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3,066,551.; 
METHOD AND APPARATUS FGR ESTABLISHHNG 

HTGH FLUID PRESSURE 
Frank T. .laskowiair, Milwaukee, Wis., assignor to A. O. 

Smith Corporation, Milwaukee, Wis, a corporation of 
New York 

Filed duly 2, 1958, Ser. No. 746,283 
1 Claim. (CI. 78-61) 

This invention relates to a method and apparatus for 
establishing high ?uid pressure and is particularly adapted 
to the extrusion of high strength steel and other high 
strength metal alloys by the use of high extruding forces. 

Presently partial extrusion of cold steel and other 
similar cold metals wherein the metal is simultaneously 
extruded and stretched requires the use of low tensile 
strength metals in order to provide the required softness 
in the metal necessary to insure plastic ?ow of the metal. 

\For example, in ‘automotive control arms a ?anged 
hub member is formed ‘by partial extrusion and forming 
of a central portion of an apertured disc. In the extru 
sion and forming process, the metal immediately adjacent 
the aperture is moved laterally of the blank to form the 
hub or neck portion of the member. Although highly 
satisfactory hub members are formed by this process, the 
steel employed must be of a relatively soft characteristic 
and consequently of a low tensile strength. In the forma 
tion of the member, the metal has a tendency to the car 
ried along with the punch and substantial radii are formed 
at the junction of the neck and the ?ange. 

‘Further, in order to prevent fracturing or tearing of 
the neck portion from the ?ange portion during the 
extruding operation, the portion of the neck immediately 
adjacent the ?ange is substantially enlarged and tapers 
down to a ?nal neck thickness. 

In accordance with the present invention a ?uid back 
ing is provided in the cavity into which the punch and the 
extruded and formed portion of the metal blank moves. 
'The punch engages the extruded and formed portion of 
the metal blank under a pressure which loads the extrud 
ed portion to the bearing strength yield point and higher. 
This pressure effectively seals the die opening and pre 
vents escape of the ‘backing ?uid. The backing ?uid is 
water or some other similar substance which has a low 
coef?cient of compressibility. Consequently, very small 
movement into the cavity establishes relatively large 
back or reaction pressures which act uniformly on the 
metal blank moving into the cavity. This back pressure 
establishes stresses in the metal which tend to overcome 
or alleviate the tensile stresses which are set up within 
the extruded portion of the metal blank and thereby 
maintains relatively plastic ?ow of the metal even with 
extremely high tensile strength metals. 
The movement of the punch into engagement with 

the blank and the subsequent extrusion into the cavity 
establishes a positive hermetic seal of the cavity ope. 
ing. Consequently, as the punch moves into the cavity, 
the water or other ?uid is compressed ‘and establishes 
pressures, which by suitable selection of ?uid and size 
of the die and punch components can create exceedingly 
high pressures. Thus, the present invention can be used 
as a high pressure pump to establish any pressure de 
sired as well as in the extrusion of cold members. 
The present invention provides a rugged and reliable 

method and apparatus for extruding members which will 
yield under pressure, and particularly metal members 
having high strength and low ductility such as steel. 
The drawing furnished herewith illustrates the best 

mode presently contemplated by the inventor for carry 
ing out the invention. 
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In the drawing: 
‘FIGURE 1 is a view partly in elevation and partly in 

section of an extruded hub member; 
‘FIGURE 2 is a perspective View of a metal blank from 

which the hub is to be formed by cold extrusion; 
FIGURE 3 is a cross-sectional view of a die and 

punch assembly constructed in accordance with the pres 
ent invention; and 
FIGURE 4 is an enlarged fragmentary view of a por 

tion of the die and punch assembly of FIGURE 3 show 
ing a metal blank in the process of being extruded. 

