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FERRULE WITH RELIEF TO REDUCE GALLING

CROSS-REFERENCE TO RELATED APPLICATION

This application is a continuation-in-part of United States Patent
application serial no. 08/834.255 filed on April 15, 1997, the entire disclosure of -

S  which is fully incorporated herein by reference.

Background of the Invention
The subject invention is directed to the art of ferrule type tube 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

10  galling between the rear ferrule and the interior surface of the drive nut.
A commercially available and highly successful two ferrule 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
15 opening 12 counterbored for receiving tube end 13. A tapered. frusto-conical
camming mouth 14 is located at the axial outer end of the counterbore. A front ferrule
16 having a smooth, cylindrical inner vyall 18 is closely received on the tube. The
front ferrule has a frusto-conical outer surface 20 to be received in the camming
mouth.
20 Associated with the front ferrule 16 and located axially outward
therefrom is a rear ferrule 22 configured as shown with a tapered nose portion 24 and
a rear flange 26 having an inclined end surface 28. The tapered nose enters a tapered

camming surface in the rear surface of the front ferrule.
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The subject invention is directed to the art of ferrule type tube fittings.
More particularly, the invention concerns a two ferrule fitting wherein the
rear femwaobs4dezs desi gned to reduce the torque required topeTusdism7idze
associated nut and to al so reduce 10galiing between the rear ferrule and
the interior surface of the drive nut. A comrerecially avail abl e
and highly successful two ferrule fitting used for tubing is illustrated in
FIGS. | and 1A. FIG 1 shows the fittinyg- conmponents in a finger tight
position preparatory to final tightening, whereas FIG 1A shows the fitting
after final tightening. As shown, the fitting conprises a body 10 having a
cylindrical 15 openiTig ftRules 622 dve emdosed by raairpie\niun ghetmbee 3@ tideadad té\
tapered. frusto-conical camring nouth 14 is |located at the axial outer end

of the counmgmb@{.enuﬁné fightenih@ bhdindke Bp Db Ttidy, PR endthéd)Bahgelori NNer
e

wall 18 is closely received on the tube. The front ferrule has a

frusto-coni r . i j 1

20Ass0ci at ook R PO kPR ok SR Bt el f1e B e bl
therefromis a rear ferryle 22 conf.i.gured as own with a tapered nose
portion 24 ﬁﬂmgﬁ?ﬁﬁwg?pghﬁ@gﬂﬁﬁﬁﬁ?ﬂgﬁﬂﬁﬁw}Wéﬁanﬁg'end surface 28. The
tapered nose enters a tapered canm ng surface in the rear surface of the
front férrule. 111111%heismalhdiametey portiogmy@ose of thezear ferrule is dimensiongde
ferrules 16, 22 are enclosed by a drive nut nmenber 30 threaded to the body.
During ti ghtethang phasticathkdeformsoduringendkietitp ofgthe tfiténg. nikis aetich fsadesirabhle ange,

or shoul der 32 of the nut acts against the rear wall of the rear ferrule to

drive the fgnédiliassdigrinaiit gripping ehffefnshi ¥f @ROAGEIWRID B tth® ubsiOWThen FI G
| A 5The small dianmeter portion or nose of the rear ferrule is dinmensioned

so that 1! BHARECH tt MEL HoRRnOLhBON I Rified 1 hn 'eRfenf it 1ol peaf HerfyiBC! ! ON

is desirable since it resul'ts in tight grippling engagenmen the outer
vl ot 1T, 1 b BHDCR P, SRR W0 OB SRR ST 2
adequatle(; Y gurblmpf);s %‘Ea% ig,utthg rt\N\évaflerlrulgfaséerr]n%ly fequires 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 pro_dﬁct. 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 too stiff and does not permit the desired rear ferrule
15  deformation.

Accordingly, it will be recognized by those skilled in the art that a
predetermined wall thickness of the nose of the rear ferrule is desired that achieves the
desired gripping of the tube and cooperates with the front ferrule in such a manner that
it achieves its desired goals of gripping and sealing the tube.

20 It is also recognized that operators of fluid systems test the system
prior to a production run by pressurizing the system to an appropriate factor times the

rated system pressure. In this manner, the operator can easily detect whether the fluid

system is sealed, i.e. that there are no leaks. With this knowledge, the manufacturer



10 tubing. That is, the two ferrule assenbly requires desired deformation
of both the front and rear ferrules for the gripping and sealing

capabi | WMQ ¥4602at have nade this two ferrule assenbly a ROBMRIBIOZFRY
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 arrangenent that is too stiff and does not permt the desired
rear ferrul e 15defornation. -3- Accordingly, it will be recognized
by those skilled in the art that a predeterm ned wall thickness of the nose
of the rear ferrule |s deSIéu% that achi eves the desired gripping of the
tube and c&®pEFOXide {ijting 13 Which ths,nose &f thy rear ferralgonll pophpvecanyadditiopgl
achieves its desired goals of gripping and sealing the tube. 20It is also
recogni zed pladsti¢ defermation ait dlie elevatdd doss tressutee s tActdrdinglys tthenefaviated test a
production run by pressurizing the systemto an appropriate factor tines

the rated pysbh@Ripirdisd@emlifie tHeidesifRANGAT thidkhess & @ieaiosé p6ition @8 fe reardet ect
whether the fluid systemis sealed, i.e. that there are no | eaks. Wth this

know edge, ?&maxettpé Bsired Imiouf?dt & dpge@aﬁ*&a aﬁ&bﬁl&mcﬂ% .}Im thdfbhe nose

of the rear erru not ave any a I ona astic deformation at the

el evated tes di.n ted t essure is used to
determ’g ére(%ég %fetvngqp%q% %gggea&welp g?ew l&ﬁt’ ﬁg%f t he rear
ferrule to achieve the desired ? ‘of deformation of the nose and permt
the front 5and rear flEhas@sedeen %‘F’SH&‘B gllige phthg deive auY soppetimes RECWButter  wal |
of the tube. It has al so been found that galling of the drive
nut somet i nesdiexface aten of prgagement betvren shecianerfend fagegd e drivecnut@ad thene i nner
end face of the drive nut and the rear wall of the rear ferrule. After

anal ysi s, irkarivéalbef theves farhaé. Aber aalyals, iths baieved thatihk anjal fieiter baliween t he
front and rear ferrule is essentially parallel to the axis of the 10

fitting. TRiSfoped Bdtwked HRfr&R B8 SedrBrriRaE eSRAMAlY pR&IDPRo Ue hAE oF U

ferrule to Selectively concentrate pull-up force’at the inside drive .
surfac par [ n.a_localized r ato hegal ling.
Thi s af rf%*fiv%eihas e e S e G S R s
nake-up even if galli absent cor di ngl | woul d be

desi rabl e t€" Fedé"‘g%aeéf na‘\/\ﬁlﬂér‘é?‘a € (drive {SHFfacq © (Stl‘ecégt H@*‘ﬁ‘gﬁgbr‘aﬁce the

hi gh 15l ocalized | oading with the resultant galling and hi %h torque forces.
Summary of lotedized aesattp groduce the gallmg This also noticeably increases the nut torque

‘forces experienced during make-up even 1f galling is absent. Accordingly, it would be
highly desirable to provide a design wherein the thrust forces do not produce the high
15 localized loading with the resultant galling and high torque forces.
Summary of the Invention
In accordance with one embodiment of the invention, a tube -fitting
includes a fitting body having a cylindrical bore for receiving a tube end and including
a tapered mouth at one end of the bore; a drive member having a threaded engagement
20  with the body and having a ferrule drive surface; a first 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 towara the first end; and a second ferrule

having a cylindrical interior wall, a tapered first end that extends into the tapered



