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HIGH PRESSURE BILLET EXTRUDER 
This is a division, of application Ser. No. 339,457 

filed Mar. 8, 1973, now abandoned. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates, broadly speaking, to an appa 

ratus and method for deforming material. More specifi 
cally, this invention relates to an apparatus and method 
for extruding a discrete billet of material from a highly 
pressurized chamber. 

2. Description of the Prior Art 
U.S. Pat. No. 3,427,843 (1969) to Green shows a 

segmented pressure vessel covered with a fluid imper 
meable sheath. Pressurized fluid is applied to the inte 
rior of the vessel to perform a metal working operation 
therein. Pressurized fluid, which may be from the same 
body of fluid as the fluid within the vessel, or alterna 
tively from another separate body of fluid, is applied 
externally to the sheath to hold together the segments 
of the vessel. A similar disclosure is found in U.S. Pat. 
No. 3,364,717 (1968) to Green. 

SUMMARY OF THE INVENTION 
One of the objects of this invention is to provide im 

proved apparatus and method for deforming material. 

Another of the objects of this invention is to provide 
improved apparatus and method for extruding a dis 
crete billet of material from a highly pressurized cham 
ber. 

Still other and further objects of this invention will 
become apparent during the course of the following de 
scription and by reference to the accompanying draw 
ings and the appended claims. 

Briefly, I have discovered that the foregoing objects 
may be attained by providing first means to pressurize 
hydraulic fluid surrounding the jacket of a billet 
containing pressure vessel to an intermediate level, and 
by providing second means to advance a die ram into 
the pressure vessel against the billet therein, said sec 
ond means simultaneously further pressurizing the hy 
draulic fluid surrounding the jacket of the pressure ves 
sel from the intermediate level to a higher level suffi 
cient to fully withstand high internal pressure in the 
pressure vessel. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Referring now to the drawings, in which like numer 

als represent like parts in the several views: 
FIG. 1 represents a medial longitudinal section of the 

apparatus, taken along the line 1-1 of FIG. 2; 
FIG. 2 represents an end elevation of the front of the 

apparatus as viewed from the left of FIG. 1; 
FIG.3 represents a section taken along the line 3-3 

of FIG. 2; 
FIG. 4 represents a section taken along the line 4-4 

of FIG. 1; 
FIG. 5 represents an enlarged detail, partially in sec 

tion, of the rear of the apparatus, viz., the right end of 
the apparatus as viewed in FIG. 1; 
FIG. 6 represents an enlarged detail of the annular 

check valve at the forward end of the annular piston; 

FIG. 7 represents a section taken along the line 7-7 
of FIG. 5; 
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2 
FIG. 8 represents an enlarged detail of the fluid pas 

sageway communicating between the chamber receiv 
ing the annular piston and the jacket chamber; 
FIG.9 represents a section taken along the line 9-9 

of FIG. 5. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Extruder 1 is seen as comprising pressure vessel 2, 
die ram 3, die ram support means 4, first hydraulic 
rams 5 and second hydraulic rams 6. 

Pressure vessel 2 comprises a plurality of wedge 
shaped segments 7 arranged, as shown, as a series of 
rings forming a pressure chamber 8 mounted within 
cylinder 9. Plug 10 mounted in the rear of cylinder 9, 
and held in position by means hereinafter to be de 
scribed, supports the rear of the pressure chamber 8. A 
circular plate 11, having seal 12 slidably receiving die 
ram 3, is placed adjacent the front-most segments 7, 
and threaded plug 13 mounted in the front of cylinder 
9 supports, through plate 11, the front of pressure 
chamber 8. 
A jacket 14, having a circular transverse cross sec 

tion, is mounted in closely fitting relationship above 
pressure chamber 8, engaging the entire outer periph 
ery thereof and extending from end to end thereof, 
sealed at the ends to plug 10 and plate 11 by means of 
seals 15, which may be 0-rings, mounted in recesses 16 
in the said plug 10 and plate 11. 
A jacket 17, having a circular transverse cross sec 

