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from one location to another. In those and other critical applications, it is important

10 that the fitting be sufficiently secure about the tube so as to withstand vibration, fluid

characteristics and the like without failure,

Fittings are often coupled to tubes by welding. Welding can be a time-
consuming, costly method of fitting affixation. Further, the weld may not be
sufficient to ensure complete coupling and can cause unacceptable stress

15 intensification factor of the tube. Swaging is an alternative mechanical process to join
a fitting to a tube without the limitations associated with welding. There are two
types of swaging processes: external swaging and internal swaging. External swaging
involves the application of a fitting having external surface variations, such as radial
or axial lands and grooves, to a fube. The applied fitting is swaged by forging,

20 hammering, or squeezing, such that the external surface configuration is transferred to
the interior of the fitting and thus to the tube. The tube is thereby deflected and
contorted in the area where it contacts the fitting such that there is a secure coupling
of the two. Unfortunately, the transfer of the fitting's external surface configuration
may not be sufficient to establish an adequate coupling, or may cause tube cracking in

25 high cycle fatigue.



WO 02/ 25161 | NTERNAL SWAGE FI TTI NG BACKGROUND COF THE | NVENTI@ VWOS

PCT/ US01/ 28817 This invention relates generally to fittings upl

t ubes bywwovagrsigr and nore particularly to internal swageedititolngss . A
fitting is an auxiliary piece of equipnment used to establish a term nus or
junction site for a pipe, rod, or tube. In particular, a common use for a
fitting is to 5 Conﬁﬁ&hal%%ﬁéih?'ﬁdrédd&?ﬁl RISt thedprableAVaisbsth@d t 0 pass

bet ween, preferably w thout eakage. fitting is also often used as a

cl osure dewitcexigroaliswagingaknécred) swegie Brolues thomplestiosof s finghab®e Anong many

ot her applil [ 48] ( ' | ry to encl ose
tubes t hatﬁ%gﬁagﬂyﬁfi‘gﬁhhﬁé%%' Sﬁlgﬂﬁaﬁ?ﬁgﬂ glﬁgv%ﬁgof@ggqh%?%&gne | ocati on
t 0o anot herfitihgistsivegael torpdacingrarexpanider deaice aithin theitubo and foreing theitehsor t ant 10

that the fitti b fficien . abqut . e wi t hst and
vi brati On,ou%\iv%qﬁﬁ Ong%tg?g%%né)f F%‘%acé/g?glggkﬁﬁé&?n&fgﬁ%g?l%g%ﬁlﬁg‘% ?ﬁ?tg& Fittings
are often tebapltett it a nicnddisechintaniabalbargeen\itd fitings mafach eordigniatien adbnsum ng,

costly method,of fittjng affixation. Furth the. wel.d ma t be

Surt 4 onthe B puge bR WG seEbe Tin R a0 6 stress 15
i ntensi fi cabhfoems ided Q6sebf tottitorigitabsurBeaginfiguriaton fesalting imat imyeovedchani cal
process to join E fittt'ﬁln fo a géb W thout the limtations associ ated
wi th wel di 9gneciipepeiwgsnthe fmepnd, *swagi ng processes: external swaging

and internal swaging. External swaging involves the application of a
fittiog having exteOmhkypwrinasalsaagatitinnfound tche satablairabmeor axi al | ands

and grooves, to a tube. The appl.i.e Lttl i ed by forging, 20
hamrer i ng,aeg}spgqﬁ@gglﬁaﬂggs ’%g“éﬁ“qeﬂé‘i‘ 8t4’u_ga"€%ttr%g‘?' ﬁ%‘lﬁg@?fsé te&‘?ﬂ%g%r ation is
transferreg dn@ asdihRd td\Siefrhdh Coipotalin bf Birbiik, @flifofdidiSIntoaet he tube. The tube
I's thereby deflected and contorted in the areg where it contacfts the

fitting suerigyaiion fheteilpy iting scindes targr moge radinl yepiangwly sreqvesth unat el v,

the transfgeciffd §ie fddebMiteRiohe! TR grosvelchsitst 6O Bk I bAhL ibe i@y not be
sufficient to establish an adequate coupling, or may cause tube cracking in
25 hil§h cytb¢ eanedesign es the other grooves. In another configuration, a series of ramped

grooves are combined with a rectangular "end" groove. The rectangular end groove is
substantially the same as the rectangular grooves of the first fitting configuration
described. That is, the tube butts against it,

In commercial use, the Beiley fitting is most suitable for the swaging
20 of tubes made of Iow ductility material, including Titanium. However, materials of
relatively higher ductility, such as stainless steels including SS321, Inconel 625, and
other similarly ductile materials, are also used in a wide array of tube applications,
including aerospace fluid transfer systems. The materials of higher ductility "flow" to
a greater extent than the lower ductility materials under equivalent swaging pressure.
25 The swaging process performed on a low-ductility fube causes the tube to be drawn
into the fitting and results in a bulging of the tube at the end groove. The flowing
material is forced outwardly toward the fitting, placing significant axial load in that
localized area. This bulging of the tube material can cause failure of the fitting as

well as undesired changes in tube dimensions.



