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This invention relates generally to metal forging ap 
paratus, and more particularly to improved forging ap 
paratus particularly adapted for forging metal stock at 
a rapid rate with comparatively inexpensive equipment 
requiring relatively low pressures. 

Prior art forging techniques and known forging ap 
paratus have not proved satisfactory when used for the 
forging of the newer refractory metals and alloys. These 
non-ferrous materials, such as commercially pure chro 
mium, nickel, mixtures of chromium and nickel, and 
alloys exemplified by the trade name "Waspalloy' are 
not very ductible, even in the range of 2000 F. or 
higher. In some instances, forging of these metals must 
be limited to temperatures not in excess of 1600 F. in 
order to preserve a desired crystal lattice. 

Forging generally consists in reducing the cross-sec 
tional area of a piece of stock while simultaneously in 
creasing its length. For example, a round rod may be 
forged into a rod of square cross section having a greater 
length. Conventionally, this is done by applying a force 
to opposed sides of the rod, as for example by means 
of a trip hammer, or by passing the rod between a pair 
of rollers. 
When conventional means of this kind are used on 

the refractory metals and alloys, shattering of the stock 
almost invariably results. A trip hammer applies a sharp 
impact which causes the metal to chip off into small 
pieces. Passing the metal between a pair of spaced roll 
ers usually causes the metal to fracture in a transverse 
direction as the narrowly spaced rollers act in the same 
manner as a pair of wedges to tear the metal apart. 

Alternatively, it has been suggested to apply the forg 
ing force to the stock by a pair of parallel force produc 
ing members, such as the parallel platens of a hydraulic 
press. Although this technique allows the force to be 
applied in a gradual, rather than a sudden manner, it re 
sults in all of the distortion in the stock taking place 
in one direction. For example, when a round rod is 
placed between parallel force-producing members, the 
metal flow will take place in the direction of the smallest 
dimension in contact with the force-producing members, 
which, in the case of a round rod, is in the lateral direc 
tion. The friction between the stock being processed and 
the force-producing members is so great that no elonga 
tion or expansion in the longitudinal direction is pro 
duced. Furthermore, if it is desired to form a wedge 
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shaped piece of metal, such as the head of a brickham 
mer, the use of dies having the proper contour causes the 
platens to upset if sufficient force is applied to distort the 
metal. 

Accordingly, it is a general object of this invention to 
provide new and improved forging apparatus which elimi 
nates the above-described deficiencies of prior art forging 
apparatus. 
More specifically, it is an object of this invention to 

provide a new and improved forging apparatus which is 
particularly adapted for use with refractory metals and 
alloys. 
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It is another object of this invention to provide im 

proved forging apparatus, as described above, which en 
ables metal stock to be forged at a comparatively rapid 
rate and with a relatively low pressure. h 

It is still another object of this invention to provide an 
improved forging apparatus which applies a force to 
opposed sides of a piece of stock progressively along 
the length of the stock to simultaneously flatten and 
elongate the stock. 

It is a further object of this invention to provide im 
proved forging apparatus, as described above, which de 
forms the stock in a uniform manner along its length by 
retaining the pressure on the stock as such pressure is 
progressively applied along the length of the stock. 

It is a still further object of this invention to provide 
new and improved forging apparatus which is character 
ized by its efficiency, its wide range of application and its 
economy of construction and operation. 

These and other objects are realized in accordance 
with a specific illustrative embodiment of the invention 
wherein the forging apparatus is comprised of a pair of 
forming jaws which are curved outwardly and pivoted 
at their ends. In accordance with a feature of this in 
vention, the more widely spaced ends of the curved jaws 
are pivoted to the lower and upper platens, respectively, 
of a hydraulic press. The more narrowly spaced ends 
of the curved jaws are pivotally connected to a yoke 
formed by a pair of spaced parallel plates. 