I n accordance with one enbodi nent of the invention, a tube fitting includes
a fitting body having a cylindrical bore for receiving a tube end and

i ncl udi pgo 8s/héper ed nouth at one end of the bore; a drivepaEdbhsorbRavi ng a

t hreaded engagenent 20 with the body and having a ferrule drive surface; a
first ferrule having a tapered first -end that extends into the tapered
nmouth of the fitting body and having a second end with a tapered recess
that axially extends toward the first .gnd; and a second ferrule having a
cylindrical interior wall, a tapered first end that extends into the
tapered -4- recess of the first ferrule, and having a contoured face on a
second end redess eDthet fixat feermaipagad havieg drdonwuradnfacy o erseednd ebditheresfuthiace; -t he
second ferrule interior wall having a circunferential recess |ocated

bet ween t hepfides thedifle RGNS FGRDS dSVe mcém%ﬁﬁéﬂe%teﬁ&ew&l?mg;and t he
e

contoured face reducing force concentrations on the drive Smenb rive
surface V\/neanc] aﬁx?ife%e]&l\{iﬁln&céé 1%@&1&1 YBtween the F’xrst and S-Ep&ﬁfa eﬁc{}dofo Sec ects
and advant agés o e present 1 nvention w be apparent to ose skilled
inthe art fromthe following descrjption aof the preferred enbodinents in
View of t heCHRIED S-ERSESH 4 I sonipRreciiare fedpslug Tort PoiFeBTatons SBrRuRYS 10The
invention may take physical formin certain parts and arrangenents of .
parts, Prefreember dsiyssunfass yhenabafitingdsmede W which will be described in
detail in this specification and illustrated in the acconpanyi ng draw ngs
whi ch form a part herBebe amihathertaspeeisand advantages of the present kiv@ntidn will be

| ongi tudi nal cross-sectional view of a well known prior art 15two ferrule
swage-t ype dpphfehf® those skilled in tHel 4zt frbh it Rllowitgadegeaptionedy ©F préferred r cl ed
area of FIG 1 showing the prior art fitting in a made-up condition; '
FIG 2 is b ¥k EL&G B%-AvinEEf erred enbodi ment of a
fitting i ng%}r{%oraﬁtggn \gkrrggi e?géorﬁgﬁwn{éerrupégdesi gned to inprove reaction

force 20transm ssion throughBt rear..f ertrtwe(i\)'

rie escription o rawings

10 The invention may take physical form in certain parts and - ‘
arrangements of parts, preferred embodiments and a method of which will be.
descri.bed-in'detail in this specification and iﬁustratcd in the accompanying draWings o

" which form a part hereof, and wherein:
FIG. 1 is a longitudinal cross-sectional view of a well known prior art |

15  two ferrule swage-type fitting;

FIG. 1A is an enlarged view of the circled area of FIG. 1 showing the

prior art fitting in a.made-up condition;
| FIG. 2 is a view like FIG. 1 but showing a preferred embodiment of a
fitting incorporating a modified rear ferrule designed to improve reaction force

20  transmission through the rear ferrule;

FIG. 3 is a greatly enlarged showing of the circled area of FIG. 2;
FIG. 4 is a detailed, partial cross-sectional view of a preferred form of

rear ferrule;



FIG 3is a greatly enlarged showing of the circled area of FIG 2;  FIG 4
is a detail ed, partlal cross-sectional view of a preferred form of I ear

ferrul eWO 98/46925 FIG 5 is a cross-sectional PEFEHS®M%r to
FIG 4 show ng a second preferred formfor the rear ferrule;

FIG 6 is a cross-sectional view of the fitting of FIG 1 particularly
showi ng the rear ferrule positioned between the front ferrule and the nut
at initial 5nmake-up (graphically meshe8-for finite el enent anal ysis);

FIG 7 is aviewof the fitting of FIG 6 in a made-up condition and
illustrating the for concentrations;, | .. G 8 is a
cross-sectional Vi eva ﬁq 15 # CEQSFrgeROnRInYip W Mmilan to. W"Eéﬁ‘?}ﬁi“ﬁga seepdyy
ferrule nodified in accordance with the teachings of the invention

(gr aphi cal piefertdeform forfthe rept fermie; el enent  anal ysi's) ; -~ FIG 9is
a viewof the fitting of FIG 8 in a made-up condition and illTustrating the

force concentrati onsFIG. 6 is a cross-sectional-view d0thesfitting rafSIGs dcpartoahrlyi ew of
a fitting at initial make-up including a rear ferrule nodified in

accor dance shdvifg tthe ré&%&%l@%s@iﬁm&&%e%&ﬁ'ﬁié %nt1M@ﬁm @ hye aemied for
finite el enent anal ysis); 1is aviewof the fitting of

FIG 10 |n"§|ak g?g“@h‘% W&E#h%ﬁfmu l | &?&#?&hg& t he force concentrations;

FI G 12|sacr |ona Vi ew 0 initial make- uplncludlng

arear ferrule rmdlfl n accordance_with th teachln s of the invention
20( gr aphi cal |y meshed ‘g’ollZ i3 £ Yig¥ of thenfitting H{ 1(3s 6. a made-up condition and "

illustrating the force concentrations;
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
10  meshed for finite element analysis); |
FIG. 9 is a view of the ﬁtting of FIG. 8 in a made-up condition and
illustrating the force concenﬁatioﬁs; |
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
15  (graphically meshed for finite element analysis);
FIG. 11 is a view of the fitting of FIG. 10 in a made-up condition and
illustrating the force concentrations;
FIG. 12 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
20  (graphically meshed for finite element analysis);
FIG. 13 is a view of the fitting of FIG. 12 in a made-up condition and

illustrating the force concentrations;



FIG 13 is a viewof the fitting of FIG 12 in a nmade-up condition and
illustrating the force concentrations; - 6 - FIG 14 is a table of
differeMOB¥#M®Irical variations of the rear ferrul e conf pgmuass/amez FI G 15
Is a cross-sectional view of an alternative enbodiment of a two ferrule
fitting; 5FIG 16 is an enlarged view of the ferrule region-of the

enbodi nent of FIG 15; FIG 17 is a partial view of a rear
ferrule with a contoured face in accordance with one aspect of the
invention; FIG 18 is a partial view of a contoured rear ferrule shown in

t he 10engaged position with a front ferrule and drive nut surfaces prior to
pull up; FIG 19 is &lGi thisof tableefdififiereiitrgenneticalFragiatioss ofithe ear ferkrdled up

configuration;

FIG 15 is a cross-sectional view of an alternative embodiment of a two -

ferrule fitting;

5 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
accordance with one aspect of the invention;

FIG. 18 is a partial view of a contoured rear ferrule shown in the

10  engaged position with a front ferrule and drive nut surfaces prior to pull up;

FIG; 19 is a view of the embodiment of FI.G. 18 in the pulied up
condition showing force distributions; |

FIG. 20 is another embodimgnt of the invention;

