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The invention relates to metal working and in
barticular concerns the Preparation or improve-
ment of forging stock or of metal stock in gen-
eral.

In the metal working arts recognition has been
accorded to the beneficial effects of working in
Telation to grain refinement and improvement in
mechanical properties of the metal. Inseparable
from the advantages which may be said to result
from the working methods commonly employed,
as in rolling or drawing, are certain inherent dis-
advantages. Perhaps one of the most important
of these is represented by the phenomenon gen-
erally referred to as the production of directional
pbroperties in the metal. Thus it is well known
for example,
the tensile strength will be greater in the direc-
tion of rolling than transversely thereto. Many
attempts have been made to avoid or minimize
the directional effect of rolling and kindred work-
ing operations but, so far as I am aware, none of
the methods now known to the art are completely
effective; and in some cases they are of doubtful
value.

The designs of roll passes and of forging dies
are illustrative of the means commonly adopted
to work the metal in such g, way as to tend toward
Trefinement of the grain structure and the elimi-
nation of directional broperties. The improve-
ment obtainable by such expedients is quite lim-
ited, however, and is largely dependent upon size
and shape of the metal stock which is used, in
relation to the size and shape of the product or
intermediate product which is to be fabricated.

It is an object of the bresent invention to pro-
vide a method of preparing metal stock which is
characterized by substantial freedom from direc-
tlonal properties and which will show in this re-
spect a far greater improvement than is obtain-
able by any of the methods which heretofore
have been employed. Another object is to provide
a method of preparing metal stock characterized
by an improvement in mechanical properties and
more particularly by an increased fatigue limit.

A more specific object of my invention is to
teach a method of breparing -aluminum stock
which is characterized by freedom from direc-
tional properties and by an attendant improve-
‘ment in physical properties in all directions with
a marked improvement in fatigue limit. I have
conducted fatigue tests on specimens cut out of
large aluminum alloy forgings such as are made
for locomotive connecting rods and have found

that the fatigue strength is appreciably below -
that of wrought metal of similar composition

(Cl. 29—160.4)

produaced in smaller sizes, such as rod or sheet or
even small forgings. It is therefore g special
object of my invention to provide a method of
preparing aluminum forging stock suitable for
use in. the fabrication of locomotive connecting 5
rods, airplane propellers and similar articles

.where the amount of working normally performed

in the fabricating steps is comparatively small by
reason of limitations imposed by the size of ingot

or stock available. ;The method which is de- 10
scribed herein will also be found applicable, how-
ever, in the production of smaller articles by forg-
ing or by other fabricating methods since in every
case it will be found possible to start the forming
operations with stock more nearly conforming to 15
the size of the article which is to be made; and
since the stock which is produced in accordance
with the method described is quite free from di-
rectional properties, the producs will also be com-~
paratively free from directiona] broperties. This, 20
of course, would not be true where forming oper-
ations are relied upon for the grain refining
effect, in which case there is always a, tendency
toward production of directional properties.
Where cold working must be relied upon for the 2
production of optimum mechanical properties it
is likewise possible to start the forming operations
with stock more nearly conforming to the size of
the article which is to be made.

These are the principal objects of the inven- g,
tion. Others will appear from the following de-
scription in which there will be occasion to refer
to the appended drawing in which

Fig. 1 shows in perspective a metal ingot or
billet suitable for processing in aceordance with 55
my novel method. Fig. 2 shows the same billet.
at the end of the first step of the method. Fig. 3
is a perspective view of a blank for a locomotive
side rod forging such as would be produced in
accordance with my invention following the work- 40
ing or kneading steps indicated in Figs. 1 and 2.

Fig. 4 shows a cast or machined billet such as
commonly employed in extruding operations ; and

" Fig. 5 shows the same body after it has been

subjected to the first step of my method which,
in the 'specific embodiment illustrated, has been
performed by die expressing or, as more com-
monly referred to, by extrusion.

I have found ‘that if an elongated ingot or
billet be first upset in one direction and then
worked back as by forging or extrusion to sub-
stantially its original form, with a number of
repetitions of this cycle, a very considerable im-
brovement in mechanical properties is obtained

and the forging stock or other stock so produced 55
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possesses physical properties which are very simi-
lar in all directions. It is particularly to be ob-

_served that in this cyclical process which I have

devised the working or kneading of the metal Is
accomplished without any reference whatsoever
to the form or shape of the article which subse-
quently is to be produced therefrom. 'Thus it is
possible to carry the process through the re-
quired number of cycles to produce optimum
properties irrespective of the form of the product
or subsequent methods of fabrication. Hence, the

