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UNITED STATES PATENT OFFICE 
PRocEss FoR FINISHING FORGINGs 

Le Roy Layton, Lansdowne, Pa, assignor to 
Lansdowne Steel & Iron Company, Morton, Pa., 
a corporation of Pennsylvania 

Application October 12, 1938, Serial No. 234,713 J Y 

(CI. 29-121) 2 Claims. 
This invention relates to the manufacture of 

hollow forgings in general and more especially 
to those employed as the main body portions of 
armament projectiles, which require accuracy in 
the forgings as to balance and uniformity about 
the longitudinal axes thereof. 

Prior to the present invention it has been cus 
tomary to machine-finish, i.e. bore and/or rean, 
the interior surface of the cavity of each shell 
case forging made by the punch or piercing tool, 
in addition to turning the exterior surface of the 
forging, in order to produce a concentrically bal 
anced shell with truly circular, concentric inner 
and outer surfaces and a wall of uniform thick 
ness therebetween. Ordnance requirements in 

5 

Fig. 10 is a side elevation showing the partially 
completed forging being reduced, elongated and 
finished by the primary and a secondary set Of 
rolls; 

Fig. 11 is a transverse vertical elevation show 
ing the secondary or finishing rolls gripping the 

O 

s 
these respects have been so stringent that it has 
heretofore been considered practically impossible 
to produce a satisfactory shell casing without 
machining the interior surface of the forging. 
The present invention, contemplates a method 

and apparatus for producing hollow forgings 
acceptable for use in the manufacture of shell 
casings and which as such will not require ma 
chine-finishing of the interior surfaces of the 
punch cavities. . 
The process and apparatus forming the subject 

matter of the present invention will be fully dis 
closed hereinafter, reference being had to the ac 
companying drawings, of which: - 

Fig. 1 is a vertical sectional elevation of a 
primary forgiag die with a heated billet therein; 

Fig. 2 is a sectional plan view taken on the 
line 2-2, Fig. 1; 

Fig. 3 is a view similar to Fig. 1, with the billet 
consolidated in the lower part of the die under a 
consolidating and initial piercing tool; 

Fig. 4 is a sectional plan view taken on the 
line 4-4, Fig. 3; . . . . . 

Fig. 5 is a view similar to Figs. 1. and 3 with 
the metal displaced upwardly in the 
a secondary piercing tool; 

Fig. 6 is a diagrammatic longitudinal sectional 
elevation of the finishing machine, with the par 
tially completed forging about to be entered by 
the finishing tool; t 

Fig. 7 is a view similar to Fig. 6 showing the 
finishing tool pressing the partially completed. 
forging into the bite of a set of primary reducing 
rolls; 

Fig. 8 is an enlarged sectional view showing the 
partially completed forging being contracted 
cross-sectionally by the primary reducing rolls; 

Fig. 9 is a transverse elevation viewing the pri 
mary rolls and reduced forging from the plane 
indicated by the line 9-9, Fig. 8; 

forging, as viewed from the plane indicated by 
the line - Fig. 10; . . . 

Fig. 12 is a view similar to Figs. 6 and 7, show 
ing the completed forging after passing through 
the primary and secondary rolls and making con-, 
tact with a marking die; i. . . . 

Fig. 13 is a sectional perspective view of a fin 
ished forging; 

Figs. 14a and 14b constitute a side elevation, 
partly in section, of that portion of the apparatus 
shown in Figs, 6, 7 and 12; 
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Fig. 15, is a plan view, partly insection, of a 
portion of the apparatus shown in Fig.14; 

Fig. 16 is a transverse sectional elevation taken 
on the line 6-6, Fig. 14a; 

Fig. 17 is a transverse sectional elevation taken 
on the line 7-7, Fig. 14a; 

Fig. 18 is a sectional plan view taken on the 
line 8-8, Fig.14a; 

Fig.19 is a transverse sectional elevation taken 
on the line 9-19, Fig. 18; ? : .. " 

Fig. 20 is a transverse sectional elevation taken 
on the line 20-20, Fig. 18; and 

Fig. 21 is a perspective view of a detail of the 
invention. 

