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BACKGROUND OF INVENTION
1. Field of Invention _

The present invention relates to a metallic ingot for
plastic working and a methoé for producing the same. More
particularly,:the present invention relates to forging stock
of such as aluminum or the like for cold-forging, hot~forging
and closed forging. Metal, to which the present invention can
be applied, is non-ferrous metal such as aluminum, zinc and
magnesium and the respective alloys, as well as ferrous
materials._Metals particularly suited for the ingot of the
present invention are aluminum, zinc and magnesium. Aluminum
is described hereinafter as a representative metal.

2. Description of Related Art.

Usually, -an extruded or continuously cast bar is cut to
a requisite length and width and is used for forging stock (c.f.
Japanese magazine "Alu" July, 1995 published by Light Metal
Communication Co., Ltd., July 28} 1995, pages 33 and 34).

More specificaily, in the case of an extruded bar, aluminum
melt is continuously cast to form a #méll-diameter bar, which
is then annealed and scalped. The bar is then cut to a
predetermined'length or width. A bar having an irregular cross
section or a hollow bar may be cut to a predetermined thickness.

A rolled sheet is blanked to a round disc and is used for.
the forging stock. More specifically, aluminum melt is
continuocusly cast to form rolling stock which is heated and
then hot-rolled to form a rolled sheet. It is then blanked by
a blanking machine to a predetermined diameter so as to provide
the forging stock. ' |

In additicn, the melt is dlrectly continuously rolled to
‘a sheet, which is then blanked to provide the forging stock.

The forging stock provided by the above described methods
has a cut, machined or plastically worked surface and is hence
not aﬁ'ingot itself, i.e., the cast material entirely having
a cast surface. '
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The aluminum Forging Committee organized in The Light Metal

Association of Japan carried out research on the so-called
"Casting and Forging Method"”, in which melt is filled in all
portions of a mold corresponding to the respective portlons
of a forging pre-form, and further, solidification speed of
the melt in all portions is controlled to an optimum level so
as to prevent the defects. This method can be said to be an
improvement of the metallic-die gravity casting and die-casting.
However, in order to forge the resultant ingot, the sprue, riser
and the like must be cut off (c.f., Alu idem, page 42).

Apart from the above methods, a unidirectional casting
is known in the casting of steel (Japanese Unexamined Patent
Publication No. 56-50776).

An experimental plant for the unidirectional casting is
known in the field of aluyminum alloy (c.E., Japanese magazine
"Foundry", Vol. 49 (1977), No. 9, pages 539 - 544) A sketch
of the plant is- shown in Fig. 2. A mold 2 is placed on' the
cooling plate 1 provided with a water cooling nbzzle 10. The
melt 7 poured in the mold is cooled by the cooling plate 2 so
as to unidirectionally advance the solidification interface
12 in the direction of the.arrow or vertically upward. In Fig.
2, the top cover is denoted by 8. The electric furnace 9 prevents
melt 7 from being preferentially cooled on the sides.

The cast and then extruded ingot, and the continuocus-
ly cast and then cut bar have godd internal guality but are
produced through a complicated process, while requiring
- considerable man-hours for working. In addition, aluminum scraps
are generated in quantity in the course of the production
process, with the result that the vield is lowered and hence
the production cost increases. However, the total competitive
advantage of the extruded material and continuously cast and
then cut bar is overwhelmingly higher than the other forging
stocks with respect to cost and quality. Extruded material
-
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The cost of forging stock produced by blanking the rolled
sheet is high for the reasons as described for the extruded
material and the like. Moreover, it is difficult to produce
all the forging stock of alloy—érades; whose rolling is
difficult. o .

) The direct rolling method has been developed to lower

the rolling cost. However, since the direct rolling of '
high-strength aluminum~alloys is difficult, the applicable alloy
grades are more restricted as compared with the ordinary rolling.
The direct rolling method is therefore not genéraly practical.

The ingots can be produced by a simple process by means
of the metallic-mold casting, die-casting, high-pressure or
low-pressure casting, and the like. The production cost is
therefore low as compared with the continuously cast bar and
the wrought materials. The ingots always include, however, such
defects as castiné cavities, solidification segregation, pin
holes, shrink cavities, and oxide inclusions. When solidification
advances due to hea; withdrawal of a mold, the solidification

. interfaces advance from all walls of the mold and collide with
one ancther in the final period of the solidification. The
impurities, gases and the like are therefore left at a location
where the solidification completes and defects generate. Even
if an ingot has ‘a simple shape as in the case of é forging stock,
it is difficult to take measures to avoid the defects when the
thickness is small as compared to the diameter of an ingot
because oriented solidification 1s difficult. Since the cast
forging stock, produced by the above described casting methods,
has numerous defects, it is difficult to manufacture by such
forging stock structural parts which are required to exhibit
a particularly high level of mechanical strength and fatigue
strength. If such forging stock is applied, it must be strictly
inspected for quality, which increases the inspection cost and
lessens the yield of product. The total cost of the finished
parts is-higher than that of the forging stock.
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to prevent the defects. This nethod can be said e an
be applied for forging.

The quality of a unidirectionally cast ingot is good.

However, since the top surface of the melt is open and freely
solidifies, the meniscus part of the melt being in contact with
the mold is largely curved, and solidifies with curvature R
as shown in Fig. 3(a). Contrary to this, the extruded bar or
continuously cast and then cut bar has a rectangular peripheral
surface as shown in Fig. 3(b). Since the radius (R) of the
meniscus éreatly varies depending upon the melt temperature,
the pouring method of melt into a mold, vibration of a mold,
énd the other factors, the shape of an ingot considerably varies.
Particularly in the case of die-forging stock, its shape is
greatly influenced by the finishing of foréings. When the forging
stock is thin or the product has a complicated shape, the
influence of meniscus curve on forging is not negligible.
Therefore, forging stock having the meniscus must be loaded
in a forging die s¢ that the surface having the meniscus is
predetermiﬁed with either ﬁhe_die bottom oxr situated above.
The loading direction of a forging stock surface must be
predetermined in view of influence of the meniscus upon the
finishing of forged product. The forging stock cannot therefore
be loaded in the forging dies such that the top of ingots may
be directed in any direction. Such limitation makes the
application of the forging stock impractical.

In addition, it is difficult to control thé pouring to
a constant amount, with the result that: weight of the forging
stocks'disperSes; the forging machine stops due to overload
applied to the same; and, weight and shape of the forged product
disperse greatly. It is therefore difficult to produce according
to the prior art the forging stock having improved internal
quality, high dimensional accuracy and high weight accuracy.

SUMMARY OF INVENTION
It is therefore an object of the present invention to

provide a metallic ingot for plastic working, which has such
—
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SO'Idlflcatlon*hnggéoraance with an object of the present invention,
there is provided a metallic ingot for plastic working, such
as extrusion, forging forming by rolling, and forming by
impactor, at least surface of which ingot is solidified in a
mold which is defined by the top, side and bottom surfaces of
a mold comprising a sprue closed after pouring of the melt and
filling the mold with metallic melt, which ingot consists of,
in least in a surface portion thereof, crystal grains growing
almost parallel to the rising direction of the upper surface

of the melt, 'and which has no cutting surface on the casting

|nprovedﬁnt of the nmetallic-die gravity casting and die- cajfﬁh@SCHewawggwh ﬁJ]

surface. _

The mold herein usually indicates a die which contributes
to shaping of the metallic melt but does not include the sprue.
In the present invention, however, since a plug closes the sprue
and the top end of Ehe sprue participates in shaping of the
melt, the mold includes the oxdinary one and also the top surche
of a plug which closes the sprue after the pouring of the melt.
The side or lateral portion of a mold herein indicates a portion
shaping the outer peripheral portion of an ihgot, and, further
the cuter peripheral portion of a core whicﬁ shapes the hollow
portion of an ingot, The ordinary mold is referred to as the
"main mold" in order to distinguish the same from- the "mold".

An ingot according to the present invention can be pro-
duced by either the top or bottom pouring. In the top pouring,
for example, the main mold is locatea on the cooling plate,

i.e., a portion of the mold, in which a mold cavity is defined,
melt is filled thfough a sprue of the mold without leaving a
clearance in the mol&; the sprue is closed by.an openable plug;
and, the cooling plate is cooled so as to forcedly cool the
metallic melt. ' ' '

In the bottom pouring, for example, the main mold is located
on the upper or lower surface of a cooling plate, i.e., a portion
of the mold in which a mold cavity is defined, melt is filled
through a sprue of the mold without leaving a clearance in the
mold; the sprue 18 closed by an openable plug; and,
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into the main mold through the melt inlet so that no clearance
is left in the mold. The melt inlet is then closed to intercept
the melt in the reservoir from the one in the mold. The melt

in the mold is hence cooled while it is intercepted from the
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melt in the reserwvoir.
The melt is filled in the mold and solidified to form an
ingot {a). The ingot according to the present invention has
no cut surface of riser and sprue as the ordinary metallic-die
castings have or the continuocusly cast and then cut bar has.
The ingot according to the present invention can therefore be
subjected, as it is, to the plastic working process.without
undergoing the cutting step. However, when the requirement of
forging is severe, the'ingot can be homogenized to so as to
decrease the segregation of solute elements in the metal
' structure. The ingot can also be annealed to relive the:casting
stress or to coarsely precipitate the alloyiﬁg elements and
hence to soften the alloy prior to the forging. In addition,
an ingot-according to the present invention can be subjected
to light surface working such as barrel polishing and shot
blasting to relieve burrs on an ingot, when the forging accuracy
required in the forging is high,
Ingots, which are solidified under the riser effect of
the conventional metallic-die casting, the weight of the forging
stocks greatly disperses due to cutting inaccufacY of a sprue,
riser and the like, as well as due to the draft of a mold. In
addition, a disc saw is vsually used for cutting a continuously
cast bar. Weight dispersion of the cut forging stock depends
upon its thickness and is as small as 2.5% in the case of,
for example, a 60 mm diameter and 9 mm thick stock. Weight
dispersion of the ingots or forging stocks according to the
present invention can be suppressed to a level as low as the
cut bar, without relying on cutting, -
Requirements for attaining such small weight dispersion
I
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rolled sheet is high for the reasons as described for the extruded material
and the like. Mreover, it is difficult to produce all the forging stock of
al | oy-grades, whose rolling is difficult , The direct rolling nethod has
been devel oped to lower the rolling co§t7'waever, since the direct rolling
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by means of filling the mold space and hence bringing the melt
into contact with the entire innexr surface of a mold, and (b)
effecting crystal growth in a direction almost parallel to the
rising direction of melt is upper surfzace.

The crystal growth in a particular direction (b) is attaineg
by cooling in.one direction, i.e., forced'cooling of a portion
of a mold. The crystal growth (b) advances the solidification
" interface to an upper position as high as possible, thereby
increasing the proportion of the defect-free metal.

Since the crystal growth in a direction other than the
above mentioned one impairs the advantages attained by the
feature (b), the former growth should be excluded. However,
the crystal growth due to inevitable cobling of melt by the’
top or sides of a mold is permissible. Fbr.example, 20% or less,
preferably 10% or less of the width of a flat ingot may comsist
of crystals grown from each side of a mold. The crystal growth
in a particular direction (b) according to the present is only
oﬁe orientation of growth except for the one due to inevitable
cooling of a mold. f

When the melt, which is filled by the feature (a), soli~
difies, the solidification shrink may take place somewhat in
the top of melt and the solidification surface may be separated
from the upper surface of a mold. Since the external shrinkage
thus takes place, the free open surface is formed on the top
of melt, and the subsequent solidification proceeds on the top
of an ingot without being cooled by a mold..Even.if such
solidification occurs, weight dispersion of forging stock is
small. Moreover, such large meniscus as impeding the forging
cannot therefore be formed along the edge of an ingot. Speci-
fically, the radiuns of curvature of the meniscus is 1 mm or
less. : _
The above feature (a) is described more in detail.
Desirable conditions to fulfill the feature (a) are as follows.
The melt is subjected to'pressure which extends the melt into
the- entire mold cavity without leaving a clearance in the mold.
The air is appropriately evacuated from a mold for example
through an air vent. The air should be evacuated in proportion
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melt level in the reservoir and the upper surface of the melt
filled in a mold is 30 mm or more. .

As is clear from the above descriptions, an ingot having
the features (a) and (b) is different from the ingots which
are produ;ed by any one of the conventional methods: continuous
casting; metallic-@ie casting; low- or high-pressure casting;
and unidirectional solidifying and casting. It is impossible
to produce an ingot according to the present invention by means
of the other conventional casting methods (c.f., Revised Fifth
Edition, Metals Handbook (in Japanese) of pages 1035 - 1043).

The ingot according to the present invention has also a
feature (¢) that the top portion of 'a melt is brought into
contact with the closing portion of the sprue, which is closed
after pouring the melt therethrough. Since the melt is brought
into contact with the inner surface of a mold at least directly
after pouring of melt through a sprue accorxding to the feaﬁura
{c), weight of the melt becomes equal to the product of the '
volume of the mold cavity and specific gravitf of the melt.

As a result, the pouring amount becomes constaﬂt and hence the
weight of an ingot also becomes constant. Excessive pouring .
of the melt no longer occur.

Since the sprue is closed by an openable plug after pouring
of the melt and the front end of the openable plug constitutes
a portion of a mold, it is no longer necessary to cut the sprue
and also weight dispersion of ingots due to cutting decreases.
However, since the cooling of melt starts directly after pouring,
the cooling of melt in contact with the openable plug (a poftion
of a2 mold) is greatly delayed. The sprue portion of an ingot's
surface is as cast but may be left on the ingot surface in the

. form of a concave hollow 30 as shown in Fig. 4. Such concave
hollow 30 can be made nondetectably small, when the openable
pPlug is finished highly accurate, but the forging is not

virtually influenced by it, when it is 2 mm or less in depth.
: - we o wm .——-——'——'—‘———'———
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teristic in that the crystal grains grow vertically upward (i.e.,
coincident with the rising direction of melt or within a slant
angle 6f within + approximately 20°, within % 45° at the maximum
relative to the vertical line. Although the cooling of the melt
from the sides and top of a mold may result in the orientation
growth different from the one described above, it is necessarily
detected in the ingot according to the present invention.
Sowever, the ingot according to the present invention

necessarily comprises oriented crystals which grow from a surface

in a direction almost parallel to the rising direction of melt.
Also, -the ingot cast by bottom pouring comprises the oriented
crystals, although its direction of growth'is upward or downward
depending upon the position of a cooling plate.

The oriented growth mentioned above can be detected by
means of the macroscopic structure observation, when the columnar
cxystals are identified by the observation. If this
indentification is impossible, the oriented growth can be
detected by the polar microscopic 6bservation of a specimen
which has been subjected to Barker treatment (anodic bxidation
in a 1.8% HBF4 (fluorcboric acid) aqueous solution under a
condition of 20 - 40 V of voltage, 20°C of liguid temperature,
and 1 - 2 m;nutes of time). The columnar macroscopic structure
can be indentified for example in an allecy without addition
of grain-refining agent, and 2l-Si alloy having‘a comﬁosition
in the vicinity of eutectic or hypereutectic. The columnar
structure is not, in most cases, identified for example in an
alloy with the addition of grain fefining agent, such as Al-Ti
alloy or Al-Ti-B alloy, whose orientation growth can be detedted
by the polar microscopic observation. :

In order to intensify the effect of forced cooling, the
average DAS (secondary dendrite-arm spacing) value of metal
solidified on the forced cooling surface (except for direct
proximity to the mold side) is preferably 40 pm or less. When
the forced cooling is carried out to such an extent that the
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-4- ‘Meanwhi | e, defects of the unidirectionally cast ingot aL
I ngot has not .been used as the forging stock. The present i
consi dered whether or not such ingot could be applied for ftwgnng“;T
quality of a unidirectionally cast ingot is good. However, since the top
surface of the melt is open and freely solli®ifies, the neniscus part of the
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as micro-porosities, micro—shrﬁukages and the like 200 pm’ ox
more in size is present per 10 mn2 and ten or fewer cavities
from 50 to 200 pr in size are present per 102 mmz.

Under the orientation growth described above, there occurs

a prominent tendency for the DAS to increase in a direction

from the foroedly cooled surface (except for the direct proximity
of the mold side) to the opposite surface. When the former DAS
and the latter DAS are expressed as d, and d,, respectively,

the forced cooling creates a2 relationship that d1 < dz'
However, when 1.1 d1 < dz’ the forced cooling includes a con-
dition virtually not effective to prevent the casting defects.
on the other handf when 10.06.1 > dz, the'industrial productibn
of an ingot becomes impractical. A preferred relationship is
therefore d2 =1.1d1 to-10.0d1. The structure having DAS within
this range is hereinafter referred to as the “forced cooling
structure". More preferably, d, =1.14; to 5.04,.

