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PCT/ CA97/ 00586 HYDROFORM NG DI E ASSEMBLY AND METHOD FOR

Pl NCH- FREE TUBE FORM NG BACKGROUND OF THE | NVENTI ON

The present | wooswsedd rel ates generally to hydroform ng di e pewesivoosss, and
nor e 5 particularly to a hydroform ng die assenbly which prevents the
nmetallic tubular blank to be hydr of ormed from bei ng pi nched during
cl osure of the diie assenbly. Hydr of orm ng net hods are

conmonl y Known AYDROFIRMING DI ASSERBLY AND METRIODGOR PRICH.FREE TUBE FBRIING | Nt O 2

t ubul ar conponent having a predeterm ned desired configuration. In
particular, a typi cal hydroform ng operation involves the placenent
of a tubular nmetal blank into a 10 hydrof orm ng die cavity and providi ng

hi gh pressur BACKGROUNDIOE THRINVENTION t he bl ank to cause the bl ank
to expand outwardly into conformty with the surfaces defining the die
cavity. MSFhe present ipvansion gelates-genesgly t hydrofermging digiassembling gndymoreh e
tubul ar netal Dblank are seal ed, and .high pressure water i.s provided
t hrough & hyparéguiarlytg ahydtoformingdic &?ambh’g"'ﬁﬂbgfﬂm@e mgisllicpbular blank R8s,
The fluid provided wihin.the, t 1.5 SUkj.Z onventi onal

i ntensifier .hydi%M{Imge‘n&?ﬁg%eq‘V?g?‘r’?g“%ﬁ%{hgggee%&ncl udes a lower die
hal f and an upper Q:r'ngf me{,ﬁ@#ﬁ%wnm Wil 8 mwﬁﬁﬂlﬂ&a o]
cooperate with th% O\K./te)‘?ingie alt to orllxltuﬁ’e seaale dfggmg%\!/l y t

t her ebet weenpjariigitd é’ﬂ%lﬁfcdﬁﬁiﬁgﬂtlhhv;iﬁ a pfedbleined datirtd\éonffiguRiionli B pasticular, a

before the upper die owered to seal the tubul ar bl ank

wi t hin the ogpicihhydroforming operation isvalvestireyplacemientcfaitubular mdtal blankitan bl ank,
which typically has a circular cross-section, 2 0 is hydroformed into a
t ubul ar iSar thydroformipg diesaviandpgoviding hish passyre finig g thednteriorefdhablank tocause
as defined by the die cavity. Because_the citcunference_of the_.tubuyl ar

bl ank is si ¢t blanka expand outsvardly 1810 GoRiammiEy, With the ctaces defiging the dic cavity.

"t T of ton Nt B EEl; e Bpagaf 1ol Bl 3ock Bt b et iank g semeiild
L £ S i ey e Pt koo g sl oot
Wi thin the dings.CPid floid Efdvﬁk!edtvﬂtlﬂr 8 3ubeiis prégulibel Byubenbenionalinendifis. St ens,
in part, fromthe need to conformthe cross-sectional perineter of
t he tubwsar bl anKrypically,chedie assembly includes a lower die half and an upper die half. The upper
die half moves downwardly to cooperate with the lower die half to form the sealed die cavity
therebetween. ‘The tubular metal blank is placed in the lower die half before the upper die:
half is lowered to seal the tubular blank within the cavity.
For many applications, the tubular blank, which typically has a circular cross-section,
20  is hydroformed into a tubular part or component. having a boxed or rectangular cross-section
as defined by the die cavity. Because the circumference of the tubular blank is significantly
less than the circumference or cross-sectional perimeter of the surfaces defining the die
cavity, it is often desirable to slightly crush or deform the tubular blank within the die cavity
as the upper die half is lowered to seal the die cavity. The desirability of slightly deforming
25 the tubular blank within the die cavity prior to pressurizing the tube for expansion stems, in

part, from the need to conform the cross-sectional perimeter of the tubular blank more closely
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PCT/ CA97/ 00586 to the cross-sectional perinmeter or circunference
of the surfaces defining the die cavity to al l eviate sone of the
need to expwiubsmessstretch the netal material of the tubul apcicabkoedss | N
the pressurizing phase of the hydroform ng operation. In addition,

provi di ng a tubul ar bl ank W th a cross-sectional perineter which
nore closely conforns to that of the die cavity (which 5 can be vi ewed
as providing sonme "slack” in the netal_material for facj|itating expansion
thercof i nit8 tiasTpersRrHiap or gfFumfempnac,of the girface FERRYIAPO! or

CADTES! O ekl sbid bt fl necd i cxpantl G-I 1A madBia oe 8 RitRIaE pB i
tubul ar bl gk fzinf | of e hyamfomiﬁgepe%ﬁnpm/mdnfs%égbﬂilng%ﬁwumm of

t he deformed tubul ar ank to beconme pinched between upper and
lover die fwith/©crosssectisnallperimetsr which moreaddsely.coiforms ® thiti of thel die Edvity (which

potential problem Is discussed in U S. Patent No. 4,829,803. This
pat ent 8i s®as beyviewed as pranigingsome alack!! in thelmetal material forifadilitatifsg expansitist be

pressurized sufficiently prior to lowering the upper die half, and the
exteri or S@M@@WWW&WM?WE%%MMW@W!M@P tubuler t he
internal pressyre . .. .. Wthi he tubul ar blank prior to the upper die
hal f being biﬂ’%é%'ﬂ‘?’s"&fdl"é’gﬁsé}d%‘ﬁg&%‘ﬂvto 15 overcone the frictional
forces exerting 0 %?Jc&%arp A L BefSEfdtd | '
sections. This (‘:Aoﬁrgﬁr%ﬁ'c Ion p gggé}%aa%egree gﬁaip}g?\fﬁyzlﬁ}ﬂ@ﬂgﬁ%ﬁgﬁr%bgmal
pressure Wighd\dib chW is the possibilifdfahe dbfcriied aithlldr Bank (PBHCBME Pinchéd Detvbcdiife
friction surfaces. In addition, because the die asSenbly deforns the
t ube babor appérandieveralic halvesas tealicchvity issegled cOnesplytionttd diis peemiahproblem
possibility. 20 An al ternate proposal in-U S. Patent No. 5339.667
i kew se r dgdiscusseddn {GS.RatandNoo4,829,803. This patentidis¢ussesian arrangenicot whaseipale i ng
of the die cavity. This, again, creates the ty of _pi nchi ng

, ossi bili .
" the tube uSSlAblank st pe pReSEPe suficienly PR todawerng fhe Uppes dis halfmd bRy dos
~a die cavit . W r cific.contaurs.to | nf o _account the
possi bili t%ﬁﬁ°ﬁ“ﬁ%ﬁ$ﬁ%‘k}?ﬁ§“¥ﬂﬁ'§ﬁ§r"@ﬁﬁ‘ﬁ§@‘ﬂ°‘mﬂ% s'ﬁﬁﬂég‘ db%!“%’?ﬁﬂ“?‘é‘&’s hapes
of tubul ar S@éﬁar ' . - . S.. ,
Pat ent No. ‘@&S@@g p?’gd&lk egﬁ%@@%!ﬂ%?hg?g%gga tlg sig?s\t/ﬂ\fgcltcﬂtltg probl em
" Howevets i Rvirdbihe e/ fROGRHAEfUreds bRertih orb the Bk b the 816 Sectibrkfon ekig bFithe/dit h 621

very hi gh degree
' sections. This construction places a degree of criticality on the internal pressure within the

tubular blank and the smoothness of various friction surfaces. In addition, because the die
assembly deforms the tube before the die cavity is sealed, the pinching problem remains a
possibility.

