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EXTRUSION 
arvey. M. Gersman, New York, N.Y., assignor of 
one-tenth to 6eorge Jordan, Montglair, and 
one-tenth to Adolph G. Wigren, Glen Ridge, 

Application June 5, 1946, Serial No. 634,584 
12, Claigas. 

The present invention, relates to extrusion of 
metals or other materials in a plastic state, such 
as metals rendered plastic by heating, and is 
more particularly directed to what may be termed 
direct extrusion, that is, the direct movement 
of the metal of a billet through an orifice in one 
end of a container by means of a noving rain 
acting against the other end of the billet to con 
press it and cause it to flow through an orifice 
of the container. v 
The present invention is primarily directed to 

the extrusion of such metals as those of the 
iron group, copper and copper-containing alloys 
or light alloy-group, such as aluminum and mag 
nesium, since I have found that the same general 
principles may be applied to the extrusion of 
all of these materials without the disadvantages 
and the objections which have heretofore been 
found, particularly in the extrusion of the higher 
melting point metals. 
caused extremely rapid die wear and poor prod 
ucts as well as generally high production costs. 
To the accomplishment of the foregoing and 

related ends, said invention, then, consists of the 
metheds and apparatus hereinafter fully de 
seribed and particularly pointed out in the claims: 
certain of the annexed drawings as specified be: 
low and the accompanying description setting 
forth in detail one approved method and appara 
tus of carrying out the invention, such disclosed : 
method and apparatus however, constituting but 
one of the various ways in which the principle 
of the invention may be used. - 

In said annexed drawings: 
Fig. 1 is a diagrammatic, fragmentary, vertical : 

mid-sectional elevational view of an extrusion 
cylinder, ram and die which illustrates certain 
phenomena that are inherent in conventional ex 
trusion operations; 

Fig. 2 is an enlarged fragmentary view corre 
sponding to Fig. 1, further illustrating certain 
disadvantages of the prior art; - 

Fig. 2A shows a result sometimes occurring 
from the conditions illustrated in Fig. 2; 

Fig. 3 is a partial mid-sectional elevational 

The present methods 

(Cl. 207-12). 
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view of extrusion apparatus embodying the pres. 
ent invention; 

Fig. 4 is a diagrammatic axial sectional eleva 
tion of one-half of a billet illustrating one method 
of determining the feed curve or the natural path 
of flow of the metal of the billet from the side 
wall of the container toward the orifice under 
the action of the ram, the curve being extended 
from the center line of the billet; 

Fig. 5 is an axial seetional elevation of oae 

50 

55 

2 
half a billet and punch impressed therein shows 
ing what is hereinafter termed a “punch test'' 
for determining the angle of internal flow and 
that portion of the die, which extends froin the 
die feed curve of Fig. 4 to the edge of the orifice; 

Fig. 6 is a curve formed by, connecting the 
points determined in the curve of Fig. 5 found 
by punch test referred to and analyzed to follow. 
the minimum angle of internal fow of the metal 
and also the curve required in the orifice por 
tion of the die which is joined to the used portion 
of the feed curve; - - - - - - 

Fig. 7 is the complete punch test curve of Fig. 
6 for the full width of the punch, of which only 
one-half is shown in Fig.5, reduced to the dis 
tance between the edge of the orifice and the 
edge of the side wall of the billet for which the 
complete die curve is to be found, and also shows 
thereabove the feed curve of Fig. 4, which when 
properly joined to the lower curve produces the 
entire die contour; and 

Fig. 8 shows these two curves of Fig. 7 moved 
into a position of tangency, the full line of Fig. 8 
showing the entire die eontour from the side 
Wall of the container to the edge of the orifice. 
In the extrusion of metals of the types re 

ferred to, difficulty has always been experienced 
from certain factors which include very severe 
abrasion on the edge of the orifice die and very 
considerable power and temperature require 
ments. A third and, in some cases, still more 
important factor has been the creation of piping 
in the extruded product. Extrusion pipe consists 
of an outer layer on the extruded product formed 
of metal caused to flow or extrude under im 
proper conditions and at a different speed than 
the core or central metal. This pipe increases 
in diameter as the extrusion progresses. Where 
Sugh piping oecurs, the produet must be ma 
chined dowh to the minimum diameter of clean 
core metal if the product is to be employed where any gonsiderable degree of strength is required 
of where it is to be further machined as the 
9uter layer, that is, the piping, causes chatter 
ing of machine tools and prevents everi and ini 
form machining. The metal at the junctre of 
pipe and core metal contains scale in some cases 
and the bond is only a mechanical one." 

