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ABSTRACT 

Apparatus for automatically casting articles and par 
ticularly the end rings and conductor bars in a rotor. 
A mold having interconnected ends adapted to receive 
the body of the product into which the liquid material 
to be cast is injected, can be clamped, is movably 
seated over a chamber, reservoir or shot sleeve for the 
injectable material. By movement of either the mold, 
the reservoir or both, the mold and chamber can be 
separated sufficiently to permit free access to the res 
ervoir for introduction of a charge of the liquid injec 
table material. In a more automated phase of the in 
vention, a single injection station is provided with a 
plurality of molds movable between the injection sta 
tion and other stations at which the mold is opened, 
sprue removed, finished product removed and the 
mold prepared for the next casting cycle. 

6 Claims, 12 Drawing Figures 
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1. 

DE CASTING APPARATUS 

BACKGROUND OF THE INVENTION 

The present invention relates to die casting wherein 
a shot sleeve for introducing a quantity of molten metal 
into a die cavity and a mold are mounted for movement 
such that the entire mold is separated from the open 
end of the shot sleeve to expose it whereby the shot 
sleeve is readily accessible for refilling. In a preferred 
embodiment of the invention, the apparatus and a 
method for die casting is illustrated as employed to cast 
the conductor bars and end rings in the rotor of a syn 
chronous motor. The apparatus includes a plurality of 
mold members mounted on an indexing table. The 
mold members each include an upper die member hav 
ing a cavity therein and a lower die member provided 
with a similar cavity which is mounted with respect to 
the upper die member for clamping engagement with 
the rotor lamination assembly between them. The mold 
members are fixed to and rotatable with an indexing 
means such that the molds may be sequentially posi 
tioned in operative relationship with a plurality of tool 
elements forming various work stations where die cast 
ing and removal operations may be simultaneously per 
formed. The work stations to which the molds are in 
dexed include a loading station, a clamping, casting and 
sprue removal station, a first removal station wherein 
the cast part is released from the upper die and a final 
station wherein the cast part is released from the lower 
die and removed from between the dies. Each station 
operates nearly simultaneously such that extremely 
high production is attained through the use of the auto 
matic die casting machine of the present invention, 

It is a primary object of this invention to provide a 
machine of this type in which the charged mold as an 
assembly and the shot sleeve are capable of separation 
to provide free and open access to the shot sleeve for 
recharging. - 

It is another object of the invention to provide a die 
casting apparatus for performing a number of die cast 
ing and removal operations simultaneously and auto 
matically. 

It is another object of the invention to provide a cast 
ing apparatus for automatically casting the conductor 
bars and end plates in a rotor. 

It is yet another object of the invention to provide a 
charging means for a die casting apparatus for automat 
ically clamping the die members while simultaneously 
inserting a predetermined quantity of molten material 
into the die. 

It is another object of the invention to provide an ap 
paratus for automatically removing the sprue from a 
cast part in an automatic die casting apparatus. 
And, it is yet another object of the present invention 

to provide an apparatus for removing the cast parts au 
tomatically from between the die members in a die 
casting machine, 
These and other objects of the invention are attained 

in a die casting apparatus including a mold member 
having a casting or die cavity formed therein and a gate 
forming an entrance to the cavity. A means for charg 
ing the mold includes a shot sleeve and a piston axially 
movable in the sleeve for forcing the molten material 
through the gate into the cavity. The shot sleeve is 
mounted for vertical movement into communicating 
relationship with a mold member positioned there 
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2 
above. Means are also provided for moving the piston 
axially through the shot sleeve to force the molten ma 
terial through the gate into the cavity. 
Other important features, objects, and the many ad 

vantages of the present invention will become readily 
understood to those skilled in the art upon reading the 
following description and with reference to the accom 
panying drawings illustrating a preferred embodiment 
thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view partially broken away to 

illustrate details of a die cast rotor assembly fabricated 
in accordance with the present invention; 

FIG. 2 is a perspective view of the die casting appara 
tus of the invention; 
FIG. 3 is a side elevational view of the die casting ap 

paratus shown in FIG. 2; 
FIG. 4 is a cross-sectional view taken along the plane 

IV-IV of FIG. 3 illustrating the various work stations 
in the die casting apparatus; 
FIG. 5 is a cross-sectional view taken along the plane 