FIG. 21 illustrates force distributions in a two ferrule fitting that does

15 not use a contoured rear ferrule; and

FIG. 22 illustrates another embodiment of a rear ferrule design

incorporating a circumferential recess.
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. The FIGS. 2-4 embodiment has the major components

identified with the same reference numerals used with respect to the description of the



condition show ng force distributions; FIG 20 is another enbodi ment of the

i nvention; FIG 21 illustrates force distributions in a
two fer P &462%ing that does 15not use a contoured rear PEFU§IT20%,4
FIG 22 illustrates another enbodi ment of a rear ferrule design

incorporating a circunferential recess. Detailed Description of the
Preferred Enbodi nents Referring now to the draw ngs wherein the show ngs
are for the 20 purposes of illustratiTg preferred enbodi nents of the '
invention only and not for purposes of limting same, FIGS. 2-4 illustrate

the overall arr enen fitting,incorporating, the i nvention. The FIGS.
2- 4 embodi FESRE a“ﬁgg"lf%%ftl:r‘}gﬁfsof aﬁ%ﬁr’%o %e‘i’ﬁsgnl?tt?g‘rﬂf iaﬁl:lédl G\F’f‘ﬁnpﬁ& E%Wge? & erence
nuneral s used with respect to the description of the - 7 - prior art

devi ce of EAwdly applicablego the JAES: 204 ielaments thatjag carrespendinglyi rumbsresk t aken
as equally applicable to the FIGS. 2-4 elenments that are correspondi ngly

nunber ed uninkss othehwisevnsted.ndi partichlar, pm thei FIGSaR4 embodimert, B redr ferrule
enbodi nent, the rear ferrule 22' has been nodified in a manner to cause the

reaction f @peess 8edn MEdifiel We @ mAkiRr t cdusehe feaktidH RrédIrRUAY beRRehqRE
ferrule to the nut to have a significant force conponent that is directed

radially o I-SudhSthi | Sl i t, O _
enbodi n%nt %V\dkel{grrf%fur%gpiﬁiu h(S)[;l !(::ge agg%}plgﬁggntﬁkl?ﬁggmggﬁgﬁl%heggﬁk (ﬁ °%g%'ﬁg9’h"|!“§h axi al

conponent . ecificall s _sho L.n FI.G 4, faorce c 0 A ext ends
general |y a{%{a{f fiifect?é f%«ga“?eoa ?r\gpr 1%152‘5":05‘;5#‘35‘%?'1 gonﬁ‘ﬁrlﬁﬁ’ A8 in the
| oads applied at the 10 radial inner face of the ferrule surface 28 and
the fl ange egpodgpent ywhergin thasforges gorapanept gnder yeonsideratipy rhas ot diighy agial oadi ng
or force concentration in this area produces high torque and galling.
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 |
10 radial inner face of the femﬂe surface 28’ and the flange 32’ of the nut. As previously
discussed; high localized loading or. force concentration in this area produces high
torque and galling.
In the preferred form of the invention, a redirection of the reaction
forces is achieved by proQiding a circumferential recess 40 throughout the inner
15  surface of the ferrule 22°. Note that a recess 40 is located generally midway between
the opposite ends of the ferrule 22’ and this results in the inner surface of the rear
ferrule being reduced to two relatively narrow contact areas 42 and 44. By so
modifying the rear ferrule, the forces which are conducted from the front ferrule
through the rear férrule to the nut surface or flange 32’ tend to be directed more
20 radially outward such as diagrammatically illustrated by the force line B of FIG. 4.
Another important feature of the invention is best exemplified by
comparing the rear ferrule of FIG. 1 with the rear ferrule of the FIGS. 2-4

embodiment. Particularly, the outer radial wall 50 of the rear ferrule includes a



In the preferred formof the invention, a redirection of the reaction
forces is achieved by providing a circunferential recess 40 throughout the
i nner YO 8%4692%e of the ferrule 22'. Note that a recess PI/PS98/0739At ed
generally m dway between the opposite ends of the ferrule 22' and this
results in the inner surface of the rear ferrule being reduced to two
relatively narrow contact areas 42 and 44. By so nodifying the rear _
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
20radi al ly outward such as diagrammatically illustrated by the force line B
of FIG 4. conical section that ingrspsesin ragsb diragnsiones i gxengs fiombthe foryard 8pse s - best
exenplified by conparing the rear ferrule of FIG 1 with the rear ferrule
of the FI Gorten) thathiorticeivert in thar¢ar chdnafiet regianh® afithe frontiftirale, vatHe & of - t he

rear f_errul e incl udes a - 8 - conical section tha_t increase_s in rapli al _
di mensi on &fankt 28Xt Qﬂdﬁe bﬁ@fmﬁfh&aﬁéﬁﬂeﬂf FIGSSq 8 |ARNRhe r&RtfelrdleR6@ ved in
the rear chanter region 52 of the front ferrule, to the rear flange 26'. In

t he prior indd E t f S: . :
oyl i i car LR TRRIEY bote (il an, GyElRdefbat 88, RG4S SLIELE, Wnfer | ) 6
the inner 5 surface defining {he.through bore . in this,regien..ln other
words. " ehe TEE P& B ol telf i B et ané e B Fos 1L e
enmbodi nrent of FIGS. 2-4, the out er wal | has the conical or tapered

conf i gur at i ORSERANElaE Wal dhickaess (‘Y dtheembodimentiaf ddSSy 244, thepuesivalbl | ed
deformation of the nose portion when the recess is incorporated into the
nmodi fi ed r s theganidabor pesedeanbigyration thabprovideswsufficisnt walkthickgess &t°hhndy
uniformangle or 10 taper as it extends between the reduced di nension nose

region 52 rem&oled deforthdioncefiiie MGseBuHion Ghed iR fet@Btis ibfpdrRediflo e -
enl arged di aneter rear flange 26'. Again, this provides controlled

- def or mat i onymEAifielPedr 9@Hulé CPfefrsblF Qhd Batkr WHIE 5OAMHs AlheRerally ulitGaE Afdd by
defornmed radially inward al ong surface 44 into gripping, seal ed engagenent

with t q% ?uttgﬁért ?\ggg{tlexfgnd% IBSIVJCFI? The ire\%HFclegL digﬁi(g}sli{;rg%é%e?%eg%nag?tﬁiqgvagr‘ef [red

enbodi me rear Terrule In ich hdas M e by two
different angles (an obtuse triangle). For exanple, the smaller first angle
defined wi t??%rn@gim%? 0&1??'5’8&}%“#%@@9%%”&@%?4 digmeteperar flangeilr-dfrpaifr om t he
surface 44 toward the rear flange 26'. The |arger second angle
(appr oxi mat &isy prayides qontroliadydefarmationeefs thenreart fartnde fsp rtbat tsgiegioni & ikvases as
it extends 20 forwardly fromthe surface 42 toward the nose region. These
angl es t husplasticallg ed¢fomahedanadixliyal inpasi taleng tstudficel 94| dtat gripisgeatdled he
intersection of the outer wall 50 with the rear flange. Accordingly, the
forces are gpageu@Rtith #lk shiei Wall 6houte. the rear face 28' . o
15 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 _sinaller first angle defined with the inner surface 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
20  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, the forces are more evenly distributed over the rear face

