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€9 Vertical type pressure casting method.

@ The gist of the construction, casting conditions and
program for a casting method capable of attaining the above
object of the present invention resides in a method compris-
ing the steps of closing gates (4) with a counter tip (7) after
lower and upper molds (1, 2) heated to a predetermined
temperature have been clamped, pouring melt into a sleeve
(5) in which a plunger tip is lifted a predetermined distance,
lowering the plunger tip (9) while displacing the counter tip
to a predetermined position to open the gates, which are
formed such that the ratio of the volume of products to the
cross-sectional area of the gates is 20-40 (the volume of
products/cross-sectional area of gates = 20-40), to allow
the melt to flow into cavities (3) via the gates by the force
of gravity alone with the plunger tip reaching the upper
surface of the meit (15) the moment a percentage of the meit
placed in the cavities has reached a value between 20 and
70%, and pressure-filling the cavities with the melt by the
plunger tip with the melt passing through the gates at
0.4-0.8 m/sec.
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VERTICAL TYPE PRESSURE CASTING METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a vertical type
pressure casting method used for accurately casting
aluminum alloy products, comprising the steps of closing
gates communicating with the cavities of clamped molds
with a counter-tip, pouring melt into the portion of the
interior of a sleeve which is between the counter-tip and
a lifted plunger tip, displacing the counter-tip to open
the gates and allow the melt to flow into the cavities by
the force of gravity, and thereafter pressure-filling the
cavities with the melt using the plunger tip, and more
particularly to a vertical type pressure casting method
comprising the steps of first lowering a plunger tip,
subsequently displacing a counter-tip before the plunger
tip reaches the melt in the sleeve to open the gates to
the cavities and allow the melt to flow into the cavities
by the force of gravity, and thereafter pressurizing the
melt to fill the cavities, the melt being thus injected
into the cavities calmly and continuously at a low rate to
prevent gas from being sucked therein, the cross-sectional
area of the gates being set so that the ratio of the volume

of the products to the cross-sectional area of the gates
i



0095513

is 20-40 (volume' of products (cnP)/crossisectional area of gates (am?)
= 20-40), the speed of the plungef tip and the length of
time between commencing'the downward movement of the
plunger tip and opening the gates being set to an optimum
level determined in relation to the temperatures of the
molds and melt, a percentage of the melt to be fed into the
cavities by the force of gravity before the plunger tip
reaches the melt in the sleeve being set to 20-70,if the
plunger tip does not move the percentage of the melt which is to flow
into the cavities by the force of gravity alone being set to not less than
30%, the speed of the melt through the gates when pressure-
filling the cavities with the plunger tip being set to

0.4-0.8 m/sec.

2. Description of the Prior Art

As is generally known, there are various kinds of cast
products. Among these, cast products of a light alloy such
as aluminum alloy have generally been manufactured by gravity
casting, low-pressure casting and nressure die casting.

However, because of the folloﬁing problems, these
casting methods do not yield high quality cast products
and the productivity cannot be improved.

In gravity casting and low-pressure casting, the melt
is not forcibly pressﬁrized, so that so-called shrinkage

holes occur in it in the solidifying step. Consequently,
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sound products cannot be obtained.’ Moreover, the solidifyiﬁg
rate in these casting methods is>iow, decreasing the produc-
tivity. |

In pressure die casting, the sleeve-charging percentage is 50 - 70,

and, moreover, the melt is introduced into cavities under
pressure at a high rate. Accordingly, the gas in certain
portions of the passage fdr the melt, such as gates, and in
the cavities is liable to mix with the melt, decreasing the
reliability of the quality of the products.

With a view to eliminating the above-mentioned incon-
veniences, a vertical type die casting method has been
developed, which has a sleeve-charging percentage of 100,
and in which the melt is pressurized without mixing with
gas in the gates and cavities. However, this casting method
also has some problems which have not yet been completely
solved with respect to soft materials for obtaining high-
quality products, namely the casting conditions and a‘casting
program in relation to the casting mechanism. Thus, the
advantages of this casting method cannot be utilized effect~

ively.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
excellent vertical tYpe pressure casting method, which has
been developed in view of the problems with the above-

mentioned vertical type casting method, which was developed
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to supersede the existing casting method using metal molds,
and which has various,advantages but does not give full

play to its functions. The casting conditions include the
speed of the plunger and the temperatures of the molds and
melt, and the design conditions inélude the percentage of
melt to be introduced into cavities by the force of gravity,
and the cross-sectional area of gates in the method according
to the present invention being set ﬁo levels in optiﬁum
ranges with respect to one another, whereby highly reliablé

high-quality prodﬁcts can be cast.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings show an embodiment of the
present invention, wherein:

Fig. 1 is a schematic diagram of a vertical type pres-
sure casting apparatus;

Figs. 2, 3 and 4 illustréte the process for pouring
the melt through gates into caviﬁies;

Fig. 5 is a diagram illustrating the relation between
the speed of downward movement of the plunger tip and the
length of.é period of time from the commencement of downward
movement of the plunger unit and the opening of the gates.
by a counter-tip; and

Fig. 6 is a graph showing percentages of inferior

products in the embodiment and a conventional method.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

An embodiment of the present-invention will now be
described with reference to the accompanying drawings.

Fig. 1 shows a vertical type pressure casting apparatus
used in the method according to the present invention. A
lower mold 1 and an upper mold 2 are clamped together to
form cavities 3, 3. Gates 4 for the cavities 3, 3 face
the interior of a sleeve 5. A counter-tip 7 connected to a
hydraulic cylinder 6, and a plunger tip 9 connected to a
hydraulic cylinder 8 are provided opposing each other in
lower and upper positions, respectively, in the sleeve 5
such that the counter-tip 7 and plunger tip 9 can be moved
up and down therein. A solenoid in a changer-over valve 10
connected to hydraulic cylinder 6 is controlled by a limit
switch 12 with respect to a dog provided on the rod of
plunger tip 9.

The melt 15 is poured from a melt inlet port 13 into the
sleeve 5 by a ladle 14.

The above apparatus is designed so that the ratio of the
volume (cnP) of the product to the cross-sectional area (am®) of the
gates 4, which is one of the construction parameters of the
apparatus, is 20-40.

The operational conditions and program for the present
invention to be practiced by using the apparatus of this
construction are set to attain the following: The plunger

tip 9 is moved downward to lower the counter-tip 7 through
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the dog 11 and limit switch 12. The relation between the
speed V m/sec at which the plunger tip 9 moves downward and
the length of time T sec from the commencement of the
downward movement of the plunger tip 9 to the opening of

the gates 4 by the counter tip 7, is set to an optimal value
with reference to the information shown in Fig. 5. Namely,
the speed, at which the plunger tip moves down is set to a
level between the upper limit level in an upper limit speed
curve Rl’ above which the plunger tip 9 moves down too fasﬁ-
and reaches the upper surface of the melt 15 in the sleeve
5 to start the pressure-filling operation before the gates
4 have been opened by the counter tip 7, and a lower limit
level in a lower limit speed curve Ry, above which the
plunger tip 9 reaches the upper surface of the melt 15 in
the sleeve 5 after the gates 4 have been fully opened by
the counter tip 7 alléwing the melt 15 to flow into the
cavities by the force of gravity until the flow of melt has
stopped, whereby the melt 15 can be fed to the cavities
calmly and continuously at a low réte.

According to the experimental results, the percentage
distribution of acceptable cast products with respect to
the whole number of cast products obtained under different
conditions is as shown in the data in Fig. 5.

A: not less than 90% - B: 50-90%

C: 20-50% ' D: not more than 20%
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This relation between the spegd of'the plunger tip and
the length of a period of time betﬁeen the commencement of
the downward movement of the plunger and the opening of the
gates can also be set differently by varying not only the
cross-sectional area pf the gates but also the temperatures
of the molds and melt.

After the cross-sectional area of the gates and - the
temperatures of the molds and melt have been determined,
the percentage of the melt to be fed into the cavities by
the force of gravity before the plunger tip 9 reaches the
upper surface of the melt 15 in the sleeve 5 is set to 20-70,
and the speed of the melt through the gates during the feeding
of the melt to the cavities by the force of gravity to not
less than 0.1 m/sec with the speed of the melt through the
gates when pressure-filling the cavities using the plunger
tip 9 set to 0.4-0.8 m/sec.

The molds are clamped as shown in Fig. 1 with the
casting apparatus set in accordance with the above-mentioned
casting conditions and program, and the hydraulic cylinder
6 is actuated to close the gates 4 with the counter;tip'4.
The hydraﬁlic cylinder 8 is then actuated to set the plunger
tip 9 to an initial attitude position.

A predetermined amount of melt 15 is then poured from
a melt inlet port 13 into the sleeve 5, and a button for a
control unit (not shown) is pressed to actuate the hydraulic

cylinder 8 to start the casting operation in accordance with



0095513

the casting conditions and program referred to above.

