Fitting for Tube or Pipe Cross-Reference to Related
Applications [0001] The present application clains
wonriavastos3f rom Uni ted States provi sional appli eariusm06/048072
serial nunmber 60/758,688, entitled "FITTING FOR TUBE
OR PIPE," filed on January 13, 2006, and from United
States provisional application serial nunber
60/ 834,548, entitled "FITTING FOR TUBE OR PIPE," fil ed
on July 31, 2006, both of which are fully incorporated
herein by reference in their entireties. Background of
the I nvention [0002] Fittings may be used to join or
connect the end of a tube or other conduit to another
menber, whether that other nmenber be anot her tube or
conduit end such as through T-fittings and el bow
fittings, for exanple, or a device that needs to be in
fluid connunlcatlonFnthjﬁhTubgbgrqmg such as for
exanpl e, a valve. Cne type of fitting uses a gripping
arrangement including two ferrules that provide a
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result of the expansion or displacenent. For exanple,
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novenment of a fitting conponent as a res?lt of %x q
Other types of fittings are also known, such as, for example, single ferrule fittings,

fittings that use other types of tube gripping devices, and fittings that use male

threaded drive nuts.

[0003] Tube fitting components that are radially displaced or expanded upon pull-
up take up a portion of the deformation energy of pull-up and may contact radially
adjacent and/or radially nearby fitting component surfaces as a result of the expansion
or displacement. For example, the tubing inboard of the tube gripping merhber, such
as, for example, the front ferrule of a two ferrule fitting or the ferrule of a single
ferrule fitting, may expand radially outward during fitting pull-up and takes up a
portion of the deformation energy of pull-up.



conpression of the fitting conponent during fitting

installation. As used herein, fitting conponents of a
woiodzimm4assenbl y may i nclude, but are not | i nmPCEASR@ME/048072

bodi es, such as, for exanple, coupling bodies and

val ve bodies, drive nuts, tube gripping nenbers, such

as, for exanple, ferrules, tubing or other conduits,

and fitting installation tools, such as, for exanple,

tube gripping nmenber installation tools or preswagi ng
Suimpixy of thedayeutiemr di ng t o one i nventive aspect, one

or nore fitting conponent engagi ng surfaces may be
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radi al reaction force conmponents,
component during fitting assembly may be axially shortened to reduce a length of

during

contact between the first and second components and, as a result, to provide reduced
radial reaction forces between the first and the second components during

disassembly.

[0006] Accordingly, in one exemplary embodiment, a fitting component includes
-a body having a tube socket that includes a recessed wall surface radially spaced from
a tapered tube capture surface. Such a fitting component may be used in a fitting
assembly that includes a tube having an end portion that engages the tube capture
surface prior to fitting pull-up. When the fitting assembly is pulled-up, additional

engagement between the tube socket and the tube end portion, for example, due to



bet ween the tube socket and tube end portion. By

provi ding a recessed | ongitudinal surface in the tube
weaek@g7048 he radi al force conmponent between thecTiussi6/048072

and second conponents may be reduced, thereby

assisting in separation of the first and second

conponents during disassenbly of the fitting assenbly.

[ 0007] According to another inventive aspect, one or
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force that assists in axially moving the second fitting component away from the first

fitting component. As another example, the stepped wall surface may provide for a
reduced radial reaction force between the first and second fitting components upon

initial axial movement of the second fitting component during fitting disassembly.

[0009] In one such embodiment, a fitting body is provided with a tube socket
having a stepped wall surface, such that when a tube that is assembled with the fitting
body radially expands to contact the stepped wall surface, an axial component of
reaction force resulting from this contact may assist in separating the tube from the

fitting body upon disassembly of the fitting. Additionally, the stepped condition of
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reaction force resulting fromthis contact may assi st
in separating the tube fromthe fitting body upon
wdizemasabl y of the fitting. Additionally, thererasp®d048072
condition ofthe tube socket wall may reduce the radia
force between the fitting body and the tube during
w t hdrawal of the tube fromthe fitting. [0010] In an
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the tube end, and a camming mouth outward of and directly adjacent to the tube

capture surface, for receiving at least a portion of a ferrule.

[0012] In another embodiment, a drive nut is provided with an inner wall having a
tapered longitudinal surface, such that when a tube gripping member that is assembled
with the drive nut and a fitting body is displaced into contact with the tapered
longitudinal surface, an axial compenent of elastic reaction force resulting from this
contact may assist in separating the tube gripping member from the drive nut upon

disassembly of the fitting. Additionally, the tapered condition of the longitudinal wall
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tapered | ongi tudi nal surface, such that when a tube
gripping nenber that is assenbled with the drive nut
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drive nut upon disassenbly of the fitting.
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configured to apply counter-bowing forces to the tube end to reduce bowing of the

tube end during axial compression.

[0016] Further advantages and benefits will become apparent to those skilled in
the art after considering the following description and appended claims in conjunction

with the accompanying drawings.



the socket and axially conpressed agai nst the
shoul der, the shoul der surface is configured to apply
woaowTisro4bowi ng forces to the tube end to redueeThsmong48072
of the tube end during axial conpression. [0016]
Furt her advantages and benefits wi ||l becone apparent
to those skilled in the art after considering the
foll owi ng description and appended clains in
conjunction with the acconpanying draw ngs. Bri ef
Briok Desénipiiom ofthe Peawingwi ngs [ 0017] Figure 1 is a
partial sectional view of a tube fitting having a tube
Ke o i . . _
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withhe rédesdednigterfr@ibg] wallgurfacd,shiosnaim & finger ¢ight eenditem before
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portion of an alternative tube socket for the tube
[00FB] t | nBigafe FAJsme chlargddseectibmaliview of afpargen of thghtube socket of
.condition before pull-up of the fitting; [0020] Figure
Figgr¢ L 2 partial sectional view of the tube fitting of
Figure 1 in a pulled-up condition; [0021] Figure 2Ais
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Figure 3 is a partial sectional view of a tube fitting
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of a tube fitting having a tube socket

[0022] Figure 2B is an enlarged sectional view of a portion of the tube socket of

Figure 1B, shown in a pulled-up condition;

[0023] Figure 3 is a partial sectional view of a tube fitting having a tube socket
with a tapered intermediate wall surface, shown in a finger tight condition before pull-

up of the fitting;

[0024] Figure 3A is an enlarged sectional view of a portion of the tube socket of
Figure 3;

[0025] Figure 4 is a partial sectional view of the tube fitting of Figure 3 in a

pulled-up condition;

[0026] Figure 5 is a partial sectional view of a tube fitting having a tube socket
with no intermediate wall surface, shown in a finger tight condition before pull-up of

the fitting;

[0027] Figure 5A is an enlarged sectional view of a portion of the tube socket of
Figure 5;



with no internmediate wall surface, shown in a finger
tight condition before pull-up of the fitting; [0027]
weiguros7@A i s an enl arged sectional view of a pOTHISENG6/048072
of the tube socket of Figure 5;[0028] Figure 6 is a
partial sectional view of the tube fitting of Figure 5
in a pulled-up condition; [0029] Figure 6A is an
enl arged sectional view of a portion of the tube
socket of Figure 6; [0030] Figure 7 is a
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Figure 7A is an enlarged sectional view of a portion
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l. su
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fitkingure 10 is an enl arged partlal sectional view of the
tube fitting of Figure 9 in a pulled-up condition;
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shown in a finger tight condition before pul | -up of

fit [ t
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pypledbupccomditomndi ti on; [0037] Figure 13 is a parti al
sectional schematic view of a fitting conponent having

be i, t y. D .
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bﬂﬁ%ﬁpqﬁﬂgéfﬁw§%ttlonal view of a fitting installation

[0034] Figure 10 is an enlarged partial sectional view of the tube fitting of Figure

9 in a pulled-up condition;

[0035] Figure 11 is a partial sectional view of a tube fitting with a female threaded
body and a male threaded drive nut with a tapered inner wall surface, shown in a

finger tight condition before pull-up of the fitting;

[0036] Figure 12 is an enlarged partial sectional view of the tube fitting of Figure

11 in a pulled-up condition;

[0037] Figure 13 is a partial sectional schematic view of a fitting component
having a tube socket with an axially tapered shoulder surface, with a tube end

installed in the tube socket in an axially compressed condition;

[0038] Figure 14 is a partial sectional view of a fitting installation tool for
tightening a tube gripping member to a tube end, the tool including a tube socket with

an axially tapered shoulder surface;



tightening a tube gripping nmenber to a tube end, the

tool including a tube socket wwth an axially tapered
wehoeoriodar3 sur f ace; [ 0039] Figure 15 is a parti aPCT/US2006/048072

sectional view of a tube fitting having a tube socket

with an axially tapered shoul der surface, shown in a

finger tight condition before pullup of the fitting;

and [0040] Figure 16 is an enlarged partial sectional

view of the tube fitting of Figure 15 in a pul|ed-u
[0a3@nhdi tFxgnre Deisaa pediaDesationplt view affa @befiiting having a tube socket
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escrintion” q¥) ot .des J&ﬁ%@ IH%&‘.& wi th
prepar ati on
of a fitting connectron is referred to herern as
[06410t i nghisplidsclosupe redated toafitting pothpanertis, ot hset witheny éypegof fluid

coﬂ%‘llg 1}1ﬂ1uﬁ %g@g@g i flhtgtelﬁ(g% Rafl it oS #lglﬁgi%?%glgi‘j]rﬁ)ed herein

withube feirhé r‘ﬂ@e’eaﬁao‘nﬂﬁﬁg,”tﬂma&na@rbe nsadl withypige apd adlent cnduits.
anded upon_ . fittin ul | - ont act
Tg fsiesure HrupEraneln Sie copibompiof SPvae sTRgHelpns. materials,

sm%srr 55;1{: aﬁnéfslcﬂlsrﬁféﬂl ds afmﬁelrbes ,efop asxaiple, cill GF Syphiak ene described
nples of this radially outward npvenment include
t

hemmh dhe germ eftpbgy fitng "t ublae dghtenuig(of | GPARERR 86 3 fitting
cofHPRbR IS r&Rned tb riﬁrélea% ﬁtﬂq% (f)ﬁllﬁij!)t V& € sed LECtWRR KRth terms

a tube gripping nenb suc ferrule or ferrules,
beihgrised ifterchangeably.| Fuwngm—tm es emkeapprﬁ pelt limHed to a specific
puﬁ i@t es providing a fitting that may be

figured to assist in the separation of these

contactlng fitting conmponents during di sassenbly of
(0947 fi Tubaditting rcompaments, thay areea%ﬂérlgbg displpcgd ?reaéeqnéﬁd upon

ﬁtflﬁ%%ﬁﬁ- %Viﬁéf Qoﬁt y%&ﬁu&%ﬁ; a%Entsﬁﬂ%reﬁa&Qﬁ sB%éﬁeﬁtﬁné Remponent

one I NCr easli ng axi al reaction forces
suffagrscés aemshlt of pherspensiapar alisnieemisat- wedrpoues of this radially

ou?\%% lglg%lﬁent/'}(ﬁrgﬁdg'ﬂbgvrkg R MarrelY n%%tf' Vﬁlb@Sé}ﬁCtesuftltﬁgsﬁ-om axial

assi stance I n separatin he conponents may
compressizini afftbd tidye @rd\or d:rungard deiflestiorf of & twize gripping member, such

as a ferrule or ferrules, during fitting pull-up. The present application contemplates

providing a fitting that may be configured to assist in the separation of these
contacting fitting components during disassembly of the fitting, for example, by
reducing radial reaction forces (which tend to resist separation) between the
components, or by increasing axial reaction forces (which tend to promote separation)
between the components. According to one inventive aspect, this assistance in
separating the components may be accomplished by providing a first fitting
component with a recessed surface radially spaced from a surface that engages a
displaced portion of a second component upon fitting pull-up. As the second
component is separated from the first component during fitting disassembly, the

displaced portion is axially aligned with the recessed surface, causing radial reaction



conponent wth a recessed surface radially spaced from
a surface that engages a displaced portion of a second
woaogmssnas upon fitting pull-up. As the secondPCT/US2006/048072
conponent is separated fromthe first conmponent during
fitting disassenbly, the displaced portion is axially
aligned with the recessed surface, causing radia
reacti onforces between the first and second fitting
conponents to be reduced, thus facilitating further
foreetsatarternthedirst d1al fecomsd fitting compomantsite bie educsdpidue fcdlitating
0043] According to_anot her. i ' pect,
ﬁ“g]s? PR ?tﬁhg gif)satl ragiéi1 f’%cé’ Iﬁgc?l r‘i{l@% ?‘lﬂﬁ g‘f“.“?szt and second
fitting conponents may be acconplished by providing ]
[004B% f i Astorflingt torapotihenporeative wipeat, Bssisipaeeed separating contacting