28,



-9 - Turning to FIGS. 6 and 7, the rear ferrule of the prior
art arrangenent of FIG 1 is shown before and after make-up of the fitting.
The fitWhYP/468%5 subjected to a finite el enent analysis, tRETUSB}IREZ of
which are particularly evident in FIG 7. There, shaded regions in the rear
flange of the rear ferrule and the nut evidence the 5 force and stress
concentrations encountered upon nake-up of the fitting. Particularly, a
regi on of high stress concentration isStesignated at area 60. Regi ons of
progressively decreased stress concentration are identified by nunerals 62,
64, 66, 68, and 70. Thus, the |arge stress concentration at the radial

i nner | ocation of thdupaag tof BIGS. sqand 7 the rear femrulevef; the prgr an agarsement ng
make-up and potential galling of the nut. 10 FIGS. 8 and 9 show anot her
modi fi ed r @&FIG.el isuthewn betre andiafieremalietup ¢fitbe fiethehi Thgsfittihg was sphjegeht
invention. This rear ferrule is the sane as shown in FIG 5. As :
parti cul ar ky agiHigesément anhipsis Sthetrosults &Fi wiiicl ardpaticbdeesideRNaeFIG gtion is-
substantially reduced in size when conpared to FIG 7. This indicates that

the force e RIlpY i . t he
s Thexe sRRRg rég?&les mg% $ér]a31§bang¢1§Pa{esr%9r RYRle %:gﬁgg g ¢ da&ﬁe%e

flange of the rear ferrule. , e torque Is r the potenti al
for galling. is_lj i r ced. FI GS. .10 .and tepresent the
rear fe% r u?oercé %%t?égﬁ%g%ggg#}%nggn?oﬁnﬁﬁ uppn 'T%?eé'fp ?thtée fﬁa}ﬂgt agfcé%é t
analysis illustrates that the region of_ high stress concentration is

subst ant i al®l EEYhRfchight Stefe sangentratien isndesignmade atiArea 6 di Regionsuof on of
forces obtained. Again, the torque forces associated with nmake-up are thus
reduced 2@ragressivehedestrasasisygsicangentation aieoidentifidddyyaivnesals 62r6de 66, 68,
concentrations. The recess and conical outer wall provide a radial

conponent taad 70e Thoy, cieslagenatat@dcdniratitiatithé taditg irgied 1dchwdisdfahé fdr fdae ough -
the rear ferrule while still providing a desired gripping and seal ing of

the tube. 281Qsqlts in increased _torqueﬂﬁﬁin%rmﬁég-ﬁﬁaﬂfd &ienﬁhﬂﬁil%iré%?ﬁﬂéjné3 al so

achi eves these sane objectives. The recess 1S of a s l'y different

configuration, i.e., is nmore sharply detined.in the inn wal |
of the%ear ferrul e. ﬁlggi é%gﬁs%zmé)r%]vi ﬂoéhcfrsr??dg’ﬁﬁﬁyvafger"v@?l %/cccs)roa?‘f?a‘fvs{'he o
deepest portion of the recess.is |located forwardly of the rear %fll_l%nge.

However , t HBe isachipes,f the peesetjipyengpn. . Shisaear fergleiig the same As shayn
conjunction with the recess distributes the forces along the rear face of
the rear férrueparticularly evident imdFIGs 9%apharegion wiftigh Istessacdnsentratiohodi nment s
descri bed above, the recess and the tapered outer wall do not require a
parti cul ar - substhmtiabigtreduted in sicdrivbere corhparéd toCBIG]i7s t THibitdicares aln thieefbueed
torque for make-up of the fitting. In fact, a nunber
have been more uniformly dispersed over the rear face of the flange of the rear ferrule.
15  Thus, the torque is reduced and the potential for galling is likewise reduced.
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 forces obtained. Again, the torque forces associated with make-up are thus reduced
20  with the corresponding reduction in localized force 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.



10 of proposed alternative enbodinments are illustrated in table formin
FIG 14. For exanple, the first row of geonetries have a standard | ocati on
that i sWRMEMAI9y defined as the rear edge of the recess PET/R§I¥WT2et ed
axially beneath the intersection of the outer wall and the enlarged fl ange.
The tear drop, right triangle, rectangle, oval, square circular, obtuse
triangle, curve, and conpound curve are various shapes that the recess 15
may adopt. Moreover, the recess can bel@ositioned at a forward | ocation
(second row), or a rearward | ocation where the deepest portion of the
recess is positioned_beneath.the epl ar ed_flan e (th|rd row) while still
adopti ng the vari ous T8®Emepdimentopk FI gl 12 ang ¢ ﬁeP”t‘l‘fé‘“‘dﬁ dhesgt Fawe of the
shapes can be reversed as dennnstrated by the various geonetries in the
fourth rowobjectivms. Slihetrbcesoig, ofar slightly differers configiratiaefiendht trgess2Omond t i pl e
recesses as shown in the geonetries of the fifth and ei ghth rows.

Al ternati veharplyt Befifedcis theemhermplibef thel Ragesnas. | Mdk cadoeshifted tsighgevent h
and eighth rows. Accordingly, the invention is not limted to the .

particul ar fonfhigUuoahhORs BN porioH AKRE rdcB&dis! 18cdie fiabldif lof RPRLE MeNt s

of FIGS. 2-13, but may al so be incorporated into sel ected ot her georretrl cal
configupati f nce F 5- anot h

enbodi nént k‘gapg? h@owﬁv%rhtﬁ}e (I;luter w?‘?llsugtflfgf (()incais nﬁogﬁ%I %‘e?‘@?% AT ‘0? he use
of arecess 40 in the re rrule 22 5 significantly reduces force
concent r at i GHsth 5tre°LeFFed‘EfF‘S &fpge%algnggxprqqqgaca,o?\)}g fiferpleny adding a

radi al conponent to the pull up forces. The provision of the tapered outer
wal | 50 further can denis apparent twith the varitival enemdpoenin despnided @bove. the
distribution, as well as controlled deformati on of the rear ferrule 22
during pul |re¢l:[§s ahdithaaagerethomer wall ldo tnlde regidre di paiivutar @bnfoheitionlfo- a28ievé he rear
ferrule is provided with a contoured drive 10surface that further reduces

force concept fgtd @i@ﬁlbhﬁoﬁ&w@aﬁéd%rqﬁ@ﬂﬁmmp draheBRimg! 18 £ Ry 30 and
the rear ferrule 22. 21 illustrates n an exenplary

manner _typi uII c rface 32
and th&tor ea Rr8$ Seijea gmaf\i/)%e grﬁrg %@ehg%xé %ﬂﬁl ca lgﬁabg%\éggm%#éi xgoiuérate a
recess 40 type ruct ure | the rea ferrul 15 scrlbed ereln bef ore.
These for cee"éﬁ‘ﬁ@emer 464 r8ﬁ’ "‘FEt?F ‘%f?f%%“ Biis ssermalEgetgipar i ng
the force distributions of FIG 21 and the force concentrations in FIG 7
(FI G 7 beiasght teauedgesf thegeesss heing located axiglle beneath the inderpestion o€ thecaten
recess-type structure) it is evident that the provision of the recess

confi gur atiwall ah@nhd exanged flaags Jhbséarrdrom|fight ndahptes sedtangle mnmnirbatl on .
on the drive nut drive surface 32. This 20 reduction in force

concent r at | Qisildr Sobvielthgigl& ¢hHRNnd doftiPoand AP kire S@H0& shEpds that thé feleds! GS. 9,
11 and 13. However, as further illustrated in FIG 21, in sone cases t here

Pt T2 SRk AR o S P .

hi gher bi - force
g 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 conﬁgurationé.
Still further, the orientation of the shapes can be reversed as demonstrated by the
various ggometries in the fourth row or the sixth row, or the recess may be defined by
20 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 and eighth

rows. Accordingly, the invention is not limited to the particular configurations shown



- 12 - concentrations are represented by the heavier arrows. The present
invention is thus directed to further reducing such force concentrations,
with thYQ %4925 j||lustrated in FIG 19, wherein the for cBCHUSSH®28 gnify a
substantial elimnation of pull up force concentrations using a nodified
rear ferrule drive surface and the recessed inner 5radius. - In
accordance wth this further aspect of the invention a two ferrule fitting
i s"shown having a rear ferrule which i-d1nodified so as to reduce further
the pull up force concentrations by substantially distributing the force
concentration g .the rear surfgce t hat end%?es the drive surface 32 of

