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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.
A flareless tube fitting generally refers to a type of tube fitting in which the tube
end remains substantially tubular, in contrast to a flared tube fitting in which the tube end is
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commercially available tubing material, is a very hard material, usually on
the order of up to 200 Vickers. Stainless steel and other netal tubing is
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needed to achieve an adequate tube grip with a single ferrule fitting,
however, conproni ses the ability of the single ferrule to achieve the seal
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outward di splacenent. Thus, the effectiVe shall ow carom ng angle not only
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opposed to a ferrule, wherein the locking ring acts against a surface

havi ng an angl e that appears to be greater than twenty degrees or nore, but
the ring appear to plastically deforminto the t L r at her
remai ns e\&%%?zlogﬂéo that the ring is designed to retain |tg815&]?’%}|?¢1§a?1 shape
after pull-up, both of which are features that are unsuitable for stainless

steel tube fittings,of the type 10 .consi re aanese tility
nodel 'tﬁ%g‘?"ﬂ‘ﬂgih&fgé CUTRPESY ?ei P ﬁuﬁegq} pr p&Ars b be
i nt ende@ediitd @Y gAp LAV diﬁm@fcfcﬂ‘ﬁtcoﬁrﬂﬁkrgﬁlljaawliehlﬁbleléh%l@fenhlwtuﬁé ﬁﬂhtg&l%i uBEECK
ends. The fitting does not appear to be applicable to stainless steel

t ubi ng case hardenedbferruls %@v@ﬁ@ﬂow eamming il Aoabont tvgntie Apgreeshigihe K& ditiegie

'tode3| ntu tin in p e

duri ng blFoﬁ?an?ﬁkStt lgn lk?%'g?@klgﬁengﬂ&h?ﬁ%ganéélgg%l %13 gvﬁ{ct@tg ﬁ(‘ﬁown
. desisngSavml@&@ flohe ElheakGmd} dBheiest tﬁx@u?lhﬂhamhai singleadedlecarponeiie degree
Addi tionally, the known designs either Torce the tube gripping el ement

agai nstcammihgrnglev cami ng surface angle or do not atterrpt to create a tube
gripping bite int f

the same limtat |[§nstsoqgesgﬁgﬁ Féﬁlh%rd%r §s% ?\%Fwobgélr qﬁgéﬁﬁfﬁﬁ%g&ée&g&nns
20 Manywigpety srdtienis iamadde &9§mpry ;trhs taé)ﬁarﬂﬂcdemtst lti&doﬂmuffacef off the SWaGRHOK
tube fitting do not require such high pressure, erature and remake

per f or riaeTERY BAGreRitNgrd Rifq. cEhe rept wr%lgbﬁtseﬁ howYsrdh 18w EPARaY REower Ny
Y ”%tﬁﬂg&%PBre%%f%veﬁ%@t&ﬁ%tsta s te@ﬁﬁélﬁgémnce Char acteristics wthout
conprom Sing overa ting integrity and performance. Summary of the

| nvention 25 | n ditecshdHow eainintilly anpgde aspelohgaréd ¢dnemingwerfacoomd aiaienoveutzat

1tt1 noheseibionashicss an pasang e ube svnanina Sagl tetuls TES TRSAY B hppiaguses e
thr ead% IYt QP YR ﬁg%lFQQI?ﬁIQ% a??{e\feq akéa¥ fudcPbAl ésP&t&li}ﬁfne&%reﬂﬁeéﬂwrgﬂﬁelﬁand

i ncl udes init y integral tube gripping efenment or ferrule that
cooper afoe seahngtgaa CEhioms berasser thadeonpend o€ tho sipglshferrutenasteripts ionmake theaskal up.

The tube grigpin rrent be machi ned.wi t h ut or, s& ar at el A
at el e 8y SRyekehouRTa SErRstodbe atnL B Fay e BB GuGe e
sol der i {Ggher g 10ﬁ'>6?m%| Suter! éﬁrfa@l@oﬂﬁé ‘ﬁrohp&ﬂl SO ShpRTerrhe o Eb‘llﬂ@ b 'c@ﬂhétgmth
el enent 1°s ring i1 ke structure that, after it separates fromthe
conponetht cemmihg ctrfade agmt mdtmheld is bplegatrevsnasﬂa @swgnecess;arrﬂwu%a larger seal
det ached ferrul

e e b SOBFR S 36 B0l B Bl SO BHaRoa

tight tappgogd §dal Rlch @aus&tgn dehahedistienhiod 6f Rk SeulingIfoke defWdelBicysigga ferrule
agai nst the carom ng surface. In one enbodi ment, the ferrule includes an

out2r tmethedammnasmfaa@, gndsalsor eypateseh HIges aRtanigr aurémemptfwwaﬁ gy feaks
contact, t({ Qlll 5815 éﬁgtfr&? t h%et%?{ Orgétgl.gseglu]rs CL&%C(ES comrgstfzg E(I{D F [rteﬁl gp on-metal

embodi n'€ 0 “Have “a oHl b ging action an

during gl fblpe)taﬁ’n}ﬂe eiﬂta?ﬂaétﬁeﬂtﬁﬁlgﬁ ipasuallgriebindble togrovidbiangnhmgdd sfe@lr contact
excel l ent tube g an axi al lf/ adj acent swage or collet zone that
ap

i sol at eatrezt hecaelm)étfd@@rmb@élypéuqml%n tﬂfomatﬁn@t 81 Bﬁt%ffpgetasseathét“f%g%avo
action ggt)wlps to keep the ferrule outer tapered surface in a generally
l'ine corﬁ ©Mith the caroni ng surface. The fitting conponents, and

par3s cul arly the Bepasalib@ritalytht singlarfernge ittiiglidsyusedia slmblown@oesingangly tcase
har dened. The new fitting is_especially useful as .a Staltcﬂlsrt%?ea st eel and

ot her nighigve pdequatsdubs gup, rfb% 1essa"lhﬁll‘1 epiRumeal; fHuction;ig pithes iafPrepened ny
parti Cuf:xﬂfta&c&}r@ﬁ? 0 a c%én of aﬁ&ﬁlgd ﬁ Sdidfbital f%?%ﬁv@ﬁ@éﬁcées%e& Bt the

i nvention |tt| may i ncl ude f gauging feature to indicate

suf fi ci single [fadrhletfptlagtdnbg nmtable attenapts és snohadet O@hd)xemoragelastommc @cﬂ@wmtérths.

| d th add | .. ts of th ti '
U { aces pEBETye o8 by bhrihe g eHea Fi AP B Pregpieat pelitRgfiav i ppisss
. tubgy fi %t&él'tﬁblggSﬁw?or%kain'ﬂfeomﬁ&ﬁmafb@ Phtert RosSb02P,9%6 RIS 391,898 Enitéd $taRs

range of about-thirty-five degrees to about si xty degr ees. The st eeper
car om n@atamg‘ﬂ@ I BRIGH ustratesta typicaludxemgle of a siagle p e”dfalleslj m (puttingging|ie

about ot s, i s et lIE e " etler b “%eaﬁ?erruaﬁfg%ngt 510 Thg

designed with a geonetry that facilitates a radially inward hlnglng action
during pull-up. This hinging action inproves the tube grip and seal as
conpared 20 to prior single ferrule tubg fittings. These and ot her aspects
and advantages of the present invention"w |l be apparent to those skilled
inthe art fromthe follow ng description of the preferred enbodi nents in
view of the acconpanying draw ngs. Brief Description of the Drawi ngs 25 The
invention may take physical formin certain parts and arrangenents of
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preferred enbodi nents and a nethod of which will be described in detail in
this specification and illustrated in the acconpanying draw ngs which form
a part hey, ‘ wherein: FIG 1 illustrates in half |opgl i

cr oss-se%ﬁgg/ngﬁ%xeml ary enbodi nent of a tube fitting iEQJgI@E@f/@?gce W th
the invention in a finger tight position; 30 . FIG 2 illustrates the

nmbodi FIG 1.l iall | | ed ition; FILG il .
CheCen o B R abe ol B Uk SRR bl b reiR ©°
FI G 4 jhibltWssepirfts campbitars. enbodi nent of the invention. 8 W O 02/ 063195