|, ongi t udi . surface for en 1 ' .
fro e e ing B en s e G ERR Y eouaf R fuine
corpbhtit @il ®asjepdd Manpitudiatidarface dpecagageoregt twidh realdisplaced
polins B S e AP e o e §9a 208K Sy inotuce
a thtRed 10#git0ainaBwhall 36 @ssidt iAoV lof\aaibe bad.agsisbtlien example, a

separation of the drive nut from%?tube rippi

. . L1 ] In ..
drieiug anays ipgidesa RETeG ki udinad, spepsq PR (Anpr PR, assist in
seda?athﬁf oANOURSE nEXRORl Afube GRiBPRIc TRV ce, ARhIAs] e ekarBflegAderrule

socket and the drive nut may include taﬁered

or ffeymajes.ulh piell another sxemplasy syibodiment, bethdhefubseod, wisketrnd the
- Y 8 WG ocs iV 8phration from th
i 3y L Rk Rordl IR hitfecs GRS I Sopkation from the
tuberanetniddnbe gnipieg dedde.itagfeadedyt wo ferrul es t hat
provide a gripping and sealing action between a tube
a hody, 4nger Iopf C&ithl whidhe R nveRli6RIGH be used
[O%{r]ﬁve %glt)éx 'ldley tet%em??afétlﬁ%gngggi ‘r@}]t s illust rlat ed ang e

indledesrtwvef¢mutasahat rhvide vagrinping and, ssaling acherp betwgen @ tube and a
sed with thi wo ferr Y fafit i hese&yvpil 1
boﬁﬁvglﬁ%glrvgwaé%tzug < aortg ?a sngalép%%ag ggl %Iq‘fgeo r%‘t'h er types " ° o
entModimerits fidsstratdoindatescrilond lesreinphew wiringk énvestivglaspects as used

fittings,. fittin t hat, use other t s of .tu .
wifh i PG Terkiib i Biing et TnGebR abpRESarR e Wihticable fo other
ty;%!’si M_emmtgfs,. suthsR, fwléh:lam;ﬂg,ealmlarfyn-en?ﬁmmggnmagm thatdmse other

ittings for.use with stainless steel .tubin vin

YRESRIBT SUgping) ViGeSHAndaging dhat sq Mals %?fﬁ%‘%,d Jifys Huts. - Also,
whilty 8Réthy R SRMGHENEts ihQuis FReids aPhieC afithOstaintyss eteel tubing

provided with fittings for us vyl th gagy Sizes and ts of th
hayipgediagreterg itnlf4 inglpsEE iocky Andsl/2 MRk B1°; IV EUTYS,ppegts of the
pr&%ﬁgaﬁﬂ {chii®9 bl vehRbvitisd MMhENEARY R Yis€ M@ aBNEiz6X and types of

S

)
] of the inventive aspects described herein. The
tubipge fitting 10 is

et

[0045] Figures 1 and 2 illustrate a tube fitting 10 that is an exemplary
embodiment of some of the inventive aspects described herein. The tube fitting 10 is
used for connection with a tube 12 and includes a fitting body 14. The fitting body 14
is merely representative of the various different types of assemblies and fittings with
which the invention is usable. For example, the fitting body can be a standalone
device, or a portion of a valve, or a union, or any other type of fluid control device or

fluid flow device.



used for connection wth a tube 12 and includes a

fitting body 14. The fitting body 14 is nerely
woem7aseniasat i ve of the various different typesprof/us2006/048072

assenblies and fittings with which the invention is

usabl e. For exanple, the fitting body can be a

st andal one device, or a portion of a valve, or a

uni on, or any other type of fluid control device or

fluid fl ow device.[0046] The particular fittin

[00#6] t haihe pasticnles fittingbrdyakd thahisi iHugirded hasra g g%iyamﬁon 16
an@ﬁ.@'i-@]e % {&k@%gﬁbo waht ﬁg(gcet Waf 2@%&2@» tﬁ@ahlaﬁg oIk génphery

out er peri of atu end socket 2
ofamuttdmldfsolckctr@ lbdheyﬁltmgl{qd@élﬂ] The fitting body 14 has
a radially extendi ng shoul der 24 that defines or is

[O(.lzléﬁg at e%&l@tﬁt ?6(%'111 Yad Q0&diafRy gxt%ﬁd%% Pﬁgélofjfﬂ{ Q€fines or is

has an out'er nd sur ace
loca&deatt aanaiiialdy gmeeleadl 2¢ ofdlé sddket ARt tTheespleeithtleQﬂlas an outer
et o8l Sisef o sl QPR a5 BT e 1§08 i 30 of the
fittegl bSdy (M tThe tSﬂﬁlh&lt endZsurfa0628|definembeist locatadl aﬂﬁh msially outer

%g?nggh he exterior of the socket wall 20. The nmal e
°ng Rr QAHUPC 8 rates with a female thread 42 on a

drive nut 44. The drive nut 44 is rotatable and
[o0dRTabl & maileatﬂryad a0 ds ifsrenddoot liee Extetionof lledyockd4t wall 20. The

i o9 Faiga e Phh ool Firad 2 b Salori s TGV hut 44

is totaable\wal lImsabloggalboretuxive nél thebting ®ody g, axi al |y
inner end 26 of the socket 22 and the axially outer

o RBe shelfer Gl e B e avalt SRR, SHh By oapes the
m&4erﬁi’1sbdcbﬁ22 eMhE Mgder &l sinifacace e&ﬁend?lbet\ﬂfdm&he wRially inner end
ol Tlohe sihoss sonl gt bone i L

endbRUfhéht, T etk VAP QEAHERNES SKidnds! batwbémies shew18EM24 and the
and others will be readi ly apparent to those skilled

ternpnglrndagueface @85 OThe inemwals sidarendhmay haysvagpug copfigurations
in Eb&i%ﬁ%?eelwﬁﬁ‘ @hezmvt:ﬁ't‘?vé A5pELts ‘ﬁ@éénb%ﬁrlfe?&ﬁ vl Eﬁ%o&%ts are

end socket 22 includes a tube capture surface 52,
illesdratddpreipuand pbersivoll lezrea(ahdamarerm & these aleiledya 1he art.
surface portion 60 (the details of which may be

[0@3@9 ge g iiRberhPodilRnHRVEDRES irf Pfgu?ésaf hh 2, MRS RvdINGurface 50
tube capture surface 52 and the cann1n% nouth portion

ofghe tybe cadcsaskelr 32 tlwﬂede@aettubee CARIHFREWIEE &%t R fgEuMing mouth
ﬁekhyﬁgﬁgamﬂn&a@ﬂmﬁs‘gm@l o 60 (BRMEMUSHNs of Which may be

dinments, the tube capture
exaggerated in the drawmgs for clarity) between the tube capture surface 52 and the

camming mouth portion 54. The exemplary tube capture surface 52 extends axially
outward from the shoulder 24; however, in other embodiments, the tube capture
surface 52 may be axially spaced from the shoulder 24. While the tube capture
portion may take many different shapes, angles, contours, or geometries, the
exemplary tube capture surface 52 of the inner wall surface 50 is a frustoconical
tapered surface that tapers radially outward as it extends axially away from the
shoulder 24. In the illustrated embodiment, as shown in Figure 1A, the tube capture
surface 52 has a taper angle 53. In an exemplary embodiment, the taper angle 53 is
approximately four degrees (4°) relative to the axis 30. The taper angle 53 of the tube
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surface 52 may be axially spaced fromthe shoul der 24.

Wil e the tube capture portion may take many different
weheapasjo4angl es, contours, or geonetries, the egRemSk@sy48072

tube capture surface 52 of the inner wall surface 50

is a frustoconical tapered surface that tapers

radially outward as it extends axially away fromthe

shoul der 24. In the illustrated enbodi nent, as shown

in Figure IA the tube capture surface 52 has a taper
capdurglserfe®: 52, mndntseoav@mdl diepetenypay he selected &o llabfév halﬁ(ﬁréapture

the e%dI c?fstge Qﬁlﬁg( b ?gh% Yo fﬁ@t?’rfg g%g{lﬁ e 1§1ﬁ)b1 flealibd ¢2 tbh ?@tatlng in

the tu ecapture surface
therBckemd dxxtmgq»uﬁnqibft&ieé'mngem may be selected to
lightly hold or capture the end of the tube 12 prior

B T

(defsoi:xﬁlid'dlhteldsﬁ) thaO rfis phiteo faketyble fitling diﬁmandgomam tlhe Fdrrile radially

. adapted.to en a f rrule cescrlbed.belo that

i eERY OO G- St B PG @ SePiLe “Di sepfif connection

betheh Uhe tiBelinal |tMe ifertaled and hﬁds dling Cbo|’d5r01/4 deThd angle 57 of the
known nmanner, Igrl pp| ng_and seal i 5% Cf ction d

cap@ingRUihA.1agFeferenced i Fiearg [y may B gelerieditp previge s esire

grlefﬁ]l ¢ HR8 seASEcathelfiod. N8 GREREMSlaFPHiBodnendSthe camming mouth
eférenced in Figure 1, may be selected to provide the
angle §7 ieepnyekippitely 281 delatyg ‘iorT-be a¥sdlction. In an

exenpl ary enbodi nent, the camm ng nouth angle 57 is

[O0RRPT OX TR bey l%otﬂagllﬁtﬂlﬂﬁreﬁ&l té“ﬁle@équsre%%seﬁtQQG@]othhe various
tube 12 that is illustrated is nere representative

diffrenthtypearandusizes fof epanduits ypidly vangh sthg elvgptiany iy ysge:  The
paxxﬂcgﬂu‘ \i\gﬂ t{wt fhlfis ﬁlﬁ tbPRas asgéfﬁﬁﬁiyﬁcylfﬁﬁﬁcﬂ%ohﬁgufaﬁbn including

iIs IlTustrated " has a gener al
pataizlbl ndhndmtal emﬁr.a@drcamrcmdq sisfagas ﬁg 39er mtered on the axis 30.

Thge I n hg ?Eub% 319% %‘1 act'{ &gteﬂféxftﬁﬁ%‘ﬁom lﬂgﬁeﬂgway at 76.

n e e axl s as an i nner tube
WR&]ﬂthuba cﬁtang dOt iermader op,ahe Sﬁmalbwrnkp(prtlaw of tlfpet_ube 12 is

It S e_u j .
o S8 2204 B Ta el Uy LBl Svar
the@éfrémeadd &ﬁmgdlpwyhelﬁmngmddy he. t ube extends axially
out war d therefrom and outvvardly of the fitting body

[Oﬁév\n[qo&ﬁ?’]ﬁf”g{}?" ﬁ | ar nt(f{l?t 15 'h%v:nqg Fég I%?gfqan?§ mﬁludes, in

addiitiohite ghdftdinglbdyel 3f Ia(ﬁ‘dnt fcﬁmlel 86, 8fsar ﬁemdarSZf and yigve nut 44.
82, and a.drive t Telnve icable . .
Tha;ienSoe 13 ERRigabIntit e Y CBEnET g pR. By Bhipe OF it eripping
de@icks) ﬂhélﬁdlﬂgidi‘%&aMp[E; ltutsh Riging$ GHat el énlytombeferrule rather than

flttInS hat incl yde e ferru ra
_two ferrules Tixe <Flglnvenﬂon lijs app 1cal¥le apso to tube hﬁmgs ttha(? 1nct1uc?e front and/or

rear ferrules, and drive nuts, of differing constructions, many of which designs are

known in the art.

[0054] Figure 1 illustrates the fitting 10 in a finger-tight condition prior to pull-up.
The tube 12 is inserted into the socket 22. The terminal end portion of the tube 74
extends into contact with the tube capture surface 52 of the inner wall surface 50 of
the fitting body 14.