All of these difficulties and other extrusion 
difficulties arise from improper flow of that 
Fial of the billet to and through an orifice under 
the influence of the ram. While various fos A. orifices Y been suggested to improve the 
9W, one have produced uniform or straight line flow through in EE Eli. 
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bulence around the edges of the orifice. Nor 
have they eliminated the factors which have 
caused the action. Within the billet Which is detri 
mental to the Snooth progressive iOW of all the 
metal to and through the orifice so that all the 
metal may issue with uniform single directional 
flow parallel to the axis of the part being ex 
truded. 
So little beneficial effet has been secured from 

many of the various dies heretofore suggested for 
extrusion that the greater part of extrusion of 
all of the metals named hereinbefore has here 
tofore been Carried out through an orifice which 
is merely a circular hole (or a hole shaped in 
CrOSS-Section to produce the part required) in a 
flat end plate of the container, there being no 
Specially contoured die as such of any kind. 

It will, of course, be understood that when a 
billet of plastic metal or metal heated to plasticity 
is acted upon by a ram and is thereby being forced 
toward the end of the container and through an 
orifice formed in an end plate thereof, the metal 
of the billet Will naturally move along Sone 
angular line from the Side Walls of the container 
toward the orifice. The metal Will naturally not 
turn a right angle and will therefore not proceed 
directly along the side walls to the end of the 
container, then turn in Wardly, moving acroSS the 
end wall of the container and then again turn at 
a right angle and move out through the orifice. 
This is so obvious that it hardly needs to be Stated. 
It is equally obvious that the metal along the side 
Wall will move along Some inclined or curved 
path starting at Some distance on the Side Wall 
from the end wall and toward the orifice through 
which the metal may be extruded. The result of 
such action of the metal is, of course, to shear the 
main portion of the billet away from that portion 
resting in the corners of the container, thus leav 
ing this more slowly moving and Compacted metal 
in the corner portions of the die. This is obvious 
ly, however, an extremely wasteful procedure and 
cannot help but produce irregular flow of metal 
to and through the orifice. Nevertheless it has 
not heretofore been determined what path of flow 
the metal actually takes as a result of this shear 
ing action. Therefore, it has not been possible to 
devise a die to conform to the natural flow of the 
material and to cause it to flow Smoothly and 
uniformly to and through the orifice. The Shear 
ing action within the billet also requires a con 
siderable pressure and considerable additional 
heat so that the billet is sufficiently plastic to per 
mit this action to OCCur. 
In a conventional die such as that referred to 

above, when the ram, of course, moves forward a 
given distance it will displace an equal volume of 
metal. This volume of displaced metal which is 
extruded through the orifice comes mainly from 
the central and obviously more rapidly flowing 
central portion of the billet. The relatively inert 
metal in the corners of the container which is act 
ing as if it were a die due to the mentioned shear 
ing action is moving much more slowly toward the 
orifice and is being crowded radially in Wardly and 
over the edge of the orifice. Progressive nove 
ment of the ram increases the movement inward 
of this trapped corner metal and as the ram con 
tinues to move toward the orifice the opening in 
the orifice available for the faster moving Central 
billet metal is progressively reduced, the balance 
of the orifice opening being filled by the flow from 
the trapped inert corner metal. This produces 
the increased piping or outer layer on the ex 
truded product and this metal is neither straight 
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4. 
fibered metal with the fibers parallel to the axis 
of the extruded part nor is the bond between this 
extruded corner metal, and the central portion of 
the billet metal a true bond. 
A further harmful effect resulting from the 

aforesaid type of movement is a checking or tear 
ing of the surface of the extruded part, which 
tearing at times extends almost to the center line 
of the part itself. This is caused by the differ 
ence in the emerging speed between the core metal 
and the inert corner metal carried along on the 
outside. The condition of the extruded metal 
from a temperature standpoint, brittleness, etc., 
together with the overall rate of speed, will cause 
the extruded material to crack, which cracking in 
Some instances appears simply as surface check 
iing, whereas in other instances it will cause tears 
extending well into or through the extruded part. 
This necessary elongation of the thin film of 

inert metal carried along into the orifice initially 
at a slower Speed than the moving metal by rea 
Son of the differential in their speeds, appears to 
be self-evident when once pointed out, but has 
apparently never been recognized as the cause of 
Severe loSS in products of extrusion and is found 
in extrusion of any of the metals named where 
the conditions are those described above. The 
extent of this surface checking and tearing action 
is greatly dependent upon the overall energent, 
Speed of the extruded part. The faster the speed 
the more the ripping or tearing action upon the 
stretched material on the outside of the part. 
The tensile strength of the metal decreases with 
increase in temperature and at the higher ex 
trusion temperatures the tensile strength is so 
low that tearing due to the action described is 
incre connon. To avoid this heretofore, extra 
Sion of many products had to be carried out at 
temperatures and Speeds which are commercially 
undesirable. 
The result of operating at such higher ten 

peratures and pressures is, particularly in the 
case of metals of the ferrous group, that the pres 
Sures exerted against the die are higher than the 
available strength in die steels at that tempera 
ture and as regards pressures requires extremely 
heavy and expensive presses, which naturally re 
duces the otherwise very great savings of extra 
Sion over other methods of metal reduction. It is 
also well known that to heat billets to the higher 
extrusion temperatures thus necessary, increases 
the costs disproportionately. In spite of all of 
the above objections in the existing methods and 
apparatus for extrusion, it is still, of course, wide 
ly practiced with the softer and lower melting 
point metals. This is true because of the very 
much lesser abrasive effect of such metals on the 
die, the lower temperatures required and the re 
duced structural Strength required in stay of 
the products, such for example, in architectural 
shapes, angles, holdings and the like, 
From a great many of experiments from Which 

