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FI ELD OF_| NVENTI ON The present invention relates to a '

hydr of orWPA4&P&t em whi ch requires less capital 5 i nvesPAERAMD achi evg
hi gh pressure hydroform ng of tubular parts. In particular, the present§
I nvention relates to a replacenent for the conventional, separate %

"intensifier" system fQIGH pmmlujmgmpmsssures Wi thin -
tubul ar bl ank to be expanded. BACKGROUND OF THE | NVENTI ON

Conventy ) utilizes | ow pressure (e.g., force of gravity)
hydr of 0 #‘%d}%%wd froma supply tank to suppl y hydroformng flui}y
for quick prEhe presenninvestionelateshe a hydiuformiing Eyseem whichdequireaiést cggitapave -
cl osed. on the tub but rior to.t axi al i.nders engaqi and t he
Cube. b LRekARe S ARUSYELhiB pressue® by Qrateiptane of ik B IR BB dhe pibseat
necess aﬁnyemhelms té u lacem@hefok tHeﬂSoﬂvéxﬁi%nﬂ' Sepanitd hmensxﬁerswﬁé?ﬁ%}‘or@

| NVENTI ON 15 i sadvant.ages of the prior art be overcone by

provi dlwgvem%mﬂammmsewswxm@wwww&erm@ﬂﬁ uid froma tank to
supply g @E @W Nof water to Intensify the pressure ,
W thin tﬁe tubular bl an ter It 1's sealed and is ready to be expanded.
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the f pretg?g%églﬁlﬁ%%ly ksu%élgﬂg%ﬂéﬁ %gﬁﬂz{@y%‘%‘z“ éﬁdﬁ m@? °¥ ﬂ%eé?@o

repl aci hﬂgﬂt ifeer ¢her die mavitiex kaveiclased en diet thbeabutqnior frothetaxiah cdjridersdmgagihgt
suppl i es h ush to be bl ank .and.the internal

ot s ur e B PR ghed R SSVily D ol et B P BNt e B Cpyshif e
substarmmgun}bmedlecamy In accordance with the present invention, water is
fed unde atively |low pressure to side ramor hydraulic cylinder
assenbl$mm}h6§mggég expand the tubul ar bl ank. The 25 side ram
asseny i es Uptel digavidtfoes %m&(}%ﬂ{] rad iy B@Wm&ﬁé’ﬁfﬁrdvﬁx@ﬁfé paffusOWEREUr €S

that is required to e e tube as wel] as't epressurethat S
requi r e¢Fes Eleflwsi&fomeg 8&}5‘8@%‘@ tankite supplyra rejpsivelytsmaller amonny; of Wateeti n t he

desire fy Bl ?é‘s@&‘é%g&fm hﬁ%&ﬂ%‘ﬁl&ﬂ{‘iﬁ RiPRUYEdled S wed&? to be %ﬁ‘%ﬁy 1 S0

i ntensiti er I S requir esent 1 nvention

uti| i zebhis nmaléqmmdu;moﬁmtmsgapﬁxedso arduel fupctignseyligderaised @rw&mmm

pressur ?:puu e ‘%?{“ apparn. L nits
| ower ed positi1on %?e éaﬂgose l%tnlk{% ern é?@mc%{ fm?“elesgglu;agé%?? gl*’ube
pr es A eneaidecof.the tool. By replating thezufrant iklmnsiﬁbtsemh ofludl Hencpine syalmder thaent i on

to rowd a t us r .h o) rmn t rnet ank t.hat

oo § BB TnE RARR i Fih % sSACHR e inBroal Bt BhesSEg Bor BB MR ||

dri ven_dfue_bﬁl-wggoma@ip@eﬁttm ugﬂuw&subatlahuﬁrﬁul ically driven pressure

intensifyin structyre, and a.single ra r

tuber end” endadreedts s e Dissm aventns Wit B tol SR reiiuvebt bR R o

bl ank Idﬂdéﬁhﬂmdmrﬁﬁtélcwn&ic&sse&bﬁewhicﬁ ArOudednt§ iekphat M tabular blank. The
npress the tubular nmetal bl ank. The t ube- end engagi ng
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hydr aul ¢fdhe mpe mwaréb' torretsinthe desived vealk thiokgess tof ﬂmmtétamspm@ucéb rl"éxus,ouo
pressur z 5 fluid provided to the interior of the
t ubul argeér%?ge 5 egip %dqx%greby expand a di aneter of the bl ank. A single
hydraul i c pdmerprssent memrcm\prd&mbiwmmydhm khecsaﬁiemydrmhdpnwarmmerte atso said
hydr I|c ressure inten 0 st ure | order to .mve the
o7 oo ol asb i AT ry RGeSt o lhonBoR S b reCBiR e s R Rl B ot i g
fluid ﬂbﬁ&ted%sih@n td6ppot el xﬁfem'ai diehavit ylﬁhﬂsﬂfre durifetude pRsaftigaisrtl expand the
di anet er of the t ubul ar nmetal blank so t its exterior surface_ 10

conforms t o I K fusther phiect of Srepreseat BVERtNEProvigean anparagsfor hydroferming e r
source @iuﬁﬂaphmgié& ﬂeak fc&egmé@wé steudrhrdi 9 b W?Jmmgeﬁa&r t© 4 he

hydraul i ca riven engagi ng structure to Ie t he tube-end
engagi ﬁydmmMrevmaubmm engaging stryctersyrp drauticadly dmiven pressuge itensifying and
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anot her object of the invention to prpyi_de an apparatus for hydroform ng a
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tubul ar netal blank conprising a die structure, a hydroformng fluid
source, a hydraulically driven tube-end engagi ng structure, and a t
hydraulically driven pressure intensifying structure. The die structure

has an i ntwbRalesdi € surface defining a die cavity. The di epgpiEabiodsss 20
constructed and arranged to receive the tubular netal bl anE Fi‘

hydr of orni ng fluid source i s di sposed higher than the die cavity, and |§
constructed and arranged to provide hydroforming fluid internally to thé
t ubul ar nesmgiress|thetobularimetal biank.o The nd:‘e—aydaugﬁgmg stheture réveties by drofdriningdr i ven

of 't he t uBBR A iE b ipleeng TR 5 e A i 00 Aot Feank R b pie

structur eﬂ:rmxgﬂmtﬁdﬁ Ieydesforthing dugd wxcbawbbined:me Qﬂﬁxldrhﬁetﬁllmﬂh@r'm@t al bl ank.
The tube-g ‘$ %Sgd&r%astructureaggcel vVes hydroformng fluid fromthe
nydr of o rREA QDTS b RS OB P AR I TPAYFPIA G RICSur g 53 By HOEPTBURE o
t hr ough 5/niig Préviddab e intsiot bt :&aﬁm%e:ﬂrmm@ﬁa théreBY ekpindal @iméer dftfe

tubular nmetal bl ank. The hydraulically driven pressure |nten5|§r§| ng

st ruct ur eblamk. nﬁxﬁmeehxdﬁalﬁlc RO souses P@V&lysjmmyﬂmuhc @i pndet presaire to said

Pt ar ool e e bty Rl WA o oV i bty

ext eri or structwe fnicthereby ptmsmlzbmhahydmfoamnglfhmd(pmdabm mmm:bnbfr&emm&rat
of the i ulic riven,tube-end agi ng
struct ur g"l&éﬂﬁé %ﬂ% &E#“?%g ger °5%t3["§ﬁ’1' 5“8%* Héf'g \{Mb?tﬁggﬁp “6&% abl e
the t ublé}mtbmisgaglangf the lintextnalt die tsurﬁo@ngmeumgntah&dtammwwsoﬁ:he alst Prdvides

net al akﬂ Bwﬂ_d caﬂ mat er i al .he di. anmet rge_g’lé) expanded t ubul ar
b1 ank o \HF BRSNS TR ity Bresbiy P R e P fRgRE R S to

t hi cknes semabletthenbé-anPéngagial syuanragd 1mdmally compress the the tubular metal blank and

-2- t ubul,ar netal blank and mai ntain t hi ckness t her eof

within a ?P@d@?’élrlﬁ?tﬁ% of Shy@iametrically expandﬁﬁetub'ésnblaamo ﬂ?‘gtl@?&lmémhﬂb(:h | ess

conpl ex, Hhe KR ﬁ?ﬁ. 1\ nown
systems lhme EF DéE%gCR igl"?%\ilag@ﬁ%% DRA%%%gi ically FI'g i 'nISHé'x a schematic

vi ew ofl3DlpRKgangdrrasinginghe wab shigkness thereof withinca predetannined rangphe princi pl es
f th t | 3

?hat ghg\rl\ﬁsleg If:is@\’iﬁ?":{ %{bther obﬁct of the dvgnnc(%x tbi:ré\ﬁﬁ% g:l? g@a'r 110%“ 5} E%SO

into enga‘gblﬂwmew blank ¢mpjsingsa dls stmclgrepfa llydmfomnlnag ﬂmdamurce, hyxgtdnﬁmm;d 10

Fi 3 h d | d

nsgenti | criveR e chedghil> SrR it AR ny il e BePHR RS olepibiti ffiBhure.

i nvent i onThe die structure hbs gn infernal die surface definihgia die)cztvlhyt Wca\nityﬁs g. 3, but

e op a0 Pehii 58 AraRgth Meive Bt bRl i Blark e i o SR e "

is a views aispbdc&mlgher than thesdie wavity afrd Qcoﬂstrﬂ&tédhaﬁdhﬁra\&géd/ﬁ: MBeideto initiate

pressurlzty q%n hg, tube to be hg'glrofor 6 is_a view

similar tHYoIommIas Sid intraily to the wbylacmetal blank pader the f%ﬁ?e F3yDri Tha i on

of the tuB@rduficdsy deh @Jﬂéféiﬁ%g?g?ﬁ?h Wdchurk Qﬁgdé@?%d Hib@taﬁﬁil tﬁpgb&tc?ends

| owered pasjtion; isaviewsimlar to
6, but sH¥Re Phwar metal blapk insibe mheo%VttMe The tyberrndfngeging) Rtrmeummmlmerrent

the. Biﬁ?;ﬁy%?‘gg"ﬁ‘éf Zn‘?e‘ﬁ;;?‘“‘;*f;'if;@ ‘*‘3;2?3‘* ‘%ﬁ eﬁ*ﬁkﬁ*@*ﬂéggﬁ mf%‘fﬁf PSI
in Fig FOIOIRMIBE Hiddrem Tamng snumesdand has avigyrddo g gi na
EIOSI t I90in s“gé]lyinglohﬁ& tglloqg%ermt par%"[“gg ff} dtganot% pé%glggéygorgpé 057? ?Eﬁ% ! 81? a 25

hydr of or rtublgargnaslsblanqn afhet hg&irauhcamc dnvim“pr&ssutet ﬂntehhleymg stradtideds movabild in

o 10 ieonaite AveBlf gpiaGrRhrlo it Ee hydmBors Ryt reuteloe ai us

par t i al30yinterioesrhel h@)dlak &heEl ®lanf and WkreBYOMpREY 4 'dfﬁxrl&'iéiscﬁ mé‘b&ﬂ@uﬂﬁ‘%ﬁ exterior
posi ti on; is a schematic view simlar to that shown in

Fig. 10,.sBrfeceafshs ﬁ@ukﬁ@efﬁl blagk gonerally ernfprmsia that of eheomtegnal die surface. Thg g.
12 i's a SEARmRS aﬂvexvﬁﬁaerenhgh%%@n%g{tﬁ@%vmom dfingmsao}.se My,g%m the

si de cyl i nders engaged start s a
schemat | Presseng tQ Fmbllwhe feberandiengagingstructuze ¢o longjrudinallystusngrasy thth tbulate

o cssur | R ol RiEeShotg it o SR hetc O e SRR Rpub bk B |

Fig. 135 lbmglmdmw mgvazxﬁy déx peded exireplenish a wall thickness of the diametrically expanded

)