1

the drive nid cn in thesapin empodinentagt FIGS 14313, bt may gbsederigegrpertedy
conponents are shown in fi nger-tight position preparatory to final

ti ght eni ng. into selected other gypmeirisplsonfigwatianser ence to FIGS. 15 and 16, the
fitting conprises a body 110 having a cylindrical opening 112 for receiving

a tube end 113 that bwithGeferente o FIGSN1 £200methkt eabodinieapef thel invention is
frusto-conical camnouth 114 is |ocated at the 15 axial rear or receiving

end of the gpeRiBd ALnoted e abbVel WheudelGr RAULAY 4 HBR! Rar EHHIIEDDI Cal |
radially inner wall 118 is closely received on the tube 113. The front

ferrule 116 rad nout h
114 of t% %g@iﬁc%ﬂyﬁ% %gg&g%%éné“{r%&%gé&ﬁ%o ferr %ﬁg{ and axﬁ.ﬁé&?)ed '

axially adjacent (i n a rearmard dlre tion concentrica al i gned
with the |oh>gﬁ%es ﬁéﬁdlafpepoaen% F PRY PR épregss Thepeayisionp meéapfeeﬁ S gured -

wth a tapered nose portion 124 having a rearward, tapered surface 127. The
rear ferrul wall29 fyrthey dap cpufaibytedo t al Wmmrendmdgfomadxsmbam ag ¥&lhavi ng
a contoured end face 128. The contoured face 128 includes a WO

98/ 46925PClUniSaditdN2d @eformiation of the rear ferrule 22 during pull up. In accordance with the

embodiments of FIGS. -15-20, the rear ferrule is provided with a contoured drive
10  surface that further reduces force 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 force

- 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

15  described herein before. These force concentrations are represented by the arrows
200. By comparing the force distributions of FIG. 21 and the force concentrations in

FIG. 7 (FIG. 7 being illustrative of a rear ferrule that does not include a recess-type
structure) it is evident that the provision of the recess configuration significantly and
substantially reduces force concentration on the drive nut drive surface 32. This

20  reduction in force concentrations is further evident from a comparison of FIG. 7 with
FIGS. 9, 11 and 13. However, as further illustrated in FIG. 21. in some cases there

still may be localized force concentrations, particularly on the radial inner and outer

portions of the rear ferrule flange 26. These somewhat higher bi-modal force



rearward-facing driven surface 129 which is engaged by a respective driving
surface 132 of the drive nut 130. The tapered nose surface 127
of the meamps/idedz3 ul e 122 engages and may have, but not neqeSiSe$9sloy02
substantially the same angle as a tapered camsurface 125 in 5 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
enbodi ment the wall 131 tapers with anikncreasing radial dinension 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

f or ce concesancentiatines am represented rbysthe haanderl@ows. The present invelitien fsethnsil es- 116
and 122 are enclosed by a threaded drive nut nenber 130 which includes a

drive surf adifecledAotfupherad@aiygsSsichdoree bacehadtidmc ®ith2Re efsukdBlus@akd figrrul e
122. The nut nmenber 130 threadably engages a threaded portion of the body

110. Duri nggfad glat emi - f o itk  t-he. dr i 132 of
the nut 130 Sbpl| onend FeSRESFIONS b e AR (CRIP 5EF (e
rear ferrule 122 t.o 15 drive 8 fergu_éﬁes axi all% forward gto he right as
vi ened in FYECTEFOPhHIETE He ™ Heg oA SRt JBr sPHRees % IF°FPE W8T The
rear ferrule is configured so that upon forced engagenent with the tapered
cam sur face™DS, the nose portion 124 defornms radially inward. This action
is desirable since it results-in a tight gripping engagenent of the rear
ferrul e 122 inner cyllimapcprdancenaith this tharthencaspast of theuinvemionod twhiderale | of
the tubing 20113. In the enbodi nents illustrated in FIGS.

15- 20, the fiamgdsskoev lwingkBarderrileaviietnis nicdifisd s at 2@ rédace futhetetle palir ved.
arcuate, or bowed, and preferably has a portion of which is a contour in
the form of 3 rGENV&SehRRoHS biRsubtRB NS diSkibAfind B8 force tdncentrAfnUSorzARe Pe.  for
exanple, internal to the ferrule body as shown in FIG 18. However, those
skilled in i) [ ' j.at . h@i nof the radius
surface 129%(;15?15 gece%%:ta né%feg&bmée) E'vﬁvlﬁitc% 3‘?6‘55%%9}‘? % np L%@r 2\a5r lsfsrle“r)r uI"(é1
structure w the illustration_of FIG 18 being provided for illustrative
pur poses? on Fws'dn% 18 seRstesPQading, Btine coOmRonets aF"agl?é’“PZ ?@g?rﬁé&ht HOFHOR he
driven surface 129 in_the formof a convex radius. a |ine contact 129b (or
reduced f ac@ereparafosy to firgdtighteriat act) is-formed initially with the nut drive
surface 132. in a region between the inner and outer radial portions of the
flange 126. The rear Wt speeifrl refergrcefterFHGSY 15 ranl ude shea fittmgesenplk®s whi ch
can be of any configuration as previously described herein above.

Al ternat i velpydy | TEh&eRY £ eyIatdincfdpedlage il &g ReubS&d 1i3tthattbotiBats
ferrule configuration that omts the recess 140. as illustrated in FIG 20.

on a counterbore 112a. A tapered, frusto-conical cam mouth 114 is located at the

15  axial rear or receiving end of the opening 112. A front ferrule 116 having a smooth,
cylindrical, radially inner wall 118 is closely received on the tube 113. The front
ferrule 116 has a tapered outer surface 120 which engages the tapered mouth 114 of
the body 110.

Associated with the front ferrule 116 and located axially adjacent (i.e.,

20 in arearward direction concentrically aligned with the longitudinal axis of 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



A distinct advantage of the contoured rear ferrule 122 is that pull up
forces between the nut drive surface 132 and the contoured face 128 of the
rear fewabp®d46d2? are nore uniformy distributed across thecBUsSY8a¢202128 of
the rear ferrule. thus 15 reducing and substantially elimnating force
concentrations. This further reduction of force concentrations on the drive
nut 130 reduces pull up torque and reduces galling, thus facilitating
re-make of the fitting. l-3i-s inmportant to note that although
the illustrated enbodi nents show an initial contact between the rear
ferrule 122 and the drive nut 130 as generally in the 20 m ddle of the
cont our ed fmewvat@Sacingdrivensurface F29%qwhickds engagedby a aggpeétivatdriying stirtace ni t i al
poi nt of contact will be a function of the overall fitting design,

i ncl udi ng t i grpeetiven@fizohe tapered wall 131, the recess 140, the nose
portion 127, the front ferrule 116 configuration and so forth. But in

keeping with a gener anhéat%g i 8 nBle {ubBcd Wﬁ%ﬁl@'?ear,tfé}ﬁll%‘l’}@énga‘ggﬁ&mjﬁﬁﬁ face

128 will be convex or axi y variant In e region between the radi al

i nner and outer, portions of the fl. 126 so.as to distribute .8
uniforny t aeveph‘ﬁlnoaae%%ae@sS")éfﬁﬂh%T%ﬁefﬂae AEIS as Hperd s SUHAGE 122 ) | g
and pull up torque as conpared to a conventional rear ferrule deﬁi %n t hat
has a sbst BStTFaarsa of the fiophicein blf ebhengse gartoa Jef 43 ipineggwith the flange
FIG 20 illustrates an enbodi nent of the invention in which the rear

ferrul e 122126y agprefeldbtyaraperad | quterywalhd3i.c ki thierilhestrawel dmbbdinent ithe weliher wi se
i ncludes the flange 126" having a contoured driven surface 128 and a nose
portion 124%3wWadpbrsavitif @incasiag rakdeal dafehstontin Ry SdalBuieiwardbirectidd. Th&OFi g.

