WD 02/ 25161 PCT/ US01/ 28817 | NTERNAL SWAGE FI TTI NG BACKGROUND OF THE

| NVENTI ON This invention relates generally to fittings coupled to tubes by
swagi ng amaoneyier particularly to internal swage fitti ngsPCRURIA8BITg i S an
auxi liary piece of equipnent used to establish a termnus or junction site
for a pipe, rod, or tube. In particular, a common use for a fitting is to

5 connect separate tubes togR{TERNAD S/IAGRFITTUNG t 0 pass bet ween,
preferably w thout |eakage. A fitting is also often used as a closure
device to term nate the end of an otherw se open tube. Anmbng many ot her

applicatio [ i e aerospace industry to encl ose tubes
FACKPRAA® i R RO

t hat convey and the like fromone |location to

anot her. In,those and.aother critigcal application it is inportant 10 that
the 1111 ng benaaerer e sy-elln ERuslbferd R ¢BE by shbgb® i Benst and

vi bration, pgatticuthrlyehmrand ewhgdfitdsgsand the i ke without failure. Fittings
are often coupled to tubes by wel ding. Welding can be a time- consum ng,
costly method of fitt,i af fixat.i.on. .Further, the | d not be
Sortitient o ensur e cfing sl SBHlEP it B Ableme L ot ® B RmPE ot ess 15
i nt ensi fi cajrij@etibmsiteddr Dpipt,red,lodtide. Tiyagtculhr, sScodtindl dse farail fitkigg ig®e hani cal

process to join a fitting tq a tube wi.thout the |imf{at]ons associated
with wel di #@P“%ﬁ%@@%ﬁf@beﬁ CB’FW OBfﬁM : &W&GM%Bﬁe‘%@iYg%F@Pha| swagi ng
and i nt er nabala Y@ oA gtingEX 4186 Hfdn EYBEH I\ Wosutd WeQlcY @StethiBat8 Y dndaf kon of a
fitting having external surface varjations, such as radial @ or axial |ands
and gr oovesotharyisg opgabe. ThongyBrmeihyr iaprlicAtonss ket e vtsf i BiFgi ng, 20
hamrering, QfssAleRRERI0 LB hib&thd BEnRY bRl MBlrakE IFAE a@REIGYr ation is
transferred to the interior of the fitting and thus to the tube. The tube
i s thereby fowh pecloeaionielanaiipht brthesg and othprecridicelapplieations, it iviowogants t he

fitting s “‘%ﬁat‘é}ﬁ@iﬁitﬁggﬁ tﬁltf u?ierﬁlsyss%&h‘é gbO(EIFng lISL-}_HTEQO 2o WiftRiah¥ibraddh iy nat el y,

the transfer I ng ext erna ace configuration nmay not be
suf fi ci ent dheraetstisiish pshthaikewehedfalucoupl i ng, or may cause tube cracking in
25 high cycle fatigue.

Fittings are often coupled to tubes by welding. Welding can be a time-

bt
-

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 tube. 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.



-1 WO 02/ 25161 PCT/USO1/ 28817 Internal swagi ng addresses, in part, sone of
the probl ens associated with external swaging. Internal swaging invol ves
t he appl ivvant/zsienf a fitting having internal surface varpPariusngssegai n
such as | ands and grooves, to a tube. The applied fitting is swaged by
pl aci ng an expander device within the tube and forcing the tube 5 outwardly

onto the interior suita@psvekinghedbists, imgart, eomdyf iBelpRBlinsgsdobiatetii t ti ng onto
the tube. There is a nore direct . nterfactgﬁbetween the fitting s surface

conf i gur at Viéhedmgal saging, feeraal swpgips mvAlyRs g prrlicatgn of aditting BB wagi ng.  The

t ube t her ef,ie1 GGORE dhrafions Qi EUTR aSRAHEs £IQSAIVYs, kPa hibe. THelagpil sur face
configuration, resulting in an inproved connection between the fitting and

