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6      desired or required, back pressure can be  meter to the deep drawn
shell diameter. By     applied against the blank by fluid placed  way of
specific example in the practice of     in the cavity 32. Thus, it will be
under-  the present invention, the peripheral por-     stood, that when
employed, the operation  tion of a disc-shaped blank of copper seven- 5 or
effect of the fluid in the cavity 32 can  eighths [err] inch in diameter,
was subjected  70     pervade  each of the above-set-forth  3  to
hydrostatic fluid pressure of approxi-     methods of deep drawing, and the
various  mately 125,000 psi, and in a single deep     combinations thereof.
drawing operation, the blank was deep drawn       Depending upon pressure
level at which  into a shell or cup one-fourth [err] inch in 10 the check
valves 56 and 59 are set, or  diameter, a ratio of 3.5:1; a significant 75
chosen, to open and relieve the fluid pres-  improvement over the
aforementioned typi-     sure in the cavity 32, the fluid pressure  will
cal prior art ratio for a single deep draw,     apply a force against the
action of the ram  of 2:1.     26. and a blank being deep drawn and to
It will be further understood by those 15 limit or retard the rate of deep
drawing, skilled in the drawing art, that unlike the  80     and will apply
back pressure against the top  typical prior art methods of deep drawing
central portion of the blank, and the peri-  wherein the material is
stretch drawn and     pheral portion of the blank as it passes  the walls
of the material are constantly be-     through the die and is deep drawn
into the  ing thinned, even with intermediate anneals, 20 cavity 32. Such
back pressure will be coun-  that the above-described methods of deep  85
ter, or opposed, to the high hydrostatic pres-  drawing according to the
present invention     ure applied to the peripheral portion by the  provide
for the walls of the deep drawn     fluid in the annular chamber 64. Hence,
shell to be accurately controlled, and ac-     the back pressure will
assist in causing the  curately predetermined. More specifically, 25
peripheral portion to increase in ductility, the opposed annular
projections "bite" into  90     or will assist in maintaining the
peripheral  the blank of solid plastic material, and as     portion in the
condition of increased ducti-  the peripheral portion is extruded between
lity. By setting the pressure level at which  the projections, the
projections "iron-out"     the check valves 56 and 59 open, or choos-  or
provide the peripheral portion with an 30 ing such valve accordingly, the
back pres-  accurately controlled thickness, by reduc-  95     sure applied
by the fluid in the cavity 32  ing the initial thickness (typically
non-uni-     can be sufficiently great to cause the cen-  form, the blank
having been punched from     tral portion of the blank to increase, and re-
rolled stock) of the peripheral portion to a     main in, a condition of
increased ductility,  uniform thickness, predeterminable by con- 35 and to
cause the peripheral portion as it is  trolling the depth to which the
annular pro- 100     extruded and drawn into the cavity, to re-  jections
"bite" into the blank. The thick-     main in the condition of increased
ductility.  ness of the walls of the deep drawn shell is 



This method of utilizing the back fluid pres-  further controlled, and
predeterminable, by     sure is particularly advantageous in the  the
annular spacing between the outer sur- 40 deep drawing of brittle
materials, as it as-  face of the ram 26 and the surface of the 105
sures that the blank of material is placed  die cavity 32.     in, and
remains in, a condition of increased    It will also be appreciated by
those skilled     ductility, and that the extruded peripheral  in the
drawing art, that the foregoing deep     portion does not experience a
decrease in  drawing methods provide for the deep draw- 45 ductility
immediately after passing through  ing of brittle materials, viz., by
subjecting 110     the. annular projections, or extrusion die,  a
peripheral portion of the material to suffi-     and thereby develop a
tendency towards  cient high hydrostatic pressure, and by the     fracture.