Det ai | ed Description of the Invention PCT/US02/03~31 In accordance then
~with one aspect df commeiciallyravriddle and higblyfsueqessfyl o forla fidias meed fog tubindibe

ripping device that jnjtially is. inkeqr i § . of the upl.in :
o) enonct cafiefduly Blalebls, Sy i REP Ry ot Py Pliacind, A aSOURg] figpied
 fersul gtitbd Pated-Ndsn61BE 963 iE3 1 633 ENbetH ofibich &re blied beorBmbp bl Mt gbeighee or
ferrule is integrally formed wwth a femal e threaded nut and is attached :
t her et @fbije apreseahdntsintonhihg qise phisalosyrest phtvhithe akes fdly dpgorpespted herannky
initial]l i St 1.1 - . hre : a
Simgl o FErAEE S hisdpoTeal ik tEEe i bF TR SRt SUPARG Bhhic OB
car om gy taegbeoSwd fetraledf TheTotveard br Gadefbriutdyrovitee as tereglleatscahevey wyalsace

angle is particularly advantageous when_t he hardness of the tube gripping
devi ce 2aagng thedhack opreanfernie proyides ameteellnt3tG Bl greater and preferably at
leqpt 4 times gr el%teefro@ltofélﬁ‘?e haRidR&S $n Cgé(célrb‘ﬁt ts‘é@' EQ dﬁﬁ{rﬁl’%ga%gailﬁi LR wA
nunber of aspects of the 1 nvention are describe ereln a el ng

i ncor peamnddg surfaee ahgle axengs| taeytyelehreds. "Bt $s besaude thefront fetrulerdossmatirdedat  be
construed in a_limting sense. For any, particul ar@ggplj cation h{]e vari ous

) g
aspect $lig¢ exqsesiysly @R {RoFRMmIRs Surferedy oader 19 achieN 3 WG iBRPJHRGNIOR diikewise, the

g g reﬂsf)ieg gfdalfe gegpgeg& Y Pas%%ta'gﬂ&f ﬁ&gl?sgﬁtﬂi@#ﬁgry iR 'ff%rt?ont%x?ﬁlg ey sm%ﬁd is

ure describes an strates a nunber of design choices
and al tnet rabiteviateetib oubenandt Thus thehrelitisdy i“paftenh froar fermist achrevenaieekcebersseand

shoul d not be, construed as a‘Q eélh@u tive Iis‘E of such choi ces and .
al tler nDariruQrlyTREsdnst £p5| 9VeR thopehnide fody gopjcal cammime S HACE Brajentsh gamming

understaggg oqqgj,ﬁtit@@ﬁgd@%{egsr_ natives and design choices that are within the
spirit and scope of 20 The invention as set forth in the appended cl ai ns.

Al t hough t he var iThesbagkiferilermnbisvesrthe delsc giiph &ahctien éi therpbdveseai W ferrule

f . the fitti ] ts bei de of i.nl t eel i
o i kS B SRR B PR PR S PR 4R B "
exenpl atontiefd BREHY BAcRTEMSE @ith§ afihst RefrE@a 8o it Gainfnidg kiAdel OEmEERNSBe bakloSe
skilled in the art wll readily appreciate that the rnvention may be

r ed0i z eand ditheyframtyferrBlen Uisanstenfible drigker efnthis: sppuningfsurfeqcals fRRy-Eive degreesbut he
fitting, conponents, as well as al Lubin er. al i-ncludi n 0
i odBaoat ytie MBufent RapCHA A e RICHE BB Mgl RUlay9°d

steel , saAfowldREleNf abait FIfRES teivadly dédtyesni AlkRlugh lthcoffUed cadmifSarld 3Y,the
| NCONEL or L, any precipitation hardened stainless steel such as 17-4PH

. p ) . . ]
for exdwpk &mie sshallewgheback feayls is pehreguiredda PERVideapEMapy seal dthoughcl car
1018 st I n - i . r .
sul phorPo St AngBATR KPR M e BAA° e EaRODBRORSS ARIbiCthel fiaihed bowing
t h@schaiceien bfit rtiee Igriph $he wbé bad at hefunarion «fra apially idewidckngingfaetiabl Bsaksedl d

4 or  moeEbin] WedH BRBINgh &t ris hiariisled CebrAE Re AT st e TRy
b g i Tyl v coms, s o
contrasted to a bowing or radially outward displacement. Thus, the effective shallow camming
angle not only does not compromise the fitting seal capability, it actually substantially enhances
30  the overall performance of the tube fitting especially for stainless steel tubing.
By using separate ferrules for each to achieve primarily only one of the key tube
fitting functions, the two ferrule tube fitting achieves tremendous tube grip and seal functions.

This prior art two ferrule tube fitting thus has enjoyed tremendous commercial success especially
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material as the tubing itself. For exanple, as will be discussed

her ei nbel ow, the tube gripping device may be selected fromthe stainless

st eel nat\g,biog)ognggt ed above, or other suitable materials 5@@%59%4 e case
har dened, 'such "asS” magnesi um titanium and al um num to nane sone additional
exanples. Furthernore, the frangible feature of the tube gripping ring and

femal e .t hyeaded. nut . 5 may, also be realized in non-metal tube.fittings. Wth
refer _eHEé{“? B“F‘l(%étalﬁfl,essc ﬁtéglp?‘b%n‘f] I?aﬁ\,g'fﬁ fooﬂs 88‘3?%0&%?3 epgss ﬁulctl ta??%g‘ko

I N whi GledshiRrrstif 6n MRloYddrve 18060 psReide WA GEcSTalig Of criyfgaasSONIY0Y *FRadel y a
femal e ‘t hreaded nut 52 and a nmale threaded body 54. The nut 52 is

subst armany 4pplidatidne aesignifieaninpmber ghiearken(a “remake’] 1¢feas f therloaseningeaand ee

" type tybe fitti . The body. 1y e the simlar in general design as a
10 typﬂ@gfenﬂ%@ﬂ\%@ lagf‘ﬁerparnil}élrtgﬁ)@m@gs, however, as will be expl ai ned
~ further herein, itWnited Prakerat@n Noit3 48, 13 dRsaaky usbalf 4 biagleoldyking ralgeas be

optim zed for proper nmake-up with the new nut 52. Additionally, the body 54
need nowpbseddo @ifernler whereineha lepknsamensticagainstit syiaFchaviRe A eRBlg thy appears

ot herwi se i nt eqgr.al I Y/ J er
compondits et bl et gl B e s HeRic Ehiarhlitli pFRNLIR durtin B0

i |1 ust repg abingbitaagict tegiad clgsnioss-tbackd fng iudesipmey tdastdindfs drigénas sltdpeafiet s
illustrated, 1t being understood that the other half is idepti cal al_gi?

oni t t ecPWlo#p, GPRY oft Yhish areeegwrestthat arg gnsustpblg for stainless steel WheNtnes of e YBhs
her.@i n, Il S I, Rns] Wwhijs t nCAS

B A e R A e et e i
an i nt egpedrs exbensémded ROhave abuivibg affecihed gnp teexuba sl te Bk andhadkeends.hEhe
body, for exanple, or rt of. anot her, conponent. suc f.or exapple a val ve
body” asiHHing Aacanar appeapl i spplisthlalartiotiss B HynHE B heiator Ghvitha tedie
stock agthe end extension 56a or may be otherw se attached such as by

wel di ng” or ‘ot her suitable technique. The body 56 includes a first central

| ongi t udi nal bor eAfi@npthhbve Isceappadepo dedigi tnbs ifittegstvaticd tbelgyipping ebdmeé tak y

receive a tube end 13. The.first bore 58.is 25 sonewhat |arger, in djaneter
t hal® a eHRIcs|duERE PHI-UBoOUBeq03s & SREle RiRmen iR, BRHAS &ﬁﬂchh‘&”f‘o S8 of

the body,adn geaﬁ?&%ﬁ@lcmielf)t S frhdid iHRGd5E coBipénent. OARGItIBALI1E B IGRMOTEsighie
i nner bore 58 woul d 'not be a through bore. e tube end 13 preferably
bot t onseithgafonst the tuhe grippineosleme.agding axhaljow camminggifage @ngle opdo aptitismpt

formed wth external male threads .62 t t hr eadabl i

cor r esp@rfgFag? f%@p{% l%‘%?d‘é‘[%ti’e ?lbbre ﬂpgfh'f‘?:}[c“ k PH%&%( 4 gﬁ%lgs érﬁlflgltep 3 391 the spre

cont enpliteehrisAgthd g bH&IndOfeivR ibd Addy Gedigmd. M xi ng of ol d and new style

body and nut parts with prior art flttlnquO onents, that the thread pitch
8

on 3he nut and bodianpepplisatignscandmses ofiibnehays-dessribisd twa Brua SVACELEKs uBg ent