Thus, as the stock is fed between the pair of curved 
jaws-advantageously the stock is fed into narrow space 
between the ends of the jaws in the yoke-the platens of 
the press are brought together to cause the outer ends 
of the jaws to move toward each other to flatten the stock 
by applying a force to opposed sides of the stock in a 
progressive manner along its length. The force produced 
not only reduces the cross-sectional area of the stock but 
also it causes it to elongate uniformly along its length as 
the pressure is retained on the areas of the stock progres 
sively placed in contact with the curved forming jaws. 

It is a further feature of this invention that the progres 
sive application and retention of the force on the stock 
by the curved forming jaws enables the invention to be 
used for the forging of metals having relatively little 
ductility without fracturing such metals or causing a non 
uniform expansion as in the case of forging bypassing 
the metal through spaced rollers. Further, the improved 
forging apparatus of the present invention is considerably 
smaller and less expensive than rolling mills, and due to 
the substantial mechanical advantage resulting from the 
curved forming jaws, relatively low pressures are re 
quired. 
The above and other various features of novelty which 

characterize the invention are pointed out with particu 
larity in the claims annexed to and forming a part of the 
specification. For a better understanding of the inven 
tion, however, its advantages and the specific objects 
attained with its use, reference is had to the accom 
panying drawing and descriptive material in which is 
shown and described an illustrative embodiment of the 
invention. 

In the drawing: 
Figure 1 is a side elevational view of an improved 

forging apparatus embodying the invention; 
Figure 2 is a front elevational view of the forging 

apparatus shown in Figure 1; - 
Figure 3 is a view partly in cross section showing 

the details of the forming jaws and pivoted yoke assem 
bly in accordance with the invention; and 

Figure 4 is a perspective view of one embodiment of 
offset pin for adjusting the spacing between the forming 
jaws at the yoke. . . . 

Referring now to the drawing, there is shown a specific 
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illustrative embodiment of an improved forging appa 
ratus in accordance with the invention which is particu 
larly adapted for the forging of refractory metals and 
refractory alloys. The forging apparatus comprises a 
pair of arcuate forming jaws 10 and 12 which advanta 
geously are curved outwardly to define a narrow open 
ing between the jaws at one end thereof and a com 
paratively wide opening between the jaws at the other 
end thereof. 

In accordance with a feature of this invention, the 
more widely spaced ends of jaws 10 and 12 are pivoted 
to the lower and upper platens of a hydraulic press. 
Thus, one end of the forming jaw 10 is pivotally posi 
tioned by means of a bearing pin 14 extending there 
through between a pair of supports 15 and 16 depending 
from the upper platen 18 of the hydraulic press. 

Similarly, one end of the forming jaw 12 is pivotally 
positioned by means of the bearing pin 20 extending 
therethrough, between a pair of supports 22 and 24 ex 
tending upwardly from lower platen 26 of the hydraulic 
press. Advantageously, bearing pins 14 and 20 are 
threaded at their opposing ends and are maintained in 
position by means of the lock nuts 28 threaded thereon. 
A yoke comprising a pair of spaced apart, vertically 

positioned plates 30 and 32 is adapted to support the 
other ends of the forming jaws 10 and 12 between the 
plates. As shown in greater detail in Figure 3, an arcu 
ate plate cap 34 is secured to the end of forming jaw 
10 by means of screw 36 threaded into jaw 10 and an 
arcuate plate cap 38 is secured to the end of the forming 
jaw 12 by means of the screw 40 threaded into jaw 12. 
Each plate cap is curved to receive a bearing pin having 
offset hubs for enabling the position of the jaw to be 
changed to the end that the opening between the jaws 
can be adjusted as desired. 
As shown in Figure 4, each bearing pin is formed with 

a cylindrical body 42 having a pair of offset threaded 
hubs 44 and 46 extending from opposing sides thereof. 
Forming jaw 10 is formed with an arcuate recess 47 
adapted to receive the cylindrical body 42 of the bearing 
pin 48 and the pin is positioned between the plate cap 34 
and the forming jaw 10. Similarly, forming jaw 12 is 
formed with an arcuate recess 49 so that bearing pin 
50 is positioned between forming jaw 12 and the plate 
??? 38. • 
The threaded hubs of each bearing pin extend through 

the vertical yoke members 30 and 32 so that the ends 
of the arcuate forming jaws are pivotally supported in 
the yoke. Advantageously, the bearing pins are main 
tained in position by means of the nuts 51 threaded on 
hubs 44 and 46 at their outer surfaces of the yoke plates 
30 and 32. 

