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forming iris die opening 78. Thus, the form ng exhausted in deep draw ng,
but instead the di e edges 73, of the expanding formng iris deep
drawi ng operation will be stopped with. 40 die 26, formor shape the nore

ductiTe, TTow ng predeterm ned portions of the undrawn bl ank 105 bl ank
materi al , against the tapered surfaces.29 remaining between the hol d- down
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placed the blank in-high hydrostatic’ pressure,'-
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the unobstructed part of the die- opening
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into the fluid chanbers 182, so as to suitably To provide the drawn
walls with the thick- expand the formng iris die.

ness shown at C, it will be understood, _that 20 The pressurized fluid
190 in the fluid the control valves 186 and 187 will be suitably 85
chanber 192 will apply force against the cir- aligned to contract the
formng, iris die.. cunferential surface or edges of'the bl ank 120,
It will, be further under stood, that the and this fluid force, in
cooperatlon W th the exp‘reSS| ons,zdgempand the form ng, |r| s die 5and
force appl1ed To TThe “o' g, iris
e, eI B % -;-»» i Sy e i g -éa? ces " the
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the MB@dreThd Smp@@hssprfl 8 (Flaliz] sseal br p AR oé i -

advanced ciied/wivhrdH fpmﬁﬂgjdxad Jeks i68)ruad ofp r!m:szbur downﬁire mhtsof tlasm ired. The

need for PS@'&F@H@ ﬁn‘msﬂl qr788nepy 49 8 ¥°s ?édmi &g%m 182 be
subst ant g AR ? %Ck‘ﬁ?(?t BTy expand the

o i 3
form ng beeof m;g’m;& ft a@bﬂ d&nplédaﬁt&adaeoaeeﬁlmmg ims 55 to
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ey be ofEAEEn AT HEE zstﬁfténeiﬂ&ves

. the undrawn blank 20. Thus, the walls of the 5, the bottom portion B may be smtably re—
60 drawn article are controlled by bemg main- moved by any one of several punching methods 125
tained at least relatively uniform. - well-known in the art.
“It will be further understood that the ta- Blanks of many solid plastic. matenals can
pered surfaces 29 of the advancing mandrel be deep drawn against the atmosphere’ as
28 expand the hold-down iris die 22 during shown in FIG. 5; however, depending upon
65 the drawing operation, and that the compres~ the ductility or brittleness of the specific solid 130




'60 so as to vary the wall thickness of the drawn nents by securing the
hal ves of the split frame 125 articles It wll be assuned that the
mandrel 30 or 130 __together with bolts the upper half 128 is
advanci ng continuously downwardly, of the split frane could be nounted

on the that the formng iris die is being expanded downwardly
novabl e ram of a conventi onal continuously, and that the blank 120 is -
flowing press, and the lower half of the split frame 65 betvveen t he space
' bet ween the ﬁandr el sur- _ _coul d be nmodRdBWOon the bot ster- pl ate of th$33130
8 : T o
3 pr ess. Thé"la ic: matenal%to be -d qrawn“ord%ther an% Ié}gfg%@usa:él fcir dra ffgnthe 01R3
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47, and may bes@yﬁ % of BTG BRehicROT T MBRR spicifit Hhdedard B aLiGEn-2
t he aperture arei écahltd)diescosapdnm sbgamnphgeiﬂmﬁeam}, tﬂe\pbtoﬁloi- enlarga‘dham ch |s
varied as the u&&g porion AZ4 ;’Pt!}g ok gastyfe
art, the thsog ‘b gew £ biage s R f‘ﬁg 9)___‘_
use with such nueandwérlcm.baobgempmﬁhtheeiucmham&p@rwee taemmbm- ok loer T han
t he sure i 2l & oite dm:ldl:#waaewd fwig rflled: o |fsamp rvall . 134.HThekpitans 17d f divides sl ank.
tri mred. upper. chamber 6.in commurication Wih & - iatertor ofythe oylipdet pect™a CRABPHF 1) t o
cl ai

of varying the . .&pier toife dimbdid neiemeR0of them lagmlslaSu piplies rof \peessustlel efuidi (ootwi [ |

be apparent o @Sasto tePRASTNE ‘K1 - the chiaak mplghnesggs.and 1&4h&§P°F'h| s
need| not be so Hm _J_ﬁ&o@ ..g[i“ 3