-2-
SUBSTITUTE SHEET (RULE 26)



hydr of or ned t ube; Fig. 15 is a schematic viewsimlar to that

shown in Fig.. 14, but showi ng the press ram up after conpletion of the
hydr of orm ng cycl e; and Fig. 16 is an enlarged | ongitudi nal
sectional wiossigisaeral |y depicting the die halves 5 and | 2C08YGA98032Bsposed
cylinders depicted in Fig. 15. DETAI LED DESCRI PTI ON OF THE PREFERRED '
EVMBODI MVENTS As shown in Fig. 1, the hydroform ng system 10

i ncl udes a  hydrof orm ng die, str ture 12, which, i.ncl ud s an ypper die
portion 1Ebwiatmetal blagk and maintain s wakthickness thareql within 3 pr Hfg"ﬂ

mounted on a ryfidsid@mSsydm i duch lessASmPRA, ié@sélﬁﬂie%‘dxﬁ’é Qddﬁés@ﬁk ve thent he
upper die portion 14 is'carried by an upper hydraulic ram 2 whi ch

control s GBEVENtioasl Wt‘?@ t he upper die portion 14. Nbre

parti cuI #pgﬂg 2-%?3 %H:If cally actuated to permt the
wei ght of e portlon to nove $1e upper die portion 14 vertically
downwar dl y i ntiigcbospeschematic viewroftaydraforming press eppagatus imacterdancet with the

begi nni ngq_Q h of or eration. In addition, after the upper die 15
portion 2 1::@61175%3# B‘“ﬁq‘]ﬁé‘%&ﬁ ram 20 applies a dovvnvvard hydraulic force
to the upper d¥ig. 2xsaJsthémmuh6wtsﬁnmaitatthtrsh¢mhuBigen Hixteshpwrﬂgitobe-én@ in

cooperative relation with the | ower die ortion in h pressure
condi t i orfSrRIREEUGRITERIAVE HIQ|FREAGEMTRL Y ’B’e‘f‘gég?f’sftﬁéngb%é& ° e| ower die
portions t%raf@rm d: A hydraulic punp assenbly 22 is construct ed and
arranged t'o provi de hydraulic fluid 20 under pressure to the upper ram 20

via hydOaul i c Higd & 3 schematic ergssraectionsl vief the prdragicside rag assempplics and the
cooperatiye ‘f‘;@‘l’tﬂ% lﬁgccﬁgg&a?g%%hgy\gégﬁi}%@%@ on agai nst the opposing force

created by t e condl'tions as aforesaid. A servo
val ve 26 is diEposish viewisimilargofthatishown ineFizd 31 butrsbgwingt the fubgiend ehgaginget ween

hyar aul | e R 38 e enRE i e onpfRGine] BEE g bank jo T

assenbl i elsydrofoﬁﬂedand 30 di sposed at opposite |ongi tud| nal ends of the die

struct he. si de ram d res cti.me ram
houg i ngs 32 ar% 3%13' %W&Wrséfgﬁ%‘c‘PS‘@”é"F%‘ﬁ‘é“bﬁ Wé‘ﬁgié"g"ﬁ&e 1 86"&?"@‘5 36 and
38. The tpresufivddiondd @@ e & be/hydsoforméd;proj ects outwardly from t he side

ram housing 32, and the tubg-end engagi ng_structure 38 projects outwardly
fromthe 30 sifig § A HEWSTAHarR that sto “"QF‘gAé ‘EFQA““E Prossnzation. ongd

engagi ng éﬁmé'ﬁiburt@bé”ﬁydréfdm!@bixﬂ WwithVBieWp Eerfdl@ﬁﬁrﬁétﬁre in aﬂ@%ﬂ%ﬂ?&txﬁ@n ;32 and
into engagenent and sealing_relation wth_one end of a tube carried by

the | ower di e Kigr7isohview. smpﬂg tohat shon i Eigg fn Butshews e Wl eapansionof 85 o
| nwar diy @5&2} %Igﬁ%and inddid'idve e %fnmgydme 9{&%&5&%@@@&' tGHna AP the tvpall

engage and sea e opposite en 35 tube T. The tube-end engagi ng

st ruct ur ethipgness lof therpars beingafomed;and outwardly with respect

{ g- the side r an?aé ghotr}{)klemé g@sg&éﬁ{ %g%ngwg?%ﬁﬁ ugg}ggﬁ%ﬂrtﬂgéﬁt&r oug"’lgue g}ng.\g%&ied

separ at e toydrdtheir original pbsﬁuommtlﬂ:ﬁ thel§idearmin ds$emblies afteh mhydr@mmng opsratn; 46,

control i ng fIAIEGS B Bhmiet herHic prkR et 6t 8 ibpelfilSfA ) assemly
28. 5125 hydnbfbnﬁhgipkm aﬁpﬁkﬂxem adcbﬁlaﬁtted\eltli &mpaﬁxetpml of tB®present investidrdndv t h

the hydraulic assenbly 22 for controlled novenent of the tube-end
engagi ng Ry ?E“’é% OPER Resinchy, assenbly 30 is connected with the

hydraul i c purrpexgswﬁtﬂsehaﬁaﬁaﬁewf@ee t8 hpdro¥otiing press appatadisthaktiangs 52,

54 and 56, as_shown. Servo val ves 58, 60 and 62 are d| sposed within the
f1uid embodiedsp Fig A, and sheving dhg,press ipdhe opangiosEiomt rol | ing fluid 1 ow

bet ween the p %ﬁeﬁé&g}%mg& Jiw Rt ¢f St SABWAS REFTR. Y0 36 showing the presshe

hydr of or mi ng appar at us rther I ncludes an uppel wat er
constnﬁﬁﬂdldowranwd;ccbagbd to hold a prescribed anount of wat er. The water

tank 80 is conpnected via fluid t e bes ngagi .

structure 36 133#%}5? ar%ﬁ?% ceWBWf“E%are[ﬂ%P@%&@g} é@ gh,eﬂgsﬁo 8?&%%%%% in

t he fl ui deyllinBers 8dl agdD it iH mtea[ flowinto the tube-end engagi ng

structurceicySG a_&aa\l\ign it ?‘g enga fimd seal ed WltP hg end. o %:) J’ The
I8y {sratﬁ‘,’f‘ﬁf‘%“%% %ﬁnm ar to that shown in Fig. 12, but showmg ¢ side

t ube-end enga
cylinders pushing inwardly on the tubular blank ends as fluid is being pressurized;

=9,

35 Fig. 14 is a schematic view similar to that shown in Fig. 13, but showing an expanded
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turn supplies water to the interior of tube T. The hydr of orm ng
apparatus 10 further includes a | ower water tank 90, which is connecttd
to the tube-end engaging structure 38 via water line 92. A servo valve 94
di sposed WO9%/4632 water |ine 92 controls flow of water fr®CT¢a98i0dze- end
engagi ng structure 38 to the 20 | ower tank 90. After the tube-end
engagi ng structures 36,38 are engaged with the opposite ends of the t ube,

T as sho Ln.Fig., 2, valve 84 is opened, and water flows fromthe upper
t ank 80,\Alﬂyérpfﬂ’8’gﬁﬂ‘%’5ube-end engagi ng structure 36, through the tube T and

into the tube- BRY 191gagthtthatic vieh siilar © tBat shéwn in Fig. A4 0t showi Bres$ .
connected from ghe | oner die portion 16 to the |lower tank 90. After a

hydr of or ni¥#B U8 3BFLeqmpletianff the hydroformingsgcls; ads any remai ning water in the
| i ; . no A
o 9% (PO 10 s iy By o b,

di sposed_in the drain I'ine 96 control rtot
t ank 90. 3 and laterally dispased cylindorsrdspistediinFigyJddr at i on, water captured in the

| ower tan Er%ﬁ B@g@g@ﬁ ugh return line
100. A si ?p e pO%SIISlIVE |Sp§§§%®m%mwﬁﬁ§@égposed in the
return |ine 108stsbovmipFighé, the hgdroforming $ysteimo W inchedeka GPdrofortriimy digpatctust er
tank 80 tRhyo eturn line 100. servo val.ve 104 .is .di sposed in |he
oturn 11 g Y i fudef bl oo Ropartion 1€ i8R Yo Pordid afic ThsUBwER G ROuton, o
t he upper 164 mouritedén 8@igid base 18. The hydroform ng apparatus 10 will now
be descmbed in rmrgedet ai, | ' 35 shown, the ram housi ng 32 of

si de ratf assenpf 3B ?RﬂEE"é%te(i ﬁ’@%%ﬁefﬁﬁ%‘@?@é’@? RRrtigp 1 ds cargied by an upper

- 5- hydranlic raB02Gehiéh EIrRDRWeRidAl RidVEm¥ited 5 dppet MeSokich 14SMRROWN, the
t ube-end en ‘%léag structure 36 conprises a main'portion 112 and an end

a
cap 114. igulady + the ypearigm 20He hydrawlicaly arwpred to permit e sveight af thealie portione

portion 1 ba! d i | ibf Wi
ext endi ngl?gg?glv ?{egﬁk’aﬂaé% P%ﬁ%ﬁ%‘e@%g?%?grdynﬁ%@%éhgﬁgve‘ééﬁ ?)(l)or Fon
116. The digtportiorsl§atrthy hegivningofehydrofopminghepefationgdn pdditivmrafiet ghe wpper diposed

120" of | (DB RIS Bk, e Gertalh 20 abfel adohaR bl SRS B Vot 105

of the sl pemionjdto maintdiaahd wppei dipportibn 1 inl dodpergtivemblation Iweith the lawsratle Wi t h

000D b H A SOSN8 BP0 b ™ 1

The end camd Ibiver diegdomdems 1dni6annul ar fl ange portion 130 bolted and seal ed by

virtue of apprqpri.ate fasteners. 132 to the circul di st.al . end of _the
sl eeve porti onRi}Wg?a Pgﬁpia§SMbed£7s}§d’§ (flr’if‘"ﬁ‘?ag 'PHE"Y’g?rPWGSIi‘% gy
The end2@ aidek pfeshire td &ie dppéd M4AEZ0 A h§IRAGE TR/ line 2448 YhaAfitaRhé upper BRS

integrally formed with the flange, paortion 130 and extending axially in an

ange, p . [ ! )
out war d d\é?‘E’BFi A% GPARSTALNE _ﬁ@%‘f"_nt Wity p@éQ@?ﬁ)@FtPPB%Pﬂlage!mqfﬁé OPRASINZOrgsor t i on
134 has ac@eegbiithe/hizk dgé/étagi?fgiegﬂre 8arldRdris "as l%eréﬁfde A%\%vto‘#%lﬁrkd i3 dislposed

constructed and’ arrange rma peripheral sea an arcuate upper
di e surf aiethp &uid lige 26w regulath duidBew betweep the hydinauiic pamp assemably 32 mad thewer

di e surfaﬁﬁpe}f,gnqb‘the | ower die portion 16 when the upper die portion 14
is closed. The end cap 114 terminates in a nozzle portion 144

whi ch p?dj ect sThaibydaawlicypumpoassanthdy 22 is albeibennegtod withra gadeiof Sideeranassemblies

but i do. 25 a2 UREAE  Ginolind Ee Bl o e oM e L2 STRENBERHR S |
ext endi ngassemblies28;30 intiadgrespative am hdlsings 32 aad e Andafespditivé tubesenti on
perton 182368 4 uF g B bR o ety e
with one gedidefram Houbigg 32 JirdnBs afbelend ehigagitigtstiichiré B8 bfojdets Sitivartily from the

hydr of ogdln',ng operation. The nozzle portion 144 has a cylindrical” exterior
sur f ace 9 side pasn Bewsaag et ed and arranged to be received within one end of
the tube T. ItageNowPinig! £ B0he-end bRSaghfdsst i

interference fit wth thl |2’nteri or Wl Tof” tﬁfgﬁ{rﬁlggls%%g‘{éb%a{ngkgadg@wmgﬁd.
A | ongi t utAThBousingr¥ aggneengagsmentund sghlingheslatiod vithporkeadafid titse T oasied byt ed

St uct ur e BT 4i8pSRATAR: Fheuierotibabhilil Nl 2808 mobiie SVarh M .,

i nt ensi f yramyhetsing3duand i{ ¢éhstrastedameareanged yo ehgake airhyealitheapposierend of the60
havi I t i.ph di ' | | dab d.
ol ot orinBE T e @S RabRe Slfertis SN Hmbte ek AR, uSRRY it et ¢

cylindrical internediate block portion 162 is integrally formed with
base portion 160 and of decreased dianmeter in conmparison with the 35 base

portion 160. A solid cylindrical forwar'd“%grti on 164 is integrally forned
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- 6- internmedi ate portion 162 and is of decreased di aneter §n
conmparison W th internedi ate po 162. Forward portion 164 extends fro%
the internmedi ate bl ock portion 162 into the inner confines of the sl &

portion 1WOWM4RRe outer ram 36. The exterior surface of fREMBA®  portf on
164 has a generally cylindrical outer surface disposed in a slidably seafed
relationship 5 with the generally cylindrical cooperating interior surf&

por 1 on' FE8¢ T8 iRy 27 Bt wpan byamyicchuh o 00 B B UERoly 'Y

ext endi niydramid pumﬁ ismghiyﬁarthmgh iiee se”fahuté hysdtgﬁxcsﬁmﬂm 4!58;2%6\44%&8 a

[he. 1 ube SR cguy vAes b FBBA O36E damohelof R AHE FEs 444,094 40, eemeeveet ur e

10 110 afg c%h@wrung ruuidmw bERRENEHepuRRSdss@fibly 22608 sidetrimasidiebly 28) housi ng
3 houl d be appreciated that side ramassenbly 30 is

2.
substantially ﬂﬁi@ﬂﬁ‘i@&m%dh%ﬁ’ééf%ﬁ?sem 46 3Q iropnested With %W@W@@B@Pon of

t he conn '}sﬁt o?Qh{ s t he
connectrgér\?h;ng f&rE&gdlthan v%%ﬁﬁfﬁ or t fe%‘r’}ae?n&as 28. T us |n ‘
fi gur es, assemblyrd0 xas:omeew@ i¢ith the hydraelic prmp asapmbb'e%rm dkree separate lmlmlu: gl ven

t he sane e I 0,
descri begmAsﬁ{eg Eg&f%ﬁ?ﬁ?? SlZf}&"af §ervo %gkgg%’eéhlﬁd & 'S m&%‘%ﬁﬂe‘% t}m wer
di e strubihesr52, 56 and §6 viespeativaly Afor centogiing fluidrfibvn hetweed the pimp asémbly 22

provid ressu romthe hydraulic punp assenbly 22 through the !
fluid Wﬁ%djﬁﬁ P’%ﬂ Blargor nt er medi at e chanber 170 generally between the

fl ange porti Omhé-ﬂ)&lreﬁ‘onhﬁigmﬂdme noagHhe mcluﬁésr élew&ﬁr @Ak S0RendtaGeRd
portion 160 of press re |nte | % gtruct |n housr 32. .20