I have determined, and which have been dern 
onstrated, the objections and the defects in ex 
isting methods and apparatus for extrusion, I 
have found that extrusion can best be practiced 
Only under conditions where the metal is allowed 
and confined so that it follows its own natural 
paths of flow through the orifice. The die en 
ployed must conform to these natural fiow paths 
in order to prevent turbulence in the metal, ex 
cessive preSSures at different points against the 
die face, and internal shearing of the metal with 
the resultant disadvantages. I have also found 
it possible to determine for any given metal the 
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precise paths, which in turn deter nine: the 
die curve and orifice and although, these vary 
for different metals, the variance is not as large 
aS Inight be expected and can be accurately de 
terrilined for any given metal by a simple and 
inexpensive preliminary test made pori, the 
metal in question. When this is done, as will 
be explained hereinafter I am able to produce 
a; die which will confine the metal to the proper 
flow paths to and through the orifice and thereby 
greatly to reduce the pressure and temperature 
required, minimize or entirely avoid all of the 
objectionable: flow features which have heretOw 
fore characterized extrusion and to produce con 
tinuously uniform, Substantially parallel, grained 
or fibered products. 

It is evident that a proper die outlining arid 
confining the flow of that portion. Of the billet 
which provides the core metal of the extruded 
part must be comprised of two sections, namely 
the proper contour of the shear line, since this 
shear line is formed as the result of the flow 
path taken by the properly flowing portion of 
the billet, and second, the orifice curvature as 
this properly flowing portion approaches and 
flows into the orifice. These two portions of the 
proper flow line or die line can be characterized 
as, first, the feed curve and, second, the orifice 
curve. Further experimentation with various 
sized orifices showed conclusively that the feed 
curve followed substantially the same contour, 
regardless of the orifice size, up to the point 
where the orifice curve began, and showed fur 
ther that the orifice curve varied with the size 
of the Orifice opening. 

It became evident that the formation of the 
feed curve or the approach from the side wall 
to the orifice Sector was the result of stream 
line or viscous flow within the billet itself. Such 
viscous flow is the result of varying speeds of 
flow within the billet itself. As a portion of the 
billet is displaced through the orifice as the re 
sult, of a forward movement of the ram, other 
portions of the billet move to replace this na 
terial and continue onward to flow in turn 
through the orifice. Such flow to and through 
the orifice reaches its maximum speed at the 
center line and gradually decreases as the side 
wall is approached. 
To lay out a die curve coinciding with this 

viscous flow for each material to be used, it is 
necessary to know the factors which govern the 
formation of this curve or the factors which 
govern the viscous flow within the billet itself. 
One of these governing factors is the arigle of 
internal flow of each material in question. 
By experiments I discovered that under stand 

ard conditions, the angle at which this viscous 
flow curve reached the center line of the billet 
was the same as the angle at which this curve 
began at the side wall of the container, and that 
this angle coincided with the angle of internal 
fiOW. 
This discovery made it appear probable that 
could use a simple and standard method for 

laying out this viscous flow curve for any given 
material and this was later found to be correct. 
his method is as follows: The billet is the 

oretically divided into portions of equal con 
centric volumes, usually 10 to 20. The begin 
ning angle, or the angle at the side Wall, as 
well as the last angle, approaching the center, 
being the same, and since the entire curve is 
contained within a 90° angle, it is then only 
necessary to determine the angular differential 
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6. 
of increment to be added to the beginning angle 
to find the points at, which the curve: intersects: 
the Outline of each of the intervening volume 
politions until the last angle: is reached. This 
differential can be determined by the standari 
formula for an arithmetic progression. 
(1) gamma=phi- (n-1) beta, 
where gamma is the slope, expressed in degrees. 
or radians, of the flow curve at any point thereof, 
phi is the beginning angle, in the number of 
equal volumes, encountered in passing from the 
Container sidewall to any point of the flow curve, 
and beta: the angular increment added to alpha 
in passing from one volume to the next. 
The final value of gamma is obviously 

t/2- alpha, where alpha is the last angle at 
which the curve intersects: the billet axis and 
as measured. With reference to a line perpendicul 
lar to the axis of the billet. Thus 

aff2-alpha-phi 

where NT is the total number of volumes into 
Which the billet has been theoretically divided. 
And since, as above stated, alpha=phi, then 

