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The present invention, relates to extrusion o

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 threugh an orifice in ene
end of a container by means of a moving ram
acting against the other end of the billet to com-
press it and cause it to flow through an orifice
of the eontainer.

The present invention is primarily directed to
the extrusion of such metals as those of the
iron group, copper and copper- contammg alloys
or lght 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. The present me*hods
caused extremely rapid die wear and poor prod-
ucts as well as generally high productxon costs.

To the accomplishment of the foregoing and
related ends, said invention, tnen consistg of the
metheds and apparatus heremafter fully de-
seribed and particularly pomted outin the cla1ms
certain of the annexed drawings as speclﬁed e~
low and the accompanying descrlpmon settrng
forth in detajl one approved method and appara-

tus of carrying out the 1nvent10n such disclosed ¢

method and apparatus however, constltutmg but
one of the various ways in whlch the pr1nc1ple
of the invention may be used

In said annexed drawmgs

Fig. 1 is a3 diagrammatic, fragmentary, vertical ¢

mid- sectlonal elevatlonal view of an extrusmn
cyhnder ram and die Wthh 111ustrates certam
phenomena that are 1nherent in conventmnal eX-
trusion cperations;

Fig. 2 is an enlarged fragmentary view corre-
sponding to Fig, 1, further 111ustrat1ncr certaln
disadvantages of the prior art;

Fig. 2A shows a result sometlmes occurrmg
from the cond1t10ns 1llustrated in Fig. 2;

Pig. 3 is a partlal m1d—sect10na1 elevatmnal

et ]

40

45

view of ext1us1on appalatus embodymg the pres- }

ent 1nvent1on
Fig. 4is a dlagrammatic axial sectional eleva-
tion of one-half of g hillet 111ustrat1ng one me

of ﬂow of the metal of the blllet from the s1de
wall of the contamer toward the quﬁce under
the action of the ram, the curve bemg extended
from the center line of the billet;

Pig. 5 is an axial seetional elevation of one-

50

half a billet and punch impressed therein showa-
ing what is hereinafter termed a “punch test?
for determining the angle of iaternal flow: and
that portion of the die which extends from the
die feed curve of Fig. 4 to.the edge of the orifice;

Fig, 6 is a curve formed by eonnecting the.

points determined in the curve of Fig. 5 found
by punch test referred to and analyzed to follow
the mmrmum angle of internal flow: of the meftak

" and also the curve required in the orifice por-

tion of the dle which is Jomed 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 orvifice and the
edge of the side wall of the billet for which the
eomplete die eurve is to be found, and also shows
thereabove the feéd curve of Pig, 4, which when
properly Jomed to the lower cuive produces the
entlre d1e contour, ‘and’

Pig. 8 shows these two eurves of Fig. 7 moved
mto a posrtmn of tangency, ‘the full line of Fig. 8
showing the entlre die ‘eontour from the side

. wall of the contamer to the edge of the onﬁce

In the ‘extrision of metals of the types re-
ferred to, dlﬂiculty has always been’ expeuenced
from certam factors whmh include Very severe
abrasion on the edge of the orifice die and Very
cons1derable power and temperatme reqmre—
ments. A thrrd and, in some cases, still ‘more
nnportant facter has been the creation of piping
in the extruded product. Extrusion plpe con51sts
of an outer layer on the extruded product formed
of metal caused to flow or extrude under im-
broper conditions and at a dlﬁerent speed than
the core or central metal Thls pipe’ 1ncreases
in dlameter as the extrusron progresses Where
such plpmg oecurs, the product must be ma-
chmed down to the mlmmum dlameter of clean
core metal 'if the product is to'be employed where
any considerable degree of ‘strength i3 requ1r'e'd
or where it is to be further machmed as the
outer layer, that is, the plpmg, causes chatter-
ing of machme tools and prevents even and uni-
form machining.” The metal at the Juncture of
pipe and core metal contams scale 1n scme eases
and the bond is only a ‘mechahical ohe.

