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1- - METHOD AND APPARATUS FOR HYDRO FORM NGPCT/US95/04645
THll\H/\ALLEB‘\RBﬁRBFECES ~ Field of the Invention 5 Thi.s:

i nvention relates to hydro-formng tubing into a desired external
configuration, in particular, to a met hod and apparatus for

hydr o-form ng snal I--t ubi ng t hat is suitabte for mass production.

10 Background- of the Invention ' It _is _known_in the prior art
~to hydro-form tubing or ~ METHOD AND ARQTU RQ=-F §G

e.._t.. 1Y LR _L_‘.‘ A deSI red

ext er nal ' conflguratlon I n-g HENfEAImEBIWOﬂEE IEcEst he tublng or 15
container 1is Q3 d a d|et Q@ylng an internal '
configuration t he external configuration
of the tubing or contalner to be forned. - The inner surface of the

die mates witly and abUbﬁlégah%htlon re]!ah?eé’uﬁgrh§&'f$-a§@nﬁ’inéh€u99ﬁg 3R +ef

the tubing or the container to be forned therehy secur

the tubing’ rd%%h"f%ﬁ nEXEER DB, cRONL EIYF R FLQN o 41 oE%?EHc%{ﬁaF he tf%nér

surface of the comethaar anad a@iparlam_ efbrrlydiepforiing  small ceubgagorHato
-the desired external conf% ?t'oﬂagg'bggducﬁidn tubing or container. In

this way, the |nné? §4+F2

10 Backgrou of e Inventi

It is known in the prior art to hydro-form tubing or
thin walled ' containers into a desired external
cbnfiguration. In the prior art methods the tubing or

- 15 - container. is. endeSed 'in a die-'having an internal
configuration that corresponds. to  the, external
configuration of the tubing or container to be formed.
The inner surface of the die mates with and abuts against
the outer surface of the portion of the tubing or the

20 container to be formed thereby securely holding the tubing
or container in-place;' Cavities are located in the inner
surface of the container and are located and shaped to
-gcorrespond to the des1red external conflguratlon of the

- -tubing or container. In this way, the inner surface of

.25 . the d1e supports the tubing or container where there is to
be no forming of the wall(s) of the tublng or container,

and the portions of the wall(s) that are to be deformed
overlie the cavities and are unsupported by the die. _
_ When pressurized hydraulic fluid is applied to the
30 interior of #he tubing or container, the pressurized'fluid
| : presses'against the interior surface of the wall(s) of the
tubing or container and the unsupported portions of the
wall(s) are deformed outward into the cavities. Thus the



25 the die supports the tubing or container where there is to - be no
form ng'“qF £ sl | (s) of the tubing or container, PC/MUS93/0a84500r t i ONsS
of the\Ma?%s?7that are to be deforned - - overlie the cavities and are
unsupported by the die. ' When pressurized hydraulic fluid is
applied to the 30 interior of the tubing or container, the pressurized -
fluid . - presses against the interi-or suf4ace of the wall(s) of the

t ubi ng or container and the . unsu rted rtions of .the - ..wall(s):.are
def or med outwaﬂﬁkkﬁﬁit?ﬁﬁcgﬁngﬁgg'q%uggFh@ressurﬁﬁﬁ%ﬁfkg¥§51ntg the
PCT/ US95/ 04645 desired configuratidn.” - -wall(s) are deforned by the
pressurized fluid i Lo then 3 ap ' fd 4 _ : e
prior art method of &g‘ugbgipﬁiﬂrheaqgc?yseg‘@gf wﬁl}ﬁ}{ﬁ (P}eo pt%eesslunz{ze'%refagr
of the tubing, fikddenke &he htnterror @fi nkher SURANG /i nthra@ndmdogedhad

fl ui-ld _tighﬁ 3Ytu|b_ingf-|hﬁ_fger§e1%neiﬂ)f pice) ]?aaha_séuggay ﬁbﬂﬂaeltTih&&E el hf or
suppl yi ng hydrauli:c fluid to the.i.nterior of the tubing. i.s nef ho
requires a ti gﬁ‘PlFlFFsbet%nc’% h-ghﬁ;?l&’dé}ass afid SuPPly t%ac&?w nhREedBsitext i ng

careful insert isuppdﬁrihlgehlyd_l_mh:erlic Jﬂumdlttpttme di_.m_:e:ibnbb'lﬁgtheAtmiiaig!-.v'el y
| arge amount o etRud @&dug_rféé.“éﬂ_éfg SPi £ eguLLEe 'nt'e'n%; hblvgggﬁtu%“g

- before t?giflgig'can be pressurized to deformthe tu
These two dr awbhek5ubdngi neFassitatdngdearetnd pnpsecsfion of hedders.
unsui t abl gof or iHB8S thePdatdi oF tubing. ABelgtiPelyr 1drgdeihegnet bempt s
to.aIIeV|ate tRf;draulic fluid is also required to £ill the tubing before
the fluid can be pressurized to deform the tubing wall. ‘
These two drawbacks considerably slow down the process
. making it unsuitéble for mass production.-f
15 Another prior art method attempts to alleviate the
need to £ill the tubing with fluid of the above prior art
method by inserting an hydraqlic flﬁid filled probe or
needle that has a fluid supply;paSs&ge therein into the
tubing or container. Holes are arranged in the sides of
20 the needie'to supply pressurized fluid. directly to the
| portions of the wall(s) to be deformed when the needle is
fully inserted into the tubing. According to this method,
O-rings are mounted on the needle adjacent either side of
each opening sealing the fluid in the area immediately
25 . around the opeéning and the portion of the tubing to be
o deformed. S S : . _
This arrangement eliminates the need to fill the
. entire tube or container with pres_surized fluid. = The
- fluid is supplied directly to the portions of the wall to
'-30' be deformed and is_séaled'in a very Small space around the
portions to be deformed by the O-rings. Therefore, a
pulse of pressurized fluid is sufficient to defbrm the
.wall(s) of the tubing or container saving the time



need to fill the t ubi ng mnth fluid of the above prior art et hod by
i nsérting yigodnsgysaul ic fluid filled probe or - needl e PREAUSHHM6SS f | uid
supply passage therein into the - tubing or container. Holes are '
arranged in.the sides of 20 the needle to supply pressurized fluid
directly to the . portions of the wall(s) ;to be defornmed when the
needle is fuFfy inserted into tthe tubi rTé" According to thi s nmet hod,

open by seal i g FREEFERIEPHEER e ABsHha uidf e SRearsy spetiting ug
and the portion thet hetuali dgfiormadion prqn§3ﬁrmﬂself- The priprsart is
~arrangement el i ”hget sgp&hi%?%&edttooﬂﬁﬂae&?e tubmgerwiﬁﬁ iHQfEerd‘iQEﬂe%leQEr

with pressurized 'S sugg d direct _
portions of the @&l pStditbde B8 BcFBr REILGHE i sTEeaPEdr AT 9€Fy“§ﬁ&klthe
space aroulndst h?needle a&e&:ldasfif ztéa\b@eaie%ﬁr msbysebelfenr iatgsthe foer efiage,
a pul se of .pre surlze [

wal | (s)- of the ?’E (ﬁﬁ”gjeﬁg?n;sggl &}g%? Eg??efg B W@Sfﬁ??ﬁmn
PCT/ US95/ 04645 stresses and the hydraulically inducegl stressesr dyriingdthe
fill the tubing %HMJF P&.io%e@tly apesdivha Uy rlngshﬁz%Ct\l'@iné@éﬂ’Iémtbon

process itself. art 1s . hot egp I cablg to mniature tubing

wi th inside dlanﬁﬁEig wear igs preduction fus ta wAriakle syrfage apalitye
used, the 16 negdkRemttibibg riglictsl surfacésanacthepeatisd ehe Opractgcal