Si mi | ar | $7d aEangsd ,hojd agprescd ?fip@%@ﬂ‘ b watest &gicé‘?ﬁ‘bY‘?ﬂEQ can
provi de hQyglgaw ihe mbe-é‘nhléhgagirﬁg)ﬁﬂﬁﬁué kg 'o‘i' sid'e Gﬁﬁb@sehiﬁlﬁ% h@s sV eV Aise

chanmber 170 in side ram asse dis provided to the side

ram assefispesed iptheflvid e 821axsdmmralsr ‘H%fﬁ‘r‘ ﬁﬁW intadhe mbe&er& gngagingigragRrg36

struct s | g\/@ﬁ&i r ¥ g‘;&ﬁ%
fla geyj %ﬁ%?{f‘%hﬁ%{s of egigeéﬁﬂ[gntﬂage g%tc'l‘%g\ggl t es%gg(ggﬁ%%gmg% S 0 tfﬂe t ube
T. 25  tumnpepplies wates kothe interiey of tube Tser vo val ve 84 is opened to permit

pressure | nt oxlt FEoforpiBkecil 36 Al by (R el ek RPN 1 © ©

t ube- endcamgetgd tugthemthceandreagmng siptowre 38ivimwatep fine 82.d Aoseryo valyei94 disposed

e bor o8 valer ik 32 Sofdils AR fior s f e ahengind bS8 b Ong

I S subZ@Eiiwentdnk 0ommuni cat ed t hrough the 30 bore 150 in the opposrte out er

38 into the f d chanmb 174 of t
[)?(TC essI (r;f Of i #?‘ng‘r \é\ﬁ% @aﬁggﬁ?ﬂewg%ﬁggf‘ gg? ?@agﬁﬂwt&mﬁf’mﬁﬂ %ﬁgﬂﬁence
permts mbef'ri a4 fhoivh @NVFI0 2 bﬂvé 8484 openad, AHd watkd flowdfroml the bt tdrdki8ed t hr ough

the tube T, substantraﬁ ai r bubbl es are purged fromthe tube T.
Subsequef¥eygh %‘?Fee@e‘?‘\%gm&FWW 365 thrpugittie duke T apd into the qube- ﬁ?%%églpged to
a predet ghpnpedgextent. 35 As shown in Fig. 6, after the tube T is
filled wth fluid, the upper die portion 14 is | ower ed onto
the | oder di eAgkainilisa 96ds eenneeedrframcthe deweralie periont i todis loyicr tank 96} yARRIVi ng

a box I gi ng of

t he uppe? %%r%e@ehﬁ%ﬁ Pﬁ?@gr%%?gi%gé&a%g Wm‘*ﬁgqﬂ%% t ube- end
engagi ngpmtmu d6 tmte t3Slosver tank &0s ek servo ahlve 984s disposed tiw thevdrin lined6tta loontesid
engagi ng cture 8,are cl %ed Subsequently, servo valves 48 and 60
are open ?éovrfelrﬁz}x& " under pressure is provided by hydraulic
punp ass enbl yA&é’r 4 hydruﬁ:hmidgeaﬂemnumer kaprexed 4 tiRndwer taRié 90 ¢s feagracditol the
rearwayd chambers gr sgosed rear rdly. of pressure |ntens|f i%ﬁ

st r uct tN BRPET FHIG £ R Re ‘%“1 -r ArFHRIE ABFLVE displacepRnt 33 E‘Pflr% d

provi dedisvdidgosell inlike renrh@mie W0 to fid @aé?froﬁﬁ&l& ESwTRRB0 o tﬁé ne water
pressure intensifying structures” 110 i nwardl g: % 0 toward one anot her so as
i

to di spl ek 8Prkrough te roprmiing 10k @rsemrraéver swsngmhmmémq_mo to
through [digiafd :?&E%PWH{\%GH%%E St tﬂuﬁ&:@&bdrthgr%g rt&?:ﬁemgf - As shoun,

f orced novenen i nconpr essi ontarned I'n pressure
i ntensi fyi ng Thahizeforting apparatus 16 willmewTbe describmskin maereidetailiinFiglidandsri cal

ex panSé DSk, g,pgr Gﬁ‘t Yusihe 325f side ram ﬁ?etnﬁiggg fhgﬂsz:'s: élge tube-eRd EXAYIE structure

|ntensr ying ures contr nue
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15 inwardly toward one another to displace the water in the pressure

I ntensi fying chanbers 174 and further dianmetrically expand the tube T.
The servo valves 46 and 62 remain open to permt pressurized hydraulic
fluid to cewaesmsss2t o fl ow from punp assenbly 22 through FORICA98/00828] | nes
44 and 56 to pressurize the internedi ate chanbers 170 of side ram

assenbl i es 28 and 30. Fluid provided under pressure into the ° .

i nternmedi ate chanbers 170 causes the tube- %0 en(g g-}n?g_aeghgg structures_ 36
and 38 t o 3fd@0é 2pEgedRiERfving mma%@ﬁ;s Vfrerthe gAging strugime 3
agai nst t?&nﬁﬂf&ai'dﬁn‘ﬁaﬁﬁmqfu%& ah¢h€ cdp 11 VRIERS ?atﬁf:ulhﬂ?, ﬁUhﬁhﬁ&ﬁ&T n36 and .

38 in thi shion"causes the netal 'material Torm ng _the tube

(pr ef er abligclusies amybulas sieevepertiond 16 13ad a radiallygeuiwardly exterding flangerpegtion HS
di t ' 0 1
WhiTe e Siehiify AR @R RORINE fea DB U oF B AoV pORYS, TIRGERCT .

within 2peripldraf edged 19af thet flingk postiondfl 8tit disposed iim a islidablye sdaled rlationship

to’ Pl pSHBCA St ok SR el R e rai bl 23, "SiuBIDSPUREE S © U
g Ir teL glrJ SEI Zgﬁel?ﬂﬁ?j surface 122 ¢ff the sleswspdrdont b6 isAisPosedincslifiihgGna sedledbrefdtion asith

her pressures can, he, used. 30 Af ter e tybe T is
For mad-| neGoPpRRE TRty LRbER0eTaly e BLps A8 ORGES 1 e e ousEs 32 ougtvhich
cavity, pyuBeerEaipasing Stridét@eS3f profecisl ui d 1ines 42, 44, 54 and 56. Then
val ves 50 and 58 are opened to permt hydraulic fluid fl ow un

der
pr essur 407 r om The endeapal 14 includasanansulap flgngeportion; F3Q:beltediand sealed by virpe sf 40
and 52. 2 ' AR g | :
eturn chaPEopaay ShienB a3l e cuolld il R St SERILOCRONBRATE MRS, |1
t ube- end dispossdroytvamdiytaf the ramebowBigaizd T ensd expdud .fumgee‘sa@udez anielomgared t he

g o T ontly £l MRl Rolti RN B Qamge norion 120 4 sopiing il an

respect i veutvean diverzion grittid2 spactta3sleeve pastion 1160 Tievebilmepartibe 1234 basengeagratliy
structures 36, a 8. out of a nt_ wth t OppPOSI nds . of th

fube T 5evERERA sxftier gurtibe 156 WRERE oolbi b uORRRE b A0RR peroBtral 6k
]§|6 and 38 sﬁﬂﬂmhrri:uamrx]ppe? u&rsﬂi-fwl:a\bt]grﬁbm zsm?f thamppér di? peﬁfmslmd?ndﬁame lower

anges 118 engage,.t rwar aci e surfaces 168, 0f the

pressure i %‘ﬁ&"?gﬁ%‘e e ?%‘f Lﬂg%éwi‘% lg%ﬂmﬂ%%‘émeﬁgwpﬁ”&% ?‘E‘Si qlessfhsi f yi ng
structures 110 The efiéaP114! térmibites iR hoele frrtied €44 whithi prbjects olivwardly &oeh the
t ube- end engagi ng, structures reach _thejr ori gi nal Positions, an be

appr eci at é‘épuﬁqfdﬁft&nc'éﬁpa?hwlﬁmlﬁ i§§‘:‘bs§“§ gibular in shape, anggfs Pﬁ@ this
out war d 20R¥ERENbutsifie Biaﬁxegegexz E%&hg%ﬁs%%ﬁi &wmwgmg%wagg AMiARAexétaa 10

end engagi ng structures 3 the val ves 48, and 62 are open to

pernit badrylanflange pertion\id6 dfisposed gt theitrangition gtokeam thectubylay ppriien £34/ad

cont ai ned ! ionwl@g I : ;
t ube- end grl\erg;?atagz?traufla )s{tﬁnu%!t“ﬂres %lggﬁgﬁ% %‘1‘? els 8‘?‘%3%5‘5%33“ &“ﬂg%?tﬁ!g&%%%géﬂlte
ends of t Isealinglyelation with one exxhaf niubg T dispdsed inithe demstrushiyad? dyrisg fuct ures and

val ve oo AW Gebffh T Do rdbr i) bk Ay BoAT breclfe AREEC TR UL

t ank 9025 sonstmyetd add tryanged to pp ecceivad vidin o endgdf thétubest. ultmmay bel praferabio

when t he ter .S activated. . . Adv .V, bec t he
side ram 3@5@%&%@8 1%8%% W?‘{“feﬁ%ncﬁrﬁé?é%m? mghqrﬁ'gﬂ?%&gﬁ}#&aﬁa@%ﬁr e

i ntensi fyieag structures 110 within tube-end engaging structures 36 and 38,
20 there is no need tQ provide a sepagrate, costly "intensifier" stem for
provi di ng hi gh® Hpﬁma?borep@mga%“ék%ﬁa& F‘%/Rad‘{] .‘SSB'ESI‘F“Fﬁaéﬂ ifiers
are nor Malabyng Ay ch@thuhitafdi fiifid BoRP Hith the nib¥ @ kAEAFINtOstAIRIrE DB td theSnner

hydr of orm ng Systens that utilize hydraulic expanSion pressures greater
t han 2, G0cgonfines opthertuks T. and heret of ore have been particularly required in

hi gh pressu d  E¥Q): ' ' ' 0 ' a
tube are engagrelge gﬁ%g‘%?‘{c‘%@?@fgﬁg@ﬁ yfot %ﬂe@gg{hlk&t%ﬁ&ng%eﬁra?%ﬁ@&?ﬁ%I ong
t he | engt thavihg b enruldreouter peeipheryididposad i shidably sedled relationbhip whthake swer of

t he tube durin xpansi on t heregf . , Convent i.agnal.l i | ki er e been
used in céﬂffﬁglzlsé’ﬁ rtaﬂ‘nléoélﬁgﬁggge ‘%isﬁ@lf;ﬂ “ﬁ*&%ﬁ%ﬁ%ﬂ‘?ﬂé‘? %chk P§§Z°d‘ I’§/ to
push the dmp@aily ormed &ithsbagé pdbfient1gh and oN\aectased diafiefed dii cohparizbn wdiiahd | oned
material, flow . The prese I nventi.on canmpli shes the .sanme

desi r ed 3P PA RBHOL L0, ﬁf&%%&ﬁ%ﬁﬁpé’éww&°&wmﬁéfﬁd’q¥%ﬁx %?WHt‘Y‘ al
intensifier, but is nmuch nore cost-effective. In the present I nventi on,
water is fed under relatively | ow pressure, preferably by force of gravity
(or a sinple | ow pressure circul ati omfunp), to the side ram assenblies.
The side ram assenblies t ISAIBSTTUTE SHEET ( 28)dr aul i c power sour ce

o ~ SN\ v T " N .




o —v(sww \ . ’
-9- Anot her advant ageous feature of the present
I nvention is the use of the sane hydraulic punp 22, used as
aforenmentioned, to also apply the downward pressure to the u r die 3
portion 13VQ 846382 upper die portion 14 is inits Iomeredpﬁﬁgf\?&%n
hydraul i c punp 22 effects a downward force on the upper die portion 14
to oppose the internal die cavity 5 pressure duri ng t ube pressurization §

and thUS r | e . it . In 1;“
addi ti onnEe E &“?gﬁ‘@@ earlrllqllgo géscgag%hrrpl ex and&ftheé %gthr swl%tgﬁo‘t
convent i tﬁ?al Fczrwdapnmon 164 extendsHeéma the m{.;:nmodxatecbl@kqmmea 162 xmmtlmnhmrged 1
parti al h m I S

gener al Ié/ &a‘ﬁ%% f},ﬁﬁ@b?ﬂé ?@%Pga;?ﬁ%‘gn\%ns ﬁ%&&ﬁg‘”@ﬂ%@é 'fwaf‘he 10
Dssenbly "“‘““”2“??"“ “T*"”"““?f‘w ENeLaLLy Drou QD Sty uct sral -Supbor and
gener aI'A\ V’qlmﬁg,e&?‘gﬁy&w@’fap%‘?\éﬁ% $ bctac %&SIE%SFQVWQ? M@ i ndi cat ed
at 224, a | WY thR LafsicH BQWRtn the TR¥a2d b&nioﬂquih&%aaihteiﬁx@dxaﬁ block portion |
hydroform ng die structure generally indicated at 228, and _a hydraulic |ine }

assenbl yleZds aradinly extending anpulag flangdgface 468. Theﬂemwrﬁgeéﬁ §¢1'<‘,'€ﬁ BAy to |
Fig. 9, {9%‘9“' bigl?c%fr@ ggai r of press side frame
menber s %gg&?tfgﬁ&ggﬂ;%%ﬁg#ﬁ%tera 'y Spaced el ongate vertical nenmbers \
for mount i IngFig.hd theibe-epd eagagingsssrvotuye 36 andithe piressure ipteasifying stechiry 228, '
The u wn plate 234
nmount 218’3 g(:(f%ggh@{] ﬁ-{}ﬁ%u r?agivr eoéis&ﬁm%lqp%@n%ﬁ%f%é&?%gégrves as support \

for parts of hblmuld/bbapyrcmatéd thatisidy sane mssenblyb30 ﬂsabstarhfadiylxmal t@6ide ram The

