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[57] ABSTRACT

Process for manufacturing a forged article in which a
preform is generated by filling a semi-rigid liner with
powdered metal, providing the liner with a sealing
element, and i1sostactically compressing the liner and its
contents. The liner i1s then removed from the green
preform, the preform is sintered, and the resulting sin-
tered preform is forged.

6 Claims, 9 Drawing Figures
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1
FORGING PROCESS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This is a continuation of application Ser. No. 98,627

5

filed Nov. 29, 1979, now abandoned, which is a reissue of 10

U.S. Par No. 4,094,053.

BACKGROUND OF THE INVENTION

Forging 1s a process by which the shape and physical
properties of metal can be changed. The process 1n-
volves placing the piece of metal (normally heated)
between the halves of a die and forcing the die to close
by impact or pressure. The operation causes a con-
trolled plastic deformation of the metal into the cavities
of the die. This flow of material results not only in a
change in the shape of the metal, but also improves the
uniformity of the metal, improves its grain structure,
and causes a shape-conforming grain flow. The result-
ing workpiece has properties which are superior to
those generated by other methods, thus making forging
essential where high performance workpieces are re-
quired.

One of the difficulties 1n the forging process 1s that,
when a complex shape 15 to be manufactured, the work-
piece which 1s fed to the final forging die must be rela-
tively close to the final desired shape. This workpiece
(which 1s shaped properly to be placed in the final forg-
Ing process) is called a “preform.” The design and for-
mation of this perform can be critical to the economics
of the forging process, since these factors affect the
useful life of the final forging dies and the power re-

quirements of the press and the amount of waste of

metal in the flash.
In the past, two general procedures were used to
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develop the preforms. Where maximum performance of 40

the workpieces i1s required, a series of forging opera-
tions can be used. The standard mill stock may be ex-
posed to several roller impressions, some bending and
twisting impressions, gathering and conditioning im-
pressions, and then blocking impressions. Each of these
operations requires substantial expenditures for special-
1zed forming equipment and the cost of the operations
can only be justified in extreme situations. In work-
pieces in which the strength requirements are not as
rigorous, the preform can be machined from the mill
stock using standard cutting methods. This process can
involve a great deal of wasted material and, its practi-
cality 1s severely effected by the spiraling increase in the
cost of the various resources necessary to carry it out.

It has been suggested that the shortcomings of the
above processes could be eliminated in certain situations
by the formation of forging preforms from powdered
metal. When a powdered metal is forged, its porosity is
substantially reduced and its mechanical properties may
be improved, so that they are equal or close to those
obtained in forged conventional metal. While the argu-
ments In favor of such a process make a great deal of
sense, the practical problems of carrying out an eco-
nomic system (particularly where large or complex
shapes are involved) have not been satisfactorily solved.
If powder metallurgical preforms are made in “hard”
tooling, the presence of multi-level portions in the
pressing direction, the presence of side wall friction,
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and the presence of tall parts all pose severe problems
for their manufacture. When the preform is made with
“soft’” tooling, as used in 1sopressing, the need for time-
consuming bag filling, supporting, bag stripping, and
pressurizing and de-pressurizing cycles tend to reduce
production rates to unacceptably low levels. These and
other difficulties experienced with the prior art pro-
cesses have been obviated in a novel manner by the
present mvention.

It 15, therefore, an outstanding object of the present
invention to provide an efficient and economically ad-
vantageous process for forming forged articles.

Another object of this invention 1s the provision of a
process in which the preforms of the forging process are
generated from powdered metal.

A further object of the present invention is the provi-
sion of a forging process in which the preforms are
formed by casting powdered metal in semi-rigid molds,
isostatically compacting the mold and its contents, re-
moving the mold from the compacted contents, and
sintering the green contents to generate the preform.

It 1s another object of the instant invention to provide
a forging process in which a powdered metal preform is
developed in a method which can be adapted to auto-
mation, because the steps involve relatively simple me-
chanical operations which can be carried out in a man-
ner consistent with modern manufacturing techniques.