the tube. fitingirswagpbbyonlaging sy g¥apndsieryiceryithin g tybsand faremp thedple abl e f or
sone caero j L i rd i : : 44,517
ssued to BTFNARA bEREAN e BERE fenltlal B e o e r bank,
Cal i f or ni atub¢.nTlemeis ageert digeat attérage betiveerBhe liding's isenfdcagonfimiraigagnd hr ee or

nore radi ct A i fi ' di mensi ons.
The. ar oovel's RS ERA, Bin GEEONRR e rna RREL; S WAL SRR G oS The
ot her gr oos@sormss maaeclbiedy tochadriginal atrfaoe cordigemtive sewltingdnpe dnprgvedoves are
conbined with a rectangyl ar."end", groove. The rectangul ar end groove is
subst ant i a?qwe‘gwg%gtgﬁggﬁfqlwap gfegfﬂ l ar grooves of the first fitting
configuration described. That is, the tube butts against it. In conmerci al
use, 1M0he Beil ey fi ttOmgypesofimsmalswiagabitiog fomdtdbe satabledg so@® of tubes nmade

of low ductility mater.i al. ,includi i.tani.u ver rigls of

rel ati vel yARPBASAPRUSAIPTS B g?scgﬁelcéﬂng'gs’?taéﬁ’ﬂ*%rsgsmg‘%zllsssu?dntﬁl|e gt SS321,
Ingonel 624, arfingsignddhe Siestatih ICatpoyatidt of Bubaikg Califoadis., Iniune al so used in a

wi de array of tuhe i.cations, . jncluding aerospace fluid trapsfer

syst ens. T?Pé‘ﬁﬁﬁﬁag?ri’g}ﬁ)egé%]ﬁ’ﬁiﬁ&gé?d‘b‘iﬁﬁwq ?V‘%’IT’ fa&e/ﬁ Petcgmg‘é}aﬁrg%‘feé??ext ent than
the | over gieired w‘ﬁdtha@d@erguediﬁlewfxsi@r TREIGiov R @tNest3W@Eiong opthessegrieof 25 The
swagi ng process performed on a lowductjlity tube causes the tube to be

dr awrdS"i nt Be pHBe fosianas gheateer gEOYPs: dn ARPIBET ISERREUAGIOBE 1HES PIUBBPE t he end
groove. ThgoblQWd\bmbined 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 low 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 tube 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.



material is forced outwardly toward the fitting, placing significant axial
load in that |ocalized area. This bulging of the tube material can cause
failure ofootizsibitting as well as undesired changes in tROPUSIIASBEI ONs. -2
WO 02/ 25161 PCT/ US01/ 28817 |In order to account for the flow ng or "sucking
in" of the tube into the fitting during the swaging process, it is
necessary to set thdnbtdeetdmecdunt for thel fiwingort "sudkiveg in*f oftthe tuhe infhte i s, the
tube nust pe pl.aced,in an offset .position w re to.the fjtting

ormi nus. t BUaBORRHOUE e P REb SR R At er it AR Pk A NABE b er 2 The
swagi Ng  S5AfeC TS if; dutsi@be b bt ptaeedtlﬁ afi bffvet pogitidn With fegpeat fohke fittihgi ng to -
make up the setback di ff&rence

st be c |l etel y and
securel y afefPipBgioascemgo ﬁt?@‘ieﬁﬁala ?drﬁlg\ ‘ﬁghet‘ﬂ eE‘BtreF%lct?[nEé‘f’Tﬁé

accur at el ypiogesk wgésttﬁ@hbewﬁ&w 'a§d ﬁrpmt@me@mmg t8 RRkY i the satbgapt ure col | ar
about the %u be adjacent to the fittin egel%ocatlon The col |l ar nust be’

rigidy bu@lfﬂe@P%S%th%tWPmb&lﬁe@PI and sgeurelyjgEiced e 8tingn of t he
swagi ng pr g ﬁ%ﬁmﬂx@ﬂfe%@ng lsétﬁefck%at@? id 1ﬁ'§9ﬁ§ﬁ TRISs sdhfRed 6 Wiﬂ% ately