Iocations r?”der'”ﬁléﬁ gf %inéfﬁé'8r98££1£8 “8ﬁer{ﬁ§g in these miniature
sizes which will tolerate the forming pressure required.
If the needle is forced into the tubing with no "O" rings
. as an interference  £it, the resulting stresses in the
15 needle will in most cases cause the needle to buckle as an
overloaded column and break. '
Summa the Invention
The present invention solves the above problems by o
providing a needle for insertion into small tubing to
20 supply pressurized hydraulic fluid through holes in the .
side of the needle to the pertions of the tubing wall to
be deformed} - The needle according to the present
inventien has;nd O-rings thereon and is sized to allow a
sufficient clearance between the needle and the tubing to
25 facilitate ease of insertion of the needle into the
| -tubing, greatly enhancing the speed and reliability of the
process thereby making it suitable for mass production.
At the same tlme, the clearance is small enough that the
o pressure~drop_along the outside of the needle between the
30 tubing and the needle is sufficient to maintain the
| pressure of the'fluid; at the portions of the tubing wall
| to be deformed, high enough to deform the tubing wall and



stresses and the hydraulically induced stresses duri ng the | 'form"ng }

process hﬁ%égﬁthe "0" rings are vulnerable to I ap paTAS 004645
product|6 to variable surface quality 10 of the tubing inside
surface and there is the practical probl em of finding or maki-ng "0"
rings in these mniature si zes which wi'lll tolerate the formng
pressure required: - If the needle is fofced into the t ubi ng mnth no
"0" rings as an interference fit,, the.resultin stresses in th
needle will in BPsPreyess &nYsSUBRFantial 1e2kagr STadlyid th ro'e%rtaaded
colum and br eaklearanceSummary of the Inventlon-w ' The present

i nvention sol ves the, abov [O r VI Hl eedl e for
“-insertion into smal IA?ﬁ%}"ﬁ‘b&?oq‘g supp nyeﬁlr esoglurl ze%%yglsauPFSVf‘flﬁfld _
thr ough hol es ipre¢mss of hydnee-firning mesdiape featansdinteng wallheftami ng
val | 5 b&@é Oémgnsu?@e:n@e@eié_ Ss @f:cgteiﬁéﬂag 40gikEe" sﬂfféeatof
|nvent|on has no rin her and i s sjzed flcient

cl earance bet wdeitt Hehke AFRHRE ¢ 1 (SHFHRF S0 sl‘gpeqlaci;ol t%?%sﬁ%ﬁlﬁ
insertion of thsortespend nte tilenegatlvterregz.egre:m | yhenhsaTl ngrithe ﬁlp@ed'

"~ and rellablllty of PLOL th NG+l I abl e for
.producti on. fe %lp? h%og%er% %Q&@éf heié gg’%gﬁlée %sl%lri%fé ?‘F%? ¥he
pressure drop aevnice e iRaesitia second suzdrcehofubbe vadl, mpesbtag‘-Md

the needl §¢ i s @ddi GuidiHade), menaawcehsem sieéasaﬂaesﬂép&&e:é'a&ﬂn@t

the portions of the tubin [ enough to deform
t he »P ubi ng wal 2 Fhp aranceq Wai\en so . W@EF%@ gg ween theg devriceg and the

PCT/ US95/ 04645 second surface, the clearance being small enough to, by ‘ '
itself, to provide a pressure dr'op in the clearance

-~ sufficient to ma:.ntaln the pressure 'of the fluid, at the
‘15 portions of the wall to be deformed high encugh to deform
the wall dur:.ng the hydro-form:.ng ; and ‘applying fluid
pressure through the device to hydro-form the feature. .

Also accord:.ng to the invention there is prov:.ded a

‘method for hydro-forming a: wall of a workp:.ece, ‘the wall

20 hav:.ng first .and second’ opposed faces, comprising the
steps of supporting the first face of the wall against a

work supporting. surface have ‘at  least one cavity

configured to define a desired feature of the wall;

- placing a hollow member adjacent the 'second face of the
25 wall,. the hollow ‘member hav:.ng at least ‘one opem.ng
therein- to ‘Supply fluid from 1ns.1de the member to the
workpiece adjacent the cavity; applying a fluid _through.

the opening under sufficient pressure and for a sufficient
period; to the second face of the we‘li to hydro-form the

30 desired feature, against the cavity, in the wall of the
workpiece; and ma:l.ntainlng a clearance. between the member

Tand. the second face of the wall, the clearance being sized

to provide a sufficient pressure drop sufficient to




24- to prevent any substantial |eakage of fluid through the
cl ear ancefwﬂgﬁ”ws According to the -invention there | PCEUSRIMNEE a
y

process o ro-formng a shape feature into a wall of an 5 object
conprising the steps of placing a first surface of the wall against
a surface shaped to substantially cor#espond to a negative relief
of the wall with the feature forned ther | ocating a fluid pressure

| d f > yal ' 0]
UYL A e R U 25, Ba1A Bl LA U
cl ear ance, when s:t.allbd'a:t be, deﬁpmed.thegbeenev}g&n@o td@form tl'!ﬁed@rﬂd- ﬂmzame

the clearance beigig S{fddo-HMHihd bf bhe feaths®e! &nﬂe Qaemei%a%ﬂgee%w

drop in the clearance sufficlent to %BI ntain pressure of
fluid, at the 15RAIqmANE ofndhdepaval o© %Fé?oPﬁEBerhufg% éHSugFF% & m
the wal | durisng tad@jdvetioy.fornming; and applying fluid - - pressure through

the device to hydro-fqnm e%eccfog_%tl'{{%%% the i n}_rlé)géfo CER&QQ”QS\N%FPQ?_Ped a

‘invention. there S pI’OVI ormn
wor kpi ece, the wgHocESs Ko¥i hgdran@acaﬂdySmnspswéwdmee@ tadbipg dinte

t he steps ofy SgBoEbd “%ﬂa‘iﬁ fi esmpkacang’ the %épsagafn&sr@udm war K
supporting surface “have _at .l easf ne , cavit configured to defl ne

a desired featur §egmenked, forning dis hayipg Eho%/?’fﬁv siredr tdoFrgceive; ped
second face 10f tfs&pi%rtv\whle tdﬂim:jna&iﬂw anneatrigainngtatl dststona@cendenifng

therein to suppl fr Si r
adj acent the cav%’ ‘%'p g a ﬁ%& hlfhrozg?]{ {&%E s8h ﬁ%%g%?ndél?e bore
~sufficient pr essmfa-gurﬁdr to defing @ntdeSlr%Fbr-"rhﬁPe t"tp the formed fncthef

the wall to hydreuhanm,t NeroPia fifg! l£Unbealw Cneddfé NHav ity C@L\ﬁ' texteg'nh}ie
wal | of the wor kpirece: and, mal nt iu ning a cl earance betve

and the second f&damsternkbak is smallifra ﬁBeaBe?'ﬁE;eg‘i%ddlameFSerSvFHS
a sufficientspretabing diogresy f ithieenhetdle fits in the tubing with a

clearance, between an inner surface of the'tubing'and-an
outer'surface of;the needle, sufficiently small to provide -

a pressure drop, in the clearance, sufficient to maintain

the pressure of the fluid, at the portions of the wall to

20 - be deformed, high enough to deform the wail, dﬁring said

| forming, while being sufficiently large to facilitate

insertion and removal of the needle, the needle defining
‘an opening to allow application of fluid under preesure '

_ from ihside_the-needle-to the inner surface of the tubing
25 adjacent the cavity; positioning the tubing within the

| die; inserting the needle into the tubing; applying

sufficient pressure 'tq fluid  in the needle for a
sufficient duration to apply pressure through the opening '

" to deform the tubing intb the cavity to form the desired

30. ehape, and removing the needle from the tubing and

removing the tubing from the segmented die.
Also according to the lnventlon there is prov1ded an
apparatus for hy_dro-for_m.ng a wprkp:_.ece ‘having a wall



PCT/ US95/ 04645 WD 95/ 29775 -5- .

mai nt ai Bg,z pLessure of the fluid, at the portions of tﬂﬁm595/0464§\ﬁ|| to
*(%h enough to deformthe wall during - t he hydro-form ng

of the feature while facilitating said pl acement and renoval of the

be defor

nmenber to and

from said 5 adjacency.