20 An alternate proposal in U.S. Patent No. 5,339,667 likewise requires deformation of
the tubular blank prior to sealing of the die cavity. This, again, creates the possibility of
pinching the tube upon closure of the die cavity. In addition, this patent provides a die cavity
with very specific contours to take into account the possibility of pinching the tubular blank.
Thus, only limited shapes of tubular components can be formed by this process.

- 25 U.S. Patent No. 5,239,852 provides yet another proposal to solving this problem.
- However, in this arrangement two die structures must come together with a very high degree
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PCT/ CA97/ 00586 of precision to nake certain that each of the side
wal I's of the die cavity cone into close proximty with sealing
surfaces of tWOWPPA3i ng die structure. In addition, this CORSTACA00586
provi des a severely acute angle at the transition between the | edge and
heel of the die structures. This corner, fornmed at such an acute
angle, provides a relatively weak portion of 5 the die structure which
may be subje R&aﬁ- LR eeNainGha Sl ¢ : ?wgc*{,ﬁg ;

It is object 6t t ggltdr)\@ent I on %ﬁovercéﬁéeglﬁ\ga&i%ff lcultie °.°’F1‘°t“h“é°l8ﬁ or art
not ed above. proximity with BRIiRE Sifrfidks éftEOiposing dieGaittutes 16 Rddition; thiy cats@idtidh NI
at |east three separate die structures cooperable to define a die
cavicty into pdovides 8sevetely Acuce dngleidt die tiansitiin batwediethel ledpoamiheelldfahe die

first die structure is noveable to seal the die cavity, and after the die
cavity is sestrugthres; [This ¢arner, fomped atsuch ancacuteangle cprovidesc relatively meakipartiomof t o
reduce the cross-sectional area of the die_cavity_ and t her eby

deform t e nibedia stmckurwhish may brgubipat tn chipring or csackigaftpr prolonged use.

and a o o o beet e PSR o VB B2 SRR e B BoRabies °°
i tv. Rel atd ) : '

cavity. Re %{MVE@E{H@ glriest%g bg g\rl | tyn Attedst SWH& §

structures sea e cavity. \ S seal ed, ‘novenen of
the first di rablé itd' aéTivied dié Eavity listo Which 4 meitid insbufde biaik birfbd ASpes@s Thee
cross-sectional area of the die cavity to deformthe netal tube in

t he di e cavi fitgt die structure is moveablelto séat the diecavity,rand bfterahe dié cavity ipseateeinthe first

invention to provide a nethod of hydroform n& a . nmetallic tube. The
met hod déhprandsecondalis stopctus arpmgveaple to gesuce the gross-sacional prca gf the die cavity and
assenbl y having, three separ ' tructures, .the three die structures

bei ng cooperAEERY deform the ig I“grgqaékml"t%d'ﬁﬁﬂ‘?(g a first one of the

fhe ai st ot ur A0E81nAdilhe il bt brosda? fbeliRoE. B movesploldiashucits sRE O
Cross- . --_.si::ﬁ@ﬁk' ek«mﬂ@h&&&mw&.&maﬁ&m«gﬁ&ﬁ%m&wc

tube as a result of reducing tf _ cross-sectional of the die cavity.
A further olhefifst aid sebond Mevabld stiaciufesistalPthe cavisy. ARy tHe@hvityis 3enlel, hovementb! v.

25 conprising a lower die assenbly defining a lower die cavity portion
i nto whilsh' cofriet fidst die structure relative to the fbed giesstracipret reduceothe crois-sectional atvlayf
B OV Al NG S| e avity o deform the meka) be a the die cavity. |
It is a further object of the present invention to provide a method of hydroforming a
. metallic tube. The method comprises placing the metallic tube in a hydroforming die
assembly }laving three separate die structures, the three die structures being cooperable to
20 . define a die cavity; moving a first one of the die structures to'seal the die cavity; then moving
- the first one of the die structures and a second one of the die structures to reduce the cross-
~ sectional area of the die cavity; and deforming the metallic tube as a result of reducing the
cross-sectional of the die cavity.
A further object of the invention is to provide a2 hydroforming die assembly
25 comprising a lower die assembly defining a lower die cavity portion into which a metallic

tube can be placed, the lower die assembly providing side walls defining opposite sides of the
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PCT/ CA97/ 00586 | oner die cavity portion, and a | ower wall defining
a lower surface of the lower die cavity; an upper novabl e die
structure hawongessssl i ng surfaces which are novabl e to engagemélsobage’

di e assenbly on opposite sides of the |ower die cavity portion to seal the
| oner die cavity portion and thereby provide a sealed die cavity;
the | ower die assenbly and the upper die 5 structure being cooperable to

reduce a size of th sea ed e cavit defporm t he netal ube .,
after the dP@"'c‘&? 7 l Pld)alwerwaﬂdef%mgaﬁwe 'ﬁ@f” % “’5’ i gavity; an

Win thect oﬁws'éwgg%&e@g%%“%escr? fhalthg suchifed AN A€ v iE S Bf i tower |
Brief Descrgs togﬁﬂ% et 8f5the lower die cavity n%omgdﬁ%ﬁﬂklMe@mﬂHOded

perspecti ve VI ew o roformng die assenbly in accordance with

the present % rovide a sealed dic Cavity] the fowes die apdefiiblyandthipperdic
| ongi t udi nal end of t he hydroform ng die assenbly of 15 the present

i nventi 6n, souttore being cnoperablie ¢o riuce sizecof thecsealed diexavityl to defoom tietellic tube

posi tion; Figure 3 is a plan viewsimlar to that of Figure
2, but shomﬂvﬁ&mﬁlﬂs structure in an initial closed
position, prior to the upper die structure being in a fully |owered or

cl osed posi tion; Figure 4 is a transverse sectional

Lot Lok £ Y5kl A oyt e ibon 0o RO gt

opened with e ?Mit%vﬂﬂg ﬁéaﬂéﬁ deb&HphiBn, 2ppended drawn}Fs andclain@iire 5 is a

sectional viewsimlar to that shown in Figure but show ng the next
step inga hydroform ng process in which the upper die structure is in the
initial closed p05|t|on as in Figure 3; 25 Figure 6 is a
transver se BriefiD ; f awings to t hat shown in Figure 5, but show ng
t he next hydroform n step i n accordance with the
wherein the uppd# gq;'pglsanexplodedperspecuvev:ewofthehydro
4

Present i nventi on,
orming die assembly in -

-accordance with the present invention;
Figure 2 is a plan view of one longitudinal end of the hydroforming dic assembly of
15 the present invention, with the upper die structure shown in a raised or opened position;
Figure 3 is a plan view similar to that of Figure 2, but showing the upper die structure
in an initial closed position, prior to the ﬁpper die structure being in a fully lowered or closed
position;
Figure 4 is a transverse sectional view taken through the line 4-4 in Figure 1, but
20 showing the components fully assembled, with the upper die structure in the raised or opened
position as in Figure 2;
Figure 5 is a sectional view similar to that shown in Figure 4, but showing the next
step in a hydroforming process in which the upper die structure is in the initial closed position
as in Figure 3;
25 Figure 6 is a transverse sectional view similar to that shown in Figure 5, but showing
the next hydroforming step in accordance with the present invention, wherein the upper die
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PCT/ CA97/ 00586 structure is in the fully |l owered position and a
tubul ar blank to be hydroforned is slightly def ormed or crushed by
relative novawesseseds di e structures formng the die cavity POETACA97/00586
accordance wth the present invention; Figure 7 is a
transverse sectional viewsimlar to that in Figure 6, but showng a 5
subsequent hydrof or m ng procedure i n whi ch fl ui d under pressure expands the