UPBC! P 58Ok 52 Sk i s e G S R Rl

Gener al | 30 ¢Bis'th bonndetiRad ekt Gpper tankiBD foy tenday assambily 28| aItRs, ﬁﬁﬁcﬁﬁux@sram
cyl i nder 238 m@g a ram piston rod 240 that extends throuc

verti cal Ygplag foz;th¢ BYP ragyasspmhlissgeand J0are grvepyhe sames refrsenne nﬁms{aé-h

236. Ay Umﬁrat%rdf' thsyafent BRI ROWIR r!ieEd?fbea‘lQ&srkﬂéwﬁ in i) A@er Befafe T
di ameter_allow ng the upper 25 portion of the rod 240 to be di sposed in

slidi ng s@cedi stwquge,lﬁ; sarve valye A6 dxepesed and pydraplicfluidds. A space
defi ned
el L ned b P/fd § uhdi? %Ees?n%tﬁ )IdeuhE Xﬁir%rhs&‘?x%lﬁﬁ@ dﬁ-BQ%%BE fludd gﬁé # igro.

surfaces cyli nder 2 |ne a er pressure anber
pi st on rwmm@rcbambgelﬂﬁwenmnﬂéwemd@ fiange pomsion lpi@rqube-md eppaging | y

(rzye/?iuﬁg(rjlggﬁqmqgg g{r?&g’%r ng\ggmﬁﬁt%ﬁguggﬁssﬂgmgﬁimgen or surfazﬂea’gsm 3%h 30

cyl i nd2r SiaSRarly Tteevd vales 63 iscopenedescthaniysiraditouimp atsdmbly @2an iprovideohydraudiod by
a radi al Lv i rdl t.en ort,ion . of .th ase,.of the cyli 238
At 1 i o B e S BN Spebletatl itinpel B0 oo farh AerHlY A WndR o, o
uEper poﬂﬁmeﬂ%mfzvxdg&eo the Siderramoadsehdiflies éasgad Bﬁ ifs el efhshion, thcg!ibt—érﬂwer dend of
the piston ro 40 i s sure r 4 The pressur ra 4 xt ends

i Don SHEREIOG SEICHEES 38 300 18 Atemeyal npRELy IRVl PRe SIALEET S0 B dhe HAES! v
franme megdifiog 14636f eadh engag eaﬁ@@edl@t&?pﬂﬁx@&&xd@%&imhve?% includes a press
bed 250." a right outrlgger 252 fi xe

_ 10- ext, as hawip fig. o, tsFFé’%’laB@ss“b‘é&Pi@é to, permit wates Slow Hom the,ng g
left outgg H%Tﬁ%kfmg%%ﬁjfn?@si fito a pRis &agxfgﬁﬁa?w dléposatPt her

tie bolt ress b 250 supports a 260 and
provid eswahmdhmwfmmﬁ @bemdw@rgaa@gé#scmees% wqeamerm@rsendfof PrRsSEE es s

de f f th
o T P R 116 81 BeGRsE ! BN OASY: BHERD R B0Rte (e
press beunibeantd cn@gmg strecteres34 intaithedutst T, amdds satisequeintly commmicated dhrpugh then t he
bed 25 t 5 d.|eft tri 6 t hat id
Do ool B 1435 b 5 74800 S SR oF S a8 0
wi |l be pessd t ocess BE Filitig the tube T, servioefaBler 941§ nixtlﬁlhh@%eﬂe@ ahd) Berlty ge@iigr M ng
system220 enbo led in Flngf the die structure 10 22 whi ch -i s _enl ar ged

in Fig. 2w oy ©she lowes tanki90s nWithihis flaveofiyid thropeh the tabq Swibstangallyalk

air bubbles are purged from the tube T. Subsequently, the servo valve 94 is closed and tube

T is pressurized to a predetermined extent,
35 As shown in Fig. 6, after the tube T is filled with fluid, the upper die portion 14 is
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260. Cylinders 274 and 292 are nounted on the aforenentioned left and right
outriggers. The di e hal ves 258 and 260 have-respective internal surfaces
264 and 270 that cooperate to define a die cavity 262 that defines the
si ze and sNép®8/463820 which a tube blank is to be hydr of orreEriCcASEN®3180 D
upper portion of the upper die half 258 is fixedly to the bottomof the 15
press ram 248. The lower die half 260 is fixedly nounted on the press bed
250. The | ower die half 260 is of the sanme general size and shape
as the uploseres ontg, therlowersdie portjon 16 toform, p clased d’&icé"‘%&foa@éef%mﬁ having\ger t ed

rel ative pexel teoss3¥@ionsli sBa ble¥ettvesd ace 270. Di sposed in the upper and.
| ower die halves 258 and 260 are upper and | ower tool nests or cl anpi ng

structures 266URSRilowveping phthecppprdiapertion by theogrn Yadve 84 samectechwiththeer i or

Secure. t noofupt U Setre AP inERE b vaiy? g A0 I WE IR S0 opalit >

di sposed $tructure 38 fare ¢iesedoSubsaquently, serve valves 48 bad 6@ arapenedyand hydraulicofheidt er

detail | ' i s of the, di ] t ool 66
a7, biter pEOSRRE R aPRD By hOGAR Sorkl adsPR0 2 ek Yo R 8 g
out ri gger 54 fbpressurize ferward ehambers P64 dispdseth yeuraaddly of pryssdtd in@nsifne bl i es
Ch e ShnRLd Ut Ao ok S R P 5 Snd Bl o v
out r i gger reghfard icBarbere i 9 Sdus@URbvesdEnt BEBE pressuré HuensifyingHREmes4 mgﬂﬁéﬂiys of

a front_nenber 276 and a rear, nenber 278 that are secured to the top

sur f acelbiowarbonesnothet 59 Aytpadisplans the, water Within the pressire Jptensifyingichambers 174
d : 6 8 nb
T

276 has > al [ ow ng .arng, seal ed novement eret hr ough
by a tubethedes legwater eantained ingressuugdntensifying chamberzd ¥4 diito ttheetube Fe - end
engagi ng liéﬁ‘ia LS~ H i thin the cylinder 274 and is of a
di anet er %ltugépégz{ge |ﬁ&én%>§llc%fg g%ﬁ%g‘dwr&exgg{bieoﬁﬁ with the inside surface of the
cylindrical wah$showmimdigr7,386ssuiEniatensifying structures pld) ¢antimse wfbetforcet ube- end

port ont> Waltilh Kiard e Bicine o cfbfies bl S hrdBiins Wi BRSE SRRl o1
gy: | ng : : gg}d fartter diaméreically exfpandithe-talredT o Thagervg valvesi$6 and62 fetnaik bpen to
ylin .

X . . . - 11 -
i nsi de sufFER ugized hydraulig fluid.to cpmtipue fo, fipsy fromqpump assembly, 22 thioHgR r 1 y
faci ng suhydesticdine$ 84 and 56 &cressueize thk ifferrh&ifiate dhanivrsl 1 FOGPEd BN dssetfiblibse
282, and %&e u{__@gﬂrearv\ﬁlrdl faci ng |nter|8r syrface of the front
menber 27 B‘T‘f :{lﬂe PioYie Roer PAWr‘?‘Br‘B%W i3l chamgers 170 caysgs thedube-
defi nedzwéhdté%@aséigg]i@ddﬁlﬂés ﬁ@;awgs td ﬁllb% 1@Fi%%&@%aqﬁwm§: tof@fd GHRHBthed /8 Of

the cyli nder the cylindrical wa bér 280 and the back surface

of the batid agaWsSe PPRASIIS g1dsof thiytube T.{ Moweraent of Hpmiterrams 36 and 38 im s

These chaghg ?ne?aff &&g&w&w ' ' | ' , as
will be di scglzg%%:é %Q rontQn end por PI g‘egqf‘ﬁ‘{?@‘?ﬂe@%ﬂ‘%ﬁ‘ée‘%h‘%ﬁf’%bd“??ﬁct ure
282 t higngthof theutessscodgiothe diametdrrof the mberbar bogpandedtin somy reasiby 10%4ot s of

slightly : ' : Of . 1 i t tjon
of the b SEAHE e AT Bes 0B by dgorsBl Wie'r MithiBlairkll prerttaiwillh &
nose seii 104h of 88 walhthickaessrof thenorsginal églie lank288 i s construct ed and
arranged to be,ecej Wit hin the en e f e blank T.to be

hydr of or med. '?%8&%&@%’\7\/5‘5‘&& ﬁ&?ﬁ?’i’%ﬁawe‘l ﬂ@oﬁﬁlﬁg? ég& ABRqsphetes 1Sd'ﬁ°‘g§8

pr ef er abl exphndthe titeedi Dégeyiding ipss tHeyappiéatiod] M enay alsyteipraferdbletaggiliggot shown)
whi ch abuts_agai nst tge@nd eﬂq?% of the tube blank T tq enable nose
section JBIgssuEEs bshyvesn 2,800 204 405409, aupgsp E‘eégajﬁhﬁ‘égh ¢Ys8 highsE PEsTIrecanhe

| ongi t udiyel, tube 15 direction. Arelatively fine bore defining a fluid
outlet 289 is formed through the nose section 288 and extends from an

i nt er nal0 chanbhftertbetuheThis formed intoihe desjred shened cogespording ko be shapsf the dignd
engagi n o al R | r | be
Dl anie 7. SARURPIE Sl o PRRARLE ke 4 ) T 367 Thert vl UPiig R &)
t he end ofpebeditokpetmit hydraulic fluidGitow hederpoessuredram the hytiraulie phygrasfembly 22

press bed,?2 d ed. se el,y to th 0to f. the.ri.ght outrigger 252
is a hyd(rj‘gmiggﬁ% @&gﬁ%eﬁo MPS%XA§§II'FWE‘€?‘Y§§§%%§P§ lﬁ@‘é’."lc{fﬁgnaer olv) %%0

cyli ndler RESR Uhﬂmbeiﬁmdt:@ismsad 't’mmfdljévai; iheZBﬂgclami'éiaﬂ miSlbemer-cnx%%ggg'giggid
secure to t right outrigger 252. A I ndri.ca r

seour ed REERT Tae 34 Rty Hhucizifon o i eR Sabsteado et fieabe-end

cyl i nder chanber. Disposed within the interior of the duplex cyl i nder
assenbly 292 is a hydraulically driven pressure intensifying structure 300
and a 25 hydraulically driven tube-end 'e!hgagi ng structure 304. The

hydraul ically driven pressur SUBSTITUTESHEETH{BUEE2Rt ure 300 has an outer

o NN PN N o o

(D

%




I nwardly of the cylinder divider 302. The tube-end engagi ng structure 304
has a rear end portion 311 novable in a slidably sealed relation with
the inside surface of the cylinder wall 35 298. A nmin |ongitudinal

cylindri ca¥098/46382 portion 309 having a reduced di aneter eRCEMA9IS/00328

i nwardly through and nmoves in slidably sealed relation with an opening
formed in the inner wal | 294. A tube-end engaging portion in tthe form of
a tapered nose portlon 307 i s defined on the innernost end of the

cyl i ndr i cagaging-vmstuses 36 and Hhoutwardly wirbin e resperHveFamAousipgs 32 and 34 so as
confi gur a5 Qe it ﬂege%@%gkgﬁg saiGuits 38'28M 138k ¥f thé&f Yith e op gagg& %&s

extendi ng portion he pressure intensifying structure

hi gh- pr efthectubed) 8s gOWnsadigell to its | nnermost end, is slidingly
rount o0 w {1 e it bl ShERKS B0RPla LSCATRENANE Wifhin e 10A

Defined i nvvar essur e sea sure
i nt ensi E)hongngnmdLMe the fl&g8s hiRlengagdithe fohwdlyrfnsmg tlanger surfates 168 ofnbe
intensifier fluid chamber 306. The nose ortion 307 h

(ol at T v RIESHS ARSI MESEIRRGS L Orqnd dgive bg RiesSEs IO Rane SEUGMES 418, ough

ext endi n@utwitdlyd| Bvehfually tHeepresshe ifitehsif/ing Madoe-e3d engagthgGBRMMAE redbhqlgh an
I nner nost portlon of the t apered, nose portion 307 to bl e the chanber 306
to fluidiojismal pesiians; esaB bgiapRreeiisdfag T8 A SBAFPTAC R0 18%. 40

