Fitting For Metal Pipe And Tubing [0001] This
application clains the benefit of the filing date of
wB R0z onal Application No. 60/481, 593 fi | BdI/US2004/036677
Novenber 3, 2003, the entire disclosure of which is
I ncorporated by reference. Technical Field O The
I nvention [0003]. | eGtn.] | IS generally
directed to thgﬂ!g']n; e?@.l’.‘.ggx’.ﬁgff‘%q%% and tube.
More particularly, the invention is directed to
[0001] THi %Pﬁﬂic%ﬁ%nf dlditdsnge dehafit bhelubiBn@ dhict &f 0% PRAYSI¥A M blication No.
shall ow angl e tapered surface and a tube gripping
60/481,593cfiled Rlovembér 32083, flleg eniire diseloswrp of wihighgs ingornomgged by reference.
[0003] This application incorporates by reference the
ent application
22 Ag dICh U ANCARVENON 5002 f or TUBE
FI TTI NG FOR STAI NLESS STEEL TUBI NG Background O The

10002) TG EFe SMapbd 44 o BRI et irhiol e B i€ fobe. More

particularB, tlePitfvb@ibnads| drectet o F1RQER KGRI chRIed: fiftidk body with a shallow
exanpl e, many fitting bodi es have a shal | ow canm ng

angle taperpdistafage andp drbsdrippinzaterices fich ax afpde of WoE eEpPpiag regs -
(12) or twenty degrees (20), for engagenent by a
ferrul.e when the ferrule is forced agai.nst it by the .
[0003]  Thigappgatipnnifearmrsfes Ry fisfargnce; te RGF b qlagye aﬂ?fg}r%eraﬁmal patent
applicatioh®. @cﬁfmg@z/é?@@ fiRabnaeBhas) §, ddte HeTUHErierid ¥OR STAINLESS
the ferrule against the camfing nouth of the body. The
STEEL TgEANGal nature of the 12 camming angle on the body is
conduci ve to enbedding the ferrule into the tube
surface to provide grip. This 12 angle is, however,
not conduci ve toBagkexaundiPhkheInyentionea| bet ween t he
ferrule and the body. Thus, the gripping and sealing
functions.are.often at o with .each ather i N .
100041 St Ercyeh of s b b s IFRR B PhiE bepdhrfied in dimension or
configura@bi,ethus NHRANC 86monAHAEAD  adbrebasipMIBhbey TREhg Bo8i¥EMave a shallow

~tothe fitting. Wi'le fittings using el astoneric
camming geeiith oy taperadefir oy dfae pxdniple sl veedeesss i(VE) wr twpely degrges (20°), for

haye dr.a cks. , For. ex l.e, .t r
engagemdif 17 PR SREVE S B SRR e | BIRRG B i gty pave o fortyive
degree (45Pe afdlesNgRirofritd Eacel thet ovmRadts thenGaruietialdrive) the ferrule against the
elenent. Inconpatibilities may exi st between the

camming gqush ol bedyg ebhe sladnd metuanef Be AL araEnsing aels onthgdody i conducive

I Wero) 0 r | RY ;
o e kTSR, 555 s FAFARGTPY S5, 5100, v,
conducivd € kstsilishinigos gbed kédl thehgeaiaike -fepulSuwniethy boty. THEhus, the gripping and

I nvention . .
sealing functions are often at odds with each other in a fitting using such parts. The sealing function

is often enhanced by adding an elastomeric seal element to the fitting. While fittings using
elastomeric sealing elements generally seal effectively, they can have some drawbacks. For
example, temperature limitations may be placed on the fitting because of the presence of the
clastomeric (non-metallic) element. Incompatibilities may exist between the elastomeric seal
element and certain system fluids. In addition, seal clipping or damage may occur during fitting

make-up, or the seal element may fall out or be lost prior to fitting make-up.



[ 0005] The present invention is directed to inproving
the sealing capability of a fitting that uses a
wo paosiomsy2body and nut of certain conmonly usedPCT/US2004/036677
di mensi ons as descri bed above, while retaining the
gripping capability. This is acconplished by providing
a netal adaptor rgng tha tively in a
nmet al -t o- net al {9 e &f y, while
presenting a | ess shall ow cammi ng nouth for engagenent

[0005] Tthypfr {fﬁﬁéﬂt Et&r%ct%@'f@'nﬁﬁfdsvgl% @k sBﬂfngcaﬁﬁ.‘lﬁﬁbﬁﬁf a fitting that uses a

|vetuegr|p flurd d vibration
ﬁttmg bodyr aidemtti afrcertBini @inDesy rispd dnnensronsrlae dexcaied ghoyeo 0Bl retaining the

N A R O —
a metal-tJ—frl;%le LR nEL b AWNG e ARIAGT ribiile OftehtihfI@ REEERAIIRE camming mouth for

odinents n view of "the acconpanyi ng dr aw ngs,
engagememh bym fdro0® 7]This Gmbinpgomef @atie ¢hales G%tht"ﬁetubﬁ\%lﬁt ilgifl seal, and
a single ferrule tube fitting including an adaptor
Vlbratlon]?rpf?ﬁtm]f 0008] FIG 2 is another enbodinent sinmlar to
Fig. 1 including an adaptor ring; [0009] FIG 3 is
anot her enbodi %ﬁ;# Enﬁ%nmﬂe%rﬁlhgl udi ng an
adaptor ring; er enbodi ment
simlar to Fig. 1 including an adaptor ring; [001 ]

[0006] T}HeGancis olt®r agriRemdesivaliapends ﬁllerprbs%ht trveftign will be apparent to those
I ncludi ng an adaptor ring; [0012] FIG 6 is_anothe
skilled inethgoati feom the¢ @leng odasergption ph é}l%ﬁieﬁ?j“feélne@ﬁ%‘ﬁpﬁpts in view of the

0013 7-9 are schematic illustrations of
accompa“am%?‘?fa a&’a% or rings that are other enbodi ments
of the |nvent|on [0014] FIG illustrates another

[0007] FIF&SS?%?{ Ef‘l &Qrdéﬁ@@f e et 18 laide®s fenhu@e fubBEittirgt ihtlagding an adaptor

I'lTustrates an adaptor ring used with a
ring; two ferrule tube fitting; and [0016] FIG 12
illustrates a self-energizing effect of a tube fitting
of the present invention. Detaile SCri t|on O The
[0008] Flm@emmrﬁhﬁr[euwiﬂrnqrﬁsm}ﬁm El@elﬁfi ! %%ﬂa ROTEHSe of a
ferrule is camred inward toward and into the tube by a
shal |l ow (for _.exanple, .12 0
10009)  Fighgds Gupberrheatane it 14 Fishd mafyre HpEBidrdfls g
SU|tabIe for effecting tube gripping by the ferrule

[0010] Flg% élyls %no ﬁ%r oMLyt sﬁ%ﬁa@ltiﬁlgeflflﬁﬁﬁ%ﬂ%aﬁa@&%r fiy; t he

erru e “ot her a steeper (for
exanple 45) canm ng angl e, can be better to

[0011] FIG. 5 is another embodiment similar to Fig. 1 including an adaptor ring;
[0012] FIG. 6 is another embodiment similar to Fig. 1 including an adaptor ring;

[0013] FIGS. 7-9 are schematic illustrations of portions of adaptor rings that are other embodiments

of the invention;
[0014] FIG. 10 illustrates another adaptor ring used with a single ferrule tube fitting;
[0015] FIG. 11 illustrates an adaptor ring used with a two ferrule tube fitting; and

[0016] FIG. 12 illustrates a self-energizing effect of a tube fitting of the present invention.



effect a seal by the ferrule but can be | ess effective

at produci ng the needed grip. The present invention as
waele®sioidesl bel ow with reference to exenpl ary (BCE/USZIN4/036677

limting) enbodi nents addresses this issue. [0018]

Figs. 1-4 illustrate different tube fittings 400,

400a, 400b, - agd, 4005 O A n Wit e | nvent i on.
The various f ' fering
features and conblnatlons of features. A tube fitting

[0017] In hﬁnﬁw&f ﬁ@ﬁl@@ b hbsel dTe REREER calMYRINhivard fard Bed 46 the tube by a
nmore-of these features in different

shallow (fcmﬁampéﬁ i18hsr 202°0) caml]nimmfang oniapered pridacspnahe fiing body. This angle

is su11:ableaf{;;lg%tfii gﬁg gﬁ% qgeby %\73 %%ﬁt olt' ggtl&hltnitoé g%o l‘éﬁ@ctir% a seal on the

body by tﬁe”f@ﬁ’ul%l Or etk tnd, Z&teeﬁbﬁ(féﬂ éxtanfpge 459 daﬁﬁhmg aﬁgla can be better to
driver or drive nut 440, an adaptor ring 450, and a

effect a s¢adrinuthe BoRle blﬁeca@jol@gllqu@ffgwet HebraAysing thg ngfqi@drggp The present
enion S48 RGP 5L RIS gy SO NG ) s s

this issue.fi ttings, as descrl bed bel ow. [0020] The tube 410 as
illustrated has a cylindrical side wall 412 centered
on an axis 414. The side wall 412 defines a fluid flow
[0018] Flmswgmsaaﬁ diffetehietube fistimgs0400T 02, 98 senfed W0 in aggordance with the

invention. a%ﬁ% VAQuUS é]tgggsu d?(#ﬁ{)tézrlgflﬁg [ {‘lﬁg g&%t&r%ggﬁ S&gﬁilﬂn1{1 dpf Cfeatures. A

tube ﬂttmgCinCa,Q?f@tﬁaﬁ&l WAN 16 bicBéH: iig@dntiph Res ifludt bieoemborantithese features in
rying dianeters, including those commonly known as

different dontbénatipnpe, and condui t . ) [0021] The body 420 has a
cylindrical inner surface 422 centered on the axis.