it/2-2 alpha 
N-1 

Since the billet is of eOnstant height the above 
formulaS apply to a transverse section thereof 
Which is theoretically divided into concentric 
portions of equal area, in which case NT would 
be the total number of such areas and N the 
number of Such areas disposed between the billet 
axis and an ordinate paralleling the axis from 
any point on the flow curve. Therefore, to 
properly construct the viscous flow curve or the 
feed line for any given material, it is necessary 
to know the angle of internal flow for that par 
ticular material. 
From a humber of tests I discovered that the 

action of the end face of the container, or in 
other words the die section against the billet 
was that of a punch. From this it followed that 
the orifice curve or the path which the metal 
would follow in flowing into and through the 
orifice was similar to the path which that metal 
Would follow in flowing around the edge of a 
puneh whose diameter was equal to the distance 
from the orifice edge of the side wall. There 
fore, to properly outline the orifice curve, such 
a flow path around the edge of a properly dimen 
Sioned punch must be secured. 

It was found that both needed factors, namely 
the angle of internal flow and the path around 
the edge of a punch, could be determined by 
Ineans of one test. A billet of selected material 
at extruding temperature is confined within a 
die Open at one end. A punch of lesser diam 
eter than the billet is forced into the billet at 
that open end, the punch being heated to avoid 
Creating a chill in the metal. The displaced 
metal flows from the center line of the punch in 
each direction towards the side of the punch 
and eventually around and past the end or edge 
of the punch. The metal adjacent to the face 
of the punch and outlined by this flow is static, 
regardless of the distance of punch penetration, 
and remains So unless deformed by other forces. 
Analyses of the contour of this static zone ad 

jacent to the face of the punch shows that for 
Varying distances on either side of the center. 
line, the displaced material fiows on a true radius 
or arc of a circle. This true radius becomes a 

beta= 

(3) 
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parabola as it continues to flow to and around 
the edge of the punch. This parabolic portion 
provides the actual path which that particular 
type of material will follow in flowing around 
the edge of a punch of that diameter and there 
fore provides the elements required for estab 
lishing the orifice curve for that material for 
any given diameter and for any given Orifice 
width. The angle contained by a line drawn 
parallel to the face of the punch through the 
apex of flow at the canter line of the punch and 
a line drawn between that apex and the junc 
ture point between the true radius and the para 
bolic section provides the angle of internal flow 
for that particular material. This is the angle 
phi in the formula already given. 
Using this angle of internal flow in the man 

ner previously described, I can thus establish 
the true and exact contour of streamline or Wis 
cous flow within the billet for any given dian 
eter. This contor establishes the So-called feed 
line previously referred to and extends from the 
Side Wall to the center line of the billet. With 
the Orifice dinnensions established, the distance 
from the Orifice edge to the side wall becomes 
known. Using this distance as the diameter of 
the punch a properly proportioned outline of 
the static Zone can be drawn, including the true 
radius portion and the parobolic section up to 
the edge of the punch. Joining this punch test 
curve to the feed line at a point of tangency 
establishes the coiplete die line for the tested 
raterial for a givei diameter and given orifice 
Widt. 

Referring now to the drawings, in Fig. 1. I 
have shown a standard container provided 
with an end wall 2, a die opening 3, a billet 
in the process of being extruded therefrom and 
a ran 3. There is no die as such shown in this 
figure, the end Wall 2, of the container With its 
opening 3 acting as the die, and as a result, that 
portion of the billet in the corners 6 of the con 
tainer has to act more or less as a die in Con 
junction with the orifice, the billet being sheared 
away from these corner portions or Zones along 
a surface of revolution having roughly the con 
figuration in axial section illustrated as single 
lines , but, which in practice are not only irreg 
ular but sometimes of considerable width. 
In such an extrusion, proper flow cannot be 

secured as there is constant shear between the 
moving center portion 8 and the relatively un 
nowing corner portions 6 of the metal, With tura 
bulence found in the flow along the boundaries 

between the two portions; and also with the 
further result that metal from the corner por 
tions S is gradually pushed and carried Over to 
the edge of the orifice in increasing amounts as 
the extrusion progresses, producing, as is shown 
in Fig. 2, an exterior progressively thicker coat 
ing or pipe of metal 9 which comes from the cor 
ner portions 6 and which is not truly bonded to 
the actual core . This pipe is also not good 
metal and sometimes contains foreign material 
and has to be renowed dioWn to the mininuin 
diameter of true metal in the extruded product 

if the latter is to be used where strength is 
aniaportant factor. 

Still referring to Fig. 2, the core metal to ap 
proaches and is extruded through the orifice at 
a much higher rate of flow than the more or 
less inert corner material 6. As a result the 
outer layer or piping 9 of the extruded product 
is stretched compared to the core, often resulting 
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8 
in Surface tearing, which in some instances ap 
pears simply as Surface checking, but which in 
other instances will extend well into or entirely 
through the extruded part, in the manner illus 
tirated at of Fig. 2A. 

