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This invention relates to the working of metal. More
particularly the invention relates to the production of
sound metal bodies of large cross-sectional area and
possessing physical properties of a high order such as are
required for use in forging operations and the like.

In the metal industry, large quantiiies of metal annual-
ly go into the manufacture of tools, structural members
for aircraft and other metal articles requiring high physi-
cal properties. It is highly advantageous, if these articles
which sometimes are of massive size, can be made from
a single piece of stock since this dees away with the
necessity of making the article in sections, which later
have to be joined by welding, riveting, etc. Such a pro-
cedure is not only time consuming and costly, but also the
mechanical or welded joints necessary in securing the
sections together are often subject to structural defects.
A specific example of this is in the aircraft industry where
it has been proposed to simplify the construction of air-
craft by producing some of the large aluminum structural
elements such as bulkheads from a single forging.

When such articles can be forged in a single piece,
they are much stronger than those made in sections.
One of the reasons for this is due to.the fact that in the
forging operation the proper grain flow can be worked
into the metal. However, before such pieces can be
produced for later forging operations, sound metal stock
of exceptionally large cross-section are a prerequisite and
must first be produced. It is one of the advantages cf
this invention that the method proposed herein can be
utilized for producing such stock material.

Various processes have been proposed for producing
suitable aluminum ingots having the requisite size and
physical properties, but they have not been found com-
pletely satisfactory. Attempts have been made to cast
billets, ingots, or the like of relatively massive size. In
such a process, the billets, ingots, or the like are conven-
tionally either cast in a stationary mold or by what is
commonly called direct chill or continuous casting which
is the preferred process from a production standpoint.
Where large size ingots, for example of aluminum and its
alloys, on the order of sixteen inches in diameter or over
are cast by either of the aforementioned processes, close
control of the casting conditions must be maintained,
otherwise there is found to be a tendency toward porosily
and unsoundness in the ingot, which will not be suitable
for later rolling and other workiug operaiions. Such
ingors having the defect of porosiiy ave genersily unoi
considered suitable as future stock material for forging
where high physical properties are required. When pro-
ducing large size ingots by continuous casting, it has also
been found in the case of certain metals, that the ingots
are subject to internal cracks and other serious defects
rendering them unsuitable for further working operations,
unless close control of the casting conditions is main-
tained.

As an alternative, therefore, to any method of con-
tinuously casting a sound ingot of large cross-section,
which invelves close control of temperature and other

10

15

30

35

40

45

BO

6G

85

70

2,

casting factors, it has been found that if a small sound
ingot or as-cast blank is taken in the as-cast condition
and then compressed and upset under tremendous pres-
sure between a plurdlity of pressure applying surfaces,
the metal in the ingot will be so worked during the appli-
cation of pressure thereto that a massive structurally
sound blank having a homogeneous grain structure can
be easily produced. The size of the blanks which are
contemplated may be on the order of 32" in diameter or
larger. Tt is obvious that when such blanks are produced,
the way is then open for forging massive articles from a
single blank., These forgings are highly desirous, par-
ticularly to the aircraft industry. In this industry, it is
now possible, by utilizing the method of the instant in-
vention, to obtain suitable forging stock of the proper
size so that structural members for aircraft capable of
resisting the tremendous loads and pressures encountered
by jet planes flying at high speeds can be made from a
single piece of metal. As stated before, when thesc
structural elements are forged from a single piece of
metal the best possible grain flow is worked into the metal
and the elements will have exceptional strength and rigid-
ity.

It is to be noted that the present day development of
massive presses capable of exerting tremendous amounts
of pressure, for example on the order of 15,000 tons or
more, also make possible the practicing of the methed
for producing structurally sound blanks hereinafter de-
scribed.

One of the primary benefits derived from the use of the
method of the instant invention for producing structurally
sound forging blanks resides in the fact that it allows the
use of present day small size ingots cast by conventional
methods. That it, it complements the present day known
casting practices, which themselves are not capable of
making structurally sound ingots of massive sizes, for ex-
ample on the order of 32" in diameter and larger. Fur-
thermore, the stock or blanks produced by this inventien
are not limited as in a casting proceduie to a particular
shape or configuration. Instead, by using suitable dies,
the blank can be upset to take the rough configuration of
the finished forged product even while the properties of
the material undergo a change as a result of the upsetting
operation.