It will be understood that the forgings manu 
factured in accordance with the principles of the 

die around 40" 

present invention, may be produced from round 
billets of substantially the same diameter as the 
opening in the die in which the preliminary steps 
of the process of the present invention are car 
ried out; or the billets may be square or of other 
cross-sectional shape, with the transverse diag 
onal or other greatest cross-sectional measure 
ment substantially equal to the diameter of the 
open mouth of the die; or the "billets may be of 
the type disclosed in my two prior United States 
Patents No. 2,057,580 and No. 2,059,124, dated 

45 

50 

October 13, 1936, and October 27, 1936, respec 
tively, wherein the corners of a square billet hav 
ing normal diagonal measurements greater than 
the mouth opening of the die are reduced diago 
nally and the sides of the billet intermediate the 
corners bulged, by which the billet receives a 
peculiar, substantially circular cross sectional 
shape having its greatest measurement slightly 
less than the diameter of the mouth opening of 
the die, as shown in Eigs. 1 and 2 of the present 55 drawings, 

  



2 
In Fig. 1 of the present drawings a primary die 

D is shown as having received a heated billet B 
of the above noted peculiarly circular or other 
suitable shape. In the present instance the bot 
tom of the die D, which may be fixed or mOWable, 
preferably the latter, is provided with a circular 
depression d. 

In Fig. 3, a 'dumping' or consolidating tool , 
having a collar 2 which more or less Snugly fitS 
the circular or other shaped bore of the die D 
and which, beneath the collar 2, is provided with 
a tapered, circular, or other shaped initial pierc 
ing lug or boss 3, has been lowered into the die 
D and pressed against the hot metal of the billet 
B under hydraulic or other power, sufficient to 

() 

compress the billet B between the bottom of the 
die cavity and the underside of the collar 2. 
Under and by such compression the still-hot 
metal of the billet B is upset or caused to flow 
and become consolidated in the die D, around the 
boss, 3, in the depression d, and into full contact 
with the side walls of the die D, as shown in Figs. 
3 and 4. 
The billet B is thus transformed into an in 

itial forging blank Bt, with a nose pad b formed 
On One end by the depression di in the bottom of 
the die D, a centralized initial piercing cavity Ci 
formed in the opposite end by the boss 3 of the 
tool f, and with initial side walls W, W, of 
predetermined length and thickness formed 
around the centralized cavity C. 
The tool after effecting the above noted con 

solidation of the hot metal in the lower part of 
the die D is withdrawn and a secondary piercing 
tool or punch 5 is lowered into the die D under 
hydraulic or other Suitable power. 
The Secondary piercing tool 5 is of a substan 

tially cylindrical form, in the present instance, 
although it may conform to any cross sectional 

40 shape that it may be desired to have in the 
- cavity formed thereby in the forging. 

The lower portion 6 of the Secondary piercing 
tool. 5 is tapered in accordance with the taper 
of the initial piercing boSS 3. On the tool . The 
extreme end of the tool 5 is of substantially the 
same size and shape as the initial piercing ele 
ment 3 and consequently corresponds in shape 
and size to the initial cavity C formed in the 
initial blank B. by the element 3. 
The end of the piercing tool 5 first makes 

Smug contact With substantially the entire sur 
face of the cavity Ci in the initial blank B and 
is then forced by hydraulic or other suitable 
power down deeper into the hot metal of the in 
itial forging blank Bf, causing the heated metal 
to flow upwardly in the die D around the tapered 
end 6 of the tool 5, then up around the body por 
tion 8 of said tool, at all times making and main 
taining complete contact with both the exterior 
Surface of the tool 5 and the interior surface of 
the die D; whereby the walls Wl, W of the blank 
Bf shown in Fig. 4 are thinned and elongated, as 
shown at W2, W2 in Fig. 5, with said walls ex 
tending upwardly from the closed bottom X of 
the partially completed shell casing; and whereby 
the cavity C of the bank B is elongated to the 
extent shown at C2 in Fig. 5, with the diameter 
of the cavity C2 substantially corresponding to 
the outside diameter of the piercing tool 5. 
The Operations or steps above disclosed con 

plete what will be hereinafter termed a primary 
forging. These Steps, insofar as described, are 
substantially the same as disclosed in my two 
previously noted patents. 
The present invention is directed to steps em 
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ployed in addition to those disclosed above and 
by which the interior of the forging is finished 
accurately without machining. 
The preliminary steps disclosed above, and by 

