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METHOD AND APPARATUS FOR FEEDING
GRANULATED MATERIAL

Matter enclosed in heavy brackets [ J appears in the 5
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION 10

This invention relates generally to methods and appa-
ratus for feeding granulated material, and more specifi-
cally to a method and apparatus for cyclically metering
and feeding charges of meltable granulated material to a
heated reservoir that is particularly adapted for use in
conjunction with an injection apparatus for molding
investment casting patterns.

Injection apparatus of a type adapted automatically
to inject wax blends in the production of investment

casting patterns is disclosed in U.S. Pat. No. 3,806,875 20

issued Apr. 23, 1974. The apparatus includes a relatively
large, heated, pressurized reservoir for receiving and
maintaining molten a quantity of the wax-like or resin-
ous material to be injected. It was the practice to fill the

reservoir once or twice daily with relatively large quan- 23

tities of the molten wax material which was melted
elsewhere before being transported to the heated reser-
voir. The practice of pre-melting the injection material
necessitated an extra operation and required additional
heating equipment. It also presented certain difficulties
in handling the molten material being transported and
maintaining the material in the molten condition. A
relatively large amount of the molten material must be
stored in the reservoir until ready to be used. To main-

tain such a quantity of material in the molten condition 35

necessitates the expenditure of relatively large amounts
of heat energy.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
method and apparatus for feeding granulated material
into a heated tank for melting the material and supply-
ing it to an injection molding machine.

Another object of the invention is to provide a

method and apparatus for automatically feeding mea- 45

sured charges of granulated material into a heated tank
in response to the quantities of melted material periodi-
cally supplied to an operatively connected injection
molding machine, whereby a relatively constant level
of melted material is maintained in the reservoir.

A further object of the invention is to provide a
method and apparatus as described above which are
further characterized in that each measured charge of
material is fluidized with air or other gas under pressure

in order to prevent agglutination of the particles. 55

Still another object of the invention is to provide a
method and apparatus for feeding granulated wax-like
injection molding material to a pressurized heated tank
connected to an injection molding machine character-
ized by the operation and steps of separating relatively
small quantities of granulated material from a bulk sup-
ply thereof; fluidizing the relatively small quantities
with air under pressure to prevent agglutination of the
granules; metering a charge of predetermined size from

each fluidized quantity; depositing each such metered 65

charge in the tank in response to molten material ex-
tracted from the tank by the injection molding machine;
and admitting the pressurized air into the tank with each

30

2

measured charge in order to assist in charge deposition
in the tank, to pressurize the tank, and to prevent the
escape of heated air therefrom.

In a preferred embodiment, the feeding apparatus of
the invention comprises a housing having an inlet port
communicating with a supply of wax-like granular ma-
terial and an outlet port communicating with a pressur-
ized tank adapted to melt the material and supply the
melt to an injection molding machine, a transfer mem-
ber which defines a metering chamber adjustably mov-
able in the housing between the inlet and outlet ports for
receiving a quantity of granular material and metering a
measured charge of such material into the tank, and
means for pressurizing the metering chamber in order to
fluidize and prevent agglutination of the wax-like parti-
cles.

When the transfer member is moved to place the
metering chamber in communication with the inlet port,
compressed air or other gas within the metering cham-
ber is released therefrom and acts to fluidize the stream
of incoming granules and prevent any bridging of the
particles as would prevent them from flowing freely
into the metering chamber. When the transfer member
is moved to place the metering chamber in communica-
tion with the outlet port, compressed air flows into the
tank to facilitate the flow of the particles out of the
chamber and through a delivery tube into the tank. The
compressed air flow into the tank also minimizes the
tendency of hot air to escape from the tank into the
metering chamber to cause the wax-like granules to
soften and stick together so that they do not flow prop-
erly. The compressed air supplied to the feeder appara-
tus also may be used to pressurize the heated tank.