I nvention there 3 provided a process-$or hydraullcally form ng
cylindrical tubing into a desired shape, conprising the steps of -
definaghdii e%F-lf%F @Rg 8PECRYy PREOFEHoSUTHasas + FComRRl SAnGnd

10 support the tdid Mavidd £ PRtéyion sizéeaahdoeﬁapaa (ﬁo receivdi@mpre

providing a

-and a cavity i
desi red shape

n.an i.nner. surf conf ed to. efl e

958 1o r FERPPR hg'ﬁf t?‘e"r?gbl ﬁ‘d’-’fﬁ?Sv.‘a Eha'?

a
e

Al so according to the

havi ng. an ext edm¥lerior havingt e&d wesesiss inuldrer inheanr asnurﬁaeenedhehenﬂet er

of the 154 tu%b&&%gﬁ%@%b¥ctESr?@@BbﬁdftBSa sifhﬁléﬁﬂﬁh&ﬁfahfbn of the

cl ear ance, between

I nner. surface_ of the t I.Ng an

surface of thevadddl @ fduid supRlYy nERRer 6‘3;’?16‘& @& opening rﬁ*’tﬂ?ﬁ}ﬁbtmop,

i'n the clear anee,los;ufzi:mﬂuaahateomabnt glaid from!ies DA€ Stne akbéPad lemied,

vl | dori ng saegond sifBace Be Yhe ofkriaclsaiaPinf SHE ppdany, e

facilitate
an openingqato @
"the needle to

I nner ace
tub1ng, at least adjacent the cav1ty, when the member is

in place in the tubing, the clearance belng small enough,

15

by 1tse1f, to prev1de a pressure "drop in the clearance
sufficient to maintain the pressure of the fluid, at the

the wall’ dur;ng the hydro-forming, the clearance, at the

' same time, being sufficient to facilitate 1nsertzon and

20

25

which:
- Figure 1 is a diagrammatic'cross-sectioﬁal'view cf a

removal of the needle to and from the tubing.
Brief Description the Drawing S
The invention will now be described, by way of

.example, with reference to the acccmpanylng drawzngs, in

hydro-fcrming ‘apparatus according to the invention with

the needle lnserted in the tubing before the tubing is

deformed; and _ _
Figure 2 is a diagrammatic cross-sectional view of an

' apparatus as in'Figﬁre 1 afterithegtuhing'is deformed.

30

Detailed Description o
An hydro-forming apparatus, accordlng to - the

invenﬁion, for hydro-forming tubing 1 into a desired
external conflguratlon is generally indicated as number_zs

‘membesebeilog dndertable L@fthhetnbenbeanﬁhbenmgdbdz@dfandng
hgsw 2R fﬁiw &f c&bukdnead%rewe«a%ﬁ% menmbet" QR4 BRk]®

g

‘portions of the wall to be deformed, high enough to deform .



25 adj acent the cavity, positioning the tubing within the di e;

I nserting spepdl e into the tubing; appl yi ng suf f PCT/uSHS/04@MSeSSUr e
to fluid in the needle for a sufficient duration to apply
pressure through the opening to deformthe tubing into the cavity to
formthe desired 30 shape; and renoving.the needle fromthe tubing and
renmovi ng the tubing fromthe segnented die. =7= Al so according to
the invention there is, provided an anratus L xdro formn

wor kpi ece having & ire 1. \\pl§sCagy Re "appreciated that the tub ng can

PCT/ US95/ 04645 have any shaped cross section desired, e.g ralaidHasnlire,
first and second f s, C I.ng | e Vi an
[ [ i Zed ’ %%%%ﬂg‘(} L{(r) rgggel veﬁggéﬁ'sg tl?esesl 7 sﬁggor IFhe‘:ff |trhset

“interior sized an
surface of the waldss-saetion of jthertwkinghay Harﬁce§9nshta$|han§th of

surface theregf the ¢MingUa8d %é%‘b&?ﬁomxﬂ %ea éi'ﬁsldsﬁéh i redid .0n aQf

"t he wall; a fl r havi ning.therein to
: a||OM/COﬁﬁunICatIHﬁ%§(¥${§ihfrgE¥&ﬁsCﬁFth a%a?ﬁ be congtruad . to
surface of the V\orihp:rlaae thpsecvariationsessThe hwdro—fomﬁng:ram:d‘a;:us 25,

I R Yy 1, SRS s

cl ear ance bet ween
‘cavity, when the FédBed ineedle 5nraqﬁeﬁx@¢¢ﬂ$rﬁptﬁbrngppﬂwanal@&E&suee to

being small g@oUgBhe f£luidbin' the! fneehqeora%vu@ﬁl%améas eaﬁ'r n the
cl earance sufficient to naintai he pressure of the fluid, at the

15 portions of the walFhe; dnkerderdy, -aGf gh3 eﬁguﬁﬁ%(ﬁ?ﬂﬁiﬁﬁﬁd die 10,11

defines a bore that is sized and shaped to recelve and
suppart the simple cylindrical. tubing 1 to be formed
) therein. The die is preferably a split die having two die
15 halves 10 and 11. However, it can be appreciated'thaﬁ the
‘die could be formed of multiple'parts so that it can be N
closed on thin walled containers or other thin walled
objects hav1nq a more complex three d1mens;ona1 shape than
" the tubing 1 shown in the Figures.

20 '~ cavities 16 and 17 are -located in. the interior
surface 13 of the die. The_size,-shape and configuration

~ of the Cavities-ls and 17 correspond to the desired size,
shape ahd configuration of the desired external surface 3

-of the tublng. Figure 1 shows two annular cavities 16,17

25 that czrcumvent the inner surface 13 of the die 10,11 for
| forming two annular outwardly,extendlng_concentrlc rlngs.
- or annuli (4a and 4b as shown in Figure 2) on the external
~surface 3 of the tubing 1. It can be appreciated that
_there can be any'number'of cavities having various sizes
'30 _ and conflguratlons dependlng on the des;red external

conflguratlon of the tubing 1.
-Figure 1 shows tubing 1 to be formed dlsposed in the

bore formed by the die halves 10,11. Where the tubing 1



the wall during the hydro-form ng, the clearance, at the same tinme, .
to facilitate insertion and rerqu;kymfsgglm‘meedl eto
i ng. Brief Description of the Draw ngs. The

now be described, by way of - exanpl e, W|th reference

bei.ng sw;é#éi'gt

and from

i nvention will

to the acconpanying draw ngs, in whi ch:- Fi gure 1 is a
di agrammati c cross-sectional view of a =8-hydr o-f orm ng appar at us
according to the invention with 25 the needle inserted in the tubing.