Which the primary forging B2 is produced, are all 
carried on in a single heat. The steps by which 
the primary forging B2 is finished are likewise 
carried on in the same heat with the preliminary 
steps, whereby reheating and, consequently, for 
nation of excessive scale on the interior wall of 
the forging are eliminated. 
The secondary piercing tool 5 is then removed 

from the hot metal in the die D and the primary 
forging B2 is kicked out of or otherwise removed 
from the die D, as by raising the movable botton 
Di of the die. The still-hot primary forging 
B2, after its removal from the die D, is placed 
in a horizontally disposed trough 9 (see Figs. 14a 
and 16), which supports said primary forging 
with its longitudinal axis coaxially aligned with 
the longitudinal axis of a finishing tool (0. As 
shown in Figs. 6, 7 and 8 the diameter of the fin 
ishing tool í0 is less than the diameter of the 
piercing C2 as made in the primary forging B2 

5 by the second piercing tool 5. 
With the primary forging B2 and the finish 

ing tool iO in the relative positions shown in 
Fig. 6, said finishing tool is advanced axially into 
the cavity C2 of said primary forging freely and 
substantially without contacting the side walls 
of the cavity until the blunt end of said tool 
makes contact with the flat bottom end c3 of the 
cavity C2. Continued axial movement of the 
tool 10 advances the primary forging B2 into the 
bite of a series of rolls R?. . . . 
Each of the rolls R. is provided with a con 

cave face 2 and said concave faces are ar 
ranged about a common axis coinciding with the 
axis of the tool O. and the primary forging B2 
and collectively form a substantially complete 
circle through which the primary forging is 
passed by further axial movement of the finishing 
tool. 0. 

It will be noted upon reference to Fig. 7 that 
the outside diameter of the finishing tool 0 is 
leSS than the inside diameter of the cavity or 
bore C2 of the forging B2; and that the angle of 
taper of the end 3 of the tool 0 is less than 
the angle of taper of the inner end of the cavity 
C2 of the forging B2. Consequently, as the tool 
10 moves from the position shown in Fig. 6 to 
the position shown in Fig. 7 it makes no contact 
whatsoever with the side walls of the cavity C2. 

5 
The Only contact made between the tool and the 
forging until such time as said forging passes 
into the bite of the rolls R is that made between 
the flat blunt end i? and rounded corners 4 of 
the tool 0 and the flat end c3 and correspond 
ingly rounded corners of the cavity C2 in the 
forging. . . . 

Preferably, the diameter of the flat surface C3 
and that of the blunt end are substantially the 
Sane, Whereby a Snug fit between the two is ac 
complished, and consequent centering of the tool 
0 with respect to the cavity C2 in the forging is 

effected. Continued movement of the tool (O 
forces the forging B2 into the bite of the rolls R. 
as shown in Figs. 8 and 9. 
The circle or throat described by the combined 

Concave faces f2 of the rolls R, R is less in di 
ameter than the outside diameter of the forging 
B2 and as the forging is passed through the 
throat formed by said rolls - it is reduced in di 
ameter or contracted cross-sectionally, causing a 
corresponding reduction in the diameter of the 
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cavity C2 and effecting contact between the out 
er surface of the tool 10 and the inner wall of 
the cavity C2 at the same time. As the passage 
of the forging through the rolls R by the tool O 
continues, reduction in diameter of the forging 
B2 progressively contracts the forging cross-sec 
tionally and produces a further elongation of the 
walls W2 of said forging, along the length of the 
tool O. 
The side edges of the concave faces 2 of the 

rolls R are outwardly filleted, as indicated at 5 
in Fig. 9, whereby, as the forging B2 passes 
through said rolls, longitudinal fins f are formed 
along the forging B2 and act to relieve the ex 
tremely high pressure produced by the reduc 
tion in the diameter of the forging as the same 
passes through the rolls R?. 
From the rolls R the forging passes into the 

bite of a second series of rolls R2, as shown in 
Figs. 6, 7, 8, 10 and 11. The faces of the rolls R2 
are concave, as illustrated at f6 in Fig. 11, and 
together with the edges of the concave faces in 
laterally abutting relation to each other forming 
a complete circle or throat of progressively small 
er diameter than the throat formed by the rolls 
R. f., R. i. - 
As shown in Figs. 6 to 12 inclusive, the rolls 

R2 are of the same number as the rolls R and 
are set at right angles with respect to the rolls 
R, whereby the fins f produced by the rolls R. 
are engaged by the centers of the concave. Sur 
faces 6 of the rolls R2. ?? 
The throat described by the collective concave 

surfaces 6 of the rolls R2 as noted above is 
slightly less in diameter than the throat de 
scribed by the concave surfaces 2 of the rolls 
R, whereby, as the tool ?o continues to move ax 
ially, the primary forging B2 is advanced through 
the rolls R into the bite of the rolls R2 and 
through said rolls, which progressively reduces 
the outside diameter of the forging B2 with a rel 
atively large reduction made by the rolls R and 
a relatively slight further reduction made by the 
rolls R2. The rolls R2 also, due to the position 
of the fins f with respect to the concave faces 
6 of the rolls R2, eliminate said fins and pro 
duce a substantially complete plain - cylindrical 
surface on the outside of the forging B2. 

