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[57] ABSTRACT

An apparatus for lubricating a die structure employed
in die casting operations, and die therefore, whereby a
quantity of lubricant is injected under gas pressure
into the die cavity, and in which the plunger runs of
the die casting machine is provided with a chamber
for receiving the die lubricant, which chamber com-
municates with the inner end of the plunger and thus
through the metal supply shot sleeve with the die cav-
ity, the lubricant being discharged from the plunger by
gas under pressure into the die cavity, with the appa-
ratus being constructed to effect discharge of lubri-
cant into the die cavity when the members of the die
are in a closed position, and the plunger is in a posi-
tion blocking the pour hole in the shot sleeve.

5 Claims, 3 Drawing Figures
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APPARATUS FOR LUBRICATING A DIE
STRUCTURE EMPLOYED IN DIE CASTING
OPERATIONS

BACKGROUND OF THE INVENTION

The present invention is directed to an improved
construction for carrying out the method described in
our prior copending application, Ser. No. 13,289, filed
Feb. 24, 1970, now U.S. Pat. No. 3,645,319.

As pointed out in said copending application, it is
common practice in the use of die casting equipment
to attempt to apply a suitable lubricant to the surfaces
defining the die cavity, thereby increasing the effi-
ciency of the apparatus by a reduction in rejects and
improvement in the ultimate casting of aluminum or
other metal.

Prior to our method it had been:common practice in
the past for an operator to spray a solution of a lubri-
cant onto the cavity surfaces of the open die structure
between each die casting operation. Obviously no ac-
curate control could be maintained over the amount of
lubricant utilized or was there any way of governing the
deposit and retention of the lubricant on the die sur-
face. Invariably in such cases, an excessive amount of
lubricant, as well as the necessary carrier agent there-
for, were employed resulting in not only a waste of lu-
bricant and solvents but the creation of a considerable
amount of smoke and air pollution, which in fact is the
greatest source of smoke and air pollution around a die
casting machine. In the case of aluminum casting, the
lubricant may comprise aluminum powder and sili-
cones in a carrier agent as for example water, kerosene,
or other suitable hydrocarbon solvents. Tests have indi-
cated that with such types of carrying agents deposition
of lubricant in an effectual layer did not take place until
the cavity surface is suitably cooled to a temperature
below 375° F. However, the chilling of the die consider-
ably increases the possibility of poor casting and poros-
ity, leading to a high reject percentage, and also results
in a high thermal gradient in the steel die leading to
early die fatigue.

The invention disclosed in our pending application
was a method and apparatus for effecting a very effi-
cient lubrication of the die structure with an elimina-
tion of the disadvantages of prior practices and pro-
ceeded from the direct opposite of prior methods of ef-
fecting lubrication when the die members are in open
position, and instead effected the coating of the die sur-
faces following closing of the die members, the method
also having the very important advantage of not only
effectively lubricating the surfaces of the die cavities
but also the effective lubrication of ejector pins as well
as any side cores, etc., and where the apparatus was
employed in a cold chamber operation efficient lubri-
cation of such sleeve and plunger tip is likewise
achieved. '

At the same time, there was achieved the distribution
of substantially the exact amount of lubricating mate-
rial necessary to achieve the desired results, the mate-
rial being directly injected without the use of carrier
agents, as in the past, to eliminate much of the smoke
and air pollution previously occurring in the use of a
die casting machine. As the lubricant is applied to the
die surface when the die members are in closed posi-
tion and no solvents are required, it has been found that
efficient coating may be obtained at an optimum oper-
ating temperature of the die. Furthermore, as no sol-
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vents or other carriers are required and as optimum
amounts of lubricant may be employed a considerable
reduction in cost of lubrication may be achieved and at

. the same time eliminate need of additional lubricants
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for the metal injecting plunger, etc.

However, in such prior apparatus this die member
was provided with a chamber or passageway which
communicates, preferably through a suitable valve,
with the die cavity, means being provided for injecting
a measured quantity of lubricant into such chamber or
passageway as the die members approach a closed posi-
tion and then upon closing thereof, a blast of a gas, for
example air, was discharged, under pressure, into such
chamber or cavity whereby the lubricant was expelled
in a substantially completely vaporized form into the
die cavity, reaching all surfaces of the latter, under the
action of the gas pressure, as well as the ejector pins
and the shot sleeve and plunger structure etc.