A pressuri zi ngy ﬁ?merou%% h&v&ﬁéﬁtﬂﬁ%@?&%@:&&ﬂxﬁﬂgfsﬁéﬁmﬂqwhﬂd‘tu%@Q of

t he hydraullc l'y driven pressure intensif g structure 300 and the
out er WAiend sagnaghte stivetugrsA6cand B8, e valvps 48246, mande@%arﬁ qpnwﬁmmmmck §low

ggl;lt ingﬁ %wﬁ"?&‘[‘%@%&?‘g@% Im[\ég%ugﬁl ?@3{"3’8%@%& ?ﬁgﬁou war dI y

faci ng s@2face of the cyli nder di vider 302. A tube- end engag| ng structure
pressure cha 4 | Qr. t I.n I [of surface of

t he cylinder %%ﬁ%ﬁﬁu@ﬂ{péﬁ&%&%%ggpé 8fa§¥:\?{§gn%§%‘f‘g¥§ oqpﬁggeout er
end port iends Sflthe afbetT avdrchenmainingainl the dibevend ehgdgéngandxcﬁﬁeﬂr@agt ageJtisuct ure
304. A e-e en I .str ure.return cha Is defined around
She cyitp Myl X iy e 5 BA56 s oPER Becvl SR 98 2B G RircioRer ek 9Be S04
bet ween trHe m:e:bnzamearmltn&qwfexoﬁnﬁ 9 mf ?aed thdie ugher- i3 eaEhtHe fdniract ur e
304 and the inn wal | 294 of the ex cylinder assenbly 292. These.

chanber s 15180 ﬂ?fg‘ga‘%l"m‘llul }slaﬁ@?"‘e s will be descri bed bel ow. 25

The hydr of or MAWaRBSR %’be%a&e'dlé $18¢ f3h %%ehi%lxgd % an@SG 6f the pkesedtyfRMtion
hydraulic line asse | 1 nes, reservoirs, punps

230 t
and val v&gPlQyspragsure menaé@eg me,qcafrgss%'llso I ngm tuhefmbwmms sirpetares 36 Sl ﬁé
descri gr thete oy n@&%ﬁ% gﬂﬂl&fa[ §eB§ral:e” ¥6&tly ‘Ghrensifier” system for £&¢ ﬁvxd%{gﬁﬂ%

the hy orm ng ssenb 28°In I'ts open po
parti cul grésyurestorgxpand the tube. t%homnmﬁmmm mrmatllble'egnmdsn mﬁnm’ﬂﬁsﬂl&nd upper

di hal f

0, el AR S ARG R R B e B

320. ;I'hlh sgr&amlkhﬁﬂ),()@(hmrmqlahwab axx:l heectBfoze Lm;ctbelen pamcnlarlmea;m&ﬁhmhgh Ui g
t eni ca r via li ded far a an r i

Moser ! " HRksifts HustRoomtng aperdifors ' whichithe Bhndsf s bt 8 ARt dd okeed'

nmot OL | Ratimwardlynp efi2& rﬁaalznatenaltfmmt alopg me:t lgey%thg dlld tab tcf‘:&@l_enhh oh mammgu:et ed

on the cro n, upper tank ou i.ne i s ed to

k530 wal fRkness of the spépns R cxperty £l CoRrenpRaD) suermithe en

- 13 - used in con d]uncndd‘wﬁh ﬁ?ara‘k $106l rakf) me%iﬁe?é/\ﬂhﬂgarb hiSed 'GHile ko ﬂisﬁ\thé M ﬂo@i@é’ t ank

330 to be fil via line hydr of or m hg appar atus 220

i ncl udes eadmfdhambpenmrdlydowéfger%aforggmqﬁad mgesiabBow. hydraulic fl uid
336, preferab JBfnide @ hi gh
pressure hydrzl;lr‘[ljl ?Eésﬁ’ﬁ%ééé‘gig}‘g \}}gﬂ?{%s tﬁ gra ?eﬁg?lﬁgfﬁdb@g%par oug gl ne 342,
and t héf spstem davidg thecconieritibnddstensifien me isi machBudret apstaeffastive. oln shalpment
assenbl y .346..conpr.i s.e f | | 0 e The |

Co No. b ufeguid St Sodnce ROl b etnre. REAERRY Bk rafavtd) PR 46
passes t Bimplglow b&smmtmﬂaﬁml pum;:asmemb Lsgdea‘ézﬁ as$emblies.uThs side rah assegdliesul i C

I h | i 4
gg:?;;/g lﬂppn&xtﬁgzg g}/e:,a%gxg:hr}}grau% agwer s%"d'rcré (ctg ehy rglgl%upump lein'g e%er}gthg[grgsrsur?és 0 to

that are required to expand the tube as well as the pressures that are required to force the

-
-

35 opposite ends of the tube inwardly to retain the desired wall thickness.
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10 As stated previously, in Fig. 10 the press ram 248 is in the open
or raised position and IS supported by the piston rod 240, ram cylinder
238 and the cylinder nmount platen 236. The piston rod 240 is held in its
rai sed poswbisgdsagy val ve No. 1 being opened and hydraul i c ptwioA9s0032636
bei ng punped through Iine 348 into pressurizing chanber 246 within the
press ram cylinder 238. Wth the upper die half 258 raised, the tube

bl ank T can be positioned on the 15 | ower tool nests 272 of the |lower die
hal f 260. Another advang@geous featune of dbe present invention is thecuse ©f ghe sgme hydraulic

hydr of or 1y ' Q 3 Wale'g g i,.son wWith
B g, 10 Bunh 72, ol Homebdes 8 ulihol R dowm L HASER, b BRE G

Event ual Ipprtidnhist Wheyethe wpperaliSpértion 14 ieinigplewerpd positipn.f dbel hydraulicponp 22t s

of f the er u nd notor 328 .when, t hydr of ar ni l,ui d 0 has
reached %ﬁ&ﬁ&&w@&‘?e% °%Wﬂ?3ﬂpﬁq§¥§@%&ﬁm§%ﬂg%ﬁroI val ve
assenbl § ppSure dufing tbd)présshriRitivh ahd tHue $&8intthe uppeh Wit poitiore 14 nthe Idwepsd and
opens to depressurize l'ine 348. Al sq,

; openj ng.val ve .1 prevents
hydr aul i POBHER- IBraddRigRethe fisal syistemyis eps chmplex 3psdest ﬁ%ﬁ'&ﬂ Bag e ng
dommardcgﬁyﬁﬂg gmm the piston rod 240 by permtting trapped hydraulic
fluid inc anbeﬁm§46 to bl eed back through .. line 348 and drain back to
t he hydraul i c Refeseing opw taFigs. 96y an pejarged ppasiak view afjasecand srhediment ebab| es
punp 340 UG k£ ! rifiRe Wi CMk | r 238.
The pp&@@é@?ﬂ%%@k{%&%ﬁ “}f‘ti)ves g\%ﬁ’v\giragh ang R?xgxrst?g?ﬁ_ VMG bgglrg die
hal f 230 présesteitivention. Thi preferred appatatusis zotopisddatf\fivermain assembliess 260.

i nt 1 natbert bR eo igfe 3R unpm s s PRl R 220, iiporhif ©

fully defaesegﬁxtl)b: gﬁﬁrally indimeﬁt?zzﬂa,loxlwsrqnmm?euw gﬁdraﬂlgga@iﬁngi smgpaulr e 304
IS actl vat z . openi n 0 .V Ve t r .al |l Ow rau C
Fura 1 o aeoRE i ormroaRrall e a8 sl hyfouo ik asietaly gty

engagi ng ipdieseds@3ohanber 314. This noves the tube-end engagi ng structure
304 toward one end of the tube_blank T inside the ¢closed die, hal ves 258 and
260 t 013eal ofReferring partigplariy to Figa %% ﬂl?s@@“’éﬁ%‘”&@é’é’ﬁ%l‘?ﬁ R =S e ﬁ‘ée

spaced frepphd MEmBES 293 dbpiGted 49 Barkli@Nkterhily 3pacell elongat® RERIRAINEehbelie iR  t he
hydrof orm ng system the tube-end engagi hg structure 282 is

- 14 -  mounting the upparpresAsSembly 236 and Ioyves ress apssmiplyt 228, Thepapgriends of the
fLul 10 SdeWirhd utifbs 1238 5o B AR Pt 234 Mbupted AERRS Hie 185 Wer8H0 DR crdBhl
This forces e tube-end engaging structure 282 I nwar Ié‘?lntq t he cl osed
di e hal vedate 384 serdes2sGupportfod patte of thedyidraulie fdidotystemp &0 be desrritred lage

G anet & of ¢ raRRg APty 24 IRp ARl s £OARRE: bbby ARG o

and seal i kexuesd) adte ehdsetodhopreshside friame imheamblersT232At Gereealtyoqentrallyodispdsed sy st em

| 2 d t he hyd i ng flui. i ckl
fhrouen e e BdaPERRE Sl 26 B mhim e D Haliih i Hiflok Fon 240 patlediis <! Y
thrpforrmm: gﬁfblﬂ?ﬁieaﬂyﬁﬁﬁﬁéﬁpﬁs@twm tngizezlimthemglgndmman:nlepla@??&?agfloogs
the Interior of . e upe a I Nt er na . upse nt. e upbe-en
e gl e EPFE PR o5 P 240 es b Ckpraded atirARBREr BiHhind telsited 00¢ 00
engagesthwetidn/oRth® ket d0Totte digaked inaslidig! sexed erigapérdent with iaetior surface of  The

wat er punp and notor 360 draws hydroformng fluid fromi{he upper gravity
t ank Fybindar 23891 maﬁ@dmddwdﬁﬁuam mfnmfé\;fgwst&nfrpféi“‘f m@t%swg%?{d a

hi g presgpae, - ChathBe489 Frelpidlort fodMAetbint O
the intensifi gfdfmggﬂ\?%lg\ﬁféﬁgﬁnﬁ%gp%}g?g%ut val ve ??'éﬂé It should be
appr eci atbstpw thetdesaribed yppesrend pertiony is glightlyogiueed and definss adewerRresum6o i s 15
omtted, Y- [ Hi r : der
force of %?%\9%%6(%%%29? H}*Hﬁlcésl’ ?%tr‘é{(’:éld% %@%@%&éﬁ‘?é{%‘gﬁ‘% r%%ﬁg%glgr
306 i nt30 dytiaddr38. TheHowergpresshee ¢Hamibelr 246 isulefindd 8GS lowert dnd byasmdially t he

hydr of or ARHEEHY EeRastEcRarion T Biaseaor (i SviRes 2y S cRBshspd by dpe HERia, "
336 f rigwet Qittacs 8Bthe Thrgetdighekp tippen poftionl of thdpikroh Fod 246 eHixedily Gegited foe

fluid outlet 308, increases 20 the pressure ir)t%lge t he tube 2‘§mk T. This,
in turn, BYRNEEERS obhePisteRwod IR0 1 PressyETRB24%; 1R Presyurg Fam ¢4 $XIPYS ai r

bubbl es ipgig8aliPend 8RS nbt gite shak E}_{eguﬁm QpRE ibfglﬂiegﬁ theQtwol fedife RBMbABIATI NY

i

structure 282. Tﬂls m xture of fluid and air ows_ t hrough the internal
chanber35290 ankhejlpwer pressigsesmbly 226 inplndss a Psess e aig i Outrizger Xe8Hs 370
and 371. The hydrofonning fluid then passes through a high pressure

cl ose-out valve 372 and into the | ower hydroforming fluid 25 reservoir 320
via line 374. Valve Nos. 3 and 8 of thel@entrol valve assenbly 346 open to
prevent any hydraulic back prsussTeUDEISHEETS(AUWE 28 chanbers 316 and 284 of

o a . .