Ratio of proportion of the forced cooling structure
increases, when: the degree of forced cooling is identified;
the side éu;faces of a mold is heat-insulated; and the surface
of a mold opposite to the forcedly cooled surface is heat-
insulated. Casting defects can be lessened by increasing the
proportion of the.forced cooling structure. The proportion of
the forced cooling structure as seen in a central wvertical
direction of an ingot is therefore preferably 70% by area or
more. _

The size (&'} of crystal grains‘observed by a polar optical
microscope (hereinafter referred to as the "polar crystal size")
is preferably 100 pm or less in average. There is a prominent
tendency that the polar crystal size (d') to decrease in a
direction from the forced cooled surface to the surface opposite
to the former surface. When the former size and the
latter size are expressed as d‘1 and d'z, respectively, the
forced cooling creates a relationship that d‘1 < d'z. However,
when 1.05 dF1 > dz, the forced cooling includes a condition
virtually not effective to prevent the casting On the other
hand, when 7.()(3'.l < 4’ 20 the industrial production
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contlnuou&ly cast and then cut bar has a rectangul ar-peripheral surface as
shown in Fig. 3(b). Since the radius-(R) of the neniscus greatfy*varles_-ww
dependi ng upon the nelt tenperature, the pouring nethod oﬂ mefs e
mol d, vibration of a nold, and the other factors, the shape_of ot
consi derably vari es. Partlcularly in the case of die-forging stock, Ttg
shape is greatly influenced by the finishing of forgings. Wen the forging
stock is thin or the product has a conpcha{eQ shape, ths influence Ef
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“forced cooling structure". More preferably, d2 =1.05d‘1 to
5.0d'1. The forced cooling structure is preferably 70% by area
or more because of the reasons as described above.

BRIEF DESCRIPTION OF DRAWINGS'

Figure 1 is a general cross-sectional view of a casting
apparatus and illustrates an example of the method for producing
an ingot according to the present invention.

Figure 2 is a general cross-sectional view of a conven-
tional casting apparatus for unidirectional solidification.

Figure 3 (a) shows an ingot obtained by the apparatus shown
in Fig. 2 and Fig. 3 (b) shows a forging stock obtained by
extruding and then cutting the ingot.

FPigure 4 illustrates that a sprue conflguratlon remains
on the surface of an ingot.

- Figures 5(a) through (e) illustrate examples of the shape
of ingots according to the present invention.

Pigures 6 (a) and (b) illustrate the blow formed on an
ingot.

Figure 7 is a cross-sectional view of a cooling plate and
illustrates a cooling method. .

Figure 8 is a cross-gectional view of a cooling plate and
illustrates another cooling method. .

Figure 9 is a cross-sectional view of a tépered mold.

Figure 10 is a cross-sectional view of a mold provided
with an air-vent passagé-consisting of porous'material.

Filgure 11 is a cross-sectional view of a mold which con-
sists of porous material as a whole so as to let the air escape
through the porous material.

Figure 12(a) shows a mold which is provided with grooves
for letting the ailr escape.

Figure 12(b) shows a-moid_which is provided with liners
for air escape.

Figure 13 shows-a mold provided with §E~iif:zgggﬂggéthe
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predeterm ned in view of influence of the neniscus upon HEM§BHE5hHﬂgrgiN
forged product. - The forging stock cannot therefore be | gaded wm?&h& borglns
di es such that the top of ingots nmay be directed in any ‘G T =i
limtation makes the application of the forging stock inpractical. In
addition, it is difficult to control the uring to a constant anmount, with
the result t hatri gitieghts ghdiie of adiangroirpaks dhitheasesfrhbeok9r Fiinar
machi né st.,q ue to overload applied to the sane; and, weight and shape of
the forged 4%g dauct di sperse greatly. It is therefore difficult to pr oduce
accordi ng to tRigurder Sashavise af mogdidn provddrdhaniithg annpisy Te semverisaland

qual ity, Rl B o REEIRC)RiaNd high weight accuracy. SUMVARY OF
| NVENTI ON Figure 16 111ustrates a vacuum-evacuating pad fitted on
‘the bottom of an ingot. '

Figure 17 is a photograph of the macroscopic structure
of JIS 2218 alloy (Example 1).

Figures 18(a), (b) and (c) are photographs of polar micro-
structure of the alloy shown in Fig. 17.

Fiéure 19 is a photograph of macroscopic structure of JIS
2218 alloy (Example 3). '

Figqure 20 is a photograph of the macroscopic structure
of JIS 6061 alloy (Example 4). _

Figures 21(a), (b) and (c) are photégraphs of the polar
microscopic structure of JIS 6061 alloy (Example 5).

Figure 22 is a photograph of metal microscope structure
of JIS 4032 alloy.

Figure 23 is a similar photograph to Fig. 22,

i An ingot according to the present invention preferably
has a generally flat shape. The upper and lower surfaces of
an ingot according to the present invention may be flat or may
not be flat as shown in Pigs. 5(a), (b), (c) and (d). An
irregularly shaped ingot as shown in Fig. 5(e) or a three
dimensionally irregular ingot may be produced so as to make’
the shape of an ingot as.close as possible to that of the forged
product. In addition, an ingot may be locally thick so as to
enhance the forging degree at this location and hence to improve
the mechanical properties.

The method for producing an ingot according to the present
invention is hereinafter described with referenge to several
drawings.

Referring to Flgure l, a main mold 2 is located on the
cooling plate 1. A melt reservoir 3 is positioned above the
main mold 2 and receives the melt 7 from a melting furnace orx
the like (not shown). In an embodiment shown in Fig. 1, the
bottom of the melt reservoir 3 is integral with the top of the
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It‘fs t Herefore an object of the present i nvention to prod qﬁﬁgqngﬂa‘t; Jjjfﬁ
i ngot for plastic working, which has such 5 advantages |th @E&;@ngam:N l
hi gh casting yield; is easily poured into a nold; produce ging-
with small dispersion in weight and a high di nensional accuracy. In
accordance with an object of the present‘?hventionz there is provided a
rTelt la! lic h&%}{ mb2la @'.g&h!ecm\éqltkkagerﬁrlbﬁb QSiQX%BMﬁhQ]@c\?mEQEﬁ{vEth endl Rdi Y
0N S 95T M tat G Ohuch! 1532646078 R  aft oBenabYe phig

5. A vertically driven apparatus (not shown} lifts upwards the

openable plug 5 so as to pour the melt into the main mold 2.

- The level of melt rises therefore upward. Upon completion of

pouring, the openable plug 5 is lowered to shut off the melt.
Reference numeral 8 denotes a top cover, An electric furnace
9 is provided so as to maintain a certain temperature of the
melt znd to moderate the cooling of melt by the side portiéns
of the mold.

The coeoling plate 1 is cooled by means of a spray nozzle
10 which is provided beneath the cooling plate 1 and ejects
water theréthrough. The spray nozzle 10 is mounted and fixed
on a tubular case and supports the cooling plate 1. Reference
numeral 11' denotes the drain outlet of cooling water. The
tubular case 11 is secured to a Ariving apparatus (not shown)
and is vertically displaced together with the cooling plate
1 and the spraying nozzle 10.

The casting method according to the present invention can
be carried out as is illustrated, for example as shown in Fig.
1 but is not at all limited to this method. The fundamentals
of the casting method according to the present invention reside
in the features that: the melt is filled, without any air gap,
in a closed mold which is located on the cooling plate; and,
the melt is forcedly cooled by the cooling plate.

In the casting method according to the present invention,
the main mold may be closed after the melt is poured and then
the main mold is filled with the melt. In other words, a portion
of the main mold, for example a top portion, may be opened prior
to pouring. The pouring method is therefore not limited to
the one as illustrated in Fig. 1 but may be varied. Although
one inlet 4 is provided on the top central surface of the
main molgd 2; the position and number of the inlet(s) can be
variously selected in accordance with the size and shape of
an objective ingot. In addition, an inlet may be provided on
the lateral portion of the main mold. _ '

The melt, which is poured into the mold, must be mainly

cooled by the cooling plate, while preventing the cooling by
. - --. - N ‘-_'_'_’_’_’_—_‘-—-—

———
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nol d* whi ch is defined by the top, side and bottom surfaces §f agﬁDlef-:“:~-
conprising a sprue closed after pouring of the nelt. and fllé' L g HEE
with nmetallic nelt, which ingot consists of, inleast in a g
t hereof, crystal . grains grow ng al nost paraIIeI to the rising direc
t he upper surface of the nelt, and which “hd# o cutting surface on the :
casting sur theesidhewabl dandrbhe likal¢§ thelimelds PhelimelthiLd €lows rfdrdes1y

to shaping gbotha #Bbal the H@tioﬁ“ﬁo&%@ﬁ £§55?5§% the spree. In the

present invention, however, since a Spree and the top end
of the sprue parPFE?ﬁ%Pég'|Fh%rE$94&PQﬁP aee hasg at?ﬁﬂ?ﬁ#%tﬁ%%l@ﬂetoﬂﬁQ
ordi nary oneramdral sehéhethepmali f b cpdired pinto V\dftwh::ﬁp@ji‘sof he w14

after the pgULLNGeOfnbNE18E! [cast defects in the form of spots or curves
as shown in Fig. 6, usually found in the metal-mold casting)
disadvantageously occurs when the pouring is below the above
temperature. .Preferred highest temperature of the cooling plate,

when pouring, is approximately as high as the melt temperature,
in the light of cooling efficiency and gquality of the castings.
Commonly used parting powder can be applied on the surface of
a cooling plate, because the parting powder 1s effective in
preventing the blow.

According to one of the methods for forcedly cooling the
cooling plate, a spray or shower is applied onto the lower
surface of a cooling plate. The cooling plate 1 may be cooled
by means of conducting water through the cooling-water conduit
13, as shown in Fig. 7, which is defined in the interior of
cooling plate 1, or by means of conducting water through a
cooling-water tank 14, as shown in Fig. 8, provided beneath
the cooling plate 1. Forced cooling of the cooling platk is
initiated after pourlng of the melt 1nto the main mold and then
the cooling plate at a certain temperature. When the cool;ng
plate arrives at another certain temperature to prevent excessive
heat-withdrawal from the méld, the forced cooling is stopped.
If the forced cooling is further continued, the temperature
of a mold is so lowered that it must be heated to a desirable
temperature for a long period of time before a.subsequent casting

. is started. After stopping of the forced cooling, the cooling
plate is still kept in coﬁt;ct with the ingot until descending
down to a certain temperature. The cooling plate is then lowered.

Melt in the mold may be solidified exclusively by forced
cooling through the cooling plate. _

Alternatively, the cooling may be carried out by a cooling
plate and then cooling water directly applied on the bottom
of an ingot. That is, the former cooling is interrupted at an
incomplete solidification, and, éubsequently, a cooling plate
is withdrawn from the bottom of an 1ngot.-The directly

e .,_~“_‘_\_-~“‘~*§
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The'side’or |ateral portion of a nold herein indicates a pGFFréh"“haprn vy
t he -outer peripheral portion of an ingot, and, farther the} duter P heral
portion of a core which shapes 't he hollom/portlon of an |ngpt TH €. Or

mold is referred to as the "nmain nold" in,prder to distinguish the sane
fromthe "nold' . An ingot according to the present invention can be pro-
duced by eappbiedheocobin@rwiter wreuiengodlinchet gn jagdth@nd dnereanpe=,

the main nphg ééoi ?tﬁﬂe&ﬁ weigqx)égéﬁﬂwtﬁ dore adtr tnéma.iqfafé@: ol d,
in which a nold_cavi hrough .a s rue of the

fille
mol d Wi t hout | eSARFY the %%:l'%él’cg"?% Jt‘?fé srﬁﬁ%ﬂi, %ﬁwgﬂsﬁi‘rdé* e
an- openabl &f pa ugoohimlg pletepothegrain size cond DAS tpb:iftcirom(ilry cool

the metal | LG PRLE - with the cooling plate are fine. As the solidification
advances and the solidification interface hence is distant from
the cooling plate, the solidification speed lowers, because
heat conductipn through the solidified metal and the contact
surface of an ingot with the ccoling plate decreases. The mold
may be incompletely solidified by the cooling plate,-proviaed
that thickness of a solidified shell is so high as not causing
the break out. Then, the cooling plate is removed and the cooling
water is directly applied on the bottom of an ingot. The directly
applied cooling water may be in the form of a spray, shower
and the like, capable of accelerating the cooling speed and
hence the advancing speed of a solidification interface which
is distant from the bottom of an ingot. This method is effective
for enhancing the solidification speed and hence to promote
the oriented solidification structure. If the cooling plate
is removed to apply the cooling water diréctly onto the boFtom
of an ingot, the heat withdrawal from an ingot drastically'
increases to accelerate the cooling speed. The complete
solidification in the wmold is not necessarily desirable, but
the direct cooling by cooling water should be carried out if
necessary. This method is particularly effective for an ingot
with thick sheet thickness and provides such an ingot with
uniform structure from the bottom to top. In addition, this
method eliminate a problem encountered in a conventional casting,
that 1s, difficulty in casting of a certain type of an alloy,
and enables any type of alloys to be cast to produce castings
having good quality.

As is described hereinabove, the pouring of melt is

desirably started when the . temperature of the cooling plate
is at 100°C or more by means of heating. This heating may be
carried out by utilizing heat which the ingot, whose
solidification has been completed, retains. That is, when the
cooling of a cooling plate is stopped, an ingot cast on the
cooling plate is still placed on the cooling plate, so that

-,y I. .
: Tlus Sheet Has Been R,

Mg Iill



In the b6ttom pouring, for exanple, the main nold is |ocated anghﬁzﬂﬁggrtw N
or 1ower=surface of a¢ooli-ng plate, i.e., a portion-.aof t iﬁ ‘;d ra\mﬁP a ||

nmol d cavity is defined, nelt is filled through a sprue of rnﬁngM%"
| eaving a clearance in the nold; the sprue is closed by-an ug;
and, @ 6 the cooling plate is cooled so-¥sto forcedly cool the metal lic
mel t. The tgies Gelap! b@n%n@ewgw ta.%ahaegaeﬁe%ém éea%héet 8t Bsgigﬂgpsﬂaltgq
nmet hod. | n.t.he ahove .net hod, reservoir hf be, provi

while simu tqneously acce erating cooling of the ingot.

A temperature-measuring apparatus such as a thermo-

couple may be inserted intoc a cooling plate-to measure the

temperature of the cooling plate. When the temperature of a

cooling plate exceeds 100°C, an ingot on the cooling plate can

be removed from there. Temperature of a cooling plate changes
during the re§pective steps, such as pouring of melt, cooling
of the cooling plate, interruption of cooling-water supply.into
the cooling plate, holding of an ingot on the cooling plate,
and removal of an ingot from the cooling plate. When such
temperature change is monitored, the timing to start or finish
these steps can be automatically determined.. Automatic,
continuous and unmanned casting process, which produces ingots
with stable guality, can therefore be provided. A temperature-
measuring apparatus is provi@ed in at least the cooling plate,
and if necessary, also in the top and/or side portion of a mold.

Material used for a cooling plate is metallic material
which exhibits excellent refractory property and high co- '
efficient of heat conductivity, such as Cu and Al, and may also
be refractory material exhibiting high coefficient of heat
conductivity, such as graphite, SiC and 813 4°

A main mold 2, which is located on the cooling plate 1,
is provided, as shown in Figure 9, with a draft o« ° widening
downward so as to impro&e the separation of an ingot from the
mold, when an ingot is to be withdrawn downward. This draft
&° is preferably less than 5°, When the draft «° is greater
than 5°, the top outer diameter becomes considerably greater
than the bottom outer diameter of an ingot, so that gquality
of a forged product is impaired.