Consequently, in addition to providing the die casting
machine with means responsive to closing movement
between the platens of the machine to actuate the lu-
bricant injection mechanism as well as control the gas
discharge operative to transport the lubricant into the
die cavity, a special die construction was required in
the apparatus illustrated in said prior application.

BRIEF SUMMARY OF THE INVENTION

The present invention eliminates the disadvantages
of the previous apparatus, and enables the method in-
volved to be practiced with substantially any type of die
structure having adequate venting provisions, enabling
the practice of the method with substantially standard
type dies, at the most, providing somewhat enlarged
vent holes if not initially adequate for the purposes.

The desired results are achieved in the present inven-
tion by providing the plunger ram or piston of the die
casting machine with a chamber for receiving the die
lubricant which is expelled through a valve in the inner
end of the plunger ram at the proper time into the die
by means of air under pressure, such injection taking
place when the die is closed and the plunger ram is in
a position to block the pour hole in the shot sleeve
through which metal is supplied to the die. Both the
plunger actuating mechanism and the die closing mech-
anism are suitably provided with means for actuating
switches and valve means for controlling the desired
positioning of the die members, plunger ram and dis-
charge of the lubricant under air pressure into the die
structure.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, wherein like reference characters
indicate like or corresponding parts:

FIG. 1 is a side elevational view of a die casting ma-
chine with portions of the plunger ram and shot sleeve
illustrated in section;

FIG. 2 is an elevational view of the di¢ section such
as illustrated in FIG. 1, together with the shot sleeve
etc; and

FIG. 3 is an enlarged longitudinal section of the
plunger ram illustrating details thereof.

DETAILED DESCRIPTION OF THE INVENTION
THE GENERAL APPARATUS

Referring to FIG. 1, the reference numeral 1 desig-
nates a die structure, illustrated as being of relatively
simple form and comprising a pair of die members 2
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and 3, the stationary die member 2 being carried by a
stationary platen 4 rigidly mounted on the bed of the
machine, and the ejector die member 3 (only partially
shown) being rigidly carried by a movable platen § slid-
able on a plurality of guide rods 6 supported at one end
in the stationary platen 4 and at their opposite ends in
a stationary support member 7. The movable platen 5
is adapted to be moved toward and away from the sta-
tionary platen, and thus separate or close the die mem-
bers 2 and 3, by suitable mechanism, not illustrated,
forming a part of the standard die casting machine, the
details of which form no part of the present invention.

The die members 2 and 3 are adapted to cooperate
to define a die cavity 8, a portion of which is illustrated
in FIGS. 2 and 3, with suitable communication being
provided between such die cavity and a shot sleeve in-
dicated generally by the numeral 9, the sleeve having
an opening 10 therein communicating with the interior
of the sleeve and thus with the die cavity, a suitable hol-
low piston or plunger 11, being reciprocably movable
in the sleeve by means of a reciprocable rod 12, recip-
rocable in a hydraulic cylinder 13. In operation of the
mechanism thus far described, the arrangement will
normally be such with respect to the metal supply sys-
tem of the die casting machine that the pour hole 10 in
the shot sleeve is open to the atmosphere when the rod
12 and thus the plunger 11 carried thereby is in its ex-
treme left-hand position, as viewed in FIG. 1 (in which
the piston is illustrated in an intermediate position). At
the proper time the molten aluminum or other metal is
supplied to the shot sleeve through the opening 10, and
the rod 12 and plunger 11 associated therewith moved
toward the right as viewed in FIG. 1 to inject the metal
into the die cavity, the initial movement of the plunger
closing the opening 10 (as illustrated in FIG. 1). In this
type of casting operation the amount of metal will like-
wise normally be proportioned to ensure complete fill-
ing of the die cavity with a minimum of excess metal.