Reduction in the outside diameter of the forg 
ing molds said forging around the finishing tool 
0, whereby the diameter of the cavity C2 is re 
duced to that of the outside diameter of the fin 
ishing tool 10 and a finished surface C3 is formed 
in the finished forging B3 shown in Fig. 13, the 
walls W3 of said finished forging being elongated 
as a result of reduction in diameter of the pri 
mary forging B2 about the finishing tool 0. 
As the finished forging B3 passes out of the 

bite of the rolls R2, continued axial movement 
of the tool f C causes the flat face of the pad b 
On the closed end X of the forging B3 to be 
brought into contact with a marking die T, and, 
as illustrated in Fig. 12, the marking die 7 is 
arranged to apply any desired identification to 
the end of the completed forging. 

Heretofore the finishing of the inside wall of 
the cavity of the shell casing and other hollow 
forgings by the piercing tool has been consid 
ered to be impossible, because of marring or 
other changing of the surface of the piercing tool 
as a result of successive piercing operations by 
said tool in each of which the piercing tool has 
remained in contact with the hot metal of the 
forging throughout the entire piercing and elon- 75 end of the cylinder, 

Y 

5 

O 

5 
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gation of each forging, which resulted in over 
heating. 

In the present instance, finishing of the in 
terior surface of the forging cavities is made pos 
sible by employing the initial and/or secondary 
piercing tools, as above described, to produce the . 
primary cavity C2 in the primary forging B2 by 
utilizing a finishing tool to complete the forging 
operations by making the finishing tool of a di 
ameter less than that of the primary piercing 
tool and the primary cavity and contracting the 
primary forging cross-sectionally around the fin 
ishing tool, and by reducing the time of contact 
of the finishing tool with the hot metal of the 
forging, whereby the finishing tool does not ab 
Sorb as great an amount of heat from the forging 
as the piercing tool heretofore, making the fin 
ishing tool less susceptible to marring. 
As a further means of keeping the finishing 

tool from being marred or damaged, the tool is 
kept as cool as possible by being periodically sub 
merged in water or other cooling liquid after 
each primary forging has been completed. 

Furthermore, a variable stroke is provided for 
the finishing tool to cut down the time of its 
contact with the hot metal and whereby said 
tool is moved rapidly from the position shown in 
Fig.6 to the position shown in Fig. 7, then slower 
as Said tool advances, the forging through the re 
ducing rolls R and R2, then rapidly from the 
rolls R2 until the forging makes contact with the 
marking die 7, and then rapidly in a reverse di 
rection from the position shown in Fig. 12 to 

40 

that shown in Fig. 6 at the beginning of which 
the finished forging B3 is stripped from the end 
of the finishing tool to by a stripper 8. (see Figs. 
fia and 7) all as will be more fully described 
hereinafter. 
As shown in Figs. 6, 7, 12, 14a, 15 and 18 the 

finishing tool 0 is pivotally connected at 9 to 
One end of a piston rod or ram rod 20. The rod 

55 

60 

20 is provided with a piston 2 at its opposite 
end which is slidably mounted in a cylinder 22. 
Ports 23 and 24, disposed at opposite ends re 
Spectively of the cylinder 22, admit and exhaust 
Operating fluid to and from the interior of the 
cylinder 22, at opposite sides respectively of the 
piston 2 f. - 
The cylinder or piston bore 22 in which the 

piston 2 operates is formed in one end of a 
hydraulic ram 25. The ram 25 is mounted for 
axial movement in a ram cylinder 26. Operating 
fluid for moving the ram 25 relative to the cylin 
der 26 in the direction causing the finishing tool 
O to pass the primary forging B2 through the 
reducing rolls R, R2, is admitted from a suit 
able Source, such as a hydraulic accumulator, 
through a pipe 27, tapped into a cylinder head 
28 which closes the one end of a ram cylinder 
26. Escape of the operating fluid from the oppo 
site end of the cylinder 26 around the ram 25 
is prevented by a suitable packing gland 29. 