Referring to the drawing and particularly FIGURES 
1 and 2, an annular member l is shown comprising a 
tubular neck 2 of slightly reduced thickness integrally 
joined with an encircling radial flange 3. The member 1 
is formed from a suitable metal disc blank Al, as shown in 
FIGURE 2, having a small central aperture 5 by extruding 
a portion of the metal immediately adjacent the aperture 
5 in a direction transversely of the plane of the metal 
blank. 

Referring to FIGURES 3 and 4, a die and punch 
assembly is shown adapted to ‘form the tubular neck 2 
in the blank 4. The assembly includes a lower die mem 
ber 6 having a smooth upper surface '7 from which ex 
tends a central cylindrical cavity 8 which is adapted 
to receive a punch 9. 
The diameter of cavity '8 corresponds to the outer 

diameter of neck 2 while the length of cavity 8 is sub 
stantially longer than the length of the neck 2. A plural 
ity of pressure adjusting slugs it} are disposed within 
the cavity 8 to selectively vary the quantity of a ?uid 11 
necessary to ?ll the cavity 8. The adjusting slugs lit) may 
be formed of any relatively non-compressible material 
such ‘as mild steel or the like. 
The ?uid ll is water or some other similar ?uid 

having a relatively low coe?icient of compressibility. 
Consequently, as more fully set forth hereinafter, move 
ment of the punch 9 into cavity 8 establishes high reac 
tion pressures. 
The diameter of punch 9 corresponds to the inner di 

ameter of the tubular neck 2 such that as the punch 
moves into the cavity 8 a space exists between the 
Wall of the cavity 8 and the punch 9 which corresponds 
to a predetermined thickness for the neck 2. which 
thickness is less than the thickness of the blank 4. The 
outer surface of the punch 9 and the wall of the cavity 3 
are parallel to each other to provide a neck of uniform 
thickness. 

Referring particularly to FTGURE 4, the lower end of 
the punch 9 is relieved by a small conical recess 12 to 
provide an initial relatively annular blunt edge contact 
of the punch 9 and blank 4. 
An annular blank-restraining member 13 is shown 

removably attached to the upper end of the die 6 by a 
plurality of cap screws 14 and includes a central opening 
somewhat larger than the diameter of the punch 9 and 
less than the diameter of the cavity 8. The member 13 s 
accurately aligned with the punch 9 and cavity 8 to allow 
relative movement of tne punch and the die. The metal 
blank 4 is disposed between the upper surface of die 
6 and the restraining member 13 and when the cap screws 
14 are tightly drawn up, the blank 4 is rigidly clamped 
between the upper surface 7 of die 6 and member 13. 
The blank 4 is rigidly held against movement except for 
that portion overlying the cavity 8. The restraining 
member 13 also initially seals the joint between the 
blank 4 and the upper surface 7 of the die 6. Conse~ 
quently, as the punch 9 moves into the cavity 8, the 
?uid lll cannot escape along the upper surface of the 
die member 6. 
A lower mounting plate 15 carries the die member 6 

and also a plurality of upwardly extending spacing mem 
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bers 16, which are rigidly secured thereto by a plurality 
of cap screws 17. The spacing members 16 protrude 
slightly above the upper level of the restraining members 
13 and are adapted to be engaged by a punch plate 18 to 
which the punch 9 is rigidly attached. The punch plate 
it’; limits the downward movement of the punch 9. 
The punch 9 is located within a center recess in the 

punch plate 18 and is rigidly secured thereto by a 
plurality of cap screws 19 which extend through suitable 
openings in the punch plate and thread into correspond 
ingly tapped openings in an enlarged head portion 2d of 
the punch 9. Suitable pressure means, not shown but 
schematically illustrated and referred to by a plurality of 
arrows 2-1, are provided to vertically move the plate 
and attached punch a. In this manner the punch 9 is 
selectively forced into and withdrawn from the cavity 8. 
A small purge plunger 22 threads into a correspond 