{0055] The outer surface 72 of the tube 12 is smaller in diameter than the

intermediate wall surface 60 of the fitting body 14, and is thus spaced radially inward
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two ferrules. The invention is applicable also to tube

fittings that include front and/or rear ferrules, and
wdnow@smgss, of differing constructions, nmany 8CTMSRME048072

designs are known in the art. [0054] Figure 1

illustrates the fitting 10 in a finger-tight condition

prior to pull-up. The tube 12 is inserted into the

socket 22. The terminal end portion of the tube 74

extends into contact with the tube capture surface 5

froof thietintermedintewsd !l sxg@acreeﬁ@e Be Gruisstamdi inyeadhe 1lzpe 12, and
the[cg%ge?rlutlﬁ?s %%%%d @d\;%hgltn ﬁﬁﬁlgtblég9 142 is smaller

anet er terrre ate wal | "surface 60 of
the fitting body 14 and is thus spaced radially
[0056]ar dFigora 2 Hinsirates theefitimgd Oadiar pylirupa cEhepdyivenni 44 is screwed

rru r
fa i ity e RRESEAH 6 EnG ol GRchtitpg ariy Bt ATEREES U forules
80 [a0Q 33 to fprguide aZsrippings andasenting lengdgettenh Qemeaﬁh@tube 12 and the
ulé-4§% The drive nut 44 is screwed farther onto the
fiting P¢fglbody 14. The rmovenent of the drive nut 44
causes the ferrules 80 and 82 to provide a gripping

[0GET seakidlly aidgadmiipninwvast weeamehieof tisa10bg ofite fiiest ferrule 80
fitting, body 14. [0057]. ially.and radi

cagish SHRP= a1 ¢ e PoRe orehis vt it Pup Rl R i ontder 24

A)Ilﬁlefoi'débﬁl the thiss bEcqissh e potiion bfthenube end ™ that is located axially

. ement with th oul der_,24. Axi a rce,on th

iy et 1pe i ST S0 EFSh A IDHR o SR (73 PRSHER T4 mieh

coh@eAhE ‘i’nt@fﬂléﬂlit}é vdWVQirfhcl hoitltd 40 Sthe Tl@ﬁﬁglb@iﬁm tfor exarnple as
barrel radia outward. This tube_ portio b

shewnimEiswhe nrﬁfhéfflnﬁ airadial GRapRonSt PEERCH Y F‘Eﬁa “g?é)‘gb?’ay also be

re%ﬁ%dfté hd éIPﬂth‘?éiWnéle“loaé Bf a &XARl18ad.2s shown in Figure

produci ng a radi al conponent of reaction force,
whi ch nay al so be referred to as an_interference |oa

d
[08F8]a fﬂh@tlpﬁﬁﬁmle@‘é@ wWadlosgfacereortigp K404 the FxgEPfary mner wall
uég&é‘ 36 o RHds| BiIwboh e i 48R &lr¥ack ¥ andahé o‘éﬂﬁxﬁxﬁ%&nouth

extends between the tube capture surface 52 and t
poctionTbhg Trhs wukfapo pPiis wemaredWethe minde e axcpwhirypigrmediate

wall! lyﬁ%e cﬁlgf-,s g pg)éggggl'tﬁfnyﬂ gste@ 'T-q%% 308 MAily outward of the

surtace I'nc pped por (see F ure
tubd\)cameaburyaomz/vand afecebredt pdytion 43t apnells mut\a@ré thengtepped

B PRESREH PR PR b RIS, ekl GRAE: cprr
suﬂadd: apl yrhapathe diuimetnr phithet &obketc%tsmreatsu af thegeg@sed portion 62
g Hoas PR Hi e hbes SR 22 #iitufth SRk Seflle Wileter of
the inner wall surface 50 of the socket 22 is increased, as compared to a fitting tube
socket without such a recess. Also, while the illustrated stepped portion 61 is directly
adjacent to the tube capture surface 52, in other embodiments, the stepped portion 61

may be axially spaced from the outer edge of the tube capture surface 52.

[0059] In the illustrated embodiment of Figures 1, 1A, 2, and 2A, the exemplary
stepped portion 61 is substantially perpendicular to the exemplary recessed portion
62, which is substantially cylindrical. As a result, when the tube end 74 expands
during fitting pull-up and contacts the recessed portion 62, as shown in Figure 2B,
reaction forces between the cylindrical recessed portion 62 and the tube end 74 are

substantially radial (i.e., non-axial). Also, contact between the expanded tube end 74
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than at any point along the tube capture surface 52.
Further, the average dianeter of the inner wall
woeunod7as®450 of the socket 22 is increased, as eOmuaR®E/048072
to a fitting tube socket w thout such a recess. Also,
while the illustrated stepped portion 6 1 is directly
adj acent to the tube capture surface 52, in other
enbodi nments, the stepped portion 6 1 may be axially
spaced fromthe outer edge of the tube capture surface
and Zhe [XOflary rstedped i pdrtien rGit éd nenbyealj meawitingf irFiliile ey 1o axial

LA 2A_ th 'y st | S 30

rosgf]a FRFRE A1OFY Y0t PR LC P A7 §ERE Ll b e SeePuparySiine 10,

enMeh‘%e?ﬂ beRveenhthe Rapcted titst edpitire! duyfacy [S2nadrdi thel tubdend 74 will
resul t,

when the tube end 74 expands during.fitti .
Proyifie 2xip! BACHUGIFSEEHE 2p3HR! 1P SERAR {58t eo?fw@‘i?’?’a‘i‘e Shingbody.
DurihgHefitaBion Bis the€asd bPiheltOhs 25, WRchaasn ckfiricaydd Y &xRinsion or
recessed portion 62 and the tube end

74 )
displssmant iesially maise antohe eecessegPORkLG] of fledube seskeh dhe radial
red0BbHeROR ds MEetREAR MRS dededlll $ETioA46 Ginli e BBETPIREY reduced or

stepped portion 6 1 is mniml, resulting inlittle or
elimdnatsd, athus eagistingninr senpeatintg 8in Blberendort dFam the fitHge body 14.

F“E‘é?‘&é"i’ﬁﬂ?ﬁ’éﬁ?% gﬁg g\é&?%égglaﬂéfelf MI ﬁl'e Qg?é'r%ﬁﬂ Qﬁ‘ﬂﬁ%@eﬂ] gf the tube

ere capture surface 52 an
sotkeld @2¢ trtal7rddial éactipooxtes alongl a tengtht pHeortentdwtwean the tube 12

Si st in.s rati t.he tube end fromthe fitting
anﬁﬁayﬁkﬁﬁ??ﬁ§9§862F§%F h, as the end of the tube 74,
whi ch has experienced | ess expansion or displacenent,
[0@6Q]al | yn mpethsr emboditrtest, rascshosmdinpthe tpiagiel g2ews of HiguresodB and

ket, the radigl. reaction for . he . .

265 i Sepné Brt P8 616 sAEAE 1Rrob BEETAMERY Y ghitil for inereased
coﬁiabgmét%&ﬂ thcgthblﬁaxazsﬁ'igi?sgéppgd iportiRepElr ; ’ apbn dittiieptliHoe, anghown in
.74 omthe fittin 14. Fur , increasin .
Figtrs 2 0P e BRSO REC T i abe vaend Y PREER 3 Hrd portion
61t peotid@ears eLiKEEomBondn® bllredcith dbrok ot écmnthe anbe and tiengepped

a,Ien?;h of cont agt betmgpn the tube .12 and tge tg%§1ub612
pogiik &l ouring Hitingfliassemblyp yiich may 4stFdP SERPBUPRRAEN®
frdha tAOEMInd Bod @4 PaWhiIB thy is%ﬁ%ed)f)oftio@l%ﬁsmhﬁ benstodided at many
the stepped portion 61 may be tapered, allow ng for

diffprenbangles #ull With manycd SEE SHBRCAH ANt AT LAY P odiment
in@ﬂgeé Dushenned S%%EJE@I_ Eenﬁ)n]él ‘WP QRaf dr lah EIRG 3P W lappidxirAstely 20°

iown 1 n Figure e potential contact between the
relative ta theawitb 3he t apered stepped portion 61' provides

an axi al conponent of reaction force between the tube

[0868] t hen SyRAPEHLRBIHhAN tRe LtepPbd igdsidd 61 Aty be steeper, with a
di sassenbl y, which may assys? in“separation of the
laxggh tapep anglo 31, eswlting imen moially shortepsispeed Rartignephpd a longer

reBRsLd BBrfsh 638 %r bifte RieBpLd pOrtfin §RMhay be shallower, with a smaller
taper angle 63’, resulting in an axially longer stepped portion 61° and a shorter
recessed portion 62°. Finite element analysis and testing of a particular fitting can
determine how much taper is needed, in order to achieve a system that can provide an

axial elastic reaction force on the tube, to assist in tube removal, upon disassembly.

[0062] In various exemplary embodiments, a stepped or tapered intermediate wall
portion of a fitting body tube socket may be discontinuous with tube capture and
camming mouth portions of the tube socket; that is, the stepped or tapered

intermediate wall may be provided at a different angle than the tube capture and
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different angles and with many different surface

contours, an exenplary enbodi nent includes a
wonoutosoani cal stepped portion 61' at a taper aagius28/048072

of approximately 20 relative to the axis 30. [0061] In

ot her enbodi nents, the stepped portion 6 1' may be

steeper, with a larger taper angle 63", resulting in

an axially shorter stepped portion 6 1' and a | onger

recessed portion 62', or the stepped portion 6 1' nmay
cmbmlsg] alduclmortlom i ﬁz,al Sdprmidyeche nadipdly sppesidefiérg:the tube capture and

oL Do, | NGEY nRlPRBSEAEr L8 SomE e

ca;ﬁnml@tﬁ]lc&n&ﬂdlgtrﬂ&ithlpgrtﬂﬁﬁdS@ﬁlfili cular fitting can
det erm ne hom1nuch taper is needed, in order to

[0(?6%2' eVE & &5 Céegnn{epﬁtascsﬁ w?ri?\é{}lg@regg ﬁf&'@l E{tﬁ% 1t&o‘iiy 00 may

ctlon SSist In’tu enova
be yproviddil sasls antiby . sobRA6GAtIudingy arstepped epoetipnh 4169 having a tape_red

enbqdi ment s, ﬁe dorta ditewmmme [l .
tongaiuingh sgitace Pef HR SR 16 Rkt Sy iye niowl portion 154,
théﬂélﬁﬁ@fﬂludﬂdg WSsephrafd reedisedpirtivh @f ansubanvtlay 12PuUENgagement or

ortions o

he tube socket; that is, thoStgﬁPed O ed tub

mtaﬁebeéwe?rhf}@rmestp@% Pr RREFepdnpT VRSB0 4pd Jiie expanded tube

endlin 7k %h%?httﬂ%lﬁ\ﬁl hip &Uhérhﬁxch%ﬁtéé@@é&&@ BRI ﬁglallfﬁtﬁnbonent
portions 15 may be radially spaced from

of tr@ﬂfémeaﬁw dogg dhq; et Aetest %WP%H? whs, 113?5%1‘1 the tapered
wa%n%@rthﬂ@xssﬁ%ng&h%wsﬁ,ﬁ%%dm %HﬂtﬂkﬁnttH@ﬁttﬁfgoﬁéﬁyelﬁ@dAlso

camm ng nouth portion 2, 154, OO63£ I n_one
whalebihgi il sirated stepheshar tape;ngmagg)oghglﬁd6 is glirepily |aﬁljxcent to the

&Ogéi) 20 bl.e.S2p 5%6%9%\9%"% oft I{ly}b Gl O(fég%hall? %Fb’ng:idnﬁom the

a steppe ortloh a tapere ngi tudi n
oumnreﬁge:eftmarub&eoaparrdgottmnakﬁl nner edge of a camm ng
nmout h portion 154, thereby excluding a separate

066 essﬁg@?}t&ﬁéf@ tﬁrl‘@f%h%ﬁ?al?%%@c%l as Egg@%ﬁ%ﬁtcy%dﬁcal

tact e ste ortion or I nner
sur/ﬁad:d) chf @tssastdntrhmoeadrrsfrtki@ muem eond tm<740<d<fet ¢P2 fipon disgssembly.

e e T U BB Ml pBEs ol Al 160, e
tulson 2céanbbé wempvéd evithohe ah§ Zvbsientidlefdres eahe:d tonglhd réB@tion or
ehfr}q#;t?cﬁ)ggt) Eﬂj@aqgrfla_crgloilegggegw??\?%é%] ﬁ:gt tliIlFf ﬁg{l] qg{d,r 2! t%le wall surface

160r tapered wall portion 160 is directly adjacent to
the tube capture portion 152, the stepped portion may

OB IR 358 A ot A8 o B s an
witthe waldty afrshaface t6fto(ss Tppas ethtodiraenty laj tapered avall surface is
frustoconical and tapered to connect an outer edge of a tube capture portion with an
inner edge of the camming mouth. In the illustrated embodiment of Figures 3 and 4,
the tapered wall surface 160 is frustoconical with a taper angle 163. In one exemplary
embodiment, the taper angle 163 is approximately 50 minutes, or five-sixths of a
degree, relative to the axis 130. In such an embodiment, the taper angle 163 of the
exemplary tapered wall surface 160 is significantly less than the taper angle 153 of the
tube capture portion 152. As described below, the taper angle 163 of the tapered wall
surface 160 is selected to assist in removal of a tube end if the tube end is expanded

radially outward into contact with the socket wall during fitting pull-up. One
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surface) can assist in renoval of the tube 112 from

t he socket 122 upon di sassenbly. Once the tube end 174
wo0078ta4al | y broken free fromthe tapered wal PCTuSt@eo48072

