬁfﬁ dk " du%WWPE (ultra high

| ex stainless st eel . e abo er ence case
moleﬁdﬁtrd@ightgwb@ﬂedms) HEhese hllbrlmm Ctandmaisedamefuet na¥fcombined with another

e, 08 RS0 B0 ] BEHE 548! asttion. ey an
be uswl mrcs:telrmalmmayeayd Fomed mdmmquum@:s Maniledkgnd pakied, cant s
may al use h the tub |ng ring 80 to
reduce ﬁlé‘lkl)ﬁ}bﬁlﬁarg%# tb’éﬁ’ RS WFISF’%?V&‘E pyasreiRk profgs. Examples include
Dow @0@1&1}3@@ 31Tby Bleab@sicad i aldBasem Dot ébﬁ‘ﬁd@gC%goratwn of Midland,
enum di sul phi de or tungsten disul ph

Mwh}%é? daé‘g PeckoEGh Ay dedet {30 eedilpblewirom Trasti Gheimn Colléngs, of Monrovia,

Calif§hai r e nut 52 and integral tube gripping ring 80 to be
case hardened. When the case hardening is perfornmed on
st ai nl ébesedubyiszhnts tar beappiipd by alasstandatdfmeﬁbd)mh as by hand, by aerosol

tents o tent a adherent
or airBSRENE B AP 3adbR iy, GBRnd rsat Do fsctisieh will provide
lubr1caﬂingeplbpm’ies aselgd lubribanpriclamis dRyeddty aialEblads® I clearances are
e stainless steel nuts 52 to reduce

usually g FEagcnH APREPRERCES © plbricani san alee e heripd fegenhance its adhesion. For
example, 368 Mtentse¥pe Rl those supplied in a resinous binder, can be heated to effect cure

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

instructions to 300° F for 1 hour, for example.
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| ubri cant can be used for this purpose and many such

solid lubricants are well known. A few exanples are
w@e@phid’e; nol ybdenum di sul fide, tungsten di suPdT/tis20a41026096

UHWAPE (ul tra hi gh nol ecul ar wei ght pol yet hyl ene).

These | ubricants can be used neat, i.e. not conbined

with another material, or m xed with another materi al

such as a resinous carrier or the like. In addition,

they can be used in essentially any solid form

i ncl udi ng powders, granules and pastes. Solid

| ubricants of this type are well known commerci a

pr oduct Bl a preieplee smberineriefDhevirGentinnn g (dry 1@R2itabras désdrmed above is

usedbiﬂ’p thﬁ%% R}]@%’:‘lﬁl?dtsg# gvr}11 (f‘hg{l\/é)gé% (%%363%? tg:gchvggr at ] ?ure carburization using

carbewy andnakide af rthnwéfbmnmu@l@e NS i&instss Isigsl is atail¥exs rhevatﬁe of the thin, coherent

f | ¢ant s ca
chro af}ﬁ gi;dn téhnt érbhg eng% fbf/teaé? 8§Qﬂse‘£¥ o gf.y Low temperature
carbwmaaym of stxarnldSy sﬁel'lt Jo3: A SuCh as Ithopmﬂe By ATSIAR16NGd 3161 stainless steel,

C S C e used which will provide |ubricating
ol X RRE 05T B RE REEH Mo 9 & RDALS Emise sbaasg Boford use this soot i

usually aB@avall &) as&hihgt NVERE GHRAT ABESSIALE ubtbAUA ke EH’?]Bon source in low
required. |1f appropriate, the |lubricant can also

temppEiie GUDBrIEHRRALRS GniscrIciRe o, butd aédéawpﬁélea\%@mde film also forms.
| t Y |
i 5 AR5 IS0 R B0 i i s
stainfesy Stéslaﬁﬁanless igl th@ﬂ(lbisei(}m)ceﬂ)qd dwdmﬂjl@@t pasive Typrbledthis film is also
urer.,s l.nstr onsto 300 F for 1
remoﬁz% L&ergzge @%%Yaegt e s carbtu]r%&?ﬁ“l WAt odi ment of t he

| nvent iIn I’apcdidaﬂlbg’ wht bllills paﬂbulasemiﬁﬁﬁﬁéd@ edis AbAMCoNide FISER not removed
whi ch have_ been subjecte

on nIe ste nut s
beforgpplhfi iE e 2o i laoicainb . Radh fn Iehanle o d uhosFoges, or ot east

the p8&ioh$16f hE EABHHA YT R es t%tb%'lﬁ‘lgrfcﬁﬁdsfr?ﬂcoﬂd%&gﬁib ?Lﬁéﬁar embodiment, it
because of the thin, coherent chrom um oxi

has Bgpy éwnriﬁh@trtéwwraﬂlarmsoumtrnctmeofghééiea\nsom@alsecacts cas an anchor for
blndlﬂ%rthe llugﬁﬁatnﬁ@ﬁ{e aﬁrs%rfg@eg L}{slr%?netsk(t) gpg ipf)s %ﬁ dé %ﬁ%ﬁl_a herent than would

suc ose na
OthCrM$lbﬂ|t]%QaS$ tae@ henca swebld tp withataed rapbatedfitting sanidkac@s., loosening and re-

s G REE oo Sy BB SRR b s desried

in cogendiop I?%@Stdﬂ@bpa&nusltﬁﬂlcﬂﬁmtd@?alﬁ honss o4y ﬁtféd :cdﬂ ﬁe%ary 5, 2003 for
I ur uri zatil on not O can soo orm