ingly tapped opening in the center of the lower end of 
the punch 9. The purge plunger 22- passes freely 
through the aperture 5 in the blank 6i during the extrud 
ing operation and eliminates all air from within the 
cavity 8 during initial downward movement of the punch. 
The operation of the punch and die assembly is as 

follows: 
With the punch 9 withdrawn and retainer 13 removed 

or disassembled from the die 6, the blank 4 is positioned 
upon the upper surface of die 6 with the aperture 5 cen 
trally located with respect to the cavity 8. The 
retainer 13 is then ‘attached to die a? by drawing up on the 
cap screws 14 to rigidly clamp the blank 4 in position and 
prevent movement of the ?ange portion of the blank 4. 
l’ressure is then applied to the punch plate 18 to move 
the punch 9 downwardly into the cavity 8. The lower 
end of the punch '5“ ?rst engages the blank 4, as shown in 
phantom outline in FEGURE 4, with a relatively blunt 
edge Contact due to the conical relief recess 12. As the 
punch 53 moves downwardly into the cavity 3, the portion 
of the metal blank 4 overlying the cavity is forced into 
the cavity within the space between the punch 9 and the 
wall of cavity 8. The space between the punch 9 and 
the wall of cavity 8 is less than the thickness of the metal 
blank Consequently, the metal in the blank 4 is 
extruded. 
As an incident of this extrusion, high frictional forces 

are established between the cooperating surfaces of the 
die, punch and blank and a positive hermetic seal is 
established ‘between the punch 9 and the blank 4. Conse 
quently, the cavity 8 is sealed against ?uid leakage and 
the ?uid is trapped in the cavity 3‘. The seal established 
in this manner allows high pressures to be established 
in the trapped ?uid. 
The plastic ?ow equation for metal members being de 

formed is as follows: 

Where particularly as applied to any elemental cube or 
portion in the extruded portion of the member: 
5, is equal to the axial tensile stress in the metal; 
S2 is a circumferential tensile stress in the metal; 
S3 is the compressive stress in the metal; and 
S0 is the yield stress in tension of the particular metal. 

The above equation is the standard equation generally 
found in the Standard Handbook for Engineers, and is 
speci?cally set forth at page 400, 5th ed., 1951 of Marks 
Mechanical Engineer’s Handbook. 

In the illustrated embodiment of the invention, the 
stresses are related to the principal stresses referred to 
in the above text reference as follows: 

S1 is a stress in the axial direction in the extruded 
tubular portion of the disc-like member as it is being 
formed. S2 is a stress acting upon the cube perpendicu 
larly to S1 and generally in a circumferential direction 
‘as viewed in the tubular portion. And, S3 is a compres 
sive stress acting in a direction perpendicular to the plane 
containing the stresses S1 and S2 and thus perpendicularly 
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of both stresses of S1 and S2. The stresses 5,, S2 and S3 
are thus principal stresses which are normal to the 
principal axis of the other stresses. 

in order to prevent fracturing of the metal, the various 
stresses established within the metal, namely, 3,, S2 and 
S3, must be maintained at such a level that the above 
equation remains in balance. 

In tubular extrusion of metal such as in the forma 
tion of the neck 2, the compressive stress S3 is usually 
the limiting factor which normally requires the use of a 
relatively soft and low tensile strength material in order 
to maintain S3 within permissible limits. 

In accordance with the present invention, as the punch 
9 moves into the cavity 8, the trapped water 11 is com 
pressed and establishes a reaction force which acts upon 
the metal being extruded into the recess, as shown in 
FIGURE 4. This reaction pressure acts in all direc 
tions upon the metal within the cavity and tends to com 
press the metal. In so doing, compressive stresses are es 
tablished within the metal within the cavity which main 
tains the previous equation in balance. 

