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This invention relates to permanent molds, 
and more particularly to molds of this character 
for the casting of metals having a high. Crystal 
lization shrinkage, such as aluminum and its al loys. 
An object of the invention is to provide an in 

proved mold, simple in design and construction, 
and inexpensive to manufacture, which facili 
tates the introduction of molten metal into the 
mold Cavity in a smooth, continuous and und 
form flow, so that the resulting casting has de 
sirable physical properties and is substantially 
free from inclusions of air and other gases. 
Another object is to provide a mold of this 

character in which the poured metal has its ini 
tial velocity arrested before flowing into the 
sprues which distributes the metal to the cast ing cavity. 
A further object is to provide a nold having 

one or more risers for holding metal in the 
molten state during solidification of the cast 
ing in which the pouring sprues are arranged 
so that metal introduced into the casting cavity 
heats the walls of the risers so that the metal 
retained therein after completion of the pouring 
of the casting solidifies subsequently to the solidi 
fication of the metal of the casting. 
A still further object is to provide a mold for 

the casting of metallic articles in which the 
quantity of metal in the sprues, gates and risers 
is minimized, so that there is a larger propor 
tion of metal in the finished casting with re 
spect to the amount of scrap to be trimmed and 
remelted, and which produces a casting having 
the sprues, gates and risers so positioned as to 
facilitate their removal and the trimming of the rough casting. 
More specifically, the invention provides a 

mold for the casting of hollow, cup-shaped ar 
ticles having a relatively, thick head section in 
a position such that thé opening of the cup is 
faced downwardly. 
Other objects and advantages will become ap 

parent from the following detailed description of 
the invention, which is illustrated as applied to 
the casting of a piston, such, for example, as an 
aluminum piston for use in an internal combus 
tion engine. In the casting of this article it 
is desirable that the relatively thick section of 
metal at the head of the piston be uppermost in 
the mold, and that one or more risers be pro 
vided in communication with this thick section 
of metal to feed it during solidification. Accord 
ing to the present method the functions of pour 
ing sprue and riser are advantageously combined 
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to keep the metal in the riser molten until solidi 
fication of the metal in the casting cavity is com 
plete and to produce a casting which may be 
readily removed from the mold. 
In the drawing: 
Figure 1 is a perspective view, with parts re 

moved and with parts broken away, of a per 
manent mold for casting an aluminum piston in an upright position; 

Fig. 2 is a fragmentary elevational view, in sec 
tion, taken on the parting line of the mold, indi 
cated at 2-2 of Fig. 1; 

Fig. 3 is a fragmentary sectional view taken 
substantially on the line - of Fig. 1; and 

Fig. 4 is a fragmentary detail view, in per 
spective, illustrating the appearance of the scrap 
metal comprising the sprues and risers at the 
top of the casting, and which is to be trimned 
therefron in finishing the latter. 

Referring to the drawing by numerals of ref 
erence, which indicate like parts in the several 
views, the mold comprises a pair of mating mold 
Asections f and 2, which rest upon a mold base 
(not shown) in accordance with the usual prac 
tice in permanent mold foundries. These sec 
tions cooperatively define a casting cavity 3 cor 
responding in shape to the outer surface or con 
tour of the article or piston to be cast. 

Indicated at 4 is a multi-part core, which ex 
tends upwardly through an aperture in the mold 
base and is positioned centrally in the cavity 3. 
This core is constructed in accordance with 
standard practice, and mounted for vertical 
movement in the mold so that it may be retracted 

5 after completion of the casting operation to re 
lease the casting. The mold sections i and 2 
have faces 6 which meet one another at a part 
ing line 7 of the mold. 
A plurality of depressions are formed in the 

faces of the mold sections, above the casting 
cavity 8. When the mold is closed the depres 
asions on one face cooperate with those on the 
opposing mold section face to define a pair of 
risers and and a pouring chamber or dis 
tributing sprue f. The risers 8 and 8 are spaced 
apart from one another, and each has an opening 
of relatively large cross-sectional area at the top 
of the mold. From the top of the mold the risers 
taer downwardly toward their lower extremities, 
which communicate with the cavity 3 through 
round or oval-shaped openings in the top wall 
of the cavity at diametrically opposite margins 
thereof. 