Plate cap 34 is provided with a set screw 52 and 
plate cap 38 is provided with a set screw 54, each of 
which may be tightened into the surface of its respective 
bearing pin to lock the pin in position. In accordance 
with an aspect of this invention, the set screws 52 and 
54 may be loosened to allow the bearing pins to be rotated 
on their offset hubs for adjusting the spacing between 
the arcuate forming jaws 10 and 12 to any desired 
opening. 

In the forging apparatus of the invention, it has been 
found advantageous to support the ends of the forming 
jaws 10 and 12 positioned in the yoke by means of a 
pair of arcuate supports positioned at each side of the 
forming jaws. Thus, at one side of the forming jaws 
10 and 12, an arcuate support 60 is pivoted at one end to 
the bearing pin 20 and at its other end to the bearing 
pin 48. 

In a similar fashion, an arcuate support 62 is pivoted 
at one end to the bearing pin 14 and at its other end to 
the bearing pin 50. The other sides of the forming 
jaws 10 and 12 also are provided with a pair of similarly 
pivoted support members 64 and 66. In accordance 
with an aspect of this invention, the ends of supports 60, 
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62, 64 and 66 which are pivoted to the yoke bearing 
pins are provided with suitable elongated slots, such as 
the slot 68 in the support 62, so that when the forming 
jaws are opened or closed, the supports are operative to 
maintain the yoke in a desired position. In lieu of the 
arcuate supports 60, 62, 64 and 66, the yoke and forming 
jaws at the narrow opening may be supported by any 
Suitable means such as a flexible chain depending from 
the upper press platen 18 and connected to the yoke 
plates. 

In the operation of the invention the stock is fed be 
tween the pair of arcuate forming jaws 10 and 12, and 
the platens 18 and 26 of the press are brought together 
to cause the outer ends of the jaws to move toward each 
other. One considerable advantage of this invention is 
that as the arcuate forming jaws are moved towards 
each other by the press, the stock between the jaws is 
flattened by a force which is applied progressively to 
opposing sides of the stock along its length from the 
yoke end of the forging apparatus to the widely spaced 
end. The force applied to the stock not only reduces its 
cross-sectional area in a desired manner, but very im 
portantly, this force causes the stock to elongate uni 
formly along its length since the pressure of the forming 
jaws is maintained on the areas of the stock progressively 
placed in contact with the jaws. In other words, as the 
force of the forming jaws is progressively applied along 
the length of the stock, the portions of the stock to 
which the force has already been applied continues to 
have the force applied thereto. This action serves to 
elongate the stock in a uniform manner along its length 
and to enable the stock to be simultaneously flattened 
in a similarly uniform manner. 

It is a further and very important feature of this inven 
tion that the progressive application and retention of the 
force on the stock by the arcuate forming jaws 10 and 12 
enables the forging apparatus to be used for the forging of 
metals having relatively little ductility without fracturing 
Such metals or causing a non-uniform expansion as occurs, 
for example, in forging operations where the metal is 
passed through spaced rollers. 
The above-described forging apparatus provides a con 

siderable advantage over conventional forging means, such 
as the trip hammer or spaced roller type, for the force 
is applied to the stock in a gradual rather than a sudden 
manner. This results in all of the distortion in the stock 
taking place in a single direction since the friction be 
tween the stock being processed and the force producing 
members is So great along the longitudinal direction that 
no real elongation or expansion in the transverse direc 
tion can take place. 