LuBkEREHS L BB D REEARBRIZE DS TANHESS ST InBARS, the entir

dlscld%ﬁﬂe%“fh'ldh% ﬁﬁlﬁ%&?ﬁ(ﬁi W%‘II ryln@kfréf&reﬁ&t fromthe coherent

chrom um oxi d es stai nl ess steel
st ai nl &%G. Arilltlﬁlatesmnoiihsr embqﬂmcntanfdhewwdmunri in which all elements are

gener ﬁfe \sGime -£¥ mecp%{ )ém'i)hc'h?zeﬁ ml} | Sr ?Azé O%uﬂ’?§8 g'ranglhi% web portion 95, a

to uncoverd t he par
stressamnmdammmmh 300t ibifempa tierein| Bi thisrephdiliRnt thelshess chRRYUMating notch

ilmis no bef ore application of the
300 i Kt o grae Sy et RORS hef Siegles arbna VibeotinmeAl 2o promote a
rapid Iﬁ&ﬁﬁ btk Bﬁﬂﬁ&’emﬂé 8QtrolP@s hut 512 WErEMﬁu@&ccﬁﬁea a result of a minimal
uri zed surfaces to be lubricated. In accoréance

span Qf?ﬁogau% Pf theuuh P2 ehasta pask fingeritight position. The shape of the break is also less
ragged. Other shapes of the notch 300 may be used as required including elliptical, triangular and so

on for example.
FIG. § illustrates another embodiment of the present invention. In this embodiment,
the separable tube gripping device 200 includes a substantially continuous cylindrical interior wall
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has been found that the naturally porous structure of
this heavy oxide skin acts as an anchor for binding
wo b@slouonT cant to the part surfaces. As a resuPCT/Us10e4/026096
| ubricant is nore adherent than would ot herw se be the
case, and hence is able to withstand repeated fitting
remakes (i.e., loosening and retightening of the nut)
wi t hout being renmoved. Ot her aspects of the |ubricated
oxide filmis described in co-pending United States
pat ent application serial no. 10/358,946 filed on
February 5, 2003 for LUBRI CATED LOW TEMPERATURE
202 tpARBURPSIED reiven #08 RERIbe PRETS3. t Aesigrificang difference between this
uj |
embodiBf 43 Fero Ry erics: ks WAL RBE B Rl d0Boes not include
the inteher tieepse nt hasch 98 Wnncshpaaationétoawémfsmeéw sutge tier tabé grifipives device 200
rrent wi,t h .one wariati

funci G g arrEG So BVF Pk My Gy PR W Bt pbodiments.
As in et ahbodient S FOGME Herelne i tobe grippiny devieizod Inmnhclhﬁﬁi‘a tapered outer

re concentrati ng not.c 00 i or ned
wall 23R Prer oAy Qb saig 2 e faciilel Fik Mot hipgingggetion set forth
hereinat eri al 302 to pronote a rapid clean break of the
ferrule 80 fron1the nut. 52. The break thus occurs as

r esul tABAthay fratye Rhhisuatidient, gthigh Y sy usedh@onier ig gombination with
other ﬁgﬂfésl&f RS endbbBFRhts ik glﬂﬁ aRRRAIL Qe 20R8s ﬁgaﬂﬁedogo thla'&eche drive face

break 1's also I ess ragged. Gt her shapes of the notch
206 of3he nivhis tse parallel with theqiuwrefm AeY ofithaduts| grzpptngocwvxce 200. This non-
paralletl él?ﬂc%%% r%@@ﬁ)rﬁl? ta%ér? ce eaﬁ?lqgjeﬁitw@nqm 2 tialo! fé? 1|161§ pull-up after

odi ren FRVERL on.
separaéwb @di thre rdeyick EO0smar bl fEmtalla st 32, a9 Wil He\deseibe®Qn greater detail
. jncludes a substantially continuous cylindrica
heremt"’ﬁ?%r ior wall202 that is closely received about the
tube eng wik or ﬁgi@%é 9@ haythd eftﬁEl?e@Q@ tﬂé%ﬂ’iﬁg ﬁult ﬁ b%/ a thin frangible
enbodi nent an nbodi nents of
portion Pkt asfisecriped bg'pmgbcnrev Incascardancd vt an@then aanetcg@tfethc irerentxon the device

200 is nggln%rFed% d%i%&ug %?%noge{nﬁgttéocﬁgsro?ag Et)? #g&é}:g\slalecgg{og%{bro%%aéﬁ%o; Qﬁe driven face
208. THEss eonsiungiag, foeexanipde, be a@c&hapa/mch af é‘o@thplanﬁ cawak sirface that when
n the

. 1n the aboye describ
viewed, i BEPHERE! STooF o SFERTEY (G- a0 Jprish by egcel surfece
This c@fur Yy tak€ bH %n? difepai SthpedtoSfaciitd the Bidsl hihgi} action and also to
optlonal concavi or relief 212 that facilitates the
reducejergpe Auriig i - %@ udrjhersfe@e 308rmdy Heenashined withbeisentoured shape, or as in
u r
the 1lIL{sﬁ9t%% %@}ag%{r&gc'h%% e W‘fi%gﬂg{degﬁﬁze@%g%&%oﬁ% of the tube
grippingndeyite 2001 $n thegxbrhplaryaemm»dlmdnt of BHy.e6, Zdactisn nﬁbiehkiagl the thin web

. so t dr i face 206 qf .the nut is n al | el )
portony i (4gies oAk SPaER S0 8 S SEOBE BB HAC QEincape 208 o a
somewl?l@tocon'vréﬁ §urﬁzﬁﬁlﬁfﬂl6| ITéls doffoat @y 58 Lgedtth Wseilftere MBe Ringing action, and/or

di fference angl e b between these two faces during

reduce piilup ferdue baveadpanutor gpd the tubseriging devigend Ofafienseppretion.
femal gp ux'iwé%on a3 Msbiibeld hedbTHbl P SOtk Rp s GhmB&! 8F laspects and

her ei nbel o
features which may be apphed to either or both the single ferrule and integral tube gripping ring

embodiments that facilitate the principal although not exclusive performance characteristics of

sealing and tube grip. For example, another performance characteristic that may be important in

some applications is ability of the tube fitting to withstand temperature effects. Other criteria may