V-V of FIG. 4 illustrating a die assembly having a 
rotor loaded therein for subsequent operation at a sec 
ond operating station; 

FIG. 6 is a cross-sectional view taken along the plane 
VI-VI of FIG. 4 illustrating the shot sleeve of the pres 
ent invention positioned in charge-receiving position; 
FIG. 7 is a view similar to FIG. 6 depicting the shot 

sleeve vertically raised to clamping and injection posi 
tion; 
FIG. 8 is a cross-sectional view taken along the plane 

VIII-VIII of FIG. 4 illustrating the release mechanism 
for the cast rotor from the upper die and the removal 
of sprue from the lower die structure; 
FIG. 9 is a cross-sectional view taken along the plane 

IX-IX of FIG. 4 illustrating the removal of the cast 
rotor from the lower die; 
FIG. 10 is a view partially in cross section, illustrating 

the mechanisms for removing the rotor from between 
the upper and lower die sections taken along the plane 
X-X of FIG.9; 
FIG. 11 is a fragmentary view of a modified piston 

head in the shot sleeve utilized to facilitate the removal 
of the sprue and the completed cast part from the 
upper die structure; and 
FIG. 12 is a top, plan view of the modification show 

in FIG. I. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings, in FIG. 1 the numeral 
20 designates a partially completed rotor assembly pro 
duced in accordance with the present invention. The 
rotor assembly includes a plurality of rotor laminations 
22 which are punched from thin sheet steel or other 
suitable material and which are held assembled be 
tween end rings 24 and 26 by a plurality of circumfer 
entially arranged conductor bars 28 cast integrally with 
the end rings and laminations. The laminations are 
punched with a central bore 30 for mounting on an ar 
mature shaft or the like as is well known to those skilled 
in the art. In the practice of this invention, the stack of 
laminations 22 are conventionally assembled to a pre 
determined axial length. The laminations are skewed or 
twisted along their axial length and placed in compres 
sion where several welds 32 are made along the length 



3 
of the outer periphery. As will more fully described 
hereinafter, the end rings 24 and 26 and the conductor 
bars 28 are then cast through and on the ends of the 
lamination stack. As will also become apparent to those 
skilled in the art, the welds 32 serve only as a tempo 
rary holding fixture for maintaining the lamination 
stack under compression prior to and during the cast 
ing process. When casting is completed and the end 
rings and conductor bars are formed as an integral part 
of the amination stack 22, they are machined from the 
peripheral surface in a conventional manner. 
The casting apparatus utilized in the practice of this 

invention to produce the rotor or like part illustrated in 
FIG. 1 is illustrated in perspective view in FIG. 2. Basi 
cally, the apparatus of the present invention includes a 
supporting framework 34 having a plurality of vertical 
legs 36 upon which are mounted an upper support sur 
face 38 and a lower supporting surface 40. A turntable 
or indexing means 42 is rotatably attached to the upper 
supporting surface 38 and is adapted to carry a plural 
ity of molds 44 thereon simultaneously and sequentially 
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describe the exact configuration of the die. It is, how 
ever, important to the practice of this invention that the 
facing die surfaces be shaped so as to receive a lamina 
tion assembly 22 between their facing portions and, as 
will be more fully described hereinafter, clampingly re 
ceived between the upper and lower die sections in a 
manner such that molten material forced therein under 
pressure will not escape between the rotor and the die 
sections to form flash. In the loading station A, the die 
members 54 and 56 are positioned as shown in FIG. 5 
that is, the lower die section is at maximum separation 
from the upper section and in position to have a lami 

5 

through a plurality of work stations where various oper 
ations are performed on the work piece. A suitable sup 
ply of molten material, as for example aluminum, is 
provided in a temperature-controlled crucible 46 
which is positioned adjacent the supporting framework 
34. A ladle assembly 48 fixed on the crucible is pro 
vided to deliver a predetermined quantity of molten 
material for casting purposes as will be more fully de 
scribed hereinafter. . . . 