o015) SHRSEALL 205 422 el s, o ke Bty e SORAEY S84 oo
with the 114@6911:1'333&9{156615%%{1@%@ S ﬁﬂ)@ qﬁi‘O EORNBBEYEI® nTl‘ﬂ@ﬁtufn?MOO includes a driver or

440, as describ ow. The
drive nut M@ tammgaléltﬁf)nng 450 aptl ecfeltrmleéi@al The tade 429 ped fedlyivemgt 440 may have

t,h b dt h
some “Sie" RN GBEESGY (R BOROT o HESRG L 435 ey found on

Q02814 ddigwbody 420 has an annul ar end surface or
sonmfﬁﬁﬁ%gé ?ace 428 that extends radially inward fromthe

thread convol ution 426. The body 420 al so has a
[0020] THd tubt aCORs Ualsiraed g cylmcfmabsm whh@é P edntexedfoncam am)414 The side

t hat t ends bet t f 422 d,,t
wall 412 §gf?meg§a§ﬂlzgglsowr§§\g§§nrﬁh pig g jgr 3’@10 EQIB%W}PS Qvg 1 422 hah a cylindrical

l 4414 NANES ﬁ)if%[@ﬁ ahy t@aboegdbeentintedded to cover
outer Swﬁﬁg 48 tc?%t%gﬁa&mﬁhﬁga%gsurf ac(e 438 extends at about a 12
hollow cﬁﬁ@rﬁalt pipthef diffesent Inhd VBngng alameterss nctualeeg #heee cgmmonly known as

tube, pipe, and conduit.)

[0021] The body 420 has a cylindrical inner surface 422 centered on the axis. The surface 422
defines a bore or tube socket 424 in which the end of the tube 410 is received. The body 420 has an
external thread convolution 426 for engagement with the nut 440, as described below. The fitting
400 is adapted to seal between the body 420 and the tube 410, and to secure them to each other so
that the tube does not come out of the bore 424 in the body.



presented radially inward toward the axis 414 and
axially in a direction toward the drive nut 440. The
wae amviomy2zur f ace 430 is | ocated adj acent to theCHUSIOEE36677
422 and defines a camm ng nouth 432 of the body 420
that is |ocated adjacent to the tube socket 424. The
has t [
0022] o Biely 420 nfi s, b fi3RY St Ror EAE IR PASTRY 33 Rnfl sl fmvand from
the thread Tl@vEKki¥RI426 Th bédp 4 Malsodes a fifistosenicall danuning ssurface or tapered

surface or inner surface 442 c on .t he_,ax
surface 43fhibat exﬂrea«@ebethela i wos' sitbiop o od dﬂ%ﬁ&?&%ﬁf% #38oftic camming
surface 43! g&e aX| i %5@? to Ahe %)élls 0Qat | Bpoﬁ@gkéhﬂ)]ﬁrf%ﬁ@dﬁleﬁﬂcﬁs shown, the

Space rom-t i nner surface 44 t he nut
camming ElﬁSacéM?aIOrﬁ)@cfmlalat tahmﬁ&dllfomgﬁ ta thenaxisg14. orTh@rr@agmng wtirface 430 is

e e S ot S 420 9P DGR e st
The camn{i%&nf’&%@ 4?6 ?silosa%&d?&ﬂ ScehP@i Al burrapd2a%h@libimdaotcaBeiing Rfouth 432 of

er surface and the internal thread 446. The
the body 4110i thet fsdowtaﬂadjmem&eatubeawcwgé% tBhe brdyaddOshasap edgg 434 at the

e e SR AP YA, S Tn i o

1. the drive face 448 extends at about a 45 angle to

[0023] Tﬂgﬁv?%éé@#]zéﬁ 1&&13&?;% fildf EMEAABY ! sBridBY oG &H fifacd MNcentered on the

aptor ri'ng 450 and the ferrule 302
axis 414. arlee hiatrt elelda:ﬁhb@a %pmc@%éﬂrm@nwhlhh tbler tube ﬂ@o@ttemds @t a location

ity e 20,878, 05, BO0C 128 e ket (6 159, v
convolutl&{]&é dfalf 'éﬂéaegeléﬁggt witR B2 telig (1BEAPLLY ol 1h8 %o&§ QZG) n the

1 has a radially outer portion 452
and aradially |nner portion 454 that are joined by a

[0024] Tl{éel‘ﬁh A hdsOR S coniba drivieesurface ok @mVé&aceoma et adwptlm radially and
ng 450 has a cylindrical] outer s g 458 t E d
axially betsxecartie 1rp@r awrfase 448 anddhesteny fhrea HaEo e (drixg faqeqd extends at an

angle to tgagygggé ragg E:I%séhﬁgd ﬁﬂgﬂl?%\@%%hé‘ﬁx@aaﬁh a&%ﬁﬂ? %Qrdttﬁé‘body 420. In

nwar romthe back end t he outer
the embo@iHehPgRwWASE Fig.N. thetirive thdeotd Sreatamds att abotrh@4 Hlangte to the axis 414. The
surface and to the axis 414. The back face 460 is
nut drive prgle may bg ofier M’ n a direction toward the nut
440.[0027] The outer portion 452 of the ring 450 al so

sy S SRR Bk B B 0 BB S e o i

of the nutt44dl ;@GhHE BEIPIOTE hd Rlablde riapUeo csmbé ,Ane nesitndt bef inede from the same
axis 414. The front face 462 is presented axially in a
material agitheferiutaB3@war d t he end surface 428 of the body 420.

In the particular adaptor ring 450 that is shown in
[0026] Theh i s A0 S dhe aggodipt o Bt ohm Shedififl BlieP Hbiith 452 and o
radially iR batioR 458 that Ofe foltfed B3 GknebR p6rtion 456, The outer portion 452 of the adaptor
ring 450 has a cylindrical outer surface 458 that extends parallel to the axis 414, The outer portion
452 of the ring 450 has an annular back face 460 that extends radially inward from the back end of
the outer surface 458, in a direction normal to the outer surface and to the axis 414. The back face

460 is presented axially in a direction toward the nut 440.



[0028] The adaptor ring 450 has a camm ng surface 464
that is presented radially inward toward the axis 414
wanasak®es i s presented axially toward the backrof/usive4/036677

fitting, in a direction toward the drive face 448 of

the nut 440. The canm ng surface 464 extends at an

angle to.t [ i j - | i
r0027) - T R ppfichfo ity g 4sIg Rus nEph Ry SRERACTD oy ppfgpds radialy
inward frofd€hd 68 lenp O theodutdiSshrfatc 458 indajiteotion homnal 56 theasuter surface and to

. cylindrical inner surface 466.that extends parallel .to
the axis 414 hbdrantdaos AO0%{S PROARER] SHARRISLS SERIaT P BLT (e SRt sy 428 of the
| g, wliGh S at sSAaBWY if BELI1Y B A Gadd R ter
oy 420, Ty AR G, AEP8G0BLIodabhL f S5 11O P02 gt
radial extepuitian tisdbdcR Cacodbs, fif ekdrepletive Wik the eddaal extentof the bagkgtace.
400 is made up. The adaptor ring 450 has an edge 470

at the intersection of the inner surface 466 and the

[0028] Theadnptogrisgf$Gbes aeammimpogofcerfed thahispresspied sadialiy mpyard toward the
. the.ring 450 has. an I 4 t . .
axis 414 apdraie 8 &t 0 GRPY FF shoT npARER I8 ol iRt poward the drive
face 448 dfMh@neli446C The Rameding burfactdoe ckiends atsmrdngleetodhelatie 414 evhich, in the
. axis 414, The front face 472 is presented axially in a

embodimefit ilitstipisA in Bigad dis eAENBEREPPRIt ABUL h 432 of the body

420. The front face 472 of the inner portion 454 of

o1 R s b 8 g g g s
parallel td ﬁ%taﬁiéulﬁf"gl?hetihﬁ& dusfatd 864 d6Mies hawee 46R2ir0Whichahetiber410 is slidably
por

Ion 452 of the ring. A chanfer breaks the eu%%e
received. dBfe inaet duyfaseifb@orcrliepantiiy spagetpart 4rom theopyar suriage 418 of the tube

i nper. portion of . the ri S . .
10, b EREE SO0 Blac U AP Rl b 2730 e imrection o
the inner §daRE 26H RRTIHS chiehihg Qniitackd64 472 of the inner portion

454 of the ring, and the front face 462 of the outer

portion 452 of the ring. The engagenent surface 474 .
[0030] Tleeimbepartion nigheofcthnainged ¥ hs anannwar freefefacod7Adhatratends radially

series.of concave or pl.anar surfaces, or ' ' .
o G5 s S b Eaei M B S BRI LR wis a1
The frontjfé e ﬁ@?ﬁks%fe%té@%alﬂ)ﬁ i h Antedih Blvatd eheashaphiag houth 432 of the body

, extending between the front face 472 of the i|nner
420. Thepfoorttifare 434 fdnelinnkepdrtiont54 afhieade ip farthee foswpgd in the fitting 400, that

i G P T SRR SR 7 A et 102 o

outer porfif4 P ofitheriR@ N cheh férheedke pRsddge definkel tof surfaee d6apidsurface 472.
ring 450, the camm ng surface 464 of the adaptor ring
450 spans the neck portion 456 of the adaptor ring,
[0031] Thkxi@eohagioh et wieaddphe Hingé50 slso has en 46&eament sisfagadi(4 that extends

pecn b eognlo oM Bl P S B 5725483k S g e ot
2. e P e R OB, v 0 g1 o
planar sutfategor pray b arsed&Lofomncawstor planar surfaces, or a combination of various types of
surfaces. The engagement surface 474 spans the neck pgrtion 456 of the adaptor ring 450, extending
between the front face 472 of the inner portion 454 and the front face 462 of the outer portion 452.
The engagement surface 474 is presented toward the body 420 and, specifically, toward the edge 434
on the body. On the opposite side of the adaptor ring 450, the camming surface 464 of the adaptor
ring 450 spans the neck portion 456 of the adaptor ring, extending between the inner surface 466 and

the back face 460 of the outer portion 452.