tubul ar bl a s e

Figure 8 i sgé"‘ﬂ“ﬁbs'f"‘aé. é}%&%ﬂ@w ew ta en P‘g%g foﬂxﬂzﬂ:ssl?hgyl n
Figure 1, byt ormsﬁ@@ﬁ*%tﬁbﬁ:&&ﬁ&ﬂwak%&ﬁwfmﬂ%%caw:ﬁ a

t ubul ar blank | sposed in the |ower die assenbly, a pair of

hydraul i c r asdardafi@ewith theqiesefit ihventionts of the tubul ar bl ank, and the upper
10 die structure in a raised position. Det ai | ed Descri ption of
the Preferred EnBigdraikistdransvemsiseciional view similaniodbatimEigure 6, but showinga  Shown
generally in Figure 1 is an expl oded view of a_hydroform ng die_ assenbly,

general |¥ i MEH‘WW@R%WW‘@W“WWW 2 fbulgr blagk o
hydr of or m 0 nerally includes a novabl e upper die
structure 18‘ Bﬂ‘g‘?‘?ﬁ\ﬁﬁ%"@“ﬂg structure 14, a fixed die

structure 16, a {:igéf‘,ﬂ?ﬂ dﬁﬁ%&iﬁﬂqw&bﬁﬁﬂ%@%ﬂﬁwﬁmﬁﬁﬂrﬁ 1 Butt ©

be fixed, and a p conmer Cli y aval [ abl™e nitrogen s

cylinders 2G,duihg fie\é8inipBiknts full u&xﬁﬁeﬁ%aﬁbﬁaﬁﬁl%&ﬁ&%tﬁ&hﬂ@”ﬁm on
the fixed base f% The upper die structure 12, | ower die structure
14, and fi xggeribly, spixtlcfhyduuwmgamgaoﬁmsm«mhxbnl;rbladk,raadittﬁu@pa
cavity 20 ther ebetween having a substantially box-shaped cross section,
as w | |2he diestudtirsdn amaiggdposition. detail in conjunction with Figs.

5-7. Preferably, the upper die structure 12, |lower die structure 14,
fixed die structure 16, and flxed base are each made of an appropriate
steel material. GSesOWn in Fig.
1, the upper=H¥ ng opp05|te 25

| ongi t udi nal enJvnF %%I&T{ﬁg&%"iqkﬁh m%ﬂﬁ@g@&ﬂ%@% S

recei ve and e-upper ¢ nplng stru fte

| ongi tudin m,csz&ﬁamnpmracé&dhnce with the present invedifib® ST HAroforming die
PCT/ CA97/ 08% yi A

i5 assembly 10 generally includes a movable upper die structure 12, a movable lower die

structure 14, a fixed die structure 16, a fixed base 18 to which the fixed die structure 16 is to
be fixed, and a plurality of commercially available nitrogen spring cylinders 20 for mounting
the lower die structure 14 for movement on the fixed baée 18. The upper die structure 12,
lower die structure 14, and fixed dic structure 16 cooperate to define a Jongitudinal die cavity
20 therebetween having a substantially box-shaped cross section, as will be described in greater
detail in conjunction .with Figs. 5-7. Preferably, the upper die structure 12, lower die structure
14, fixed die structure 16, and fixed base are each made of an appropriate steel material, such
as P-20 steel.
As shown in Fig. 1, the upper die structure 12 bas a pair of cradle areas 31 at opposite
25 longitudinal ends thereof. The cradle areas 31 are shaped and arranged to receive and
accommodate upper clamping structures 26 at opposite longitudinal ends of the upper dic



structurée 12.- Particularly, the clanping structures 26 are each connected
to the upper die structure 12 at the respective cradle areas 31 by a
plurality of nitrogen spring cylinders which permt relative
vertical novwopgksddst ween the clanping structures 26 and thﬂcH@Hfﬁmﬂke
structure 12. For exanple, as shown in Fig.2, nitrogen spring cylinders 27
nount the 5 . clanping structures 26 in slightly spaced, resiliently

bi ased relation.with respect to upper die structure 12
The lower die structure 14 has simlar cradle areas 33 at_opposite
| ongi t udi ntruepeesi2. Particulaclyethe slamping strugtuges 28 gee agh ¢ o wppgedict o

The ower R s rertrte st e 9 holAbloraliy ot ek fripe S3lthdets wiylt
[ . i.Ci i 4. Th

Jur T aces o peauis elhe Rlitabinoviifat béshibitthe ol Srkol 36 96 ndE st o7 10°

under si de %@mﬁwlm&emﬁﬂz,aakﬁ@ﬁﬂmimﬁ.wﬂ?pﬁﬁg@umzm%hﬁdtﬁé ure. As

each of the arcuate surfaces 34 in the |ower” clanping structures 28 extend
| ongi t ugi najdnyping krictiirys 20inalightly dpacedoreiiliontlybidsed fedaion fwithespesito abpur dieg
di e assenbly 10, 15 they transition into a substantially squared or
boxed U shapectusk?f ace configuration 36. The upper tube

clanmping structures 26 are substantial]ly identical to the | ower
cl anpi ng st r uct Jhedovwes digstructiyre 14 hassimildy crgdiepreas 33 atepposits lepgitudipg} ends

B g ke e RonsindpRE BB AR BBy el 5
| ongi tudi n ghg&gl ng, but downwardly facing surface 38, which
transiti ongk'*ﬂn%rg an inverted boxed U shaped surface configuration

39. Thgpar cuat e 14didviéladibitg stRitfilles 28 each Bdve AMorgitudihallydxtin@ingSgdne@NgT at es
with the surface 34 of a respective one of the [ower cfarrpl ng

st ruct ur es ardhateorfis@nicircylar, apwardhy facing sqafase 34.UThesnefaceds 34 tareccunbtouotedand
sealingly engage the opposite ends of a tubular blank 40 when the
upper di e Smogedito engageiand cuaileiths ynderside of a tubolee blank placed inithp jowendic 25
he Upper  SRbetar. chscpl OEfbe ATk SERE=R S5 eowes HIDRPE ST 4 &
|60 ngi tudin %nggtt}ginngﬂ in?v’w7artﬂjar1 ¥<;vpagdsathe central portions of the hydroforming die assembly 10,

15 they transition into a substantially squared or boxed U-shaped surface configuration 36.

The upper tube clamping structures 26 are substantially identical to the lower .
clamping structures 28, but are inverted with respect thereto. More particularly, as can be
appreciated from Figures 1-3, each upper clamping structure 26 has an arcuate or semi-
circular longitudinally extending, but downwardly facing surface 38, which transi"t.ions into

20  aninverted boxed U-shaped surface configuration 39. The arcuate surface 38 of cach
clamping structure 26 cooperates with the surface 34 of a respective one of the lower
clamping structures 28 to form cylindrical clamping surfaces that capture and sealingly
engage the opposite ends of a tubular blank 40 when the upper die structure 12 is initially
lowered (see Figure 3).

25 As can be appreciated from the cross-sectional view of Figure 4, between the upper

cradle areas 31 the upper die structure 12 defines a longitudinal channel 37 having a
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PCT/ CA97/ 00586 substantially inverted U shaped cross-section. The
channel 37 is defined by spaced | ongi tudi nal |y extending vertical

si de surfaceWa9s8863ni ng parallel to one another, and a PCT/CAY208586| | y
hori zontal, longitudinally extending surface 66 therebetween.

As can be appreciated fromFigure 1 and the end plan views of Figures 2 and
3, the opposite longitudinal ends of the |ower die structure 14

\(,:\IPIC)SQ ggilt |ne Wg@ﬁﬁﬁe ap%rcg‘(’:ll1 a'{hecfh gﬁ';’e cros!ys"y‘_:‘:’%lhaneOI
sect i onal @gﬁ@&ﬁgﬁuﬁ&dﬂxg vehtftal fidurfita @Hﬂiﬁﬁgﬁﬁﬂﬁﬂt&ﬂfé G hricPd

openi ng 42 tberet bet ween the U shaped | ongit udi nal ends.