include manufacturing cost, ease of assembly and assembly verification. The present invention
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The tube gripping device 200 may be attached to the
femal e nut 52 by a thin frangible portion 214 as
waele®snived her ei nabove. I n accordance w th anoPdiEUS2004/026096
aspect of the invention, the device 200 is designed to
def orm upon separation so as to produce a contour or
curvature to the driven face 208. This contour may,
for exanple, be any shape such as, for exanple, a
convex surface that when viewed in | ongitudina
cross-section (as illustrated in FIG 6) no |onger
presents a conical surface. This contour may take on
prova%ﬁwh% fesigerwithshegsisty efoaspents tid eaneenthéor diesipnieg a tube fitting that will
g S ue durin
mee b o o cls= 4 JoRoE Sl RN o et qoplicaions.  These
dlffﬁtl:@mdemgledSpsbtam,ludervaasus optivhe on Igbm&ﬂyadlﬁcbhemb@ﬂstmmf the material of

the {ugg gﬁgtﬂlg rhe(/ eaﬁéo u%s egpdﬁpagz%shéc def gﬁgﬁgqlégcqg%nems such as the

threaeheé mlleaquyeamﬁ dethare ntit off thék£emfary teh!bocﬁfrieh@n N siRg1€ akJeBidor feature of
th t?gort on 14 ca]b‘ s a forwa aﬂ def ormat i on
€ *BYGHROP SHFAP DO e b%?tls? fehohecesiary dn ill ¢issigns @ndagan example the

presd:ﬂ‘ﬂﬁmfeﬂtlﬁpﬁiey\ﬁmll @R KcAieh IR tube SitBdd - that MoShdb Qtﬁfl&“é tHF8¥ed coupling
facilitate the hinging action, and

sed t
beth%‘Hﬁ’@éub% ﬁﬁm&rﬁfﬂo@&@c%@t GoEeneTe thetmake up ke ﬁﬁmgt ulpen broad sense
ther&&rb,pﬂﬁé %S%Yﬁ%ﬁtl&&%O@de?E s [P QR tuﬂlé% EYI%P ?f‘e e pior art single

descri ed her el n ve cont ates a nu
ferruleniybs¢ ﬁﬁtﬂgﬁ»eﬂshmsdhbmgw el Epl[nig ldint@peraties hnrglrkgoichon as the ferrule

L T L T N —
a cer&pab botsion @f ld&rﬁ‘eﬁrnlefaﬂgﬁmstcth@ﬁﬁ@teﬁﬂl Thisqsng@hg aRhithE #B8uces preferably

I , th f
altho&ﬁb?%g]f:%qgfagf q{zgg)ns?pgc%nﬁ%rﬁq%ﬂg {tgpaégﬁ{g that is radially compressed
agairdPRk hRtdn® '('@hé@as%’ 'tHe'pIriY)r 91ft sfngﬁ f@ Eudbk tfﬁ?ﬁ tl{eoferrule concavely bowed

W thstand tenperature effects. er crlt
awayj fmn thedubgands dbe binging 208 §@11€t1@§§ﬁ'€%$ alh@e@n’eﬂt}qua{(ﬁ diube grip even against
h t i DVEeRt 1,0Npr ovi
erd I ol o Rl R RS o PP Qe SRR BT B forte during
pull-fip thud @ksb gerurigg an admt;mté setal against thatanwhing soek, t he

per f or mance .requi r enmen i cul ar plication

or r angg’ oPrIgEH PIPEC |a8<§1§puq¥ﬁeas‘gﬂ%hﬁ? % Fh@niles&é? fnaccordance with the
invenfish € hchidve CleliteiratthbOpSp A1t deQlNEclAdy 1@ 8RB0t ¥mABd o the following. One

characterjistics of the material of the tube gripping

aspech i ine wseff apiseper campying Bigln 0 assssborty hgqentah@vet u’d@ﬂfeif aipieeigs the use of
s SPIB 5 WES LR IS AT o o e
ferrulp/gzipping ring haseehardnesnthitdnatdeastaroot hatimen ﬁlettﬁtengahﬁrdness on the Vickers
scale. a%g h&ﬁg&l%{ﬁ Qﬁg B2 % Xmard{%@!g {%%?ng%%tdgg%g IO?%t R%gtrp%xaﬂrg% the surface of

rese ven

the ttﬂbdo%rlﬁapﬁ]gl mysceffbtaﬁledo Stidlt akdthdri Zpe@ isheiRadgstomP| debfhietry of the
P IF ween .t he tuﬁg fitting first apnd second conponents
errulpigHPDInG KRS IRPTPdHee AibiRginefungtionor piiess duringmdl-umefithy Bitiag as described

hereidaBEvadoeB e hssuRRBc: ABseBh@NLARS iRo HRRALA I\Aﬁllfvﬁ{hréj+oqletlng or swaging

tube fitting that, unlike prior ait single fer

effectraprisdly fockingd ﬁggnd@@qﬂogv dbe faytde/gbe pripming @@ajemnsgr tpydesigned to bite into
the tub?I GRI RQY fy?ﬂ:gl ?oﬂr}%ﬂs}g g%,rgsuzg L%Qﬁ?&%%t AL b?{r{xﬁ@l?y compressed against the

ast’i ca resu
tube Qndl hseis|tyggcaéM1‘énﬂ1111pwdthddebjn@p1 aofteadlba{g cﬂiﬁpgeﬁﬁﬁtw r¢oﬁ>s’ideaat1ons may

entr por t

inclu risg Ia.H d{u}% nggcpp%crgsst ?fucg)nﬁarvbtaugsg a%'l&nequéqrée ¢ l'gjwal? with or without a

concavity, and use of a contoured back wall, such as for example a convex surface. Additional
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al t hough not necessarily in all applications a convex
portion of the ferrule that is radially conpressed
wW@gasnst71t he tube end (whereas in the prior areCEUSINE026096
ferrule tube fittings the ferrule concavely bowed away
fromthe tube end. The hinging and colleting effects
al l ow for adequate tube grip even agai nst harder
tubing materials with a shorter camm ng stroke or
axi al displacenent of the ferrule during pull-up, thus
al so assuring an adequate seal against the canm ng
surface. The various aspects_and options available to
geomehy ferdwregyymay invludeciho ngmpte radiushpartien fongngagy e cepuming surface with a
gener%ﬁ? ﬁé’ gor{t ?f%(;%ﬁ%ﬁ%%fao Pf':r‘%\n&'éf £ vg]ﬂgasgxgﬁété%é‘t?é 'ﬁ?ﬁt Q‘é@ o?fh@ ferrule into
the tlﬂ)eSW&lpremeaiarmsmggabntglaad qukasgrsoetAﬂ@h«trrasm @ tm@@@ a hmglng action