before the tubilsgno$ to be ééﬁéFﬁ‘ﬁé thgdouter surfaqy guf thes tabing 1 |

d; ?gra{rﬂatltcbcagsg\.ﬁef d lﬁ!\eoinﬁﬂfnall su%gaeleatlttss &® tReFhgqure bn
arter e upi n I'S or ne al SC I.on
han‘at:cgp(ﬁr %I?% tf‘%’é'n 1 QFn\m‘ltPﬁndeffSFm

hydr o- f or m ng

hydr o- f or.ming Eobmliggl emwnaldefaaimtes themedr, rthe cbubu.ggr at mnerlls.es

general ly |
PCT/ US95/

section desiregiugd!
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d /75 E '
24'596‘&391@§ ﬂﬁ”??raﬁa is uns\ﬁgp%'ilt%% . in Figure

1, It can be appredi aﬁ%’d‘-‘!‘haf‘eﬁﬁéet uBi rﬁ}‘%fanls fillﬁ‘évé”d-‘rfy bydprauldcoss
ppepérablyabel, is shoihi aAgpiguret §. 1nsb&:|éﬁw $gtol he

Tength of |t h?hég\”cfb?njg e Rt e, o Sahimadd SBhatar 30 20"

that plugs and seals the end of the needle 5. The
generally conical shape of the tip 20 facilitates

insertion of the needle 5 into the tubing 1. Openings 8a-

c and 9a-c extend through the side wall of the needle and
are located opposite the cavities 16 -and 17 when the
needle is inserted in the tub:.ng 1 as shown ‘in fJ.gure 1.

In this way, the opem.ngs 8a—c, 9a-c supply pressur:.zed-

fluid from within the needle 5. dlrectly to the inner
surface 2 of the tubing where the tub:.ng 1 ls to be

- . deformed..
In the draw:.nqs three openings 8a~c and 9a-c are

shown for each annulus 4a, and 4b to be -formed in the
tubing 1. . The number of openings -can vary from
application to -application. .However, the holes need to be
1arge' enough to freely transmit the pres’snre' pulse through
the opening to the inner surface of the’ ‘workpiece and the

-walls of the needle need to strong enough to endure many

cycles without break:.ng.
If there are too many holes around the c:.rcu:mference

of the needle, the needle will be weakened and will break '

after only a relat:.vely few cycles. on the other hand, if

the holes are too small or too few, the pressure drop from )

inside the needle to outside the needle will be too larg_e
and either the tubing will fail to be deformed or an
impractically large pulse of pressure will be required to

'



. .can be ' cl ose

used herein, "tube" or "tubing" shall be construed to i ncl ude these

vari ati oNgy ﬁ' J?]g/dro form ng apparatus 25, - I ncl udepcanusegoasss ed di e
30,11, a h ? ow hydraulic fluid - filled needle 5, and a neans 30 for
applylng pressure to 10 the fluid in the needle as indicated by arrow P
The internal surface 13 of the segnented die 10,11 defines a bore
that is sized and shaped to receive and -9support the sinple
.cylindrical tubing 1 to be forned therein. The die is preferably a

split die havi ngdefort che 18ibingves It kasl been Hownderthit two e four

appreciated thal yifige of a Wi £ hi% 126 Brl ChrUELLLBLE BE! It2r30 o HAng !

contal ners or er thin wa
obj ects having aimp ecG#ﬁLﬁH t hree di nensi onal shape than : t he tubing-
1 shown in the Figureshe né@dle 5 h&8Vanhi@steria Rrilametine dHaatied snia'll‘é&e

interior surfa 13.0f the.di Si shape, and onf| rati

of the cavitPes %é %hf7 @&ﬁﬁ&ﬁﬁnﬁ?ﬁqgg %é g@?igg 1°3 g § &
configuration ofishe SBalledlearennalTSbataeenSthe outet sherface mgothg&re
1 shows two annuhaadgav'awaestﬂ{ tinefS surl¥tice’ 1 CUEV ERE B{Rixﬁ‘ gEHihgCa

13 of the die 10 orm ng. two annul ar outwar |ng
concentric rlngscylindréFa&nmﬁHa?%a ﬁﬁﬁrﬁEeﬁgegﬁmM1|nTPPgw4@§5ranQhe7

ext ernal - - spatacgtatek the tublﬂgtheﬁﬁldﬁﬂbﬂktﬁﬂﬂﬁéﬁdﬁée§ iHeb the

conf 1 gurat1 SR SRRLRE: hePw al ot JHL & idertnisat Somagnt, Ratuernntar
the tubing 1. needle andithe eubinigwand Hy rd lowimgb&heoneedlei spofedelyp

t he bore f h [ alge 1, Where the tubing 1 WO
95/ 29775 8118 Difeband! Bubob¥oRubing BT/ Usos/ 04645

_ It has been discovered that sufficient clearance for
needle insertion can be provided with a clearance that is

15 small enough to ensure that the pressure of the fluid, at
~the portions of the wall to be deforhed; is high'enough to
deform the wall and to prevent any substantial leakage of-

- £fluid through the clearance 7. Thus the  clearance is
selectedasuch that the pressure drop along the cylindrical

20 space beéetween the tubing 1. and  the needle 5 is
sufficiently high to maintain the desired fluid pressure

in the clearance 7 when pressure is applied to fluid in

the needle to deform the tubing. The small degree of
leakage that does occur provides lubrlcatlon of the

- 25 system, further ea51ng insertion of the needle.

To hydro-form tubing with the apparatus described

above, first the die halves 10,11 are separated opening

_the die. The tubing 1 to be deformed is then positioned

~ between the die halves 10,11 and the die halves are closed
30 upon the tubing 1 securely'holding'and'supporting.the
tubing therebetween. Next, the fluid filled needle 5 is
inserted into the tubing 1 to the appropriate depth with

the opanings sa-c and 9a-c opposite the cavities 16,17.



- 8- s not to be defornmed the outer surface 3 of the tubing 1

is supported by the internal surface 13 of the die. other

hand, WW&Y29T8 tubing 1 is to be deforned, forn1n5cgy?%%ﬂgf features ¢
t hereon, the tubing 1 overlies 5 a cavity 16,17 and i s unsupported.

A hollow needle 5 that is filled with hydraulic - ' fluid, preferably
oil, is showm inFigure 1 inserted into = «jo-the tubing 1. The needle 5
has a generally conical tip 20 that plugs and seals the end of the.

needl e 5. Tha poOlsgereE gpregssuptzedl fhmpei.softheﬂﬂesdp'mie’w to the

facilitates seftioguaf & d t n|n 8a- .
c and 9a-c ext @ﬁ&dtl%r%gh tﬁ% m%"el&q? h%fai%]?%%egﬁgb'ig”&%% & p ﬁ' dg‘at ed |
opposite the caressgrizedafduir are vedl knownndaditdhie sartisandedrien rtd‘te -