160, the tube 112 can be renoved w t hout any

substantial force, due to the reduction or elimnation

of radial reaction forces between the tube end 174 and

the wall surface 160. [0065] The tapered wall surface

may be provided at a variety of taper angles and with,
degiraple raep offtager anedes i€k AlsminHesifeoriraegiepand fifly minutes,
witﬁ@%rlﬁﬁn%#oplﬁé‘éfﬂ s'1% thind@dsoconi cal and tapered to

connect an outer edge of a tube capture pertion with

an i nner edge of the canm ng nouth. In the illustrated
[0Q4flodi Msperdiig HoganetheB wyentive taspeqta9ér & \ipgent application,

L ac 60 11.S ogd..caly, W t :

sopAAAESC ok old SSROSPRE nothLhed LAREapol il ve
facipfaraixbyratdiong thenlengthest, therpdrtion-of | tibé soutacting] dyr wbe socket

relative 1o the axis 130. L.n h. an. enbodi nent h
wef giind Ryl o Snndy, e s 14 R PARRGA TRk phifEgn hose
coiiﬁ@tilil@ seifgiesf thesoblyl assistng thehsapatdtiont apibe talgbed Hod dfe fitting
t.he tube, capture portion 152. escri hed _.bel ow .the
bog JonaiFBTBY - of 1y P CHBOREHTha e CHERLCE CPBGR} felreen the
expRIRALESE &l ARBIMS tublderldFONG MBS bSrddub&l B Prdvidihfe recessed or
ube end i s expanded radially outward intq contact

tangrech langaudisak surtoge 1 tartiby oid seckeh puflgsepped with regard to the
enfBRHRSE Y B hRAY ge4 holé@P8h ABHCE V%ﬁtl%b%dﬁtﬁ@fm | EnB 66 contact

to one degreé an m nut es, h a tofl erancé of

fift
bepresn dre mpcpayieﬂsm’ﬁeln gn%sand[ 0o661beAcadr gicket meryardditopally or
alteABILI e ?e%?@@& bgfreci&lﬁa&%h%q@xq%hm& "El%ébglﬂ:ket. Figures 5 and 6
a t rom

separati on o be en fitting body may =~
illagivite & dittdhg 200 thatlis ennaich\eskypley Eabodimentedn Bye fitting 200, the

.educi,n e le h_of the porti t i
e BBh0 180t SN SRFcBS bRy 322 i HRE SR AR of e
sotlhe 22atialdefinet by an daek wall sueface 350 of Weefittingdsdy 214. The inner
nt acti suyfaces,, thereby assisting,the separati
wilf Sifhre TR 7ok TR ROTIQ) Botp g poRg mouk 254, the
angiesmmﬁ&{ dhaylbe eRRExRATB@H fie dMkawinige fdragrity. of cont act
et ween t he expanded tube end and the tube end socket

be reduced, by .provi dj ng.a regce d or_ta d .
(PR, e ey A0 et AR pE0 Gh T, 2,18 FBS%s not include
and @fteimddeste Wl suefiaé dikeOtHehttefiudditeenils suffabésg60£360 of the

1-4 above. | n anot her enmbqdi nent, the

| en 0 .
enbasiments E Erars {1 Rathemtedups B@’“é‘i?c?%ﬂ‘g {Zﬁ% a{"&s thegagming
m&@EKS4. Maadditd esahlivg floudll b4 natdineelly abBRcemdiie adbdYapture

surgfigg %S %o tag ?o L?gv%ctlg at(.)z];rot itr]xteerrtnlégieatesgrc égrtns'iticfrll elfllrgt Stu%e aslgc et 222.
Thus, there is neither a tapered wall surface, a stepped wall surface, nor a cylindrical
wall surface between the tube capture portion 252 and the camming mouth 254 of the
exemplary fitting body 214. While the taper angles 253, 257 of the tube capture
portion 252 and camming mouth 254 may be any number of different angles, as
determined through testing and finite element analysis, in an exemplary embodiment,
the tube capture portion 252 has a taper angle 253 of approximately 4°, and the

camming mouth has a taper angle of approximately 20°.

[0068] In other embodiments, the tube socket length may be selected to provide
desired radial forces between the tube socket and the tube end, both upon fitting pull-
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illustrate a fitting 200 that is one such exenpl ary

enbodinent. In the fitting 200, the fitting body 214
wbaeo7asaiaal | ow or shortened socket 222. The ouPeT/US2006/048072

peri phery of the socket 222 is defined by an inner

wal | surface 250 of the fitting body 214. The inner

wal | surface 250 includes a tube capture portion 252

and a camm ng nouth 254, the angles of which may be

exaggerated in the drawings for clarity. [0067] The
upend milendisassambty obithie fiting.adbe shdlay tubiegioeket may pliergatively be

does i nel ' j LI L ket
T T B S S i e R e
betsfechigube safturk siRfiichend a deearhingencatbt uhe appriopiiate spBket length

utss. the.camm.n th 254 T |.S . ' .
ot ATGIRE B FOaTy A ALE O Th I UBERTERLPY Mnite clement
anslykik aBe tedfingso as to provide a zero internediate or
transition %ength tube socket 222. Thus, there is

i.ther a tapgred I rface,,.a stepped wal
(085 ackn “sr5Pranes) vty B RIFPE, R o edn FiRES tapered
10% ﬁﬁixﬁqimlufaeedo ?ﬁ%}i e 3&&(5@5@2 oghené: _aﬂ‘l’rir{mge ne:mem it lcafsSsmbly
e exe ar | I'n 0 . Ml ), e e. taper .an e,
compenens 7 o1} KBRS b PG BRI ST A oY g ided on
an" TR by ADLE D&Y v PRI TH RHAR 8seliblfhd dipagdh p3RWASE a fabe gripping

determned through testing and finite elenent | L.
dewival assersblefl nwith g efifingr yhemBorrTHentof theetubgheriRripe eyice 1s
dis}‘ri:%%? QMeveard aﬁﬁgmﬁo %@%%Lw%%@ i wall FRRE B dB i pulfup. This

he camm n as a taper angle o o )
confapt detweenelle 2aper¢dderditudinadt $wefacendstitherfube gripping device
tub cke n e I t I [ i
prbdlis ARFSH HRalRY 1 BREGEAAR orll FEHIR (5 3u5E Grippin
deeive, whithhcanpssist it sépatptionl dfithe antfraft the tbe guippimg|devise upon

.he f.itting The shal t.ub ocket t LV .
6B it eareey (1100 PHEERE S Spnil A Rifigins ) Yiines
infladingsiiep Rtk havigy omdoaherd afsacnapbreddomgiantizal tsultfaces.

capture surface and a canmm ng nouth. An appropriate

ket |ength and/or jnt.ernediate tub e
030K a scaees i scemh bRt DG L AT g RER B e tube
fittiag t3000. ThO QAR fittihgadODOfAgieeussidt for @bhedctionveith iaviabe 312 and
aspect

. s, .one or e.taper.ed | ongitudi nal .surfaces m
inglaey 8VHtBE IR o o BRCTEE(H0GY 114 13 MgrIE SaRBrgRatve of the
VAR D QIFEE St tygéls 6N BsseRBaed AR fittings vaille vt thieghverdionak usable.
surface may _be provided on an inner wall of a.drjye I
For fxapples 1y fittingdosysaiiey? Siendaippagisvieep 8t £ pEFiQgofp valve, or a
urli&R EorOayPHIMES tHRVHE BuRs SSHHII ARvidetdt il flowtdevibewhBirtier, the
portion of the tube gripping device is o
fitting body 314 may, but need not, be provided with recessed or tapered longitudinal
surfaces, such as, for example, the tapered tube capture and tube end socket wall
surfaces described above and illustrated in Figures 1-6. The particular tube fitting 300
that is shown in Figures 7-8 includes, in addition to the fitting body 314, a front

ferrule 380, a rear ferrule 382, and a drive nut 344.

[0071] Figures 7 and 7A illustrate the fitting 300 in a finger tight condition prior
to pull-up. The tube 312 is inserted through the nut 344 and into the socket 322. The
front ferrule 180 is disposed in a first portion of a recess 345 in the nut 344, and the

rear ferrule 382 is disposed in a second portion of the recess 345. Included in the
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di spl aced outward and into contact wth the inner wal

of the nut during pull-up. This contact between the
woaperosth48 ongi t udi nal surface and the tube gri poTmg2006/048072

devi ce produces an axial conponent of an elastic

reaction force against the tube gripping device, which

can assist in separation of the nut fromthe tube

gri ppi ng device upon fitting disassenbly. Figures 7-12

illustrate exenplary enbodi nents of fittings includin
recess waanﬁrusiocmmamgirmestwfacno%@ 6ir duicinztthperyles 380, 382 into

| onqi t cording to one
en%ﬁ%%ﬁ?ﬁ%ﬁﬁq£$ﬁﬁﬁﬁ% uAn ?ﬁhstrate a two-ferrule

tube fitting 300. The tube flttlng 300 may be used for
[007@AnecFignre Ri illstmatesitee Hinga 60 i afecr padisupa fihet fnye Byt P44 is

s r
sorffgd fuFon Aot EURER PRy sk A LR rlcAPLERE Mle i o1 causes
thenferfuledhd fhaid1882 By prdviide a igsippiabirel sdabing exngagsinesnt tisbveen the
figtin 0 st andal one device, or a portion
uQﬁ3¥§%ﬁitgﬁgﬁﬂﬁngi%%ﬂgn or any other type of fluid
control device or fluid flow device. Further, the
[0673]t i Nn@xiviDyardiléhdinly, inbaid nresdnreat of berope of iﬂd@(&owt fdyrule 380

recessed or ta er [
oS S phET PORER RS P T PPl 1 SR e delfr ourwerd
Lﬂsaﬁl'lg@ta;ai\al}l iﬁéfﬁdﬁ@m@l&f@ mdlazedwab eimn mr,u gﬂlp%hg @bﬁtcbn of the
I n I gur es e parti cul ar
fedqr femH i FS FOT PR G PAEPDRSRT Of fedfth FrIe 052 fgxpand or

dehééttduwmlao ynddlfomd cfré&ﬁ&taﬁc%sréﬂe%raﬁ)@h oﬁth%@@éut%ﬁpmbﬁs of the
382, and a drive nut 344. [0071] Fi gures

ferirules 380,038 miak cpniaet ayimeo Wall 346 ok rdrtViegmt 366r¢dﬁr¥lﬁdwll-up
In Q{ljét 9% m&aﬂp&hbg&im ﬁp B¢ FihSes3t %nﬂ% 'taﬁy%?erdt I%Qgﬁlli‘dhﬁh'lgﬁrfatl@s 347,

nto the socket 322 front ferrule 180
34Bsire] pem@@don ﬂleanmrr\mll pé6 @t Mamnsw@be@mdsﬂw thepfgont and
nu he rr 's [ LN .
reege%’gﬁ’ %ﬁ? :j308tn2 o e l(frl g’c e}éétg%iﬁgt iln H%IS Qg&ﬁgla&y efhbodiments,
ta}idnect e@@mdmal aurffaces tromyohe qmdmdcd agialyrafigued 3&491 puly one of the

the ferrul es n
U%Frﬁ 395 Off; Icpﬂténws aﬂ%'eg’ § gx]duﬁ? sgr%gc %&a:\gél may
extdh@d fd blei agaldPQlighéd rw1|ﬂ'u|Hoﬂ1u [ferrilles (dbt \sbown) 31<h4thes illustrated
screwed further ont the fitti

coRSBRER O et LB Wien o B B 2 PRRY 8 heggont and
re@@rraf? 330, PEDULMARL Aubh PRI, adshSaaln Figungagemertoth of the

bet ween the tube 312 and the fitting. bod 31§'ﬂ£097%%t 4
ougeti BRTHiPnH A§0% AF2RMLY PORAFIGR FBVETROREINGS © gtH Pt e tapere
loﬁ%@ﬂﬁnaﬁ%ﬂd&% P60 3aBY rEalme A bW behdiaPehd @h ax&lrcoafponent of

front ferrulé 380 to expand or deflect outward.

reaction force.

