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Method and apparatus for vertical die casting. . FiG.2

@ A vertical die casting method comprisingvthe steps of
charging a molten metal (10) into a cavity (3) in a mold (1,2)

11
by the weight of the molten metal itself and then charging i /A
completely the molten metal into the cavity (3) under 15
w= Pressure; and an apparatus to be used for said vertical die 5 '%T’ 22
< casting method. N
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Title: METHOD AND APPARATUS FOR VERTICAL DIE CASTING

BACKGROUND OF THE INVENTION

(1) Field of the invention:

The present invention relates to a method and apparatus'

for properly charging the molten metal in a vertical die casting.

'(2) Prior Art:

As is well known the die casting method has been widely
employed owing to its high-precision performance among a variety

of casting methods. Among them, in particular, the vertical
casting method has been extensively used since it allows little
amount of gas to be involved within the cast product.

According to the conventionally employed general vertical

‘die casting as shown in Fig. 1, a pouring gate 9 is formed by a

sleeve 5 that forms a sprue runner 4 connected to a cavity that is

idefined by the upper and lower molds 1 and 2, a counter plunger 7
jis urged by a counter cylinder 8 to close the gate, a molten metal

|10 is supplied in the state that the gate is closed, a pressure
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plunger 12 is lowered by a pressure cylinder 11, and the counter
plunger 7 is lowered by the counter cylinder 8, so that the molten
metal 10 is charged into the cavity 3 through thersprﬁé'runner 4
which is opened.

To obtain satisfactory cast products, no gas should be
caught in the molten metal 10 that is charged in the cavity 3, no
cold shut should exist in the molten metal, so that the producé.'
should have a high specific gravity. _

! Iﬁ charging the molten metal 10 into the cavity 3, if
the molten metal is charged only by the descending action of the
counter plunger 7 while the pressure plunger 12 does not pressurize
the molten metal 10 in the sleeve, cold shut will develop in the
molten metal so that unsatisfactory products are obtained.

To cope with this problem, the gate 9 is closed by the
counter plunger 7 in the initial stage, and the counter plunger 7
is allowed to descend after the molten metal 10 is pressurized by
the pressure plunger 12. In this case, the descending rate of the
pressure plunger 12 is set to be faster than that of thercounter

plunger 7 taking the charging rate into consideration, and the

ispeed of the plunger 12 is set to a high value.
! Therefore, the pressure is exerted on the molten metal

10 by the pressure plunger 12 before the descending counter plunger
7 passes over the gate 9, i.e., before the gate is completely
lopened, whereby the molten metal is injected at high speeds into
ii:he cavity 3 from the opening of the gate. Accordingly, the
'splashes of molten metal adhere to the interior of the cavity 3
‘before it is fully charged with the molten metal; i.e., a part of
the molten metal solidifies early and does not fuse together with
the subsequently charged molten metal, giving rise to the occur-

rence of cold shut.




-3- 0085726

Furthermore, since the charging of the molten metal does
not take place uniformly, gas present in the cavity is stirred and
caught by the molten metal. This fact also yields the unsatisfac-
tory products.

In the conventional method, the casting conditions were

unstable, and the defects tended to develop due to the above-

mentioned causes.

SUMMARY OF THE INVENTION

Therefore, -an object of the present invention is to
prdvide a method and an apparatus for production of cast products
in a vertical die casting which are free from the defect such as
gas-catching and cold shut. More specifically, an objection of
the preseﬁt invention is to provide a method and an apparatus for

production of cast production which is characterized by smooth and
continuous casting free from the gas-catching and cold shut.
| According to the present invention, the molten metal is
charged into the cavity due to its own weight at the initial stage,
and then the charging of the cavity is completely effected by the
pressurizing action of the pressure plunger.

These and other objects and many of the attendant
advantages of this invention will be readily appreciated as the
same becomes better understood by reference to the following
detailed description of the preferred embodiment when considered

in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram illustrating a vertical die casting

according to a conventional art;
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Figs. 2 and 3 are diagrams illustrating an apparatus

and a manufacturing process according to the present invention.

i
+

Fig. 4 is a view illustrating the sprue runner of the
embodiment in Figs. 2 and 3 on an enlarged scale; and

Fig. 5 is a diagram illustrating experimeﬁtal data.

" DESCRIPTION OF THE PREFERRED EMBODIMENT

In a vertical die casting to which the present invention
érelates, the molten metal is supplied into a sleeve while the gate

'is closed, and the gate is then opened so that the molten metal is

écharged from the sprue runner into the cavity due to the

idescending motion of the pressure plunger and counter plunger.

%According to the present invention, the cavity is charged with

fthe molten metal at two stages: after the molten metal is
i

%supplied into the sleeve, the molten metal is charged smoothly
.into the cavity via the runner at the initial stage through
ilowering'a lower sleeve by a descending means, and then the

icavity is completely charged with the molten metal while

pressurized by the pressurizing action of the descending pressure

‘plunger at a specified speed.