fromthg thread pitch val ues of Lor._art rrule-typ O

and 10 Ty GorosshEs KT Biesr JprBbig ahdr fabiForkdiindy ML
pr obl emphapebsaltSiaveltioaws dificted ©0AIMe® Mitihg lcohbept thatosandmsethiogler gueifaimaice oke
with reduced nut rotation for. conplete pull-up. For exanple, a fitting that

i ncor posharasteristies 5itheHs SEMPFARISINE OXCTaH Jitlipgdnteglipsadne fofmeNteeads t hat
provi de sufficient axial displ AR proper pull-up in a half
turn. A typical prior art fittgﬁ of emﬁlﬂsSpulled-up wthl'/4
to 45 %2 turns. Nolnhicogrdamueevie ops spenios tHeiavationgneew fuberfitimkeongepthrequites ead
pitch any value suitable to a particul ar _appl.ication,. as the are ather
t echni quies 23s6mRRRIPIINEWT campapentsamedy a ﬁngugéaoﬁv é?g £ Lt hiﬁ? ng ‘1"3?’
pul I - up, .5 4i L VreRlive RRAEH BERbARR R VEhd ARk IudEse
central aﬂﬁogé}}{g%trog&gﬁgmg#g?lgirl%cﬁﬁoé&g?t orﬁfga w%g(ftétnecessari I §/ f or med 1V\,i l’é h a
10 sl i giv initallyaintegrdl nubser grigpape elementedrafeitule that cooperdats gvithua cammingcsusfage ORI G
*1) of the tybe end 13 such that t i,amet er of the bore 58 decre S
A al | ety RS e petgP: e TG R nedHD R SENEoB R R S e
. thi g t apeg. OBYe1P 8 tadhed thetetb b y2Rtondeni éHt tphidesicheas hARd, Srklding o2 sbielifd,
particularly critical. The bore’58 diameter at the counterbore shoul der is
just sl faykxhmpleeds thendascrited cmltodimetit diretube gopping elemepbisaryang like structuse that,

manner, the tube end 13 has a slight.radial 15 interference.fi f

t housana{t‘iﬂslt STPALALCS HEm T CORRINHY £ \‘/”mhf% # P‘Featfl)aSP%dj§§?r 3% 3 Sﬁ{'%l%ffge)r%élﬁ'cg% ¢
bet veen gihehed Feuleds dadall é‘orﬁ}?klé@seﬂr&ﬂd bhasREQN @Fomasd alrist tetabé otteastallan to
hel p prevent the tube end 13 fromrotating during pull-up. This also
reduces residual torsion stress that may be induced into the tube end due
to rotation of the tube gripping elenment (80) during pull-up. The tube end
13 does not necessarily have to bottom conpl etely agai nst the counterbore
shoul der 60. 20 This is because the interference fit hel ps provide a good
primary seal between the bore 58 and the tube end 13. The interference fit
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11 V1' O 02/ 06319s PCT/L1S02/ 03~31 defined by the back end wall 74 of the
nut 52, the smaller dianmeter bore 72 and the | arger dianeter bore 70. In
accordanc‘g \%5 1§ significant aspect of the invention, thﬁcﬂ%ozﬁ% ]ncl udes
a tube gripprng deV| ce 80 that extends axially inwar dI y in"a sone
cantilevered fashion fromthe 5 collar 76. The tube gripping device |n this

| he g f. i
bor o a3orraceens ASERChR U TP glabRR ule 4, BPn Ry SO AR BITE
the tubemafifh d&fdE! G odd em_Bbﬂmiﬂnﬁrfﬁ& el lmﬂudeban ate tikremyurbee ahas $vae as

or different fromthe dianeter of the second nut bore 72. The cylindrical
val |t lsad ferefing e gendrelly nap hige ppmfgctmeseaiz agging Hopscamnig sprfeeomibe eé{'bklfr ed

el uagh oBR3RRBENYE B el biRa ERHREs 4Pt FARIRTE P Rt R

. di mensieibed ePridis pbﬁ@nbﬁﬁkh@mﬁlr@fwélhﬁr l‘ekd’e@eﬁt&ubé’ bép taap an ediatiytadjacaursivage 86
extends froma generally radial front end 85 of .the g ftf pi n,glﬁdew ce 80.

Thi s gé’ﬁé@léﬁtlz9n‘? that iaplates dha erabrdd een?e.msthnofreﬁewbrﬁﬁere SAtS- niies digginggeory )
at a pr.ef el a0l (SRR fgx%ll'a%ruteqz apefdd SEAAL i 8lo¥nerl) ?{@quhééi"%fh {EB Xaliing
pr ovi déd 2 Cireunrer entl al recess or step or BRot Cif or- ot her geonetry (not
shown) suifadeheThe Gintingecunminettdseard patihHa®P thmmplagibha feinabe tage ptefierabliysbut not
somewhat Iarrger t han t he di anmet D3 and elf-%:l ext en |ng fromthe fr F

end 85 ey CHdARSR! i T Biingns Sones sy ool cepaniedt Lo pag lgemeS
qof " AMe ﬁgﬁq%g él‘%‘%‘%ﬁ@m nt}R})ﬁ i@nb@ithis tB%S' (E)Qﬂlcgﬁir @ﬁ% SmbthB. ¥ h&ordance

opp05|te en i us to a generall ylindrical portion 91, which
in tur rwuloamhetl Bpect rozﬁdhmmv@ﬁtldm tlnehﬁtttnlgepam inthude20 s¢lf-gaugimp featbratto fidigate

point th the vario eonet r char cteristics of the tube gripping device
80 (suéH%t nt pyjl- “8)?8 ev?’ﬁé"%%ﬁ?“’%ﬂ% PRIpRe Q‘SCOH@PET‘I@% tapered portions,

radius portions gpd, 304afde Rith a?ﬁllt?&fa?%&@tsaéf (1103 ﬁfvfeﬁﬁén afRe SRRITARE AffRce
radially inward hinging action as w || further explained hereinafter.

Accor dipnofilg is $tbstagediyempdified frant prive agtraupgic f@ndewb@é'ltsﬂg dgsignsixy ldeqretbrmmmd
y the charact eristics of .the nat f ubi ng ch, as.hardness
{hd525 o RERm FeRsRTaLH b 5 ot Prehl Ry 6F e AEEtedbionoln Shen et 786
tube gradqpanchriBnly AR BIIMRBGSa m,e@@leﬁ!.bé ipathBa o@ kaginglePleirRt 1108 fittings,
Therefore t he spécific enbodinents ill us rated herein are intended to be

exenpl azaynqularkyawhq:retlan@rrnlwt 1s|hardenedngo he at &ﬁasﬂwdvogeérﬁetlmys darden hap fhe tubing

he. ab t f
ol o1 1HERA e Dol Bk e AR o0 aPTL risnrell AT uesc® ity rblabd
ef f ect Hlﬁ’glﬂ%h&ld?l @rﬁquume\;b tme hi¥giri: actioR Smproves fRraengep whd beaaotorapared

aspect of e invention, the tube gripping device or ferrule 80 is attached
t 0 20he tp@nar singlafernie dibg fittings. by a thin frangible web portion 95. This web

portion breaks (
initially agai nstalsh esé %&h@} %%re#tpglga ?%83% a&é@?ﬂ%{eB)S?slfeﬁﬁ%vé@m?ﬁggﬁﬁgp%aﬂ%%
gri ppi ng tkR¥iskele@in ﬁeramr@n hiecfollewing depitdhefphepefchzd enodiRéntiGRhEew of
PCT/ USU2/ U3. 431 and functions with the nut and body in effect as a single
f er r ul ehe pecompgnyingdrayepes ated ferrule 80 has a back end 150 that is
axially driven by a radiall g4 pMRidididesaRe Didw 152 of the nut 52 that
serves as a drive surface f 0 forward agai nst the
carxsm ng surface Therincemiphahaygkaphysical fain pu¢drtairpparfsrw1dfaramgcmbms we parts,

B0 1 rorreeEeR GosgmepHAnd duneibel Ouhiehut S SSEpRSL SHOh DiaPEy BTN PR
doe> 3gﬁwgf‘a&é;dr;}.ﬁﬁ@ae%ﬁ@a@ﬁ%Waw;ﬁgsxﬂla@f;oﬁna%%ﬁréﬁmﬁw e
~device" and "f eni FK&. loilludtsitesgh dalf dongitudihaleress-section an exemplary embodiment of a
| tube fitting in accordance with the invention in a finger tight position;
30 : FIG. 2 illustrates the embodiment of FIG. 1 in a partially pulled up position;
FIG. 3 illustrates the embodiment of FIG. 1 in a completed initial pulled up
position; and

FIG. 4 illustrates another embodiment of the invention.
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used i nterchangeably when referring to the device 80 after separation from
the nut 52. The ferrule 80 is machined with the frangible web 95 portion by
form ng 950 groove 154 that is angled generally t i nsi de
of the f(’ebvnglzi“g}0 1r ‘eaded nut 52. This groove 154 forns the &ﬁ S fQ%llSO of
the ferrule 80 and also the radial wall 152 of the nut that drive the

ferrule axially against thg car sur f he ferrule 80 separates
fromthe nut 52. Preferabl 385 & Pesct] 'On&ct%eqm tigh Il 152 and the back

end 150 are nmachijpegdcaidaiR @oghattobnabgett Joidagyarimnpb tabe falngt isygotided he
tube bore axis X, although this angle may be different 15 dependi ng on the

parti culasingzyipbe emm@g\devmetbét igifief 1y deinteps Wikhonesy thegoupding @ﬁﬂ)@ﬁ%ﬂ figon

' reduce l1in |f [ er nd
5 e et SRS hBE PR ok i toh e cHbh shlec! IAE pf erfedEmbhimene?