Although in the preferred embodiment of the invention,
it is contemplated that the method proposed will be used
for producing structurally sound forging blanks of large
cross-section from otherwise small ingots in the as-cast
state, it is to be noted that the method can also be utilized
for changing the character of the physical properties of
wrought or partially wrought material of any size by the
simple process of upsetting the same, so that a blank of
a much larger size can be produced. Such practice would
be advantageous for example in the manufacture of
various parts used in the construction of aircraft wings
and body assemblies. For example, if a wing section
on an airplane required the use of a forging piece of large
cross-section and only a small wrought or partially
wrought blank was available, it would be possible by the
use of the upsetting method herein described to ealarge
the blank to the size required for the final forging.

It is therefore a primary purpose and object of this ia-
vention to provide a novel method for producing massive
sound blanks from as-cast small ingots,

Another object is to provide a novel method for impart-
ing increased physical properties to metal stock of large
size, ’

A specific object is to provide a novel method for trans-
forming a body of relatively small cross-section in the
as-cast or fully or slightly worked state, into a large blank
having uniform physical properties suitable for future
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forging into massive articles requiring high physical prop-
erties.

Another object is to provide a novel method for trans-
forming a conventional as-cast ingot into a wrought blank
characterized by having uniform physical properties and
having an exceptionally large cross-sectional area.

A more specific object is to provide a method for trans-
forming aluminum arnd aluminum alloy ingots in the
as-cast condition into sound blanks possessing a large
cross-sectional area, said blanks being characterized by
having high physical properties throughout the cross-
section of said bodies.

Ancther object is to provide a novel machine for in-
creasing the cross-sectional area and physical properties
of an ingot by an upsetting operation and while working
it at exceptionally high pressures.

Another object is to both produce and place a massive
blank in the shape of a roughened out forging piece.

It has been found that an as-cast ingot or metal blank
of large size which normally possesses predetermined
physical properties in the as-cast condition can be trans-
formed into a massive sound blank possessing satisfactory
physical properties for future forging operatioas and of
a large cross-sectional area by heating the ingot and sub-
jecting it to axial pressure within an enclosed die chambei
having a transverse cross-sectional area greater than that
of the ingot, but in a predetermined critical ratio thereto.
This upsetting procedure can be repeated any number
of times depending on the resulfs desired, to enlarge the
as-cast ingot or blank to any desired cross-sectional area
having physical properties required for a specific forging
operation.

The invention will now be more fully described in coan-
junction with the accompanying drawings which illustrate
ceriain advantageous embodiments of the invention herein:

Figure 1 is a front elevational view partly in section
with parts removed for the sake of clarity illustrating one
form of machine capable of performing the method of
the invention and including opposed hydraulically oper-
ated pressure cylinders and a forging die cylinder there-
between,

Figure 2 is a sectional view when taken along line A—A
of Figure 1 and showing the sectional forging die cylin-
der with impression die inserts.

Figures 3, 4, 5, and 6 are front clevational views partly
in section with parts removed illustrating the use of die
chamber inserts and pressure piston modifications in work-
ing an elongated ingot by the method of the inventicn.

Figure 7 is an alfernative apparatus which may be
used in carrying out the instant invention.

Figure 8 illustrates a modified apparatus wherein the
pressure applying surfaces are given contours approxi-
mating that of the final product.

Referring to the drawings, Figures 1 and 2 illustrate
one form of apparatus which may be used in performing
the method of the invention. Mounted on a suitable
bolster plate or bed 2 are two opposed cylinders 1, 1
Stidably mounted within each opposed cylinder 1 and
projecting therefrom is a hydraulically operated pressure
piston 3. Any one of several conventional hydraulic
systems can be used for controlling the movement of the
pressure pistons 3, 3 within the cylinders 1, 1. The
opposed cylinders are tied together by means of suitable
tie rods 4 the ends of which pass through longitudinal
openings in the cylinder housings and which are securely
anchored thereto by means of nuts 5.