WO 02/ 25161 1 1 MAR 2005 PCT/ USO1/28817 Internal swagi ng addresses, in
part, sonme of the problens associated wth external swaging igﬁﬁﬁg@@
swagi ng i nvol ves the application of a fitting having intern;I 05
vari ations, again such as | ands and grooves, to a tube. The applied

fitting is swaged by placing an expander device within the tube and forcing
the tube 5 outwardly onto the interior surface of the fitting, or by
squeezing the fitting onto the tube. There is a nore direct interface

between the fitti ngordeshbautt BOME INGWIRLdrosucking in't &fand tbeingxiher i or than
exists with external swaging. The tube therefore generally confornms nore

cl osel y t dfittihedwingghhswagmeriracses, tfonfi¢cgisamttp ot the wbeback igrelation o thepr oved
connection, hetween the fitti nd,the tube. 10 One type of internal swage
P UL ng T ouaEBete BEfubs e taiess fan oibPTosbon A srbbtes B Gescr i ped
in US. Pat%xgﬁlhué\l!g accﬂimﬁﬁl lha%]tlz é}ﬁ@%ﬁgﬁtdﬁfl ﬁGJN!o‘?ﬂle%be hterid)! %%&ged to

1 Burban : [ a

Si erracin rporation o ornia. In one configu ion, the

Bei | ey fi tgrbdrgs ¢dnsdsulitembé frfemy id filbinG thaditak té sakangthk asbgikooves of
specified width and depth di nensions. The groove closest to the end of the
tube is ofdifferendgeSingeihe dbsingist bescontmietely ned seguisbiaiiixed ta thafatingr
configuration, . ries rogves _ ar mbined with a. rectangul ar

f d
Cond" gr odyantaiRE he eqrEssE taaPK acerail Batpoiest THECE aHPF Aty PHEREa e as t he

rect angul af ghROUSr Soul I8 olcadfaodik 1d O A I Ab @Allr dRB0K Ded. That s,

the tube butis agal nst 1| n commercial use, the Beiley fitting is nost

sui t abl e frigidlybet elwagibhoaffiid abbuttthdmbe. (e coipletun dixbe klagding pratess | al ,

i ncluding Titanium However, nmaterials of relatively higher ductility, such
as st ai nl ¢bgcdiapamst begemoiidn Ghestegs of aqeyratphepligning and gaplyidesed sinilarly
ductile materi.al ane al used in a wde arr of t.u [.cations,
ol udt ng sy Bie B it Br R ERled By rehaffoe YR et e SEBlel i o0
ductility dfliRWardrl ThefiGaWiat et if NARrehRe sl BealuisiGhi dahby materials
under equival ent swagi ng pressure. 25 The swagi ng process perforned on a
| ow duct i luseywithldectdawbeg. Whet it alse ntwlches sdelaamintermd ewideditfing thaing and
results in_a bulging of the tube at the end groogve. The flow ng nmaterial
i s forced wminesghgneedforsgtbppicand the Fﬁ?g’,faﬁ?th&?(ﬁeﬂéﬁ gnificant axial load in
that |localized area. This bulging of the tube material can cause failure
of the fitting as

SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is provided an
internal swage fitting for swaged attachment to a tube having a termination end, the
fitting comprising: a hollow cylindrical body having an internal surface and an
external surface, a tube receiving region and a tube connection region, wherein the
internal surface of the body in the tube connection region includes one or more
grooves and an expansion cavity adapted to receive excess material of the tube during
an internal swaging process of the tube outward into the grooves and the expansion
cavity.

According to another aspect of the present invention, there is provided an
internal swaging fitting combination for coupling together a first tube and a second
tube in swaged attachment, wherein each tube includes a termination end, the fitting
combination comprising: an internal swage fitting forming a ferrule fitting and
wherein said external surface of the ferrule fitting includes a ballnose fitting receiving

mating surface; a ballnose fitting having a hollow cylindrical body with an internal
-3-



wel | as undesired changes in tube dinensions. -2 1 1 MAR 2005 In order to
account for the flowing or "sucking in" of the tube into the fMAhng
during the swaging process, it is necessary to set the tube 1)610 005
relation to the fitting. That is, the tube nust be placed in an offset
position with respect to the fitting termnus to accompdate the axial and
radial flow of the tube material. The swagi ng process causes the tube to
flowand fill into the fitting to nmake up the setback difference. Since