When a mold comprises separable, top and side portions,
and, further, a cooling plate is provided with knocking pins,
the side of the mold is displaced down together with an ingdt,
and it is then pushed above by the knocking pins. Alternatively,
when a vacuum pad is provided, the vacuum pad can be brought
into contact with the top surface of an ingot which is then -
removed from the cooling plate by suctidn. In these cases, the
main mold is preferably provided with a 5° or less draft which

\-‘_
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onthe top of the nold. The nelt in the reservoirt is poJ}eq,
nol d through the nelt inlet so that no clearance is leftint 1.
melt inlet is then closed to.intercept the nelt in the réservokiwwj?ww

one in the nmold. The nmelt in the nold is hence cooled while it is o
intercepted fromthe nmelt in the reservoit? The melt is filled in the nold
and sol i difs &d.ddnéd)rdama:ﬁ:;ou [(ed),. ibheheng@adtrertiondopposa tehe P resent

i nvention (% rﬁ&g;a(ﬁ riser and sprue as the ordinary

metallic- é’e ca |ngs ave or° the continuously cast and then cut bar has.
The ingot accorRATHiRD RAvden eaaadvandageonsdan behepplded ba thi eclidal s as

it is, to ﬁn@mlaﬁtﬁa‘cm&m o RNy BePhrdRee BA0H RGN ¢ rBH £hadd nSh P
However, en‘ﬂﬁ%ef?&ir tiu.ch the main mold consists, can be ordinary
refractory materials; heat-insulative refractory materials mainly

composed of SicC, 5102, A1203, or MgO; such refractory materials
as sic, si3N£, graphite, BN, Tioz, Zroz, AlN or the like alone
or in mixture; or such metal as Fe or Cu. One of these materials
is selected considering comprehensively the kind of metal or
grade of alloy to be cast, temperature, to which the main mold
is exposed, wettability of molten metal, corrosion resistance
and the like. .

A heating means may be mounted on the main mold, which
consists of one of the above materials, or the mold may be
subjected to external heating by means of an electric furnace
or another heéting furnace. Preferably, the top of a mold and
upper side bortion of a moid are preliminarily heated to and
maintalned at a temperature between the melting point of the
cast metal and the temperature of the melt. It is not necessary
to heat the main mold consisting of heat-insulative refractory
material. The refractory material may however.be internally
or externally heated so as to assist the insulation effectiveness
depending upon its kind. The cooling of a mold herein indicates
the withdrawal of heat from the melt, while the mold may be
heated to an appropriate temperature to retard the solidification
starting from the vicinity of the refractory materials and hence
to advantageously promote the unidirectional sglidification.

Heating of the main mold is ‘desirably so controlled that
the solldlflcaticn interface becomes as flat as possible. On
the contrary, if the melt solidifies in the side portion earlier
than in the central portion, it forms a somewhat concave
solidification interface. If the temperature of refractory
materials of the mold side is higher than the central portion
of melt, this portion solidifies earlier than the side portion,
so that a somewhat convex solidification interface is formed.

B A melt reservoir may be a separate body froﬁ the main mold
and be positioned the main mold. The melt reservoir may,
_\\
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segregation of.solute elements in the nmetal structure. Tpe |n§af
be annealed to relive the costing stress or to coarSerieﬁeGgQ;tgfb “Fhe
al l oying el ements and hence to soften the alloy prior to the forging. In_
addition, an ingot according to the present invention can be subjected to

| i ght surface wor ki ng such as barrel pold sit@ rg and shot blasting to relieve
burrs on a e Aol c Y, u t orging,is
ngh. | ngotS=oiibir 88Y bran aHRE= T HORE WL EH thE paln’ f100 4L dnbtn
conventi ondm ﬁﬁsalﬂwc“@iéhc§§PPn§°HﬁﬁétuEF§h% b@WFHePPB#QPngoﬁt§bﬂsmgléatIy

di sper ses éugetroocwtt MB8erNalCUEaeHeOhedt SPEEErvOLECHadHet BRe 5kRle a8 Vel |
as due to the dr %& 200 lghaLnof the main mold. Material of the melt
reservolir is not limited particularly.
The inlet 4 of melt formed in the main mold 2 is provided
with an openable plug 5. The melt 7 can be intermittently

forging is severe, the ingot can be honpgenized to so aﬂ_yp,décregse ;me

supplied from the melt reservoir 3 into the main mold 2 by means
of opeqihg and closing the openable plug 5. The pouring of melt,
solidification and withdrawal of an ingot can therefore be
repeated, thereby enabling ingots to be continuously produced

in a constant cycle. The openable plug 5 must ensure supply

of the melt into the space of the main mold. In addition, since
the lower surface of the openable plug 5 is a portion of the
mold wall and is exposed to the mold space, the opénéble plug
must neither deform nor spall, The function of the openable

plug 5 is therefore of important significance.

Material exhibiting not only the refractory and heat-
insulative propert;es but also the mechanlcal properties is
therefore selected for the openable plug. For example, such
refractory material as 51c, Si,N,, or a mixture thereof is
used for the openable plug. Metallic material exhibiting no
or slight reactivity with the molten aluminum, such as Fe or
cast steel, can also .be used for the openable plug. Parting
powdeér is applied, if necessary, on the openable plug so as
prevent reaction with the molten ‘aluminum.

The openable plug 5 (c.£., Pig. 1) is a ground-glass stopper
of the inlet and is tapered in the front part. A portion of
the openable stopper 5 fitted in the inlet 4 intercepts the
upper and lower melt from one another. The shape of an openable
Plug is not limited to the one described above but may be any
one which can close the .inlet of thie melt. The material of an
openable plug is also not limited to the one described above.

When. the melt is poured into the space of the main mold,
the gas,-i.e., air contained in this space, is replacéd with
the melt. In order to attain smooth replacement, the gas is
desirzbly expelled through the inlet of melt directly into the
ambient air. If gas is difficult to expel, the gas should be
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addition’ a disc sawis usually used for cutting a continugd%ﬁ?ctﬁgfbﬁﬁ%BEEN

Wi ght di sper.sion of the cut forging stock depends upon ith thi KRN

|

is as small as [err] 2.5%in the case of, for exanple, a 60 mm di aneter and
9 mmthick stock. Weight dispersion of the i ngots or forging stocks
according to the present invention can De %uppressed to a level as |low as
the cut bamuseid foutflosi thrgugh thet indetRagintemthesnbit oFt geBeBgo3¥Ch

smal | “e'%h%dﬁfﬂﬂéﬁﬂfﬁcw into?tfe AniRGLPLESC N nLBYERELON(BhR0RLLQ! T NY

t he pourln% anoun
that the openable plug is opened, the melt, which is filling

the mold cavity, and the melt, which flows from the melt
reservoir; are stirred, with the result that not only cavities,
pin holes and micro-shrinkage are. incurred. Moreover, since
oxides are formed in the melt reserved in the reservoir and
contaminates the melt, the defects of oxide inclusions are
incurred in an ingot.

If air is confined in the mold, it impedes the formation
of an ingot as the mold cavitie's contour. Evacuation of air
in a mold can be realized by, for example, forming an air-vent
between the top and side portions of a mold, facing one another,
or in at least the top portion of a mold and, if necessary,
in the bottom and side portions of a mold as well as on the
surface of a coolin§ plate wvhere the melt is brought into contact
therewith. One or plural air vent may be provided.

Molten metal does not penetrate but only air can pass
through the air vent, such as realized by the air vent consisting
of porous refractory material 15, as shown in Fig., 10, which

, 1is fitted in the wall of a mold and is communicated with ambient
air. Alternatively, a pqrtion of a'mold or the entire mold can
be made of porous refractory materials 16, 17, as shown in Fig.
11, such as graphite, SiC, Si.N,. ' '

Furthermore, shallow grooves 18 as shown in Fig. 12 may
be formed on either or both of the top and side of a mold, which -
are bonded to form a bonding surface. Thin shims 19 may be
sandwiched between the top and side portions of a mold to define
the air vent in the form of slits. Thickness of the slits is
preferably less than 200 pm. The slits may be distributed over
the entire bonded portion of the meld-top and side portions
or may be locally formed on the bonded@ portion. Distance between
the gas vents is also empirically determined depending upon
the kind of casting metal, ‘the inner capacity of a mold, and
thickness of slits.

Alternatively, mlnute apertures 20 as shown in Fig. 13
an@ having a diametezr of prafarably less than 200 um may be
formed by means of such mechzanical working as drllllng and
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by*heang of filling the nold space and hence bringi ng thg T SHERT ¢iACOBEECT
with the entire inner surface of a nold, and (b) effectilg cryStRlAHiDW h

usmmsspigsynst

in a direction alnost parallel to the rising direction of—mett ts upper
surface. The crystal growh in a particular direction (b) is attained. by
cooling in one direction, i.e., forcedc#®ling of a portion of a nold. The

crystal @newtiid)Ecasare &féﬁmﬁh%@d'lﬂiafsi @a.bic&_&iicnaﬁ.rsiﬂi&gbo n@%ﬂil@#l@{gﬁ

ot ect -f FAR TR BathfiH B enpCimba G TR ntF ol pRRR e 20n i ne

above nemlisshedpiridaidy deterningdaasagescxibsdnadolye.t he feature (b), the

former growt h asheulzd iexdndado HaVebehed! BY Sledtisdbrd kR Wi WA P

|neVItaNe%gx%ﬁggg%égrgfgfbép/é{g%h 21 between the mold-top and side
portions as shown in Fig. 14. Verf thick cloth may be sub-
jected to fiber drawing action of the melt. The refractory-fiber
cloth 21, whose fiber is drawn into the melt, loses the
refractory property and renders the shape of an ingot unstable.
In order to avoid such troubles from occurring, thin refractory
fiber cloth 21 is ;ppropriaté,'and preferable thickness is less
than 1 mm. Commercially available refractory cloths of alumina
fiber, mixed £fibers of A1203 and'SiOz, glass fiber, carbon fiber
and the like can be used for the refractory-fiber cloth 21.

An air vent can be formed by means of roughening the sﬁrface
of a cooling plate or the bonding surface of a mold or applying
ref;actory coating agent on such surface. The roughned surface
and the refractory agent form minute passages of air.

A mold, in which the ingot according to the present
invention is formed, may be provided with an air reservoir (c.f.,
Fig. 15). In this case, an air vent should be formed in the
air reservoir. After the air:iS'expelled form the air reservoir,
it is filled with melt. , -

Prior to filling the mold cavity with the melt, the air
in the mold cavity can be replaced with inert gas, such as Ar,
N,, He and the like, so as not to form any oxide in the melt
being poured during its stirring and‘hence to further improve
.the quality of an ingot.

In most cases, an ingot in the mold, which has been
solidification-shrunk and then thermally shrunk, falls down
under gravity. When ah ingot is separated from a mold and falls
dowvn under gravity, it is supported by a coéling plate or by
an exclusive pan for supporting an ingot. The ingot may then
be laterally blown out by means of an air nozzle or be brought
into contact with a vacuum~evacuating pad 23 as shown in Fig.

16 at the bottom of an ingot, so as to withdraw an ingot from
the mold. The vacuum-evacuating pad 23 allows mechanical pulling
down of an ingot and hence ensures the withdrawal of an ingot.

This Sheet Has Been Replace

[T




top or dides of a nold is pernmissible. For exanple, 20% or| \,i
10% or less of the.width of a flat ingot may consist of crg ﬁg \digf%g%
each side of a nold. The crystal growth in a particular di ectighn ( hd
according to the present is only one orientation of growh except for the

one due to inevitable cooling of a nold. Wen the nelt, which is filled by
the feature (a), soli- difies, the solidification shrlnk may take place
somewhat in the top of nelt and the soltd&¥itation surface may be separated

fromt he mp,parngwfmqew mldha thentkelihevext egnghes bbbuhﬁaeptmt&% takes

pl ace, p rface I S r to

subsequen 5? Ej'né"'atll!1 pFﬁf@e&@ g%gFﬁ3a§05h5ﬁg§ﬁan§5taﬁlPH@GF #& ng

cool ed bynyqnme; qugsfaptggah Then, the vacuum-evacuvating pad 23 is
engaged directly beneath the mold so as to suck and withdraw

an ingot. .

The vacuum-evacuating pad may be provided with a nozzle
for injecting:the cooling water to an ingot and hence to promote
cooling of an ingot. The vacuum-evacuating pad covers the bottom
of an ingot and cools the ingot by injecting water and sub-
sequently sucks the ingot so as to withdraw it from a mold.

The vacuum-evacuating pad may be used as a jig for
withdrawing an ingot in an emergency case, that is, when an
ingot does not smoothly fall down under gravity. The non-falling
of an ingot under gravity is detected as an abnormality by means
of a photo-sensor or a proximity switch or'measuriné the weight
of a cooling ‘plate. .

The vacuum-evacuating pad may also be used to forcedly
withdraw an ingot. In this case, the vacuum-evacuating pad is
energized. in a predetermined step of the casting process.

Typically, the procedure steps of the casting method as
described above are as follows.

1) an openable plug is lifted to £ill the mold space with
melt.

2) The openable plug is closed to intercept the melt.

3) A valve of cooling water is opened to communicate with
the cooling plate. The opening of a walve is linked with the
measurement of temperature of the cooling piate.

4) The valve is closed and kept closed for a certain time.
The closing of the valve is linked with the measurement of
temperature of the cooling plate.

5) The cooling plate is lowered.

6) Dropping of an ingot is detected by a‘sensor.

6-1) Non-detection (non-dropping of an ingot)
6-2) The vacuum-evacuating pad is energized to suck
an ingot. -
6~3) lLowering
6~4) Stoppage of sucking
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solidification occurs, weight dispersion of forging StOCklﬁ§ﬂ%ﬁ&ELIHAuBcEN i
Mor eover, such | arge neniscus as inpeding the forging caJ ot _ théﬁﬁh@ﬁ@ be ”
formed al ong the edge of an ingot. Speci- fically, the radit e
of the nmeniscus.is 1 mmor |ess. The above feature (a) is described nore in
detail. Desirable conditions to fulfill=-tR& feature (a) are as follows. The

melt is subjected 4 ﬂ@&ﬁﬁﬂmsf:mcﬁaﬂ@m tthe spidy iwited Rmtentdd e nol d
cavity w t hout |%%¥ ngJf Glear Qéz |n the nold. The air is appropriately
evacuat ed ¥ ST ¥or ?&uﬁa *8t'gh an air vent. The air should be
evacuat ed i n prdpdfhe areoling plate is lifted and is positioned to form
the bottom of a mold.
The present invention is hereinafter described with

referaence to the examples.

Example 1 :

Forging stocks were cast by using a casting apparatus shown
in Fig. 1. an aluminum-alloy was melted in a furnace installed
separately from the casting apparatus and was then introduced
into the reservoir 3 of the melt. The cooling plate 1 was made.
of cépper sheet. The refractory heat-insulative material used
for constructing the main mold, reservoir 3 of the melt and
the openable plug.5, was the commercially available (tradeneme:
Lumiboard: the trade name produced by Nichiasu Co., Ltd.). 2An
air vent within the mold was. provided by the shims as illustrated
in Fig. 12(b). . ,

The: castlng'conditions and procedures were as follows.

1) Kind of alloy: JIS 2218 alloy (with no additlon of a
' grain-refining agent)

2) Melt temperature in' the reservoir: 720°C

3) Difference between the level of the top surface of melt
in a mold and the level of the melt in the resexrvoir:
50 mm

4) Temperature of a cooling plate before pouring: 150°C

5) Rate of cooling water: 5 liters/min ,

6) Diameter of an inlet for pouring the melt: 12 mm ¢

'7) Passdge for air vent: 45 pm '

8) Temperature of ambient air within the electric
furnace 9: 750°C '

9) Temperature of the top portion of a mold and temperature
of the top of the side portion of a mold: 680°C

10) Shape of forging stocks (ingot): 62.5 mm in diameter

and 9 mm in width

iy inill




to.the pouring amount of nelt. The nelt within the nmol d shoul d be subjected
to a.pressure -of the nelt in a reservoir. Wen these! ghdrtrons ares
fulfilled, the shape of the resultant ingot follows th r ’u

and can thus have a good shape. It i.s furthernore deipLabL,mm'aP~d vertjical
difference in the nelt level in the reserypir and the upper Surface or=t he
melt filled in a nold is 30 mm or nore. Is clear fromthe above
descriptions, anh)i festimsy PrgceRureéaPareinga) afiher(B) sesoafsf Eremt theom

the ingots which are produced by any one of thgoﬁgmﬂgnthgngbeﬁgbmgd lug
continuous casting; nmetallic-die casting; |ow_ or ressure cas |ng,
and unidirectional solidifying and casting. It bt thﬁ grble

cooling plate-~ water cooling was

started, when the tempera-
ture reached 500°cC.
cooling plate- water cooling was
completed when the tempera-
ture falls down to 30°C
cooling plate- lowering of the
cooling plate when the
temperature falls down
to 200°C
12) The ingot falls down under gravity together with the
cooling plate.