In the embodiment of the invention illustrated,
mounted on the stationary upright 14 is a lubricant
container 15 adapted to contain a supply of die lubri-
cant under pressure, suitably supplied for example, by
an air line 16, controlled by a suitable reducing valve
17. Carried by the stationary upright 14 is a lubricant-
metering device 18, the inlet side of which communi-
cates with the reservoir 15 through a supply conduit 19.
The device 18 illustrated is adapted to be operated by
air pressure supplied thereto from a supply line 20
which is connected to the device 18 by a conduit 21
through a control valve 22. The valve 22 is adapted to
be actuated by a cam 23, carried by an arm 24, mov-
able with the piston rod 12 and plunger 11 which is
adapted to actuate the valve 22 in the withdrawing di-
rection of the plunger or piston i.e., from right to left
as viewed in FIG. 1.

As hereinafter described in detail, a lubricant is ini-
tially injected into the hollow plunger 11 and subse-
quently exhausted into the die cavity by means of air
pressure through a supply line 25 under control of a
pilot operated valve 26 which is adapted to be pneu-
matically actuated by air from a supply line 27 under
control of an electrically operating valve 28 actuated
by a timer 29 which in turn is adapted to be actuated
by a switch 30 having an actuating arm 30a engageable
with an elongated cam member 305 carried by the
movable platen 5.
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The valve 28 and timer 29 are of commercially pro-
curable construction with the valve structure 26 being
pneumatically opened and automatically closed after a
predetermined time interval. Thus, upon operational
engagement of the cam member 30b with the arm 30a
to actuate the switch 30, the valve 28 is opened to sup-
ply actuating air to the valve 26, opening the same and
permitting air from the conduit 25 to enter the die and
thereby exhaust vaporized lubricant, discharged from
the metering device 18 into the plunger 11. At this
point in the operation the actuating rod 12 and plunger
associated therewith are in a position to close the pour
hole 10 whereby the lubricant and air will be exhausted
into the die cavities and not through the hole 10.

Thus, following each stroke of the piston in closing
direction, as the piston, moving in return direction
(from right to left), the switch 22 will be actuated to ac-
tuate the metering device 18 and insert lubricant into
the plunger 11. Likewise, each time the platen 5 and
the die member 3 carried thereby are moved from open
position in a closing direction (to the left as viewed in
FIG. 1), as the die member 3 reaches a closed position
with the die member 2, the switch 30 will be actuated
by the cam 30b to supply actuating air to the interior
of the plunger 11 to produce an air discharge into the
die cavity and inject the desired quantity of lubricant
into the die structure, any air pressure being relieved
through the air vents V in the die structure. Following
this operation the plunger 11 is returned to its extreme
withdrawn position and a measured quantity of molten
metal introduced into the shot sleeve 9. The rod 12 and
associated plunger 11 are then actuated to the right to
force the metal into the die structure. The movable
platen 5 is subsequently actuated to open the die, per-
mit removal of the casting and the initiation of a new
cycle.

THE DIE STRUCTURE

In the particular construction illustrated in FIG. 2 the
die member 2 comprises a base or block 31 and an in-
sert 32 having the die cavities 8 associated therewith,
connected with the adjacent end of the shot sleeve 9 by
a main runner 33 and two branch runners 34, formed
in the die member 3, the location of which are illus-
trated in dotted lines in FIG. 2. The air vents V in the
die member 2 are of a size and in number to insure ade-
quate venting for the air discharge and effective lubri-
cation of the die structure.

THE PLUNGER STRUCTURE

The plunger or piston 11 is illustrated in detail in
FIG. 3, and comprises a shank portion 35, provided at
its inner end, disposed within the shot sleeve 10, with
external threads 36 and at its opposite end with an out-
wardly directed annular flange 37 by means of which
the plunger may be operatively mounted on the end of
the rod 12, as for example by means of a locking collar
or ring 38 suitably rigidly secured to the end structure
of the rod 12. The operating end of the piston or
plunger 11 is formed by a hollow cylindrical head mem-
ber 39 having a chamber 40 therein and is provided
with a bore 41 having internal threads cooperable with
the threads 36 on the adjacent end of the shank mem-
ber 35.