t he tube nu§§€ Q . fi dhe fittl

mai nt ai ni ng agg%nglr%%%h%&%gagg a}glgeu%g 1‘)ef @Iﬁgis‘;ﬁﬁ_gn‘b‘tg?‘?%ﬂ?@#é’{‘ Q!gisbeachi eved
by appl yi Nganda tGBPEcaREISA rdpddn, MBErdin thOBitdrkd) uidsle 3€ BRIl PoftthebAlInbéd NY

| ocation. The collar nmust be rigidly but releasably affixed about the

t ube. Upon iting ireth bipe gbnrchiéonsipgign nglydiencress mary groowds| aad ameppandden r enoved.
The steps of accurately aligning and applyin nd renoving the collar nust
be repeat ed¥E¥ %‘Eé?ﬁ’?“? &Wﬁ‘g %%Pf%%h? Bf’c@%‘i‘ﬁ’g? 3%1% SW%“&PFQP@?SW“Sducti | e
material. T, %@ j Q&ﬁgﬁ ,§”?ag1f yéésasgg [ that can
be wused wvtbﬁér%glgeleffxé u%]l'ulrl:a(:\;]c.e at Q?&S" a séﬁ'ﬁ%g%?s ucﬁgea%&dlgr}?gr nal swage
fitting thafor calplify tRtfasult Atingead HeWallest Bagls tasuthd: heheuse e set back
collar. SUMMARY OF THE | NVENTION According to one aspect of the present

i nventi on, inplades thrgaging{ar dewpling to thatxiemal sugtaegyef the balinog fitimg. swaged
attachnent to a tube having a termnation end, the fitting conprising: a
hol I ow cyl i ndri cal hody havi n. i nternal suyrface apd an. external
surface, a tube reé@ﬁ@%\fgm%_%{ﬁ]@ﬁ#cgmﬂﬁagéetﬁsmge?? e‘frté’gfhﬁrl?,resﬁmerei n the
internal suptafen AfhitRFrodREYad iﬂtehﬁ?s&&g@?&@@a%wﬁns@a@és% figebtides one or
nmore grooves and an expansion cavity adapted to receive excess material of
the tube dutiginguctiity tubé eratediblsSTiRGittige Prdesshollowt EindridaEbody hweniglan Nt 0 t he

grooves and the expansion cavity. According to another aspect of the
present i nvigtermabpuriace apdean axtgspad vindese, sitibe repeiEing asiorvangiarigbef donpgetign

conbi nati on_f.or .goupling together f.irst tube and a second, tube in swaged
2t achment rebiae, TR PR BREE byt U s nd o el Rl BT Bt | ng
conbi nat i oNpERIPEJves Y andRparRidlcBaly ﬁW%Q&vi‘rﬂg%k&é%mea&H&i‘d’f%&ul}@&tﬁiﬁEe fitting
and wherein said external surface of the ferrule fitting 1 ncludes™a

bal | nose fid dwagingrpecesy iThg fitting also includes a tube stop wall adjacent to the expansion

cavity. A termination end of the tube abuts the tube stop wall when the tube is placed
within the cylindrical body. The expansion cavity includes an end wall extending
from the tube stop wall and away from the one or more grooves at an angle so as to
establish a fill space region for flowing tube material to fill in without applying

excessive axial pressure on the fitting,

-3a-



mati ng surface; a ballnose fitting having a hollow cyli ndrij:ajl g@g&yg@q} h an
internal -3 1 1 MAR 2005 surface and an external surface, a tu e i ng
regi on fevoomeénvi ng the second tube and a tube connectiprr/usgresyy wherein
the internal surface of the body of the ballnose fitting in the tube

connection region includes one or nore grooves and an expansion cavity for

recei ving excess natmeipakser®invbitRneae anddvatigesdived hephdorstegilltgedmocess and
wherein the external surface_includes a ferrule fitti n% entry mating

surface; affpazentypon reagig dhy fellowigs drialiedgeserintion pad they gpneRded ¢lims 5| | nose
fitting toggk RStrencS iR labeokdpEnyitl dlaRtlgbides threading for coupling to the
external surface of the ballnose fitting. The above-nentioned needs can be
met by an enbodi ment of the present invention, which provides an internal
swage fitting that acconmodates the flow of high-ductility tube materials.
The fitti n@EgﬂBJRIH@bTQFTEHEIWWWGﬁdri cal body having an internal surface
and an external surface, a tube receiving region and a tube connection

regi on. The i nt er nalThe guifiect matiér thatds tggarged as theigventibe isquritrabilyon regi on

i ncl udes on - QI QOV X; ' LtV of OF i ving excess
mat erlgal o?(ﬁ?t%éo?t{}géﬁﬁg?c?ﬁgcg%%%@gcgﬁgggglgPF@%%& e%‘ﬁc?tﬁ or{%eﬁg]lgso i ncl udes a
t ube st op ineédtioadioneeeat mhpbd bt wndpmtred by refemudetty theAoli@wing deseriptonend of t he
t ube abutsaf(he. tubhe stop.ywall when the tube |s Ql.ac d. within the