[0074] The tapered condition of these inner wall surfaces 347, 348 can assist in
separation of the nut 344 from one or both ferrules 380, 382 upon disassembly. The
axial component of reaction force produced by contact between the tapered surfaces
347, 348 and the ferrule or ferrules 380, 382 can assist in separation of the nut 344
from either or both of the ferrules 380, 382. Once the ferrule or ferrules 380, 382 are
initially broken free from the tapered wall surfaces 347, 348, the nut 344 may be
separated without any substantial force, due to the resulting radial separation or
reduction in radial reaction force between the ferrule or ferrules 380, 382 and the

tapered wall surfaces 347, 348.
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Li kew se, axially and radially inward novenent of an
i nner, gripping portion of the rear ferrule 382 nmay
woaoug@sanazout er portion 382r of the rear ferrubPerT®82006048072
expand or defl ect outward. Under some circunstances,
one or both of these outer portions of the ferrules
380, 382 may contact an inner wall 346 of the drive
nut 344 during pull-up. In the exenplary enbodi ment of
Figures 7 and 8, tapered |ongitudinal surfaces 347,
[0B58 ar@o ppmmctbedbotbn suffisiéntneadialatdntgnment of othgt faspes and a

th t e fr a €
o B 0, B B0, 5P b SR i
disagseatilytené sapet &ﬁ@éﬁmll GAgioff tick inatr waill ﬁvmfms 34y, 3;@ of the drive

PSP Seesfed e B P BB S0 ) e e range
frofdl pf e tRin bh @pitB ra?fudmhhtelwscexmm @ mlmm I3¢3 may, but

al1gned with both ferrules (not shomn% é
ne¢d nefs be ath@aaré%@amﬁ%mahmﬂgb?@@ert e taper #RFS PR 343 may

ca e R 12808t $BY to AR 30P, 4lifinl 4 AH¥re BRerr€hbut not requ1red
ferrules 380, 382 deflect during pull-up, as shown

embiogimentgtheptapersd amgten 34, BAS o erchprange drpn 3bent 1%°8E>r about
2058y HRIY ﬁg& tBd SO g% 827 ghd *801511% @perkd %vafuad@zﬁfa%é’s 347,

['ongl t udi resufting in bot
348 aelculaha\wrajtaper mgllaﬁlllc ahpof emutd0° reaidys torthe axis §30
[0074] The tapered condition of these inner wal

[o%f aces ddiv % GBI ?;%ﬁitangfé éten%rt%;éréﬁ‘v}&fl GO a drive

from one or es 380 upon
nutlinsxysbe selegted Thassist il sapgrqmoneqﬁthofdrrvgamttu fspmfthe dube gripping

deglggdé'{ﬁ: g Egorfegig ? A orxt{iﬁfé H’ﬁleggﬁpaﬁlggy 18] BEER, tafd gripping

can assist in
desiepds atpamidedor tbfeated raﬁthfllyfcr@wm&i inheengageinentwish théiner wall

ferrul es 38 382. rul e or ferrules 0
or 4y & ruly i DB e Tignh. g B bel s gl portion or
postidiisastabe firbé,grippthg detvertnd thelthpoid lbﬂgleﬁl}m‘m atfake or surfaces of
W t hout any subpstantial forc due t the(éesultl

the ggivg| M dpthg: Bigine 5 Pedigitecgn finger Hé’f‘taf’or} B G e selected
mééifeﬁ@erﬂﬁl 8&3%‘ Joﬂﬁ)ﬂéﬁohuivﬁhoﬂhefﬁﬁéwh@@e 38 Q)roaﬂa adsitdie radial

tapered wal | surfaces 347, 348.[0075] To provide both
reagion; leadshetwesm the owderoaiienfithe el‘ftH%O? pseAnd fhg inper wall of

thS ngfvé Ghu® o A%ikAn tﬁgﬁ&hhg Rhd QIS CrRRANEREVIEORS Bl fuBE cAA! In an
ferrul e surfaces during disassenbly, the taper

exgrgless egbpdigad, o showa indfiguresd) @%m,faaa%égbkﬁwmg@gd&’ﬁfween
th% ﬁ%ngfe!n\ﬁ?e Biter féifion %?O%ﬂ‘l'é%befré@ %H@dlﬁéﬂ surfas® 347, and a gap

drive nut, " may, exanpl'e, each range from
£2qis paodded between the reer fepplositpEpestion 3821 andibe tangsed longitudinal

su?fg.&]-: %83411‘he3¢fi§1eﬁa¥ns li’)l_l“tthese gaps and the taper angles of the tapered
longitudinal surfaces may be varied to produce desired radial reaction forces during
fitting pull-up, such as, for example, to produce radial reaction forces consistent with
those experienced during pull-up of the fitting 300 with a nut having cylindrical inner
wall surfaces, such as the drive nuts 44, 144, 244 shown in Figures 1-6. As such, a
drive nut 344 with tapered longitudinal surfaces may be interchangeable with a nut
having cylindrical inner wall surfaces, thereby allowing use of the same fitting body
and tube gripping device. In one such exemplary embodiment, a tube fitting 300 for
1/2 inch tubing includes a gap gl of approximately 0.010 inches between the front
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need not, be the sane. In an exenplary enbodi nent, the
taper angles 341, 343 may each range from about 5 up
woaoamsui43 30, and in a nore preferred, but not PCEWQSR2006M48072
enbodi nent, the tapered angles 341, 343 may each range
fromabout 10 to about 20. In the illustrated
enbodi nent of Figures 7 and 8, the tapered wall
surfaces 347, 348 each have a taper angle 341, 343 of
about 10 relative to the axis 330. [0076] As described
ferzpo\A80 andethe dppered ingigitudinal siafacy /e andhal 9P ¥ plagpproximately
|
B e e e e R S C
for exanple, a ferrule or ferrules, if any portion of

[0 t ubecendinginanathe iprentivecaspadidtapersd loagitedindsurfaces may
I
be (??8{{’ ﬁl:& én iy fedcolgg;oﬂer?tg g)"i’gqﬂﬁﬂé t(y\A%‘%fPSt i ghe %%gglrag}ﬁg g% multiple

ri ve ring pull-up: ionally,
setaifiapaincting fitting rcopponemts daring drtting mssemﬁblyh dnt arfzeembodiment,

tap% edgﬁﬁggxécg Jna é:u?{aﬁgsd%ﬁe :%?oélﬁﬁfﬂ(?tﬁ o %er\!v% ogg %{)Il)‘r?‘ﬁﬁ)e socket
anﬁ o8-zl ighdérensltiof 4 drigehut, fghieparation ﬁbﬁnthﬁﬂybebﬁldsmdewt)e gripping

i nhdependent | obi nati on th th er. an
deyiger RERARRV e i dlaring SR A et on Yol DObHERRT: Fgmplary
en%ﬁﬁﬁexﬂfotFlgﬁ[%s of ardd"®, iheideition terthé eigerdRnghtdihilesurfaces 347,
i nner wal | of the drive nut, to assist jn tlghte

34Bive thepet 4. gp ArRpried ARave  tanseed inkamerdiate 595 giwall sitface 360

ﬁf&%‘iﬂ%‘dﬂf&fw@éﬂ’&’% gturélﬁoﬁmmzl dhdFd EiHfBshe/maith 358, cénsistent
etween the front ferrul e outer

a I
mamgxe?tapérg@ ga(l)l\a/éwfa@ﬁ &69Q abEigaees oyl f.ul0r nesistingripseparatign of the
5o 90 B 958U Gl N AERRAPS IR AREH Fing 30

surface 348. The di nensi ons of these (%a s and t he

(002 er XHigyiress DfandhdOt dlvatraiel 2 dfiigingudP$ dhats iy fanethsr ngxgmplary
en&; dYrﬁéﬁtelﬂ \%}Bcﬂr qg#e[‘}gd fjo%ﬁs ud af Qﬁi le 4493¢ hpﬁ%décdo(ﬁpﬁ inner wall

r|ng fit or exa
ofpaf ddve ewut ddial Th@anemplary ﬁttm@of: bimires 8randwi @ lis arsdegle ferrule

erienced duti ul J .the fittin 30
eﬁ‘ﬁ?’ REHH 0815 Wﬁ?? fg le; tﬁﬁ% g Idegurbfegcigls g %Lg aBplication
seﬁlﬂlenldhbMEIOMB’E24¥L publiéhed?dddes [Faibn Non TS g006/9049632 #sl entitled
uch,...a t 344 ta eredlo i tudinal
e Piils ot Sien SraninkalEs R ARl Ugr ypich is faly
in€3tpbAHd Kerbinibynefervlel surfaces, thereby allow ng use
of the sane fitting body and t ube gripping device. In

[OQJ]’@ EZHA exe g P?/‘P(,tletgg éﬂusgggﬂgpmﬁft%gg%;%%lgll ? dlaﬁy inward

mEveddént ioff Qhﬁ&e o tthie élﬁglehérrﬁleﬂﬁ()f |ay uhﬁ’se&ﬁﬂoxaedpctmen 480r of the

t aper ed i tudi rface 347 nd a ga| 2 of .
Srog S ASDOP B 1AL S he B P eGP E e (s outer
pod8cn aBok bhend mn@dsd) PR Ectiotan ipuel waR BSof the drive nut 444

during pull-up, causing a radial reaction load between the outer portion 480r of the

ferrule 480 and the inner wall 446 of the drive nut 244. In the exemplary embodiment
of Figures 9 and 10, a tapered longitudinal surfaces 447 is provided on the inner wall
446 at a location axially aligned with and radially spaced from the ferrule 480. When
the outer portion 480r of the ferrule 480 deflects during pull-up, as shown in Figure 8,
the outer portion 480r may contact the tapered longitudinal surface 447, resulting in
both a radial and an axial component of reaction force. The tapered condition of the

inner wall surface (as opposed to, for example, a cylindrical surface) can assist in
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[007.7] According to another inventive aspect, tapered

| ongi tudi nal surfaces may be provided on nultiple
woaopgosenass of a fitting to assist in the separariusmoen48072

mul tiple sets of contacting fitting conponents during

fitting assenbly. In one enbodi nent, tapered

| ongi tudi nal surfaces are provided both on an inner

wal | of a body tube socket and on an inner wall of a

drive nut, for separation fromthe tube end and tube

segataipn i Hhev pbte 44ﬂe§9@cthwé¢r§}ﬂedﬂcﬁq Hpon jdiggspgyably, as the axial
osi,? %ﬁtes@}e\écuém f&@@ caﬁ' gbg%llﬁtseﬁar%&mkwnﬁmwﬁmhe ferrule

gures 7 and tion to the tapered
4800 r@nwdip rfatrulslﬁ%ae emnauy brakes fipe frdme thaitapsred, walg surfaces 447,

tht%i %ﬁ M‘p S%t;@é)g aratey (&'Zi%g{lggpj &H)gtraﬂﬁ%iu%}c% EQ Qalﬁgé of'} ta%er angle

sur ace provi Ween a tur e port
oﬂﬁét@aﬂadaongm&m surfadduBH4, consistent w t h the
tapered wall surface 160 of Figures 3 and 4, for

i sting in.se n.of the fitty od 14 rom
(oRA ¢ 5 3Ewed 13 OB 32 lssBle heffinb 3o fhab et Agthé Remptary
erhbhddiment iBGOhich QQZﬁ&retﬂ:[l@tg’ltaamﬁl surthct B4l ik psdvidédom an inner wall
ittin 0Q t IS not er r di mnent i.n
Y e e U T SEERES LR St D\ fiting
ofGhe &fpel utRIng\R al® thréadddi d¢Rre it 544 4nd AFBmaNKeRRaded fitting body
fitting of Figures 9 and 10 is a single ferrule

51de Sigikar to, anhrb&r figtingawith 1gple thispded dnyeput dptqribgg in co-pending

p%ﬁéﬁ!dnb&éiha'l 'huﬁ{beP N 198D I%bﬁﬁieu%cﬁ? B W@@fzoosmzzzzssz
publ i shed dndér Pub. No. US 2006/ 0049632

angin gnigtiad; Fitdag Tse TRbe tandgPiber 8t ghfiree discinsues Ofu\uhlﬁg is fully

[ of which is fully incorporated
mﬁ&?gﬁn% ﬁ&?lgf gg%gﬁ&[ 0079] During pull-up of the

|IIustratedtubefitt|nﬁ axially and radially inward
pst

[0RB Lk e Ruriig Auligpeoiotbeti rathgn@effétltma; axiallp aﬁéyfaélaug dnward
m8Perbth OF aﬂlgéste' S8 dnt Qénﬁlg%sgﬁﬂw chier §utdBPortiBn 580r of the

expan l'ect outward. Under ‘sone circunstances,
fr‘orlltl ﬁerrolm&&O toorxpiand on @€Hlect butwred f drikeawiee, mlbagndj@dtaﬂwﬁnward

i nne l.] 446 th t_ 4 ri -
0eralReSe 2 sy YrBhine b £ e bl el SEE Y bt outer
pcpﬁbili iﬁir48ﬂthefrdah efefrater tid eex$80d aord deflecti nmevardval [Undé some