The transverse wall 42 of the head member 39, form-
ing the inner end wall of the plunger 11, is provided
with an axially extending bore 43 therein which, in the
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embodiment of the invention illustrated, terminates at
its outer end in an outwardly flaring valve seat 44 for
cooperation with the head 45 of a valve member; indi-
cated generally by the numeral 46, having a stem por-
tion 47 extending inwardly from the head 45, with the
stem 47 extending into the coaxially extending bore 48
of the hollow shank member 35.

The valve member 46 is adapted to be retained in op-

-erative, normally closed position by means of a com-

pression spring 49 encircling the stem 47 and having
one end bearing on the end wall 42 and its opposite end
seated on the adjacent end wall 50 of a sleeve member
51 which encircles the spring 49 to eliminate possible
engagement of the coils thereof with the shank member
35. The sleeve 51 is secured to the adjacent free end of
the stem 47 by any suitable means as for example
swedging the extreme end of the rod as indicated at 52.
In the embodiment illustrated, the sleeve 51 terminates
in spaced relation with respect to the end wall 42 and
thus limits the travel of the valve member 46 in opening
direction. The sleeve also may be provided with radi-
ally disposed openings 53 therein to insure adequate air
and lubricant flow through the bore 43, even if the
sleeve 51 is in engagement with the end wall 42.

The shank member 35 is provided with a threaded
bore 54 for reception of a suitable hose coupling by
means of which lubricant may be injected from the res-
ervoir 15 into the bore 48 for subsequent discharge into
the die cavity. The shank member 35 is also provided
with a pair of threaded bores 55 by means of which the
air lines 25’ may be operatively connected to the bore
48 for the discharge of the air therein and along with
the lubricant discharged through the bore 43 into the
shot sleeve 9 and the cavity of the die 1.

OPERATION OF THE APPARATUS

The overall operation of the apparatus illustrated in
the drawings is as follows:

Assuming that the die members 2 and 3 are in closed
position and the die cavity has been filled with metal,
upon solidification of the metal, as determined, for ex-
ample by a suitable time lapse, the movable platen 5 is
brought into a position opening the die structure to per-
mit the casting to be removed therefrom.

A new cycle is initiated by actuation of the switch 30
responsive to such opening movement of the platen 5,
thereby initiating actuation of the timer 29. Responsive
to actuation of the latter, the plunger 11 is moved in a
withdrawing direction (to the left as viewed in FIG. 1),
under the control of the four-way hydraulic valve 56,
suitably controlling the operation of hydraulic cylinder
13 to position the plunger 11 at an intermediate point
of its withdrawing stroke, whereby the pour opening 10
in the shot sleeve 9 is closed by the head 39 of the
plunger. During such withdrawal travel of the plunger
11, the cam member 23, movable therewith, will actu-
ate the switch 22 to operate the metering device 18 and
inject a supply of lubricant into the bore 48 of the
plunger.

In the embodiment illustrated, the control of the hy-
draulic cylinder 13 and stopping of the plunger 11 in
the position illustrated in FIG. 1, may be effected by a
limit switch 56 actuable by the cam 23 when the
plunger reaches the desired point on its withdrawal
travel, actuating the four-way hydraulic valve 57 to dis-
continue operation of the hydraulic cylinder 13.
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The timer 29 is operable to actuate the electrical
valve 28 which in turn will result in actuation of the
valve 26, permitting air under pressure to be dis-
charged through the lines 25’ into the bore 48, result-
ing in opening of the valve member 46 whereby the dis-
charged air will literally vaporize the lubricant ejected
into the die cavity and distribute the same quite uni-
formly over the entire surface of the die cavity as well
as on the ejector pins and in the shot sleeve 9, with the
air pressure being relieved through the ports V. Upon
completion of this operation, the timer is operative to
actuate the four-way valve to effect withdrawal of the
plunger 11 to its extreme outward position, uncovering
the pour hole 10, followed by the admission of molten
metal therethrough into the shot sleeve. The plunger 11
is then actuated under control of control apparatus
usually associated with die casting equipment, whereby
the molten metal is forced into the die cavity. Follow-
ing solidification of the molten metal, the cycle is re-
peated.

