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tapered surfaces of the ad-  sion springs 46 associated with the hold-down
joining mandrel 28 and the forming edges 73  die blocks 36 maintain the die
edges 41 of      of the expanding forming iris die 26, the width  the
hold-down die 22 in constant contact with      of which is smaller than the
thickness of the  the tapered mandrel surfaces 29 as the man-  5  blank. It
will be understood by those skilled  drel advances.
70      in the art, that the above-described force sys-    Summarizing
briefly, the mandrel 28, hold-      tem is indicative of a static
condition, and that  down iris die 22, edge-pressure iris die 24 and
at least slightly more than a net 10,000 psi  the forming iris die 26
provide cooperatively      must be applied to the copper blank to over-  a
chamber of decreasing size for confining the 10  come the yield strength of
the blank and to  blank of solid plastic material and for placing  75
place the blank in high hydrostatic pressure  the material in high
hydrostatic pressure      and to cause flow of the material, or to cause
sufficiently great to cause the blank to increase      the blank to
increase in ductility sufficiently to  in ductility to permit the desired
deep drawing      permit the blank to be deep drawn without  without
fracture of the blank. Further, the ex- l5  fracture. It will be further
understood, that the  pandable hold-down and forming iris dies con-  80
spacing or opening between the mandrel and  stantly support the upper and
lower surfaces of      the forming iris die causes an imbalance in  the
blank as the tapered mandrel is advanced      the force system, which in
turn cases the duc-  continuously into the iris dies to draw the      tile
blank to flow through the unobstructed  blank, and thus, the hold-down and
forming 20  part of the die opening formed between the  iris dies provide
the aforementioned reactive  85      mandrel and forming iris die.
forces uniformly over the upper and lower sur-        Referring again to
FIG. 5, it will be further  faces of the diminishing in size undrawn blank.
understood, that the continually advancing  Additionally, the forming die
edges 73 of the      mandrel 28, and the continually contracting
expandable forming iris die 26 form or shape 25  edge-pressure iris die 24,
and the hold-down  the flowing ductile material against the tapered  90
and forming iris dies 22 and 26, respectively,  surfaces of the advancing
mandrel and thus      will maintain the undrawn portion of the blank
provide the drawn article with an internal      in high hydrostatic
pressure, and hence ductile,  configuration complementary to the external
and will cause the more ductile blank to flow  configuration of the mandrel
28, such as for 30  into the space between the tapered surfaces 29
example, the horn-shaped article 21 of FIG. 95      of the mandrel 28 and
the forming edges 73  1, having the aforementioned varying cross-      of
the forming, iris die 26. The advancing ta-  sectional configuration.
pered mandrel, and the blank material flowing   If it is desired to provide
the deep drawn      into the space between the mandrel and form-  article
with a laterally extending flange portion 35  ing die edges 73, will force
the forming die  as that provided to the horn-shaped article 21  100
blocks 68 outwardly, against the action of the  of FIG. 1, the entire blank
of solid plastic     compression springs 76, thereby expanding the
material 20, as shown in FIG. 5, will not be 



forming iris die opening 78. Thus, the forming  exhausted in deep drawing,
but instead the     die edges 73, of the expanding forming iris  deep
drawing operation will be stopped with. 40  die 26, form or shape the more
ductile, flowing  predetermined portions of the undrawn blank 105     blank
material, against the tapered surfaces 29  remaining between the hold-down
and forming     of the advancing mandrel 28, and  hence into  iris dies.
This is accomplished by appropri-     an article of varying cross-sectional
configura-  ately aligning at predetermined times the man-     tion.
drel control valves 86 and 87 and the edge- 45    The compression springs
76 (FIG. 7), asso-  pressure iris die control valves 64 and 65 to 110
ciated with the forming die blocks 68, are of  halt the downward movement
of the mandrel     predetermined strength or stiffness so as to  28 and the
inward movement of the edge-pres-     maintain at least relatively uniform
spacing  sure iris die blocks 47, at predetermined posi-     between the
forming die edges 73 and the ta-  tions. 50  pered surfaces of the
advancing mandrel 28,    Opon completion of the deep drawing 115     and
yet, permit the advancing mandrel and  operation, mandrel 28 will be
retracted  as de-     flowing blank material to force the die blocks
scribed above, the edge-pressure iris die 24     68 outwardly to expand the
forming iris  die  will be expanded as above, and the frame 30     26.