The size of the charge released from the metering
chamber into the tank can be selectively controlled. In
the preferred embodiment of the invention, the transfer
member is automatically operated in response to cy-
cling movement of dies of the associated injection ma-
chine. A fresh metered charge of granular material is
admitted to the tank each time the dies are opened. By
controlling the size of the metered charges, in corre-
spondence to the amounts of molten material with-
drawn from the tank each time the dies are closed, it is
possible, to maintain a nearly constant level of melted
material in the tank.

Other objects and advantages and a fuller under-
standing of the invention will be had from the following
detailed description of a preferred embodiment and the
accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1is a fragmentary elevational view of an assem-
bly of an injection machine and a feeder apparatus em-
bodying the present invention;

FIG. 2 is an end elevational view of the assembly of
FIG. 1;

FIG. 3 is a fragmentary elevational view of a portion
of the assembly shown in FIG. 1;

FIG. 4 is a plan view of the apparatus illustrated in
FIG. 3;

FIG. 5 is a cross-sectional view of the feeder appara-
tus of the present invention; and

FIG. 6 is an end view of the feeder apparatus illus-
trated in FIG. 5.
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DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to the drawings and particularly to FIGS.
1 and 2, an assembly is shown which comprises an injec-
tion machine 8 operatively connected to a feeder appa-
ratus 9 embodying the present invention. The injection
machine 8, illustrated without the feeder apparatus in
FIGS. 3, 4, generally comprises a fixed platen 10 and a
movable platen 11. The fixed platen 10 is connected to
a support bracket 14. A post 16 has one end welded to
the bracket 14 and its other end secured to the platen 10.
A pair of guide posts 18 slidably extend through the
platen 10 in bushings 19. Each of the posts 18 has one of
its ends secured to the platen 11 by a nut 20 and its other
end secured to the horizontal leg 21a of an offset pusher
bracket 21 by a nut 22. Cooling coils 23, through which
water is adapted to be circulated, are disposed around
the platens 10, 11.

The assembly comprising the movable platen 11, the
posts 18 and pusher bracket 21 is reciprocated by actua-
tion of a double-acting air cylinder 26 which is secured
to the bracket 14. The piston rod 27 of the cylinder 26
has its free end connected to the horizontal leg 21a of
the pusher bracket 21. Air is selectively admitted to the
air cylinder 26 throughthe conduits 28, 29. When air is
admitted to the cylinder mechanism through the con-
duit 28, the piston rod 27 is extended to draw the mov-
able platen 11 toward the fixed platen 10. When air is
admitted to the cylinder 26 through the conduit 29, the
piston rod 27 is retracted to move the platen 11 away
from the platen 10.

An ejector plate 30 located behind the platen 10 is
slidably supported on the posts 18 by flange bearings 31.
A collar 32 is fixed on each of the posts so that when the
air cylinder 26 is actuated to separate platen 11 from
platen 10, the collars 32 will engage the flange bearings
31 to move the ejector plate 30 toward the fixed platen
10. Ejector posts 33 slidably extend through the fixed
platen 10 and have their ends engageable with the mov-
able platen 11 and the ejector plate 30. When the platen
10 is moved toward the platen 10 by actuation of the
cylinder 26, the ejector plate 30 is pushed away from
the platen 10 by the posts 33. Each ejector post 33 has
an intermediate shoulder portion 34 which serves to
limit rearward movement of the post through the fixed
platen 10.

A die assembly of the injection machine 8 comprises
a die member 36 carried on the platen 10 and a mating
die member 38 carried on the platen 11. Molten injec-
tion material is supplied to the die assembly via a runner
block assembly (not shown) from a reservoir 40. The
reservoir 40 includes a heated tank 41 which is adapted
to be pressurized in a manner to be described to force
molten material out of the tank through an outlet tube
assembly 42. A nozzle assembly 43 disposed atop the
reservoir 40 interconnects the outlet tube assembly 42
and the above-mentioned runner block assembly. The
nozzle assembly 43 permits the flow of molten material
between the tank 41 and the runner block assembly for
subsequent passage into the die assembly when the die
members 36, 38 are in their closed position.

The above-described apparatus and its operation is
more completely disclosed in U.S. Pat. No. 3,805,875.
The disclosure of that patent is incorporated herein by
reference.