As illustrated additionally in FIGS. 3 and 4, the in 
dexing turntable 42 is mounted for rotation to the 
upper support 38 by means of a shaft 50 which is jour 
naled in the upper support. Conventional drive means 
52 is connected to the shaft and advances the turntable 
and the molds 44 carried thereon into an operating po 
sition with respect to each of the work stations. As illus 
trated in FIG. 4, for convenience, the various work sta 
tions are labeled with the letters A through D. A repre 
sents the first work or loading station while D repre 
sents the final work station where the completed cast 
part (as shown in FIG. 1) is removed from the appara 
tus. Station B includes provision for operating on the 
work piece by clamping and casting while station C is 
provided to remove the sprue and to release the cast 
part from the mold. 
Referring briefly to FIG. 5, each of the molds 44 car 

ried by the turntable 42 are identical in construction. 
Each mold or die assembly 44 includes an upper die 
section 54 and a lower die section 56. The lower sec 
tion is mounted on a pair of shoulder screws 58 which 
are slidably received in openings 60 in the indexing 
plate 42. The lower die 56 is vertically movable with 
the shoulder screws with respect to the upper die as 
sembly. 54. Each die assembly 44 has a mold cavity 
formed therein conforming in configuration to the end 
rings 24 and 26 on the completed rotor assembly 20 as 
illustrated in FIG. 1. Preferably, the end ring 24 is 
formed in the cavity 62 provided in the lower die as 
sembly while the end ring 26 is formed in the cavitity 
64 in the upper die assembly. The lower die has a circu 
lar recess 29 and the upper die a similar, recess 33. 
These recesses are very shallow and receive the ends of 
the product body 22. The die cavities and die assem 
blies themselves are formed in a generally conventional 
manner well known to those skilled in the art. A de 
tailed discussion, therefore, is not believed necessary to 

25 

nation stack 22 placed between the dies and resting on 
the lower die 56. It is also noted that in the preferred 
embodiment of the invention, each of the upper and 
lower die assemblies 54 and 56 include central open 
ings 66 and 68 respectively formed therein. The upper 
die has an annular depending ridge 31 and the lower 
die a similar upstanding ridge 59. These surround and 
seal the openings 66 and 68, respectively, and prevent 
entry of the casting material into these openings. 
Seated in the opening 68 is a knockout pin 150 having 
an enlarged head and a stem extending through the bot 
tom of the opening - preferably even when the mold 
is charged extending slightly below the lower face of 
the mold. The thickness of the head of this pin is less 
than the depth of the enlarged upper portion of the 
opening 68, permitting the pin to reciprocate in the 
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opening. 
Referring now to FIGS. 6 and 7, the second opera 

tional station 'B' is illustrated in greater detail. As pre 
viously mentioned, station B provides two functions, 
i.e., clamping and casting. To perform the clamping 
and casting functions, the mold is positioned vertically 
over the injection apparatus 70 at the station B. Injec 
tion apparatus 70 is vertically movable into and out of 
engagement with the mold assembly 44 and is fixed in 
a secondary support framework 72. The supporting 
framework 72 is formed of a plurality of support struts 
74 fixed to and depending from the underside of the 
lower support 40 (FIGS. 3 and 7). A lower mounting 
plate 76 is at the lower end of the supporting struts 74. 

The injection apparatus includes a shot sleeve 78 
fixed for vertical movement with respect to the mount 
ing plate 40 and the secondary supporting framework 
72. The shot sleeve is basically an elongated metallic 
cylinder open at its upper end 80 and mounted for ver 
tical movement perpendicular to the support plate 40 
through a bushing 82 fixed in the support 40. Vertical 
movement of the shot sleeve is accomplished by means 
of a hydraulic cylinder 84 secured to and depending be 
neath the bottom plate 76. A piston rod 85 is extend 
able and retractable within the cylinder 84 to move the 
shot sleeve and its associated mechanisms vertically 
within the apparatus for engagement and disengage 
ment with the lower die assembly. 
The injection apparatus also includes a plunger 88 

mounted for movement with the shot sleeve. The 
plunger is mounted for reciprocal movement within the 
shot sleeve by means of a rod 90 and hydraulic cylinder 
or actuator 92 mounted on the piston rod 85 and mov 
able therewith. - 