tion, is mounted in closely fitting relationship within 
pressure chamber 8, engaging the entire inner periph 
ery thereof and extending from end to end thereof. 
The outer diameter of jacket 14 is less than the inner 

diameter of cylinder 9, thereby to provide therebe 
tween a space constituting a jacket chamber 18. 
Plug 10 is seen as comprising a shaft portion 19 ter 

minating in a flange portion 20 having the hereinabove 
mentioned recess 16 receiving seal 15, the said flange 
portion 20 abutting the rear of the rearmost wedge 
shaped segments 7 and the rear of jacket 14. 
Shaft portion 19 extends beyond the rear of cylinder 

9, having a circular transverse cross section adapted to 
function as a guide element, as hereinafter described. 

The forward portion of plug 10 has a female threaded 
opening 21 threadedly receiving billet-supporting plug 
22. An opening 23 is provided in plug 10 communicat 
ing between the threaded opening 21 and the rear of 
the plug 10. 
Cylinder 9 is provided with a female threaded open 

ing 24 threadedly receiving retaining element 25 hav 
ing a recess 26 formed therein in turn receiving sleeve 
27. 
The inner surface of sleeve 27 is spaced from the 

outer surface of the forward portion of shaft portion 19 
sufficiently to provide therebetween an annular cylin 
drical chamber 28. Radially disposed slots 29 are pro 
vided at the rear face of flange portion 20 communicat 
ing between chamber 28 and chamber 30 formed in 
cylinder 9 about the periphery of flange portion 20, the 
said chamber 30 communicating with jacket chamber 
18. 
Retaining element 25 is provided with a recess 31 in 

which seal 32, which may be an 0-ring, is mounted. 
Billet-supporting plug 22 has a flat nose 33 extending 

into pressure chamber 8, slidably engaging the inner 



3 
surface of jacket 17, and provided with recess 34 in 
which a seal 35, which may be an 0-ring, is mounted, 
whereby to seal the rear of pressure chamber 8. 
Driving member 36 is provided at its forward end 

with annular piston 37 which is slidably received in 
chamber 28 between sleeve 27 and shaft portion 19 of 
plug 10. 
Driving member 36 has a chamber 38 provided with 

a threaded female opening 39 at the rear thereof, and 
a passageway 40 therethrough communicates between 
the said chamber 38 and the forward end of annular 
piston 37. Radially spaced from passage 40, and ex 
tending from front to rear of driving member 36, is a 
vent passageway 40a which communicates between the 
forward end of annular piston 37 and the atmosphere. 
Ring 41 is provided adjacent the forward end of annu 
lar piston 37, with a plurality of apertures 42 radially 
spaced thereabout. Threaded elements 43, having en 
larged heads 44, slidably extend through the apertures 
42 and are threadedly mounted in female threaded 
openings 45 radially spaced about the front end of an 
nular piston 37. Springs 46 are mounted in compres 
sion between enlarged heads 44 and ring 41, thereby to 
resiliently urge ring 41 against the forward end of annu 
lar piston 37. Clearance is provided between the inner 
and outer peripheral surfaces of ring 41 and the adja 
cent walls of chamber 28, whereby to permit the pas 
sage of fluid between the said ring 41 and the walls of 
chamber 28. As will hereinafter be described, ring 41 
constitutes a check valve operative against passage 
ways 40 and 40a. 
A seal 47 is provided in the recess 26 of retaining ele 

ment 25 at the rear end of sleeve 27. A recess 48 is pro 
vided in the shaft portion 19 of plug 10, and seal 49 is 
mounted therein opposite seal 47. Seals 47 and 49 may 
be 0-rings. 
Driving member 36 has a central longitudinal open 

ing 50 extending therethrough, the wall 51 of said 
opening having a circular transverse cross section slid 
ably received on shaft portion 19 and guided thereby 
for longitudinal sliding reciprocable movement. 
Driving member 36 has an apertured flange 52 ex 

tending forwardly thereof to which are secured first 
and second hydraulic rams 5 and 6. 