al i gning and app renmovin l'ar nmust be rep eat or each
fitting appbamuepdl@abwtmﬁmbecﬁdjac@ﬂa@ the dittyng leeation.| ‘éhmmllerma?rt beTheref ore,

o g Wiae R S Bkl SR8 aRURRE uie! DRDdALGGA RGwARE Rkl Ut @

t ubi ng. What I’s af IS suc swage fit
el i ni1@at estielvellatemdt borenwetd ditle swpdofdwumb' abigning snd fpptkngaid ar.  SUMMARY OF

THE | NVENTI ON 15 The .above-nment i are
i nvent i on, "SHIRVEIE thep?oé@f o bﬁﬁepeﬁ?gfoﬁgﬁc g%aﬁphg? b e%}ﬁ% {?tg?oprggags dates the
flow of hi gllrcnw@ﬁﬂehalt )Th‘éﬂdﬂﬁe wiatlemaﬂes is a]ihmtelfnatsr.vsraggﬁttmgltlnaﬂemlm hol | ow

cylindrical vin ter ace. and an ext e rface
t ube recei We ﬁ‘é&“ “gﬂ Eﬂi% a?,‘{l?é?fhraﬁd’i“SWa W@e%ﬂ éI? surface

of the bodmlmmaﬁeb&mw&ﬁo@@m@ﬁhﬁmeﬁ@egcbﬂarsetba@ddbqieﬁ one or nore 20 grooves
and an expansion cavity for receiving excess nmaterial of the tube during a

swagi ng process. The fitting also includes a tube stop wall adjacent to the
expansi on cavi ty A term' nation end of the tube abuts the tube stop wall

when the tube is
SUMMAR OF T E INVENTION

15 The above-mentioned needs are met by the present invention, which
provides an internal swage fitting that accommodates the flow of high-ductility tube
materials. The fitting includes a hollow cylindrical body having an internal surface
and an external surface, a tube receiving region and a tube connection region. The
internal surface of the body in the tube connection region includes one or more

20 grooves and an expansion cavity for receiving excess material of the tube during 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

25 establish a fill space region for flowing tube material to fill in without applying

excessive axial pressure on the fitting.



within the cylindrical body. The expansion cavity includes an end wall
extending fromthe tube stop wall and away fromthe one or nore grooves at
an angl e w0 03160 25 establish a fill space region for flPEIN§O2A3RE
material to fill in wthout applying excessive axial pressure on the
fitting. -3 WD 02/25161 PCT/US01/ 28817 The present invention and its
advant ages over the Theippgsedtifiveniiéd andet adensgpasventhe pponart edtheagme he
followi ng detailed descriptian and e ended ai_ns i t.h reference to
t he accommfeﬁgu@?é%%.e%%%mgﬁffa%@ %%Qr 4 nlﬁf‘&ﬁﬁ@%‘mﬁiﬁ M ect natter
that is regahageens tb AR dcebngahiigndiasviggdr ticularly 5 pointed out and
distinctly clainmed in the concluding part of the specification. The

i nvention, however, nay be best understood by reference to the foll ow ng
description_taken in conjunction with the acconpanying drawing figures in

whi ch:  Fi gRESCRIFIJON QF JEELRAWINGS view of a ferrule (female) swage

fitting wth the internal configur.ati on of the present invention. 10
Figure 2 is a cross-Becubietianation ey ibreserdpdiny thabyentiopas eytiatlye fitting
wth she | pinkRl SARAULALIAR Rl BCRIEDSAK of MUSMARAoL Bere 3 15 a
cl ose-up cross-sectional Vview of the expansion cavity of the internal
swage fittinvgntoonfidvgvertiaphe bést nirsrsyeaddyyrefefenceaciottheofollowing dessrintions a

