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This invention relates to a method of pressure 

die casting of metals and apparatus therefor. 
Heretofore, in casting metals great difficulty 

has been experienced in obtaining castings which 
are whole, free from pipes or cracks, and of uni 
form density throughout. The molten metal, 
when poured, instantly begins cooling, hardening 
and contracting from the outside, while the in 
side is still molten or soft. The interior then 
cools, and in so doing, shrinks and pulls against 
the already hardened outer shell of the casting, 
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which does not yield, thus commonly causing the 
inner metal to be porous or spongy, or have small 
cracks or lines in it which cause structural weak 
ness or defects in the finished article. Great 
care is taken and great expense incurred in the 
steel mills and forge shops for instance to detect 
these weaknesses in the billets. In steel mills the 
pig or billets of steel are X-rayed, or the tops are 
cut off, polished, and etched with acid, and ex 
amined with magnifying glasses to determine the 
interior structure of the billets. These tests and 
inspections are repeated in forge shops later. 
Many of these pigs and billets are found defec 
tive and have to be returned for resmelting at 
great cost and financial loss. In aluminum 
foundries similar difficulties are experienced. 
Cast aluminum objects are tested by reheating, 
and if they have porous centers the air therein 
causes bubbles or warts to appear on the surface. 
This test causes the rejection of as high as 50% 
of the castings, an important cause of the high 
cost of cast aluminum utensils. These difficul 
ties in casting metals have been avoided to some 
extent by casting under great pressure ranging 
from 700 to 8000 lbs. per square inch but trouble 
is still experienced and great losses caused for 
these reasons. 
I have discovered that these difficulties can be 

very largely, if not entirely, prevented by my 
method of pressure die casting which consists in 
applying pressure to the molten metal in the 
closed mold in two successive stages, the primary 
application of pressure forcing the metal into 
the mold until the surface hardening of thenol 
ten metal stops the further advance of the pres 
sure-applying mechanism and the secondary ap 
plication of pressure following immediately di 
rected against the still molten interior of the 
casting to compress the interior separately. 
Thus all voids, porous places, strictures or cracks 

25 

30 

40 

45 

50 

caused by the shrinkage and pull of the inner 
metal against the hardened outer shell of the 
casting are filled or prevented and a solid inte 

purpose a suitable reservoir of surplus molten 
metal is preferably maintained at the entrance 
of the mold which, after hardening, can be 
trimmed of the casting. Thus tremendous sav 
ings can be made in making metal castings by 
means of my invention. 
My invention is also of great utility and value 

in giving a high finish in any cast objects and so 
eliminating additional and expensive finishing Operations. 

I have also devised a suitable apparatus or ma 
chine disclosed herein for carrying out my proc 
ess. For purposes of illustration, my machine is 
shown as used in casting copper or other metal, 
windings and end rings in rotors of electric mo 
tors, for which my invention has particular util 
ity, but it is obvious, and to be understood, that 
my process or machine is not limited in any way 
to this particular use. 

Heretofore rotors have generally been made 
with cast aluminum windings and end rings. To 
carry the same electric current the core is ap 
proximately twice the area of a copper winding 
of equal conductivity and its conductive effi 
ciency is only 50%. A few rotors are made with 
copper windings-by forcing rods of copper 
through the rotor holes, the rods being slightly 
Smaller than the holes, fitting copper end rings 
over the ends of the rods, the rings having been 
drilled with corresponding holes, and brazing the 
rods and rings together, as with silver solder. 
92-93% electric conductivity is the highest eff 
ciency Ordinarily commercially obtainable in 
such rotors So far as I am aware. 
By using my invention for casting windings of 

rotors I am able to obtain an efficiency of electri 
cal conductivity in the copper windings of ro 
tors as high as 98-100%. This means that the 
electrical productivity of any motor is greatly in 
creased or the size of the motor may be consid 
erably reduced and the same electrical produc 
tion received from it. Thus the cost of building 
an electric motor of any required horsepower 
can be reduced by as much as one-half through 
savings in the cost of material, wiring, labor, 
etc. Even in rotors using aluminum windings, 
the efficiency of electrical conductivity of the 
aluminum windings is raised by means of my 
invention from 47% to 55%, which is the maxi 
mum efficiency possible for aluminum. 