+ - o—————— > —— <t

Namely, according to the present invention, the molten
;metal is supplied into the sleeve while the lower sleeve, at

ifirst, is brought into contact with the upper sleeve to close the
|

Egate, the lower sleeve is allowed to descend théreby to open the

ﬁgate accompanying the descending motion of the pressure plunger,

%a predetermined amount of molten metal is allowed to smoothly flow
i
lidue to its own weight, and the pressure plunger gives pressure

1
‘upon the molten metal under the condition in which the flow of

1
]
H
H

:molten metal.is not terminated, so that the molten metal is charged
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into the cavity through the sprue runner, thereby to obtain a
satisfactory product without splashes of molten metal, without
containing gases, and without cold shut.

The present invention will be explained more in detail
with reference to one embodiment shown in Figs. 2 - 4 which merely
illustrative of this invention and is not intenéed to limit the
present invention. In these figures, the same reference numerais
represent the same as or similar to the parts in Fig. 1.

Symbol A denotes a vértical die casting apparatus as one
embodiment according to the present invention which is used to
produce a cast products free from the defect such as gas-catching
and cold shut, in which a reference numeral 3 is a cavity which
is defined by an upper mold 1 and a lower mold 2, a reference
numeral 13 is a core secured within the cavity 3. As shown in
detail in Fig. 4, the cavity 3 is located at a position lower than
the gate 9, and a sprue runner 4' is downwardly tilted at, for
example, 5° to 45° extending from the gate 9 to the cavity.

An upper sleeve 5' is secured to the upper mold 1, and
a lower sleeve 5" which is'vertically movable with respect to the
ilower mold 2 and coupled to a hydraulic cylinder 14 that works as
ia lowering and lifting means is brought into close contact with
the lower end of-the upper sleeve 5' at the gate 9 thereby to
close the gate. A counter plunger 7 is slidably inserted inside
the lower sleeve 5" and is connected to a counter cylinder 8
located at a lower position.

A pressure plunger 12 is fitted into the upper sleeve 5'
and is coupled to a pressure cylinder 1l located at an uppér
position. A dog 16 provided on the rod 15 is designed to be

able to come into contact with a limit switch 17 that is attached
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to a frame {(not shown). The limit switch is connected to a
hydraulic pump actuating device and the hydraulic cylinder 14,
if need be via a suitable relay (not éhown).

For the purpose of convenience, the ratio of sectional

area of the pouring gate to the volume of product (volume of the

cavity) has been set to be 0.01 to 0.08 cm t

The hydraulic mechanism on the pressurizing side of the

|pressure cylinder 11 is so designed that a pressure ratio

determining device (not shown) may determine the relative
épressure of the pressure plunger 12 relative torthe counter
Eplunger 7.

In the vertical die casting apparatus A, the lower
sleeve 5" is raised during the initial stage by the lowering and

lifting means 14 to come into intimate contact with the upper

sleeve 5', thereby to close the gate 9.

Under this condition, the predetermined amount of the

;molten metal 10 from a molten metal inlet 18 is supplied into

gthe upper sleeve 5', and a piston of the pressure cylinder 1l is

éactuated to lower the pressure plunger 12.

When the dog 16 of rod 15 of the pressure plunger 12

comes into contact with the limit switch 17 located at a preset

position, the lowering and lifting means 14 is operated via the

relay before the pressure plunger 12 reaches the molten metal 10,

plmsoO

jwhereby the lower sleeve 5" is lowered to open the gate 9.
|

| Since the pressure plunger 12 has not yet reached the
lstate to exert the pressure onto the molten metal, the molten metal
10 flows by its own weight into the cavity 3 through the sprue

runner 4' that is downwardly tilted at an angle a = from 5° to 45°.

; In this case, the molten metal 10 flows naturally
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through the sprue runner that is downwardly tilted. To obtain
an optimum flow rate and flow capacity, however, the rate of
cross sectional area of pouring gate to the volume of the product

is preferably set to lie from 0.02 to 0.05 em ™t

Thus, the apparatus according to the present invention
is so designed that when more than 10% of the molten metal to be
charged inﬁo the cavity flows into the cavity by its own weight,
the pressure plunger 12 comes into contact with.the molten metal
10 lest the molten metal should cease to flow and the molten metal
10 is pressurized by the pressure plunger, so that it is charged
into the cavity 3 through the sprue runner 4' under pressure.

Here, the above-mentioned problems seen in the conven-—
tional method arises if the molten metal gushes vigorously into
the cavity. According to the present invention, therefore, the
molten metal is charged under pressure at a speed which does not
exceed four times speed at the gate at which the molten metal is
iallowed to flow by its own weight, and, preferabiy, doesrnot
exceed two times the speed at the initial stage.

By so constructing, the molten metal 10 is charged at
a low rate into the cavity 3. Consequently, no cold shut is
1formed, gas is not agitated in the cavity, and no gas is captured
in the molten metal, so that a die casted product is obtained

satisfactorily.