Preferably the pouring chamber or distribut 
ing sprue is located between the risers 8 and   
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9. This chamber has a mouth 4 which opens 
upwardly through the top of the mold, and a 
closed, substantially spherical-shaped bottom 2, 
which, in the present instance, is disposed a short 
distance above the top wall 2 of the casting 
cavity, and separated therefrom by small por 
tions of the faces 6, which form lands 6. 
Each of the risers 8 and communicates with 

the pouring chamber through a relatively 
narrow, elongated and vertically extending pas 
sage . These passages are formed by renoval 
to a relatively slight depth of portions of the face 

of one or both of the mold sections and 2, 
positioned between the side Walls of the pouring 
chamber 9 and risers 8 and 9. As shown in Figs. 
3 and 4, the width of the passages is consider 
ably less than the width of the risers and and 
the pouring chamber 10. However, the passages 
are of considerable depth and communicate with 
the pouring chamber 6 throughout the greater 
portion of its depth. If desired, the passages may 
extend to the top of the nold, thus forming a Cons 
tinuous opening across the top of the mold from 
an outer marginal wall is of the riser 8 to an outer 
marginal wall 9 of the riser 9. The bottons of 
the passages 7 are defined by portions of the land 
f6, which preferably has rounded upper margins 
2f merging into a downwardly sloping.portion 22 
extending to the openings f at the botton of the 
risers 8 and 9. Preferably, the rounded upper 
margins 2 of the lands is are disposed above the 
level of the botton is of the pouring chamber 1, 
so that molten metal poured into the latter has 
its initial pouring velocity Substantially arrested 
before flowing into the risers 8 and 9. 
In operating the mold, the cavity is prepared 

in accordance with usual permanent mold foundry 
practice and the sections and 2 brought to a 
suitable operating temperature. With the mold 
sections together, so that their faces meet at the 
parting line, and the core 4 properly positioned 
in the cavity 3, molten metal is introduced into 
the pouring chamber through its mouth in 
the usual manner, such as by pouring fron a ladle. 
The downward velocity of the poured metal is ar 
rested by the bottom wall 5 of the pouring chain 
ber, and as the pouring continues molten metal 
flows sideways or radially from the pouring cham 
ber through the passages over the bottom Wall 
2 thereof and the gradually sloping surface 22 
into marginal portions of the casting cavity 
through the openings . 
On account of the bottom 2 of the passages 

being above the level of the bottom 5 of the pour 
ing chamber, the relatively high velocity of the 
metal being poured is checked by impact in the 
pouring chamber, so that the radial flow through 
the passages f is relatively smooth and even, and 
caused primarily by a differential in the height of 
the metal in the pouring chamber ?e relative to 
the height of the metal in the passages and 
risers and . it 
. During the flow through the passages the 
molten metal is quieted and smoothed to effect a 
more uniform flow, and the turbulence present in 
the pouring chamber is considerably diminished. 
The outer or radial velocity imparted to the metal 
in flowing through the passages , and over the 
sloping wall portions 22, is effective to direct it 
against the outer or circumferential wall of the 
casting cavity 3, to effect a smooth and even nove 
ment of the molten metal first into skirt 2 and 
then gradually, with an evenly rising level, up 
wardly into head 24 of the piston. Such a flow 
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2,805,071 
that sound castings, having uniform and improved 
physical properties, are produced 
After the mold cavity 3 is fled, continuous 

pouring of molten metal into the pouring cham 
ber fills the latter and the risers 8 and to 
provide relatively heavy sectioned bodies of metal 
26 and 2 in the risers and 9 in a similar heavy 
sectioned body 2 in the pouring chamber , 
which is connected to the portions 26 and 2 
through the relatively thin-sectioned portions 2 
in the passages S. 
On account of the relatively thin sections of the 

metal forming the skirt 23 of the piston, and bes 
cause this portion of the metal was that which 

- was first introduced into the cavity and gave up 
considerable of its heat in flowing to the bottom 
of the casting cavity, it freezes or solidifies before 
the relatively thick-sectioned head 24, so that 
there is a progressive upward freezing of the neta 
in the casting cavity. Because of the relatively 
high crystallization shrinkage of metal, such as 
aluminuin and its alloys, employed in the Casting 
of pistons of the character contemplated by this 
invention, the relatively large body of metal ins 
dicated by the numerals 26 through 29, and dis 
posed in the risers and pouring chamber of the 
mold, is drawn upon to feed the shrinking metal 
in the casting chamber during the solidification 
of the piston. 

