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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.



may not be sufficient to establish an adequate coupling, or y S be
cracking in 25 high cycle fatigue. WO 02/25161 1 1 MAR 2005@0’&@%@%817
| nt er nal vwovagrsigr addresses, in part, sone of the probl ensp@sesnigsied wth
external swaging. Internal swaging involves the application of a fitting
having internal surface variations, again such as |ands and grooves, to a
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conf i gur at§oaRcelgn bepasthg fittng an eté‘?ﬂooves are conbined with a rectangul ar
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15 the same design as 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.



a greater extent than the lower ductility materials under equival ent
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material. Therefore, is needed 1s an Internal swage fitting that can
be used vmgxdﬂydiucﬂelehﬁbmﬁfﬁxrgl.aw%tahe tube.dl®a campléﬁdn ofsths sedpimprocdser nal swage
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surface, a tube receiving region and a tube connection region, wherein the
i nternal sused with dodtil¢ tubingoWhhat i alsh @eddad & sodnareiatereah swagyi fating uheﬂ udes one or
nor e

eliminates the need for setback and the use of a setback collar.

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-



grooves and an expansion cavity adapted to receive excess material of the
tube during an internal swaging process of the tube outmard%inhf Fpg
grooves and the expansion cavity. According to another aspe J ARh 005
present invention, there is provided an internal swaging fitting

conbi nation for coupling together a first tube and a second tube in swaged
attachnent, wherein each tube includes a termnation end, the fitting

conbi nati on conprising: an internal swage fitting forning a ferrule fitting

and wher ei ﬁu?ﬁbéj RS Rak Mac %‘%ul?e re&?ﬁn%%gf 6 {ehé&nh HqJnaw ng a
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the ferrul efof b&d}ihﬁ@th%ﬁéhﬁlbﬁttﬁ@&h@ﬂﬁ%aﬂhdsé ifiRghgttogdnOiherdi le@un t he nut
i ncludes threading for coupling to the external surface of the ball nose

fitting. Thiaclagestareading foynewpling taide exinrngbsuniace dithabelbnteddiiment of t he
present invention, which provides an internal smage fitting t hat

accommodat es the fl Mlﬁf h-d ct|I|t% tub nate ?g fitting

i ncl udes a hO||OW/g$FF(BFﬂB OpERFeIRAR 5 Pﬁ?@ ct Of FSPESEHd an
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wal | adj acdntemadsyrfase andrareitanal s'@ﬁaﬁpxegfmbwetc@ivwgmw@wd@ﬁubqﬁon@mon ube abuts

(he tube sCop yetl uhems Lo MR L 6 2 LA GG SR DY
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a swaging process. The 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,
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establish a fill space region for flow ng tube material to ‘Bgl IW %\g]@gout
applying excessive axial pressure on the fitting. 11 MAR 2005 0 161
PCT[ USO1Aa88ia51dihe present invention and its advant ages om@Erusiigsgrri or art
wi || beconme apparent upon reading the follow ng detailed description and
t he appended clains wth reference to the acconpanyi ng draw ngs.

DESCRI PTI ON OF TBB BigeWeavinlbRionhl @€ hdviiabelovkhdé pliGr aregilidesmas t he
invention is particularly 5 pojinted_out and distinctly,clained in the

concl udi ngehparent wongeding Sdiolowing deailedrrecrintion aed f 2Pney S gy be best
under st 00dyhY rdr&E QIS8 &R abRulphSyifPd@Mghg description taken in conjunction
with the acconpanying drawing figures in which: Figure |l is a
cross-sectional view of a ferrule (fermale) swage fitting wth the internal
configuration of the present invention. 10 Figure 2 is a cross-sectional
view of a BEPCREUIONOGRTHE DRAWENGStting with the internal configuration
of the present invention. Figure 3 is a close-up cross-sectional view of

t he expansi on cavi t Yhesubjechmaitertthat issegardedps the invéntign tsamaftioglalit i on of the
presept iny Fon..  Fl.aur b . 2 ' ' : onbi nati on of
the f8r rul %‘g‘éqg%g‘r‘]‘fl‘égﬁgﬁﬁ“’?‘ﬁé]sa‘e’ﬁ?@f‘ﬁeﬁ‘g@dﬁﬁ g?@‘ggﬁég’%ﬁg@%ﬁéﬁ% ip with tubes
in place pmvatiohthoswaer may bdbaggiumiefsidod by refemas-ts drtfolbovaing deseriptodn t he

