FI TTI NG FOR METAL PI PE AND TUBI NG RELATED APPLI CATI ON
[0001] This application clains the benefit of the
wo dosogpoadat e of US Provi sional Application No.PCT/US2004/036436

60/ 481,594 filed Novenmber 3, 2003, the entire

di scl osure of which is incorporated by reference.

TECHNI CAL Bgﬂy h&gP subj ect

i nvention r@ﬁ%gﬁgggﬁﬁg |rectégﬁ%o thgigg?ﬁgf fittings

for pipe and tube. Mre particularly, the invention is

directed to fl ar REEATED APPFIICAEIONNC| ude a tube

gri ppi ng device, such as a ferrule or tube gripping

ri ng. BACKGROUND OF THE | NVENTI ON [ 0003] Tube fittings
[0001] Thiw epplsetion olaims the bewsit fcthe dfilingodaternf U6 Rmowistemal Application No.

a1, 5oF R R0 e SRS RO R o

exanpl e, or a device that needs to be in fluid

ARG e Nfcmr%hﬁé APMFHISHOVERTION  exanp e,
a valve. Us ing is
first assenbled in a "finger tight" condition and then

[0002] THA éubfbef: hw@fmcsﬂ Regenstllyadit Rtddog) thbSaruaﬁqiitﬁx;gstfog RiNad tube. More
" the fitting to its final initial and

pamcularlcroth@l 1@Ye@tlag dedipiciad tedinaelessoiitingnidapiaciuda g thee gapRiBglevice, such as
nL used is a threaded connection of a

aﬂﬂnﬂe%ﬂﬁ%ﬂ%?dyﬂ% f&ed nut conmponent and a nal e threaded body
conmponent, with a tube gripping device being acted
upon by t hesg{¢RGERIPNIFOISTAE INEEINFION hr eaded and
tightened togﬁfﬁ@?“SUNNRRY‘O“THE—FNVENTION [0004] h
accordance with the present invention, a tube fitting

[0003] Tubs ERtidgsCiraniged toc P bt BemTeat Hewbet Sntocariottree atkaber, whether that other

couplin The cl anped coupling nay be of the
member beBAHCRBIS eaéwv@na%@rwghcf éﬁtﬁlga%é oy itige et R feraple, or a device

that needs Jomnrﬂ]}.ﬂ@ cglﬁfnu‘ﬁﬁzﬁﬁ&ﬁ B9tntle Ftlettnlty suth8 %F&a?ﬁrﬁémi Mive. Usually a

mp ring engages flanges on first
stainless ﬁmm fireing & ffst ddsembledph iaritfingeotighak eenditiothend thenlangrench or other

005] Th d d. f th
suitable t(bq,lég é%g@d Fq? {cs)glﬁ?qu] gﬁ%w?{upgzﬁ%%é ﬂ)t 1ta Y]?ﬂ%]éa@ﬁ%gﬁl ciotérao??tﬁ assembled
condition! h?h@?ﬁll fLﬁooﬂﬂeEﬁ’é%lsfnP A BRI ERSE ﬁlbeﬂi {08 tRfcad ¥ connection of a female

preferred enbodi ments in viewof the acconpanying
threaded mrtanmmmchRlnEFa DESORIreiedlody cTrpomRAVWNGES {ube@sippingedevice being

scted upotyBY kst R 2 i BH R B LS bRl R B Pl "™

nethod of which will be described in detail in this
speci fication gpiVAREIGR R onpanyi ng
dr awi ngs mhlch'pggnra—parri%g%eu¥¥ﬁgggggherein:

[0004] In accordance with the present invention, a tube fitting uses a clamped coupling rather than a

threaded coupling. The clamped coupling may be of the type known as a bolted split clamp
assembly, including a clamp ring for exerting an axially directed clamping force. The clamp ring

engages flanges on first and second parts of the coupling, to make-up the fitting.

[0005] These and other aspects and advantages of the present invention will be apparent to those
skilled in the art from the following description of the preferred embodiments in view of the

accompanying drawings.



[0007] FIG 1 illustrates in half |ongitudinal

cross-section a first enbodinent of a tube fitting in
wa@2dosogee4 ti ght position; [0008] FIG 2 ill ustPer/@s2005a36436

enbodi ment of FIG 1 in a pulled up position; [0009]

FIGS. 3 and 4 illustrate an integral nut and tube
gri ppi ng_ dRKrER nIRGCERFPPRIX OF 190D dy and 6
illustrat with a

sel f-gauging feature, and with the fitting shown in
0006] Tht B8ventiBE Mayt faBObhARch] Bbtnd &fl ctihiP Pahs bR Srrh@RRRALS debatis, preferred
[ ] [0011]1 FI g 7, EJanél 8 illust rat'egha! f ol qng?é?udi r_1a(lyfelb ) )
embodimeptsod-asocthpdnf whishsvifbesieseyitedfie detgil én Bvgisnegifieptiep and illustrated in
surface of a si. e ferrule tube fitting in a finger
the accompgre %8?’?]?356@1[%1%% | Raét;i}e%%o%%% | \fdlleg%lmr especti vel y;
[0012] FIGS. 9-12 illustrate additional geonetry
16X dsQh naftiRanRdaP REJS sEddd d HEsE9FBbditenb of BQube fitting in 2
[0007] F ﬁut Iml[lsg%&g] FI'G H?gé anot her gi nlgl e fesrrul e tube s
finger tight poditiong; [0014] FIG 13A is an enlarged view of a
portion of the fitting of Fig. 13 to illustrate a
di ff erence angl e _conce?t . [0015] FIG 14 illustrates
[0008] Flgnh2ilkystraten hesmbodment of FIG -4l ina fullsd vpaeaitiopon: [ 0016]
FIGS. , Band illustrate different thread options for

e,tupe.fitting.co nents.f.or a threaded coupling;

10009)  FIEEG o Eibisra i i 9ERF R s et S ot P bk

i nvention that i'ncludes a clanped tube fitting;[0018]

. | H . .

0010) FIG5Cy h GATDARLE SRS PR ot SO KR, and it
the fitting tBowai th 0 fingbrsgitahé pallddeampoditiensfirespegievetanf i gur at i ons

for a clanped tube fitting in accordance with the

i nvention; and [0020] FIGS. and 22 illustrate ,
[0011] FIGSt &r 4t jané & iilkspeteulah lengitgdimel sragamsecdion; Yigws e single ferrule and

e TN o PSP T 10 i YR i posion

respectiveli;Scl osed in a related application. The present

application incorporates sone of the concepts and

teachings of this material in the exenplary o _
[0012] FI&Sbodintinstmte Adititienchgpdrestryt treanytlescfor artgbegmpning nigg integral with the
surface and/or geonetry and the differential hardness
of the material of the tube gripping device. In
accordance wi th one such feature, a tube

[0013] FIG. 13 is another single ferrule tube fitting;

nut;

[0014] FIG. 13A is an enlarged view of a portion of the fitting of Fig. 13 to illustrate a difference

angle concept;
[0015] FIG. 14 illustrates the fitting of FIG. 13 in a pull-up condition;

[0016] FIGS. 15A, B and C illustrate different thread options for the tube fitting components for a
threaded coupling;

[0017] FIGS. 16 and 17 illustrate an embodiment of the invention that includes a clamped tube
fitting;



fitting is provided having a tube gripping device that
acts against a steep camm ng angl e surface of one of
w0 b@sfoiazoed ng conponents. The steep camm ng SurPELES2004/036436
angle is particularly advant ageous when the hardness
of the tube gripping device has a ratio of at [ east
beut. [ 1 :
foots] FIGPRY andchice T W RURAER T oborclnine HbRS aRordghe with the
invention.pr esent di sclosure utilizes these aspects in two
di stinct general enbodi nents. The first genera
enbodi nent that will be described is a tube f|tt| g
[0019] FIGBr Agadedft illustralei dtemativatlange icppfigiyadens &e 4 glamped tube fitting in
integral with one of the two threaded

hat
acmﬂdmwggﬁiéﬁgn‘%n mﬁﬁ%ﬂ the femal e threaded nut conponent.

The second general enbodi nent is that of a tube
[0020] FIGELA1 A f?ﬂhﬁﬁﬁb ﬁit@rﬁﬁlv%td‘?ﬁﬁpst déle%gn hoRkddhee %mﬁ the invention.
separate single tferrule as the tube gripping device
along with the male and fenal e threaded conponents.
Bot h genpEFAHMD GERIREPTION SRTHRINVEDANTON conmon
aspects many of which are optional alternatives that
can be used in a variety of conbinations and
[0021] Theubmowidselyabllowsg matchalasaSt Pprevioashyi digglesed fimeaeloteds dpplication. The

R
embodimdi€ tht!Bga rﬂ;%lbpﬂie%e eéﬂgiéeceﬁl‘ﬁhﬂltgl Mefab® ahdyer gedrhé@y and the differential
materi al 0022 t hough a nunber of aspects are

hardness efetheraferdalhes; the rﬁu@sglummg; deviesor fopegosdinpe Fath ope such feature, a tube

fitting is pg)é\z ggé ha %:mg ;{qﬁg gﬁﬁllﬁ% ngHthh(A? ﬁég 'agetuhﬁrh ﬁ iu%agrlugfrﬁ% alﬂgle surface of

sense. or “any

one of theafiftink GahipoRerthe Thasicop! Sarﬁﬁm%CsILﬁfaﬁaﬂngie 1sjp:&dcﬂ8rly advantageous when
required in different conbinations and subconbi nati gns
the hardnesg of gt tubegrippiag deyiee has 3 QA ﬂ’és"rﬂbég “&i'il%scaﬁlﬁ grably at least

4 times oﬂjﬁ‘é QFiLRES S%Téj{hg hatdnbdSHrad 51 faehar 1ak rﬁ)ﬂjé%\%ﬁtgd'isclosure utilizes these
choi cés an ternative e ments, such descriptions
aspects inaw@ distinct gemsmai&nhliodlmmtan"ﬂhesﬁmu pehendtenimdiners thaiedllds described is
an exhausti ve | | such, choi ces and. al &er nat

a b iSRG FHGR YHCh h B8 2D FoT S 1 VIABh B FaPLeESA] vith one of the

€ dgishi &8 rRPdod@onek. T d 1
fwo threégl@gl %ozﬁsﬁ%grol%B?lalee% g&g ﬁén?aﬁée nt\ﬁliadlra |&ous enbodi nent s alr'e eSecorl senera
embodime# s thabefla hibedithnguar htagﬂwustqebtubmgeth@hws ﬁ@eltaﬁ@te single ferrule as the

ittin onen ei n st e an
tube. eippine, APTFEUAGHE S08 P R Beualane QUEHOh alpiipnign ot eeneral
embodimérité %Malteoa ﬁ&nﬁmoﬁfn‘{oﬂ fspBétk lﬂxﬁa@lyaffdvliblﬁ) uiredop’tfbhalbzﬁtematlves that
construed in a limting sense. Those skilled in the
can be usqir in awariety efetimyinaiinss ead autecqmlamaw shehiss theggamming surface profile,

the cami} ng{ I%rlggl r% ngoefomrgﬁg/al sgrg!f ?Tatlelt%a u%ﬁﬁgﬁlgdgé\%e t Qﬁd hardness

characten@ﬁés&fﬂ thd fube ighippiadidegicodttlathetto kheubimg rmalerﬁal 6, 316L,
304, 304L, any austenitic or ferritic stainless stee
any dupl ex stainless steel, any nickel alloy such as

[0022] Altmﬁhm@mbdrm@bﬁgtme NiieEibed hetginpashsiing ingeiperated into the exemplary

comonin 5 SRSy Ry S5,y USPuR A PR Ry it

applicatiohU &l @&&Qlﬁsp%ﬁehlaif e @Rk Ereqainel amydiffeRdedombinations and sub-
re-phosphorized or re-sul phurized steel such as 12L14
combinationsdhertef; Ewdhgmere, Ajthough the present disclosure describes and/or illustrates a

number of design choices and alternative embodiments, such descriptions are not intended to be and
should not be construed as an exhaustive list of such choices and alternatives. Those skilled in the

art will readily appreciate and understand additional alternatives and design choices.
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i nportant aspect of the choice of materials is that
the tube gripping device preferably should be case or
wao boosiagezhar dened to a ratio of at | east aboutPGI/BSzN036436
preferably 4 or nore tinmes on the Vickers scale the
har dness of the hardest tubing material that the
[0023] Altgbﬁ%ll g V\Malnlls Qﬁb&ﬁﬁgn‘[\é"'a}éq%es&l?@é’éleﬁ&éiﬁ'wﬁﬁ‘%&ﬁﬁereference to the fitting
grippi ng device need not be nade of the same material =
componen@sheltpenmdd iofi gtairtlews| steel, Fad ivxpartiplubar 6 sihlespeteel, such description is

X dj scussed herej nbel pw, e tube gripping. device nmay,be .. .
inended (@ bF TR B ARERBAL SIoH DY PEEBRT R B A G g {nose siledin
the art wilPRAY Sy aifreQhieQhatSily iRBIber FRdiffetcdt Sypehat nfedl) ii@ertadSMay be used for

ardened, such as fmagnesium titaniumand al um num to
the fitting nemponsnise ansiiltdsoneip] whiagpnd pipeumaterplst Meludiecbut mghlmited to 316,

h in_shoul d.nat .be.constr in 1t .
s, 3oal 8, AP Fus SRR LB} BpRolhll oases S05E ay it oy
such as HAST &1 03N QNAONEIa6r MQSPE aly piefisitation datdenedstainless steel such as 17-
conduits and that the invention covers Potg. [gﬂéﬁ%
4PH for exangle, bragsoeeppsr dligye. auytqarhes asdow pllgnsier! el eg 101 Ested, fyr example,
dis ' ! | le. An
o any LS GhRoFRIPL SO S ARE e TRL s SAGR np
important asplest ¢fthé ahdiye df fbierialtis fiadthetthise gryppicatievies prgSeably sheuld be case
prior art ferrule type tube fitting fqr netal tubing, .
or througHTdesE o araiay P (1 B end PRefradilyd Gomara gpeh the Viekers
scale the lgd)?%%lesy of 'ﬁhrlti’is't OfubfnlotthitB9s thA}QWE Riing F%l1 Bk ke ®ith. Therefore, the

i ned further he ein, it is preferred but not .
tube grippireadeszamged hattbet thedebafdhe Svncnsioriblasshe tubingsigseifofor example, as will

v s B BB TRSE R S B Y B B ot s

noted abo®dilor BBYr BEtaMd Aeked]sttRatQan Bt ReJeHa8@nica] Rgh ak niagnesium, titanium and
anot her part such as a val ve body, manifold or other

aluminumg dorpemensang erddisirariperampieo28]se Nt tet Ward | Hbghderen should not be

drawi ngs the fittings, . j 4 [ j i-nal
consirucd ff SR {5yt BT et o} R pg AP A HcRBngesbly s o
general refdréniés té Alefd conduife@hd that fidénedndon coveas bothe ot her hal f

is identical and omtted for clarity and ease of

illustration. In all of the illustrations herein, ‘
[0024] FlGailishows gapbe dtting 5 Orém sihinhstharecars ombinier disgigtyeqrBp@Egnts, namely a

for ease, of .illustration. [0026],The hod .S -
remate bS5 g ol o b BB LSy R iy itrent om e
typical nuk ME&OAh pEisk @RSfeRTle0yp@ AbeFhitng Themend tebiignIhewolpa4 may be the
may be a hex body, for exanple, or part of_ another

similar in desigoaentypitst hodwsusedrin pxieiiilinss houreve: sotil b exihiagd further herein,
i rte GBI BT RO, A0 PR RS0 s ATVt e e
nut 52. AMIRRMWILE ahabbag bedesdiadt basa diycreelydicparaty campaent but may be attached
sui tabl e technique. The body 56 includes a first f

to or otheywiser mtegrad igi angdhen Rrtpuck 88 YHYS bP§y=a1661i“g‘ﬂiii°5tc5h‘§f components for
sized to closely and slidably receive a tube end 13.

The first bore 58 is sonewhat |arger in dianeter than

a coaxial second bore 59 that extends through the end

[0025] N(f% RS R BRIl Hdmiiaerite Hustreded 60 Wrgudink] drb&-section but only half

itting 50 is a closed end connection, the inner bore i
of the secon woillustrated, ibeeing phdessiord et the other half is identical and omitfed for clarity

and ease of illustration. In all of the illustrations herein, various gaps and dimensions are somewhat

example.

exaggerated for ease of illustration.