. car gm npe abefgappingBetiRabr feprulesisanegpiiniforted ovithefemadethbended bt and i$ hteactred n

body 56. The tapered carom ng surface 88 is a. surface that joi.ns the hore

58 wal | thergtothyea argible tin2(sbgertionydaihreslisas Mlryle caginitia hﬁ%%“é&ﬁ‘f“&%g 88
is char st v pe
of the gﬁf%?aceﬁ% Xleat gggde?é %{OJghPr g‘?n aggﬁ%l ﬁﬁggsﬁgepe%%ﬁg%genf%ge a8
parti cudgainst thlag;tdépfo@mi’ﬂhg @nglarsdrfhm zgmatepu}mdemhodgct €he stteep: sammqlg susficé or
the fitting 50 in a specific ap atio oRaco Iete I-uP 03
back eraRgbos @FYUtCH]@ﬂM@éya“S%gee%‘t"’g etﬁ%@?ﬁ dne V'§8 e ratio of at

pO IOt ' Vl@as% tag(put%g?h 2L ofUURE algd ?n:tf&%l Gt le%E'todrllleleE %F@{%’ﬁo B l%&ie%@gf tht hgbiRgCck

e aX|a y~space rom -t e trepan /5 upon a conpleted first
puI I -upnatE‘mﬂper pull-up in this case may be verified using a gap gauge or

ot her suitable techni as.is known, The tube grippi f.er,rul e 80

shaped to effect Q‘w% 14 MHBBEY Sﬁtasﬂeﬁﬁc?'?ﬁ’ﬁ mﬁ‘?m%IIeE‘g'&gFWbedS TCIR RS P%Pgul e
80 ”Ustmcaﬁeﬂateef mRyeEhepésle'mfmy d?ﬁwam&l@ sfubyld@séripﬁbh sBbldBRA( bee@ns@@Rl fsh 30
the tapered carom ng surface . This seal may be a pri mary outer seal for
the t ublanftmgtsemng FOr amy parag/ulhmapphcaﬁomehdz valosue@smdarqf thﬁ inyertionupaslesansed @s any
seal_ for rreg@b n then{p ube end het bod r exa(g[]gl eltalug the
borlé walleui ont rOTRAGIORS ot GuBom atieRs, et PrpRiRE gl

forma %e’ﬁ?rdfsc?&ﬁ}e abschiBes lapgat 1100stHhAQr & dudtbet et UbLeBQhbickL and nztlséniah@e
outer s ace o N O 02/01319s PCT/ US02/03. 131 the tube end 13 in the

area \A/nenlmdlments,ymcrhddftsclalbtldn@r%e@tdfltenﬁﬁsl fae be Land 8@“&1@8@@9 qoRgniedbes end

outer surface. ;Agapn, ,this I i Q..

secondaf{i? Eﬁj htsg gwh Cé‘al“? (ﬂg{(ﬁé/rB %ﬁeﬁ e‘l'](élﬁg Sggﬁ \glsntbl%g‘ﬁe)p %&3&1?3
I'n any ﬁiﬁeﬁﬁdcrsh{hﬁ daaftionheal@phatived aﬁcpamgwcmasetfey tiek ateSwaRBAI thS'Splthnd“.admibmg
surface 88 and the outer surface of the tube end 13. In addition, the 5

f er2ul ethg@nventien agissy frstheinyhenpendadeclaigise end 13 so as to maintain seal
integrity under %ﬁ%@u%,hEip gl{&l r%b%ﬁﬁn%?{jarg'dmc% LOReR @ftﬁ% ec?ﬁkdrerfé?elweefgent

the tube end fro romt er such cir umstances

order t ther’ﬂthh@\t@m@oﬁdnw wkifig ghtle o€ alairflesd stdebang rih [praitivglaactlib einltdsestéadyr suahe
80 is designed to be plastically deforned and sma ed into éhe Eube end upon
conpl et é@cpmqmwte@@dm be exemaplpmt @ datuie adshoyld netjbg cppsipne 1 & HEUIRESASSF- by
desi gni HeRYbd RalitaPasiag AAgse
porti onﬁlg%teh&ll ot or?? Qgﬁ@égﬁ%{l?. %p%@%%?gé g@?ﬁgﬁrﬁ l%éz i's thr ela% éd9
ontzs t hﬂurhw}ofiﬂﬁferbntttypémf mstar mdtealhlsyfodttsmtangdomporcbntwesn wieH tas Ieai@atgbmg nt

th th t f f t.ub The f d
hoso pomescaasginclidin nos Nniedde 3 Analhadsty fis niEnfior Arng SRl
resul t aﬁtgelsaréﬁcg@é& s?ﬁélfgsgsrt%@éhdglg' rﬂcﬁell"gllé)ﬁﬂ!cﬁ s SO TOORL Y, B4CONEL ForMBNEL,

The fron s a generally radially extending wall or
shoul dean)gﬂreélprtm lnarderefl staivdess| steed suchl 45yl 7eAITD foreakampl beasel aenparraligls, allble

Do e abamoLReeT vk St s el ks tREnpe. a AR R AbsPiIed: 12
30 sulphurized 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 harder than the hardest tubing material that

the fitting will be used with. Therefore, the tube gripping device need not be made of the same
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resi stance to tube bl ow out at higher pressures. The enbedded front end 92
t hus provides both an ' excellent seal and a strong grip on the tube end
13. The Wkﬁgn%91h§ further designed to exhibit the 20 afoE@gﬁg§i&%§p
radially_lnward3 Inging action so as to swage or collet the cylindrical
wal | 82 against the tube end at a | ocation axially adjacent or spaced from

the stress rjiser bite 94 an eneral ly desi gnat ed w th n [ . Thi s
swagi ngMalsHald the dutipg été?l?'s ngfmﬂqﬁlq\éyw@ﬁ%egﬂé%ugs'idh er?‘&égg‘évr %ﬁ“ﬁ% g% g%l(r:l i on
and sery&sceliRay 6O M Eed FEMANO SERRMs BreslemPeriils abtednbow, loe ofir buitibld meterials

effects of down tube vibration and al so tenperature changes. 25 Although
t he pr ethentanibhewase harderied, sish@s npgaesianetitanium andealymiiuay 40 same dpme Additigaal

~effecting an enbedded nose portio t - I 1.on,
ki 11 edorpiie prearre dedraetly Betpgef s 5FBhuhe P o d R feBE s,
design ghi bhRb be réfiYed Rt nodlmetbtubefittagei red, particularly for fittings that
“will be exposed to noderate tenperature, vibpratjon and pressure effects