ANl of these dlﬂicultles and’ other extrusion
difficulties arise from i 1mproper ﬂow of the mate-
rial of the b111et to and through an ouﬁce under
the influence of the ram. While" varlous forms
of orifices have been suggested to 1m rove the
flow, none have produced umform or stralght-
line flow through the orifice’ without any tur-
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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 smooth progressive flow 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 herefofore 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 eircular hole (or & 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 some
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 inwardly, 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.
Tt 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-
1y, 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 & 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 counsiderable 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 inwardly and
over the edge of the orifice. Progressive move-
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
pillet 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 harmiful 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 iine
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 s temperature standpoint, brittleness, ete.,
together with the overall rate of speed, will cause
the extruded material to crack, which cracking in
some instances appears simply as surface check-
ing, 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 outf, 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 emergsni
speed of the extruded part. The faster the speed
the more the ripping or fearing action upon the
stretched material on the outside of the part.
The tensile strength of the metal decreasss with
increase in temperature and at the higher ex-
trusion temperatures the tensile sirength is so
low that tearing due fto the action described is
moere common. To avoid this heretofore, extru-
sion of many products had to be carrisd cut at
temperatures and speeds which are commercially
undesirable.

‘The result of operating at such higher tem-
peratures and pressures is, particulariy 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 temmpera-
ture and as regards pressures requires exiremely
heavy and expensive presses, which naturally re~
duces the otherwise very great savings of extru-
sion over other methods of metal reduction. Itis
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 meliing
point metals. This is frue 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 many of
the preducts, such for example, in architectural
shapes, angles, moldings and the like,

From a great many of experiments from which
I have determined, and which have been dem-
onstrated, the cbjections and the defects i ex-
isting methods and apparatus for extrusion, I
have found that extrusion can best ke 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 em-
ployed must conform to these natural flow paths
in order to prevent furbulence 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

-y
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precise paths which. i turm determifre; the:

die curve and orifice, and glthough: these vary

for different metals, the variance is not as large
as might be expected and can: be: accurately de-
termined for any given metal by & simple and
inexpensive preliminary test madé uporr the
metal in question. When this is done; as will
bhe explaitied heréinafter, I anr able to produce
o die which will confine the metal to the proper
flow paths to and through: the orificesand thereby
ereéatly to reduce the pressure and termperature
reguired, minimize ox edtirely avoid all of the
objectionable: flow features whichr have hereto-
fore characterized extrusion dand to produce con=
tinvously unifornt, substantially parallel grained
or fibersd products.

It is evident that a proper die outlining and
confining the flow of that portion of the billet
which. provides the core metal of the extruded
part must be comprised of two séctions, namely
the proper comtour 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 porfion approaches and
flows into the orifice. These two portions of the
proper flow line or die line can be characterized
as, frst, 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, ur 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 é

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-
suly of a forward movement of the ram, other
portions of the billet move to replace this ma-
terial and continue onward to flow in turn
through the orifice. Suech 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 angle of
internal flow of each material in question.

By experiments I discoveted that under stand-
ard conditions, the angle at which this viseous
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
T could use a simple and standard method for
laying out this viscous flow curve for ahy given
material and this was later foutid to be cotreéct.
This method is as follows: The billet is the-
oretically divided irto 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
niecessary to determine the angular differential
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or increnient t6 be added to: the: beginning gngle
to filtd: the: points at, which: the: curve: interseets:
the outline of each: of the intervening volume
portions umtil the last angle is reached. This

- differential: eatr. be determined by the standard

formiula: for an: arithmetic progression.
Iy gamma—phi-f (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, n the number of
equal velumes. encountered. in passing from the
container sidewall fo 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
w/2— alpha, where alpha is the last angle at
which the curve intersects the billet axis and
as measured with reference to a line perpendicu-
lar to the axis of the billet. Thus

/2 alpha —phi
(2 Npr—1
where Nt is the total rumber of volumes into
which the billet has been theoretically divided.
And since, as above stated, alpha=phi, then

x/2—2 alpha
Np—-1

Sinee 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 madterial, it is neecessary
to know the angle of internal flow for that par-
tieular material.