In Fig. 3 there is shown the same general type 
of extrusion apparatus as shown in Fig. 1, that 
is, it includes a container or cylinder Oa, a ram 
fa, a billet 2 and a die 4 leading to an orifice 
5. The construction of the die must be such 

that all of the metal in the billet will follow the 
natural path of flow of the metal Without tur 
bulence, and in Such a way that the metal will 
issue from the orifice in streamline condition, 
that is, With straight parallel fibers of metal in 
the extruded product. The proper die to accom 
plish this purpose will now be described. 
The contour of the die 4 is shown in its com 

pleted form in Fig. 8, but the portions which gO 
into the complete contour of the die are ar 
rived at by first laying out the die in several por 
tions as illustrated in Fig. 7, which portions are 
then joined in the manner which is shown in 
Fig. 8 to produce the completed die. 
In Fig. 4 for instance I have shown one-half 

the billet 2 of Fig. 3, the center line of the bil 
let being represented by the line Y-Y and the 
lower end of the billet by the line X-X. This 
billet is then theoretically divided into ten or 
more portions of equal volume concentrically 
arranged around the center line Y-Y of the bi 
let as indicated by the lines is representing con 
centric cylinders or tubes, and a series of points 
are determined by the method already described 

5 hereinbefore with reference to formula 1. 
Through these a curve 6 is drawn from the side 
Wail or outer Surface of the billet to the axis 
Ol' center line Y-Y thereof. 
Thus with reference to the above formula 

(1) ganna.=phi-- (-i) beta, 
in Fig. 4, alpha is the angular slope with refer 
ence to the e axis, of the tangent at any point 
on curve 16. Phi is the beginning angle at which 
the billet metal shears away from the extrusion 
die Sidewalls, in the number of portions 9 of 
equal Volume, encountered in passing from the 
Sidewall to any point on curve 6, and beta the 
angular increment added to alpha for each suc 
ceSSive volume portion. Also in Fig. 4, alpha, is 
the last angle as measured with reference to the 
at axis, or T/2-gamma as measured with refer 
ence to the y axis, while NT is the total number 
of equal volumes into which the billet is theo 
retically divided. 

In order to derive curve 6, Fig. 4, as a con 
tinuous mathematical function of a and J, it is 
for convenience rewritten with reference to the 
billet axis, g, as follows: 
(4) deta=alpha -- (n-1) beta, 
ASSuine now that the total number of equal vol 
une portions NT into which the billet is theoret 
ically divided is allowed to become extremely 
great, approaching infinity, in consequence of 
Which the radial thickness of each voiune por 
tion 9, Will become correspondingly small, equal 
ing, at the limit, the differential thickness diac. 
As a result distance along the c axis to any point 
in curve f6, will equal n dac, so that 
(5) n=ac/dac 
Also each of the volumes 9 will become equal to 
(6) 2ntac.dac.h= 

Where it is the billet height and K a constant, 
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since all volume are alike. Assuming the billet 
to have an outside radius 2), its total Volume is 
(7) Try?hl=27tacdach.Nir 

from which 
(8) Natsu?/ac.dac 
from Which and from Formula 3 above 
(9) beta = (1/2-2 alpha).2acdiac/? 
Substituting (5) and (9) in (4), neglecting sec 
ond order components, integrating, solving for 
integration constant and substituting gives 
(0) deltasalpha--(T/2-2 alpha) (X/) 
If v is unity in the above formula or if X is taken 
as the ratio of the abscissae distance to any point 
on the curve to the total radius of the billet, 
(10) becomes 
(11) delta=alpha-- (ar/2-2 alpha) X? 
from which 

(12) du/dat=tan (alpha-- (tr/2-2-alpha) X?) 
and 

(13) y = ?"tan (alpha+(a 2-2 alpha)x) 
If alpha, and phi of Fig. 4 are not equal then 
(14) dy/da:=tan (alpha--(T/2- 

phi-alpha) X2) 

(15) y = ?"tan (alpha+(T/2-phi-alpha)X?) 
A feed curve constructed in the manner de 

scribed will produce proper flow of the metal in 
the billet toward the orifice but does not con 
trol the flow of this metal directly adjacent to 
the orifice nor through it, and a second portion 
of the die of different contour must be provid 
ed and properly joined to control the flow of 
the metal in the area around and within the 
orifice. 

