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cupping the blank wi a drawing ch %@

‘ber between two members having corres-
ponding raised surface portions and causing
the corresponding raised surface portions to
bite into opposed faces of the blank to de-
fine both a peripheral portion of the blank
and a die, subjecting the peripheral portion

to a high hydrostatic pressure and forcing -

through the die and deep drawing at least
a part of the peripheral portion. Thus, a
blank larger than the drawing chamber may
be drawn.

A more ‘complete understandmg of the
present invention may be obtained from the
following detailed description of embodi-

‘ments thereof. when read in conjunction with

the accompanying. drawmgs, wherein: -
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Fig. 1 is a perspective view of a deep

drawn, cup-shaped article formed by a

method according to the present invention;

shown apparatus suitable for practising a
method according to the invention. More
particularly, there is shown apparatus for
deep drawing a disc-shaped blank 10, com-
prised of solid plastic material, into - the
cylindrical, cupped-shaped article 11, shown
in partial cross-section in Fig. 1.

The apparatus includes a suitable high
pressure vessel 12 which is provided with
a centrally formed bore or drawing chamber
14. Mounted suitably within the bottom of
the bore 14 is a bed block 16. The bed
block has a bore 18 formed vertically there-
through and is provided on its top annular
surface with a closed, annular projection 20.
The bed block is also provided with an an-
nular shoulder 22 for positioning and sup-
porting a thin-walled cylindrical sleeve 28.
The cylindrical sleeve 28 is dimensioned for
close accommodation within the bore 14, A
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obtagid 1 ¥hateRilNKks been
placed within the pressure vessel 12 and is
residing over' the annular projection 20 as
shown, and that the pressure vessel 12 has
been partially filled with a suitable fluid,
or completely filled, depending upon au.'
bubble considerations.

It will be further assumed that the vari-
able sized fluid chamber 52 has been filled
from the fluid supply line 68 with a suit-
able pressurized fluid so as to provide the
above-described ' rigid driving connection
between the die block 30 and the piston 46;
the unidirectional check valve 56 prevent-
ing escape of the pressurized fluid into the
passageway 54 and draw die, or cavity 32.

The ram 44 and plate 40 will be advanced
forwardly or downwardly, the piston 46
will be moved ‘downwardly, and the ‘die
block 30 and sleeve 28, due to the rigid driv-
ing connection provrded by the pressurized
fluid in"the fluid chamber 52, will also be

Th e cqmlnu aftifn edﬂhcmg)

|ﬂuﬁ MS‘S'GP

EEE%&E%?&%% e

fon 46, mékr Mhe? mﬁ\ﬁ&f bR

bottonf ofrthe t h@smbutda wélct‘bl ’h int mmsm and

e Al dgﬁfa{réeatﬁ e

élﬁent eThe dtemwamlrmmibﬁenusof hilsf die é]ochn d

E?ﬁos&l:wﬂo%ggg Igttwh %gg%ofzﬁ of 75

e pressure ¢ ambe
ressm%@h% e the fluid in e pres-
re chamber 1sr1ﬁ1% uﬂ/Ma n @mt beeld o be advanced

the

rndrmdeuaueﬁg

thig %et i on

R T o, o P .

66, and, since the fluid in the pressure cham-
ber 66, through the vertical slots 38, is in
communication with the fluid in the annular
pressure chamber 64 surrounding the peri-
pheral portion of the blank 10, the increase
in pressure in the chamber 66 is communi-
cated or transmitted to the fluid in the an-
nular pressure chamber 64. Upon further
downward movement, the piston 46 further
pressurizes the fluid in the fluid pressure
chamber 66 and 64, to place the fluid under
or in high hydrostatlc pressure, and to cause
the fluid in the annular pressure chamber
64 to apply or subject the ‘peripheral por-
tion of the b]ank 10 to high hydrostatic
pressure.