Plate 53 is mounted to the forward end of pressure 
vessel 2. 
The piston rods 54 of first hydraulic rams 5 extend 

through apertures 55 in plate 53 and terminate in 
threaded ends receiving nuts 56 which bear on the for 
ward face of plate 53. 
The cylinders of each of the first hydraulic rams 5 

have ports 57 and 58 connectable to a source of pres 
surized hydraulic fluid (not shown). It will be evident 
that, when pressurized hydraulic fluid from the source 
thereof is introduced simultaneously into all ports 57 
serving the rod side of the pistons in the cylinders of 
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first hydraulic rams 5, driving member 36 will be pulled 
toward pressure vessel 2, thereby forcing annular pis 
ton 37 into chamber 28 and pressurizing extrusion fluid 
therein, the said pressure being communicated through 
slots 29 and chamber 30 to jacket chamber 18. 

Plate 53 is provided with recesses 59 extending radi 
ally inwardly from the periphery thereof. 
The cylinders of second hydraulic rams 6 are seated 

within recesses 59, and the piston rods 60 of the said 
second hydraulic rams 6 extend through apertures in 
ears 61 of yoke 62, terminating in threaded ends re 

4. 
ceiving nuts 63 which bear on the forward faces of ears 
6. 
The cylinders of each of the second hydraulic rams 

6 have ports 64 and 65 connectable to a source of pres 
surized hydraulic fluid (not shown). 
Die ram 3 comprises die 66 mounted on die stem 67. 

Aperture 68 extends longitudinally through die stem 
67. 

Die ram 3 extends in a slidably sealed manner 
through seal 12 and slidably engages the inner periph 
ery of jacket 17 for longitudinal reciprocation relative 
thereto. 
Die ram support means 4 comprises guide cylinder 

69 mounted to plate 53, aligning plates 70 longitudi 
nally slidably received in the bore of guide cylinder 69 
and having central apertures slidably receiving die ram 
3. Bolts 71, constituting a lost-motion linkage mecha 
nism, are mounted between aligning plates 70 in the 
manner shown and described in my U.S. Pat. No. 
3,548,625 (1970) entitled “Collapsible Feed Mecha 
nism.' The principle of operation of die ram means 4 
in the present invention is the same as described in U.S. 
Pat. No. 3,548,625. Briefly, the purpose of die ram sup 
port means 4 is to provide lateral support at spaced 
lengths along die ram 3 which, in the absence of such 
lateral support, will be a compressibly loaded slender 
member and subject to buckling. When die ram 3 is in 
its retracted position (i.e., its left-most position as 
viewed in FIG. 1), aligning plates 70 are separated from 
each other and uniformly spaced along the length of die 
ram 3 in laterally supporting relationship thereto. As 
die ram 3 is advanced, under axial compression, into 
pressure chamber 8, the front-most aligning plates 70 
advance to the right of FIG. 1 and engage and carry 
along to the right successive aligning plates 70. FIG. 1 
shows die ram 3 in an intermediate position with about 
half of the aligning plates 70 collapsed. When die ram 
3 is returned, at the end of an extrusion cycle, from its 
right-momst to its left-most (as viewed in FIG. 1) posi 
tion, bolts 71 carry their respective aligning plates 70 
to their proper positions longitudinally of die ram 3. 
The details of die ram support means 4 (viz., the 
mounting of bolts 71 between aligning plates 70, are 
clearly and fully described in U.S. Pat. No. 3,548,625 
to which reference should be made, and form no part 
of the present invention. - 
Yoke. 62 comprises cylinder 72 to which ears 61 are 