cyl i ndri caP“Bolh7oupaion tﬁﬁé"iaﬁﬁo%wdf%%ggg Safﬂwzlﬁ ‘wal | extending from
the tube stop wall and away fromthe one or nore grooves at an angle so as
to establish a fil [Figpat & acegpisaectional vidvoof mgrrlel{fermale) ewagrd fittigg fi [ |1 i n

wi t hout applyi.n excessi ve. axi.al pressure..on the fitting. 11 MAR 2005 WO
02/ 25161 P%%@égﬂtf%%f?ﬁﬁiﬁ%mﬂroé “PAVEYTFSY and its advantages over the
prior art will become apparent upon reading the follow ng detailed
descrlpti on and t he Fagpoehdecradsaedmnalwidvhof cfalimesc@nale) stage Sitiopnpanyi ng

dr awi ngs. . PTI TBB W NGS The subject matter that is regarded
as the inv&ﬁ?&gﬁnﬁe?a %?Fqﬁ_g‘g MYy e %‘ilmeélﬁo%'ut and distinctly clained in
y

t he concluding part of the specification. The invention, however, may be
best understood by Fifuee 2isceldse-uplveoss-otdtiomil vipwiefSlr éxpuiston cavity of

the internal swage fitting configuration of the present invention.

Figure 4 is a cross-sectional view of the combination of the ferrule and

15 ball nose fittings in assembled relationship with tubes in place prior to swaging.

Figure 5 is a cross-sectional view of the combination of the ferrule and

ball nose fittings in assembled relationship with tubes in place subsequent to swaging.

DETAILED DESCRIPTION OF THE INVENTION

Referring to the drawings wherein identical reference numerals denote
20 the same elements, Figure 1 illustrates a female (or ferrule) internal swage fitting 10
of the present invention. The fitting 10 is fabricated of any material suitable for the
particular application. For example, in the swaging of a tube formed of a ductile
material such as 88321 stainless steel, Inconel 625, or the like, the fitting 10 may be

-4 -



taken in conjunction with the acconpanyi ng drawi ng fi gures iq m‘u Fi gure
| is a cross-sectional view of a ferrule (female) swage fit A&AZ '
i nt er nal wont2zger ati on of the present invention. 10 Fi gureCPUSE/28817
cross-sectional view of a ball nose (male) swage fitting wth the internal
configuration of the present invention. Figure 3 is a close-up

Cr oss- sect j8AddeddfaWaRthmidd A288.00NSd SR, ﬁx@‘ﬁ'tﬂrﬁé 1@fmaytﬂ%€fohﬁ1§d‘iff'ﬁﬁglv swage fitting
configuration of the Present i nvention. Fi 4°is a cross-sectional view
of the con®pisHelsBificiont tocausedlopipidhetybe during snvaﬁ@s@rqqeﬂmﬂw in assenbl ed
rel ati onshibsihddt aidReR deeldfelRr i OF Lo svaging. Figure Sis a
‘cross-sectional view of the conbination of the ferrule and ball nose
fittings in assenbled relationship with tubes in place subsequent to

swagi ng. DETAI LED DESefarmsis ftingy0 modeswamaimbeRpweylsidricldoip12 he dr awi ngs
wher ein Idmsﬂg%lex{eﬁ{a%meewm%ém%a%& 162%%'%8@%5%%?““ Figure |
illustrates a female (or ferrule) internal swage fitting 10 of the present

i nvent i on. FeR{Eng regiondg and ajtepefcgpmection wgion 20.a%le interenl sarfacs 46 vBbEe for the

particul ar C @éaﬁm EEB% Banned of a
ductile rrtgtggﬁngﬁggg 59 8391 gal nmeltsdgbea %%FWH%%% I ,d or the Ilike,
the fittinepup gm*yomeﬂlsmtoaiaﬁmmyby MRd 2004 s BOMHUISFIgRSENahdf3abr i cat ed of
T tani um O AR89 Bon Bl QuLiSE 20 kilel Wbhhdd AfafiPir08ed QLIRGOL A1Ye Mt eri al
suffici ent B SI0R SomEetq ? r| A IDHErRRER PRSP RREE 24 t hout
subst@nt i adndc tsheostdpi voall 26, THeaub stdp \mgl zalaloadseorfmefdprbgeisidntdﬂaguﬁw includes a
mai n hol | ow.cyl i ndr.i cal . hod 5 havin ext a urface 14 and an

i nternal sURFECRE P%ﬂfﬁ%mlﬁ?qﬁ@sﬁmt"gﬁ@% gi}?rf"ﬁ f GEHEA%S and a tube
connect i omﬂceglnmrﬁpoftﬁmbéf&m\ma&ﬁ@unémmg@r@a‘esst he t ube connecti on
region 20 of the fitting 10 includes a plurality of radially arranged