Supply érgisﬁf.%cﬂbgag“‘&é [ Phel TESASUNGY pdli OBSN 89 et
|nnery 5 suPFgE8vuze P%eé%{ﬁﬁnvﬁ& é&féfbmi ubRfig¥ fils % BBey tubing

dﬁf or an h:.nto thencaiwé.tdlesvmlfugsnnng esnropbay ngSn%QaAla and 9% @rﬁltexe 20
t .
e number - opielghdl 8re288 30 de e LOLIRY 1 Jad Monown ini Pl b,

appl i cati on. ﬂéﬂégéf, the nredle ifFemeyed from the dadmeg the dieedisy

transnit the paﬁéﬁaaeaﬁaleﬁetaﬁauaa is remo¥@dORBmN&hle0 dilee | nner surface
of the vvorkpl ece ang ? i of theﬁeedl'e need to stron enough to -
endure nath ¥I‘§§YV\? h%’ﬁ?mB BakPREYLlium copper| Fupjpgehavdngodany

hol es around t baneir dimmeterceof - 0.7%fmibh2imeedre, (Cl.h‘BJneﬁ:dbh)vmand ban

kened and f '
weakened and. vbhleh’ &fineter off 00N A Vi Yod PLINILED caf" bl
from i nshydrehtormed| aceording e t Bee nprgsent |14nV@é1tmn m@ng a

pulse of pressure having a magm.tude of 1725 ‘bars (25,000
1’5 psi) and a duration of 50 m:.ll:.seconds. ~ However, it can
. be apprec:.ated that the magnitude and duration of the
pulse will depend upon the ma-ter:.a_l, shape and th;.ckness .
of the workp:.ece. - ' :
_ The provision of the clearance 7 and the conical t:.p
20 20 greatly facilitates the insertion of the needle 5 into
the tubing 1. Thus, the insertion of the needle, and
therefore the entire process, can ~be performed more
quickly than in the prior art devices 'an_d-.' method's.'
Therefore, the present invention is better suited"for mass
25 _ product:l.on with computer:l.zed equlpment than the prior art.
A complete cycle for producing two annular deformations,
as shown in the figures, in the beryllium copper tubing
de_ser_ibed above, has been carried out in 400 milliseconds
‘'on a semi~automatic apparatus, demonstrat‘ing the poﬁential
30 of the present method and a_pparatus' for mass _'production.



and either thetubing will fail to be deferned or f" i mpractically
. large puls ssure w II be requi red to* RN CT/US95/04645

PCT/ US95/ 0‘3’82"5’29;79 ‘ ST Qe .l-’ deformthe
tubing. It has beenfoundthat tvvotofour - holes of ;
are preferable to forma ring ~ ° in the tubing. dle5 '
has an external diameter that is smaller 5 +Xan the ”"w”mrmr ﬂ of
the tubing 1 so that there ... ~is a small clearance 7 betwean

surface 6 of the What gsecglaimmd &B& .inner surface 2 of the tubing *f or mi ng

a cylindrical space at W%EVW hy dro -Eiﬁ:m:.@i o e /feature into

facilitates the rapid rtion, of ne - tubing 1 by -
al lowing for a sl®g¥@LHi ggl ?Bnﬁ?ﬁ?c eFREEﬁ"FP'IEq {-_He ﬁg§BFe°§nd t-he tubi ng

and by allow ng the nepliaeihg drfidtst surfagie cf itheowadd aghiaktt absugfdce

(¢ N3 been diScoughsga fa e iiddp i1 P EBAMRP ko o neBSEIVE LOTEREISE

can be. provided wt ear ance nsur e
the pressure of t®eefvall wikh the fﬁét%¢tfme@fthﬁ§emvl to.be deforned,

is high enough to: 1&@5@1 t Be paadila Gﬁkiessﬁxﬁ ey@ﬁgu%\nuewaﬁ Hdjdtdent a
| eakage of- - fluid throu h t he-_cl ear anc Thu | earance is, .

sel ected such t hdt®$ pF'éggﬁFﬁ &fofF %ﬁhe"%@ﬁ’? %QF ng{ ertace,
between the tubthng ddvieemdbeihg siszedl andSshaped to sle‘ﬁ:urm emtd:yeam-a;ﬁce 0
mai ntain the gesiy lgé’nf 4l O RTUYE,E betwelh ! BReC! §3LFBES {ndhoPnl" S5t

Is applied to flul
_ surface, the clearance being small enough to, by itself,

provide a pressure drop in the clearance sufficient to
maintain the pressure of the fluid, at the portions of the
: ‘wall to be deformed hJ.gh enough to deform the wall during
15 the hydro-forming; and -
applyz.ng fluid pressure through the dev1ce to hydro—
form the feature. '

2. A process of hydro-forming according to claim 1 )
20 where:m the device and wall are moved laterally relative
to one another dur:Lng movement to and from the location of
. the device adjacent the wall and the clearance is
sufficient to fac:LlJ.tate such lateral movement.
25 3. A method for hydro-forming a wall of a workpiece,
the wall having first and second opposed faces, comprising
the steps of: _ ,_ S
(a) supporting the first face of the wall
against a work supporting surfacel have at .leas_t one cavity
30 configured to define a desired feature of the wall;
'_(b) - placing a hollow'_member adjacent the second
' face of the wall, the hollow member having at least one -

ii\\\\\\\\\\\i°



the needl e to deformthe tubing. 'The smal | degree of | eakage t hat

does des | ubrication  of the 25 system fur )
i nserti o%?ﬁ{pﬁe needl e. . _To hydro-formt PeRius Wﬁm us -

- descri bed - aboye, firsts &6 \hal ves 10, 11 ar t ed openi ng
the die. The tub‘i‘-ﬁg‘ 0 be’ de‘fm‘ﬂf‘reg is then posi ti GWWEIHIWiMﬂn the
di e hal ves 10, 11 Yn 'the di-e- fdl ves gire cl osea-30

secur el y hol di ng ahg=sspperti e t ubi ng t her ebet ween. Next “the -

~fluid fill ed neeBeRiBg| thereinnter suppillit §1uid fubmngnsitie the mepbepr itat e

depth with = $he QBERpDEEeBaa5adBAtI8ne URAtHLe the cavities 16, 17.
WO 95/ 29775 PCT/ US95/ 04645

-10- A pul se of pFE%su?PE%ﬁnguFdfllé‘lflhéﬁrgﬂﬁbl the epening under
needle 5. The saffbui;en’eapseéeureumwlf\graapehﬁeleflent perjm&SStlél Eﬁg

prossure purse oo Shadee nd Wl R Bare-ormShe neRTrRSaErerHTERC

pressure pu

>

wal | of the tumRdRinst thejeavit¥ie eavﬂlﬁesailér pfnghenwokrkpiecegs add and 4b

on the external su c upi FLQur
Finally, the ne %A S re(r%)\a/leqn%lgéaiﬂgn uglﬁg,eérﬁé‘:éhg&&é& the ge%b%ﬁ
and the tubing % eté’rf'b %F'Fﬁ e y§ll,’ theclgsrancebeine, Slzed

beryl | i um coppeto tg:tmmehsurﬂfgcé.ent presslmurver dgtopnBuerieieit 7€o hd {ntRL S

can be
be deformed, high enough to deform the wall dur:.ng the

hydro-fox_'mlng. of the feature while fac:le.tat.mg said_ q '.

placement and removal of ,the member to and from said
_ adjacency. | ' | B '
15 . . _

4. A process for hydraulically forming
cylindrical tubing into a desired shape, compr:.s:.ng the
steps of:

(a) providing a forming die having a bore sized

20 to receive and support the tubing with an- entry in at
least one end of the bore and a cav:.ty in an- 1nner surface
of the bore conf:.gured to defJ.ne a desired- shape to be
formed in the tubing; _ |

o (b) prov:.d:.ng a needle having an external

25 diameter that is smaller than an internal diameter of the
tubing whereby th_e.. needle fits in the tubing with a
clearance, between an inner surface of the tubing and an -

outer surface of the needle, sufficiently small to provide

a pressure drop, in the clearance, sufficient to maintain

30 the pressure of the. flu:.d at the portions of the wall to
be deformed, high enough to deform the wall, during- said
form:.ng, _wh_:.le being sufficiently 1large to facilitate
insertion and removal of the needle, the needle 'defi'ning-

