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This invention relates to die casting apparatus and more
particularly to the shot plunger comstruction of a hot
chamber type die casting apparatus.

It is an object of this invention to provide a hot cham-
ber type die casting apparatus having a pressure chamber
and shot plunger arrangement in which the plunger is self-
aligning during operation of the appartus. It is a more
specific object of the invention to provide the combination
of a hot chamber die casting apparatus including a pres-
sure chamber and a plunger reciprocably operable therein
in which a portion of the plunger carrying the sealing rings
for effecting a seal between the plunger and the pressure
cylinder is permitted a limited degree of universal move-
ment.

These and other objects are accomplished by the pro-
vision of a shot plunger comprising a main body portion
having a reduced diameter section intermediate its length
terminating in abutments on each end thereof and a
generally annular independently movable carriage carry-
ing sealing rings disposed about the reduced diameter sec-
tion of the plunger and snugly engaging the plunger abut-
ments which is capable of limited universal movement

with respect to the main body of the plunger. The uni-

versal movement of the carriage portion with respect to
the main body of the plunger is accomplished by making
the opening through the carriage of greater diameter than
the reduced diameter section of the plunger in which it is
received and providing partially spherical surfaces-on each
axial end of the carriage and the engaging abutments of
the plunger body.

Other objects and advantages of the invention will be
apparent from the following description, reference being
had to the drawings, in which:

FIGURE 1 is a cross-sectional view of a portion of a
hot chamber type die casting machine in which the pres-
sure cylinder thereof is shown in cross section; and

FIGURE 2 is an enlarged fragmentary view in cross
section showing the shot plunger of this invention posi-
tioned in a pressure cylinder.

Hot chamber type die casting apparatus of the type
involved in this invention is disclosed in the co-pending
patent application Serial No. 241,771, William E. Thomp-
son, filed December 3, 1962, and assigned to the assignee
of the present invention.

Die casting machines of the hot chamber type typically
used for making zinc castings consist generally of hori-
zontally disposed components including a base, a sta-
tionary die support on which is mounted four horizontal-
ly extending rods, a movable die support slidably mounted
on these rods, a cover die attached to the stationary die
support and an ejector die mounted on the movable die
support facing the cover die so that a reciprocal motion
of the movable die support moves the ejector and cover
dies between open and closed positions.” An opening is
provided through the stationary support to the cover die
whereby molten metal may be injected into the die cavity
through a sprue in the cover die from the rear side of the
stationary die support. A furnace containing a melting
pot is provided immediately back of the stationary die
support in which there is. mounted in partially submerged
relationship ‘a molten metal pump in the form of a pres-
sure chamber including a cylinder and plunger and a re-
stricted conduit commonly called a gooseneck extending
from the base of the pressure chamber to a nozzle which
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extends from the gooseneck opening to the sprue of the
cover die through the opening of the stationary die sup-
port. When the plunger is in its uppermost or withdrawn
position, the plunger uncovers one or more ports in the
pressure chamber below the molten metal level through
which casting metal fills the chamber due to the force of
gravity and vacuum due to cavitation. The die casting
operation involves moving the plunger forcibly downward
under a pressure of approximately 1100 ps.. by means
of a hydraulic cylinder. The downward movement of the
plunger first closes the metal entry ports and thence forces
the molten metal in the pressure cylinder through the
gooseneck conduit and nozzle into the die cavity. Since
considerable pressures are involved in the injection pro-
cedures, it is essential that the plunger and means for con-
necting the plunger to the hydraulic cylinder be main-
tained in accurate alignment or that some means be pro-
vided to compensate for misalignment. One of the main
problems in maintaining hot chamber die casting appara-
tus in good operating condition is misalignment due to
the misplacement of the various components which main-
tain the pressure chamber and piston or plunger operat-
ing therein in proper alignment. In the event of slight
misalignment between the parts, the walls of the pressure
chamber are scom worn to an oblong shape which results
in a loss of the seal between the plunger and the pressure
chamber walls whereby the high pressure needed in the
metal injection procedure is Jost.

A preferred method of supporting the pressure cham-
ber so that the gooseneck and pressure chamber are main-
tained in proper alignment with respect to the stationary
die support is disclosed in the aforementioned patent ap-
plication Serial No. 241,771. The shot plunger arrange-
ment of this invention may be beneficially associated with
the apparatus described in the above patent application
as well as with conventional die casting machines.

Referring to the drawings, a common method of sup-
porting the pressure chamber 10 involves the provision of
an. A-frame structure 11 which is slidably supported on
a pair of spaced rods 12 bolted to the back side of the sta-
tionary die support member (not shown). The A-frame
1% includes a shoulder 13 upon which outwardly extend-
ing flanges 14 of the pressure chamber 10 rest. The pres-
sure chamber is securely clamped to the frame 11 by means
of the bolts 28.