22 illustrates another enbodinent of the invention wherein the rear ferrule
22' design fof, k@ﬁrugﬁl EORE2UDUEN cAthdrifal, EMouBK AR BrefGRA YL 1HBRAMEBCESS
40' shifted axially rearward, generally wthin the axial dinension of the

1an9e 28" - nller AR rEilchBPof 18R HRRHARSY ouldieh LBREVFR, 0 the

10 The ferrules 116 and 122 are enclosed by a threaded drive nut member
130 which includes a drive surface 132 that engagés the contoured face 129 of the rear
ferrule 122. The nut member 130 threadably engages a threaded portion of the body
" 110. During tightening and make-up of the fitting, the drive surface 132 of the nut
130 applies pull up forces against thé comouréd face 129 of the rear ferrule 122 to
15  drive both ferrules axially forward (to the right as viewed in FIG. 16) into the fully
engaged position shown in FIG. 19. The rear ferrule is configured so that upon forced
engagement with the tapered cam surface 125, the nose portion 124 deforms radially
inward. This action is desirable since it results in a tight gripping engagement of the
rear ferrule 122 inner cylindrigal wall with the outer surface of the wall of the tubing

20 113.
In the embodiments illustrated in FIGS. 15-20, the contoured face 128
of the rear ferrule 122 is rounded, curved, arcuate, or bowed, and preferably has a

portion of which is a contour in the form of a convex radius R. The center of the



enbodi ment. Obviously, nodifications and alterations will occur to others
upon a 15readi ng and understanding of this specification. It is intended to
i ncl udewad ds/4s981 nodi fications and alterations insofar aspfrgyosiRid WI thin
the scope of the appended clains or the equivalents thereof. - 16 -
Havi ng thus described the invention, it is clainmed: 1. A tube fitting
conprising: a fitting body having a_cylindrical bore for receiving a tube
end and including a tapered nouth at ofe-end of said bore; a - drive nenber
havi ng a threaded engagenent with said body and having a ferrule 5 drive
surface; a first ferrule having a tapered first end that extends into said

t aper ed nowdiusotan fve, ffort exanepidyonhyernal dtohehei fegrule dedyrad shodmnwint FIG. 18per ed
recess that axially extends toward said first end; and a second ferrule

having a cyoweder, @idse iskilied 'uQEheV@{ {vall ?eaBﬂPﬁﬁﬁ'@mfiﬂertﬁit RO Brik Al RELRAGS 1 nto

said tapered recess of said first ferrul'e,” and having a contoured face on a

second end al?fcreq% chiBt 1&%8%&?&%%@1%&5&&8%‘9 Wrxfexr%grqg gﬁug &m%%furf ace;

said second ferrule intersor aving'a clrcu Fecess Tocat ed
bet ween sai.d first ond end aid second ferrule, said recess and
said cont oulﬁj Ha?%fb%faﬂgdig?’ﬁlﬁg%?" %dcfé’rlﬁlé'ﬁtfar“é(t’lp&ﬁ’?s"c?rf’"%l §“%I?‘°199%‘°t§étﬂao
drive surface when the fitting is pulled up 2. The fitting of

cl ai m 15 whépriprred face 138iiy thakitbahe driyeal suugfaeprmens theyfogm 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
flange 126. The rear ferrule also preferably includes a recess 140 which can be of any
configuration as previously described herein above. Alternatively, the contoured fear ',‘
10 face 128 can be used with a rear ferrule configuration that omits the recess 140. 55
illustrated in FIG. 20,
- A distinct advantage of the contoured rear ferrule 122 is that pull up
forces-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 reér ferrule. th"t‘is '
15 reducing and substantially eliminating force concentrations. This further reduction of -
force concentrations on the drive nut 130 reduces pull 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
20  middle of the contoured face 128, this is not required in every application. The initial
point of contact will be a function of the overall fitting 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 with a general aspect of the invention, the



second ferrule into said first ferrule tapered recess and axially drives
said fi{},st fé?#“' e into said body tapered nouth when said drive nenber is

pul | ed O® WH5sai d body. 3. The fitting of clai mBCHNEMY %4 d
second ferrule circunferential recess has an increasing radial depth in the
axial direction toward said second ferrule second end. 204.The fitting of
claiml wherein said second ferrule conprises a radially extending flange
that defines said contoured face and ut¥rnes a forward face that is spaced
fromsaid second ferrul e fi rst end; said second ferrule having a taperi ng

outer TH' S PLACED etween its fi
second endsc%_{ dtl?A%ng %n"ﬁ’bﬂb@ﬂéiﬁ V?’metﬂ B‘edﬁg‘PBrbEB%eeBéé Fard?aﬁg at
said drive nmenber drive surface 5. The fitting of claiml wherein
sai d cont oRH 2pd euter Borgoppel b2 flangs BGeso & tomhstributeimnerg usifornlyi the Bullher ei n
sai d convex surface having a maxi nmum

up forces acting on the drive nut 132 to reduce galling and pull up torque as compared

to a conventional rear ferrule design that has a substéntially flat non-contoured driven
5  surface 128.
FIG. 20 illustrates an .embo;:iiment of the invention in which the rear
ferrule 122’ has a substantially cylindrical inner wall 150’, but otherwise includes the
- flange 126’ having a contoured driven surface 128’ and a nose portion 124’ with a
front bevel 127 and a tapered outer wall 131°.

10 Fig. 22 illustrates another embodiment of the invéntion wherein the
fear ferrule 22’ 'design for larger tubes such as %" for example, can have the recess 40’
shifted axially rearward, generally within the axial dimension of the flange 26°. -

The invention has been described with reference to the pfeferred
embodiment. Obviously, modifications and alterations will occur to others upon a

15 reading and understanding of this specification. It is intended to include all such

modifications and alterations insofar as they come within the scope of the appended

claims or the equivalents thereof.



5axi al extent between radial inner and outer ends of said second ferrule

second end. 7. The fitting of claim6 wherein said convex surface
forms aWQMBhtact with said drive surface upon initi al PGRHESRIOTRA
therewith during pull up of the fitting. 8. The fitting of claim1l

wherein said contoured face and said circunferential recess produce a
radi al conponent in pull up forces occurring at said 10drive surface to
substantially reduce concentrated axialéforces at said drive surface.

9. The fitting of claim1 wherein said contoured face and said

circunferential rece roduce a.radi al conponent in pull up forces
occurring at said dﬁ%\yg’gs ?Sf‘geé‘é"qeg ‘é’f’?qtggt'é'srfﬂ?‘@eﬁhi formMy said pull -up

forces across an interface area_ . bet ween said drive surface and said
contoured face as corlpar ed\ tubetfijting cempusing:rafitting Usiar kavingoa eybindridah
absence of said contoured face and said circunferential recess. 10.