N B TR G el SN ST g o e
compidled ﬁlﬂl—uﬂ Hehi§ Hélpsu}bre%@t thp [Drelatjjorr ofmgsub@snsar dﬂ“aeginm ﬁfﬂt Wbuitl be otherwise

i s at ast ahout 3. r.dness,.on
suscepilg ¢ 45N O dOWA ARG Tl et ARECTAP Ga e G erence angle
betwdl & aive %%@ ' df @ne\be 'Eheptﬁbé fifting &ommp6hentshehdsitie esdeiarfl ferrule driven
the tube grip % device/ferrule. Still| another aspe

surfapes {The defﬁwr@s rang cfagjlitstrgtar ProBer hinging astiom o gfechpilh gol?et the ferrule
agamsf @P K & P%E G Rt AY 1fa8’iQF§ﬁa8Hg OF 1R ER86lk rEiHvhiAGortion from the
up o Plttlng as descri bed herei nabove so ‘as

nmeemﬂassure proper nose indentation into the tubi ng wal |

with a oI

" son: 40P S PR A0 GRS BLAE0 BBIRy s o
state dFsthe I’aﬁdoi ginplet frrulet mbé ifetlﬁglibparémﬂarlﬁﬁorl ﬂlethpmphl,ty iembodiment that

hi gher press a Ilcatlons 0 be.radj al | . .
comtesiy e QR UPaRah AEPDA M Mgl dibiErenie! ({idnfsy A bR hinging action.
Thesé Bir&k 3Bedi@GotiiiBEBerdb rEalk (14 sﬁnglblfélﬁlle fibe fBRQMBAY &khibits good sealing

consi derations may include use of an_inner
and wbe @nipr deeasteristicse anlkkey prigr, ath siglsr foamleo thbe rfittipgser ddpreover, in many

appli%’gJ S Wllettg; g)g g]}@ fulﬂglﬁg a@tlo%hé}ﬁa&{#féﬁnuﬁ'ﬁgrd &5 a?gneawﬂl suffice. Additional

oure or exanpl e a conve
aspecsIoff the @ariAddiptibonaiaijehderet thy déstgren fos Speratjori oicthe detachw:é ferrule are set

o e T P 0 SRR Fo T L SV s 14

2003 SRAFTEBING IFORR$METWE PIPH AN TUBING, teagmuefdmdmure of which is fully
ferrule into the tube wall to create a strong bite and

incorperpied eicht bYNSEYHEF aspect is to design a hinging
action pyhey; éfé?ﬁy% getioh 38 Qalﬁpﬁ&eﬁﬂ FoPhppliBRichS heh €he tubing material is
I'a

remai ns ra y spac fromthe tube end after a
hard coetplagt foul qratnipleusiuplehi saitledspeechr &y dhit thh derele smyshrpeogase hardened

sufﬁ%ﬂ-gltgrégfé\ gﬁ’ e%rr\lc./)lfe no %oolﬁdéenlg ?Ht Cﬁﬂ%%’éﬂ \Ag %aﬁte Icl\tﬁ% E/Erﬁ@r the ferrule is made,

the nidkd Hilfficulat kao defope G:He fesulptiow buliably mamielftbesmﬁoaﬂghlm grip and seal.
bet ween the driye surface of .one.of the tube fitti .

The BE6 B TP oS G0 PEpEdy PE R 2d GFiP B, \ifd o B softer mbing

materialS s@hlak €bHRe ?or%ﬂ%?leﬁﬁ& btbégePbBEmitig RAEP ©aldbe My @ adequate to assure
action to effectively collet the ferrule against the

tube grihendesael- and al so facilitates the radial spacing of
the fer u}xc?t%cL ﬁ%mﬁcﬂlepﬁ{ lLfLi’é %Eé’dgnt ey bukergod byTJ“?%?ety of design

skille e art wi pprecidte that th
optionf whith intry tei wpad Rlooant inyanaqhdmbermftvia,gous combinations and sub-combinations.

One of those options is the inner notch or recess as noted. Another option is the tapered outer wall.
Still further, the back end or drive face of the ferrule may be contoured as explained in the *963
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state of the art of single ferrule tube fittings,
particularly for the exenplary enbodi nent that
w@owbiomss7 t he options of a steeper canm ng angP@r/US2004/026096

di fferential hardness and the hinging action. These

three aspects work together to result in a single

ferrule tube fitting that exhibits good sealing and

tube grip characteristics, unlike prior art single

ferrule tube fittings. Moreover, in many applications

the use of the hinging action and differenti al

hardness alone will suffice. Additional aspects of the
patentastich as withtai @nsexashapd, ap Id?étltlg)ll&hhé figesthg gerightponical PrOﬁlC Siustrated in

n_of the d d
Fig. g glerﬁgf1 dﬁﬂﬁg BSPPES © E{n@ﬁes pa xjtﬁhg b?t{k:aeélgteq)ro:%@grgapyg a rc}:gr.xtoure drive
face f bf &d an ﬂt@ulﬁﬂ:h)lzédu@ﬁ)@@lhﬁg) ranﬁ:lp'ﬁmunslGOﬂ@R bMEWMQ eopRE distributing the
NG, the entir i ScC

react}qagcf@]: UBI;;(;HN@@} %If%rirurlle &8¢ o ée slcllhe L tﬁg aI}t] Swllég%adi’f% appreciate that
the doﬁtoﬁ%ﬁ%bl@'ehd/ mid§ ediel onf mﬁnya@@ﬂere&ahha@ess Sudhed'ﬂ; fohexamidé mg described in