Simultaneously, the ram 26 is advanced
forwardly or upwardly by the fluid cylin-
der 25. The ram engages the bottom of thé
central portion of the blank 10 and applies
a force against the central portion, and as
shown ‘in ‘Fig. 3a, the blank of solid plastic

110

115

120

125

130

\ /;

Sl .

& -



to high hydrostatic pressure. Certain other provided wth a |ower

portion 106 of a successive portions of the peripheral portion reduced
di aneter, which dianeter is slightly 20 will be forced through the die and
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‘60 vide an inner seal to seal off the annular - Blanks of many solid plastic materials 125
pressure chamber 64 so as to permit the can be deep drawn against the atmosphere
fluid in the annular chamber to apply high into the die cavity 32, however, depending
hydrostatlc pressuré to the peripheral por- upon the ductility or brittleness of the speci-
tion of the blank and to *iron-out” the peri- fic solid plastic material to be deep drawn,
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shown in Fig. 125. foregoing description, the structural elenents 10.
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the corresponding structural elenents of with the top of the sleeve 102, at
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fracture.

Reviewing the foregoing methods of deep
drawing for the purpose of further appre-
ciating the advantages over the prior art
methods of deep drawing, it will be appreci-
ated by those skilled in the art that the
foregoing methods of ‘deep drawing pro-
vide an nnproved method of deep drawing

* the ductile materials, viz., that by placing

60
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the peripheral portion of a blank of ductile
material in a condition of high hydrostatic
pressure there is no danger of material frac-
ture during the dee lalp drawing as the. condi-
tion of the material is constantly controlled
during” the entire d drawing operation,
and the material can be drawn, in a single
deep drawing operation,. to a more favour-
able or advantageous ratio of the blank dia-

employment of the proper back pressure as
described above, various brittle materials
can be made increasingly ductile sufficient
to permit the peripheral portion to be forced
through a die and deep drawn, w1thout frac-
ture.

Referring to Fig. 3b, it wﬂl be further
appreciated that both ductile and brittle ma-
terials by being placed in the condition of
increased ductility, can be drawn around a
die surface having a very small draw radius,
such as for example, the draw radius r of
the annular projection 34 in the above-
mentioned specific example concerning the
deep drawing of the blank of copper seven-
eighths (F) inch in diameter, the draw radius
of the annular projection was 0.020: inch.

- Referring now to Fig, 2a, it will be under-
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drawing of articles of any cross-sectional
conﬁguratlon, for example, should it be de-
sired to deep draw a shell of rectangular
cross-sectional configuration, the annular
projections forming the extrusion die, the

-draw die and the draw ram would be suit-

_ ably shaFed of appropriate complementary,
© rectangul

ar configuration.
Also, it will be understood by those skilled
in the art that the expression “high hydro-

wherein the high hydrostatic pressure is
sufficient to effect the said fofcing and in-
cluding the step of applying a force to a cen-
tral portion of the blank to effect the deep
drawing.

5. A method according to any one of
the preceding claims including the step of
applying a back pressure to a central pors
tion of the blank opposing the drawing force,
S0 as to assist in the maintenance of the
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cluding a bed block having a first projec-
opposite faces
second projection thereon, the
article by 115 j ' '

face with a

through a die and deep drawi ng 55 neans,
substantially as herein described with refer-
opposed faces of the
t heo di e bl ock,
e

bl ock and
dr awi ngs.

tion thereon and a die b

ence to Figs. 1to 3

the die cavity128,39 11 of

tions engage and bite into
| ock having a sur- thereof.
19. A nethod of fornmng

Lnag— forcing
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or Figs. 4 to 7 or Figs.

