WO 01/ 73333 PCT/ US00/ 34828 1 FERRULE W TH RELI EF TO REDUCE GALLI NG
CROSS- REFERENCE TO RELATED APPLI CATION This application is a

cont i nuatwont/7333part of United States Patent applicati onPEBRUSEI/34823.

09/ 054,186 filed on April 2, 1998, which is a continuation- 5 in-part of
United States Patent application serial nol 08/834,255 filed on April 15,

1997, now United Stat eFHRREME WITHORBSIECID REBUCKE GALIANG | osur es of
which are fully incorporated herein by reference. Background of the

| hvention The subject ¢RVRRLR %FEMW@E%Q@E&TEWAPPH@M‘I@NU' e type tube
10 fittings. Mre part , e Tnventi errule _
fitting wherein the rear f.errIHchti I?isdec?o'n@i%ﬁ%i&n%nép%%&ﬁ%ﬁ%e& ét%{eglf%_leh?qu' red

to rotate the associ at ed T}Hlsjflpa 0 al SO0 Teduce WEEN the rear

ferrule and the inpterior surf f drjve n The .inventj.on may al so
be applied in &Pgﬂ?@% sedalngr @5/5%&%%{;3&% Ef?%&v{ﬁawiai QBHBUAINRR" hi ghl y
successful two ferrule 15 fitting used for tubing is illustrated in FIGS
1 and 1A. FPG in-psHowsUnites $tates iPatpnt epnliseiemsasial noa0§/82ds5 filaghen Apsl ti on
preparatory to final tightening, whereas FIG I|A shows the fitting after
final tightening, 1897shoewninitdie Statdst pasght @, 8826650, ahd ediirel Qistlastirey ofi
cylindrical opening 12 counterbored for receiving tube end 13. A tapered,

frusto-coni cal Gt RWITMERotded BerbRARt B rétcel he axial outer 20 end of
the counterbore. A front ferrule 16 having a snmooth, cylindrical inner

}Nal | 18 is closely received on ﬁ%ké gt&ﬁd O}TI@EC {1{ Eﬂho{ errule has a
rust o-coni cal outer surface 2 he camm ng nout h.
Associated with the fr OntTI];eegurb?elzc? iril'v%n‘ggtg isI gi(rzcgctce?dd toa’élieaalrl of ?elf*}u\fe/a‘iy%e tube
10 fittings. More particularly, the invention concerns a two ferrule fitting wherein
the rear ferrule is designed to reduce the torque required to rotate the associated
nut and to also reduce galling between the rear ferrule and the interior surface of

the drive nut. The invention may also be applied in a single ferrule fitting.
A commercially available and highly successful two ferrule
15  fitting used for tubing is illustrated in FIGS. 1 and 1A. FIG. 1 shows the fitting
components in a finger tight position preparatory to final tightening, whereas
FIG. 1A shows the fitting after final tightening. As shown, the fitting comprises
a body 10 having a cylindrical opening 12 counterbored for receiving tube end
13. A tapered, frusto-conical camming mouth 14 is located at the axial outer
20  end of the counterbore. A front ferrule 16 having a smooth, cylindrical inner
wall 18 is closely received on the tube. The front ferrule has a frusto-conical

outer surface 20 to be received in the camming mouth.

Associated with the front ferrule 16 and located axially outward
therefrom is a rear ferrule 22 configured as shown with a tapered nose portion

25 24 and a rear flange 26 having an inclined end surface 28. The inclined end



therefromis a rear ferrule 22 configured as shown with a tapered nose
portion 25 24 and a rear flange 26 having an inclined end surface 28. The
i nclined vead1/v888901/ 73333 PCT/ USO0/ 34828 2 surface of theP€®ESINBBISUI € 22
provi des a radi al conponent as well as an axial conponent of the pull-up
forces acting on the end surface as will be apparent to those skilled in
the art. The tapered nose 24 enters a tapﬁred camm ng surface in the rear
surface of the front ferrule. 5 The ferrufFes 16, 22 are enclosed by a drive
nut menber 30 threaded to the body 10. During tightening and nake-up of
the fitting, tharfpmef theaivar foagde 2%/ IPagitdes dradid sqmgeners 2s grelt aﬁaamamagct s
against the rear wall end surface 28 of the rear ferrule to drive the
ferrul es forwaraimponattefitiepdlibp Yoressgmgag on pleesértd smnfashasmweill be &pGrent &2 10
The smal | dianeter portion or nose of the rear ferrule is dinensioned so

that it plasticbdeysklBidOhThe B! ITHG tAFK&T tide 2 dolk@s hithjerdiDcanthing sud@éd On i s
desirable since it results in tight gripping engagenent of the outer wall

of the tubing. ; i f PRSE portion cannot be reduced to an
extent that. tﬁéqg%ggféégggﬁgﬁﬁé%%ﬁﬁs t%o much and only the rear ferrule

adequately grips 15 the ter | I .of ,the tubing,., That .is, the two ferrule
assenbly reduires desi regﬂjedéef’%ﬁ%g?’o# i t?B?lﬂse%hByfar GHve I’i‘%’é‘?elf%(fr ul es
for the gripping and seal i&%é caﬁabi lities that have made this two ferrule
assenmbly a conn‘gﬁ@ﬂ%ﬂ foythe hedekd f Ypring ighiering amhmekeup ohtie Hing, the paer
t hi ckness of the nose of the rear ferrule cannot be enlarged to such an
extent that it endsfatd, $lange, ar shoulddr 32 alf tir ndragEmagatnst thatredr svalRéndt wofast i f f
and does not pernit the desired rear ferrule deformation. A nore conplete
description andgipdeicstandbm@le b dri@ the ferrules forwardly into the fully engaged
position shown in FIG. 1A.
10 The small diameter portion or nose of the rear ferrule is
dimensioned so that it plastically deforms during make-up of the fitting. This
action is desirable since it results in tight gripping engagement of the outer wall
of the tubing. The thickness of the nose portion cannot be reduced to an extent
that the rear ferrule deforms too much and only the rear ferrule adequately grips
15  the outer wall of the tubing. That is, the two ferrule assembly requires desired
deformation of both the front and rear ferrules for the gripping and sealing
capabilities that have made this two ferrule assembly a commercially successful
product. On the other hand, the thickness of the nose of the rear ferrule cannot
be enlarged to such an extent that it results in a structural arrangement that is
20 too stiff and does not permit the desired rear ferrule deformation.
A more complete description and understanding of the

conventional two ferrule phase controlled sequential gripping action resulting

from the inclined rear surface and the interaction of the front and rear ferrules is



conventional two ferrule phase controlled sequential gripping action
resulting fromthe inclined rear surface and the interaction of the front
and rear wepr/td3ss is WO 01/ 73333 PCT/ US00/ 34828 3 set forpCHUSe/Ad8ist ed

States Patent no. 3,103,373 issued to Lennon, et al., the entire
di scl osure of which is fully incorporated herein by reference. Accordingly,
it wll be recognized by those skilled in_the art that a predeterm ned

wal |l thickness of the nose of the rear fe|3rule is desired that 5 achi eves
the desired gripping of the tube and cooperates with the front ferrule in

such a manner td¢hforiiind&tied\Wajes Paicri@ei 3.403.9 Ghissuasito denppn. shalader @dHe i ng

the tube. It is also recognized that operators of fluid systens test the
system pri or t odieclpsuoelofwhioh ig fisly iycoppearsisd herimigy tefi@esyest em t o an
appropriate factor times the rated system pressure. In this manner, the

operator can easily 10 dehe&dinBB! ieilliteaedd dhiAdd TyShed® skelledakigdart thae. t hat
there are no leaks. Wth this now edge, the manufacturer can provide a

fiteing in whi o pidecnAfeaqyl BROBRA of IR Sk rtht iedibnlitVS qepdgh 1 onal

pl astic deformation a test  ‘pressure. Accordin

el evated test pressure is .used.to determne the desir wal | thi ckness of
The. nose port | CHIBR e elft e @ o Rogrnd seonsgeorsih s ront B8 o1
defonnation of the nose and permt the front and rear ferrules to properly
grip and seal wiuch amppngiihatit agifievests dasred geals of grippigg and seabivsrhe Bhed t hat
galling of the drive nut sonetinmes occurs in the drive face area of

engagenent between the inhes @sdrécageized thdteopedatprseon inidanysterthe testahe wal |
of the rear ferrule. After analysis, it is believed that 20 the axi al

thrust or pul |l -g4gichOpasr el pREMCEAENIT By breafdifi@dthel Stetl ® s agsepmittal |y

parallel to the axis of the fitting. This axial thrust causes the rear

corner Teglon  fetor times the rated system pressure. In this manner, the operator can easily

10 detect whether the fluid system is sealed, i.e. that there are no leaks. With this
knowledge, the manufacturer can provide a fitting in which the nose of the rear
ferrule will not have any additional plastic deformation at the elevated test
pressure. Accordingly, the elevated test pressure is used to determine the
desired wall thickness of the nose portion of the rear ferrule to achieve the

15  desired amount of deformation of the nose and permit the front and rear ferrules
to properly grip and seal with the outer wall of the tube.

It has also been found that galling of the drive nut sometimes
occurs in the drive face area of engagement between the inner end face of the
drive nut and the rear wall of the rear ferrule. After analysis, it is believed that

20  the axial thrust or pull-up force between the front and rear ferrule is essentially
parallel to the axis of the fitting. This axial thrust causes the rear corer region
of the rear ferrule to selectively concentrate pull-up stress at the inside drive

surface of the nut particularly in a localized area to produce the galling. This



of the rear ferrule to selectively concentrate pull-up stress at the inside
drive surface of the nut particularly in a localized area to produce the
gal I ing. Widos73883 01/ 73333 PCT/ US00/ 34828 4 al so noti ceabPgTUROVAE8ses t he
nut torque forces experienced during nake-up even if galling is absent.
Accordingly, it would be highly desirable to provide a design wherein the
thrust forces do not produce the high localized |loading with the resultant
galling and high torque forces. 5 Sumary4of the Invention In accordance

wi th one enbodi rent of the invention, a tube fitting includes a fitting
body havi ng a cal$d ndticeably hrreasésother maetovjuegfoaces bxpenatted ahdingnabketumg a
tapered nouth at one end of the bore; a drive nenber having a threaded

engagenent W t hedeher Qgﬂ%g AnBsaY iARBordire®Y, itk Suld bl LeslH liEsk@8le 18 phdvid a 10

ferrule having a tapéred first end that ‘extends into the tapered nouth of

the fitting bo&{ggmﬂg%égéi}éiﬁggpﬁuﬁ%ﬁggd&ggt d&ghlﬁ‘ceaché gfg%rlggal{zgﬁ E&aﬁi& it

axi al |y extends rst end, secon erru avi

cylindrical intgrior 11,.a red first end that extends into the
tapered recess tﬁ?r‘?sﬁgxrfqigtag’tngfa@h%Eﬂei’etf’mé‘ﬁd%mﬁ%vi ng a contoured face on a
second end thereof that engages the drive nenber 15 ferrule drive surface,
the second ferrule interior wall Susmmary ef the Inyemtionential recess |ocated
between the first and second ends of the second ferrule; the recess and

t he contoured face reducihgasordmse cutic ent reathodimsend roft the idventien, metuber
drive surface when the fitting is nade up. Another aspect of the invention

i ncl udes form ngiihBentRaes 4 Aftingdl By Z2@vink taltylin@¥dal Bofel foteckRirl 4 fibe\dad |- t hat
has a first dianeter at the forward or nose end of the ferrule and a

second di anmet er, Jtin L 8inG&Aap &8 nffutt A ®hl Hreh IS Brive member having a

threaded engagement with the body and having a ferrule drive surface; a first

10  ferrule having a tapered first end that extends into the tapered mouth of the

fitting body and having a second end with a tapered recess that axially extends

toward the first end; and a second ferrule having a cylindrical interior wall, a

tapered first end that extends into the tapered recess of the first ferrule, and

having a contoured face on a second end thereof that engages the drive member

15  ferrule drive surface; the second ferrule interior wall having a circumferential

recess located between the first and second ends of the second ferrule; the

recess and the contoured face reducing stress concentrations on the drive
member drive surface when the fitting is made up.