I nterior vegénetdly Horzomak fongitudiiallyletending surflice 66 therebetweat.r uct ure 14 defi ne
and surround the aforenentloned central opening 42 on all four sides. 10

More particul arl y\scmbaappmimdﬂgnﬁmhmq/themdaﬂm vigws pfiEiguwes 2aud 3, the
define lateral extremties of the opening 42. These surfaces are

vertical by amsssmgmﬂalwnmfambw%mrpéﬁmmmw e areqg 33 ha
th b d f Fi 4-7. . Al t hough h t
bo T p R Crsbape s sty kﬂgﬁi%em b FRPG R e,

shown) Se! | Reabid eyt il ﬂnﬂow-es%% 83 e i,
can al so bebémé &E@-@%@%ﬁft&ﬁnﬁ%ﬂs. HhtediciGRfticAllsubfacdsiad on RIoRENE NI .42

wth a st ant ectangul ar top plan view configuration.

Ret ur ni ng n%chﬁe'ﬂﬂaﬁﬁbahdsuﬁombﬂfm&aiedtceﬂmbpéniﬁm‘idalmbubﬁda. 18 is
in the form of a substantially rectangular netal slab, and that the

fixed di@ sMonepartienidrdy,iapairiof bumgitedinally extending nqdpearfmﬂawm@ﬁml extremitioged

base 18 by lurality of bolts 44. The fixed die struct 16 is
el ongat e stPﬁ'g W#% WWQQMM F“W’H %W‘?ﬁ”!ﬂ@“l“@ﬁgth

r a?,'s‘ﬁe-?é’ﬁeéwehe&fﬁié%é@ce o Fieuich -7 Kifgobdy pROHR. éﬂ?ﬁfa”ﬁrte“is
\F;re(r){ ?gaf up Ma@gggg?o@%‘gﬁosﬁ?&sﬁongl tuﬁa@m’? es tEéeir egwd(onl y one

of such si d&u%%ﬁé’sf&shc opening 420l BreSVaRivally Sispused!intpataliel, Ftingfrelatioh b dhe
structure 16 al so has substantlally vertlcal end 25 surfaces 54 at

opposi tEs | oampitierditeah also ts appreciated thatthe fouo mefases 4lprhvide the opemingd2 withai ng -

shown in Figure 1). The fixed die structure 16 is constructed and
arranged t osubstantiallyeetangularitep plan view configuration.
7

" Retumning now to Figure 1, it can be appreciated that the fixed base 18 is in the form
of a substantially rectangular metal slab, and that the fixed die structure 16 is fixefi to an
upper surface 46 of the fixed base 18 by a plurality of bolts 44. The fixed die structure 16 is

20  an elongate structure which extends along a substantial portion of the length of the upper
surface 46 of the fixed base 18, generally along the transverse center of the fixed base 18.
The fixed die structure 16 projects upwardly from the fixed base 18 and has substantially
vertical side surfaces 52 on opposite longitudinal sides thereof (only one of such side surfaces
being shown in Figure 1). The fixed die structure 16 also has substantially vertical end

25 surfaces 54 at opposite longitudinal ends thereof (only one of such side surfaces being shown
in Figure 1). The fixed die structure 16 is constructed and arranged to extend within the
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PCT/ CA97/ 00586 opening 42 in the lower die structure 14 with
m ni mal cl earance between the generally vertical surfaces 41

defi-ni ng t hewapssogesd 42 and the vertical side surfaces 52 apgyfedofidostdre
fixed die structure 16. The fixed die structure 16 further includes an

upper, generally hori zontal, longitudinally extending die surface
56, which is constructed and arranged to 5 extend in spaced relation to

(e 200 )l R 08 B B B s
f ' d.,S| f , .
ST SR e e okl R e YRR S i oo

di e struct ﬁ&&iéizsﬁeélig@fm! Thb Bixéd @i sfenite 96 furftidy inkhdSlan b gerdrlifner al | y

box- shaped cross- sectional configuration substanti al’ y throughout

i ts | ongit Hevizbntal Suhgimidinally extbnding die sirfaee 86,6yhich is construtted and sirangy &b of or med
part having a substantially cl osed box cross-sectional configuration

t hr ough®ut ektend incspacedrelation toghe lengitudifially ditending dia swrf#e6 66 onthecuppendid di e
structure 16 and the die surface 66 of the upper die structure 12
provi de t hetweswed2and upper die surfaces, respectively, of the die

1t hotigh i ho- up BEsterlels i eocperapn betwtn the aobpeglomrade purtess IRt uerer

A e . | =

Por | zont al e 58 468 Sirafes 43 of te fiRAd 6 Rhithure 7€ ind 36 0er i SRr A iy )

| ongi tudi nﬁiesg‘iﬂéﬁretfﬁo% a&Pﬁweaf&mdwmm 2 getieAY bB-sfaped afoRs-POT L1 0N

64 is sposed therebetween. It can thus be appréeciated that the

t ubul ag o hy géctibrdl EonfigationGabstiitially throughputdmsiioipitudinaliextent (sés Figules5 and 6),
configuration if desired. 20 Figure 2 is an end plan view of the
hydr of or i mgfodina hydeofodmed pat having h selistantiallyoslosdd box cross-seciionalicanfiigurationi n an
opened or raised position. In this pagsition, the t}ydr Qf or mi ng g e assenbly

10 enabl es thoughout it lopgigdinakexters. The die surkare Aoeh th fixed dicstrurtugs 16 and thrfligr e
T DME F—— A L T LA
2 or bl B ) G BT i ok gt 1 (1
et bt soor e i e o bl oo g 5
horizontal, and indeed has substantially horizontal and generally parallel surface portions 62
at opposite longitudinal ends thereof, an arcuate, downwardly éxtending surface portion 64 is
. disposed therebetween. It can thus be appreciated that the tubular hydroformed part can be
provided with an irregular configuration if desired.
20 Figure 2 is an end plan view of the hydroforming die assembly 10, with the upper die
structure 12 in an opened or raised position. In this position, the hydroforming die assembly
10 enables a tubular blank 40 to be placed within the lower die structure 14. The blank 40 is
preferably pre-bent at an intermediate portion thercof before it is placed in the lower die
structure 14. The pre-bent configuration of the blank 40 generally follows the contour of the
25 curved opposing die surfaces 56 and 66. It can be appreciated from Figures 1, 4, and 5 that

the tubular biank 40 to be hydroformed is suspended by the lower clamping structures 28 to
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PCT/ CA97/ 00586 extend slightly above the upper surface 56 of the
fixed die structure 16 when the tubul ar blank 40 is first placed in
t he hydr of or nwo®seses assenbl y 10. : When t he bl peivcagsopssaced
in the lower die structure 14, opposite ends of the blank 40 rest
upon the respective surfaces 36 of the | ower clanping structures 28 at
opposite ends of - 5 the lower die structure 14 (see FIG 8).

f bly, f 3 .
It or 1 or e #<Pd St BRvs 1o fafer SRS 50k B8 ARES e sruotre BB bty 0L 2"
t he tubul ar M%iélﬁmﬁcumanp%i ] ’Isd%t rfomuct u$¥?w%ﬁ@t ructure is | owered so

t hat the upper are held in the extended
posi.tion by nitr qamm the/blafldR'placed infthe lower dic strié@i 14| bppokite ends of té Blank 40
interference fit with the upper portion of the respective opposite 10
ends of t he restiopdrethe hdspetitivd Burfates 36 0fthplvwet clatapinig stpgiures 28 atoppesitefentdhef
tubul ar bl ank are captured between clanps 26 and 28 before the
upper di 6 stthelowerdie stucture |14 (zee UG 8. Preferably, the surfaces 36 ags copstmciedsindi on.