As shown in Fig. 17 of the macroscopic structure, the
columnar crystals grew from the bottom of an ingot except for
the outermost portion. '

Polar microscopic structure of the ingot at its bottom,
center and surface portions along the central axis of ingot’
is shown in Figs. 18(a), (b) and (c¢), respectively (magnified
by 78 times). The polaxr crystal size (d'1) shown in Fig. 18(a)
was 100 pm. The polar crystal size (d'z) shown in Fig. 18(b)
was 487 pm. Proportion of the area of the structure having the
polar crystal size 7 times or less as iarge as polar crystal
size (da',) was 100%. '

The Lngots produced by the method as described above were
used as forging stocks and cold-forged by a 500=-ton forging
machine to form cup-form parts (a drum of VTR) having an outer
diameter of 63 mm, 50 mm of height and 5 mm of thickness. Before
the forging, annealing was carried out at 390°C for 4 hours.
'Lubricating 0il for forging (Bondalube liquid (trade name)
produced by Nihon Parkerizing Co., Ltd.) was used to form a
lubricating f£ilm.

Example é o
In order to investigate how the height of melt level in
a feed reservoir was effective in filling the melt into the
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to'prodice an ingot according to the present invention -B§:QL~L&&_~7
ot her conventional casting nethods (c.f., Revised Fift"ﬁlﬁjﬁtm@n,,{l\(ef“lw
Handbook (i n Japanese) of pages 1035 - 1043). The i ngoff accaEshing:; 1&"[ \é
present inventi-on has also a feature (c) that the top portror=ef=a Ll
brought into contact with the closing port,jon of the sprue, which is closed
after pouring the melt therethrough. sné& the nelt is brought into contact
with the mohdy sasting wasacavriledtobbawitilie retahgingt thepbevehgdbffeebhce

t hrough a(ﬁ@rB@tﬁ&@ﬁréh&glhﬁeihSuéfiéﬂréf(GﬂT E@bQBLrQioﬁth”E'é oPECQHES

equal to th oduct _of the vol une cavity and eci gravity
of the meFpe Asvelref Fhe peit in, theg EseRYOHECBReR EBHE% %°ﬁnﬂ hence t he

wei ght of pagringot Thesotheeo8bAdL RD6HhE NMrer EXERS SSiifle PRSI iH0Example 1.
As a result, a relationship was obtained between the shape of
top corner of the resultant ingots (meniscus radius R shown
in Fig. 3) and the level difference as shown in Table 1.

It was confirmed that the mold was filled with melt when the
level difference was 20 mm or more.
' . Table 1

H (mm) R _(mm)
10 5
20 ' 1
40 0

0

70

Comparative Example 1
The same forging stocks as in Eiample 1 were prdduced by
the following casting process, followed by an extrusion process,
and were forged. ' |
1) Kind of material: JIS 2218 alloy
2) Continuous casting: billet 200 mm in diameter
3) Homogenizing treatment of a billet: 500°C for 16 hours
4) Extrusion: 64 mm in diameter '
5) Drawing: 62.5 mm in diameter
6) Annealings 390°C for 4 hours
7) Cptting (disc saw): 9 mm in thickness
8) Forging: the same as in Example 1
Comparative Example 2
The same forging stocks as in Example 1 were produced by
the following process and then forged.
1) Kind of material: JIS 2218 alloy
2) Continuous casting: a small-diameter bar 700 mm in
size
3) Homogenizing treatment and annealing of a billet:
500°C for 16 hours and 390°C for 4 hours
" 4) Machining of the outer surface: 62.5 mm in diameter
S) Cutting (disc saw): 9 mm in thickness ===
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of* the 7relt no | onger occur. Since t
after
constitutes a portion of a nold,
and al so wei ght dispersion of

since the cooling of nelt starts dir

it

he sprue is clo

pouring of the nelt and the front end of the

is no | onger ne

i ngots due to cutting decr

ectl $2after pou

' cBB:D <& hl ug
3 S
ary- bo.nnf the-gpr ue
eases. However,

ring, the cooling of

melt in cont acﬁ) vm‘-&fgixbge- Ofles) a5dnte [&sug_r( Exaglieon of a nold) is greatly

del ayed. The
on the ingot s

plug is finished highly accurateg,

E5H S of mlnare o e Kt S el e %
Such conc&m@oﬁihmmcmft% 2wade nondetectably small,
but the forging is not virtually

when t he openabl e

i nfluenced by it, when it is 2 mmor |less in depth.
Table 2
Welght Thickness Production
dispersion dispersion yield of
of of forging stocks
forging stocks bottom of (%)
(g) forged pro-
duct (mm _
Example 1 75 % 0.4 50 = 0.05 97
Comparative
Example 1 75 2 1.3 50 x 0.15 80
Comparative _
Example 2 75 £ 1.3 50 * 0.15 75

In Example 1, the pouring was highly accurate, and the
so-produced forging stocks attained very small dispersion 6£
thickness of forged product. The production yield of forging
stocks in Table 2 was the weight of ingots obtained by lowering
the cooling plate at 200°C, relative to the weight of starting
material in the case of Example 1 and the weight of forging
stocks obtained by cutting relative to the weight of starting

: material in the case-bf.COmparative BExamples 1 and 2. The cutting
accuracy by a disc saw was + 0.15 mm in the case of Cdmpérative

Examples 1 and 2.

Comparative Example 3

The apparatus shown in Fig. 2 was used to produce ingots.
The upper surface of melt within the mold was open and free.
The melt was weighed (75g) by a shank and poured into a mold.
The other conditions were the same as in Example 1. The resultant
ingots were forged as in Example 1. The results are shown in
Table 3 together with those of Example 1. -
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The fedture (b), which is related to the netal structurg—ef_an ingot, _is
described in detail. In the case of top pouring, since hgmpgnkpﬁpwé
is forcedly cooled, there is created such an orientati chapgglAkeblsF
in that the crystal grains grow vertically upward (i.e.5
the rising direction of nelt or wthina2&lant angle of mnthln [err]

approxi mately [err], within [err] at the maximumrelative to the vertical
line. A l'd may
result in the orleﬁFﬁﬁﬁﬁﬁ'&Fﬁﬁkﬁ dlﬁFeﬁéﬁF'fr&ﬁ one gfﬂlbed above, ‘it

| S neces sat

S OTT

Menis- - Dis- in-~ cycle .-~~wForge- Dimen-—
cus (R) per- - ner time " ablity sion
(mm ) sion - quali- (sec accu-~
of ty per . raecy at
weight pro- : bottom
(g) duct) ; (mm)
Bxam-~ [¥] 75:0 i no 15 Easy no 520,05
ple 1 (non defects - ' trouble
curve) ‘ '
Com- )
para- 20 75410 . oxides 75 Diffi- cracking *
tive - cavi- cult of dies
Exam- ties stopping
ple 3 ' of machine

Remarks: the asterisk mark indicates That data are Qifficult
to obtain, Locally thin product, not meeting the required
thickness. ; '

Example 3 .

The same casting method as in Example 1 was repeated except
that JIS a}loy 2218 with addition of Al- 5%Ti- 1%B was cast.

In the bottom of the resultant ingots columnar crystals were
grown as shown in the macroscopic structure of Fig. 20. The
meniscus radius of the resultant ingots was 0.1 mm. Polar
microscopic structure of the ihgots at its bottom, center and
surface portions aloqg the central axis of ingots was observed.
The polar crystal size (a'1) of forcedly cooled, structure was
72 pm. The polar crystal sizZe (d',) in the top of an ingots
was 140 pm. Proportion of area of the structure having the
crystal grain size 7 ‘times or less as large as polar grain size
(a',) is 100 &, |

Example 4

Instead of JIS 2218 alloy used in Example 1, JIS 6061 alloy
was cast under the same conditions as in Example 1. Almost all
the ingots consisted of columnar macroscopic structures except
for the 5 mm thick side surface of an ingot (c.f., Fig. 21).

The meniscus radius of the ingots was 0.2 mm.
Example 5

- The -same casting method as in Example 1 was repeated except
that JIS 6061 alloy with addition of Al-5% of Ti- 1% B alloy
was cast. The resultant ingots entirely consisted of equi-axed
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detected‘in the i ngot according to the present invention. ]W@w@y@n,
i ngot according to the present invention necessarily conpnj ses- @kren
crystals which grow froma surface in a direction alnost éaﬁahheL;ba:thez;,_
rising direction of nmelt. Alsg, the ingot 2§ast by botton1pour|ng conpri ses '
the oriented crystal hou hits dlrectlon of _growth is upward or

downwar d dEpEFER Bénh? €0 pd sl O BRRLSTRR)| FRAERS at @ FTHE Sr | M ed
growt h nenti onenlowﬁvmcmsbopﬂeteu-@dtxbye rmansh@fm@etmtosegpbcttom,

structure obs n t S t

observati ot o ?%?g |%%P f$c g%%gpgf|€ﬂ%5%8%$t§}tﬁé£§#| ﬁ°§¥o§f§n€an
be detect e@i%f/att‘he_fmathm %ﬂ%g%%lb,YOE £t9Hnthe vadins; m sheen fias
been subj egigd. t21Fayke(b) rasd mes), (A8OPeSt NG IR | BA Fig. 21(a), a group

of the polar microscopic grains in contact with the bottom of

ingots is counted as the first row, then, another group of the
macroscopic grains in contact with the first row is counted

as the second-rovw. Similarly, another group is coqnted as the
third row. In the crystal grains up to the tenth row, the
oriented growth is recognized. The polar crystal size (d'1)

on the forcedly cooled surface shown %n Fig. 21{a) is 13,9 pm
in average. The polar crystal-size (d,z) on the forcedly cooled
surface shown in Fig. 21(c) is 88.4 pm in average. PrOportion
of the crystals from 1.05 to 7 times as large as the polar grain
size (d 1) is 100% by area.

Results of measurement of average DAS obtained by the
crossing method (five lines are drawn parallel to the forcedly-
cooled surface shown in the microscopic photograph and numbers
intersecting'the dendrite arms are counted, unit-pm) are shown

below. o
Periﬁhgry, top o 25.8
Periphery, center ~ . ' 27.8
Periphery, bottom 23.7
Intermediate.'top 29.3
Intermediate, center 28.5
Intermediate, bottom 18.4
Center, top . " 33.9
Center, center _ 26.6
Center, bottom : 24.2

As is clear from above, the forced cooling exerts an effect
from the bottom to the top surface of an ingot, but its effect
is lessened in the periphery of an ingot due to the cooling
by the mold side-wall. In addition, when the average value of
three DAS wvalues at the bottom is used as the DAS of the forced
cooled surface, then, the proportion of the structure having

f;om 1.1 to 7 times the DaS mentioned above was calculated to
_._-—-J.——’—’_-d
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in a 1.8@6[err] (fluoroboric acid) aqueous sol ution under ; fSEIN
- 40 V of voltage, [err] of liquid tenperature, and 1 - 2 h1nthQQﬁ are) . j
The col umar macroscopic structure can be indentified for ‘exanpre=in-an——-
al l oy without addition of grain-refining gent and Al -Si alloy having-a
conposition in the vicinity of eutectic oréhypereutectic. The col umar

structure be n@m % bymasieacases, identified for exanple in an alloy with
the additi gg.qf gr@ n refining agent, such as Al-Ti alloy or Al -Ti-B alloy,

whose orlentatlon owt h can be detedted by the polar microscopic
observat i on. IGF%@Pdt8ﬁ Adén2i2$ pldoyr used an Exapmpdecdel TA§, 4058 alloy

aver age DASiﬁ:hem:nd:mey gt i-re 1Al MyS AgehkIa¥akhe totndBEakhaOkhAll i ed on
the forcedcﬁ%@h%ﬂ%mﬁ”%&ﬁiﬁ @§§%%H% quTiérﬁggroscopic structure of the
resultant'ingots was a columnar structure from the bottom up
to a quarter thickness of the ingots. The meniscus radius of
the ingots was 0.3 mm, '
The DaS (pm by the secondary arm method for measuring the
distance between the secondary arms) was measured as in Example
5, and the following results (um) were obtained.

Table 4
DAS (pm) Ratio relative to
DAS at bottonm

Periphery, © top 13.2 . 3.87
Periphery, center 13.9 3.56
Periphery, bottom 3.9 T
Intermediate, top 13.9 . 3.38
Intermediate, center 11.5 2.74
Intermediate, bottom 4,2 1
Periphery (b), top 8.4 2,32
Pexriphery (b), center 12.4 2,10
Per;pherv (b), bottom 5.9 1

i

The proportion of structures having DAS as large as from
1.1 to 7 times DAS the forced cooled structure was 100 % by
area,

In Fig. 23 is shown a micro-structure of the inter-mediate
bottom, where the effect of forced cooling is the highest, and
whose DAS is 4.2 pm. In Fig. 24 is shown a micro-structure of
the central top, where the effect of forcedly cooling is the
lowest, and whose DAS is 4.2 pm. These structures shown in Figs
23 and 24 correspond to the DAS values.

As is described hereinabove, the ingots according to the
pPresent invention are produced at low cost, have imprbved
internal qualities over those of conventional castings and die-
cast product and has improved forgeability. The ingots according
to the present invention have low dispersion of weight. Since
the ingots according to the present invention have excellent

- properties as described above, they can substitute for a
continucus cast bar and its extruded bar which has been the
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pr“oxi m'fy to the nold side) is preferably 40 [err] or rl—essw—“:yﬁ"""ﬁg;mr ed
cooling is carried out to such an extent that the i Tdlsove 5AS a’l‘":I.

attained, an ingot with excellent inner quality can bé prodﬁcé‘___“ -
one or no casti ng defect such as mcro-pgrosities, m cTo-shiri nkages and the

i ke.200 pm or 2 nore in size is present per [err] and ten or fewer
cavi ti e@qir‘brﬁwltft? Aeaks 9P it $hi¢ Li®eyresent per [err] Under the
orientati on Gic¥édvreiss dhd ahgty acddidingot@uthe present invention

can be subjected to such plastic working as forming by an
impactor, forming by rolling, and the like.

This Sheet Has Been Rerlacet‘

IR R




a pron1nent tendency for.the DAS to increase-in a directien.fromthe. hwm“m:

forcedly ace (except for the direct proximty nf:ztde
to the op en the former DAS and the | ajjiter DAS:a
expressed as cer respectively, the forced -ee##ng:creaies;aul
rel ati onshi-p that [err] Fbmever when 4. 30 [-err] < [err], the forced

cool i ng |e?h§ﬂgs a con- dition V|rtuaIIy not effectlve to.prevent the
casting defects. On the_qQther hand, when 10.0 [err] t'he industrial
production of dn Ang6tadddcndngeiyfer PLastis BPekipgedakel §aBbnehByTEace
thereforeoEemthhe1agbmc301&dhtﬂedgiBAs mblalnh&bhs;sa&gf;n&dhbpeth&fter

referred agassuls ob 61 cAoLhIg aGNGE LR niinecRRBLSLERLYa LELL

[err]. "Rat’ propor orced cool struc
(4) closed after pourlng of the melt and filling the mold (2)

with a metallic melt, which ingot consists of, in least one
surface portion thereof, crystal grains growing almost parallel
to the rising’direction of the upper surface of the metallic
melt (7), and which has no cutting surface on the casting
surface. _

2. A metallic ingot according to claim 1, wherein the melt
is poured through an inlet of the mold in a downward direction,
and, further, the crystal grains grow in almost upward d;rection.

3. A metallic ingot according to claim 1 or 2, having
generally flat upper and lower surfaces.

4. A metallic ingot according to any one of claims 1 through
3, wherein the metal is aluminum or aluminum alloy.

5. A metallic ingot according to claim 4, 70% by area or
more of the structure has DAS (pm) from 1.1 to 10.0 times that .
of said one surface portion of the iﬁgot.

6. A metallic ingot according to claim 4, 70% by area or
‘more of the structure has diameter of crystal grains observed
by a polar microscope from 1.05 to 7.0 times that of said one
surface portion of the ingot.

7. A metallic ingot according any one of claims 1 through
6, wherein the mold is provided with air vent.

8. A metallic ingot according any one of claims 1 through
7, wherein it is annealed conditionmn. . :

9. A metallic ingot according any one of claims 1 through
9, wherein it is barrel polished on the surface.

10. A metallic ingot acc¢ording any one of claims 1 through
9, wherein it is shot-blasted on the surface.

11. A method for producing a metallic ingot for plastic
working, wherein a main mold (2) is located on the éooling plate
(1), the metallic melt (7) is filled through an inlet (4) of
the main: mold without leaving a clearance in the mold, the sprue
is closed by an openable plug (5), and, the cooling plate
(1) is cooled so to forcedly cool the metallic melt (7).