[0027] The tube end 13 preferably bottons against a
counterbore 60. The body 56 is nmachi ned or otherw se

wo orosmeBod t h external male threads 62 that threemabiog4/036436
mate with corresponding femal e threads 64 forned or
machined in the nut 52. It is contenplated that in

[0026] Thg[)g@ 54 B %gé&ly Ggﬂﬂa‘i{chﬁ Em"ﬂo%l a(t 12h G ARCLAEWtSHshGr end 56a.

prior |tt|ng cohponent s,
The end ekfe@siot 56a trhnyemda pet bbdygrfot Ia;mmp]e carpjlrﬁﬂqupo@liertchmponent such as for

e SR ST T FAEELGTVLR W s EHS00gL e s
stock as tild Er&% 5336&5&135@‘& fﬁ‘ﬂ? 'b%sothemﬂls% MabhedodtRh Gisibyt REERANGEOther suitable

probl ens and al so a for a coarse pitch that
technique. pﬂ“(h'elh@ds 56i igbludss alﬁrﬁtqeokd Iehgimdinad beelS$ that iy epproprately sized to

sty s Qi FRTRAFRE bt 598137 FATRE o LA JlBLn iamtr

coaxial seBbddHdré BY el Sxiehdd thRsu@hitBe eslé:fterii@ns 620041 tat body 54. Of course, if the
di splacenent to achieve proper pull - B in a half turn.
fitting 50 ia atojqsied amnd paningetiops therinperibege B3 wewldhet pe 8 Hpusthered- up

with 1 to 1 turns. Nothing however prevents the

designer fro k|n t he t.hread al ue : .
10027] T ool BRIy PR Resth 1 Cupshore g i By 36 is machined or
otherwise (}Eﬁﬁé’d LRGN GHASmAR ﬁYé&HQ 6RNther ﬁﬁ‘@aﬂﬂlﬂy' Bidewith corresponding female
erefore, the one-half turn for pull-up is just one
threads 64efcmmpd1 er afachinydin dteymdf52d e1§ |lﬁg¢pn§¢m1i>lét@§t fian| agreo avoid inadvertent

e o 55 AR R ST PPy o

pitch on th@l%ﬁf aﬁ(ﬁb&l}} ¥ £ theOprefiait |11Wéﬁtlbﬂﬂ ﬂid?aﬁe mbs&nﬁamfﬁfﬁferéﬁt fedm the thread
tube end such that the dianeter of the bore 5

pitch Vahxsteclfem'gésart fenrelpitypa Aiben@itiagimits @ne dedicsn T]é‘ﬁa‘f”clﬂs aYCH% interchange
problems 8%‘55%(? ov(/se f @% ole__t 5 32%?2?&"&&0\{1{% sShi u%kﬁmﬂe%ﬁect}ﬁg%ed%ut rotation
for compl@ﬂéQJuﬁ—u;ﬁ F@{exﬁﬁiplld auiitting yhat fndormadtes ﬁffe@rbmnelrdneaﬁlmi BRy use coarse

at the counterbore shoul der |s ust_. slightl ss .th
pitch threpdsctha e IOAISHFRALGH 4G, ChsaACaBEn dohiave Pronel pulR hdiule tum. A

tfﬁttﬁ% rﬁ@a}l 3d hdha-daditeh U, & £14 REeNaQothins Rfveder prevents
typlcalpn:‘ot] t g}p%o ?nanﬂnignch p?\gr ex?:mp le with tohe ntgore prev
the desigreB froﬁhm:akmgttb&f fhecdnpehzaywebie sutieblpde e pam:utan @PP]M?@OH as there are
end 13 provides an anti-ro tion.t
other tectBi@iga e FHE EIBRCBRG EUE { SRTFBR: TR RaUP g oy R is Just one
example QW\%H@ deSOHERSicESValiié, torsion stress that may be
I nduced into the tube end due to rotation of the tube
gripping elenment (80) during pull-up. The tube end 13
[0028] THORStrAHodye0es SRLd prgfdnable altiouphtriod neabemnﬂlﬁlf@’h;pda@m askight radially
t he counterbore shoul

inward tapegyogetative frclie ﬂqqgltﬁgqnﬁlsﬁa%%%gg} )3)6 'g?p tgg %lgf §3 §Lg:§| that the diameter of
the bore ﬁe{l SEERS H&a‘ﬂ r tﬁ% aﬁgﬂdl]ﬁ“&%oﬁ YQ&ara8 theldunidibore 60 Fbor example, this

erence rove the tube gr

y
taper may [be abuﬁleZ Qﬂleg]ﬁ:m g abbwrde ﬁbgr@&))altbwﬁxt@l dejectrl @ng}@ ig het particularly
t ube end station

eitcal "B barS o Qs b somieriong st Pl Bl g outer diameter

of the tulSei: et €8l flﬁrthﬂrlﬁﬁlﬁ{er d@lfe(’cﬁﬁ@%ﬁ@m?) aad of 4t g4dil MmedrRednce fit of a few
than any lost axial notion or novenment of the tube end

thousandtiis of ayirtchgbn evainpde Withéhe bprer58of Thinmtasrencsdetiugendhe berg 58 and the
tube end 95 pqlojeild@/ aft lar?trl] gotl tlgll ot Eo'nr & he)ﬁg %re‘)eﬁpgltenu% efid %E%Jrﬁ rotating during

pull-up. This also reduces residual torsion stress that may be induced into the tube end due to
rotation of the tube gripping element (80) during pull-up. The tube end 13 does not necessarily have

to bottom completely against the counterbore shoulder 60. This is because the interference fit helps



axi al portion adjacent the counterbore 60. 0029] In
the enbodi nent of FIGS. 1 and 2, the nut 52 and body
w®G 2008108302k al | y di mensi oned so that upon propePCT/US2004/036436
pul | -up, for exanple a one-half-turn of the nut 52
relative to the body 54, a forward end 66 of the nut
. axial.ly contacts a r168. ar{30tRer axah 1so hel
provide a ¢34 Brifry SR 61 So el ST Gt AR m@eRRce fitalso helps
improve the MG PP BY &e fubs SribpB@udtmenta8PELy atially helding thertgb&end stationary
to thereby indicate sufficient pull:-up aqd to event
during pullgigeso B e 8 RgEGHSTIREE OEe HRABIRAINE FlgPept(BLLIS Used for proper
o8l . WhEELe VoB€a:d8Sih Br L vRRM bf the tube end durin
demnnmm%d%ﬁﬂ%%ggﬁan|gfﬂ%%sp acement of ernyt 52 relative s
tightening.t Thé kepebofiheTbre §8iatuyastdmlr grecumbiyl ddong srekiss agfal igngth or a shorter
) fitting 50, the nut 52 and the body 54 may be axially
axial portiqq 3fBarsRiHe QOYHetPeEA0 an axial gap therebetween (for
exanpl e, between the respective ends 66 and 68) upon
- omphehin [ 4 ; Y 4t 1€ akidtly Mimensioned so that
0029] - In (53 g8ty S FICY ot BUREE: LGty D P ity Bmensioned so tha
upon propéripullig), fedxamipf a Snechalfaur of tlexanpl eslatygapherbadyp4, rgforward end

device to confirmthat the axial gap, between th .
66 of the miAizdly BOURHETEBCRIOUITH 08 O OB M SRS LAFS b body S4. This

. S Offc FR@ILIE @ tdB¥reBl 3A0iBAe Befient pull-u
feature thu¥ gﬁélé)% etr?tgel h{@l gﬁa?%n% gg&ﬁﬁ{r?bes of glrjemak_esr.f gr tlhe . p. b
and to prefent biergighfnifd)F3nd nWih Hefersfoethabsstuators wherg it gebe desirable

o vt b 5] YR 0 5 1 BB 39 ek e o

remakes oﬁﬂfet fitBfle 30; thdhet 5Yhnd aqealbcﬁ% Janghide sxilly diaatkidiedeo f@&ain an axial
avi ng % second dianeter D2 relative to the central

gap therebletwipht (finti examphex bstweskn therdspectiva gndoo6 prd HR) wpon completing an initial

mbodi pent., the di anet is | t -
proper pulfyip. B ENITSPR: & eRL0E sab i g SE o PG Ty pRpef R pil-up, such as
for exampRQ raegaz)zmgﬁsﬁlhﬁgﬁe@ic@@@%@ﬂiﬂlﬂ ttey khangkiblcgdp batvbert tiet surface 66 and 68

receives the tube end 13 (FIG 1). The fLéSt bore 70 d
does not exgenil rrapeseterminet oedits 6h MEISIons” Bheaploy EpHEREa gip be used to

. he nut back 4 : epan 75, such that the
1mp1emenﬁ%ﬁm§§3 Pﬁ@fgﬁraogggnéi%eg ?raél?)%i@l%q'dl y extending col |l ar
76. The collar 76 is defined by the back end wall 74

20 it $rRELRE 32 RORIdEE ab@ise cddralitbré IO having a first
[0030] Wﬁgrr%%{r?engiytg}rsgt gr bore 70. [0031] Theanut 52 incl udes

a
diameter I Libsatiyrei tp pherigngitwinad agig of B fiting SidTharral? 3isqe Hghidgs § second bore
. 1 n_a sqnpwhat ntil.evered f | t 76, :
72 bavind SRR P A 5L AL PR D5 BE ot s 1 s
embodim@@NEE &lanfeldrMOfs 16ss PdnPBb AinteterD BOF@tittrinore, thtaliameter D2 is sized so
I nner bore 82 that defines a substantially c Ilqu(gal he first
that the bava|72 defines & enseally oydindrical svallhibat G vVesige Lé’e %ﬁé ;[ 3. 1). The firs
The di aneter .D3 of . [
e 70 el 3SR i ASoEL  BP 5P BB s b e copm 75

such that e -null B2 ilden diradigily inatakdly atendimfzicobsr tthebid qupiang6 td degined by the

bore 82 extends axially.froma taper front . .or nose
back end el 71 04 141 P24 he SHRSSSAHERIFS Hge a6 andthe Hasdifue Y Bie 70
84 includes an axially tapered outer surface 86 that
i ncreases i.n the radial dirensi . .
[0031]  THsFtRg i geta or e PP it it PR B PRy dRS somowhat
cantileverbd @48hfbn from the collar 76. The tube gripping device in this example is in the general

form of a gripping ring 80 and includes an inner bore 82 that defines a substantially cylindrical wall
that closely receives the tube end 13 (FIG. 1). The diameter D3 of the ring bore 82 may be the same

as or different from the diameter of the second nut bore 72. The cylindrical wall that defines the



generally radial front end 85 of the gripping device
80. This generally radial front end 85 may have a
waemblo4megl e or taper and joins to the inner PCT/US2004/036436
cylindrical bore 82 at a preferably sharp corner 87.
Al ternatively, however, there may be provided a
. i1 . o
B T o L o or T8 C By Ppe s grippine rin S0
The nose haoriion & dichiles en ohially itapeswimewtentsuifacgy8p thhinoréages in the radial

: . _dj anet er nd axrally extending fromthe front.end
dimensiorg SN E I Fuss ket Cening FO57 ThAGared BYEF 5] s§iiitends from a
generally fadR@ Mt S éﬁ@ﬁth%@ﬂpginﬁﬁiebﬂ:@ SOr Odis g8 A6 mdal 86@dnd 85 may have
by a radius portion 89 and at its axial opposite ernd
a small angle gr ftapsr wad geias tto the oge erlindyicel/ beredf2 elap Ppferablynshop corner 87.
which ip turn | ol [ a: aqradi . P
vty F0yile Y bOATI Moo R B AL B B o ot
geometry [rit BBoweh)OiRGhea fioaAikéndsofttbe tihg 80hapiag a/damb@O83] isl doniesvhat larger than
noted at this gpint that the various geo

the diameieh BB R GKIady cEETSREEIE ST PRy Koyt e badiorndsidaf the nut 52.

as, for exanple, the various recesses, notches,

t apere rtions agi u ons .and so_on)_ar . .
0032 TrsdRREREERPRES 58 N P ol oRRSS pRFEAY Ty 2B g 89 and at s axial
opposite enf W raliud B6R € R6édcpAlyas/ ntitital ortidardnemi@xipl tainjeths via a radius 93
hereinafter. Accordingly, the geonmetry of a, tube .
to a tapergd jopist repllipertior 980 T4 tapgred gt r walh eertigp hioins along a radius to the
5characteristics of the material of the tubing such as
‘hardness and the fitting conponents, the di nensions of
the tubing and the required tube grip and seal
[0033] It R&Id& FRBES IBCHRNE YariusPedohi by HarRRPIsH L1 BB tube gripping device
Therefore, the specific enbodiments illustrated herein
80 (such a éori extmptie tha varlees escessob.arojclics, tapared pomiews,redius portions and so on)
ljmtin s, to the onet ry .of the t.ube I ppl .
e st 1 LR L0l PSRN Rt bR S LA i g piincs
hereinaftet. Médofdinglly] @ gmietryl b bt bEppinhalevii@ WY be determined by the
variations for the tube gripping device. The above
characterigtésfsep e thaperiab i sthe Jrbingesuchoast Bardpess and; then §itipgsepmponents, the

: i llustrat. if] - r.Lat| :
amension {58 e 0 PO SIEREY TS et g priclr
applicatiofl! iTherdfOR3¢He spédific eabediatenes fllastkdtédBhertin e amendkd tbfbe exemplary in

t apered nose portion 84 initially engages. an _axi all
nature anq bAEHIBR AR d1osEROMESY Hatheiibe BHPRIBS ARVispedhy b &t example, but
i kRN 02 TRRLO08K Bl ARy e e v
device. Timl dbove r¢farenbaipatents favatht t€0 fefrule Hetibgdlso SHustiate fxdslitional geometry

. .. enmbodj.nent of FI 1 and.2, thi ami. ng surface 88
variations{ 1 Hehlipidhe Pingits Bipebio g ACRIDBRRE ot our
However, the shape of the surface 88 nmay be sel ected
o0se) WiBFsHIES A8 CERRDS 08 BRI BTl SR iU ngagey an vy
tapered cir?ilhiﬁgﬁﬁlrfdcgt%ﬂgaﬁﬁrﬂm af oﬁaﬁﬁg ftd cheatupk ib:)ﬁd F®im th'EfmsinblaEiy 56. The
illustrated in FIG 4, the, canm ng rface 88! e
tapered cypmEngriYpse $8do ai wHpcsWapOhe és@aen%? é".aﬁMe_ttge hpckoéndrugl 90 of the
body 54. FlPthé ellbbiiBidn b F1E8E 1 CARCE Plnid Bahmidiesiitidc!d8Vis characterized by a

generally convex contour. However, the shape of the surface 88 may be selected for other shapes

trepan 7

depending on the particular ring deformation and tube gripping characteristics required for the fitting

50 in a specific application. Thus, as illustrated in FIG. 4, the camming surface 88> may be of a



tapered tube bore 58 may be tapered only at an axially
shorter portion adjacent the counterbore 60. [0035]
wab@soedees gri pping ring 80 is shaped to effectPCEHUS2084/036436
i mportant functions of the fitting 50. The gri pping
ring 80 nust, upon proper pull-up, provide a
frusto- corﬁéa‘l"sﬂ%ﬁé it exﬁ (ﬁ@ %ﬁsoat%gt! PRG. ENAudAREr 8¢ &)%Hé'ﬂt r’d%latt the axially
surfa 1|s sea e a primary outer seal
tapered tubébore dBenzty bt iapgred Onlyot amwylalb}e shartee pbeion adjasettctmjwterbore 60.
or back-up seal to any seal fornmed between the tube
13 and the body 54, for exanple along the

[0035] Theﬁgﬂlbe SHPRIAG/TBE W]es goned & pidpct Setﬁrahwaﬁogtanbﬁmgomﬁ %fgthe fitting 50.

o o PSR M LIS B ) 68, Mg oo

camming 8tidack3BE. nThiseseal ray \Weer pritnhy cuter sedi tf(ﬂraihe tmiteeﬁﬂﬁtgcﬁo or may be in

8 h be end
effect a squpgarris gg hg(‘gy&}géa (teqs.rﬁ];y gqq M@E@%&%‘éeﬁ%@r 33"3 an 8af1e body 54, for
example aggr?%:’ﬂﬁq{o\fe sRal s¢ Qn@é%’th% %hm%%?@éo byrht; th%p‘pﬁﬁen do Ja%o W111 form a

nst the body 54 any event, the gripping ring
primary sealst teolonatpmi whery theeahg 86 dpaties Hitto ttlllﬁeomamnrfvge ofi rtlteatuée 88d 13 in the

area whergyfie pripgissl hodi G fedra o gretgts B ehient Ruf Sotgasain, mis
primary sEzQ rH@}l' 15! @If&:tsb%aal bhdkL@Ob? beboHdat rseeﬂrt@t ;}rs%al foRIBe b tthé @ube end 13

Vi bration effects, and to preven he tube end
against thﬁ b@dﬂ @‘b phlr%m’l aygni ﬂ@rﬁfmﬁélgfmt& SQ‘ﬂ@uﬁrfG@n psitnefy seals against the camming
n 36 e hi,ev
surface 8§ s e %ﬁ z%cgloqglh ‘Jupu e(P %?I fﬁlp%(fr%tﬁ)glc %hee &ngaéé %must adeqtéaéely grip the
tube end 1$scdwﬂogﬁﬁtﬁta§10séae itaRy Iuﬁ@éﬂpyes@ﬁfepfe[’fméram aﬁtﬂ@gﬁdtloméﬁﬁects and to
the tube end upon pull-u as illustrated in FIG 2.