“Th&>hi gh pressure chamber bei ng in
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wherein the space between the ram and the
drawing chamber into which the material is
drawn is uniform:and equal to the thickness
of .the material -after passing through the

- 11. Apparatus for: forming an article
from a blank of ‘solid -plastic material (as
hereinbefore defined) comprising means- ad-
apted to engage arid bite into opposed faces
of a’ blank -positioned thereinso as to de-
fine a peripheral portion of the blank, means
forming a high pressure chamber adapted to
contain the said peripheral portion and to
permit a high hydrostatic pressure to be
generated on this peripheral portion, the
engaging means also forming an extrusion
die for the said peri{Jheral region of the
blank, means for applying pressure to the
central portion of a face of the blank -and a
die cavity -adjacent ‘the_ central portion of
the -opposite- face of the blank into which
at least a portion of the blank may be deep
drawn, so that production of high hydro-
Static pressure on «the peripheral portion of
a blank and pressure exerted on said centre

- portion will result.in the extrusion of at

least part of the peripheral portion and deep
drawing of at least the centre portion..

12." Apparatus according to claim 11 in-
cluding a bed block having a first projec-
tion thereon and a die block having a sur-
face ‘with a second projection thereon, . the
two projections forming the said engaging
means, the high pressure chamber being in
part defined by the opposed faces of the
bed block and the die block, the die cavity
being formed in the die block.

13." Apparatus according to claim 12 in-
cluding a ram slidably mounted in an aper-

* tore in the bed block, the ram forming the

means for applying pressure to the face of
the blank. -

rding to a®?one/re-ar uﬁﬁi

atBlgast) part of ti@cperiphkinl g
Sopie o FE9n of STSSEH A e

t he acconpanyi ng
iy

Ei&g&u@ e 5

e
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" éS'." ‘Apparatus’ aocordngi to any one of

tains 11 to- 14 including'd first die cavity

ditanged rve trdveivk ‘the -central portion and
ofg_thg g)erj_" e

eep drawing a

£ Wi e st o loalh
cHigsecitgall dimediond{had e Lsst

fgwtyoasi pters to] teceivg al Birther P, of

o

cludes a bore having a slidable section there-
in, the slidable section having thie first die
cavity therein, whilst the ram includes a first
portion adapted to co-operate with the first
die cavity and a second portion to co-oper-
ate with the bore, so that-initial movement
of the ram effects drawing of the said cen-
tral portion and part of the peripheral por-
tion of a blank into the first die cavity
and further movement of the ram effects
.drawing of said further part of the peri-
pheral portion of a blank into the second die
cavity formed by said bore upon movement
of said slidable section, the means for main-
taining a predetermined fluid pressure being
effective in both die cavities, so that both of
.said drawing operations are rate controlled
by fluid pressure. '
17. Apparatus_according to any one of
claims 11 to 14 wherein the high pressure
chamber is of smaller cross-section than the
blanks to be used therein. :
18. Apparatus according .to claim 17
with claim 12 or 13 wherein the high pres-
sure chamber includes the bed block and a
surrounding . wall member, and including
means for forcing the die block onto a blank
whereby its' peripheral portion is distorted
sufficiently to allow it to pass into the high
pressure chamber before the said projec-
tions engage and bite into opposite faces
thereof. S '
- 19. - A method- of forming an article by
forcing through a die and deep drawing
substantially as herein described with refer-
ence to Figs. 1 to 3 or Figs. 4 to 7 or Figs.
8 to 11 of the accompanying drawings.
.20.  Apparatus for forming an article by
forcing through a die and deep drawing sub-
stantially as herein described with reference
to and as shown in Figs. 2, 2a, 3, 3a and 3b
or Figs. 5, 6 and 7 or Figs. 8, 9, 10 and 11
of the accompanying drawings.
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SPECI PI CATI ON NO 1. 204,545 Page 9, line 88-93, should read. "I .A nethod
of formng an article froma blank of olid plastic material (as herein
bef ore defined) including the steps of positioning the blank between two
menber -~ havi ng correspondi ng-—rai sed surface portions and causi ng the

correspondlng rai sed

1 - 1,204,545 i1
21. An article formed by a method ac- BRbWN
cording to any one of claims 1 to 10 or 19. _ Chartered Patent Agent,
22. ~ An article formed by forcing through 5, Mornington Road,
a die and deep drawing in an apparatus ac- Woodford Green, Essex.
“-‘ 5 cording’to any one of claims 11 fo 18 or 20. Agent for the Applicants.
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