Further, the improved forging apparatus described 
above has the considerable advantage of being very much 
Smaller and less expensive than forging apparatus of the 
rolling mill type. 
A still further advantage arises from the substantial 

mechanical advantage achieved from the curved forming 
jaws in that only relatively low pressures are required 
with their use. 

While a specific embodiment of the invention has been 
shown and described in detail, it will readily be under 
stood by those skilled in the art that this embodiment 
is illustrative only of the principles of the invention and 
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is not to be taken as a definition of the scope of the 
invention, reference being had for this purpose to the 
appended claims. 
What I claim as my invention is: 
1. The improvement of forging apparatus comprising 

the combination of a pair of arcuate forming jaws 
adapted to be spaced from each other to define a wide 
opening at one end of the jaw and a narrow opening at 
the other end of the jaw, a pair of spaced yoke members, 
means pivotally connecting the end of the jaws defining 
the narrow opening to said spaced yoke members, said 
yoke members and said jaws defining an opening for 
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receiving metal stock, press means having an upper and 
a lower platen, and means pivotally connecting the ends 
of the jaws defining the wide opening to said upper and 
lower platens respectively for enabling the closure of 
said platens to cause said arcuate forming jaws to apply 
a force to opposing sides of the metal stock progressively 
along its length, whereby said metal is simultaneously 
flattened and elongated by said jaws. 

2. The improvement of forging apparatus particularly 
adapted for forging refractory metal and refractory alloy 
stock comprising a pair of arcuate forming jaws spaced 
from each other to receive the stock therebetween, said 
jaws at one end thereof defining a relatively narrow open 
ing and at the other end thereof defining a relatively 
wide opening, means pivotally connecting the ends of 
the jaws at the narrow opening to a pair of spaced 
support members, and means pivotally connecting the 
ends of the jaws at the wide opening to a pair of platens 
whereby the closure of the platens causes the jaws to 
progressively apply a force to opposing sides of the stock 
for simultaneously flattening and elongating the stock. 

3. The improvement of forging apparatus comprising 
the combination of a pair of spaced arcuate forming 
jaws, a pair of spaced yoke members, means pivotally 
connecting one end of each jaw to said spaced yoke 
members, said yoke members and said jaws defining an 
opening for receiving metal stock, press means having 
an upper and a lower platen, and means pivotally con 
necting the other ends of the jaws to said upper and 
lower platens, respectively, whereby the closure of said 
platens causes said arcuate forming jaws to be pivoted 
about their pivotal connection on said yoke members to 
apply a force by said jaws to opposing sides of the metal 
stock progressively along its length, whereby said metal 
is simultaneously flattened and elongated by said jaws. 

4. The improvement of forging apparatus comprising 
a pair of arcuate forming jaws for forging a piece of 
stock placed therebetween, means pivotally connecting 
one end of each jaw to a support to define a relatively 
narrow opening between said pair of arcuate forming 
jaws, means pivotally connecting the other ends of the 
jaws to a further pair of supports to define a relatively 
wide opening therebetween, and press means connected 
to said further pair of supports for closing the jaws to 
simultaneously flatten and elongate the stock by applying 
and maintaining a force by said jaws to opposing sides 
of the stock in a progressive manner along its length. 

5. The improvement of forging apparatus particularly 
adapted for forging refractory metal and alloy stock com 
prising a pair of arcuate forming jaws spaced from each 
other to receive the stock therebetween, said jaws at one 
end thereof defining a relatively narrow opening and at 
the other end thereof defining a relatively wide opening, 
means pivotally connecting the ends of the jaws at the 
narrow opening to a yoke, means pivotally connecting 
the ends of the jaws at the wide opening to a pair of 
platens whereby the closure of the platens causes the 
jaws to be pivoted about their pivotal connection at said 
yoke to progressively apply a force by said jaws to op 
posing sides of the stock for simultaneously flattening 
and elongating the stock, and support means for said 
yoke, said support means comprising a pair of arcuate 
support members pivotally connected between the platens 
and the yoke. 