prevent thptphe quddfiom separaig fé%&heo’@tﬂae UNeFAISAE ¢IHAMSIENGEB0 t o

have a hlnglng action wher eby the tapered nose portion

0036 Ingiiamachrisnr & i ELy Rsa e Spene wPag iy 08 defigned to be

plasticall P SBHAGEhOdw Aol 188 t]heﬂﬁuﬁe @ﬁ‘(ﬂ ?&D‘p’\ﬂl-uw dsHIh ALtMIMETIG. 2. This result
surface of the tube end The forward end 92 of

is achievadrhy destgmingothe irigg 8940 heve hl}mgut&ﬁﬁlee sdgrebydhe Hpegd agse portion 84 is

i.nto the.t i ta rd s : -
not oty 2445 S b8 5 e Yo a3 814 S GRR Bl o s iy
dlsplaced%@ dnbéﬂ atd én%ageﬁeﬂaﬁlﬂaﬂ]@mwf atifycercfdhatuby ekl @mailndhe forward end
or shoul der 99 forned out of the plastically

92 of theor@rse pREEPT: $hés Bwa crmpeassedl andrerabaddsth teferthe gubing spdswith a resultant

stress I‘ISC% %? bﬁé"ﬂ?ﬂl%erg%ﬂéﬁ %@‘I‘lﬁ?ﬁgd 64 1rI ﬁﬁ} 9 IpR ﬁ]&f’crénﬁ%lt%@4 r}ﬁo&&lﬁ a generally
m-an éxceptionafly str mechani cal resista

radially eiﬂdb@n@ (el thoﬂtleﬂQQgtfoemad)otﬁsﬁ tineeslasticaly defoeddd thbe @Bé material. The

e B 52 L1 25 9% e betl an excel) ot sealz and o cuonany

strong m%ﬁélhgﬁl%gsﬁﬁn@e)%' tRbd bfolilﬁoﬁfa‘t? tﬁgﬁ%ﬁtﬁreﬁﬁf&sf @e%’rﬁﬁédﬂé&"ﬁés‘é portion 92

action so as to swage or col he
thus provides |b|od'r b @kcallzht s@P and)aistrong tghip thi‘@ tgh‘d GBd 13. I%anmgaﬁo is further

cent or rd_of he stress ris
designed i i efifinopitad GRieBATL PR AR P a0 Shye€ or collet the
cylindrical Wadl 80 agHickt 4 tidk cffl a6 locatibs briatly &Hjayerﬁrﬁi?&&ﬁ%rd bfthe stress riser
tube gripping function and serves to iIsolate the

bite 94 andrpengedly drstamaisdrwitlo theananesil . ofhigs sgeging 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.



the effects of down tube vibration and al so
t enper at ure changes. 0037] Al t hough sone of the
werwsgiivent s shown here are described as ef f ecPCNySZIN4/036436
enbedded nose portion and attendant swagi ng acti on,
thOfe skilled in the art mﬁll appreciate that in sone
‘ icati Sl
0037) aniplin s St BHBRAR PO TnER GO Gl HpE] poTRhpRah embodded nose

portion andhttdndDe sﬁb&?ﬁ’@&t@tlbl@ thexdekalee it ﬂimtr \aﬂw@recwatb tlat irosonarapplications
pressure e

cts. Therefore, one co the
such rigorqyis gosign emtcan maymo Al ays beperiret Raﬁlﬂ@a f}h@ff s thesvill be exposed
r of S
to moderatd %&np%&lgtufy Vfﬁ?ﬁtﬁ)ﬁl %{d ﬂf!s&ﬁrteeégffégﬁ \;‘\Iﬂth?ﬁé'f%lﬁ e&ga &ntcéiﬁ% the provision of a
flareless tulbb Ifi aatgelﬂatfddet noiguse @mp on ents ferrTites, huddathenwsb adlém g:rpplng ring that is

e g B o R e Do DR AR5 L e . oy

and grlpplﬂg Inﬁg RSt for@thelréln &s | grofetrbd GmB SdlieRnRWho iR tRe¥efd¥8 not be construed in a
seél ect abl e enhancenents to be used as required for

limiting spaget butulratherapp| sebatabdm snhirGeEd8Ntshicorgesado aactenvived tfpe particular
. .. desired swaging action and tube grip, the ring 80 is
applicationfesi gned to exhibit the hinging action that allows the
tapered nose portion 84 and the central or md-portion
¢ |orip0 to exhibit
[0038] In &%& f acglggle fhhe;gitee (fg)éwa{é‘?g &thlghgﬁéli 'Ft)Lg)IQ ngé’gr Ifh‘r?]e 081{1(3) td@ﬁgned o exhibi
the hmgmg adm@ﬂ that amww tﬁeytapenraqb ne&slmfuals 8# tand rﬁlgﬁag@mail\not mldﬂ?ertlon (as at the

i ot SRR SPITLT EOU R BE oL P SR TS RSO b
inwardly cg%ﬁ)%s@&?:{ﬁf‘ En%ggs %Rﬁl@ﬁ@ﬁﬁér@dﬂ chmid}em6ithi 98fiteabodyed 6 This hinging

to swage t ring onto the tube end 13 axi al
action is aglj eedrid ptr@v1t1dne sgmﬁwt radidr displacement ped eemypEssFian Of éhle cylindrical

wall 82 topf%%ed‘ﬁ}lﬁ din&z g(fgfﬂé)nglgggla?a glﬁ]%gg x1a1]tyaadl]]icfeﬁfa¥%e€w?%ress nseé 94, In the
embodimdn®@F FGENNEY tied hingiHpeidtivhiidlfadiifatdd BBpidviding @ rxfealed yalthough not

posi ti oned bet ween t he cylindrical portions 72 an

uniformly Tieguiresk edeliad ginper sm¢maf§r§nt1§h aplsh %ﬂ&é A 4xial IB(eP‘?%ltHaleg(Z)between the

cyhndncaﬁ]%?%ﬁlgﬁss Z%Ca(]i %% o a a%}éj%:sosglﬁt%@ I#ed tg )}fé?ﬂg:t?%: gﬁg 80 to plastically

deform an8ZoBgik s b cbiit@ollddbﬁar&ﬁd sovad fo rhdiiellyl etsmpmds ‘dmlclyhndncal wall 82 against
effect. This result may be enhanced b ud| n

the tube e el thodesred SOLF AL, Bib Aty ot Ay Ingding an outer notch

iul ¢
ot T e Ao i g s
will thus beudesfgied so that mﬂmdlub 62 ds ﬁtﬁadtlbdlytom badye54y rthlqommgng fipg hinges and

hi nges and pl aII def or ns |

iyl R Gl RSt e Rl v o

camming "S“?éﬂdgrdséemg RdahifedfRh 3R MIAIGS BIUAMS ATlaBRisaBay be used to
nlte El'enment Analysis nmay be used to optinze the

optimize ‘dpecgmmle‘gry of theheing i8Achagerl bageldaldﬁ fackots sbele ag ﬁ@tt@bglgsru&tﬁnal tubing

as .t he [
s 5 SRS R, bt B Rt lgon pestomance
characteri¥tiddr at i on performance characterlstlcs [ 0039] Proper :
eformation of the gripping ring 80 may further be
control l ed by selecting an
[0039] Proper deformation of the gripping ring 80 may further be controlled by selecting an

appropriate contour for the tapered surface 88. This surface engages the tapered nose of the ring 80
and therefore will in part determine the timing and manner of how the ring 80 hinges, compresses
and plastically deforms to properly embed the nose portion to bite into the tubing and also provide

the desired collet or swaging action. Furthermore, the contour of the camming surface 88 may be



appropriate contour for the tapered surface 88. This
surface engages the tapered nose of the ring 80 and
wo b@seidee Wil in part determne the timng apdI/ms2vwne036436
of how the ring 80 hinges, conpresses and plastically
defornms to properly enbed the nose portion to bite
. I Nt.p. t mbi [ i I
designed th Jeficl e SR 00 BTHAURA B0 Bk HIR RETOL B AR tflre urfuce 85
This seal i€ afpbRght 30 tacerdBperdymbadest grefitting, acihitks ecal peovided between the
. desired seal between the ring 80 nose portion and the
gripping ring §8 e8¢ the e 188, This seal is inportant to the
overal |l performance of the fitting, as is the seal
rovi.ded. between the grippi ' o
joo0] e 5% ooy ISR, sy PReR el Be Rl oy (PR machining
operations8 ndT@¥1 BgpisARihakkE elepayt @leutidartd fome thadwtgr contour of the ring 80,
operations, and wl| tyicallyinclug a trepan . )
such as thomspnd Peieh 1160 fF5reHATRL. CRACGI SRALGS Obiherib 57 Pafybgtralized with well
e t i i ats 102 to
known meg et donf BRI MGHRE nO ek RauBHETRu 2 FOfap} WRtac, s 101
permit thenBettonighgnapenati2amso therbetig5ab Mhotrurkilirtin lecart wall idagily appreciate

s o5 s A SRS BF gy P55, st
either com?)%hé @ bbR Iﬁ%ﬁoeatr&até’& ad re§ @A du¥ingRRAuBCIPSgRrdtival use of
he fitting 50 only requires relative rotation between

the nut 52 and the body 54, such that either conponent _
[0041] W&hak®EdunfaMatbie iy hightyedesiableefuitifee chniminigngirfec 38| touform a camming

operation. [0041] We have found that it.j.s bigh
angle § ofdibert A5H@°rBRYhl BarRTEgAsE P el SE0E IS i 40 i g 13- More
| f - akd it udj ad t
ot 8 PRt RS e A, Lt s, o
preferred fheeigleoatbthouldiee angit @5 glegfecs. hEhisarmgenef aighes dorth@@amming surface 88

shoul d be 40 degrees. - 50_.deqgrees, and nost, pref ed.,..
ites arapot il Bt oot G5 R LS g o RSP D g s e
camming %?%éc%%n R i Bf 1‘|ﬁﬁ b9 gesEacer$degbds Smschdisanaibs@atidlly shallower

m known net a ube fitting designs. Commonly used .
angle compabel fo theiprgmnhawentieammilhg shalidveas cammgng $NElS ismecesapyan prior art

) of 10, degrees.: 25 degrees,.which.is subst.apt.i
s it SIS €A e e AR b som
prior art f&i@ks Q&0 AR RighaMGtentid hARMESS alle shall@wérafananing angle provides a
fittings to have the ferrule slide a greater axjal. . .
gradual rafiys bameshatlieah gdvinsageatonsanye
dual raph hatioh G HréagsaiomeaRy o8 uRiah Bt Bl g igelophlecinlo amplified
o f el LM S RPLTINE By s Rt ey o e s
device to 86 ashisalradaspy ediadipclénhed in@dianiagad to faony grippiagiaafion or bite on
the tub n’J{lgi Oatd a]g;ﬁi nsqtafég hggc}: géllrrr;!cse%igrgagqlﬁiggli%&f)igf gkf.lr.ﬁgg'gleoffront end into the
¢ tube. flgyy greater pyHRE afiePry i - ;
[ Ll i dttibihPendidtPe BEHLPRIVRTttings that included
tube and glg%cé{q% gll‘ %égu[r]r[glrl %{b&%ﬁﬁr{/@drﬁ%@gl 'y deformed i n% én%shea. .
what might!Bigpeanth bo afsteeperacayming anglaettidly cthebirely cmna shallow portion of the
_ tube. This greater s)iding act.ion algo.e.m S a . £
camming GHEEaP 45 gk HAOGF & MEE FoREEr BREDBATT S 5% Reoptp esistance o
i . i SMRE BlibP&H, Howd @Ok olrifdsle ability of a single
the fitting} thoth @M for PR e pE oA R A Rk ght

forrule toafomear degendeble ssalesemoreoverl nepeatiged @ deroe (fonginoRign that was not

S hﬁlel ndse bf {hteif(e)rrllul%fhaa Iaoebe similarly tapered to slide into the shallow

ely o
particulariy st}/ong%ecause
camming mouth. In sharp contrast, the substantially steeper camming surface angle @ permits the
gripping ring nose portion 84 in effect to be coined into the camming surface 88 without a substantial

sliding action, thereby forming an excellent seal. Those skilled in the art will appreciate however

10



camm ng surface or do not produce a bite in the
tubing, thereby limting the pressure resistance of
wo b@spiioed ng. The shal | ow camm ng angl e of t heP@F/U82004/036436
art, however, conprom ses the ability of a single
ferrule to forma dependabl e seal and noreover
t h
that. the SDEREGAE ric & bifidhel LBl QEARR o] lfReaiBly, partcularly for
apphcatloﬂﬂﬁd vitaclbe stsony dealr sugh bapenirest ghis sibt vhquiret.o t he shal | ow
camming mouth. In sharp contrast, the substantially
st eeper camm surface angl e permts the grippin
[0042] Theinngp protien Bé Frt‘??ltshs g radiup poion SPShydransitipegto;the @ufﬁhgapered surface
fac t t
s6. This TG {IEec R bBES opferil A U an BRI AN dsleD s lsMele of the camming
surface 8&Ki Thedapeied b&teiifsfurfétd Is6apiefeabiat apdrevavaly afhhan mdzreasmg radial
st eeper cannk@% angl e is optional_and not requir.e

dimensiongpivaisghe beaki BHL! tiragtinring Hpg §Us JRisppare at{Pprtiph 86 ind/or radius
portion 89V%Bn?:ﬂ:t él%tcrfglggg% @@th]’ac%l%%hwﬁﬁ R9RtRE b §raﬂ nﬁﬁbw zone or line contact

quiTe e nose portion’ 84 includes th o
upon pull-lupdhaiﬂlap high stres88nd materint anmlnglto) aHowdh¢ frentoendest the gripping ring 80

to coin m‘@eﬁlgr ed S%E&is%r&%cesﬁ%g iﬁ? q{%u%%r g/];@%rgyve et a(gﬁ% is not intended to

preclude aﬁrkgildﬁlo‘ﬁal 5@&0?@6%0’9 GetSdbh Lo ta ﬁ]'é?&i ﬁtﬁﬁh@é 86 aﬁ&l&lﬁicammmg surface
surface 86 preferably tapers axia

88, but ariplies east ggnaraldli to th@lqmmt@fl atbmﬁmﬁé Oph@cibm neaE oppt the innermost

oent of Y5 Bl A 18, POt FRE A S 2 g spere

surface 863@dNbrirdiuk Boﬂfoﬁ@tagaﬂls’gﬁﬁ Qﬁﬁh{m{g El&fa[c@WSZ ®ye“ooin™ it Binply meant that
- contact upon pull - t hat has high stress and materl al

the gnppm@nng 89 achicwss %wqdhéetﬁ} tormetehieabagainst therGappning swifes Hoby fomlmg
o onsrt R0 it ORGSR B Bl o ot o s i
primary s¢¥l.ecl ude an add|t| onal area of contact between the

outer tapered surface 86 and the camming surface 88,

but applies nore generally to the concept of a
[0043] It isqombitawdo qote thatt the oseeofrrepartionlarammniagian glerisrpel depgidant necessarily

on the 00138}11‘rﬁ)fﬁt8 &?]%%glﬁsﬁﬁé) E 80?d¥ glbegérl f in e%%sé g %1; ra't @Jhlch the front

end of the 3ipdtnePARE I80NcaBPacRIMeNGimrhing sﬁﬁiﬁﬁé l8| s Uofracee s@B.thddyat. Thus, the
‘coin" 1s sinply neant that the

camming sutfhcsy 8% naaygdacdrbe madﬁdvmtaamors%a?:tg%@lglgﬁ;‘lfogg%» such as the convex
shape 111u%11rﬁ1r%917@]f 13581 %3 %up%e s9 Eigl ?brgx%@ %P@E %OIR%F]I& g‘f"the gripping ring 80

ine con metaf burni's
contactlng‘f&tsﬁiep taaglel fsﬁﬁf&ce%&} ashd a@hﬁlorput compyurslealgles[d@4Bioutst ofi the camming
ortant to not e t hat use of rticular. ca ng,
surface S%ﬁ@y@eﬂge@]g{ etop daritiate the g@é’%?fqu)‘?n@ﬁ ﬁ%@rﬂ%{ﬁ’e y the gripping

the surface 88 h ot her words, the angle of interest
is the angle at which the front end of the gripping
ring 80 contacts the canm ng surface 838 to forma seal

[0044] wheeﬁeleaie cahli#®g subfecs 893 ﬁgnﬁdratsaeceorﬁﬁomyamgmmfabe with additional
made with a non-frusto-conical contour, such as th

angled poa:mxwethatsm p@emrmmhalmw tp faqtiftags, the hipgingactigpang jole of the gripping
ring 80 1n? 1e tlétaa e?c’ntdI 1|3I in Qccg%ncpé/wﬁﬁ ?mg Eéf)'g&t ﬁf%%eﬁfngtﬂb?tlgﬁ bPRE %Dnt end of the

gripping ring 80 (in the exemplary embodiments the radius portion 89) forms the primary seal on a

ring 80.

steep angled portion of the camming surface 88, preferably a steep angled portion in the range of
angle § of about 35 degrees - 60 degrees relative to the longitudinal axis X of the fitting 50 and tube
end 13, more preferably the angle 8 of the camming surface 88 should be 40 degrees - 50 degrees,