The pressure chamber consists of a cylinder 22 pref-
erably having a replaceable liner 24 fixed therein. With-
in the cylinder 22 there is disposed the vertically re-
ciprocable shot piston or plunger 26 rigidly attached in
longitudinal alignment to a connecting rod 28 by means
of a connector 38, preferably of the type disclosed in the
aforementioned patent application. The connecting rod
28 is in turn connected to a piston of the hydraulic cyl-
inder 32 mounted on the A-frame which is operative to
cause the plunger 26 to reciprocate vertically in a manner
well known in the art. The pressure cylinder 19 is pro-
vided with ports 34 whereby the cylinder 22 is filled with
molten metal by force of gravity when the plunger is
raised to the position shown in FIGURE 1. A goosensck
(not shown) beginning with the opening 36 at the base of
the pressure cylinder extends to a point above the level of
molten metal and into communication with the nozzle
leading to the cover die sprue as previously described.

As previously indicated, the basic feature of this inven-
tion resides in a piston structure 26 which is self-aligning
in that it automatically makes allowance for minor mis-
alignment between the plunger 26 and the cylinder 22
due to a displacement of any of the components providing
a mechanical connection between the hydraulic cylinder
32 and the pressure cylinder 22 and the various com-
ponents supporting these elements. As shown in the de-
tail of FIGURE 2, the plunger 26 consists of an assembly
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which includes the main body portion 38 having a reduced
diameter portion 49 formed at the lower portion thereof
preferably in the form of a rod having a threaded end
portion. The radial wall 42 between the reduced diameter
portion 48 and the main body 38 forms an abutment hav-
ing a partially spherical configuration. Mounted around
the reduced diameter portion 49 is an annular carriage 44
which has a partially spherical configuration at each axial
end thereof. The carriage 44 is held on the reduced por-
tion 49 by means of a screw cap 46 having an end surface
47 forming an abutment or shoulder of approximately
the same diameter as the plunger body which likewise has
a partially spherical configuration. The screw cap is pref-
erably held in place by a pin or bolt 49 extending trans-
versely through the cap 46 and the reduced diameter por-
tion 4@ of the plunger. The carriage 44 is constructed to
have an annular space or tolerance 48 between the inner
-diameter thereof and the reduced portion 48 of the plunger
so that when the partially spherical end 47 of the screw
cap 46 and the abutment 42 of the plunger body are in
snug engagement with the partially spherical ends of the
carriage 44, the latter is capable of limited universal move-
ment with respect to the plunger 38 as permitted by the
annular space 48.

The carriage 44 includes a plurality of grooves 58 and
52 which carry the seals 51 and 53 respectively to effect a
fluid seal between the carriage portion 44 of the piston and
the cylinder liner 24 of the pressure cylinder. Prefer-
ably the first seal 53 which is the first seal exposed to the
molten metal pressure during the metal injection oper-
ation consists of an annular U-cup type having a flexible
lip 55 in engagement with the cylinder liner wall. As is
well known in the art, the flexible lip 55 will flex out-
wardly against the liner 24 to insure a tight seal when the
space 57 within the seal is subjected to pressure. The
subsequent seal 51 is of an ordinary piston ring type
which is added as a safety factor. The seal 51 may be of
the split ring type which may be readily slipped into the
groove 50 in the usual manner. In order that the annu-
lar U-cup seal 53 is readily inserted in the groove 52, the
carriage 44 is made up of two parts, an upper part 54 and
a lower part 36. The lower part 56 includes a counter-
‘bore 58 which receives an annular shoulder 60 formed in-
tegrally with the upper portion 54 of the carriage. These
parts are dimensioned so that the counterbore 58 of the
lower section is press-fitted over the shoulder 68 of the
upper section. The groove 52 is in the form of an offset
in the upper section 54 which, together with the wall of
the lower section 56, forms a peripheral groove. It is
readily apparent that the lower section 56 may be readily
detached from the upper section 54 whereby the seal 53
may be installed or replaced. Preferably the upper sec-
tion 54 is provided with a pair of oppositely spaced longi-
tudinally extending holes 62 and 64 therethrough through
which tools may be inserted to force the lower section
56 from the upper section 54 in an obvious manner. The
carriage 44 may be used as a replacement unit whereby
the seal elements may be readily replaced with a mini-
mum of labor and machine down time.

While the embodiment of the present invention as dis-
closed herein constitutes a preferred form, it is to be
understood that other forms may be adopted without de-
parting from the spirit of the invention.

We claim:

1. A piston construction comprising a cylindrical body
having an external radial shoulder at one end, a connect-
ing rod rigidly secured to said body in axial alignment
therewith, an end plate having an outside diameter sub-
stantially the same as said outside diameter of said
shoulder, means for removably securing said end plate
to the side one end of said body remote from said shoul-
der and in axial alignment with said body, a piston ring
assembly having a greater diameter than said body includ-
ing an axially removable annular carriage on said body
and spaced therefrom between said shoulder and said end
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plate, a circumferential groove in said carriage, a seal
ring in said groove, said anular carriage having partially
spherical axial end surfaces, said end plate having parti-
ally spherical suifaces engaging one of said partially
spherical carriage ends, said shoulder having partially
spherical surfaces engaging the other of said partially
spherical carriage ends whereby said carriage is capable
of limited universal movement without any substantial
transverse or relative axial movement.