The fitti ngood forlredeinidg atube endarshindluding citaperéimbuthl at bRE exdof Gidbdrej MUOUS.
11. Arear ferrule for a two ferrule tube fitting, conprising: a generally

annul ar bodifiveavémBerchdvit(pdh tiktdaded! end¥detnent WidPEAE BodP IR mathOAW f@fui@ first
end of the 20 ferrule; a flange at a second end of the ferrule axially

o5Pos! (8 STl iy oS BN bl B Lol S50 LRHOP (1
{QEEEZZEBH Srgci)\gth.o?ttt?er ht%rngvg%ld)l' ahd ga\llix?gc gtsgg)ngee%x\e weltr}x ;I' {_alxlpgreg |_rltlazc%-srs tlillﬁ\ts a:%gllf}l'\l
extends toward said first end; and a second ferrule having a cylindrical interior wall, a -
tapered first end that extends into said tapered recess of said first ferrule, and having a
contoured face on a second end thereof that engages said drive member ferrule drive
10  surface; said second ferrule interior wall having a circumferential recess lécated
between said first and second ends of said second ferrule; said recess and said
contoured face reducing force concentrations on said drive member drive surface
: wh-en the fitting is pulled up.
2. The fitting of claim 1 wherein said drive member axially drives said
15  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.

3. The fitting of claim 1 wherein said second ferrule circumferential
recess has an increasing radial depth in the axial direction toward said second ferrule
second end.

20 4. The fitting of claim 1 wherein said second ferrule comprises a radially

extending flange that defines said contoured face and defines a forward face that is

spaced from said second ferrule first end; said second ferrule having a tapering outer

THIS SHEET HAS BEEN
" REPLACED




- 18 - said first and second ends; said flange having an outer radially
extending surface that is contoured. 12. The ferrule of claim1l wherein

sai d ci W@h?ﬁ’%ﬁ"%t i al recess has an increasing radial deptBCTHS8Ha203x| al
direction toward said second ferrule second end. 513.The ferrule of claim
11 wherein said contoured face is a convex surface. 14.The ferrule of claim
13 wherein said convex surface having a nmaxi num axi al extent between radi al
i nner and outer ends of said second f&tule second end. ci1l5. The fitting of
claiml conprising a plurality of circunferential recesses. 16. A nethod for

St eps of - wall BebugeRisdiriaptshigni neds ehpde f creial GAmRORiHE Wl PP BBteteen a
drive nmenber :
occurring at said drive member drive surface.
S. The fitting of claim 1 wherein said contoured face is a convex surface.
6.  The fitting of claim 5 wherein said convex surface having a maximum
5  axial extént between radial inner and outer ends of said second ferrule second end.
7. The fitting of claim 6 wherein said convex surface forms a line contact
with said drive surface upon initial engagement therewith during pull up of the fitting.
8.  The fitting of claim 1 wherein said contoured face and said
circumferential recess produce a radial component in pull up forces occurring at said
10  drive surface to substantially reduce concentrated axial forces at said drive surface.
9. The fitting of claim 1 wherein said contoured face and said
circumferential recess produce a radial component in pull up forces occurring at said
- drive surface to distribute more uniformly said pull up forces across an interface area -

between said drive surface and said contoured face as compared to force concentration

15  areas present in absence of said contoured face and said circumferential recess.

10. The fitting of claim 1 wherein said circumferential recess is
continuous.
11. A rear ferrule for a two fcrrulé tube fitting, comprising: a generally

annular body having a longitudinal axis; a tapered nose portion at a first end of the
20 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 over a

longitudinal tube; a circumferential recess in-said interior wall and located between

THIS SHEET HAS BEEN
. REPLACED




15drive surface and a front ferrule; and b) using the drive nenber to
axial drive a tapered nose of the rear ferrule into a tapered recess in the
faci ng emo9sied2be front ferrule to produce a cam acti on opcthgod/easz ferrul e
nose to radially grip the tube wall; wherein the step of axially driving
the rear ferrule includes the steps of 20 producing a substantial -radi al
conponent in the pull up force acting on the drive nenber, and reducing
force concentrations on the drive nmenbgg-drive surface by having an initial
contact between the drive surface and the rear ferrule at a | ocation that
is radially spaced fromthe tube wall. -19- 17. The nethod of claim 16
wher ei n t hesait figst arfd yecontbieidsgsaid Aartys thaving ah oued rafiallycsxead@igt sutfacd that pul | up
force acting on the drive nenber includes the step of deform ng the rear
ferrule durisegntbited. up in a radially outward direction fromthe tube wall.
518. The nethod of claim 17 wherein the step of radially deform ng the rear

ferrule is carrigd ouf URLAR gf{,’?ﬁﬂ lfle&fm&ol:?ll ri]cftcirtﬁ'ﬁfehémsf el and ﬁ)uter wal |

contours that faC|I|tate sard d mat I on St he type
including a fittin av I|ndr|ca bore c] sely rece|V|ng a tube
end, a tapéP&faa%%%P@?% ':l}F g’b‘gln‘g ehon ouvay srondfspulesecond end. -

-5 13. The ferrule of claim 11 wherein said contoured face is a convex

surface.

14.  The ferrule of claim 13 wherein said convex surface having a
maximum axial extent between radial inner and outer ends of said second ferrule
second end.

10 15. The ﬁtting of claim 1 comprising a plurality of circumferential.
recesses.

16. A method for attaching a rear ferrule in a two ferrule tube fitting,
" comprising the steps of:

a) positioning the rear ferrule on a tube wall between a drive member ._ '

15  drive surface and a front ferrule; and .

b) using the drive member to axial drivé a tapered nose of the rear ferrule
into a tapered recess in the facing end of the front ferrule to produce a cam action on
the rear ferrule nose to radially grip the tube wall;

wherein the step of axially driving the rear ferrule includes the steps of

20  producing a substantial radial component in the pull up force acting on the drive
member. and reducing force concentrations on the drive member drive surface by
having an initial contact between the drive surface and the rear ferrule at a location

that is radially spaced from the tube wall.

| = '
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10 defining the entrance to the bore, a nut nenber threaded to the fitting
body and cooperating with the fitting body to define a chanber encl osing

t he tub&v@nA8f469asfront ferrul e surroundi ng the tube end wi tHcTAS8®02d nose
extending into the tapered counterbore and a rear wall |ocated axially -
outward, a rear ferrule having a rear wall engaged by an axial inner end
wal |l of the nut nenber and a tapered nose extending 15 into a tapered
recess formed in the rear wall of the front ferrule, the inprovenent
wherein the rear ferrule has a cylindrical interior wall that closely
.surrounds the tube end with the cylindrical interior wall having a

ci rcunferential | {-conthnmethodrafdilaim 16 odseein deasten! of pradueingt 41 subseatial
ferrule's nose and rear wall to cause reaction forces generated during
fitting nmakediabcempbrnsasinithe phill amfotee attimgén the drivk endnibied igudel thed #&F of 20
ferrule to the nut to have a significant force conponent that is directed
radi al |y oudefediiing ¢het rog feRle! dueie ih Q" gi%waﬁ? ' b RhdeY -
agai nst the radi a% i nner porti ongg‘un[iﬁel{l?rﬁ%?mgn wa ?lr%gb?ﬁgnﬁﬁ%%n%%ber.
-20- 20. Theyjjprovenent as defned in claim19 wherein the radial recess
increases in radial depth as one progresses axially from adjacent the nose .
of the rear ferry e toward. the.rear Ll of the rear ferrule. 5 21.
The i nprovenent &% deﬂ%@ﬁmf’ﬂogﬂﬁ}%ﬁf’gﬂ\ﬁﬁﬁg’?ﬁteﬁ’ r?%%}fy QG'EP‘W“BF thefgar ear
ferrule is slightly inclined toward the nose of the rear ferrule.