T e T
tube_ a0, v ¢ie upuler R AL SibetdlBily, B b ai il GuobaRER b nS ey P

the need t o foiHHAdnabiirds WRich hfttheltlinthe &ktéhded posfion’ty nltfogdef cylinticfs¥7la¢ Cl osed

or | owered position. The hydroform ng cylindérs preferably pre-fill,
but do not REEGEINPIZS, femAdhintepfe@ace fit with thexppes portioh of thislrespactiveloppdeitd0 Wi t h
hydraulic fluid (indicated by reference character F in Figs. 3, 5,6
and 7) hef oeadsof tis tubailachlandud. yAtshisipointbothooppositecsnids of tbe tubylapblankereupper

die structure 20 12. Preferably, water is used as the hydraulic fl uid.
Al t hough t heapipred betwermelamps 26 and:28 before the uppergie steictuse) 12 is ipwergd to iss fully
times and to, achi eve a nore snoothly contoured part, the present

I nvention c&‘r??@g&ﬂsﬁl"@s that the upper die structure 12 can be fully | owered
before any fluid,i .. ' 404 Eub . .

As shown in Fi gu‘r’% ,p%lﬁtéthﬁg‘?)ée?’\rﬂr e sz"tatrxﬁézture ail%?zgdgflex%lggﬁ/l [ ntgllugeg a pair
of laterall i Ehtedit 59 SPRIGS 8,18 bR kesR6pitd] WEHIREN idsefte®™M.
opposi te si g’é@%ﬁ"@ﬁ%ﬁace 669and 8 hetéelxtend gl%gg thgﬂentire
|gengt.h 05 t ko URAVPpEite chds ofathd tube 40, withoatanylsabstantial movetent 6f thé tbe add -

without the need to completely lower the upper die structure 12 to its fully closed or lowered
position. The hydroforming cylinders preferably pre-fill, but do not pressurize to any large
extent, the tubular blank 40 with hydraulic fluid (indicated by reference character F in Figs. 3,
5, 6 and 7) before or simultaneously with the continued lowering of the upper die structure
20  12. Preferably, water is used as the hydraulic fluid. Although the pre-filling operation is
preferred to reduce cycle times and to ach1eve a more smoothly contoured part, the present
invention contemplates that the upper die structure 12 can be fully lowered before any fluid is
provided internally to the tube 40.
As shown in Figure 5, the upper die structure 12 preferably includes a pair of laterally
25  spaced parallel ridges 70 projecting downwardly from opposite sides of the die surface 66 and
extend along the entire length of the upper die structure 12. When the upper die structure 12
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PCT/ CA97/ 00586 Is lowered further, after the initial engagenent
of the upper clanping structure 26 with the tube 40 and | ower

cl anpi ng st rwolesness®8 (as shown in Fig. 3), the nitrogen cypdmepessd are
conpressed and the ridges 70 are brought into engagenent wi th upper die
surfaces 72 of .the | ower die structure 12 on opposite sides of the
opening 42 so as to seal the die cavity 60 (as 5 shown in Fig. 5). The
ridges 70 faorm a r.ohust _segl .t.hat can wt and extrenely hi cayi

br ecur oo & OB FRARS A Eageni oF e oot Sempilg siuciyd dp sothe
simlar ri LEan . i ' ' [ des of
t he openi ng ?o%ﬁgéﬁ%&?ﬁiyﬂ%ﬁgf%%ﬁ%wﬁi ﬁ’gquﬁgg‘%%\k}g%?? ecause
t he hydr of bitSsed iafid BivRiEbs icht idfo%en @@H %egt;i e
structurese?% 14, ag‘rild 16 to‘mfa(i:)!rgrtr,}!k{li e ‘di e gggveiﬁfﬁg“gfg,l he&;g)i%#gh- regéthg

hydr of or m tgwetidie A2/ on dfbositclfiddsof erupesing 42 so\hs1b sédd theldiecavity 60(asent i on
need not be provided with any areas having a thin cross-section that
may be ¥ul skovebindig.S)c Theridges 70foim 2 edbusiseal that caswithstantd ekyreinely bighicavity

oper ati ons. After the initial engagenent of the ridges 70

wi th the dPessussefaver/10,000atmosphergs. Itmaybeﬁsvehgrmwdpwm!qsmgesmme

Gowvar df y ST o OO R IRIE MU B8 O e Pt UBhFARErs YRS 790 o
which th ' 24 . 40, t d at
s ands b1 syely B e BYcpsfoniof o ke Wb e, it iy pFB2° ©
Structure deucnirss 13,48)4nd9 6/t Yéith M MRV 80, nﬂ}ﬂnéhmqﬂdmfomﬁnyg &emﬁbﬁe

novenent of the lower die structure 14 can be "acconplished by using t
shear 10 10 inscofdhncefwithhe present inkention weed horbe pravided wiky anyr 20eds Ravigg a thin
hydraulic systemthat forces the upper 20 die structure 12 downwardly.
The upper eWoss-sactionthat may be wwinerablede chippingontueakegeafien seyeral hydseforming . t o
move downwardly, until such novenent is stopped when the |ower die
structure stop structure provided by the fixed base 18.

- a
g 2 OBl SR ) 0 v e S o ©
T L 1 ARk B R il ol e 48 i gl
a substisint fobedtiwnWVagdlf thepsdvith dglinkithe forde dfnitrogen spring cylinders 20 on which the
lower die structure 14 is mounted. The tube 40, trapped at its ends between the upper dic
structure 12 and the lower die structure 14, is likewise moved downwardly. The forced
downward movement of the lower die structure 14 can be accomplished by using the shear
weight of the upper die structure 12, or by providing a hydraulic system that force§ the upper
20 die structure 12 downwardly. The upper die structure 12 and lower die structure 14 continue
to move downwardly, until such movement is stopped when the lower die structure engages a
stop structure provided by the fixed base 18. During this continued downward movement of
the upper die structure 12 and lower die structure 14, the die surface 66 of the upper die
structure 12 is moved towards the die surface 56 of the fixed die structure 16 so as to reduce

25 the size of the die cavity 60, while maintaining a substantial peripheral seal in the cavity.

10



10 ' : WO 98/ 08633

PCT/ CA97/ 0058 Eventual ly, the lower portion of the blank 40 is
noved downwardly and engages the die surface 56 of the die

structure 16.wo 9808633 After the |lower portion of bl spedidrengsoes
di e surface 56, continued downward novenent of the die structures
12 and 14 causes the blank 40 to bend. As shown in Figure 6, 5 when

t he upper die structure 12 and lower die structure 14 finally conme to rest
at the full | ower ed, or 0S5€e 0si tio cavi 60 i s made..