Specifically, novenent of the adaptor ring 450 in a
direction axially toward the canm ng nouth 430 of the
wh o/ 0403 i s bl ocked, as descri bed bel ow, by ePQEHUSI0841036677

of the adaptor ring engagenent surface 474 (or the

front face 462) wth the body 420. [0033] Wen the

fittin
00321 Thp iy iy 13 1 oTRAE stiBuas e RCordllh i I AR @ pogtion 454 can
move 1ntodﬂhé e@tinting tfouti 632 eof theabodsi é@/ﬁad;vhlha thi gadla_ljy oiﬂiee pdﬁlon 452 can not.

rive face 448 of the nyt .en

S the c
SpeciticallypEcmerpu e toaPiRETEARD T & LRAS TS RGN HDHs ARG INE mouth 430
S by ! t ShehdadHtctlen ot t
o e boffith i bRRSEE L ALY o ARt BN 051 HAS ogogomen
surface 47ddapthefront fige 46D). with@84jodyH&0.adapt or ring 450 i s noved
forward by the ferrule 302 until it engages the body

420. The eé(?agerrent surface 474 of the adapto

[0033] Whgnthe Aiftrg ﬁéﬂf@Gg@ g aup A4Q incightenpd o dhe laodgcqmagnc}amoves ax1ally'
f.or t.he [ e Ly

vt 0 58 SR AL RHISTRR AR of e

engages thePWrkdvdlhs2Hetiic 4dtule 302, Thy frenls 802 efddrbvyansfemardgmtﬂ it engages the

torque on the nut 400 to determne s c
adaptor TiTpAS haahe vFser A E A eI GreaurBe decheckiace B o 8 adaptor ring
450 302 and the body 420, and the ferrule is captured
' bet ween the adaptor ring and the nut 440. [0035] The
i nner portion 454 of the adaptor ring 450 is |ocated

[0034] THerhd'éf)‘t%r ﬁﬁmm B fofRZd By thd €rRelJ02ARfi1 it @thagdd the body 420. The
he camm ng surface 430 but not in

engagemeah gla@a;ma‘l% ofi ther adapsorcrimsiHQ) ergasea the, edgp idf pat thg bogy 420 to act as a
t he, adapt or i.ng 4

s tor ASEBUREG, EI0 S 00aSAE0RG AR ORI S GEER, of e spi

ring 450 toRad ek B 4110 Yin@uhayebe safsed bg seasing hgqseion almﬁenuﬂG(D(bfo determine

t he bod and ax] ally between th nd f 4
sfficientuhi o bR gingr30s FRciEred isony e SHE 336 A Gisoeqdy 420, and
the ferrule 1 cagﬁu&ﬂget\%d' the a& as{'rﬁ@eaﬁzl dftHE ﬁlIRQMO the ferrule 302

ressed and p y defornmed, and is driven
into gripping and seal i ng engagenent with the adapt or

[0035] THd igﬁeﬁé&naﬁ dskhe tﬁél h@apfokQingThs0 fselotatke 8@ dmmminigngeuth 432 of the
[ or” col and may be hardened to nmake it nore

body 4205 wadiallyt &viand ouisﬂ@e pAmpIneh surfasp A3Vt yios ik SpSagsTSBhHiththe camming

surface. gﬁgm?l‘g%l}fﬂttge @ﬁ?@g dtgglorgtéﬁ 0 nc%g%gga}ﬁn[tﬂg g’% L r 1;%9 @4‘5;(% 0%“1?'3 outer portion

452 ofthélgwwnﬂg HED, is @ab@IradibAn otiiverrd 3f thersainngng mmffmeemaﬁ the body 420,
the body 420. Thus, the nose 310 of tZSPf] rrul gﬁ@

and ax1a11y§t>et\a¢ﬂméhe erhifaae #28 piihaPady #ykihe deNe facsd:

by a 45 camm ng surface, rather than by a 12
[0036] As the nut 440 is tightened further, the ferrule 302 is compressed and plastically deformed,

and is driven into gripping and sealing engagement with the adaptor ring 450 and the tube 410. The
ferrule 302 may hinge and/or collet, and may be hardened to make it more suitable for use with the

relatively steep 45° camming angle of the adaptor ring 450.

[0037] The nose 310 of the ferrule engages the 45° camming surface 464 on the adaptor ring, rather
than the 12° camming surface 430 on the body 420. Thus, the nose 310 of the ferrule 302 is cammed
radially inward toward and into the tube 410 by a 45° camming surface, rather than by a 12°

camming surface.



canm ng surface.[0038] A seal is established between
t he engagenent surface 474 of the adaptor ring 450 and
w0 b@sodyes 434 of the body 420. This seal prevePtBUS1004/086677
fromthe tube 410 frompassing radially outward of the
adaptor ring 450. This seal is not a sliding sea
that i i t. of et t phgn r
ooss) & s SR Bl Bin HIE 05, SR AR PH MR i 50 anc e

edge 434 &qﬁy boééymm NThigSkal prévenadapd Gont thegubksoL( ﬁotpqmsﬂmgleidyally outward
fromnovenent relative to the body 420, an <hed wh
of the adalviherleg a0 e i seglLijsgt @ shgmgsails thabisy & 1qf of thg Gypg established when a
t I ¢ Mapt 450
et FRFRPRIE o SHEpUER 21 (5 01 1y oot st
is positively§i6ppeliGirorh @ﬂﬁ&hleﬁmﬂdm’e tts el bodsf Aé@t aiyl thetvngagsstentarface 474 thus

the nose 310 of the fe t he, canm ng
seals in aﬁeprad FpEnglsagaypst tﬂPFee%ﬁ?a fe‘ihP %@dlisgfhe&dﬁﬂ‘ioif HingA0 Gogs not have to
M@en the nose 310 of the ferrule 302
eﬁdﬂwh ahﬁPE%e 410. These seal s together provide the
deS|red sealing function of the fitting 400,
[0039] ArRFIRY Q&M iiestadlidhel tsdtwaems SioBg3 TR ke [fyrrila3a2 dnd)thet dammmg surface
adapt or rln% At the sane tjine, the nose 31Q

464 of thefssaplok 6ingO0; <A Hhitd Ael  Apieblished RevGeR dpe B“?SG@H@ of @B“efemle 302 and
the tube 4?@ n”gbgﬁefsgéls tﬁ 9}%? g{()%ltl#%tr}hé tﬁ%élfélgosrégﬂ%%ﬁf}t}]cﬁ{ ﬁf ethg ggc‘?rl@ 419, preventing

fluid froma}ﬂ@mhg waliglhyoin@idof thbadsiee mgi gt t}mmam@ tfroe) ¢hé msedﬂo of the ferrule
the fitting 400. The undersid ﬂfa to& b qﬁ q&% blocki
302 is driyen dwafthemaerial of dhs Blesticle o 4 ks Yoragral sty ocking
t ' Shus BHSVvidi ttl'ib tibred
ot 158 s ABLE ;B L0 20t M s i
function dffhé Aeingn400e aﬁlmjulgferqmddaeﬁ‘élﬁlaﬂawﬁr tihg cap be apmfigrged to allow space for

the chip o BYViBE a8 OSuTIIaP P EAARA TORE o TR "TIfbony. PRGicqgtor fing 450.

C v AeSn@kadel 2riRARBERY of thBd2° Eﬁﬁlﬁ(ﬂig furfice, decause excellent
theﬁﬂu% Iué@%%teéga tﬂbeaflg??ng 400a that is simlar to

t he

grip is prdVllﬂ]E@l fiar thenfgrraBEB Buthatisicemmed éstoghel fuop dydhe 4%0@9%% Surface of the

ring. The fitting 400a, for use in coupling the tube
adaptor fif80 t o t he body 420, includes the same drive nut 440

and the same ferrule 302. The fitting 400a al so

n ut which uses a

oo ighFFHIEHD BUEREN ARPAPBRNIED o s o
different SR@@ririmgal The ﬂitmgtéllﬁ)éa afdapa;eom aaupgnglﬂ@atub@ K0 mmeahqdy 420, includes

oo bR B 2550 15 6 Cere ol TR X cor i s
which is gﬁg@%rcﬁﬁgfen ﬁl@ aﬂZﬁ‘t@r kiAo t4Re BERRALIAIFIEI NISH&DRCAY, in the adaptor

ent than the engagenent surface 474 in the
ring 450Qdhptradialiy mmeﬂ@ibrﬁdn()@%] isThiéfereatiitlean) {hei nadietly gomari pogtion 454 in the

454a of  t he_ adapt 45 has
adaptor r@grﬁSOg Urlses R en p{]agface gﬁ% 4 13 a% i %Smg 450a is different than the

engagement surface 474 in the adaptor ring 400.

