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1. 
This invention relates to an improved proce 

dure for producing continuous extruded metal 
articles. 
In the conventional direct extrusion process, 

billets of the metal to be shaped are cast or 
otherwise formed to a size only slightly smaller 
than that of the cylinder of the press to be used. 
Each billet, after being preheated to a hot-work 
ing temperature, is then placed in the press and 
extruded through a forming die at one end of 
the cylinder by the action of a ram entering the 
other. 

This process, in which the billets are extruded 
One at a time, is subject to the disadvantage that 
inherent factors require part of each billet to 
be scrapped. In particular, the first metal of 
the billet to pass through the die, having come 
from directly behind the die opening, is not sub 
jected to extensive mechanical working and is 
Comparatively weak. This “nose' of the extru 
Sion is therefore usually sheared off and dis 
carded. Moreover, as the back end of the billet 
approaches the die, there is a strong tendency 
for the metal in the center to be pulled away 
from the ram, forming a cavity or pipe in which 
foreign particles and oxidized metal concentrate. 
These weaknesses then appear in the “tail' of 
the extrusion which must sometimes also be 
Scrapped. In addition, a short butt is always left 
in the cylinder since the billet can seldom be 
forced completely through the die. This butt 
can be removed only by unlocking the die, push 
ing the die and butt, out of the cylinder, and 
shearing them apart. 
These various factors, which are usually un 

avoidable, not only make for a rather low efficien 
cy of conversion of billet to acceptable prod 
uct but likewise slow down production. They 
also make extrusion of a continous product near 
ly impossible in all except a few instances in 
volving mandrel dies, where special procedures 
are available. 
With these difficulties in mind, it is the princi 

pal object of the present invention to provide an 
improved extrusion process in which no weak 
“nose' or “tail' is present in the extruded prod 
uct and in which no butts are left to be removed 
from the press, each billet being converted Wholly 
to acceptable product. Another object is to pro 
vide a simple process for making continuous ex 
truded articles. A further object is to eliminate 
the need for preheating billets before inserting 
them into the press. 
The invention may be illustrated with refer 

ence to the accompanying drawing, in which 

5 

0 

5 

20 

30 

35 

40 

45 

50 

2 
Fig. 1 is a schematic vertical cross-section of 

a direct extrusion press in the middle of an ex 
trusion stroke; 

Fig. 2 is a similar view at the end of the stroke; 
Fig. 3 is a view before the start of the next 

stroke; and 
Fig. 4 is a view shortly after the next stroke 

has begun. 
In prior processes for extruding metal billets 

in a direct-extrusion press, it is customary to ex 
trude as much of each billet as possible in order 
to leave a minimum butt to be scrapped. To 
this end, extrusion is allowed to proceed until the 
pressure required for further forward motion of 
the ram suddenly rises to a prohibitive value. 
At this point, the butt length is ordinarily about 
one-sixth of its diameter, seldom if ever ex 
ceeding one-fourth. This short butt is then re 
noved and Scrapped. - 
In contrast to this procedure, it has now been 

found that the advantageous objects of the pres 
ent invention may be realized, and continuous 
extrusion made possible, by terminating each ex 
trusion stroke long before the practical limit of 
ram travel is reached. There is intentionally left 
a butt having a length at least half its diameter. 
The next billet is then inserted in the press 
cylinder directly behind this long butt and the 
next extrusion stroke is made without removing 
it. . During this next stroke of the press, the re 
mainder of the butt is extruded as useful prod 
uct and the new billet Welds firmly to the butt 
and also issues from the die as an integral con 
tinuation of the previously extruded material. 

In this manner, no butts are scrapped and one 
billet after another may be introduced into the 
press cylinder and extruded through the die to 
form a continuous product. The metal of the 
billets is converted to an acceptable extrusion 
with an efficiency approaching 100 percent and 
at a high rate of production. Moreover, the 
extruded product is straighter than the product 
of prior processes. 

It is essential, in the process of the invention, 
that each extrusion stroke be terminated in time 
to leave in the cylinder a butt having a length 
at least half its diameter. Even longer butts, up 
to a length equal to the diameter, may offer 
further advantage in extruding complex shapes. 
With too short a butt, the metal of each newly 
inserted billet is apparently not subjected to 
enough plastic working to bond firmly to the 
metal already in the cylinder before the latter 
has been forced out of the die. In addition, with 
too short a butt, any oxide or other foreign ma 
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terial which has concentrated in the rear of the 
butt does not become distributed harmlessly 
throughout the newly added metal, but remains 
near the interface, forming a Zone of Weakle3S 
Which persists in the extruded product. 
The adequate bonding of each billet to the pre 

ceding butt is most readily achieved when extru 
Sion is accompanied by a large reduction in cross 
Sectional area of the metal, i.e. under conditions 
in which plastic working of the ninetal is extreme. 
In extruding magnesium-base alloys, to which the 
invention is especially applicable, each billet 
should be extruded through a die of sufficiently 
restricted open area, that the reduction in area 
is at least 50:1, reduction over 75:1 being pre 
ferred. In making Strip, in which the metal is 