Another aspect of the invention includes forming the rear ferrule

20  with a cylindrical interior wall that has a first diameter at the forward or nose

end of the ferrule and a second diameter at the rear end of the ferrule wherein

the second diameter is greater than the first diameter so that, for example, a

single tool can be use to form the circumferential recess and the cylindrical



the second diameter is greater than the first diameter so that, for

exanple, a single tool can be use to formthe circunferential recess and

t he cyl i mdooovad333NO 01/ 73333 PCT/ US00/ 34828 5 wall. Stillprarisewiaers aspect
of the invention includes formng a notch on the outside dianeter of the
ferrule body that joins the second ferrule first and second ends. In

anot her aspect of the invention, a contoured drive surface is provided on
the drive nember rather than on the rear ferrule second end. The 5 pr esent
invention may al so be practiced with ferrules that are nade of harder base
netal than pri o¥ali-eStilll @ durtheraspest ohthomvaaiiominsiidee fermyeg iaceaichwprp Hhe
ferrul es that have been case hardened either entirely or selectively on the
ferrule surfacmtsifie dipensgterabf thehderpiededy thaiventsi te seeynddenndedirsinasd ngl e
ferrule fittings as well. 10 These and ot her aspects and advantages of the

present inventigpond\bdds, DB @Bk @Bpect Of tHOBRetton] bhadntotrdd@rivd burfdcors t he
follow ng description of the preferred enbodinents in view of the

acconpanyi ng dr.aw,Rgs on '%ﬁéf ﬁltivpﬁl%ﬁfbiepf'aiﬂgé? t%Ian S e e AMRAR o Sn(g ?1%’523 nfhon My

take physical f'ormin certain parts an arrangenents of p

preferred enbodi nents and a net hod, of ich wl e .described i tail in
Db Speci £ oarhEPih iy SR Sl eAtbs AR thipraniss 5% 6 MARGE BRURED. f or m
a part hereof, and wherein: FIG 1 is a |longitudinal cross-sectional view
of a well bl owbasprneipl thap prjgy fesrulest e [hgagEantippemay talinge wacticed WHIn s an

enl arged view of the circled area of FIG 1 showing the prior art fitting
in a nmade- up cafediites gt have been case hardened either entirely or selectively on the ferrule

surface. In general, the present invention may be used in single ferrule fittings
as well.

10 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.

Brief Description of the Drawings

The invention may take physical form in certain parts and
15  arrangements of parts, preferred embodiments and a method of which will be
described in detail in this specification and illustrated in the accompanying
drawings which form a part hereof, and wherein:
FIG. 1 is a longitudinal cross-sectional view of a well known
prior art two ferrule swage-type fitting;
20 FIG. 1A is an enlarged view of the circled area of FIG. 1

showing the prior art fitting in a made-up condition;



WD 01/ 73333 PCT/US00/ 34828 6 FIG 2 is a viewlike FIG 1 but showi ng a
preferred enbodinent of a fitting incorporating a nodified rear ferrule
desi gned W@ 0i/m3sdve reaction force transm ssion through pé®BUS@&4818err ul e;
FIG 3 is a greatly enlarged showing of the circled area of FIG 5 2; FIG
4 is a detailed, partial cross-sectional view of a preferred formof rear
ferrule; FIG 5 is a cross-sectional viewsimlar to FIG 4 showng a
second preferred formfor the rear ferrul 8; 10 FIG 6 is a cross-sectional
view of the fitting of FIG 1 particularly showing the rear ferrule

positi oned between the frigft 2riep vigvellsd G Hdut shawiag aipipferrgd crmhrdmgpt
(graphically neshed for finite elenent analysis); FIG 7 is a view of the
fitting of FlIGoft fitiing inaelperafing andodified reaadeirilk Idesignead tongnprbee sdackews
concentrations; 15 FIG 8 is a cross-sectional viewof a fitting at initial

make-up i ncl udbR@ tAmkRakiohehloukiethEReirfftegei N accordance with the teachings
of the invention (graphically neshed for finite elenent analysis); FIG 9

is aviewof the fitting ¥ i = : it A ilehgst rati ng
the stress concentrati onsl(;ijZE’ lgla(-iﬁeitg’ ?g%g%?%&lﬁgggtﬂ?éoﬁgﬁle(g%\%olgfplfg'

fitting at initjal make-up including a rear ferrule nodified in accordance
with the teéchi gs of the invention (graphically neshed for finite el enent

anal ysis); WO 01/73333 PCT/ US00/ 34828 , . _
FIG. 4 is a detailed, partial cross-sectional view of a preferred

form of rear ferrule;
FIG. 5 is a cross-sectional view similar to FIG. 4 showing a
second preferred form for the rear ferrule;

10 FIG. 6 is a cross-sectional view of the fitting of FIG. 1
particularly showing the rear ferrule positioned between the front ferrule and the
nut at initial make-up (graphically meshed for finite element analysis);

FIG. 7 is a view of the fitting of FIG. 6 in a made-up condition
and illustrating the stress concentrations;

15 FIG. 8 is a cross-sectional view of a fitting at initial make-up
including a rear ferrule modified in accordance with the teachings of the
invention (graphically meshed for finite element analysis);

FIG. 9 is a view of the fitting of FIG. 8 in a made-up condition
and illustrating the stress concentrations;

20 FIG. 10 is a cross-sectional view of a fitting at initial make-up
including a rear ferrule modified in accordance with the teachings of the

invention (graphically meshed for finite element analysis);



7 FIG 11 is a viewof the fitting of FIG 10 in a nade-up condition and
illustrating the stress concentrations; FIG 12 is a cross-sectional view
of a fittweaguas3initial make-up including a rear ferrul eP@DURIO/EERS N
accordance with the teachings of the 5 invention (graphically meshed for
finite elenent analysis); FIG 13 is a view of the fitting of FIG 12 in a
made-up condition and illustrating the stress concentrations; FIG 14 is a
tabl e of different geonetrical variations‘of the rear ferrule
configuration; 10 FIG 15 is a cross-sectignal view of an alternatiyve
enbodi ment of a two ferrkiG 1t 2 vigy oftheAfitting affTgn1 @ H1 amgderup icanditien t he
ferrule region of the enbodinent of FIG 15; FIG 17 is a partial view of
a rear ferrul e andtilusratioptlmstess ¢acentrationdg5 accordance with one aspect of
the invention; FIG 18 is a partial view of a contoured rear ferrule shown

in the engaged position mid.N2aisfa @Bss-deetiontl &icwn df dr fitviag Y iniGslr faleesp pri or
to pull up; FIG 19 is a view of the enbodinent of FIG 18 in the pulled

up _condi tion showiig 81EES Ferfie WhaGHES U SicodRalcCuiutle 1 ADARBL LY the

enbodi nent of the Invention; II'Tustrates stress distrrbutions in a
two ferrul e fi tiing Lhat ., dogs nol.useqd cqnbonrad epr ferrule; WO
FIG. 13 is a view of the fitting of FIG. 12 in a made-up condition
and illustrating the stress concentrations;
FIG. 14 is a table of different geometrical variations of the rear
ferrule configuration;
10 FIG 15 is a cross-sectional view of an alternative embodiment of
a two ferrule fitting;
FIG. 16 is an enlarged view of the ferrule region of the
embodiment of FIG. 15;
FIG. 17 is a partial view of a rear ferrule with a contoured face in
15  accordance with one aspect of the invention;
FIG. 18 is a partial view of a contoured rear ferrule shown in the
engaged position with a front ferrule and drive nut surfaces prior to pull up;
FIG. 19 is a view of the embodiment of FIG. 18 in the pulled up
condition showing stress distributions;
20 FIG. 20 is another embodiment of the invention;

'FIG. 21 illustrates stress distributions in a two ferrule fitting that

does not use a contoured rear ferrule;



FIG 22 illustrates another enbodi ment of a rear ferrule design
incorporating a circunferential recess; FIGS 23A-F illustrate various

al ternatiweor/zas3ferrule driven surface profiles; 5 Fl GSPCRUSHIB4828
illustrates an alternative enbodi ment of the invention wherein the drive

surface of the nut is provided with a contour surface; FIG 25 illustrates
another alternative enbodi nent of a ferrule having an inner cylindrical
bore formed of two different dianeters; 1(§ FIG 26 illustrates another

alternative enbodiment of a ferrule having an outer notch or recess in the
ferrule body; FIG 27 il | & rZ dastaiet othe)) enghodimenteotchirsniforane dgsige he
invention of a ferrule having a notched inner bore, a contoured rear
surface, an outnesrppetinp azndumfaenishrgeesst i on on the ferrul e nose region

and 15 FIG 28 is a finite elenment analysis illustrating one aspect of the
invention of a high frictFs.t282eFgiliustrate edaridvgk allleyhatipaces: forame ariskiess
riser created at the nose of the ferrule. Detail ed Description of the
Preferred Enboq%gﬁgggnﬂﬁ&@rring now to the draw ngs wherein the show ngs

are for the 20 purposes of illustrating preferred enbodi nents of the
invention ondy and not fo u s..of lLimting sa FI.GS., 2-4 Lllustrate
the overall r%arrangement O*TEK%{SP‘ ??‘gﬁn‘éﬁftﬁ%ﬁ p%lr gﬁ?ﬁt}a{f‘? een?ﬁgﬂ?qtoﬂf tk?

shoul d be noted that in_many of the illustrations herein of the ferrule
profiles, the fidVenioss whewts tsndrive, spepes af the suk ispprovideds 3ath a contour
PCT/ US00/ 34828 9

surface;

FIG. 25 illustrates another alternative embodiment of a ferrule
having an inner cylindrical bore formed of two different diameters;

10 FIG. 26 illustrates another alternative embodiment of a ferrule
having an outer notch or recess in the ferrule body;

FIG. 27 illustrates another alternative embodiment of the
invention of a ferrule having a notched inner bore, a contoured rear surface, an
outer notch and a crown portion on the ferrule nose region; and

15 FIG. 28 is a finite element analysis illustrating one aspect of the
invention of a high friction tube grip area axially spaced from a stress riser
created at the nose of the ferrule.