Before explaining in detail the present inven 
tion it is to be understood that the invention is 
not limited in its application to the details of 
construction and arrangement of parts illus rior of uniform density is provided. For this 55 trated in the accompanying drawings, since the 
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invention is capable of other embodiments i and of 
being practiced or carried out in various ways. 
Also it is to be understood that the phraseology or 
terminology employed herein is for the purpose of . 
description and not of limitation, and it is not in 
tended to limit the invention claimed herein be 
yond the requirements of the prior art. 
In the drawings: 
Fig. 1 is a perspective view of a rotor, the wind 

ings and end rings of which are to be cast; 
Fig. 2 is a front elevation partly in section 

showing the rotor mounted in the Inold; 
. Fig. 3 is a front elevation of my pressure die 
casting machine; 

Fig. 4 is a vertical sectional view of my Smelter 
furnace; s 

Fig. 5 is a plan view of a ladle; 
Fig. 6 is a vertical cross section thereof on lin 

6-6, Fig. 5. 
Fig. 7 is a vertical cross section of my pressure 

die casting machine on the line 7-7, Fig. 3; 
Fig. 8 is an enlarged sectional view of the rotor 

in the mold as in Fig. 7, after the molten metal 
has begun to COol; 

Fig. 9 is a cross section of a rotor immediately 
after being cast and removed from the mold; 

Fig. 10 is a cross section of the same rotor after. 
surplus copper has been trimmed off; 

Fig. 11 is a cross section of another type of 
rotor in which the winding slots are open at the 
side, requiring a sleeve in the mold; 

Fig. 12 is a cross section of the same rotor as in 
Fig. 11 after being removed from the mold and 
surplus metal trimmed off. 
My method of pressure die casting comprises 

pouring the molten metal into a suitable mold, 
applying pressure to the molten metal by suitable 
mechanism in two successive stages, the first 
stage consisting in forcing the molten metal into 
the mold by a primary application of pressure 
and continuing it until the further advance of the 
primary pressure-applying mechanism is stopped 
by the resistance of the molten metal and its Sur 
face hardening, which occurs almost immediately 
after the primary pressure is applied, and follow 
ing it immediately with a secondary application 
of pressure from a secondary pressure-applying 
mechanism directed against the still molten in 
terior of the casting. This secondary application 
of pressure is designed to force the molten metal 
under great pressure against the hardened outer 
shell of the casting and fill all the voids, porous 
places, strictures, pipes or cracks which may be 
formed by the shrinkage of the interior metal 
pulling against the hardened outer shell of metal. 
Thus a solid casting of substantially uniform 
density is provided. For this purpose a suitable 
reservoir of surplus metalis preferablymaintained 
at the entrance of the mold which, after harden 
ing, can be trimmed of the casting. 
The apparatus or machine I have devised to 

carry out my process is, for purposes of illustra 
tion, shown as used in casting copper or other 
metal windings in rotors of electric motors, but it 
is to be understood that similar mechanism with 
such modifications as may be necessary can be 
used for other forms of castings utilizing the 
process of my invention. 
In Fig. 1, 5 represents a standard rotor hav 

ing laminations 6, a central shaft , winding 
holes 8 to be filled with copper (or other suitable 
metal) and air holes (9 for cooling the rotor 
which are not filled. 
In Fig. 2, the rotor 5 is shown mounted in the 

mold 20 ready for casting. The mold is prefer 
ably made of steel formed in two halves 20a 