Located intermediate the opposed cylinders 1, 1 and
pressure pistons 3, 3 and in alignment therewith is a forg-
ing die assembly 6. The die assembly generally comprises
a Jower die section 8 and an upper die section 7. As
shown in Figures 1 and 2, the opposed surfaces of the
sections 7 and 8 are provided with longitudinally ex-
tending die cavities that are semi-circular in cross-section
such that when the opposed surfaces of the die sections
are -caused to-abut, the two die cavities-define a longi-

4
tudinal die chamber having a circular cross-section or
any cross-sectional shape depending on the results de-
sired. As illustrated, the upper and lower die sections
are provided with impression die inserts 9 and 19, re-
spectively, the purpose of which will be set forth herein-
after. The upper and lower die sections 7 and 8 as

~well as impression die inserts 9 and 10 are made of suit-
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able dic material such as chrome steel.
Lower die section 8 is suitably mounted on a stationary
lower die shoe 12 which is secured to bolster plate or
ed 2. Upper die section 7 is suitably mounted to upper
die shee 11 which in turn is connected to reciprocating
hydraulic cylinders 13, 13 of a press capable of exerting
sufficient pressure to keep the dies closed during the up-
setting operation, Slidably mounted along the longi-
tudinal edge portions of the upper die shoe 1! are a
plurality of guide posts 14, the bases of which are fixed
to the lower die shoe 12 and the upper extremities of
which are fixed to stationary top.plate 15. Suitable bush-
ings 16 arc also provided in the vertical openings in upper
die shoe 11 through which the guide. posts pass. As the
hydrauvlic cylinders 13, 13 are.caused to move upward
or downward thereby causing upper dic section 7 -to
move upward and away from lower die section 8 or
to move downward into contact with lower die section
8, the upper die shoe 11 will slide on guide posts 14
which will prevent any misalignment of the two die sec-
tions when they are brought together or moved apart.

The operation of the machine as shown in Figures 1
and 2 will now be described as applied to the method of
producing sound blanks of large cross-section with par-
ticular reference to Figures 3-6, which illustrate one
embodiment of the instant invention. With the die
sections 7 and 8 in the open position, an elongated body
of metal such as a cylindrical blank or as-cast ingot 20
which has been suitably heated is disposed in the longi-
tudinal die cavity of lower die section 8. As shown in
Figures 1-3, lower die section 8 as well as upper die sec-
tion 7 are provided with suitable impression die inserts
10 and 9, respectively, ‘the purpose of which will herein-
after be more fully explained. After blank 20 has been
positioned in the die cavity of lower die section 8, hy-
draulic cylinder 13.is actuated to cause upper die shoe
11 and attached upper die section 7 to move downward
until the opposing faces of die sections 7 and 8 abut as
shown in Figure 3, thereby defining a circumferentially
enclosed die chamber having-a diameter which is greater
than, but bears a critical relationship to the diameter of
the blank 2. During the time when the blank 28 is be-
ing positioned within the cylindrical die defined by die
sections 7 and 8, the opposed pressure pistons 3, 3 are
in a retracted position as shown in Figures | and 3. The
shape of pressure pistons 3, 3 is such that they have a
very close sliding fit with the inner walls of die inserts
9 and 16.

Immediately after the upper and lower die sections 7
and 8 are caused to close, hydraulic cylinders 1, 1 are
actuated to cause pressure pistons 3, 3 to rapidly enter
the open ends of the die cavity and abut the opposite ends
of blank 20 with sufficient pressure to upset the blank
such that it increases in diameter to the diameter of the
die space defined by impression die inserts 9 and 10 as
shown in Figure 4. In certain instances, it is desirable
to have the die in a heated condition to facilitate work-
ing the blank, and for this purpose suitable heating ele-
ments 18 may be located in upper and lower die sections
7 and 8 in close approximation to the die inseris. Al-
though in the preferred embodiment -of the apparatus
pressure pistons 3, 3 are indicated as both being in move-
ment during the upsetting operation, it is contemplated
within the scope of the invention that one of such mem-
bers may be held statxonary during the actual upsetting
operation as shown in Figure 7.