Further, as may be seen from FIG. 7, the  will be disassembled by removing
the bolts 33 55  compression springs 76 maintain the spacing  thereby
providing ready access to the deep  120     between the tapered mandrel
surfaces 29 and  drawn article for suitable removal.     the expanding
forming iris die 26 at a prede-   If it is desired to remove the bottom
portion     termined distance less than the thickness of  B of the deep
drawn article shown in FIG.     the undrawn blank 20. Thus, the walls of
the  5, the bottom portion B may be suitably re- 60  drawn article are
controlled by being 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
materials 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           6
1,209,930                                           6      plastic material
to be deep  drawn, or other  9 and 10  may be used for drawing the horn
factors such as the drawing rate desired or re-  shaped article 121 of FIG.
2 from  a blank      quired, back pressure may  be required or may  of
solid plastic material 120.      prove beneficial, in achieving the desired
in-   The apparatus of FIGS. 9 and 10 is sub-  5  crease in ductility for
the deep drawing opera-  stantially the same as the apparatus of FIG.  70
tion to be accomplished.                       5, . structural elements of
FIGS.  9 and 10 



Accordingly, the additional step  may be in-  which are identical,  or
substantially   identical      cluded of  applying back pressure against
the  to the corresponding structural elements of      article as it  is
being  drawn, and against the  FIG. 5, are numbered similarly.  10  action
of the mandrel. Further, the additional   Primarily, the apparatus of FIGS.
9 and  75      step of providing fluid pressure to the exposed   10
differs  from that of FIG.  5, in that the      top  surface of the blank,
may be  employed  force applied against the circumferential sur-      to
assist in placing the blank in high hydro-  face or edges of the blank 120
is applied by      static pressure,  sufficently high  to achieve the   a
body of pressurized fluid, rather than by the  15  desired increased
ductility.                   edge-pressure iris die 24 of FIG. 5. Addition-
The deep drawing method including one or  ally, the outer surfaces 129 of
the mandrel 128      both of such additional steps may be practised  are
stepped as shown in FIG. 9 and the die      by the modified apparatus of
FIG. 8.           blocks 168 comprising the  forming iris die 126,
The apparatus of FIG. 8 is in the main  are fluid operated- rather than
being spring  20  the same as the apparatus of FIG. 5, and for  operated as
are the die blocks 68 of FIG. 5.    85      simplicity, structural elements
of FIG. 8 which  More specifically, with regard to the form-      are
identical to the corresponding  structural  ing iris die 126, the piston or
enlarged head      elements of FIG. 5, are numbered identically.  portion
174 formed on the end of each force      The apparatus of FIG. 8 includes a
modified  transmitting shaft. 171 (FIG. 9) is slidably re- 25  split frame
assembly 30 which provides a fluid  ceived within a double -acting cylinder
175  90      filled, lower chamber 95 into which the article  suitably
secured to the outer  surface of the      21 is to be deep drawn, and  a
fluid filled,  frame wall 134. The piston 174 divides the      upper
chamber 96 in communication with a   interior of the cylinder into two
chambers 180      suitable fluid pump 97 for providing pressur-  and  182,
respectively. 30  ized fluid to the chamber 96.                     The
chambers  180 and 182  are connected  95        Prior to the downward
movement of the  to  suitable supplies of pressurized fluid (not
mandrel 28 into engagement with the blank  shown) by supply lines 183 and
184,  respec-      20, or in  timed sequence therewith, the fluid  tively,
and through intermediate two-way con-.      pump 97 provides suitably
pressurized fluid  trol valves 186 and 187, respectively. The con- 35  to
the upper. chamber 96, which pressurized  trol valves are also connected to
respective re- 100      fluid acts downwardly  against the exposed top
lief lines 188 and 189. The operation and con-      surface of the blank
(see FIG. 4 for. apprecia-  trol of the die blocks 168 by the double acting
tion of exposed top blank surface) and tends  cylinders 175, with regard to
the expansion      to deflect the blank  downwardly against the  and
contraction of the forming iris.die  126, 40  relativly incompressible
fluid in the lower  is the same, or substantially the same, as the  105
chamber 95.                                    operation and control of the
die blocks. 47 by        The action assists and cooperates with the  the
double acting cylinders 58, with regard to      above-described action of
the edge-pressure,  the expansion and contraction of the edge-      iris
die 24 in placing the blank in a hydrostatic  pressure iris die 24 of FIG.