O 

4. 
Serted at room temperature. When extrusion 
pressure is applied, the forward end of the new 
billet, is forced into intimate contact with the 
already hot butt remaining in the cylinder from 
the previous stroke. Since excellent conditions 
of heat-transfer thus exist, the forward end of 
the new billet is heated rapidly to a hot-working 
teinperature. Then, as extrusion proceeds, the 
entire billet picks up heat from frictional contact 
with the cylinder wall and from the mechanical 
working to which it is subjected, soon reaching 
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forced through an elongated rectangular - die. 
opening, a reduction of at least 90:1 is most satis 
factory. When extruding through a circular die 
opening to form rod, a reduction of 140:1 or more 
gives best results. In extruding through multi 
ple-opening dies, the ratios given refer to the 
reduction at a single die opening. . . : . . . . . 
In extruding billet after billet according to the 

invention, everything introduced into the press 
cylinder appears in the extruded product. It is 
accordingly necessary to exercise great care in 
preventing entry of foreign material into the 
press. The billets should be of high quality and 
should be carefully cleaned. Pre-extruded or 
Scalped billets are advantageous. In addition, 
more than usual precautions should be exercised 
to prevent entrapinent of air between each butt 
and new billet, since any Such air is forced 
through the die With the extruding metal, forin 
ing blisters and blowholes. With a conventional 
extrusion press, air entrapment is best avoided 
by insuring that the forward face of each new 
billet is Square with its sides and by inserting the 
billet carefully So that it lies flat against the butt 
already in the cylinder. 
A more convenient way of avoiding air entrap 

inent is to carry out the extrusion in a press the 
ran of which is provided with a concave pressure 
face. When the extiusion pressure is applied to 
the billet by Such a ram, the rear end of the billet, 
which becomes the butt left in the cylinder, is 
formed with a convex face. When the next billet, 
is inserted with the usual fiat end against this 
convex face of the butt, there is metal-to-metal 
contact only at the center of the butt. Then, as 
the ext:usion pressure is applied and the new 
billet is gradually forced against the convex butt, 
any air present at the interface, rather than being 
trapped, is positively expelled outwardly and then 
rearwardly through the clearances around the 
new billet and ran, 2nd thus out of the press. 
By operating in this way, air blisters and blow 
holes in the extilision are largely eliminated. 
The degree of concavity in the rain for such a . 

purpose is small, preferably being such that the 
angle formed between the center point of the 
ran face and opposite points on the periphery, is 
160° to 170°. The contour of the concavity is con 
veniently conical, although a wedge-shaped de 
pression in the end of the ran is almost as 
effective. 
The process of the present invention offers 

another advantage over conventional practice in 
that it is unnecessary to preheat each billet to a 
hot-working temperature prior to inserting it in 
the press. The first billet to be extruded must, 
of course, be preheated in the conventional way, 
and all billets may be, if desired. Alternatively, 
however, each billet except the first may be in 
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hot-working temperature. In those instances 
where extrusion Speeds have intentionally been 
held low because of excessive generation of heat, 
the insertion of cold billets according to the in 
vention sometimes permits use of higher speeds 
because a part of the excess heat is absorbed by 
each billet. 
The fact that preheating of the billets except 

the first is not required according to the inven 
tion is peculiarly advantageous in extruding 
Retals which Suffer a loss of Strength on lengthy 
heating at hot-working temperatures. Typical of 
Such metals are magnesium-base alloys contain 
ing zirconiun in grain-refining proportion. Bil 
lets of such alloys may be inserted into the press 
without preheating and extruded into finished 
product without heating the metal long enough 
to cause appreciable grain growth. 
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The sequence of steps for carrying out the 
process of the invention in a preferred forin may 
be understood with reference to the accompany 
ing drawing. The initial billet 5 (Fig. 1), say of 
a magnesium-base, alloy, after preheating to a 
hot-working temperature, e.g. 700°F., is inserted 
in Gre end of the press cylinder 6, the other end 
of which is closed by a die. The die opening 3 
has a CrOSS-Sectional area less than /i, that of 
the press-cylinder 5. The extrusion ram 9, pro 
vided with a concave end e, is then operated to 
enter the cylinder and force the billet 5 out, the 
die opening, forming the extruded product . 
Fig. 1 illustrates the condition existing in the 
hiddle of the extrusion stroke. As will be seen, 
the action of the concave end of the ran has 
formed a convex rear face on the billet. 