Suff1 i ent | Freamally. ti e orichpt e Rk s gl deiward and eneedthe e
crushed:- Thiﬁ?%%{#g’&"ﬁ%%%‘%ﬁ"gk‘t he tubular blank is perfornmed so that the

cylindrical, can be provided with a circunference that

conforms nore Afterﬂieg%\?é'ggléti&n(bﬁ: efcb%ggagsm&&&eeg{s.%me&%mﬂa of the

box- shaped die cavity ause t t ubul ar 40 1s pre-filled

Wi t h hydr aulrovembstioft theadi® suchiress 1D did, 14\vansek the blank 40 bebdndb Asakoven in Figure 6,
result of crushing are generally avoided, and a generally snoothly
cont our €8 hydien therupper die structure p2 and lower die strunture d4 finally come to rest at thesfudigown i n

Figure 7, after the upper die structure 12 reaches jts fuIL%/PIomered
posi tion, winyesedonglesed pogitiony cavity;60 js madesufliciently small sugh thatthe whulatkiagkA0 .

i ui'd i nsi b SRS FrsStdy 1is RS sspins of HEToARs bRk s pctomngl o et 1
rah R bR G e Ay o SrciM BBl i bSRERR ) T

40. Alter naElogéﬂ'YothE BRaCrA3R8¢tIRal perimeter oPthe BYHESHADAT dik eg,_igfsot BRciusfitlear

bl ank 40 can begin prior to full l'owering of the upper dié

struct e lgibaladblahkig0 fypre-filled withdydraulidfluid beforeldmshinghwiinkiedinahdauOas A/br e
specifically, the 20 present invention contenpl ates that expansion of

t he t ubul ar restlankcrashimggre genrirallyi avnided,and  generally smogthiy¢ontdweed hydefortied
structure 12 is lowered to the point that the sealing surface 70 thereof is
br ought i nt pareeanhedeEmed. wi t h the cooperating die surface 72 of |ower die

ar i er time, ¢ oS Emind e 7ufher e vpps dRlrictie 12 e e B RO coaur 0
o B SR JARE B, 4 e Mg B 05 e 18
first ergagey kit cannot move further, the hydraulic fluid inside the crushed blank 40 is pressurized

by the hydraulic system in any known fashion (e.g., by use of a hydraulic intensifier or high
pressure pump) through one of the ends of the tubular blank 40. Alternatively, the expansion
or hydroforming of the tubular blank 40 can begin prior to full lowering of the upper die
structure 12 and thus prior to the crushing of the tubular blank 40. More speciﬁc:;ily. the

20  present invention contemplates that expansion of the tubular blank 40 may begin immediately
after the upper die structure 12 is lowered to the point that the sealing surface 70 thereof is
brought into engagement with the cooperating die surface 72 of lower die structure 14, as
shown in Fig. 5. By beginning the expansion at this earlier time, the cycle time for the entire
hydroforming procedure can be reduced. Moreover, because the die cavity has a larger cross-

25  sectional area when the clamping structure 26 and upper die structnre 12 first engage the

lower die structure 14 (see Fig. 5) in comparison to when the die structure 12 and lower die

11



|l ower die structure 14 (see Fig. 5) in conparison to when the die structure

12 and |l ower die 11
WD 98/ 08633

PCT/ CA97/ 00 Wi 9s/08633 structure 14 are brought to the ful éﬁwﬁﬁﬁg
position (see Fig. 6), this earlier expansion of the !k¥t ul'ar bl ank
enabl es the blank to expand radially in a vertical direction (i.e., in an
oval configuration) beyond what is possible with the upper die
structure 12 in the fully | owered position. As a result of this

i ncreased etptureildarekrpught ko the fullylowesed position-(see Fig) 6)c thisearlies expansion ofthe of
t he tubul ar bl ank 40 c?n be brought intg closer copnformty with the final
cr oss- sect tutwlar blank enab Q?i'h%h‘ﬂ?léﬁoéw@dﬁg‘ﬂﬁlf inpyertigal dizection (j.codn an aval; |

becones easi t Q, expand,t he, .t ubular nk 40 .. into.the,.cqrners of
the die cameés.“rﬁwngg‘?yﬂ‘%ﬁ'ﬁﬁtr',s 358" °u"’s'§i' ﬁﬁé’PPﬁﬁ'd? %"F“"B’l’%%‘%ﬁ‘ ﬁ'élyg?'ﬁirﬁéed to
conformit : 0SS ' : oGl . Ws% I e

t ubul ar bl Mﬁ%@%ﬁf%ﬁl?%g%{{é&éﬁéﬁ{ﬁ?ﬁgnﬁﬁgﬁg% ace , t gc'ErE%lear | ank
can be £xpapgetubulirdlink 30¢ah BEbrouglt iktb elodironfoPmity Withithefift citisd-§ietibndlavi ng
to nove the netal material of the blank while the exterior netallic

surface of cintwamferenckwith final diecdvity 60; amdait becogmes easiorito evpiatd theeububyrdiank40
| oner die surfaces 56 . and 66. As a result, expansion into the -
corners of intthegiomerenfithedig cavity. o partieylan, because the tubnlacblagk 4Qissapandad ta

snoot her final part can ring the hydroformng

expansi o nf fS‘P“ PR It m-%gﬁwsww?m@w %’l‘&% i apk ‘Ean
ot o aPaseesby g B2 B2t b Fra RIS AN o b P Bloed et BPUR'R )
Pressujg OfLavii obReithonPReving (0hdcVelhe metal maribl UP i tiank- willfd (S SRS Fheétatlit S

used, and the“blank 1's expanded so as to provide a hydroforned'pért

having a cgdfdte 9f tHeiblihk|404ds infricdionahengageniéiit ovith 1ivy wpper adlleweri di@surfdoed SOf t he
original blank. In addition, the opposite |ongitudinal ends of the tubular

bl ank are puob6&dAL9 reshitreypansibiniistoithe comexs of the diowavitystiis momneasiker t o
repl eni sh the wall thickness of the tube as it is bei ng expanded, as

descri bed pecomplishedaandn smoother finelinort cap be formed. 08/ 314, 496, filed
L eTer 20 LB iRt Bl 6 et AL b lo T
L5 % 11 Ao P S sy e P, i 8 a1
. ' surfaces defining the die cavity 60. Preferably, fluid pressure of between approximately
© 2,000 and 3,500 atmospheres is used, and the blank is expanded so as to provide a
hydroformed part having a cross-sectional area which is 10% or more greater than that of the
original blank. In addition, the opposite longitudinal ends of the tubular blank are pushed
20 - longitudinally inwardly towards one another to replenish the wall thickness of the tube as it is
- being expanded, as described in U.S. Patent Application Serial No. 08/314,496, filed
September 28, 1994, and hereby incorporated by reference. While the blank 40 is pressurized
and expanded, the upper die structure 12 continues to be forced downwardly to maintain the
shape of the sealed cavity 60, for example by a hydraulically powered piston, to oppose the

25 upward force resulting from pressurizing the tube 40.

12



25 upward f-orce resulting from pressurizing the tube 40.

12 WO 98/ 08633
PCT/ CA97/ 00586 After the tube 40 is hydrofornmed, the
upper die st Wo9sN8633l2 i s rai sed. Because the hydr ofeerrexspesss | s

forced into engagenent with the peripheral die surfaces formng cavity
60, the part may forma substantially rigid interference fit with surfaces
41 and 43 of the- upper die structure 12. In this case, the tube 40

oxt racted t hor ef RHA 4 HbFiabds By¥ortHREE il ufper diSsmpBibd s Hiea BBl ! D
provi ded w W&Mﬁ%ﬁé&ﬂ&idﬁg&%ﬁ@%#ﬁpﬂﬂﬁéﬂﬁm £6dnBhg &

structure 8 cradle area 1'h the upper die strucfure
12 and f or ngo, Y parabay foemai sabstantally rigid interferende fituwithSsuifaces 41 and 43 efheur ed
fashion. The ejection structure 80 is novable in a vertical direction out
of its upper die sttucturepi@s ifn thisicase; thawbeld@will baliftedupwagily with tiieaxppes/die y

ej ect the hydrofornmed part. The ejection 10 structure_can be noved by

Virtue & oStnptreld and mpstbeex therefrom. To thissend, theupper digetruchue 12 i e