5. 45  pressure condition sufficiently high to achieve  Referring now to
the application of force  110      the desired increased ductility .
to the circumferential surface or edges of the        Upon engagement of
the mandrel 28 with   blank 120, such force is applied by the body      the
more ductile blank 20, and the occurrence  of pressurized fluid  190
located   within the 



of deep drawing, the fluid in the lower  fluid chamber 192. The fluid
chamber 192 is- 50  chamber 95  will  provide a  back pressure  defined by
an  insert 195  (which resides  be- 115      against.. the deep drawing
action. The  back  tween the hold-down iris die 122 and the      pressure
will assist in maintaining the  blank  forming iris die 126), portions of
the bottom      sufficiently more ductile, by pushing. back  surfaces of
the  die blocks ,136, portions  of the      along the length of the deep
drawing material  top surfaces of the die blocks  168, and the 55  against,
or  in opposition to, the action of the  circumferential ,surface  or edges
of the blank  120      mandrel 28 and the contracting edge-pressure  120.
As may be best seen in  FIG. 10,  the      iris die 24. To accomplish the
-provision of  insert 195 is a unitary  structure which is. pro-      such
back pressure, the lower  chamber 95 ini-  vided with a central opening
which is generally      tially may be only  partially, filled  with fluid;
complementary  to the circumferential surface 60  or, the lower chamber may
be provided  with  or edge of the blank 120. The central opening, 125
a suitable relief valve operable at a predeter-  in order to define the
fluid chamber 192, is      mined pressure, a relief line and a sump, all
larger than the outer confines of the blank 120      indicated by the
general numerical designation  by a predetermined amount.      98.
The fluid chamber 192 is connected to a 65    An alternative apparatus
shown in FIGS.  suitable fluid pump  197 by a suitably flexible   130
7                          1,209,930     supply line 198 and through an
intermediate  faces 129 and the forming die edges 173. It     check valve
199.                           will be further assumed that the opening of
It will be assumed that the blank of solid  the forming iris die, or the
spacing between      pastic material 120 has been positioned  be-  the
mandrel surfaces 129 and the forming die  5  tween the hold-down iris die
122 and the  edges 173, is such that the walls of the drawn  70     forming
iris die 126, and substantially central-  article are being provided with
the wall thick-     ly of the insert 195. It will be further assumed  ness
shown at A (FIG. 12). While the mandrel     that, in a predetermined time
sequence, pres-  128 is continuously advancing, and the increas-
surized fluid has been admitted to the fluid  ingly ductile blank 120 is
flowing, the control 10  chamber 192, that the mandrel 128 has been  valves
186 and 187 will be suitably aligned  75      advanced downwardly into the:
hold-down iris  to admit additional pressurized fluid into the      die 122
and: into engagement with the top sur-  fluid chambers 182 and suitably
further relieve      face of the blank 120  and that the pressure  fluid
chambers 180, to further expand the      control valves 186 and 187,
associated with  forming iris die 126 and to increase the  spac- 15  the
forming iris die 126, have been appropri-  ing between the mandrel surfaces
129 and the  80      ately  aligned  to  relieve  fluid  from  the  forming
die edges 173 thereby providing the      chambers 180 and to admit
pressurized fluid  drawn walls with the thickness.shown at B. 



into  the  fluid chambers 182, so as to suitably    To provide the drawn
walls with the thick-      expand the forming 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
chamber 192 will apply force against the cir-  aligned to contract the
forming,  iris die..      cumferential surface or edges of'the blank 120,
It will be further understood, that the      and this fluid force, in
cooperation with the  expressions "expand the forming, iris die" and
force applied to the blank by the continously  "contract the forming, iris
die", are used in 25  advancing mandrel 128 and the reactive forces  the
context of providing relatively larger or  90      applied by the iris dies
122  and 126, will place relatively smaller spacing between the surfaces
the  blank  in  high  hydrostatic  pressure  129 of the continuously
downwardly advancing      sufficiently high to cause the blank to increase
mandrel, and the forming die edges  173, of      in ductility and to
deform without fracture,  the generally continuously expanding forming 30
and to flow between the opening between the  iris die 126.