employment of the proper back pressure as       Reviewing the foregoing
methods of deep  described above, various brittle materials 50 drawing for
the purpose of further appre-  can be made increasingly ductile sufficient
115     ciating the advantages over the prior art  to permit the peripheral
portion to be forced     methods of deep drawing, it will be appreci-
through a die and deep drawn, without frac-     ated by those skilled in
the art that the  ture.     foregoing methods of deep drawing pro-
Referring to Fig. 3b, it will be further 55 vide an improved method of deep
drawing  appreciated that both ductile and brittle ma- 120     the ductile
materials, viz., that by placing  terials by being placed in the condition
of     the peripheral portion of a blank of ductile  increased ductility,
can be drawn around a     material in a condition of high hydrostatic  die
surface having a very small draw radius,     pressure there is no danger of
material frac-  such as for example, the draw radius r of 60 ture during
the deep drawing as the condi-  the annular projection 34 in the above- 125
tion of the material is constantly controlled  mentioned specific example
concerning the     during the entire deep drawing operation,  deep drawing
of the blank of copper seven-     and the material can be drawn, in a
single  eighths [err] inch in diameter, the draw radius     deep drawing
operation,  to a more favour- of the annular projection was 0.020 inch. 65
able or advantageous ratio of the blank dia-    Referring now to Fig. 2a,
it will be under- 130          7                                         1,
204,545        stood that the methods of the present in-  with a centrally
formed passageway 86        vention can be utilized to deep draw tubular
which in turn is provided with a  suitable        or hollow, cylindrical
members. The cavity  unidirectional check valve (not  shown) for        can
be provided at its upper extremity with  relieving unwanted or excessive
pressure 5 an annularly shaped die 33, complementary  within the cavity 81.
70         in width to the thickness of the walls of the    The upper
portion 36 of the die block         deep drawn shell, and complementary in
30 is provided with a pair of passageways 



bore or opening to the diameter of the ram  87 and 88 which are provided
with suitable         26. Thus, when the method of deep draw-
unidirectional check valves 91 and 92, res-     10 ing a shell or
cup-shaped article has been  pectively, oriented as shown. The passage- 75
completed as described above, the ram and  way 88 and check valve 92
provide means         drawn shell can be further advanced into  for filling
the cavity 32 with fluid, and the         the cavity 32 into engagement
with the die  passageway 87 and check valve 91 provide         33 to punch
out or remove the central por-  means for relieving unwanted or excessive
15 tion of the drawn shell, and thereby form  pressure within the cavity
32.       80         the drawn shell into a tubular or hollow,   It will be
understood by those skilled in         cylindrical member.
the art that the depth of  the cavities 81           Referring now to Figs.
5 to 7, there is  and 32, the diameters of  the ram 75, the         shown
apparatus for practising a further  sleeve 71 and the cavity 32, and the
length     20 embodiment of the invention. More particu- of travel of the
ram 74, sleeve 77 and die  85         larly, there is shown apparatus
suitable for  block 80, are determined by the diameters         practising
the method of deep drawing a  and lengths of the tubular sections 71 and
blank of solid plastic material into an article  72 of the stepped
cup-shaped article 70.         having tubular sections of different cross-
Referring now to the methods practised     25 sectional configuration, for
example, the  by the apparatus of Fig. 5, the blank of 90         stepped
cup-shaped article 70 of Fig. 4, solid plastic material 10, as before, is
posi-         having tubular sections 71 and 72 of differ-  tioned on the
annular projection 20, and         ent diameters.
the pressure vessel 12 is filled, or partially         The overall
apparatus of Fig. 5 is sub-  filled with a suitable fluid. The die blocks
30 stantially the same as the apparatus of Fig. 30 and 80, sleeve 28 and
piston 46 are moved  95         3 with only a relatively few modifications;
downwardly by the ram 44 (Fig. 3) and         consequently for convenience,
structural ele- forced into the cavity 14 of the pressure         ments of
Fig. 5 have the identical number  vessel 12 (Fig. 3). Also, as before, the
of the corresponding structural elements of fluid will be displaced
upwardly through the     35 Fig. 3, the ram 26 of Fig. 3 is replaced with
stepped slots 38 to fill the annular cavity 100         a ram 74 having a
first portion 75 of one  66; additionally, fluid will be captured in
diameter or cross-sectional configuration,  the cavity 81 and pressurized
fluid 94 will         and a second portion of an increased or be pumped
into the cavity 32 through the         larger diameter or cross-sectional
configura-  passageway 88 and associated check valve     40 tion 76. The
ram 75 is positioned slidably  92. Initially, the fluid 94 in the cavity
32, 105         within a sleeve 77 which, in turn, is mounted  acting
against the annular shoulder area 96         slidably within a bore 18
formed in the bed  of the die block 80, is pressurized suffici-
block 16. For normal support within the  ently to hold the die block