11



contacting a steep angled surface 88. The additiona
conpound angl es or contours of the canmm ng surface 88
woreysoesoased to better facilitate the hingi ng BCT/USI004/036436
and tube bite achieved by the gripping ring 80. [0044]
Whet her the camming surface 88 is forned as a conpound
rf. 868 0

and most B B b BE) K B O P TG oR OIS dry seal s to be
formed. Bmfemh‘lyaﬂﬁobgh aovhedehsrity tlppi rpnglalry 13epl86 elffebtcdtmeatlmbecontact type

n_acco e wth th| t he seal |
engagemehetioHm B FERESTG Gk GHePis Mok a0 GRe B HEPTA g g5 (o
t he exerrpl ary enbodi nents the radl us porti on 89) forns

[0045] T h% h%ﬂ]i?err c%r%P§ f%c%rﬁn lreg}ta ?rpeba?fagc o%g 19391 h‘[ ﬁlﬂ} dig ntogg?r front portion of

ng s
the tube gtippihfidevid@ge nfy wnfplaedwith s&b@&ﬁhaﬂ_f; nﬁkﬁg MRS as cé‘rﬁpared to if the front
degrees relative to the |ongitudi naI axis X of th

portlon had %agscﬁ alhilopieh CABRHNG SUIIRES, @IglF oF i 4BF Prieh éﬁaﬁwls ferrule and
f n r e | b d e 5

siing k06 ST 50 g2, DB 04 BALEE g osion «

substantlahja @tdatetnass of eatérid at boneashibe Bchtien pf themlbe b%\|944 ST husos1gmﬁcant1y
e formed, Preferably although not [

strengthenﬁrt ‘?Tﬁib? gg)gpng OViGes lélcrpgathgyp squ;$gn Ces argltllgl%déttﬂé Collet effect that

isolates th%ntgﬁgﬁ&ﬁmlblkéﬁBﬁv%ﬁ@ téHferhth RNEFERI a@fcohﬁ@stéﬂ {oPpridAart kidgle ferrule or
and the camm ng surface 88. [0045] The steeper

gripping Rllagndﬁmgrl$ur"flwc grealeyimash ot thi ottt pastien ofethefferulendleng with the

oSS o RO Bl S U5 BALARLRS 158 oy e

front edgs BIBR! Reulindent M tHeOfbe pAd.t IWHh higl fdrfule figag end deformmg to some
shal | ower canmmi ng surface angle as in the prigr art

extent as i§ emgpds intsy thg[tebeayiall, grrosiive gal?q angleqeisi lgwsdiketppiodegerge greater than 90
degrees. ﬂqﬁg ’E)akt%l a%n rte QO %Q&)H@é Q%Bﬂalgth%f:l%%égreteg Iﬂdc%uicpteﬁg % b#r@A the ferrule

great er“nass or near
front end bﬁlteoﬂ 1&Cﬁlbb (imie@f Tl‘il@hmgb@ dotibe aB4 préfikents the hack d:mhaﬂﬁ thy tube gripping

device (.t 508 SBARKC ARG 8Ot D HEATS CPMACER: {8 1GF P o0 ptthe entire tube
gripping dé:?]?ls A SSaxidi eraﬁfai End ﬁdgg] bhr&kiogn and tenperature

ect’s, as’ contrast to'prior art single ferrule or
gripping ring designs. The greater mass at the forward

[0046] In Fgéhéﬂap foPh tibe gﬁgpﬂhgld%vﬁb QB Eneti Nintd) itdi dnlegrinthieatube end, the tube
har dness, has th benefit of allowng a positive
gripping dexias ran@ﬁ@ hardey. tharsille thbe pred. éfhtlsng; efspgﬁ@ll}égg g)rdglokmgall tubing. The

greater aﬁlaslr emedlq o fénqltle 11{ Q%h&ﬁ&? aﬁ d- ca}%ﬁlﬁgtlﬁ n%ecgrtﬂé E)ngr art allows a

eforning sSome ex ent as
ferrule to tehﬁeﬂ e bt evén thm theviermkkie oahghederately hader thak ¢heytube. Under

beconme greater, than 90 degree If th I
these circyBFigness ThERONRS GFEBIE oY IS DU BOIPFRIL Gt B the be end,
the devicd \gglgl'drb%%ﬁf)ﬁ% a&éc&fd{e C%ﬁ}?ﬁfe 6P Y stedp ahbfR ctaﬂﬁﬁn% surface because of

i'on al so prevents the bac
the substanfialin ehmmﬂxeaxgxllm@vm@nd ef ilwetube gappmgeieerw@ cblplpgsmﬂleln hzglsed by the

nose end. 84) from cont he tu nd,
steeper CAIHPINEENElsh 3‘2[@‘??%1 R B S PR e St Ay e than the
tubing, a RRBPerCAIPRY 88 surface may be used and is effective to cause the tube gripping

device to adequately bite into the tube end to grip the tube.

[0047] The steeper camming angle 6 also results in a much shorter distance of axial displacement of
the ring 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
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[0046] In general, for a tube gripping device to enbed
into, bite and grip the tube end, the tube gripping
walewsoesopast be harder than the tube end. Thi SPCEUS2004/036436
especially so for thick wall tubing. The greater axi al
anenent of a ferrule in a shallow angle canm ng nouth

i o gl R 0 09, 8 ST AR Byt o

hardness dffu@ léaslbebo&lh:ll.‘bdié tinteb @methe iViicitens tailtc the Hafdrieke of thHeetubing material. For
ri pping device 80 were only noderatel. arder than

example, {rB6 RS SRHCTIEhS HERIES SFEIG T Sl a5 &E diPefqyabout 200

Vickers. %El%f&l’ge 51; H&%réeﬁﬁrc ittt B8RP aﬁﬁgi Sy IEcNHe NBktiaH ' J0ARCused with such hard

because fhe substant al Sdhorter axial nmovenent of
materials, tiestubeipepping ppvicgstbeld loﬁsheuidnnedgo pudtio efiat deass@puby. 3ttiness as hard as

e ing SR SR B R LS PR 5 B s 4 e

as hard as3hShBERE! StAD Alrthef AR bMEe THPHRAS QinFER0 RRAUREHe @E% liaBdened, but rather
effective to cause the tube grl ppi ng device to
ot

only the nestaputiared4/mpy be s¢lactivelshease biyderadd to grip the tube.
[0047] The steeper camming angle q al so results in a

[0048] In p(pq%daggg ! Eﬁ% thlglagéﬁ%iw Fp?fp@%)élg gﬁ’dgllﬁgg ggﬁg'] %% ,L;P&G%]PHOBEh hardened
or case hag(?]'en\éﬁ |t+1 11{1:? S gl% % &thy ﬁﬁﬁf Meﬁﬂged:&ﬂﬁrlﬁﬁ&? @ubing materials

e en a rruc shorter axi al
such as stainkpd ﬁeaﬂmSmitabie cg$d ]mhrd@mg)p{en@ms arg flullypdesdabed i United States Patent

e 56250 5155, B854 B s 1S AR S venion
the entire Hﬁé‘l%Eur@@@P\thféh%ré FulBSné¥pdrixed MbiekEb Preferah@@. tTiRse processes produce a
hardness of the tubing material. For example, if the

hardness afithé hpergrippingdevies off abont &stost98] Vickers op fiighen pithputcompromising

the corrosgcea’rggeigggaﬁg()f \ﬁ{ﬁ%tﬂﬂﬁl éghpegcgse 111 (}58{1 Pﬁ_{qtﬁgso fl&gaxye? may be used as

required. Ce88hidtiing WE thdvabel grippiag riak 80 alllbﬁfs ftlllhbﬁng 80 }Dcpadtﬁgluately grip and seal
devi ce shoul d be hardened to a ratjo of at |e s]r
against tuging materiads siehig ﬁ@lf&%SStSWél nging. dul@’&?‘ét%‘iﬂﬁseﬁt‘?ﬂi hg %&Ve referenced
case hardér#r?g gﬁ&#‘c? ﬁb?egﬁrggdldég %lrgafl‘il oP %ﬁ?{ﬁﬁg Qﬁ@ao@? Ioﬁ tﬁe?ifljﬂg%%@fhat reduce or
prevent gdlifg Ee‘tbvleéretlgrmxgtﬁm@vmct}rn@tm vmﬁeﬂhenmt Sb)eandethetlfmmg;l ened,
but rather only the nose portion 84 may be sel ectively

case hardened. [0048] In accordance with this aspect,
[0049] Va‘ldus dubrptants why tatre brutsedowidh theoBdy SiPPiRS/TIBS SPHPCIG@‘FPC galhng and

it SR SRR ISR By RO EPR SR g i

Ortungsteglﬂ@ﬁhgﬁdest ai nl ess steel. Suitable case har denl ng
processes are fully described in United States Patent
Nos. 6,547,888, 6,461, 448, 6,165,597 and 6, 093, 303 o
[005 0] Cdssheeldning tedimqms ingriesilyofillrbeliindbeentite mubhi pehintegal tube gripping
t di
ring 50 6 o e SRR B! B S i B e, o cxampie

as in the JE%QQF@&%né@Cd pdistd M%téﬂ’t applicadorn] @viagRereht MIQEkiB AN ofrBed. In another
00 Vickers or higher w't hout conprom sin

t he
embodlmcrctrqfdhq: orventien,sz seluklubticatihandyi be ppidiedco e %aa%dé of the stainless steel
nuts 52 to reduce 10190& z%%{' ﬁle%%relge lpu%\’\@pvﬁ%grqdé%n?lg tféﬁ%ﬂlr%s 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 disulfidle and UHMWPE (ultra high molecular weight

polyethylene). These lubricants can be used neat, i.e. not combined with another material, or mixed
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requi red. Case hardening of the tube gripping ring 80
allows the ring 80 to adequately grip and seal agai nst
WO awsgpoemt eri al s such as stainl ess steel inclPdi/ng2004/036436
dupl ex stainless steel. The above referenced case
hardening patents have an additional benefit of
u C ' ha £, ey can be used in

with anotnffy Bl Suct s el AFicE RN Tl BERME, OFYs
essentially SM}I Jolid ffemm uichﬁﬂ)g povddetrd) eraoulyis agd p[i@@49] Vari ous

| ubricants may al so be used with the tube gripping

ring 80 to reduce galling and residu t.orsi .
0051] smmslpblﬁ@mtseqfatﬂm wpe pPIFEeY rk@awescon%fam@fa%%i&% Sc %@mpi?srf&dude Dow
’ issabptAR c{fQ\Qﬁl@c]nd Michigan
Coming® @5 rﬁﬁuﬁon%%tg%)ﬁﬂ?t&g éfrs%?ﬁ%%g gs II%r esult in s
and Shckot@@@r@@dﬁ%‘ﬂ 062vaitublé frowdrans (E]nflm Cgatmpgs; @@I\/Ipmog'leg @ah@rm@
case hardened. When the case hardening is performed on
stainless steel, for exanple, as in the_ abagve

0052] Theselwriemtedapat elpplsecbby gay émdq;é Fathed push, as iy Bl PEerosol or air

e skipnis f or ne In h will d
spraying of ryh)’e ALtegiztic §q§@11?e&1 | uﬁ‘n 1 ch)ﬁ ﬁéjrgﬁ lclg{ggapp i edu?{)d m?c Wi provice
lubncatmgtﬂ}B}%i‘ﬁ& ORokid @utsitcahintesknest @@bedimg stab@artioclassdl diaread clearances are

iction and the hence pull-u
usully notfeghivehi Fppprayiasy bbbt cdn el B\ secPhpgos i adhesion. For
example, ng]e E%rg)%% g&m{ll}? H&Be ﬁﬁ)&p}lgd fe's@%% Bin@EL c)ﬂ?ioé h&d&Md. effect cure

are grap denum di’sul i de,
of the bmﬂéirn g¥be @xﬂhplldj Slidieote®@ dDIHMMBRE 1001 dandadw hgatedrdblétmmarmanufacturer s

ht pol yet hyl ene). These | ubricants can be used
lnstﬂlctlonﬁéh 00 deggees Hdor & BAWH FIF*HPK: anot her naterial, or

n1xed 13with another material such as a resinous

'0053] In %gé‘rglﬁ‘t%?%%k}‘t’ﬁwné %H&nc‘gﬁﬂ 4! #@%ﬁeﬁ%o&@& Red ‘dﬁ%galﬁlé‘ss steel nuts

orminc wders, granul es
52 which Iﬁl%‘ b@éﬁiu%j%cte@5@]lo@@ém1§brbtufé’ daﬁﬁﬂizstlcﬁf uﬂullg sarbtylpmoamade as the carbon
known commerci al products. | es i.ncl ude

Do
source. Simn]@ssw gtee) inztpimesp Feoanse abrhc §H?= SobaPELSHEORTG, Py film which
inherently rni n?%j(cﬁep&eﬂ%_é%@gg%%{] avg:ilq’ b{}{lﬁ%aﬂéﬁ@ _Igr%gﬁri:lgzatloen rr(l)f stainless steel

parts, sucHoRathoBd fhadefrold !MISI/B% ahBl 6lostaindess G62], URhalkeleaves the part surfaces
| ubricants can be appli ed b n and r.d et

coated withsomg th @rﬁylghbyng@?t (ﬂoo‘br qre é%? $ ﬁcéo a5 UBIV. 1gugm%9%cpby Washlng

When carbo(i’ﬁu]#xgﬁg%p&e i A\Blgd %Qﬁfe' Qb dniotkiRas o %ﬁaﬂdﬁ@@brbﬁlh@hon not only can

rovi de ricating properties. lid lubricant
soot formtHiit dk mddmoﬂmhmrwrrgué& fhdaale firmss This np@\afdozélﬂ@aﬁl@n@é‘@HSIderably

cifferent ot e erent oamne e fmg BB e Saie Yok siaines in that it

thicker anﬁoervnfe?ﬁﬁgﬂb? 2SN TYPichib@EHiS fil@Sip eldoatenoved dsfore use to uncover the
I n a resi nous binder, can be heated t ffect Al
part’s carhm]lzed afrfache bilmdegorddnes “ethafha@m@rtwslair Srbedimpent, [Sﬁv Odee ilm is

100 can be_heated.f.ol | L & loft th carbunzed art
not xemoy et FEHEAID 300 Ruege RO, THHETH Slen on the arburized p
surfaces, 915% lch§t e RpifiddsUbRiheecting]zoe mhrfacﬁbsctb)foel htbrncwfadlt Iasaccordance this

descri bed above is used on stai n{ ess steel nu ?
particular embodiment, it has been found that the naturally porous structure of this heavy oxide skin
acts as an anchor for binding the Iubricant 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. Other aspects of the lubricated

oxide film is described in co-pending United States patent application serial no. 10/358,946 filed on
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52 whi ch have been subjected to | ow tenperature
carburization using carbon nonoxi de as the carbon

WG ous0e3026t ai nl ess steel is stainless because PET/URM04/036436
thin, coherent chrom um oxide filmwhich inherently
forms when the steel is exposed to air. Low

t TYRE EARBURHEIPSTAINLESS STEEL
Febmarys’s&q%efgg ?J?cksl I@?L o’@l}flgé 316 and 316L stainless

PARTS thesdrgtied disciosiab bﬁ/whmh\mﬁll]lyhacqnmmtedLlnleft‘m:bssrﬁf@fatl@d Wi t h
some to a slight amount of soot. Before use this soot

Is usually renoved by washing. Wen carhon NOXi de IS
0054] Withgeftranse thBIGSaSlod 65 usnsshar smbedineatiae HitmgeV” meludes a nut 52 that

may be thecgahgur | gat ggfelqu% 9 lsé’nl%eﬁrhe%qgﬁlbﬁ(/g’r FnR Hod '34aﬁgé Bée‘ﬁr}nodlﬁed as

heavy oxide fil
follows. Il thisCB§, |t1‘ik€15<ﬁfy| ryarCHnﬁfveaﬂlemo Has boert haaltobwersietl. c%htrrmtum contour 112
oxide film wic ﬁ% staj nl ess. steel stai

mmay be usedhiagoiithy §10 KRUNED ol B PIRATS FARIRp D 56. Al Bther aspects of
the fitting -gl’jp gl beY Hltema&ef dd fﬂb'ﬁgﬁ% $0 JseIRVestabRitRrefekiRe 1t® FIGS. 1-4. The

art's car i zed surface. In accordance
extended a\miatl hertgn]n of pm tid maﬁrllé)rrmuesn’éntnuttlhm@ She&ki?r glx irgparf i {4nfo axially

cona e T O RPN e WLEPbbp gy o v .