Water and other similar materials have such a low co 
e?icient of compression that they are normally considered 
incompressible. Consequently, a very low amplitude of 
compression results in substantial pressure and very lim 
ited movement of the punch establishes suf?cient pres 
sure on the extruded metal to establish compressive 
stresses which maintains the plastic ?ow equation in 
balance. 
The compressive forces established on the metal within 

the cavity are such that cracks normally created in the 
edge of the aperture 5 during the drilling thereof are ac 
tually stopped from increasing and under predetermined 
condition made to disappear by the extrusion process. 
The degree or amount of reaction force is readily ad 

justed by insertion and removal of the ?ller slugs 10 
which changes the volume of the ‘water within the cavity 
8. The smaller the amount of the water or the like, the 
greater is the reaction force per unit of movement of the 
punch 9‘. 
The completed annular member 1 extruded and formed 

in accordance with the present invention is provided with 
an integrally formed neck 2 having relatively sharp cor 
ners at the integral junction between the neck 2 and the 
?ange 3 to provide a substantially smooth upper surface. 

During the initial movement of the extrusion opera— 
tion, the neck portion of the blank 4 appears to pull in 
to the cavity 8 and establish a radius 23 at the upper 
junction of the neck 2 and ?ange 3. However, as the 
extrusion process continues, some of the metal within 
the space between the punch 9 and cavity 8 moves out 
wardly and ?lls in the radius 23‘ to form a square cor 
ner if the compressive pressure is increased sufficiently 
high. 
The walls of the neck 2 are of a constant thickness and 

of a height directly proportioned to the total material 
available for formation of the hub. 

Further, the present extrusion method and apparatus 
completely and fully work hardens the material in the 
neck 2 and correspondingly improves the physical charac 
teristic of the metal. 

Extruded members are therefore entirely formed of a 
high strength metal in a simple and relatively inexpensive 
process in accordance with the present invention. 

Although particularly described with respect to metal 
forming by extrusion, the method and apparatus is more 
broadly applicable to the creation of extremely high?uid 
pressure by means of sealing a ?uid within a cavity by 
partial extrusion of a member between a punch means 
and a fluid opening. 
Although particularly applicable to metal extrusion, 

Lucite and any other material which yields under bearing 
pressure can be extruded in accordance with the present 
invention. 
Various modes of carrying out the invention are con 
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templated as being within the scope of the following claim 
particularly pointing out and distinctly claiming the sub 
ject matter which is regarded as the invention. 

I claim: 
Apparatus for forming a tubular collar on an aper 

tured plate, which comprises a femal die having a planar 
outer die surface and a die cavity open to said surface 
through a passage leading from said cavity with the outer 
surface of the die being adapted to receive the plate to 
be formed and with the aperture thereof overlying said 
passage, and said die cavity and passage being imperforate 
and adapted to con?ne a ?uid capable of developing ex 
tremely high pressures when the ?uid is compressed by the 
apparatus in operation, a restraining member clamping 
said plate to said die surface, a male die disposed to en 
gage the portion of said plate that overlies said passage 
and surrounds said aperture, the clearance between the 
wall of the female die and said male die is less than the 
thickness of said portion of the plate to be formed to pro 
vide said portion as a seal between said dies against escape 
of the ?uid in the die cavity when said portion is being 
formed by said dies, an aperture in said restraining mem 
ber closely receiving said male die, and means to urge said 
male die into engagement with the portion of the plate 
and into the female die a sufficient distance to thereby 
force said portion of the plate into the female die to 
form an open ended tubular collar, and su?‘icient ?uid 
con?ned and sealed in the die cavity by the dies and said 
portion, so that the movement of the male die will com 
press the ?uid con?ned in the die cavity to develop an 
extremely high pressure exerting a counteracting force 
against said portion of the plate exposed to said ?uid to 
create a forming force on said collar in reverse to the 

5 

10 

15 

20 

25 

30 

6 
action of said male die to compress the metal of said 
collar and reverse the metal thereof to form a right angu 
lar corner between the surface of said plate opposite said 
collar and the inside of said collar. 
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