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This invention relates to metal-working, and 
particularly to the manufacture of cup shaped 
articles such as pistons for internal combustion 
engines. 
In the manufacture of internal combustion 

engine pistons and the like from aluminum and 
its alloys or similar light metals, it has been 
customary to cast the articles in permanent 
molds. The present invention has for its prin 
cipal object the provision of a process of manu 
facturing cup shaped articles by working such 
metals to obtain a new and improved metallic 
structure and characteristics including tensile 
Strength and elongation. 

Another object of this invention is to provide 
a process of metal working which will permit the 
Successful manufacture of internal combustion 
engine pistons from aluminum alloys which pos 
SeSS desirable characteristics, but which are diff 
Cult to Cast in the desired form. Other objects 
of this invention are to work pistons from alumi 
num alloys and the like in Such a manner as to 
provide special physical characteristics in the 
different parts of a piston better adapted to 
meet the special requirements of Such parts; to 
simplify the manufacture of pistons and reduce 
the loSS from. Scrap and imperfections; and to 
provide an upsetting process for making pistons 
or the like with projecting elements overhang 
ing the interior surface thereof. Other objects 
will appear from the following detailed descrip 
tion. 
In the accompanying drawings: 
Fig. 1 is a vertical section through a piston 

manufactured in accordance with this inven 
tion. 

Fig. 2 is a similar Section at right angles to 
Fig. 1 after completion of the machining proc 
ESS - 

Fig. 3 is an end view of the piston shown in 
Fig. 2. 

Fig. 4 is an elevation of a slug of metal used 
to make a piston by the present process. 

Fig. 5 is a view similar to Fig. 1 of a slightly 
modified form. 

Fig. 6 is a similar view of a further modified form of piston. 
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Fig. 7 is a view partly in section and partly 
in elevation of an apparatus for carrying out the 
present proceSS. 

Fig. 8 is a view of the parts shown in Fig. 7 
in a different position. 

Figs. 9 and 10 are sectional views of apparatus 
for forming a flange On the piston. 

Stock of any suitable shape. 

Fig. 11 is an exploded view of the core shown 
in Figs, 9 and 10. 

Figs. 12 and 13 are sectional views of ap 
paratus for forming the piston, shown in Fig. 6. 
The improved process consists broadly in flow- 5 

ing metal into the desired form by means of a 
plunger or the like while the metal is confined 
externally by a die of any suitable type. The 
metal may be intially cast into the form of a slug 
or blank 5 as illustrated in Fig. 4. . The out- 0 
side diameter of the slug 5 is preferably Only 
Slightly less than the diameter of the confining 
die in which the upsetting operation takes place, 
and a depression or recess 6 may be formed in 
One end of the Sug. If desired, however, the pis- 15 
ton may be formed from wrought or forged 

The slug may be 
formed with but a slight, depression, or may ap 
proximate to any desired degree the final shape 
of the piston. 20 

If initially cast, the slug 5 is chill cast in a 
permanent mold from a light metal alloy having 
ingredients proportioned to form a relatively 
Small quantity of eutectic. The most desirable 
results are obtained when the slug is cast in ac- 25 
Cordance with the method claimed in United 
States Letters Patent to Joseph H. Bamber, No. 
1296,589, March 4, 1919, to produce a structure 
in which the eutectic forms a network substan 
tially surrounding the excess substance of the 30 
alloy, as claimed in said patent and in United 
States Patent to Bamberg No. 1296,591, March 
4, 1919. 

In carrying out the process, the slug 15 or an 
equivalent piece is placed in the recess IT formed 35 
at the intersection of the two halves 8 and f 9 
of a divided die. A plunger 20, having a cylin 
drical tongue 2 formed in accordance with the 
desired internal contour of the piston, that is of 
for the piston of Figs. 1, 2 and 4 with oppositely 40 
disposed recesses 22 and 23 and a groove 24 
in the end face thereof, is then forced into the 
metal as shown in Fig. 8, causing the metal to 
flow into the form of the piston 25 as shown in 
Fig. 5. The cylindrical tongue 2 forms a cylin- 4.5 
drical shell or skirt 26 on the piston, and the re 
cesses 22 and 23 form piston pin bosses 27 which 
extend from the head in substantially uniform 
section. The groove 24 in the end face of the 
plunger forms a rib 28 on the inner side of the 50 
head of the piston. 

If desired, the piston 25 in the form shown in 
Fig. 5 may be machined and used in an engine. 
In this case the quantity of metal in the slug 5 
and the length of the stroke of the plunger 20 58 
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2 
will be selected to produce the desired dimen 
Sions of the finished piston, with allowances for 
the final machining operations, Preferably, 
however, a flange is formed on the open end of 
the skirt, and when this is to be done, the skirt 
26 is made sufficiently longer than the desired 
finished legnth to provide the necessary metal for 
the fange. 