T and 3 “the. tube ABRREECTORCHLCheos teRuekeel At al [y O

arranged expians?,ind e duikinall2a, me ﬁndegaoﬂsmat@as)ﬁeybah thedfop whE28tbe stop wal |

28 bl ocks forward ressi.on of
g permit exces tubegmatexsial to flow tl?erem w?thout creating excess axial stress on the

fitting 10 at the tube connection region 20. The backwall 34 is angled away from the
stop wall 28 to allow flow material to enter space 36 rather than move directly upward
against the internal surface 16 of the fitting 10. The dimensions of the grooves 22, the
land 24 and the expansion cavity 28 may be selected as a function of the structural

20 characteristics of the tube 12 and the fitting 10. The angle of the back wall 34 with
respect to the tube stop wall 28 may also be selected as a function of the flow
characteristics of the tube material and the hoop strength of the fitting 10. The back
wall 34 may be angled away from the stop wall 28 at an angle of between about 10°

and about 75° and, in one embodiment at an angle of about 45°.

25 Figure 2 illustrates a corresponding male (or ballnose) internal swage
fitting 40. The ballnose fitting 40 includes a main hollow body 42 and an external
surface 44 and an internal surface 46. The fitting 40 may be fabricated of a material
suitable for swaging a tube of relatively ductile material. For example, the fitting 40
may be fabricated of Titanium or A286.



to- be swaged in the fitting 10. The expansion cavity 26 estiﬁl {;@BR ﬁ
|l ocation for excess material of the tube to flow during th 3 1

process. Whe2estpansi on cavity 26 includes an entry si dewaPtT/BSg1/2as810ur ved
fill region 32, and a backwall 34. The fill region 32 extends beyond the
stop wall 28 to 15 permt excess tube material to flow therein wthout
creating excess aX| aWith comBmingRefeRBce tﬁﬁgﬁztd%gt 2hd 3athe bbéy 42/ 6RhecHmmAgct | on
regi on 20. ip kvvaII 34 Lng%nqgled avva fromthe it%) wall 28 to all ow
f1 ow mat erf astaJ“ gFivipg eelo Qtaﬁ@tﬁcf’ toRArEIopSPe it 1P ReIRRAd  agai nst

the inter n&iat o hbRay Moralke fitifg 40 by Begoﬂd)selemsled;bﬁ@@ﬁatms HolweldiSingr ooves
22, the and 24 and the expansion cavity 28 may be selected as a function

of the str 1o Rrovs S(‘E‘N&‘F’E?&f"é? P@F@E‘ﬁ%@etﬁﬁéﬂ&@ﬂéﬂﬁu‘%@nﬂ?@oh tting 10. The
angl e mof tf@losaes@kn%lddeﬁswcmalré§&p@3ctT1{e%trh&&ratfe n %5 QP f@%kﬂ% may al so

be selected as a function of |ow characteristics o e tube materi al
and t he hobyrkaess grgtthe rwmainder qfithe walkihicknessaseof Bedtedy 4R kq pravidergx be angl ed

away from ghe, I A about 75
and i1 onisaphERuAR do ¢ tgftn 3l RRANE Rind i ARBEAAIAS nedflp PR Tt e
correspondbmsm@teamlﬁ@al I nose) internal swage fitting 40. The ball nose
fitting 40 includes a main holl ow body 42 and an external surface 44 and

an internal surface .at eri al
" suitable for swagi néﬂgl?tglg‘gl%ﬁé ativ W&mﬁtéﬁ%m%@ﬁ%&ﬁﬁ or® exanpl e,

the filti n 40 woluderenpliyealityd) rracbdb@draogedrpummgmms Z22gacedmpart xR 2f | fg WO
02/ 25161 #‘é@g %A Zﬁéﬁlby\é&rﬁle&%ﬁ&ﬁ:@ %ﬁﬁér%(ﬁ@&eﬁ a rgdxﬁiy%gmggegz and 3, the

body 42 of rttin recerving region a tube
connecti onexpegmmaﬁﬁy% tnd stubestbp wath&dThd dabe stbjnaralm&bluo@ forwandl the fitting

40 may be of confi I n to provide
structural prlgél%ﬁsf%lroggaﬂa% %'bc? S[“f?gg‘ﬁntaﬂ%‘ei ﬁ@nﬂggvﬁ’e{ﬂ@a?%" Xﬁg%ct ion 5 region
50, it i ncésubtishenaSdontion fok akcesaghtonil 45the Tite 16 Nowdkutngtheshagion 45 i s of
great1% t hi ckness than the renmai nder of the wall thicknesses of the body
42 t o %provPd&hex flats of the fitting 40 to tighten or |oosen the fitting
on a tube after the fitting 40 has

