
3,382,691 May 14, 1968 

  

  



United States Patent Office 3,382,69 
Patented May 14, 968 

3,382,691 
HYDROSTATEC EXTRUSION PROCESSES 

Perek Green, Lytham St. Annes, EFIgland, assignor to 
United Kingdom Atosaic Energy Authority, London, 
England 

Fäied July 19, 1965, Ser. No. 473, 128 
Claims priority, applicatiora Great Britai, Ju?y 31, 1964, 

30,277/64 
5 Caias. (C. 72-69) 

cream 

ABSTRACT {}F THE FDS{CEL{CSURE 
An extrusion process comprises the steps of pressuriz 

ing a hydraulic liquid which envelops a billet in an ex 
trusion chamber to a constant applied pressure to thereby 
Subject the billet to a hydrostatic stress system, applying 
a direct mechanical axial loading on the billet, by means 
of a plunger, in a direction towards the extrusion die 
through which the billet is to be extruded from the extru 
Sion chamber, and bleeding of liquid in a controlled man 
ner from the bore of the extrusion chamber while extru 
sion of the billet proceeds. The latter step maintains the 
free space in the bore of the extrusion chamber about the 
billet full of hydraulic liquid at the constant applied pres 
Sure. Bleeding may be accomplished by a passage formed 
in the plunger interconnecting the bore of the extrusion 
chamber with a cylinder formed in a ram for driving 
the plunger. 

SLqLeLeeLeLLAeLAeAALLeeLCSSS 

This invention relates to extrusion processes and in par 
ticular to hydrostatic extrusion processes. In a conven 
tional extrusion process a billet held within a chamber 
is subjected to a direct mechanical loading to extrude the 
billet from the chamber through a die. The billet is a 
close fit in the chamber and extrusion pressure is applied 
on the end face of the billet by a ram operating in the bore 
of the chamber. Hydrostatic extrusion has several advan 
tages over conventional extrusion and differs from con 
ventional extrusion in that a liquid is used to apply ex 
trusion pressure on the billet. The liquid envelops the 
billet in the chamber and is pressurised to act directly on 
the billiet. Because the liquid envelops the billet there is 
no frictional contact between the chamber and the billet. 
Die friction is also reduced because the pressurised fluid 
adjacent the throat of the die provides hydrodynamic 
lubrication between the extruding material and the die. 

In hydrostatic extrusion the material of the billet is sub 
jected to a hydrostatic stress system but it is the axial com 
ponent of stress acting in the billet in the direction towards 
the die orifice and the consequent radial reaction at the 
die throat which results in extrusion of the material of 
the billet through the die. 
The axial component of stress set up in the billet and 

hence the forces acting to extrude the material of the billet 
through the die is dependent on the pressure applied in the 
liquid surrounding the billet. The degree of pressure which 
must be applied in the liquid to cause extrusion depends 
on the yield stress of the material to be extruded. 

In the case of material having a very high yield stress 
the pressure required in the liquid to effect hydrostatic 
extrusion may be prohibitively high because of the diffi 
culties arising from containment of liquids subjected to 
such high pressure. 

According to the present invention these difficulties are 
overcome by operation of a hydrostatic extrusion process 
so that the billet, as well as being subjected to a hydro 
static stress system by the pressurisation of liquid in a 
chamber surrounding the billet, is also subjected to a direct 
mechanical axial loading as in a conventional extrusion 
process. In this process the axial component of stress in 
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the billet, which as explained above is responsible for 
the forces resulting in extrusion of the material through 
the die, therefore arises partly from the hydrostatic stress 
system set up in the billet by the pressurisation of the 
liquid surrounding the billet and partly from the direct 
mechanical axial loading applied to the billet. The total 
axial stress component produced in the billet must be suf 
ficient to give rise to the forces necessary to effect extru 
sion of the material of the billet through the die. However, 
as the direct mechanical axial loading applied to the billet 
Supplements the axial component of hydrostatic stress set 
up in the billet due to the pressure in the liquid enveloping 
the billet, a total axial stress component of the magnitude 
required to effect extrusion is produced in the billet using 
a much lower pressure in the liquid enveloping the billet 
than is required in the liquid for operation of a purely 
hydrostatic extrusion process. 