It will be appreciated that the amount of lubricant, as
well as the pressure and volume of air, as determined
by the timer associated with the pilot valve, will vary
with the size and shape of the die cavity and number of
cavities, if more than one, and any one skilled in the art
will readily be able to determine the desired amount of
lubricant and operating values suitable to achieve opti-
mum operation in any particular application. Thus, the
amount of lubricant preferably should be reduced to
merely that necessary to provide adequate lubrication,
as heretofore discussed, with the pressure and volume
of air employed being so selected that it is sufficient to
insure efficient vaporization of the lubricant and trans-
portation and deposition thereof on all the desired sur-
faces. It would appear that for most applications the air
pressure may range between 40 and 150 Ibs. with the
timer maintaining the air pressure for a duration of
from 3 te 10 seconds. While the amount of lubricant
will of course vary with the size and shape of the die,
i.e., the surface area involved, the amount of lubricant
will also depend upon specific lubricant employed and
the desired extent or thickness of the lubricant on the
die surface. This can be readily determined by the op-
erator, starting with an amount of lubricant approxi-
mately equivalent to the effective amount of lubricant
previously employed in a spraying process or the like.

It will be apparent from the above disclosure that the
present invention simultaneously substantially elimi-
nates three serious problems in die casting practices,
not only providing highly efficient low cost lubrication
of the die structure, but at the same time producing
most immediate and dramatic results in the elimination
of much of the smoke and air pollution found around
die casting machines during previous types of lubricat-
ing cycles, and third, the very important ability to per-
mit efficient lubrication of the die surfaces etc., at
higher die surface temperatures. At the same time,
these results are achieved with little or no modification
in die construction, at most merely requiring an en-

* largement of air vent passages. This in turn, eliminates

radical heat gradient in the die structure,

Having thus described our invention it will be obvi-
ous that various immaterial modifications may be made
in the same without departing from the spirit of our in-
vention, since we do not wish to be understood as limit-
ing ourself to the exact form arrangement and combi-
nation of parts shown and described. '
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We claim:

1. In a die casting apparatus, having a stationary
platen and a movable platen constructed to receive and
support die members cooperable to form a die cavity

for the receipt of molten metal, an elongated hollow

shot sleeve adapted to connect with said die members
for supplying molten metal thereto, said longitudinal
shot sleeve having a transverse pour opening therein
for the receipt of molten metal into said sleeve, a ram
plunger having a chamber therein, said plunger being
slidably movable in said shot sleeve, a lubricant supply,
means arranged to communicate with said supply and
said chamber for controlling the supply of a pre-
determined amount of lubricant thereto, a gas supply
under pressure, a valve having an inlet connected to
said gas supply and an outlet connected to said cham-
ber, means responsive to relative movement of said
plunger ram for actuating said lubricant controlling
means to effect an injection of lubricant into said
chamber prior to said plunger uncovering the pore
opening in said shot sleeve, and means responsive to
relative movement between said stationary and mov-
able platens for controlling said gas valve to effect dis-
charge of gas under pressure into said chamber follow-
ing injection of lubricant therein, after said die mem-
bers have reached closed position and while said pore
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8

opening is operatively closed by said plunger, operative
to discharge and substantially uniformly distribute lu-
bricant throughout the die cavity.

2. A die casting apparatus according to claim 1,
wherein said lubricant-controlling means comprises a
pneumatically actuated metering device, and said con-
trolling means therefor comprises an air valve opera-
tive to control the flow of actuating air to said metering
device.

3. A die casting apparatus according to claim 2,
wherein said lubricant-controlling means includes cam
means responsive to movement of said ram plunger, en-
gageable with means for actuating said valve control-
ling air flow to said pneumatically actuated metering
device.

4. A die casting apparatus according to claim 3,
wherein said gas controlling means comprises a pneu-
matically operated pilot valve and a controlling timer,
with said controlling means therefor comprising an
electrically actuated air valve operative to control the
flow of actuating air to said pilot valve.

5. A die casting apparatus according to claim 4,
wherein said gas controlling means includes switch
means responsive to movement between said platens

for actuating said electrically actuated air valve.
* * * * *