conmbi nation, of, the ferrul.e and ball. nase .fi[.ti ngs i.n,assenbl ed

(el at | onshPFERANERDIRANE i 05 accomum g stae FEUevlsiig’ DETA LED

DESCRI PTI ON OF THE | NVENTI ON Referring to the draw ngs wherein identical

ref erence numeral s déguot bis a2fosssectmanteyial efvefetrsle (feingle) ewhge fitlingst r at es a
femal e (or ftgrul e‘l)n Lntﬁrnatl S e fi ttt.i n t.10 of the present invention. The
fitting 10™IEMednFimabiontiEysion SFPYEPabl e for the particul ar
application. For exanple, in the swaging of a tube Banned of a ductile

mat edDal such as S FiRie 2 isa ondsesectvndaticw dficcllaios6@Mmle)ewaghiitting ke, t he

fitting 10mql?ﬁneb1§temal configuration of the present invention.

Figure 3 is a close-up cross-sectional view of the expansion 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 -



4 WD 02/25161 | MAR 2005 PCT/ US01128517 fabricated of Ti tan{:Li r. A286. O
course, the fitting 10 may be formed of any material suffi i%ARO?@Ca@se

fl ow of tveoz/edier during the swagi ng process wi thout subseerrus@l2ssii7st orti on
of the fitting 10. The ferrule fitting 10 includes a main hollow
cylindrical body 12 5 having an external surface 14 and an internal
surface 16gabhifed¥d¥adidmRA286.t AP RCRE ‘ﬁ'ttl}% 10§y fdSndyF afly L U be
connection region 20. The internal surface I6 of 'the tube connection

regi on 20 ®etcfipisufiiciopt tggauss flomcafikrsgbedysing the swagingroeges vithopt ar r anged

coupl ing g&ReNARI ddoftRAGEtheaRANS 1@xi al |y by a land 24. As shown in Figures
‘1 and 3, the tube connection region 20 further includes a radially
arranged expansion cavity 26 10 and a tube stop wall 28. The tube stop wall

28 bl ocks forward pribgfeaus Btngio tciudea meiy hpllow pdipdgicalbodnd2 f it ting 10.
The exypansiQihetd\kiethaPQirfed MPhddiGReRal QFEld R Thehod FICRAS iy €ri al of the

tube to flow during the swaging process. The expansion cavity 26 includes
an entry siegdwag regso, 18and a tuheofnection regign 80, Bl intemmbl surfase KOafthe 34, The fil |

region 32 gxl aﬂﬂ&tgﬁ}‘ﬁ% 3o\ 1 ﬁ’tﬁné’?) incﬁl%e%aiqlﬂl’é%i&%f %&a]ﬁ?‘aﬁ&ﬁg@fé ube materi al

to flow therein wtho creating excess ax ess on-the Itting 10 at
t he tube cenpbug grooves 8% smedgpart Brialip by kel 24 34 s sovanigl ighreanbandfy om t he

stop wal l I f i_al en space 36 rather th nove

di roctty uSEah Brslitnspf¥h I8 RihePnghbes S BB SR TR0 The

di men@i onsandfa thieestapreadl2ss Thz, tutichweop Walh2B Hécka fistwhfibproppsaivh oia tetavi ty 28 may
be selected.as a function of the structural ,20 characteristics of the tube
12 and thetofqefsﬁaﬁﬁﬂlighe f*%”t’ég L‘ﬁg’ﬂ@ gFpansipa CB%{E’IQ%\/%WBE@&S oepond@E pect to the
tube stop swetds mberibYr the be REIGEIRGIAEe Srgmgipisteld. on of the flow
characteristics of the tube material and the hoop strength of the fitting

10. The back wall 34 may he angl ed.a fromthe s wal | at an angle
of between about 10%}&%\??8}!"3?3%?&"%538%?‘%%?1*%‘?@@%888#%ﬁtc“ﬂedﬁl angl e of
about 45. region 32, and a backwall 34, The fill region 32 extends beyond the siop wall 28 to

15 permit excess tube material to flow therein without 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.