95     mandrel surfaces 129, and the forming edges    The apparatus of
FIGS. 9 and 10 may be     173 of the forming iris die 126. .
modified to include the fluid filled lower        The control valves  186
and .187 associated  chamber 95 and fluid filled upper  chamber 96,
with the forming iris die 126 will be suitably  shown in FIG. 8. So
modified, the deep draw- 35  aligned and appropriately pressurized fluid
ing methods which may be practised by the  100     will be admitted into
the chambers 182, to  apparatus of FIGS. 9 and 10 would include
maintain the spacing between the tapered sur-  the additional step  of
applying back pressure     faces 128 of the advancing mandrel and the
against the article as it is being drawn, and/or     expanding forming iris
die 126 at a predeter-  the additional step of providing fluid pressure 40
mined distance less than the thickness of the  to the top surface of the
blank as the  article 105     undrawn blank 120.
is being drawn.        The stepped portion of the drawn  article    The
apparatus of FIG. 4 and the apparatus     is  formed by stopping the
advancement of the  of FIG.  8 could be provided with a  fluid-     mandrel
128 when the lower tapered portion  operated forming iris die as shown in
FIG. 45  of the article  has been formed or drawn, and  9 and this modified
apparatus could be used  110     by admitting additional pressurized fluid
into  to practise deep drawing methods including     the chambers 182 to
expand the forming iris  the method step of providing the drawn walls
die 126 a predetermined amount  When  the  with varying thicknesses.
forming iris die has been suitably expanded,    In the above apparatus
employing fluid as 50  additional pressurized fluid is admitted into  a
pressure medium in the chamber 192,  suit- 115     the fluid chamber 192,
the mandrel is again  able fluid seals would be provided at appropri-
advanced downwardly and additional 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     of the article 121. The flange portion of the
viscous fluids may be employed which require     article 121 may be
provided in the  manner  no fluid seals.     described hereinabove.
Instead of accomplishing the relative posi-     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
advancing  continuously 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  between the space
'between the mandrel sur-  could be mounted'on the bolster plate of the 130
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8    press. The downward movement of the ram   vide reactive forces therein
resulting from  the    could be utilized to secure the halves of the  edge
force and by applying another force to    split frame together and to
operate the man-  the blank in opposition to the edge force, and    drel.
while so conditioned deep drawing the portion 5    In another modification
the die edges 53 of  of the blank through a die opening the width  70
the above-described edge-pressure iris die 24  of the unobstructed part of
which is smaller     may be provided with rounded portions 202,  than the
thickness of the blank.     as shown in FIG. 11, to provide the drawn   2.
A method of forming an article from a     articles 21 and 121 of FIGS. 1
and 2, respec-  blank of solid plastic material comprising the 10 tively,
with the rounded corners as shown. For  steps of inducing a high
hydrostatic pressure  75     convenience, the rounded portions 202 may be
condition in at least a portion of the blank     separate inserts and not
integral with the die  and while so conditioned deep drawing the     blocks
47, and may be suitably secured to the  portion of the blank through a die
the aperture     die blocks such as by complementary dovetail-  of which is
varied as the blank passes there- 15  ing. In the manner well known in the
art, the  through, the  width of the unobstructed part 80     blanks for
use with such a modified edge-pres-  of the aperture remaining smaller than
the     sure iris die would be appropriately pre-  thickness of the blank.
trimmed.                                        3. A method according to
claim 1 including       Although in the above embodiments the die  the step
of varying the aperture of the die 20  opening has been variable, it will
be apparent  opening as the blank is deep drawn there-  85     that this
need not be so and  that a fixed die  through.     can be used with a
mandrel having parallel    4. A method according to claim 3 including
sides, if a uniform body is required or with  the step of confining the
blank between a first     a tapered mandrel to produce a body having  iris
die and a second iris die, the aperture of 25  walls of varying thickness.