downwardly, in         bed block, the sleeve 77 is provided with an  the
position shown in Fig. 5, against the     45 annular shoulder 78 which
engages a com-  action of the ram 74.                110         plementary
shaped shoulder 79 provided   It will now be assumed, Fig. 5, that the
within the bore 18 of the bed block 16; the  sleeve 28 has limited the
downward move-         end of the sleeve lying in the same horizon- ment of
the die block 30, that the projections         tal plane as the end of the
annular projec-  20 and 34 are "biting" into the blank 10 to 



50  tion 20.                                   the desired depth, and that
the fluid in the 115           In addition, a second die block 80, hav-
fluid pressure chamber 64, due to the down-         ing a die cavity 81
formed in the end there-  ward movement of the piston 46 into the
of, is positioned slidably within the die  fluid pressure chamber 66, is
subjecting the         cavity 32 of the first die block 30. For peripheral
portion of the blank 10 to high     55 normal support, the  second die
block 80 is  hydrostatic pressure sufficient to cause the 120
provided with an annular shoulder 82 which  peripheral portion to increase
in ductility         engages a complementary shaped shoulder  and to permit
the peripheral portion to be         83 provided within the die cavity 32;
the  forced through the die and deep drawn         end of the die block 80
lying in the same without fracture.     60 horizontal plane as the end of
the annular    The end of the ram portion 75, under the 125
projection 34. The second die block 80 is  influence 'of the fluid cylinder
25, will en-         provided with an upper  stem' portion 84  gage
the'bottom of the central portion of         which is  mounted slidably
within-a bore 85  the blank 10 and  will  apply  a force against
formed in the upper portion 36 of the 'die  the central portion. Successive
portions of    65 block 30. The stem portion 84 is provided  the peripheral
portion  of the blank 10 will 130        8
1 204,545                                         8      be forced between
the annular projections    Generally, in  this embodiment of the pre-
20 and 34, inwardly toward the central por-  sent invention, a blank of
solid plastic ma-     tion of the blank, and such peripheral por-  terial
is first mechanically  cupped in one     tions will be deep drawn into the
draw die  direction within a  drawing chamber, and  5 provided by the die
cavity 18, as shown in  then the  methods of the first described em- 70
Fig. 6, against the action of the fluid within  bodiment are employed to
deep draw the     the die cavity, to form the tubular section  bottom and
contiguous annular side" of the     71 of the article 70 of Fig. 4, the
fluid in  cupped blank, within the drawing chamber     the die cavity 81
providing a back pressure,  in the opposite direction. 10 as before, and
being suitably relieved up-    Referring now to Fig. 8, the sleeve 28 of 75
wardly of the passageway 86.                Fig. 3 is replaced with a
sleeve 102 which       The ram 74 will continue to be advanced, is
positioned initially within the drawing     the enlarged portion 76 of the
ram 74 will chamber 14 and is supported on the annular     engage the
bottom of the sleeve 77 and will  shoulder 22; a plurality of vertical
slots 104 15 force the sleeve upwardly. The peripheral  being formed along
the inner vertical sur- 80     portion' of the blank 10, due to the action
of  face of the sleeve.     the piston 46, will continue to be subjected
The die block 30 is modified by being 



to high hydrostatic pressure.   Certain other  provided with a lower
portion 106 of a     successive portions of the peripheral portion  reduced
diameter, which diameter is slightly 20 will be forced through the die and
the up-  less than the sum of the inner diameter of 85     wardly moving
sleeve 77 will engage these  the sleeve 102 plus twice the thickness of
other peripheral portions and will deep draw  the blank  10. Further, the
lower portion     them, as shown in Fig. 7, into the draw die  106 is
provided along its outer surface with     provided by the die cavity 32 to
form the  a plurality of vertical slots 108 which are 25 tubular section 72
of the article 70 of Fig. aligned circumferentially with the vertical 90
4: It will be understood that the upward  slots 104 of the sleeve 102.
movement of the sleeve 77, due to the action    It will now be assumed that
the structural     of the ram 74, is 'of sufficient force to slide
elements of the apparatus of Fig. 8 occupy     the die block 80 upwardly of
the cavity 32  the positions shown  therein, that the cavity 30 against the
action of fluid 94. As before, 52 has been filled with pressurized fluid to
95     the fluid 94, upon being compressed by the  provide a rigid driving
connection between     upward movement of the die block 80, will the piston
46 and the die block 30, that the     apply a back pressure against the die
block   disc-shaped blank of solid' plastic material     to limit or retard
the rate of deep drawing,  10 has been secured against the top of the 35
and since the back pressure will be opposed  high pressure vessel 12 by a
suitable annu- 100     or counter to the pressure applied by the  lar,
hold-down plate 110, and that the pres-     high hydrostatic fluid pressure
in the cham-  sure vessel  has been filled, or partially filled,     ber
64, the back pressure will assist in main-  with a suitable fluid.