in this process the problems arising from the use of very 
high liquid pressures which are necessary for the hydro 
static extrusion of materials having a high yield stress 
are avoided whilst the advantages inherent in the hydro 
static extrusion process are retained. 
One form of apparatus for carrying out the process of 

the invention comprises an extrusion chamber having a 
bore with an extrusion die at one end, means for pressuris 
ing hydraulic liquid in the bore of the extrusion chamber 
about a billet contained therein, a plunger entered into the 
bore of the extrusion chamber at its other end, means 
for loading the plunger to apply a mechanical axial load 
ing on the billet in the extrusion chamber and means for 
bleeding hydraulic liquid from the bore of the extrusion 
chamber as extrusion proceeds so that the plunger re 
mains in contact with and maintains a mechanical axial 
loading on the billet during extrusion of the billet. 

in a particular form of apparatus as described above 
the plunger has a head outside the bore of the extrusion 
chamber of larger cross sectional area than the cross sec 
tional area of the body of the plunger, the head of the 
plunger coupling with a cylinder, a passageway defined 
in the plunger leading from the cylinder to the bore of 
the extrusion chamber, means being provided for pres 
surisation of liquid in the cylinder to act on the head of 
the plunger, the passageway in the plunger providing for 
transmission of pressure from the liquid in the cylinder 
to liquid in the extrusion chamber about a billet contained 
therein and the passageway also providing for bleeding of 
liquid from the bore of the extrusion chamber into the 
cylinder as extrusion proceeds and the plunger moves 
into the bore of the extrusion chamber in contact with 
the billet. 

In this form of apparatus the cylinder may be blind 
ended with the head of the plunger sliding in the bore of 
the cylinder, liquid being pressurised in the bore of the 
cylinder to act on the head of the plunger by external 
loading of the cylinder. 

Alternatively the head of the plunger may be in fixed 
engagement with one end of the bore of the cylinder, 
which is movable with the plunger, liquid being pres 
surised in the bore of the cylinder to act on the head 
of the plunger by a ram entered into the bore of the 
cylinder from its other end. 

In operation of apparatus of the particular forms de 
scribed above the free space in the cylinder and in the 
extrusion chamber surrounding a billet contained there 
in are filled with hydraulic liquid. The passageway lead 
ing through the plunger from the cylinder to the ex 
trusion chamber provides that when the hydraulic liquid 
in the cylinder is pressurised, the hydraulic liquid in the 
extrusion chamber surrounding the billet is subjected to 
the same degree of pressurisation. The body of the plunger 
in the extrusion chamber bears against the end of the bil 
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let and the pressure of the hydraulic liquid in the cylinder 
acting on the larger area of the head of the plunger forces 
the plunder to apply a mechanical axial loading on the 
billet. The axial component of stress produced in the 
billet due to the combined effect of the hydrostatic pres 
sure applied on the billet and the mechanical axial load 
ing of the plunger on the billet gives rise to forces at the 
die causing extrusion of the billet from the extrusion 
chamber through the die. 
As extrusion proceeds the billet remains the same 

diameter but reduces in length in the extrusion charn 
ber. Ti The plunger moves into the bore of the extrusion 
chamber as extrusion proceeds and maintains contact with 
the end of the billet so that the mechanical axial loading 
of the plunger on the billet is applied throughout the ex 
trusion process. As the plunger moves into the bore of 
the extrusion chamber in contact with the end of the 
billet during extrusion, hydraulic liquid is transferred 
from the extrusion chamber into the cylinder through the 
passageway leading through the plunger. 
One embodiment of the invention will now be described 

by way of example with reference to the sole figure of the 
accompanying drawing which is a longitudinal sectional 
elevation of an extrusion press in accordance with the 
invention. 
The apparatus shown in the drawing comprises a 