secured in radially extending relationship thereto. The 
bore 73 of cylinder 72 slidably engages the outer pe 
riphery of guide cylinder 69. Retaining ring 74 is 
threadedly mounted to the end of cylinder 72, and 
thrust sleeve 75 is positioned within bore 73 of cylinder 
72, flange 76 thereof abutting retaining ring 74. The 
outer periphery of thrust sleeve 75 slidably engages the 
bore 77 of guide cylinder 69. It will be seen that cylin 
der 72 and thrust sleeve 75 are reciprocable relative to 
guide cylinder 69, in sliding engagement therewith and 
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guided thereby, upon activation of second hydraulic 
rams 6. The spacing between flange 76 and the end 78 
of guide cylinder 69 is sufficient to permit die 66 to 
travel to a position adjacent the rear end of pressure 
chamber 8. 
Supporting plug 79 is threadedly mounted to the end 

of thrust sleeve 75, and the end of die stem 67 is 
mounted thereto in abutting relationship as shown. 
Supporting plug 79 also abuts the end of the rearmost 
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aligning plate 70a. Supporting plut 79 is provided with 
aperture 80 registering with 68 of die stem 67. 
Retaining ring 74 and thrust sleeve 75 are provided 

with bores 81 permitting access to supporting plug 79. 

Stop means are provided to limit the stroke of yoke 
62, and comprises a pair of clamps 82 each having a 
curved inner surfaces 83 with a radius of curvature 
equalling the radius of guide cylinder 69, a pair of 
brackets 84 secured in a suitable manner to plate 53 
and a pair of links 85 pivotally mounted at 86 and 87 
between each clamp 82 and its respective bracket 84. 
It will be seen, from FIG. 2, that clamps 82 can be 
swung between an inoperative position shown in phan 
tom, in which inoperative position clamps 82 are disen 
gaged from guide cylinder 69 and are entirely clear of 
the path of yoke 62, to an operative position shown in 
solid lines in FIG. 2, in which operative position clamps 
82 engage guide cylinder 69 and are interposed in the 
path of yoke 62 between the said yoke 62 and plate 53. 
The width of clamps 82 is chosen so that yoke 62 will 
abut clamps 82 when die 66 has travelled to the right 
of FIG. 1 to a position just to the left of flat nose 33 of 
billet-supporting plug 22. Thus, visible means are pro 
vided outside of the apparatus to indicate the comple 
tion of an extrusion cycle and to avoid overtravel of die 
66 against flat nose 33 which could damage the appara 
tus. When it is desired to clear pressure chamber 8 or 
to replace die 66, clamps 82 are swung to the inopera 
tive position shown in phantom outline in FIG. 2, billet 
supporting plug 22 is unthreaded from plug 10 and re 
moved through opening 50 of driving member 36, and 
yoke 62 is advanced until it abuts plate 53 at which 
point die ram 3 will have been advanced sufficiently to 
the rear of pressure chamber 8, to the right of FIG. 1, 
as to project die 66 at least into opening 50 whence it 
the contents of pressure chamber 8 may be removed 
and/or die 66 may be removed and replaced. 

It will be apparent from the foregoing description 
that yoke 62, plate 53 and driving member 36 move rel 
atively to each other during operation of the apparatus. 
Advantageously, driving member 36 may be secured on 
a plate suitable pedestal or mount 88. Yoke 62 and 
plate 53 may each be mounted on a bracket 89 pro 
vided with apertured ears 90 slidably receiving guide 
rods 91 which latter are supported in any suitable man 
ner (not shown). During operation of apparatus 1, yoke 
62 and plate 53 will move toward driving member 36, 
guided and supported in their respective movements on 
guide rods 91. 
The operation of extruder 1 will now be described. 