taining the blank 10  in the condition of    The piston 46 and the die
block 30, under 40 increased ductility.                         the
influence of the ram 44 of Fig. 3  are 105       As shown in Fig. 7, the
length of upward  forced downwardly, the  annular projection     travel of
the ram 74 can be limited so as  34 of the die  block engages the blank 10
to  not deep draw all of the blank 10, and  and mechanically forces the
blank inwardly,     thereby provide the article 70 (Fig. 4) with  of the
drawing chamber 14 and thereby 45 the lip or edge portion as shown.
mechanically deforming the blank into the 110       The article 70 can be
removed from the  cup-shaped configuration shown in Fig. 9,     apparatus
of Fig. 5 in substantially the same  including the' bottom portion 112 and
the     manner as the article 11 is removed from the  upturned annular
portion 114. During this     apparatus of Fig. 3.
step of the operation, the annular portion 50   In an additional embodiment
of the pre-  114 is flared outwardly, as shown in Fig  9  115     sent
invention, a method is provided for  and  the edge or rim of the annular
portion     deep drawing a blank  of solid plastic ma-  is in contact with
the wall of the chamber     terial within a drawing chamber smaller  14.
than  the blank of material, and more speci-    Upon continued downward
movement of 55  fically, a method of deep drawing the disc-  the piston 46
and the die block 30, the an- 120     shaped'blank of solid  plastic
material' 10  nular portion of the deformed blank en-     of Fig. 8, within
the drawing chamber 14  gages the top portion of the  sleeve 102,
having a diameter smaller than the dia-  and the annular portion is further
deformed,     meter of the disc-shaped blank.          or bent, upwardly.
until the blank is de- 



60   For convenience, as in the immediately  formed into the configuration
shown in Fig. 125.     foregoing description, the structural elements  10.
The downward movement of the die     of Figs 8 to 11, wherever feasible,
have  block 30 is limited upon the engagement of     been given  numerical
designations identical the enlarged  portion 118 of the die block     to
the corresponding structural elements of with the top of the sleeve 102, at
which 65  the previously described  apparatus.    time, the annular
projections 20 and 34 are 130                      9
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"biting" into the bottom  portion 112, of  static pressure" is a relative
term, and that                   the blank 10, to the desired depth.
depending upon the ductility or brittleness                     Upon the
entry of the die block 30 and  of the material being drawn, the depth of
blank 10 into the chamber 14, fluid is dis-  the draw, and the length of
the drawing           5 placed upwardly through the vertical slots  radius,
a greater or less amount of hydro-  70                   104 and 108 into
the fluid pressure chamber  static pressure will be required. The level
66.                                        of this hydrostatic pressure is
that which in-                     As shown in Fig. 10, an outer annular
creases the ductility of the material suffici-                   portion of
the bottom 112, and the annular  ently to permit the desired deformation
10 side portion of the blank 10, are confined  thereof without fracture.
The actual level 75                   within the fluid filled, pressure
chamber 120  of hydrostatic pressure required, for a given,
of generally U-shaped cross-sectional confi-  deep draw in view of the
immediately fore-                   guration. The chamber 120 is defined or
going considerations, can be determined                   formed by the
space between the opposed  empirically  by performing  several deep
15  top and bottom annular portions of the bed  drawing operations on a
series of identical  80                  block 16 and the die block 30,
respectively,  blanks with successively increased pressures,
and the space between the sleeve 102 and  observing the quality of the deep
draw as                  the lower portion 108 of the die block 30.  to the
presence or absence of fracture and                     It will now be
assumed that the structural  the uniformity of wall thickness, and increas-
20 elements, bodies of fluid, and blank 10,   ing the amount of applied
"high hydrostatic  85                  occupy the positions shown in Fig.