In making the flange, the piston 25 is retained 
in the confining dies 8' and 9 and a multi-part 
core 29 is assembled therein. The dies f8 and 
9 as illustrated, differ slightly from the dies 8 
and 9, but it is to be understood that a single 
Set of dies may be used for both operations if 
desired. The core 29, shown in detail in Fig. 11 
may be divided in any desired manner but pref 
erably consists of a central member 30, two side 
members 3f, and four corner members 32, all of 
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which fit together to provide an exterior surface 
conforming to the desired interior surface of the 
piston. Each of the corner members 32 is formed 
With a recess 33 to receive the piston pin bosses 
2. The central member 30 is provided with a 
stem 34 terminating in an enlarged head 35, and 
each of the members 3 and 32 is formed with a 
Shank 36 all of which fit together about the stem 
34 and the outer ends of which abut the inner 
surface of the enlarged head 35 to position the 
various members 3 and 32 with respect to the 
central member 30. - 

Each of the members 3 and 32 is also formed 
with a shoulder 37 and a groove 38 which, when 
the core is assembled, combine to form an annu 
lar shoulder and an annular groove. 
The central member 30 is preferably tapered 

SO that the sides thereof converge toward the 
end remote from the head 35 to permit loosening 
of the core members upon the initial withdrawal 
movement of the central member 30. Each of the 
side and corner Emembers 3 and 32 is arranged 
to contact with the interior surface of the pis 
tun or with the piston pin bosses only on con 
vergent surfaces, so that the initial lateral move 
ment of each side and corner member will free 
the same fron all contacting surfaces of the pis 
ton. 

After the core is in place, a plunger 39 is forced 
against the end of the piston skirt 26 to upset 
the Sane into the annular groove 38 on the core 
29. The plunger 39 is formed with a cylindrical 
receSS 40, arranged to receive the head 35 and 
the combined shanks 36 of the core 29, and with 
a projecting annulus 4 adapted to enter the re 
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cess of the confining die and engage the end of 
the skirt 26 of the piston and the annular shoul 
der 37 of the core. In the inward movement of 
the plunger 39, the annulus 4 engages the end 
of the skirt 26 and thickens and upsets the metal 
into the groove 38 as shown in Fig. 10 to form an 
inwardly extending annular fange 43. The an 
nulus 4 then engages the shoulder 3, and simul 
taneously the bottom Wall 42 of the recess 40 en 
gages the head 35. 
The plunger 39 is then withdrawn and the com 

pleted piston is freed from the core and die. To 
accomplish this, the locking device holding the 
die sections 3' and 9 together may be first eased 
off so as to relieve a part of the pressure existing 
between the core and die. The certrai core raemi 
ber 30 is then preferably withdrawn ongitudinai 
ly of axially fron the piston, this operatica being 
acilitated hy tie tapered construction thereof 
whereby th: initiai moyennett of the incrber 35 
relieves the remaining pressure between the core 
aid die aid frees the core gaenbers fron eagh 
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other. Each of the side members 3 is then 
moved laterally radially of the piston into the 
central cleared space formed by the removal of 
the member 30 until the recess 38 clears the flange 
43 which has been formed on the piston, and is 5 
then withdrawn longitudinally or axially from the 
piston. Each of the corner members 32 is then 
moved away from the piston walls and from the 
piston pin bosses by a combined pivoting and slid 
ing movement so that all the surfaces thereof si 
multaneously move out of contact with the piston 
Walls, and is then withdrawn from the piston. 
The lateral movement of each of the side and 
corner members is facilitated by the arrangement 
of the surfaces thereof which contact with the 
piston Walls, the divergent relation of such sur 
faces permitting freeing of the core members upon 
the initial movement thereof. For this purpose 
the inner surfaces of the piston head and of the 
flange 43 diverge inwardly, as shown in the draw- 20 

gS. 

After the core members have been removed 
the die sections 8 and 9 are separated and 
the piston is removed therefrom. The piston 
then has the form shown in Figs. 1, 2 and 3 with 25 
an inwardly directed flange 43 at the open end 
of the skirt. While this flange is illustrated as 
being circumferentially complete and located at 
the extreme end of the skirt, it is to be understood 
that it may, if desired, be divided or made in any 30 
Suitable length and may be located any conven 
ient distance from the extreme end of the skirt. 
The piston is then ready for the final machining 
Operations, during which the ring grooves 44 are 
Clt in the head. 35 