With annular piston 37 in retracted position (i.e., the 
forward end thereof is in its right-most position in 
chamber 28 as shown in FIG. 5), jacket chamber 18 is 
filled with a suitable supporting fluid which, advanta 
geously, may be an hydraulic oil. This may be done by 
threading into opening 39 a conduit 92 which commu 
nicates with a source (not shown) of hydraulic oil. In 
such manner, hydraulic oil is forced under pressure 
into chamber 38 and thence through passageway 40 
against the rear of ring 41. Under the influence of the 
pressurized hydraulic oil, ring 41 is displaced forwardly 
and away from the front end of annular piston 37, 
against springs 46, thereby uncovering the forward 
ends of passageways 40 and 40a. Some of the hydraulic 
oil will pass out through passageway 40a, and some of 
the hydraulic oil will enter chamber 28, and then pass 
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6 
through slots 29 into chamber 30 and thence into 
jacket chamber 18. Air vented from jacket chamber 18 
will exit extruder 1 through passageway 40a. 
When the pressure in jacket chamber 18 reaches the 

pressure of hydraulic oil in conduit 92, ring 41, under 
the influence of springs 46, will be forced against the 
forward end of annular piston 37 to close passageways 
40 and 4.0a therein. 
Clamps 82 are swung inwardly to the solid-line posi 

tion shown in FIG. 2, thereby to engage guide cylinder 
69. 

Billet-supporting plug 22 is removed from opening 11 
of plug 10. Billet 93 and a suitable extrusion mediuim 
are introduced into pressure chamber 8. Advanta 
geously, the nose at the forward end of billet 93 may be 
shaped in the known manner to correspond with the 
profile of die 66. The extrusion medium may be a fluid 
such as castor oil, or may be a normally solid low shear 
strength material such as low density polyethylene wax. 
In the latter case, the wax may be employed in the nor 
mally solid state or may be employed at an elevated 
temperature sufficient to liquefy the wax. Electrical 
heating elements (not shown) of conventional design 
may be provided in cylinder 9 for this latter purpose. 

After pressure chamber 8 has received the billet 93 
and the extrusion medium, billet-supporting plug 22 is 
inserted in opening 11 of plug 10. 
The rod sides of the cylinders of first hydraulic rams 

5 are simultaneously pressurized through ports 57, 
thereby advancing pressure vessel 2 toward driving 
member 36. In such manner, annular piston 37 travels 
toward the forward end of chamber 28, pressurizing the 
hydraulic oil therein which increase in pressure is trans 
mitted through slots 29 and chamber 30 to the hydrau 
lic oil in jacket chamber 18. The pressure in jacket 
chamber 18 is increased, in the manner hereinabove 
described, to a level sufficient to provide adequate ini 
tial support to wedge-shaped segments 7 prior to com 
mencing extrusion of the billet 93. 
Thereafter, the rod sides of the cylinders of second 

hydraulic rams 6 are simultaneously pressurized 
through ports 94, thereby advancing yoke 62 toward 
pressure vessel 2 and, simultaneously, pressure vessel 
2 toward driving member 36. Thus, die ram 3 is ad 
vanced into pressure chamber 8 against the nose of bil 
let 93, resulting in a rise in pressure within pressure 
chamber 8 to a peak value at which point extrusion of 
billet 93 actually commences, the internal pressure in 
pressure chamber 8 then dropping from the peak value 
to a run-out or equilibrium value during the actual ex 
trusion of billet 93. At the same time annular piston 37 
is advanced further toward the forward end of chamber 
28 thereby to further increase the pressure in jacket 
chamber 18 to the level required to support wedge 
shaped segments 7 against the pressure in pressure 
chamber 8. The pressure in jacket chamber 18 will rise 
to a peak value simultaneously with the peak value in 
pressure chamber 8, and will fall to steady state or equi 
librium value simultaneously with the drop in pressure 
in pressure chamber 8 from the peak value to the run 
out or equilibrium value. 
The problems of peak extrusion pressure and solu 