_ .
This Sheet Has Been Re

W Illlll | Ill lill
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pul se of pressure having a magnitude of 1723 bars (25,000 15 psi) and a
duration |.i seconds. Howeves=-Ft=Can - - be appr&ingdosdsdsbat the
nagnltudquﬂig@%b%tlon of—Fﬁr'fT - pLilise- mndl depend‘upeﬁ~phe_nBL§£LEL__

shape and t hi ckness ‘oT'f mnwkplece rovi sion of the
cl earance 7 and the coni c ;18 _1,__1_:39_ =20-207 greatly facili ﬁf mﬂm on
of the needle 5 into “Tthe tubing 1. Thus13the |n ﬂw
needl e, and therefore the entire process, can be erforned nore ;
quickly than. in. aphépﬁ&ﬁﬂﬂ'tQuﬁl%EwlEEEllﬁﬁG1°ﬁeFﬁbd§ﬂid underecpstopere

the present invenkrgh inshaet ﬁhesﬂéédﬂlef €b gnesindér BuedHebi ep ‘ﬁhtahtubmg

conputeri zed equi nt t t he art. A conplete cycle fo
produci ng two anngachﬁg 'EﬂﬁtFﬁﬁ§£ as shown in the figures, |n the -
beryl | ium copper tubing = (c)deposibédnibgyehehtubhagnwizhinedtheuidiies; 400

mlliseconds on .a se ut pagat r ghla"
potenti al 305 of the prese t?ne?ﬁgékgﬁgaaEBgrgaﬁgggngﬂggsgh L E@ én.
1. A .process of hydro- forn1ﬁ§>a.%HabglﬂﬁaﬁH§§QQﬁﬂ¥Q1B%#$S%Ie &N(ﬁﬁuﬁﬁ in)

characterized by the we@@leOffor a sufficient duration to apply pressure
through the opening to deform the tubing into the cavity.
. to form the deSLred shape; and -
10 : : (f) removing the needle from the tublng and
' removing the tubing from the die.

5. A process ‘according to claim 4, compr151ng

facilitating insertion of the needle into ‘the tubing by

15 . means of a generally cone shaped plug seallngly located 1n-
an end of the needle to close the end. '

6. A process according to claim 4, wherein the
pressure has a magnltude of about 1750 bars (25, 000 psi)
20 and a duration of about 50 milliseconds.

, 7. A process according to claim 4, wherein the
‘die is a split die and the tubing is inserted into the.die :
.~ by placing the tubing between the die halves when they are
25 open and then closing the die upon the tubing; and _
the tubing is removed from the die by opening
the die halves and then removing the tubing from
therebetween. | :

30 8. . An apparatus for hydro-forming a-workpiecé
having a wall defined by first' and second opposed
surfaces, comprising: ' : '

placed

I
“\S\iii\e\i\\\\\\\\\\\\\\\\



placing a first surface (3) of the wall (1) against a support surface (13)
havi ng af one cavity (16, 17) therein sized and stm%ggg@““s
subst ant’ BP?’g’s’g% ¢

rrespond to a negative relief of the wat (L) —wth—the

feature (4a-;:;4b;_~£=crn®d~¢_trereﬂn ~providing a ppI y
device (5) ! hc’attlntngr-‘a2 f orfming $nurface (6); | oc ”ﬁmﬁ mgﬂw
supply - devhpe ( S¥ssmtithicsai d f-drm ng surfacel‘(-fi) ad) aceen \a urface.

(2) of the ‘wa“H"“fi)r““opp'omt'é the -first surface (3) such that sai d
forming surface (6) is sphcde Mahng| ansdaterion fatzed 2pnd; inhapedr bg

surface being Sfé@@lwélchn@ hﬂmltp sigipoit and @a&@tceu&)acewaentﬁe wees ed,

" between the devic éé% the second surface %ﬁ? S O en to an
external at nospgMRr We°’é| NE R (Y7685 g™ I“B'fﬁﬁlg'ﬂ'uf lF‘FE%‘Pf

provi de a presseortigwred ta kertiespandc &osaf Gesivatd conmhgutatmohhef the

 pressure ofgthe, J‘Hf g d, at the portions of the wall (1) to be deformed,

hi gh enoughto ormthe vvaII durln the hydro-formng;. and .
luid supply member, hav1ng an opening therein

to allow commun.t.cat:.on of fluid from inside the member to

- the second surface of the workpiece adjacent the recess,
the member being 1nsertable in the tubmg and be:.ng s:.zed

1b. and shaped to def:me a clearance between the member and
the tubing, at least adjacent the cav:.ty, when the member

is in place in the tubing, the clearance being small ‘ _

enough, by itself, to provide a pressure drop in the
o clearance sufficient to _maintain ‘the pressure of the
15  fluid, at the portions of the wall to be deformed, high
' enough to deform the wall during the hydro-forming, the
;clearance, at the same time, while being sufficient to
facilitate insertion and .r_e'moval of the needle to and from

the tubing.

9. An apparatus as in claim 8, wherein the
~member is a hollow needle with a ‘generally cone shaped:
plug s__eal_ing'ly located in an end thereof to close the end
. and facilitate insertion of the needle into the tubing.
25 - | _ .
'10.  An apparatus as in cla:Lm 8, where:.n the die
'1s a split die having at least two d:Le parts def:.ning the

cavity when closed .

30 - 11. '.An apparaﬁus as in clainm 8, comprising a
means_ for applying pressure, to fluid in the needle, of
sufficient magnitude and duration to deform the tubing
into the recess to hydro-form the desired configuration.

This Sheet
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~applying fluid pressure through the device (5), while maintaining
sai d spaciW@esg¥drsgmai ntai ni ng sai d cl earance (7) between tperusssnabs
-surface (6) and the second surface (2) open to said

- 11- at mosphere, to hydro-formthe feature (4a, 4b). 2.
A process of hydro-form ng according 1Z@2 claim 1 characterized in
that the device (5) and wall (1) are noved laterally relative to one .

~anot her during novenent to and fromthe |ocation of the device adjacent
.the wall and the clearance is "sufficient to facilitate such |ateral
novenent . 3. Anmethod f or hydro-formng a wall of a workpiece (1),
the wall having first (3) and second (2) opposed faces, characterized
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by the steps of: (a) supporting the first face (3) of the wall (1)
agai nst aygwebdersupporting surface (13) having at |east oRETANIPO464% 16, 17)
-configured to define a desired protruding feature (4a, 4b) on the first
surface (3) of the wall (1); (b) pl bng a hol | ow- menmber (5) adjacent
to and spaced from the second face (Z)Zg? the wall (1) defining a :
clearance (7) between the hollow nenber (5) and the second face (2) of
the wall (1) that is open to an external atnosphere, the hollow nenber
(5) having at | east one opening (8a, 8b, 8c, 9a, 9b, 9c) therein to supply
fluid frominside the nenber (5) to the workpiece (1) adjacent the cavity;
(c) applying a fluid through the opening (8a, 8b, 8c, 9a, 9b, 9c) under
sufficient pressure and for a sufficient period, to the second face (2) of
the wall (1) to hydro-formthe desired Leature (4a, 4b), against the