cross-sectjonal view of t. conbi i : rul.e and 15 ball nose
fittings i %ﬁgnsglecr%]lugcc}lop e‘Ylae[F%%crséﬁ?]Eg%r%h%%Bé?g?ljﬁggﬁ\g&%gl'pri or to swagi ng.
Figure 5 is a cross-sectional view of the conbination of the ferrule and
bal | nose fittings iFigusdeéndiress-seetionel Gew bf plowiute(famadswage fitinge subsequent

to swagi ngwith%ﬁme@gﬁ%ﬁgﬁigum SGI{—EVHNIXENTI ON Referring to the

drawi ngs wherein i ef erence nunerals denote 20 the sane el enents,
Figure 1 illustrates a female (or ferrule) internal swage fitting 10 of
t he pilesent i nventi drigwTRds 4 ¢rossrasefional view phdbalkrase tmale) saege Himer i al

suitable f grrithttlneemtemal 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 SS321 stainless steel, Inconel 625, or the like, the fitting 10 may be
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particul ar application. For exanple, in the swaging of a tube fornmed of a
ductile material such as SS321 stainless steel, Inconel 625, or the |ike,
the fittiwgoxgsismy be -4 WO 02/ 25161 PCT/ US01/ 28817 fabr PCHRUSU/28B17TI t ani um
or A286. O course, the fitting 10 may be forned of any material sufficient
to cause flow of the tube during the swagi ng process w thout substanti al

di storti onfagficdidioffTithiumtbor WD86.TOE chlsd, tHeitfing f0i gy Pelrolfiéd 4f@8p @ nai n hol | ow
cylindrical body 12, 5 having an external surface 14 and an 1nternal
surface 16mateHel spHigient e q@ase flovt ofiilee tubed@ing;thswagiiegocess Wipuh t ube

connect i oNngfe@hii ddRrtichE the kighfd surface 16 of the tube connection
region 20 of the fitting 10 inclfudes a plurality of radially arranged

coupling grooves 22 spaced apart axially by a land 24, As shown in Figures
1 and 3, the tube CERABEHS Biting 49 insidena maihellewiclindsigaldbody dadi al | y

arranged Wﬂ%&ﬁﬁ“ﬁrﬁcg@ 30 ANrefat éﬁpﬁcéf@pgﬁ\%?é)g}a 28BhasHEbd Ube stop wall

28 bl ocks forward progression of a tube- to-Dbe- Iin the fitting 10.

The expansice¢ivisayagion t8end gitals| dostrstomregivnd0i dhe intarnal gxfass d60fither i al of t he
tube to fl g i i ' 6 includes
an entry sflel %\7\@ &%&Egg@%&f%@&@ﬁg ?6’?%&%;?%@2’&8%%‘%&%}%&%%@34. The fill
regi on 32 expbrgigrotrey dAdpacheamatapiallpby a281dt2d. AkSheenx i Kigerckas 3,ube

materi al t t her.ei n_w ut, creatin X£ess axial stress.on.the
e na! 1o he e NotREns] Aeth 0P hERbet BAALE B Boalbbrii®iel%e 0P L ey
fromiOhe atdopubmdtdp R&12& THid tobe fidpowal28 Blotlalfolwardpoglessigrasta tdie-r at her t han

nove directly upward B again he internal. surfa 16 of the fitting 10.

The di nensﬁob%és“%ge‘{lﬂéh‘agg%%z@  CXPRSion CARYy 4esé?g?§5l{eﬁé?‘@§5%1f§fon cavity 28
my be sel eet8tnaAgiabof He aibt QO dhidey tBE swaing @bcedd) characteristics of the
tube 12 and the fitting 10. The angle of the back wall 34 with respect to

the tube stop wall may al so be,selected as a.fungtion of t flow
characteristics of tzlﬁg e’tq%lﬁ%loﬁﬁacvétyiz Imcitﬁiﬁs ?‘h%p%ﬁ’c?b W§ﬁﬁhr?g‘f‘ﬁvetﬁlf£fhe fitting
10. The bagkiond) dnd3dbatioyallsel. ame lfEidedvmy2 éxteiis bbwns Hiadstopkil ZBoat an angl e

of b%%ween about 10 _and about 75 and, .in one enbodi nent at an angl e of
abouti®45. permit excess tube material to flow therein without creating excess axial stress on the

—t

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.