-
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’ v

increaseéi.mbﬁn;.Lhe_degLeemef.forced cooling is identified;, the side
surfaces of a nold is heat-insul ated; and the surface offfaford—oppostte-—t

the forcedly | ‘heat- insulated. Casting |déHECESECaABEEEN
| essened by i‘mﬂ‘ﬁﬂ“immmﬁm'portion of the forced coolling stiEHEfGES. The
proportion of the f 6r ced cooling struct 3k -as seen in a central vertrca

i . : . . : o . T
() Cof orystar ra8tnbY, W Brephcihg & AeLNIRS) MaBkoRof RiRRE G nat er
r ef er r edweskaagt Recogding &oyslainmsille” yhesepnetheaphr§n180lfie(R) &6 less in

aver age. pFBosdedSwathr ANkeeekvbeRdengy ohabithe polar crystal size (d') to
oorerte | 230 AhbeRda' E8F R8abBLAGTa RELET1 L 1RG8," ot "aEELE"
working according to any one of claims 10 through 13, wherein
gas in the mold is evacuated through an air vent (15, 16, 17,
18, 19).
14. A method for producing a metallic ingot for plastic
working according to any one of claims 10 through 13, wherein
the melt is incompletely solidified in the mold and is then
directly cocoled by cooling water which is applied on the bottom
of ingot expoese out of the mold. '

==
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to the former surface. Wien the forner size and the latter size are
expressed as [err] and [err], respectively, the forced cooling creates a
rel ationship that [err]. However, when 1.05 [err], the forced cooling

i ncludes a condition virtually not effective to prevent the casting On the
ot her hand, when [err], the industrial production 11 of an ingo becones
impractical. A preferred relationship is gperefore [err] to [err]. The
structure having the grain size within this range is hereinafter also
referred to as the

METALLIC INGOT FOR PLASTIC WORKING AND METHOD FOR PRODUCING THE
SAME

ABSTRACT

In a either non-ferrous or ferrous metals, an ingot used as a forging stock preferably
requires high dimensional accuracy, small dispersion of weight, good inner quality, and small
radius of meniscus. This invention discloses a metallic ingot fulfilling these requirements.
The metallic melt (7) completely fills the mould (2) including a sprue (4) c:,losed after pouring
of the melt (7). The melt (7) is forcedly solidified at its bbttdm by a cooling plate (1). The
crystal grains grow almost parallel to the rising direction of the upper surigaoe of the melt (7).
The resulting ingot has 1o cutting surface on the casing surface.

Fig. 1.



"forced cooling structure". Mre preferably, [err] to [err] . The forced
cdol i Ag structure is preferably 70% by area or nore begause- QL__L_h_e__r__easenf
as descri bed above. BRI EF DESCRI PTI ON OF DRAW NGS Fi gu fe?;L sl Toeesatn |
cross-sectional view of a casting apparatus and il ust lates mnr e,),g@,ml e of|
the nethod for producing an ingot according to the pres SRveRtior-
Figure 2 is a general cross-sectional view of a conven- tional casting
apparatus for unidirectional solidifikation. Figure 3 (a) shows an ingot
obt ai ned by the apparatus shown in Fig|22 and Fig. 3 (b) shows a forging
stock obtained by extruding and then cutting the ingot. Figure 4
illustrates that a sprue conf.i gurﬁLl ,on remains
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“on fhe_surface of an ingot. . Figures 5(a) through (e) iIIusthggzgﬁgﬂples

of the shape of ingots according to the presentinvention., Fig » and
(b) illustrate the blow fornmed on an ingot. Figure 7;is’ a cress¢s€ét1o al
view of a cooling plate and illustrates a cooling nerhbd Flgure 8_5$*£
cross-sectional view of a cooling plate and il lustraties _anot-her=cool i ng

met hod. Figure 9 is a cross-sectional_view of a tapered ‘mol d. Figure 10 is
a cross-sectional view of a nold proﬁ%ded with an air-vent passage

consi sting of porous material. Figure ¥ is a cross-sectional view of a
mol d whi ch con-

Fig, 3(a)

22220

Fig. 3( b)
w2

Fig, 4

30
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si sts, of porous

porous material .

for letting the
with liners for
air-vent in the
provided with a

material as a whole so as to let the air escape through the
Figure 12(a) shows a nold which is provided with grooves
air escape. Figure 12(b) shows a nold which is prOV|ded
air escape. Figure 13 shows a nold provi-ded with-an~
formof m nute apertwures. - 12 - Flgure 14 shoms a’ nDId
refractory fiber 3 .
/12
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insert. Figure 15 shows a nold provided with an air reservoir and porous
body for passing air. Figure 16 illustrates a vacuum evacuating pad fitted
on the bottom of an ingot. Figure 17 is a photograph of the macroscopic
structure OF JIS 2218 alloy (Exanple 1). Figures 18(a), (b) and (c) ‘are
phot ographs of polar mcro- structure of the alloy shown in Fig. 17. Fi gure
19 is a photograph of macroscopic structure of JI'S 2218 alloy (Exanple 3).
Figure 20 is a phot ograph of the macr‘b?com c structure of JI'S 6061 all oy
(Exanpl e 4). 12

Fig. 6(a) Fig. 6(b)

6
| Fig, 7
1
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13
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" Figures 21(a), (b) and (c) are photographs of the polar mnicroscopic
structure of JI'S 6061 alloy (Exanple 5). Figure 22 is a photograph of netal
m croscope structure of JI'S 4032 alloy. Figure 23 is a simlar photograph
to Fig. 22. An ingot according to the present invention preferably-has a
generally flat shape. The upper and |ower surfaces of an ingot accordjng to
"the present invention may be flat or_may not be flat as shown in Figs.
5(a), (b), (c¢) and (d). An irregular$ shaped i ngot as shown in Fig. 5(e)
~or athree dinmensionally irregular ing®t may be produced so as to nmake the

shape of an ingot as close as possible to that of the forged product. In
addition, an ingot may be locally thick so as to

Fig. 9
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“enhance the forging degree at this |ocation and hence to inprove the
mechani cal properties. The nethod for producing an ingot according to the
present invention is hereinafter described wth referencet1v-Se BQW
1'iihg
iy

-drawi ngs. Referring to Figure 1, a main nold 2 is Iﬂcaﬁéd#@ﬁ?ﬂﬂ?zdg
plate 1. A nelt reservoir 3 is positioned above theinain ﬁg[ﬁigiagg::i
recei.ves the nelt 7 froma nelting furnace or the I#?ﬁzfﬁﬁf”§ﬁﬁﬁh). In an
enbodi ment shown in Fig. 1, the botto ﬁi the melt reservoir 3 is integral
with the top of the

Fig. 12(a)

een Replaced

"



- 13 main nmold 2. The nelt reservoir 3 is comunicated with the main nold via

the inlet 4 which is provided with an openable plug 5. A vertlcally driven
apparatus (not shown) lifts upwards the openable pl.ug 5 so ds to- -t he
melt into the main nold 2. The level of nelt rises: therefore upwaEdaN Upon
conpl etion of pouring, the openable plug 5 is | owered to shut of'f thelinelt.
Ref erence nuneral 8 denotes a top co&;r An electric furnace 9 is prOV|ded
so as to maintain a certain tenperat of the nmelt and to noderate the

cooling of nmelt by the side portions oﬁgthe nol d. The cooling plate 1 is
cool ed by neans of a spray nozzle 10 which is provided beneath the cooling

Fig. 14

plate 1 and ejects

is Sheet Has Been Replaced
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- water therethrough. The spray nozzle 10 is nmounted and fixed on a tubular
case and supports the cooling plate 1. Reference nuneral .11'. denot es~t-hé&~
drain outlet of cooling water. The tubular case 11 is’ secured torar drlvrng
apparatus (not shown) and is vertically displaced together with:thé -cool i.ng
plate 1 and the spraying nozzle 10. The casting nethod according to the”

.present invention can be carried out Is illustrated, for exanple as
shown in Fig. 1 but is not at all I|n1(§p to this nethod. The fundamentals
of the casting nethod according to the present invention reside in the
features that: the nelt is filled, without any air gap, in a closed nold
which is located on the cooling plate; and, the nelt is forcedly cool ed by
t he cooling plate.

Fig. 17
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In the casting nethod according to the present inventi':ﬁ“¥he?qy. €P1d may
be closed after the nelt is poured and then the main nard is 15 ﬁ with.
the nelt. In other words, a portion of the nmain nold, for exanple a top
portion, nmay be opened prior to pouring. The pouring nethod is therefore
not limted to the one as illustrated in Fig. 1 but may be varied. Al though
one inlet 4 is provided on the top cemral surface of the main nold 2, the
position and nunber of the inlet(s) car(-lé)e variously selected in accor dance
with the size and shape of an objective ingot. In addition, an inlet may be
provided on the lateral portion of the main nold. The nelt, whi ch is poured
into the nold, nust be mainly cooled by the cooling plate, while preventing
t he cooling by )

Fig. 18(a)

Fig. 18(b)

Fig. 18(¢)
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- 14 - the side wall and the like of the nold. The nelt is thus farcedly
cpol ed fromthe bottomtoward top portion. Desirably,; the cooling plate has
a tenperature of 100C or nore, when the nelt is poured into the .cavity of a

-nmol d, because the bl ow (cast defects in the form of spots or. ¢irves:.as

shown in Fig. 6, usually found in the netal -nold casting) 'di sadvant ageously
occurs when the pouring is below theqabove tenperature. Preferred highest
tenperature of the cooling plate, mhen/hpuring, is approxi mately as high as
the nelt tenperature, .

Fig. 19
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.in the light of cooling efficiency and quality of the castings. Commonly
used parting powder can be applied on the surface of a cooling plate,
bécause the parting powder is effective in preventing the.blow Actording;
to one of the methods for forcedly cooling the coolingﬁplaféQJA“spfayﬁbm;j
shower is applied onto the |ower surface of a cooling plate..The cooling,
plate 1 may be cool ed by neans of cong cting water through the 7
cool ing-water conduit 13, as shown in .7, which is defined in the
interior of cooling plate 1, or by neans of conducting water through a
cool ing-water tank 14, as shown in Fig. 8, provided beneath the cooling
plate 1. Forced cooling of the cooling plate is initiated after pouring of

“the nelt into the main nold and t hen

Fig. 21(a)

Fig. 21c)
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the cooling plate at a certain tenperature. Wen the cooling.plate-arrives
at amother certain tenperature to prevent excessiVe beat-wi thdrawali from
the nold, the forced cooling is stopped. |f the filofced cooli.ag is further
continued, the tenperature of a nold is so Iomeréﬁ_&pgigliéﬁﬁst=b€:heated
to a desirable tenperature for a long period of tinme before a subsequent
casting is started. After stopping of,4he forced cooling, the cooling plate.
is still kept in contact with the ing ntil descending down to a certain
tenperature. The cooling plate is then } wered. Melt in the nold nmay be
solidified exclusively by forced cooling through the cooling plate.
Alternatively, the cooling may be carried out by a cooling plate and then
cooling water directly applied on the bottom :

Fig. 22
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of an ingot. That is, the fornmer cooling is interrupted at ~an-inconpl-ete: ...
solidification, and, subsequently, a cooling plate is w thdraw framthe
bottom of an ingot. The directly - 15 - applied coolingﬂmater*pronntes
cooling of an ingot and increases the cooling speed as is described in nore
detail hereinafter. Since the solidificgﬁlon speed is high in the vicinity

of a cooling plate, the grain size and of a portion in éopLacta

cooling plate are fine. As the SO|IdIfIC on advances and Whe .

Date Ll IR \

solidification interface hence is distant from

Fig. |
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the cooling plate, the solidification speed | owers, because heat conduction
through the solidified netal and the contact surface of an ingot with the
cooling plate decreases. The nold nay be inconpletely solidified by the

cooling plate, provided that thickness of a solidified shell is so high as __—
not causing the break out. Then, the cooblng plate is renoved and.Ihe:::::f:T;E
cooling water is directly appli ed on the ftom of an ingot. The rgk:r\_(;*,*astﬂtzl e 9&
applied cooling water may be in the formof- a spray, shower andithe ||k%bP?R\§“.
capabl e of accelerating the cooling speed and hence the advanC|NgDs@e ";:;

a solidification interface which is distant fromthe bottom of an-taget—

This nethod is effective for enhancing the solidification speed and hence

to pronote the oriented solidification structure. If the cooling plate

Fig. 3(a)

s

Fig. 3(b)

Wi

Fig, 4
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is renoved to apply the cooling water directly onto the bottom of an ingot,

t he heat w t hdrawal

froman ingot drastically increases to accelerate the.

cool i ng speed. The conplete solidification in the nold is not necessarily
desirable, but the direct cooling by coollng wat er shoul d be carrled__uL_l

gt '__-__--—

necessary. This method is particularly effective for an |ngaf“mwth'ThLGk
sheet thickness and provides such an ing&V
bottomto top

a conventi onal

havi ng good quality. As is described hereinabove,

ith unlforn1st et ire fr

ggggg l
In addition, this method eI inate a probl .enc Lmtpé) In .'

casting, that is, difficulty in casting of jalEer ‘A type-—af-
an alloy, and enables any type of alloys to be cast to prodﬁte castlngs

Fig. 5(e)
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desirably started when the tenperature of the cooling plate is:at ferr] or— -

nore by nmeans of heating. This heating nay be carried out by‘UtiL|2|hg”heat-7-
whi ch the ingot, whose solidification has been conpl eted, retalns That

when the cooling of a cooling plate is stopped, an ingot cast-on- ‘the -

cooling plate is still placed on the cooljng plate, so that_uﬁﬂ_lﬁw_Lhezﬁz =
heat of the ingot enhances the tenperatu of cooling plate,.whil-e:

si mul t aneously accel erating cooling of theuingot A tenper&ture neasurbp@ﬁﬁ
apparatus such as a therno- 1o (33

Fig. 6(a) Fig. 6(b)
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couple may be inserted into a cooling plate to neasure the tenperature of
the cooling plate. When the tenperature of a cooling plate exceeds [err]

an ingot on the cooling plate can be renoved fromthere. Tenperature.ot:a-
cooling plate changes during the respective steps, such as Qﬁ%ﬂgﬁ}@ﬁmmghi
cooling of the cooling plate, interrupti n of cool i ng- mateH supply into the
cooling plate, holding of an ingot on th oling plate, a dUrenD jﬁﬁﬁﬁ;ﬁﬁs
ingot fromthe cooling plate. Wen such te%gerature change | us.no I: :
the timng to start or finish these steps can be automatical ly determ ned.
Aut omati c, continuous and unmanned casting process, which produces ingots
with stable quality, can therefore be provided. A tenperature- neasuring
apparatus is provided in at |east the cooling plate,

Fig 9
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and if necessary, also in the top and/or side portion of a nolid:: Nateri al
used for a cooling plate is netallic material which exhibits excellent -
refractory property and high co- efficient of heat conducti vi =sge '—@———
and Al, and may also be refractory material exhibiting high c GZEEIHLG‘-I%H’E’ Ngf SHEET

heat conductivity, such as graphite, [er ré and [err]. A main ZQJB\MNPRh\YJSG

is located on the cooling plate 1, is pr ed, as shown in Fl gwe Wt
a draft [err] wi dening dowward so as to iffprove the separatleﬂe‘f =& T ngot

fromthe nold, when an ingot is to be withdrawn downward. This draft [err]
is preferably less than [err]. Wen the [err] is greater than [err], the
top outer dianmeter becones considerably greater than the bottom outer

di aneter of an ingot, so that qualj

Fig. 12(a)
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of a forged product is inpaired. Wen a nold conprises separable,” top and
side portions, and, further, a cooling plate is provided with knocklng_
pins, the side of the mold is di spl aced down together with anr{ﬁgpr &ﬁ&:EfEET
i s then pushed above by the knocking pins. Alternatively, when#? &G Bad.
is provided, the vacuum pad can be brought into contact wth i he top3 APR»EBﬁ ______
surface of an ingot which is then renove romthe cooling plate bﬂ A
suction. In these cases, the main nold is Y eferably prOV|dedLmrTh a [err]

or less draft which - 17 -
Fig. 14

21

Fig. 15

L23
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I's wi dened downward, i.e., in the direction opposite to the one descrlbed
above. Parting pomder can advant ageously be applied on the nDId s i nner - .
surface so as to smoothly separate an ingot fromthe nold. Naté&tial: .of. _:TT@
which the main nold consists, can be ordinary refractory nater#g£§J o
heat-insul ative refractory naterlals mai nly conposed of [ern]m.qugh-=:mr<HEE—.
refractory materials as [err] graphite, [éwr]or the like aI ne or in APR 1996
m xture; or such netal as Fe or Cu. Che()12hese materi al s IS)SG|GHJ§d ______________
consi dering conprehensively the kind of netal or grade of al4-ey:t0:-be:casto—.
tenperature, to which the main nold is exposed, wettability of nolten

nmetal, corrosion resistance and the |ike.