.




hydrof ormi ng fluid through the opening 308 in the tube-end engaging | at &
pi ston rod 304 and inside the tube blank T. Wth the high pressure ‘
cl ose-out val ves 366 and 372 cl osed, the hydrof orm ng fluid pressure §
i ncr easedV@A¥468%i ns forcing the walls of the tube bl ank PCISFABPNardl y %
toward the die cavity surfaces 264 and 270. Valve No. 7 again opens to §
suppl y - t5- i

7555 SRR S A ORSA  ES s sttty o

opposi ngressibet 2500byemeagiofgnothst tieboit284.2TBe presebed 250wupgdonthe towesIdiechdlo. 4 §

0 et oiB8 saEPES  Houbiror R TR afERbERT rrod ReF Rndd i b BT e 53857,
For ci ng pekibey s agé sdcikedy Bkedio the pfiso béd250hear efe/oipositéoehads lof dedsed 25w Of

metal materi al as to maintdin the wall hickngﬁs of the tube

dl
as it 5?@5@9&%@8‘6& ?O\Aﬂ%g i%élaf g@?i ofitheoreess begrandirising geperally ypwardly and latesally, t o
remain g@gk@% fr;ag?%e%d 956 ayednk _rfggh't %ﬂg b anll G0 bhsigher 256 RArbvid

As can reciated in Fig. 13, 'The opposing piston_ rods 3()‘4eand 282 §
cont | nueuppor for hydrewicellp rivemasicnblics cylindarn 24 EML2%R, cvigel Will bedactied o the
forvvardbag tion 303 of intensifier piston rod 300 extends further into
the intéensifier chamber 306. This increases the pressure inside the

i ntensifier Rafeniy fuBBé tofthe bydrgforming $yptemo22) embagliéd ini Figi fsthel dietstrmctardbe

oi ot of0 ZRRIE s Marg R FiF ol bt i Rpforiie R 258 a80s I e bl
oSl L aT SOt ol 300, ComLL nugs 1 b meve T or et O 0Btk Lt he ot

bl ank T Th6 dieaie 25b 50 Z0utiecssahite Tirerad e Sap eni 620 JehoeREra A of 1 he
hydr of oiggfiietn gl @ahiaM24)thhddePined1thd sBleQne ShipedfivUnitich 1/kebe Whk( igho BaISh on the
ends of the tube blank T is, mai ntained until i nal shape of the

t he f I
desi r ed hpdrioformed. fhe tepoumpenBpTtione thenpper dig half 25 SXeE 1o Fredgpm ofthe
chanbgs g&ggﬁﬂpfggzé;' e Idwer RECRA 260 RYBYAR moBa OieliRésstbag 250, of or m ng 20

cycle | , the intensifier piston rod 300 is

retracted by Théipwer disi balf 260 isaf the same mnenalisize andrshapp antheqpper diehale25®. 6
whi ch T SLERSeN A dubtald 364l iBbck e L Blr!die EaviifiRaLe FHb2.
rgh p e hydro

renovi ng e extrene ressure fromt formn urd within the
t ube palispoSeskin the bppee rad lowepdid hajvas A58-and 260 areagpney and kawer twok n@8Por et r act s

when val ye No. Ty o ] ' ' 8 and
Chambor clgpiy sepBRS e 381272 dhds odstard i SuorciBalfnP R thd &fertar Hirpilor®
sect i o0 ib8dlaik T hear eadhcofdndiongigriinab gndst andahereby &R8rd the mabechlamkt witkin thee end
of the t uhe bl rl;, LT J .ge-.vva v.glve . 4b§i’soendto r s“slrize
lne S5elosEn A Don inls?7S B iattied Rane ot tieiwes oDl BEtta el fesgiben
Struct Uigréér désil Bifer! qmgdse‘h faldn%gmuﬂis’ 6f dhke digcavitgrind tod] MastHRE6 AMRA20 dr ai n
through I1ne 344 intqg tank 338. rres

ondj events occuyr,_at .t 30
opposi t ankraued beond thrpissssige frams o Fﬁ/gl’ﬁﬁ)“ thg QyirigReTSA? W@Sgu?riez"es
| i ne 388,iR B¢ hydra®itaNP Afivenl Ss@hblidd2 73t 292 alkhed withi shidCRYS Bs hitbdiécsddon r od

304 to retract and renove the tapered surface 307 of the forward end of
the p23taard she ends of thebenlagknd. of t he tube blank T. The hydr of or ni ng

fluid then d '&Euiercs}ﬁh&éwzwt}ﬁo&l@u& &egg& Pg&wié;aezsﬁ, % i‘%r&l"ﬁtﬁh Sy RS bed

catch tray 3 ere’it Is returne t reservoir tan 0 t hrough
t he dr aiThisldytinde3 274 casist obe fwaymembers2iimnda tegr pyembeti2 Tothpeareisecurddtober

314 and .i.n to.d i s

>16. 2" e B sifake of pAACIRR SRRREL 556 Haa 5 cylipdsical wall megmber 280 seeured between o
pi st on BMfrondahd eealgneinbiegs 208 and278d The frantonembes 276 lwapa ddfiralopdnimghanber 246
al ongaéi ne 348. .Chanber 246 is tﬁr %gﬁuri ed

. t . th
oyl | nadalpuiae signeimed mapvemen: Reeean Non baund chesnneriRet afL Ther
hal f reip@nd 21 swheguset@xdfedn@%gmgﬁrmk 2200Gs Gisiyebe@ fviithi® thefcy Ridet 294 bhd B

bl ank' T) to_be renoved. The, gir avity feed valve 332 closes, allow nﬁ;
hydr of opfrk digmetanidisppsediie shiding sealerheelationrwith the ingidresurface of the cylindrical wa

member 280, The more forward portions of the tube-end engaging structure 282 are of less

diameter than the described rear end portion, creating a lateral cylinder chamber 284 defined
35 by the exterior cylindrical side surfaces of tube-end engaging structure 282, the cylindrical
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L

gravity feed tank 330 to start the next hydroform ng cycle. Fi g.

16 provides an enlarged | ongitudi nal sectional view depicting the - r
hydr of or m ng operational stage illustrated in Fig. 15, and nore clearly
shows t heWex98i4s382f t he die assenbly 228. In Figs. 15 armtTicA98w0b328par t
200 has been forned and the die has been opened. 10 It should be

appreci ated that the present invention contenplates that the tubé-end

engagi ng structure nmay conprise only a single tube-end forcing conponent,
wi t h t heinsidp surfagg of the eylindeinal walbmember 280sPyrronulaninwatdly facinge qurdasaof thent .
This is pRLGARLBRYE e -&d’é:%\ggr@g?h%énm 283856 gﬂnﬁm@M&gﬁs rere the.

t ube- end engagi'ng structures se two nbvea conponent at nove
t owar d ointerimsttface ofithe front m&nhérl 276! of the ¢ydinderc2i4ur A réan peassurizngchambenict ur e

j . hi ah fluid .f N . | d f bot.h d f
Thy Pl oeakiis Heitled by e tofuaryly fiosb, Weior Rtabe DR BreriPit sty 37k 8¢ b SfiRder
cost "t 1, chaoytnieayel mbabe 2% snd tecertceh thbeekehd poron L et |
al SO reauces eratln an n nance Co0S . 11e, e. I nyention
e beontihF €Bf BUAEInE SIrqEEe 76 o Tehe CHATROATS 28 ans 286 communieats with RTINS | of

enbodi MefER. lirles, ¥ Willl HRedigRPREC N fofBdndriich bRE nibeéndeagingatiubife 28 be
made therein w thout departure from'the ;ﬁl rit _and scope of the

i nvent i 091.3? HW@'_P@‘FSOIP“Q’PHQ H@ Fa ImeRRbEE 276 of_émaic inder 274 ff’f‘t‘gﬁg_éh}lﬁ@dmer al |
such modydieat %Psat ﬁY@fg&? JQAd of BHE ol dfﬁbl’? Bf fhe pikedrFrol it & tube eghigance

with the principles an vantages note erein. .
-17- 10 portion in the form of a tapered nose section 288. The tapered nose section 288 is constructed

REPLACEI\/E%EI . etes : - Wat
I's dai nag 15 t9 be re/g\ﬁxvgdp\bvétpgxt '{}% P e'}?y%fraot}xg? %Tato tb G Bmirgforwg@al | ank
conpri si regrward portion ofathel tapereti mose sectiomn 288 pxpfeyably hasea radiallghiontveardlyaexeending

Focer ve. Pimiae e ey sy ien sbufs Sdbtist the 350 BReC IR R bk TG0 BRPEC T
a hydr auhd»seab%:sondzgs;me rapi_aly:ll&ubftdmﬁmm Bghinst teatiby ?xd?ﬁmm lroggim@haan?e?r L ?ngﬁd
to en 3 Su ntl seal. .0 Lfe en 0 e, Lubu r netal Dl an
1 sor B Girer0m, A e fine s GRanO8 R dhid fufe 2B, B o brcigh s e dectgn

| ongi t udpgRhid/exeEHER TRMS ah RfterhallhhRberEH0AVithih AKinwa il f exretiding ﬁxﬁﬂdn enaibed Ny

structure constructed and arranged,to receive hydroformng fluid fromsaid
240 iatag

hydr of or #ihepeaging StruciurecB24n somimpnicgtefluid dross ehambsr gihs Rlankgl out | et
through waks bhe x{&‘éﬂ%&i@ﬁ B8 dolghiged iR SelIEd PLIAYInARith the ead of Blafik TOr Of the

t ubul ar netal bl ank;
On the opposite side of the hydroforming press bed 250 and mounted securely to the

20 top of the right outrigger 252 is a hydraulically driven duplex cylinder assembly 292. The
duplex cylinder assembly 292 has an inner wall 294 and an outer wall 296 fixed securely to
the right outrigger 252. A cylindrical wall member 298 secured between the inner wall 294
and outer wall 296 to define a cylinder chamber. Disposed within the interior of the duplex
cylinder assembly 292 is a hydraulically driven pressure intensifying structure 300 and a

25 hydraulically driven tube-end engaging structure 304. The hydraulically driven pressure
intensifying structure 300 has an outer end portion 299 disposed in slidingly sealed relation
with an interior surface of cylindrical wall member 298 and a inwardly extending portion 303
having a relatively reduced diameter. The reduced diameter inwardly extending portion 303
of the pressure intensifying structure 300 passes in slidingly sealed relation through an

30 opening formed in an annular cylinder divider 302 disposed about midway along the
Jlongitudinal axis of the cylindrical wall member 298. The hydraulically driven tube-end
engaging structure 304 within the duplex cylinder assembly 292 is tubular and disposed
inwardly of the cylinder divider 302. The tube-end engaging structure 304 has a rear end
portion 311 movable in a slidably sealed relation with the inside surface of the cylinder wall

35 298. A main longitudinal cylindrical sleeve portion 309 having a reduced diameter extends

Cd 12 -
SUBSTITUTE SHEET (RULE 26)



QaTe——
a hydraulically driven pressure intensifying structure novable tq-
pressurize said hydroformng fluid provided to the interior of the tubglar
net al Ehpﬁ t hereby expand a dianeter of .the blank until an exteri§
surface %’ ubul ar netal bl ank generally conforns to PGHANM said

I nternal die surface; and a single hydraulic power source !
constructed and arranged to supply hydraullc fluid under pressure to sagd

hydr aul, r b . draul i calfy y
7 1 on IRty el Sl Blovas ol diohtlh Saed sedifbo i o (e Krel
provi diwalj 2941 d@.Wmﬂlmgagihglpmmmndme fplmsﬁmmetaﬂmgoﬂmpdraﬂms deﬁnbd’ drivén
ressure nten3| n ture in order.t sure,
Pnten5| op. clfi ﬁl"ﬁ% @bﬁ?“‘ﬁ!f’@% %ng\sﬁ}e °ﬁ§/B?‘8‘P8§‘ﬁMWﬂ&| d
provi dednﬁgxriﬁm tolxmepmﬁbn @88 h.h?r eliobstly desciived) mbaxmralycbxmnna?@ |
di anme Sr of t he tubul ar t al rface conforns

that it t
03 of the; pressprepisasiling. styeture éga > g‘%‘:ﬂgﬁ%’%ﬁ? Iéﬁi F%%Mr“ss our ce

to th 3
provi dlmnﬁas&nbyﬂrsﬁaihg@ théntir<h wm%srm@ EARRHER vmsﬁome&aﬁlstﬁ&h%ev driven §
t ube-end engagi n strucCture to enabl e "sal e-end engagl ng structure to

| ongi t é‘aﬁn elﬁpe@ awmr@lwf tﬂmahlghl pressure sealn30l of the pressure intensi ing structure

REPLACK §l;l$ET - 19 - blank
and cause net thfé'armg 0418 ?%nme f%eélqmd%lg(melljﬁdg ‘tubul ar bl ank to

fl ow | ongi t (Tdemase pomomm? H@ra tetntnvelylfmclbplne éeﬁnmg a flnidodnles 308 formbd:

C hor 2o phefhiale XRBRARE ittty o B oceBiiBR ctiber 306 Bilytpind Jutilan o "' °1 0%

comuniimetinosg pertich dfyhhs miaetemnn@- portion! 36Dty @ablenhe clintbes 30§ toefluitiydr aul ic
power source W|th. s ressure {ugt $§ﬂi§éﬁll ng structure and said tube-end
engagi 1 en end gf -assenbl y constructed and arranged

to direct hmﬁl@wuk‘ﬁm%l(:ﬁhﬂbér(BIQQ§ 8éfiried Vetivdeh Weﬁﬁ?dﬁlbﬁ'h@ Sf‘dleengagl ng
structure into compression with said opposite ends sai d tubular  netal

bl ank Mrauhsalm@es Bregsuse érgwfémgmréml g 3GChanddthe gquter,wall 286 of theglyplexe
hydr 95 @y 1dRg zbi U%P'renﬁ‘&ﬁirﬂbe?@'lﬁ i§ &éfuiearbea?éeakhebiraﬁis: Sivaidly thcxﬂg(B.gﬂE sai d

t ubul ar” net al mai ntai ni n t hi ckness ™ of sal ubul ar
metal 19f Mkovmrtqnﬂ moymncz%r@m mewrmmtemmgeg strucmre 300 and ithe cmvo@bas senmbl y

bei ng ai gag&d such
t hat nove ntl%g% Xfﬁ@&??ﬁ%gqénd&?%aé?ﬂg’le%%(&g% angﬁ“?gerre sal d

pr essulé4 is formed bctyweergthcnm&udlyr@cmgﬁunf@ecﬁnher cylinder dlmsﬁepé@ﬁjmﬁthy of one
anot her r ank
conpr i Sy facing sdtficl P BTl ol o A1 U I FycPaluiahy BlindiCify ot

defi 20 ngg@mg SIucaNe 594 Aatuble—enﬂ engaging isu'ud:mrengm obimbec 336 iadefinad amogéd to
receiv

e cy(finamalf sféeve pomon %93[ o# the tube-end engaging structure 304 between the outer
end portion 311 of the ram tube-end engaging structure 304 and the inner wall 294 of the
duplex cylinder assembly 292. These chambers have openings to fluid lines, as will be
described below.

