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-1- KNOBSHELL- TYPE HOLLOW ARTI CLE | NTERNAL PRESSURE FORM NG APPARATUS AND
METHOD THI'S | NVENTION rel ates to hollow article 5 I nternal pre ure
form ng apparatus and nethod of the type usable for finally outmardiﬁcgjt()*
formng or, so called, "bulging" hollowlarticles such as cup- shaped
knobshel I s and the like hereinafter referred to as "knobshel | s". Accor di ng

t 8+t he basi c. conE¥PBSHELLTY Pl H#O3AOWI ARTIQLE, SNTERNALL PRESSURFat us and

met héds ' thereof are arranged such t hat the forces.against fluid internally

of the article being so ffORMING USUANR  METHOBr m or bul ge the same
and therefore also tending to separate the di es contalnlng the article

during such bulging are 15 produced directly by forces, the reactive

el ntai ni ng ¢ EQ reacti %i@giﬁﬁtd' FEab B Lo R e Pl B d{"“ al 'hy
fl f
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With the prior B id %@néiﬁ%ig?déuttgm,grwfm S&U%aog@lf&&,

nmet hods have he etofore een provi terna resSure

ferm ng of hol IRy idgt o BLEH @St fePesNSnel 2¢ LdspEsh h%f'ﬁs mais or

| nportant uses thereof has been the 4 manufacture of

usual Iy formed aid U1 SL ke HOrEEnafite £ 'r&E&r téd | ¥R y"m@méﬂls* pto
d8or knobs as provided by the builders hardware industry. In the fornmation
of knobshel | s, Ricoddirgg byo Sthe bdd bnkéowcépbsndf athe Erdsen®oCck, a

rel atively extensive series of drawing and form ng operations are used to
ul ti mat el pr oducrerdditdn il | appar atounp| and auethais ethereof are

arranged such that the forces against fluid internally
of the article being so formed tending to outwardly form
or bulge the same and therefore also tending to separate
the.dies containing the article durihg such bulging are

15 produced directly by forees, the reactive forces of
which tend to maintain the dies together. Thus, by
automatically maintainihg the reactive forces always
larger than the article internal fluid forces, there is
never a tendency of the dies to separate during the

20 bulging operatiqn, thereby eliminating one of the major

5 difficulties with the prior constructions and methods.

"

Many prior constructions and methods have
heretofore been provided for the internal pressure
25 forming of hollow articles such as cup-shaped articles

and one of the major important uses thereof has been the
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and rel atively sinply configured knobshells which may be finally assénbl ed

0 doorknobs. Furthernore, in 10 al nost all such nethods, the final
fB) or form ng operation is that kno as a "bul ging" operation. -
gecifically, after the relatively e nsi ve drawi ng and form ng
dgperations, the hollow knobshells 15 are slightly out of round and -
ot her wi se nmanofacheréi nfil hdéddbwelnpbebeddsconsiglilyt Eommedf odquent | y A
dependi ng on the conglexity thereof. For these reasons, directly preceeding
t he bul gi ngbopesaekohronke ,kwbbshepre ul&imatepgr assempdefednkery slightly
.undersize. In the 20 bul gi_ng _operation,  internal "3 fluid pressure is
appl i ed to 4eerknebsnhafl proydded| pypEbpaybudldarschardrarender pressure, and
t he knobshells are finallg eannde ,outm?rglﬁ agaiist cgnt%Lnin di e
surfaces 5 LBARELEB-pr dBuEBe RErPALAORPE KPRBEDELLSy F5AREINT OFi s bul ging
operation, jif_is,obvious at split or separabl L €S ,Mus e used in order
thata%he kn%%gﬂEFPg #ﬁ?mbtgﬁhsggfgg Fﬁ?sﬁana ESE?ngS&Ybﬁ&FEQSEWEE during
bul gi ng, an i e % t hecef . r I neg of the major
orobl oms w ERFehe BE 9¥abEHE Rlp BBERhY bekEaliolel 824 heelRal |02 TOLY

J ust exaCt'?(IEPI’Q%{:Q]‘LWBFS&h&e”BBEBaE@lEE?vEWtébﬁbﬁlgxdkﬁﬁfti%%‘:b'aer during
yar aul i

the interna c tlurd pressure application sufficient to conplete

the bul gi ngag@etatheivel gxﬁﬁlyhepalf'&gbteat kASbEARANE! WALcHOWRFEMe | S
permtted between the containing dies during such bul ging, not only “
i nproper foffhaylgaassembielt inbut deokRhobes aRdrohekmoeze,t ia knobshel

outer sur- faces can result requiring | ater extensive surface polishing

oper atdons. abfiost all siibh pekbpdsuctbesfihaknobjibel Eowmigiong net hods have,

therefore, required the use of conplex doubl e-acting
operation is that known as a "bulging" operation.

Specifically, after the relatively extensive
drawing and forming operations, the hollow knobshells
15 are slightly out of round and otherwise not of the finai
desired precise configurations, frequently depending on
the complexity thereof. For these reasons, directly
preceeding the bulging'operation, the knobshells are
deliberatly formed very slightly undersize. 1In the

20 bulging operation, internal



presses hawi.ng opposed rans, one ram applying nmechani cal or hydraulic
forces to maintain the split dies together and the other ramfrequently
actuati'ng an hydraulic plunger for 25 appbying the internal hydraulic flu
bul gi ng forces. Gbviously, such manufactufing press equipnment is relatively .

expensi ve t he, bul gi er-at | [ . '
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pressure formng o on on the article and such die maintaining forces
have a di Bectsor escticopyndieithe throkshell efinadr f¥RCFoLRIMy for ces

Ej_hgreb_y di {e_ct ly dfetﬁ{ “this fﬂﬂicﬁ&xé'k@péﬁsﬁ i%ﬂdeitheg_eebvilslust lhmalfore, ht he

ie main- taining forces are a s provjded propertionate rger. than

the forces prS(Pddg'ed”i MeRIEARLL %’y?%é“‘éﬁi £els e18v8F§FF ¥'Q§?fl% % t hat
Wit h t.he. art;m{o%g'nalqrglatidaj ]Erse'cem@émd imntecahi deptadaetl by the diies

mai nt ai ni ng forces 40 and o eSSe: Ltude, it i-S.iopassibl e o . a

i nt er nal Airdg &F%W%Tt?’b‘?eﬁ%ﬁ%ﬁ%%r gwb%gflmthgg g %%oglénétsar?dpp g
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é’dﬁ négiér%élh%r@ﬁée %&?%Sﬂlé%ﬂbﬁg has ﬁeéﬁ{fguk‘&%’:é&%rtly“% g
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sult, but scratches and marks on the knobshell outer sur-
faces can result requiring later extensive surface
polishing operations.

20 The prior successful knobshell bulging methods have,
therefore, required the use of complex double-acting
presses having opposed rams, one ram applying mechanical
or hydraulic forces to maintain the split dies together and
the other ram frequently actuating an hydraulic plunger for

25 applying the internal hydraulic fluid bulging forces.