[0041] The radially inner portion 454a of the adaptor ring 450a has a convex configuration including
a convex outer surface 478 presented toward the camming surface 430 of the body 420. The convex
outer surface 478 merges into a concave engagement surface 474a that merges into the front face
462a of the radially outer portion 452a of the adaptor ring 450a. The resulting configuration of the

adaptor ring 450a includes a “bullnose” shaped inner portion 454a that still fits into the camming



a convex outer surface 478 presented toward the
camm ng surface 430 of the body 420. The convex outer
W@ nsaew2378 nmerges into a concave engagenment BCT/U82064/036677
474a that nerges into the front face 462a of the
radially outer portion 452a of the adaptor ring 450a.

he. res [ c f' tion. oft d ring. 4
mouts 45305 oty P8 PALBEE BB BTN SRl enmne
camming rfa{cla 486 b8 tHeMoly Wien SR Hiing #00d B dad upf the body 420,
that also projects radially outward sufficiently

to engage the camm ng surface 430 of the body when the
[0042] Whér thieigivé 008446 pishde therferrfle B2 |intdlibe adapeorctmg/@ Qaythedd@ptor ring is

pushed mﬁéigg@rhgrﬁ ﬁ’fbl’[e}{ él%h{e?gg{%é : %E otggglgg:dégr%? The | n 93!98 é§7 E of the inner
portion 4% bf (RS aG M i 1s fgeg 1nt6rh%a99ﬁ@'geﬁb‘ﬁtf@ﬁl@ tlfe7§a1ﬁﬁ1ntgrk@rface 430 of

ner portion ptor ring is wedged into
the body 41@ hThe regimj]@n@nendmg fronthiace 402a ofths wuicpe Y afi{be adaptor ring

ot i o P Ty T
surface 4',91 el ARlaptof ﬁﬁégg% 129 oAy Bt gagSthefedpb @3 botitic body 420.

rovide a stop. The concave engagenent surface 474a of
the adaptor ring 450a nmay or may not engage the edge
[0043] In4§é’relﬁf)odligﬁnb@1dﬁdg42(ihe hOpR|ridgd 30a s H’Ithpdsi;edéntwm the derrule 302 and
the adaptor rin 450a|S|nter et ween t he
the body Fi3pr 1 Ehabghe B 4 HEOB iy ersls SGEMTE 1P HusBEsTgg 464a on the

adaptor rfnga {tﬁérr {‘1’151? tﬁ@ 939 %Mﬂ]ﬁ%%ﬁfgénmm On SHE RE§ 464aA08kal e established

rath camm ng surface 430
between thé c@ﬁm&x kamtby sdﬂ’ﬁl:e 45 8smathe raliadlytinhdripohtéeh S¥tavd e adaptor ring 450a and

convex outer surfa 78 t he rad| t|on
the cammmwr@ceﬁﬁ@oga%w% tn g S ERBPBR G el padR 310 of the
ferrule 3(%3 OnPhet DR stBle 48090heNe 8@pkor! Sneababl isshael seal is established
et ween the nose 310 of the ferrule 302 and the

between ihamondl Gof thaderrdle 492 chd thetubd 4p .0 Thesesalsgogether nrayide the desired

. seal is_established ween .t he..no f
sealing fgRo S HURAAO A (it G faits 31D o pus 3 302 is drivan into
the mateﬂ?il %Y'tﬁjeetlib@%l@e;§|tbﬁﬂ aS@Abiallg rhdificshoallep?76 hﬂoéklﬁg tamgoval of the tube
. At the sane tinme, the nose 310 of theferrule

from the &ma/ 429 apdithesrprovidingthe desired graping fungiien of the fifiipg fida.

form a generally radial shoul der 476, bl ocking renoval

o RGNS Tl 7000 MBI LB i
I t d
it g PSSP 31 I R0 o,

the samedirifvé anedt0 adiahe same ifergile 362 (With & ishertengd baclf ‘@ylall 324). | Fhe ﬁttmg 400b

also 1nclu§d§?rgr|1 aggmérhﬁleé Hg@owéo t1$ f]lli egeélggrd tﬁzl%gald eptggéﬁg 939 %ﬂo%vn in Fig. 1 and
2 The fitt 400b al
from the gﬁ%ﬁgggd“ggagg%‘g?girmrﬁl }F% 4502 V\,Ihl clhnlgs di ff Zr 2gt from

the adaptor ring 450 shown in Fig. 1 and fromthe
[0045] TBEagdpedr digWSoba0a anlomeer portidsi 452bZhat is longer axially than the outer portion

of either of the rings 450 and 450a. The outer portion 452b of the adaptor ring 450b includes a nose

portion 480 that projects forward (in a direction toward the body 420), overlying the inner portion
454D of the ring and extending past the surface 474b. The outer portion 452b also includes a tail
portion 482 that projects backward (in a direction toward the nut 440), overlying a significantly
greater part of the ferrule 302 (in the illustrated embodiment, over most of the ferrule) than does the
outer portion 452 of the adaptor ring 450 (Fig. 1).



[ 0045] The adaptor ring 450b has an outer portion 452b

that is longer axially than the outer portion of
werdokmu3oes the rings 450 and 450a. The outer pRPCT/UBIV04/036677

452b of the adaptor ring 450b includes a nose portion

480 that projects forward (in a direction toward the

[0046] wﬂ‘a’%x aihe 4o SR p! R RAGh PROSL iR dPi ek 4808e the adaptor ring

engages tROEhd ERc 428 k2bf Ethés Bodyn42ttesct as taastdp femhévemehB3f theaddaptor ring. This
projects backward (in a direction gomard t he nut 440

engagemesy Hrity ifvdhes na,qvgmem oahe p@apgqréa%ge% ap ¢ dyectigqstomard @P@Ody 420 and
provides Sggali) tQSeEIF ﬁla Mgg e out A Brgeﬂ‘fe' nos¥ 950 %?ﬁ{e Rfrufe™2 engages the

rtion 45
camming adﬁ'&ieoﬁt64bldfghe45dhp(d?l rthg 45)0b[t6@>4@]1d6/% eenlt dnel ik ichininreg id0he tube 410,
is made up, as, shown i n e@ﬂe nose portion 480
as describgdl ab‘h‘@: b g tPlpﬁ%j"l@‘?]@%\@%gtl?% d face 428 of the
body 420 to act as a stop for novenent of the adaptor
in hi s age ntI"t- f
[0047] ng ﬁ} otfxr ttipg #55‘[%558161“? téﬂaﬂigqrﬁéﬁ Q?ﬁ ﬁ%\é?%ﬁ{%b rgf tﬁgeo448 of the nut
440 to asaéﬂ Gtop rt@ \lingie snovefiRad obﬂievm n4ohia aa@i&mmﬁ towmd the d)oﬂp e20. This can
body. The nose 310 of the ferrule 302 engages the
provide teyauasensing (o ensute spéGeierimulng ofdbapiting A0 4500 to

prOV|de a seal, and is camed into the tube 410, as

bed ab , . j d t. d t
ooss) TSR3 e SO 1 8 LS 5BaR 8. R 4000, ana
1nclud1ngta?‘ﬂ1¥fefé%f b MorAdd SI0RSS%R. { TR Hiingei0Dachr ﬁg@lrpéo@hﬁg e tube 410 to
to as a stop tolimt novenent of the nut 440 1n a

the body euz@ cntlindes thowamel dtile niodfp. 4Pie: fitting $0Ba plspriesiidrs acdgpier ring 450c
which is e Serrlltg% F ﬁ@p%ors %{1&% 3%(? gogugrlld 4B bmc Tthh it 1hé t48§cg also includes a

57a tu e fi t|n

ferrule 3626a&métﬁs%&ﬂt@réﬁrﬁdn@tﬁdrerrﬁletﬂoangs 400, 400a and 400b
including a different adaptor ring and ferrule.

The fitting 400c, for use in coupling the tube 410 to
[0049] ThdBadkosiyll 324); of el fartels 3(e extomds crdially owiwariGuthhthan the back wall

524 of theg RTINS Dot HUSpEaROr gt gk AR o ffe Hute 302¢ i

Igg 4g.ng 400c also includes a ferrule 302c
presented\‘/]\té%]hdt %@Herent fromthe ferrule 302. [0049] The

back wall 324c of the ferrule 302c extends radially

[0050] TR&bURF gof’tﬁbﬁtiﬂ% dfhae atibygobaiak 468t linddesof tailngorfien M8Re that projects
302 (Fig. 1). A stop surface 480 on the pack wall %%40
backwardhfin g Herostian lahards e gt 440 eualying TawdcatbhEeguparhopthe ferrule 302

than doed t%g I%g tor -éggl%oﬁ lof R dda ﬁfbﬁ glgg 9152 €gFlfgh £). afiaPha E)Oﬁ!(dﬁ%ﬁ@ Q¢ the adaptor

portlo t “proojects
ring 450d inBludedla 5i6p Euﬂa{betmahatt it peesented 4@y d thewert U0 agd éhe back wall 324¢ of
nificantly greater part of the ferrule 302 than
thefel’fulléagcthe outer portion 452 of the adaptor ring 450
(Fig. 1). The tail portion 482c of the adaptor