Intergaipnel pisent SpBePon o ot USAOH 8RS st Bt 29, 2000 for FERRULE

WITﬁa%EEItE@théU@nﬁecgr@gAmm ﬁddol‘chh&da@sﬁogxarngltrﬁmessaattasapatent application
en Into e ubl Nng wa e harder

seriahea €9/468.84%Gled oni Tepsrakhr £2 k99 Hopding a0 rf?rtl?efé“f‘éw W@ HRELIEF TO

REDg,fbaEra Gmmﬁltﬁe éml?@(ﬁgckgsgre@%? %?ch%?@ﬁﬁ? 1ﬁcHﬂ>%ra%d' HeréMBy reference. The

ng actiron allows the Terrule
teachifi e thy thed a;rpﬂn:amds grei it hbsled ddpi amg4nd§n§tanc§gg 1a@d- pregtigengf the present

1nvelgta§g§§3ht3rl gg]%r\]/ﬁia aﬁdgﬁggaﬁﬁgglﬁétwe eg% cbnft' %J?%cg)égr%g &l { o%toured back wall
and ShkP @Mk tSednsiddsti st fof tHéeﬁlﬁglﬁgbpMﬁtlori, letthdri fogittregrear ferrule of a two
action may be effected by avarlety qje % pt ns hi
ferm}mﬁubhﬁﬁmg e sigey emu};ﬁgbeoﬁttlp& é? g%\?lls%ﬁgl ates a hinging
actlo%% llleogb%lh @ﬁ@oﬁH@feﬁgﬁt}hwé r@éﬁﬁHy Qagedq{onﬁ hRe%sbing after pull-up as set

is the 1nner notch or recess as noted. Anoth
forﬂnlmrmmbows Preseitmgeoedetdigtvereniibd ferrulsibarl end,pnc e fuberrgewall prevents a

stresa gseé )E]geﬂr,g g?‘ﬂé 89 irs%\é?e ﬁ)@.ctg 8%&6{1@%9;1&5&%& rp@Yy be contoured

as with a convex
shape, As 11dis&ﬁtbdl@tuF£g_h 6dtlferfemllb fbacls el iafht brealrvesiimay have a contour

profile illustrated in Fig. hereof .. Usi.n e »

NI e MW e e ——

forrn%@ %E%Eﬁg tQ{g'eﬂteZ fame otferhéte cdSlWex Sehie ofrhie Byrface dm‘:ﬂﬁ dnve surface of
1 n |'1-up torque by nore evenly_ distribut é?% N

the ltlib.e Thesadtel f@rm pﬁf@é‘én‘t%t(\ﬂé@ﬁwﬂﬁérfﬁ“érmzm b sleatet ge n‘?ﬁé‘? Of a particular

appl{cHtéonCon {%f{ejljraglg %g CDIEIP %n% tfac\é"' dr ﬁ(?ﬁ@&d iﬂlt}’al@%?a‘é!sath@ chivd surface at a

e on many ferent
locaitraghesis ralidly @sceﬂ(fronebha mqjje@nér Altfenghrin }ﬂmﬁmhvdlment the initial contact is

AT 05 B3 BEBS R A BB B A s o

coulREPkfeRe ﬁ%&?—éeﬂ@al rgion bf the |§Lﬁfafc&8 pO/ndI ng Uni ]E ed gt at es
pat ent plication seria 09 469 49 e
Decenbelhease e§9ge (BRAENY ?%§s%§8§°51‘ B}c J@]E O@\%”I"F‘?d back wall, the
d1ffe\?ﬁtg = lgg @g% t& A {élgbﬂ HewRI b kdpBred ipd oAt eéScoi:?cfaVIty) facilitate the
8 ul [

ncor porated herein by reference.
hingirgeectibmgmt pn‘odmee atshresgtubpbite enst coblating pe Webes frawae aher leﬂck end of the

ferru?e ralém ?rsga{c% grlorrﬁQhea{Elge Qr{aaa%ef &ﬁl 81; of 118 fiRfn Esent
Although the back end of the ferrule preferably is radially spaced from the tubing

after pull-up, such may not be required in all applications. For those applications in which such
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i nvention, but rather provide additional alternative
desi gn configurations of a contoured back wall and
wo@rdenigeonet ry considerations for the hingi ngPCT/US2004/026096

operation, either for the rear ferrule of a two

ferrule tube fitting, or a single ferrule tube

fitting. The contoured back wall also facilitates a

hi ngi ng acti on whereby the back end of the ferrule nay

be radially spaced fromthe tubing after pull-up as

set forth herei nabove. Preventing contact between the

ferrule back end and the tubing wall prevents a stress
spacing dseqiirnsh anothier altgseatiyg dctefeinbh eecess sudi astasobmtarbore (shown in phantom)
nnhybﬁk PHQEmg%&gﬁ% . As illustrated in Fig. 6, the

ferru wal | after breakaway may have a contour
such aslhs hiegine Rctbhapiedisﬁnw'shedaﬁﬁmrmbmn'g e lcuskade defpl@ation of the

el SHELETL I8 130 S0 B RSB by S o o
repretsdnﬁedshyrthadmecanﬁhl thewsICl ved SR i:f Biges. dburidpepulliip. an-cm)l]h%tlc deformation of

s 5 QLRSS SRILOMT 0 SUETBES MY i e s

clockRrngf %ﬁcﬁhbﬁhtérhﬁocﬂuﬁseda&b Med #6:€a WonPenidnfG8feteibd bAdellYon the illustrated
he convex surface at a location that is