- Obviously, such manufacturing press equipment is relatively
expensive and the bulging operations comparatively costly.
It is, therefore, an object of this invention to

»

provide a hollow article internal pressure forming

30 apparatus and method wherein forces are applied to article
containing dies to maintain the dies together during an
internal pressure forming operation on the article and
such die maintaining forces have a direct reaction producing
the article internal forming forces thereby directly deter-

35 mining the magnitude thereof. Furthermore, the die main-
taining forces are always provided propertionately larger
than the forces produced internally of the article. The
overall result is that with the article internal forces
always directly dependent on the die haintaining forces

40 and of lesser magnitude,'it is impossible to apply internal
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cils to maintain the dies closed of proportionately |arger nagnftude t han
orces directly applied to the fluid internally of the article being
gd and which, in turn, tend to fo¢¢e the dies apart, the die cl,osing

t
Ei""es nmust 20 inherently always automatically overcone the die seperation

forces andfcskoé&n&nneﬁe aétieﬂal £8¢- outhiariddy? forhdde e HD] fifife Odnd hi s =
i nvention to provid Fow article internal pressure formng apparatus
and net hod-HexeRy F%d?"éﬁeljﬁl fgrGRi §he di&s AR HPS FRGahRT ggagrgg |

cont ai nmenéh NIt g Ebecast belingi Applaad pbehy Aifey malinthpiiqattloa so as
to nakﬁ%p055|ble thg use of relatively sinple press equi pnment not possible
with t 7 ERFSEREF uctions and methods. Wth the single direction

- forces exerted by Abeopdﬁng tendlpgeﬁerme@n@@hmdﬂmenﬁ(ﬁfttnpﬂﬁmnséﬁtin

cl osed pos;j t.i es e l.a Qﬁgﬂ t he
resultam:ﬁ%w%gkiéﬁ %fé%l gh Fﬁa f% % aItIC e‘%eln ormed and
t endi ng t hdbkee thlqlestaphﬁtfoesﬁﬂlé% Br@ﬂ#qailMﬂiQﬁm?% etely
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plishing t hods of the present inventiagon and the nmore conplex and nore

expensi@e il B et PRESPRES X Ftdngo pesitdans, Lﬁ%eﬁ}iégkeﬁ‘iﬁ%%mf?nat far .
IessI sopzb&eﬁaixe@l pasipgens, ma;ahe “ﬁ“‘"“?"' &osttihd r:nrecmlpoe.un:gnaa.sua;a)er| or
resul t t, (0] 153 NVED

brovi de a BHFEOR. S0 781 EnFAPaIAR) CYreBer 1okl Ak e ob or &
t he foregaihg aeviché ahé.rwhh.eh ekirvies dssihee mnemq;ierfcmnm@l fogbey

advant age S I S for

provi di ng eé%é§c$é$ ? gﬁggﬁgsgﬁ %ﬁ%%h thélﬂnéﬁidlﬁéééig é%ég%aklng
use<ﬁ13lLﬂ@htcmnt@eea¢iO§Leglmpyﬁméntpﬁegbam@zﬁﬂﬂ%ﬁiﬂ?rﬁﬁhﬂh&chhe maxi mum
pressure wWdhid themsystaihMerebaies allowrld o PropS sl t&y | Dafger

preferredlgggggLﬁde than the forces directly applied to the fluid
internally of the article being formed and which, in turn,
tend to force the dies apart, the die closing forces mast
20 inherently always automatically overcome the die seperation
forces and nothing more is required. - .
It is a further object of this invention to provide
a hollow article internal pressure forming apparatus and
method having the foregoing unique qualities of inherent
25 self containment during the article internal pressure for-
ming operation so as to make possible the use of relatively
simple press equipment not possible with the prior con-
structions and methods. With the single direction forces
exerted by the press tending to maintain the dies together )
30 in closed position necessarily always being of larger
magnitude than the resultant forces of the fluid internally ¥
of the article beingrformed and tending teo force the dies
apart, complex press forces are completely unnecessary.
Therefore, a single acting press may be used for accom- T
35 plishing the methods of the present invention and the more
complex and more expensive double acting presses are com-
pletely unnecessary so that far less sophisticated
equipment may be used while still producing a superior
result. o .
40 It is still a further object of this invention
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10 nment formmerely by the inclusion-of automatic pressure relief nea
that excess pressure within the systemis never possible. Furthernore, clf
equal | y, relatlvely sinple nmeans, it is p ible in-a preferred enbodi

formto always maintain the f|UId supply a proper- | evel ready 15 for the

comrencenent of the next art Ie form stroke e t he ingclusion of
ateomatic fl &Pd P’é‘?Y?‘&en‘éaﬁg erher &ﬁrigc a@;ﬁ\%%%ﬁ%‘%e Cf "9 nvent i on
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with 25 an hi's case, properly
posi tioned t¥ekes makingenas p&r ftlﬁédcémﬁemﬂﬁtwlearirmxﬁk %?ﬁ?'ﬁﬁe
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fer med rmmwwhanﬂokmohengy byt khedihedusdonoio fi tconatvisc pBessufeg. 1,

Fig. 4 is a Véfl%y|F8a§r| bgﬁe%?m%%to rteté turee %aﬁ %&éjse’g&&he cl osed

pOSItIOI’] anarrea progressive sure
ekerting posisimeverFpgssibile.aFursivesimoresr iy egupllly, telakivelyesimpie

moved 1000 fdidds pr £8SHECOBLENHIRY1ROY e HAUP dihdd tidh i nEsERALLY Of

the article to be forne aving 4 form ng operation;.
and Fig. ®slvavs Baintain the ﬁéuﬁﬂgSUPPhﬁﬂaﬂMﬁIP?QR?%M%QN%@aFﬂaﬂﬁ open

positiom &t E&FniRat bemmehckbhendr bifcChkhe next article forming stroke
merely by the inclusion of automatic fluid refill means.

-Other objects and adﬁantages of the invention will
be apparent from the following specification and the
.accompanying drawings which are for the purpose of

20 illustration only. In the drawings:

Fig. 1 is a fragmentary, vertical sectional view
of a preferred embodiment of the hollow article internal
pressure forming apparatus of the preseht invention the
apparatus as shown in Fig. 1 being in open position with

25 an article to be formed, in this case, a knobshell,
properly positioned therein and ready for the commencement
of an article forming operation;

Fig. 2 is an enlarged, fragmentary, horizontal
sectional view looking in the direction of the'arrows 2-2

30 in Fig. 1;

Fig. 3 is an enlarged, fragmentary, horizontal

L 1]

sectional view with the article to be formed removed and
looking in the direction of the arrows 3-3 in Fig. 1l;
Fig. 4 is a view similar to Fig. 1, but with the
35 apparatus in die closed position and ready for die movement
- into progressive fluid pressure exerting positions;

Fig. 5 is a view similar to Fig. 1, but with the
dies moved into fluid pressure exerting positions forcing
fluid internally of the article to be formed and having