- {nvention .as I have conceived it relates to the
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preparation of stock, and the ‘method employed is
characterized by its cyclical nature and by the
fact that the metal is worked back to its original
form—or to substantially its original form—one
or more times. ’

Throughout the balance of the specification
and in the appended claims the term “billet” is
used in a generic sense and will be understood
to include, for example, the “ingot” and the
«ploom” as well as the “billet” as these terms are
customarily employed. This definition is necessi-
tated by reason of the fact that the method de-
seribed can be performed either by forging or by
extrusion and the terminology in the two flelds
fs not entirely consistent. The cast body of
aluminum, for example, that is used in extruding
shapes is generally known as an extrusion “billet”
whereas the cast body of metal used in rolling is
called an “ingot”. Tt will be understood that the
body of metal shown in Fig.1 as the starting point
of the process may, properly speaking, be neither
an ingot nor a billet but a block of metal cut out
of an ingot. This also comes within the purview
of my definition of the term “billet” as used
herein.

The term “aluminum” as used herein and in
the appended claims is intended to comprise both
aluminum and alloys in which aluminum forms
the principal constituent.

The billet 1 may be cast as an ingot or it may be
produced in any convenient manner from & larger
body of metal. Assuming that it is desired to
make stock for forging, the amount of metal in
billet | should be about that which will be re-
quired to produce the finished forging. Billet l1is
upset as by press or hammer forging, into the
form shown by the dotted lines 2, the forging
pressure being applied in the direction indicated
by the arrow a. The upset billet 2 is then turned
up on one of its sides, as shown in Fig. 2, and
forging pressure applied in the direction of the
arrow b. It is then turned between the forging
dies so that pressure can also be applied in the
direction of the arrow.c.. By means of forging
pressures b and ¢ the upset billet 2 is “drawn”
back again to substantially the form of the
original billet |, as indicated by the dotted lines at
i’. Thus, the dimension C’ i8 approximately the
same as the heigltt C of the original billet 1. The
steps of upsetting and then returning the de-
formed billet to substantially its original form are
then repeated a number of times. I prefer to re-
peat the cycle at least three times and in some
cases it may be desirable that it be repeated
six times or more. In the case of aluminum it is
preferable to-carry out the operations of upsetting
and drawing at an elevated temperature. Be-
tween 500° F. and 840° ¥. is recommended in the
case of very large forgings. T have in contempla-
tion however, the possibility of kneading the
metal at room temperature. Where elevated tem-
peratures are desired reheating may be effected
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between suceessive working cycles or between
successive steps of a given cycle.

Figs. 4 and 5 are intended to indicate the suc-
cessive forms of a billet when processed in ac-
cordance with my method when the kneading is
to be accomplished by extrusion instead of by
forging, Fig. 4 representing the pillet at the be-
ginning and end of the cycle and Fig. 5 represent-
ing the intermediate form of the billet. When the
kneading is to be performed by extrusion I prefer

a reduction of at least 50 per cent in the cross sec-

tional area of the billet, with a corresponding
elongation. Thereafter the extruded billet is re-

turned to substantially its original form by an up-

setting or die forging operation. Apparatus by
which the original billet 3 may be extruded to
form the elongated billet 4 is well known in the
art and need not be here described. One form

10

of apparatus suitable for returning billet 4 to -

its original form 3 is described in my copending
application, Serial No. 731,877, issued February 4,
1936, as Patent No. 2,029,800.

20

It will be seen that the method described in -

connection with Figs. 4 and 5 is the same &s
that described in connection with Figs. 1 and 2,
the only difference being in the apparatus which
is utilized in the performance of the method.
In each case the pillet | or 3 1is subjected
to a mechanical working cycle consisting in
deforming it by the application of a working
pressure and returning the deformed billet (2
or #) to substantially its original form by fur-
ther application of a working pressure. In each
case this working cycle may be repeated a suf-
ficient number of times to produce optimum
physical properties and maximum fatigue re-
sistance. I have found, however, that

extrusion and die forging two or three cycles are
usually sufficient to produce optimum properties
in aluminum. After the third cycle the alumium
allcys tested showed greatly improved proper-
ties and further repetitions of the cycle did not
produce any substantial change. The mechanical
properties investigated include tensile strength,

yield strength, elongation and reduction in area. -

It will of course be understood that some alumi-
num alloys may require a greater number of
repetitions of the cycle than others.