The expansion cavity 26 includes an entry sidewall 30, a curved fill

region 32, and a backwall 34. The fill region 32 extends beyond the stop wall 28 to
permit excess tube material to flow therein without creating excess axial stress on the
fitting 40 at the tube connection region 50. The backwall 34 is angled away from the

20 stop wall 28 to allow flow material to enter space 36 rather than move directly upward
against the internal surface 16 of the fitting 40. The dimensions of the grooves 22, the
land 24 and the expansion cavity 28 may be selected as a function of the structural
characteristics of the tube 12 and the fitting 40. The angle of the back wall 34 with
respect to the tube stop wall 28 may also be selected as a function of the flow

25 characteristics of the tube material and the hoop.strength of the fitting 40. The back
wall 34 may be angled away from the stop wall 28 at an angle of between about 10°

and about 75° and, in one embodiment at an angle of about 45°,

When two tubes are to be coupled together in a swaging process, the
ferrule fitting 10 and the ballnose fitting 40 are arranged in relation to the tubesin a

30 manner shown in Figure 4. A first tube 52 is inserted into the tube-receiving region
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been swaged to a tube. The internal surface 46 of the tube connection
region 50 of the fitting 10 40 includes a plurality of radf AR &)fanged

coupl i Nngwih @961 22 spaced apart axially by a |and 24. Thee#yRsenect i on
region 50 further includes a radially arranged expansion cavity 26 and a

tube stop wall 28. The tube stop wall 28 blocks forward progression of a

t ube-t o- be; ed | e fd tid | i . tabl i shes a
| ocati on 1?1 ogfg%%c%%ﬁnf&aﬁegr{dalﬂ%p g?ﬁ%dtto;&glgtﬁ%{aﬁ ?%\9\}9 Sﬁ?ﬁaf‘%ﬁﬁﬁ ?\%S‘S’i ng 15
process. Tigil #ixpmassineoniaawithyth® Guifave] Adesomdriuteni4r iy insertbdviatb Ithel30be-a cur ved

fill region.32, and c | 1 . The f.ill region ext ends _beyond t he
stop wal | BEYEE fegtPé'r‘%i‘)?%E@é@g%% H@%ﬁlnel? fig?cteto%owrgiﬁei 1ﬁ§? §? wﬁﬁﬁ)t hout
creati ngoem(ﬁfaﬁ% ﬁeﬁingh(l) l&ﬁﬂélﬁﬁ@nmﬁliﬂ cltmtacf Wwith t'hfﬁt}suﬁaceﬁt'l"ﬂe rfgtiﬁgtmas ﬂm? Inegt8 i on
region 50. The_ backwa S ed awa romt .Sstop wa to
al | owPf | ovPYRgEL Pty e tabeys: aud '@%ﬁg@ %QSSW*’&%%Q?'“’EFHHg%%‘@‘% rectly upward
agai nst th&nivél{ti%ﬁmbva@g%m%asl@mfcohmﬁéﬂdl EwiingPethddkan4i inetagd @es of the

grooves 22, the Iland and the expansion cavity 28 my be selected as a
function o#sepheither p geller pyage of p hlagdar swpgs and gnagdrel Higerfedio 2 and the fitting

40. The a”ﬂﬁﬁgﬁgg?gﬁbﬁﬁﬁ& aeﬁlrémééa%wcmsm%u{ecswhgﬁgbf&@ss.st op wal | 28

may' al so be s as a function of the flow 25 characteristics of the
tube material and the hoop strength of the fitting 40. The back wall 34
may be angl ed away fihgkittings 18¢ ¢ phoym igFiguee 4 aadircent IgiRd@ M 8bout 10

and aBOut gRuRDkion ) s9iEne HALIEIDNE bl A0 SutfidBRly Wivagdhien (40 t ubes

are to be coupled toge In a swagi hg process, the férrule fitting 10
and the badparidem énetampthgr and thendbreyghbintpeepnimpuniestion With oppanofer pi®fes in a 30

manner sho i | e ' | Sedl | 43t

t ube-recei e\%hﬁlapa}sgég%% I-téa'%/% %515 g‘%tl%%iw%}l ?%ﬂim?‘éssggg‘?hép@?du%o@f gg%?? 18 of the
ferrul e figtubstagiallp uniform sndoireightt peidr tosmeagingt ABe swamngprogessak shop@ of t he
fitting 10. Lk ' 1 econd tube 54
s i nor t ol ARG Sydtboo o T BRI e isiilef ot e UGB i SCOTE TG 0.
It i 95di r eedpenkidmooamityl26 hel 4 pdvorsdfale twad matedisl to flowtistofthdse ragipndOThant i | it

cones 1n ¢ egltg%%tf thvc\)ﬁsé gg}orﬂg E)f t?ulaj {nfte?'r(l:aﬁ 'fitt;-nhgg 16 Iaztlé JId1 glojwoth’la bte rrleleatc]erial in

those regions to flow in a suitable direction without placing excess axial stress on the

fittings. In addition, the stop 28 halts further inward movement of the tubes.