25 Figure 2 illustrates a corresponding nale (or ballnose) internal swage
fitting 40. The ballnose fitting 40 includes a nmain hollow body 42 and an
ext ernal waurtsiée 44 and an internal surface 46. The fittPayUS@/288Y 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 WD 02/ 2516 IWRETonInQhis 288k ce t\i\iﬁétr&@rﬁnﬂBuihlagoﬂ)etﬁzééﬁﬁé?ﬂttihg Figures 2

and 3, the d of .the fittjng.40 has a tube recei elon 48 and a
t ube conneé&ﬁ@y éegﬁe‘(‘)‘ﬂ“%regf"t“‘# sa%fjﬁnﬁﬁcﬁﬁrfeéﬂonlieﬁ’gf‘%(ﬁh gﬂ?“ﬁ& 42 of the
fitting 40thapthe Bousdig @ c&f&}h@@ﬁla@h@mapaé bMechtané collo@MBhn, HoWev&l gler to
provide structural .reinforcement to the fitting 40 in the tube connection 5

regi on 50, 95deT oREVigfedrugug F%@PUP@F“W%@W&W“%“O 1T ihe 19 (ARAERUAR region 45 is

of greater regidﬂ'%kﬁﬁﬁ:ﬁldte@@%khﬁalrr mefhe%fruétt}l‘il W8loh 45hd Giesses of the
body 42 to provide hex | ats of the fitting 40 to tighten or | oosen the

fitting onfhéP@EﬂﬁéhaafﬂtlQelientaWéelqutﬂﬂq vig! hrknesses o Eerbodvdgedprovidahexube. The
nternal sgidaee ﬁﬁm%mfott!;aéﬁte&f)ﬁr 160N R 5&9@%& i ﬁéﬁngégh&s“ ng 10 40

includes a p ura y arrange oup rooves Spaced apart
axially b?eeaSWagﬂdthatubEhe t ube connection region 50 further |ncI udes a
radially arranged expansion cavity 26 and a tube stop wall 28. The tube

stop vall 28 bl ocks fgifed) o RLAET AN lanfodddR el REciHARAH, | N ¢ he

fitting 40. The expansion cavity 26 esta fes adocat o excess
mat erfilal of0 inlndes dydutabityf df oadiallyrarmggeadireuglinggronyed 52 maoﬂwgrt aﬂ‘lhﬁy expansi on

caviiy, 20 PEESe, o 6B Ly RIEll, Burd SO bl 501 %2, ond
excess t u_b@(p_raam'«ar gazity £@ axlid Dbt ktep eiall 26 'ﬂ“}mmbe qopmall 0§ bexkefosvari al st ress
O e oL oR A B R aR AR B BB BB 1oL 24 L
36 rather ¢dublisheeudoddiisefh bycesmaenhl ofghaititkito Flb® dufthgthealvagiug f ace 16 of the
fitt i1%g 40pr0;|'£§ di mensi ons of the grooves 22, the
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 tubes in a

30 manner shown in Figure 4. A first tube 52 is inserted into the tube-receiving region

-6-



| and 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 angl e of
the back w@b228341with respect to the tube stop wall 28 nRgT/AR&IRSRE
selected as a function of the flow 25 characteristics of the tube materi al
and the hoop strength of the fitting 40. The back wall 34 may be angl ed

avay from {diertad Rpulaittin ﬁo.aﬁis@&eaw{owaﬂfm@%mgmmnqebfm fitgipdiabout 75
and, in one enbodi nent at an angl e of about 45. en two tubes are to be

coupl ed  t oEt HepmeningonRalgh Hyhprstesss A terend tpeg 14 énseried infegha bend t he
bal I nose fi.tiil N Ao ordhd HMPGH g &), af isAtediQ oRard tHORSe 5idp #1130 manner