tions to the problem are described in my pending pa 
tent application Ser. No. 265,219 filed June 22, 1972, 
and entitled "Method of and Means for Commencing 
a Deformation Operation, e.g., Hydrostatic Extrusion 
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of a Billet;' in my pending patent application jointly 
filed on June 22, 1972, with P. S. Venkatesan, Ser. No. 
265,165 and entitled “Method of and Means for Com 
mencing a Deforming Operation, e.g., Hydrostatic Ex 
trusion of a Billet; in my pending patent application 
jointly filed on June 22, 1972, with P. S. Venkatesan, 
Ser. No. 266,143 and entitled "Method of and Means 
for Commencing a Deforming Operation, e.g., Hydro 
static Extrusion of a Billet;' and in my pending patent 
application jointly filed on June 22, 1972, with P. S. 
Venkatesan, Ser. No. 265,245 and entitled "Method of 
and Means for Commencing a Deforming Operation, 
e.g., Hydrostatic Extrusion of a Billet.' 
When extrusion of billet 93 commences, the resulting 

wire 94 travels from die 66 through aperture 68 in die 
ram 3 and through aperture 80 of supporting plug. 79 
and exits extruder 1 through the front thereof whence 
the said wire 94 may be collected in any suitable man 
net. 

During the extrusion of billet 93, there is a flow of the 
extrusion medium through the zone of deformation of 
the die 66 between the said die 66 and the nose of billet 
93 in the manner generally described in my U.S. Pat. 
No. 3,677,048 (1972). 
The extrusion of billet 93 is continued until yoke 62 

abuts clamps 82, signifying that die 66 abuts the for 
ward end of billet supporting plug 20, whereupon ports 
64 are disconnected from the pressurized source of hy 
draulic fluid operating second hydraulic rams 6 to ter 
minate the extrusion cycle. 
When it is desired to remove from pressure chamber 

8 any remaining portion of billet 93, or to remove and 
replace die 66, the pressures in pressure chamber 8 and 
jacket chamber 18 are relieved (e.g., by permitting hy 
draulic fluid in the rod ends of the cylinders of first and 
second hydraulic rams 5 and 6 to vent through ports 57 
and 64, respectively, back to a sump serving the source 
of hydraulic fluid). Billet supporting plug 22 is removed 
from opening 21, and clamps 82 are swung away from 
guide cylinder 69 to the position shown in phantom 
outline in FIG. 2, thereby clearing the path of yoke 62. 
Second hydraulic rams 6 are now pressurized through 
ports 64, thereby to advance yoke 62 and die ram 3 suf 
ficiently to eject any billet remnant from the rear of 
pressure chamber 8 through opening 21 and/or to ex 
tend die 66 into or beyond said opening 21 whence the 
said die 66 may be removed and replaced. 
Extruder 1 has been operated experimentally in the 

laboratory, and pressures in excess of 400,000 psi have 
been generated in the pressure chamber 8. 

In a typical cycle of extrusion of a copper billet, 
wherein a low density polyethylene wax was employed 
as the extrusion medium, the following data were 
noted: 

Billet diameter-approximately 5/16 inch. 
Pressure chamber heated to 200 F. 
Peak pressure in pressure chamber-3 18,000 psi. 
Run-out pressure in pressure chamber, during extru 
sion-280,000 psi. 

Peak pressure in jacket chamber-67,000 psi. 
Steady state pressure in jacket chamber, during ex 
trusion-55,000 psi. 

Wire diameter-approximately 0.016 inch. 
Velocity of extrusion of wire-4,000 feet/minute. 
It will be clear from the foregoing specification that, 

in my extruder 1, I have provided a means for pressuriz 
ing the fluid jacket surrounding a pressure chamber 

8 
which eliminates the time lag which heretofore has 
been encountered in pressurizing the fluid jacket. 
What is claimed is: 
1. Apparatus for extruding a billet, said apparatus 