. P : es 86 .o .
nmandr el havBRigef é%b |chamba496,'91hféEp 1236 C Qofhaliigs
sides, if a unﬂdnbam' pardly a tr@dosedrtow ik hnbd‘\lss 3ﬂd§139.dl’he@mnduomﬂn‘d§p0¢-he
bl ank bet ween &“’fﬁ‘fe ' gce E&g’elm’ig 'PJ?,‘tiﬁ“ 168 hp by 4
die [and a secolj dﬁﬂg:f%’fe&]ﬁfk ' A ST

| s QQ same, or subseuntidly Ak

t he |[second d(DErebﬁ#e[}’gm\tﬁiplrﬁﬁblﬁauiﬂhﬁ- l:adswer

hydriost ati c presmbaerds.. . drawn: t herethro
on assi
termand that geledies. ol P h RE IR, %@f&g
iris die 24 in placing the blank in a. hydrostatlc
45 pressure condition: sufficiently - hlgh to achleve
the desired inéreased ductility. .

Upon engdgement of -the mandrel 28 Wlth‘_
the more ductile blank 20, and the occutrence.
of deep drawing, the ﬂmd in the lower

507 chamber 95 will:' provide:ia-back pressure
against . the - deep - drawing_action. - .The- back
pressure will assist . in:maintaining the: bjank
sufficiently: ‘more ductile, by . pushing- back
dlong‘the léngth of the deep’ ‘drawing material

55 against,; or .in opposition to, the action.of the
mandrel 28 and :thecontracting edge-pressure
iris :die 24. To -accomplish the "provision “of
suchi ‘back- pressure, the lower chamber. 95 ini-
tially mhay be:only partially. filled. with Buid;

‘60 ory the lowér chamber may. be- prov1ded w1th
a suitable relief valve operable at:a predeter-
mined :pressure, a relief line and a-sump; all
indicated by the general numencal dmgnatlon'

5 An alternanve apparatus -shown in- FIGS

h operation awlegintnd péthn d!elbépdes 4r7é1Yat ive

ﬁ r@“]fn?ion a%gycon

%:‘QF’ tﬁg edge-
pressure iris die 24 of FIG. 5.

Referring now to the application .of. force
to the circumferential surface or edges of the
blank. 120, such: force is applied by the. body
of pressurized fluid. 190 located . within. the

fluid. chamber 192. The fluid chamber 192 is-
defined’ by an .insert 195 (wluch resides be-.

tween the hold-down. iris ‘die 122. and the

forming iris die 126), portions of the bottom.

surfaces of the. die blocks 136, portions. of the
top surfaces .of -the die Blocks. 168, -and- the.
circumferential -surface -or .edges of the blank
120. As may be. best. seen in. FIG.. 1 :

vided with a central. opening wh1¢h is gén , yy |

complementary to the: circumferential surface
or edge of the blank:120, The central opening,
in order to define the fluid .chamber 192, is,

larger than the outer confines of the: blank 120 _

by a predetermined.amount. . - .
“The fluid -chamber 192 is connected 109
sumable fluid: pump 197 by a sultably ﬂexxblq

110
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ing upon the ductility or brittleness of the mat- including the step of
applying the force to the erial being drawn, and the depth of the draw,
edge of the blank through the contraction of 30 a greater or |ess anount

of hydrostatic pressure an iris die surrounding the blank. 95 wll be
required to permt the desired degree 6. A nethod according to claiml, 3
or-4 of deformation w thout workpiece fracture. including the step of
applying the force to the The |l evel of this hydrostatic pressure is

t hat :%edge ‘of the biank by neans209f3m pressurized whi ch i ngreases the
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. bl ank qpjked e1 ﬁns;vﬂngla&upﬁﬁ c,sss Ite to that

" whi ch |ﬂs: cdmtmglo ltyﬁtastttrca ellﬁ9 ofthe amﬁf lyl’da\trnvﬂﬂﬂy adFancm&er it wll
be hlgh t? ceuse the: bl ithe" de adgend?s, of " deep 10.
vA rrejoh(ﬁd ﬁm b dlefi‘ V\fm‘F"é‘ 1 EPPE ﬂ‘ﬂ'éﬁ i §ative
£ces 139 enﬁmﬁn§ ERB W TBe Mphiadl bOPIGH 9tahe 101ingy BDET -
exarrpl é73 thisfqtmawmg‘led%a bl ank of mmhf&dnwmncludeuﬂle ﬂmb filsl ﬂcmveqaroduce a step

in the, neChf‘B‘tﬂ F'cP’ article.
505 B B ol I o e
accor dlwﬁlg bé @dxﬁlhﬁi ﬁio4ﬂﬁrchﬁﬂb¢rs 182, @r aapparatus of FIGS. 9 and 10 would include .