Further, since the molten metal is charged at a low
speed under a low pressure, the core is not damaged or bitten and
even a sand core can be used.

When the charging of the molten metal is finished, the
molten metal is pressurized at a predetermined pressure by the

pressure plunger 12 and then, the molten metal is pressurized
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again by the counter plunger 7.

Finally, the mold is split to take out the product. The
mold is then reset, and the molten metal is supplied again.

Fig. 5 shows the comparison results between the embodi-
ment of the present invention and the conventional art, in which
the abscissa represents the pressure P (kg/cmz) exerted on the
molten metal by the pressure plunger, and the ordinate represeﬁts
the specific gravity p of the die cast product. Iﬁ will bg
lunderstood that the product of the present invention represented
by a curve C' has increased density compared with the product of
the conventional art represented by a curve C, and therefore the
present invention can provide a more excellent product having the
compact structure.

As a matter of course, the embodiment of the piesent

invention should not be limited to the above-mentioned example

only. For instance, the core may be employed in the undercut type,

gand the sprue runner may be curved, not straight.

§
i The invention can also be adapted for effecting

Ecomplicated profile die casting without using a core.
i

The charging rate and the charging capacity of the

émolten metal by its own weight, the timing at which the pressure

'§plunger comes into contact with the molten metal, the pressure to

|
ibe exerted on the molten metal, and the charging rate under the

ipressure can be suitably determined. Further, the means for

l

¥

lopening and closing the gate is not limited to the lower sleeve,

{but the gate may be opened and closed by the counter plunger.

According to the present invention as mentioned above,
the molten metal is supplied into the sleeve while the gate is

closed, and the gate is opened before the pressure is exerted on

-8~
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the molten metal by the pressure plunger, so that the molten

metal is charged into the cavity as smoéthly as possible by its
own weight. The molten metal is charged at a slow speed without
being pressuriéed, and does not gush into the cavity-to adhere

to the interior surfaces thereof followed by.hardenipg. Thus, the
molten metal is charged into the cavity in the form of laminated
layer. Therefore, no cold shut is formed, gas is not stirred up

in the cavity, no gas is caétured by the molten metal, so that the
excellent die cast product is obtained.

Further, the molten metal is charged under pressure by
the pressure plunger after the predetermined amount of the molten
gmetal is allowed to flow into the cavity by its own weight

without interruption. Therefore, the decreaée'of flow rate by the
weight of the molten metal is compensated, and the molteﬁ metal

is reliably charged at low speed; the satisfactory products can
be obtained without cold shut and gas-catching.

Thus, according to the present invention, excellent

products having undercuts and cavities can be obtained using a

core without difficulty, and the merits of the vertical die

|casting method can be fully utilized.

i In the casting apparatus of the present invention, as
mentioned above, the lower sleeve is lowered from the upper sleeve
by the lowering and lifting means so that the gate can be opened
and closed, and the sprue runner which connects the gate to the
cavity is so tilted that the molten metal flows into the cavity by
its own weight. Therefore, as the gate is opened by the lower
sleeve, the molten metal freely flows into the cavity by its own
weight alone, and the excellent product is obtained without cold

shut or without containing gas.
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What is claimed is:

1. A vertical die casting method comprising the steps of:
— charging a molten metal into a cavity in a mold by the weight
of the molten.metal itself; and then

—— charging completely the molten metal into the cavity under

pressure.

2. The vertical die casting method claimed in Claim 1, wherein
the speed at which the charging is carried out under pressure is
less than four times the speed at which the charging is carried

out by the weight of the molten metal itself.

3. The vertical die casting method claimed in Claim 1, wherein
the speed at which the charging is carried under pressure is less
than two times that at which the charging is carried out by the

weight of the molten metal itself.

i4. A vertical die casting apparatus comprising:

— an upper mold and a lower mold which defining a cavity;

— an upper sleeve and a lower sleeve which are positioned
inside of said molds;

—— means for lowering and lifting said lower sleeve;

—— a gate which is opened and closed by said lower sleeve;

—— a sprue runner which connects said gate and said cavity and
which is tilted downwardly;

—— a pressure plunger which serves to pressurize a molten metal

to be charged into said cavity;

—— a means for actuating said pressure plunger;

— limit means for actuating said lower sleeve-lowering and
Pifting means, said limit means being actuated by the movement of

the pressure plunger;

i -10-~-
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—— a counter plunger which serves to pressurize the molten metal
after the pressure plunger-pressurizing is over; and

—— a means for lowering and lifting said counter plunger.

5. The vertical die casting apparatus claimed in Claim 4,

wherein said runner is tilted downwardly at from 5° to 45°.

6. The vertical die casting apparatus claimed in any one of
Claims 4 and 5, wherein the ratio of the sectional are of said

gate to the volume of said cavity is 0.01 - 0.08 cm"1

7. The vertical die casting apparatus claimed in Claim 6,

wherein said ratio is 0.02 - 0.05 cm ¥

-7 _
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