6. The improvement of forging apparatus comprising 
a pair of arcuate forming jaws for forging a piece of 
stock placed therebetween, means pivotally connecting 
one end of each jaw to a support to define a relatively 
narrow opening therebetween, means at the connection 
between each end of the jaw and the support for ad 
justing the size of said relatively narrow opening as de 
sired, means pivotally connecting the other ends of the 
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6 
jaws to a further pair of supports to define a relatively 
wide opening therebetween, and press means connected 
to said further pair of supports for pivotally operating 
the jaws at said narrow opening and thereby closing the 
jaws to simultaneously flatten and elongate the stock by 
applying and maintaining a force to opposing sides of 
the stock in a progressive manner along its length. 

7. The improvement of forging apparatus comprising 
a pair of arcuate forming jaws for forging a piece of 
stock placed therebetween, means pivotally connecting 
one end of each jaw to a support to define a relatively 
narrow opening therebetween, means for adjusting the 
size of said narrow opening to a desired spacing includ 
ing a pin having a cylindrical body and a pair of off 
center hubs extending from opposing sides thereof, and 
an arcuate plate cap positioned in locking engagement 
with said cylindrical body for locking the pin in a se 
lected position, means pivotally connecting the other 
ends of the jaws to a pair of supports to define the rela 
tively wide opening therebetween, and press means con 
nected to said pair of supports for closing the jaws to 
simultaneously flatten and elongate the stock by apply 
ing and maintaining a force to opposing sides of the stock 
in a progressive manner along its length. 

8. The improvement of forging apparatus for metal 
stock comprising the combination of a pair of arcuate 
forming jaws adapted to be spaced from each other to 
define a wide opening at one end of the jaw and a narrow 
opening at the other end of the jaw, a pair of spaced yoke 
members, means pivotally connecting the end of the jaws 
defining the narrow opening to said spaced yoke members, 
and press means pivotally connected to the ends of the 
jaws defining the wide opening for pivotally operating the 
arcuate forming jaws at their connection to said yoke and 
thereby closing said arcuate forming jaws to apply a force 
to opposing sides of the metal stock progressively along 
its length, whereby said metal is simultaneously flattened 
and elongated by said jaws. 

9. The improvement of forging apparatus particularly 
adapted for forging refractory metal and alloy stock com 
prising a pair of arcuate forming jaws spaced from each 
other to receive the stock therebetween, said jaws at one 
end thereof defining a relatively narrow opening and at 
the other end thereof defining a relatively wide opening, 
means pivotally connecting the ends of the jaws at the 
narrow opening to a yoke, means pivotally connecting 
the ends of the jaws at the wide opening to a pair of 
platens whereby the closure of the platens causes the 
jaws to be pivotally operated at their yoke connection 
to progressively apply a force by said jaws to opposing 
sides of the stock for simultaneously flattening and elon 
gating the stock, and means at said yoke for adjusting 
the spacing between the arcuate forming jaws at said 
relatively narrow opening. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

483,091 Yarington ------------- Sept. 20, 1892 
832,804 O'Neal et al. ------------ Oct. 9, 1906 

1,114,889 Kohlhaas -------------- Oct. 27, 1914 
1,354,216 Schneider ------------- Sept. 28, 1920 
1971,512 Stahl ----------------- Aug. 28, 1934 
2,298.937 Green ---------------- Oct. 13, 1942 
2,421,414 Ernst ------------------ June 3, 1947 
2,483,597 Schogren -------------- Oct. 4, 1949 

FOREIGN PATENTS 
12,787 Great Britain ---------- June 10, 1896 

535,471 France ---------------- Apr. 15, 1922 
269,872 Switzerland ------------ Nov. 1, 1950 

1,070,799 France ---------------- Feb. 24, 1954 