cylindrical extrusion chamber 1 having a bore 2 fitted 
with a die 3 at its lower end. A plunger 4 has a main body 
5 entered into the bore 2 of the extrusion chamber . 
The body 5 of the plunger 4 is sealed in the bore 2 of the 
extrusion chamber 1 by a copper ring 6 and rubber “O'” 
ring 7. The plunger 4 has a head 8 of larger diameter 
than the body 5 of the plunger 4. The head 3 of the 
plunger 4 operates in a cylinder 9 formed in the ram 9 
of a hydraulic press. The head 3 of the plunger 4 is : 
sealed in the cylinder 9 by a copper ring it and rubber 
"O' ring 12. A passageway 13 for liquid is formed in the 
plunger 4 leading from the cylinder 9 to the bore 2 of 
the extrusion chamber 1. The die 3 is provided with a 
lead-in ring 14 and the extrusion chamber is mounted 
on the base 5 of the hydraulic press. 

In use of the apparatus described above both the space 
in the cylinder 9 above the head 3 of the plunger 4 and 
the space in the extrusion chamber 1 surrounding a bil 
let 16 to be extruded contain hydraulic liquid 17. The 
plunger 4 bears against the end of the billet 6 in the 
extrusion chamber 1. The ram ( of the hydraulic press 
is forced downwards so that the hydraulic liquid 7 in 
the cylinder 9 is pressurised. As the cylinder 9 is con 
nected with the bore 2 of the extrusion chamber by 
the passageway 3 the hydraulic liquid surrounding the 
billet 6 in the extrusion chamber is pressurised to the 
same degree as the hydraulic liquid E7 in the cylinder 9. 
As the head 3 of the plunger 4 is of larger diameter than 
the body 5 of the plunger 4, the pressure of the hydraulic 
liquid 7 in the cylinder 9 acting on the head 8 of the 
plunger 4 applies a downwards loading on the plunger 4. 
Thus the plunger 4 applies an axial compressive mechani 
cal loading on the billet 16 in addition to the hydrostatic 
stress applied on the billet 16 by the pressure of the 
hydraulic liquid 7 in the extrusion chamber 1. The com 
bined hydrostatic and axial mechanical stresses applied 
to the billet i6 cause extrusion of the billet 16 through 
the die 3. 
As the billet 6 is extruded it remains at the same diam 

eter within the extrusion chamber 2 but the length of 
the billet 16 in the extrusion chamber 1 reduces. The 
plunger 4 moves into the bore 2 of the extrusion cham 
ber as extrusion proceeds and remains in contact with 
the end of the billet i6 so that the axial compressive 
loading applied by the plunger 4 on the billet 16 is main 
tained throughout the extrusion process. During extru 
Sion as the plunger 4 moves into the bore 2 of the ex 
trusion chamber 1 in contact with the end of the billet 
f6 the hydraulic liquid 17 surrounding the billet 16 in 

5 

3 () 

3 5 

60 

70 

4. 
the bore 2 of the extrusion chamber 1 is gradually ex 
pelled from the bore 2 of the extrusion chamber 1 into 
the cylinder 9 through the passageway 13 leading through 
the plunger 4. Finally when the majority of the billet 6 
has been extruded the plunger 4 will be almost at the 
bottom of the bore 2 of the extrusion chamber and 
most of the hydraulic liquid 7 in the bore 2 of the ex 
trusion chamber will have been expelled into the 
cylinder 9. 
The forces acting to extrude the billet 16 through the 

die 3 are derived from the axiai components of stress pro 
duced in the bilet i6. The axial components of stress in 
the bildet 16 arise partly from the hydrostatic stress system 
Set up in the billet 6 by the pressure of the hydraulic 
E7 Surrounding the billet 6 and partly from the direct 
mechanical loading applied axially on the billet E6 by the 
plunger 4. As the direct mechanical loading applied to 
the bilitet i 6 by the plunger 4 supplements the axial hy 
drostatic stress components in the billet 26 a total axial 
StreSS component of the magnitude required to effect ex 
trusion is produced using a much lower pressure in the 
hydraulic liquid 7 surrounding the billet than would 
be required in the hydraulic liquid 17 for operation of 
a purely hydrostatic extrusion process. 
The apparatus described above possesses a further ad 