From a number 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 eurve 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
punech 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
means of one test. A hillet of selected material
ab. 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 rémains so unless defortmed 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 &

beta=

(3)

hetg=
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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 center line of the punch and
2 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 maferial. 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 vis-
cous flow within the billet for any given diam-
eter. This contour 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 dimensions 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 complete die line for the tested
maierial for a given diameter and given orifice
width.

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 4
in the process of being extruded therefrom and
a ram 3. There is no die as such shown in this
fisure, 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
Y¥nes 1, but which in practice are not only irreg-
ular but sometimes of considerable width.

In such an extirusion, proper flow cannot be
secured as there is constant shear between the
moving center porticn 8§ and the relatively un-
moving corner portions § of the metal, with tur-
bulence found in the flow along the boundaries
7 between the two portions; and alse with the
further result that metal from the ccriner por-
tions 6 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 8§ which comes from the cor-
ner portions § and which is not truly bonded fo
the actual core {6. This pipe is also not good
metal and sometimes contains foreign material
and has to be removed down to the minimum
diameter of true metal in the extruded product
10 if the latter is to be used where strength is
an important factor.

Still referring to Fig. 2, the core metal i0 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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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-
trated at {1 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 10q, a ram
ffa, a billet 12 and a die {4 leading to an orifice
15. 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-
bulenee, 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 i4 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-
tlons as iltustrated in Fig. 7, which vortions are
then joined in ths manner which is shown in
Fig. 8 to produce the completed die.

In Fig. 4 for instance I have shown one-half
the billet 12 of Fig. 3, the center line of the bil-
let being represented by the line 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 bil-
let as indicated by the lines 19 representing con-
centric cylinders or tubes, and a series of points
are determined by the method already described

5 hereinkefore with reference to formula 1.

Through these a curve (8 is drawn from the side
wall or ouber surface {71 of the billet to the axis
or center line Y—Y thereof.

Thus with reference fo the above formula

1) gamma=phi-{(n—1)beta

in Fig. 4, alpha is the angular s'ope with refer-
ence to the x axis, of the tangent at any point
on curve 1§. Phi is the beginning angle at which
the billet metal shears away from the extrusion
die sidewsalls, » the number of portions 18 of
equal volume, encountered in passing from the
sidewall to any point on curve 18, and beta the
angular increment added to alpha for each sue-
cessive volume portion. Also in Fig, 4 alpha is
the last angle as measured with reference to the
z axis, or =/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 {8, Fig. 4, as a con-
tinuous mathematical function of z and v, it is
for convenience rewritten with reference to the
billet axis, v, as follows:

“4) delta=zlpha--(n—1)bheta

Assume now that the tofal number of egual vol-
ume portions Nt into which the billet is theoret-
ically divided is allowed to become extremely
great, approaching infinity, in conseguence of
which the radial thickness of each volume por-
tion 19, will become correspondingly small, egual-
ing, at the limit, the differential thickness dzx.
As a result distance along the z axis to any point
in curve 186, will equal 2 dz, so that

(5) n=z/dx
Also each of the volumes {9 will become equal to
(6) 2rx.dx.h=K

where k is the billet height and K a constant,
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sinee all volume :are glike. Assuming the billet
1o have an oudside radius v, its total volume is

ey 7v2h=2rzdeh.Nr
from which
8) Nr=v2/x.d%

from which and from Formula 3 above
(€°)] beta=1(xr/2—2 glpha) .2zdz/v?

Substituting (6) and (9) in (4), neglecting sec-
ond order components, lntegratlng, solving for
integration constant and substituting gives

(10) delta=alphat«(x/2—2 alpha)(X/v)2

If v is unity in the above formula orif X istaken
as the ratio of the abscissae distance to any point
on the curve to the total radius v of the billet,
(10) ‘becomes

G delta=alpha- (»/2~2 alpha) X2
from which _

(12) dy/dz=tan(alpha- (r/2--2alpha)X?)
and

(13) y= ﬁ) "an (alphac- (n/2—2 alpha)X2)

If alpha and phi of Fig. 4 are not equal then

(14) .dy/dr=tan(alpha-+{(r/2—
phi—alpha) X?)