Detailed Description of the Preferred Embodiments

Referring now to the drawings wherein the showings are for the

20  purposes of illustrating preferred embodiments of the invention only and not for
purposes of limiting same, FIGS. 2-4 illustrate the overall arrangement of a
fitting incorporating the invention. It should be noted that in many of the

illustrations herein of the ferrule profiles, the ferrules are shown in partial cross-



section for clarity and ease of understanding, particularly for views of
the ferrule geonetry and profile wherein it is only necessary to
illustrateoaypssiion of the entire ferrule in sectional RPCEBWS00TII828F] GS.
2-4 enbodi nent has the major conponents identified with the sanme reference
nunerals used with respect to 5 the description of the prior art device of
FIGS. 1 and IA. A description of a FIG 1 elenent is to be taken as

equal |y applicable to the FIGS. 2-4 eleneflits that are correspondingly
nunbered unl ess otherwi se noted. In particular, in the FIGS 2-4

enbodi nent, t hesectea@r feciatitye a@®'cateasf aderstandingj particuladynfannegews of thause
the reaction forces acting between the front ferrule through the rear 10

ferrule to the féﬂ'hlefr%oh@t’@ aAdirafiliefWitaeth if Rraey aesmanend ilfltiteiaspdiiisect ed
radi ally outward. isis incontradistinction to the FIGS. 1 and | A

enbodi ment  whegqj, 0kl sLANE fr SORBASIL, UNAATCRODS! AR5AKEGR 18 hnbah

axi al conponent. Specifica , as shown In orce conponent

extends general |y axiall. f.th ear ferrule 22' and resul.ts in an
Cnorease i n t hePBmeta b it HE T ey RmStE 4560 SHIRENER Ul o
surface 28" and the f]ange 32" of the nut. As previously discussed, high

| ocal i zed | adi thg dscriptipd of the,paenatt deyigs of Hl@gi kapd d&. pAodrsedrilony g

torque and galling. While the invention is described herein with particul ar
reference to aFfiGad ¢lementlie tepstigin asuahalix pprlivabledn the FEGRnpHalgméents nat ur e
and should not 20 be construed in a limting sense. Various aspects of the

present inventiw@at drayorrédpdadiblythuaiielddcatléssniiaiwiesiottd| €nfparticulag, ihithd | ng.
I n one enbodi nent of the invention, a redirection of the reaction forces

i s achi eved by inda i . e e
Vo osf 79555 PG Og/%gglggdﬂfgﬁqm BLE Ak 252685 G Ombitil 30 AUharlRE td

cause the reaction forces acting between the front ferrule through the rear
10  ferrule to the nut to have a significant force component that is directed radially
outward. This is in contradistinction to the FIGS. 1 and 1A embodiment
wherein the force component under consideration has a high axial component.
Specifically, as shown in FIG. 4, force component A extends generally axially
of the rear ferrule 22° and results in an increase in the loads applied at the radial
15  inner face of the ferrule surface 28 and the flange 32° of the nut. As previously
discussed, high localized loading or stress concentration in this area produces
high torque and galling.
While the invention is described herein with particular reference
to a two ferrule system, such explanation is exemplary in nature and should not
20  be construed in a limiting sense. Various aspects of the present invention may
also find application in a single ferrule fitting.
In one embodiment of the invention, a redirection of the reaction

forces is achieved by providing a circumferential recess 40 throughout the inner



surface of the ferrule 22'. Note that a recess 40 is |ocated generally

m dway between the opposite ends of the ferrule 22' and this results in
the i nnewguar/fxssee of the rear ferrul e being reduced to tROT/USOEI4B28| v
axially narrow substantially cylindrical and continuous contact areas 42
and 44. By so nodifying the rear 5 ferrule, the forces which are conducted
fromthe front ferrule through the rear ferrule to the nut surface or
flange 32' tend to be directed nore radially outward such as
diagrammatically illustrated by the force line B of FIG 4. In this

enbodi ment, t hesugoe ofikieyfefdubt 220 NMNatet thair ® ased?24himdloddtet @erersilp atidway al | y
the sane dianeter; however in an alternative enbodi nent, these two regions

10 may have di fieaw6dt thdioppBite ehds 6Othe E4AITBRE hild thRYrefBtsdR Shd RBéSsurAcSONE
applications to have the dianeter of the rear flat area 42 slightly greater

b sy UL Aol ol o B,

t housandt hs, nore preferably ree thous an 1 nch.

further alternative. enbodinent, the rear flat area. 42 may . hbe eljm nated as
a contact area Wﬂ%%gra&@icawfejméls 88’&tﬁ?tearrﬁac§r‘Lza?rH€?‘ﬁi ?yasroe%‘.%d PEIRUTEF Iy for
| arger ferrule sizes, the ingle flat in_the nose section of the rear

ferrul e may Sbe Syufs &h"ef%cqsg’:’ Ateasomducipd fom the,frontdempledhrough thiraane

tubing during installation. These alternatives wll be nore fully
descri bed her ei faafitean thetmutsheface arfngad?’ teedtabvediofctadneoieradinlly ontwasd best
exenplified by 20 comparing the rear ferrule 22 of FIG 1 wth the rear

ferrule 22' of $R afli@SrammatftapiviodiraRaby tiRAfokdeditled bTIG.e outer radi al
wall 50 of the rear ferrule 22 i ncl udes a conical section that increases

010 o TR o 0 SO 50 85l
11 the same diameter; however in an alternative embodiment, these two regions
10 may have different diameters, for example it may be desirable in some
applications to have the diameter of the rear flat area 42 slightly greater than the
diameter of the forward flat area 44, for example, by a few thousandths, more
preferably one to three thousandths of an inch. In yet a further alternative
embodiment, the rear flat area 42 may be eliminated as a contact area by
15 providing a counterbore in this‘ area. Particularly for larger ferrule sizes, the
single flat in the nose section of the rear ferrule may be sufficient to maintain
- proper ferrule alignment on the tubing during installation. These alternatives
will be more fully described hereinafter.
Another important feature of the invention is best exemplified by
20  comparing the rear ferrule 22 of FIG. 1 with the rear ferrule 22 of the FIGS.
2-4 embodiment. Particularly, the outer radial wall 50 of the rear ferrule 22’

includes a conical section that increases in radial dimension as it extends from

the forward nose portion 52, that is received in the rear chamfer region 53 of the



front ferrule, to the rear flange 26'. In the prior art arrangenent (FIGS.
1 and |A), the rear ferrule has a cylindrical through bore and an outer
radi al wayo ot/mB3 extends parallel to the inner surface deET/HSEE4BIse

t hrough bore in this region. In other words, the rear ferrule has a
constant annular wall thickness "t". In the 5 enbodinent of FIGS. 2-4, the
outer wall has the conical or tapered corLiguration t hat provides
sufficient wall thickness "t" and controlfed deformation of the nose
portion when the recess is incorporated into the nodified rear ferrule.
Preferably, thelfouitferulgata thsaeafatganae déhebmtheyprighiartormngamgnteFEeS: hged as it
ext ends between the reduced di nension nose region 52 10 received in the
cami ng nout h ofA), tiee feaoferruiehasid eyliaddcdl ierovgh hoged dinaidrendiak walt tiak ange
26'. Again, this provides controlled deformation of the rear ferrule so

that the regi orb@&dhgaﬁhlapﬁoitﬁaﬁﬂnwr slafee metningdhadhkdtghmuae th @laRgiosUlh ace 44
into gripping, sealed engagenent with the outer wall of the tube. Note that

in Fig. 4 the ' _ i i win
|5 constant, 16 HHogN T T RERq Ao B - For AR Auns IFiog T 8P

recess 40 i s

formed such as | n of, il pustrations o igs, 14, .17 and 18, .the

t aper ed out er V\%P%O@BX% & EESS.aZ-ZEOh;eu ﬁ%r?ﬁ 1hill:18§ntggscm{maﬁb8{ WaRH he
rear ferrule nose 52 and the rear flantge, 26' . The wal I‘ t hi ckness "t" and
the geonetry anPnégwmfignr thaf orrosides haffigient, gwpll fluekngse 43 apd ecapdiolled ed f or
a particular application in order to balance and properly align the
ferrule 22' on ddfentatiohngf dérednose assivnewhbiatthe lrecaseds iheorportated2ito the
cooperates with the front ferrule 16' to achieve the desired phase

control l ed sequedifiedlref' feRRiengPRESEEY] i ¢litgr Wall PO hadlp deferaBy whifosn Pr oper
seal on the WO 01/73333 PCT/ US00/ 34828 12
angle or taper as it extends between the reduced dimension nose region 52
10 received in the camming mouth of the front ferrule and the enlarged diameter
rear flange 26°. Again, this provides controlled deformation of the rear ferrule
so that the region 52 is plastically deformed radially inward along surface 44
into gripping, sealed engagement with the outer wall of the tube. Note that in
Fig. 4 the recess 40 is so shaped as to appear that the dimension “t” is constant,
15  though it need not be. For example, if the recess 40 is formed such as in many
of the illustrations of Figs. 14, 17 and 18, the tapered outer wall 50 provides a
non-uniform thickness “t” between the rear ferrule nose 52 and the rear flange
26°.
The wall thickness “t” and the geometry and configuration of the
20  rear ferrule 22° are selected for a particular application in order to balance and
properly align the ferrule 22° on the tubing and to assure that the rear ferrule 22°

cooperates with the front ferrule 16’ to achieve the desired phase controlled

sequential gripping operation during pull-up to assure a proper seal on the



tubing. During fitting pull-up, the rear ferrule 22' applies a vector force
agai nst the outer surface of the tube end 13 that has both axial and
radi al cowponass. The radi al conponent force enabl es anpPeriU&ad0/F481i8ct i on
force on the tube surface to achieve excellent gripping and sealing
action. This axial friction force balances 5 against an axial tube grip
reaction force fromthe tube 13. The conbifed geonetry of the tapered outer
wal | 50 along with the recess 40 cause a “hinge" effect of the rear
ferrule nose portion_52. The selected geonetry and configurations wll
depend on such ®B&golyringdittiag AellHn: the fear fﬁ@é@éamnlvs RivEPtOB EPrecagast
materials used for the fitting conponents, the tube 10 material and wall

t hi ckness, the thpenst isndager efsthetwbefamd 13nibatf hasttiotly axiahatdvedial hempomsats.
ferrule is to be case hardened or not, and so forth. In order to maintain

proper sequent i e GHiappbfordREToRéd AR ah AgialBictiol Porck bn itige fub®OiERBLo t hat
the rear ferrule 22' nose portion 52 does not coll apse too soon otherw se

the front ferr -  Cl s DPJ- YO ube
w1 or an 15 1 Aaget Sl ol Sl EhAth, SRR ROE ortndidt e
tapered campng nouth 14.. 1f the rear .ferrule 22 | | apses too |late

rel ative t(Tgt heag'a}rgﬁ?n ?’SWE}{’%?“P Feagiion focs %{P%feet}l]?’ﬁﬁg- 22' may not have
adequate gripping force on the tube 13 wall. The rear ferrule 22' hinge
effect directs the rear fERs eAmBbiEsHEsaRerel g tansred outeewalb S8 alng With 52
agai nst the tube wall at a significant radial vector angle fromthe tube
surface. This ftberedess dppaiieda f'hinge” vledtt axf tB: rdandermals mmse pogionfi2 aithe r adi al
conponent while enabling the significant axial friction force. Thus, a

smal | er axi al ceEReAsionicafyeRdappfingttiotisavillnRpehid ¥ suthnfaetors3idcMBngbuf 3333
PCT/ US00/ 34828 13

not necessarily limited to the materials used for the fitting components, the tube

10  material and wall thickness, the operating pressure for the fitting, whether the
rear ferrule is to be case hardened or not, and so forth. In order to maintain
proper sequential gripping operation during make-up, it is important that the
rear ferrule 22° nose portion 52 does not collapse too soon otherwise the front
ferrule 16 may not have sufficient gripping force on the tube wall or an

15 inadequate seal force between the front ferrule 16 and the tapered camming
mouth 14. If the rear ferrule 22° collapses too late relative to the front ferrule,
then the rear ferrule 22° may not have adequate gripping force on the tube 13
wall.