In connection. With this feeding of the casting 
from the risers during solidification, there is a 
feature of the present mold which is of particular 
advantage. During the flow of molten netal Over 
the curved portion 22 at the botton of each of the 
risers 8 and 9, and through the openings , the 
adjacent portions of the mold absorb considerable 
heat from the metal and become elevated in tem 
perature. Accordingly, when the Ineta is sub 
stantially at the level indicated in Fig. 2, the mold 
surfaces surrounding the relatively thin section 
of metal, indicated at 30, through which the risers 
and 9 communicate with the casting cavity, are 

at relatively high temperatures so that the prob 
ability of these portions of the metal freezing and 
preventing feeding of the casting by the risers 
during Solidification of the former is minimized. 
The arrangement of a pouring chamber, come 

municating radially with riser sprues which con 
duct the molten metal from the pouring chamber 
into the Casting Cavity, enables Castings to be 
poured with greater uniformity. Since the rate 
of flow of molten metal of like composition and 
temperature through the passages is fixed for 
any given height of metal in the pouring chans 
ber 0 with respect to the height thereof in the 
risers 8 and 9, the molder or operator can, by 
pouring the metal to maintain a substantially 
uniform height of molten metal in the pouring. 
chamber 10, produce a succession of castings un 
der substantially identical conditions of time and 
rate of pour. Furthermore, on account of the 
variable capacity of the passages , the molder 
can, by alternately raising or lowering the effec 
tive height of the molten metal in the pouring 
chamber 6 during the pouring of a sing) cast 
ing, regulate the rate of feed of the molten metal 
into the cavity, as desired. As the height of 
metal in the pouring chamber f0 increases, the 

70 
rate of flow through the passages 7 likewise in-, 
creases. Conversely, as the height of molten 
metal in the pouring chamber decreases, the rate 
of flow through the passages proportionately 
decreases. This latter feature is utilized, for ex 
ample, when it is desired to initially pour at a 

minimizes the inclusion of air and other gases, so relatively slow rate during the filling of the lower 
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portion of the casting cavity 8 which forms the 
skirt 23 of the piston. Thus, as the level of metal 
which gradually rises uniformly in the Casting 
cavity reaches the relatively thick sections at the 
head 24, it may be advantageous to increase the 
rate of flow and hasten the completion of the 
casting Operation. 
On account of the relatively small surface area 

of the scrap metal in the rough casting produced 
in the above described mold, and which is repre 
sented by the portions of metal numbered 26 
through 29, the separation of the mold sections 
and 2, after the setting of the metal, is accom 
plished with a minimum of effort. Also, these 
portions of scrap metal are a relatively small pro 
portion of the total metal poured into the mold, 
on account of the elimination of long feeding 
sprues and the combining of the function of sprue 
and riser, thus effecting a substantial economy in 
scrap losses. Another economy is realized in 
trimming the rough castings. The relatively 
small section portions, indicated at 3, of the 
risers 8 and , which connect the risers to the 
top of the piston head, need only be severed to 
separate the scrap metal from the cast article. 
The method and mold of the present invention, 

illustrated in the drawing and described above, 
are given for purposes of illustration. They are 
subject to considerable variations and numerous 
modifications and alterations are contemplated 
and intended to be included within the scope of 
the appended claims. - 
What I claims: 
1. In a permanent mold having a cavity for 

casting cup shaped articles with their openings 
directed downwardly, a plurality of risers ex 
tending upwardly from gates into the cavity at 
substantially the outer periphery of the cavity 
and opening through the top of the mold, a pour 
ing chamber formed in the mold above the cavity 
and centrally disposed between the risers, said 
chamber also opening through the top of the 
mold and having a closed bottom, and narrow 
passages of greater height than width extend 
ing between the pouring chamber and the risers, 
said passages each being of less width than the 
chamber and the risers and sufficiently narrow to 
retard the flow of molten metal from the pour 
ing chamber into the risers whereby the poured 
metal accumulates in the pouring chamber dur 
ing the pouring operation to a height substan 
tially above the level of the metal in the risers. 