Figure 5 illustrates one embodiment of the joining together of two

20 tubes swaged with the internal swage fittings of the present invention. In particular, a
threaded nut 56 is applied to fitting threads 58 of the fitting 40 to draw the two fittings
together. A ballnose receiving mating surface 60 of the fitting 10 is placed in contact
with a ferrule entering mating surface 62 of the fitting 40. The nut 56 is then
tightened onto the fitting 40, The fitting 10 is d£a“m toward the fitting 40 because a

25 ferrule capture wall 64 of the body 12 is grabbed by nut flange 66 as the nut 56 is
threaded onto the fitting 40. The threading action fixes the two fittings together. In
the embodiment of the present invention shown in Figure 5, the tubes 52 and 54 are
securely coupled together so that fluid may pass between the two. It is to be noted
that an alternative embodiment of the ballnose fitting 40 may be used as a termination

30 of the tube 54 without coupling to another tube.

-7-



5 swaged onto the tube 52 and the fitting 40 swaged onto the, tub %ﬁ i ng
conventional swagi ng net hods. The conventional swagi ng net ﬁo?:lst?&/ ﬂgl.sude
the usevwahogbdiber a roller swage or a bl adder swage and p@pggflssfsert ed
into the fitting/tube conbination and renmoved upon conpletion of the
swagi ng process. The fittings 10 and 40 are shown |n Fi gure 4 in adjacent

relation to one mg%gﬁgﬂ %é)ﬁ IB%S SURE LD des el espective tubes
ged apart ?

and fittings may be swa m one anot her and t en brought into
communi cat ¢Xpansivn gavign2o enablereliablerswaging pbtubingif r@@s‘eﬂﬁ‘ﬁsﬁ ductilityan be seen

t hat the 4 4h§ 1y uniform
and straig ttﬁodlﬁpja% gﬁcs%\;\gs/zmoatmaﬁﬁ?he S\/\gsé:?%té&gr (};l?:lihseil s ?ﬁ%\%ﬁw%ﬁl Fi gure 5,
causes t heintcoimbmation tdlthtlmrstoplwallt%@hmmatwsughng‘mtoﬁélegthmiua'sgﬂ@ and the 15

expangi on cavi t a porti of .t eri a Q into those
oot ofs. i erigbuict’ AP RRBIES e ipabalfied M TPl Bd s 10 2na 0o

al l ow t he ﬁpph&ﬁmahﬁdreaiovantept hestimiegidons to flowin a sui tabl e direction
wi t hout placing excess axial stress on the fittings. In addition, the stop
28 halts further in t ubes yr.e 5 W]@ es one
enbodi nent of the j\dﬁﬁloSg(tl%n}gatslqgsmg?dl‘tmglp%e?%%g gvv%%e% e internal

swage fit ts‘.pegtﬁc efnbbdimemts eSthapreseny @iventivn. habeibqea dedetbédait, will betappaeaded nut 56

is applled hreads 58 of e fit 40.t 0 a e two fittings
ooetner - Sosp pbedE AR R Rt nodiBEuiohl beRl s tn e fué Mg 10 1 <
placag in @apaﬁlagtironmt kpifit dn@fsEope®f eiatifventich dRieting 1ﬁwa‘@ﬁa1&a cRimd he fitting
40. The nut 56 1s then tightened onto the fitting 40. The fitting 10 is
drawn toward the fitting 40 because a 25 ferrule capture wall 64 of the
body 12 is grabbed by nut flange 66 as the nut 56 is threaded onto the
fitting 40. The threading action fixes the two fittings together. In the
enbodi ment of the present invention shown in Figure 5, the tubes 52 and 54
are securely coupled together so that fluid nay pass between the two. It
is to be noted that an alternative enbodi nent of the ballnose fitting 40
may be used as a termnation 30 of the tube 54 without coupling to another
tube. WO 02/25161 1 MAR 2005 PCT/ US01/ 28817 The internal swage fittings
shown and described including the expansion cavity 26 enable reliable
swagi ng of tubing of relatively high ductility




wi t hout placing excessive axial force on those fittings. Further, expansion
cavity 26 in conbination with the stop wall 28 elininates sfckilddR ?