The manner in which the feeder apparatus 9 is
mounted to the injection apparatus 8 is clearly illus-
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trated in FIGS. 1, 2. The fixed platen 10 supports a front
bracket 45 which comprises an elongate strip of rectan-
gular cross section. A front, split block clamp 46 is
supported atop the bracket 45. The front clamp 46 com-
prises upper and lower mating block members 46a, 46b
which each have similar semicircular recesses therein.
The blocks 46a, 46b are intended to be abutted with
their recesses aligned to form a circular aperture dimen-
sioned to peripherally engage and support the feeder
apparatus 9 proximate one end thereof. Wall 14a of
support bracket 14 mounts a rear bracket 47 which
comprises an elongate member having a varying L-
shaped cross section which varies in dimension along
the length of the member. The rear bracket 47 supports
a rear clamp 48 having upper and lower mating block
members 48a, 48b which each include a semicircular
recess therein. The block members 48a, and 48b may
also be butted so the semicircular recess align to form a
circular aperture dimensioned to peripherally engage
and support the feeder apparatus 9 proximate the other
end thereof.

Referring to FIG. 5, the feeder apparatus 9 embody-
ing the present invention is shown in detail. The feeder
apparatus 9 comprises generally a tubular housing 55
having a cylindrical interior passage 56. A pair of end
caps 58 and 60 are attached to the housing 55 at its
opposite ends to limit access to the passage 56. An inlet
port 61, an outlet port 64 and a cleanout port 67 in the
housing wall communicate with the passage 56.

The inlet port 61 is located approximately midway
along the length of the housing 55. A funnel holder 62
is secured to the housing 55 in communication with the
inlet port 61 and is adapted to support a funnel-like
hopper 63 (FIGS. 1, 2) which contains a bulk quantity
of granulated wax-like or resinous material.

The outlet port 64 is located near one end of the
housing 55 adjacent the end cap 60. A discharge nozzle
65 connected to the housing 55 in communication with
the outlet port 64 is adapted to support a conduit 66
(FIGS. 1, 2) which communicates with the tank 41
containing the molten injection material. The cleanout
port 67 is provided to give access to the interior of the
housing 55 adjacent the outlet port 64 and is closed by
removable plug 67a.

A transfer member comprising a piston assembly for
receiving granular material introduced into the housing
55 through the inlet port 61 and transferring the mate-
rial to the outlet port 64 is generally designated by
reference letter A. The piston assembly comprises a pair
of spaced apart pistons 68, 69, each of which may be
provided with conventional piston rings 70, and a shut-
off plug 71. This piston 68, 69 and the shut-off plug 71
are secured together by a connecting rod 72. The rod 72
has a central portion 72a and threaded end portions 72b,
c. The central piston 72a is larger in diameter than the
threaded end portions so as to define shoulders 73 there-
between. The connecting rod end portion 72b extends
through the piston 68 and receives a washer 74 and a
threadedly engaged hex nut 75 which serve to retain
piston 68 against its respective shoulder 73. The con-
necting rod end portion 72c extends through the piston
69, and is threaded into the plug 71 to retain the piston
69 against its respective shoulder 73.

The spaced pistons 68, 69 define a metering chamber
77 in the interior passage 56. The piston assembly A is
reciprocated within the passage 56 so that the metering
chamber 77 alternately communicates with the inlet
port 61 and the outlet port 64. When the metering
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chamber 77 is located at the inlet port 61, granulated
material from the bulk supply is permitted to flow into
and fill the chamber 77. As the chamber 77 is moved to
the outlet port 64, initially the piston 69 and subse-
quently the shut-off plug 71 move into blocking engage-
ment with the inlet port 61 to prevent granulated mate-
rial therein from entering the interior passage 56. When
metering chamber 77 reaches the outlet port 64, a me-
tered quantity of granular material is discharged
through the outlet port.