[0051] The inner portion 454c of the adaptor ring 450c is elongated axially in a forward direction,
compared to the inner portion 454 of the adaptor ring 450 (Fig. 1). The inner portion 454¢ of the
adaptor ring 450c, like the bullnose on the adaptor ring 454a (Fig. 2), moves into the camming mouth
432 of the body 420 and engages the camming surface 430 of the body. The inner portion 454¢ of
the adaptor ring 450c seals against the tapered surface 430 of the body 420. The concave
engagement surface 474c of the adaptor ring 450c, and the radially extending front face 462c of the



ring 450c includes a stop surface 486 that is
presented toward the nut 440 and the back wall 324c of

wo b@soeroel e 302c. [ 0051] The inner portion 45BCT/0820041836677
adaptor ring 450c is elongated axially in a forward
direction, conpared to the inner portion 454 of the

ovtrpor@EPERL st L s DB B, AP o e e

face 428 &¥OBPbedy.ri ng 454a (Fig. 2), noves into the camm ng
nmouth 432 of the body 420 and engages the canm ng
surface 430 of the body. The inner portion 454c of the
[0052] Wheha fedfitting ngoaﬁ@mdseal, theastrn susface A% omphwrieid periohak8@c of the adaptor

ring 450c ﬁgégeféftﬁ%] %gg g 80 ppﬁg E%%gveglgﬁgﬁig(ﬁgcﬁggm S?é} PCKt the same time,

the front ?ﬁge%'crl'ff thé AldptéERs 466€ cdaghd BRUSRI sRREE YOB AFIRE bBdy 420. As a
he ring, may or may not engage the edge 434 of the

result, thebouib;cr p@ﬂloarrtﬁlzo roftthe adapdorf meg 420@ et theH@CBcw,ll 32406bthe ferrule 302,

ot 150 S5 B 00 A OB HEES 0. s o

provide t&qg@ga%&ngfﬂ@ esdubPsuhEibRGRIAP b fARe fiighi@ok wal | 324c of
he ferrule 302c. At the sane tine, the front face

4620 of the adaptor ring 450c engages the end surface
[0053] Fi428ilbfstrhfesa kmmtyﬁt&ﬁg 4004 faar use sutduplinp e tabe 410 foor fiting body 420. The

52c of t apt 0 d the back [l 4 .
sting body S5l RS T R oGS RRE sl 22 e ing 400
includes Q@H@éﬁﬂ%@f Thé ﬁttﬁigt%@& Q1sbIn@udts B GHAREr HANAS Gl 4 RAHk 302d.
. This can provide torque sensing to ensure

suff|C| ent pull up of the fitting 400c. [0053] Fig. 5

[0054] Thé iidh@fd%&lr@sﬁﬁdmaben Bk ehddtignok6 @0 frioat fits nté thecauhing gn(alth 432. The
be 410 to a _fitting bodﬁ 420. .The flttlng]@%ﬂ%ﬁ
nose 490 g & harp <S8R APA ghag GHERAB DS SIS BuficR d30an jups to provide a
ESTIR ﬂéfrhi\é%oﬁﬂ% é‘QQ latively small

seal betwgﬁy{hg aﬂ?]]gtor -nrﬁ%é)d(bcf ﬂsdgtﬂf i dﬂé@a@a pt Shtle3 00} aé & Yelatively sma
nose 496 ahal fas fedar lﬂ]heere&@ﬁdly §n054° cBheniad apsudln 494 n@th@':‘ﬁ@dpﬂoaﬂng 450d. The

an extended nose 490 that fits int nout .
forrule 3034 5601t AGAARS 41 A6 P e boreaaaiing s 6 ¢ BF St T 450d and grips

anm ng surface 430, upon neke-up, to provide a

OntheUﬂknﬂfpbetmeen the adaptor ring 450d and the fitting

body 420. The ferrule 302d has a relatively snmall nose
[0055] THOGittidpatodd tsesunstetiavehe positias istopl buikniatd it4Sneaad mg ﬁttlng 400d is

nmout h 494 of the adaptaor rlng 45Qd. The ferrule g
designed dabg Buléngia}pr%gw@rh@umlserwiéméﬁ themub, Shareigenseting sugaicpk pull up of the
the adaptor ring 450d and grips on the tube 410.
[0055] The fitting 400d does not have a positive stop
built into it. Instead, the fitting 40Qd is designed
[0056] ngﬁ6 by ek %C{uweOﬁ@mgw)@@ fRURDS cAfplindanebei 10 e ftting body 420. The

ereby ensuring sufficient pull up of the
fitting 400e includes a drive nut 440. The fitting 400e also includes one of three different adaptor

rings 500, 502, and 504 that are illustrated, and one of three different ferrules 510, 512 and 514 that

fitting.

are illustrated. As a result, there are nine possible combinations of the illustrated parts.

[0057] The one adaptor ring 500 has a long and slender nose 520 that fits into the camming mouth
432. The nose 520 has a sharp edge 522 that digs into the camming surface to provide a seal
between the adaptor ring 500 and the fitting body 420. Because the nose 520 is long and slender, it
produces less tendency to swell out the fitting body 420 when the fitting 400d is made-up.

10



fitting. [0056] Fig. 6 illustrates a tube fitting 40Ce
for use in coupling a tube 410 to a fitting body 420.
wab@shizoes ng 400e includes a drive nut 440. TheCT/UB100H1036677
400e al so includes one of three different adaptor
rings 500, 502, and 504 that are illustrated, and one
of three different fer uIe a
o0t TS S B £ RS b I 0 vtveen

adaptor r1ﬁ§ aRd AR fieRs %H%WZ@ Bkt rtad ﬁ@sepﬂmi & the Q0&ptdr he 50N & shorter and
adaptor ring has a | ong and_ sl ender nose_ 520 t hat

thicker infciass-sgettam, ttﬂgs @mtﬁgeﬁﬁgmqe to axial vei@pressian ynderdead. qThe qualities of

52
oA T L S S PR b 0.
three nosd dliésign@ Grd iRyt to Besataethelengib ard BR€kriess bthg naselare variables and

sl ender, roduces | ess tendency toQ t he
that the designer pajl mpﬁmmﬁ@m UHean flegliaiyse Wé&. %f ffﬁr&et lgpeth and thickness.
10[ 0058] The adaptor ring 504, in contrast, has a

o) Bt e RO GRS i o o
sufﬁ01ent{iﬂﬁ%p5@f41h@fﬁtﬁﬂ§ 8geRtigilly! tHRomkA40iis dedigiddeto Kdm out on the adaptor
In cross-section, it has a greater resistance

ring 500-§0a. aiFhedhreeahﬁﬂestsfﬁUhlea e 14 dhad areTiHastepied intHip < keverdierent lengths
d |
ot e RS RS AT e IR SB LR SBEMIRER ot on

back of t}Q:e(ﬁia rRES00L304s tTRtREe tamsb desiphes 1 0-5iet irenfidtragsddo show that the
hi ckness of the nose are vari ables and that the

size of th@l daTwnéy a vareble petthabbedesignenremsslecthfiwee) bem of Grgsglect a ferrule

with dlffe]l‘?I{tp rﬂen%if%%gr[ﬁg éh%gpglt ;ﬂit ?‘Bg I‘lgl? i EI? ent IL)% S&gl?cght &féeeffectwely makes a

seal agalrféﬁﬂle!itfamtmﬁg rh@ith uﬁth%&ﬂmeilgng medjtslynﬂnmﬁeﬁnsnmgamalpmdrmpressmn under
up. of the fitting._ Specificall nut 440

load. Thelghpignefi et CBF BAE0 Bkt T’?@elédﬁﬁt g H@h%dﬁ%éeimle grip into the
tube by thl-glqﬁn {i‘le%%t %bf)gn %ﬁm o WbIkias oBHR-addtot Had, are

ate 6 have different |engths and
hei ghts and t hus aI | ow for differing anounts of nut

[0060] A.§ 'h@ﬁéﬁ'ab@% Qhé férhde gﬂbs A40betd prevemuthe atbd frembaekingfout of the tube
he adaptor ring 500-504. The three ferrule desig

socket in 511€Of161114 thadp. Undgs bightnserswis. 8 sighifioant ameiat of f’ga@fcap ?‘?@ present in the
tube, ev%e&c%églg% a#%é(%%llgrédtagﬂd e gcttec{] ?c%rcé e tﬂ@%ﬁ&nﬁ{(ﬁl @?ﬁn? €bfpbnent that is

can errule wth erent
attached &B%ﬁipﬁfgsthe'ﬁh‘tfe chudficientofiradaptiertube, n@tramnﬂﬁ@ietmdthnndamor ring, can
0

ne effectively nmakes a s nst
breal or YpgueabASEHAUEVRANT PG T st aRPRE. |85 PETSTTRYE i pigheht this from
- conpr essi on under | oad. The choice of ferrule is based
&n to what extent it is desired to have the ferrule
grip into the tube by the tinme the nut stops agai nst

[0061] Ak E}ﬁlsg%ﬂ s&h&x@ati@ﬁlly‘ herig dARkHiosk 1580 of [HRAR@ptoARNH G8Zdhat is, the portion
, ferrul’e grips the tube to prevent the tube
that is lodatedmadioHy ngNetmpf tife capaning parface 534, can have a rounded tip 536 This helps to

avoid transmission of tube strain under high pressure to the adaptor ring.