the tube during the 5 swagi ng process. Setbacks are no |onger required and,
therefore, collars and collar application and renoval steps are

el imnated. The foregoing has described an inproved internal swage fitting.
Wil e specific enbodinents of the present invention have been descri bed,

it will be apparent to those skilled in the art that various nodifications
thereto capp Rpygede wi thout 10 departing fromthe spirit and scope of the
invention as defined in the appended clains. 8 11 MAR 2005 CLAIMS: 1. An
internal swage fitting for swaged attachnent to a tube having a

term nation end, the fitting conprising: a hollow cylindrical body having
an internal surface Amintenalsyees ving &iswagsd attachmanbio awbebayingg r egi on and a
t ube conneg _'Jjg&iornee%,qﬂéﬁ%ercei nrissai,d internal surface of said bod_y in said
t ube connection regron Imerid88"¥™e or nore grooves and an expansi on
cavity adapted §glfoRCSAMEIRKERETaIRE 8h iddmAfsu i@ shi b cHumbing B¢, 5 nt er nal
swagi ng process of thé tube outward into said grooves and sai d expansion
cavity. 2.tubhmcéiving regipnofndal talhennohnedion sigivnsaheteinushid istomakatfacnofr egi on
further in¢Judes a.{fube stop wall adjacent to said expansion cavity,

wher ei n t h@i4 Radyii3pid Bhe camgetion regien mglydes096 108 mox; gropymBand#bp wal | when t he
tube is pl - W 1 D ' e |i ndr i dy,. .3. The fjtting of
claim?2 \/\h%?g%ﬁﬂs a?fgpaed% aegg?%ﬁélgéé\%/’l{c% %/ls Hllartlcrfa:ljéétseg%e)é%ng T eIT(1=3a>1<t ending from
sai d tube s#a@mheWaddessiae tﬁb@aﬁﬂtﬁ'&idqma@ﬁd%foow&ld%ﬁﬁc& sih cavlty. angl e. 4. The
fitting of claim3 wherein said angle of said end wall with respect to
said tube stop wall is between about 10 and about 75. 5. The fitting of

cl ai m 4 wher ei R-sai dlterfgtieg offclaini ldwherein waifl fubgicotnectepesgion furthesai d t ube st op
wal | is ab.oult 45. b6' The Ii({.ti ng{ of..claim 3 wherejn said expansion cavity

i ncl udes aRCBIRSAMD PR 1disgenta Seif FYRAGSIORFPAVIBYIRIER WEPIIBRy si dewal

and sai d bagkriR!tibe abuts said tube stop wall when the tube is placed within said hollow

cylindrical body.

3. The fitting of claim 2 wherein said expansion cavity includes an end
wall extending from said tube stop wall away from said one or more grooves at an

angle,

4, The fitting of claim 3 wherein said angle of said end wall with respect

to said tube stop wall is between about 10° and about 75°.

5. The fitting of claim 4 wherein said angle of said end wall with respect

to said tube stop wall is about 45°,

6. The fitting of claim 3 wherein said expansion cavity includes an entry

sidewall and a curved wall between said entry sidewall and said back wall.

7. The fitting of claim 6 wherein said entry sidewall, said curved wall,
and said back wall define a curved fill region.
8. The fitting of claim 1 wherein said one or more grooves of said
internal surface are radially aligned within said hollow body.
-g-



7. The fitting of claim®6 wherein said entry sidewall, said curved wall
‘and said back wall define a curved fill region. 8. The fittifhg ﬁmﬁﬁlgﬂﬂ$l
wherein said one or nore grooves of said internal surface are radially
aligned within said hollow body. -9 1 1 MAR 7ff5 9. An internal swaging
fitting conbination for coupling together a first tube and a second tube
in swaged attachnent, wherein each tube includes a termnation end, the
fitting conbination conprising: an internal swage fitting as in claim1l
formng a ferrule fitting and wherein said external surface of said
ferrule fitting includes a ballnose fitting receiving mating surface; a
bal | nose fitting havAnintanilckagng Gitingrdmbmatiohfad youpling tegatherd fisnal sur f ace
and an external_ surface, a tube receivig&iregion for receiving the second

tube and atubg gsk seepiTEEbs BFWRERY aachmanb PaierPis edch tybsteglydes asur f ace of sai d

body of saj.d .ball nose Liting,in.said tube connection region includes one
or nore g?%%@@%“gﬁ%aﬁﬁeé&%ﬁﬁgﬁ%%ﬁh%ﬁﬁﬁqumpgT recei ving excess material of

the second t ubeafigfckidy sPagd RGNS IDEIRGE S ForAtith a RAGIS iInSAladviRxdier nal surface
includes a ferrule fitting entry mating surface; and a nut for coupling

sai d f err wlael dxiterhal ngrfzect sad Grvdd fitinsmcluded 4 bajlnbedatihereceivingeradng sai d nut
i ncludes threading for coupling to said external surface of said ballnose
fitting., Surace

a ballnose fitting having a hollow cylindrical body with an internal surface
and an external surface, a tube receiving region for receiving the second tube and a
tube connection region, wherein said internal surface of said body of said ballnose
fitting in said tube connection region includes one or more grooves and an expansion
cavity for receiving excess material of the second tube during a swaging process and
wherein said external surface includes a ferrule fitting entry mating surface; and |

a nut for coupling said ferrule fitting and said ballnose fitting together,
wherein said nut includes threading for coupling to said external surface of said

balinose fitting.
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