Therefore, the adWithisfaencedeiFl- 4sthscireseat Inyepiion gontgsylates A qubs fitise 3 i ng
set forth. her ej r j t

constr ugﬁmﬁ&hg@ Ial?emgrtﬂs)%‘g’;vgsc‘géncgéetE E%E%%eﬁﬁstﬁ s? g{kg(tﬂlgbﬁagﬁgﬁfﬁgﬁgaeﬁg&rteg&g f m%t
basi ¢ cena@Pi makfthidaged bodgradi. dhetnat SRisusbdaramlly eiffieremdidro thegxpicalowit ased in
applications. 14 WD 02/ (1 1~319s_PCT/ USO /%%1%31 | n. oiiader to aﬁgi eve the
desi r eda PRegiargferule tyne Ak Hittmes-glig bodk 4 ey bF dhggimilardn Legaral IPRET 24 pi ¢
t he, hi ngj J . : : G reh i 1 - al
o 18 B B g L et
desi gnahewn@4d3sanf tahehqbodpiSAqlsd by ofmizzdfer paafiealmakeiupimitti] the gempnets§d

it ith the t d ) th 88 of t body, 56, Thj
SHE TR I O T
and CO”B(h%R%k? ri'rtltﬁ%ra% b aﬁ(%(tghtggﬁt‘t GRth Weld vAde %@d%"‘ﬁﬁﬁifé’ldc&nbﬁh& cOfmponents for

m d- portion o erru body onto the tube end 13 axially adjacent to
t he stressnpleser 94. In the enbodinent of FIGS. 1-3, the hinging action is

facilitated b roviding. a preferre hough .not._r ired radial I
ci rlézillm‘ erenti ;I pngl\fl’lﬁﬁntlhégmt Wgt r‘f"%‘“ﬁ%(ﬂﬁﬁll’{t}"%sg FtlﬂB%@&e%g@It \Rgglﬁucﬁlﬂag C(r:ciflf'iggcg{oincal
porti On%ut7&119fﬁ§1|f%@ tﬁ%?secl 15 éﬁgm&hat&ﬁ it &iﬁ% bh@RdyoBapa’ dtherael Mstidédtieal and

P

ferrule 80 t0o astically deformand colTapse in a controll ed manner so as

to radi ahlityedcfonpiaziy antheassyof Wastration. Wal 41l gbthggHpsizations dekeitbevagpes ganshandhe
desired collet effect. ,The particul ar ry. of the gripping ring 80 wll
t hus bedawég}swéaresan{chgp%ggq{gteﬁgqr eg?g‘i?f(s)lm?%rra %llﬂlg‘r t hr eaded and ti ght ened

onto the body 54 ght %d}tb«;ﬁsf@%ernwaﬂg&miﬁmr@hmmdtym theiras la ilBOgral dxgasicand

plastically deforns to grip the tube end and to seal both against the tube
15 @dd andnd fiSat afbe etdcentensiongSémay S .2 lspahods for X pgAlep 05 gy Pl anathe

as Finite Elenment . Analysis ty.pd: e d ng
80 basedoBPUAY risth B 1Pk et EpTe ARl b R HeBifdhol O° TRE AL Blap s nlT i
and wal Imdchine B@aSthe 3mele DAk bs 8@ cpd estetision S6eopmrpbepeheawmtie aitimhad swah as by
performance characteristics, Proper deformatiopn of .the ferrule 80 X

‘t‘f&s ﬁm@.ﬂg re 58

furt her wekding ar odier ceitabje trehriges. ndha Rody S psludssiafiest o) lengty

t aper ed r.f ace . r f 80
andt ner ot Boppecey RINY LGS, SaIRRER PRARELER S0, OThé I YBrLse &
fer pgl e s8ReRhgRsger canpiasereshand edaasd i ssedridy bokef 59 rthatt extpndsperoughetioeehd he

nose portion to bite into the tubing, dfal,so rLovi g)reﬁ:#]he desired collet or

Svagi hg cKisnFion S6raf (rchadi . OF eouthibie (B1ing b 1t Aelirhge frrselon Sic e

desi gneq)o}eosga\g, ﬂlﬁ‘ﬁ%}f)@?t}ggﬂhﬁ%sea' between the ferrule 80 nose 25 portion
ace . [

and t he tapered sur s seal is inportant to the overall _
performance of th&hkitubé pnd 13 préferablyebatwats Fgatnst dewubierhose 0t hEhef bodyufé 180

“and the tube end 13. The put 52 with its infegral, t Lopi ngr ferrule 80
may bo. MG O OlionyoE BHASH v ith RIS AMac A snes it PGB B i

. I nchyde c%nfe£rp%ﬂafa FRShRt thRAd! 84 FOBdtdran bR 1A ARé aw SPT It ReohleAplAe thhhén
ot her features OF the nut 52 can be realized as well with known 30

machi ni ngderpe maviddnadveRestf wixatg §f ddtand aewrside Hody iang nuhparfyith priphart fidag

h flats 102 it th to_tigh h t 4.
Those siorraaete b W thoed PR 1s° alt, ABL ek G, B¢ piSefrhPpdlts, RSYO2,
only reqib&igftiallgRirdrést frdthahé Bieddaiivnanliesodf prbr b fande it ibe fitting nuts and

he
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WO 02/ 11 G319s PCT/ LI S02/ 03~31 body 54, such that either conponent or both
may be rotated as required during a pull-up operation. W have found that

it is hi qgéy%/g&%:rabl e for the ranm ng surface 88 to forr’q,ﬁ/t%smsg angle O

of about relative to the | ongi tudi nal axis X of the I'ng 50 and
tube 5 end 13. Mdre preferably the angle 0 of the ranm ng surface 88 should

be 40-50,.. TOSt f th le 8 | d be.about 45.. Thi f
angl es TPHIEST U RihRHg S ERbeustor iR e R Al TR s § YR g
netal figsH dkigt 5ivdl@ WiRediickd Mt deratic for Blpulluged Fbt!Bgarhple ! & H@snd e

ramm ng surface angles in the range of 10-25, which is a substantially,
shal | owe¢orpergles tho pprsertdinventionempy aise wpuisprstsh i threadsTHat pirayidowelficieat oMahg

ol LaaRRSeRR R Bl AU i b WPl SulB I8 RE BoRbbiend

~act kon fagleddubSvithEe V4 tabiey,qiiinD P Noghifle kb wev et preventsthiedgiegaeit fbinymalasy @k lthread
defornmed into the tube end to forma gripping action or_ bite on the tube.
Thi s i Piebpuwi ¥lpg suiiebledeea particylapjappleation; ag|therg ire ptheoy feghniquep dof a0l ngs
that in m PRAr ... € ] e I

el ther Pt Hiles LoD AR ork it HrzaRalo LA BARERRICLAE Y br

pr oduceiesighicheicésavialisble.ubi ng, thereby linmiting the pressure resistance of
the fitting. The shall ow carom ng_angl e of thgh‘?ri or art,

however , .
conproni ses the abiel senirabpody berg A8 1staefembly aghoughnnog 't?éﬁséi’lréfé(b%ém%de&i“.h #n
shanp ¢ d I toal { i i : t i
caron o nt ARl e ARE Urpla PR eTbrdhinaCaISXTREEE FIOF B Wbe AR,
i n ef f ahit the dlametoioficite bort 88 tdeereases oadially suthé axial @i8eotioh howirds tHesdoantertaire
sliding action, thereby form ng an excellent seal_ 20 In the exenplary
orbodi it EORSHERRIS, PHCTRESBERIRTGH 4419 ALt dbs “LHE 0F SECHET APBR B hat
transit a?tﬂﬁllér&' difea .uﬁ“ﬁf] bb R Gt bARR @BnteffdrS sAGT i st 3G sht§GedsBER S
generally at an angle that is not as steep as the angle of the caron ng
sur f aceh8®uteFhiammetpe v dheotuberendul¥. ade tBS mpamfeer thbl tyb¢ apérld basi alslightwiatihal an

i ncreasi ng.radi al dinension towards the.back end of .the gripping ri 80.
TS s aperete g kel ORE T R cng: Rt ExEmp by iy e hr e BupeHefpRe
ef f ect, pefwden HE B8l ddNAE LBW eAQNS p%viéliesrh% HAYbAEbn YO BUely prevédi He 1186

high stress and material coining to allowthe front end of the grippi ng
ri ng 8Centlol% drom rrotating ldericgupuiitiupg Jhist alee r@BicesT nestdafab tarsion ragresethat may be

" | | i tact" | i nt ended t
cont aconienann P bibgand H 15 bt O s «beciihing ArBeas st Fiufi e the
but ratfigs efP1 B ISRNRE aédexsahqyf hie 16 @B&SRLcofipletely AgahitaRE cORMrBoE sEQNGerGHAT

or at the innernost extent of the carom ng surtface 88 of high stress 30 and

nmat28r i aThie isi because st intesferanse fibhelpy prodisie aegod primares@bbegen Hhe bers Wandghe

good et epE 3o ff sl Malsd B! irbplBli st PO B0 (BBp g Ueyae ©
surfac i(gﬁﬁwafany HbIdthgtthe Stk dld! syatidaktyoduridig pulndpesoeiibi tk flil aiall Gisplad¥hent