First, when the plunger tip 9 starts being moved
downward at a predetermined speed with the dog 11 coming
into contact with the limit switch 12, the counter-tip 7
is moved downward at a predetermined time by operation of
the change-over valve 10 before the plunger tip 9 has
reached the upper surface of the melt 15 in the sleeve 5
as shown in Fig. 2, in accordance with the relation between
the set speed and time shown in Fig. 5, to open the gates
4, The melt 15 then starts flowing from the gates 4 into
the cavities 3 by the force of gravity.

After a predetermined period of time has passed, the
plunger tip 9 reaches the upper surface of the melt 15
(which is, of course, flowing into the cavities by the
force of gravity) in the sleeve 5. At this time, the
percentage of the melt placed;in the cavities is 20-70 as
mentioned above.

The melt-feeding by the force of gravity is then
changed to pressure-filling as shown in Fig. 4. The speed
of the melt through the gates during pressure-filling by
the plungéi tip 9 is set to 0.4-0.8 m/sec as mentioned
above.

Thus, in the casting operation as a whole according
to the present invention, the melt 15 in the sleeve 5 is
fed into‘the cavities by its own weight, i.e. by the force

of gravity, in the initial stage, and under pressure by
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the plunger tip 9 before the graviﬁy—feeding operation has
finished. Since this casting opeiation is conducted in
accordance with the above-mentioned numerically limited
conditions and program, the melt 15 fills the cavities 3 relative
calmly and continuously at a low rate without permitting
gas to enter the melt.

When the ratio of the volume (cm’) of products at the gates
4 to the cross-sectional area (cw®) of the gates is less than 20,
the melt flows into the cavities by its own weight too
quickly, or the gravity-feeding time becomes short, so that
the optimum range is narrow. When this ratio exceeds 40,
the injection of the melt into the cavities by the-force of
gravity progresses too slowly, and the percentage of melt
put in the cavities by the force of gravity beéomes low,
so that the melt which has passed through the gates is dis-~
ordered, causing gas to mix the melt and cold shut to occur.

When a point representing the relation between the
speed of plunger tip 9 and the length of the period of time
between the commencement of a downward movement of the
plunger tip 9 and the opening of the gates by the counter-
tip 7 is ébove the maximum speed curve shown in Fig. 5, the
pressure-filling operation starts too early as mentioned
before. When this point is below the minimum speed curve,
the filling of the melt by the force of gravity stops, before the pressure-
filling operation starts. Either of these cases yields defective cast

products.
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When a gravity-feeding operat%on is shifted to a
pressure~filling operation, the mélt should be placed in
the cavities relative smoothly, quietly, at a low rate, and in a
continuous manner. When the percentage of the melt which
flows into the cavities by the force of gravity, a gravity-
feeding percentage, is lower than 20, the pressure-filling
operation starts too early. When this percentage exceeds
70, the gravity-feeding operation is carried out excessively.
Therefore, in either of these cases, the gravity-feeding
operation cannot be shifted to the pressure-filling opera-
tion immediately and smoothly, so that gas Mix the melt and
cold shut occurs.

When this casting apparatus is designed so that, a
pressure-filling operation is not conducted during a
gravity-feeding operation only, i.e. the melt flows into the
caviﬁies by only the force of gravity, a percentage of
melt to be placed in the cavities by the force of gravity
is set to at least 30 and then pressure filling is conducted
supplementarily. When the percentage of melt to be placed
in the cavities by the force of gravity is set in this
manner, géé can be prevented from entering the products.

Consequently, when the casting apparatus is designed
so that the percentage of melt to flow into the cavities by
the force of gravity only is below 30, the pressure-filling
operation is conducted excessively. In this case, no

optimum range of casting conditions is available.
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When the speed of the melt through the gates during
the pressure-filling operation is below 0.4 m/sec, the
melt does not flow in a satisfactory manner, and when this
speed exceeds 0.8 m/sec, a gas enters the melt.

A comparison between the results in different modes
M of casting methods; namely a conventional methold L, of

1

die casting and a method L., used in an experiment conducted

2
in accordance with the above embodiment of the present
invention, the percentage E of inferior products, especially,
a percentage F of inferior products due to the leakage of
pressure and a percentage G of inferior products which fail
to pass an X-ray inspection, shows as is clear from Fig. 6

that the percentages F, G in the method L, are far higher

1

than those in the method L the casting method according

57
to the present invention permits obtaining extremely good
products.

As described above, by the present invention faultless
products which have basically high quality can be manufactured,
and it has excellent effect.

Moreover, the casting conditions and program can be set
or determined easily, and the time and cost for conducting
experiments and modifying the metal molds can be reduced to
a remarkable extent.