.of the drive nyt .24 In the exe t of
CIRUITAESSY OB T RS 8 (IgREPUE PORGTE RV ar 250t FRABLvI 780, 552
mb$ cbil’ltlﬁw sle thren aﬁd‘lESt@ oe (I':cjhd/\&h‘i'e 1|414|t654m darin® fpamu@p causing a radial

axl a ned. with and.radja S e rom the
refaSio ioBd DanSSoputat, oLits PO Shir A% AB oIS s deitules 580, 582
arfdethe m@r«&@ 35S btk Hridd b 9443 utnl the Féxeﬁh%lai'fl\ @Mbodient of Figures

igure 8, the outer portion contact the

1]t é‘ﬁféﬂ%»da FapsERd legeitagingl friee 5&178 Pf‘é@%ﬁd( Phhs jymer wall 546 at a
location axially aligned with and radially spaced from the ferrules 580, 582. When

the outer portions 580r, 582r of the ferrules 580, 582 deflect during pull-up, as shown
in Figure 12, one or both of the outer portions 580r, 582r may contact the tapered
longitudinal surface 547, resulting in both a radial and an axial component of reaction
force between the contacting surfaces. The tapered condition of the inner wall surface
347 (as opposed to, for example, a cylindrical surface) can assist in separation of the
nut 544 from the ferrules 580, 582 upon disassembly, as the axial component of
reaction force can assist in separation of the nut 544 from the ferrule or ferrules 580,

582. Once the ferrule or ferrules 580, 582 are initially broken free from the tapered

20



both a radial and an axial conponent of reaction

force. The tapered condition of the inner wall surface
woaso7ogpased to, for exanple, a cylindrical suPEaas)006/048072

can assi st inseparation of the nut 444 fromthe

ferrule 480 upon di sassenbly, as the axial conponent

of reaction force can assist in separation of the nut

444 fromthe ferrule 480. Once the ferrule 480 is

initially broken free fromthe tapered wall surfaces
wall4Urfacdses4iuthesnt Sdhnabbe sepaated sdthept Hpusubgtsptial force, because

st anti.al C ctaper angle of the
°f'i?‘33%1%"é&“¥18r?§| t&ﬁereﬁ%’f%@g’cn% i‘&?ﬁ 10080] Figures 1 1
and 12 illustrate a fitting 500 that is yet another
[O(Bzen'pl Acgorémgctdl stithanatherwiniventive awpgel; egsistares inusgnaating first

of LSRR BT S, Bl LR BAG pypvs

deflection- off the rsetend ﬁtting’lgorﬁﬁoﬁdne duyipg autal Idompngsswmaf ehe second
threaded dr|ve d. fi

ena th ' .
G RORet 19 TGP £ RRiBRPET AP ARG 2P edd fcine
co b%&tﬁgfﬁ e%rh ked ¢dmnwa-ueandg Hgat@ienhbg dei movRiedial a fitting
nunoper

ubl j shed und
%de@%@f&%lw Pélagwﬁkgtqufggt%wn‘gﬁwgaﬁg mg;asgembly. In

on& @ﬁm%&ﬁﬁér@ hQ{zﬁglaOédi{n@erOJowmg Goatin®, b WHilivg badpwaft atifitla socket
herein by reference. [0081] During, pull- of the

forireeqiving At tube endmay bemraydedithy qn;ﬁxaﬁ%ld' rFa 3% P%OWlﬁlﬁhébeace» or
a sﬂ&\ﬁ%@ﬁﬁwﬂ% aasu?ﬂﬁg él%ft erxpa%d%] LR fa%ﬁrﬂdhﬁll? aQwﬂRVerﬁ‘iuéﬁ axially

an outer rtion efr nt ferrule 580
innex padh df an a:delflloegntucbmlvmldsurﬁaCR efithesocksti al | y and
radially inward novenent of the inner, gripping

[O(Q%ﬂt ' oﬁlgggezi??lgﬁsﬂ%{esfaeﬁ{dﬁl ecoﬁﬁ%ngﬁtyﬁﬁﬁﬁﬁli aQUERYt 610 with an

portion e rear ferrule to expand or deflect
anpuitmimgitudindle wall omeface 164 @ residaarc exially mecedinghshdwldsr surface 615
g5V DA SRR B, Bl Bl 5, B Ohgtpaina
wadlwmfage BUR] Wien & tulsi egl 674 mchxadllyrc@amnrc@ndllmalmb bt weeket 610

the outer portio 82 e ferrul e
sefigit ) £0s BOFIOR05! € A, B A Chaeiih puffaad fevyjae foree
1111!i§ﬂ1tate'il4t9y aﬂrdsw% hﬁteﬁd@tw&:zﬁfw ltl&mxbd en® 674 ob bEwgurrlmsremutamid into
a tapere onltum sur 47| [ OV
engnomh SR aF IOTAG LA T AUEFD L o P92 &Ff"ﬁﬁ%‘&g T poulder
sufek 6 Bindakd ﬁ%ﬁﬁﬁl%d)uftér%rﬁ&ﬁﬁ@ﬂfau él@@.g58ﬁle 282 end/‘ﬁ’&l—] agap G
the outer portions 58Qr, 582r ,}he fe Lé % &
betpesancat INNGF PAEGLPTE §F, tﬁ%éu%m ghquider gls ajlows an
iRt footlhg ol AlusRalell PPN arPRRr B R84 lé'EBV pﬁﬁﬁﬂl@C&odnlt&act the
tapered ongi tudi nal surface 547, resulting

bowanig fircaAd therctyxiednciag ﬁ%ﬁl@ﬁpa@qlop eftheitybe end 674 due toabowmg

or barreling. This reduced radial expansion of the tube end 674 may facilitate

separation of the tube end 674 from the fitting component 600 during disassembly.

[0084] Many different types of axially receding shoulder surfaces may be
provided iﬁ a fitting component, including, for example, frustoconical, concave,
convex, or stepped surfaces, or combinations of different contours or geometries,
extending from (either directly or radially spaced from) the annular longitudinal wall
surface. In the illustrated embodiment, the axially receding shoulder surface 615
includes a frustoconical surface extending from a substantially flat outer portion 616
of the shoulder surface 615, which extends to the longitudinal wall surface 612. This
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force between the contacting surfaces. The tapered
condition of the inner wall surface 347 (as opposed
woago7iosro4exanpl e, a cylindrical surface) can aBeTAIS2006/048072
separation of the nut 544 fromthe ferrules 580, 582
upon di sassenbly, as the axial conponent of reaction
force can assist in separation of the nut 544 fromthe
ferrule or ferrules 580, 582. Once the ferrule or
ferrules 580, 582 are initially broken free fromthe
flatt ap@r gowadn sy for exarBple, pravide at tubg £nd gnepgingepifage cagainst
t n tan f f e
il (8 o2 Bla YA TLROA Tt hOREE o MERRURG A conEBRcer the tube
enddccording to st|II another i nventive aspect,
assistance in separating first and second fitting
on C
[00%9@“0 f 15 é:f)}qa%{ ggw%%ft%%gé 1212 gﬁ‘?\h ﬁ/gcﬁg%z{ nlgi}r?%e)ﬁt types of
fittihgy cmpanxemé mcinpmgsmyoﬁttufg cctmpmmo rhdvmgta ispgket for receiving

ent, to reduce rad| rea on for b
iy P CoRoteBLana Lt (1S EoBRo R opsy Sy Eftgpression
whible g@wﬂtee fin Ig&BMd&Qetf ﬁﬁtu(filgg, ][flaye)bfm;ﬂé cn/ﬁtgmg_ mstalaz]:tfdrt 1bbhtjj1at pre-
(0] to reduce outwar e ectlon or W 0] a.tu
assgrpleR o1 Hpes ArtHbRy SHRNBEAPSMDE, SYhas S TRIHIR SR FIRUT ﬂg a tube

en@pﬁeidf&i BinBAMREbI € Trldl Kanpld bt ficA% GEOIRP @mﬂlatwmtbolato which
socket for receiving a tube end nay be provide

thege ingentiVe psnestsaamnbe aprliadds @ @mwa@peatedahsﬂ% th%'Vagmg unit
dedd@ibkl gu’? it &Rt qiaté%%t ﬁed% @6@ @té e e 7’f8d';ﬁ|tén‘f ), entitled

inward froman axially inner an axi al

“Appa:gtltsuﬂqrn&wa%glFﬁmﬂff @mfentlmds@l@me off pb&d isFinggrrerated

hm%? B jrales a fitting conponent 600 having a socket
bW TR Ak annul ar | ongi tudi nal wall surface 612 and

an aX|aIIy recedi ng shoul der surface 615 that extends
[0G86] al | Figumel 14 dHusitatep ameeanaplery Bghtaxing|dryswagig dientPlofor use

w1{h & slvv%gﬁgytldgi %ﬁéh E@lfhr SR4h et@&enﬁ%ﬁt&lﬁ/dﬁ{ﬁﬁ; §Pehifd dnit of

e tube 610 agai nst
theaTV7(8L[tz&¢ntp Orttel mgﬁil@dx@fﬂl(hmcmd@%l hoerke ﬂrlpet@eur&tsl axiglly outer

force_ jll stra r e 0
caRifite 2o . R iy A WafShate, Moelfd &P axially
recedypodisaider wintficet He, kh'an@xtends aglallyahd ralialaoevad Z'IODBWI inner

xi.al recedi n he .sh d surface
eng i B ooptiren Gl BFsErHe Syahactten b MRy fTressed
in m@eg s&ﬁ&@ﬁ‘ﬁ@ eltbé-aéscatﬂm rclldléotfot sl ﬁmneémaheoﬂuhbeme WO05d4eap G
and the shoul der 615 al]lows an i plvotln
befweesthe Al ihiecedipg showder, suitage E%V? d PRIy BortiSh 76 of the
tuleOsHH wzﬁatowsh&x R 9ivoling FoRde dnltBE atamuy e:dﬂﬁplréb@ed fubleaind 774
expansi on, of the tube end 674 due t

to ghdeast pagiallyisounieegtiarpyiagifarcee s ucagg #adial gppansion of
thERe A8 7B ¥iut 8 bdwind!d? barreling.

[0087] The gap G between the shoulder surface 715 and the inner portion 776 of
the tube end 774 may be sized to limit inward pivoting of the tube end 774 during
axial compression, and/or to provide additional axial support for the axially
compressed tube end 774, by allowing at least part of the inner portion 776 of the tube
end 774 to engage the shoulder surface upon axial compression of the tube end 774.
For example, in one embodiment, the shoulder surface 715 includes a tapered portion
717 that extend from an outer portion 716 at an angle of approximately 75° with

respect to an axial center line of the die 700.

22



separation of the tube end 674 fromthe fitting
conponent 600 during disassenbly. [0084] Many

wdi2dd7esenas types of axially recedi ng shoul der BATfUa2®5/048072
may be provided in a fitting conponent, including, for
exanpl e, frustoconical, concave, convex, or stepped
surfaces, or conbinations of different contours or
geonetries, extending from (either directly or
radially spaced from the annul ar |ongitudinal wal

[oas8q f acAddithali}e, the |suua°acreatoédhfemyécgt A may; het agadaqtybe further

w5540 9 A R B R gt o
usif@rdreodr ﬁﬂcﬁe@ff thb etisdrofchttless d:ascﬁh@de héfbfn saich cds, €oat exmgple, a

to the |longitudjn wal,l surface 612. Thi.sfl at.outer
stepbrd ooy anpslar lngigtioal Hirbg fo reer FaiBraReisg g andror
inceéHsE ag R AQR1i6S Foreky E\Jﬁwééi‘ﬁthte e @1H7 617 h Bk TR0 UFor example,
before or during axial conpression of the tube_e

in (ig0BISpraR SWeB: AP T0BWNGIPERE UPREI PRl BUFGEJ 12 may be
pr(Wutl'{h gﬁ‘tﬂyarg ﬁﬁt&?ﬁ&fﬁte b¥Resa Bbrtfont 713)%0 GEARRNRALS reactlons force
i ncl udi ng any

I'tting conponent havi ng a socket for

and/et éioreasg axid reastion iforcen hetisap dhr ibe andcH 4aandathe gie 700. The
I |

o OB 993 M RIS S5F, 00 0 RRL 1P ver o

relativedlgishatt iagial dstdncehfor epamples mn@smbpdmmgefgr gﬂtl%bavmg an

nber h .a.f I f
ouflr B BF FBForEtHEY, I 4R eE o P FidHicffi pbiefin 713 is
ta;&@ataaﬂglé bf approRihaklyal.6 Tnotercin amalvlbngth dﬂmeommately 0.088
|nVﬁg%|ve aspects may be applied is a nanually
inchsg ydraullc swagi ng unit described in United
States Patent No. 6,463,778 (the '"778 patent"),
foesu]i t | @dcovivpeioating féanire S@galeg bE@M\uﬂﬁBm a ﬁtti-ngdmtdiyrte reduce

di scl osure of ichis ncorpo ed_her
radigk gagheR f oqceﬁghﬁweﬁpgau 2P e e T ei‘éeﬁ%‘?yaﬁ?lstmg m
sepdriid:E BF Bk Ribe VARG thE Ett#H{Obd DY dlh&‘-ix‘fg mﬁﬂg &s@é&&@b@g Figures
tool, such as, for exanple, the exe ydraul i

1553y i hdllusirate an cxpRplary Siting é?FFmbhﬁ@ glPH’glgo? goupey-bowing
fedtﬂxfé Uﬂféﬁﬁu@%@ﬁm}%@o hﬁé’l{;&& ARt Bldyys 1%@&@@3661@9810 for

surface 7117 an annular longitudinal wall surface 712,

receiding e e aﬁlnldy87r49 cBhe perksh ingluries aggrmydes longitudipaltwall surface
lﬁlen%hgr? an%'l eﬂﬂ sﬁ@xﬂ}i@ij LMfdc@V@lrSdt}fa[ Qme‘ﬂas 'aﬁﬁﬁ‘j/ :ﬁlrddradlally

e Iong |na surface 712. \Wen a tub
1nwmzﬂ fremaani aadldtlyy iooemersisafatie longithdingbwrl surface 8\‘?orThe ﬁttlng 800

P 08, L0 a9 ANSGEI 6, 90 i 00,18t o
bekbﬁsmtedt withitheyeut 4oartdi ferrulzg 80082 phthe fitting 10 of Figure 1.