02/ OG319S PCT/ US02/ 03~31 contact of netal burnished on netal to effect a
gas ti giftthptibeagrippingelementSOh 1s wred faperoper defprmationgmdybe gre retherghpmgny

surfac 8. Lt 1.8 i . : j 1,00
angl o1 8l s PR YA bE 36 bR urkig iRt o Bbls b bo 3SR
ot hpsr  vextéld, grafeallgraidrg iof entiné axiablength driweshongt exial pdtivi adjlacdnh ¢hef conntertsord  of
t he gri&Pi ng ring 80 contacts the carom ng surface 88 to forma seal
t her eat®Y-Thus, the carom ng surface 88 nmay indeed be made with a
non-frusto-conic ContHU: ' b r : f d
of the ferrule Sghtlzeon a%ﬁ%ﬁlaﬁsg%?gﬁgégt%llﬂgge Z‘?JP?ggé%@gﬂgéﬁe}]?&{e@%ﬁggund
angl es the lagitudinalsaxis oft the ficargdii. rithesmt S2abo &8 luwdey alseconddebrd & hatinga second
"facilitate the hinpgin ction d tubhe bite hi eved by the ferryle 80, 10
et her dometer B Re Sa Hents0 8B gt H O et el o i Al Tl SemtoiheTerbali ¢ n
_addyq | Oﬁ%eép@ﬁgl&gfﬂah%'@ditaﬂﬁer e FrBeRfdre the AMM LAY islDreliA6ithdt 1R Bork he
hi ngi ng action and bite of the gripping ring 80 into the tube end 13, in
accor dafi:definies la gehérsllpsplitrical walhéhat naceives the, tubdends B FIE 2orkhedistdfore A8

front end of the qgrippi ring,80 (i he .exenpl ar di ment.s the.radj us
por ¢ 1 onfegaipaics A epBit il is Ay apbest] AoiE pR TR OB boBR AFerpndsy A8
car om ngha6 Wef aaesBhclubies Rr HRNGHhWarlly efRAdIAE Wolleh PEr tTHINcAIAr tTdeis gengallof
angle 8 of about 35-60 relative to the longitudinal axis X of the fitting
50 and tube end 13, nore preferably thqlangle O of the carom ng surface 88
shoul d be 40-50, and nost preferred the ‘angle 0 should be about 45 at the
| ocation where the primary seal is to be forned. Preferably although not
necessarily this primary seal is effected by a generally narrow | ine
contact type engagenent between the front end of the 20 gripping ring 80

s . o ~ —— . o . o R o



30 entire tube gripping device is in axial and radial conpression. In
general, for a tube gripping device such as a ferrule to enbed into, bite

and grip {, < end, the tube gripping device nust be h K t he
t ube end.‘kﬁﬁoﬁé’gﬁg‘ especially so for thick wall tubing. Thg&g;riesg%/@rqﬂaxi al

novenent of a ferrule in a shallow angle carom ng nmouth of 17 WO

Cube. ovirihen Tha b aniel 24 8ieGE nin ol ABhrdhd B B REL I ofhel,

t hese clirgbiepbaeges if the tube gripping device 80 were only noderately
harder than the tube end, the device would be unable to adequately grig t he
tube for a steep larmgrerdenpeoritngsiguiicantasprst alibe imiention the Bt Annslafigsa tube
"~ shorter_axi al ve t . Ar I PRI - ' STl - ed
byt ho @pued R B Moy LagehE kR aBArB) 1% AL eafilelolely Pthlon B
Cinvent i @lar by, Takit@ driypideldei@rin ik egarsieiic é the gehdralcfanhl of dgrippeng tihaB0t he
tubi ng, a steeper .angle carom n(% surface na b?_ngs,ed aqd is effective Lo
cause tand ingldesqw ippaT gred thateds @C%H%%?PBPI;{/Y%H ripH el that ¢lofsy ERdvVesdhgri p

the tubgy. Iﬁ‘fﬁgﬁ@gy ﬁgr@@gntﬂege@ﬂ%?m% ofe ﬁfgdapg)%%ﬁ tarh O EBE aif@fereal 88m the

results th a nmu S I stance of axi i spl acenent of the ferrule
80 dur i digmptet bf the. seCardsinng berd 3., Théeylimsiealpwall than d8finesithe gnippidg trmgtimre 82

radially deforped and conpressed into the tube end 13 with a.puch shorter
i al | SIS GRS ogh 3 GPFERC PTG BAREROTION S4opldb STBPIRg Fe Y- (1HE TEFORUHOR ube
gripy t - : ' : : fipat
ool ' B DinchigEs hPEL B ol Bufl SLRlcR B R Teligt BRE dif e O R 8,
t ubi ng bvekend alf thesrisg 80.nThs sapstedaduterisurfacey8testicistfram hegedemiy rafialiffonygnd o

bout 200 Vickers. Th i t.h t.hi t of .t
vent | BROT URERPRAB SPVER P mePRStBuaey o iapbsars R P FRal borpe

gri ppin V4 Bamee®ed tRdnitdlely) MiwdVer,! BRed We Brodided MBS
har der %g‘ﬁ %&ge%lﬁ%wng.hgﬁbrghpreferreé, tthe >ft)ubewh;grfppi n [ﬁ%\?i cegrsh:)ul d be

har denedrdumferengalirecess omstep emmatchior dthersgenmetiz (natishownhia the flongendnfj the ring

further he entjre gripping rin 0 need not..be c har dened, . but rat her
ont b3 180 heides Beiaesty @Rl isaprise o ket S LR DR aPBanilly eidioedimnce
wi th thins RAP& 8PTowlP® theAKIdnaM4 otk Rt spart of the nut 52 and body 54
may be through hardened or case hardened to increase the tube grip of the

fitting 50 when uShatapéred sirfacdd6 joinbthedronaeed 8apreferelly by rodiys newien 88tand| |

Sui t abl e .case ,hardeni n r OCESS re full,y descgribed. i ni . es.

oat ent. RB o opRST B bR HEET8 0BT ahnirall SRR parlo D uhER iR iBing
serial Q.2 88049%tPB3 tepdieys.on January 28, 2000 for MODI FIED LOW
TEMPERATURE CASE HARDENI NG PROCESS, issued to the assignee of the present

i nvahtion, the enltiisenaiedsel dusmeint ghatyiecyarippe ECQWFSFYi‘%é{ﬂC%F%QSer Bibs by

reference. . t b WAL jce
o aboub BUEE 5 T5EBPEGRERE, B BRiiftemnd ORI Sectos Ritohdt Fapbho PRI HET
resi st apsiond atde bh)tdre Belect€d bets ansifechan dppropgate eadiall y) inseard Qirtpingeaction raay
be used as required. Case hardening of the tube grippin ing 80 ||,OW§ t he
aiee Aybs Rpies dgyce 30

ring 80wl badueatcaplpingdi hsrapaitese Accardinghnithe geomgiryat & guic
stainle i i St al I r ase
har deni ﬁgﬂ g%? g'!r? s{}'%g\ll}g tg%cg%%%tﬁ%ggglgf wgﬁg?{aﬁélo ﬂi% JB%\%Q%\ZQ% 6&%&(81?@@5&%%
PCT23JS0 gthgc3ippnhents, dheginemsibacefthe mbingamd the rédired atbergeipuand seal perfoveartce
galling between the rjn

g 80 (whi glh rotates w t.g t he nut 52?1 an %ge t ubi ng.

Var i ous"$adBd iferam particalpr apriiapien. dbgrefgrenihe isaeditip smgpdimaniy st aerer are

reduce jniended to be exemplary in nature and not limiting as to the geometry of the tube gripping

device. The above referenced patents for the two ferrule fitting also illustrate additional
geometry variations to facilitate the hinging effect to obtain a desired tube grip.