Fig. 17
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A heating neans may be nounted on the main nold, which consists of one of
the above materials, or the nold may be subjected to external heating by
means of an electric furnace or another heating furnace. Preferably, the
top of a nmold and upper side portion of a nold are prelim Cegd 10"
and mai ntained at a tenperature betmeen §£9 mel ti ng point REReACRYEN '
and the tenperature of the nelt. s n nﬁ?ecessary to hegl the WﬁanAP@HSBS
consi sting of heat-insulative refractory erial. The refra,,mny material
may however be internally or externally heated so as to assist the

I nsul ation effectiveness depending upon its kind. The cooling of a nold
herein indicates the withdrawal of heat fromthe melt, while the nold may
be heated to an appropriate tenperature to_retard the solidificatlon

Fig. 18(a)

Fig. 18(c)
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starting fromthe vicinity of the refractory materials and hence to - A
advant ageously pronote the unidirectional solidification. Heat i ng " of the. ...
main nold is desirably so controlled that the solidification interface
becones as flat as possible. On the contrary, if the nelt solidifies:-in=the
side portion earlier than in the central portion, it forns ausmgm\Mm&MENTSHi:i:n
concave solidification interface. If the %erature of refrﬁctory :
materials of @Hmegﬂ@pa&dl s hi gher than central portiof ofi g8, A?F-\-:-_g_ ------- _
portion sol than the side portion, so that a femewhat=eomrivex
solidificati E‘M “ﬁ@% s formed. A nelt reservoir may be a separate

body. fromt nd be positioned the main nold. The nelt reservoir

i Fig. 19
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- 18 - reservoir may be an integral body with the main nold, as shown in
Fig. 1, which thus constitutes a | ower portion of the nelt reservoir.
Material of the nelt reservoir may be the same as or different fro - of
the nmain nold. Material of the nelt reservoir is not Ilnln : e gghashﬁh.
The inIet 4 of melt forned in the nain ld 2 is prOV|ded\mnth an ggﬁ@gP

pl ug ﬁ?h&;%mgaﬁm&e |ntern1ttentlgq‘ﬁ£plled fron1thd\ne|t ................
|nto th ‘m“ means of opening aMd cl osing the om_e_gabj-é_p}ug—, -
The pour| T‘ idification and withdrawal of an ingot can

therefore

Fig. 21(a)

Fig. 21(b)

Fig. 21(c)




repeated, thereby enabling ingots to be continuously produced in a constant
cycle. The openable plug 5 nust ensure supply of the nelt into the space of
the main nold. In addition, since the |ower surface of the openable plug 5
is a portion of the nold wall and is exposed to the nold space, the. R
openabl e plug nust neither deform nor spaII The function of the ogeﬁ&bf’
plug 5 is therefore of inportant signifil@éance. Material exhlbltl X&y
the refractory and heat- insulative propérid es but al so th WA n,éc
propert'e‘?hxé%eétlﬂle«rmlmii@h @l ected for the openable plug. Fof exanfl &, .such =
refractory rr], or a mxture thereof is used ‘t@r*thé/ap%ﬂa’ﬁle
pl ug. Metal m xhibiting no or slight reactivity \)xﬂfﬁ tThe nol ten
al um num s e or

Fig 22

o JE/



o %
cast sfeel can, al so be used for the openable plug. Parting powder is .
appl i ed, |f necessary, on the; openable plug so as prevent reaction with thﬁ}96

mol t en al umi num The openable plug 5 (c.f., Fig. 1) is a groung'glag§“gﬂﬁ ......... -

stopper of the inlet and is tapered in the front part. A porql
openabl e stopper 5 fitted in thé inlet 4 jntercepts the upper-and Iomer
nmelt fromone another. The shape of an openable plug is not limted.to the
one described above but naylebeldhy Dmgotwficch PlantttoBerkiwy iardt of the

melt. The material of an openalyegnplsugok-Spab&s thdisbpd to the one
descri bed above. When.the nelt is pgﬁred |ntot#¥§spgbe of the main nold,

the gas, i.e., air contained in this space, is replaced with the nelt. In
order to attain snooth repIacenenBACKBBOQNB 08 INVENTION

1. Field of Invention )

The present invention relates to a metallic ingot for
plastic working and a methoé for pfoducing the same. More
particularly,- the present invention relates to forging stock
of such as aluminum or the like for cold-forging, hot~forging
and closed forging. Metal, to which the present invention can
be applied, is non-ferrous metal such as aluminum, zinc and
magnesium and the respective alloys, as well as ferrous
materials. Metals particularly suited for the ingot of the
present invention are aluminum, zinc and magnesium. Aluminum
is described hereinafter as a representative metal.

2. Description of Related axt.
Usually, -an extruded or continuously cast bar is cut té
a requisite length and width and is used for forging stock (c.f.
Japanese magazine "Alu" July, 1985 qulished by Light Metal
Communication Co., Ltd., July 28, 1995, pages 33 and 34).
More specifically, in the case of an extruded bar, aluminum
melt is continuocusly cast to form a small-d;ameter bar, which
is then annealed and scalped. The bar is then cut to a
predetermined length or width. A bar having an irregular cross
section or a hollow bar may be cut to a predetermined thiékness:
A rolled sheet is blanked to a round disc and is used for
the forging stock. More specifically, aluminum melt is
continuously cast to form rolling stock which is heated and
then hot-rolled to form a rolled sheet. It is then blanked by
a blanking machine to a predetermined diameter so as to provide
the forging stock, ' ] -
In additicn, the malt is directly continuously rolled to
‘a sheet, which is then blanked to provide the forging stock.
7he forging stock provided by the above described methods
has a cut, machined or plastically worked surface and is hence
not an ingot 1tself, i. e., the cast material englrely having
a cast surtace.



desirably expelled through the inlet of nelt directly into th&vanbmw.;:'}

If gas is difficult-to expel, the gas- should be - 19 - cqused t él ow
through the inlet 4 into the nelt of reservoir 3 and then flommbnt@ HHG"EEﬁ
anbient air. Therefore, at each tine that the openabl e plug spered—the
melt, which is filling the nold cavity, amdzthe nelt, which flows fron1the
Tel L reservol T, aronflld hed oMbbnllifod Pl bbELAERL ANl ! Wies o

hol es and micro- shgln are lncurre r eover nce ds “Are rned

in the nelt r%@ﬁ#tﬁiflq? 8TRBLEY RATt Rt Gie casting and low- or high-

pressure casting and the like. Aluminum melt is poured in a
casting apparatus to form an ingot, whose sprue, riser and the
like are cut when the ingot is to be forged.

The aluminum Forging Committee organized in The Light Metal
Association of Japan carried ocut research on the so-called -
"Casting and Forging Method", in which melt is filled in all
portions of a mold corresponding to the respective portions
of a forging pre-form, and further, sclidification speed of
the melt in all portions is controlled to an optimum ievel'so
as to prevent the defects. This method can be said to be an
'imprOVement of the metallic-die gravity casting and die-casting.
However, in order to forge the resultant ingot, the sprue, riser
and the like must be cut off (c.f., Alu idem, page 42).

Apart from the above methods, a unidirectional césting
is known in the casting of steel (Japanese Unexamined Patent
Publication No. 56-50776).

An experimental plant for the unidirectional casting is
known in the field of aluminum alloy (c.f., Japanese magazine
"Foundry", Vol. 49 (1977), No. 9, pages 539 - 544). A sketch
of the plant is shown in Fig. 2. A mold 2 is placed on' the
cooling plate 1 provided with a water cooling nozzle 10. The
melt 7 poured in the mold is cooled by the cooling plate 2 so

‘as to unidirectionally advance the solidification interface

12 in the direction of the.arrow or vertically upward. In Fig.

2, the top cover is denoted by 8. The electric furnace 9 prevents
melt 7 from being preferentially cocoled on the sides.

The cast and then extruded ingot, and the continuous- -
ly cast and then cut bar have good internal quality but are
produced through a complicated process, while requiring
considerable man-hours for working. In addition, aluminum scraps
are geénerated in quantity in the course of the production
process, with the result that the yield is lowered and hence
the production.cost increases. However, the total competitive
advantage of the extruded material and continuously cast and
then cut bar is overwhelmingly higher than the other forging
stocks with respect to cost and quality. Extruded material
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contami nates the nelt, the defects of oxide inclusions are |nc”rred A s
ingot. If air is confined in the nold, it inpedes the f or matiron~of - an’ |ng(;>tm.=i
as the nold cavitie's contour. Evacuation of air in a nold can. befg a |zed ‘
by, for exanple, forming an air-vent between the top and side porti ons/of/0gh . .
nol d, facing one another, or in at least the3tep portion of a rold and, if-
necessary, in ddae oatiagb sdrfée thL@ht baasmﬁeﬁémlééc@%r\&ekbraéhénméﬁﬁ‘nty
surface of a. cqplln Rlate re .the nelk i s brought into contact
therewith. on&*or* Iur3F15Y$ ékﬁﬂ?nﬁhf“ﬁg provi ded. Mlten netal does not
penetrate but onlyTaerceah phstoudingughorkerrdducsshiby dlehkasgr theizeth &y
t1 ge % r \éent EHIPSHENH16h RO Gike kREBALOLY JEd&itRla ¥or 8ReSBRWPuAada Fi 0.
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material and the like. Moreover, it is difficult to produce
all the forging stock of alloy-grades, whose rolling is
gdifficult.
' The direct rolling method has been developed to lower
the rolling cost. However, since the direct rolling of
high-strength aluminum-alloys is difficult, the applicable alloy
grades are more restricted as compared with the ordinary rolling.
The direct rolling method is therefore not generaly practical.
The ingots can be produced by a2 simple process by means
of the metallic-mold casting, dle~casting, high-pressure or
low-pressure casting, and the like. The production cost is
therefore low as compared with the continuously cast bar and
the wrought materials. The ingots always 1ncludé, however, such
defects as casting cavities, solidification segregation, pin
holes, shrink cavities, and oxide inclusions. When solidification
advances due to heat withdrawal of a mold, the'solidificatioh
interfaces advance from all walls of the mold and collide witﬁ
one ancther in the final period of the solidification. The
impurities, gases and the like are therefore left at a locatién
where the solidification completes and defects generate. Even _
if an lngot has -a simple shape as in the case of é forging stock,
it is difficult to take measures to avold the defects when the
thickness is small as compared to the diameter of an ingot
{.f- because oriented solidification is difficult. Since the cast
' forging stock, produced by the above described casting methods,
has numerous defects, it is difficult to manufacture by such
forging stock structural parts which are required to exhibit
a particularly high level of mechanical strength -and fatigue
strength. If such forging stock is applied, it must be strictly
_inspected for guality, which increases the inspection cost and
lessens the yield of product. The total cost of the finished
paris is higher than that of the forging stock.



\ o Do .
is fitted in the wall of a nold and is communicated with anbient:aif
Al ternatively, a portion of nold or the entire nold can be made Of(P
refractory materials 16, 17, as shown in Fig. 11, such as graphite,™>.
Furthernore, shallow grooves 18 as shown in Fig.. 12 :may be forned-orr~&irtheér™
or both of the top and side of a nold, which are bonded to form a bondi ng
surface. Thin shinms 19 nay be sandw ched betwéen the top and side portions
of a nold to defi réeanwhidia, defiects ofhetifounidireritionaThy ckarts singott he

tS|hi ts i_s prgf'sfégfaw.l fﬁﬁé h?@oﬁoﬁaéfxgééf-beﬁipaﬁbht gsrrau?bﬁoﬁéﬁgimm over
e entire bopded portion o e_npl d-] si_de portions” or. may he _
ol ly 1 or elBEnPTRESHo M YEREaFE | BHs 1 et Sh b RETLah Db P veleE pould
al so enpi ri cabéyappttedifexd fozgdndi ng upon

The quality of a unidirectionally cast ingot is googd.

However, since the top surface of the melt is open and freely
solidifies, the meniscus part of the melt being in contact with
the mold is largely curved, and solidifies with curvature R
as shown in Fig. 3(a). Contrary to this, the extruded bar or
continuously cast and then cut bar has a rectangular peripheral
surface as shown in Fig. 3(b). Since the radius (R) of the
meniscus éreatly varies depending upon the melt temperature,
the pouring method of melt into a mold, vibration of a mold,
énd the other factors, the shape of an ingot considerably varies.
Particularly in the case of die-forging stock, its shape is
greatly influenced by the finishing of forgings. When the forging
stock is thin or the product has a complicated shape, the '
influence of meniscus curve on forging is not negligible.
Therefore, .forging stock having the meniscus must be loaded
in a forging die so that the surface having the meniscus is
predetermiﬁed with either the die bottom or situated above.
The loading direction of a forging stock surface must be
predetermined in view of influence of the meniscus upon the
£inishing of forged product., The forging stock cannot therefore
be loaded in the.forging dies such that the top of ingots may
be directed in any direction. Such limitation makes the
application of the forging stock impractical.

In addition, it is difficult to control thé pouring to
a constant amount, with the result that: weight of the forging
stocks'disperses; the forging machine stops due to overload
applied to the same; and, weight and'shape of the_forged product
disperse greatly. It is therefore difficult to produce according
to the prior art the forging stock having improved internal
quality, high dimensional accuracy and high weight accuracy.

SUMMARY OF INVENTION
It is therefore an object of the present invention tg'
provide a metallic ingot for plastic working, which hasisugh
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the kind of casting nmetal, the inner capacity of a nold, and thiickness &t 8
slits. Alternatively, minute apertures 20 as shown in Pig. 13 and haq'gg ﬁG

di aneter of preferably |oss than 200 um nay be forned by neansﬁdﬂﬂ%u;id AU

mechani cal working as drilling and - 20 - electric form ng MEFhGTSteRF—~——
as electric discharge machi ning. D stance between and the nunber of the

m nute apertures 20 are also enpirically deternined as described above. An

air vent can al so be formed by nmeans of sandw ching
advantages that it: has a high casting ¥yield; is easily pour=<
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into a mold; produces a forging stock with small dispersica
in weight and a high dimensional accuracy.

In accordance with an cbject of the present inventiorn,
there is provided a metallic ingot for plastic working, such
as extrusion, forging forming by rolling, and forming by
impactor, at least surface of which ingot is solidified iz =
molé which is defined by the top, side and bottom surfaces o=
a mold comprising a sprue closed after pouring of the melil &zxé
filling the mold with metallic melt, which ingot consists c¢=f,
in least in a surface portion thereof, crystal grains growing
almost parallel to the rising direction of the upper surlzce
of the melt, and which has no cutting surface on the castiag
surface.

The mold herein usually indicates a die which contrifutss
to shaping of the metallic melt but does not include the spree.
In the present invention, however, since a plug closes the szrte
and the top end of the sprue participates in shaping of ths
melt, the mold includes the ordinary one and also the top suzfzcse
of a plug which closes the sprue after the pouring of the melt.
The side or lateral portion of a mold herein indicates a poriiom
shaping the outer peripheral portion of an iigot, and, further
the cuter peripheral portion of a core whicH shapes the aollcw

' portion of an ingot. The ordinary mold is referred to as tae
“main mold" in order to distinguish the same from the "molg".