It has already been explained how this por 
tion of the curve is found and that I have dis 
covered that the flow of metal to, around and 
through an orifice is the same as that of metal 
around a punch forced in Wardly against and 
into a block of a given metal at an extruding 
temperature. In Fig. 5 I show half of such a 
section, in diagrammatic form, in which there 
is shown a punch 30 forced into a block or bil 
let of metal:3. The billet in this figure is shown 
with scribed lines on the inner surface of half 
of the billet, the billet axially cut in tWO halves 
and the lines being initially scribed in spaced 
parallel relation running axially in the direc 
tion of movement of the punch into the billet 
and the billet halves welded together at the 
edges. As the punch presses into the metal it 
forces the metal in Wardly and then outwardly, 
the metal having to flow laterally and then 
downwardly around the edge of the punch. The 
flow of metal can be determined exactly by study 
of the resulting distortion of the scribed lines 
32, -33, 34, 35 and 36 due to the punch. It will 
be noticed that each of these lines, as the metal 
flows outwardly above and across the face of 
the punch, is formed into a small loop. A line 
38 drawn through the apexes of all of the loops 
correctly represents the flow of the metal under 
the action of the punch. The curve 38 thus-de 
fined represents a natural path of flow of metal 
toward, within and through an prifice, the ori 
fice in the case of the punch test shown in Fig. 
5 being that portion between the edge 39 of the 

0. 

20 

10 
punch and the side wall 40 of the billet or block 
into which the punch is forced. The curve 38, 
as I have already explained, consist of two joined 
but separate types of curves, the central portion 
being a portion of a circle and the outer or left 
hand portion in Fig. 5 being a parabola. It will 
be understood of course that curve 38 is sym 
metrical about its centerline, the complete curve 
being as shown at 38 of Fig. 7. 
The curve 33 of Fig. 5 is also shown in Fig. 6, 

Wherein the portion EH is the circular portion 
of the curve with a radius 39, and the portion FE 
is the parabolic portion which is tangent and 
ioined to the circular portion. The angle phi 
between the dottedlines GH and HE is the mini 
humangle of internal flow of the material, which 
geteinines the equal angles alpha and phi of 
Fig. 4. 
To construct the entire die, first the feed curve 
6 is laid out in the manner described above and 

as shown in Fig. 7, and the curve 38, Figs. 5 and 
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curye, gamma is the angular slope of 

6, is then reduced in proportion to the distance 
between the edge of the orifice A9, Fig. 7, and the 
side wall 4 of the container, and is placed, as 
indicated in Fig. 7, beneath the feed curve 6 by 
moving curve 38 of this figure upwardly until it 
becomes tangent with the feed curve 6 in the 
manner shown in Fig. 8. This results in a com 
posite die curve 4, as applied to a die, which ex 
tends from the side wall 9a to the orifice 15, 
thereof, in the manner shown at f4 of Fig. 3. 
The curve which is thus produced is one which 
will cause all of the metal in the billet to flow 
toward, to and through the orifice in such a man 
ner as to produce a non-turbulent streamline 
flow with a minimum of internal friction and 
Without the objectionable characteristics of the 
products of extrusion as heretofore practiced. 
Furthermore, With the present die I have elimi 
nated the extrusion of any inert material along 
the path of flow of the metal adjacent to the die, 
have greatly reduced the friction all over the die 
but more particularly adjacent to the Orifice 
Where the greatest Wear occurs, and have to an 
extent reduced the power required for the ex 
trusion of any given material. It will be under 
Stood that in the extrusion of different metals, 
certain of the values here determined will be 
changed, such as the angle of internal friction, 
but by following the methods which I have de 
Scribed it is possible to determine the true and 
correct die. Curve for any given extrudable metal. 

It should be understood in considering the 
drawings here shown, and particularly the vari 
ous curves, that these curves are correctly de 
scribed in the specification but may not be illus 
itrated with precise accuracy in the drawings, and 
are not to be Scaled or literally followed as shown 
in the different figures. 

Iglaim: 
1. In an extrusion die, a tubular member hav 

ing inner sidewalls which converge at one end 
thereof toward an orifice along a concave feed 
surface, comprising, in axial section, a continu 
ous curve constituted of an arithmetic progres 
ision of terms representing equal concentric vol 
lines to be displaced during extrusion, said curve 
corresponding substantially to the formula, 

gamma=phi+(n-1) beta 
wherein n is the number of such equal volumes 
between the die sidewalls and any point on said 

at any point thereof, beta the angular increme 
by which said slope is changed in passing from 
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One Said volume to the next, and phi the angle 
at Which said curve diverges from said sidewalls. 

2. In an extrusion die, a tubular member hav 
ing inner sidewalls which converge at one end 
thereof toward an orifice along a concave feed 
Surface, comprising, in axial section, a continu 
ouis curve constituted of an arithmetic progres 
Sion of terms representing equal concentric Wol 
umes to be displaced during extrusion, said curve 
corresponding Substantially to the formula, 

gamma=phi-- (n-1) beta, 
Wherein n is the number of such equal volumes 
disposed between the die sidewalls and any point 
On said curve, ganna is the angular slope of said 
Curve at any point thereof, beta, the angular in 
Crement by Which Said slope is changed in passing 
from One Said volume to the next, and phi the 
angle at which said curve diverges from said side 
Walls, and wherein phi has a magnitude substan 
tially equal to the minimum angle of internal 
foW of a metal to be extruded. 