" tube-to-be-swaged in the fitting

25 Figure 2 illustrates a corresponding male (or bal | nose) E&tﬁﬂﬁ gﬁ g€
d Nan

fitting 40. The ballnose fitting 40 includes a nmain holl ow

ext ernal wertsiée 44 and an internal surface 46. The fittPOOUd@/ /28887 be
fabricated of a material suitable for swaging a tube of relatively ductile
material. For exanple, the fitting 40 may be fabricated of Titanium or
A286. 5 1 1 MAR 2f | fWith\eoidhidip ketrebie b Bixdids 2054 3, Ik bbd e amés e fithige r ef er ence

to Figures and 3, the body 42 of the fitting 40 has .a tube receiving
ogi on 4o 4RI i ESERR RElard(S a4 v copecll fegiop SO i Bdcthat  ho

housi ng 42tf the Reuskrgt42 dmheflﬁhiﬂ?ao Bey B ofh RRCcRBlaBhSeAh Howatdan. However,
in order to provi?ff structural reinforcenment to the fitting 40 in the tube

connect i on ?’@GFT@@F‘B’ estructural reirfpregaentdo W Atfinaf0dn thedgbotpnaertionhe struct ural
regi org 45 te%idﬁfsoﬁﬂi 8RR a bthicalf eSS0l R THeRGuEBAPBIR 5 Y ?f_t%?&téi"al !
t hi cknesses of the body 42 to provide hex flats of the tfitting 40 to

ti ghten or thickses thapiiee emaindprpidhe wall thisknessasof therhody #2 td prgvidohdxas  been

swaged to 0L 86nad caRn . Qn regi on 50
of the fi t??t%gmﬁgﬁ% 4ioﬁtél fic 31;501211:'% eﬁ?%llﬁﬁnfo%}ﬂr&g%%% ar rgﬁ%% coupling
grooves 22bespawageddpartubeaxi ally by a | and 24. The tube connection region 50

further includes a radially arranged expansion cavity 26 and a tube stop

|1 28. The tub i f Bh QPR .
wa e tube stgp; Y s%?fa@%&_ﬁhﬁhtgﬁé’@;nﬂecnm&%&sﬁ &Q‘é@%ﬁ'ﬁ%t abl i shes a

\ expansi on cavity
| ocatlfon f &0 inghdessplwmalityrdfaddially amangediehepling gidayes 2Ruspianes! dpas asialilgi ng 15

process. T Si | | Silﬂ)dﬁ r i |l 30, a curved
fill reqi %ﬁa %&ﬁdngﬂ%uéggﬁ/%?tﬁgéﬁ e ﬁlh‘%lqngg%ef%ﬁ dﬁ% extends beyond t he
stop wal | @@ansor cagity A6 andxinbe stop whkk 28Tl tubé stopwhll @8/bidoks forwardd t hout
creating ef)(r%grségsic%xéf%l tuget-{o- Segsw%ge& lrﬁ%he fitting 40. The expansion cavity 26

establishes a location for excess material of the tube to flow during the swaging

16 process.

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

-6-



fitting 40 at the tube connection region 50. The backwall 34 is angl ed away
fromthe 20 stop wall 28 to allow flow material to enter {shdddR&NAt her

t han novey@lhs/ehkd y upward agai nst the internal surface 16p@fmidinséiitti ng
40. The di nensions of the grooves 22, the I|and 24 and the expansion cavity

28 may be selected as a function of the structural characteristics of the

Lhest ihe. oft ¥ felbisfing fb, 139800 Bl P AGH whf] ok ofthe Ml 107 POPECE 1O

t he tube op Wa al'so be Selec as a runctron o e flow 25
char act er iwttil #somés inltenkctvatnhitguifade. Ansdcdniddutiedins dsenadgnte tieftubdre fitting