O 
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2,265,833 
and 20b (Fig. 3) and has a sprue 2 for receiving 
the molten metal. End plates 22 and 28 are 
placed in the mold and grip the rotor tightly at 
its ends. End plate 22 is inserted at the entrance 
or sprue end of the mold and is preferably cut 
away to form a relativelv large reservoir of mol 
ten metal at the entrance end of the end ring and 
windings. Opposite end plate 23 provides space 
25 for the formation of an end ring 75 outside 
the winding slots 8. A similar end ring 76 at the 
opposite or entrance end of the mold is later cut 
from the large surplus ring of metal formed in the 
reservoir 24, as shown in Fig. 10. Preferably the 
original shaft 7 of the rotor is replaced with a 
threaded bolt Ta, to avoid injury to the Original 
shaft, and to provide means for holding end plates 
22 and 23 tightly against the rotor laminations, 
as by means of nut 26 threaded onto the central 
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bolt fa. The two halves 20a and 20b of the mold 
are then held tightly clamped together under 
great pressure in the machine hereinafter de 
Scribed. If the Original shaft of the rotor is used 
an extra end plate (not shown) can be used and 
wedged into the mold omitting the nut 26 as will 
be readily perceived. As shown in Figs. 2 and 8, 
a plurality of air vents 27 are provided around 
the edge of end plate 23, permitting the escape of 
air from the mold as the molten metal is forced 
therein. These vent holes are slots not more than 
006 inch deep to allow the escape of air, but to 
prevent the escape of the molten metal from 
them at the same time. For cooling purposes, to 
permit the castings to be moved sooner from the 
molds, water is preferably circulated around the 
mold. 
The machine 30 of which the mold 20 forms 

a part is in general construction a standard 
Lester diecasting machine which has been modi 
fied for carrying out the process of my inven 
tion. Clamping mechanism 3 is provided for 
holding the halves 20a and 20b of the mold tight 
ly together to withstand the great pressure ap 
plied to them in the casting operation. This 
mechanism may be of any suitable construction 
and as such mechanism is old and well known, 
it need not be described in detail. As shown in 
Fig. 3, the halves 20a and 20th of the mold are 
held tightly locked together by the clamping 
mechanism 3, in turn operated by an hydraulic 
pressure unit, including a moving hydraulic cyl 
inder 32 and toggle linkages 33. 
As shown in Figs. 3 and 7, the pressure-apply 

ing mechanism of my machine 30 comprises an 
upright frame 36 on which is mounted for ver 
tical reciprocal movement a plunger frame 37 
actuated by a moving hydraulic cylinder 38 and 
toggle linkages 39. Centrally mounted in the 
plunger frame 37 is a plunger mechanism 40 for 
applying pressure to the molten metal in the 
mold 20, which comprises a head 4 which is 
preferably heated by electric coils 42 and has an 
Opening or sprue 43 for receiving the molten 

65 

70 

75 

metal. It is understood that the smelting fur 
nace can be made integral with machine 30, to 
pour directly into the mold. Also the head 4 
can be mounted directly on the mold if desired, 
The bottom end 44 of head 4 is pressed down 
tightly over sprue hole 2 of the mold 20 by the 
Operation of hydraulic cylinder 38 and toggle 39. 
A central vertical receiving chamber 45 is pro 
vided in head 4 into the bottom of which molten 
metal passes from sprue 43 and which chamber 
registers directly with the sprue 2 f of the mold 
20. The bottom end of chamber 45 is ordinarily 
held closed by means of a valve 46 which can 
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be manually or automatically operated on the 
descent of the main plunger mechanism 40 as 
desired. Mounted for reciprocal movement in 
chamber 45 is an outer hollow cylindrical ram 
48, connected to a piston 49, in a steam or pneu 
matic cylinder 50 which piston and ram are 
forced back and forth by steam or compressed 
air entering through pipes 5 and 52. Travelling 
within the outer ram 48 is a central ram 54 ac 
tuated in turn by another piston 55 moving back 
and forth in a second steam or pneumatic cylin 
der 56 actuated again by steam or compressed 
air entering alternately at opposite sides of pis 
ton 55 by means of air pipes 57 and 58. Central 
ram 54 is preferably made large enough to fill 
the remaining area in sprue 2 of mold 20 after 
the outer surface of the molten metal in the 
Sprue 2 has hardened in the time interval be 
fore ram 54 is separately operated, as shown in 
Fig. 8. 
Both rams 48 and 54 are designed to travel 