the second die being varied as the blank is 90       The expression  "high
hydrostatic pressure",  drawn therethrough.     used herein, is a relative
term and that depend-    5. A method according to claim 1, 3 or 4 



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 less amount
of hydrostatic pressure  an iris die surrounding the blank.  95     will be
required to permit the desired degree   6. A method according to claim 1, 3
or 4     of deformation without workpiece fracture.  including the step of
applying the force to the     The level of this hydrostatic pressure is
that  edge of the blank by means of a pressurized     which increases the
ductility of the material  fluid. 35  sufficiently to permit the desired
deformation    7. A method according to any one of claims 100     thereof
without fracture. The actual level of  1 or 3 to 6 including the step or
applying     hydrostatic pressure required, for a given deep  the said
other force to the blank by means     draw in view of the immediately
foregoing  of a mandrel pressing against the blank and     considerations,
can be determined empirically  serving to determine the internal
configuration 40  by performing several deep drawing operations  of the
resulting deep drawn article.  105     on a series of identical blanks with
successively    8. A method according to any preceding     increased
pressures, observing the quality of the  claim including the step of
applying a back     deep draw as to the presence or absence of  pressure
against the blank in opposition to the     fracture and control of wall
thickness, and in-  pressure producing the deep drawing, so as to 45
creasing the amount of applied "High hydro-  maintain the drawn material in
a high hydro- 110     static pressure" accordingly.             static
pressure condition.       The expression "deep drawing" or "deep    9. A
method according to any preceding     draw" is a term of art connoting a
general  claim including the additional step of applying     class of
methods for forming metals and other  fluid pressure to the surface of the
blank oppo- 50  materials, into cupped shell-like or tubular  site to that
which is adjacent to the drawing 115     configurations. Further, it will
be understood,  die.     that the expression "deep drawing" or "deep    10.
A method according 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 a step
in  the drawn 55  to a depth of one-fourth (1/4) inch, would,  article.
120     due to the brittleness of titanium, be a "deep    11. A method
according to claim 4 or any     draw."
claim appended thereto including the 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 producing a high hydrostatic pressure
12. A method according to claim 2 or 3     condition in at least a portion
of the blank  including 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     
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1,209,930    press. The downward movement of the ram   vide reactive forces
therein resulting from    could be utilized to secure the halves of the
edge force and by applying another force    split frame together and to
operate the man-  the blank in opposition to the edge force, and    drel.
while so conditioned deep drawing the portion 5    In another modification
the die edges 53 of  of the blank through a die opening the width  70
the above-described edge-pressure iris die 24  of the unobstructed part of
which is smaller     may be provided with rounded portions 202,  than the
thickness of the blank.     as shown in FIG. 11, to provide the drawn    -2
A  method of forming an article from a     articles 21 and 121 of FIGS. 1
and 2, respec-  blank of solid plastic material comprising the 10  tively,
with the rounded corners as shown. For  steps of inducing a high
hydrostatic pressure  75     convenience, the rounded portions 202 may be
condition in at least a portion of the blank     separate inserts and not
integral with the die  and while so conditioned deep drawing the     blocks
47, and may be suitably secured to the  portion of the blank through a die
the aperture     die blocks such as by complementary dovetail-  of which
is varied as the blank passes there- 15  ing. In the manner well known in
the art, the  through, the width of the unobstructed part 80     blanks for
use with such a modified edge-pres-  of the aperture remaining smaller than
the     sure iris die would be appropriately pre-  thickness of the blank.
trimmed.                                        3. A method according to
claim 1 including       Although in the above embodiments the die  the step
of varying the aperture of the die 20  opening has been variable, it will
be apparent  opening as the blank is deep drawn there-  85     that this
need not be so and that a fixed die  through.     can be used with a
mandrel having parallel    4. A method according to claim 3 including
sides, if a uniform body is required or with  the step of confining the
blank between a first     a tapered mandrel to produce a body having  iris
die and a second iris die, the aperture of 25  walls of varying thickness.