40 completed such forming opefation; and
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‘D\g\'m ng operation and with a knockout nechani smactuation 5 to ejett the
ary/icle which has been forned. Referring to the drawi ngs, a preferred

odi ment of the hollow article internal pressure fornming apparatps is
illustrated herein for use in internal pres- sure forrri ng or bul gi ng of

knobshel I s which_are ul ti matel I nt kno rovided .
by the builders HKd d9 rﬁiu‘é%/‘?"{/ Slr‘?ff?: ?n 890 1’ %m&‘%’i‘/e?‘ %?Iﬁ:gt by suche
specific uaqese\aqamhmtgmpaarvepcysmbm n&tutterndlnatlpnrb&ntthes@,rtlltclles not

| ntended t g{ﬁa F Szl SR | ELR! € SicRb kBt PRESARR 16RY aBih@t il the

specific a s Ghd ernore, In
fol | owsng deserjigutt dime tatapbareh ich deasrbeed faympd-f or ned u3|ng usum

manufact uring proeadines, a %félﬂé‘ah?a@in&@t epi pharuekbak epwdditentose
skilled-in the art except” as ot herw se sgemflcally poi nted out. 20

Particul ar Bf téeehaldpw anticle |intewsrah Bresfurfe TREMIAE, a singl e-acting

press is 9%%%{&4%5 N cat Bek e a d8d aNeré | B6eSudeV ght h.ﬁétJelma‘.le(ansacal
upper ram 1

ei t her mechanic y. I
stationary sf‘—‘rrz%réeoﬂnlr’c%ep’brké@gﬁ%g nﬁP ](anggﬁé?ﬂﬁng’g l“?a%e{]m s
ext enf pand alstRmiArednich s a:lm)ﬂandslgs pas t pabirydetioby therglilﬁerm upper die

nbl | | di cat ed '
ot procal PRABRR AMIATThe Thob? Pabrn-deko hpgeRet (ERIE [0 o

general |y |smnhfnea§§:b1aﬁlc.1_81$$. rmmmédh@@ghr advesyt propiaseat3@nd |igywer .
stat| Onafy dhaE €A Ynt ﬂﬂeénaeahthaﬁewp% disgjassedl y. An
hydraullc systen1 enerally I ndi cated at 20 is_ operably connected

|ntegratedHﬁﬂﬂ942k4$(ﬂ Lﬁﬁﬁﬁe%ﬁdlpﬁﬁEFlﬂpetQS§Eﬁbﬁﬂé§¥ﬂ§9mﬂPEﬁfvmth
ggltogiolirsl %E %gl?% Eﬂclf&m@&ﬁo@tslm&létbﬁtgét eFﬁQi:l'nlg:rlid almecté&s ][r_or e in
upper die & p éf +%Ffb%83ﬁ rég9g%§§HFnéesﬁﬁﬂ§ dﬁﬁg§c L;s;4or
f or med them@ﬁmda/msfmqlﬁgualdﬂ&ﬂhfapautmng proredurest iangl o dl y
Fnternal l'y Of the materials well known to those skilled in the art
except as otherwise specifically pointed out.
20 Particularly referring to Figs. .1 through 3 for
the moment, a single-acting press is generally indicated
at 10 and includes a vertically reciprocal upper ram 12
either mechanically or hydraulically driven and a lower
stationary frame 14, the press being of usual construction
25 to this extent and the ram and frame being partially
shown in Fig. 1. An upper die assembly generally indicated
at 16 is mounted in the press secured to and reciprocally
movable with the upper ram 12, and a lower die assembly
generally indicated at 18 is mounted secured to the press :
30 lower stationary frame 14 vertically aligned with the
upper die assembly. An hydraulic fluid system generally ¥
indicated at 20 is operably connected integrated into
both of the upper and lower die assemblies 16 and 18 with
appropriate controls, all as will be hereinafter explained
35 more in detail.
More specifically, the upper die assembly 16 includes
a first or upper die 22 having a central, downwardly '
openina upper die cavity 24 formed therein by a cav1ty
sidewall portion 26 terminating upwardly internally of the
40 upper dJdi=2 in a-ca&ity neck portion 28. The cavity neck
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40 uppe} .die i.n a cavity neck portion 28. The cavity neck portion o
is generally cylindrical and is forned by the |Iower term nation of a hollow
cyl i ndrical - knockout recess 30 extendjyg vertically internallyof the upper
die 22 and 5 terninatlng upwardly in ﬁz enl arged knockout control portion
32 against the upper ram 12. A cylindrical knockout nenber_34 is received
setectivel y veP®F bPFyZ?eéFpESB&F@ﬁHMMQYHHﬂ§q&ﬁﬁﬂ«ﬁH et the

tﬁrm'lgat es UpY\@édéy targgnanhahgag taez;d:mw idyrll?:ﬁimaiaul q?{d.akdsnwabéeekﬁ

t he control _portjion 0 ckqut rec Resi |l i ent . e :
preferably in tHe® 1‘&5?%6?%"@5 ?Bﬁ'lyndnft? he, RSN %5???%na§%. of
t he knockous meabein3dtdingt hpwatdéycdnt ran qmﬂangndikhqﬂkdﬁma¢wmtk@ht recess

30 thereby norgg%#¥?grﬁbngggggs%n%gﬁp %%%5}g&%ﬁé&%*@&f'ﬂéé?ﬂgﬁt

upper ram 12 s € cavity ne portlon y open free
of the knockounembebeB4ahd receingdaselecidiglparartgicakly oReHPFoadper

die cavity. 24. #KERCEH@ kRGENBLY réless I Ghld URIdhiMiited I EdWaYdly in

reci procal int ram 12 overlying the head 20 portlon 36 of the knockout
menber 34. | n ddngelasged pEad: pextdon RO Warhdsalemryakle imeth@ockout

aetuator 40pi schbytlylrpeecsed wpt Blfnth@ldr@BkJsﬁltﬁl&'éifwm 30.Fig. 1, but
sel ective actuation of thEﬁknockout act uat nDV|Hg the sane domnmaidly

in turn, nmoves the knBER&LECBS RERBS B HB Phed dfRt
cavity neck pospring288wahdertaegr ehs rhgatm@d:rﬁ:lorsp’fa rgf 3the Nbmeckout

specifically 'fehliey! 9UCl:heaas ol (o diclione e | GUEThacBhock 42

secur ed downwar ower stati and ‘having an
upwar dly 30 ope@cegs 69I thérf—‘bxl nwmﬁdrlel@méélﬂ&ﬁmw deember| 4

therein. The 'Qﬁ\ﬁaréig 5§§§ﬁ§t44.hbs %@W@f&l W3 HEX P L Ve @i @8d EQvaty
reduced size, cylindrica p| ston opefii ch, inturn, term nates
downwar dl y Spa@@gkagggglpne is normal \'¢ open free of the knockout

member and forming an integral part of the overall upper
die cavity 24. A knockout actuator 40 is selectively ver-
tically reciprocal in the ram 12 overlying the head
20 portion 36 of the knockout member 34. In nonactuated
position of the knockout member 34, the knockout actuator
40 is fully recessed within the ram 12 as shown in Fig. 1,
but selective actuation of the knockout actuator 40
moving the same downwardly, in turn, moves the knockout
25 member downwardly to move into the die cavity neck portion
28 while .compressing the coil spring 38. '
More specifically to the lower die assembly 18
it includes a lower die block 42 secured downwardly on
the press lower stationary fraﬁe 14 and having an upwardly
30 opening, éylindrical, lower die recess 44 formed centrally

[3)

therein. The lower die recess 44 is downwardly integrally
joined to a reduced size, cylindrical piston opening'46
which, in turn, terminates downwardly spaced above the
press lower stationary frame l4. Thus, to the vertical

35 extent of the piston opening 46, the lower die block 42
assumes the character of a cylinder with the piston
opening 46 therein for important purposes of the present
invention as will be hereinafter discussed.