Since the gates are formed in such a manner that a

ratio of volume (an’) of products to a cross-sectional area of

the gates (am?) is 20-40, gas does not mix in the mélt, and



0095513

no cold shut occurs. Therefore, fgultless products can be
obtained.

The speed at which the p;unger tip is moved down until
. the counfer—tip is displaced to open the gates is set to an
optimum level which makes the plunger tip to reach the
upper surface of the melt in the sleeve between the time
the melt starts flowing into the cavities by the force of
gravity, and the time, at which the gravity-feeding of the
melt is finished. Accordingly, a very high percentage of
satisfactory products can be obtained.

When the casting program, in which a percentage of the
melt to be placed in the cavities by the force of gravity only
is set to not less than 30%, is prepared experimentally
such that the percentage of the melt to flow into the
cavities by the force of gravity before the plunger tip
reaches the_upper surface of the melt in the sleeve is 20-70,
an operation for feeding the melt into the cavities by the
force of gravity can be shifted relative smoothly, quietly, at a low
rate and in a continuous manner to an operation for
pressure-filling the cavities therewith. This allows fault-~
less prodﬁéts to be obtained.

Since the speed of the melt through the gates during
the pressure~filling operation is set to 0.4-0.8 m/sec, gas
does not enter the cavities, and the melt can be put in the

cavities in a desired manner as mentioned above.
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WHAT IS CLAIMED IS:

1. A vertical type pressure casting method having the
steps of closing gates to cavities with a counter-tip after
molds have been clamped, pouring melt into a sleeve with a
plunger tip therein in a 1ifted state, displacing said'
counter-tip to open said gates and allow the melt to flow
into said cavities via said gates by the force of gravity,
and thereafter pressurizing the melt in said sleeve by
moving said plunger tip downward to fill said cavities with
said melt, characterized in that a casting program is used,
by which program said gates are opened by said counter-tip
after said plunger tip has started moving downwar&, and the
speed of said plunger tip during_thé period of time from '
the commencement of its downward movement to the opening of
said gates is set to a speed between the speed at which
said plunger tip reaches the melt in said sleeve when or
before said gates are opened by said counter-tip, and the
speed at which said plunger tip reaches the melt at the
time the melt stops flowing into said cavities by the

force of gravity alone.

2. A vertical type pressure casting method according
to Claim 1, wherein said gates are formed in such a

manner that a ratio of the volume of products to the
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cross-sectional area of said gates is 20-40 {volume of
products (an’)/cross-sectional area (cﬁﬁ) = 20-40) , if the plunger tip
does not move the percentage of melt to flow into said cavities by the
force of gravity alone is set to not less than 30, the percentage of the
melt to be fed into said cavities by the force of gravity
before said plunger tip reaches the melt in said sleeve

is set to 20-70, the speed of the melt through said gates
during the pressure-filling of said cavities by said

plunger tip is set to 0.4-0.8 m/sec.

3. A vertical type pressure casting method according
to Claim 1 or 2, wherein the speed of the melt through
said gates during the feeding of the melt into said
cavities by the force of gravity is set to not less than

0.1 m/sec.

4. A vertical type pressure casting method having the
steps of closing gates for cavities with a counter-tip
after molds have been clamped, pouring melt into a sleeve
with a plunger tip therein in a lifted state, displacing
said couﬁter—tip to open said gates and allow the melt to
flow into said cavities through said gates by the force of
gravity, and thereafter pressurizing the melt in said
sleeve by moving said plunger tip downward to fill said
cavities with said melt, characterized in that a casting

program is used, by which program said gates are opened by
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said counter-tip after said plunger tip has started being
moved downward, said plunger tip ﬁas a speed during the
period of time starting with the commencement of the

downward movement of said plunger tip and ending with the
opening of said gates set to a speed between the speed at
which said plunger tip reaches the melt in said sleeve by

the time said gates have been opened by said counter-tip,

and the speed at which said plunger tip reaches the melt

the moment the melt stops flowing into said cavities by

the force of gravity alone; forming said gates in such a
manner that the ratio of the volume of products to the
cross-sectional area of said gates is 20~40 (volume of pro-
ducts (cm?®)/cross-sectional area (cm?) = 20-40); and per-
mitting not less than 30% of the melt to flow into said cavi-
ties by the force of gravity alone, the percentage of the melt
to be fed into said cavitiés by the force of gravity before
said plunger tip reaches the melt in said sleeve being set

to 20-70, and the speed of the melt through said gates

during the pressure-filling of said cavities with the

plunger tip being set to 0.4-0.8 m/sec.
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