i
shown in Figure”4.” A first tube 52 i's inserted into the tube-receiving
regi on - 628/ thefinmg 49 updi! wses ipggdart wit thet surfaee. f Brerfiftieg 19 stheng 10. It is
directed t s he 1 . fd 1t until it cones in
cont atgt Wi eﬂglﬁtoglbertﬂgegseﬁnﬁggég@glﬁ%lgﬁtsj‘gg eg ﬁﬁogh‘%gﬁlg%% %%n% nto the tube-
recei vi ng ceyemivndldwaging netlivds.| Hos@nféntibnal gvaging methpds niay meludeltheowar d t he

tube stop wall. 28 of the fittin O until Jt comes i . ct with that
surface. THE Flt%tﬁrﬁéo%é SYV%getqﬁérl?gad erss\‘f\vlgéee%ildonﬁ%ngretl nesellttet%geit%@eaand the fitting
40 swaged fnihg/titeeombiratiadandstmgvedapol estiipletival of siwasyiaping pedchsds. The
conventional swagi ng nethods nmay include the wuse of either a roller swage

or a bl adder swage d ndrel inserted into the. fitti . nmbi nati on
and renoved upon coﬁgﬁeéﬁ%ﬁ 1§Fm(li1%(zargvs\g%vimnlélFg@é%gé%;dj%%ﬂ%{l |t§§§910 and 40
are sfigown adotier gtioto dwhgingdioneee the edspedtion tubes amiefittidgd meaydielsenggt i or to

swagi ng. However, the respective tubes and fi.ttings,my be swaged apart
from one afRSFHEM B?Fclar’toﬂ@ﬁg’lfjrt ﬂb‘?‘f?ug%ﬁf"éo SUTHHFRE W (WY‘?%&B%QH hot her pri or

to final ags@ibhyembly. Bidan besee &at thoafalltificknasdel of te abeessarl 5afard he tubes 52
and 54 are _substantially uni fg%r m and str ai grgé {x),ri.or to swagb;%qr% The
swagi ng pr Sbegatiallysndprmand §iigight rifr &0 8vaging, Jo€ SYRENG PSESSS14§ ort in the

vicinity ofy fib§e ! QRAYRIh2RbaNE dfshdet id et RAREI AR SoWek222Rd a8d a portion of
the tube material to flow into those regions. The  design of those regions
of tH& i nt expaasion ¢avity A6 end oprerten glUhafube waterial to flow inierthese at8ions. Thtose

regions togfd AVheials@repitink BPINE il AGHIQR 101h2YhNRY BEYE £AGESH axial stress

on the
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 dfawn 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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fittings. In addition, the stop 28 halts further inward novenent of the
tubes. Figure 5 illustrates one enbodi nent of the joining together of two
20 tubes vowyezdewi th the internal swage fittings of the pPeBp®Re1/288Went i on.
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 fiTheiimgmilGwage fittiagedhovn asdddsaribbed indltédingathber rul e enteri ng
mati ng surface.62 of e fitti 40..The, nut 56 .i s e i ened onto the
TTLthng 400 Prion ooty hg Crble kb renbaa P esd e r e ElbSuce o 5
ferr gl6e_ Ca@tt]ﬁmﬁplg@gg eﬁdbssa-frehabdm]g fdroeiyn thﬁsOei fﬁtTiﬁﬁsabEﬂmbrgaxpmﬁonfdaai@g?s_ 66 asht he
nut is  threaded ontq the fitting.40. e thr ing actign fixes the two
fittings tBgempmation ith e A e Sﬁ%kén%ﬁn@ggmm% €i%n shown in
Figurg 5, {MgideyR6ksd Beddksoffe A6 Bng&eEdtiBd ¥nd ReRIFQE, dofgRtEheEoIRe that fluid
may pass between the two. It is to be noted that an alternative enbodi nent
of the bal inpbeaionjapd rempvalptepgeresdimydd. as a terni nati on 30 of the tube 54
wi t hout coupling to another tube. -7 WO 02/25161 PCT/US01/ 28817 The
internal swage fittiThggo2p8 haa,rm%celi%&aﬂi%%ue&ﬁltuqﬂ@g/a%&ﬁmﬁ Pangeon cavity
26 enabl e reliable swaging of tubing of rélatively high ductility w thout
pl aci ng ex%péglf}p@@bademﬁmsPgﬂlé@reéﬁlttlrrv@%@mhaw besgslescribied payill bepp@iditon cavity
26 in conyipakisefledvnie ﬁxbﬁlaﬂaﬂgu%ﬁb{!gﬁga@ioﬁé IhBRALE Be FHAGE Walcn Of the tube
during the 5 swagli ng process. Setbacks are no |onger required and,