A second or lower die 48 is received within the
40 1lower die recess 44 vertically reciprocal therein normally



. [Bh4ss |l ower stationary frame 14. Thus, to the vertical 35 extent of t’he
_\pigton opening 46, the |ower die block 42 assunes the character of a

/1 inder with the piston opening 46 therein for inportant purposes,of the
present invention as will be hereinaf?er discussed. A second or |ower die
48 is received within the 40 | ower _die recess_44 vertlcaIEy reC|procaI -

t herein norﬁﬁ%%}1entl¥1%ﬁ9?@wHPVaE@b¥dbﬁpﬁa?Hi§iB}1§iﬁﬂlﬂ pPr&fEFakly .
preferably @mﬂlfﬁprﬂnysfﬂhrpaftf&lyyrfeeeyeddddmnwaadayylanam@pnmprrate

n ock 52 of the |.0 | pck 42 a Upwar d
D ond ook, Yol (ot 5 raf BE, fnBR RiRBigek 12 B mpbrth T
lintedsSby dnr é’aaa.nél..r iUy &2 mmmntoofhbheo&ewem dikl 48k by tdin

tiall 4
e cavi 1y SEa il fh AP Me NROPSH: POGL SO, 28, Thpyieq BET Beathe Onet
vertically mr@qé& wegeedl tctraglowanr dig béeﬁkd‘l@hén@pp@rrtd@eudav. ty 24

of the upper oliexr134.nd Mad AnEE&E, stégpéav\@brdu@ncsw f itheC Qtnidt@iasl.
general ly horlzontal conformn

th le to b
formed, whi e ARG FAY ﬁg§%r+%e ﬁﬂﬁ rlgrgkaggpgﬁ§vﬁg§%%ﬁgc £ the

constru@tedhbweqﬂdﬁénﬂ&aﬁéwtﬂé@ulyeasidﬂedmahth ahdtbgewﬂmgﬂupﬂardky ’
formed as mAII elnaf dIS uss I e di.e 48 is
preferably H?twead:(radalrﬁﬁ/ atRey ﬂe%l? % § in ?&%‘é"?ﬁ%l 8P, Q} gl%nw%

proj ects dowmmawﬂ%seﬁnthQukDW%rr@t¢p¢@%&tYréSaFDV§tF@C¢R@-aeﬂﬁnﬁbhenlng v
46 of the 'faw At Dl g&gxf& i/,\hﬁnt&hehéors&egl guﬁab% oF ithe WRNdRSt

posi tion upmar y engage e retar ner rlns as shown in Fig. 1, the
es
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partially d%al s(%f/thetartlcle to be formed as will be hereinafter

discussed. _
Downwardly, the lower die 48 is preferably
integrally attached to a cylindrical piston 60 which
20 projects downwardly into and is reciprocal relative to
the piston opening 46 of the lower die block 42. When
the lower die 48 is in its uppermost position upwardly
engaged with the retainer ring 54 as shown in Fig. 1, the
lower die 48 is spaced above the lower extremities of
25 the lower die recess 44, and the piston 60 is partially
in the lower die recess and partially downwardly in the
piston opening 46, the lower end of the piston being
spaced above the lower termination of the piston opening.-
However, the lower die 48 méy~be urged downwardly within a
30 the lower die recess 44 moving the piston 60 on down- '
- wardly in the pistonopening 46, all for important purposes -
of the present invention. _
It will be noted that the maximum outer diameter of
the lower portion of the upper die 22 is at least spaced
35 slightly less than the minimum diameter of the retainer
ring 54 on the lower die block 42. With these relative
dimensions, the upper die 22 may be brought downwardly
against the lower die 48 and with continuing movement,
the two dies will move in closed position downwardly
40  within the lower die recess 44 in the lower die block.
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pi ston opening 46, the lower end of the piston being spaced above the |oéé£;;V
term nation of the piston opening. However, the |ower die 48 may -be urg

downwar.dl y Wi thin 30 the | ower die recess 44 noving the piston 60 on
down- wardly in the pistonopening 46, éﬁl for inportant purposes of the
present invention. It will be noted that the maxi num outer dianeter of the
| dyier portion mrﬁﬁ@mw@r fbe ﬁarpSSag teabe hpaeddaFier expdhtined ess

h h =Tol QY
45 Wi thes i bre Tt by renoPaatal ThEShyn a8 5Ea o0 ol RMEla Hiptt
downwar dl y agaiynsiléteg tioeesidewald podtwonh26owifi rtmenglmmm Cé!\fvet)tv\o
dies will srove,] rugh 0356l BRR1 AL 08.004RRYILN 0BG enld bk MRS ¥ othe

recess 44 int ower dre her mo poses to be
herei nafter exppencdiea2uasi ghownt jnoFigadeal Sdﬂﬁ-llﬁirs Idd%asl%zslé?"es &4 med

continuous- |y,al ORG-hdE SideyallyPeutharal§ roenePnwet aliddyity 24
and continuing outwardly along the | gwer sufface_of the %$fﬁ% die 22 as,

shown in Fig. 28 &MMIa hﬂrBPHe§I§P§fGEeaPé foendevietdidd AU +3m
t he Iomer'die-pﬁyjty 58 al ong the"upper surface of the Iomer die 48 as
shown in 3. 10

d
systenlzd‘mﬁlch connuﬁ?gﬁfﬁéngegﬂegabpg ﬁggghgﬁﬁaﬁh? . |e a§%%§éé%)2
16 and 18 is aﬂnpchsedmmﬁnibatésmbetpeenl¢heohppez[ﬁﬂﬁ(ﬁDWﬁnndxg)aﬁﬁ¢mrthe
| & di e bl 4 | t
vt i bfocky 2, ey s 1 oty QUCC TR Sl Wi e seras o
hydraul i c | i nepbstorrhepgningndét én GbelQOWQW1§£§1bLQFHIﬁg(YH4Qvas in

conmuni cat i on Fiﬁ??aff Cgoﬁﬁhﬁﬁcgglbﬁ hﬁ%h”quLd$dhé5k6f"63Kﬁhﬁbu h the

relatively Ion exi hi gh pressure hydraul,i e 72 can e seen
in Fig. &5 thelo¢er @h%cP19§Fv€n¢0al§hP5 e?ﬁ&@éﬁ EHdVb Ecavity
24 hydraulic line 68. The T-connector 66 is, in turn, in

fluid flow communication with a check valve 70 in the
upper die 22 through a relatively long, flexible, high
pressure hydraulic line 72. As can be seen in Fig. 1, the

20 check valve 70 is located spaced above the die cavity 24
of the upper die 22 and is a somewhat usual ball check
valve which - only permits flow inwardly of the upper die
and from the hydraulic line 72.