The rear ferrule 22’ hinge effect directs the rear ferrule applied

20  force at the nose section 52 against the tube wail at a significant radial vector
angle from the tube surface. This ferrule applied force vector B thus has a
significant radial component while enabling the significant axial friction force.

Thus, a smaller axial component force applied via the drive member 30



sufficiently opposes the axial tube gripping reaction force in contrast to
when the applied force is substantially axial as in the prior art of Figs.
1 and 1AwQhe7338kar ferrule 22' grip of the tube 13 thus ROPUSECIIE2s a

toggl e-1i ke hinged action. The smaller axial conponent force results in
reduced nut 30 pull-up torque to 5 achieve the sane tube grip. In
addition, during fitting pull-up, this hinge characteristic directs the
tube reaction force through the rear ferrtde 22' generally toward the
central region of the rear ferrule driven surface 28" that contacts the
drive surface cuffiientlyhepposefoihiechxial dgbe gripming reastion Sorpgin pentrashiot When f or ces
being nore evenly 10 distributed across the rear ferrule 22' driven surface
28' to avoi d orthe ephlied throghs sWstataly atialosdn die piorestsof Ripud andduci Tie or
elimnating galling and reducing pull- up torque wthout |oss of tube

grippi ng force.rehnfeffany20a8psof the Al 13eheN SipebdcBek a tdpdle-likehmearhdtion. f or ces
be directed in a direction generally nornmal 'to the rear surface 28 of the

rear ferrule. T’Jf‘lger éxﬂa?ﬁeﬁ-‘aa%’a? rcr%fé&pﬁg&g [ gegsu%é) Er?fedﬁ?e?f‘ﬁﬁti Wg%%ﬁéﬁg% 'Ekf’h .

appl i ed radi al ce also 1l rea enetration or

rear ferrule 22'.nose portion onto the tube 13. This provides an excell ent
tube grip and ?@?P’egﬁet%]qe&ﬁﬁer%pl ied torque, and al so provi des greater
resistance to vibration fatigue by providing a swaged regi on of high
gri ppi ng pressure behi nd In@ddeionggyrig fitipg aulivp dhisdingehatagkraiste fhé@cgsn ser
created at the forward end of the 20 nose of the rear ferrule 22'. Fig. 28
i I lustrates t hithe heeuksctionrfotdedbrouple tiet reesfrmies2y’ geneglipowi@0 thvhesndrat he
nose penetrates the tube wall 13 is axially forward of a swaged regi on 402

of high fricti oggilonefgageieRuleiVes Bulfite 78e tHatl bentAas thealtile stiffecet dfiRe val | .
High frictional area or swage produces a collet effect that secures WO

01/73333 PCT/UQQ/ $48rRr 354 This resuits in the reaction forces being more evenly

10  distributed across the rear ferrule 22° driven surface 28° to avoid or reduce high
concentrations of stress, thus reducing or eliminating galling and reducing pull-

" up torque without loss of tube gripping force. In many cases it may be preferred
that the reaction forces be directed in a direction generally normal to the rear
surface 28’ of the rear ferrule. The increased tube gripping force resulting from

15  the applied radial force also imparts greater penetration or swaging of the rear
ferrule 22’ nose portion onto the tube 13. This provides an excellent tube grip

and seal with lower applied torque, and also provides greater resistance to
vibration fatigue by providing a swaged region of high gripping pressure behind

(i.e. axially rearward) of the tube stress riser created at the forward end of the

20  nose of the rear ferrule 22°. Fig. 28 illustrates this result, in that the stress riser
region 400 where the nose penetrates the tube wall 13 is axially forward of a
swaged region 402 of high frictional engagement between the ferrule nose and

the tube wall. High frictional area or swage produces a collet effect that secures



the ferrule on the tube wall and protects the stress riser 400 from

vi bration. Good gripping action of the rear ferrule forward flat section
44 of thaveoes33portion onto the tube is inportant for ovRECEUSOOEIBISOr mance
of the fitting, in contrast to any contact pressure between the rear
ferrule rear flat portion 42. In 5 many cases, there is no need for an
contact between the portion 42 and the tube 13. Another benefit resulting
fromthe reduced galling and | ower pull ]Lﬂp torque of the present invention
is that re-make of the fitting is facilitated. By "re-make" is sinply
meant that, in theferdppin tettiubasyall irel potactslthedwsss eisert 406 dpar sitbeatmnt ube
fitting after installation, possibly to replace a valve, tubing or to

perform ot her r@sdd gﬁplﬁmF NcBORDE Ehe Rehr rfempale Mforvadird fldtedectiéh Ug-dfmik aloke t he
sane fitting without replacing the ferrules and/or nut or body. If the rear

ferrule and dri ogu&%ntbam% Q@gqyﬁm é,r{%%r tob@r‘allt o eof %“E&E% fipr

re-make of th Itting nay be pro Itive or ossible, or t itting

TR et can iy et Yo p57 Efithst plesitt bRfy i T %%a% GRES AL

re-make is facilitated. Although the present invention is useful wth many
different mat aPMH @ses, theiais noaneer don i contprch hetages thaeartion 44 and the Wbai nl ess
steel fittings and tubing, including but not limted to 316 and 316L
stainl ess tubinkp. but includes 20 in addition to other alloys, Hastall oy,

I nconel, Monel alloys 400 and 500, 254SMO and steel, and dupl ex stainless

steel such as, for exanpl 8noth&FbaRi resulity ROLS Rt rddavenphlling cad loeetised
with or without case hardening on all or part of the surfaces of the

ferrules as reqifgfl toMRe0df 1333PesBitTiddelb34828at 1@ make of the fitting is

facilitated. By “re-make” is simply meant that, in some applications, the user

10 desires to separate a tube fitting after installation, possibly to replace a valve,
tubing or to perform other routine maintenance and repair, and thento re-install
the same fitting without replacing the ferrules and/or nut or body. If the rear
ferrule and drive nut have become galled, then the torque required for re-make
of the fitting may be prohibitive or impossible, or the fitting may not adequately

15 re-seal. With the use of the present invention to significantly reduce or
eliminate galling and reduce pull-up torque, re-make is facilitated.

Although the present invention is useful with many different
materials, it has particular advantages when used with stainless steel fittings and
tubing, including but not limited to 316 and 316L stainless tubing, but includes

20  in addition to other alloys, Hastalloy, Inconel, Monel alloys 400 and 500,
254SMO and steel, and duplex stainless steel such as, for example, SAF 2507.
The present invention can be used with or without case hardening on all or part

of the surfaces of the ferrules as required.



Wth respect to case hardened ferrules or ferrules nmade of materials
substantially harder than 316L stainless steel, the present invention

all ows t WeODi/13838Hg 10 to be properly pulled up with the deeTnsd/aBase
controlled sequential gripping of the tube wall. If a conventi onal
ferrule, particularly the 5 rear ferrule, was case hardened or nmade of a
very hard material, the ferrule would be}é/oo stiff to achi eve proper seal
and grip of the tube wall. The present invention however facilitates the
use of ferrules of hard materials or that have been case hardened over
part or all of their surf¥%& reaed Raerwsnhagenssdr &rles of deguley mpde of
treatnent of the ferrules in such a manner as to provide a carbon or 10

ni trogen rich smatedele subhstentsallyshaaderi thid B 16k rsthemlssst $teelf drer piesenb daentien
conpared to the underlying base netal, as is known to those skilled in the

art. FIG 5 illdpksahesitadothes be @beﬂly pallenbeditehé dedirddRthaseeontrolled r ul e
in which the recess 40 has is def?ned by two different angl es (an obtuse

triangle). For ﬁéﬂ%ia? gnh%]ﬁ%%@‘%é &ibe ISt %rlg)ln?ergﬁ;nb ?J&rcticﬂﬁul‘yncﬁér

surface 15 incr ses a xt ends rearwardly romt e sur e 44 toward
the rear flange The nd angl e- (appr oxi mat e t-he
angul ar " di nsi'GH ﬁW%ewan ??’Sgen i )orln% e %é Vpgy iirtd fgﬁ%]dstﬁ\% g‘?’%g?dl y
fromthe surface 42 toward nose regi on. These | es thus intersect at
an axi al posi t i §aulepgttop §t1ﬁfé%a%@ve MepEeH AderPiid % iYL oF he PreseHt er
wall 50 with the rear flange. Accordingly, 20 the stresses are nore evenly
di stribut ed ovenvetienrleareventwsilizges thELusmqu%Itr@lerGBardGmmmam ortthat hawer
ferrule of the prior art arrangenent of FIG 1 is shown before and after
make- up of the Bdehtdasgharibged bidrtpangomal ofubgiectiefiled 0 Casd hmidesing | heretmt

anal ysis, the results of which are WO 01/73333 PCT/ US00/ 34828 16
refers to the treatment of the ferrules in such a manner as to provide a carbon or
10  nitrogen rich surface that substantially hardens the ferrule body as compared to
the underlying base metal, as is known to those skilled in the art.

FIG. 5 illustrates another preferred embodiment of the rear
ferrule in which the recess 40 has is defined by two different angles (an obtuse
triangle). For example, the smaller first angle defined with the inner surface

15  increases as it extends rearwardly from the surface 44 toward the rear flange
26°. The larger second angle (approximately twice the angular dimension of the
first angle) increases as it extends forwardly from the surface 42 toward the
nose region. These angles thus intersect at an axial position that is located
beneath the intersection of the outer wall 50 with the rear flange. Accordingly, |

20  the stresses are more evenly distributed over the rear face 28°.

Turning to FIGS. 6 and 7, the rear ferrule of the prior art

arrangement of FIG. 1 is shown before and after make-up of the fitting. The

fitting was subjected to a finite element analysis, the results of which are



particularly evident in FIG 7. There, shaded regions in the rear flange of
the rear ferrule and the nut evidence the force and stress concentrations
encount eve@ 01/z836h nake-up of the fitting. Particul arly, aPCBgS@B48f8 hi gh
stress concentration is designated at area 60. Regions of progressively
decreased stress 5 concentration are identified by nunerals 62, 64, 66, 68,
and 70. Thus, the large stress concentration at the radial inner |ocation
of the rear face 28 results in increasel torque during make-up and
potential galling of the nut. FIGS. 8 and 9 show anot her nodified rear
ferrul e i n accopatiadaly evitenttihéF1Gedc Wihegs sbidaihegipne setite iean Batgeaf.thdhi s
rear ferrule is the same as 10 shown in FIG 5. As particularly evident in
FIG 9, the regieanfepiuldtUrdths hitevidcaod e Torica bh@btrdss conhairaidisanbotmteedced in
size when conpared to FIG 7. This indicates that the stresses have been
nore uniformy di e r r . : : -ear
ferrule. Thus, t oggﬁ%l?eq egrgler%ﬂﬁ%eg%ﬁ%ﬁ?g’ea ggﬁﬁﬁ %Fﬁl@?gsrsc%g% ?rr%gg?s

| i kewi se reduced. d15 FIGS. ;10 and 11 represent the rear ferrule s%(g)wn and
described i n PPGIHEE @t arsa #0ni ¢ REBPBRoMt BIREFRYLY | Areird 8ot hat
the region of high stress concentration is substanti aldl&%)[rermved at the

rear face afd aComSPEraienfasy identafias by Himsraly 635 641600 88cmdoid alHedthe M5&E n, t he

torque forces associated with make-up are thus reduced with the .
correspondi ng rsokse comeniraiidrogtathe zedialsinnes pc2ifore of\ denteraticor?8? rFEuls ircess
and conical outer wall provide a radial conmponent to the forces generated

in the fitting iabRaiddansiueduas tlAkOUS Bnd Perehieagafli@bloftiee whil e  still
providing a desired gripping and sealing of the tube. WO 01/73333

PCT/ US00/ 34828 17 The enprel ey Pindv Foihdmidifed feadliSPuB 1 b&bERmEOESE

sane

with the teachings of the present invention. This rear ferrule is the same as

10 shown in FIG. 5. As particularly evident in FIG. 9, the region of high stress
concentration is substantially reduced in size when compared to FIG. 7. This
indicates that the stresses have been more uniformly dispersed over the rear face
of the flange of the rear ferrule. Thus, the torque is reduced and the potential
for galling is likewise reduced.