A still further object of the invention is the provision
of a forging process which results in forged articles
which have mechanical properties equal or close to
articles manufactured by conventional methods.

With these and other objects in view, as will be ap-
parent to those skilled in the art, the invention resides in
the combination of steps set forth in the specification
and covered by claims appended hereto.

SUMMARY OF THE INVENTION

This invention involves a process for manufacturing
forged articles from powdered metal preforms. The
process involves preparing a semi-rigid liner of a shape
suitable for a forging preform, filling the liner with
powdered metal, providing it with a sealing element,
and then 1sostatically compressing the liner and its con-
tents. After that, the process involves removing the
liner from the green preform, sintering the preform, and
then forging it. After compaction, the liner is removed
from the contents either before or after a softening heat
step by decomposing the liner in the sintering furnace.

BRIEF DESCRIPTION OF THE DRAWINGS

‘The character of the invention, however, may be best
understood by reference to one of its structural forms,
as illustrated by the accompanying drawings, in which:

FIG. 1 is a perspective view of a forged article manu-
factured by a process embodying the principles of the
present invention,

FIG. 2 1s a diagrammatic representation of the iso-
static compaction equipment that might be utilized in
the process of the present invention,

FI1G. 3 1s a flow chart showing the generalized steps
of the present process,

FIG. 4 shows the detailed steps of one version of the
present process,

FIG. 5 shows the detailed steps of another version of
the present process, |

FIG. 6 shows the detailed steps of another version of

the present process,
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FIG. 7 shows the detailed steps of another version of
the present process,

FIG. 8 shows the detailed steps of another version of
the present process, and

FIG. 9 shows the detailed steps of still another ver-
sion of the present process.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 shows a workpiece 10 which has characteris-
tics making it particularly suitable for manufacture by
the present forging process. The article is shown as a
connecting rod for an internal combustion engine and,
therefore, for well-known reasons, it must have the
strength-to-weight and strength-to-volume ratios which
are now achieved by a forging process. The shape of the
connecting rod is sufficiently irregular that the prepara-
tion of a suitable preform for finish forging would re-
quire several complex, expensive, and wasteful opera-
tions as it is made by using conventional pnor art meth-
ods. A suitable preform from which to forge this article
is relatively large (approximately 20 inches long) and, as
a result, 1s particularly unsuited to be made by prior art
powdered metal techniques. This i1s not only because it
is too large to be processed practically in standard
“hard”, powdered metal tools, but also the unsintered
preform would have to have substantial strength in
order to be handled without fracturing. It should be
noted that, while the present process is particularly
suited for this type of workpiece, it is also useful in
forming less challenging articles.

Referring now to FIG. 3, which shows a general
scheme of steps making up the forging process of the
present invention, the process, indicated generally by
the numeral 11, begins with the purchase of powder in
Step 12 and the manufacture of plastic liners or con-
tainer in Step 13. The powdered metal 1s of the type
well-known in the powdered metal forming art, and 1in
the preferred embodiment is of the atomized alloy-steel
powdered metal designated as modified 46XX 46X X or
46FXX 46FXX compositions. Although the details of
the manufacturing process for the plastic liners will be
described in detail below, the function is to produce a
thin-walled, inexpensive, disposable liner formed of a
material such as expanded polystyrene and having an
internal cavity of a precisely desired shape. The desired
shape will be a shape determined by reverse engineer-
ing, backward through the remaining steps in the pro-
cess. The charactenstics of the liner are that it be made
of an inexpensive material, that it be capable of collaps-
ing against the powder under the influence of the exter-
nal isostatic pressure, without severe angular distortion.
Some means may be provided to cause the liner to main-
tain its precise internal shape while being filled with the
powder. Such factors will be discussed in further detail
hereinafter.

In Step 14, the liner is filled with the metal powder. It
has also been found that vibrating or rotating the liner
during or after the filling Step 14 provides a more uni-
form and, therefore, more predictable powder mass.