The plunger 88 reciprocates the length of the shot 
sleeve 78. The rod 90 extends through the lower end of 
the shot sleeve 78. 
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As best illustrated by a comparison of FIGS. 6 and 7, 
when the shot sleeve is retracted as shown in FIG. 6, 
the piston'88 is also retracted to the bottom of the shot 
sleeve. The mold 44 is supported well above the end of 
the shot sleeve creating a substantial space between 
them (FIG. 6). This arrangement provides easy access 
to the open end of the shot sleeve. 
The shot sleeve 78 is loaded with a measured quan 

tity of molten metal from the crucible 46 by means of 
ladle assembly 46. The ladle assembly includes a ladle 
96 pivotally mounted on a linking mechanism 98 such 
that it is shiftable between a molten metal receiving po 
sition in the crucible 46 and a pouring position (shown 
in phantom in FIG. 6) where a quantity of the molten 
metal is poured into the shot sleeve. As will be more 
fully described hereinafter, once the molten metal has 
been poured into the shot sleeve, the ladle automati 
cally returns to its original position in the crucible 46 
and refills. 

OPERATION OF THE CASTING CYCLE 

The casting cycle is illustrated in FIGS. 5, 6, and 7. 
A product body such as the rotor body 22 is placed in 
the open mold. It is seated in the recess 29. The loaded 
mold is positioned over the end of the retracted shot 
sleeve 78. A measured charge of the material to be 
cast, such as molten aluminum is poured into the shot 
sleeve by the ladle 96 and the ladle retracted. Actua 
tion of the cylinder 84 raises the hot sleeve until its bev 
eled edge 100 seats into the chamfered opening 102 in 
the lower face of the lower die half 56. Continued up 
ward movement of the sleeve forces the lower die half 
56 upwardly until the product body 22 seats against the 
upper die half 54. The cylinder 84 provides sufficient 
clamping force to effect a tight seal between the sleeve 
and the lower die half as well as between the product 
body and both die halves. The upper end of the product 
body seats in the cavity 33 (FIG. 5) in the upper die 
half 54 against the annular ridge. 31. A seal is formed 
between the sidewalls of the cavity 33 and the product 
body as well as between the ridge 31 and the product 
body. A similar seal is formed between the product 
body and the ridge 59. - 
As soon as the product body has been clamped as de 

scribed, the piston 88 is actuated, injecting the charge 
of material into the mold. The force of the piston is 
such as to force the material into the upper die half 56, 
through the product body 22 and fill the cavity in the 
upper die half 54. As the charge of material hits the 
knockout pin 150, the pin is forced upwardly against 
the product body 22 (FIG. 7). The stem of the knock 
out pin 150 provides a seal preventing the material 
from entering the central opening in the product body, 
The time lapse between charging the shot sleeve 78 
from the ladle and completion of filling the mold is very 
short to prevent chilling of the material. This is particu 
larly true in the case of materials having a high melting 
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point and a high coefficient of thermal conductivity, 
such as aluminum. 
Gates 104 provide passages for the material permit 

ting it to enter the mold (FIG. 5). The gates 104, as is 
well known to those skilled in the art form the en 
trance to the die cavities 62 and 64 through which the 
molten material is introduced. As the material solidi 
fies, the end rings 24 and 26 (FIG. 1) and conductor 
bars 28 are formed in and on the product body 22. The 
cylinder 84 is then actuated in the opposite direction to 
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6 
withdraw the shot sleeve 78 and piston 88 returning it 
to its lowered retracted position as shown in FIG. 6. 
The excess casting material or sprue S formed be 

tween the gate 104 and the top of the piston 88 is then 
exposed below the lower die section. Normally, be 
cause of the bond between the solidified material and 
the upper and lower die sections, the two die sections 
remain closed even though the shot sleeve has been re 
tracted. The present invention, therefore, also provides 
a mechanism for removing the sprue and for releasing 
the case part from between the die sections. 

Referring to FIG. 8, the die sections are shown in po 
sition for operation at work station C where the sprue 
is removed and the cast part is released from the upper 
die section 54. At station C, a hydraulically operated 
piston rod 106 having an extended end 108 of reduced 
diameter is actuated by cylinder 10 mounted on the 
upper support surface 38 (FIG. 3). The piston rod ex 
tends through the opening 66 in the upper die section 
54, through the center opening of the product body 
into the opening 68 in the lower die section when the 
cylinder 110 is actuated. The piston rod 106 has an 
upper portion of a greater diameter than the opening 
in the product body and a lower portion 108 of reduced 
diameter to pass through the product body. The length 
of the lower portion 108 is such that it will contact the 
knockout pin 150 before the upper portion of the rod 
contacts the product body. The rod forces the knock 
out pin down either disengaging the finished product 
from the upper die half or separating the sprue S from 
the casting and dropping it free of the mold or die. 
Should the force of breaking the sprue S from the cast 
ing be insufficient to separate the casting from the 
upper die half, the contact of the larger diameter por 
tion of the piston 106 will strike the product body forc 
ing it out of the upper die half. When the cast part has 
been released from the upper die and the sprue is re 
moved, piston rod 106 is retracted and the turntable 
advances the mold assembly 44 to the next work station 