Directly inwardly of the check valve 70 and fluid

25 flow communicating therewith is an annular distribution
recess 74 in the upper die 22 and around the knockoutrecess
30. A multiplicity of hydraulic fluid openings 76 are
formed radially in the knockout member 34 and when the
knockout member is'in its retracted position as shown in

30 Fig. 1, these hydraulic fluid openings are aligned with
the upper die distribution recess 74. The hydraulic fluid
openings 76 are all connected downwardly if the knockout
member 34 through an hydraulic fluid opening 78 in fluid
communication with the upper die cavity 24 in the upper die 22.

35 The hydraulic fluid system 20 is completed by a main
supply check valve 80 and a selectively adjustable esgape
pressure valve 82, both at the lower die block 42. The main
supply check valve 80, which similar to the check valve
70 in the upper die 22, is fluid flow connected at

40 its inlet side to a main hydraulic fluid supply reservior
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of\t he upper ‘die 22 and is a somewhat usual ball check val ve whi ch ohly “&
p‘} 1ts flowinwardly of the upper die and fromthe hydraulic line 72.

ectly inwardly of the check valve 7Q and fluid 25 f1 ow comunj cati,ng
theremnth is an annul ar distribution #@dcess 74 in the upper die 22 and
around the knockoutrecess 30. A nultiplicity of hydraulic fluid openings 76.
are forned ratoal. bl;town)tlaadkaucbmst omtledr sidearth Wien Xdwek nmokiolon menber st
isinits re{ra o) h n t h c fluid
openi ngs- ar O hI TiReRLuEPh SReRIBSCACT " SAS Al gre HIERG 48" Tihe
hydraul i c flescappepragsuré yrdvel B2cdsneonaeatesviar dijuid flew keomkant
member 34 (g pbgbssR By ds eyl %ﬁlfeltubq RPFAIRO £ 'ﬂé&&ﬂé’cW'&ﬁ&' gp with

t he upper die cavit draulic
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sel ectively ﬁé%élﬁrﬁ@i:e eﬁéaapeaaes.&w en\dalp\tﬁp%%e sy Rerdsd hewd ovelvese
bl ock 42. The, ff supg check V%Ive 3 sbﬁllar to_the check val ve
70 in the uppttl Pes5obei deprgiked Rx %ﬁ B0 9% tfet side to a

mai n hydraulopefauidnsuﬁptyerPsefemmed emhmdnmﬂnhm@ppanhtus4ts outl et side
to the,jower portiopg ,}r&l)ggﬂlsi&%ﬁ %t%'d“Q Hltﬂe %f%&d déxﬁmg&ﬂﬁénéz

The escape pressure varve Is*connected 1M f cation
at its inletofithewipbaratus- goAnsetbodsefatdentpuaserdutinyentenaiso with

t he hydraulI91iﬁgtﬂaﬂaanhéya@hypaeeeewryfl @adﬁ%gé“fé¥‘éﬁﬁifh%@?ﬁﬁlOf *
these two valves will best be .descri bed dur| a description of the

‘operati on ofPXPRSWFRf EPFRUNGnBEIPHAL SR ow (knobshells agdpReviously
al luded to, ¢f6i @éEfEﬁJSBShéMOQmeH Feadye fUH A EH o ElWh e tf@dg@:fxethe

presen |nvent | S.il rage here artlc arly ted f

intern‘ilP pre%% %?ﬁfﬂg é % Sél ﬁ‘& ltl d@ %?l%lg ?’?/?)‘?cal

knobshel | fofmmdtheaﬂylgmngsuthebkhgbsgeli @dndmcludes a lower,
generally horizontal, bottom wall 86 generally conforming

to the configuration of the lower die cavity 58 in the
lower die 48. The knobshell 84 further includes somewhat

20 . vertically extending sidewalls 88 integrally formed with
the bottom wall 56 and terminating upwardly in an inte-
grally formed, hollow cylindrical neck portion 90 which
opens upwardly to provide an access opening 92 into the
knobshell 84. )

25 At this stage of forming, réady for the internal
pressure forming or hulging operation, the knobshell 84
has been formed to this point starting with flat sheet
metal, usually brass or bronze, and through a multipli-
city of various drawing and forming operations is now

30 ready for the operation performed by the apparatus and
according to the method of the present invention. As
previously stated, the knobshell bottom wall 86 general-
ly coaforms to the lower die cavity 58 of the lower die
48, but the knobshell sidewalls 88 are msually slightly

35 out of round from all of the former metal working opera-
tions and particularly are of slightly less outward
dimensions than the sidewall portion 26 of the upper die
cavity 24 in the upper die 22 as will be hereinafter more
clearly pointed out. However, the knobshell neck portion

40 90 is of relatively exect final outward dimensions which
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15 rally indicated at 84 as shown in Fig. 1. As positioned for the
bul gi ng, the knobshell 84 includes a |ower, generally horizontal, botto
wal | 86 generally conforming to the confugprationyat the | ower die cavit
58 in the lower die 48. The knobshel |l 84 ‘f'urther includes sonewhat 20

vertically extendi ' Il s 88 integralldy for ' e.ppttomwal | 86
ahd‘terninatin§9§p§gF§F§iﬁ%daﬁcﬁ%Fgglggéﬁﬁ' 5Nﬁ%§%&$%#%&é§c§$$Hﬁ?g%al neck
portion 90 whi theopewsrupwartdiop of mhey ikie chowtr ceacespeI? e bow i blee t he

knobshel | 84. Rhockout memb@lr %hi%dﬂﬂﬁﬁiﬂ¥h4<¥ﬂgxﬁbp%§ r05£tPRel Nt ernal

pressure form ng or bul ging operation, the Knobshell as been forned to
thi s point3st aBPPRE RiiehCAVAtYsKdetinndthg uRRSRIGAe hdss or bronze, and