25 The hydroforming assembly 220 illustrated in Figs. 9 to 16 includes a hydraulic line
assembly 230 consisting of fiuid lines, reservoirs, pumps and valves, as will be described in
conjunction with the following description of operation of the invention.

Figs. 9 and 10 show the hydroforming die assembly 228 in its open position.
Referring particularly to Fig. 10, in the open position, the press ram 248 and upper die half

30 258 are raised. Hydroforming fluid 318, which is a combination of tap water and chemicals,
is stored in a lower reservoir filter tank 320. This tank 320 has a float valve 322 that is
connected to a water/chemical mixer via line 324 provided for evaporz;tion and other fluid loss
makeup. The fluid 318 is pumped through line 326 by a tank motor/water pump 328 to an
upper gravity feed tank 330 which is mounted on the crown plate 234. An upper tank outlet

35 line 334 is connected to tank 330. A shut-off valve 332 on line 334 is in the closed position
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a hydroformng fluid source; a hydraulically driven tube-end
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tube-end WORSHSIBY structure being novabl e to | ongitudi nal PETEAR0033%E t he
tubul ar netal bl ank, said tube- end engaging structure constructed and }
arranged to receive hydroformng fluid fromsaid ' .

11 SEP 2000 )
REPL ACEVERFigs2nd 10, allowing the upper gravity feed tank 330 to be filled viadipe 326.

hydr of or mi ng H’ﬁ'ﬁ?ﬁ"ﬁ%ﬁ’%ﬁ%g lMyhmmelubwﬂiﬂmcrmnak&b&oﬁtmltnﬂ:@@r&ut'et-
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u tndert priagé gB@ﬁ&aMnﬁgh%hHeoﬂrﬁotaﬂWaﬁerhbly?%r i geurns to thechydtaulic rggervoir 4
structure _and sai ydraul i ca tiven tube-epd engaging siructure, sai
si ngl e hy¥sa ﬁﬂe °?B{$rtg%i‘§¥r6&i‘°cﬂw %‘?91’8"%932%9 &Qe%t? g}’ﬂ}m‘hw

pressure hedesai d hydraulically driven pressure intensifying structure in
order to nove said pressure intensifying structure and there@y pressuri ze

sai d_hylr of or rAsated Pravieuplyen Higd 1€ shernyess ram248iinin B opereor Rised Bositinpagyd
bl'ank ‘andg gg@g&@d by %ﬁfﬁeﬁw& 2 rsﬂﬂ%yim&eé' hag aﬁ@ﬁﬁ:cyﬁhfé?‘in&ﬂt pikih 286, SThe

exterior s ce CcO ms to that of “said Internal die surface sald single

hyd(r:I aﬁl ijcpiqiiommd A8uis held iprigwhigedpositiondyrKaiveaNo.il dbeingapgnedandrhygravlic fiwid t o
\ . . > gl >
B ey e

t ube- end "€ngagi™mg ruct y conpress the nmet al
bl ank anctytindere238e tWith thet uppendie dalft238 rafsadyther tubablapk &xqanibd pdsitioried loathd| ank

to fl ow,l,onqitudi nal i rdl v i er to replenish a wall thickness of

the di Mﬁ%%ﬁ?sgjﬁnﬁégy@h‘%ﬁﬁﬁﬂﬂﬁgr bl ank pand maintain the wal l

éhi cknessbt herlad@ig. i1t o can be seen dieit erenieved of hydrgforming fluid 358 & enk 930 kasibeernl | y
riven tube-end.engagi hg structu conpr, Sj ai L, of nov e tupe- end

Cngaei ng RSREe1 4n pasksean vtk 195 L8 as Fahls 3t i heRig baPh pURped Hugpen e

wherei n sypigd Evéataly the Aoadiahe 35211h eheuppee Prabitg ferd ltakod I0usting EF thowatef or ned

t herei n, . .
pump and motor 328 when the hydroforming fluid 350 has reached its proper level. The

20 hydrautic valve No.1 of the control valve assembly 346 is a 3-way valve that closes to
hydraulic fluid flow and opens to depressurize line 348. Also, opening valve No. 1 prevents
hydraulic back-pressure from building inside the chamber 246 during downward movement of
the piston rod 240 by permitting trapped hydraulic fluid in chamber 246 to bleed back through
line 348 and drain back to the hydrautic reservoir 338, Valve No. 2 opens to line 354 and

25 enables pump 340 to pressurize the upper chamber 244 of the press ram cylinder 238. The
press ram piston rod 240 moves downwardly and forces the upper die half 258 closed to
clamp the tube blank T between die halves 258, 260. The hydraulic pressure in chamber 244
of the press ram cylinder 238 is maintained for the full hydroforming cycle until the tube
blank T is fully deformed.

30 In Fig. 12, the ram tube-end engaging structure 304 is activated by the opening of

_valve No. 7 to thereby allow hydraulic fluid to pass inwardly through line 381 and pressurize
the tube-end engaging pressure chamber 314, This moves the fube-eﬁd engaging s:tructixre
304 toward one end of the tube blank T inside the closed die halves 258 and 260 to seal off
the end of the closed die assembly while remaining spaced from the end of the tube blank T.

35 On the opposing side of the hydroforming system, the tube-end engaging structure 282 is
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pressuri ze droformng fluid provide the interior of the tubul ar v
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its ext r i e surface.
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a die sintcmklw eSzﬂaequegtlp,nhe mberemdlenggmgmaue3%momwgwardﬂy endthei ty, said
die c n cted and r.an t cei t.he . | ap net al

o R oSS0 S Eh o ARRCF d el 5ot R T o

drlb ven tublel-endwlzeg@gmpgndmmsﬁomfmwmhymmdxb gamﬂdmnal ﬂﬁﬁgpé@rﬁﬂgeﬁﬂcd ; and
subst an eal o Ite en of  t t.u r a | ank i.n sai I e
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conpr esged. hhé Hparofirmimt fhid Rfa3 8l intd Adlintenbifier ciifbe BORHLMANS EloHC bt Valve
constructed_and arranged to recei ve hydroformng fluid fromsaid

hydr of oP$8-nl silp%ﬂfi&eﬂmee@te&ﬁeatﬁa@mgeraprﬁﬂfarﬁepebmxﬁﬁntf, PUmE 256 JAtgs HQ Iut | et
thr ougd oifitedh anchgﬁrefo%mgrmn& hidbéls Gt Bk BEPW G8RibbO30 urlda firbobr @hvilyle

t ubul ar net al

The fluid is forced under low pressure from chamber 306 into the tube T through the fluid
outlet 308 in the nose of the tube-end engaging structure 304. The high pressure seal 301
prevents the hydroforming fluid 350 from tank 330 from mixing with the hydraulic fluid 336
from tank 338. The hydroforming fluid that is forced through the fiuid outlet 308, increases

20 the pressure inside the tube blank T. This, in turn, evacuates or purges the air together with
fluid carrying air bubbles inside the tube blank T through opening 289 of tube-end engaging
structure 282. This mixmre of fluid and air flows through the internal chamber 290 and into
flexible high pressure hose connection sections 370 and 371. The hydroforming fluid then
passes through a high pressure close-out valve 372 and into the lower hydroforming fluid

25 reservoir 320 via line 374. Valve Nos. 3 and 8 of the control valve assembly 346 open to
prevent any hydraulic back pressure building inside chambers 316 and 284 of the right and

left lateral push cylinders, respectively.

In Fig. 13, the high pressure close-out valves 366 and 372 are closed after the air has
been evacuated from the inside of the tube blank T. Valve No.5 opens allowing high pressure
30 hydraulic fluid to travel through line 376 into the intensifier chamber 310. This forces the
_intensifier piston rod 300 to extend into the intensifier chamber 306, compressing the
hydroforming fluid through the opening 308 in the tube-end engaging lateral piston rod 304
and inside the tube blank T. With the high pressure close-out valves 366 and 372 closed, the
hydroforming fluid pressure is increased and begins forcing the walls of the tube blank T
35 outwardly toward the die cavity surfaces 264 and 270. Valve No. 7 again opens to supply
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a hydraulically driven pressure intensifying structure novable to

pressuri z&VQ9/46382hydrof orming flui d provi ded to the interiRGCT/GAI8(00328t ubul ar
metal bl ank and thereby expand a dianmeter of the blank until an exterior
surface of the tubular nmetal blank generally confornms to that of said .
internal die surface; and . Si ngiq% hydrauli c .power source

a
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i ens 1 4975ks T ki<l chidae thiuird 281 WFpuch IR eIt 885 i caviny
S_r ovi deSl 26%1 Forcing mbiendmf tnlfaei blask Tlibiol the dicecavity 262 crkatanifiow of metal matgrial
i ameter .o e tubul ar _meta nk so that its .exteri f r e
Co that dvasticroish e mamain i el PikkoB® A whh B uShbipebdio, s bR,
provi di ngf gl fihahpate Slpreferdblytockettiattewithines $0% of tie wall thidkpelssaf ithecaridinal dr i ven
t ube-end engagi ng structure to enable said tube-end engaging structure to
| ongi tudib iy conpress the tubular netal blank and cause netal material
of the di anet sGah hibo B _éidtealiﬂi)!’iﬁﬁllrl?:bhx_%fﬁppbﬁné pigton Irods03 04ttt 1282 leyntinue

inwardly in order to replenish a wall thickness of the dignmefricall
ex pandéé to fasce wbe hiank maggriph knto thediegavity-462 wiile the forward Pﬂ%ﬁ%‘&%m( ﬁér egf

WIh D 2 RERYR R J08MEnds farther into 34&%@@3@6&1&@%@ "rhi@ ALSE Ghe

structure conpri'ses a pair_of tube-engagi ng nenbers di sposed on opposing
si des of psessutedisidesthe intensifier chamber 306, fareing fnoge hytroforaingfAnid ingidgitheytube mber s

havi ng abiaﬁ'%glé tplighdhe Rgégi’r%‘;ﬁa”iﬁ%é %b%lg ose portion 307 b rﬁii;ggllsgog,ﬁroeéw e

-

<@

intensify I'sing a sin essure intensi menber
di sposed The hydmfarinisgfididoyithis thegubé tiask df reachies| pressurest of greaterahan 50,000 psi. sai d

sord 518" 22 Wb g k! 1 S SRR S R Splhdb bl ok e
REPL ACVENTbeBHiKTT is completely formed against the cavity surfaces 264 and 270 of the
REP LACENE%O%_E%& die cavity through a preset pressure. The lateral push on the ends 2t the tube
blank T is maintained until the final shape of the desired part 200 has been achieved. Fig. 14
shows the intensifier chamber 306 reaching its preset pressure, meaning that the hydroforming
20 cycle is complete.
In Fig. 15, the intensifier piston rod 300 is retracted by the closing of valve No. 5 and
the opening of valve No. 6 which forces hydraulic fluid into forward intensifier chamber 312,
removing the extreme high pressure from the hydroforming fluid within the tbe part. The
lateral opposing tube-end engaging structure 282 retracis when valve No. 3 opens, permitting
25 pump 340 to pressurize line 378 and chamber 284 of the push cylinder 274. This causes the
tapered nose section 288 of the tube-end engaging structure 282 to move out of the end of the
tube blank T. Three-way valve No. 4 is opened to depressurize line 358 and chamber 286
during retraction of tube-end engaging structure 282, so as to permit hydraulic fluid from
chamber 286 to drain through line 344 into tank 338. Corresponding events occur at the
30 opposite end of the tube blank T when valve No. 8 opens and pressurizes line 380 and
_chamber 316 of the cylinder 292. This causes the piston rod 304 to retract and remove the
tapered surface 307 of the forward end of the piston rod 304 from.thé end of the tube blank T.
The hydroforming fluid then drains from the tube blank T out of the die and into a press bed
catch tray 382 where it is returned to the lower reservoir tank 320 through the drain line 374.
35 Three-way valve No. 7 is opened to permit chamber 314 and line 381 to depressurize and
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t he tubul geschBédbmbédimknts 'whdt thetuBe-6mYérghging @hﬁ’ctﬁx‘é? Qoxﬁﬁﬁ‘se two moveable
REPLACENMENT SHEET S*
11 SEP 206emponents that move toward one another.