5 comprising: 
a. an extrusion chamber adapted to receive said billet 
and extrusion medium; 

b. a jacket chamber surrounding said extrusion 
chamber and adapted to receive hydraulic fluid to 
provide external support to said extrusion chamber 
against internal pressure developed therein; 

c. pressurizing means communicating with said 
jacket chamber and adapted to pressurize the hy 
draulic fluid therein; 

d. first means connected to said pressurizing means 
and adapted to operate said pressurizing means to 
pressurize the hydraulic fluid in said jacket cham 
ber to a first level; 

e. a die; 
f. second means connected to said pressurizing 
means and adapted to pressurize said extrusion me 
dium and extrude said billet through said die and 
simultaneously to operate said pressurizing device 
to increase the pressure of the hydraulic fluid in 
said jacket chamber from said first level to a sec 
ond level sufficient to externally support said extru 
sion chamber against internal pressure developed 
therein. 

2. Apparatus as in claim 1, wherein: 
g. said first means comprises hydraulic ram means 
operatively connected at one end to said extrusion 
chamber. 

3. Apparatus for extruding a billet, said apparatus 
comprising: 

a. an extrusion chamber adapted to receive said billet 
and extrusion medium; 

b. a jacket chamber surrounding said extrusion 
chamber and adapted to receive hydraulic fluid to 
provide external support to said extrusion chamber 
against internal pressure dei0hssn 

c. pressurizing means including piston means com 
municating with said jacket chamber and adapted 
to pressurize the hydraulic fluid therein upon ad 
vancement of said piston means; 

d. first means connected to said piston means and 
adapted to advance said piston means to pressurize 
the hydraulic fluid in said jacket chamber to a first 
level; 

e. a die;. 
f. second means connected to said piston means and 
operatively interposed between said piston means 
and said die, said second means being adapted to 
advance said die into said extrusion chamber and . 
against said billet to pressurize said extrusion me 
dium and extrude said billet through said die and 
simultaneously to further advance said piston 
means to increase the pressure of the hydraulic 
fluid in said jacket chamber from said first level to 
a second level sufficient to externally support said 
extrusion chamber against internal pressure devel 
oped therein. 

4. Apparatus as in claim 3, wherein: 
g. said first means comprises hydraulic ram means 
operatively connected at one end to said extrusion 
chamber. 

5. Apparatus for extruding a billet, said apparatus comprising: 
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a. a pressure vessel having: 
i. an extrusion chamber therein adapted to receive 

said billet and extrusion medium; 
ii. a jacket chamber surrounding said extrusion 
chamber and adapted to receive hydraulic fluid 5 
to provide external support to said extrusion 
chamber against internal pressure developed 
therein; 

iii. a pressurizing cylinder communicating with said 
jacket chamber and adapted to receive hydraulic 10 
fluid; 

b. a piston slidably mounted within said pressurizing 
cylinder; 

c. first hydraulic ram means connected at one end to 
said pressure vessel and connected at the other end 15 
to said piston and adapted to advance said piston 
within said pressurizing cylinder to pressurize the 
hydraulic fluid in said jacket chamber to a first 
level; 

d. a die ram; 2O 
e. a die mounted on said die ram; 
f. second hydraulic ram means connected at one end 

to said die ram and connected at the other end to 
said piston and adapted to advance said die ram 
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O 
and said die into said extrusion chamber and 
against said billet to pressurize said extrusion me 
dium and extrude said billet through said die and 
simultaneously to further advance said piston 
within said pressurizing cylinder to increase the 
pressure of the hydraulic fluid in said jacket cham 
ber from said first level to a second level sufficient 
to externally support said extrusion chamber 
against internal pressure developed therein. 

6. Apparatus as in claim 5, wherein: 
g. said pressurizing cylinder is an annular chamber; 

h. said piston comprises an annular member slidably 
mounted in said pressurizing cylinder. 

7. Apparatus as in claim 6, wherein: 
i. said piston is provided with a passageway extending 
to the end of the annular member; 

j. check valve means interposed between the end of 
the annular member and said pressurizing cylinder 
and adapted to permit the flow of hydraulic fluid in 
one direction only from said passageway to said 
pressurizing cylinder. 
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