As an example whereby the exact nature of
my invention may be completely understood ref-

erence will be made to the production of side

rods for locomotives. For this purpose alumi-
num alloy forgings have rapidly been increasing
in favor by reason of their strength and light-
ness. The weight consideration is particularly
important in machine parts having rapid re-
ciprocatory motion, from the standpoint of avoid-
ing inertia losses, and in the case of locomotive
side rods the reduction in weight is especially
important since it reduces the “rail hammer”’
caused by the reciprocating parts. As previously
indicated, the problem of attaining satisfactory
fatigue limits in large forgings of this sort is
much more serious than in the case of wrought
metal of similar composition produced in smaller
sizes, such as rod or sheet or smaller forgings. A
7 x 7 x 16 inch billet was taken from a 20x 20 X 72
inch aluminum alloy ingot containing approxi-
mately 4.5 per cent of copper, 0.8 per cent silicon,
and 0.8 per cent manganese. This billet was up-
set to a 9 inch cube, then drawn back again to
its original dimensions. This cycle was repeated
six times and then the billet was reduced 50
per cent at one end, as at § in Fig. 3, and 80

when .
the method is performed by the combined steps of '
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per cent at the other, as at 6 in the same fig-
ure. The final dimensions, 8 x 27 inches (50 per
cent reduction and 3% x 2% inches (80 per cent
reduction), are proportional to those of the large
and small cross heads of a typical locomotive
side rod. It was necessary to reheat the metal
twice, for the operations of upsetting and draw-

"ing were carried out between temperatures of
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840° F. and 500° F. Specimens taken from a
finished forging blank and subjected to a rotating
beam fatigue test, showed an average endurance
limit in the transverse direction of 13,000 pounds
per square inch, based on 500,000,000 cycles, as
compared with an average endurance limit in
the same direction of 11,000 pounds per square
Inch for specimens taken from blanks forged in
the usual manner, It will be observed that this
represents an improvement of about 18 per cent
over the results obtainable by the methods known
to the prior art. Longitudinal and transverse
test specimens showed the following average
values for tensile and yield strengths:

. f4ar s Transverse| Transverse
Longitudinal (vertical*) | (horizontal®)

Tensile strength

(pounds per sq.

in) .. SR 56025 54860 55100
Yield strength L :

(pounds per sq.

iny o 35343 35217 34500

*Ag viewed in Fig. 3.

It will be seen from these results that. the forg-
ings produced showed very little tendency toward
directional properties.

Similar tests were made on specimens taken
from 99 per cent aluminum stock prepared in
accordance with the specific embodiment of my
method described with reference to Pigs. 4 and

5 of the drawing. The results of these tests are
given in the table:
At the comple- | At the comple-
tion of 2 cycles | tion of 4 cycles
Longi- | Trans- | Longi- Trans-
tudinall verse |tudinal| verse
Tensile strength (1bs./sq. in)._.{ 22310 | 22240 | 21630 22110
Yield strength (Ibs./sq. in.)._..| 19600 20300 | 18300 21600
Percent elongation........__ - . 17.5| 18.0) 180 18.0

The foregoing data give g comparison between
longitudinal and transverse properties both at
the end of the second cycle and at the end of
the fourth cycle; that is, in the first case the
extrusion and upsetting to. the original form is
performed twice and in the second case four
times. The results clearly show that stock pre-
bared in accordance with the method disclosed
herein is characterized by substantial freedom
from directional properties.

It will be seen that by my invention I have pro-
vided a method of preparing metal stock which
can conveniently be performed with existing
equipment; which results in improved mechanical
properties—especially as to fatigue limits; and
effects a marked decrease in tendency toward di-
rectional properties. The method which I have
devised also makes possible the production from
standard sizes of ingot, of large sluminum alloy
forgings characterized by a high fatigue limit.

I claim:

1. Method of preparing metal stock character- -

ized by substantidal freedom from directijonal
properties which comprises providing a metal

3

billet, mechanically deforming said billet by the
application of a working pressure, and returning
the deformed billet to substantially its original
form by further application of a working pres-

_sure.

2. Method of preparing metal stock which com-
prises providing a metal billet, subjecting said
billet to a mechanical working cycle consisting
in deforming the billet by the application of a
working pressure and returning the deformed
billet to substantially its original form by fur-
ther application of g working pressure, and re-
peating said mechanical working cycle at least

- two times.

3. Method of preparing metal stock charac-
terized by substantial freedom from directional
properties which comprises providing a metal
extrusion billet, reducing the cross sectional ares

of said hillet by extrusion through a die, and

returning the extruded billet to substantially its
original form by an upsetting operation.

4. Method of preparing metal stock character-
ized by substantial freedom from directional
properties which comprises providing a metal
extrusion billet, reducing the cross sectional area
of said billet by extrusion through a die, and
returning the extruded billet to substantially its
original form by a die forging operation.