This is 1111&&5&@91? $he ﬁflleﬁtup ;g%iﬂont SEreR T | Bnsthé&f whide, marsblfrgaagdg feature has
urfaces to ricated. In accordance this

been locatq:ﬁbattthe:ndaawaré rpbrinhnﬁ@ﬁthe ut apchBodyeand qnby, Feuirp§lostelerance control in
the trepan gr%% gnrlfzgx%lnl% gﬁi b&a 19 Inggvaélw 19 QE&%XS 19)ih9§1nﬁﬁdlﬁlent of FIGS. 1

he "1 ubricant t

and 2, morBAirherkids 368 SolerAbiced afEidbiblved ih@silrity docarate seif-gamging due to a greater
adherent than woul d ot herwi se be the case, and hence
number ofitglerabtestack-Wist hst and repeated fitting remakes (i.e.,

| cosening and re-tightening of the nut) w thout bei ng

[0055] A ﬂ@%lé\r/f%%éE ‘qug cfgtubgea oc[gﬁ e{hrgo&'clltu at elggle ¥?qulefﬂu{>gnﬂtt?ng will be

t $§hé @bnd2Bt @fc/ 2R :idl ie&féd QHithl et ut and tube
designed @M&%a‘hg dffglﬁe R s e T UFE. CARELR zrzggﬁarl 7

gripping dSTiA NeESS(:BT Eite-PAR) Sesdibed heroie (wiasein g e simalh ferpe is the tube

aripping degicel aptiso PESAGaS! Bt E o hidiS, SRS Teatitle Hr b, be bic,
collet or svahélhg Bffe@OconktdiffbdBRk vall) lﬂzipe@ dihatwathyith antobﬁonai meneyity, optional

t d bed h b od
use of an im)gr ggtgh %;g%lqz:egq? zgg ggr?té&ral}téﬁg c%%ﬁ}lggs?u(g Vg raglﬁﬁy B?:fiéd %ack end after
pull-up ar{dre g ferenltlal @élx%n@k% 11?138 e@h%fe( '(:ﬁlélé%f@& %beBdadbe And. Therefore, those

o dant our to join the end
benefits w\ﬂﬁhbt ‘& ﬂe@ezttédem&‘}etﬁll it)beir%&ec@uzcdrﬂmtn@e moegrdl 188 andh\fybe gripping ring

ther aspects of the tin e sa
o o oo B RS BB el i
femalethr%a(ﬂadn-[llae extended axial length of the end wall 110

auses the nut inner shoulder or trepan 114 to axially
contact the body end wall 110 before the forward wal

[0056] FI@@ of7 A bed BullusaBEa0asslt ferhio thbedittingvds1 efiBodifitentof the invention. In
[ Ustrated in the pu%l ed- up position of

FI G .6. . .
tis cxampiehbe o450 tswese@@nafa@au gragroading s §io5E e (iag 4§ including
a nut 182,?1% cﬂ{y 4ra% Fpe ose %OfeyufénfSOO frgib ?ﬁttﬂﬂgt isFafidaeay, AMuSDhyt exclusively

erance contro
well-suited for use w1th stamless steel tubing.

[0057] The body 184 includes an angled camming surface 186 that is preferably in the range for

angle 6 described hereinabove and most preferably about 45 degrees. The single ferrule 180 is also
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the trepan area and axial |ength of the body rear end

wall 110, whereas in the enbodinent of FIGS. 1 and 2,
worens/oeioeensi ons and tol erances are involved iPCT/US2004/036436

i nsuring accurate self-gauging due to a greater nunber

of tolerance stack-ups. [0055] A single ferrule tube

preferably {(ds{a gﬁulagné(? oot &Wk%fﬂg?&&g%oﬁ— % & %f%t@r bEES 1h® absRS.3 times as

be designe many thée same
hard as thectobe epdi 43 anﬂleaﬂmamoalgnﬁs 18% bf theefdrrwlet inclutles & madigg bpnstin 190 that

contacts ofeh Aot e BRAS i 056 B mRD G A B i comace

type prim alt ég%ﬁlsgfﬂe@l%'eﬁ AnSeY b&Rhind R fak& UBAT Tie BUht pd@fion 188 of the ferrule
he various optional features of hin

includes a gm@m@ tadial foht etd srfasad§dnyitefs fea@wardcshntm &9348%116 ferrule that

t aper e h.an.o I
e o 207 PSS S L 5 0y 0L OB o o
generally erlaI'l}h ExtERdIHE Sigbuddsr 194 @t thed8éagioh o siRawbe bhac Khe ficndé 180 exhibits a

I'-up and high differential hardness ratio whe
hinging effc@mp desuined beteinbe (e vt desprRidp dboRBS 2TARRE clsaifel Pp 8o that a central

part or m1¥m-ﬁ8¥tlo of96|b af e%f%ﬁ’h%ﬂtgdd&ﬂ%ﬁfe%g'es l Ltadﬁﬁ NEwhRCAIRbrE&sbn to collet or

I ppI g ring functions
swage at dfUdar lthk euiehbites i1 94yl eTHeepzfmdeaxegtmnietr;enf thee feiufie Imay be selected as

required t(;M ffa(gg‘ggg’g tl;ﬁejglyg{lr&)g%‘l}o%gp&tt&%er %lgﬁ]amghl?qq ag{l cgﬁgt gctlon as described

herembefo?é :ﬂ% ?sg & &c’féﬁﬁ]toi 8né hﬁ&\}erlﬁc drafRRRUNEHA 1R twlohferrule fitting. The

I's exanpl e, e ferrule 180 is a
ferrule 18($emxtyr Bt @rcp)\addzd whithuan pmew |cctplmgfeaertthi aetohi eictecessbd8 to facilitate the

hinging cffichgso Vpbr Fut doesel O S 207 7y BT eadifbel §° The fermte 180

includes a%&l@ F&%df%@éu SOCheBis\BivEn \bg|the sl $hed1depn04igering pinu -up. The ferrule
tai nless steel tubing 57] The:body 184 i ncl udes

180 also iz @l cedtralalongifglinal aﬂ@e@s@@aﬂh aylindgicak aqre paBigR 146 that is axially

v 0515 LRSSy RS ., B2 LR, DL, SRRy s e

as to remaﬁl §& JraRhekewahltNe easRiduiRoe dutins ptoloup ta fAdilitkierthe formation of a
har dness of 800 or greater, or at |east about 3.3
line contact prigeraseahar d as the tube end 13. The front portion

188 of the ferrule includes a radius transition 190

[0058] Thg Gyllmfgi%gtﬁcrtelsp'g}t?ﬂ% q%?ﬁart g’ﬂ H¥ ‘é%wgp%%a cf( aeﬁg 26§ R the ferrule and

the recess q@@ﬁﬁ’é{? by B Rhle"BhiMeREd a AUFBH! dikmeted h@&i& faﬁgiirﬁcbyhndncal portion
g surface 186. The front portion 188 of

206. Furthemyart,ethe rhitgine sffectgene balrtghm@\ areh theg gt ba@ho?ﬂéf%% 206a of the
inner cylmtlgl]nf:glsbqr% ?e&x?atlﬂsel aga lg rsgagc%g ?rg &i%%f g{mt g%ﬁg&% %ﬁb%ﬁ%lgqg after pull-

up. ferrule is plastically deforned and produces a
generally radially extendi ng shoul der 194 at the
| ocation of the tube bite. The ferrule 180 exhibits a
[0059] Thbishglefereid 8a 1sa1$m]tgh©|ricb®dhd1ré¢r®ﬂrtbé>ﬁmt deagf ahpuf dsiplimes as hard as,

it e 1 A A B TR SRt i
on case hd@Hid by 'b@‘?@i"eﬁe@ R @SS ploRested AleHoudh other processes may be used as

required.

[0060] The single ferrule fitting 181 thus provides excellent tube grip and seal functions compared to
prior art single ferrule fitting designs by utilizing the steeper camming surface angle for the metal to

metal seal, substantially harder ferrule compared to the tubing, and strong tube grip biting action.
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swage at or near the tube bite 194. The particul ar
geonetry of the ferrule may be selected as required to
wo a@slosioat e t he hinging action and tube gri ppi PQI/DB10684/036436
and coll et action as described herei nbefore and al so
as described in the above incorporated patents on the
The substéﬁ{\ﬁllil BhFdel Gerfuld, tas ROm n})ﬂ%@ t ﬁfertbﬂ)l {glaﬁﬁhl@@[ all&wP é)@éllglﬁdmbe grip even
an i nner Circunferential ch or recess 198 t
with the streamr chmatieg atgde,hinlyi theystegree ean,lmag anglg fagditates E@p@reéai o metal seal.
outer wall 200 as described herei nabove. The ferrule

180 |ncI udes a back tapered wal] 202 that is drjven
[0061] A pH@bRe! atRselsAd IsalreduRinge aapileftp Mg erothiee TBgS ferrule and

integral tﬁ‘l&ﬁs ?Hgg %% emb6Mhleals HRP gfaélﬁgit@ ahe %Msil%ﬁlgﬁl not exclusive

ore portion 206 that is axial bet ween
performanch ecﬁarmt@ns@nsj A8 Saalangd andh etufoecgsp 198ar lewﬁplueamnpthet hieerformance

se portion 208 is..a S e
characteritf B a8 DodrREHaD A G CHIPadS SO Rb TEUEPE gRiio withstand
tempera’cu’fe"i‘éﬁféc'tst abthet Batelia rrﬁ@t inORde madutachfing Vot eAse Tl a8Rinbly and assembly
seal . [0058] The cylindrical bore portion 206a that is
verlﬁcatloaxﬂéllfﬁe;enb desigeaspehis ayaiddbletodthe desighertinduderaigus opfigns on geometry
and chara e 67 Ot R O TP AP T iyl it B tegral e

gripping rind) a8 e¥dIDaLoptiohel Hipsgk Bg tef fube tﬁtﬂiﬁycdiﬁpdrﬁﬁ{sl steld as gehthreaded male
that the back end portion 206a of the inner

body and femalevatiaf dhe eereplayeaibadimeats al |y spaced from and out
of contact with the tube end after puIIup [0059] The
' e ferrul.e 180 is roug h har de

[0062] Ncg%iplglgélg]?ecésf) ’l[:ﬁattge S zthspr%lg l%lg Cﬁas?agy g?]sag}%:lﬁ broa&o sense therefore,
a single feﬁ’ﬁﬁé ?ﬁ@@iﬂ O@Eefﬂ ?ﬁ@tm@@ﬂﬂﬂfhg %ﬂik@%oﬁﬁrt Rtk Rsmuld tiBe fitigs, achieves

3. The aforenentioned patents on case hardenln%
tube grip mysd@bng by dneasporating » togsld-tkdhiagingsetias as thel ferplggastically deforms

v S RSE P GE 5 51 5600 SO 088 e o o

the ferrule Ui ithe atbe wadl ffhﬁChllngimg @cﬂmathﬁd prodpdes opreferdbly although not
single ferrule fitting designs by utilizin
necessarily i & éppheationn g @HYWl%@P herfgirulerbatipradt al{yocqmrsﬁsed against the

tube end (?ﬁ%lter?a ?ﬁ' ogﬁ'ﬂ)tr 13 4113(%19 gerrgﬁé b8 ' tHﬁ% thOTRANE goﬁc%vﬂ? Bowed away from

action
the tube c&idlbsTHmhn@hﬂg/aﬂthbdmtmg elﬂfeuﬂs ei,lloazsfotr(ﬂdp@l&é@l tubs gr[paeven agamst harder
ubi ng hard}Pess al l.ows excellent..t

tubing maftﬁ??l%f“’é@pae? BFRFRRBIRhETke qRafal dis c§ tpgfré?l gﬂﬁfviﬂﬁ élunng pull-up,
thus also 5’3@%01?% g@%déghﬁt@tsgﬁ gglﬁstrfﬁ‘é éimlhﬁ’l eff@e, seal . [0061] A
numbet of aspects

nd features nay be applied to
either or both the single ferrule and integral tube

[0063] THY VapRLSBspetBUne Bhrshswalishlé katheldesiphdritatachibhethe desired tube grip and
princi pal although not exclusive performance

seal inclughbtpse apt kmited tothe Sellawing 9na asrAskisghe pse ¢lgy stespshpAngming angle &
o IR TSP AL LPhLBUIpLcAl o e cxemplr
processesfdetdrited Heﬁelmﬁohst@ntﬁaﬂ‘ theferde/grippiaf fringtis at (aaktea’oout 3.3 times as hard
as the tubggs%ﬁ{y:e& lgay Igrgaie!‘e %ﬁ@gﬁggrfigg }nléllgr lbg%ageo}?grden?r?gs or t%;ough hardening over
part or all of the surface of the tube gripping device/ferrule. Still another aspect is the appropriate
geometry of the ferrule/gripping ring to produce a hinging function or effect during pull-up of the
fitting as described hereinabove so as to assure proper nose indentation into the tubing wall with a

colleting or swaging effect axially behind the indentation. The ferrule/tube gripping device may be
designed to bite into the tube end, as is typical in higher pressure applications, or to be radially
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verification. D fferent design aspects available to
t he desi gner include various options on geonetry and
w@b@saeioes i stics of the material of the tube grCPpPBIVG4/036436
device (be it the single ferrule or integral tube
gripping ring) as well as optional aspects of the tube
L] I anthe geomet

compressey AP ERE N THE 2 WRE Il ERRRL (oishs) ARien ho geometry
consideratishf\glag incpée tiseosf dreminar rotcly/rabssodutaacyvite ces ofpy opier tapered wall

) .all designs. In a broad sense therefore si ngl,e
with or wﬂ;hg?tra(ﬁo(;lc%\pm and use %t{a %ﬁ&f ‘%ci(tvmy S‘f(ih[ é(si fﬁb I’GX%I%II? pgonvex surface.
Additional elb%retéggéatﬁb%‘ﬂia? ih@hddhhe ubdibes faldhisipd@ton @Qﬁ‘ﬂlglﬁ deéﬁle tckBding surface

sealing by incorporating a toggle-I,

with a gerlerallyi ling enotco fomeffecing fastronzesepll assWER 48 [1pdanéipg the front edge of the

. dyri | -up resulti in col ] et f . . oo
ot i 0 SR s B S AR R g e
action whé&bby R ecrREidubtional s febdife tetbienseradiallypacedi fnghniye tube end after a

action thus produces preferably although not herwi
completed pulews dhiis Jelpsiprerent Apgereation o fsstigsRRYy 8% 1480 fhghweld be otherwise
suscepivid [SgbGFY 0 Bowbd R, SaF BIREG SR BBt Mlifcnce anel
between thd liveggfdchbofferdfl the earchiniak )cohponentaway the essotiated ferrule driven

T TRl T -
difference glﬁél%rf.aalliﬁaté@ 4 E{;c%teﬁ gﬁ%&% ac@iﬁﬁgéa '%Qfe&WeSJI‘ l@ol%rt tRXfttule against the tube

placenment ul e rrng p -up, thus also
end and alesgiilitaies the ratidgpatieg sftik fagde nerwaldgoctomirery theitubaced.
[ 0063] The various aspects and options available to
the designer to achieve the desired tube grip angy sg(fnl
[0064] Thpsecskildhsl ibdhe artaviHdhus snprecide thet thedisgppyasiegih adds to the state
ect ~1s.1 f A ' ines th
of the art GSPEHE gl REE BB RLERET 1EARENRIG R iy R dRf bombines the
options ofAakedpai daghrhiag hnplgpdisferentialhandneshandethe inrigarg/agionc #bewghree aspects

descri bed herei nabove,  so. that. the ferrul e/ grjppi.n .
work togathargll ol ™ dosPORDITRISRBe i HBE 58 FHGS 0N BER ang wbe erp
characteri?%lﬂ:s hﬁl%kg GlsEASE ﬁlg%lﬁ B @HAE S DdrdBR¥r, BEnfad$ Gpplications the use of

ardent Rg o -t hr ug nﬁ

r ardeni ng over part or all of the
the hinging utfi@candafiffedentisliioeingss Poiayilbeifies/ ferrul e. Still
anot her aspect is the appropriate geonetry of the
ferrule/gripping ring.to produce a hinging,f tion, or
0065 Wehetouty 1op o mogomobnes o e e Rk IRl nEho atn e
- her &l nahoy ik S path Sotl RERSHaly ©F 1 tubing and
integral bg, SFIAPIIS ?ﬁ%i%ﬁig%\ﬁ\}a#ﬁ%t% ?ﬁ{lgulgﬁof ﬁg{u? g or swagi ngl _ : _u s
larger or Bf V&§thagktudidgy thehhachditiel 9nident sdquirad. Fhsmaller tubing the inner notch
ferrul e/tube gripping devi ce may ?ﬁcdeSi gne .ta bi tﬁl ferrule ma
may also bpewittedefor sarae apriicafians, althqpgh dn Fugh LaResfRPCr j}RaRE P the teruie may

. . i Jha 3 n¥ {BSTIALRAIRS Ferrules.
be more ftRBLY fPachBR wifou! gle?% R 1t iR PRI dh Sdtl ng or
softer tubing. The geonetry considerations nmay include