10, and  pressure" accordingly. it will be understood by those skilled in
the                  art that the piston 46, ram 26, fluid within    WHAT
WE CLAIM IS: -                  the cavity 32, operate and function as be-
1. A method of forming an article from              25 fore, such that the
outer annular portion of a blank of solid plastic material (as herein-
the bottom  112 and the upturned annular  having corresponding raised
surface por- 90                  side 114 of the blank 10, i.e., the
portions of  tions the blank between two members 



the blank confined within the cavity 120,  having corresponding raised
surface posi-                  are subjected to high hydrostatic pressure,
tions and causing the corresponding raised              30 sufficiently
great to cause the  portions of  surface portions to bite into opposed
faces                  the blank confined within the cavity to in-  of the
blank to define both a peripheral 95                  crease in ductility
sufficiently to permit the  portion of the blank and a die, subjecting
passage through the die and deep drawing  the peripheral portion to a high
hydrostatic                  thereof without fracture.
pressure and forcing through the die and              35   It will be
further understood that, as des-  deep drawing at least a part of the per-
cribed above, depending upon the depth to  pheral portion.
100                  which the annular projections "bite" into    2. A
method of forming an article from                  the blank 10, the amount
of high hydrostatic  a blank of solid plastic material (as herein-
pressure applied to the blank, the amount  before defined) including the
steps of cup-              40 of force applied to the blank by the ram
ping the blank within a drawing chamber                  26, and the amount
of back pressure applied  between two members having corresponding 105
to the blank by the fluid in the chamber  raised surface portions and
causing the cor-                  32, any one of the three above-mentioned
responding raised surface portions to bite                  methods or any
combinations thereof, as  into opposed faces of the blank to define
45 set forth in specific detail with regard to  both a peripheral portion
of the blank and                 the methods practised by the apparatus of
a die, subjecting the peripheral portion to a 110                 Figs. 2
and 3, can be employed to deep draw  high  hydrostatic  pressure  and
forcing -                 the cupped blank into the cavity 32 as  through
the die and deep drawing at least a                 shown in Fig. 11.
part of the peripheral portion.             50   It will be understood by
those skilled in    3. A  method according to claim 1 or 2 rC,
the art that the methods of the present in-  including the step of applying
a force to a 115                 vention are in no manner limited to the
central portion of the blank which is suffi-                 deep drawing
of round or generally circular  cient with the hydrostatic pressure to
effect                 articles. The methods of the present in-  the said
forcing and deep drawing.             55  vention are equally applicable to
the deep    4. A method according to claim 1 or 2                 drawing
of articles of any cross-sectional  wherein the high hydrostatic pressure
is 120                 configuration; for example, should it be de-
sufficient to effect the said forcing and in-                 sired to deep
draw a shell of rectangular  cluding the step of applying a force to a cen-
cross-sectional configuration, the annular  tral portion of the blank to
effect the deep             60 projections forming the extrusion die, the
drawing.                 draw die and the draw ram would be suit-   5. A
method according to any one of 125                 ably shaped of
appropriate complementary,  the preceding claims including the step of
rectangular configuration.                 applying a back pressure to a
central por-                   Also, it will be understood by those skilled
tion of the blank opposing the drawing force,            65 in the art that
the expression "high hydro-  so as to assist in the maintenance of the     
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9                "biting" into the bottom  portion 112, of static pressure"
is a relative term, and that               the blank 10, to the desired
depth.      depending upon the ductility or brittleness.               Upon
the entry of the die block 30 and  of the material being drawn, the depth
of               blank 10 into the chamber 14, fluid is dis-  the draw, and
the length of the drawing      5 placed upwardly through the vertical slots
radius, a greater or less amount of hydro- 70               104 and 108
into the fluid pressure chamber  static pressure will be required. The
level               66.                                        of this
hydrostatic pressure is that which in-                 As shown in Fig. 10,
an outer annular  creases the ductility of the material suffici-
portion of the bottom 112, and the annular  ently to permit the desired
deformation           10 side portion of the blank 10, are confined
thereof without fracture. The actual level 75               within the
fluid filled, pressure chamber 120  of hydrostatic pressure required, for a
given           of generally U-shaped cross-sectional confi-  deep draw in
view of the immediately fore-               guration. The  chamber 120 is
defined, or  going  considerations,  can be determined               formed
by the space between the opposed  empirically by performing  several deep.