Extrusion proceeds until the length of the billet 
hecomes only slightly more than half its diameter, 
at which point the extrusion stroke is terminated 
(Fig. 2). The ran 9 is then withdrawn from the 
cylinder and the next billet 2, which is unheated, 
is inserted (Fig. 3). As the next stroke of the 
ran starts, the flat end of the new billet f2 is 
forced against the convex butt of the previous 
billet. The new billet then gradually upsets 
against the previous butt, any air present between 
then being forced outwardly and rearwardly 
around the billet and ram. As extrusion pro 
ceeds, the previous butt and new billet merge or 
Weld together along the flow lines shown in Fig. 4, 
forming an integral mass which issues from the 
die. As the ram continues to move, it again 
reaches the position shown in Fig. 1, and a second 
cycle begins. These steps may be carried out re 
peatedly to produce a continuous uniform extru 
Sion of any desired length. 
What is claimed is: 
1. In the hot extrusion of magnesium-base 

alloy billets to form a continuous product in 
a direct-extrusion press having a cylinder, ran, 
and die, the steps of: extruding each billet 
through a die of sufficiently restricted open area. 
that the reduction in cross-sectional area, dur 
ing extrusion is at least 75:1, forming the rear 
end of each billet. to a convex shape during ex 
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trusion thereof by applying the extrusion pres 
Sure thereto by means of a concave-ended ram, 
terminating each extrusion Stroke when the 
length of the as-yet unextruded butt of the bil 
let in the cylinder is between one-half and once 
its diameter, inserting the next billet in the 
Cylinder behind the butt, and then making the 
next extrusion stroke, thus causing rear Ward 
expulsion of any air from the space between the 
butt and the inserted billet and Welding of the 
butt and billet so that the latter issues from the 
die as an integral continuation of the extruded 
butt. 

2. In hot extruding magnesium-base alloy solid 
billets in a direct extrusion press having a cylin 
der, ram, and die, the sequence of steps for pro 
ducing a continuous product which comprises: 
extruding each billet through a die of sufficiently 
restricted open area, that the reduction in cross 
Sectional area, during extrusion is at least 50:1, 
terminating each extrusion stroke when the 
length of the as-yet unextruded butt of the bil 
let in the cylinder is between one-half and once 
its diameter, inserting the next billet in the 
Cylinder behind the butt, and then making the 
next extrusion stroke, thus causing the inserted 
billet to Weld to the butt of the previous billet 
and issue from the die as an integral continu 
ation of the extruded butt. 

3. In hot extruding magnesium-base alloy solid 
billets in a direct extrusion press having a cylin 
der, ram, and die, the sequence of steps for pro 
ducing a continuous product which comprises: 
extruding each billet through a die of sufficiently 
restricted open area, that the reduction in cross 
Sectional area during extrusion is at least 50:1, 
terminating each extrusion stroke when the 
length of the as-yet unextruded butt of the billet 
in the cylinder is between one-half and once its 
diameter, inserting the next billet in the cylinder 
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behind the butt, and then making the next ex 
trusion Stroke, thus causing the inserted billet 
to weld to the butt of the previous billet and 
issue from the die as an integral continuation 
of the extruded butt, preheating only the first 
billet to be extruded to a hot-Working tempera 
ture and inserting the remaining billets into the 
cylinder without preheating. 

4. In hot-extruding solid billets composed of 
a magnesium-base alloy containing Zirconium 
in grain-refining proportions in a direct ex 
trusion press having a cylinder, ram, and die, 
the sequence of steps for producing a contin 
uous product which comprises: providing a num 
ber of billets of the composition hereinbefore 
stated and extruding each billet through a die 
of Sufficiently restricted open area, that the re 
duction in Cross-sectional area during extrusion 
is at least 50:1, terminating each extrusion stroke 
when the length of the as-yet unextruded butt 
of the billet in the cylinder is between one-half 
and once its diameter, inserting the next billet 
in the cylinder behind the butt, and then mak 
ing the next extrusion stroke, thus causing the 
inserted billet to weld to the butt of the pre 
vious billet and issue from the die as an integral 
continuation of the extruded butt, preheating 
Only the first billet to be extruded to a hot 
Working temperature and inserting the remain 
ing billets into the cylinder without preheating. 

ROBERT E. PERRY. 
GERHARD ANSEL. 
ROBERT, L, DIETRICH, 
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