~cavity (16, 17), in the wall of the worgkpiece
J12- Pl_
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(Ll); .and (d) maintaining said clearance (7) betﬁgenﬂ'h? ?eéb (ll's645 ]

and the second face (2) of the wall open to said atnosphere, ¢the
¢l earance (7) being sized to provide sufficient pressure drop 27 NQ‘L ‘ggrﬁ
the pressure of the fluid, at the portions of the waH—te—be deforned,

hi gh enough to deformthe wall during the hydro- for of the feature
(4a, 4b) while faciTitating said pI acenent and rem)vqlmm, ijH ﬂ" 5) -

to and from sai d -adj acency. 4. . A process
formng cylindrical .tubing (1) into a desired shape, char acteri zed by the
steps of: ©"(a) providing a forming die (10, 11) having-a bore (13)

sized to.receive and support the tubing (1) with an entry in at |east one
1. A prccess of hydro-forming a shape feature into a wall of '
an.object_(1).characteriied by the.steps of: |
| placing a first surface (3) of the wall (1) against a'support
surface (i?)lhaving at least one cavity (16, i7) therein sized'and
shaped to substantially correspond to'a negative relief of the wall
(1) with the feature (4a, 4b) formed therein; |
providing a fluid pressure supply device (5) having a forming
surface (6); : |
_'locating said preSSure_supply device (5) ﬁith said.fcrming
surface (6) adjacent a-Second surface (2) of.the wall (1), opposite.
the first surface (3),_such'that said fOrmihg surface (6) is spaced
from said second surface (2), the forming surface being siéed and -
shaped to define a clearance (7), ﬁhen'so located, between the
~device (5) and the second surface (2) that is open to an external
atmosphere, the clearance (7) being small enough to, by 1tself
provide a pressure drop in the clearance sufficient to maihtain_the'
pressure of the fluid, at the portions of the wall (1) to be
deformed, high enough'to'deformlthe wall during the hydro-forming;
and _ | | | |
agplying fluid preseure' through -the device (5), while
maintaining said spacing;and.maintaining said ciearance'(?) between

the forming surface (6) and the second - surface (2) open to said

. =11-

£
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end .of the bore and a cavity (16, 17) in an inner sumceu$3)905/ﬂ1& éol#el5

conflgured to define a desw___pL(l_rng_ng_shape (4a 4b) to b270§
i di ng a

an -out er peripheral surface (3) of the tubi nf rov

needl e (5) having an extern amum lﬁm srral | er than an internal
di ameter of the tubing (1) a&mmn “I‘

e (5) fits in the tubing (1)
with a clearance (7), between® arf i“nnér surface (2) of the tubing and an
outer surface (6) of the needle (5), that is open to an external

at mosphegemaapheie,i ¢icehyldro-Foil the Heatule a(4a.estire drop, in the
cl earance (7), sufficient to maintain the pressure of the fluid, at the

portions of the. tubAngptdrests befdehpdnedfomghgenaugbrdmglefmmd:lmm 1
tubing, during said formng, while being sufficiently large to
faci|litacharacterized in that the device -(B- and wall (1) are moved
iaterally relative to one another during movement to and from the
location of the device adjacent the wall and the clearance is
sufficient to facilitate such lateral movement.
‘3. A method for I.xy'd'ro-forming a wall of a workpiece (1), the
~wall having f:_i.rst (3) and second (2) opposed faces, characterized
by the steps of: | | o
(a) supporting the first face (3) of the wall (1) against a
work sﬁpporting surface. (13) having at ieast one cavity (16, 17)
conflgured to def:.ne a des1red protrudlng feature (4a, 4b) on the '
first surface (3) of the wall (1), |
| (b) placing a hollow member (5) adjacent to and .spaced from
the second face (2) of the wali (_1) defining a clearance (7)
between the hollow memb‘er (5) and the second face (2) of the
‘wall (1) that is open to an ekternal atmosphere, the : hollow
member (5) 'ha'ving. at 'leasf. one opening (8a, 8b, 8c, 9&,‘ 9b, 9c)
therein to Supply fluid from inside the member (5) to the workpiece "
(1) adjacent the cav1ty, |
| (c) applying a fluid through the open:.ng (8a, 8b, 8c, 9a, 9b
‘9¢c) _ander sufficient pressure and for a sufficient period, to the

second face (2) of the wall (1) to hydro-form the desired feature

(4a, 4b), against the cavity (16, 17), in the wall of the workpiece

-12-
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i nsertion and rermval of the needle (5), the needle OEITW§ a9 50460#\@45
(8a, 8b, 8c, 9a, 9b, 9c) to allow application of fluid wunder S

pnsi de the needle (5) to the inner surface (2) of the tubing 257 ﬁﬂ?gégﬁﬁT
the cavity; c)—positioning the tubing (1) within the die (10, 11);
(d) inserting the ne m" tubing (1) forming said clearance
(7 (e) apply j @‘ \“mmn\ ssure to fluid in the needle (5) -for
a sufficient duratio @pplynprESsUre t hrough the opening (8a, 8b, 8c,

9a, 9b, 9q) Ibﬁﬂeformthe tubing (1) into the cavity (16, 17) to forn1the
desired dp ile maintaining said clearance (7) open to said

at mospheret 4 u&anlgn%,;alf,{%rgz}v#%&gﬁﬁgﬁd'<%)(Eht%@w the ihléﬂbaﬁ ((3) and

renovi ng A process
accordi Og&L8hA Afac%r‘ggwtf’f ! Eﬁg a1l agpkht &d ”Qaidsaﬂtﬂdﬁphﬁré hethe

- needl e ( Into the t
- clearance (7) being s1zed to provide sufficient pressure drop to

maintain the pressure of the £luid, at the portions of the wall to
‘be deformed, high enough to deform the wall during the hydro- ”
forming of the feature'(4a, 4b) while facilitating said plaoement
aud removal of the member (5) to and from said adjacency.
4; A process for hydreulieally forming cylindrical
tubing (1) into a desired shape, characterized by the steps of:
. (e)_providing a forming die (10; 11) having a bore (13) sized
‘to receive and support the tubiné (1) with an entry in at least one
- end of the bore and a cavity (16, 17) in an inner surface (13) ofd
.- the bore qonfigured to define a desired protruding shape (4a, 4b)'
to be formed in an outer peripheral surface (3) of the tubing (1) ;
_(b) prov1d1ng a needle (5) hav1ng an external dlameter that is
smaller than an internal dlameter of the tubing (1) whereby the
" needle (5) fits in the-tublng (1) with a clearance (7), between an
inner surface (2) of the tublng and an outer surface (6) of the
needle (5), that is open to an external atmosphere and suff1c1ently‘
small to provide e pressure drop, in the clearance (7), suff1c1ent
to maintain the pressure'of-the fluid, at the pOrtious of the_
tubing (1) to be'deformed;_high enough to deform the tubing, during'.

said forming,' while being sufficiently iarge to facilitate

-13-




rreans of a generally cone shaped plug (20) sealingly Pg‘Ta&lé§ ?Qn/ Q,lhoo45

the needle to clos A process according to

characterized in as a magni tude of about 125-8 gquggﬁ

(25,000 psi) and a mllwmﬂmi’ﬂm:@m 50 m|liseconds. 7. A process
-according to clains 44 L On erized-in that the dieis a split die
(10, 11) and the tubing (1) is inserted into the die by placing the t ubi ng
bet ween the di e hal ves when t hey

are open gt LR LiPSrafcblE G dRPMASR L UBNY: chBUneedle %@ffﬁﬁié‘%ﬁs N

renoved e by opening the d ves then renovi ng t
tubing fypamiter el VBB 8c, 9a, 9b, 9c) to allow application of fluid

under pressure from inside the needle (5) to the inner surface (2)

of the tubing (1) adjacent the cavity;

(c) positioning the tubing (1) within the die (10, 11);

(d) inserting the needle (5) into the tubing (1) forming”said
clearance (7); |

(e) applying sufficient pressure to fluid in the needle (5)
for a sufficient duration to apply'pressure through the opening
(8a, 8b, 8c, 9a, 9b, 9c) to deform the tubing (1) into the cavity
(16, 17) to form the desired shape whlle ma1nta1n1ng said
clearance (7) open to said atmosphere; and

(£) nemoving the needle (5) from the tubing (1) and removing
the tubing (1) from the die (10, 11).