[0066] THéSIﬁnéiﬁ% a€tidnB REpRNlIGHIsERE &S Sipplications stk yhe tubiagahaterial is hard such
out er

apered wall with or wthout a concavity, ar%g .
as, for exargplepdupdexceirintess gaelpsathatie ferrde aHishle sa5¢ h&@&ﬁ?ﬂ gntfjciently to allow
COOMEX iSRS me b WA THISARER e foRAIdHE #8ddBihe more diffioult it i
the fernulq'fose 13 41 eﬁtel%g%teheo gﬁ 08 lﬁ,}gglor t :ﬁrone to engage the _
to deformCaBTfeigle Shlaf @gt@ble manner to assure proper tube grip and seal. The hinging action
allows the ferrule to properly deform and grip the tubing. For softer tubing materials such as copper

for example, the steeper camming angle § alone may be adequate to assure tube grip and seal.
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with a generally line contact for effecting a strong
seal as well as indenting the front edge of the
WO erosk®24 nto the tube wall to create a strongP@I/UB20841036436

tube grip. Another aspect is to design a hinging

action mhegebr a rearward portion of the ferrule

remgi.ns.radi a
0067] s pEFRIEAABINE ¥ SRRERE SR By, TR 1 REy B depien options
which mayeSiise@ SFonk ios @i aly nii@bérast vahiatis vanbidatienscind esubicembinations. One of

susceptible to vibration effects down.the

those optiogg it fheaifperaichepELess & e i AmRgen ORfiet & @ﬁct@pegﬁ(b pyter wall 200.
Still furthep %flé,\ﬁfcﬁl Jnﬁ%gg éJf\f fl@ﬁl%%’ a:gﬁl%uféfd dsh&plaith@ ihithd 1989 patent, such

onent's e assocl ferrule driven surface
as with a c@rw?zh shgpef av distkapupshed Woer te Bhaghmonmés@@ée d]glaﬁrﬁéd int Jigs. 7 and 7A

hesor. ORGP PrPoL O Vo e AT gy comoura v

face 204 o? el Rl 189 @r b6 %@c@@?&lﬁﬁg ahdBull-upeorenel b@ﬁﬂoraksrenly dlstnbutmg the
acilitates the radial spacing of the ferrule rear

reaction fopas bovpeh tomfcrivs aubheand Thowek)llefHphe sRivillagadly %Hli’ée"late that

t hus preci at FCLORYI
the contouidybiki oo Raae pary RUTAR A, HACTR Fample frg deseribed in
Intematlonfal:-‘rg£tHﬂ1teaﬂp‘ﬁ@@c1(fn| 48.i PUB/US0ar4Resiifasd yn Mucember 26e2fi0aioy FERRULE
odi nent that conbines the op tloné of __a_ st

WITH REGARNTTOY RERIICE GAEEEYEnerdits raramonding iR S i gyt application
serial no. (%%69%21]9 f-li?(? 3§ Dte@ r{?l?eg%p ?@é@\éﬂ&ﬁ%h@ﬂétfbﬁlﬁ ERRULWITH' RELIEF TO

errule e fitt t exhibits good
REDUCE sRaLILING aia%ntm&xescgosupesodfammdt aeifslly tsornomtedk berpm yrreference. The

et o SEE L S B o o s
invention, %lut ]}a%l;lé?‘[prb@ildﬁ hasi ﬁeﬁﬁsalﬁh%ﬁ% \Wedibn SHAfi g tiodsM¥6bboitbured back wall

or sone applications of the single
and other fgebmaﬂrya cd:ﬁ@de(ralmimhkn dhe hingmg h@ramrre@nthbr faypiae gﬁqrp%}’fﬁkf of a two

ferrule tubé;i’g Iggglrggggip eofen)ulettﬁﬁ§ ﬁblcngln legpg E,llh Lt%leé Expazl/learlso %cﬂlaates a hinging |

action whéré’@ *I'BQ ba&l@@nd' SRS fRRNEMa} B8 récﬁal[}oipaééiﬂﬁiélheﬂe tulb[hg after pull-up as set
er tubing the inner notch al so_be_om

forth heremahtevea pheventing @ngtacbl])thg@;cgﬂlq fgrrg]@dq@c]é 8¢ gn ,tl@fp@inng wacl)l prevents a
f th I
stress nserat:?ﬁtigcgygi l??a stuﬁ%ep{)f %ﬁﬁ%{%ﬁ%\ﬂ dg%r{ﬂo%ﬁl%ﬁé T Igﬁglrt rlt gl dity

of the smaller ferrules. [0066] The hinging action is

[0068] wﬁﬁaﬁgﬁk&]& %o“.ﬁgf gb ﬁ@fanaﬁle% 'eﬁ%aﬁﬁmmemn 10 efetrii e fitting 300 is

_ such as, for exa upl ex
illustratedsh partibEloagisitdied] ,hakfmctsbraecttomen fdogsa y@smm,hlecb gonglitien on a tube end 13.

In the drayggég%] 1?1?4\@8 g L @a?v%g%&gq?%? : Lot heage al}éj%)ﬁagg%{%dtfﬁr clanty and ease

ofunderstﬁ??cﬁﬁg as %ll%@&&dﬂyfaﬁpﬁ%ﬂto 'tﬁosb skitied ﬁenhe mra the ferrule
a’suitable manner to assure proper tube grip and

seal The hinging action allows the ferrule to
[0069] Therfapes BYO dﬁ:ﬂﬁeﬂh&hﬂ‘u]@raoa, 4 bedy 204 mgd a mt 3%fhaérs qu@bk;go the body

0, sl S SR S LR LRy body 20
includes aﬁsrté%) c@ﬁﬁnﬁ thrfac%%gg 44 se%sfoﬁl?h&@m'a%\%' Na e @mbbBEnent, the ferrule 302

i ng ac Ion na e effected by a variety of desig
is a genef@flyicgtisdridal dhvmaayncbmads@tﬂ aay ofiéheabgvie- @ﬁ«;nhvdmx@mpéﬁry materials and

various c
case hardenamg processéa)snéooI z?s toIp?enf?era%{]ydblﬁl’rllkcJ>t %e%{IRé&‘ élf)ga%es ﬁ{{% o(.fhfferentlal hardness

of at least about 3.3 times the hardness of the tubing material on the Vickers scale. The ferrule 302
includes a central bore through which the tube end 13 passes. The bore is defined by a substantially

continuous cylindrical wall 308 that extends from a nose or forward portion 310 of the ferrule to a
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those options is the inner notch or recess as noted.
Anot her option is the tapered outer wall 200. Still
wo cwosioedo24 t he back end 202 of the ferrule may BPET/US2004/036436

contoured as explained in the '963 patent, such as

mﬁth a convex shape, as distinguished fromthe

Str t,160 ' S
back or esfpl A 327 THEROsiHbh 210 I WGRPRRR D3t Bef st a tapered
pmﬁonSl@Bﬂa?ﬂﬁui@ﬁh@iBﬁYnat|Vely a contoured drive face 204

of the nut 182 or both) reduces galling and pull-up

torque by nore evenly distributing the reaction forc
0070] Thé>BrmieA0? frotfs e rammanramiyddena furioseludes 11 eater Wallp20 that may
readi | y_appr 0
optionally ga]voe agﬁas(ea{ggesgr% Hﬁlﬁﬁ of %‘h*eé ;é%%ct*&@és 3‘9123825 2131{2 i Qfgl;eﬁve form 322. in
this case iSFoMHRH By @n@ﬁﬂgrdyﬁﬁdhdam whafit Ryrtien Bmmnqom aviglly tapered wall portion

appl i cation no. PCT/US00/ 34828 fil ed, on eEE% .
320b. Thezgogevedprnr BRI ENNTA frmtionro s tressesia E;gﬁﬁ ¢ epffpdiment of Fig,

O e T

up to achidveeheli dmed hinigR)g ématﬁﬁammomwtmandﬁﬁedr@semd resultant stress

GALLI NG the e | osures of which are fully
fwﬂ?ami?%@%#ﬁBWéﬁéﬂWﬁgﬁgﬁﬁ %?ﬁﬁgﬁg?%nce The teachi ngs of the

t hese appllcatlons are not needed for an understandi ng
{9 ! 0 Jufdd ek wall 324 in thi
o071y T o5 e SR DT e b w524 i
example Ry de GANicebidestebattk th@lﬂeac&ﬁldgsoeﬂtﬂre gjﬂn’a‘aanrporated patent and patent
consi derations for _ the hinging operation,

applicationser B ahoW hetsins INSTUdES g IREALY A8 SemeEL B &n 38?'3 Shat joins to a

radius or étp&gé vbe rsfl 2334408 thd H4didl ButdGaCHTHE Bagd walc kB%'alzmg the initial
acl l'1ttates a hinging acti on whereby the back en

contact of Qﬁe tdielé BOI uﬁcenmmo&aiom@dlcahﬂoyredmcfecb &Iltcbmdt&ﬂ]é’ spadidniom the tube

after pull-u s.set forth above
end 13, Uish o LB AT PRI, A B BHe gt dot, fpfiogysombly. - This

confi gurati’@ll zlésoofa&*h@ﬁessha@l th€Bsck dndey12tdT ke fefulckabills upsed fﬁfohi the tube end
eleterious vibration effects. [0068] Wth
after pull- uIe(see B é4) @ aiegplt df3he desired diging epasginent , a singl e
ferrule tube fitting 300 is illustrated in partia

| ongi tudi nal half cross-sectio d
(00721 AscBngtibin Brecs sealn  Bied 139, U erE Gl g5 V4 E5RAph 6o o contour
convex shgée'] &8 adlld ta%%xﬂgﬁl m}f QHLPHS 19 B8R RPRGER AL difference angle”) formed

gera for c arit ease of understandin
between awalhgenbE 16 ﬁ&dcbdtmrmppmax retgnon bibthe seifidel X3¢ and thendrieg s@urface 306a of

0069] The fit 300 i ncl udes ul e 302
the mut. 3. o @0 O BOGORYER CTEWEE RIS 13 PHE Bogy ook & heeded for &
f iR cohbicrated face 324 at
s Sy L BT s i 2

gb 4 jncludes a ste%§
location thanmiradjakyispamed femaheambs@mdf ohlthoughriaj thasebedinent (ke 13A the
enbadi nent

i o0 e AL TR T SORAE S . e

initial con@i&? fR REMpRERLEI Rl HorRAA tiARatriiakgien ofithepuees3Bs S0 as
to preferably but not required in all cases have a
differential hardness of at |east about 3.3 times the
[0073] THearsdgsae of nidae of thei aspeatminehidadg thn cohtouivddieck svadlcE4e the difference
angle 3 arlltiht%efo%terr lilva?l 32% (such as with a tapered portion and a concavity) facilitate the hinging
action that produces a strong tube bite and colleting, as well as leaving the back end of the ferrule

radially spaced from the tube end after pull-up of the fitting.
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i ncludes a central bore through which the tube end 13

passes. The bore is defined by a substantially
waeoomsiomeeus cylindrical wall 308 that extends PCDIBSR04/036436

nose or forward portion 310 of the ferrule to a 19back

or rearward end 312. The nose portion 310 may i ncl ude

0074] Thé g%;(v‘ég& ggﬂﬁul%oﬁi‘xg 85;35‘1‘4 %rgﬁl?%(bo n%lu%ig:g?ﬁe‘f@m ag@m@ychﬁ preferably

_ ] errul |s exenpl ary
although neyHreeisaRtbifes i fidents dhtu diestubingond] bdurivey pullB2D Tlhﬁaforwal;d end 310a
optionally have a cr reces

e oGP LGRS cace, racese o ToTeh oL OLIGE L e
angle formgé1 hithle LOTTE QX@?% & tﬂ@ﬂﬁfn%lj% q§1’1l3 laASIE inGal1 dég!:ﬂd Pk io9Brall design

a and an axially tapered I'l portion 32
criteria forahe €istirez inogah 3Flidasios,i it Ithis angleﬁa froportamt i a@ln@nngl petreng bite into

200, of t h 4, her eof
the tubing 1 fo 2GR PO (P an g AP b & 08y BB gosition. In
most casesttﬂ@aﬁﬁé (il 8e 30de dpproREn A ank of Sbort hserg@bbinegsdesi r ed
hinging operation that produces the indented nose 314
(and resultant stress riser) and collet region axially
[0075] Altheldhnthettaek iend 802 af itlenferfulH I pﬁﬁﬁabl@'rls wadBaliyuspaed from the tubing
i ncl udes a cont our ed. back

ont o
afcr pull-yg Jocla e, o 1, S 61 AREONH SOE GIUAACR PR Bhavhich such
spacing is r%@]ﬁﬁéd” OfofEr Eﬂ&nﬁm\’i@ tb 'YoRh PPFREQIsRALRNY caiflerBaieedt3 (shown in
ap cations, or as shown herein includes a generally
phmnmn)smhabgmkmddnacﬁMxﬁbnukon 324a that joins to a radius
or other convex shape 324b at the radial outer end of

the back wall. By having the |n|t| cont t of
(00761 The Bineinzacion can o ERS0BIEFORY UL IIERRd] 136 ac i geing action
as dlstlngm%deflaérérx S&)%ﬁg oﬁ atlg' ﬂetgﬁpgtl&f‘gf e felrMB Rt Epib A 1h %‘?eqprlor art single
i'ng during pu up an ower torque needed f

ferrule ﬂttiﬂggg’ibreaﬁrsmyhhyolv@a ﬂuzﬂ(mfaltlgn redifeciorepedseed ayithe ﬂgp@g)nal arrows Cl1
avi ng the back_end

and C2 in ﬁ&) it Hdiethaple eadh 3l Za?f téia fgg{lits rr]%ﬁtfe% iqreg lggl}eaaaijlayc%@ gglrec%on (herein
the terms rﬁ?{?‘lﬂs\%ls@fang h@ou‘ﬂ Iof RfwibeNSHe NGcAPRY: 8 icBRveni &P réferdi®e based on the

rate rger scale in Fig. , the ferrule back
111ustrated\miehtaﬁﬁl4 o@ehmedlabvhryg, matherathem mm oequie wetak disgséion of zatatign) or away
n |nc ed an

rom e 451 PR OBILAEET R O SHAEH o BB Bopipe st

after the B4 135 BB LoV titRAI3 %‘ e dppobige ®UhE ﬁﬁﬁle’iﬁcﬁreaﬁdn thihe back end 312).
drive surface 306a of the nut. Thus, the form of the

This rotation 0§ éhe e pgumdh@mona@tem thperpdiBboQBTETS GO fycepabpagtion 326 of

the ferrulesﬂlaf 158X g%;u{nﬁlflttﬁg c%;nﬁeg'n e tpo;tﬁ]:ggglnv g; tl:gﬂl? ortlon 1s meant a

region thafls Betle&aih @ront Biad adsthe %dtlaérhd/oﬁﬂha(fﬁﬁulé mndmédiendt l]lben the middle of
end. Although in the enbodl ment of Fi
the ferrulé. niRathgr, isnenirel pertinnzas Wed deTamas %grﬂ% %{ gae ferrule body that is

radially cg%lrpt{ésg{h %.%al{’l Eh%?%lﬁ)@ég%ll?’%# allg e}ﬁéﬁtﬁ éﬁpngr%dgﬁféﬁ' fr@lg edd’® This radial
compressief Nprodhces e odesiréd tcbﬁeung bacmvagﬁx@ effo0 78] a Tpretios 088 of the inmer
cylindricaj g/@]goz\bg {;.;(Eaglzfgbeh%qﬁgh% p‘gigge ‘t:lerlfg s14 Il“ﬂ e%‘éﬁl c?tutfle collet region 308a
will vary depending on the overall design characteristics of the tube fitting and performance
requirements. The collet region 308a is axially behind the indented front edge but the precise
Jocation where the colleting begins is a matter of design choice so that it may be located adjacent to
the indented nose and associated stress riser or may be axially spaced therefrom or contiguous with,

to name a few éxamples. The collet region 308a as illustrated may also be characterized as a convex

radial portion that compresses into the tﬁbing wall in that the hinging operation preferably produces
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angle b and the outer wall 320 (such as with a tapered
portion and a concavity) facilitate the hinging action
w0 bas/ogoeduces a strong tube bite and col | eti NBCT/ES2004/036436
well as leaving the back end of the ferrule radially
spaced fromthe tube end after pull-up of the fitting.

st cof AT AuTl FAEEOuRRIL B 308, Ao ey g i sty

dlstmgulshe@tfrdieqfemam iytings tlﬁs)vlﬁﬂld then ﬁaenﬂs eithérobdvineel tmtmav@y\mraly from the
during_ pull-up. The forward Oa of the errﬁ lin sh
tubing or f@rxt{ae??d@na&% éhwéweye theenekhard efl? CRAGHCIERGE °F %F‘%f? In shape.

an angle g which is the incl uded angle formed with the

0071 BRI a Tl b RPARL T R BB R s g v

geometry feBtufRGT P RIrhA& ihdin® bt ﬁ(ﬂ ilignicedgb Qhé Bsel d’mocfdrmﬁred hack wall of the
achi evin strong bite into the tubing wall

for
ferrule, ln@umoﬁ& %Eﬂfefsflqe(ﬂbéled?etww the formle aad, Fhen%}'“ﬁﬂurt %&51 a conca"lty in the
on t

outer wall ,gttéz)se &? ed 1lngcﬁg alq% n_a{ ée?éazt tﬂenoé‘s‘? 84 ngeglﬁﬁ{;%%fu?% igf‘ g{ue?ferrule for a
particular 8151)1105@(5}1753 faéilitiite lmnhuiehﬁ‘ foaekp endmﬁ@amg‘le tand dptionallyethe differential