It has been found that there is a crltlcal relation in
any upsetting operation between the cross-sectional width
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of the stock (in cylindrical stock this would be the diam-
eter of the stock) and the cross-sectional width of the
die chamber within which the stock will be upset such
that the desired even grain structure and physical proper-
ties will be produced in the upset body of metal through-
out the entire cross-secticn thereof. More specifically, it
has been determined that in the axial upsetting of elon-
gated cylindrical stock within an elongated cylindrical die
chamber that the diameter of the die chamber should not
exceed about 1.5 times the diameter of the elongated stock
to be upset. Where the die diameter exceeds this critical
ratio, the metal will lap over due to. excessive bending
or buckling of the stock. This lapping over of the metal
gives rise to defective zones in the upset metal body
caused by improper fiow of metal in these lapped por-
tions. Generally it is found that under normal practice
a ratio not exceeding 1.5 will result in greatly enhanced
physical properties in the upset stock with no defective
zones caused by lapping. It is therefore to be under-
stood with reference to Figure 3 that the diameter of
the die chamber defined by impression die inserts 9 and
19 is not to exceed 1.5 times the original diameter of
blank 20.

Although the application of the invention as described
above specifically refers to the transformation of stock
wherein the cross-sectional configuration remains the
same, 1. e. circular, it is to be understood that the in-
stant invention can readily be applied to stock having
various configurations such as square, elliptical, etc.
Moreover, during the upsetting operation the stock may
be caused to take a different configuration as by trans-
forming stock from round to square or from elliptical to
hexagonal. In any event, however, the same critical re-
lation between the cross-sectional width of the stock and
of the die chamber maintains, that is, the cross-sectional
width of the die chamber should not exceed 1.5 times
the cross-sectional width of the stock or blank to be
upset therein.

Since in certain instances the cross-sectional area and
physical properties of the as-cast ingot, fully worked or
partially worked stock resulting from one upsetting oper-
aticn are not sufficient for the purpose intended, the
previously upset stock may be subjected to further up-
setting operations as shown in Figures 5 and 6. In Figure
5 is illustrated a second upsetting operation wherein the
wrought blank 29 resulting from the operation showsn
in Figure 4 is increased in diameter over that of the
wrought stock. .

To enable the use of the same upper and lower die
sections 7 and 8 in progressive upsetting operations, modi-
fied impression die inserts 9’ and 10’ are used in place
of the original die inserts 9 and 10 and thereby defining
a die chamber which bears the 1.5 diameter ratio of the
stock to be upset as in the first upsetting operation shown
in Figure 4. To facilitate the use of the same pressure
pistons 3, 3 in a plurality of upsetting operations, the
ends of the pistons may be provided with adaptors 17, 17
which are in each instance of such shape as to fit closely
within the open ended die. These piston adaptors may
be suitably attached to pistons 3; 3 as by providing the
inner end of each adaptor with a threaded recess and
providing the outer end of each piston with a complemen-
tary threaded projection. It is contemplated, within the
scope of the invention, that the adaptor need not be
securely affixed to the presure pistons 3, 3 but may
take the form of a simple punch or pressure plug adapted
to be inserted within the ends of the open ended forging
or upsetting die and against the ends of the metal stock
to be upset.

Figure 6 shows the third and last step in the particular
embodiment of the invention. In this last upsetting oper-
ation modified impression die inserts 8’ and 10’ are re-
moved leaving the die cavities in the inner face of op-
posed die sections 7 and 8 to define the size of the open
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6
ended upsetting die chamber. Pressure piston adaptors
17, 17" are replaced by modified adaptors 177, 177
which possess a close sliding fit with the walls of the
die chamber defined by upper and lower die sections
7 and 8.

In an advantageous embodiment of the invention, it
is contemplated that the same die apparatus as shown
in Figures 1-6 can be employed not oniy to produce
sound blanks of large cross-section bui a'so to impart
to the upset stock a shape which is roughly that desired
in the finish forged product. This can be accomplished,
as indicated in Figure 8, by providing the pressure ap-
plying surfaces of adaptors 17" with the desired contour
which corresponds roughly to that of the finish forged
product. Although Figure 8 illustrates only one of said
pressure applying surfaces as possessing a contour where-
in portions of the surface are in different planes and at
angles to each other, both of these surfaces may be con-
toured as the configuration of the final forged product
dictates. By using such a procedure of upsetting, the
total number of final forging operations and the forging
scrap loss can be held to a minimum.