%grough g.ﬂ}llti plhi - Cht%tﬁ.ﬂ.lviﬁix;t%%xdraﬁg R%@di.rﬁﬁﬂ%dl’ﬂ: Oﬁﬁlaﬂ@ﬂﬁt_xip ?ow
" ready for _the.operati er f.or e appar at us, and accor di 0
She mernod of CreCAPRIRD ThebBrid Ee R, af i xR Ry RE P e SR B
bottom wal.| 86mignedr bly- the partdom aro dadtd dlevdseitie loalged S8ndf théeelower

die 48, but th b I i.d I ] | ' |y, t
| e u EO\EQ?h§Q§B thle ﬁe%;%vl\lg%(r?rnugap%szuadlé/ cgi\} hél%g?%vgg R

round fromall of or mer opera-_tions I cul arly
are of sll@ht|paképymopressudre aned dihat wan the sxaicted |bypothe oarkécde t he

upper die cavity¥irg EBrkBa HBR%haQb&yzagﬁidﬁﬂ'tﬁEBéEHE%{K§ﬁ§r1§£ff giearly

poi nted out. Howevér, the knobshell necK portion 40 90 1s of relatjvely
eRact final ouRfafEMBRKEASEONShEhMEFimum, Rrefs e kP toFf fERATRIQR| B¥it

i nterference fthewibherhaibQWakcpading t&f tHe gemfdiples es£58n80phekentt he
knockout nenbe£n34 gndnto% 'p%P¥g§ #ﬁper ﬁﬂ?t of Hﬁgﬁ? ug$e{.die cayity
24 in the upper UF8-29m A8 | r RS S F KRA]PS tehe FeFif+onkALRY
critical 19 thEopmedcidpimewarfllyhagaimsdntthendewd et £ -requededytdbhe
particul ar artﬁ&'StbigggtbgﬁggﬂtquTgygw¥han the total force capable
of development by the reaction of the lower die. As
applied to the specific embodiment of the apparatus and
method of the present invention hereinbefore described,
20 the total horizontal .area of the upper diecavity 24 at
the lowef»surface of the upper die 22 must be at least -
slightly less than the horizontal cross sectional area
of thefpiston 60 within the piston opening 46 in the
lower die block 42. The importance of this relationship
25 will be explained more in detail below.

In operation of the preferred embodiment apparatus
as hereinbefore described and carrying out a preferred
embodiment of the'hollow article internal pressure forming

° method of the present inventioﬁ, referring to Fig. 1, the
30 upper die assembly 16 is initialiy spaced above the lower
die assembly 18 and the hydraulic fluid system 20 is
filled with hydraulic fluid, preferably liquid in the

form of hydraulic oil or water or a combination of both.
At this time, the knockout member 34 within the first or

35 upper die 22 is in fully retracted position as reéiliently
urged by tne coil spring 38 so that the upper die cavity
24 is fully exposed including the cavity neck portion 28,
and the second or lower die 48 with piston 60 is fully

_ upwardly in the lower die block 42 against the retainer

40 ring 54 as resiliently urged by the coil springs 50.
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al so the particular upper die cavity, involves the 10 maxi mum
)ure area that can be exerted by the article being forned downwardly
aifist the containing | ower die as cz ared to the maxi num pressur’e area
of reaction by the |lower die. Accordi gBt o the principles of the present
invention, the total force devel oped by the article bein f ormed —
domnmardlyTagaﬁndﬂlmWEQﬁthe(hXﬂI%Plh@ufl%Hdt%Y%ﬁeatZpegé@1§lEgﬁhly | ess </

than the te}(@ltefnorf%npae@@olﬁlmt deved prremehﬁamesﬁﬁgmyl eReek bhgveower
die. As applied tq.the gﬁemfl enbodi nent of 42 garat us and met hod of

the presenBfi Fe&aditan Nh el ep’d'ég‘l‘h%%m-%@ gnegty t

hori zongal paseano®ot, hefnqnpamejlpmswrt yo;i?ehmgtme tnmeugﬁuthecaydﬁcamawpper
die 22 mnus I lightly |es tha e o] tiona
area of thg glgst%tgd _tﬁoﬁmﬁéletop"l’s ‘g ‘Pn er%hés V\é? %ﬁ% bl ock
42. The i npgctaaﬁcer@fssnmes viad et i&ih.smr;ﬂ%pwamﬂly bromxphei ﬁ‘emnmes:hqr
detail bel gy chiotBfl 'ngﬁrédﬁcprﬂr?ér?ﬁ Derl TeRL - 8PPRIALYS

her ei nbef ore carrying out a pre erre o iment o the

hol | ow art FBBe ChRck vALVS & @te the HPREFedi®d24f the present invention,

referripg to Fig. ak shitem3Qn ijaerlﬂl&l@s&ﬂn’ehd ﬁﬁobahemubl 844l yospaced
above the | ower assenbl 18 anqa% au i ¢ f|UIdﬁ§é n120 s fllled

Wt hydr adPESTPRN SECROESE & or

water or alowsli dael @s @zfiﬁ)-otﬁhe Atndlim}sell nIEottdm wabtkaat wnhhar add within o
the first qr s | u ct p (o] S

resilientl yoaiégguﬁggpﬁ:nedcé’% I%'%s“k)% ndg}i'% éé%' § @He Bék»&gl gaglaw ty 24 is
fully expodedthenl aditwgtede mawing mkumrl @ne282 équnwncdiyc@g@mstl ower

di e 48 t [ fal I 42 agai nst
the retai ngP%%b%rB%ges 48;§}l¥te&sj| eﬁﬁ( éP &{'& %Qi\gﬁcg% p 2%%". ngs go

The fillingositieaesy shekl f4 “éjyfsl%-'lé?n Q@efvppgrsééﬁ cav1ty 24 from
the position of Fig. 1 to the position of Fig. 4. During

such telescoping, the knobshell neck portion 90 is forced
fully upwardly into the lower part of the knockout recess
20 30 provided therefore and.due to the slight interference
| fit, the knobshell neck portion outwardly pressure seals
with the upper die 22 within the knockout recess beneath
the knockout member 34. Also, it will be noted that the
knobshell sidewalls 88 are spaced a small distance inwardly
25 of the sidewall portion 26 of the upper die cavity-24.
Continued downward movement of the upper ram 12
from the position of Fig. 4 and ultimately to the position
of Fig. 5 moves the upper die 22 downwardly forcing the
lower die 48 downwardly, the two in combination enclosing .
30 the knobshell 84 being formed, thereby forcing the piston
- 60 downwardly which, in turn, forces the hydraulic fluid
within the hydraulic fluid system 20 outwardly thréugh the
check valve 70 at the upper die 22, through the distribu-
tion recess 74, through the hydraulic fluid opening 76 in
35 the knockout member 34 and downwardly through the hydrau-
lic fluid opening 78 into the knobshell neck portion 90
filling the knobshell. Once the continued downward movement
of the closed upper and lower dies 22 and 48 by the ram 12
fills tne knobshell 84 to' be formed, continued downward
40 urging by the ram exerts pressure on the hydraulic fluid
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systemfrbmthe inlet side of the main supply check valve 80 totally N
filling the piston opening 46 beneath the 5 piston 60, fromthe piston @

openi ng 46 through the hydraulic line 68,,4he T-connector 66 and to the
inlet isde of the escape pressure valve é and upwardly fromthe