The piston assembly A is reciprocated by actuation of
a driving rod 78 which has one end threadedly inserted
in the shut-off plug 71 and locked in place at that end by
a set screw 79. The driving rod extends through the end
cap 58 and is operably connected at its other end to the
offset leg 21b of the pusher bracket 21 so that each time
the air cylinder 26 is activated and its piston rod 27 is
either extended or retracted, a motion is transmitted to
the piston assembly A. When the platen 11 is moved
toward the platen 10 to close the dies 36, 38, the piston
rod 27 is extended and that extending motion is trans-
mitted to the driving rod 78 to cause the metering
chamber 77 to move out of communication with the
outlet port 64 and into a communication with the inlet
port 61. When the piston 27 is retracted to open the dies
36, 38, the piston assembly A is actuated to move the
metering chamber 77 from the inlet port 61 to the outlet
port 64. A damping spring 90 is mounted in a recess 91
formed in the inner face of the end cap 58. The spring 90
acts to cushion movement of piston assembly A toward
the end cap 58.

In the preferred embodiment of the present invention,
the size of the granular charge which is discharged into
the tank 41 is controlled by adjusting the extent to
which the metering chamber 77 is allowed to extend
over the outlet port 64. This adjustment is provided by
a lost motion mechanism employed with the pusher
bracket 21 operably connecting the piston rod 27 and
the driving rod 78. As shown in FIG. 1, a nut or stop
member 80 is fixed to the free end of the driving rod 78.
The offset leg 21b of the pusher bracket 21 is slidable on
the rod 78 between the stop member 80 and an adjust-
ment nut assembly 81, The nut assembly 81 can be ad-
justed along the length of the rod 78 between the stop
member 80 and a spaced stop 84 mounted on the rod 78
inboard of the member 81.

When the adjustment nut assembly 81 is adjusted to
the position shown in FIG. 1 in which the leg 21b is
clamped against the end stop 80, the rod 78 moves with
the piston rod 27 through its full range of travel so that
the metering chamber 77 is fully open to the outlet port
64, as shown in FIG. 5, when the piston rod 27 has been
actuated to open the injection dies 36, 38. The extent to
which the metering chamber 77 overlaps the outlet port
64 and, hence, the size of the charge released from the
chamber when the injection dies 36, 38 are opened can
be diminished by adjusting the nut assembly 81 away
from the stop 80 toward the stop 84. Such adjustment
permits the pusher bracket leg 21b to move relative to
the rod 78 as the dies 36, 38 are opened until the leg
engages the nut assembly 81.

According to the preferred embodiment of the inven-
tion, the housing 55 is supplied with compressed air in
order to fluidize the particulate injection material in the
metering chamber 77 and to pressurize the tank 40. As
illustrated in FIG. 5, the compressed air is communi-
cated from an external source (not shown) to the hous-
ing 55 via the end cap 60. The end cap 60 has a recess 92
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in its inner surface and an inlet passage 93 that commu-
nicates with the recess 92 through an opening 94.

The outlet port 64 is in open communication with the
compressed air supplied to the interior passage 56 of the
housing 55. When the piston assembly A is in the posi-
tion shown in FIG. 5, the compressed air in the passage
56 is admitted to the metering chamber 77 through
bleed grooves 95 formed in the inside surface of the
housing 55 to provide a flow path past the piston 68.
The compressed air exits the metering chamber 77
through the outlet port 64 into the tank 41.

The compressed air admitted to the metering cham-
ber 77 as described above serves to fluidize the granular
wax-like material contained therein and thus insure that
the material will flow freely through the outlet port 64
without sticking. The compressed air which exits the
chamber 77 through the outlet port 64 along with the
metered granular charge also serves to pressurize the
tank 41 and to act as a thermal barrier between the tank
41 and the feeding apparatus 9, whereby heat generated
in the tank will be generally contained therein. Thus,
heat will not pass upward from the tank into the feeding
apparatus to prematurely heat and either melt or cause
agglutination of the metered granules so as to inhibit
their flow into the tank.

In order to further guard against agglutination of the
metered granular charge at the entrance to the tank 41
from the conduit 66, an inlet 98 (FIG. 1) disposed at the
tank entrance may be water cooled by the cooling sys-
tem 23 which cools the platens 10, 11.