In Step 15, the liner and its contents are isopressed,
that is, exposed to isostatic pressure. While this isopress-
ing can be accomplished by a number of methods, in the
preferred embodiment of this invention, it is carried out
by the so-called dry-bag method as shown in FIG. 2. In
this method, the isopress 16 has a cavity 17 which is
closable by a pressure cap 18. The cavity 17 1s divided
into an inner chamber 19 and an outer chamber 20 by a
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flexible rubber bag 21. The workpiece 10, consisting of
the plastic liner filled with metal powder, is placed in
the mner chamber 19 and the cavity 17 i1s sealed by cap
18. The outer chamber 20 is then filled with high-pres-
sure fluid which causes the rubber bag 21 and liner to
collapse against the contents of the liner, and exerts an
1sostatic, omni-directional pressure on all surfaces of the
workpiece 10. This 1sostatic pressure causes a compac-
tion, consolidation, and strengthening of the now
“green” workpiece 10. The high pressure fluid is pro-
vided by a system including a reservoir 22, a pump 23,
and an accumulator 24, and an intensifier 25. The ele-
ments are piped together so that the pump feeds
through the accumulator to an intensifier loop and
thence into the outer chamber 20. Valves are provided
to control the supply of pressure and to release the
pressure from the outer chamber 20 at the end of the
isopressing cycle. At the end of the isopressing cycle,
the pressure 1s released from the outer chamber 20. As
a result, the rubber bag 21 returns to its original condi-
tion because the liner prevents the rubber bag from
interlocking with the powder during the pressing. How-
ever, the plastic liner will normally set to the new,
compacted shape of its contents. This relationship of the
various flexible elements in the system minimizes the
stresses imposed on the “‘green” workpiece and helps to
prevent breakage.

After the workpiece 10 or preform has been removed
from the isopress 16, it may be exposed to a preheat Step
26 which prepares it for sintering. This preheat step
would be of the type normally used to prepare pow-
dered metal “green” workpieces for sintering. Preheat-
ing may be used to soften the liner for removal or it may
be used to decompose the liner.

Next the sintering Step 27 s carried out on the work-
piece. The preform is then forged in Step 28, heat-
treated in Step 29, tested in Step 30, machined, if neces-
sary, to final form in Step 31, and then shipped in Step
32. The result of this process 11 is a workpiece which
possesses the desirable characteristics of a conventional-
ly-forged article and, yet, avoids the substantial expense
and wastage of forming a billet from the molten metal
and then shaping it into the required preform.

Two areas of the process require further discussions;
the techniques used to form and fill the liners, and the
technique used to remove the liner from the isopressed
preform.

In the preferred embodiment, the liner would be
formed and filled using technique C shown figuratively
in FIG. 6. Likewise, in the preferred embodiment, the
liner would be removed using technique Z shown in
FIG. 9.

Referring now to FIG. 6, Step 46 involves the manu-
facture of the liner. Step 46 would normally be carried
out at a remote location and interface only batch-wise
with the remainder of the process. The manufacture
could involve numerous well-known methods for gen-
erating a thin-walled, hollow liner of polymeric mate-
rial. In Step 47 the hner is filled with the powdered
metal as previously discussed. The liner and its contents
are placed in the flexible bag 21 of the i1sopress 16 1n
Step 50 and isopressed in the normal way.

An alternative technique A shown in FIG. 4 is similar
to technique B except that the negative mold which 1s
used to form the hiner is also used as a liner support
during filling. Thus, in Step 40 the polymeric material
of the liner would be placed on the negative side of a
mold of the desired shape, by a suitable coating process.
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The liner would then be filled with the metal powder
without removing the liner from its mold in Step 41.
Finally, the liner and its contents would be i1sopressed In
the normal way in Step 45. This technique can be partic-
ularly useful for large sized parts where the liner sup-
port may be necessary to maintain the loose powder In
shape before and during pressing.

Technique B shown in FIG. §, 1s similar to technique
C except that in technique B the liner is so pliable that
it must be supported during filling and handling or it
will suffer significant deterioration of its shape. Filling
is accomplished while the liner is being supported.