Tacomector 66, Aol DY aULAShy g 2y, SR 6 Gl 11 check

vakve 70 at the uppe
knobshel | s 84 presmuret bs nbrayspferredr shirongbd the bwldgmulus: fdsiitd oviethion

the [ ower di e df g die e KneBsnal Ly BeLROBLYAE! G Wydiayand manfer mi ng to

the lower die cavity 58. The upper I's then ac ITDVI ng the upper
die 22 dowhwardly against 15 the |ower die 48 Withinh&hekaohghell 84

tel escopi ng thﬁlmyiwﬁdlﬂs@o’aﬁbekhoséhmnhsadb%lqrgp% Gutwerd Ity é’gdaiﬁsam
t he p05|t|onot gthe ost?g 9 F‘ D&%‘rln suchte4esco i
the knobshel | W& kglp%?‘f? h %o?o et & Fyuﬁﬁ\ﬁé v ®hed Rer B -
of the knockoukn rBibgss5 260 38s ptovecadedyt batei:heekawscthleall Edrine s} iqght
interference f n orti.o ressure se W th
the upper di eBZ'%l%t'ﬁ #;?ﬁg@gnockgﬁ ge%é?sﬂﬂgg’ggaﬁﬁt %‘?p 8fotdt°nmasd er 34.
Akso, it Ml e apresseee fht whbbshbel lowdewphirs 8F ahe dmaskbut sretess
di stance | nvarddyeds 3@fwﬁ:héhngfr\@uxepﬁbbéimcg@i‘ﬁ% ?@%k“ il 28V idNe

24. Continued downward novenment of the u E ram 1 rom p05|t|on 0
FPg. 4 and ul (RFREVINE t0 t HRe pogdrevhicr fEpdd wikhis

downwar dl y forid nfuihe ¢onesisiee fr8rdéiﬁ€%ﬁ.ﬂ Ythbhﬁeb\é%sb@: %dﬁiﬂ'é)n
encl osing 30 the kng sh%_l 84, bejin t her eby foraﬁﬂ-lng t he piston 60

downwar dl'y which, in oy iRsFige degEI pd If P&i&iﬁ ¥n &N draulic
fluid sydisem Zﬂw.crhshmtbll&4ttmolughfd>medheubonalthe kfiobishield Uﬂaﬂ@fg die 22,
through the digtyy iy o] ra f UI .0peni ng
76 in 35 the nlolc g lél’?%%&f%ﬁfl %aﬁmg% %Q.?ﬁfo%gh% gn)?é’rpau eD(f

flui d opening t?@lraﬂ@ dlrnelrk‘ymblsdndbulgien{a pperataof( frillskisngpwaeddiyobs heI .

$364t8h§ Cfﬂte'%%fhlxgﬁwwﬁéo "OYENGRE18hst HFathAise ¥ARS LAY i Gh?
y knockout member 34 and is ultimately compressed sufficient-

20 ly to exert the necessary pressure for the bulging opera-
tion. Furthermore, as the knobshell 84 is bulged outwardly -
against the upper die 22 within the upper die cavity 24,
any air or liquid between the knobshell and the upper and
lower dies 22 and 48 within the upper and lower die

25 cavities 24 and 58 is forced outwardly through the drain
slots 62 and 64. Still further, as the upper and lower
dies 22 and 48 are méved downwardly by the ram 12 moving
the piston 60 downwardly against the hydraulic fluid in

s the pressure exerting manner hereinbefore described, if
30 the pressure of the hydraulic fluid within the hydraulic
® fluid system 20 reaches and attempts to exceed a prede-
termined maximum, this excessive pressure is prevented by
automatically venting off an appropriate amount of the hy-
draulic fluid through the escape.pressufe valve 82,

35 which vented fluid is directed back to the main hydraulic
fluid supply reservior (not shown). To conform to the
maximum desired system pressure, the escape preésure valve
.82 may be adjusted by selective rotation of the actuator
thereof, all in a usual manner.

40 As a final matter for present further discussion
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s tae knobshell 84 to be forned, continued downward 40 urgihg by t he
yexerts pressure on the hydraulic fjmid W thin the piston opening 46
t he piston 60 which pressure is trdnsferred through the hydraulic fluid

i thi he h I fl h .
W thin the iosonrfrind: RasLRbERbEenkB o 2r KAy fincditamie
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t her et o dur,i ng. %%g?bflgfgg SBeEﬁE'ﬁgFtth%% UR! #b |éggéég'lnto t he

vari ous hy&} openi ngs he knockou and is
ul ti metlel y apempirgsétl ofif thei dawer2die bjock dier tTm-Wer rst e ryppREssur e
for the bul gf poy &ﬁaaléwﬂz AHa! 18" BbeCmoded RROWIRRAAG) |bf 4tﬁé Jpaboed e

outwardly agalnst hin the upper die caV|t any air

or liquid be Ee¥cimg lmgsgﬁéw éﬂful@héhﬁﬁ'y@h &h¢ hdrawh i Mhd 48

Wi thin the dippesm apgl iﬂt\efném 28f tﬁ%thb‘b%h%ilam T kg fmir@hgah?war dly »
er. an ower

t hrough the drain s|otsg 62 an til urther, as the up

dies 22 andﬂtfﬁ”&ﬁ"ﬁe*% éﬁvﬁﬁ%ﬂﬁﬁgdw 5 FQM@ZW H’g"'ﬂ?ﬁ‘ oh?80

downwerd| y lagabshélﬂ-hetxéyﬂéadtlmef tmedsum-et oo pmesslmmenamé i 48) mmst

her ei nbef or describeg. i%?Bg gr ure aof gydrauh(%fé W t hin

the hydr aul F2° fYRRGE s§LBeff 2 ePgégﬁe af® T&tt %“il &% B ede-

term ned nexogerhet hvilbxatwairsebpr ggeateri $hametdre axkegsure down-
wardly against the lower die by the knobshell bottom wall

86 which tends to force the dies apart from the required
20 closed position. This unique relationship of the present
invention £aking on a specific form in the preferred em-—
bodiment apparatus, therefore, eliminates any of the
difficulties with the prior constructions in maintaining
the dies tightly and properly closed during the internal
25 pressure forming outwardly or bulging of the article to
be formed within the die cavity provided by the dies
since the greater the pressure exerted by the article being
formed tending to separate the dies, the greater the
superior reactive pressure tending td-maintain the dies
30 closed, the two always necessarily remaining in the same
proportionate relationship so as to complefely eliminate
‘the difficulties with the prior constructions.
To complete the operation of the preferred émbodi-
ment of the apparatus and carrying out the final method
35 steps of the present invention, from the positions of
the upper and lower dies 22 and 48 as shown in Fig. 5 and
completing the bulging of the knobshell 84 to its final
form, the ram 12 is reversed and the dies vertically
'separated as shown in Fig. 6. As the upper and lower dies
40 22 and 48 initially reach the point of separation, the
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automatically venting off an appropriate anount of the hy- draulic fluid
t hrough the escape pressure valve 82, 35 whi ch vented fluid is direct dZ :
back to the.main hydraulic fluid supply rﬁ§ervior“(not shown). To conf oA\m
to the maxi mum desired systiem pressure, {Re escape pressure valve 82 may
adj usted by selective rotation of the actuator thereof, all in a usual
maher. 40 - lower die 4§ gnmesminty déngagemerhtwiththbe detedseroming and
i nvol ving the snelgaf !t@ﬂ%"u@bé)fldwcépséié MO0k L QD Ee  Ordi 1 RE EE&E&Sﬁa ; Lha
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area of the kno in ul ge is at_least slight|ly_ les an the
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openi ng 46 of khbdshedr sdidewdldek 8. hadveishears Hhbgafpeutwagddlgnaadnst 22
and 48 are no rgl t i d lig, flyrd, thrqygh
The hydr aul 1o PFuERESIocs 20 41 AT TyPeiorR SHnBEEhEH ' Bne,EhipsBstids
and ul ti mat el $4danidilopiempiny ariditine theiupperesdie canftmoviet hpwasdly
kmobshel | gt he | e36l/i¢® . Pressure on the | ower "die 48 against the upper die