302 preferably is radially spaced fromthe tubing
hmﬂnﬁmoﬁﬂﬁep PG | - up, such may not be required in al

applications. For those applications in which such

oo B i SHLF PR LA ALy b i s

actlng norkRBtdRE kuehrBde ghiduilineardidegenetatly de0Rd€ds aldmg the rgileigegion from the
action can be further understood with refer

e o S Oh2] g e A5y i
effect is preﬁer{eﬁ% 91}5?1?0%9835\{ @h&gflﬁqg ie@R gd}yt:@@r élﬁﬁﬁl%ﬂe‘%tr%ééﬁs%@ resulting from

or ‘art single fterru Ittings, preferably
metal defdriadiby @ariag Gudhug. oBgtprowdmfgfaagénaramr dewedsary mlletlhg stress along the
directional arrows O and C2

collting 23mp 3085, SRESSe@PF NGBS TR e Gafineiiles SE5RUF L fone opposit
the 1ndent9d ﬁ(?scétchﬁ“a? g&ﬁﬁ@d@rélﬂﬁn&t@&m cl OCkW' se and
ter-c W se are used for a conveni ent reference
based on the illustrated orientation of the draw ng,

[0079] Figsall BAT BtHRANC amystiagOdiffert a@éadadptiding dar the mhlraﬁdddod;oaplmg] ))etween the
or away fromthe tube end 13, whil e t he nos

nut 306 aLbodioli cBigi hA esieiesl coyveigRElcH oSk RIS o et included
angle) syrg%ltrg%% { Hler?:ﬂio flgnlgsl %03%114]& sont 9@2 SiSBhﬁlu%ﬁ":Qﬁseﬁé ((ﬂtloﬁal use of a buttress

rotation diréection o end
thread des3di?in wilidhshé tiredd famkefard immmemcqi oviti ame ﬂmls350 typlcally in the range
contributes to_the radi al res iion of a ceptr
of about {5ceEresn 2830 Aest! FEh 1) WECHAES TIoPaR) AI0eEReBel ppvt fdosrees fom

normal. Tﬂléqoﬁl@ttr&g tﬂ@é@d&‘?%{a]%@vldéslﬂl h%bfen%%ﬁ WddtHg RPsRd Hdle tol Kelp reduce flaring

are ween the front end and the
of the nut kalaﬁhg aiph tofqub lasschinly endeindrigh prsssiraepplisations. thig 19Cdidlugrates the use

o seme i S Eht ol ity o SrGERLER R R PGt s ot

degrees tc{)ﬁﬂiu@bl YeoFQRRE 29 38 AY ATHeScnichBrdall Ql%sfgmplroxaﬁes&hgh{er strength loading
nd the indented front end. This radial conpression

uniform!lypoogacsisothecawsiticdl edf¢gessibreads. swagi ng ef fect of a
portion 308a of the inner

[0080] Portions of the preceding material were previously disclosed in a related application. The
present invention incorporates some of the concepts and teachings of this material in the exemplary
embodiments discussed below, for example the steep angle camming surface and/or geometry and

the differential hardness of the material of the tube gripping device. In this regard, Figs. 16-18
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cylindrical wall 308 axially behind the indented front
end 314. The length of the collet region 308a w ||
wae a00g/0dpendi ng on the overall design charact ePCHUBZNS4/036436

of the tube fitting and performance requirenents. The

collet region 308a is axially behind the indented
. . |
ittustrate S AP EABRUGn BESRERE e R okl Soupling rather than by o
threaded cotiplilgy be | ocated adjacent to the indented nose and

associ ated stress riser or may be axially spaced

therefromor contiguous with, to name a few exanple

[0081] Thw@nwm@uph@; F@W@%Eléslﬁl inflydes & cEEmEDS a3|6§chbéxertmg an axially

directed cl%%%%?gg%)g £ Tt o r&l%&f( msgg‘% %Iené}glgyh b ﬁlehtgﬁ% known as a bolted split

clamp ass@ftdl il npﬁ&lﬁlem&i@]l dpuplin)giuﬁ@SaléﬁlBamﬁ&d as cayuired.
deformation of the cylindrical wall 308 during
pul | -up. Such an effect is readily distinguished from
[0082] Thprclamp €ng 360 thlas nggnnmlammrd’tguraﬁ@nfee:tﬁndm apuk pn BiRek$2 of the tube

v,e he t.ubi or faor th rel
st and OFREFR B bt 08 SHBEE! bl POBRRLR e S it
second clzﬁﬂﬂﬂl@ @Eﬂscﬂo ahﬁl Wﬁﬁend OliTally thivarddudhe cindiih® I&alhl I9i &gl 372 have
eration is thus facilitated by the use of one or

tapered Su ¢as 3G# anh37.apsnsadvedsovhicl face s2gh b of the ferrul e,
including but not limted to the use of a contoured

T I L TR A —
380 and aqgtgl‘ﬂ@‘é'r tgi/ipbﬁlgtrﬁl% 30 tﬁﬁt ﬁé@bﬂmedﬂ%l&w piftResitls el ﬂl@lﬂ Hoﬂz portion. The

rt “may Sel ect the best geonetry features for t
end p1ecef ¥H8r anhce theo Fermnlp an t grippiireer ﬂa@yﬁ@c@lopéﬁﬁtet withatkie| badyt 206, He a manner

aescves 550 SR ST O 16 A8 OB g 2 s i

somewhatl @HIvérB@fashicheSbrhahé encpleted 7. €Bhe gnp}ﬁng) Riggi382\id) Bn‘,g'ageable with a
t he conpressive colleting stress acting normal to the
steep carrmb@ sBI a¢eaé&3 ghabe ehqdy %@%d pgeé@rébléa 3 ¢hod é‘@m@fag%sﬁuafﬁ% do cam it into
of, 1§ on t t
s 1605 it P21 S SEPROE A 3410 RO it
hardness &Qﬁ leal'ﬂ‘lzﬂ)odESBrtﬁﬂes:t!hb |hetdne§sfcﬁ‘cthe tube Bﬁéfoﬁrthe &i¢kers scale. The gripping
pplications where it is de3|rea uce or d o
H%W%W%W@%@ﬁﬁﬁ&%wmﬁﬁm ﬁmwmmm%mwwm
pul | -up. By providing a generally
adneveﬂ%?@ﬁ%@?ﬁﬁgﬂ%g#%%?g%g stress along the colleting zone
308a, stress concentration regions near the trailing
[0084] Th%%ﬁo@sf gt 6081 aBdck dHibti OB B, et zlibethb mﬂgeuffctanmag angles, are
can be reduced or elimnated. [0079]. Fi A .B.and C
selected tp|e|fﬁegt pmtappIgPTiter wdially Hpward bipgingnactips o tihe SrippinEdRee With a dual
ou h
cotion uf 8 et BERYS ! s 285 Ba4oE M08, oS ot couptng o
the preseft€8V @SN iMg bel@dedngthejthaygripping tags fdmxedchsfdmrpqsce&'&ﬁh a clamped
and 352. Fig. 15B illustrates. the tlonal e of
coupling Bkt s yith g IR CHRRETE MG Hpo STFRISn#Rl B ot limited to
| ' also usable
sings oAU ERSLGEI UL QiBNEctlanto 50, im opf pied tynnpcl
with a two-fergde gfstemtdout 3 degrees to about 7 degrees from

[0085] The main body portion 380 of the end piece 378 is a flanged member that has a clamping
flange 384 that projects radially outward from the main body portion. The clamping flange 384 on
the end piece 378 has a tapered outer surface 386. The body 366, similarly, is a flanged member that

has a clamping flange 388 that projects radially outward the same distance as the clamping flange
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normal . The buttress thread design provides high
strength | oading on one side to help reduce flaring of
wo b@soudo2dur i ng hi gh torque assenbly and i n hi BGT/US2004/036436

pressure applications. Fig. 15C illustrates the use of

acnme threads wherein the flanks again are symmetrica

but of tee I
384 on the 248 10, 375 PREGEm IR, ot 3P ST AR 236 RE0L ERRridutor surface 390.
The flangeB BV hidE3 shirg barhethingeiigirhhdnoslis of a tiredded woynetiopar ed t o

the conventional 60 degrees threads. [0080] Portions

of the preceding nmaterial were previously disclosed in .
0086] Figal6 éllustretts dipppartsaef ‘dl@.cla{fhleedpq?%lggm in py apelagwped or starting condition.

i,nCcor po es .SOo of the n t . ' .
The taperef Egfiot B PRI 1 PRESSEAg) ST B T i SoiDling ngagemen
with the taP&b@Warfc@r390X%anht elaifpensStiarp 388 YIf eheclrunlyipigpesi6ict dide tapered surface

, and/ or geonetry and the differential hardness of theh d
376 on therglagming et 3Thef theelag Hpg A0 devh ARUIURS qReassag Mgth the tapere

i QS - I r Il o\ j
st 35 4SBT0 BPSEAR 379 0 e e
piece 378 fsaphexd dphariday a tophiueacesbToaufieitndy 366081p el povicamighic tube 364

o coupling shown in Fig. 16 includes a clanp ring 360
is in the tupggockgietefing b}éﬂﬂeg%ﬂdﬂ%p?- di rected cl anping force. The

clanmp ring 360 may be generally of the type known as a

: - wnbol ted, split asse : < in Fi
o087 WRBHF D Heg SRR LY e DG BoGaFe oz m e 17,
clamping sa-fABR F74ned 366 ohidise damp M| 360 neorfradiall pinwend cxtaatigition toward the
. around an axis 362 of the_tube 364 and body 366 ﬁfi n b
axis 362. Gibehiet of HhroSEfaap3 74 AR 360 CHISSS B Efe S0} EibICAy 366 to be
fro tch qfd d i :
oo sl R AR AT RS ST TG ne o
end piece 3EVandt tAPBS B3 ELINbR Cdme3ihbvatuvad Gie ategpect i vel y, which

face each other. [0083] The fitting shown in Figs. 16
and 17 includes an end piece 378 that has a main

bod .
[0088] Thpoelaiionagegomation hetteen theenst piged P Arfl ferkpdys¥oG %lgesy@e gripping
ring 382 tcfé (ﬁ)%ﬁrlreﬁg% %12113 g)ggve{élﬂ gﬁ‘?e Rc\éa}% Qndt ljﬂg R ’3?54L18 %grln%rgfe% Ih% gesggggd above. Thus,

errule or gri .

the grippifAREBEL & plhdtidall @efoadyd FEbswiged antoahnabe 364 ani i provides a fluid
above, to seal with and to grip the tube 364. Thys,

tight primarie sep iagpinAGihe] FAIBHE BX1ERASS| o WoaE The forward end of the

s ng4J ev ' ' 7 enerally radiall
sioping 35 0 1 O Iy S BLOTR, STSoaTen sl il
extending Suillf @GRo A8 inrthe plestivalty d&6fnedibé eratdnia). a 45 canmi ng

surface, to camit into engagenent with the tube 364.
The gripping ring 382 may be hardened to have_ a .
[0089] Thdictangriegadtion tiees phass avitioubany etetion Aeiex than moidentad) efifhe clamp ring
har ss of. the tu 364 ..0 L : - e
360, the bRy 3G BrRB R EHave Oaliaibe e el i, BA8382 TS is in conast to

the standat@@lirbddeatcBuplathi fht toquiredretaRive roatiom bettheei tige tvak eoupping anembers to
achi eve the desired hinging operation., | . .
make up the fitting. In the present clamped Coupling, there is no significant relative rotation between

the coupling members, other than incidental rotation.

[0090] The stop surface 379 on the ends piece 378 engages the stop surface 367 on the body 366 to
set the final position of the parts. The position of the clamp ring 360 may be secured in a known

manner, not shown, so that the parts can not unintentionally be separated.
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[0084] The various geonetry characteristics of the
fitting, such as the range of camm ng angles, are
waedososwas t 0 ef fect an appropriate radially i nNIF/US2004/036436
hi ngi ng action of the gripping ring with a dual
rotati on upon make-up of the fitting. It should be
. n I f
0091] The BRGSO kY By SspFeprelie & AIRCHARBUARGR arkd which the
gripping rllhgl’lﬁt‘es fistontad talse. OMBispis e smhé effactcdsaisyreticvedipd mrigaditional threaded
part, and with bodi es having other canm ng angles, for
coupling. exanple, and is not linmted to fittings of the type
shown above with reference to Figs. 1-15. The cl anped

o921 i YRR ot St B SLPLE Do o e i

398, rathet ﬁnaﬁ WitRng adteEr m%ﬁbf)ﬁl@&ﬁngﬁaﬁd and bmlaﬁg;hf)\bvﬁngé?l@éﬂw and 17. The
a outward fromthe i

t hat t
sepatate. Toighipi TH0. ISTHESICHI B e PCRENSE BPacHedndngi o gipeadh as in the
embodlmeﬁésde]@ t?eﬁee[b%ge oﬁﬂ% %&arﬁglgf ﬁx%ﬁebn%%rﬁ esﬁxggzﬁymﬁg 7.. The ferrule 396 is

er t as a cl
disposed bfeh%g&hé%ﬂSngeﬁaahd @le&p 698 sind doh Bdriggd bodyaoal Ahtéampn'mg 360 is used in

the mannegé}%tcg N eat%%g?pﬁ’q%ﬁ ngR gng{glg g&gq%df lg(ztg 4@1‘16%"’; t@%‘gldetpggceg 9% %gd the body
366 closet &%&ﬁ? a%étll AW rt CI%IE??QIQ axld1embl @RGR oc384, adfe3BBe 306, which is

her an parts of a threaded connecti on.
captured b@'@ﬁi@]l tli gld pli@cel 39|8ua$1tirﬂm h@lyt%é ppanatseddp grihend Iseah@edhe body 366 and

e e S50 U0 ebr RIS 2. B ARG BBl ceome an

swaged 1n€d IRk BEL 38D alss praviddiud Fliagk g Réal Wghidst he camming surface
tapered surface 390 on the clanping fl ange 388 of

the
383 of thelwdy 3|66eéféle denvard ped obiberferuls @96 as:@or@meSS@ﬁ apggmbedded into the tube

364 to pr%chﬁ %&*{ﬁ&z 37¥atlﬁzf e)%tgrgdélﬁé S\Mﬂu{n‘f sioL u%c%g éhsthé &%&B%ﬁ}} B8ormed tube

material. Cl anpi ng flange 384 of the flanged nenber 380. A stop
surface 379 on the end piece 378 is spaced apart from
a stop surface 367 on the body 366. The end portion of
[0093] Agahe thartariod6 gedmetirnchanactenidtios disckesed aafvienfad esgmpleewitlpgggpect to the

366.. 0087
e o S5 el b 05 eb0Sa5h SRR AR SR L) Yy e e
action of B feRQES withd il r3¥:eioR Mipbh &nsHealfP of ltHbgﬁﬁﬁi@ DN gripping ring 382 is
radially inward, in a direction toward the axis 362.

engageabld watht agieep eamming surfadeatsdnaig badi3 6y prefeablys 41 «cammping surface, to
cam it 1ntl%selfg§§%§$rrtav0‘%h tt et %%%43 ﬁé?gr&?sﬁgﬁﬁgﬁ%g%ﬁ%h%@ l{a&(}f@lted to have a

ovvar eacC e arrows

differentiad B4rdnbdy dPadedst Sut 813&ineds thélﬁmﬁﬁ@hs Difﬁib&uﬁe?%famdﬂieﬁélckers scale. The
body 366 may, al one, nove toward the therr) .
gripping ripgenasehate AROUSKITAICE RS TPSRS ISCPabHe Ta%ial it B.C@ n during make-

o o O S E IR 88 0
coupling @5thd gsesehbidedtinavmay bh uxsc:d Mhrﬁ gthémpfermly syistegns38idgles or multi-ferrule,
and with (:)(gggt ]Iégxg{yé éggre ggr;mrrﬁq?gj g;r?é:iess \?Iaxg g)garrllp% oantdhl(s:" nto;fJ l?lmlteg to %Pose illustrated

herein. For example, the ferrule 396 could be replaced by a two-ferrule system.