30 In accordance with another aspect of the invention, the 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
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galling and residual torsion such as, for exanple, PTFE greases, and
greases containing 5 nol ybdenum di sul phi de or tungsten disul phide. Case

har deni n iques typically will result in the entire n

i nt egral q’lv{ﬁb;g/n%rl%gpi ng ring 80 to be case hardened. Wen Fﬁt/U§é2§(§4ﬂar deni ng
is perforned on stainless steel, for exanple, as in the above referenced
patents qr. patent .application, an adherent oxide. ski.n is. fornmed.,Ln angther
Erbod e fulstioghuidh it gt body EOPEE B A IneSine Ty e g BF Ferprets [t

thr ead$,,0h vhbest BOMESTE a%1aB9driveh By 2Zadially aeeelyfdxicallingrivantss SRthbencs2
pul | -up torque during tightening. Any solid |ubricant can be used for this
pur pos éhatrsdrveaay a sloivh serfddedor dtiving dhe Erafe8tvéarvarhegamst lefcawnara spifecs faf e

" graphite | ybdenum di.sul fide,. t ungst en. di.sul fa i.gh

nol ecul cgplf’@%"éﬁf’ 15?5'1%8‘#;9?9 frapgRIC WED B g{t‘é’g ngislsl{3 ?’5%@%3%% g& ?l{a? b E&Q not
. comigi nedrphiidh SNGAE AeVicEBY Sonithe At 5] the BunhdelDSanBitieexpaste bioal tsdieiealating
resinous carrier or 15 the like. In addition, they can be used in

essent idoes porijerfane withf the driva shfagentpZpofiernt dyring drazer pudl-ypater easmples| they

| ubricants ,qf this - | | J e Jgnoww G - Chha) . 1 t S« »
i ncl udeasmq&op ﬁiuﬁaé g%%nD?h;%} t%smt%%ggrwﬁ Iaaélgl E(; r%rﬁ§ I‘Dc?w r ﬁneg are
Cor por afst® mt&thddgedtdn dhedetérirma o ardie®ice 8B afteropiation fibm thOAuid2ai | abl e from

Trans Chem Coatings, of 20 Mnrovia, .California. These lubricants can.b
appl i ed by any stﬂ‘ﬁoféfraler?é)tlﬁéﬁﬁcéﬁ’@ﬁ with 1hg f’f‘i‘ﬁ&’&f‘e Web §épe§'@|ﬂ by OEPWgsﬁo’iaQS?fng :

or : [

or a0) adpERF G RTY bR boncPll GRE 0N IRE R POIUE B I e Broble

st andard4dbanasth? bati aaidl 50l ahaficade 80 endidsmtheyadial walej32 ofttie nbf that drive the
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CLAI M5 Having described the invention, we claim 1. A tube fitting for a
tube end, conprising: PCT/US02/113~31 5 a fenal e threaded coupling nenber

and a mal\g thopeased coupling menber that are threadably jpj ther to
assenbl e tﬂe /¥)I t% ng onto a tube end; said female thr eadegt@/gg% (Pﬂgl menber

having a tube gripping device attached thereto; said tube gripping device

separatjng.fro aid femal e threaded r fel I L LE
o a pdit Bire A daaites GRE vD6teahETREN TR e P AR e b ad, 0
t ube -grduRRisiadte VA £6n fHRGring?§ s&8 ntaySihR@flest Heed bavkeurpdit @cosdpasal tomyf seam
said femal e threaded nmenber. 3. The tube fitting of claim1l wherein said

][ml et t I‘fpﬁa@]?@’ thertbles crtbhbpgaies therbaddide dncay siegthe ferule S0 mut feryRgaery
ront end of .sai . | ' ' - i '
to”separil depipd s KRR LfALORs AR A LPROY! lredthe BrE Y T AT o€
, ;:Lalsmdafgmle:{sgi rﬂuitaddéqﬁdﬁé_]? gﬁpit’)tb@gu’bg eﬁe\ABcse dsgo ahdiammeskat mtapaityl ufidergiressure,
readed nenber a thin web. 5. The tube fitti f claim4_.wh in.said
Lhi n neBmpeagmandyibraionTyicis Bl 1q PRVFHY 1BY MAeH HONREPEPIPES PR eI

coupl i . e gripping device are hardened to be at |east about
3.3 ti %sdgﬁ%r%gglrra?ﬂ%% tﬁ'e material of the tube 20 end. 7. The tube fitting

?f c: ai mhl V\ge(rjei]nncgaérdtotachievgrai fiwid nighd seal @ed itshengripping dction;, ¢ &rruld 86 isai d
enal e threaded nmenber. 8. The tube fittin f claim1l wherei aid mal e

{ b eadelssiganbist be oS UetermEdA Pased i gTs ol Haed corgieied utka pbng
end qof iﬁﬁét&tédﬁpel?dw I3pp igre‘éu%lm%hiedw W@esp%ﬁﬁ {hR ferfle 80it6l he@ PRIBMgSetibRce
form ng an 1 ncluded angl'e of about 35 to about 60 relative to a

| ongi t ueheretly teitspenéd ndse pbitiani §4gis not ol elrivai exipily formgrdas dleaiutf3 isvhesaded

sai d fenal d le t d ] ] | ; d wh ' '
o1 ppi g B kY b s edinE TR AR i P PR niasiticel MR TR o8 fhclel?®
seal agg tgg ttlfllfeaéxﬂi ¢RI MOheS WrivakeddPoD of PSS drtidn 84 @hust dipngredstd agd 30

10 The tu Itting of claim1l wherein said tube gripping device separates
fr om sadmbeidedingo ther whigdvatewitha regudtant dresurisese bithan theisB@s depigpite@Pdate

with said.f e fLhreaded. er . during further. pull-up. of fh Lt 21
e TSR TS50 AL i N BY KBl b By hbiag 2
separ at e, bdiR@t e R MastRhByRIRforédClub® Nsad agarrial. Ndfe blesulddr 9 ehiags ftheal
pull -up of the fitting; said ferrule having a front end that bites jnto an

outer sembedded friont ersl 92bEtheraippme, riner@0 tothas farm ahekesptienaly #rens wsehasmiel
said Sel%%rst%Bceedtoft%er l%’llosav Orl!llt A elgherr %(rjésgtllrgé./ THYE i dded front end 92 thus provides both an

* excellent seal and a strong grip on the tube end 13. The ring 80 is further designed to exhibit the

20  aforementioned radially inward hinging action so as to swage or collet the cylindrical wall 82
against the tube end at a location axially adjacent or spaced from the stress riser bite 94 and
generally designated with the numeral 96. This swaging and collet effect substantially enhances
the tube gripping function and serves to isolate the embedded nose portion and bite 94 from the
effects of down tube vibration and also temperature changes.

25 Although the present invention is described herein in the various embodiments as
effecting an embedded nose portion and attendant swaging action, those skilled in the art will
appreciate that in some applications such rigorous design criteria may not always be required,
particularly for fittings that will be exposed to moderate temperature, vibration and pressure
effects. Therefore, the additional design aspects of the nut, body and gripping ring set forth

30  herein as preferred embodiments should therefore not be construed in a limiting sense but rather
as selectable enhancements of the basic concepts of the invention to be used as required for

particular applications.
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5 during final pull-up so that a central portion of the ferrule is radially
conpr essed agal nst the tube end to collet the tube end at a | ocation that

i s axial l\V e d front end tube bite. 13. The tube fi F{:’r/ﬂgoz‘ﬂu | aim 12
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used tube fittings have camming surface angles in the range of 10° 25°, which is a substantially

shallower angle compared to the present invention. The shallower camming angle is necessary in

10 prior art fittings to have the ferrule slide a greater axial distance along the camming surface. This
greater sliding action permits the tube gripping device to be more gradually radially deformed
into the tube end to form a gripping action or bite on the tube. This is especially the case for
stainless steel tubing. Prior tube fittings that included what might appear to be a steeper
camming angle actually either rely on a shallow portion of the camming surface or do not

15  produce a bite in the tubing, thereby limiting the pressure resistance of the fitting. The shallow
camming angle of the prior art, however, compromises the ability of a single ferrule to form a
dependable seal. In sharp contrast, the present invention utilizes a substantially steeper camming
surface angle 6, which permits the gripping ring nose portion 84 in effect to be coined into the
camming surface 88 without substantial sliding action, thereby forming an excellent seal.

20 In the exemplary embodiments herein, the nose portion 84 includes the radius
portion 89 that transitions to the outer tapered surface 86. This outer surface 86 tapers generally
at an angle that is not as steep as the angle of the camming surface 88. The tapered outer surface
86 preferably tapers axially with an increasing radial dimension towards the back end of the
gripping ring 80. This tapered outer portion 86 contacts the camming surface 88 with, in effect, a

25  generally narrow zone or line contact upon pull-up that has high stress and material coining to
allow the front end of the gripping ring 80 to coin into the camming surface 88. Therefore, the
term “generally narrow line contact” is not intended to preclude an area of contact between the
outer tapered surface 86 and the camming surface 88, but rather more generally to the concept of
a localized contact zone near or at the innermost extent of the camming surface 88 of high stress

30 and material coining between the outer tapered surface 86 and the camming surface 88. By
“coin” is simply meant that the gripping ring 80 achieves a good metal to metal seal between the

radius portion 89 and the camming surface 88 by forming a generally narrow circumferential line
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Additional compound angles or contours of the camming surface 88 may be used to better
facilitate the hinging action and tube bite achieved by the ferrule 80.