In a like manner one end 30 of the piston bore 
22 formed in the ram 25 is closed, as snown it, 
Fig. 18, by the metal of the ram, thus prevent 
ing escape of operating fluid therefrom. The 
opposite end of the piston bore 22 is closed by 
a threaded plug 3 in which is mounted a suit 
able packing gland 32 which prevents escape of 
Operating fluid from said end of said bore around 
the piston or ramrod 20. 
The ram cylinder 26 is provided with a flange 

33 which acts as a supporting frame for the one 
The flange 33 is provided 



4. 
with feet 34 which rest on a solid foundation 35 
and which are secured thereto by boits 36. The 
opposite end of the cylinder, 26 is supported by 
a frame 37 which rests on the foundation 35 and 
is provided with feet 38 which are secured to 
said foundation by bolts 39. 
Supported by the frame members 33 and 37 at 

each of the Opposite sides of the ran cylinder 
26 is a ram returning cylinder 40. In each of 
the cylinders 40 is a piston 4l which is con 
nected by a piston rod 42 to a flange 43 formed 
on or secured to the outer end of the ram 25. 
Pipes 44, 44 adjacent the frame 33 communi 
cate with the interiors of the cylinders 40 be 
tween the fixed heads 45 thereof and the pis 
tons 4. Motive fluid admitted through the pipes 
44, 44 acting against the pistons 4 and through 
the rods 42, 42 returns the ram 25 to its initial 
position after the completion of each finished 
forging B3. 
The reducing rolls R are rotatably mounted 

in a frame 46 which is provided with feet 47 
secured to the foundation 35 by bolts 48. The 
rolls R2 are rotatably mounted in a framework 
49 which is secured to or forms a part of frame 
work 46 in which the rolls R are rotatably 
mounted. The roll supporting frames 46-49 
are tied to the framework 33 which supports the 
ram cylinder 26 by means of tie rods 50, 50, said 
tie rods passing through the flange 43 on the 
ran 25 and functioning as a guide-way for the 
ram when the ram is projected from the cylin 
der 26. 
The trough 9 which supports the primary forg 

ing B2 prior to its being engaged by the finish 
ing tool 0 is secured to the roll frame 46, as 
shown in Figs. 14a and 16. 
The stripper 8 by which the finished forgings 

B3 are removed from the finishing tool 0 is 
slidably mounted in guide-ways 5 f, 5 carried 
by the roll frame 49. The stripper 8 is pro 
vided with a slot 52 of a width slightly greater 
than the diameter of the tool and less than 
the outside diameter of the finished forging B3. 
After the finished forging is moved to the posi 
tion shown in Fig. 12 the stripper 8 is moved 
by an operating handle 53 from the position 
shown in Fig. 17 to a position wherein the slot 
52 of the Stripper fits around the too O behind 
the finished forging B3 and whereby, as the tool 
f is retracted by reverse movement of the pis 
ton 2 ?, the end of the finished forging B3 in 
which the finished cavity C3 is formed engages 
the stripper 8 which removes the said forging 
from the tool . 

i'he piston or ram rod 20 is provided with a 
pair of segmental lugs 55, 55 which normally 
are slidably mounted in a correspondingly 
shaped pair of grooves 56, 56. The grooves 56 
are formed in a sleeve 57 which is rotatably 
mounted in an extension 58 of and on the for 
ward end of the ram 25. Secured to the sleeve 
5 is a split collar 59 which is provided with an 
annular rib St. The annular rib 60 is mounted 
in a correspondingly shaped groove 6 formed in 
the rain extension. 58. The collar 59 is provided 
with suitable handles 62, 62 by which the collar 
5S and consequently the sleeve is may be ro 
tated to bring the solid portions 63 of the sleeve 
5, which die between the grooves 58, 36 of said 
sleeve, behind the segmental lugs 55, 55 on the 
ran rod 2 when such lugs are in the position 
showin in Fig. 2i. 