t t 14 m b i ded with ' f.ej [ t t - t

hown) - whi AV Wi BR Slretoresciotieh Sy Rioven (R TIE I e gt SEcas 0 B witen 1 de
f 41 . fini ' ' ' . 14 .. Th

ci'cct on sty geain E wppicifle udEiRE findhofis bakor el Bl A ety

event it i péCkaglior, OTHE {aeraabﬁguﬁ&ura BS is bRbledh a%ﬁcaqﬁ&m{of wover - 15

die structure 14 after a hydroform ng operation. t should

be appreci ajradled paitidn'in thedie gaichge U2 tosficetivelipsjactitips hiydrofermstdaano Mha 8jéctich
drawi ngs of the preferred enbodi nent are nerely illustrative in nature, and
t hat tH® prstsicture can be movied by virtueiof a hydraulicpistod. ot her enbodi nents that are
within the spirit and scoge of the described enbodi nent and appended

claims. For exarfimilarinithg lowerdie stsectnreilé may|be provided vith i ofsictionstructures
Cavi ty, i1 QEBER.obich it bt oy G Sty B Botbesidt P AL
al'so be uSGflfhihg 't Gpenthg2!il it did Grfff0 F4.Ohe ejection sthithited MHETHN 18 Yject the

hydroformed part in the event it is wedged or form fitted to the interior die surfaces of lower

- 15 die structure 14 after a hydroforming operation.

It should be appreciated that the foregoing detailed description and accompanying
drawings of the preferred embodiment are merely illustrative in nature, and that the present
invention includes all other embodiments that are within the spirit and scope of the described
embodiment and appended claims. For example, while the specific illustrated eml;odimem

20 provides three separate die structures which cooperate to form the die cavity, it can be
appreciated that four or more dic structures can also be used in keeping within the scope of

this invention.
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13 ‘ © WHAT IS CLKI‘IVED“IN. A hydrofornming die
assenbly conpri sing: ﬂw’lft noveabl e die structure; a

second noveabl e di e struct lmtm, ed die structure; sai d
firFst noveahiomsg@sst r uct ur e, ,Eveabl e die strpetidaomosssd sai d

fixed die structure being cooperable t% define a die cavity into which a
metallic tube can be disposed:; wherein relative novenent between
said first and .second noveable die structures seals said die cavity; and
wher ei n, ﬁbi§£l§2igﬂﬂ avity is sealed, novenent of said first noveable
die struc t to said flxed di e structure progressively
reduces the cross-sectional area of said die cavity to deformsaid

nmetallic tube within said die cavity. 2. The hydroformng die
assenbl y accorfli ng A QyadofdriRing dié bdsthiBly cOMPREIbS NI: hydr of or m ng
port nenbers construc?ed and "arranged to provide pressurized fluid to an

I nterior of saafirstRiodedblecdit stheent®, as to expand said netallic tube outwardly
into conformty wth surfaces defining said cavity. 3. The

hydr of ormi ng da secandmoitablextiegrughung; t o cl ai m 2, wherein said hydroformng
port nenbers are capable of relative novenent therebetween to enable said
hydrof orming %8 fixed die stpicture; o | ongitudinally conpresses said netallic tube

| ongi tudl nal AR BRveaBle e Fokpuet s 2o ParRRbig SR Bsenye. e A8 2 1
's being &ig Q@ucqgrg ‘being cooperable to define a die cavity into which a metallic tube can be
disposed;
wherein relative movement between said first and second moveable die structures
seals said die cavity; and
wherein, after said die cavity is sealed, movement of said first moveable die structure
with respect to said fixed die structure progressively reduces the cross-sectional area of said

die cavity to deform said metallic tube within said die cavity.

2. The hydroforming die assembly according to claim 1, further comprising:
hydroforming port members constructed and arranged to provide pressurized fluid to -
an interior of said metallic tube so as to expand said metallic tube outwardly into conformity

with surfaces defining said cavity.

3. The hydroforming die assembly according to claim 2, wherein said hydroforming
port members are capable of relative movement therebetween to enable said hydroforming
port members to longitudinally compresses said metallic tube therebetween so as to flow
metal material of said metallic tube in a longitudinal direction to replenish the wall thickness
of the tube as it is being expanded.

14
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PCT/ CA97/ 00586 H"I,!H ),wH‘ ﬂrMLng di e assenbly according to
claim1l1, wherein said fixed is received within an opening in
sai d second wowseassx di e structure, and Wherein said firstPaiieassoessst ur e
noves into engagenent with said second die structure to seal said die

cavity. - 5. The hydroform ng die assenbly according to claim4,
wherein said seeond noveable die structure is nmounted on a pIuraIity of

roved downvar 3@ T mpts R e iy 8B 18 Shor Ty oRee il Pl i ' 005 ' °

said di-e c FRUSHBHSveaBl st
noveabl e | e S rug%q}e a tpier{hngog%hgngagenent ng‘\'/es%sal g@%oﬁ‘?ﬂo%ﬁa‘bl e die
st ruct ur e Gipieineadié biruckdie hdvkd ifitoagigiidentwith siid Sdcofddie stidtiredo SERNERd die and

wherein said continued dowmward novenment of said first noveable die
structure awity. downward novenent of said second noveable die structure
reduces the cross-sectional area of said die cavity to deformsaid

metal lic tube. 6. A hydroform ng die assenbly accordi ng to claim

oyl inders, o 5. Thebydroforsan 4 By AErOSSS LBy TG ReR | of 1 5,

f h f

o 4 oo aNAte A ol is PlonRER B3 §%!%§éf%@?§ﬁ%§ﬁé%§%§%ﬁ o onge
an under si déy gk Jﬁ@eqm%i@édubﬁmt.yhﬁvaa dARASAI gﬁzbegggw&mﬁh, safil Wodd g eof .

and wherein sal ower clanp structures suspénd s netallic tube in

overlyi ng st toQai said A cdvity, afidiwhérgindohtiiied dowAWward mévenfent of shidFét
noveabl e di e structure noving dowwardly into engagenent with said second

noveabl e dheveable dix{strueture after said engagement moves said second moveable die structure
1o downwardly therewith against a bias of said spring members, and
wherein said continued downward movement of said first moveable die structure and
- downward movement of said second moveable die structure reduces the cross-sectional area

of said die cavity to deform said metallic tube.

6. A hydroforming die assembly according to claim 5, wherein said compressible

spring members comprise nitrogen spring cylinders.

7. A hydroforming die assembly according to claim 5, further comprising a pair of -
opposing lower clamp structures mounted on said second moveable die structure and
constructed and arranged to engage an underside of said metallic tube at opposite longitudinal
ends thereof, and wherein said lower clamp structures suspend said metallic tube in overlying
relation to said fixed die structure prior to said first moveable die structure moving

downwardly into engagement with said second moveable die structure.

15
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8. A hydroformng die asstmmm M o claim7. wherein said | ower
clanp structures are nou m ,!@"Hnd noveabl e di e structure by
spring cylwodsngsso enable” rélati Ve fovenent between sai fk;-h@mgﬂ‘arrp
structures and said second noveable die structure.

hydr of orm ng di e assenbly according to claim7, wherein said | ovver clanmp
structures forman interference fit with opposite Iong|tud| nal ends of said

Tt S g A TR R L 0.
rSt” Tl ol @%&%ﬁ%‘f‘%ﬂ“‘fﬁ%ﬁﬁgﬁna‘#& ot

sai d fir Sfelafioy ARWERestibRtvwideh dail Iover SR strublufes ARQ SE§BR0Ad MbvdabRai¢! second
die structure, said opposing clanp structures nounted on said first

noveabl e stimetusd.r uct ure cooperating with said |ower clanp structures
nount ed on said second noveable die structure to capture the exterior
surface of said netallic tube at opposite ends. 11. A

hydrof orm ng di e asse Iy rrprls first die structure;

a second die sﬁrﬁiﬂaﬁ" °m°mhlytaﬁ??'@“af‘éd§‘f‘¥-(:é‘f'ﬁf%nsa‘ owcrclamga, d first
die struc id _se dd| ucture |dt ucture

bei ng coo‘%’é‘f’%‘ﬁ‘fs Mﬂ‘gtg@é’w} %‘a &6 {"Eﬁe can be
di sposed; sald first die structure belng aneabIe to seal said die
cavity; and wherein after said die cavity is sealed. said first and

second di e st rigctAlhfdrofiing di Sséthlly becordifig 1AM, AfrfheS@ohpridial a pairt Of

said die caV|ty to deformsaid metallic tube wthin said d|e cavity.