5. A process accordlng to claim 4 characterized by_'

- facilitating 1nsert10n of the needle (15) into the tubing (1)-by
means of a generally cone shaped plug (20) sealingly located in an
end of the needle to close the end. .

6. A process according to claim 4 or 5, characterized in .
that the pressure has_a magnitude of about 1750 bars (25,000 psi)
and a duration of about 50 nilliseconds.

5. A process according to claims 4, 5 or 6 characterized in
that the die is a split die (10, 11) and the tublng (1) is 1nserted._

into the die by placing the tubing between the die halves when they _
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8. . A process according to any one of clai msPQT%US cﬁaﬁalt&qﬂg‘s
in that ste b) conpri ses needle (5) that is s

i'nt er nal dlgnétér EETUBTﬁggﬁaifﬁLngﬁa—internaf di anet er of gﬁZﬁfJNtﬁCQSQBG
9. A process acco ‘ m“\mm ﬁ” ne clains 4-8, characterized
in that step (a) conp[‘“ forn1ng die having a bore sized to
recei ve and support "t ubi n§ ha V|ng *an outer dianeter of about 0.94 nmm and
step (b) conprises prOV|d|ng a needl e haV|ng an outer dianeter that is

~ smal | t di anet er
g;mabgtrjtéglgaﬁé}? dr ea{% <9l:,A p%ar a% ? ygl\r!%g%%‘% J %&ng (Il)

h |1 t

Iﬁ\égpg Sey\?phteeﬂﬁé%?sﬁ aces (Pfémpéﬁ%gélnégﬁ%es féﬁ%ﬁ%éd%g?ﬁ?\ées

(4a, 4b)ardd) dren WednhovTA! Bé SEUB RS brom tneréb@lweérlo 11) having an

~interior (13) sized and shaped to Teceive and closely support the first
surface (3) ofgthe vml|lprédessi rietordimqvity aangcesse (46, diaims ap-7,

i nner surface thereof

' characterized in that step (b) comprises providing a needle (S)_
that is smaller than the internal diameter of tubing having an
interﬁal diameter of 2 ﬁm or less.

9. A process accdrding to any  one of claims .4-8,
characterized in that step (a) compriées providing a forming die
having a bbfe sized to receive and suppqrt.tubing having an outer
diameter of about 0.94'mm; and

step (b) compriées providing a needle having an outer diameter
that is smaller than the internal diameter of tubing having'an
internal diameter of about 0.7 mm. |
| 10. An apparatus for hydro-formihg tubing (1), having a wall
dgfined by an outer peripheral first surface (3) and an inner
-peripheral second surfaces (2), to form a desired shaped feature
(4a, 4b) in the wall characterlzed by: ‘

a die (10, 11) hav1ng an 1nter10r (13) sized and shaped to
receive and closely support the first surface (3) of the wall, the
interior having a recess (16, 17) in an inner éurface thereof
conflgured to correspond to sald desired feature (4a, 4b) ;

. a hollow fluid supply needle (5), hav1ng an opening (8a, 8b,

8c, 9a, 9b, 9¢) therein to allow.communlcatlon of fluid from inside
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- T, ’
configured to correspond to said desired fe?ture8é4a, SRE) gUS 95 I(OQ%\D‘!'S
fiuid suppl needle—f5%——havrﬁ§—§ﬁ—55ening 8a, , c, 9a, L

t'herein ![Dg Zu | ow co mm“‘n d from i nSi d_e o gztzgnpeléggtj
(5) to the second sm Hﬂ t tubing (1) adjacent the recess (16, -
17), the needle (5) g Insert&bl & in the tubing (1) and being sized and
shaped to define a clearance (7) between the needle (5) and the second
‘sur.face (2) of the wall, when the needle (5) is in place in the tubing

(1), thaehésn@@aretps)arto LS FRRlord EB%EQ%&GQS "ge ALES" A T DUAL AR

enough. to Itse provi de a pressure ce’s

Ej 0 i ntnenréeeséreﬁéurﬁpf the ddedre @J rltris%z:a@i‘lé H% \Waid tthBe
ef ormed, hi gh enough to deform the wal | uring hydr
(1) and being sized and shaped to define a clearance (7) between
the needle (5) and the second surface (2) of the wall, when the
needle (5) is in place in the'tubing (1), that is open to an
-external atmosphere,'the clearance (7) being small enough to, by
itself, provide a pressure drop in the clearance sufficient to
maintain the pfessure_of the fluid, at the portions of the wall to
"be deformed, high enoughlto deform the wall during the hydro-
‘forming, while, at the same time, the clearance (7) being
sufficient to facilitate insertion and removal of the needle (5) to
and from the tubing (1). | |
11. An epparatus as in claim 10, characterized in that said
hollow needle has a generally cone shaped plug (20) seallngly
located in an end thereof to close the end and facilitate 1nsertlon
- of the needle (5) into the,tublng_(l).
| 12. An apparatus as in cla1m 10 or 11 characterized in that
the dle is a spllt die having at least two die parts (10 11)
deflglng the 1nterlor_when closed.
13;_ An apparatus .as in claim 10, 11 or 12, characterized by
a means:(30) for applying pressure, to fluid in the needle (5); of
sufficient'magnitude and:duration to deform the tubing into the
.fecess_to hydro-fotm'the;desired feature. |

14. An apparatus according to any ohe of claims 10-13,

e ETmLIMETI A sivpp



form ng, while, at the same—time, the cIearanPcT 18 BaBnJOl}ﬁll-S
sufficient to facilitate inser nd renoval of the needle ﬁ a{%
frém t he tubing (1)“‘““1 “‘L ﬂ‘\gﬂ! pparatus as in claim 10, é’u N(bv

in that said hollo neral ly cone shaped plug (20) sealingly
| ocated in an end théredf to close the end and facilitate insertion of the

needle (5) into the tubing (1). . 12. An apparatus as in claim10 or
11, characterized in that the die is a split die having at | east two die

e i n citanarrethed $3 ERAs, Ref0 Paaills) Has ik ruyem) aftrerep fERRa o°
Féeiiﬁéﬁﬁﬁ 4%“%. ASHEeREe fubile fi%vaé%ﬁ%ﬁc‘ﬁﬁ%f”égﬁésﬁgidgfga?ﬁ#@t ="
14. An gpparatus according to any one of clains 10-13,

15. An appé.ratus accordir;g to any one of claims 10-14,
characterized in that the interior of said die ié si_zed-and shaped
to receive and closely support tubing having an outer diameter of
about 0.94 mm; and |

said needle has an outer diameter sized to form said clearance

in tubing having an inner diameter of about 0.7 mm.
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charact eri i n that said needl e has an outer qtfjleirﬁ%ﬂa?bi zed
cl earance in
appar at us acc
interi £
an  q(icinteriptipnsl Petent assifchtion’ { or m sai
di anet ep21@ 2¢0put 0. 7 mMm

- tubi

g to any "ORe bf
AHGNAY SpbENTHON poRs s pe

w,ﬁg havi ng-an inner_di aneter of
P O R s bhred - CHHT BCt

oty L)

g Or msaid
2 mmor |less@IMPEY 15. An
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