It is also contemplated, within the scope of the in-
vention, that a suitable lubricant such as graphite and
a soluble oil may be used to coat the forging or upsetting
die sections where there is found a tendency toward
sticking of the upset stock within the die chamber and
also it may be beneficial in reducing die wear. In cer-
tain cases it also may be desirable to provide the dies
with several fine, spaced holes which would act to.allow
release of any entrapped air between the stock and the
die surface as the stock is being upset outwardly. This
will alleviate any tendency for the upset stock to have
unfilled areas or cavities on the exterior surface thereof.

As a specific example of the invention, an elongated
piece of stock 29 inches in length and 1.18 inches in diam-
eter was cut from a conventional 12 inch square 75S as-
cast aluminum alloy ingot containing approximately 1.5%
copper, 2.5% magnesium, 5.5% zinc, 0.25% chromium,
0.2% manganese, 0.4% silicon, 0.4% iron, 0.1% titanium,
balance aluminum. The stock was heated to approxi-
mately 850° F. and placed in a first die chamber of circu-
lar cross-section having a diameter of about 1.5 inches.
The die was heated to 300° F. prior to inserting the heated
stock therein. The stock was then subjected to axial pres-
sure on the order of 30,000 to 60,000 pounds per square
inch to upset it outwardly into contact with the circular
die chamber wall. The resulting stock had a diameter of
about 1.5 inches and a length of about 18 inches. This
stock was then reheated to 850° F., inserted in a second
die chamber having a diameter of 2 inches and rapidly
upset therein to about 2 inches in diameter and about 10
inches in length. The stock was reheated to 850° F. and.
placed in the third and last die chamber having a diameter
of about 2.6 inches and upset therein, the resulting prod-
uct being a worked body of 758 aluminum alloy having a
diameter of approximately 2.6 inches and a length of
about 5.9 inches. After being subjected to a conventional
solution heat treatment, this stock exhibited throughout
ifs entire cross-sectional area an average tensile strength
of 76,300 pounds per square inch and an average yield
strength of 72,500 pounds per square inch. Furthermore,
the stock was free of cracks and porosity and as an inci-
dent thereto possessed a partially wrought structure
throughout which for certain forging operations. would
be satisfactory.

Although the specific example set forth above.involved
a three step process and. utilized a blank temperature on
the order of 850° F,, it is to be understood that in any
given instance the mumber of upsetting operations used
and the extent of heating will depend upon the size and
type of blank or stock desired as well as on the size of
the original stock material. Only a nominal amount of
trial and error experimention is needed in any given case
to determine the most satisfactory operating conditions,
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The temperature to which the blank is heated prior to up-
setting will generally fall within the range of from about
800°-950° F. for aluminum alloys,

It is thus evident that by the use of the instant invention
as-cast ingots or blanks can be readily transformed into
sound bodies having very satisfactory properties through-
out their entire cross-sectional area and being of sufficient
size in cross-sectional area to be suitable as future stock
material for massive forgings and the like. Of particular
significance is the application of the method to the produc-
tion of large size stock material from metal which can-
not be satisfactorily cast in such sizes as, for example, the
758 aluminum alloy previously discussed or other high
strength aluminum alloy, particulasly of the solution heat
treatable type. Great difficulty is experienced in attempt-
ing to cast such ingots in sizes of 16 to 20 inches in diam-
eter or over because of the close control which must be
exercised over the casting operation. One of the conven-
tional methods of casting such ingots is by direct chill
continuous casting. As an example, when 755 aluminum
alloy ingots of the aforementioned sizes are cast in this
manner, the ingots are subject to cold shuts, internal
cracks and porosity unless close control of the casting op-
erations is maintained, and as such, are not usable as
stock material where high strength is required as in forged
structural shapes and the like. Furthermore, where it is
attempted to knead or work such ingots by conventional
practices such as forging or rolling the tremendous pres-
sures necessary often cause breaks or openings to occur in
the core or ceatral portions of the ingots due to the high
tensile stress developed therein when the outer portions
of the ingot are under tension and compression.