When the piston assembly A is actuated to move the
metering chamber 77 away from the outlet port 64, a
quantity of compressed air is sealed in the chamber and
subsequently released through the inlet port 61. The air
which is released through the inlet port fluidizes the
incoming material and prevents the wax-like granules
from bridging across the inlet so as to inhibit their flow
into the metering chamber.

The operation of the apparatus of the invention will
be largely apparent from the foregoing description. In
summary, the piston assembly A is actuated by exten-
sion of the piston rod 27 and closing movement of the
injection dies to a first position on which the metering
chamber 77 is below the inlet port 61. The wax-like
granules from the hopper 63 flow through the inlet port
into the chamber 77 and are fluidized by escaping pres-
surized air to prevent bridging, etc. After the adjust-
ment nut assembly 81 has been positioned to control the
amount of the charge released from the metering cham-
ber, the piston assembly A is actuated by retraction of
the piston rod 27 and opening movement of the injec-
tion dies to its second position in which the metering
chamber 77 is in communication with the outlet port 64.
In this position, compressed air flows through the me-
tering chamber 77 to assist in discharging at least a
portion of the granules in the chamber 77.

It will be aparent that the invention achieves the
objectives of providing an apparatus for automatically
feeding solid granules of wax or similar materials to a
heated reservoir tank of an injection machine where the
material is melted and then supplied to the injection
dies. In the preferred embodiment that has been de-
scribed, the material is supplied to the tank in charges of
regulated size which approximately equal the amount
injected into the dies on each shot, whereby the appara-
tus remains nearly in balance.

Many modifications and variations of the invention
will be apparent to those skilled in the art in light of the
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foregoing description. Therefore, it is to be understood
that, within the scope of the appended claims the inven-
tion can be practiced otherwise than as specifically
disclosed.
What is claimed is:
1. In [an] apparatus for injection [apparatus] mold-
ing thermaplastic material having a pair of relatively
movable dies, [means including] a pressurized heated
tank for supplying molten thermoplastic injection mate-
rial to the dies, [and]} means for causing relative move-
ment of the dies between open and closed positions, and
injection means for transferring molten thermoplastic ma-
terial from the tank to the dies when in closed position the
improvement [of a feeder for periodically supplying
charges of solid granules of injection material to said
tank, said feeder] comprising: '
a. [A] a housing having an inlet port [and] adapted
to be connected to a supply of granular thermoplastic
material, an outlet port [communicating] adapted
to be connected with [said] the tank, and a pressure
port spaced from said outlet port;
b. transfer means [containing a supply of granules
communicating with said inlet port] in said hous-
ing:
c. said transfer means [including a metering cham-
ber] being movable [in said housing] between:
(i) a first position in which said [chamber receives
a quantity of granules] transfer means can receive
granular thermoplastic material admitted through
said inlet port; and

(if) a second position in which said Lchamber dis-
charges a charge of granules] transfer means can
discharge granular thermoplastic material through
said outlet port into the tank;

d. means for actuating said transfer means, and

e. [means for pressurizing] said pressure port commu-
nicating with said outlet port when said transfer
means is in said first and second positions via said
[metering chamber to fluidize the granules of in-
jection material contained therein when said trans-
fer means is in said second position] transfer
means, whereby discharge of granular thermoplastic
material from the transfer means can be assisted by
pressurized gas and pressurized gas is trapped in said
transfer means and released through said inlet port
when said transfer means is moved to said first posi-
tion to assist the flow of granular thermoplastic mate-
rial into said transfer means and whereby the tank is
pressurized with gas admitted thereto through said
outlet port.

2. The improvement as claimed in claim 1 wherein
when said transfer means is in its second position, a
portion of said transfer means closes said inlet port.

3. The improvement as claimed in claim 1 wherein
said means for actuating said transfer means is adapted
to be operatively connected to said die moving means,
whereby a charge of granules is supplied to said tank in
response to movement of said dies.