cl ai m st elsnaﬁ@'@m ﬁeFeg -t htbe edditignad fstep .of applmﬂﬁckVEesml MIS:-

st 18 m%ﬁ t icle as it is ng gﬂgof forming an
;Cm%;écel Cjku e & %ﬂﬂi P05 bl ank of

solid plhttﬂtnlﬁlankﬂztﬁrl al corrprl 5| n tlhaemgldravm di e onits. passage

t her et hr, Pedl ion_of - %f’; ro gﬂl“& ressure
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of td¥e obtmaniticleibach foragedt Bﬁld09&‘:ﬂr1§ﬂsﬁ® bPapppretud tull ®fused 110y appl yi ng

dalpy mrmaceiseedepmdsmb reethodningndings t o vary the
ﬁ% % E %P’Pﬁ@mg thedeaPR e of the forned
b ki RbIp haing” g "ﬁﬁ R Smployisy Bid as 13-

teorm
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Appeﬁoa'radtﬁmnilmresﬁmm dsnadaitted Ciby giedium in the chamber 192; suit- 115
the fluid chamber 192, the mandre] is again able ﬂmd seals would be provided at appropri- -
¥ advanced downwardly. and addit’lonal pressur-  ate points, as required. "The need for seals can

ized fluid is admitted into the chambers 182 be:substantially, if not completely, .eliminated

: to -continuously expand the forming iris.die by the use of soft solids, instead of fluids in ,

' 55 to form or draw the upper tapered portion the application of fluid pressure, or extremely 120
b of the article 121. The flange portion of the viscous-fluids may be employed which- requlre

article 121 may be prov1ded in the manner no fluid seals.

descnbed hereinabove.- : Instead of accomplishing the relauve p0s1-
- “The apparatus of FIG. 9 may be: operated tioning of the above-described structural ele-

60° so as to vary the wall thickness of the drawn ments by securing the halves of the split frame 125
articles: It will: be assumed that the mandrel 30, or 130, together with bolts, the upper half
128 .is i advancing contmuously downwardly, of the split frame could be mounted. on the
that the forming iris -die is. being expanded downwardly movable ram of a conventional
continuously, and that the blank 120 is flowing press, and the lower half of the split frame

" 65 betweer the space betweenthe mandrel 'sur- could be mounted on the bolster plate of the 130
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1, 209, 930 press. The downward novenent of the ram vide reactive forces
therein resulting from  could be utilized to secure the halves of the

edge force and by applyl ng anot her torce split frame together and to
operate the man- the blank in opposition to the edge force, and drel.
whil e so conditioned deep drawi ng the portion 5 I n anot her nodification -
the die edges 53 of of the blank through a die opening the width 70 |
t he above-descrighed edge- pr essure iris di 520983¢0f the unobst r uét ed ‘part "f

which is smal ter— TH rovi ded tn roun e Or[IO 5 guz
t hi ckness of thepﬁdagl; uumwui%f:‘ug aﬂ’efﬁ'@i @%ﬁ&&
A nethod of forgg £ tof dptdte Ghe mari- 3 '
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use i th such gﬁgf’ s DT L R

t he sure iri ea%fog,q; y ﬂg&@&soft 1eSS O I an
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bl ank between a ilgeﬂﬁérem,lsaxaaﬁva afll thardeped- t .05, @ﬂthcdaa@rbmgl daming or|4r| S

die and a secondmgruptsntbh@ctﬂltmbaplems ' 25ncl
the second di gob ﬁmrﬁ dégf? i‘?ﬁw blﬁﬁ%ﬁ%@gﬁmﬂ gﬁg-

hydrostatic pres§ ~6. AlsRfod @dcalliflg td Saim T, 8l d@tdi ve
term and that depemdfommuoxﬁ wnﬁoﬁfetwhtkp’lecafrmndl udmg alieestemof.LaPPBﬂne jtheforce o0 thng