15 FIGS. 10 and 11 represent the rear ferrule shown and described
in FIG. 4. Here, the finite element analysis illustrates that the region of high
stress concentration is substantially removed at the rear face and a more uniform
distribution of stresses obtained. Again, the torque forces associated with
make-up are thus reduced with the corresponding reduction in localized stress

20  concentrations. The recess and conical outer wall provide a radial component to
the forces generated in the fitting and transferred through the rear ferrule while

still providing a desired gripping and sealing of the tube.



objectives. The recess is of a slightly different configuration, i.e., the
recess is nore sharply defined in the inner wall of the rear ferrule. It
is also Wwobt/a33slightly forwardly so that the deepest pPETUSK/BB28 he
recess is located forwardly 5 of the rear flange. However, the outer wall
is still of conical configuration and in conjunction with the recess
distributes the stresses along the rear face of the rear ferrule. As is
apparent with the various enbodi ments deskfibed above, the recess and the
tapered outer wall do not require a particular conformation to 10 achieve
the stress distribution &t embtlodisdnt off Bl&S.f10r amiak®alsp ahicvbetliesd sanmng. | n
fact, a nunber of proposed alternative enbodinents are illustrated in table

form in FIG Ildbjedi®es EXBERIcEss it € afslipily dioRydit cOeMIRAIIELS.cN@WEredessi@ndar d
|l ocation that is generally defined as the rear edge of the recess being

| ocated axiall ymo%ﬁégﬁtﬁ%lgr&e?ge%% g{esﬁﬁ&ih%uqff hDGeAUERLINY 1530 Lfifed

enl arged fl ange. rop, right triangle, rectangle, oval, square

circular, obtuse.triangle, curve,. and onpoun urve are varjpus apes
Chat t e’ r ecessiamly Serraty oo b v Bccprd SHRELEL G keadlsdatitd BiRatiy*y
forward | ocation (second row%, or a rearward | ocation where the deepest
portion of the ¢idhesearilangssHowerradths oytes ek instill of capigeleonfigwgdon and r d
row) while still adopting the various configurations. Still 20 further, the
ori entation of imhenpiapeswihrnthdecesvistabaeatheddrrsses hicaigabe aar tfive ofwtbe | ous
geonetries in the fourth row or the sixth row, or the recess may be

defi ned by nul ticpl RriaRCESSES as shown in the geonetries of the fifth and
eighth rows. Alternatively, the recess(es) may be enlarged as indicated in

the seventh WO 01/73333 P&Igé-’?@%t&ﬁﬁ%%ﬁl t&%@qs%hﬂ;%ﬂné&é"ﬁescﬁﬁé@ﬁ%%g' Y,

the inventionis not limte e particular

the recess and the tapered outer wall do not require a particular conformation to
10  achieve the stress distribution and reduced torque for make-up of the fitting. In
fact, a number of proposed alternative embodiments are illustrated in table form
in FIG. 14. For example, the first row of geometries have a standard location
that is generally defined as the rear edge of the recess being located axially
beneath the intersection of the outer wall and the enlarged flange. The tear
15  drop, right triangle, rectangle, oval, square circular, obtuse triangle, curve, and
compound curve are various shapes that the recess may adopt. Moreover, the
recess can be positioned at a forward location (second row), or a rearward
location where the deepest portion of the recess is positioned beneath the
enlarged flange (third row) while still adopting the various configurations. Still
20  further, the orientation of the shapes can be reversed as demonstrated by the
various geometries in the fourth row or the sixth row, or the recess may be
defined by multiple recesses as shown in the geometries of the fifth and eighth

rows. Alternatively, the recess(es) may be enlarged as indicated in the seventh



configurations shown and described in the earlier enbodi nents of FIGS.
2-13, but may al so be incorporated into sel ected other geonetrical
configur W@onz333Nth reference to FIGS. 15-20, another enboUUR®4828f the 5
invention is illustrated. As noted herein above, the use of a recess 40 in
the rear ferrule 22 significantly reduces stress concentrations at the
drive surface 32 of the drive nut 30 by ding a radial conponent to the
pull up forces. The provision of the tap€ted outer wall 50 further can
contribute to the radial conponent and stress distribution, as well as
control | ed def otatigbth wWst hAcewsainglyy theipvigniorpss gof limited dp | the particplar
accordance wth the enbodi nents of FIGS. 15-20, the rear ferrule is

provi ded wi th acomfigtuativesdsidwinadsdestalom mhthe efnliet habodietntsest FIGS: 8sIsS,
concentrations in the area of engagenent between the drive nut 30 and the

rear ferrule 22uthds alsblbd ihbékﬁbfa@e!ﬁﬁtoi RleBRdVIRARESY TR fighMAbeRl pul | up
stress 15 distributions at the dive nut drive surface 32 and the rear

ferrule drive surface 28Wi§hyi’ét81%£cé 2% ‘Fg%%.s isha %%{b?ﬂrp&ggécﬁm@n{ Df he 40

type structure in the rear terrule escribed herein ore. ese
stress concentrations .ar epr esent by.the arrows 200. By conparing the
tress distri bufraRendr s A8 H et Als e R off FesereEn R FRE 7
(FIG 7 being illustrative of a rear ferrule that does not 20 include a
recess-type or isetlerekeignidicantly woycgsistiess egnsanteattons ghiberdrvepusiare B RL of
the recess 40 concept significantly and substantially reduces stress
concentrati on othetdmevedmitvd hutaddmigve radielf emep@Rntiso ot pdll hgr &iredsef dhe. Thi s
WO 01/ 73333 PCT/ US00/ 34828 19 reduction in stress concentrations is
further evi dentprbyRiBnaof e edpefednodbr Wal 50 fuMhdérhcdnl &ShtriButelib MRCralifhl
component and stress distribution, as well as controlled deformation of the rear
10 ferrule 22 during pull up. In accordance with the embodiments of FIGS. 15-20,
the rear ferrule is provided with a contoured drive surface that further reduces
stress concentrations in the area of engagement between the drive nut 30 and the
rear ferrule 22.
FIG. 21 illustrates in an exemplary manner typical pull up stress
15  distributions at the dive nut drive surface 32 and the rear ferrule drive surface
28, typical in cases that incorporate a recess 40 type structure in the rear ferrule
as described herein before. These stress concentrations are represented by the
arrows 200. By comparing the stress distributions of FIG. 21 and the stress
concentrations in FIG. 7 (FIG. 7 being illustrative of a rear ferrule that does not
20  include a recess-type or notch structure 40) it is apparent that the provision of

the recess 40 concept significantly and substantially reduces stress

concentration on the drive nut drive surface 32 as noted hereinbefore. This



Al though Fig. 21 is not an FEA representation, it illustrates the point
that the use of the recess 40 may not in all cases entirely elimnate
stress wa@onzsairations at the rear surface of the rear PETUSIEB4828 bei t
the use of the recess or notch 40 greatly reduces stress concentrations in
conparison to a rear ferrule that does not include a notch or recess). In
the sinplified representation of FIG stress concentrations nay exi st
for exanple at the radially inner and outla? portions of the rear ferrule
flange 26 (referred to herein as bi-nodal stress 10 concentrations as they
can occur t hougledmgionhaseessconmnimtias is wtheegviders foim a sompasson of FIG. 7
concentrations). These sonewhat higher bi-nodal stress concentrations are
represented by {heFi@8W,an .agnews in FIG 21. The present invention is thus
directed to further reducing such stress concentrations, with the results

illustrated in FIG 19, g nglgezmﬂefvsm T BPAGS gen@an%ﬂbﬁtl &fa?és the
up e e

elimnation of 15 pull ncentrations using a nodif rear

f | d f d
this furt L'erveail%éré%t?fﬁ%tff%f f® PEsErSR 30 Sl i et el ﬁ%ina?%%m i ng

a rear ferrule which is nodified so as to reduce_ further the P

stress concent r@RrHHEtigys aibs regs sihqeofdhe rear ferryle (plbebtheruse o5 hzdecess
concentration along the rear surface that engages the drive surface 32 of
the drive nut @Motedhs4Q gresthipraduces fHeGScontsatidions or cesppuisdi hya féar férnge
conponents are shown in finger-tight position preparatory to fina

ti ghteni ng. WO 3/ do38 33t REMUL/DR0tBAD 2& es)0 el virapkted tepreseit@i@nefiFIGO FI GS.
15 and 16, the fitting conprises a body 110 having a cylindrical opening

112 for receivipg sﬁeés%c@rﬂf&ti%ﬁ@ ﬁfa?iezxisit g&t L1009 ReGURNETHARE 8nd L3R A

tapered, frusto-conical cam nout

portions of the rear ferrule flange 26 (referred to herein as bi-modal stress

10  concentrations as they can occur though not have to occur as two regions of
stress concentrations). These somewhat higher bi-modal stress concentrations
are represented by the heavier arrows in FIG. 21. The present invention is thus
directed to further reducing such stress concentrations, with the results
illustrated in FIG. 19, wherein the arrows represent a substantial elimination of

15  pull up force concentrations using a modified rear ferrule drive surface and the
recessed inner radius.