During Separation of the core members and 
die sections from the piston any freezing or stick 
ing due to cooling and contraction of the piston 
When the flanging operation is performed on a 
heated article or due to the pressure applied by 40 
the plunger may be readily relieved with little 
or no danger of breaking or injuiring the piston, 
since the worked piston structure possesses a con 
siderably higher tensile strength than a cast 
ing. This permits the application of greater force 45 
to the core members to separate them from the 
piston and reduces the skill and care required 
in manufacture, in addition to reducing to a min 
imum the loss from broken or damaged articles. 
Furthermore, When the piston is heated before 50 
flanging, less pressure is developed against the 
core by shrinkage of the pistons than is the case 
in casting, Since the initial temperature of the 
metal is below the freezing or solidification point 
and the fall in temperature during the upsetting 55 
Operations may be maintained at a minimum. 
If desired, the piston pin bosses may be partially 

separated from the head in order to reduce the 
Weight of the piston slightly. In this case, the 
initial upsetting operation illustrated in Figs. 7 GO 
and 8, is carried out with a slightly smaller 
quantity of metal, and the bosses 27 are made 
relatively short, as shown in Fig. 12. The piston 
is then laced in the confining die 8 and f 9 
and a core 29' assembled therein. This core 29 
differs from the core 29 previously described in 
that the recesses 33 to receive the posses are 
formed with outwardly extending projections 65 
at the irotton to form spaces 45 in the piston 
between the bosses and the head. The plunger 
33 is then forced into the die, and the metal is 
caused to fioW into the boSs cavities 33", as illus 
trated in Fig. 13. The resulting piston, illus 
trated in Fig. 6, differs from that previously de 
scribed and shown in Figs. 1, 2, and 3 in that 75 
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the bosses 2 are partially separated from the 
head by the spaces 46. It will be evident that 
the bosses may be formed in this manner either 
with or without upsetting the flange 43 on the 
open end of the skirt. 
The core 29' is preferably divided into seven 

parts, corresponding to the parts of the core 29 
previously described, in order to form a flange 43. 
However, when this type of boss is formed with 
out the flange it is unnecessary to divide the 
core into such a large number of parts, and any 
suitable arrangement which will permit removal 
of the core may be employed. Preferably the 
inner surface of the head of the piston, in this 
embodiment of the invention, is made slightly 
concave in order to provide greater divergence 
between the inner surfaces of the head and the 
flange and permit the removal of the core mem 
bers directly away from the bosses. 

All of the foregoing upsetting operations may 
be carried out with the metal heated to a tem 
perature of . from about 800 degrees F. to about 
960 degrees F. with most aluminum alloys, 
or any temperature between the Ordinary forg 
ing temperature and the melting point of the 
most fusible eutectic in the alloys compre 
hended by this disclosure. The ordinary forg 
ing temperature is usually the highest temper 
ature which can be safely used without danger 
of breaking up the object being forged. Since 
the upsetting operations. disclosed herein take 
place in a confining die, there is little danger 
of breaking up the metal, and higher temper 
atures may be used. The wide range of permis 
sible temperatures obviates the necessity of close 
control of the preliminary heating of the metal. 
Preferably, however, the flanging operation is 
performed while the piston is cold, avoiding the 
expense and loss of time involved in maintaining 
a high temperature, and also avoiding the shrink 
age against the core resulting from any temper 
ature drop during the operation. Under certain 
conditions, the initial upsetting step may also be 
carried out with a cold slug, avoiding shrinkage 
from cooling of the metal and producing a finer 
grained structure due to the cold working of 
the metal. 
The foregoing Operations upset or extrude a 

piston skirt from a cast Or Wrought slug, the head 
portion of the completed piston in the former 
event being worked or upset but slightly, or not 
at all. If made from a cast slug the head por 
tion therefore retains the characteristics of a 
casting Including a fine, granular structure free 
from porosity and a network of eutectic substan 
tially surrounded by the excess substance of the 
alloy. The skirt portion, however, assumes the 
characteristics of a worked structure, the grains 
of metal being deformed and compressed into 
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closer proximity to each other and the network 
of eutectic being almost entirely broken up by 
reason of the flowing of the metal. The skirt 
portion therefore consists of a finer, closer grained 
structure than the head portion and possesses 
much greater tensile strength and less suscep 
tibility to fatigue and fracture than a cast 

70 

5 

structure. . 
After the pistons have been completed, but 

preferably before the final machining, they may 
be subjected to heat treatment in the usual man 
ner to improve the physical qualities of the metal. 
Preferably the heat treatment consists of heat 
ing the articles to about 960 degrees F. for at 
least two hours followed by quenching and re 
heating at about 340 degrees F. for eight to 

3. 
twelve hours. During the high temperature treat 
ment many constituents which may cause brittle 
ness of the alloy are substantially dissolved in 
the body thereof, allowing the metal to attain its 
maximum hardness, tensile strength, and elonga- 5 
tion. 