t her é%or e, depefting fromaihel spiot andrscopgmbitiedareantion asrgiinedvipviag apperdsd clims.
elimnated. The foregoing has described an inproved internal swage fitting.
Wil e specific enbodinments of the present invention have been descri bed,

it wll be apparent to those skilled in the art that various nodifications
thereto can be made w thout 10 departing fromthe spirit and scope of the

i nvention as defined in the appended clains. -8 WO 02/25161 PCT/ US01/ 28817
VWHAT IS CLAIMED | S:




1. An internal swage fitting (10,40) for swaged attachnent to a tube
having a termnation end, the fitting conprising: a hollow cylindrical body
(12, 42) heoomesian internal surface (16,46) and 5 an ext ePOBUSGUASRECE
(14,44), a tube receiving region (18,48) and a tube connection region
(20,50), wherein said internal surface (16,46) of said body (12,42) in
sai d tube cU/HeTIS @LAIMBDAS: (20, 50) includes one or nore grooves (22) and
an expansion cavity (26) for receiving excess material of the tube during

Th fitti , of claiml1l wherein said tube
go?\\rll\gglt |n gnpr?gglsfm (2‘%’? %e} $lusr“|(ar9§’|rf%|%}9£€1§d®8}%[ St“‘(ﬂg’@%ﬁt@ﬁhmp{m(am) adj acent
to said expiediavingcatdrininaliah lendyhe fieting ddm?pglsﬁfgm n?tl 03 enflhof thedtﬁbfaI

but d tub e tube |s aced within sai ol | ow
2y|u| ﬁdf?lcal gogya l%gl?tfvsi\é\ﬁwg)'lga%?odwzﬁ]ﬂ%{hqvw ‘E'l@tefg?' Brrfase 1 6f9) afkrei n sai d
expansison CQN'ektérr(a?@hrfaté\ﬁMlﬂgsa ﬁfbe%%u%b'reénéﬁh@lé% A%udd om sai d tube
sai

stop wall (28) away from one_or nore grooves § at an angle. 20 4.

The fitting®? ft?ctl@) region: (28,%4) BW{W@Fer %?raaww@ed 6.48) of saidibogdy | (34)

with respec t eataq.H d about
750. 25 g 1the43%‘ ?I?tblglgéw?@ﬁﬁr%nww %)O 5(a/ner el n sail angellgr B¥*sai d end

wal | (34) (92 Bnd @sgepension §avlty (Qﬁb@rsqqepnmmexce@asr)atesalamﬂmtubao 6. The
fitting uod@??g %%\ﬁvggﬁgrp rGcadaer ein said expansion cavity (26) includes an

entry side a curved wall (32) between said entry 30 sidewal |
(30) dfd said back wal | (34). 9 WD 02/25161 PCT/ US01/ 28817

2. The fitting (10,40) of claim 1 wherein said tube connection
region (20,50) further includes a tube stop wall (28) adjacent to said
expansion cavity (26), wherein the termination end of the tube abuts said tube
stop wall (28) when the tube is placed within said hollow cylindrical body

15 (12,42).