By means of the instant invention, however, it is possi-
ble to transform 758 aluminum alloy ingots of conven-
tional sizes which can be satisfactorily cast such as from
10 to 16 inches in diameter into sound wrought bodies
or blanks of relatively massive cross-section on the order
of 30 to 40 inches or over in diameter. For example, it
is possible to transform a 758 aluminum alloy ingot in the
as-cast state and being approximately 15 inches in diam-
eter and about 32 feet in length into a sound wrought
body approximately 36 inches in diameter and about 5.5
feet in length and which is eminently suited as stock ma-
terial for massive structural members and the like. In
transforming the 15 inch diameter ingot into a 36 inch
diameter body, the necessary upsetting operations should
always be within the critical 1.5 die-stock diameter ratio.

Generally, it is desirable practice to design the die cavi-
ties in the upper and lower die sections to accommodate
the largest worked stock which might be desired and then
provide suitable die impression inserts for all smaller sizes
of wrought stock. It is to be noted that although the
specific embodiment of the invention hereinbefore de-
scribed utilized an aluminum alloy cylindrical ingot in the
as-cast condition, the method of the invention is eminently
suited for increasing the cross-sectional area and physical
properties of stock material of other metals and alloys,
as for example, copper, brass, magnesium and other non-
ferrous metals as well as ferrous metals, either in the as-
cast, rolled, extruded, or other worked condition. More-
over, the stock material may possess a circular, elliptical,
square, or other polygonal cross-sectional shape as long
as the cross-sectional width of the opem-ended upsetting
die chamber does not exceed 1.5 times the cross-sectional
width of the stock material to be worked. By cross-
sectional width, with respect to stock having a polygonal
cross-sectional configuration, is meant the greatest dis-
tance on a line passing through the center and intersecting
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opposite points on the periphery thereof. It is also con-
templated, within the scope of the invention, that the orig-
inal cross-sectional configuration of the stock may be al-
tered in the final product as by going from round to
square shape as long as the aforesaid die-stock cross-
sectional width ratio is not exceeded. .

Accordingly, it will be apparent to those skilled in the
art that various modifications may be made in the instant
invention without departing from the spirit and scope
thereof and accordingly, the invention is not to be taken
as limited except by the appended claims wherein.

What is claimed is: .

1. A method of preparing elongated forging stock of
relatively massive cross-section from an elongated as-cast
blank of aluminum or aluminum alloy, comprising the
steps of heating said blank to a temperature of from
about 800° to 950° F., confining the heated blank in an
elongated chamber having a larger cross-section than that
of said blank, subjecting the blank to axial pressure suffi-
cient to upset the entire blank outwardly into close con-
formity with said chamber and to increase the cross-
sectional width of the blank by a factor of about 1.3, and
thereafter repeating such cycle of operations of heating
and upsetting at least one more time to further increase
the cross-section of the blank, whereby said as-cast blank
is transformed into sound, worked metal stock having
a cross-sectional size substantially greater than that of
the original as-cast blank and possessing a substantial in-
crease in physical properties and wherein said properties
are substantially uniform throughout the cross-sectional
area of the stock. ;

2. A method of preparing elongated forging stock of
relatively massive cross-section from an elongated as-cast
blank of aluminum or aluminum alloy, comprising the
steps of heating the metal blank to a temperature of
from about 800° to 950° F., confining the heated blank
in an elongated chamber having a cross-sectional area
larger than that of said blank, subjecting the blank to
axial pressure sufficient to wupset the entire blank out-
wardly into close conformity with said chamber and to
increase the cross-sectional width of the blank by a factor
of from about 1.3 to 1.5, and thereafter repeating such
cycle of operations of heating and upsetting at least
one more time to further increase the cross-section of
the blank, whereby said as-cast blank is transformed into
sound, worked metal stock having a cross-sectional size
substantially greater than that of the original as-cast blank
and possessing a substantial increase in physical proper-
ties and wherein said properties are substantially uniform
throughout the cross-sectional area of the stock.

3. A method of preparing elongated forging stock ac-
cording to claim 2 wherein simultaneously with said up-
setting operations the general configuration of the ultimate
article to be forged from the stock is imparted thereto.
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