40. The back. wall .34 e,.angl.ed fromthe st |, 28 _at an angle
of bet ween*SBEHE ToRPT 45%3%&?08%"%%?}6@?{ SSﬁ‘écméﬁﬁgﬁﬁd?f@$$@%?t°pa‘ﬁa§ngl e of
anutf45. M\ﬁfﬁl fhéﬂ@in@H@ﬁﬁﬁl&f@)nie@irhﬁmfh@thpiﬂetﬂxatmgaéd?él’heiﬂmh% KMiaghieng process,
the ferrule fitting 10 and the hallnose fitting 40_are arranged in

rel at Pon tBVaEALOTH @@W%&%ﬂ%ﬁ&%ﬁi@tﬂﬂﬁgﬁm%ﬂ@“& first tube 52 is
i nserted | é&l%ﬂtf@ﬁalts%%ng Q4eGiodd. "Che!cBAVAHondd sWiRifMehddImay ihciRhe 005

PCTI US01/ 28817 18 of the ferrule fitting is directed toward t he tube

10. Tt
stop wal | w8 obpithena rqller swagg o1 @ bladdarispage andgrpdrel isertsddsietioni t h t hat
sur face. Aﬁﬁﬁg@}t@ chitBBiatPéh dnd réRSRE LEh ddRieoR®f IHéAGmginepRIdsNY regi on 48 of

t he' bal | nose ing 40. It is directed toward the tubée stop wall 28 of

the fitting 40 until it comes in contact with that surface, The fitting 10
is then 5 swaged ontigediings jpandi0 apshavwandigurs 43 alipcetta|alPndReBE t he t ube

54 ugpng &Bﬁx\éﬁﬂﬁ&%%ag?}é?t 'o%v&?m@g%g?cﬂ%b%\i%ﬁ Rty bBWRSidA0 et hods

may include the" use of her a roll swage or a_bl adder swage and
mandr el i naparitfesth pnetagothigeandsthenttirenght inkrecopumticrsion with gpelanodiebPEer upon

conpl et | Omoq{ngjf el BE REPRS: d Uy PililelidSorle ABE Shhuls8 aoWN | 1

Figure 4 in adjacent relation r prior to swagi ng. However,
t he respeciubstentialiy @sifenularfd streightgsiontoswagingwdge awaging profess @s greevmanot her and

t hen brought..] i [ .t . | i nal assenbly.
[ can be Bdutlt §.FOUN GRS PRl eUE AP ot h slding £7 1
15 expansion cavity 26 and a portion of the tube material to flow into those regions. The
design of those regions of the internal fittings 10 and 40 allow the tube material 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.
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substantially uniformand straight prior to swagi ng. The swa | n
as shown in Figure 5, causes the tubes to distort in the %IFEZE}E]%tShe
grooves Zoassikhe 15 expansion cavity 26 and a portion oltcffhgmmg)@

material to flowinto those regions. The design of those regions of the
internal fittings 10 and 40 allow the tube material in those regions to

flowin a suitable dippes ﬁlﬂ'&;ﬁ%& % sﬂbﬁﬁ?ﬁ@dﬁ&%ﬁ%@dﬂ mstress on the

fittings. In addition, I nwar d ‘hovenent of the

t ubes. Fi genpenshon qavils 26 enabb rdwéleemgmgnémbmwf tdm‘fphuhmh@mnb@et her of two

20 tubes smg i nvention.
In particular gg]\%lkgf%% g%%ﬁa{iﬂ%%e@é‘@%%f{tﬁ% ?%69 F&%wtghr e%% 58 of the
fitting 40intcombinatior with mtoblwaﬂllﬁsgkmlmMeuﬂmg inAf ﬂialhltbeahlangémel ving mating

surfage 60 _of .the fi 10 is Iacedtn a | e entering
g sur PeEgSocsss. Sefextird o BB st R bffehore, olifls Brd flaheq ont o ¢ e
fitting 40app'libla10ﬁ|aﬁdren@vﬂl&tapSmdreammat@Ivvard 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.ont.o the fittin Q.. hr eadi |xesthetwo
Fttrngs toget her e hpkoeiis bicBd SrimpG el PGB VR OINPE O oo 1
Fi gure 5, d4peeifit Hiﬁbﬁd:ﬁnﬁnt&ﬂﬂthBﬂreaﬁm mvsminnrlﬁtzg/b@mdadcabled, Qtodilbenppaerithat fl ui d
s tob t hat an altetgnative enbodi nent

bet
or  Paoh ar BribeE She i s rhee gt A AORE SE el en B e SAGK {be T ine. Ba

W t hqot coduphiting fifofh tAOPiREdndistdpe.of e ifdhAsnl & ldefinddBR eliled cldbhkl/ 28817 The
i nternal swage fittings shown and described including the expansion cavity