5.-Method of preparing metal stock which com-
prises providing a metal billet, subjecting said
billet to a mechanical working cycle consisting
in reducing the cross sectional area of said
billet by extrusion through a die and returning
the extruded billet to substantially its original

form by an upsetting operation, and repeating

said mechanical working cycle at least two times.

6. Method of preparing metal stock which com-

prises providing a metal billet, subjecting said
billet to a mechanical working cycle consisting
in reducing the cross sectional area of . said billet
by extrusion through a die and returning the
extruded billet to substantially its original form
by a die forging operation, and repeating said
mechanical working cycle at least two times.

7. Method of preparing metal stock charac-

terized by substantial freedom from directional
properties which comprises providing a metal

billet, upsetting said billet by applying a forging
pressure in the direction of its longest dimen-
sion, and returning said upset billet to substan-
tially its original form by drawing out through
forging dies. . : .

8. Method of preparing metal stock charac-
terized by substantial freedom from directional
properties which comprises providing a metal
billet, upsetting said billet by applying a forging
pressure in the direction of its longest dimen-
sion, and returning said upset billet to substan-
tially its original form by the further applica-
tion of forging pressure in directions normal to
the initial forging pressure.

9. Method of preparing metal stock which com-
prises providing a metal billet, subjecting said
billet to a mechanical working cycle consisting
in upsetting said billet by applying a forging
pressure in the direction of its longest dimension
and returning said upset billet to substantially
its original form by drawing out through forg-
ing dies, and repeating said mechanical working
cycle at least two times. )

10. Method of preparing metal stock which
comprises providing a metal billet, subjecting
said billet to a mechanical working cycle con-
sisting in upsetting said billet by applying a
forging pressure in the direction of its longest
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dimension and returning said upset billet to sub-

stantially its original form by the further appli-
cation of forging pressure in directions normal to
the initial forging pressure, and repeating said

“mechanical working cycle at least two times.

11, Method of preparing aluminum stock char-
acterized by substantial freedom from direction-
al properties which comprises providing an alumi-
num billet, mechanically deforming said billet
by the application of & working pressure, and
returning the deformed billet to substantially its

- original form by further application of a work-

ing pressure.
~ 12, Method of preparing aluminum stock which
comprises providing an aluminum billet, sub-

" jecting said billet to a mechanical working cycle

consisting in deforming the billet by the appli-
cation of a working pressure and returning the
deformed billet to substantially its original form
by further application of a working pressure, and
repeating said mechanical working cycle at least
two times.

13. Method of preparing aluminum stock char-

acterized by substantial freedom from directional
properties which comprises casting an aluminum

extrusion billet, reducing the cross sectional area.

of said billet by extrusion through a die, and re-
to substantially its
original form by an upsetting operation.

14. Method of preparing aluminum stock which

. comprises providing an aluminum extrusion billet,

subjecting said billet to a mechanical working
cycle consisting in reducing the cross sectional
area of sald billet by extrusion through a die and
returning the extruded biliet to substantially its
original form by an upsetting operation, and re-
peating said mechanical working. cycle at least
two times.

15. Method of preparing alumlnum stock char-.

acterized by substantial freedom from directional

properties which comprises providing an alumi-

2,080,840

num extrusion billet, reducing the cross sectional
area of said billet by extrusion through a die,
and returning the extruded billet to substantially
its original form by a die forging operation.

16. Method of preparing aluminum stock char--

acterized by substantial freedom from directional
properties which comprises providing an alumi-
num billet, upsetting said billet by applying a
forging pressure
dimension, and returning said upset billet to sub-
stantially its original form by drawing out
through forging dies. . . .

17. Method of preparing aluminum stock char-

" acterized by substantial freedom from directional

properties which comprises providing an alumi-
num billet, upsetting said billet by applying &
forging pressure in the direction of its longest
dimension, and returning said upset billet to sub-
stantially its original form by the further appli-
cation of forging pressure in directions normal
to the initial forging pressure.

18. Method of preparing aluminum stock which
comprises providing an aluminum billet, sub-
jecting said billet to a mechanical working cycle
consisting in upsetting said billet by applying &
forging pressure in the direction of its longest

.dimension and returning said upset billet to sub-

stantially ' its original form by drawing out
through forging dies, and repeating said me-
chanical working cycle at least two times.

19. Method of preparing aluminum stock which
comprises providing an aluminum billet, subject-
ing said billet to a mechanical working cycile
consisting in upsetting said billet by applying &
forging pressure in
dimension  and returning said upset billet to
substantially its original form ‘by the further
application of forging pressure in directions nqr-
mal to the initial forging pressure, and repeating

in the direction of its longest

the direction of its longest.
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said mechanical working cycle at least two times. -

RICHARD L. TEMPLIN.