After each forging operation the finishing tool 
So as it passes beyond the rear end of the trough 
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9 Swings about its pivot 9 dropping the pene 
trating end of said tool into a cooling liquid 
of any desired kind contained within a reser 
voir 64, as shown in Fig. 14a. The end of the 
tool 0 is prevented from striking the bottom of 
the container. 64 by the underside of the tool 
O coming into contact with a block of wood 65 

or other suitable material resiliently supported 
in any suitable manner as by a spring 66 shown 
in Fig. 14.a. 
The finishing tool 0 is raised from its inactive 

full line position shown in Fig. 14a to its oper 
ating position shown in broken lines in said fig 
ure by an air hoist or similar mechanism com 
prising a cylinder 67, a rod 68, chains 69 and 
yoke or loop 70 through which the tool Oloosely 
extends. 
When the primary forging B2 is placed in the 

receiving trough 9 the converging sides of said 
trough center said forging with respect to the 
axis of the ram rod 20 and the coinciding axis 
of the opening formed by and between the con 
cave faces of the rolls R., R., and R2, R2. The 
tool fo is then raised from its full line to its 
broken line position, as shown in Fig. 14a, which 
brings the axis of said tool into alignment with 
the axis of the primary forging B2. Fluid pres 
sure admitted to the cylinder 22 through the port 
23 quickly advances the ram rod 20 and tool O 
and causes the tool to move from the position 
shown in Fig. 6 into the cavity C2 of the forging 
B2, until the end of said tool engages the base 
c3 of the cavity C2 and advances said forging 
along Said trough into the bite of the rolls R, 
in the position shown in Fig. 7. 

In order to effect rapid movement of the tool 
into the cavity of the forging and the forging 
into contact with the rolls R it is preferable that 
air under pressure be used as the motivating fluid 

4. in the cylinder bore 22. . . 
When the forward end of the forging B2 en 

gages the rolls R the lugs 55 on the ram rod 20 
have moved from the position shown in Fig. 18 

() 

s 5 

?() 

5 

to the position shown in Fig. 21 with respect to 
said ram. The collar 58 is then rotated to bring 
the Solid abutments 63 into line with and behind 
the lugs 55. Motivating fluid, preferably water 
under high pressure from a hydraulic accumu 
lator is then admitted to the rear end of the ram 
cylinder 26 through the pipe 27. 
The Slower moving hydraulic pressure then 

advances the ran 25 until the abutments 63 en 
gage the lugs 55 On the ran rod 20. The ran rod 
20 and the finishing tool 0 connected thereto are 
then locked to and move with the ram 25 as an 
integral part thereof and pass the forging B2 
through the primary reducing rolls R and the 
secondary rolls R2. 
As Soon as the rear end b2 of the forging B2 

paSSes the axis of the secondary rolls R2 the air 
pressure built up in the cylinder 22 between the 
piston 2 and the solid end 30 of said cylinder 
bore projects the ram rod 20 and finishing tool 

?i rapidly, causing the flat face of the pad b on 
the forward end b of the finished forging B3 
to Strike the marking die 7 with an impact suf 
ficient to inpress the markings on the die 7 in 
the end of the forging B3. - 
The stripper 8 is then moved in behind the 

finished forging, as previously described, where 
upon air under pressure is admitted to the port 
24 at that end of the cylinder bore 22 between 
the piston 2 and the closure plug 3f, while the 
port 23 is opened to exhaust, the collar 59 having 
previously been turned to realign the grooves 56 
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with the lugs 55 on the ram rod 20. The appli 
cation of the air pressure to the cylinder 22 
through the port 24 rapidly moves the ram rod 
20 in a reverse direction, the first result of which 
is that the rear end b2 of the forging B2 strikes 
the stripper 8 and strips the forging B3 from 
the finishing tool 0 as the ram rod and finishing 
tool continue to move rearwardly, the lugs 55 in 
the meantime passing into and along the grooves 
56 in the sleeve 5 into the position shown in 
Fig. 18. 
Fluid under pressure, either pneumatic or hy 

draulic is then admitted by the pipes 44 into the 
retracting cylinders 40, said fluid operating 
against the pistons 4 to retract the piston rods 
42 which, being connected to the cross head 43 
of the ran 25, moves said cross head and said 
ram in a reverse direction to retract the tool O 
fully from the rolls R and R2. Continued rear 
ward movement of the ram 25 withdraws the fin 
ishing tool 0 to a position where the end 
thereof passes beyond the rear end of the trough 
9 and permits the tool 0 to drop into the cooling 
liquid within the container 64, it being under 
stood that in the meantime the tool raising loop 
70 has been lowered to permit said tool to drop 
into contact with the shock absorbing block 65 
on the spring 66. 