In accordance with this further aspect of the invention a two
ferrule fitting is shown having a rear ferrule which is modified so as to reduce
further the pull up stress concentrations by substantially distributing the stress

20  concentration along the rear surface that engages the drive surface 32 of the
drive nut 30. As is shown in FIGS. 15-18, corresponding fitting components are

shown in finger-tight position preparatory to final tightening.



| ocated at the axial rear or receiving end of the opening 112. A front
ferrule 116 5 having a snmooth, cylindrical, radially inner wall 118 is

cl osely me@ei/vsa3 on the tube 113. The front ferrule 116 hapUSOWHER® ed
outer surface 120 which engages the tapered nouth 114 of the body 110.
Associated with the front ferrule 116 and | ocated axially adjacent (i.e.,
in a rearward direction concentrically aligned with the |ongitudinal axis
of 10 the fitting) is a rear ferrule 1222@onfigured with a tapered nose
portion 124 having a rearward, tapered surface 127. The rear ferrule 122

al so includes a radial |l yWethtspadiingefereace fo e 131 26d Aythadittngommwisced end
face 128. The contoured face 128 includes a rearward-facing driven surface

129 which is eans@cgemd)ua@ng eRBAdicAR opdrivg NI Fatbed@ind 32upé efidhe13tHave nut
130. 15 The tapered nose surface 127 of the rear ferrule 122 engages and

may have, but g@ttoﬂﬁcﬁgéacrohheérbo%”ﬁ é?‘”ﬁiaﬁa#)lsﬁéd} B?stﬁ-% 'cglg%g? n?&ﬁxtl? 148Rgr ed

cam surface 1 Int rear area ofr t ront errul e € nose

portion 124 is . jqined, with the flange 12 a_pr.ef bl y. t aper ed ter
Pl 951 ¢ et Red Rl b e s 60 Aot dp RS T 7oa LR AERAE AR

i ncreasing radial dinmension 20 in the axially rearward directjon. The outer
wal | 131 codl d kaving pamegih; pdindeissl, radialtynsoegiwall 11§ ip¢laschy regived opebe aper ed
to further facilitate reduction of stress concentrations on the rear
surface 129. W3ubd/1¥7333Bc ROH URODY BUBRS a @pertt @ufee snihaesl 201@hialn éngd422s ar e
encl osed by a threaded drive nut nenber 130 which includes a drive surface

132 that engagegetfRreeianb@bred of aedod$2900f the rear ferrule 122. The nut
menber 130 threadably engages a threaded portion of the body 110. During

tightening and make-up of Atf@iatddtwiiNhe 18 fGRI1Y €16 and located axially adjacent

(i.e., in a rearward direction concentrically aligned with the longitudinal axis of

10  the fitting) is a rear ferrule 122 configured with a tapered nose portion 124
having a rearward, tapered surface 127. The rear ferrule 122 also includes a
radially extending rear flange 126 having a contoured end face 128. The
contoured face 128 includes a rearward-facing driven surface 129 which is
engaged by a respective driving surface 132 of the drive nut 130.

15 The tapered nose surface 127 of the rear ferrule 122 engages and
may have, but not necessarily, substantially the same angle as a tapered cam
surface 125 in the rear area of the front ferrule 116. The nose portion 124 is
joined with the flange 126 by a preferably tapered outer wall 131. In the
illustrated embodiment the wall 131 tapers with an increasing radial dimension

20  in the axially rearward direction. The outer wall 131 could also be cylindrical,
although it is preferred to be tapered to further facilitate reduction of stress

concentrations on the rear surface 129,



5 surface 132 of the nut 130 applies pull up forces against the contoured
face 129 of the rear ferrule 122 to drive both ferrules axially forward
(to the m@ht/7333 viewed in FIG 16) into the fully engagedI/psayisisn shown
in FIG 19. The rear ferrule is configured so that upon forced engagenent
with the tapered cam surface 125, the nose portion 124 deforns radially
inward. This action is 10 desirable since it results in a tight gripping
engagenent of the rear ferrule 122 inner2kylindrical wall with the outer
surface of the wall of the tubing 113. In the enbodinents illustrated in
FI GS. 15-20, the contour €the femmges12® ofd 13Pearceacloset byulaethi@@edrayivb et
rounded, curved, arcuate, or bowed or other curvilinear shape or

conbi nation of muagRersiBAPASich Michides alative ButacaB2 Ukt REERSS 8l dovitdubel faage 128
has a portion of which is a contour in the formof a convex radius R The

center of the r idf%h&f’e@r?e%{urllé Péz.?:l égnmﬁk@r%G%e&d%bf;{"&xgg%%ﬁt&/&&d?@dy as

shown in FIG 18. However, ose Iin the art w

appreciate that _the origin,o r.adj. surface 129 ¢ be. .l ocat ed
aywher o i tp bt PP ofptiBe RSt pRE Rt o iR e Frne R 88t aci on
of FIG 18 being 20 provided for illustrative purposes only. One aspect of
the contour &d f@Eiace s¥ pithemph{3Qwrnkics el up forees agashee cpp®ure fore 1£%r m of
a convex radius, a line contact 129b (or reduced face to face radi al
contact) is forofeticirpirt feafuloy1243 tch dtie batnt fermitasvaxialyr foarwerdl G2,the might pegi on
between the inner and outer radial portions of the WD 01/ 73333

PCT/ US00/ 34828 vidred Irol® 153 Gnto TiefullgahedgdrpskioalsiowpieFeG.aldl. yThatdatides a
recess 140 which can be of any configuration as previously described

1o i S0 ATl e o sgtsdneg 0P setpbiend v
FIG 20. surface 125, the nose portion 124 deforms radially inward. This action is
10  desirable since it results in a tight gripping engagement of the rear ferrule 122
inner cylindrical wall with the outer surface of the wall of the tubing 113.

In the embodiments illustrated in FIGS. 15-20, the contoured
face 128 of the rear ferrule 122 may be rounded, curved, arcuate, or bowed or
other curvilinear shape or combination of such shapes. Preferably but not

15  necessarily the face 128 has a portion of which is a contour in the form of a
convex radius R, The center of the radius can be, for example, internal to the
ferrule body as shown in FIG. 18. However, those skilled in the art will readily
appreciate that the origin of the radius surface 129 can be located anywhere
with respect to the rear ferrule structure with the illustration of FIG. 18 being

20  provided for illustrative purposes only. One aspect of the contoured face 128 is
that with the driven surface 129 in the form of a convex radius, a line contact

129b (or reduced face to face radial contact) is formed initially with the nut

drive surface 132, in a region between the inner and outer radial portions of the



5 Although the use of a radius or other curvilinear surface for the
contoured surface 128 is desirable, there is a practical limt as to how
smal | thavoorassus can be made. |f the radius of curvat ur BCT/ASEdE828t 00
small then there will possibly be undesired stress concentrations devel op
in the center region of the contoured face 128. 10 A distinct advantage of
the contoured rear ferrule 122 is that pull up stresses between the nut
drive surface 132 and the contoured face 428 of the rear ferrule 122 are
nore uniformy distributed across the surface 128 of the rear ferrule,

t hus reduci ng ditwhgsUB6t diht iredr|fgrrek iakso patferablysinckedes € owesnt40avhionsan b&hi s
further reduction of stress concentrations on the drive nut 130 reduces

pull 15 up torgfugiyadishficetion Sis Gadvibidy défubed aeield hisdviengATtempikety,ahe t he
fitting. It is inmportant to note that although the illustrated enbodi nents

show an initial oﬁ%@&fegpfag% 8 chr'Be hé‘eﬂrwﬁl‘?é %Hg?%&%% ézéﬂﬂﬁ,lﬁrgﬁ orfifilal Smftiit 130

as generally in the m e contoure I's not required
in every appligatian. i i.a of 'contact will be a function of
the overal fiﬂﬁ?ﬁaeﬁb“‘eéﬁﬁwﬂﬂﬁﬁifﬁﬁﬁﬂéothe geonetry of the tapered wal l
131, the recess 140, the nose portion 127, the front_ferrule 116
configuration and soAkbeugh theypss r?fk%éﬁ‘ihﬁﬁ oryphgr a?uﬁ‘éhlé?aél S"é%‘ﬁ%cfpr dhet he
invention, the contoured face 128 will be convex or axially variant in the
regi on bet ween conéouredistaface ARG is dmaaldettherepoa piashisal dfimit hetoiOv0 sh7B 488

PCT/ USO0/ 34828 23 flange 126 so as to distribute nore uniformy the pul

up forces acti ngd@p chiBe nthideV & thetadldofturvadd¢en@dé kdongnalhtheptihdre wiill t or que
as conpared to a conventional rear ferrule design that has a substantially

fllat non-cont oW Ren1yipd UidbsEH ERGE cL8&nirations develop in the center region of the

contoured face 128.

10 A distinct advantage of the contoured rear ferrule 122 is that pull
up stresses between the nut drive surface 132 and the contoured face 128 of the
rear ferrule 122 are more uniformly distributed across the surface 128 of the
rear ferrule, thus reducing and substantially eliminating stress concentrations.
This further reduction of stress concentrations on the drive nut 130 reduces pull

15  up torque and reduces galling, thus facilitating re-make of the fitting.

It is important to note that although the illustrated embodiments
show an initial contact between the rear ferrule 122 and the drive nut 130 as
generally in the middle of the contoured face 128, this is not required iﬁ every
application. The initial point of contact will be a function of the overall fitting

20  design, including the geometry of the tapered wall 131, the recess 140, the nose
portion 127, the front ferrule 116 configuration and so forth. But in keeping
Witﬂ a general aspect of the invention, the contoured face 128 will be convex or

axially variant in the region between the radial inner and outer portions of the



5 FIG 20 illustrates an enbodi nent of the invention in which the rear
ferrule 122' has a substantially cylindrical inner wall 150", but otherw se
i ncl udes waer/fi3ange 126' having a contoured driven surfackPCI/R800/H828 a nose
portion 124" with a front bevel 127 and a tapered outer wall 131'. Fig. 22
illustrates another enbodi ment of the invention wherein 10 the rear
ferrule 22' design can have the recess 40' shifted axially rearward,
generally within the axial dinension of the flange 26'. Wth reference to
Figs. 23A-F, we illustrate a nunber of variations of the contoured end
face 128. | n Fiflpng23R6tdoeasf tacdkstliB@eimort ommodniyvihe pulluipefdregst dctiag oprtbéi | e.
In Fig. 23B, the face 128 is forned by a blending of 15 nultiple radiuses
such as section&ivk2@at 1828k aBauck286llingodsl Qullt e @WEQW RY co@sirgnabea poi nt's
of intersection of the arcs and not physical features of the end face). In
Fig. 23C the epfvbagfial 2 RELIIESE, GRRUR! 2 RABYLARITZAR Raybdlafeq {11 St
radius profile, and outer portion 1 ornmed by a second radius profile.
In Fig. 23D tggagnd %ace 8 includes a central portion 128a having a
profile 20 fornBd By "H2%Ati%s and outer portions 128b and 128c formed as
straight surfaces (in section the surface appears_ straight,  though
realized indthe form of alXprAlcipstraies agrahodimgntreffhe 2@Enf1ﬁ’élféWblcgéB% 128
includes an elliptical portion 128a and a straight portion 128b. And in
Fig. 23F the encarf fecmld 282’ hizes asybshiiblly €dmdedalopneiOvall /138338t otherwise

PCT/ USO0/ 34828 24 three geonetric shapes of an ellipse 128a, a straight
portion 128b an@cdéfeicudang20rdd’ Havikg8s comtbul | drivee xRePlies’ aid kidse 23A-F
the point nade is that the selected profile and geonetry for the contoured

oS, e 125, etk RANUER bl el er ol roef o, T

Fig. 22 illustrates another embodiment of the invention wherein

10  the rear ferrule 22’ design can have the recess 40’ shifted axially rearward,
generally within the axial dimension of the ﬂange" 26°.