(15) y= L " tan (alpha -+ (r/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-
trel 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 thaf I have dis-
covered that the flow of metal to, arpund -and
through an orifice is the same as that of metal
around & punch forced .inwardly .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, dn -which there
is shown = punch 80 forced into :a block or bil-
let of metal:3d. ~Thehillet:in this figure-s shown
with seribed 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 :pungch -into :the bhillet
and the billet halves -welded together .at the
edges. As the ;punch presses :into the metal ‘it
forges -the metal inwardly 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, -84, 35 and 36 due to-the punch. It will
be noticed that.each.of these lines,.as the metal
fiows .outwardly above .and across the face .of
the punech, .is formed into & small loop. A line
38 drawn through the apexes of all of the Jloops

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 .fhrough an orifice, .the ori-
fice .in the case .of fhe punch fest shown in Fig.
5 being that portion.between the.edge 39 of the

20

Fig.

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 385 is sym-~

Jmetrical aboub its centerline, the complete curve

being-as shown at 38 of Fig. 7.

The .curve 3§ 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
joined to the cireular portion. ‘The angle phi
hetween the dotted lines GH and HE is the mini-
mum engle of internal flow of the material, which
Getermines the equal angles alpha angd phi of
4.

To construet the entire die, first the feed curve
15 is 1aid out in the manner described above and

- 2g shown in Fig. 7, and the curve 38, Figs. 5-and
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6, is then reduced in proportion to the distance
between the edge of the orifice 49, Fig. 7, and the
side -wall 41 of the eontainer, .and is placed, as
indicated in Fig. 7, beneath the feed curve 186 by
moving curye 38 of this figure upwardly until it
becomes -tangent with the feed curve [§ in the
:manner shown in Pig. 8. This results in o com-
posite die curve 14, as abplied to a die, which ex-
tends from the side wall i8a to the orifice .15,
thereof, in the manner shown at {4 of PFig, 8.
The curve ‘which is thus produced s .one -which
will cause all of -the metal in the billet to How
toward, to and through:the orifice in such.a-man-
ner as to produce a non-turbulent streamline
flow with a minimum .of infernal friction and
without the objectionable characteristics of the
products .of extrusion as herstofore practiced.
Furthermore, -with the present .die X -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. ‘Tt will be under-
stood that in the extrusion of .different metals,
certain of the values heve .determined will be

changed, such as the angle of internal friction,
‘but by following the methods which I have de-

sceribed it is possible to determine the true and
correct die curve for any given extrudable metal.
It should ‘be wunderstood in considering the

drawings ‘here shown, and particularly the .vari-

ous curves, -that these curves are correctly de-

seribed in the specification but may not be illus-
Arated with precise.accuracy in the drawings, and

are not to be scaled or literally followed.as.shown
in the different figures.

Iclaim:

1.In an extrusion die, a tubular member-hav-
ing inner sidewslls which converge at one end
thereof toward an orifice along a concave feed
surface, comprising, in axial section, a continu-

.ous curve eonstituted of an arithmetic progres-
sion of terms representing equal concentric vol-

nmes to be displaced during extrusion, sazd curve
ccrresprmohn*T substanmaﬂly to the formula