At station D, as illustrated in FIG. 9, a cylinder 114 
(see also FIG. 3) mounted on the lower supporting sur 
face 40, has an extendable rod 16. The rod 116, when 
extended, raises the knock-out pin 150, lifting the cast 
ing 22 out of the lower die half. Simultaneously with 
the lifting of the casting out of the lower die section, an 
ejection mechanism as shown as FIG. 10 removes the 
completed rotor 20 from the casting apparatus and de 
posits it on a slide 118. The ejection mechanism in 
cludes a cylinder 120 having an extendable piston rod 
122 connected to one end of a pivoted arm 124. With 
extension and retraction of the piston rod 122, the arm 
is free to pivot about a pivot pin 126 swinging the arm 
into position to push the completed cast rotor 20 from 
between the die members and into the removal slide 
18. 
The various simultaneous clamping, casting, and re 

moval operations performed at the several work sta 
tions are programmed to operate in a timed sequence. 
The actuation and operation of various hydraulic cylin 
ders to effect these functions as well as operation of the 
rotating mechanism 52 for effecting movement of the 
indexing means 42 are operative through suitable hy 
draulic and electrical circuits (not shown) which may 
be operated from a main control panel 130 (FIG. 1). 
The control panel is situated in a convenient operating 
position preferably near the loading station A. The in 
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terconnection and operation of the control circuits will 
be readily apparent to those skilled in the art. Since the 
circuits are conventional and form no part of the pres 
ent invention other than to ensure the proper sequen 
tial operation of the same, they will not be described in 
greater detail. 
Depending upon the particular part being cast, it is 

sometimes not possible to remove the sprue and to re 
lease the casting from the upper die section as herein 
above described. This would occur, for example, when 
the cast part is solid and an opening cannot be provided 
in the upper and/or the lower die sections. An alternate 
arrangement for accomplishing this purpose is shown in 
FIGS. 11 and 12 wherein a modified piston 88a is pro 
vided in the shot sleeve 78. The modified piston 88a is 
provided with a tapered dove-tail mold cavity 126. 
When the molten material solidifies on the upper face 
of the piston, it conforms to the dove tail 126 so that 
as the shot sleeve and piston is moved to a retracted po 
sition as shown, for example, in FIG. 6, the cast part is 
pulled away from the upper die while the lower die sec 
tion moves downwardly. When the lower die section 
reaches its lower limit of travel by the abutment of the 
head and the shoulder screws 58 against the top surface 
of the turntable 42, downward movement of the piston 
88a will break the sprue away from the cast part at the 
gate 104. After the shot sleeve 78 is completely re 
tracted, the piston 88a may be raised just slightly above 
and extend through the opening at the leading edge of 
the shot sleeve such that the sprue is exposed where 
upon force exerted against the sprue from the narrow 
tapered portion of the dove-tail mold 126 toward the 
wide portion will result in the sprue sliding along the 
mold whereupon it will release from the piston 88a. 
This piston 88a is then retracted into the shot sleeve 78 
in readiness to receive molten material via the ladie as 
previously described. 