An ingot according to the present invention can be pzo-
duced by either the top or bottom pouring. In the top pourikc,
for example, the main mold is locatea on the coeoling plate,
i.e., a portion of the mold, in which a mold cavity is defizseg,
melt is filled thfough a sprue of the mold without leaving a
clearance in the mold; the sprue is closed by.an openable plug;
and, the cooling plate is cooled so as to forcedly cocl the
"metallic melt. . '

In the botﬁom pouring, for example, the main mold Zs loczted
on the upper or lower surface of a cooling plate, i.e., 2 portiom
of the mold in which a mold cavity is defined, melt is filled
‘through a sprue of the mold without leaving a clearance im tte
mold; the sprue is closed by an openable plug; and,
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the refractory-fiber cloth 21 between the nold-top and side portl S
shown in Fig. 14. Very thick cloth may be sub- jected to fiber ﬁr g&s :
action of the nelt. The refractory-fiber cloth 21, whose fiber hs\qL AUG 99@
into the nelt, loses the refractory property_and renders the shape_of @ """~
I ngot unstable. In order to avoid such t rotubfes fromoccurring, thin
refractory fibdre cooflinglrlatapyy spoilatescant pr cfercsdly chdkhbesmetalkbs
than 1 nm Cog@kgi @hEYdé¥é‘i-i;§\’£Jlaﬁxsr %ﬂ-@%gfueslps headd ﬁltuwa?&ab@a,tm xed
fibers of [err] and [err a ber, carbon fiber and the ke can be
used for the r 5?8@? F?gf?ﬁg?° 1oth 21. An air vent can be formed by means
of rougheni ng the fartheeabbve meddicadngapkasereveit hef weldi mgysbef previded

mol d or appl yidig vhef kept SEYeiPHdIM UeNhe P8 SHChe WdRG%01ENes! BUEhESd

surface into the main mold through the melt inlet so that no clearance
is left in the mold. The melt inlet is then closed to intercept
the melt in the reservoir from the one in the mold. The melt

in the mold is hence cooled while it is intercepted from the
melt in the reservoir. '

The melt is filled in the mold and solidified to form an
ingot (a). The ingot accor ding to the present invention has
no cut surface of riser and sprue as the ordinary metallic-die
castings have or the continuously cast and then cut bar has.
The ingot- according to the present invention can therefore be
subjected, as 1t is, to the plastic working process-Without
undergoing the cutting step. However, when the requirement of
forging is severe, the ingot can be homogénized to so as to
decrease the segregation of solute elements in the metal

©  structure. The ingot can also be annealed to relive the cdsting

stress or to coarsely precipitate the alloying elements and
hence to soften the alloy prior to the forging. In addition,
an ingot according to the present invention can be subjected
to light surface working such as barrel polishing and shot
blasting to relieve burrs on an ingot, when the forging accuracy
required in the forging is high.,

Ingots, which are solidified under the riser effect of
the conventional metallic~die casting, the weight of the forging
stocks greatly disperses due to cutting inaccufacy of a sprue,
riser and the like, as well as due to the draft of a mold. In
addition, a disc saw is usually used for cutting a continuously
cast bar. Weight dispersion of the cut forging stock depends
upon its thickness and is as small as + 2.5% in the case of,
 for example, a 60 mm diameter and 9 mm thick stock. Weight
dispersion of the ingots or forging stocks according to the
present invention can be suppressed to a level as low as the

cut bax, without relying on cutting.
Requirements for attaining such small we;ght dispersion
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and the refractory agent form m nute passages of air. A nold, in. whtc,
I ngot according to the present invention is formed, may be prOV|ded
air reservoir (c.f., Fig. 15). In this case, an air vent shou] ¢.h
in the air reservoir. After the air is expelled formthe alr*reseryﬂrnmqt«*~w:

is filled wwth nmelt. Prior to filling the nold cavity with the nelt, the
air inthe nold cavity can be replaced with 7nrert gas, such as Ar, [err]
and the |ike, age, asnrxuetpréaamm anyeAxise, I(hﬁla%nﬁﬁbilhﬁgngn@ &¥£ﬂ81 nt
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thernally shrﬁﬁk° F%ﬂ?%??ﬂﬂh#h the entire 1nner surface of a mold, and (b)
effecting crystal growth in a direction almost parallel to the
rising direction of melt is upper surface.

The crystal growth in a particular direction (b) is attained.
by cooling in one direction, i.e., forced cooling of a portion
of a mold. The crystal growth (b) advances the solidification
interface to an upper position as'high as possible, fhereby
increasing the proportion of the defect-free metal.

Since the crystal growth in a direction other than the
above mentioned one impairs the.advantages attained by the
feature (b), the former growth should be excluded. However,
the crystal growth due to inevitable cooling of melt by the
top or sides of a mold is permissible. For example, 20% or less,
preferably 10% or less of the.width of a flat ingot may comsist
of crystals grown from each side of a mold. The crystal growth
in a particular direction (b) according to the present is only
one orientation of growth except for the one due to inevitable
cooling of a mold.

When the melt, which is filled by the feature.(a), soli- -
difies, the solidification shrink may take place somewhat in
the top of melt and the solidification surface may be separated
from the upper surface of a mold. Since the external shrinkage
thus takes place, the free open surface is formed on the top
of melt, and the subsequent solidification proceeds on the top
of an ingot without being cooled by a mold.'Even if such
solidification occurs, weight dispersion of forging stock is
small. Moreover, such large meniscus as impeding the forging
cannot therefore be formed along the edge of an ingot. Speci-
fically, the radius of curvature of the meniscus is 1 mm or
less, '

The above feature (a) is described more in detail.
Desirable conditions to fulfill the feature (a) are as follows.
The melt is subjected to pressure which extends the melt into
the entire mold cavity without leaving a clearance in the mold.
The air is appropriately evacuated from a mold for example
through an air vént.jThe air should be evacuated in proportion



under graV|ty When an ingot is separated froma nold and fqu5=60WM"UﬂdET:;I"
gravity, it is supported by a cooling plate or by an exclu3|ve»ﬁaﬁuf0r dhiie
supporting an ingot. The ingot may then be laterally bl own d t by §n§ggfﬁgﬁ
an air nozzle or be brought into contact with a vacuun}evacuafpﬁg """
shown in Fig. 16 at the bottom of an ingot, _so as to wi thdrawan |ngot from
the nol™d. The vacuum evacuating pad 23 alloﬁk mechani cal pulling down of an
i ngot and henkte &1 RS inge aRPERdredvateXdf- e pgdt. within he maild shouldny
be hold in thee nisheamad it bheréookid G PItHeenkedt in a reservoir. When
these conditions are fulfilled, the shape of the resultant ingot
follows the contour of a mold and can thus have a good shape.

It is furthermore desirable that a vertical difference in the

melt level in the reservoir and the upper surface of the melt
filled in a mold is 30 mm or more.

As is cl;ar from the above descriptions, an ingot having
the features (a) and (b) is different from the ingots which
are produqed by any one of the conventional methods: continuocus
casting; metallic-die casting; low- or high-pressure casting;
and unidirectional solidifying and casting. It is impossible
to produce an ingot according to the present invention by means
of the other conventional casting methods (c.f., Revised Fifth
Edition, Metals Handbook {(in Japanese) of pages 1035 - 1043).

The ingot according to the present invention has also a
feature (c) that the top portion of a melt is brought into
contact with the closing portion of the sprue, which is closed
after pouring the melt therethrough. Since the melt is brought
into contact with the inner surface of a mold at least dlrectly
after pouring of melt through a sprue according to the feature
{c), weight of the melt becomes equal to the product of the
volume of the mold cavity and specific gravitf of the melt.

As a result, the pouring amount becomes constant and hence the
-Welght of an ingot also becomes constant. Excessive pouring
of the melt no longer occur.

Since the sprue is closed by an openable plug_after pouring
of the melt and the front end of the openable plug constitutes
a portion of a mold, it is no longer necessary to cut the sprue
and also weight dispersion of ingots due to cutting decreases.
However, since the cooling of melt starts directly after pouring,
the cooling of melt in contact with the openable plug (a poftion-
of a mold) is greatly delayed. The sprue portion of an ingot's
surface is as cast but may be left on the ingot surface in the
form of -a concave hollow 30 as shown in Fig. 4, Such concave
hollow 30 can be made nondetectably small, when the openable
plug is finished highly accurate, but the forging is not
virtually influenced by it, when it is 2 mm or less in. depth.
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| owered. In this case, the thermal shrinkage of an ingot is not yet-
satisfactory. Then, the vacuum evacuating pad 23 is engaged dlrect1y

beneath the nold so as to suck and wi thdraw an ingot. The vaquun}ewy BG”@Q&

pad may be provided with a nozzle for injecting the cooling \Aea%’er to AR

I ngot and hence to pronote cooling of an ingot. The vacuum evacuat ng—pad
covers the bottomof an ingot and cools tHe® Agot by injecting water and
sub- sequently sucRee tiratiuzgot{ibde whic¢h im tdediaded tof then metal dstridvture

vacuun}evacuagfngnpgﬁbdgg/ﬂ@edgggglgéda,dlébﬂgqh M thdrawing an ingot in an
energency case, that an |ngot does naqt Srmﬁthlé:fa” down under

gravity. The non- f‘arl'lii‘}hég c@fs ﬁBtp‘Eﬁﬁé’fg'grsé\ﬂcFyt VR RF £ Mgt d

abnormal ity b¥ysntareedly cooled, there is created such an orientation charac-
teristic in that the crystal grains grow vertically upward (i.e.,
coincident with the rising direction of melt or within a slant

angle of within # approximately 20°, within = 45° at the maxlmum.

relative to the vertical line. Although the cooling of the melt
from the sides and top of a mold may result in the orientation
growth different from the one described above, it is necessarily
detected in the ingot according to the present invention.

However, the ingot according to the present invention
necessarily comprises oriented crystals which grow from a surface
in a direction almost parallel to the rising direction of melt.
Also, -the ingot cast by bottom pouring comprises the oriented
crystals, although its direction of growth is upward or downward
depending upon the position of a cooling plate. |

The oriented growth mentioned above can be detected by
means of the macroscopic structure observation, when the columnar
crystals are identified by the observation. If this
indentification is impossible, the oriented growth can be
detected by the polar microscopic 6bservation of a specimen
which has been subjected to Barker treatment (anodic oxidation

in a 1.8% HBF4-(fluoroboric acid) agueous solution under a
condition of 20 - 40 V of voltage, 20°C of liquid temperature,
and 1 - 2 minutes of time). The columnar macroscopic structure
can be indentified for example in an alloy without addition -
of grain-refining agent, and Al-Si alloy having-a éomposition
in the wvicinity of eutectic or hypereutectic. The columnar
structure is not, in most cases, identified for example in an
alloy with the addition of grain fefining agent, such as Al-Ti
alloy or Al-Ti-B alloy, whose orientation growth can be detedted
by the polar microscopic observation.

In order to intensify the effect of forced cooling, the
average DAS (secondary dendrite-arm spacing) value of metal
solidified on the fofced codling surface (except for direct
proximity to the mold side) is preferably 40 pm or less. When
the forced cooling is carried out to such an extent that the
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of a photo sensor or a proximty switch or neasuring the mehghiaet
cooling plate. The vacuum evacuati ng pad may al so be used tle
wi thdraw an ingot. In this case, the vacuumevacuating pad |
a predetermned step of the casting process. Typically, the
of the casting method as described above ang as follows. 1) An openabl e
plug is lifted to fill the nold space with nelt. 2)_ The ogenable plug is
cl osed to i nBEP¥EPPAP nEa RS 15 ?Ftﬂ19§FVe“Bf ?ﬁﬁﬁl%ﬁfhwﬁﬁﬁﬁ LERBpERRRE t 0

comuni cat e wuklitigecgnobe myrqiuated, Thetopsnionp ar :moveketing dehded sudih
the measurenmgnt QL LEPDRE S S OfmichS—QPQ_u]E'Qg& it the like 200 pm or

more in size is present per 10 mﬁz and ten or fewer cavities

from 50 to 200 pm in size are present per 102 mmz.

Under the orientation growth described above, there occurs

a prominent tendency for the DAS to increase in a direction

from the forcedly cooled surface (except for the direct proximity
of the mold side) to the opposite surface. When'the former DAS
and the latter DAS are expressed as d1 and dz, respectively,

the forced cooling creates a relationship that d1 < dz‘
However, when 1.1 d1 < d2, the forced cooling includes a con-
dition virtually not effective to prevent the casting defects.
On the other handf when 10.0&1“ > dz, the_industrial production
of an ingot becomes impractical. A preferred relationship is
therefore dz =1.1d1 to 10.0d1. The structure having DAS within
this range is hereinafter referred to as the "forced cooling
structure". More preferably, d, =1.14, to 5.0d,.

Ratio of proportion of the forced coocling structure
increases, when: the degree of forced cooling is identified;
the side surfaces of a mold is heat-insulated; and the surface
of a mold opposite to the forcedly cooled surface is heat-
insulated. Casting defects can be lessened by increasing the
proportion of the.forced cooling structure. The proportion of
‘the forced cooling structure as seen in a central vertical
direction of an ingot is therefore preferably 70% by area or
more.

The size (d') of crystal grains observed by a polar optical
microscope (hereinafter referred to as the "polar crystal size”)
is preferably 100 pm or less in average. There is a prominent
tendency that the polar crystal size (d') to decrease in a
direction from the forced coocled surface to the surface opposite
to the former surface. When the former size and the
latter size are expressed:as d' and 4' o respectively, the
forced cooling ‘creates a relat;onshlp that d' < d'z. However,
when 1.05 df > dz, the forced cooling 1ncludes a condition
virtually not effective to prevent the casting On the other
hand, when 7.Od‘1 < d'z, the industrial production
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4) The valve is closed and kept closed for a certain tine. The; cL05|ng of;
the valve i.s linked.with the measurenent of tenperature of the: ooI|n h
plate. 5) The cooling plate is |owered. 6) Dropping of an |ngo§
by a sensor. 6-1) Non-detection (non-dropping of ~an ingot) 6-2)
vacuum-evacuating pad is energized to suck an ingot. 6-3) Lomerlng 6- 4)
St oppage of sucking
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of an ingo becomes. impractical. A preferred relaticaship is
therefore d', =1.05d', to 7.0d',. The structure having the grain
size within this range is hereinafter also referreé to as the
"forced'cooling structure™. More preferably, 62 =1.05&" ; to
5.0d'1. The forced cooling strgcture is prgferably 70% by area
or more because of the reasons as described above.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is a general cross-sectional view of a casting
apparatus and illustrates an example of the method for prcducing
an ingot according to the present invention,

Figure 2 is a general cross-sectional view of az coxven-
tional casting apparatus for unidirectional solidification.

Figure 3 (a) shows an ingot obtained by the apparatus shown
in Fig. 2 and Fig. 3 (b) shows a forging stock obtained by
extruding and then cutting the ingot.

Figure 4 lllustrates that a sprue configuration remains
on the surface of an ingét.

' - Figures S5(a) through {(e) illustrate examples of the shape
of ingots according to the present invention.

FPigures 6 (a) and (b) illustrate the blow formed on an
ingot. '
| Figure 7 is a cross-sectional view of a cooling plate and
illustrates a coéoling method. ‘

Figure 8 is a cross-sectional view of a cooling plzte and
illustrates another cooling method. .

Figure 9 is a cross-sectional view of a tééereé nold.

Figure 10 is a cross-sectional view of a mold provided
with an air-vent passagé'consisting of porous material.

Figure 11 is a cross-sectional view of a mold which con-
sists of porous material as a whole so as to let the =zir escape
.through the porous material.,

Figure 12(a) shows a mold which is provided witi grocves
for letting the air escape. - -

Figure 12(b) shows a mold which is provided with liners
for air escape. _

Figure 13 shows a mold provided with an air-vent in tze
form of minute apertures. D
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- 22 - 7) An air-nozzle is activated to spray water onto a |ngd§
then withdrawn..  8) The cooling plate is lifted and is p05|guhne “ﬁ
the bottom of a nold. The present invention is hereinafter® .
reference to the exanples. Exanple 1 Forging stocks were cast by using a
casting apparatus shown in Fig. 1. An aluniznemalloy was nelted in a
furnace installe r
i ntroduced into ?%gﬁ?gsg \%}ﬁng q&ﬂc{iﬁesﬁéﬁ%he cool i ngfi%l g@ltf&/ggrnade
of copper sRBEBT“The refractory heat-insulative material used

Pigure 15 shows a mold provided with an “air reservoir and

..................

porous body for passing air.

-Figure 16 iliustrates a vacuum-evacuating pad fitted on
‘the bottom of an ingot.

Figure 17 is a photograph of the macroscopic structure
of JIs 2218 alloy (Example 1). :

Figures 18(a), (b) and (c) are photographs of polar micro-
structure of the alloy shown in Fig. 17.

' Fiéure 19 is a photograph of macroscopic structure of JIS

2218 alloy (Example 3).

Figure 20 is a photograph of the macroscopic structure
of JIS 6061 alloy (Example 4).

Figures 21{(a), (b) and {(¢) are photographs of the polar
microscopic structure of JIS 6061 alloy (Example 5).

Figure 22 is a photograph of metal microscope structure
of JI$ 4032 alloy. '

Figure 23 is a similar photograph to Fig. 22.