22. The in‘pﬂeﬁ’\‘} rfarries QU fusREch Tear Edrailerthno hashiomer and beter wall chetonts! that
10includes a radially extending flange that defines the rear wall of the
rear ferrulfacilitate said defermatiom. i npr ovenent as defined in claim22 wherein the
radially extending flange has a forward face | ocated rearwardly of the

nose portion of tge rgaltubefitig®fatype including a fitting body having a cylindrical
bore closely receiving a tube end, a tapered counterbore surrounding the tube end and
10  defining the eﬁtrance to the bore, a nut member threaded to the fitting body and -
cooperating with the fitting Body to define a chamber enclosing the tube end, a front
ferrule surrounding the tube end with a tapered nose extending into the tapered :
- counterbore and a rear wall located axially outward, a rear ferrule having a rear wall
engaged by an axial inner end wall of the nut member and a tapered nose extending
15 into a tapered recess formed in the rear wall of the front ferrule, the improvement
wherein the rear ferrule has a cylindrical interior wall that closely surrounds the tube
end with the cylindrical interior wall having a circumferentially'continuous radial
recess located between the rear ferrule’s nose and rear wall to cause reaction forces
generated during fitting make-up and passing from the front ferrule through the rear
20  ferrule to the nut to have a significant force component that is directed radially
outward to thereby reduce the force component acting axially against the radial inner

portion of the inner end wall of the nut member.
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spaced fromthe rear wall of the front ferrule when the nose of the rear
ferrule_is fully 15inserted into the tapered recess fornmed in the rear wall
of the MbIH46P%r rul e. 24. The inprovenent as defi ndtdCTHSBOZRM 19
wherein the rear ferrule has a tapering outer wall between the nose portion
and the rear wall for directing forces radially outward. 20° 25. The

I mprovenent as defined in claim19 wherein said circunferentially
continuous radial recess has an axial'?@ﬁgth of approximately five percent
m nimum of the total axial length of the rear ferrule. TH S SHEET HAS BEEN
REPLACED -21- 26. The inprovenent as defined in claim19 wherein
said circunferentially continuous radial recess in said rear ferrule

i ncludes first and second axially spaced, recesses. g . 27. The

i nprovenent as & in e} FPEPLemA 95 ViebRed in cham @A phetgiy theeradtl IEeRS o
radially extending flange that defines the rear wall of the rear ferrule.

t he recess ibeeasgs iroradiabdepth as 9be pengrdsses| axiallydfrorn adjagitdhe peseiafitbeireas t he

fl ange.

ferrule toward the rear wall of the rear ferrule.

21.  The improvement as defined in claim 19 wherein the rear wall of the

rear ferrule is slightly inclined toward the nose of the rear ferrule.

22.  The improvement as defined in claim 19 wherein. the rear ferrule

10 includes a radially extending flange that defines the rear wall of the rear ferrule.

23. - The improvement as defined in claim 22 wherein the radially extending
- ﬂaﬁge has a forward face located rearwardly of the nose portion of the rear ferrule and
spaced from the rear wall of the front ferrule when the nose of the rear ferrule is fully

15  inserted into the tapered recess formed in the rear wall of the front ferrule.

24, The improvement as defined in claim 19 wherein the rear ferrule has a K
tapering outer wall between the nose portion and the rear wall for directing forces
radially outward.

20

25. The improvement as defined in claim19 wherein said

circumferentially continuous radial recess has an axial length of approximately five

percent minimum of the total axial length of the rear ferrule.
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1028. The i nprovenent as defined in claim19 wherein the rear ferrule
includes a radially extending flange that defines the rear wall of the rear
ferrul e W@AR4622¢ apering outer wall between the nose porti BET/ASISAME f | ange
for directing forces radially outward. 1529. The i nprovenent as defined-in
claim 28 wherein the tapering outer wall increases in the radial direction
as it extends fromthe nose portion toward the flange. 30.1n a tube fitting
of the type including a fitting body hd¥rng a cylindrical bore closely .
receiving a tube end, a tapered counterbore-surroundi ng the tube end and 20
defining the entrance to the bore, a nut nenber threaded to the fitting
body and cooperating with the fitting body to define a chanber encl osing
the tube end. a front_ferrule surrounding the tube end with a tapered nose
extending i nto t3fe t aP®r eémpovementborse adafinesd r dmr akaitm 19 ooehesednaxsad | y
outward, a rear ferrule having a rear wall TH S SHEET HAS BEEN REPLACED

- 22 - engagactubnferantialyi cahtinuoins radéad cecessl ih saifl rédn dernulé invhrdee firstand secoader ed
nose extending into a tapered recess forned in the rear wall of the front
ferrule, thgidigppavaIteesesherein the rear ferrule has a cylindrical

interior wall that closely surrounds the tube end with the cylindrical
interior. wall having a circunferentially continuous radial 5 recess

| ocat ed between the rear ferrule's nose and rear wall, and a tapering outer

wal I portion disppsed_between the rear wgl 1 and ge nose %f t he re‘gr
ferrule to cause reacliHMPOYEREN asndsfined qing Pi"ﬁﬁ; fWhereiR ghAaliear SgTuiRd
passing fromthe front ferrule through the rear ferrule to the nut to have
a signi fi canelufies & sadidlypasending: flange ithat defiesstthel rean Nall| dfythe rrapdereule.othe her eby
reduce the force conponent acting axially against

recess being located at substantially the same axial position as the flange.

10 28. The improvement as defined in claim 19 wherein the rear ferrule
includes a radially extending flange that defines the rear wall of the rear ferrule. and a

tapering outer wall between the nose portion and the flange for directing forces

- radially outward.

15 29. The improvement as defined in claim 28 wherein the tapering outer
wall increases in the radial direction as it extends from the nose portion toward the
flange.

30. In a tube fitting of the type including a fitting body having a cylindrical
bore closely receiving a tube end, a tapered counterbore surrounding the tube end and

20  defining the entrance to the bore, a nut mémber threaded to the fitting body and
cooperating with the fitting body to define a chamber enclosing the tube end. a front
ferrule surrounding the tube end with a tapered nose extending into the tapered |

counterbore and a rear wall located axially outward, a rear ferrule having a rear wall
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10t he radi al inner portion of the inner end wall of the nut nenber. 31.The
I mprovenent as defined in claim30 wherein the recess is disposed at

subst anwbd/4692she sane axial |ocation as the flange. 153%chhgsosnom@opvenent
as defined in claim30 wherein the recess is defined by first and second
axi ally spaced recesses. 33.The inprovenent as defined in claim30 wherein
the recess is located radially inward of the tapering outer wall. 20 TH S -
SHEET HAS BEEN REPLACED -22-

10

15

20

engaged by an axial inner end wall of the nut member and a tapered nose extending
into a tapered recess formed in the rear wall of the front ferrule, the improvement
wherein the rear ferrule has a cylindrical interior wall that closely suﬁounds the tube
end with the cylindrical interior wall having a circumferentially continuous radial
recess located between the rear ferrule’s nose and rear wall, and a tapering outer Wall
portion disposed between the rear wall and the nose of the rear ferrule to cause
reaction forces generated during fitting make-up and passing from the front ferrule
through the rear ferrule to the nut to have a significant force component that is
directed radially outward to thereby reduce the force component acting axially against

the radial inner portion of the inner end wall of the nut member..

31.  The improvement as defined in claim 30 wherein the recess is disposed

‘at substantially the same axial location as the flange.

32. The improvement as defined in claim 30 wherein the recess is defined

by first and second axially spaced recesses.

33.  The improvement as defined in claim 30 wherein the recess is located

radially inward of the tapering outer wall.

.
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