lt will be recognized that those of the various compo 
nents of this invention which have been stated to be hy 
draulically operated could, without departure from this 
invention, be operated pneumatically. It will also be 
recognized that while this invention has been described 
as applied to casting the conductor bars and end rings 
on an electrical rotor, the invention can be applied to 
various other applications. It is applicable to any cast 
ing situation in which the casting is applied to an exist 
ing body of sufficient strength to withstand the clamp 
ing pressures between the upper and lower dies neces 
sary to effect a seal at the injection pressures produced 
by the piston 88. The injected material can be metallic 
or non-metallic. 
The construction of the machine so that free access 

to the open end of the shot sleeve is provided is an im 
portant facet of the invention. It will be recognized that 
this can be accomplished by moving the mold toward 
and away from the shot sleeve as well as moving the 
shot sleeve as shown. 
The invention, however, is particularly advantageous 

when the casting material is one having a high coeffici 
ent of thermal conductivity and, therefore, subject to 
rapid cooling once it has been discharged from the la 
dile. By separating the shot sleeve and die sufficiently to 
permit ready access to the shot sleeve, the charging of 
the shot sleeve can be accomplished rapidly and this 
operation can be fully automated. Once the ladle has 
been retracted, the shot sleeve and die can be joined 
and the casting material injected. Since this cycle can 
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8 
be accomplished in a fraction of the time required by 
existing devices, the problem of chilling is eliminated. 
Further, by so reducing the cycle time, the necessity for 
installation of special thermal insulating liners in the 
shot sleeve is eliminated further reducing cycle time, 
cost and permitting automation of the equipment. 
The apparatus is relatively simple in construction and 

in operation and when operated as hereinabove de 
scribed, performs a variety of die-casting and removal 
operations simultaneously. Extremely high production 
rates are achieved resulting in the corresponding cost 
reduction. The novel vertical positioning movement of 
the shot sleeve adapted to receive the charge of molten 
material when combined with a novel clamping and si 
multaneous casting operations provides a method of 
die casting which is extremely reliable in its operation. 

While a preferred embodiment of this invention has 
been illustrated and described, it will be recognized 
that other embodiments and modifications incorporat 
ing the teachings hereof may readily be made in the 
light of this disclosure. All modifications embodying 
the principles of this invention are therefore considered 
as included in the appended claims unless these claims 
by their language expressly state otherwise. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are defined as fol 
lows: 

1. In a die casting apparatus having a mold and shot 
sleeve, an element supporting said mold in vertical 
alignment with the top of said shot sleeve, the improve. 
ment in said die casting apparatus comprising: 
said shot sleeve having an open upper end; said mold 
having an upper die and a lower die movable with 
respect to each other for opening and closing said 
mold; 

a member connecting said dies and restraining said 
lower die against downward travel below a prede 
termined position; and 

means mounting one of said mold and said shot 
sleeve for movement toward and away from each 
other, said means in one position holding the top of 
said shot sleeve and the bottom of said mold in en 
gagement and in another position holding said en 
tire mold and said shot sleeve in spaced-apart rela 
tionship to provide access to the open top of said 
shot sleeve and permitting introduction of a mea 
sured quantity of casting material into said shot 
sleeve. 

2. The die casting apparatus described in claim 1 
wherein said shot sleeve is mounted on said means for 
vertical movement with respect to said mold. 

3. The die casting apparatus described in claim 2 
wherein a piston is mounted in said shot sleeve and an 
actuator for said piston for injecting casting material in 
said shot sleeve into said mold, said piston and actuator 
connected to said shot sleeve for simultaneous vertical 
movement with said shot sleeve. 
4. In a die casting aparatus including a mold member 

having a casting cavity formed therein; means for 
charging said mold with a predetermined quantity of 
molten metal, said charging means including a shot 
sleeve and a piston axially movable in the sleeve for 
forcing molten metal into said cavity, the improvement 
comprising: 
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means mounting and moving said shot sleeve verti- sleeve to thereby force the molten metal into said 
cally into and out of communicating relationship cavity. 
with said mold, 5. The die casting apparatus as defined in claim 4 and 

said mold member including spaced-apart upper die further including: 
and lower die sections adapted to receive an aper- 5 means for vertically shifting said shot sleeve between 
tured product body therebetween, said lower die communicating and noncommunicating positions 
section being mounted for vertical movement by with said mold, and 
said mounting and moving means with respect to means for placing a predetermined quantity of mol 
said upper die section to thereby vertically shift ten metal in said shot sleeve when said shot sleeve 
said shot sleeve into communicating relationship 10 is in said noncommunicating position. 
with said mold and shift said lower die section and 6. The apparatus of claim 1 in which said means in 
clamp the product body between said die sections; cludes means for causing said dies to move relative to 
and each other to open and close said mold. 

means for driving said piston axially through said shot 2k xk k . . .k. 
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