-gamma:-phl-i— (n—~1rbeta

wherein 2 is the number of such egual xolumes

hetween 'che dle mdewalls .and -any pomt on sald
curve, gamma is the angular slope of .said -curve
-at.any point thercof bets, the . angular 1ncrement

by which said .slope is changed in passing from
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one said volume to the nsxt, and phi the angle
at which s2id 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-
ous curve constituted of an arithmetic progres-
sion of terms representing equal concentric vol-
umes to be displaced during extrusion, said curve
corresponding substantially to the formula

gamma=phi-+(n—1)bela

wherein 7 is the number of such equal volumes
disposed between the die sidewalls and any point
on said ecurve, samma is the angular slope of sald
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
flow 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 egqual
concentric volumes to be displaced during ex-
trusion, said curve corresponding substantially
to the formula

gamma=phi+{-(n—1)beta

wherein 7 is the number of such egual volumes
disposed hetween the die sidewalls and any point
in said curve, gamma is the angular slope of said
curve at any point thereof, bets 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 7 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
anhgular 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 cur-
vature 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

10

15

20

25

40

50

60

65

70

7%

12

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 correspending substantially to
the formula

gamma=phi4 (n—1) beta

wherein 7 is the number of such equal voclumes
disposed between the die sidewalls and any point
in said curve, gamma is the angular slope of said
curve at any point therecf, beta the constant
angular increment by which said slope is changed
in passing from one volume fo 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 mem-~
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/dr=tan (alpha-+ (r/2—phi—alpha) X?)

wherein the y axis is the axis of said die,and the z
axig intersects the same at a point where & pro-
jected continuation of said feed curve intersects
said ¥ 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
x axis and X the ratio of any abseissa to said
curve and the inner sidewall radius of said die
at said axial section.

7. An extrusion die comprising, a tubular mem-
ber having an inner sidewall portion of cylin-
drical configuration which converges at one end
thereof along a concave feed surface of revolu-
tion in an orifice coaxial therewith, said feed sur-
face in axial section conforming substantially

% to the formula

dy/dz=tan (alpha--(r/2—phi—alpha)X?)

wherein the y axis is the axis of said die, and the
r axis intersects the same at a point where a
projected continuation of said feed curve inter-
sects said ¥ axis, phi is the angle at which said
feed curve diverges from said sidewalls, alpha
the angle between said feed curve continuation
and said x 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
orifice coaxial therewith, said feed surface in
axial section conforming substantially to the for-
muia

dy/dzx=tan (alpha--(r/2—phi—alpha) X?2)

wherein the y axis is the axis of said die, and the
z axis intersects the same at a point where a
vrojected continuation of said feed curve inter-
sects said ¥ axis, phi is the angle at which said
feed curve diverges from said sidewalls, alpha
the angle between said feed curve continuation
and said x 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 infernal flow
of a metal to be extruded.

9. 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
orifice coaxial therewith, said feed surface in
axial section conforming substantially to the for-
mula,

dy/dx=tan (alpha-+ (x/2—phi—alpha)X?)

wherein the y axis is the axis of said die, and the x
axis intersects the same at a point where a pro-
jected continuation of said feed curve intersects
said v 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 z 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/dz=tan (alpha+ (r/2—phi—alpha)X?)
wherein the ¥ axis is the axis of said die, and the

z 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 x 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 exfruded, 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.

11. 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

dy/dr=tan (alpha-- (r/2—2 alpha) X2)
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wherein the ¥ axis is the axis of said die and the
x axis intersects the same at a point where a pro-
jected continuation of said feed curve intersects
said y axis, alpha is the angle between said pro-
jected continuation and said z 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/dr=tan (alpha+ (x/2-—-2 alpha) X2)

wherein the y axis is the axis of said die and
the r 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 z 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-
vexly curved surface portion tangential thereto
and conforming substantially to the flow path of
said metal about said punch.
HARVEY M. GERSMAN.

References Cited in the file of this patent
UNITED STATES PATENTS

Number Name Dale
1,789,675 Blias cmeeeee o Jan. 20, 1931
1,924,204 Shirk et al. ———...__ Aug. 29, 1933
1,948,242 Schubarth e Feb. 20, 1934
2,239,425 Jacobson oo Apr. 22, 1941
2,335,590 Gersman ———-———...— Nov. 30, 1943
2,341,749 Webb o R Feb. 15, 1944

FOREIGN PATENTS
Number Country Date -
516,653 PFrance we—cceeoeeoo Apr, 23, 1921