3. An extrusion die consisting of a tubular 
member the inner sidewalls of which converge 
at one end thereof along a concavely curved feed 
Surface toward an Orifice formed in said end of 
Said die, said feed surface terminating adjacent 
said orifice in a convexly curved orifice portion 
tangential thereto and extending thence to said 
Orifice, said feed Surface comprising in axial Sec 
tion a continuous curve constituted of an arith 
metic progression of terms representing equal 
concentric volumes to be displaced during ex 
trusion, said curve corresponding Substantially 
to the formula, 

gamma=phi-- (n-1) beta, 
wherein n is the number of such equal volumes 
disposed between the die sidewalls and any point 
in Said Curve, gamma is the angular slope of Said 
curve at any point thereof, beta, the constant, 
angular increment by which said slope is changed 
in passing from one volume to the next, and phi 
the angle at which said curve diverges from Said 
Sidewalls of Said die. 

4. An extrusion die consisting of a tubular 
member the inner Sidewalls of which converge at 
one end thereof along a concavely curved feed 
Surface toward an orifice formed in Said end of 
said die, Said feed surface terminating adjacent 
said orifice in a convexly curved orifice portion 
tangential thereto and extending thence to Said 
orifice, said feed surface comprising in axial sec 
tion a continuous curve constituted of an arith 
metic progression of terms representing equal 
concentric volumes to be displaced during ex 
trusion, said curve corresponding substantially to 
the formula, 

gamma=phi-- (n-1) beta, 
Wherein 72 is the number of Such equal volumes 
disposed between the die sidewalls and any point 
in said curve, gamma, is the angular slope of Said 
curve at any point thereof, beta the constant 
angular increment by which said slope is changed 
in passing from one volume to the next, and phi 
the angle at which said curve diverges from Said 
sidewalls of said die, said orifice portion having 
in axial section a Substantially parabolic Cui'- 
wature extending tangentially to said orifice. 

5. An extrusion die consisting of a tubular 
member the inner sidewalls of which converge at 
one end thereof along a concavely curved feed 
surface toward an orifice formed in said end of 
said die, said feed surface terminating adjacent 
said orifice in a convexly curved orifice portion 
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tangential thereto and extending thence to said 
orifice, said feed surface comprising in axial Sec 
tion a continuous curve constituted of an arith 
ninetic progression of terms representing equal 
concentric volumes to be displaced during ex 
trusion, said curve corresponding substantially to 
the formula 

gamma=phi-- (n-j) beta, 
Wherein n is the number of Such equal volumes 
disposed between the die Sidewalls and any point 
in said curve, gamma is the angular slope of said 
curve at any point thereof, beta, the constant 
angular increment by which said slope is changed 
in passing from one volume to the next, and phi 
the angle at which Said curve diverges from said 
sidewalls of said die, and wherein phi is sub 
Stantially equal in magnitude to the minimum 
angle of internal flow of a metal to be extruded, 
and wherein said orifice portion conforms sub 
stantially to the flow path of said metal about 
the edge of a punch forced into said metal. 

6. An extrusion die comprising, a tubular men 
ber the inner sidewalls of which converge at one 
end thereof along a concave feed Surface to an 
Orifice coaxial therewith, said feed Surface in 
axial Section conforming Substantially to the 
formula, 

dy/dat=tan (alpha- (T/2-phi-alpha) X) 
wherein the gy axis is the axis of said die, and the C 
axis intersects the Sane at a point where a pro 
jected continuation of Said feed curve intersects 
said y axis, phi is the angle at which said feed 
curve diverges from said sidewalls, alpha, the an 
gle between said feed Curve continuation and said 
ac axis and X the ratio of any abscissa, to said 
curve and the inner Sidewall radius of Said die 
at said axial Section. 

7. An extrusion die comprising, a tubular nem 
ber having an inner sidewall portion of cylin 
drical configuration which converges at One end 
thereof along a Concave feed Surface of revoli 
tion in an orifice coaxial therewith, said feed sur 
face in axial section conforming substantially 
to the formula 

dy/dac=tan (alpha-- (ar/2-phi-alpha) X) 

Wherein the gy axis is the axis of Said die, and the 
ac axis interSects the same at a point, where a, 
projected continuation of said feed curve inter 
sects said y axis, phi is the angle at which said 
feed curve diverges from said sidewalls, alpha 
the angle between said feed curve continuation 
and said ac axis, and X the ratio of the abscissa, 
to any point of Said curve, and the inner Sidewall 
radius of said cylindrical portion. 