26 enabl e reliable swaging of tubing of relatively high ductility wthout
pl aci ng excessive axial force on those fittings. Further, expansion cavity
26 in conbination with the stop wall 28 elim nates sucking in of 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.
Wi | e




speci fic enbodi ments of the present invention have been described, it wll
be apparent to those skilled in the art that various nDdlfldaj Mﬁé%@@ﬁﬁpto
can be nmade without 10 departing fromthe spirit and scope of the Invention
as defined in the appended clainms. 8 11 MAR 2005 CLAIMS: 1. An internal
swage fitting for swaged attachnment to a tube having a term nation end,
the fitting conprising: a hollow cylindrical body having an internal
surface and an external surface, a tube receiving region and a tube
connecti oncf geNg@n, wherein said internal surface of said body in said tube
connection region includes one or nore grooves and an expansion cavity
adapted to receive excess material of the tube during an internal swaging

process of the tube outward into_said grooves and said expansion cavity. 2.
The fitting of bl ai Muingeslsvassbitiae failswagsdiechmenhtoraybobrvinga her

i ncl udes acent to said expansion cavity, wherein the
ternlnatlg%Eﬁﬁgiﬁ%apgtﬁahbmﬁg B sai d tube stop wall when the tube is

placed within SeﬁhdiIOWyhﬁ&‘lcaFUddyﬂﬂ% @h iRQAM suﬁaceghﬁaﬁbitéﬂnﬁ'&uﬁﬁcecha' m 2
wherein said expansion cavity includes an end wall extending from said
t ube stop mh¢ feceiviay régnmwanslaltdbeocrmnmtmmgmngwhmmaﬁtmmﬂ amigteof 4. The
fitting of ¢Jaim3 wherein said angle of said end wall wth respect to
sai d t ube BiLRPANH 121 WheedripeeipndpHoR nelydesRnc SHBIGEC SrOVas and#fb fitting of

claim4 wh S aid tube stop
wal | is ab%clrg?ﬁs C%gﬁjy%ﬁg ?t eca%g %slnéa}trﬁ% %é?%’eﬁug %mélxep?gzm on cavity
i ncl udes agwaglpYoceSs deM@kibe aﬁda@ lﬁﬂdrsma@rd@@ka andQbMRRPartRnCa@Ri ry si dewal |
and said back wall. 7. The fitting of cllaim6 wherein said entry sidewall,
said curved wall, and said back wall define a curved fill region.

2. The fitting of claim 1 wherein said tube connection region further

includes a tube stop wall adjacent to said expansion cavity, wherein the termination
end of the tube 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-



8. The fitting of claim1 wherein said one or nore grooves of said

internal surface are radially aligned within said hollow body.] AR 2TWAR
7ff5 9. An internal swaging fitting conbination for coupling together a
first tube and a second tube in swaged attachnment, wherein each tube
includes a termnation end, the fitting conbination conprising: an
internal swage fitting as in claiml1l formng a ferrule fitting and wherein
said external surface of said ferrule fitting includes a ballnose fitting
receiving mating surface; a ballnose fitting having a hollow cylindrical
body with an internal surface and an external surface, a tube receiving
regi on for reced.vi ngAh heeradcengng ibmganabmatidnifoe caphing aigether 2 8@t on, wherei n
said internal surface of said body of said ballnose_ fitting in said tube
connect i ontUb@#idgnserond tbRia syRgedsttachereat, grhstrieach bedprledepansi on  cavity for
receiving exce mat.er i al.. of second tube during a swagi ng process and
wher ei n sat:ggl%g%?oélreﬁgﬂ %ﬁh?lgé:g&?ﬁ%ﬁw&acé%@gs? rrule fitting entry mating
surface; and a gkt swaleMid}hsSRIdint €rsriigh £ feblilc Tt shasicgeibal | nose
fitting together, wherein said nut includes threading for coupling to said
ext er nal suid etenadfsudaied! sdid Fdrmbstistifig intiudes a ballnose fitting receiving mating

surface;

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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