15 top and bottom annular portions of the bed  drawing operations on a
series of identical  80               block 16 and the die block 30,
respectively,  blanks with successively increased pressures,
and the space between the sleeve 102 and  observing the quality of the deep
draw as               the lower portion 108  of the die block 30.   to the
presence or absence of fracture and                 It will now be assumed
that the structural the uniformity of wall thickness,  and increas-
20 elements, bodies of fluid, and blank 10,   ing the amount of applied
"high hydrostatic  85               occupy the positions shown in Fig. 10,
and  pressure" accordingly.               it will be understood by those
skilled in the               art that the piston 46, ram 26, fluid within
WHAT WE CLAIM IS:-               the cavity 32, operate and function as be-
1  A method of forming an article from           25 fore, such that the
outer annular portion of  a blank of solid plastic material (as herein-
the bottom  112 and the upturned annular  having corresponding raised
surface por- 90               side 114 of the blank 10  i.e., the portions
of  tioning the   blank between two  members               the blank
confined within the cavity 120,  having corresponding raised surface
posi-               are subjected to high hydrostatic pressure, tions and
causing the corresponding raised           30 sufficiently great to cause
the  portions of  surface portions to bite into opposed faces
the blank confined within the cavity to in-  of  the blank to define both a
peripheral 95               crease in ductility sufficiently to permit the
portion of the blank and a die, subjecting               passage through
the die and deep drawing  the peripheral portion to a high hydrostatic
thereof without fracture.                   pressure and forcing through
the die and 35   It will be further understood that, as des-  deep drawing
at least a part of the peri-               cribed above, depending upon the
depth to  pheral portion.                            100
which the annular projections "bite" into   2. A method of forming an
article from               the blank 10, the amount of high hydrostatic  a
blank of solid plastic material (as herein- 



pressure applied to the blank, the amount before defined) including the
steps of cup-           40 of force applied to the blank by the ram   ping
the blank within a drawing chamber               26, and the amount of back
pressure applied  between two members having corresponding 105
to the blank by the fluid in the, chamber  raised surface portions and
causing the cor-               32, any one of the three above-mentioned
responding raised surface portions to bite               methods or any
combinations thereof, as  into opposed faces of the blank to define
45 set forth in specific detail with regard to  both a peripheral portion
of the blank and               the methods practised by the apparatus of  a
die, subjecting the peripheral portion to a 110               Figs. 2 and
3, can be employed to deep draw  high  hydrostatic  pressure  and  forcing
the cupped blank into the cavity 32 as  through the die and deep drawing at
least a               shown in Fig. 11.                          part of
the peripheral portion.           50   It will be understood by those
skilled in   3  A method according to claim 1 or 2               the art
that the methods of the present in-  including the step of  applying a
force to a 115               vention are in no manner limited to the
central  portion of the blank which is suffi-               deep drawing of
round or generally circular  cient with the hydrostatic pressure to effect
articles. The methods of the present in-  the said forcing and deep
drawing.          55  vention are equally applicable to the deep    4. A
method according to claim 1 or 2               drawing of articles of any
cross-sectional  wherein the high hydrostatic pressure is 120
configuration; for example, should it be de-  sufficient to effect the said
forcing and in- 4            sired to deep draw a shell of rectangular
cluding the step of applying a force to a cen-
cross-sectional configuration, the  annular  tral portion of the blank to
effect the deep          60 projections forming the extrusion die, the
drawing.               draw die and the draw ram would be suit-   5. A
method according to  any one of 125               ably shaped of
appropriate complementary,  the preceding claims including the step of
rectangular configuration.                 applying a back pressure to a
central  por                 Also, it will be understood by those skilled
tion of the blank opposing the drawing force,          65 in the art that
the expression "high hydro-  so as to assist in the maintenance of the
10                                        1,204,545
10     ductility of the portion of the material be-    14. Apparatus
according to claim 13 in-     ing deep drawn.
cluding means to maintain fluid, at a pre- 65       6. A method according
to claim 5 where-  determined pressure in the die cavity at     in the back
pressure limits the rate of deep  the start of the drawing operation and
means  5 drawing.                                    to release the fluid
when the predetermined       7. A method according to any one pre-
pressure is exceeded during drawing, where-     ceding claim wherein said
surface portions  by the rate of drawing may be limited.  70     are in the
form of annular closed rings.     15. Apparatus according to any one of 



8. A  method according to claim 3 or 4  claims 11 to  14 including a first
die cavity 10 wherein the force is applied to the central arranged to
receive the central portion and     portion of the  blank  by means of a
ram en-  part of the peripheral portion of a blank     gaging its surface.