[0094] The non-parallel surfaces on the flanged members of a fitting in accordance with the
invention need not be the conical or frustoconical surfaces that are shown in Figs. 16-18. Other
types of non-parallel surfaces are usable. For example, one surface could extend perpendicular to the

axis and the other surface be skewed relative to the axis. Alternatively, one or more of the non-

25



tight primary seal against the canm ng surface 383 of
the body 366. The forward end of the gripping ring 382
w0 g00sompeessed and enbedded into the tube 364 POI/US2004/036436
produce a generally radially extending wall or
shoul der in the plastically defornmed tube material.
9]..1% [ j i y :
paralil suftgeS oy NV HEASL Kol B iR et 16210 B9, Sl further,
the flangedGRembdreasba@dyn3G6404tineFigr 2P pould avag R82; pyramided confhguration with
) 364 about the axis 362. This is in contrast to the
multiple flgt g%8&e* % r eaded coupling that requires relative
rotati on between the two coupling nmenbers to make up

the fitting.. | he, present c ed coupl.i i
00951 o it el S GO Rt IR B MR e B ings ereby to
generate tHEEARAES axial ARte. t Tianclhmpinded had by Of b ispht rinHHPOshdme in Figs. 16-19.
stop surface 379 on the ends piece 378 engages the .
For examm@,otse slanmeenld by adazglpelasgys Swam ¢ A& intiHg 45 pnp sanitary clamp as
S td: of t ST Jik1] q i
o s B 0 e R rBAE o RS Bl R orceson
non-parallthgirfiche opatht Flanged Aimbers, nheoly andtdvy tie flsegedr mbmbiers together to
240091] The arro i.n.the gripping ring 382 represent
generate agiak greefor MAHMETHBRIHNS he area in which the gripping
ring bites into the tube. This is the sane effect as

is achieved.in a traditjo e c L 0, .
oos6] Thkg e FERY s eb ARl DR ehUICRER RS apPaby B ysiems using
ferrules that SeMArd&hed,ffef &xingl1SHH tirntossss dptessed 38@Bse. Maishudyo dppéinable to other

with an integral gripping ring and end piece as shown
ferrule systemgiag he hgwdenang is nﬁ@@éﬁawpég @pplipalionos s used to

grip and seal between a body 366 and a tube 364 as in

t he enbodi nents descri bed above, for exanple, the

enbodi nrent shown in Fig. 7. The ferrule 396 is

di sposed between the flanged end piece 398 and the

fl anged body 366. A clanp ring 360 is used in the

manner descri bed above with reference to Figs. 16 and

17 to draw the end piece 398 and the body 366 cl oser

together axially. As this relative axial novenent

occurs, the ferrule 396, which is captured between the

end piece 398 and the body 366, is caused to grip and

seal on the body 366 and the tube 364, in the nmanner

descri bed above. Thus, the ferrule 396 is plastically

def ornmed and swaged into the tube 364 and al so

provides a fluid tight primary seal against the

camm ng surface 383 of the body 366. The forward end

of the ferrule 396 is conpressed and enbedded into the

tube 364 to produce a generally radially extending

wal | or shoulder in the plastically deforned tube

material. [0093] Again, the various geonetry

characteristics discussed above, for exanple with

respect to the
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range of canm ng angles, are selected to effect an
appropriate radially inward toggle-like hinging action
wo@tooshesoterrul e with a dual rotation upon nmakePCpUSL004/036436
the fitting. The gripping ring 382 is engageable wth
a steep canning surface 383 on the body 366,
[ ng surface, to camit into
Having de "ﬁg’eg & rrtltéer\%t W%%ggrl#ube 364. The gripping ring 382
may be hardened to have a differential hardness of a
1. | ea%t BB Fing3fos chin®Bfolt Ranhanskless thSe Ehe ﬁ%@ﬁ@rﬁi@é fRE& and second

the Vickers scale. The gri ppi ng rlgg ave an outer
ﬂanged mebak and afevds betwreh saiil Ifirstand secpaid £lang mbers, said ferrule engaging

sia e FOBESSSURL Y A0 TG B PbA SRR S v dovn

together. that the clanped coupling of the present invention nay
be used with other ferrule systenms, single- or
multi-ferrule, and with bodi es having other canmm ng
2. ang lpembefﬁiﬁng xaug] forth amdlairs 1nwhe1‘einnatatce tirst and Isc@ed ﬂanged members

il rein. For exa erru [of0)

are drawn fjpgef na@leat tye PO ?t-fs i,
non-paral l el surfaces on the flanged nenbers of a
f |t tA pu%e'fq 11?%& %eq"il eil’lvgl;.iﬁ‘l f Qf%ete' ﬁ{é}é 'horltﬁFeQd&P% nlﬂgctlon between
the conlca rustoconi cal surfaces hat are s

said first and sédodd.flahGedBemBeRer types non-parallel surfaces are
usabl e. For exanpl e, one surface could extend

perpendicul ar to the axis and the other surface be
4. skevietibe ditting seset frhtia cloting] funtherinalidinget slamp fer eyerting radial force

on said ﬁrgcsangﬁsmd;tfangagngﬁt &l aI | eI écg 'ﬁﬁ%%ﬁ& sec %ﬁé ?lfﬁ&g%&h%s together.

Still further, the flanged nenber as shown at 404 in
5 Fi 9 embers
4 EcohY sbaUA RSB AL ARl (SR U0 Mok m
have respe:dmve nentabmtle]amrfacesrthaftcame pegaged by sadclaagpes to draw t hem
together, thereby to generate the needed axial force.
The cl anp need not be of the split, ring type shown_ in
6. Fi gsA tulg: figingrsrsch fatpireslaihé wheiriy pef-paraliel wggpes are conical
clanp as shown at 410 in Fig. 21 or a sanitary clanp
as shown at 412 in Fig. 22. Each of these devices is
operable to generate radially directed forces on the
7. non d@%ﬁ@é leling WS fsBC &5 bREnf4 anaesn R abS palallelr Q¥aces are flat
aw the f1anged nenbers together to generate axi al
muﬁweS'force for making up the fitting. [0096] The present
invention is applicable to any ferrule system It is
appl i cabl e to systens u5| ng ferrul es

at_are . .
8. har bR, THIBE 26 RGHBTE Ib§l2id ‘16‘?66%18§§1dd§%§f8]&s‘§ exjaljy dyigon by the first
flanged mﬁfﬁb'als rﬁ’allr%‘? tlf’eos%!:(')rﬁ?ﬁ’a{n e& theitRelo %r?ﬂ il &aﬁ%giﬁt?s%e t@6e WhBout relative
ar ng iI's not nec ssary to thi's application.
rotation b&Gidaw tlregfidieRarget etbnitiee andhthe fennde, we claim . A tube
fitting for connection with a tube, said tube fitting

conprising first and second
9. A tube fitting as set forth in claim 1 wherein said ferrule is formed as one piece with

surfaces.

one of said first and second flanged members.

10. A tube fitting as set forth in claim 1 wherein said ferrule is a separate piece from said

first and second flanged members.
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fl anged nenbers and a ferrule between said first and
second fl anged nenbers, said ferrule engaging said

WO 2ws/08324 orm a tube grip and seal when said fPeBHUSENG036436
second fl anged nenbers are drawn together. 2. A tube
fitting as set forth in claim1 wherein said first and

second f].anged ers are dra t t | : :
11y o1 ArVR TR Boeale e GBS wli b8 A end porion, sid
apparatus don@HgfE: menbers. 3. A tube fitting as set forth in
claim1 wherein there is no threaded connecti on
between said first and second fl anged nenbers. 4. A

t ube fisttcbiplingmeniber foowhikh ithe wbaisrolbd joinddein serliigrfigagement, the

acla for exerting radial force sai,d fj.rst d '
frst coupliugg BIGTOET SAYBA AriBorsR ot Gap dof et poafitt o6 grbes the fist
; dneeaskineaPRESuifRget her. 5. A tube fitting as set
cmlplmgniort hi r%H%I aim4 whérein said first and second fl anged

menbers have respective non-parallel surfaces that are
engagesluleymsaibde clkaily. along fet tibe ihid thgugemsniswithf thetfirst coupling
in claim5 wherein said non-parallel surfaces are
member; conical surfaces. 7. A tube fitti ng as set forth in
claim5 wherein said non-parallel surfaces are flat
surfaces.. 8. A tube, fittin ' | ai :
ahehard s g Perbet B LR figREhob bl £ g the fomle ino
gripping chbARERH: WRHHRS tuiBEahe Sécohl cogsimgntehbangethgresdoend turface that is not
grip and seal against the tube without relative
parallel to e fanst dwifapeitanden the first flanged nenber and the
ferrule. 9. Atube fitting as set forth inclaiml

wherein said ferrule is fornmed as one piece wt
of Seps Frgageabln il Rert AndRgsand sl 4o i3 Mg Yo st and second
coupling rhérhbdr b ofhes Siall Pihefeblyo BbIAIHR feriiedRitt SRiftst @uplidgemember.
IS a separate piece fromsaid first and second fl anged
" menbers. 2711. A coupling apparatus for coupling to a
12t ubrphrigusads sexfosthanalzm ldnehereintsashmessifdr dppingingkides means
_cong,rising: a first coupling.menmber to which the tube
for exertinggadigllymwasilyshirepted ferse Pp ety fRnd SURACES; g4
coupl i ng menber having a tube socket for receiving the

end portion of t tube, . the .f] . COUpld ,
Bhav ipﬁbapé’afa?\‘ss?s §%&P£{§éﬂ cgmpglrlr {ﬁﬁéllelrrnogag(g Iﬂéagam a ‘g{d surfaces are on
first and s&doARGlah P&, tddp&etivelyOo ERGBBRIBIT sesbiidicdupting infesibeesoupl i ng

14.  An apparatus as set forth in claim 11 wherein said ferrule is axially driven by the
second coupling member against the first coupling member to grip and seal against the tube without

 relative rotation between the first and second coupling members.

15. A tube fitting as set forth in claim 11 wherein said ferrule is formed as one piece with

the second coupling member.

16. A tube fitting as set forth in claim 11 wherein said ferrule is a separate piece from said

first and second coupling members.
17.  Apparatus comprising:

a tube having an axis and an end portion;
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menber; a second coupling nmenber novabl e axially al ong
the tube for noving the ferrule into gripping
wengagevent with the tube, the second coupl i ngPOEIRINNG/036436

havi ng a second surface that is not parallel to the

first surface; and neans engageable wth the first and

seco ik b i engagement, said

coupih G AEEReriy (S Ne el 516 BEjACh BEcRte engas
first couplihg ffertiber Baydn s tubk lseckfeit fortreinipg thegenrwetiem, of1ke tube;
apparatus as set forth in claimwherein said neans for
drawi ng i ncludes nmeans for exerting radially inwar IY .
di raederade ayvebleowxislhe afongsthe wp B¢ SREageTINEFEYL s34 first coupling
An apparatus as set forth in claimwherein said first
and second surfaces are on first and second fl anges,
respectively, of said first and second coupling
me AB nRRsradids as set forth in claim
mhggg#ﬁn%éﬁﬁﬂ@%rrule ?i axially driven by the second
coupl i ng menber against the first coupling nenber to
gr i p t@fekds Slampaai geatratiie akiabdoreé bhtvutenrsaidafirstend second coupling
rotation between the first and se qhd oupl i ng
members tpgieyesaid famule mtp gHaPmEERE3Eymeat %’g‘g OPPH in claim

wherein said ferrule is formed as one piece with the

secqond couplin nber,.. 1 J AR S : :

187 o QPRSP G Gjeiat. P, whtetp Bait ehier0f ‘él%gl#’a%erates axial foree
between sBidEG@t hfid@8e®al Goliplisd ndhtbese®ihoutCelipive motationibetveeenlsaid first and
Appar atus conprising: a tube having an axis and an end
second coypding ngmbepBand saikfer@iipl i ng menmber to which the tube

is to be joined in sealing engagenent, said first

coupl i ng. menber _havi ng a tybe socket, for regejvi
19 gnd PpBREBro gt (i Byt 3¥ PRt SSisotrd SRR fiprsd€ o mamber
movable Iﬁhigﬂf.iﬁ\k)ﬁdt 14R8rd Me0a8998ABPENadiM Fbrcs ab Gt flédsbbne surface that is not
coupl ing nmenber; a second coupling nmenber; and a

perpendicilapterteelaxis thepeblydo cyenaxial faep bicappriedt oesapklefglen sai d
first and second coupling nenbers to nove said ferrule
into gripping engagenent with the t .18 r at
20as dwpamBistas soh ihihelam g e"f’}éqr?fnssﬁ}%gg’fs&ﬁ’éﬁi ééﬁpoglaacr?ﬁgﬁng members
i r 8L N66RatSAE HotfdakAlel B 6hcE @GRAGAId at least one
have first %gdl]%ﬁ(?ﬁn(gﬁai@r}gﬁggllrfge\?\i I%E%égt érlyg’l a%i ve ?oﬂt ation between
surface befiyj dhefofsaitl fasidind second flange surfaces.

member;

21. A tube fitting as set forth in claim 17 wherein said ferrule is formed as one piece with

said second coupling member.

22. A tube fitting as set forth in claim 17 wherein said ferrule is a separate piece from said

first and second coupling members.
23. A method comprising the steps of:
providing first and second flanged members on a tube;
providing a ferrule on the tube between the first and second flanged members; and

drawing the first and second flanged members together to cause the ferrule to engage

the tube to form a tube grip and seal.
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second coupling nmenbers and said ferrule. 19.
Apparatus as set forth in claimwherein said tapered
W@ b@sp4300hpri ses a nmenber novabl e radi al |y i nweeTUS2004/036436
toward the axis to apply radial force to at | east one
surface that is not perpendicular to the axis thereby
24.10 K estﬁocfl@ gk 18 ﬁ)tecl o Qﬁ V\ﬁ{épél{‘i ggdt(ﬁa@@g@tépﬁhﬂ%ﬁ% exerting radial
20. paratus as se orth in claim19 erein said
force on tb mh-parulles antieds onuhé ifing amdndeeorsl Aanvgedfinemberartd draw the surfaces
second_fl ange surfaces, respectively, that are not
ClOS@ftOgGB‘ﬁ%lF‘]éY- to each other, said at |east one surface
bei ng one of said first and second fl ange surfaces.

21. A tube fitti .aS,.set JdRsglal ' o
25 24, PR oL R RS Bl B8 B TD o GG Rl icludes
providing £ fild thet iSBsHhRM as 3de pidct Wi the fitst flgnged nsatbdrorth in
claim17 wherein said ferrule is a separate piece from
~said first and second coupling nmenbers. 2 . A method _
26.conprmethod as ket fotthps obdim p¥ vlbiersim gaid istept ofapravigigom derrule includes

v RSB TSTRD SRl By LB R B e

drawi ng the first and second flanged nmenbers together

27to g%él@o& he Fétef%g[gliﬁ ckﬁ’m%ﬁlgtﬁelt E@n;%ﬁ’s@ﬁg e QY 8T prok i€ a second

grip and sea nmet hod as set forth in claim?2
ferrule on theelsd tetwedndthel fisspiand) soae flangddudesbaser t i ng radi al

force on two non-parallel surfaces on the first and

second flanged nenbers to draw the surfaces cl oser

281 og@étthethod gomptising ths stors wEt hod as set forth in claim

23 wherein said step of providing a ferrule includes

providing a ferrule that is fo d as. one.pjece.,.w th )

E he TSPSE af el pRRORSBATS iblp 4 WOR sedket L rOUPLE Fitmber:

claim 23 wherein said step of providing a ferrule

i ncl udes ovj din farr. ' Y2

fr ot Fiertle Ui Belieiofus 18 b AT SRRQEALANIM tho fis
coupling @b dar@s set forth in claim 23 further conprising the

step of providing a second ferrule on the tube between

the first and second flanged nmenbers. 28. A nethod )

conmpsingiangpérbé chnapt ofert analaforderen e feralegeroapemtbgffegiule to grip

tube jnto a tube socket in a first coupling nmenber;
andsed‘méhﬁqéﬁa.ferrule along the tube into the tube socket

and into engagenment with the first

29. A method as set forth in claim 28 wherein said step of using a tapered clamp
generates axial force between the ferrule and the first coupling member without relative rotation

between the ferrule and the first coupling member.

30. A method as set forth in claim 29 wherein the tapered clamp comprises a member
movable radially inward toward the axis to apply radial force to a surface on the first coupling

member that is not perpendicular to the axis thereby to cause axial force to be applied to the ferrule.

31. A method as set forth in claim 29 wherein the first and second coupling members
have first and second flange surfaces, respectively, that are not parallel to each other, the first flange
surface being on the first coupling member, the second flange surface being on a second coupling

member.
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coupling menber; and using a tapered clanp to exert

axial force on the ferrule to cause the ferrule to
wa@eoop/oaes seal on the tube. . 29. A nethod as Ber/uszmoi/bB6436

in claim?28 wherein said step of using a tapered clanp

generates axial force between the ferrule and the

firgt ' Sﬁ?jf'the ' e bR I le@Mis one piece with the
32'bet %enel?}tﬁ?ﬁgé %grfr ul e (211%1*3‘1 ?ﬁgul}eimﬁlgtk&cfgﬁglleilﬁg&&r#enber. go.

first coupliAgmedniied. as set forth in claim29 wherein the tapered
cl anp conprises a nenber novable radially inward

toward the axis to apply radial force to . a surface on
33.t heAf method ¢8 Sl foRE imetir 23 Paereims e Jermpierip SHed oRRTately from the

th .S to cause axial force to be applied to
fhﬁands%ﬂgdgéiiﬁkg%%g A method as set forth in claim 29
wherein the first and second coupling nenbers have
first and second flange surfaces, respectively, that
are not parallel to each other, the first flange
surface being on the first coupling nenber, the second
flange surface being on a second coupling nenber.
3032. A nethod as set forth in claim28 wherein the
ferrule is formed as one piece with the first coupling
menber. 33. A nethod as set forth in claim28 wherein
the ferrule is formed separately fromthe first and
second coupling nenbers. 31

31