8. An extrusion die comprising, a tubular mem 
ber the inner Sidewalls of which converge at one 
end thereof along a concave feed surface to an 
olifice Coaxial there with, Said feed surface in 
axial Section conforming Substantially to the for 
nula, 

dg/dac=tan (alpha-- (t/2-phi-alpha) X2) 

wherein the y axis is the axis of said die, and the 
ac axis interSects the same at a point where a 
projected continuation of said feed curve inter 
Sects Said y axis, phi is the angle at which said 
feed curve diverges from said sidewalls, alpha, 
the angle between said feed curve continuation 
and Said 3 axis, and X the ratio of any abscissa, 
to said curve, and the inner sidewall radius of 
Said axial Section, and wherein at least one of 
the angles alpha, and phi is Substantially equal in 
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magnitude to the minimum angle of internal flow 
of a metal to be extruded. 

9. An extrusion die comprising, a tubular men 
ber the inner sidewalls of which converge at One 
end thereof along a concave feed Surface to an 
orifice coaxial therewith, said feed Surface in 
axial section conforming Substantially to the for 
mula, 

dy/dat=tan (alpha- (T/2-phi-alpha)2X) 
wherein they axis is the axis of said die, and the at 
axis intersects the same at a point Where a pro 
jected continuation of said feed curve interSects 
said y axis, phi is the angle at which said feed 
curve diverges from said sidewalls, alpha, the an 
gle between said feed curve continuation and 
said ac axis, X the ratio of the abscissa, to any 
point of said curve, and the inner Sidewall radius 
of said axial section, and wherein at least one 
of the angles alpha, and phi is substantially equal 
in magnitude to the minimum angle of internal 
flow of a metal to be extruded, and Wherein Said 
feed surface extends to Said orifice along a COn 
vexly curved surface portion tangential thereto, 
said convexly curved feed surface conforming to 
the flow path of said metal to be extruded, about 
the edge of a cylindrical punch forced axially into 
Said metal. 

10. An extrusion die comprising, a tubular 
member the inner sidewalls of which converge 
at one end thereof along a concave feed surface 
to an orifice coaxial thereWith, Said feed Surface 
in axial section conforming substantially to the 
formula, 

dy/dac=tan (alpha-- (tr/2-phi-alpha)2X) 
wherein the y axis is the axis of said die, and the 
ac axis intersects the same at a point where a 
projected continuation of said feed curve inter 
sects said y axis, phi is the angle at which Said 
feed curve diverges from Said sidewalls, alpha, 
the angle between said feed curve continuation 
and said ac axis, X the ratio of the abscissa to 
any point of said curve, and the inner Sidewall 
radius of said axial section, and wherein at least 
One of the angles alpha, and phi is Substantially 
equal in magnitude to the minimum angle of 
internal flow of a metal to be extruded, and 
Wherein Said feed curve extends to said orifice 
along a convexly curved surface portion tangen 
tial thereto and of Substantially parabolic con 
figuration in axial Section. 

il. An extrusion die comprising, a tubular 
member the inner sidewalls of which converge 
at One end thereof along a concave feed surface 
to an Orifice coaxial therewith, said feed curve 
in axial section conforming to substantially the 
formula, 

du/dat=tan (alpha- (T/2-2 alpha) X) 
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wherein the y axis is the axis of said die and the 
ac axis intersects the Sane at a point Where a pro 
jected continuation of Said ifeed curve intersectS 
Said y axis, alpha is the angle between Said pro 
jected continuation and said ac axis and also 
the angle at which Said feed Surface diverges 
from said sideWalls, and X the ratio of an ab 
Scissa, to any point of Said curve, and the inner 
Sidewall radius of Said axial Section, and Wherein 
alpha is Substantially equal in magnitude to the 
minimum angle of internal flow of a metal to 
be extruded, and wherein said feed curve extends 
to Said orifice along a convexly curved surface 
portion tangential thereto and of Substantially 
parabolic configuration in Said axial Section. 

12. The method of forming a tubular die for 
the non-turbulent extrusion of a preselected 
metal to be extruded through an Orifice formed 
in One end of Said die, Which comprises, forcing 
a cylindrical punch axially into a block of said 
metal, and determining from the resulting static 
Zone formed in said metal beneath said punch, 
the minimum angle of internal flow of said metal 
and also the flow path of Said metal about the 
embedded edge of Said punch, imparting to the 
inner Surface of said die a concave feed surface 
extending from the inner sidewalls thereof Sub 
stantially to said Orifice, Said Surface conform 
ing in axial Section Substantially to the formula, 

dy/dac=tan (alpha- (n/2-2 alpha)2X) 
Wherein the y axis is the axis of said die and 
the ac axis intersects the same at a point where 
a projected continuation of Said feed curve inter 
sects Said y axis, alpha is the angle between said 
projected continuation and Said ac axis and also 
the angle at which said feed surface diverges 
from Said Sidewalls, the magnitude of said angle 
alpha, corresponding substantially to said mini 
mum angle of internal flow of said metal, said 
feed curve extending to said orifice along a con 
Wexly curved surface portion tangential thereto 
and conforming Substantially to the flow path of 
Said metal about said punch. 

HARVEY MI. GERSMAN, 
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