. During the heat treatment grain growth tends 
to Occur where any substantial contrast in the 
sizes of adjacent grains exists. In the present 
process however, the initial upsetting step re- 0 
fines the grain of the metal substantially uni 
formly throughout the worked portion, any varia 
tion being in the nature of a uniform progressive 
decrease in grain size from the head toward the 
open end of the skirt. Accordingly, no material 15 
grain size contrast exists in the completed ar 
ticles, avoiding excessive grain growth during heat 
treatment. - 
A distinct advantage of the present process is . 

its adaptability for use with aluminum, mag- 20 
nesium and other light metals and alloys which 
are difficult to cast successfully in contiguous 
thick and thin sections without the formation of 
Surface cracks or porosity from internal shrink 
age and the like. This is particularly true of 25 
high silicon light metal alloys or similar com 
positions having a relatively high percentage of 
hardening or expansion-reducing constituents 
which may be cast in substantially uniform sec 
tions, such as the slugs or billets from which pis- 30 
tons are formed by the present process, without 
difficulty and without the formation of porosity 
or Surface cracks, but which are difficult to cast 
Successfully in contiguous thick and thin sec 
tions such as are necessarily present when pis- 35 
tons and the like are cast to final form in a moid. 
When worked according to the present process, 
pistons having extremely desirable physical char 
acteristics may be conveniently manufactured 
from such alloys without material scrap loss and 40 
with but negligible loss from imperfections. 
The pistons produced by the present process. 

are disclosed and claimed in my co-pending ap 
plication, Serial No. 525,277 filed March 25, 1931; 
and the apparatus disclosed herein is claimed in 45 
my co-pending application, Serial No. 523,604 
fled March 18, 1931. 
Although the foregoing description of illus 

trative embodiments of my invention is neces 
sarily of a detailed character in order that the 50 
invention may be fully disclosed it is to be 
understood that the specific terminology em 
ployed is not to be construed as restrictive 
or limiting, and it is to be further understood 
that various modifications may be resorted to 55 
without departing from the spirit and scope of 
the invention as defined in the following claims. 
I claim: - 
1. The process of making cup shaped articles 

consisting of upsetting metal into the form of a 60 
piston having a head and a skirt, and further 
upsetting a portion thereof to form a projecting 
element overhanging the interior surface of the 
article. 

2. The process of making pistons comprising 65 
upsetting a billet of metal into the form of a 
piston having a head, skirt and piston pin bosses 
by means of a plunger while the metal is confined 
externally and further upsetting a portion of the 
piston to form a projecting element overhanging 70 
the interior Surface thereof. 

3. The process of making cup shaped articles 
comprising pressing metal into a cup shape, as 
sembling sectional means therewithin, upsetting 
the open end of the cup inwardly against the sec-75 
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4. 
tional means while the cup is confined externally 
and removing the sectional means from the cup. 

4. The process of making a piston including 
confining a cup shaped piece externally, assen 
bling Sectional means there within, and exerting 
pressure simultaneously on the open end of the 
piece and on the sectional means to upset the 
metal inwardly against the means and thereafter 
removing the sectional means in sections from 
the piece. 

5. The process of making a piston which in 
cludes the steps of forming a cup shaped piston 
from a blank by pressure shaping between inter 
nal and external shaping means, removing the in 
ternal shaping means from the piston cup, sub 
stituting a second internal shaping means in the 
piston cup and upsetting the end of the piston 
Cup against the second internal shaping means 
while holding the second internal shaping means. 
in the proper position and thereafter removing 
the second internal shaping means from the 
piston cup and the cup from the external shaping 

25 
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leanS. 
6. The process of making a piston which in 

cludes the steps of forming a cup shaped piston 
from a blank by pressure shaping between in 
ternal and external shaping means, removing 
the internal shaping means from the piston cup, 
substituting a second internal shaping means 
in the piston cup and upsetting the end of the 
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piston cup against the second internal shaping 
means and thereafter removing the second in 

the cup from the external shaping means. 
7. The process of making a piston which in 

cludes the steps of casting a metal blank, form 
ing a cup shaped piston from the blank by pres 
sure shaping between internal and external shap 
ing means, removing the internal shaping means 
from the piston cup, substituting a second in 
ternal shaping means in the piston cup and up 
setting the end of the piston cup against the 
second internal shaping means while holding 
the second internal shaping means in the proper 
position and thereafter removing the second in 
ternal shaping means from the piston cup and 
the cup from the external shaping means. 

8. The process of making a piston which in 
cludes the steps of casting a metal blank, form 
ing a cup shaped piston from the blank by pres 
sure shaping between internal and external shap 
ing means, removing the internal shaping means 
from the piston cup, substivuting a second in 
ternal shaping means in the piston cup and up 
Setting the end of the piston Cup against the 
Second internal shaping means and thereafter 
removing the second internal shaping means 
from the piston cup and the cup from the ex 
ternal shaping means. 

AFRED ADOF HANOLER. 

ternal shaping means from the piston cup and 
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