Conta
orientajig 4f | fi‘ﬁ‘éi’@édfa?heb Fhap 198y regiEed pgiual Airediiotigh rpigtiepor away from the
tube @rﬁppﬁ 'vm?l@tthé H(%e geft{oh%taﬁg’ %Qﬁéneka?lgc %@ﬁtelo(l:l%&:\&ggé;cgfecuon (i.e. opposite

radial di st al fp rtion of e-sur suc
to the wdationelrectitiveot the backl endbnThis rotatgm efixbepdse pogidndthbecontributes to the

radla%'hﬁarés@lok I'&? a gfrﬂltaL@Arh&? 91* e%ul ! tﬁ%l 1?} %El%l @&Qh[g‘a P@anteé nose portion.

or nor as eC S I Nnc
By “d&atrkl poatidn; lﬁ meard iafré@me tizeisarplbeen bheaficht ehé amlibebaviabdd of the ferrule

ch,as er.ed on, and concavity L .
and ot og 5 e e pEBE e ashere R P AR %P"dﬁl@ is that portion
of thd féhﬁlebjoﬂﬁ AN redhllyedo sséﬂsag)ﬂﬁbt' th@ﬁlbé Ran Iaﬁau;Tr B&l&ﬂﬁ% indented front

e ferrule ra c% spaced fromthe tube end

end. hiseradigl pemprgssism nrﬁ@wﬁr"f fheu giredpgollptineger sregingaaffecinia pértion of the
inner Icglgx?t{r]fggdr lleaxﬁlaﬁﬁlflﬁ%ﬁlﬂg ke 155?;1{63%0% L:r%ﬁ ST (Te%%tl'r 5focgé %:Jnheég ﬁglon will vary

uire
depenslpyy orc titei el désrgntohm:aei‘ewmk |oﬁ el tobes ﬁttmgvdmdq.’ferformance requirements.

The AR Bouti el B B L Fhur W REie Preobplitegip where te

colleting HeBis og thagerbf@sifh ehdi@r oltha it hBEbdicagkd8djaseht & the ?f?dented nose
di st i ngui shed fron1% bowi ng or concave deformati on of
F

and aﬁ%‘?éla?eérsFrG?Se“SFS/B’i B4y beaxiate SEF}CP% theggfoms pieansigpeysy Witly to name a few

examplid. t Tﬁ&@ollepfegfoﬁ a8 mdétrétgd/ Rlay %Eo Be gHaﬁ‘Ectér%étaé 2 %oﬁe&?&&al portion that

represent ed directional arrows and
COmMpESSCERMP r’f@e pxbmg Wféﬂ a’ndlapﬂa&mg;ngi epayetinat proferably plhnduces such a convex

e t at
100 SR AL 008, SHL L Pt i
art ﬁtmhgsakvwlseh ‘dma cfemdtl aitler boved kmcsm)aa@awﬁrexd th©tubing or for those ferrules

that WS’Fe’ E’E‘?m er %ﬂg“g% %{Dﬁ Crg’f“g’%%%%la Fyactyﬂgﬁhllclta 5 ?Z'R%;e(rjeqw r ed

act ual T dLﬁPidté@ﬂ@n Afngirpt opbiaBbn & (Rl fAMBMtell b MR8 of Hﬁ%eor more of the
end 13, while the nose portion rotates in a general

various geernelfy. ferigra af B fare dicluskng but sot lipidde the useof m@ntou¥ed back wall
of the rf&‘nﬁE JiRAudbd 64 Hl?f.@ ke & Hg?e I;é"f\%%nﬁf@j}enuyyna LGRS AR A concavity

he nose portion thus contTi butes
in the outer wall. Thus, those skilled in the art may select the best geometry features for the ferrule
for a particular application to facilitate the use of a steep camming angle, and optionally the
differential hardness of the ferrule.
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radi al conpression of a central portion of the ferrule

that is axially behind the indented nose portion. By
WO e@arEh7 portion” is nmeant a region that i s bRCTHESIV04/026096

the front end and the back end of the ferrule and need

not be in the mddle of the ferrule. Rather, the

central portion as used herein is that portion of the

ferrule body that is radially conpressed agai nst the

tube wall axially behind the indented front end. This

radi al conpression produces the desired colleting or

swagi ng_effect of a portion of the inner cylindrica

wal | axihg ligvepel has teen idaweihede avithr weftrensadio thaepreferrgd rembodiment.

: C endi th ‘ .

cil OFREGLE L 88000 1k 1o SRRERIL Bl i o i
specifination. nling énterdgdiita inehude gl sTithemodifibaions end elteratonaxisafak yis they come

. hehi iLndent.ed .f.ront .edge_Rhut the precise
ittt BEdat BF e BOSMMEFUbER Bt R ST ol Tt tor of
design choice so that it may be | ocated adjacent to

the i ndented nose and associ ated stress riser or may
be axially spaced therefromor contiguous with, to

nane a few exanples. The collet region as illustrated
may al so be characterized as a convex radial portion
that conpresses into the tubing wall in that the

hi ngi ng operation preferably produces such a convex
deformation of the cylindrical wall during pull-up.
Such an effect is readily distinguished fromprior art
fittings in which the female either bowed concavely
away fromthe tubing or for those ferrules that were
t hrough hardened woul d remain generally cylindrical in
shape. The dual rotation hinging operation is thus
facilitated by the use of one or nore of the various
geonetry features of the ferrule, including but not
limted to the use of a contoured back wall of the
ferrule, inclusion of a difference angle between the
ferrule and the drive nut, and a concavity in the
outer wall. Thus, those skilled in the art may sel ect
the best geonmetry features for the ferrule for a
particular application to facilitate the use of a
steep canm ng angle, and optionally the differentia
hardness of the ferrule. The invention has been
described with reference to the preferred enbodi nent.
Clearly, nodifications and alterations will occur to
ot hers upon a readi ng and understanding of this
specification. It is intended to include all such
nodi fications and alterations insofar as they cone