22 tending to force and maintain the dies together will always be greater
than the pressure dodie Qoampietashiqrtbylged Jiebshelby8dniskbpahedected

b|6t t O(T val | SQr\éhirﬁhé e Qijfé|3r223 Bﬁﬁ;&:ﬁ?afﬁ&ﬁév&ﬁéﬂttbe {:ﬁtaukh@t@k%@m
cl osed position. I S I que rel ationship o e prese l.nventi aki ng
on a specifi c2FEPREEX %e Py éﬂ‘%ﬁ&n%&?%rﬁe@bﬁ&g@u@wwer dre,
el i m nat es anyithinhhehd knocokdutesrendds t3® qdprigobsinycEoedingnthe
mai nt ai ni gg t i ti | %%ﬂ raperl y.cl.osed duri t internal 25
pressur ei? or mﬁﬁagcs)g’t% \}\'/&r gl%’%"ra u %it?fgeeofgf h%hgar‘f?%?]é @ge bgif o d nﬁéo\"/\ﬂnt At
the die cavit§igroéi.dédtiypudic whess the knockout member 34 is moved
downwardly to extended knockout position it displaces the
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hydraulic fluid openings 76 and 78 downwardly from the
distribution recess 74 interrupting the hydraulic fluid

20 system 20 as described, such displacement being shown
in Fig. 6, when the knockout actuator 40 is again with-
drawn upwardly permitting the coil spring 38 to move the
knockout member 34 back upwardly, the full hydraulic fluid

- system 20 is orce again established to the starting

25 position shown in Fig. 1, although further hydraulic fluid
will not flow due to the cheek valve 70. Furthermore, as
the upper and lower dies 22 and 48 are withdrawn upwardly
by the ram 12 and eventually veftically separate as des-
cribed, upward movement of the piston 60 within the

30 piston opening 46 will draw in hydraulic fluid from the
main supply reservior (not shown) through the main supply
check valve 80 properly refilling the hydraulic fluid
systeﬁ 20 ready for the next bulging operation as shown
in Fig. 6. |

35 According to the principals of the preéent
invention, therefore, a unique apparatus and method are
provided completely eliminating the difficulties of main-
taining dies together which are required to enclose an
article during the insertion of pressurized fluid inter-

40 nally thereof to outwardly pressure form or bulge such
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Although the unique inventive principals of the
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present invention have been 1llustrated herein used for

a specific purpose, namely, the internal pressure formlng
or bulging of cugshaped knobshells, such inventive
principals are readily applicable to many other uses in-
volving the internal pressure forming of hollow articles.
Thus, the inventive principals involved herein should be
broadly construed and not limited beyond'these specifid
limitations set forth in the appended claims including
the patent equivalents thereof.
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in Fig. 6, when the knockout actuator 40 is again with- drawn upwardly
permtting the coil spring 38 to nove the knockout nenber 34 back upwardly,
the full hydraulic fluid system20 is opze agai n"established to the
starting 25 position shown in Fig. 1, although fiummii gl fluid
will not flow due to the check val ve 70. Furthernd“l[“mu"lm'““um and
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vertically separate as des- cribed, upward novenent of the piston 60 within
the 30 piston opening 46 will draw in hydraulic fluid fromthe nmain
supply reservior -(not shown) through the main supply check val ve 80
properly refilling thelnydr&ornéng| apRasgtuenfoo béiﬂingohoﬂﬂewhext bul gi ng
operation as shown in Fig. 6. 35 -According_to the principals of
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perfectly formed bulged articles which do not require further repairing
manuf act uri ng epesedi position and movable thereafter in said closed

position by continued longitudinal urging placing said
dies in progressive longitudinal pressure exerting
conditions, said dies in said'closed position forming a
15 die cavity having surféces enclosing said knobshell with
a reduced size knobshell neck access opening exposed at
said first die; said die cavity surface outwardly of
said k?obshell being exposed at all times venting to the
atmosphefe; die moving means for moving said dies to and
20 from said closed position and progressively urging said
dies into said die longitudinal pressure exerting
conditions while in said closed position; fluid préssure
means operably‘connected free of reacting until said
.dies are in closed position but directly fluid flow

25 reactivé to said dies being urged into said progressive

longitudinal pressure exerting conditions and operably
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2., In a forming apparatus as defined in claim 1 in
which said fluid pressure means includes a fluid
cylinder havipg a longitudinally movable_piston'operably
connected to one of said dies and having a piston
longitudinally movable by said one die brogressively
forcing fluid into said knobshell through said knobshell
neck access opening as said one die is placed in said

progressive longitudinal pressure exerting conditions.

3. In a forming apparatus as defined in claim 1 or
2 in which one of said dies is longitudinally |
reciprocally mounted in a die block normally resiliently
urged to a die closed position and thereafter -
longitudinally urged into said pressure exerting
conditions by the other of said dies to progressively

actuate said fluid pressure means.

b 4
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10 claims 1 to 4 in which said fluid pressure means
includes automatic fluid refill means for automatically
refilling said fluid pressure means with fluid to a
maximum predetermined amount between said dies being

urged into said progressive longitudinal pressure

‘15 exerting conditions.

6. In a forming apparatus as defined in any one of
claims 1 to 5 in which one of said dies includes
knockout means operably connected thereto reciprocal

20 between a retracted normal position and an extended

v knockout position for removing said knobshell from said

one aie during movement into said extended knockout
position, said knockout means remaining in said
retracted normal position during said relative movement

25 of said dies into said closed position and urging of
said dies into said longitudinal pressure exerting

conditions and being movable into said extended knockout
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tion will tend to maintain said dies in said closed position
by a reactive force resulting from and causing fluid to be
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internally of said knobshell through a preformed reduced
size knobshell neck access opening creating a forming force
tending to separate said dies while fluid pressure forming
said knobshell outﬁardly against said die cavity surfaces;
25 maintaining at all times said reactive force tending to
maintain said dies in said closed position greater than said
knobshell internal forming force tending to separate said
dies. .

9. In a method of bulging hollow bulbous metal knobshells
30 as defined in claim 8, in which said step of opposing said
die moving force urging includes urging said dies in said
closed position against a piston in a cylinder containing
said fluid to thereby force said fluid to flow internally

35  10. In a method of bulging hollow bulbous metal knobshells
as defined in claim 8 or 9 in which said method includes the
further step of during said step of opposing said die moving
force urging, maintaining maximum pressure of said fluid
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dies, and during knobshell ejection, positively interrupting

fluid flow internally of said knobshell.
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