upon the ductili t%:dﬁveb?fl@ Yg&@ Ss‘%’ﬁé '-h% ?féhbﬂﬁgbytlﬂ‘?“ss‘ffé'pp'ﬁmed
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appl yi ng the fagr A BBHod d0&rdAGRb BnyXne b @iy 200
edge of the bl an e.ccm& &aﬁdl 68 @f B0 3 a0 Gf Ratddg M stef 98 amnmt
of hydrostatic phﬁkstamprmne reqmsd,(fotea given desti n cthen gpict h@erbﬂomko thegitjank bY

required to pernﬁtaw nevieve &f %m%ﬁ forle;l ing % w %Zh
3 or 4 of e %m Blbély awig G fdfek @ngd whGkRE. t he st epos
of applying the ﬂﬁseﬁestomdeﬂitmwlanksmﬁsﬁc&welyof 8.nA sméihodr @siding © egm . s

that edge of th@ctwse#me smbmgaliecﬂal féﬁsurq'%dnd“mg of ap °§

b f sifion
ductility of thefdﬁgm nm ﬁ%“ﬂu e:s, CI “%yi‘

nia&aal ina Hgneiymef 110

deformati on -

Wi t hout fI’aCtUI’EStalﬂ]ﬁesﬁlﬁ u&kz‘rdinglyel 1 or mgpﬁssnrngdndldomg the ste
appl ying hy dl’ wi |1 ﬁ §Q§pjrd(§a LPF éEfP a1m1n dmg emna&ttgéog
other force to tﬂﬁ*&lﬁﬁ od or metalsandother ﬂuldpressuretothesurfaceoftheblankoppo-

50 materials, into cupped shell-like or tubular site to that wlnch is ad;acent to- the drawmg 115
configurations. ‘Further, it will be understood, die..
that the expression “deep drawing” or “deep 10. A ‘method accordmg to claim. 2 or 3
draw” is used in a qualitative sense, that for including a step wise variation of the die aper-
example, the drawing of a blank of titanium ture, so as to produce 2 step in the drawn
55 to a depth of one-fourth (1/4) inch, would, article. - v 120
due to the brittleness of tltamum, be a “deep 11. A method aocordlng to clann 4 or! any
draw.” _ claim appended thereto including thé: step’ of
WHAT WE CLAIM IS: — = applying the said other. force- by means of a
1. A 'method of forming an article from a tapering" mandrel which -forces: open; ‘the ﬁrst :
60 blank of solid plastic material comprising the iris die on its passage therethrough. - - 125
steps -of producmg a high hydrostaUc pressure '12. A ‘method according to clalm 2 or 3
condition in at least a portion of the blank mcludmg the step of varying the aperture of
by applying a force to the edges of the'blank the die in such a manner as to-vary the wall
and directed -inwardly in the plane of the thickness of the formed article.” . =
65 blank; while confining the blank so as to pro- 13. Apparatus for forming an article from 130



draw in view of the i mediately foregoing
t he bl ank and consi derati ons,
determ ne the internal
oper ati ons

of a mandrel pressing against
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class of methods for forming metals and other
materials, into cupped shell-like or tubular
configurations. Further, it will be understood,
that the expression “deep drawing” or “deep
draw” is used in a qualitative sense, that for
example, the drawing of a blank of titanium

to a depth of one-fourth (1/4) inch, would,

gue to the brittleness of titanium, be a “deep
raw.”

WHAT WE CLAIM IS: —

1. A method of forming an article from a

60 blank of solid plastic material comprising the
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steps of producing a high hydrostatic pressure
condition in at least a portion of the blank
by applying a force to the edges of the blank
and directed inwardly in the plane of the
_blank, while confining the blank so as to pro-
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fluid pressure to the surface of the blank oppo-
s&llte to that which is adjacent to the drawing
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+10. A method according to claim 2 or 3
including a step wise variation of the die aper-
ture, so as to produce a step in the drawn
article. -
11. A method according to claim 4 or any
claim appended thereto including the step of
applying the said other force by means of a
tapering mandrel which forces open the first
iris die on its passage therethrough.

12. A method according to claim 2 or 3
including the step of varying the aperture of
the die in such a manner as to vary the wall
thickness of the formed article.

13. Apparatus for forming an article from
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