[0090] The fitting body 814 may be configured to receive the tube end 874 such
that the tube end 874 engages or bottoms out against an outer portion of the shoulder
815 in the fitting’s finger-tight condition, or prior to axial compression of the tube end
874. In another embodiment, the tube end 874 may engage a tapered tube capture
surface 852 in the fitting’s finger tight condition, resulting in a space between the
shoulder surface 815 and the end of the tube 874, as illustrated in Figure 15. When
the fitting 800 is pulled up, as illustrated in Figure 16, the tube end 874 is axially
compressed into engagement with the shoulder surface 815, at which point a gap G

between the axially receding shoulder surface 815 and an inner portion 876 of the
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tube end 774 allows an inward pivoting force on the

axially conpressed tube end 774 to at |east partially
woaowTiosrest a bow ng force, thereby reduci ng radrais2006/048072

expansi on of the tube end 774 due to bow ng or

barreling. [0087] The gap G between the shoul der

surface 715 and the inner portion 776 of the tube end

774 may be sized to limt inward pivoting of the tube

end 774 during axial conpression, and/or to provide
mbacﬁidt&%rvélovv&xﬁuahelsumimnﬁr@ﬁﬂmmf theitehq gndcdifpicerroduce inward

4 t

pivRHRE BRS FL wpith @ 1R iR, LRREaBE bR AN 8RS Bies A o
redsio¢ treecendis eeactionaoraes ptveesithe fitting hedy 8bé apddhé/fube end 874,

Fqor exanpl e n _one ephodi ent £ S a .
therly TERRG g seb e Shtiars Bhe 575 Tt the BRing Bod 2Py quring
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resgect to an axial center |ine gf tEe dlg % b qﬁ#dt ]
G manpe lighitad spch that axil poppessien phhedy Thresals ngyfditiona
axidE&EHpBRTof th€innkdf poeibn 8T8 LF Bertask bt &ai | i tate

separ ation of the tube end fromthe tool or swaging

die 700 using one or nore of_ the other f
[009ddcr i Heavithets too! discHOGdescriBed ahafy aesoc efs?‘eopaéa fijfing body
811 By ?)gtn ﬁg&i‘h@tr b%%ﬂhéﬂ%mﬁ%ﬁraﬁqﬁfﬁ&%é@ sERIbtE6h bRtHealbe end

rceS and/or increase axial reaction forces
874befrcmethe tiiting (sslyehist PYngang ehmase ©f the . oty feafusesdescribed

he eﬁx Ly @h d"l hgﬁ reﬁ%xﬁgles Whlgﬁgh%ﬁ)egé}p’or ReeRBAUWnAllar r%ongl’cudlnal

oﬁgl surfa may be provided wt
surifartecto rredlmcaet rdiad peactidn forces amd/gnl Bicreage awnthl ceactignliferices between

t I
] 8 S0 S B T S 18 BN BRG] B S
embbdinapeo £Bignesstli-6n 713 nmay, but need not, be
relativel y slight or over a relatively short axial

[0 gjt a”&ﬁw 8%%0%)( gln.%rﬁ ve 2&8?&5 c%'ﬁ*& Xéj[ Qt feat}t?éf, &U&h eNHventions

ing a |ane appro
ma(y2lﬁ=, deskribahandilkstredd dbeipas tinbodiéd 3n csmbmwmem tte exemplary

e of roxi.rratel 0. 67 over Ien of
oGBS i BN, VBHI0M STRCHTe SORBPD A o4 BOBOTER be ud in many
alte@dfiv e rmbjwuﬁent%eaﬁwremﬂayd@u@mbm pragiousl@dnibinaions and sub-

fitting body to_reduce radial onf rce
combinapiens thersefy  Prless .%Pli%%y %81)}“913 ’Feé‘b;? Fﬁ’gﬂa}%ﬁns and

sub-2BabLRakidAs afe inbshded b be RN &8 ddpe bifitihd p@sdifdiventions. Still
during fitting disassenbly., Figures 15 and 16

fusther, whilg varigws @mwgreynhqdemﬁm ag & thepiarond #snents eRfcApts and

feaﬁu&FLﬂg{iﬁE RO tiehst- 9@@11“5@ altddiiidd hididiehiasaaetlrys, EiQ)Qﬁguratlons
I nc es a fitting body 814 having a socket 810 fo
methods, circuits, devices and “components, software, hardware, control logic,

alternatives as to form, fit and function, and so on--may be described herein, such
descriptions are mot intended to be a complete or exhaustive list of available
alternative embodiments, whether presently known or later developed. Those skilled
in the art may readily adopt one or more of the inventive aspects, concepts or features
into additional embodiments and uses within the scope of the present inventions even
if such embodiments are not expressly disclosed herein. Additionally, even though
some features, concepts or aspects of the inventions may be described herein as being
a preferred arrangement or method, such description is not intended to suggest that

such feature is required or necessary unless expressly so stated. Still further,
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receiving a tube end 874. The socket includes an
annul ar | ongitudinal wall surface 812 and an axially
woecsEdisng3shoul der surface 815 that extends axpairiug2@nd48072
radially inward froman axially inner end of the
| ongi tudi nal wall surface 812. The fitting 800 may
further include a drive nut 844 and ferrules 880, 882,
whi ch may, but need not, be consistent with the nut 44
and ferrules 80, 82 of t he fitting 10 of Figure 1.
exgn@}fl8f)] ofheeptéseniatiye boalyess pad nw}lgb‘é rmanfbyupelyded to assist in

e tub 874 4
ond 55 g A 14 JA oy VM W S80LFE
cor&h@@&i ges lithifing Berfsband iatd mmgldsd fo beyenitical ghtues ontingeoonly if so

rior to_axial co ession of the_.t be e
exEEFSPh S D ST BHE WHE THLBSeRBet 4 A A goncepts hay be
exﬂr@@s@i EitntibE Herdh Wk Defil fvemivider formiine piulttdﬁ digir¥ention, such
finger tight condition, resultin ce bet
idepfificairpuisdapt stprdeceta bs f‘afﬁ&lsvf?egféﬁﬁcra@\ef ttﬁ%f et W&@%AHV@NWS
asp%ﬁ L#@%{s%ﬁqﬁe t'ﬂ:ég tH& ﬁe Fuy YheRobd Serld Wlﬂﬁgutsﬁ)&ng %xpressly

'ustrat ed |n Figure 16, the tube end
1de@ﬁﬂed 9s anehabr gs parim{ @smlﬁmme@rn;a@mwnum%mwéd being set

L v o

hnpta:dtto dinclBsién of all Iswps lae being r8quiresll inaliscases; tnhe is tagjogdler that the
eSSI tuhe end.874 t I
SteB? HrFFﬁn'f%grtB fé’g °an StW?%caisi Tequifed Ly %%é;sr ?(}S'L{ﬁ?yss % 0 n? dy g0 prated.

out ward bow ng forces A to reduce the radial reaction
forces between the fitting body 814 and the tube end
874, thereby assisting in separation of the tube end
874 fromthe fitting body 814 during fitting

di sassenbly. As with the fitting installation tool die
700 of Figure 14, the gap G may be limted such that
axi al conpression of the tube end 874 results in
addi ti onal axial support of the inner portion 876 of
the tube end 874. [0091] As with the tool die 700
descri bed above, a socket 810 of a fitting body 814
may, but need not, be further configured to facilitate
separation of the tube end 874 fromthe fitting body
814 using one or nore of the other features described
herein, such as, for exanple, a stepped, tapered, or
recessed annul ar | ongitudinal surface to reduce radi al
reaction forces and/or increase axial reaction forces
bet ween the tube end 874 and the fitting body 814, as
shown, for exanple, in the exenplary enbodi nents of
Figures 1-6. [0092] Wiile various inventive aspects,
concepts and features of the inventions
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may be described and illustrated herein as enbodied in
conbi nation in the exenplary enbodi nents, these
woan7msn4aspect s, concepts and features may bePUuTAE2006/048072
many al ternative enbodi nents, either individually or
i n various conbi nati ons and subconbi nati ons thereof.
Unl ess expressly excluded herein all such conbinations
and sub-conbi nations are intended to be within the
scope of the present inventions. Still further, while
various alternative enbodi nents as to the various
aspects, concepts and features of the inventions-such
c1és alternative materials, structures, configurations,
ods, circuits, deV|ces and conponents, software,
hardmare contr ol Ioglc alternatives as to form fit
and _f unct described herein, such
desdri pt A)ﬁg’ zﬁgn%iqr tHP ‘\édecfofrémog 84 conpl ete or
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i onal embodi ments and. uses. wit (Ln theﬂ‘iﬂ?ﬁ % 1
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preferre - ol dgsc Qtufénég b
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nt ended VECTHE WReR [0 ag”t?é’?go?evr‘%% Ee‘@s Slﬁfeyc{] S ggntact with
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i nventi on, such identification is not intended to be

excl usive, but rather there may be_inventive aspects

condept s Bhritube fittineef ¢laum 1aWbe’FH1 thy tehesginning dREFe FomPprises
ai%?£HPUt bei ng expressly identified as such or as part

of a specific invention, the inventions instead being

set forth in the appended clains. Descriptions of

exenpl aryr I[A? B??ﬁt%p 0P519ﬁ§§s%ﬁel%frﬁth@%bé Mﬁlﬁ? db¥ice comprises

i ncl’usi on" 0 eps as being required in all cases,
firstoand ssecoml Gemales,t tad thialriveepat gp@ppsess Srateend segamd tapered
lo%g}%‘ir&q durf%.ces, 1 %eﬁld hf %?Ct?ésﬁ#sl{ aﬁ’lﬁl §on& g&%ﬁl Yngitudinal

or a tube en
sutfacesr arsiadgpted to assist in separating the nut from a corresponding one of the

first and second ferrules during fitting disassembly.

4, The tube fitting of claim 1, wherein the first and second tapered

longitudinal surfaces are discontinuous with each other.

S. A fitting assembly, comprising:
a fitting body.having a tube capture surface and a stepped wall surface

discontinuous with the tube capture surface; and
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a tube gripping device a fitting body having a tube
end socket centered on an axis, for receiving a tube
wendy7/oa7@anmmi ng nout h adj acent to an axially oBCEUSEWE/048072

of the tube end socket, for receiving the tube

gri pping device, and a stepped wall surface axially

i nward of the camm ng nouth for assisting in renoval

of the tube end upon fitting disassenbly; and a drive

nut having a recess centered on the axis, the recess

bei ng coref coprduat radialbyespiogd from thebateppsdsyiaHgsyéasecwhen the

and i ncludin ' . : g the tube
T Gt S

an i nner wisdrkini whém diencpraiuitaisenadidlly ahisplecedi intd centpgtawih the

radj al |y outward of iddrjve rface, wherej eN ;e
StePWé{ t"l’.?dg Sﬁfﬁta%idwnéegﬁﬁ’@ Pgh'dﬁps éﬁgcsg?qeﬁt \68{:10% gﬁg? dsists in
sephdtihol the HAPEPGL) froMahé betiduad upduriiteng dibassenply.i t ti ng

pul | -up, the tapered |ongitudinal surface assists in

separating the nut fromthe tube gripping device

durigng fifdd BRtinfd SREAERDOY cladn 5TRendrsiBané istdphpb@ vl surface is

claim1, wherein the tube gripping device conprises a
tapeeadcul e. 3. The tube fitting of claim 1, wherein the

tube gripping device conprises first and second

ferrules, and the drive nut conprises first and second

t apér ed |Drgfittig smémblyr dfaclesm Sutvenastin thactepppd twrdl surface 1s
ﬁ_uf{'rst.apd second tapered | ongitudinal surfaces are

géﬁﬁgga'to assist in separating the nut froma

correspondi ng one of the first and second ferrules

duripg fitting.di ly. 4. T be fitt,
OV, et SRSV ofim Se o b s body rter
colprigéd alficBsded sedlf aeRbe axially bamand iof teuseppiet kvatlainface.

other. 5. Afitting assenbly, conprising: a fitting
body. havi ng a tube capture surface and a stepped wal |

surfqce dhSRONE LEWRWSy, Wbidprikig: t ube capture surface;
anda conduit radially spaced fromthe stepped, wal

surface whémnalpthreadedidaiyeaws baving aitapered longitydjapl surigpe: and
condi ti on, RrycOk IHEY ShdWiEdn the tapeRdUbhgitudinal
i's radi al?giﬂgi %np‘fpg%%gie}ﬂﬁégrr%ont ac Wit h the_ stepped g
suvfatd whem freciitidgrbsegby istinadfinaer HebicondHionprep e aulham
surface a\%ﬁlet%gns wHin the tube gripping member is radially displaced into

contact with the tapered longitudinal surface during fitting pull-up, the tapered

longitudinal surface assists in separating the drive nut from the tube gripping member

upon fitting disassembly.