together in the primary application of pressure 
to the molten metal in mold 20. Travelling as a 
unit rams 48 and 54, preferably in one stroke, 
force the molten metal into the mold under great 
pressure until stopped by the resistance of the 
molten metal and its surface hardening, which 
occurs almost immediately after the descent of 
the rams. Immediately thereafter, and in timed 
relation therewith (to be controlled by a suit 
able regulating instrument according to the time 
cycle required), the secondary application of 
pressure to the molten metal in the mold 20 is 
made by means of ram 54 which preferably di 
rects a quick succession of blows under great 
pressure against the still molten interior of the 
casting as illustrated in more detail in Fig. 8. 
Thus the still molten interior metal is forced 
under great pressure against the hardened outer 
shell of the casting, filling all voids and places 
of lighter density caused by shrinkage of the 
interior metal, and preventing porosity, stric 
tures, pipes and cracks in the interior portion 
of the casting. The pressure to be applied is 
varied according to the requirements of the par 
ticular metal used and the article being cast by 
varying the size of the cylinders as will be readily 
understood in the art. A pressure of 9000 lbs. 
is preferably exerted upon the piston 55 in cylin 
der 56 for casting windings of rotors but this 
pressure can be varied as desired. The casting 
of the windings of a rotor takes about five Sec 
onds in these operations and as Soon as the mold 
2O is cooled enough to permit removal of the 
rotor, another rotor can be inserted and the op 
eration repeated. Molds 20 can, of course, be 
placed in a rotating turret or other mechanism, 
for quantity production if desired, without de 
parting from my invention. The pressure-apply 
ing mechanism shown is a combination of hy 
draulic and steam or pneumatic devices, but it 
is to be understood that these can be electrically 

, or mechanically operated as well. 
A specific application of my process and appa-. 

ratus of great utility and value is for casting 
windings in rotors of electric motors as above 
mentioned, which windings are usually made of 
aluminum or copper. Because impurities, Voids, 
small air holes and the like in the copper or 
aluminum Windings greatly interfere with the 
electrical conductivity of the windings and the 
consequent electrical productivity of the motor, 
it is of the utmost importance that great care 
be taken to keep these impurities and voids out 
of the metal when finally cast in the rotors. My 
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3 
process and apparatus are, therefore, very useful 
in preventing such voids in the metal windings. 
Because other impurities in the metal also effect 
its electrical efficiency, the particular efforts 
desirable to keep the metal in a substantially 
chemically pure state are described below, but 
it is to be understood that in uses in which a 
chemically pure state of the molten metal is 
unnecessary, such steps may be omitted. 

For the Smelting any suitable crucible can be 
used. In Fig. 4 an ordinary small coke-fired 
furnace 60 is shown with coke 6 and crucible 62. 
It is to be understood that a furnace heated with 
oil, gas or electricity can be used as well. It is 
important first to burn out the crucible thor 
Oughly keeping it red hot preferably from 8 to 10 
hours to burn of all impurities from the crucible. 
Pure copper Scrap is then melted in the usual 
manner in the crucible. It is desirable to burn 
a gas flame in the top of the crucible, as is well 
known, to keep the copper from becoming oxi 
dized by contact with oxygen in the air. The 
molten metal should be stirred carefully with 
a suitable rod, such as a birch rod, to get all the 
air out of it. In Figs. 5 and 6 is shown a ladle 
65 which pours from the bottom and which pref 
erably holds more copper than is needed for the 
particular casting to be made. As will be seen 
in Fig. 6, a partition 66 extends down the ladle 
65 on one side and forms a spout 67 for pouring 
the molten metal. By this construction the 
molten metal can be poured only from the bot 
tom of the ladle, which means that only the top 
surface portion can become oxidized with the 
air and as this is not to be poured from the ladle, 
the copper does not become oxidized in the pour 
ing. The copper is then poured from the ladle 
65 into the sprue 43 of the die casting machine 
30. I have found the copper is ordinarily not 
oxidized to any substantial degree in pouring 
from the ladle 65 into the sprue hole 43 if the 
pouring is done when the two, objects are very 
close together, but again if needed a gas flame 
can be maintained over the sprue hole 43. It 
is desirable also to Smudge with an acetylene 
torch every portion of the rotor to which the 
copper in the windings may have a chance to 
adhere, to put an insulating film between the 
copper windings and the iron laminations of the 
rotor and thus prevent electrical leakage. The 
rotors are also preferably preheated before their 
windings are cast. In Fig. 9 the rotor 5 is shown 
in cross section as it comes from the mold after 
casting. The Surplus metal forming at the en 
trance end of the mold is then trimmed off as 
shown in Fig. 10 leaving an end ring 76, similar 
to end ring 75, around the ends of the windings. 
In Fig. 11 the rotor is shown differing from that 
of Figs. 1, 9 and 10 only in that the winding 
holes 18 are open at the side forming a slot. For 
this reason a sleeve 70 is provided which is merely 
an extension of end plate 23 to prevent the mol 
ten metal from escaping through the open slots. 
In Fig. 12 the same rotor is shown as in Fig. 11, 
after the surplus molten copper has again been 
trimmed off at the entrance end of the casting. 