REPLACEVENT SHgﬁarl ressure intensifying structure may provide high pfé¥sure g
structure being % ong? tu g? corrp?e)ss thegt gbuf net a llﬂbI ank,

sai d tubeomymeéﬁga@mgb@bm#r@@kbﬁ@ﬂﬁuct ed and arranged to recei ve

ydr of or m ng 1 P oAbl o PleAhoBs i il Sot W bERRD e Pk Minine
be provi deghiprentrbyi astmuchms ong-thitd Itwlsolraduces operatingzand maintenance cosss. .
nyar aul i cal |y Gakieg. RGN s vkl a AbiHBLEH b FREARL S LuRlgs S U 1 20

sai d

20 number of embodiments, it will be apparent that variations and modifications may be made
therein without departure from the spirit and scope of the invention. Therefore, the i‘ollowing
claims are intended to cover all such modifications, variations, and equivalents thereof in
accordance with the principles and advantages noted herein.
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hydroform ng fluid provided to the interior of the tubular netal blank and
t hereby expand a dianeter of the blank until-anr—-exterior surface of the
tubul ar netal blank generally confornms to that of said internal die
surface; awe 98/46382 a singl e hydkedd 6 BRAREIacGOUr Ce CONSPCTICASSH0323d

arranged to supply hydraulic fluip HHure to said hydraulically
driven pressure intensifying strufj #M hydraulically driven .
t ube-end engagi ng structure, said i ¢ power source providing

sai d hydrWhatls Glgimed Is:under pressure to said hydraulically driven pressure
intensifyjng s %ﬁg ' mﬁ'x& ﬂ,jegl shdit €nsi fyi ng
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met al bl ank soy [ ey f id internal
di e surface, Sdal.él gb%gtyr%ﬁzg %%ﬁ%&?i%‘ago aggg%gge%%\%%?%mgéﬁagﬁhydrauI I C
fluid usder pradgsmwforrhing Shidisdeyat; aul i cal |y driven tube-end engagi ng
structure to enahl e .said, tube-end engaging structure to | ongitudinall
conpress the t%@fﬂ‘}’cﬂb{ dgiven .%'?dﬂgaﬁ%g@cﬁg? 3?“%‘88 Pﬁ‘?’%m &é" engage

di alrret ri ﬁ@dls"bﬁmﬂﬁe‘f? bpﬁustt?éndgl cifgl_(e fubutht mu;all blak tnusi'imgib Icméity', said mcberelnao
replenish a wall thickness of the diangtrjca expanded tubul ar. neta

bl ank andFPEAGIPE SIMGRIE Wé"%&?‘?"@ﬁitﬁ mggﬁw r“é’H’fP%W Wg'éla’b?’é@g{‘lélﬂfﬁsﬁ’éd
range, anghe-end enga%in%‘?ﬁﬁ&ﬁﬂé cofdtihicted Ad afteng2a 38 9éceive HyBrtdrniife AR dnb Skd 2

t ube-end eng%gl ng tubul ar menber having an internal cavity, and wherein
sai d_pridshydreforming fyid sures and having n@ye@%wmﬂmd sHpRiiBE outlerthisugh whichos ed
wi i n_and e ahing ilhd Chn'tE 6 led  h3hribt GFme Bibufal 4 Bankc DUl a7 TMDET

REPLACE - 25 - 7. An
appar at us acccr hjidraplicaitycdrivem pressirerintensifyinigcstiugtirenhovabilenty gressinizessaid ce i s

di sposed ' [, ' - . ' '

nyalr of or OAEVtAin AL 5Bl ided 118 FREGEIH R Al Il bl BUF BelelZdd o,

t he f or cediahetgr afthé Plank unfil an extokior apgizvealtf it tibulahmeabblankrpergradlytcohfotms

met al bJank conpr.i.sing:. .. . die structure having an internal die
surfacefsgtgﬁﬁioﬁga’gw&h%ﬂﬁces%%d die cavity being constructed and
arranged to r@ﬁi&gléﬁ?d(}ﬁuﬁ%@ﬁa@{soﬁf&é _acbnshhaedgand aréanged to supplydiydfautiofiom I uid
sour ce; a hydraul j c i ven tube-end.engagi ng structure

const r uct BYELPESSYFE %@@%&q&wegﬂ?é%%‘ﬁmm %‘%Q'é‘gff a‘%ﬁ‘p‘ﬁ@si te ends of’
t he t ubul pydrfiicaly divealubelerdngaglh® stenirk Ysaidangle hidiauligbweeRaaoe Ng
structure being novable to longitudinally conpress the tubular netal blank,

said tu bel?m‘”é% séﬂdli@m’é‘c M‘é‘!"&? Bresyng 1o s3id vdrapliqally doiyraaaessirer ecei ve
hydr of ogynfdsifyitl dnichBiP&der to move said pressure intensifying structure and thereby
pressurize said hydroforming fluid provided to the interior of the tubular metal blank and

expand the diameter of the tubular metal blank so that its exterior surface conforms to that of

said internal die surface, said single hydraulic power source providing said hydraulic fluid
under pressure to said hydraulically driven tube-end engaging structure to enable said tube-
25 end engaging structure to longitudinally compress the tubular metal blank and cause metal
material of the diametrically expanded tubular blank to flow longitudinally inwardly in order
to replenish a wall thickness of the diametrically expanded tubular metal blank and maintain
the wall thickness thereof within a predetermined range.
2. An apparatus according to claim 1 wherein said hydraulically driven tube-end
30 engaging structure comprises a pair of movable tube-end engaging members disposed on
_opposing sides of said die structure.
3. An apparatus according to claim 2 wherein said tube-end engéging membe;s eaéh has a
longitudinal bore formed therein, and
said pressure intensifying structure comprises a pair of pressure intensifying members
35 disposed on the opposing sides of said die structure, each of said pressure intensifying
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20 chamber being in fluid communication with the interior of the wbular metal blank in said die
cavity through a fluid supplying outlet of said one of said tube-end engaging members when

said tube-end engaging members engage the opposite ends of the tubular metal blank such that

longitudinal inward movement of said single pressure intensifying member reduces a volume

of said pressure intensifying chamber, to thereby pressurize the hydroforming fluid provided
25 to the interior of the tubular metal blank and expand the diameter of the tubular metal blank,

so that its exterior configuration conforms to that of said internal die surface.

5. An apparatus according to claim 2 wherein said die structure comprises a movable

upper die portion and a fixed Jower die portion, said upper die portion beiné movable between

a closed position to define said die cavity with said lower die portion and an open position to
30 respectively permit the tubular metal blank to be disposed on and removed from said lower

_ die portion, said single hydraulic power source providing said hydraulic fluid to said upper

die portion in order to move said upper die portion between said closed and open positions

thereof.

6. An apparatus according to claim 1 wherein said tube-end engaging structure comprises

35 a tube-end engaging tubular member having an internal cavity, and wherein said pressure
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10. An appar atus accordi ng to—eta-m-1-waierein said predeterm ned range_ S
[err]10% of the wall thickness of an original tubular netal blank.. 11.

An apparatus for hydroformng Hﬁs_tsb@uliaﬂsedm@@;ceg)l ank conpri si ng: a
di e structyp9ghggs N9 an i nter na| [illiek defining a dip%ﬁ ' said
di e cavity being constructed angis Hmrecei ve the tu u?é#%’iaal
bl ank; .
REPLACEMVENT SHEET
REPL ACENVEtenSifffiig structure comprises a movable member disposed within and movable wath respect
a hydroform | ui d source disposed higher than said die cavity, an .
construct@cfa%&ﬁ?‘f%@&gf@“kf Thydroforning fluid internally to said
tubul ar nptal &hapgarfes &zotding fol dlaifnE whéreRidaad hydeétmidk Bk KR is HB?OJeBr ce
of grawté; .. a hydrauljcally driven tube-end engaging_ structure,
const r uct Righesharpyaidhvgesnd engaging SEuCyrrisush ghat s3d hygnoforming fuid iscprovided ivds of
the tubu gid aBtahd Bh i ' ' ' kd tube-end engaging

. %?ﬁlg sﬁuaﬁfﬁuﬁeﬁaﬁgf%mg gﬁﬁiﬁpr@

structure being novable™to |ongitudin . ess the tubular metal bl ank,
sai d tubed-end Amgprpratys ancoriing toclaimnd whersinconeznf said tuberapd #ngaging-members

hydr of or [ﬂ%ﬁ j o L r A : Ao Ll ?HSH ed hi.gher

t han sai g&c V|s%§hrgﬁéén%§\%ﬁ§)’gnﬂég’%o !gédngﬁg " TE’?%‘E%% yi r@%ﬁ#’é’@st rough
whi ch hydmovabievinembér disppsedhwithia spidaane df dutiecend engaging membex§. t he t ubul ar
metal bl agk; a -hydr aul i Ly driven pre re intensifying

St et ur S mov 0 aPmereps et Boriplf Jurder Compiol 5 A0 BBl ot 2
sai d hyllr eonefunicdging lsaid dytroformdag fluid sobrceiand s4itl oingRf hydrualit pbweedoursstvith

bl ank and t ergb .exﬂ‘%s d a dianeter of the blank until an exterior surface

of the t ipFensifying, struthr, 256 S uer ool FOTASING TENCHIGE, Saigh valYe ASemhlY i
surface, directing hydr@@icifhii 46 flove skl IndbeCkindd\e@Pagind RnRiide RI®AcHhpYBssion With (kj‘.ﬁ&’

bei ng novabl e In response to hydraulic fluid pressure to enable sai

t ube- end WPGsitH ¢ngs of paid tubular metgl blankiapd ito move said prrsae intensifying isuneturetat al
bl ank andyeauyse tefs 4 f | ' %ygﬁ nk
to flow dﬁ)ongi tﬁﬁ%@h@l@&?&? 3‘ ?ﬁ?@gﬁ &?%I tr’%% %yn?s?r?%a waqu"idtkﬁws n'gg(épof

t he di alPeblagk whilgmajntdriag the walbibicknesseof spidinbidac rgtal blankrwithin saihe wal |
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accordi ngpljfo C ailercr%/\ll \/Vrr%> %@eﬂlﬁ%g%egﬁ%gf&g$ (E)@m ngIe H %‘?%t g%‘tijr eﬁg@/‘?gg sai d
hydr of or ninnye $aiditubie-ehd cugaging stiucture peayhfrom shidl dppesifectndsdfithe mbuiar atetd| ank
prior to SRASHES r}xtxov%fsai%laih'@ssure intensifying structure to depressurize said hydroforming fluid

after said hydroforming operation.

20 10.  An apparatus according to claim 1 wherein said predetermined range is +10% of the

wall thickness of an original tubular metal blank.
11.  An apparatus for hydroforming a tubular metal blank comprising:

a die structure having an internal die surface defining a die cavity, said die cavity
being constructed and arranged to receive the tubular metal blank;

25 a hydroforming fluid source disposed higher than said die cavity, and constructed and
arranged to provide hydroforming fluid internally to said tubular metal blank under the force
of gravity;

a hydraulically driven tube-end engaging structure, constructed and arranged to engage
and substantially seal opposite ends of the tubular metal blank in said die cavity, said tube-end

30 engaging structure being movable to longitudinally compress the tubular metal blank,

_ said tube-end engaging structure constructed and arranged to receive hydroforming
fluid from said hydroforming fluid source and having a hydrdfomiiné fluid supply'ing outlet
through which hydroforming fluid can be provided to an interior of the tubular metal blank;
and a hydraulically driven pressure intensifying structure movabie in response to hydraulic

35 fluid pressure to pressurize said hydroforming fluid provided to the interior of the tubular
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t ube-end engagi ng structure with the opposite ends of said tubular netal

bl ank, and wherein said hydroformng fluid source provides said

hydroform ng fluid through a second path dlfferent from

REPL ACENENWOSIHEESS2 PCT/CA98/00328
REPLACEMENT SHEET - 28 - said-
first path to said tube-end engaging structure and through said fluid
supplying outlet into said tubular netal blank after said tube-end

engagl ng Betalblagk &ndeﬁhg@gwxmm agfigraerer of the hlank undlanextarion speface nfithe tubhlank .

forced thrgﬁgﬁwgﬁal pa%?]o gir?gbﬁ]rog‘f%ﬂsal @%%%ngﬁq{gaﬁﬁ&gac}ggdé%w ars

force of Wyberend ¢ngaging mcmremx@mavmmm mm&jﬂodgdtauhc lﬂaxcmrgsumterembie sai d
fgcgg,d dp i l}gieﬁxgg%ﬁ% E@Sﬂlﬁ H’% {o L}?éﬁﬁmlﬂa 1?%6&18::@ e u%ﬁxla;')ﬁ%!aq ?anﬂ1 and chst%l d
REPL ACENEh6taSidiiedial of the diametrically expanded tubular blank to flow longitudinally inwardly in
11 SEP 2Ooger to replenish a wall thickness of the diametrically expanded tubular metal blank and
maintain the wall thickness thereof within a predetermined range.
12.  An appératus according to claim 11 wherein said hydroforming fluid source provides
said hydroforming fluid through a first path to fill said. tubular metal blank prior to
10 engagement of said tube-end engaging structure with the opposite ends of said tubular metal
blank, and wherein said hydroforming fluid source provides said hydroforming fluid through
a second path different from said first path to said tube-end engaging structure and through
said fluid supplying outlet into said tubular metal blank after said tube-end engaging structure
engages the opposite ends of said tubular metal blank.
1513.  An apparatus according to claim 12 wherein said hydroforming fluid is forced through
said first path and through said second path under the force of gravity.
14.  An apparatus accordfng to claim 13 wherein said second path comprises a pump for
facilitating flow of hydroforming fluid to said tube-end engaging structure.
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