[0062] In a second manner, the nose of the adaptor ring, that is, the portion radially inward of the
camming surface, can be ramped or chamfered radially outward, away from the outer surface of the
tube, as illustrated schematically in Fig. 8. The adaptor ring 540 shown in Fig. 8 is illustrated as
having an inner ramp surface or chamfer 542 that tapers radially outward as measured in a direction

from the back of the ring toward the tip of the ring.
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socket in the fitting body. Under high pressure, a
significant anmount of strain can be present in the

WO aws/043823 denced as an axially outwardly direcP€dUSTINGa36677
on the tube and on any conponent that is attached to
or gripping the tube Sufficient strain on the tube,

I.f, transm tie p L :
100631 T 8 i RE%< Bebulf FOBNEAL o B8 AR TR, Rlnggy s ustated
schematw'aI%b? 1R flapiodbing 540 sRewey gt hii s from occurring.
Il'lustrated schematically in Fig. 7, the
nose 530 of the adaptor ring 532, that is, the portion
[0064] Intthek maamleﬁsg:at Brrlarosietir ahdmyer, rwidhr ah ataptoly enr)emon@gmdf thew under hlgh

s B s S g RS STE T L6 O o i
can be pﬁgﬁ@& Ur tht Mse bORRA] cahbetbroRGOHE HWEYB@(Ehmg her B@ﬁﬁpl@f to dpr0v1de the

e adaptor ring, that is, the portion radi al | y inwar
desired rmfn shiagp @anﬁgmrgtlgtu rﬁoactéle Bese Dertioanpedensk pOHiNT efethe adaptor ring.

Comblnatll(?megg tgﬁerﬁlqnaactulr%et ST agﬁ %g attllsgogpgéﬁb% éﬁlr ff%gt%re?:f of! t'ﬂg adaptor rings

shown ndGBPI LY s &AlrisddoMeteincahi @uaby Iappllyl tbueSI thet @Hpas rings illustrated.
havi ng an inner ranp surface or chanfer 542 that
During ptﬂépEr theifisidel frovd\iardomel theadapier Ting comgs i cppiget with the tube, it

touches V\ilﬁ'{) 'g] 6%%] 1v$%&l|§e d‘%%l‘%t G/?thrtje%%ot% t%\/@é gul}ggs%trfabé) rt?% ik hﬁt {t%t&gangle between

the tube saghée dndune adfRB@f tripsde foasatd govisdn etttﬂael ada;iﬁmmﬂ’(g cally
by the adaptor ring 544 shown in Fig. 9. [0064] In
t hese manners, or in another manner, wth an adaptor
[0065] Figs. ntj) swl tbshavgdwe djirthéresmbadiaents o§ quomeglstmne Yige 19 ilbestrates a tube

eely, n rain t war
fiting S9fnepdig /RS B 5o RS n 4P Ref o0 4B S pBRion ofa e
596, a fel?@E 508 MreaMh JA8ptar BkeB00f Théxddpiaranty 6UD. is ﬁlﬁl[stt@tedrﬁp |h&v1ng a taper and
to provide the desired non-sharp configuration for the

rounded tp&@2. porti on or end portion of the adaptor ring.
Conbi nations of tapers and curved surfaces are al so

ooser 3 e PR g B RSl RS P e

socket 56@I ﬂecéllﬁﬁ %ﬂ%ﬁ& ?Brt{dn% dfld B¢ 56¢.ed. driMF 5N irPihe! fortl of hhut is coupled
? portion of the adaptor ring cones

to the ﬁtuutg hmiyt%@tto \liritvh attaek ferhde 572 at foons Hersulai>f f, andrraipsaptpeing S76. The

wtpor SE5 AN S et DBERESH bR SRS BN e degre

td Bp&c@Eulthe F8nondRe fitnaaod rsezt TRE a@fptériengasimHaga back face 584
twentydégil ﬁ 8065 Fi l%s 10 and \gg{m\}/’v t wo furttltjer enbodi nent s

that formsfa rblaewlm\lr@ﬁtSh@i w Fargmingrsurfape 4t Herrerseot figre appyt Jqdpgrees to about
[ udi itt] b t
45 degregsaﬁtat gsggrl?'lgglgﬁng bgrﬁl% Rgs ng 1? 8936f ?ﬁez g%ﬁ% Eégﬂﬂ@ shH AR errule 572 is

ron o
captured between the front ferrule 574 and the nut 570. Upon make up (not shown) of the fitting 560

both the front ferrule 574 and the back ferrule 572 grip and seal on the tube 568. In this

embodiment, as well as in the embodiment of Fig. 10, sufficient pull up of the fitting can be ensured
by torque sensing or in another manner, such as by ensuring sufficient axial stroke of the nut as

determined by number of turns of the nut.

[0067] Fig. 12 illustrates a self-energizing effect under high pressure of an adaptor ring in
accordance with the invention. The ring illustrated is the adaptor ring 450c that is discussed above

with reference to Fig. 4. Under very high pressure, the tube 410 may begin to pull out of the tube

12



596, a ferrule 598, and an adaptor ring 600. The
adaptor ring 600 is illustrated as having a taper and

WO omsmemd2s i p 602. [0066] Fig. 11 illustrates aPCTMIS2004/036677
ferrule tube fitting 560 including a fitting body 562
having a tube socket 564 receiving an end portion 566

soket i B ArebREe . Ao rEbuBa st P oA T efurilo b8 mucria of the
tube 410 tt)%ilé’clt@oe%ﬁlouﬁaﬁd R bdtRE.N Blugd dlder pARshrafiond apbake dimﬂ@r cavity that
The "adapt or r|n3ﬂ576 has a nose portion 578 t

is 1ocatedge@uh1§y agia\ran@ bf hertebe ¢ end ragiadly igward oethg ?adélét@’f él@g 14600 The fluid
prssure 50 A T SO BB R R e el "l PR g astc or e

adaptor riﬁ% 4BBC & predsell vt Yightt$ agsihel thovamming ngfasedBaes thd fitting body 420.
the range of from about 30 degrees tg ?out 45 degr %

The adaptoh ang 48 @rﬁgﬁgeﬁrewdtm@e sddy @é@lflﬁtdhe £803 e a fesult, the sealing
Lo ferru
oapab1htyto;‘;f el R@Z ?ing ﬁ egggﬁ‘egs%g rb%q i % git?th% %c?@a%%&'ogl%gr%ﬁg In‘é%@ tube 410.
(not shomn) of the fitting 560 both the front ferrule

[0068] Frér?f' tl?en dpbe RaGiptiodr biltRe Sihderionp tRékd siefed G tHee aftulgll perceive
. In this enbodinent, as well as in the enbodi nent

1mproverrmhtsF|cganng; alghfrfqdcﬁc@ﬁpnspm they pnventierhe Suich timpgovearenfie changes, and

mociica S35 Y 8 155 BFIPLIR R LPoEPELDESyFRTC B ppnce

claims. determ ned by nunmber of turns of the nut. [0067] Fig

12 illustrates a self-energizing effect under high
pressure of an adaptor ring in accordance with the
invention. The ring illustrated is the adaptor ring

450c that is discussed above with reference to Fig. 4.
Under very high pressure, the tube 410 may begin to
pul | out of the tube 12socket in the fitting body 420.
As this occurs, the ferrule 302c bites deeper into the
mat eri al of the tube 410 to resist tube pullout and
seal better. Fluid under pressure flows into the
annul ar cavity that is located radially outward of the
tube 410 and radially inward of the adaptor ring 450c.
The fluid pressure acts to force the adaptor ring 450c
away fromthe tube 410. The nose portion 454c of the
adaptor ring 450c is pressed nore tightly against the
camm ng surface 430 of the fitting body 420. The
adaptor ring 450c is also pressed nore tightly agai nst
the ferrule 302c. As a result, the sealing capability
of the adaptor ring 450c is increased because of the

i ncreased pressure in the tube 410. [0068] Fromthe
above description of the invention, those skilled in
the art will perceive inprovenents, changes, and

nodi fications in the invention. Such inprovenents,
changes, and
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nodi fications within the skill of the art are intended
to be included within the scope of the appended
wa@ b@s08302313Havi ng descri bed the invention, we BCHUS2004/036677
A tube fitting for connection with an end portion of a
tube, said tube fitting conprising: a fitting body
) havi ng. a, tube socket for receiving the end portion of
Having de@ﬁ@qugb%znvglamqa%wet g body including a tapered
surface that is centered on an axis of the fitting
body, .the ered surfac endi ca fler .
L (o Uha RS 5 sPlieeRRE M U FRE sRhidh o f el mibe fting
comprising€al portion; an adaptor ring; and a driver for
applying axial force to the ferrule rear portion to
Ve ﬁg& FJay W ide ©MibePRIckEOdr i 1Bl viRE IRE B BbriWint §F the tube, said
said a agtor ring;” said adaptor ring having a canm ng
fitting bodyuirfcaringex tgredidnaurfice shat é¢ oerderad gineant axis e thexfitsing body, the tapered

engagene b e ferrule front portion; said adaptor
surface exrt‘?lﬁ%ﬁ%c?éiagflﬁsﬁ é1%‘4"!;‘31IﬂF‘a‘n‘Zj“%ngagerrent with said fitting
body when sajdf'tting.is de up, .said adaptor ring
haviafgrrlerhsvingro e SPEH AI6H RS has a negati ve
rake angle with respect to the tube. 2. A tube fitting
as satadppipr Angfnd| ai m 1 wherein the seal i ng engagenent
of said adaptor ring with said fitting body is netal
t o reeduverdogappdyipgtaxial foree tabe ferrule tegr pertiseto mverhe ferrule front
. .claiml %ﬂenggnkfgf irst angle is about thirty
portion InfpeeAgM WIHSRIC YADRI MEe fitting as set forth in
claiml1l wherein_the first .angle is jn. the range,of .
f r orFRKIAaDIOF BHEHEYHE &SP Shiiach SHIPERE 2l §eud nge tythe axis for
| 1RGSR pefonf Orth in claim4 wherein the first
aﬁﬁgmn%ﬁgﬁgkﬂs tme_vepdegpees. 6. Atube fitting as set
I g:}gsg.idogda&trog Wg%eﬂ%ﬁﬁ%ﬂinﬁl K ghddnddnt 3@ Sid FitihB bb§ when said fitting
is made up;

)

said adaptor ring having a forward inside portion that has a negative rake angle with

respect to the tube.