2. A shot plunger for use in high pressure die casting
apparatus comprising a cylindrical body having an ex-
ternal radial shoulder at one end, a connecting rod rigidly
secured to said body in axial alignment therewith, an end
plate having an outside diameter substantially the same
as said outside diameter of said shoulder, means for re-
movably securing said end plate to the said one end of
said body remote from said shoulder and in axial align-
ment with said body, a piston ring assembly having a
greater diameter than said end plate including an axially
removable annular carriage on said body and spaced
therefrom between said shoulder and said end plate, a cir-
cumferential groove in said carriage, a seal ring in said
groove, said annular carriage having partially spherical end
axial surfaces, said end plate having partially spherical
surfaces engaging one of said partially spherical carriage
ends, said shoulder having partially spherical surfaces
engaging the other of said partially spherical carriage ends
whereby said carriage is capable of limited universal
movement without any substantial transverse or relative
axial movement.

3. A shot plunger for use in high pressure die cast-
ing apparatus comprising a main body portion having a
first rod of reduced diameter integrally attached to one
end thereof in axial alignment therewith whereby a shoul-
der is formed between the said first rod and the said body
portion, and a connecting rod rigidly secured to the oppo-
site end thereof in substantial axial alignment therewith,
an end cap removably secured to the end of said first rod
remote from said shoulder, a piston ring assembly in-
cluding an axially removable annular carriage having an
external diameter greater than said body portion and said
end cap disposed about said first rod extending between
said end cap and said shoulder and having an internal
diameter greater than the diameter of said rod whereby
an annular space is formed therebetween, a circumfer-
ential groove in said carriage, a seal ring in said groove,
said annular carriage having partially spherical axial end
surfaces, said end cap having partially spherical surfaces
snugly engaging one of said partially spherical carriage
ends, said shoulder having partially spherical surfaces
snugly engaging the other of said partially spherical car-
riage ends whereby said carriage is capable of limited
universal movement without substantial transverse or
relative axial movement as permitted by the said annular
space between said carriage and said rod.

4. In a hot chamber die casting machine the com-
bination of a pressure cylinder adapted to be immersed in
molten metal means for supporting said pressure cyl-
inder in a predetermined position, a piston reciprocable
in said pressure chamber comnected in substantial axial
alignment to a hydraulic cylinder, said piston comprising
a main body portion having a first rod of reduced diam-
eter integrally attached to one end thereof in axial align-
ment therewith whereby a shoulder is formed between
the said first rod and the said body portion, and a con-
necting rod rigidly secured to the opposite end thereof in
substantial axial alignment therewith, an end cap re-
movably secured to the end of said first rod remote from
said shoulder, a piston ring assembly including an axially
removable annular carriage having a greater diameter than
said body portion and said end cap disposed about said
first rod extending between said end cap and said shoul-
der, and having an internal diameter greater than the di-
ameter of said first rod whereby an annular space is
formed therebetween, a circumferential groove in said
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carriage, a seal ring in said groove, said annular carriage
having partially spherical axial end surfaces, said end cap
having partially spherical surfaces snugly engaging one
of said partially spherical carriage ends, said shoulder
having partially spherical surfaces snugly engaging the
other of said partially spherical carriage ends whereby
said carriage is in contact with said pressure chamber
and is capable of limited universal movement relative to
said body portion and said end cap without substantial
transverse or relative axial movement as permitted by the
said annular space between said carriage and said rod.
5. A piston constructicn comprising a piston body por-
tion having a connecting rod rigidly attached thereto,
said body portion having an annular recess located inter-
mediate the length thereof defined by an axial portion
of reduced diameter and oppositely disposed radial walls
having concave spherical surfaces, an annular carriage
having a greater diameter than said body portion adapted
to carry at least one seal ring and having convex par-
tially spherical radial end faces snugly engaging said
concave radial walls, said carriage being spaced from said
axial portion along its length whereby said body por-
tion concave surfaces and said carriage convex surfaces
are movable relative to each other and said carriage is
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capable of limited universal movement relative to said
body portion.

6. A shot plunger for use in high pressure die casting
apparatus comprising a main body portion having a con-
necting rod rigidly attached therefo, said body portion
having an annular recess located intermediate the length
thereof defined by an axial portion of reduced diameter
and oppositely disposed radial walls having concave
partially spherical surfaces, an annular carriage having a
greater diameter than said body portion adapted to carry
at least one seal ring and having convex partially spheri-
cal radial end faces snugly engaging said concave radial
walls, said carriage being spaced from said axial portion
along its length whereby said body portion concave sur-
faces and said carriage convex surfaces are movable rela-
tive to each other and said carriage is capable of limited
universal movement relative to said body portion.
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