If for any reason the forging does not freely 
strip from the tool fo when the air pressure is 
applied to the piston 2 through the port 24, as 
above descr???ped, the stripping will be effected 
when the ram 25 is retracted by hydraulic pres 
Sure applied to pull-back cylinders 40, through 
the inlets 44, which will cause the plug. 3 in the 
ram 25 to engage the piston 2 and move the 
piston rod 20 and tool fo rearwardly with suff 
cient force to strip the finished forging from the 
tool. 

Obviously, the various fluid conducting pipes 
are provided with suitable valves whereby inlet 
and exhaust of motive fluid to and from the var 
ious cylinders may be readily controlled. 
The method of the present invention, as de 

Scribed above, constitutes a decided improve 
ment over the methods of the prior art in which 
the forgings are reduced diametrically and elon 
gated longitudinally by passing them though 
one or more rings, in that, by the present method 
a greater reduction in a single pass through the 
rolls can be made than could be accomplished 
by any single pass through a draw ring, because 
in attempting to make a great reduction with 
a draw ring or in progress steps through a 
series of draw rings axially aligned and Simul 
taneously engaging the forging, the friction of 
the ring or rings opposing the force exerted on 
the end of the piercing by the tool exceeds the 
tensile strength of the metal between the end 
of the tool and the ring and causes the metal 
to thin out in what is termed “necking,' which 
draws the metal out of contact with the surface 
of the tool and produces an uneven inner surface 
in the forging and a consequent non-uniform 
thickness in the wall of the forging; whereas, 
under the present method the rolls by reason 
of their rolling contact with the exterior Surface 
of the forging reduces the opposition to the 
passage of the forging through the throat of the 
rolls and compresses the metal radially at the 
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same time as the wall of the forging is elongated, 
whereby the physical character or properties of 
the metal are increased to an appreciable ex 
tent over the resulting product of the old method, 
and whereby the metal being pressed with Such 
great force against the exterior surface of the 
finishing tool produces a decided improvement 
in the character of the finish of the interior 
wall of the forging, the surface of the wall being 
extremely smoother with decidedly less scale for 
mation than under the old method. 

In the present instance the first set of rolls 
makes the reduction and in so doing raises fins 
on the outer surface of the forging while the 
second set of rolls primarily eradicates the fins 
and effects little or no reduction in the diameter 
of the forging. 

I claim: 
1. The method of making hollow forgings 

which consists in forming a cavity with a closed 
end and a cross-section of predetermined shape 
and dimensions to a predetermined depth in 
wardly from one end of a heated billet to form 
a primary forging, inserting a finishing tool of 
the same shape but of slightly lesser Cross-sec 
tional dimensions into the open end of Said cavity 
free from contact with the Walls of Said cavity 
to provide an air space between the exterior 
surface of the tool and the interior surface of 
the cavity at a relatively high speed until the 
end surface of the tool engages the closed end 
Surface of Said cavity, advancing the tool and 
the forging through a throat of lesser dimen 
sions than the outside cross-sectional measure 
ments of the billet at a relatively low speed to 
contact and compress the forging cross-section 
ally into contact with the Outside surfaces of the 
finishing tool to finish the forging by reducing 
the cross-sectional dimensions of the cavity to 
the cross-sectional dimensions of the tool, and 
retracting the tool from the finished forging 
Substantially at Said relatively high Speed, 

2. The method of making hollow forgings 
which consists in forming a cavity with a closed 
end and a cross-section of predetermined shape 
and dimensions to a predetermined depth in 
Wardly from one end of a heated billet to form 
a primary forging, inserting a finishing tool of 
the same shape but of slightly lesser cross-sec 
tional dimensions into the open end of said 
cavity free from contact with the Walls of said 
cavity to provide an air space between the ex- 3 
terior surface of the tool and the interior sur 
face of the cavity at a relatively high speed 
until the end surface of the tool engages the 
closed end surface of said cavity, advancing the 
tool and the forging through a throat of lesser 
dimensions than the outside Cross-sectional 
measurements of the forging at a relatively low 
speed to contract and compress the forging Cross 
sectionally into contact with the outside sur 
faces of the finishing tool to complete the forg 
ing by reducing the cross-sectional dimensions 
of the cavity to the cross-sectional dimensions 
of the tool, retracting the tool from the finished 
forging substantially at said relatively high 
speed and cooling said tool preparatory to its 
entrance into the cavity of another of said 
billetS. 
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