As mentioned previously, the preferred method for
removing the liner from the post-isopressed workpiece
is technique C shown in FIG. 9. In this techmque, after
the workpiece and the liner has been 1sopressed in Step
51, they are moved to a preheating Step 52 which is
normally necessary in sintering operations and then to
the sintering furnace in Step 53. The matenal from
which the liner is made 1s chosen to decompose without
adverse effect in the preheating zone of the sintering
furnace. Preferably, the decomposition would result in
an innocuous gas, but, since most sintering furnaces are
provided with suitable ventilating systems, the innocu-
ousness of the products is not absolutely necessary. This
technique is particularly applicable to use in conjection
with techmque A and B where the liner is intentionally
made extremely thin and recycling of the liner matenal
1S NnOt economic.

In an alternative liner removal technique X, shown in
F1G. 7, after the isopressing Step 54, the liner is physi-
cally stripped off of the ‘‘green” workpiece in Step 585.
The workpiece 1s then preheated in Step 56 and sintered
in Step 57. This technique is particularly adapted for use
with technique A.

Technique Y, shown in FIG. 8, involves the same
steps as technique X, except that the stripping operation
occurs after the preform has been preheated. This al-
lows a thicker and perhaps less flexible liner to be re-
moved from the “green” workpiece without injuring
the workpiece. Thus, the isopressing is accomplished in
Step 58, the workpiece is preheated in Step 59 and then
the liner is stripped off in Step 60. Then the workpiece
is sintered in Step 61 in the normal manner. This proce-
dure 15 particularly adapted for technique C where the
liner 1s less flexible.

It 1s obvious that minor changes may be made in the
form and construction of the invention without depart-
ing from the material spirit thereof. It is not, however,
desired to confine the invention to the exact form herein
shown and described, but it 1s desired to include all such
as properly come within the scope claimed.

The invention having been thus described, what 1s
claimed as new and desired to secure by Letters Patent
IS:

[ 1. A process for forming a workpiece of a predeter-
mined shape from powdered metal, comprising the
steps of:

(a) forming a semi-rigid liner of heat-decomposible

material having generally the said shape,

(b) adding a quantity of said powdered metal into the

liner,

(c) providing the liner with a hquid-impervious seal-

ing element which completely envelops tt,

(d) 1sostatically compacting the sealing element, the

liner and the contents,

(e) heating the liner and contents to cause decomposi-

tion of the liner and sintering the contents, and
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(f) forging the contents, wherein the sealing element
1s a thin rubber bag in which the hner is enclosed,
which bag is removed before the liner and contents
are heated, and wherein the bag is a part of the
isostatic press with an open end whose edges are
clamped to the surface of the press cavity and open
to the exterior for the introduction of the hner and
contents and closed by a portion of the press before
pressing. }

[ 2. A process for forming a workpiece of a predeter-
mined shape from powdered metal, comprising the
steps of:

(a) forming a semi-rigid liner of heat-decomposible

material having generally the said shape,

(b) adding a quantity of said powdered metal into the
liner,

(c) providing the liner with a iqmd-impervious seal-
ing element which completely envelops it,

(d) 1sostatically compacting the sealing element, the
liner and the contents,

(e) heating the liner and contents to cause decomposi-
tion of the liner and sintering the contents, and

(f) forging the contents, wherein the liner is made of
a foamed polymer in which the bubbles can col-
lapse permanently during the compacting step.}

[ 3. A process for forming a workpiece of a predeter-
mined shape from powdered metal, comprising the
steps of:

(a) forming a semi-rigid liner of heat-decomposible
material having generally the said shape, the liner
being formed of a foamed polymer,

(b) adding a quantity of said powdered metal into the
liner,

(c) providing the liner with a liguid-impervious seal-
ing element which completely envelops it,

(d) isostatically compacting the sealing element, the
liner and the contents,

(e) heating the liner and contents to cause decomposi-
tion of the liner and sintering the contents, and

(f) forging the contents, wherein the sealing element
is a thin elastomer bag in which the liner is en-
closed, which bag 1s removed before the liner and
contents are heated.}

4. A process for forming a workpiece of a predetermined

shape from powdered metal, comprising the steps of:

(@) forming a semi-rigid liner of heat-decomposible ma-
terial having generally the said shape,

(b) adding a quantity of said powdered metal into the
liner,

(¢) inserting the liner and contents into the open end of
an elastomeric liguid-impervious bag which forms
part of an isostatic press provided with means for
sealing the open end of the bag,

(d) sealing the open end of the bag,

(e) isostatically compacting the bag against the liner so
thar the bag completely envelops the liner to compact
the powdered metal in the liner,

() removing the liner and contents from the bag,

(g) heating the liner and contents to cause decomposition
of the liner and sintering the contents to form a rough
workpiece, and

(h) forging the rough workpiece.

3. A process for forming a workpiece of a predetermined
shape from powdered metal, comprising the steps of:

(@) forming a semi-rigid liner of heat-decomposible

foamed polymer having generally the said shape,

(b) adding a gquantity of said powdered metal into the
liner,
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(¢) inserting the liner and contents into an elastomeric
liquid-impervious sealing element,

(d) isostatically compacting the bag against the liner so
that the sealing element completely envelops the liner
lo compact the powdered metal in the liner,

(e) removing the liner and contents from the sealing
element,

(/) heating the liner and contents to cause decomposition
of the liner and sintering the contents to form a rough
workpiece, and

(g) forging the rough workpiece.

6. A process for forming a workpiece of a predetermined
shape from powdered metal, comprising the steps of-

(@) forming a semi-rigid liner of heat-decomposibie

foamed polymer having generally the said shape,

(b) adding a quantity of said powdered metal into the
liner,

(c) inserting the liner and contents into an elastomeric
liquid-impervious bag,

(d) isostatically compacting the bag against the liner so
that the bag completely envelops the liner to compact
the powdered metal In the liner,

(e) removing the liner and contents from the bag,

(/) heating the liner and contents to cause decompaosition
of the liner and sintering the contents to form a rough
workplece, and

(g) forging the rough workpiece.

7. A process for forming a workpiece of a predetermined
shape from powdered sinterable material for mechanical
finishing, comprising the steps of:

(@) forming a semi-rigid liner of heat-decomposible ma-

terial having generally the said shape,

(b) adding a quantity of said powdered material into the
liner,
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(c) inserting the liner and contents into the open end of 35

an elastomeric liguid-impervious bag which forms
part of an isostatic press provided with means for
sealing the open end of the bag,

(d) pressurizing the press to force the bag against the
liner so that the bag completely envelops the liner to
compact the powdered material in the liner,
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(e) removing the liner and contents from the bag, and

(/) heating the liner and contents to cause decomposition
of the liner and sintering the contents to form a rough
workpiece.

8. A process for forming a rough workpiece of a predeter-

mined shape from powdered sinterable material for me-
chanical finishing, comprising the steps of:

(a) forming a semi-rigid liner of heat-decomposible
Joamed polymer having generally the said shape,

(b) adding a quantity of said powdered material into the
liner,

(c) inserting the liner into an elastomeric liquid-impervi-
ous sealing element,

(d) isostatically pressurizing the sealing element and the
contents so as to force the sealing element against the
liner so that the sealing element completely envelops
the liner to permanently collapse the bubbles of the
Joamed polymer and to compact the powdered mate-
rial in the liner,

(e) removing the liner and contents from the sealing
element, and

(/) heating the liner and contents to cause decomposition
of the liner and sintering the contents to form a rough
workpiece.

9. A process for forming a rough workpiece of a predeter-

mined shape from powdered sinterable material for me-
chanically finishing, comprising the steps of:

(@) forming a semi-rigid liner of heat-decomposible
foamed polymer having generally the said shape,

(b) adding a quantity of said powdered material into the
liner,

(¢) enclosing the liner within a liquid-impervious elasto-
mer bag,

(d) isostatically pressurizing the bag so that the bag
completely envelops the liner and contents to force the
bag against the liner and to compact the powdered
material in the liner,

(e) removing the bag and heating the liner and contents
10 cause decomposition of the liner and sintering the

contents to form a rough workpiece.
* # % ¥ %*
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