It is to be understood that any suitable metal 
can be used for casting the windings in these 
rotors. As stated above, the electrical efficiency 
of rotors treated and cast in this manner is 
greatly increased, approximating the maximum 
possible efficiency of electrical conductivity for 
the metal used, thus permitting great savings 
in the cost of manufacturing electric motors of 
any required horsepower. 



4. 
The tremendous savings made possible in mak 

ing metal castings in general in this manner have 
already been stated. . 

It will also be seen that my invention is like 
wise of great utility in giving a high finish in 
casting metal and plastic objects, and thus 
eliminating the expense of additional finishing 
operations. 

I claim: . . . 
1. The method of pressure die casting which 

comprises pouring molten metal into the en 
trance end of a mold, maintaining a substantial 
surplus reservoir of molten metal at said en 
trance end of the mold, applying pressure to 
the molten metal from the entrance end of the 
mold in the same direction in two successive 
stages, the first to insure that the molten metal 
engages all parts of the mold until surface hard 

- ening at the edges of the mold occurs, and the 
second to compress the still molten interior of . 
the casting inside its hardened Outer shell. 

2. The method of pressure die casting which 
comprises pouring molten metal into the entrance 
end of a mold, applying pressure in the entrance 
end directly to the molten metal in two succes 
sive stages, the first in one continuous stroke 
to insure that the molten metal engages all parts 
of the mold and continuing until surface hard 
ening at the edges of the mold occurs, and the 
second following immediately in a rapid succes 
sion of blows to compress the still molten interior 
of the casting inside its hardened outer shell. 

3. The method of pressure die casting which 
comprises pouring molten metal into the entrance 
end of a mold, applying pressure to the molten 
metal in the mold by means of a ram which fills 
the entrance of the mold, and continuing until 
surface hardening of the metal occurs at the 
edges of the mold, and then applying pressure 
to the still molten interior metal by a second 
ram which at the time of its operation substan 
tially fills the area remaining molten in the en 
trance of the mold after the hardening of the 
outer surfaces of the metal at the edges of the 
mold. 

4. The method of pressure die casting which 
comprises pouring molten metal into the entrance 
end of a mold which provides a substantial res 
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hardening of the outer surfaces of the metal at 
the edges of the mold. 

6. The method of casting windings for rotors 
of electric motors which comprises melting and 
maintaining the molten metal in approximately 
a chemically pure state, Supporting the rotor in 
the mold, forcing the molten metal by pressure 
at the entrance end of the mold into the wind 
ing holes in the rotor while in the mold, applying 
additional pressure in the same direction against 
the still molten interior of the casting after its 
Surface portions at the edges of the mold have 
hardened slightly, and withdrawing the rotor 
from the mold. 