2. A tube fitting as set forth in claim 1 wherein the sealing engagement of said adaptor

ring with said fitting body is metal to metal engagement.

3. A tube fitting as set forth in claim 1 wherein the first angle is about thirty degrees or

less.

4. A tube fitting as set forth in claim 1 wherein the first angle is in the range of from

about ten degrees to about fourteen degrees.
5. A tube fitting as set forth in claim 4 wherein the first angle is twelve degrees.

6. A tube fitting as set forth in claim 3 wherein the first angle is in the range of from

about eighteen degrees to about twenty-two degrees.

7. A tube fitting as set forth in claim 6 wherein the first angle is twenty degrees.
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about eighteen degrees to about twenty-two degrees. 7.
A tube fitting as set forth in claim®6 wherein the
wo poosi43ny)l e is twenty degrees. 148. A tube fiPeCT/H§008036677
set forth in claim3 wherein the second angle is in
the range of from about forty three degrees to about

fort even degrees., 9. A tuyhe fittjng as.set forth in
S.c! ai B PE oot 2 R AnTratinghd B A 1T e klbee of from
about forty EHeE 88gredio Aoty kévdehidegreds set forth in claim 2
wherein the first angle is twelve degrees or twenty

degrees and the second angle is forty five degrees.

9.11. Atibebfttifig g et dortisinsddin whbreimthe kedomd bngleds fodiyrfgrealegrees.
second ferrule between said ferrule and said driver.
12. Atube fitting as set forth in claim1 wherein

10sai 0Attabe fitiihgs as sefclorthsingalpinr @ nwhereinsthie dirsipregle ét kiselve degrees or

13. Atube fitting.a for in claiml wherein
twenty degrgeg a]?%ﬁ'\féf’%onidr@ig%és g" rytetiti‘éen(?eéerég'ai d adaptor ring
includes a radius. 14. A tube fitting as set forth in
cl ai i kufor NS ' ' ;
1 ot ooy BRLE R FORAC B e ) s BRE RO Rt sad ferle
and said @dter.forth in claim1l wherein said forward inside
portion of said adaptor ring includes a radius and a
chanfer. 16. A tube fitting for connection wth an end )
1%or thdnbaofittingtasisst fosth i alaiBel mheraim gaid dapsredssustpce a8 adjacent to said
tubesockfitting body having a tube socket for receiving the
&hd portion of the tube, said fitting body including a
tapered surface that is centered on an axis of the

14,1 tt ANGbOiing bHGet ARAY BOcISMN flaGReR eNdiBeEval ifsifid HSition of said
angle to the axis; a ferrule having a front portion
adaptor rinpdncdudes arragios.t i on; an adaptor ring; and a dri-ver for
applying axial force to the ferrule rear portion to
nove the ferrule front portjon into,engg enen .mkah . :
14ai gAdMhptiBtng apget forth n claim 1 wherein said forward inside portion of said

adaptor ring includes a chamfer.

15. A tube fitting as set forth in claim 1 wherein said forward inside portion of said

adaptor ring includes a radius and a chamfer.

16. A tube fitting for connection with an end portion of a tube, said tube ﬁtting‘

comprising:

a fitting body having a tube socket for receiving the end portion of the tube, said
fitting body including a tapered surface that is centered on an axis of the fitting body, the tapered

surface extending at a first angle to the axis;
a ferrule having a front portion and a rear portion;
an adaptor ring; and

a driver for applying axial force to the ferrule rear portion to move the ferrule front

portion into engagement with said adaptor ring;

said adaptor ring having a camming surface extending at a second angle to the axis,

the second angle being different from the first angle;
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sai d adaptor ring having a camm ng surface extending
at a second angle to the axis, the second angl e being
waledobmswrs fromthe first angle; 15sai d adapt oPCT/URZP04/036677
havi ng a sealing surface for engagenent with the
fitting body at a sealing |ocation spaced apart from
said tapered surface of said fitting body. 17. t ube
1 t CAAGARIOL SREaVIig & Realis SHRTAgrclob FRES e%&“é&“éﬁhﬁhﬁ g body at a
i | oth daiid fabBred Bedhcelo s@n ek bage of said
Seahngloéaﬁftb?itstr)fg&ggg?/ﬁﬁli)S. A tBbe fitting as set f?r?teh inclaim
16 wherein said end face of said fitting body extends
17subsA amkifatihy agwet faath inaldimel Gawbheaeiasdidi ssalprglpeationcbf said fitting body
_ toward said driver. 19. A tube fitting as set forth in
is an end fapephsajhBHBRPOd%i d seal ing | ocation of said fitting
body is an edge of said fitting body. 20. A tube

fitt) as,set forth in clai 6 ar ej I.r . -
18 g1e o it Prigehap b Gule e Reft S Sie s itng body
extends st ally\BdHnal eGE @RE aaftk prbsentdaowardaatl dives. i n the
range of from about forty three degrees to about forty

seven degrees. 21. A tube fitting as set forth in
19¢] ai A3 fitting ed set fdréh i dain Bngheeinsaidrsenlieg loaatipm offsaid fitting body
) from about ten degrees to about fourteen degrees. 22.
is an edgeofisg 1@%??‘%@ as set forth in claim2l wherein the

first angle is twelve degrees. 23. A tube fitting as

et rth.in clai . e | fSt < Sipn |
2Fhe 4 3isebPers SRS, (. bSshl b fuS e Ll range of from
about twdlV&BEdtedsWo b8t Bty Adgreds intbthefdetdridgngls isat theantde ofhfrom about
claim 23 wherein the first angle is twenty degrees.
forty threp §egrpesttoghoytifprty fRycH4leg®eS-forth in clai m 24 wherein
the second angle is forty five degrees. 26. A tube

fitting as set forth.i.n cl.aim 16 whepei {f:St
2lang| ‘é t\%%e {?W?g\ﬁé S&é{%‘e@_ Cg?’lmt %@e%v?xgr g él Fe 1er§tt %%(llg {Shl_g thé range of from
about ten Y85RBG0IBEhEfohftednAdoyeck] ve degrees. 27. A tube fitting
as set forth in claimwherein said adaptor ring has a

forward inside portion that has a negative rake angle
20 t hA helspfétting hosdt Herth irbdain?Bl wherbinktbe first tivglg isnisvedest degrees.
forth in claim?27 wherein said forward inside portion

of said adaptor ring includes a radius. .
23. A tube fitting as set forth in claim 20 wherein the first angle is in the range of from

about eighteen degrees to about twenty-two degrees.
24. A tube fitting as set forth in claim 23 wherein the first angle is twenty degrees.
25. A tube fitting as set forth in claim 24 wherein the second angle is forty five degrees.

26. A tube fitting as set forth in claim 16 wherein the first angle is twelve degrees or
twenty degrees and the second angle is forty five degrees.

27. A tube fitting as set forth in claim 16 wherein said adaptor ring has a forward inside

portion that has a negative rake angle with respect to the tube.

28. A tube fitting as set forth in claim 27 wherein said forward inside portion of said

adaptor ring includes a radius.
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1629. A tube fitting as set forth in claim27 wherein

said forward inside portion of said adaptor ring
w0 p@bod®e3 a chanfer. 30. A tube fitting as setP€DUB1N04/086677

claim 27 wherein said forward inside portion of said

adaptor ring includes a radius and a chanfer. 31. A

tube, fitti as set. forth in aim 16 wherein,sai. . .
29 ' o b BRfhess e Tl b Tt FEeh, sl aoBya Gfide porion of said

adaptor rifg AR RIes h chgnfeR seal i ng engagenent. 32. A tube fitting
as set forth in clai mwherein said adaptor ring has a

nose portion that extends radially inward of said
30t apex adbes GttfngCe sendotthat céaigaie svhswind sdid ferventd Snsid@pertion of said
in sealing engagenent. 33. A tube fitting as set forth
adaptor ripg incfugepp 131 e8P fitting body has a radially
ext endi ng back face and said adaptor ring has a

radi al | tendi ng.front .f.ac - I [ ' .
20 i RS RO g Ve S AR 437 domer v
engagedt%@’&[t?&‘dabtb@nw'gﬁms@ﬁngeﬂ fpemkhon of a tube, said tube
itting conprising: a fitting body having a tube
socket for receiving the end portion of the tube, said
320 t tAmgpebfittlyg hssdt Giattn daitrafewbereBuraidaadaptonaingihes a nose portion that

centered qn an.axis of the fitting bod t.he tapere : .
extends 1SRRG BV Gt e e g er 1 ot Bf Sce in scaling
m%@gmn&ﬁrrU|e having a front portion and a rear portion; an

adaptor ring; and a driver for applying axial force to

the ferrule rear portion to nove the ferrule front

3301 t Aofibé Mittingngagefenh iwi dliins dbdwhetajt said rfittigg tediydhas a radially
. adagtor ring. having a cannin%_ urface, ex enang at a . )
extendingsash ol Sid SADIR TH0g RS{Radislly SFERGIRE TERPL TR et sedlschgainst said
fr L on, said adaptor ring being in sealing
bac“”%"rﬁé%éﬁ@‘?#%?h said fitting body when said fitting is

made up; said adaptor ring having a forward inside '

340r t Aopibt hdinBagr acdABe@ionY §ithal® eABOb@tivh tdT a tube, said tube fitting

comprising:

a fitting body having a tube socket for receiving the end portion of the tube, said
fitting body including a tapered surface that is centered on an axis of the fitting body, the tapered

surface extending at a first angle to the axis;
a ferrule having a front portion and a rear portion;
an adaptor ring; and

a driver for applying axial force to the ferrule rear portion to move the ferrule front

portion into engagement with said adaptor ring;

said adaptor ring having a camming surface extending at a second angle to the axis for

engagement by the ferrule front portion;

said adaptor ring being in sealing engagement with said fitting body when said fitting

is made up;

said adaptor ring having a forward inside portion that has a negative rake angle with

respect to the tube.