With reference to Figs. 23A-F, we illustrate a number of
variations of the contoured end face 128. In Fig. 23A the face 128 is formed
with an elliptical profile. In Fig. 23B, the face 128 is formed by a blending of

15  multiple radiuses such as sections 128a, 128b and 128c (dots on the drawing
designate points of intersection of the arcs and not physical features of the end
face). In Fig. 23C, the end face 128 includes a central portion 128a having a
first radius profile, and outer portion 128b formed by a second radius profile. In
Fig. 23D the end face 128 includes a central portion 128a having a profile
20  formed by a radius and outer portions 128b and 128¢ formed as straight surfaces
(in section the surface appears straight, though realized in the form of a conical

surface). In Fig. 23E the end face 128 includes an elliptical portion 128a and a

straight portion 128b. And in Fig. 23F the end face 128 has a profile formed by



5 deformation of the rear ferrule 122 hinge-like nose to achi eve excell ent
gripping of the tube while also maintaining the proper sequential pull-up
oper at i owow1/m333 he front ferrule. Wth reference to Fi gsPCPUSIB4818he
present invention can also be realized by incorporating a contoured
profile in the drive surface 132 of the nut 10 130. In these enbodi nents,
the rear driven surface 128 is conical. Alternatively, both the drive
surface 132 and the driven surface 128 cotft d be contoured. Figs. 24A-F
correspond to Figs. 23A-F as to the contour shape applied to the drive nut
surface 132. Thihme deometr®aghaped ofsa ellipss H¥aeh birpighttpdrtiopld8h hed aFadjus 24B

illustrates a multiple circle profile; Fig. 24Cillustrates a two 15 radi us
surfaces; Fig. pafidn l1best Matadisthe dxathples EWiaCBA N thet %&inﬁhfad'b ghthapaké i ons;
Fig. 24E illustrates an ellipse contour with a straight portion; and Fig.

24F i1 ustr at eqdiR0bRALY 9Rob AL AR Hihtottd Do 206l Slipne ARG i Ons.
enpodi nent o

In yet another Fig.”24G the nut drive surface 132 can be

formed of two straight portio t hat .j oi.n .at _an .apex. 129D. .20 Wi h.

ref erence toFi Gkt Rk PE Bere B h i€ R AREHRE MR ed Bl ¢ 522
include a recess 540 in the inner cylindrical wall. However, in this

embodi ment . 3t heleaatation of tisgees %ﬂulgdﬁihénaedﬁmsw aphieye GEpellsnbERIANE bor e
inthe ferrule 522 body as conpared to the dianeter of the bore that forns
the forward WO @1thy 83883VIEETAMSORIBABREG the BropenseqBautial Byllfupr oneregiontveitly ear
surface 542 with a larger dianeter, a single tool can be used to formthe
notch 540 and tihe fieghfeimle. bores through the ferrule 522 body. The
difference in the two dianeters is represented by the dinension Din Fig.

25. Note that the notch ofyifi6efechcedOFIs. PASIF HRGEsenl iRt bE&MAASSHPOr ti on

realized by incorporating a contoured profile in the drive surface 132 of the nut

10 130. In these embodiments, the rear driven surface 128 is conical.
Alternatively, both the drive surface 132 and the driven surface 128 could be
contoured. Figs. 24A-F correspond to Figs. 23A-F as to the contour shape
applied to the drive nut surface 132. Thus, Fig. 24A illustrates an elliptical
profile; Fig. 24B illustrates a multiple circle profile; Fig. 24C illustrates a two

15  radius surfaces; Fig. 24D illustrates a radius surface and two straight portions;
Fig. 24E illustrates an ellipse contour with a straight portion; and Fig. 24F
illustrates a combination of a radius, straight and ellipse portions. In yet another
embodiment of Fig. 24G, the nut drive surface 132 can be formed of two
straight portions that join at an apex 129D.

20 With reference to Fig. 25, in still a further embodiment, the rear
ferrule 522 include a recess 540 in the inner cylindrical wall. However, in this
embodiment, the rear flat portion 542 is formed by a larger diameter bore in the

ferrule 522 body as compared to the diameter of the bore that forms the forward



5 of the ferrule 522 body. This provides an axially elongated forward
surface 544 that assists in maintaining the ferrule in alignnment during
assenbl y wOnues3she rear portion 542 does not as cl osely BOT/USuWES18he t ube.
Those skilled in the art wll readily appreciate, however, that the

enl arged di aneter rear portion 542 can be used with many of the notch 40

profiles illustrated herein and others, 10 including nmultiple notch
designs. The rear ferrule 522 may also i ude a contoured rear wall as in
t he enbodi nents described herein. Fig. 26 illustrates another enbodi nent of

t he rear ferrulfat?34. Bynfortingsthe mbardinnfece 542 withddiatdeodidnoetéhe sthglsbtoel
notches 40" in the central through bore, the ferrule includes a notch or

recess 300 in tdag HRuUised i fomiethe hoeh 5HaGRd Y cohfralDborb@irdiihrtHé Gorrul1s 32 not ch
300 can be used as part of the "hrnge" design to further control the

plastic defor ”Bﬁdd?.u rl‘t%h o diftreh & ih'th 3 géiﬁm%fstl's 9%?&%69;;3) tﬂg dirRM4lslon4® in FI -

27 illustrates a exanpl e rear fer I ncor por at es
the central re ss 40, ered, out er 650, h out.er

di anpter reces ﬁﬁerraféeﬁﬁe G OF eer AR iR PP At RERSE, 20
radi al flan e 642 with a contoured or radius driven surface 628, The rear

surface 642 fthe fegruleypdd Rodyaridés pravidee e pxiphy plopgded Erwardsusiaes ate 644,

as in ot her exarrpl es herein, as represented by the dinmension D'. Al of
the actual di ribafsissists iamiaiptaiﬂihgéh;e feepnldhen skegrecend diuriog cassubly Iseict éhe ul e
622 to plastically WO 01/73333 PCT/ US00/ 34828 26 deformw th desired | oads

agai nst the tubeaspuitias §4286esnoliafckrélylsaaund RaehY. r BhdsenkilRg@an fsd art he nut
drive surface and al so assure proper driving force into the front ferrule.

As with the Var\!vf?H% &lﬁhﬁfpréc‘?zﬁ Hoelrt! agﬁx%'eﬂﬁ? db&h!rﬁtetre?}é%gpollﬁ%%h? cart N€

vari ous concepts ear errul e ESI gn ca e used In sSin

be used with many of the notch 40 profiles illustrated herein and others,
10  including multiple notch designs. The rear ferrule 522 may also include a
contoured rear wall as in the embodiments described herein.

Fig. 26 illustrates another embodiment of the rear ferrule 22°. In
this embodiment, in addition to the double notches 40’ in the central through
bore, the ferrule includes a notch or recess 300 in the outer diameter surface 50’

15  of the ferrule. This notch 300 can be used as part of the “hinge” design to
further control the plastic deformation of the ferrule nose portion 52’ during
pull-up. Fig. 27 illustrates a further example of a rear ferrule 622 that
incorporates the central recess 640, a tapered outer diameter 650 having an
outer diameter recess or notch 3007, and the larger diameter rear portion or

20  radial flange 642 with a contoured or radius driven surface 628. The rear
surface 642 is of a slightly larger diameter than the forward surface 644, as in
other examples herein, as represented by the dimension D’’. All of the actual

dimensions and profiles may be selected to cause the ferrule 622 to plastically



5 ferrule fitting. The ferrule illustrated in Fig. 27 includes the outer
notch 300'. The FEA illustration of Fig. 28 dramatically shows how this
outer notw®0B@333 produces a significant hinge effect at PEBUR@EE8ISOrti on
652 of the rear ferrule. The outer notch 300 is bounded by a radially
extendi ng crown 302. This crown 10 302 functions to prevent the nose of the
rear ferrule 22' fromslipping (as, for exanple, in a tel escopi ng manner)
under the front ferrule when the tubing i20 thin walled or otherw se easily
def ormed during nake-up of the fitting. Wthout the crown 302, as the thin
tube wal | col | ajefean twigh ndssedflotdse aganst thee tubgl surfoel dndeninomized load of
the camm ng nmouth of the front ferrule and slip 15 under the front ferrule,

preventing prop&hcafeions hedingd te mid @rigtd SurPRLand al BRisife pRIpeLitiviap féer ul e.
Preferably, the crown 302 maintains contact with the inner carom ng nouth

f the f f i I\l ' ' ' i th
of the front fehidig i ieupUlds with Rl SRl Q0hrNBSuBSRD MeRREIRES W !

reference to the prefer enbodi nment . viously, no ons and.
alterations wil] occyr to others 2 on readj ng_and ,under, st andi of
Chis apect 1i cattosin e veBofi piiaty Sl ouF R TabiR - SnaHn i Fi b o e and
alterations insofar as they cone wthin the scope of the appended clains
or the equi val &isfglefHERgof . WD 01/ 73333 PCT/ US00/ 34828 27 Having t hus
described the invention, it is clainmed: 1. A tube fitting conprising: a
fitting body having a cyThatiriudaillustrated fioFig. efeineludgs thet ailder myich 3060 .
including a tapered nouth at one end of said bore; a drive nenber having a
t hreaded engageTmNFEM illbsteadiod JIqdy. 28 anehafianminghoavsf s whie odfek wetchBd0ace; a

first ferrule having a tapered first end that

produces a significant hinge effect at the nose portion 652 of the rear ferrule.
The outer notch 300 is bounded by a radially extending crown 302. This crown
10 302 functions to prevent the nose of the rear ferrule 22’ from slipping (as, for
example, in a telescoping manner) under the front ferrule when the tubing is
thin walled or otherwise easily deformed during make-up of the fitting.
Without the crown 302, as the thin tub‘e wall collapsed the nose of the rear
ferrule could be forced out of the cammiﬁg mouth of the front ferrule and slip
15  under the front ferrule, preventing proper sequential pull-up and poor gripping
by either ferrule. Preferably, the crown 302 maintains contact with the inner

camming mouth of the front ferrule during pull-up.
The invention has been described with reference to the preferred
embodiment. Obviously, modifications and alterations will occur to others
20  upon areading and understanding of this specification. It is intended to include

all such modifications and alterations insofar as they come within the scope of

the appended claims or the equivalents thereof.



extends into said tapered nouth of the fitting body and having a second end
wWth a tapered recess that axially extends toward said first end; and a
second fweoputmshaving a generally cylindrical interior weCT/Use/saser ed
first end that extends into said tapered recess of said first ferrule, a
tapered outer wall portion, 10 and a driven surface on a second end thereof
t hat engages said drive nenber ferrule drive surface; said second ferrule
interior wall having a first circunferem7al recess |ocated between said
first and second ends of said second ferrule; said tapered wall portion
havi ng a second ci r cunf erd@mihgthus dessdbed drrinveiod, it isrddinedd; sai d recesses
reduci ng force concentrations on said drive nenber 15 drive surface when
the fitting is pulled up.12. TReufyet ki Qbnpliging b WhgLEL dbasahsidsi ye
menber axially drives said second ferrule into said first férrule tapered
recess and axi ; | g - fprst i - Sa] Y, nout h
when said dri vzéﬁﬁé%&gédrl\ﬁ:%ge %Elr?%%\tlhéi t&\]}e[e%ﬂ&sjglfdd{n%%u%/@aézgapg%gfﬁ{)a&?%{é t(8 ﬁeﬁg of
claim1l wherein said second ferrul e second irqunferential rece has an
hor oasi g 1 adi R HOBRTPITR & HERP AP BE Gieeded R G Lo O boTer r i e
second end. WD 01/73333 PCT/US0Q0/ 34828 28 4. The fitting of claim1

wherei n sai @ seddheving 3 fArele dpey aafase: 2 Arst figrule hadng adapeacd Best aid that

extending crown adjacent said first end. 5. The fitting of claim4 wherein
sai d crown r ensaxtsds nntoosaidattperedi mbuthanfdhe ifitshg bedy ahd hbwpg reegbcomt esd
during pull-up of the fitting. 5 6. The fitting of claim1 wherein said

second ferrul e Wihwedp&bd k&ess tHaPBRiRI1S @fteAds AW L8 fiBCendnAdthdcomd t h
said circunferential recess produce a
ferrule having a generally cylindrical interior wall, a tapered first end that
extends into said tapered recess of said first ferrule, a tapered outer wall portion,

10 and a driven surface on a second end thereof that engages said drive member
ferrule drive surface; said second ferrule interior wall having a first
circumferential recess located between said first and second ends of said second
ferrule; said tapered wall portion having a second circumferential recess near
said first end; said recesses reducing force concentrations on said drive member

15  drive surface when the fitting is pulled up.