10. The fitting assembly of claim 9, wherein the tapered longitudinal

surface is frustoconical.

11. A fitting assembly, comprising:
a body including a tube socket having a tapered tube capture surface
and a recessed wall surface radially spaced from the tube capture surface; and
a tube having an end portion that axially aligns with the tube capture
surface prior to fitting pull-up;
wherein when the fitting assembly is pulled-up, engagement between

the tube socket and the tube end portion produces axial and radial reaction force
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separating the fitting body fromthe conduit upon
fitting disassenbly. 6. The fitting assenbly of claim
w6 2000087088 n t he stepped wall surface is taper edCT/IS2006848072
fitting assenbly of claim5, wherein the stepped wal
surface is frustoconical. 8. The fitting assenbly of
claimb5, wherein the fitting body further conprises a
recessed wall surface axially outward of the- stepped
wal | surface. 9. Afitting assenbly, conprising:
comhpensnts betwean dae @beseckaland bengpdapertigay @igh that When the fitting
u S [
s JoB Gl oDl Ao Cliop il Beslolt i PP RAANE IR o reative to
tha/%c&iy binsuig titei tuhe &ad @nﬁicyl tosseparate frpmgélrs tubgyhapture surface and
can prior to
i gl & pp dpoob@ael oo PEisR rRulf By 4 1365 component
betweeh thél @oﬂ?&@ﬂ&ﬁe |tﬁ15@lth¢tdﬂ>y1 adsistingf incepdtation @ ffthe ody and the
pul | t he tapered Ion tudi.nal surface assists in
“ﬁ§ébﬁwgﬁﬁﬁ§“WW§y t@%ﬂﬁ@g Yhe tube gripping menber
upon fitting di sassenbly. 10 The fitting assenbly of
claim9, wherein the tapered |ongitudinal surface ks
f r udocorfheaffitting aSS&“?bIIYtOI nelaigg ddwvheremothsy fubengpekgt further
coxkﬁgfﬁ’es' ele ?écf‘ goﬁl U@@w@&?ﬁﬁtmﬁé‘%hﬂﬁlx@sﬁ@&%rﬁq thtREcessed wall
pture s face and a recessed wa surface radially
sufgreced fromthe tube capture surface; and a tube
havi ng an end portion that axially aligns with the
tube capture surface prior to fitting pull-up; wherein
wherl3t he Thet tfittimg asseniy yofi slapnl 12dwhereirerthagéeppad portion is
tabetdween the tube socket and the tube end portion
B5tSduces axial and radial reaction forceconponents
bet ween the tube socket and tube end portion, such
t hat, when, the fi .5 | oosened, the axial force
conﬁéhentAég§P§W£&Fﬁ%gQP%ﬁPVWWEVF%g the tube relative

to t he bafdpmdeuseaidtigoe:diishineedwr dskamnbleovisey atald threaded

fromthe tube capture surface and axially align with
fitipgbodyg @8ded wal | surface, which reduces the radia

force conprRestdpeitieiontiBireddd Yertint dth€ast bpertidnsiTaeligt tube

assisting in separation of the body and the
gripping member, the recessed portion including a rad1a1 drive surface for driving the

first tube gripping member into engagement with a tube during pull-up on a fitting
body; and an inner wall comprising a tapered longitudinal surface radially outward of
said drive surface,

wherein when the first tube gripping member is radially displaced into
contact with the tapered longitudinal surface during fitting pull-up, the tapered
longitudinal surface assists in separating the nut from the first tube gripping member

during fitting disassembly.

15. The drive nut of claim 14, wherein the recess is adapted to receive first
and second tube gripping members and the inner wall further comprises a second
tapered longitudinal surface radially outward of said drive surface, wherein when the
second tube gripping member is displaced into contact with the second tapered
longitudinal surface during fitting pull-up, the second tapered longitudinal surface
assists in separating the nut from a second tube gripping member during fitting

disassembly.
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tube during disassenbly of the fitting assenbly. 12.

The fitting assenbly of claim11l, wherein the tube
weaek@g7(48ir t her conpri ses a stepped portion bepP@eas200h048072

tube capture surface and the recessed wall surface.

13. The fitting assenbly of claim 12, wherein the

stepped portion is tapered. 14. A drive nut for a

fitting, conprising: a female threaded portion

configured to assenble with a male threaded fitting

body; and a recessed portion configured to receive at

| ea a rti,on of a fifrst b b DR r
rccdbsed 36 1REn LR 1ol Bhe e AR sccbilf taperd
lon@ftudinalsurfaeed aresliscotitieudisi ppi ng nenber i nto engagenent
with a tube during pull-up on a fitting body; and an
inner wall conprising a tapered |ongitudinal surface

radijgl |y oiepddcodhprismigithdistepe ofur f ace, wher ei n when
the first tube gripping nmenber is r%dially ghgplace% .
into contaR¥idisiersfamale thrprded Arivsngitian psambly, Mithptube fitting
bodWrd,Ag fitting pull-up, the tapered |ongitudinal
surface assists in separating the nut fromthe first
t ube gri gpimiggreetapereddangitugdinglisurface an sasigeerwvgll of ghe female
. . I »
torgebe iyt Sesftl Ratele 2 REGEH B M BfiRE dBvice when the
drine mneé rand atmtie tgrippiingn deviea | dre fasseniided voittp ithes ¢ubeafigamgobelly and
ﬁqfered | ongi tudi nal surface radially outward of said
PUAFG VR surface, wherein when the second tube gripping
menber is displaced into contact wwth the second
tapered | pngi.tudi nal surface during fitting pull-up,
t he Xeco CUBPIAE I CPEWTASE” surface assists in
separ at i ngubbendbdcklet Sitered 66 @R Uxis| e reddiving Aguibeeder
during fitting disassenbly.16. The drive nut of claim
15, wher ¢ {PeIRe t‘f‘?er%apt‘-gﬁaug@ééﬁﬂcﬁpéﬁé?%gaeltg%?‘l%a{l al
surfaces AlenfliCRPtbOHOM S akiallydutEidHath rediibe $halGocket,
the steps of: providing a femal & threaded drive nut
for asservhsrein the tubeuend spelef dpcludes an intermediate wall surface

axially between the tube capture surface and the camming surface, wherein the

intermediate wall surface includes a stepped portion that is discontinuous with each of

the tube capture surface and the camming surface.

19. The fitting component of claim 18, wherein the stepped portion of the

intermediate wall surface is tapered.
20. The fitting component of claim 18 wherein the stepped portion of the
intermediate wall surface is tapered at a significantly smaller angle to the axis than the

tube capture surface.

21.  The fitting component of claim 18 wherein the fitting component

comprises a male threaded tube fitting body.

22. The fitting component of claim 18 wherein the fitting component

comprises a female threaded tube fitting body.
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body; and form ng a tapered |ongitudinal surface on an
inner wall of the fermale threaded drive nut for

wengagsng3at | east a portion of a tube grippi ngCURSRMDE/048072
when the drive nut and tube gripping device are
assenbled wth the tube fitting body and pul | ed- up.
18. Afitting conponent, conprising: a tube end socket
centered on an axis, for receiving a tube end; a
tapered tube capture surface for capturing the tube
end:23and Ehec fittingngomsperent evfnddaim a8, axderpiny thgufitmge pemponent

of .the ég.be.enq@ocge%, wherein the tube end socket
COMBHPGE FlMRE MIPIARRIOUN ¢ wal | surface axiall y between

the tube capture surface and the canm ng surface,

wherein the jLnternediate I.1. sypface .includes .

ot ofed pote NGB HAPOREN T SO 1R IGUCCi (R SCRBR BPFioReof the
intbHRli S8RV MT Suatef dgendingt dhangeoithe asiy dBakout 19y Thiautes to

flttlg%cor?onent of claim 18, wherein the stepped "
abeyfranesiesese fifheminites. gad the wbgspptuss suriace cxtend g'gﬂ"e%ﬂgle to the
ax%QJfaEngt t{){nt&égggesporrponent of claim18 wherein the

stepped portion of the internediate wall surface is

tapered at a significantly smaller angle to the axis

t han .t he ;Hg : 1. The fitting

conprbghent‘&g‘%%%?c(g‘?m rgslf\?\%{eﬁ;ezsﬁ%st e fitting conponent

conpri sespravidaigea fittimgdaey; andbe fitting body. 22. The

fitting c onent .of cl.aim 18 wherei.n t fitiing

con‘ponentfggglr?& S élge 3%\&3%1?? 0ed%t AP eBt %lg' ?%geé ﬁ%ﬁe?ngbe capture
suifaely. 23. The fitting conponent of claim 18, wherein

the fitti component .conprises a fitting installation .

ool . 24, SRR Py B a0 B0H it =0t piieh Lo, SpBRfe Foutn
anfihe stepped portion of the internediate wall surface

extends at an a_ngl e to the axis of apout fifty m nuﬁef,
to about forBInggthefitting Yody aymegmedizte VAR spifpee axially located

b Eﬁéé‘n%@t\ﬁ}ércfaﬁﬁ?e S%FREASd e SHmARY Boli@, t he axis of
E:a out four degrees. 25. A net hog@cor_rprl sing the steps .
of : wherein the intermediate wall surface includes a stepped portion that is

discontinuous with each of the tube capture surface and the camming mouth.

26. A fitting component comprising a socket for receiving a tube end, the
socket being defined by an axial longitudinal wall surface and a shoulder comprising
a surface extending axially and radially inward from an axially inner end of the axial
longitudinal we;ll surface, wherein when a tube end is inserted in the socket and
axially compressed against the shoulder, the shoulder surface is configured to apply
radially inward pivoting forces to the tube end to reduce radially outward expansion

of the tube end during axial compression.

27. The fitting component of claim 26, wherein at least a portion of the

shoulder surface is frustoconical.

28. The fitting component of claim 26, wherein the fitting component

comprises a fitting body.
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providing a fitting body; and formng in the fitting
body an axially inner tapered tube capture surface;
woaooriosgp4dn the fitting body an axially outer Prapaseme/048072
canmi ng nmouth; and formng in the fitting body an
internediate wall surface axially |ocated between the
tube capture surface and the canmm ng nouth, wherein
the intermediate wall surface includes a stepped
portion that is discontinuous with each of the tube
capt2dr e Sthef fttenganompbieent anfnélaign sy twibergig, tha fifting pemponent
cQ eosne@gti con}e%rlil%{' n% 8 socket for receiving a tube
CORRU S ha  oERED éW—& defined by an axial |ongitudina

wal | surface and a shoul der conprising a surface

extendi ng_axiLal ly and radiall.y | rd from an, axial L.

el endrits g ampanet sttt arioreir RS bAs b efhaal wal
SUMURY iRcThdeh 8 téppbd PBrtRind siréh thas bk dhé Eublehemdsio ahdibllpdibplaced
) axiallg gongressed agal nst the shoulder,, th Eh?qlde%. h
intg fPpiFcEWith the stepper BRFtEB AipHE XAl GOMPISSSiof e e tube end in the
sod¥eY Ot QtepPES Gorlih [RGsEURL sEftatil RS UGE: fepdi &ohy the fitting

out'ward expansion of the tube end during axia
compapedsiiriss disaysemiply fitting conponent of clai m 26,

wherein at |east a portion of the shoul der surface is

frustoconical. 28. The fitting conponent of claim 26,

wherein the fitting conponent conprises a fitting

body. 29. The fitting conponent of claim26, wherein

the fitting conponent conprises a fitting installation

tool. 30. The fitting conponent of claim 26, wherein

the axial longitudinal wall surface includes a stepped

portion, such that when the tube end is radially

di spl aced into contact with the stepped portion during

axi al conpression of the tube end in the socket, the

st epped portion assists in separating the tube end

fromthe fitting conponent during disassenbly.
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