16 . opposing clamp structures mounted on said first moveable die structure and constructed and
arranged to engage an upper surface of said metallic tube at opposite longitudinal ends when
said first moveable die structure moves into engagement with said second die structure, said
opposing clamp structures mounted on said first moveable die structure cooperating with said -
lower clamp structures mounted on said second moveable die structure to capture the exterior

surface of said metallic tube at opposite ends.

11. A hydroforming die assembly compr_ising:

a first die structure;

a second die structure;

a third die structure;

said first die structure, said second die structure, and said third die structure being
cooperable to define a die cavity into which a metallic tube can be disposed;

said first die structure being moveable to seal said die cavity; and

wherein after said die cavity is sealed, said first and second die structures are
moveable to reduce a cross-sectional area of said die cavity to deform said metallic tube

within said die cavity.
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12. A hydroform ng die assenbly according to claim211l wherein said second
die structure remains stat,i,ﬂﬂﬂrml“"m mmrst die structure is noved to
seal said die cavity. 1 llg orm ng di e assenbly accordi ng
to ctaim 12, woesesassaid third dite "sttucture renmins fi xedPeE/CASTOUSSS I St
and second die structures nove to progressively reduce the cross-sectional
area of said die cavity. 14. The hydroform ng di e assenbly
according to claiim 11, further conprising: hydr of or mi ng port

menbers constructed and arranged to provide pressurized fluid to an
interior of said metallic tube so as to expand said netallic tube outwardly

into conformty it d&?ﬂcsé'd?ﬁ' arTS\:ad'. foinkt . in said sedohd di®'€
hydr of or mi ng di el%&rﬁéliog‘g@gr I ng tugpc alﬁ%ﬁ%elrlgi’hﬁmrme%%ive rrdg?/emant
bet veen sai gy ydretbmaits GO ad RARDEEEdiE SREhire i meved o sahpiddie esvityai d -
metallic tube therebetween so as to flow netal material of said netallic
tube in a longitudinal direction to replenish the wall thickness of the
tube as it is being expanded. 16. The hydrof orm ng di e assenbly

according to cl aild |Alhydsbforming dissssenghiyaccording torclaim;12, whereip Said thigdidie n an
opening in said second noveabl e die structure, and wherein said Eyir t die

[
structure mitmeeremaing fxedassHd fstand sepond die strygtuges mave 10 progressively eguge ¢ 5; g

die cavity. .17, The. hvdr.of or.iyi ng di e assenbly according to claim
16. wher ei n‘gﬁ?'assés@&%?fﬂ"ﬁ‘%“?#%'gfﬁir@'is nmounted on a plurality of -

conpressi bl e spring nmenbers, wherein said first die structure is noved
downwardly into engagenent with said second die structure so that

conti nued downwarg YRy KyRsfomfling 8it ddsenbly dccorlimatd cinir i1 ¢, faithetebmpasing:t er sai d
engagenent 17
hydroforming port members constructed and arranged to provide pressurized fluid to
an interior of said metallic tube so as to expand said metallic tube outwardly into conformity

~ with surfaces defining said cavity.

15. The hydroforming die assembly according to claim 14, wherein relative movement
between said hydroforming port members longitudinally compresses said metallic mbe
therebetween so as to flow metal material of said metallic tube in a longitudinal direction to

replenish the wall thickness of the tube as it is being expanded.

16. The hydroforming die assembly according to claim 11, wherein said die structure
is received within an opening in said second moveable die structure, and wherein said first die

structure moves into engagement with said second die structure to seal said die cavity.

17. The hydroforming die assembly according to claim 16, wherein said second die
structure is mounted on a plurality of compressible spring members, wherein said first die
structure is moved downwardly into engagement with said second die structure so that

continued downward movement of said first moveable die structure after said engagement
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noves sai d second die structure downwardly therewith against a bias of said
spring nenbers, and wherein said conti nued downward novenent of

said first die structure ajﬂmmﬂm""wmrnt of said second noveable die
structure regwsesess he cros f said die capgfaormoosss
18. A hydroform ng die assenbly accordlsng to claim 17, wherein sard

conpressible spring nenbers conprise nitrogen spring cylinders.
19. A nethod of. hydroforning a netallic tube conprising: pl aci ng

St 7 uct ur estoor sl i 48Rt Ak uRR R o o P RS, © ©

cavi ty, and noving a first one of said die structures to seal said die
cavity; then nmoving said first one of said die structures and a
second one of sghdlelistidcohtifilel d6Wnwird nicvemen of s&id fissi - i€ Sthic@ite hknddRonvedrd Sai d .
die cavity; and deformng said netallic tube as a result of

reduci ng tinevenent of said seicombinoveable dif stauaiuck rddwces the\crdsy-sectional area of 38id dide

nmet hod according to claim 19, further conprising: providing fluid
pressure teavign interior of said metallic tube prior to defornng said
nmetallic tube so as to provide internal support to said netallic tube as it
I s deforned. 21. A hydroform ng die assenbly conpri sing: a

rotal 1 c tube B BEihforbhyd SHEhng bcofid kI 17 WA R Hrrtsiie 0 | <
ggf i ning oppRS hidmbatsomprise fittofen spring cylinders.

19. A method of hydroforming a metallic tube comprising:
placing the metallic tube in a hydroforming die assembly having three separate die
structures, said three die structures being cooperable to define a die cavity;
moving a first one of said die structures to seal said die cavity;
- then moving said first one of said die structures and a second one of said die structures -
to reduce a cross-sectional area of said die cavity; and
deforming said metallic tube as a result of reducing the cross-sectional area of said die -

cavity.

20. The method according to claim 19, further comprising:
providing fluid pressure to an interior of said metallic tube prior to deforming said

metallic tube so as to provide internal support to said metallic tube as it is deformed.
21. A hydroforming dic assembly comprising:

a lower die assembly defining a lower die cavity portion into which a metallic tube

can be placed, said lower die assembly providing side walls defining opposite sides of said
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WO 98/ 08633 . | ower d|e rtlon and a lower wall defining a | ower
surface of said | owner WME I! MI an upper novable die
structure having seallng su e novabl e to engage said | ower
di e- assenbl ywossoggpsi t e si des of sald I"ower die cavity porPCT/OA27805862
said lower die cavity portion and thereby provide a sealed die cavity;
said |l ower die assenbly and said upper die structure being cooperable to
reduce a size of said sealed die cavity to deformsaid netallic tube after

:SLSI ddiec a\l/tL\}rg{' cllwsca?uet)é1 llngr%m, and a lower wall defining a lower surface of said lower die cavity
- portion;
- an upper movable die structure having sealing surfaces which are movable to engage

said lower die assembly on opposite sides of said lower die cavity portion to seal said lower
die cavity portion and thereby provide a sealed die cavity;
said lower dic assembly and said upper die structure being cooperable to reduce a size

of said sealed die cavity to deform said metallic tube after said die cavity is sealed.
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