2. The fitting of claim 1 wherein said drive member axially drives
said second ferrule into said first ferrule tapered recess and axially drives said
first ferrule into said body tapered mouth when said drive member is pulled up
with said body.

20 3. The fitting of claim 1 wherein said second ferrule second

circumferential recess has an increasing radial depth in the axial direction

~ toward said second ferrule second end.



radi al conponent in pull up forces occurring at said drive surface to
distribute nore uniformy said pull up forces across an interface area

bet ween 3@ drdBsye surface and said contoured face as coPQEUSE/I4828f or ce
concentration areas 10 present in absence of said contoured face and said
circunferential recess. 7. Arear ferrule for a two ferrule tube fitting,
conprising: a generally annular body having a |longitudinal axis; a tapered
nose portion at a first end of the ferrd®; a flange at a second end of
the ferrule axially opposite said first end; a cylindrical interior wall
ext endi ng t hrough t e ferThd Bttiagdf thimdaphectint spid séadad doeunledapevedyputadi nal
tube; a first circunferential recess in said interior wall and | ocated

bet ween sai d fiwsl indhdese edivllyesrdsidin@tdown hdjpesneehi@fir®lendal | that j oi ns
sai d tapered nose and flange; said tapered outer wall having a second

circunferential recess fofﬁ’éeﬁg}d;e&c&f'b]]@%m & whBRid §4ilfl WrEwRrembhs Th copiRt i n
2 adil a

7
tapered outer wall fornms a y extendi ng crown at said nose

portion. 9. A tube fitti onpri sing: fitting b havi ng a cylindrical
bore for recei v‘ivﬁbsaéd&iﬁﬁzggﬁa%glfﬁ%rf’%ﬁ g‘ﬂ?l}ggpuél'&a%@géétt%th at one end of
said bore; a drive nmenber having a threaded engagenment with said body and
havi ng WO 0%/ 73333 FeT/ ushiy alingef chigmd wherein saidgepnd fppedivensurfape

ferrule having a tapered first end that extends into said tapered nouth of
the fitting bodpnmmgehavomgurddecoand thaidwith s#idaircupérential rescesprotingst a
axially extends toward said first end; and a second ferrule having a

general l'y cyli nddiaLedmpdricat iropulivap lforces d@paigdatfdaidsdrienslrfdoato dsttbuds i nto
said 5 tapered recess of said first ferrule, and a driven surface on a

second end therggf yifahlLOSRIEE upabRedhiNg MPHRE acE GFdaW Bl 3481 TS ace;
said second ferrule

surface and said contoured face as compared to force concentration areas
10  present in absence of said contoured face and said circumferential recess.
7. A rear ferrule for a two ferrule tube fitting, comprising: a
generally annular body having a longitudinal axis; a tapered nose portion at a
first end of the ferrule; a flange at a second end of the ferrule axially opposite
said first end; a cylindrical interior wall extending through the ferrule and
15 adapted to slide over a longitudinal tube; a first circumferential recess in said
interior wall and located between said first and second ends; and a tapered outer
wall that joins said tapered nose and flange; said tapered outer wall having a
second circumferential recess formed therein.
8. The ferrule of claim 7 wherein tapered outer wall forms a
20  radially extending crown at said nose portion.
9. A tube ﬁtting comprising: a fitting body having a cylindrical
bore for receiving a tube end and including a tapered mouth at one end of said

bore; a drive member having a threaded engagement with said body and having



interior wall having a first circunferential recess |ocated between said
first and second ends of said second ferrule; said nut drive surface being
cont our edyO 8873333 cont oured drive surface and sai d recess PeTUSIOBYs8Isor ce
concentrations on said 10 drive nmenber drive surface when the fitting is
pul l ed up. 10. The fitting of claim9 wherein said drive surface conprises
a radius portion. 11. The fitting of claim9 wherein said drive surface
conprises a curvilinear portion. 15 12. %he fitting of claim9 wherein
said drive surface conprises at |east two non-parallel straight portions.
13. A ferrul e foferrald dibe durfate; ndirstlemotd Isivig a Gpged divetl dny thatruteads oaly
having a longitudinal axis; a tapered nose portion at a first end of the

ferrule; a flapgetapéred nSQRRBE tIRNGHIAE bbhf—‘ ah@hhvhe adseteld PRPRS thfers@i d
first end; a cylindrical 20 interior wall extending through the ferrule and

adapted to sli dr%cé%éllﬁfatgxic?‘u&%%eﬁlﬁgit&gdéd%ﬁﬁeﬁrs@mfgﬂ %ﬁ& a(\sie&%glnfe%f‘enﬁdd-vgr{# d£ ecess

in said interior wa n ocated tween sal Irst a secon s; and
a tapered outer wall that .j.oins said 01/ 73 PCT/ USQ0/ 34828 . 30.t aper ed
nose’and 1 angehenliy Dapehie Bt Sl 1 RAgRR T oL O B CRRE: B | o
recess fornmed therein. 14. The ferrule of claim 13 wherein said ferrule is
case hardenéd tapaed geopisralseidl iomt forle gnd adeven surface e sesprdiprd Bereef ai m 13

wherein said ferrule is case hardened over its entire surface. 16. A tube
fitting conpri shagengagbs tshidndribodyerhizeri fegube dyibve redrfiacg| said second ferrule

interior wall having a first circumferential recess located between said first and
second ends of said second ferrule; said nut drive surface being contoured; said
contoured drive surface and said recess reducing force concentrations on said
10  drive member drive surface when the fitting is pulled up.
10.  The fitting of claim 9 wherein said drive surface comprises a
radius portion.
11.  The fitting of claim 9 wherein said drive surface comprises a
curvilinear portion.
15 12.  The fitting of claim 9 wherein said drive surface comprises at
least two non-parallel straight portions.
13. A ferrule for a tube fitting, comprising: a generally annular body
having a longitudinal axis; a tapered nose portion at a first end of the ferrule; a
flange at a second end of the ferrule axially opposite said first end; a cylindrical
20  interior wall extending through the ferrule and adapted to slide over a
longitudinal tube; a first circumferential recess in said interior wall and located

between said first and second ends; and a tapered outer wall that joins said



bore for receiving a tube end and including a tapered nouth at one end of
said bore; a drive nenber having a threaded engagenent with said body and
havi ng 10v@of/z38ul e drive surface; a first ferrule havi ngpa@rvaue4ezs fir st
end that extends into said tapered nouth of the fitting body and having a
second end wwth a tapered recess that axially extends toward said first
end; and a second ferrule having a cylindrical interior wall that closely
surrounds the tube end, a tapered first ef that extends into said tapered
recess of said first ferrule, and having a driven 15 face on a second end
t her eof that engpgednsse ahdfftangerlsaiddepared sutef wek hawagd ssewdrudrcuméirentlad
cylindrical interior wall having a circunferentially continuous recess

| ocat ed bet weenegatk Godmddsherddd second ends of said second ferrul e and
axially spaced fromsaid second ferrule first end to reduce force

concentrations on saj i r i . - e fLtitl k'S made
up; said slecond ferr%ﬁe dgféy%%rﬁﬁg%g%%ﬁ%gfggﬁé%ﬁﬁgﬁg@% g‘sag{S%aﬁa%)%}rgFéllon of

its outer surface. 17.. Thog..{éi ttfj ng of claim 16 wherein said second ferrule
is case hardendd 8PEHII Y W PE out er surface. WO 01/73333 PCT/ US00/ 34828

31 18. The fitting of claim16 wherein said second ferrule driven face is
contoured. 9. The fl3ti nfhoferaleomciamheicreis spid famioif eae derdeagd f ace

is convex over at least a portion thereof. 5 20. A ferrule for a
non-fl ared t ubeovier itk entixe sadage: i sing: a generally annular body having a
| ongi tudi nal axis; a tapered nose portion at a first end of the ferrule; a

flange at a second endl OfAtiﬁﬁeffﬁ’_ﬁﬁg”chﬁﬁisiﬁEJ ¥ REREYIS IStk hidyEhdend; a
cylindrical interior wall extending through the ferrule and adapted to

slide bore for receiving a tube end and including a tapered mouth at one end of said

bore; a drive member having a threaded engagement with said body and having
10 aferrule drive surface; a first ferrule having a tapered first end that extends into
said tapered mouth of the fitting body and having a second end with a tapered
recess that axially extends toward said first end; and a second ferrule having a
cylindrical interior wall that closely surrounds the tube end, a tapered first end
that extends into said tapered recess of said first ferrule, and having a driven
15  face on a second end thereof that engages said ferrule drive surface; said second
ferrule cylindrical interior wall having a circumferentially continuous recess
located between said first and second ends of said second ferrule and axially
spaced from said second ferrule first end to reduce force concentrations on said
drive member drive surface when the fitting is made up; said second ferrule

20  being case hardened over at least a portion of its outer surface.
17.  The fitting of claim 16 wherein said second ferrule is case

hardened over its entire outer surface.



closely over a longitudinal tube; a first circunferential recess in said
interior 10 wall and | ocated between said first and second ends; said
ferrule edny7333se hardened over at |east a portion of i|PET/O8E828urf ace.
21. The ferrule of claim?20 wherein said ferrule conprises a tapered outer
wal | that joins said tapered nose and flange; said tapered outer wall
having a second circunferential recess fornmed therein. 15 22. The ferrule
of claim 20 wherein said ferrule is case Hardened over its entire outer
surface. 23. The ferrule of claim20 wherein said recess causes a central
portion of the ferrul& t ol fAsingoéiklaym défvdremein maid seadidakbiryleidniwen dacdiis ect i on
during fitting makeup.
contoured.
19.  The fitting of claim 18 wherein said contoured driven face is
convex over at least a portion thereof.
5 20. A ferrule for a non-flared tube fitting, comprising: a generally
annular body having a longitudinal axis; a tapered nose portion at a first end of
the ferrule; a flange at a second end of the ferrule axially opposite said first end;
a cylindrical interior wall extending through the ferrule and adapted to slide
closely over a longitudinal tube; a first circumferential recess in said interior
10 wall and located between said first and second ends; said ferrule being case
hardened over at least a portion of its outer surface.
21.  The ferrule of claim 20 wherein said ferrule comprises a tapered
outer wall that joins said tapered nose and flange; said tapered outer wall having
a second circumferential recess formed therein.
15 22.  The ferrule of claim 20 wherein said ferrule is case hardened
over its entire outer surface.
23. The ferrule of claim 20 wherein said recess causes a central

portion of the ferrule to plastically deform in a radially inward direction during

fitting makeup.