wi thin the scope of the appended clains or the
equi val ents thereof. CLAI M5 Havi ng descri bed the
invention, we claim . A tube fitting for a tube end,
conprising: a female threaded coupling nenber and a
mal e t hreaded coupling nenber that are threadably
joined together to assenble the fitting onto a tube
end; said femal e threaded coupling nenber having a
tube gripping device attached thereto;
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said tube gripping device separating fromsaid fenmal e
t hreaded nenber during assenbly of the fitting to a
w@eiose7up condition. 2. The tube fitting of cPEI/DE104/026096
wherei n said tube gripping device functions as a
single ferrule after separation fromsaid femal e
t hreaded nenber. 3. The tube fitting of claim1l
wherein said mal e threaded nmenber conprises an angl ed
camm ng surface that engages a front end of said tube
gri ppi ng device during pull-up to cause said device to
separate fromsaid fermal e threaded nenber. 4. The tube
fitting of claim3 wherein sai cCEABMSqri pping devi ce

[ o B | &.:threaded nmenber by a thin
we gﬂ@?&%ﬁ@@@@ﬁ*@ﬁ@%%ﬁm aim4 wherein said thin
web is annular. 6. The tube fitting of claim1 wherein
said fe e ~Coupl i t ube gripping device
aﬁe ha/gghggﬁggeg”ﬂ%Pgﬁgggﬁwggﬂg'that is at |east
ako@made Ihichdals coipiing anenises sandf a t ele ntiteedédalcowfling member that are
tube, end on the Vicker ale.. 7. The tube fitting of
threaéa}béﬁfl?frfgm@ﬁ? ?%ﬁ“g’?et %E)ggtlﬁgio 9 hY°uEF ce is machi ned
| NbRIGERRleWhredled @b‘%ﬁ\&/\lﬁ rRbdet averdaedba@ipphig. deBice Tirehedithersto;
fitting of claim erein said galﬁthr aedggn‘ger bly of
c oridr 1B BTipmP @RI FeRARHARTEPT S7f Avaele faeacd MEpS Ting assembly ©
theﬁ&{ %% agﬂﬂe = péﬁ’ﬂdﬁliofLUbe gripping el ement during
pdﬁl-u , sai'd canm ng surface formng an incluyded | )
aryyl e Gheabofittiag of elaith duwh@einrsaidsubs gripringdevice functions as a single

ongi t udi pal . axi s.,of t ey 9. The tube fitting
fem’t‘?fa%gT sf’P?ﬁago?/\ﬂ%?lé’?lﬁ ?%%%lgﬁfefe&‘%éacf llélgrg]ﬁ%f' mal e t hr eaded
C ITPONEMHeSuliy RitiAE bhtlaina hevhedear widmslkeitretdedenagatieppomprises an angled
devi ce conprises a_generally narrow line contact ta .
camrpigg fFaage tha £neagghp ﬁfgfﬁ i of S%LQ ﬁﬁ#ﬁl@m&%&%@ ﬁB’%‘P@ pilEbSto cause said

devide QI RIpatge Rbth lsaitl Perfle thR@déd hbhb&. 10 The tube fitting of
clal@ 1 wherein said tube grippin deV|Qe,seEanates

f rom salhg Mberditing: ofy deied 215 bRy SHPRING fg¥iee fShajfached to said
V48] i : ith said fenmal e threaded nenber
fema Jﬁ#‘*%‘gedf’ﬁ%ﬁgé%g%ﬁ% of the fitting. The tube
fif.ti nglhefuls fitting df ovimrdevirergasald depwehisaantlehe

814 oP M bETERLs LD o S47 AP RRLS AU L i

devidel 8 har88id tdh @ harfBhdse satio M= i ldast bouisls fimeethe hatdhess tofilke material of
end. 12. The tube fitting of claimwherein said

the tehsisad an g Yigkgrgscaleni nges radially i nward during final
Py | - uprRo b aking FeMihal whekinl A fbe LRBpiheEULS s Bachined integral
radi al 'y conpressed agai nst the tube end

with said female threaded member.

8. The tube fitting of claim 1 wherein said male threaded member comprises an angled
camming surface that contacts a front end of said tube gripping element during pull-up; said
camming surface forming an included angle of about 35° to about 60° relative to a longitudinal axis

of the fitting.

9. The tube fitting of claim 8 wherein said female and male threaded components are
metal; and wherein said tube gripping device comprises a generally narrow line contact metal to

metal seal against said camming surface upon complete pull-up of the fitting.
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to collet the tube end at a location that is axially
fromsaid front end tube bite. 13. The tube fitting of
W@ b@sn19r27 wherei n said tube gripping devi ce coP@I/USE84/026096

an interior cylindrical bore and a circunferentia

radi al recess fornmed therein at a location that is
axially spaced fromsaid front end. 14. A tube fitting
for a tube end, conprising: a femal e threaded coupling
menber and a nal e threaded coupling nenber that are

t hreadably joined together to assenble the fitting

onto a tube end I d . femal e threaded coupli . menber .