4. The improvement as claimed in claim 3 wherein
[an] each amount of molten [injection] material [is]
withdz.. n from the tank and injected into the dies in
their c. ;sed position, and wherein each amount of
molten material withdrawn from the tank] approxi-
mately equals the size of each granular charge supplied
to the tank.

[5. In an injection apparatus having a pair of rela-
tively movable dies, means for causing relative move-
ment of the dies between open and closed position, and
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means including a pressurized heated tank for supplying
molten injection material to the dies in their closed
position, the improvement of a feeder for periodically
supplying charges of solid granules of injection material
to said tank, said feeder comprising:

a. a housing having an inlet port and an outlet port
communicating with said tank,

b. means containing a supply of granules communi-
cating with said inlet port,

c. transfer means including a metering chamber mov-
able in said housing between a first position in
which said chamber receives a quantity of granules
admitted through said inlet port and a second posi-
tion in which said chamber discharges a charge of
granules through said outlet port,

d. means for actuating said transfer means, and

e. means for supplying gas under pressure to said
metering chamber and to said inlet and outlet ports
within said housing.]

[6. The improvement as claimed in claim 5 wherein
when said transfer means is in its second position, a
portion of said transfer means closes said inlet port.]}

[7. The improvement as claimed in claim 5 wherein
said pressurized gas supplied to the outlet port is admit-
ted to said tank to pressurize it.]

8. The improvement as claimed in claim [5]

1 including means for selectively changing said sec-
ond position of said transfer means in order to [mea-
sure] change the [charges] amount of [granules]
granular thermoplastic material discharged from said
[ metering chamber]} transfer means through said outlet
port.
[9. In an injection apparatus having a pair of rela-
tively movable dies, means including a pressurized
heated tank for supplying molten injection material to
the dies, and means for causing relative movement of
the dies between open and closed positions, the im-
provement of a feeder for periodically supplying mea-
sured charges of solid granules of injection material to
said tank, said feeder comprising:

a. a housing having inlet and outlet ports, said outlet

port communicating with said tank,

b. means containing a supply of granules communi-
cating with said inlet port,

c. transfer means in said housing having a metering
chamber,

d. said transfer means being movable between a first
position in which said chamber is disposed in com-
municating with said inlet port to receive a quan-
tity of granules and a variable second position in
which at least part of said chamber overlaps said
outlet port,

e. means for varying said second position of said
transfer member in order to selectively measure the
charge of granules metered from said chamber
through said outlet port, and

f. means for actuating said transfer member between
said first and second positions.]

[10. The improvement as claimed in claim 9 includ-
ing means for supplying gas under pressure to said me-
tering chamber and permitting the gas to be communi-
cated to said inlet and outlet ports via said chamber
when said transfer means is in said first and second
positions, respectively.]

11. In an injection apparatus having a pair of rela-
tively movable dies, means for causing relative move-
ment of the dies between open and closed positions, and
a pressurized heated tank for supplying molten injection
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material to the dies in their closed position, the method
of feeding granulated wax-like injection molding mate-
rial to the tank for melting and subsequent injection
comprising:

a. separating relatively small quantities of the granu-
lated material from a bulk supply thereof;

b. fluidizing the relatively small quantities with [air]
gas under pressure from a source independent of the
tank to prevent agglutination of the granules;

¢. metering a charge of predetermined size from each
fluidized quantity; and

d. depositing each such metered charge in the tank.

12. The method of claim 11 and further comprising

the step of depositing each such metered charge in the
tank in response to withdrawal of molten injection ma-
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terial from the tank by the injection apparatus for [inje-
cion] injection into the dies in their closed position.
13. The method of claim 11 and further comprising
the step of admitting pressurized [air] gas into the tank
with each metered charge. ‘
14, A method of feeding granular thermoplastic mate-
rial comprising the steps of:
a. introducing material into a transfer means through an
inlet port,
b. moving said material to an outlet port,
c. discharging at least part of said material from said
transfer means through the outlet port, and
d. introduring pressurized gas into said transfer means
through a pressure port spaced from said outlet port to
assist in discharging said material from said transfer

means.
E & % * =®