3. The fitting (10,40) of claim 2 wherein said expansion cavity (26)
includes an end wall (34) extending from said tube stop wall (28) away from
said one or more grooves (22) at an angle.

20
4. The fitting (10,40) of claim 3 wherein said angle of said end wall
(34) with respect to said tube stop wall (28) is between about 10° and about
75°.
25 5. The fitting (10,40) of claim 4 wherein said angle of said end wall

(34) with respect to said tube stop wall (28) is about 45°.

6. The fitting (10,40) of claim 3 wherein said expansion cavity (26)
includes an entry sidewall (30) and a curved wall (32) between said entry
30 sidewall (30) and said back wall (34).



7. The fitting (10,40) of claim®6 wherein said entry sidewall (30), said
curved wall (32), and said back wall (34) define a curved fill region (36).
8. The fiwobuegs1610, 40) of claim 1l wherein said one or norRCTHUS@V2E17 5 (22)
of said internal surface (16,46) are radially aligned within said holl ow
body (12,42). 9. An internal swaging fitting conbination for coupling

together a firsg tubme(hiflg AOUG of BGANE WHEREIN(S2AD enty SUB@SIH(FaYt achent ,
wherein each 10 tube includes a term nation end, the fitting conbination
conpri si ng: S&d rervedwalk(Ee).iang seicohadkavallig4 hdefine aauvedifil degien(38ody (12)
with an internal surface (16) and an external surface (14), a tube
receiving region (18) for receiving the first tube (52) and a tube
connection regi dh (20Ye filling di0r0) ohrlain Atvdratein seig erer OB grobvesai d body
(12) imr sai ; j | 181 0ne: re grooves
(22) aBd an 2 St AORE! Lface 33098 pieechy el LA EHaIBRL 3 *The
first tube k&R (1d442)ng a swagi ng process and wherein said external surface
(14) includes a ballnose fitting receiving mating surface (60); a ball nose
fitting (40) having a hollow cylindrical body (42) with an 20 internal
surface (46) and.an etiatenadl swalgfr@cfatir(gdébmbigaﬂimbﬁarbeu;ain\gitogeth@rgé ?n §48)

for receivipng,the cond tube (.54 datu onnection regio 50),
wherein saliat B AT GR PP (S SurdrEalgPimy. GRe it dal | nbse
fitting (40mbbmwc$tajséatemlama@i@n@a@,tth@mittrrggddmbmﬁ% domgdrisftRg one or nore
grooves (22) and én ex&gnsi on cavity (ZH) for receivi %xcess mat eri al of
the second tube g ®iyle BiEng (1Q) hgving S Rjioneyipgricat Bogw e sai d ext er nal
surface (44htdragilsustage #6) Rl &témhrémc@rm%arm&é F&ewdn.%g%n(@ay , and a
nut (56) for coupling said ferrule fitting (10) and said ballnose fitting
(40) toget hior recghdingeihe fissl tabe (R2) @pg)a tuhe Icaarectionregian (0% whewdupl i ng to

said exteraghiRahbrShdaePdr Sl bdRAbNRSSId bl AnEARD redBn (20)
15 includes one or more grooves (22) and an expansion cavity (26) for receiving
excess material of the first tube (52) during a swaging process and wherein
said external surface (14) includes a ballnose fitting receiving mating surface
(60);
a ballnose fitting (40) having a hollow cylindrical body (42) with an
20 internal surface (46) and an external surface (44), a tube receiving region (48)
for receiving the second tube (54) and a tube connection region (50), wherein
said internal surface (46) of said body (42) of said ballnose fitting (40) in said
tube connection region (50) includes one or more grooves (22) and an
expansion cavity (26) for receiving excess material of the second tube (54)
25 during a swaging process and wherein said external surface (44) includes a
ferrule fitting entry mating surface (62); and
a nut (56) for coupling said ferrule fitting (10) and said ballnose fitting
(40) together, wherein said nut (56) includes threading for coupling to said
external surface (44) of said ballnose fitting (40).
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