10 Whether the camming surface 88 is formed as a compound angled surface with
additional angled portions that are steeper or shallower to facilitate the hinging action and bite of
the gripping ring 80 into the tube end 13, in accordance with this aspect of the invention, the
sealing portion of the front end of the gripping ring 80 (in the exemplary embodiments the radius
portion 89) forms the primary seal on a steep angled portion of the camming surface 88,

15  preferably a steep angled portion in the range of angle 6 of about 35°-60° relative to the
longitudinal axis X of the fitting 50 and tube end 13, more preferably the angle 6 of the camming
surface 88 should be 40°-50°, and most preferred the angle 6 should be about 45 at the location
where the primary seal is to be formed. Preferably although not necessarily this primary seal is
effected by a generally narrow line contact type engagement between the front end of the

20  gripping ring 80 and the camming surface 88.

The steeper camming surface angle has the additional benefit that the nose or front
portion of the tube gripping device 80 may be formed with substantially more mass as compared
to if the front portion had to engage a shallower camming surface angle as in the prior art single
ferrule and gripping ring designs. This added mass, along with the hinging action, tends to

25  position a substantially greater mass of material at or near the location of the tube bite 94. This
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 (i.e. the end opposite the nose end 84) from contacting the tube end, so that the

30  entire tube gripping device is in axial and radial compression.

In general, for a tube gripping device such as a ferrule to embed into, bite and grip
the tube end, the tube gripping device must be harder than the tube end. This is especially so for

thick wall tubing. The greater axial movement of a ferrule in a shallow angle camming mouth of
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10<t 1oq@ye(n)10k,| by mpbg}g[ thgtgbe ‘gripping device significantly harder than the tubing, a steeper

angle camming surface may be used and is effective to cause the tube gripping device to
adequately bite into the tube end to grip the tube.
The steeper camming angle 0 of the present invention also results in a much
10 shorter distance of axial displacement of the ferrule 80 during pull-up. Consequently, the nose
portion 84 will need to be radially deformed and compressed into the tube end 13 with a much
shorter axial displacement or sliding movement. In order to achieve the proper tube grip then,
the ferrule 80 is preferably case hardened to a hardness of at least about 3.3 times harder than the
tubing material. For example, if the tubing material is stainless steel, it may exhibit a hardness of
15 up to about 200 Vickers. Therefore, in accordance with this aspect of the invention, when the
fitting 50 is used with such hard materials, the tube gripping device should be hardened to a ratio
of at least about 3.3 times harder than the tubing. More preferred, the tube gripping device
should be hardened to a ratio of at least 4 times harder than the tubing. Still further, the entire
gripping ring 80 need not be case hardened, but rather only the nose portion 84 may be
20  selectively case hardened.
In accordance with this aspect of the invention, all or part of the nut 52 and body
54 may be through hardened or case hardened to increase the tube grip of the fitting 50 when
used with harder tubing materials such as stainless steel. Suitable case hardening processes are
fully described in United States Patent Nos. 6,165,597 and 6,093,303 and copending patent
25  application serial no. 09/494,093 filed on January 28, 2000 for MODIFIED LOW
TEMPERATURE CASE HARDENING PROCESS, 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 higher
without compromising the corrosion resistance of the fitting. Other case hardening techniques
30 however may be used as required. Case hardening of the tube gripping ring 80 allows the ring 80
to adequately grip and seal against tubing materials such as stainless steel including duplex

stainless steel. The above referenced case hardening patents have an additional benefit of
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tube gripping ring 80 to be case hardened. When the case hardening is performed on stainless
steel, for example, as in the above referenced patents or patent application, an adherent oxide
skin is formed. In another embodiment of the invention, a solid lubricant may be applied to the

10  threads of the stainless steel nuts 52 to reduce friction and the hence pull-up torque during
tightening. Any solid lubricant can be used for this purpose and many such solid lubricants are
well known. A few examples are graphite, molybdenum disulfide, tungsten disulfide and
UHMWPE (ultra high molecular weight polyethylene). These lubricants can be used neat, Le.
not combined with another material, or mixed with another material such as a resinous carrier or

15  the like. In addition, they can be used in essentially any solid form including powders, granules
and pastes.

Solid lubricants of this type are well known commercial products. Examples
include Dow Corning® 321 Dry Film Lubricant available from Dow Corning Corporation of
Midland, Michigan and Slickote® Dry Lube 100 available from Trans Chem Coatings, of

20  Monrovia, California.

These lubricants can be applied by any standard method such as by hand, by
aerosol or air spraying or by automatic equipment. Any coating thickness can be used which will
provide lubricating properties. Solid lubricant thickness exceeding standard class 2 thread
clearances are usually not required. If appropriate, the lubricant can also be heated to enhance its

25 adhesion. For example, some lubricants, especially those supplied in a resinous binder, can be
heated to effect cure of the binder. For example, Slickote® Dry Lube 100 can be heated
following manufacturer’s instructions to 300° F for 1 hour, for example.

In a particular embodiment of the invention, a dry lubricant as described above is
used on stainless steel nuts 52 which have been subjected to low temperature carburization using

30 carbon monoxide as the carbon source. Stainless steel is stainless because of the thin, coherent
chromium oxide film which inherently forms when the steel is exposed to air. Low temperature
carburization of stainless steel parts, such as those made from AISI 316 and 316L stainless steel,

usually leaves the part surfaces coated with a layer of soot. Before use this soot is usually
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In accordance with this particular embodiment, this heavy oxide film i1s not
removed before application of the solid lubricant.  Rather, it is left on the carburized part
surfaces, or at least the portions of the carburized surfaces to be lubricated. In accordance this
particular embodiment, it has been found that the naturally porous structure of this heavy oxide

10 skin acts as an anchor for binding the lubricant to the part surfaces. As a result, the lubricant is
more adherent than would otherwise be the case, and hence is able to withstand repeated fitting
remakes (i.e., loosening and re-tightening of the nut) without being removed.

FIG. 4 illustrates another embodiment of the invention in which all elements are
generally the same as the prior embodiment with one variation. In the frangible web portion 95,

15  a stress concentrating notch 300 is formed therein. In this embodiment the stress concentrating
notch 300 is formed as a generally tight radius that creates a thinner web of material 302 to
promote a rapid clean break of the ferrule 80 from the nut 52. The break thus occurs as a result
of a minimal span of rotation of the nut 52 shortly past finger tight position. The shape of the
break is also less ragged. Other shapes of the notch 300 may be used as required including

20 elliptical, triangular and so on for example.

The invention has been described with reference to the preferred embodiment.
Clearly, modifications and alterations will occur to others upon a reading and understanding of |
this specification. It is intended to include all such modifications and alterations insofar as they

come within the scope of the appended claims or the equivalents thereof.
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of the fitting to a pulled-up condition.

10 2. The tube fitting of claim 1 wherein said tube gripping device functions as a single
ferrule after separation from said female threaded member.

3. The tube fitting of claim 1 wherein said male threaded member comprises an
angled camming surface that engages a front end of said tube gripping device during pull-up to
cause said device to separate from said female threaded member.

15 4, The tube fitting of claim 3 wherein said tube gripping device is attached to said
female threaded member by a thin web.

5. The tube fitting of claim 4 wherein said thin web 1s annular.

6. The tube fitting of claim 1 wherein said female coupling member and tube
gripping device are hardened to be at least about 3.3 times harder than the material of the tube

20 end.

7. The tube fitting of claim 1 wherein said tube gripping device is machined integral
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;

25 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.

30 10 The tube fitting of claim 1 wherein said tube gripping device separates from said
female threaded member along a surface that avoids interference with said female threaded

member during further pull-up of the fitting.
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said male threaded coupling member having a tube end receiving bore and a camming
15  surface at an end of said bore and facing said tube gripping device during assembly;
said tube gripping device engaging said camming surface during pull-up and separating
from said female threaded member.
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
20 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
is at least about 3.3 time harder than the materiel of the tube end.
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
25  single ferrule upon separation from said female threaded member.
19.  The tube fitting of claim 15 wherein said camming angle is about 45°.
20.  The tube fitting of claim 15 wherein said tube gripping device forms a generally
narrow line contact metal to metal primary seal against said camming surface.
21.  The tube fitting of claim 14 wherein said tube gripping device is attached to said
30 female threaded member by a thin web.
22. The tube fitting of claim 21 wherein said thin web comprises a stress

concentrating notch.
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