17



respect to the tube. 1735. A tube fitting as set forth

in claim34 wherein said forward inside portion of
wa@anod/oamapt or ring includes a radius. 36. A tUub&r/US2004/036677

fitting as set forth in claim34 wherein said forward

inside portion of said adaptor ring includes a

7. Atu fitti a 3
35\/\he%%1’1bes§ftﬁlgfa(§r%g& I?r‘félcgflgn%%r ﬁérr? o 4g ﬂnﬁva‘f{ij h{ﬁ & flortion of said
mmpmrnﬁgﬁﬁhwgghﬁgﬁ% a radius and a chanfer. 38 A tube
ting as set forth in claim34 wherein the first
angl e is about thirty degrees or less. 39. A tube
36f i t tA ngbeafittisgt ask @t torth n cladmniB&hetesr edid forveard iingde portion of said
gle is in the range of from about twelve degrees to
%hpmfﬂﬁ%gﬁﬁmkﬁéﬁh?n@%grees 40. A tube fitting as set forth
in claim39 wherein the second angle is in the range
ut for hre Ve - :
egrbdios Batue s b dort v Fhr Bhelot, M thri RS YBRion of said
adaptornﬂ@ﬁ{cﬁid%sbhﬁhm%lﬁﬁﬂﬁe is forty five degrees. 42. A
tube fitting as set forth in claim34 including a
second ferrule between said ferrule and said fitting
38b0odyA tul. fitfing aslsgbtfonth ini ¢lginf 34 wherein thedirstianglefis mboutghirty degrees or
including a first coupling nmenber having a tube socket
for receiving an end portion of a tube, the first
coupl i ng nmenber i ncl udi ng a tapered surface that is
ent f o1 r
39;: hat K% \fl?e gts%éf ﬁ)l A cillﬁ éég ?Jgelié ﬂlaxflﬁgt fé 1nQHéjrange of from
about twelvel ddght@s & Sbbuttv@émijddme@ ferrul e having a front
portion and a rear portion, the tube fitting also

i ncluding a second coupling nmenber for applying axial
4(F or cA tule fittieg heset dbmh ineelainpd? wiheiein desespadtangslefis iy e gange of from

ortion.to the irst coupling nenber, said
about fortﬁd%ﬁ?é}?grre?sntﬁ 88“%$p¥r9%vgen accanmi ng surface for
engagenent by the front portion of the ferrule, said

41 am;&%asﬁjtﬁﬁg g%eﬁ X aDg @:ane‘?; 8 ﬁhé?&QHg séb@ﬁli ndl0id R@cy five degrees.

axi s er ent romt Irst angle; and said
adaptor ring being in sealing engagenent with said

431 tt A\ngbdaingWhiast Sathdn kidithi Jadntisdimgdeseddnd ferrule between said ferrule
and said fitting body.

less.

43.  An adaptor ring for use in a tube fitting including a first coupling member having a
tube socket for receiving an end portion of a tube, the first coupling member including a tapered
surface that is centered on an axis of the first coupling member and that extends at a first angle to the
axis, the tube fitting also including a ferrule having a front portion and a rear portion, the tube fitting
also including a second coupling member for applying axial force to the ferrule rear portion to move

the ferrule front portion toward the first coupling member, said adaptor ring comprising:

a camming surface for engagement by the front portion of the ferrule, said camming

surface extending at a second angle to the axis that is different from the first angle; and

said adaptor ring being in sealing engagement with said fitting body when said fitting

is made up;
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18sai d adaptor ring having a forward inside portion
that has a negative rake angle with respect to the
WO 2ws/043043 A tube fitting as set forth in clai PCBBS2004/036677
wherein said forward i nside portion of said adaptor
ring includes a radius. 45. A tube fitting as set

of  SHibPuBIGBe Pr T ReaREeigedhR Ry At angle win
rﬁmedid&héﬁmeg as set forth in cIa|n143 wherein said forward
inside portion of said adaptor ring includes a radius
and a chanfer. 47. An adaptor ring as set forth in
44c| ai A td4Be itiggehn séthforthiin faimnd evhiessin maitihorwandgesidé portion of said
om apout 12 degrees to about 20 degrees and the
mhpmrngggngkgﬁgp U$.s about 45 degrees. 48. A tube fitting
as set forth in claim47 wherein the first angle IS

$2°1 X5, 50 6 Bl ABI 355 255,804, 09 S6R0%, A0Sl o i

mhpmrnhguﬁﬂ@kﬁh%ﬁmhﬁﬁeln the seal i ng engagenent of said
aptor ring with said fitting body is netal to netal
engagenment. 50. A tube fitting as set forth in claim
4643 wWhenbe ittt ag aqzteﬁoe’ch ig oldimcé3 ovhetdie shidr Srwarduipkide gortion of said

mumr“PgP%ﬁﬁgsﬁgggb ﬁ%ﬁfhe tube socket. 51. A tube

“With an end portion of a tube,
said tube flttlng conprising: a first coupling nenber

ghavi }Sﬁbgaﬂt&bﬁ%i géz ge??orﬁp& {lﬁﬁleiybvﬂn_%GMe ?{Pg C?Bgfe ik Hit@range of from

t'he Irst cou I nc
about 12 Hégredsad abouti2daiegtdeatnd the Gmdraﬁgleomalamt ax ldsgreés t he
first coupling nenber, the tapered surface extending
at a first angle to t he axis; a ferrule having a front
4%or t Aombafitizg peaet fpahun SHeimad adepsinithe firsgangleds gwelve degrees or

second,cou nh ing axial force to the
twenty defgé‘?eﬁﬁfl%%} e%?orbdgﬂgfolﬁ%?rgl fﬁ’)?/@%%% ferrule front portion
into engagenent with said adaptor ring; 19said adaptor

§ ' ngArtﬁMé nﬁg m&ﬁh AUERE 83 SXtBN HeNGaidile BnAE&ARH of said adaptor

gle to t
ring with sald fitting body is metal to metal engagement.

50. A tube fitting as set forth in claim 43 wherein the tapered surface on the first coupling

member is adjacent to the tube socket.

51. A tube fitting for connection with an end portion of a tube, said tube fiiting

comprising:

a first coupling member having a tube socket for receiving the end portion of the tube,
said first coupling member including a tapered surface that is centered on an axis of the first coupling

member, the tapered surface extending at a first angle to the axis;
a ferrule having a front portion and a rear portion;
an adaptor ring; and

a second coupling member for applying axial force to the ferrule rear portion to move

the ferrule front portion into engagement with said adaptor ring;
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the second angle being different fromthe first angle;
sai d adaptor ring being in sealing engagenent with
wa@ adod/odioes i ng body when said fitting i s nade upCT/B82004/036677
adaptor ring having a forward inside portion that has
a negative rake angle vvith respect to the tube. 52. A

tube fit as .set forth thes [ .

eng A5 RB T EdPT g BRI ST PR R ¥ pogrord e the axis
the secon&ﬁ’r&&éb&ﬁgﬂﬁf@&{tﬂoﬁnf@tfﬁbt atnglemet al engagenent. 53. A

tube fitting as set forth in claimwherein the first

ang' d R1afRO Yihe bRIHEY sHARLRR enf§5th sarll fitfink ¥B&y when said
S|§lng a@% gfor h1 |Sn c?al réna%gn wher elsn tﬁengl rgyw en said fitting

ismadeup,ngl eisin the range of from about twelve degrees to

about twenty degrees. 55. A tube fitting as set forth

i N Ghil Mapter whgrtaving Hiforsedansidapgition thati hestaheegativegmke angle with

of fromabout forty three degrees to about forty seven
respect todlegyiubes. 56. A tube fitting as set forth in claimb53

wherein the second angle is forty five degrees 57. A

t ube, fi.t forthl cl.ai m 51

S2s eodhdter e &° paasub it Sy S) SR te e edfe oy of seid adaptor
ring with 62 Pikdt BBuTRIFERBEMbeds metal to metal engagement.

o

53. A tube fitting as set forth in claim 51 wherein the first angle is about thirty degrees or

less.

54. A tube fitting as set forth in claim 53 wherein the first angle is in the range of from

about twelve degrees to about twenty degrees.

55. A tube fitting as set forth in claim 54 wherein the second angle is in the range of from

about forty three degrees to about forty seven degrees.
56. A tube fitting as set forth in claim 53 wherein the second angle is forty five degrees.

57. A tube fitting as set forth in claim 51 including a second ferrule between said ferrule

and said second coupling member.
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