7. The method of casting windings for rotors 
of electric motors which comprises melting and 
maintaining the molten metal in approximately 
a chemically pure state, supporting the rotor in 
the mold, maintaining a substantial surplus res 
ervoir of metal at the entrance end of the mold, 
forcing the molten metal by pressure from the 
entrance end into the winding holes in the rotor 
while in the mold, applying additional pressure 
in the same direction against the still molten 
interior of the casting after its surface portions 
at the edges of the mold have hardened slightly, 
withdrawing the rotor from the mold and trim 
ming off surplus cast metal from the rotor. 

8. The method of casting windings for rotors 
of electric motors which comprises melting and 
maintaining the molten metal in approximately 
a chemically pure state, supporting the rotor in 
a mold providing space for casting end rings on 
the rotor connecting the windings, forcing the 
molten metal by pressure from the entrance end 

, into the winding holes and the ring spaces of 
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ervoir of surplus molten metal, applying pressure 
to the molten metal at the entrance end to force 
it into the mold by means of a ram which fills 
the entrance of the mold and continuing until 
hardening of the outer surfaces of the metal at 
the edges of the mold occurs, and then applying 
pressure to the still molten interior metal by a 
second ram and so timing its operation that the 
second ram substantially fills the area, remaining 
molten in the 1entrance of the mold after hard 
ening of the outer surfaces of the metal at the 
edges of the mold. 

5. The method of pressure die casting which 
comprises pouring molten metal into the entrance 
end of a mold which provides a substantial res 
ervoir of Surplus molten metal, applying pressure 
to the molten metal at the entrance end in one 
continuing stroke by means of a ram which fills 
the entrance of the mold which stroke continues 
until hardening of the outer surfaces of the metal 
at the edges of the mold prevents further ad 
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vance of the ran, and then applying pressure in 
a rapid succession of blows to the still molten 
interior metal by a second ram which at the 
time of its operation substantially fills the area, 
remaining in the entrance of the moid after the 75 

the mold, applying additional pressure in the 
same direction against the still molten interior 
of the casting after the surface portions at the 
edges of the mold of the casting have hardened 
slightly, and withdrawing the rotor from the 
mold. 

9. In a machine for pressure die casting, a 
mold for casting the molten material, means for 
clamping the mold to withstand great pressure, 
vents in the mold permitting the escape of air 
therefrom but preventing the escape of molten 
material, means for applying pressure to the 
molten metal in the mold at the entrance end 
thereof comprising a pair of movable rams, one 
moving inside the other, means for moving both 
rams together initially in one continuing stroke, 
and Subsequently moving the inner ram sepa 
rately in a rapid succession of blows against the 
still molten interior of the casting after the sur 
face portions at the edges of the mold of the 
casting have hardened slightly. 

10. In a machine for pressure die casting, a 
mold for casting the molten material, means for 
clamping the mold to withstand great pressure, 
vents in the mold permitting the escape of air 
therefrom but preventing the escape of molten 
material, means for applying pressure to the 
molten material in the mold, comprising a pair 
of movable rams one moving inside the other 
and both filling the entrance of the mold, means 
for moving both rams together initially in one 
continuing stroke, and subsequently moving the 
inner ram separately against the still molten 
interior of the casting in a rapid succession of 
blows after the surface portions at the edges of 
the mold of the casting have hardened slightly, 
and means for timing the operation of the inner 
ram that at the time of its operation it sub 
stantially fills the area remaining in the entrance 
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of the mold after the surface portions at the 
edges of the casting have hardened slightly. 

li. The method of die casting a molten ma 
terial which comprises forcing the molten ma 
terial into a mold under pressure in One con 
tinuing stroke and providing a surplus reservoir 
of molten material, and as successive outer por 
tions of the molten material solidify subjecting 
the remaining interior molten material to pres 

5 
sure from the same direction and in a rapid 
succession of blows to force additional molten 
material from the surplus reservoir against the 
solidified portions and fill spaces within the cast 
ing produced by shrinkage due to solidification 
and Without fracturing the previously solidified 
portions. 

THOMAS A. WRY. 