nall ng Hher B Sgine ﬁa@}mdéW%ﬂ%ﬁ@&*ﬁﬁ&@l{ﬂ?@r&e%?ﬂceﬁpﬁates from said
femalPhfealit BaHEE Rl dufffceBAREbidD Mitérifere tiAQald Pemale threaded member

rece|V|n? bore and a canm ng surface at an end of said

duringdighes pellupof thg f8tEMed t ube gri ppi ng device during
assenmbly; said tube gripping device engaging said
canm ng surface during pull-up and separating from
salld f &fiwmltebe fittingdbelaime hivbereiniBid sm@at?@ bdefgripping glegfent functions as

a smgiﬁél[slgulg?iu\rqheﬁ{lal%lﬁ%(P %fgt g%ﬂ‘tg]% §alt| fe lkh?éngaa ﬁ@ﬁ‘@nﬁ%at bites into an
outeﬂ@ft@ctetdfdhmtabemdl s of the fitti ng, sal d tube gripping

gﬁl\ﬁf ;g e’lt heltg e %ﬁglg bcge%ﬂ ]tswﬁareg]?saalé(f g%pﬁf eﬁbgy%{l&s radially inward

duride€ast pdl-B98d thah @htrsl Poflich megﬁéﬂnﬁl@ isﬁ@dléiﬁ;%dhﬁ:réb@éd &ainst the tube end
hardness ratio that is at, | east about 3.3 tine the

to coHezrtbwbg enst atpriecahion et is pxighy frw@ Sﬁl&ﬁ"@ntewﬂl 1ghe Wige
f)iléer St Ctﬁﬂ)eeﬁ 3);? Blainy 98 vxfh'efeﬁri 884 Rﬂ)e %‘f ﬁ;blﬂ% H@\@éeeédﬁlﬁrﬁ@s an interior

en i's mad stai nl ess steel
cylinﬁfid;eﬂ boig aofl a@[rammfemmle adialyaeds fombed theteipat ﬁdO@éolil ah@t is axially spaced
tions, as a single ferrule upon separation from
msgﬁ'l glf g #d e threaded nenber. . The tube fitting of

clp.m Mwbeiﬁﬁlrg&bﬂambmmgommgi@ i s about 45.20. The
tubeflttlng of claim 15 erejn sajd. tu ri
e el ORI GUOPR ol P P BTG Lo RaIg Moo tat ar

threadBSI R} oifdl tBFMNer P RserRIathR FHitiriaint £aRBPERY surface. 21.
eaHI’ﬁ&eﬂolljbe ??e?t |rng of claim 1%%\/\her ein said tubpe

g rsapbﬁemghd@wd?é cpeplingmemhsphavingssinbe granpingdeyice airrdgd thereto;
mehe mapeyt}@ Eiﬁ] @ox‘ﬁﬁﬁ% I grnbe}-hﬁvﬁgbaettfbbt&li Neding lHotd il a camming

wher el npri ses a stress concentrati ng
surfan@htc. ena Bf saTchlsore mmjefaﬁmg tsawh tpberipping devicewleing ssershiyl

L BEL S04 B, 9L S5% Gl BB 8B s spstiog s
said FeRtERehreafiddimamistrf f er ence angl e t her ebet ween duri ng

15.  The tube fitting of claim 14 wherein said camming surface has a camming angle of

about 35° to about 60° relative to a longitudinal axis of the fitting; said tube gripping device forming
a primary seal against said camming surface.

16.  The tube fitting of claim 15 wherein at least a portion of said tube gripping device has
a hardness ratio that is at least about 3.3 time the hardness of the materiel of the tube end on the
Vickers scale.

17.  The tube fitting of claim 16 wherein the tube end is made of stainless steel.

18.  The tube fitting of claim 15 wherein said tube gripping device functions as a single
ferrule upon separation from said female threaded member.

19.  The tube fitting of claim 15 wherein said camming angle is about 45°.
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pul I -up of the fitting. 24. The tube fitting of claim

1 wherein said tube gripping device conprises a
waasovmTiT al |y continuous interior cylindrical PODUS2004/026096

25. The tube fitting of claim24 wherein said bore

conprises a counterbore at a back end of said t ube

gripping device. 26. The tube fitting of claiml

wherei n said tube gripping device conprises a

generally cylindrical interior bore with a

circunferential radial recess fornmed therein. 27. The

tube fitting of claim1 wherein during separation of

saild t b @be ﬁmnggofd@wrb& fhoreins adid thlengrinpingodqyiqenfgrms a generally
f st g
narrogFﬂP co’nlta%t Ilh Q;?l Bgﬁlg}g@galoa érﬁ?t sgxhi cgltﬂglé% éggﬂra&é" 53 The
t ulie f i THei uuge diktnxgl ;1] qia@?Mmhzémelmsa@chndbecgmpmgrdevwe is attached to said

pe. 29. The tube fitting of
fema %ﬁ%ﬁbﬁﬁ@?% %ﬁg glcontour is generally |ocated
r azf. al |'phestpbee Bitding robelairh @1 twieeeie sald t86 weB, cotpsisesiat dtiepgconcentrating

for a tube end, conprising: a fenale coupling member
notelyng a mal e coupl i ng menber that are joined together to

asgenbl et ﬁt’tﬂ%bﬂﬂalﬁﬂt Wheteih 8hiA teiRthrippitic defiCdTRdse driven surface that
coupl i ng nenber having a tube gripping device attached

contacker dstvs; Suaeg i Eemalq sophing meberevidepdifaiensrpngledhgrebetween during
} errerrber during assenbly of the fitting to a
pm}%ﬁ?ﬂ%d up condltlon
The tube fitting of claim 1 wherein said tube gripping device comprises a

substantially continuous interior cylindrical bore.

25.  The tube fitting of claim 24 wherein said bore comprises a counterbore at a back end
of said tube gripping device.

26.  The tube fitting of claim 1 wherein said tube gripping device comprises a generally
cylindrical interior bore with a circumferential radial recess formed therein.

27.  The tube fitting of claim 1 wherein during separation of said tube gripping device
from said female coupling member, a rearward portion of said tube gripping device is plastically
deformed with a contour.

28.  The tube fitting of claim 27 wherein said contour comprises a convex shape.

29.  The tube fitting of claim 27 wherein said contour is generally located radially spaced
from the tube end. ‘

30. A tube fitting for a tube end, comprising:

a female coupling member and a male coupling member that are joined together to assemble
the fitting onto a tube end;

said female coupling member having a tube gripping device attached thereto;

said tube gripping device separating from said female member during assembly of the fitting

to a pulled-up condition.
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