the second die being varied as the blank is  90       The expression "high
hydrostatic pressure",  drawn therethrough.     used herein, is a relative
term and that depend-    5. A method according to claim 1, 3 or 4     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 less amount
of hydrostatic pressure  an iris die surrounding the blank.  95     will be
required to permit the desired degree   6. A method according to -claim 1,
3 or 4     of deformation without workpiece fracture.  including the step
of applying the force to the     The level of this hydrostatic pressure is
that  edge of the blank by means of a pressurized     which increases the
ductility of the material  fluid. 35  sufficiently to permit the desired
deformation   7. A method according to any one of claims 100     thereof
without fracture. The actual level of  1 or 3 to 6 including the step or
applying     hydrostatic pressure required, for a given deep  the said
other force to the blank by means 



draw in view of the immediately foregoing  of a mandrel pressing against
the blank and     considerations, can be determined empirically  serving to
determine the internal configuration 40  by performing several deep drawing
operations  of the resulting deep drawn article.  105     on a series of
identical blanks with successively    8. A method according to any
preceding     increased pressures, observing the quality of the  claim
including the step of applying a back     deep draw as to the presence or
absence of  pressure against the blank in opposition to the     fracture
and control of wall thickness, and in-  pressure producing the deep
drawing, so as to 45  creasing the amount of applied "High hydro-  maintain
the drawn material in a high hydro- 110     static pressure" accordingly.
static pressure condition.       The expression "deep drawing" or "deep
9. A method according to any preceding     draw" is a term of art connoting
a general  claim including the additional step of applying     class of
methods for forming metals and other fluid pressure to the surface of the
blank oppo- 50  materials, into cupped shell-like or tubular  site to that
which is adjacent to the drawing  115     configurations. Further, it will
be understood,  die.     that the expression "deep drawing" or "deep    10.
A method according 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 a step
in the drawn 55  to a depth of one-fourth (1/4) inch, would,  article.
120     due to the brittleness of titanium, be a "deep    11. A method
according to claim 4 or any     draw."
claim appended thereto including the 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 producing a high hydrostatic pressure
12. A method according to claim 2 or 3     condition in at least a portion
of the blank  including 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          9
1,209,930                                         9    [err]  blank of
solid plastic material by deep draw-    19. Apparatus according to claim 18
where-         ing, comprising a chamber having opposed  in the mandrel is
tapered.     faces between which a blank may be confined,    20. Apparatus
according to claim 19 with  35     means for applying pressure to the edge
of  claim 14 or 15 and including means for vary- 5  the blank directed
inwardly in the plane of  ing the die aperture at a rate such that the 



the blank so that reactive forces will be exerted  drawn article has walls
of substantially uni-     on the blank by the said faces, means for ap-
form thickness.     plying a further pressure to the blank in oppo-    21.
Apparatus according to claim 18 or 19  40     sition to the edge-pressure,
the pressure-apply-  with claim 14 or 15 including means for vary- 10  ing
means being capable of applying sufficient  ing the die aperture so that
the drawn article     pressure to induce a high hydrostatic pressure  has
walls of varying thickness.     condition in the blank and being sufficient
to    22. A method of forming an article from     draw the blank through a
die aperture in one  a blank of solid plastic material substantially  45
of said faces the width of the unobstructed  as herein described with
reference to FIGS. 15  part of which aperture during drawing being  3, 3A,
4, 5, 6 and 7 or FIG. 8 or FIGS.     smaller than the distance between said
opposed  9 and 10 or these figures as modified by FIG.     faces.
11 of the accompanying drawings.       14. Apparatus according to claim 13
where-   23. A deep drawn article made in accord-  50     in the size of
the die aperture may be varied.    ance with the method of any one of
claims 20    15. Apparatus according to claim 13 where-  1 to 12 or 22.
in the die is an iris die.                     24. Apparatus for forming an
article from       16. Apparatus according to claim 13, 14 or  a blank of
solid plastic material constructed     15 wherein the means for producing
edge-pres-  and adapted to operate substantially as herein  55     sure
comprises an iris die.                  described with reference to and as
shown in 25    17. Apparatus according to claim 13, 14 or  FIGS. 3, 3A, 4,
5, 6 and 7 or FIG. 8 or     15 wherein the means for producing edge-pres-
FIGS. 9 and 10 or these figures as modified     sure comprises means for
pressurizing a fluid  by FIG. 11 of the accompanying drawings.
surrounding the blank.                                     P. S. BROWN,
18. Apparatus according to any one of                Chartered Patent
Agent, 30  claims 13 to 17 including a mandrel cooperat-         5,
Mornington Road,     ing with an aperture in one of the said faces,
Woodford Green, Essex.   for applying the said further pressure.
Agent for the Applicants.            Printed for Her Majesty's Stationery
Office by the Courier Press, Leamington Spa, 1970.           Published by
the Patent Office; 25 Southampton Buildings,  London, WC2A lAY from
which copies may be obtained.    