2. In a permanent mold having a cavity for 
casting cup shaped articles with their openings 
directed downwardly, a plurality of risers extend 

. . .ing upwardly from gates into the cavity, at sub 
stantially the outer periphery of the cavity and 
opening through the top of the mold, a pouring 
chamber formed in the mold above the cavity and 
centrally disposed between the risers, said cham 
ber also opening through the top of the mold and 
having a closed bottom, and narrow passages of 
greater height than width extending between the 
pouring chamber and the risers, said passages 
each being of less width than the chamber and 
the risers and sufficiently narrow to retard the 
flow of molten metal from the pouring chamber 
into the risers whereby the poured metal ac 
cumulates in the pouring chamber during the 
pouring operation to a height substantially above 
the level of the metal in the risers, the bottoms of 
the narrow passages being inclined downwardly 
in continuous runs substantially from the pour 
ing chamber to the openings of the risers into 
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flowing into the mold cavity is directed by the 
inclination of the passages to flow across said 
risers and gates to the outermost portions of the 
Cavity. 

3. In a permanent mold having a cavity for 
casting articles of high crystallization shrinkage 
metal, a riser extending upwardly from a gate 
into the cavity adjacent the periphery of the lat 
ter and opening upwardly through the top of the 
mold, a pouring chamber formed in the mold 
above the cavity and to one side of the riser, said 
chamber also opening through the top of the 
mold and having a closed bottom, and a narrow 
passage of greater height than width extending 
between the pouring chamber and the riser, said 
passage opening into the chamber through one 
side thereof and having a bottom, inclined down 
Wardly in a continuous run substantially from the 
pouring chamber to the gate into the top of the 
cavity whereby the molten metal flowing into the 
mold Cavity is directed by the inclination of the 
passage to flow across the riser and gate to the 
Outermost portion of the cavity. 

4. In a permanent mold having a cavity for 
casting articles of high crystallization shrinkage 
metal, a riser extending upwardly from a gate 
into the cavity and opening through the top of 
the mold, a pouring chamber formed in the mold 
above the cavity and to one side of the riser, said 
chamber also opening through the top of the 
mold and having a closed bottom, and a narrow 
passage of greater height than width extending 
between the pouring chamber and the riser, said 
passage Opening into the sides of the chamber 
and the riser and being of less width than the 
chamber and the riser to retard the flow of 
molten metal from the chamber into the riser, 
the top of said passage opening through the top 
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the top of the cavity whereby the molten metal 75 

of the mold to provide a continuous mold open 
ing across the tops of the pouring chamber, flow 
retarding passage and riser for continuous vis 
ual observation of molten metal poured into the 
chamber and flowing thence into the riser 
through the narrow passage, said retarding of 

5 the flow by the narrow passage effecting an ac 
cumulation of molten metal in the pouring cham 
ber and a variation in the height of metal flow 
ing in the narrow passage which varies directly 
with the rate of pouring into said chamber. 

5. A permanent mold for casting a substan 
tially cylindrical piston comprising metal mold 
sections cooperatively formed to provide a piston 
defining cavity in which the longitudinal axis of 
the piston is vertical and the head portion of the 
piston is uppermost, said sections having meet 
ing faces above the cavity cooperatively formed 
to provide an open top pouring chamber having 
a closed bottom disposed directly above the head 
forming portion of the cavity and at least one 
riser spaced laterally from the pouring chamber 
above the head forming portion of the cavity and 
Communicating with the upper part of the cavity 
to feed metal directly into the head forming por 
tion of the cavity, a relatively narrow passage 
of greater height than width extending between 
the pouring chamber and the riser and opening 
into the chamber through one side of the latter to 
effect a change of direction in the flow of metal 
poured into the mold from substantially vertical 
in the chamber to substantially horizontal in the 
passage, and said passage being of less width than 
the pouring chamber and the riser to retard the 
flow of molten metal from the pouring chamber 
into the riser, the location of the pouring cham 
ber, riser, and passage serving to maintain the 
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Srts of the hold sections strrounding the head 
oiling gorioga of the cavity at the highest ten 
peratures in the mold and substantially uniform 
across the diameter of the head forming portion 
by the conduction of heat directly fron molten 
Yats, poured into the mold whereby the head 
portion of the cast piston freezes last and the 
pouring chamber, riser, and passage providing 

a reservoir for a body of molten metal directly 
2-ove the head of 8, cast, listOE to Supply eat di. 
rectly to the pisto head by Conduction during 
freezing of the casting and to feed the head 
thereby compensating for crystallization shrink 
age. 
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