Varitage over apparatus for carrying out purely hydro 
static extrusion processes. In the normal hydrostatic ex 
trusion process when the billet has been almost com 
pletely extruded the extrusion chamber holds a substan 
tial amount of hydraulic liquid under high pressure. The 
tail end of the extrusion billet is finally ejected through 
the die in a violent manner by the pressure of the hy 
draulic liquid in the extrusion chamber. This is a dan 
gerous effect of normal hydrostatic extrusion apparatus 
and is avoided in apparatus in accordance with the preS 
ent invention. At the end of extrusion using apparatus 
in accordance with the invention very little hydraulic 
liquid remains in the extrusion chamber most of the 
liquid in the extrusion chamber 1 having been expelled 
into the cylinder 9 by movement of the plunger 4 into 
the extrusion chamber 1 during the extrusion process. If 
the passageWay í 3 through the plunger 4 is made of small 
bore this acts as a throttle preventing ejection of the tail 
end of the billet through the die under the action of 
the pressurised hydraulic liquid in the cylinder passing 
back into the extrusion chamber 1. 

claim: 
1. An extrusion process comprising the steps of pres 

Stirising a hydraulic liquid which envelops a billet in an 
extrusion chamber to a constant applied pressure to 
thereby Subject the billet to a hydrostatic stress System, 
applying a direct mechanical axial loading on the billet 
in a direction towards an extrusion die through which 
the billet is to be extruded from the extrusion chamber, 
and bleeding of liquid in a controlled manner from the 
bore of the extrusion chamber through a passageway into 
a reservoir of liquid which is maintained at the same 
Pressure as the liquid which envelops the billet in the ex 
trusion chamber whilst extrusion of the billet proceeds to 
maintain the free space in the bore of the extrusion cham 
ber about the billet full of hydraulic liquid at the con stant applied pressure. 

2. Apparatus for carrying out an extrusion process 
comprising an extrusion chamber having a bore with an 
extrusion die at one end, means for presSurising hydrau 
lic liquid to a constant applied pressure in the bore of the 
extrusion chamber about a billet contained therein, a 
plunger entered into the bore of the extrusion chamber at 
its other end, means for loading the plunger to apply a 
mechanical axial loading on the billet in the extrusion 
chamber in the direction towards the extrusion die and 
controlled bleed means comprising a passageway leading 
from the bore of the extrusion chamber into a l'{cScrvGr 
for liquid, said reservoir having means for pressurizing 
the liquid therein to the same pressure as liquid in the 
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bore of the extrusion chamber, said controlled bleed 
means constituting means for bleeding of liquid from the 
bore of the extrusion container as extrusion of the billet 
proceeds to maintain the free space in the bore of the 
extrusion chamber about the billet full of hydraulic 
liquid at the constant applied pressure. 

3. Apparatus as claimed in claim 2 wherein the plunger 
has a head outside the bore of the extrusion chamber of 
larger cross sectional area than the cross sectional area 
of the body of the plunger, the head of the plunger 
coupling with a cylinder, a passageway being provided 
leading through the plunger from the cylinder to the bore 
of the extrusion chamber, means being provided for pres 
surisation of liquid in the cylinder to act on the head of 
the plunger, and force the plunger to apply a mechanical 
axial loading on the billet, the passageway leading through 
the plunger providing for transmission of pressure from 
liquid in the cylinder to liquid in the extrusion cham 
ber about a billet contained therein and the passageway 
also providing for bleeding of liquid from the bore of 
the extrusion chamber into the cylinder as extrusion 
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proceeds and the plunger moves into the bore of the ex 
trusion chamber in contact with the billet. 

4. Apparatus as claimed in claim 3 wherein the cylin 
der is blind ended with the head of the plunger silding 
in the bore of the cylinder, liquid being pressurised in 
the bore of the cylinder to act on the head of the plunger 
by external loading of the cylinder. 

5. Apparatus as claimed in claim 3 wherein the head 
of the plunger is in fixed engagement with one end of 
the bore of the cylinder, which is movable with the 
plunger, liquid being pressurised in the bore of the cylin 
der to act on the head of the plunger by a ram entered 
into the bore of the cylinder from its other end. 
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