during deep drawing and a second die cavity  75       9. A method according
to any one pre- collinear with the first die cavity, of larger     ceding
claim including the step of deep draw-  cross-sectional dimensions than the
first die 15 ing a  first part of the blank into a tubular cavity adapted
to receive a further part of     section of one cross-section before deep
the peripheral portion of a blank during     drawing a second part of the
blank com-  deep drawing.                                 80     prising at
least part of the peripheral por-     tion into a tubular section of
different cross-    16.  Apparatus according to claim  15 20 section.
with claim  14 wherein the die block in-       10. A  method according to
claim  8  cludes a bore having a slidable section there-     wherein the
space between the ram and the  in, the slidable section having the first
die     drawing chamber into which the material is  cavity therein whilst
the ram includes a first 85     drawn is uniform and equal to the thickness
portion adapted to co-operate with the first 25 of  the material after
passing through the die cavity and a second portion to co-oper-
extrusion die.  ate with the bore, so that initial movement       11
Apparatus for forming an article  of the ram effects drawing of the said
cen-     from a blank of  solid plastic material (as  tral portion and part
of the peripheral por- 90     hereinbefore defined) comprising means ad-
tion of a blank into the first die cavity 30 apted to engage and bite into
opposed faces  and further movement  of  the  ram  effects     of a blank
positioned therein so as to de-  drawing  of said further part of the peri-
fine a peripheral portion of the blank, means  pheral portion of a blank
into the second die     forming a high pressure chamber adapted to cavity
formed by said bore upon movement 95     contain the said peripheral
portion and to  of said slidable section, the means for main- 35 permit a
high hydrostatic pressure to be  taining a predetermined fluid pressure
being     generated on this peripheral portion, the  effective in both die
cavities, so that both of     engaging means also forming an extrusion said
drawing operations are rate controlled     die for the said peripheral
region of the  by fluid pressure.                         100     blank,
means for applying pressure to the    17. Apparatus according to any one of
40 central portion of a face of the blank and a  claims 11 to 14 wherein
the high pressure     die cavity adjacent the  central portion of chamber
is of smaller cross-section than the     the opposite face of the blank
into which  blanks to be used therein.     at least a portion of the blank
may be deep   18. Apparatus according to claim  17 105     drawn, so that
production of high hydro-  with claim 12 or 13 wherein the high pres- 45
static'pressure on  the peripheral portion of  sure chamber includes the
bed block and a     a blank and pressure exerted on said centre
surrounding wall member, and including     portion will result in the
extrusion of at means for forcing the die block onto a blank     least part
of'the peripheral portion and deep  whereby its peripheral portion is
distorted 110     drawing of at least the centre portion.   sufficiently to
allow it to pass into the high 50   12.  Apparatus according to claim 11
in-  pressure chamber before the said projec- 



cluding a bed block having a first projec-  tions engage and bite into
opposite faces     tion thereon and a die block having a sur-  thereof.
face with a  second projection thereon, the   19.  A method of forming an
article by 115     two projections forming the said engaging  forcing
through a die and deep drawing 55 means, the high pressure chamber being in
substantially as herein described with refer-     part defined by the
opposed faces of the  ence to Figs. 1 to 3 or Figs. 4 to 7 or Figs.     bed
block and  the die block, the die cavity  8 to 11 of the accompanying
drawings.     being formed in the die block.               20. Apparatus
for forming an article by 120       13. Apparatus according to claim 12 in-
forcing through a die and deep drawing sub- 60 cluding a ram slidably
mounted in an aper-  stantially as herein described with reference     ture
in the bed block, the ram forming the  to and as shown in Figs. 2, 2a, 3,
3a and 3b     means for applying pressure to the face of  or Figs. 5, 6 and
7 or Figs. 8, 9, 10 and 11     the blank.
of the accompanying drawings.              125             11
1,204,545             21. An article formed by a method ac-              P.
S. BROWN ,         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 to 18 or 20.
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SPECIPICATION NO 1.204,545  Page 9, line 88-93, should read. 'l.A  method
of forming an article from a blank of  olid plastic   material (as herein
before defined) including the steps of   positioning  the blank between two
member  having corresponding   raised surface portions and causing the
corresponding raised    