An ingot according to the present invention preferably
has a generally flat shape. The upper and lower surfaces of
an ingot according to the present invention may be flat or may
not be flat as shown in Figs, 5(a), (b), (c) and (d). An
irregularly shaped ingot as shown in Fig. ‘5(e) or a three-
dimensionally irregular ingot may be produced so as to make’
the shape of an ingot as close as possible to that of the forged
product. In addition, an ingot may be locally ;hick so as to
enhance the-forging degree at this location and hence to improve
the mechanical properties. '

The method for producing an ingot according to the present
invention is hereinafter described with reference to several
drawings. _

Referring to Figure 1, 3 main mold 2 is located on fhe
cooling plate -l. A melt reservoir 3 is positioned above the
main mold 2 and receives the melt 7 from a melting furnace or
the like (hot'sbown). In an embodiment shown in Fig. 1, the
bottom of the melt reservoir 3 is integral with the top of the
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for constructing the main nmold, reservoir 3 of the melt and.the openabl e
plug 5 was the comrercially available (tradename: Lum board: “the-trade o
nane produced by N chiasu Co., Ltd.).. An air vent within thgxgpbq%gﬁ@;§%@ |
provi ded by the shins as illustrated in Fig. 12(b). The casﬁyng;qg;TJ;ﬁm;;xllm
and procedures were as follows. 1) Kind of ghloy: JI'S 2218 aEIOY”(MrThfﬁO“”“”“
addition of a grain-refjni agent) 2) Melt tenperature in the reservoir:
[err] 3) Diff é?lﬁitimé’ﬁ%t ngfFe ?gﬁ‘fm't’he3 tiGp COTMPRdcabrdnEi £hj they masin
and the | evelmeld twe e indethd whieh vis rprdbfiaed 4)theapespenablefphug
cool ing pl at es bef G-t iUHIRIari 66kl apparatus (not shown) lifts upwards the

opernable plug 5 so as to pour the melt into the main mold 2.

i
H

The level of melt rises therefore upward. Upon completion of
pouring, the openable plug 5 is lowered to shut off the melt.
Reference numeral 8 denotes a top cover. An electric furnace
9 is provided so as to maintain a certain temperature of the
melt and to moderate the cooling of melt by the side porticns
of the mold. _

The cooling plate 1 is cooled by means of a spray nozzle
10 which is provided beneath the cooling plate 1 and ejects
water theréthrough. The spray nozzle 10 is mounted and fixed
on a tubular case and supports the cooling plate 1. Reference
numeral 11' denotes the drain outlet of cooling water. The
tubular case 11 is secured to a driving apparatus (not shown)
and is vertically displaced together with the cooling plate
1 and the spraying nozzle 10.

The casting method according to the present invention can
be carried out as is illustrated, for example as shown in Fig.
1 but is not at all limited to this method. The fundamentals
of the casting method according to the present inﬁention reside
in the features that: the melt is filled, without any air gap,
in a closed mold which is located on the cooling plate; and,
the melt is forcedly cooled by the cooling plate.

In the casting method according to the present invention,
the main mold may be closed after the melt is poured and then
the main mold is filled with the melt. In other wofds, a portion -
of the main mold, for example a top portion, may be opened prior
to pouring. The pouring method is therefore not limited to
the one as illustrated in Fig. 1 but may be varied. Although
one inlet 4 is provided on the top central surface of the
main mold 2, the position and number of the inlet(s) can be

"variously selected in accordance with the size and shape of
an objective ingot. In addition, an inlet may be provided on
the lateral bortion of the main mold.

The melt, which is poured into the mold, must be mainly
cooled by the cooling plate, while preventing the cooling by
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the nmelt; 12 mm 7) Passage for air vent: 45 [err] 8) Tenper

5) Rate of cooling water; 5 Ilters/n1n 6) Di aneter of an |n%pt beTpourlngT{'—
ture o n
air wwthin the electric furnace 9: [err] 9) Tenperature of t 9'%qp”g§$?p§ 90

of a nold and tenperature of the top of the side portion of Q“HDJQ'"féEEE """"""
10) Shape,of forging stocks (ingot): 62-5i4main diameter and 9 nmin wdth

‘draft [erf]iphe side wall and the like of the mold. The melt is thus forcedly
' coo-ed from the bottom toward top portion.

Desirably, the cooling plate has a temperature of 100°C
or more, when the melt is poured into the cavity of -a mold,
because the blow (cast defects in fhe form of spots or curves
as shown in Fig. 6, usually found in the metal-mold casting)
disadvantageously occurs when the pouring is below the above
temperature. Preferred highest temperature of the cooling plate,
when pouring; is approximately as high as the melt temperature,
in the light of cooling efficiency and quality of the castings.
Commohly used parting powder can be applied on the surface of
a cooling plate, bécause the parting powder 1ls effective in
preventing the blow. '

According to one of the methods for forcedly cooling the
coollng plate, a spray or shower ls applied onto the lower
surface of a cooling plate. The cooling plate 1 may be cooled
by means of conducting water through the cooling-water conduit
13, as shown in Fig. 7, which is defined in the interior of
cooling plate 1, or by means of conducting water through a
cooling-water tank 14, as shown in Fig. 8, provided beneath
the cooling plate 1. Forced cooling of the cooling platé is
initiated after pouring of the melt into the main mold and then
the cooling plate'at'é certain temperature. When the cooling
plate arrives at another certain temperature to prevent excessive
heat-withdrawal from the méld, the forced cooling is stopped.

If the forced cooling is further continued, the temperature

of a mold is so lowered that it must be heated to a desirable
temperature for a long period of time before a.subsequent casting
is gstarted. After stopping of the forced coolihg, the cooling
plate is still kept in coﬁtgct with the ingot until descending
down to a certain temperature. The cooling plate is then lowered.

Melt in the mold may be solidified exclusively by forced
cooling through the codling plate.

Alternatively, the cooling may be carried out by a cooling
plate and then cooling water directly applied on the bottom
of an ingot. That is, the former cooling is interrupted at an

. incomplete solidification, and, subseqguently, a cooling plate
. is withdrawn from the bottom of an ingot. The directly



- 23 - 11) Casting procedure: pouring- after 2 seconds fronﬁ
openabl e plug was cl osed. cooling plate- water cooling was gparted&;g%ﬁwn 1996
the tenpera- ture reached [err]. cooling plate- water cooli{gmﬁ&SmeepréﬁegilJ
when the tenpera- ture falls down to [err] cooling plate- | T Thrgm====
cooling plate when the tenperature falls dows -

applied cooling water promotes cooling of an ingot and increases

the cooling speed as is described in more detail hereinafter.
Since the soclidification speed is high in the vicinity
of a cooling plate, the grain size and DAS of a portion in
contact with the cooling plate are fine. As the solidification
advances and the solidification interface hence is distant from
the cooling plate, the solidification speed lowers, because
heat conduction through the solidified metal and the contact
surface of an ingot with the cooling plate decreases. The mold
may be incompletely solidified by the cooling plate,'provided
that thickness of a solidified shell is so high as not causing
the break out. Then, the cooling plate is removed and the cooling
water is directly applied qn'the bottom of an ingot. The directly
applied cooling water may be in the form of a spray, shower
and the like, capable of accelerating the cooling speed and
hence the advancing speed of a solidification interface which
is distant from the bottom of an ingot. This method is effective
for enhancing the solidification speed and hence to promote
the oriented solidification structure. If the cooling plate
is removed to apply the cooling water directly onto the bottom
of an ingot, the heat withdrawal from an ingot drastically
increases to accelerate the cooling speed. The complete
solidification in the mold is not necessarily desirable, but
the direct cooling by cooling-wéter should be carried out if
" necessary. This method is particularly effective for an ingot
with thick sheet thickness and provides such an ingot with
.uniform structure from the bottom to top. In addition, this
method eliminate a problem encountered in a conventional casting,
that is, difficulty in casting of a certain type of an alloy,
and enables any type of alloys to be cast to produce castings
having good quality.
As is described hereinabove, the pouring of melt is
desirably started when the . temperature of the cooling plate
.48 at 100°C or more by means of heating. This heating may be
carried out by utilizing heat which the ingot, whose
solidifigétion has been completed, retains. That is, when the
ccoling’of'a coolihg plate is stopped, an ingot cast on the
cooling plate is still placed on the cooling plate, so.that



‘ a
to [err] 12) The ingot falls down under gravity together mnwh ““cool T hy

plate. - As- shown .4 n.-Fig.-17 of. the macroscopic structure, th@ colupqpﬁue 1998
S

crystals grew fromthe bott om of an i ngot except for t he outlerfrost: “portion. =" i

Pol ar microscopic structure of ‘the ingot at its bottom center “and surface
portians along the central axis of ingot iksgshown in Figs. 18(a) (b) and

(c), respect iyl Yol ee?_ %/ 8phli MBS - St SI err |
shown in Flghg i ?émas 5i n? f ?&% po ar crfB&e agufé g Lafe,
Fig. 18(b) w¥8i487s} %H%H“n eoUSIY Brenlerating sosdisy Pﬁetberinth43 havi ng
the pol ar cryst al astepekaturesmeashesng apparatesisubtl 85 £ didrio-
couple may be inserted into a cooling plate to measure the
temperature of the cooling plate. When the temperature of a
cog;ing plate exceeds 100°C, an ingot on the cooling plate can

I
i
i

be removed from there. Temperature of a cooling plate changes
during the regpective steps, such as pouring of melt, cooling
of the cooling plate, interruption of cooling-water supply into
the cooling plate, holding of an ingot on the cooling plate,
and removal of an ingot from the cooling plate. When ‘such
temperature change is monitored, the timing to start or finish
these steps can be automatically determined. Automatic,
continuous and unmanned casting process, which produces ingots
with stable qﬁality, can therefore be provided. A temperature-
measuring apparatus is provi@ed in at least the cooling plate,
and if necessary, also in the top and/or side portion of a mold.
Material used for a cooling plate is metallic material
which exhibits excellent refractory property and high co-
efficient of heat conductivity, such as Cu and Al, and may also
be refractory material exhibiting high coefficient of heat
conductivity, such as graphite, SiC and Si3 4" '
A main mold 2, which is located on the cooling plate 1,

- 1is provided, as shown in Figure 9, with a drafto( widening

~ downward so as to improﬁe the separation of an ingot from the
mold, when an ingot is to be withdrawn downward. This draft
A° is preferably less than 5°, When the draft o(® is greater
than 5°, the top outer diameter becomes considerabiy greater
than the bottom outer diameter of an ingot, so that gquality
of a forged product is impaired.
' When a mold comprises separable, top and side portions,
and, further, a cooling plate is provided with knocking pins,
the side of the mold is displaced down together with an ingot,
-and it is then pushed above by the knocking pins. Alternatively,
when a vacuum pad is provided, the vacuum pad can be brought
into contact with the top surface of an ingot which is then
removed from the cooling plate by suction. In these cases, the
main mold is preferably provided with a 5° or less draft which



si ze [efr] was 100% The ingots produced by the nethod as desizlf'l"'ifiét'iZ abeiré SHEET
were used as forging stocks and col d-forged by a [err] forginE machithB AYG @95
formcup-formparts (a drumof VTR) having an outer dianeter [pFeE3- 50

mm of hei ght and 5 nm of thickness. Before the forging, anneal THg Was -
carried out at [err] for 4 hours. Lubricatimg il for forging (Bondal ube

liquid (t radelga@ae@é@cgma}})é Ni; h F Pt K§ld 4y Q%c@?.bn 5%’80%'1@@5 u to

forma lubricating film “order to I nvestiga oW t ﬁght
of melt |evel °Pf ?%E&P?Qﬁﬁﬁqﬂﬁ°r was effective in filling the nelt into
t he Parting powder can advantageously be applied on the mold's

inner surface so as to smoothly separate an ingot from the mold.
Material, of which the main mold consists, can be ordinary
refractory materials; heat-insulative refractory materials mainly
composed of SiC, Sioz, A1203, or Mg0O; such refractory materials
as Sic, si3N4, graphite, BN, Tioz, erz, AlN or the like alone
or in mixture; or such metal as Fe or Cu. One of these materials
is selected considering comprehensively the kind of metal or
grade of alloy to be cast, temperature, to which the main ﬁold
is exposed, wettability of molten metal, corrosion resistance
and the like. ' '
' A heating means may be mounted on the main mold, which
consists of one of the above materials, or the mold may be
subjected to external heating by means of an electric furnace
or another heating furnace. Preferably, the top of a mold and
upper side portion of a moid are preliminarily heated to and
maintained at a temperature between the melting point of the
cast metal and the temperature of the melt. It is not necessary
to heat the main mold cénsisting of heat-insulative refractory
material. The refractory material may however be internally
or externally heated so as to assist the insulation effectiveness
depending upon its kind. The cooling of a mold herein indicates
" the withdrawal of heat from the melt, while the molad may be
heated to an appropriate temperature to retard the solidification
starting from the vicinity of the refractory materials and hence
to advantageously promote the unidirectional solidification.
Heating of the main mold is desirably so controlled that
the solldlflcation interface becomes as flat as possible. On
the contrary, if the melt sclidifies in the side portion earlier
than in the central portion, it forms a somewhat concave
solidification interface. If the temperature of refractory
.materials of the mold side is higher than the central portion
of melt, this portion solidifies earlier than the side portion,
so that a somewhat convex solidification interface is formed.
A melt reservoir may be a separate body.froﬁ the main mold
and be positioned the main mold. The melt reservoir may,



- 24 - nold, castlng was carried out while changing the |evel : dlfference

(H) between the inner surface of the top portion of a.nold and the |evel of
the nelt in the reservoir upon.conpletion of pouring. The ot her. con@ﬂju@nsﬂpﬁ
were the sane as in Exanple 1. As a result, a relationship was obtained "
bet ween- t he shape of top corner of the resultant i ngot s (meni scus radi us R
shown in Fig. 3) and the level difference_ shown in Table 1. It was

confirmed that the nold was filled with nelt when the | evel difference was
20 nm or rnwe?eﬂﬁﬁﬁqir may be an integral body with the main mold, as shown

in Fig. 1, which thus constitutes a lower portion of the melt
reservoir. Material of the melt reservoir may be the same as
or different from that of the main mold. Material of the melt
reservoir is not limited particularly.

" The inlet 4 of melt formed in the main mold 2 is prov;ded
with an openaple Plug 5. The melt 7 can be intermittently
supplied from the melt reservoir 3 into the main mold 2 by means
of openihg and closing the openable plug 5. The pouring of melt,
solidification and withdrawal of an ingot can therefore be
repeated, thereby enabling ingots to be continuously produced
in a constant cycle;_The openable plug 5 must ensure supply
of the melt into the space of the main mold. In addition, since
the lower surface of the openable plug 5 is a portion of the
mold wall and is exposed to the mold space, the opéﬁable plug
must neither deform nor spall, The function of the openable
plug 5 is therefore of important significance.

Material exhibiting hot only the refractory and heat-
insulative properties but also the mechanical properties is
therefore selected for the openable plug. For example, such
refractory materlal as Sic Si3N4, or a mixture thereof is

~ used for the openable plug. Metallic material exhibiting no
or slight reactivity with the molten aluminum, such as Fe or
cast steel, can also.be used for the openable plug. Parting
powder is applied, if necessary, on the openable plug so as
prevent reaction with the molten alumlnum.

The openable plug 5 (c.f., Fig. 1) is a ground-glass stopper
of the inlet and is tapered in the front part. A portion of
the openable stopper 5 fitted in the inlet 4 intercepts the
upper and lower melt from one another. The shape of an openable
Plug is not limited to the one described above but may be any
one which can close the .inlet of tlie melt. The material of an
‘openable plug is also not limited to the one described above.

When. the ‘melt is poured into the space of the main mold,
the gas, i,e.; air contained  in this space, is replacéd with
the melt. In order to attain smooth replacement, the gas is
desirzbly expelled through the inlet of melt directly into the
ambient air. If gas is difficult to expel, the gas should be



The sane forging stocks as in Exanple 1 were produced by the follomnng
casting process, .followed by an extrusion process, and were forged g)s Iﬂugﬂggﬁ
of material: JI'S 2218 alloy 2) Continuous casting: billet 200 : Y- »
di aneter 3) Honpgenizing treatment of a billet: [err] for 16 hourswiﬂ**
Extrusion: 64 nmin diameter ‘5). Drawing: 62."% mmin dianeter 6) Annealing:

[err] for 4 hounse&)t@ﬁlomg:h(:@m £he) a.nﬁieﬁm'.I:[hﬁ&'&l@@cﬁﬁtsbeQEQbE‘go;.Ehe

same as 10 BX3Rhe I QAL BARTRLS1nd "E1P Tl UALY SHO8KR skt
Exanpl e 1 mere produced
hat the openable Plug is opened, the melt, which is filling
the mold cavity, and the melt, which flows from the melt
reservoir;,- are stirred, with the result that not only cavities,
pin holes and micro-shrinkage are. incurred. Moreover, since
oxides are formed in the melt reserved in the reservoir and
contaminates the melt, the defects of oxide inclusions are
incurred in an ingot.
If air is confined in the mold, it impedes the formation
of an ingot as the mold cavitié's contour. Evacuation of air

in a mold can be realized by, for example, forming an air-vent
between the top and side portions of a mold, facing one another,
or in at least the top portion of a mold and, if necessary,

in the bottom and side portions of a mold as well as on the
surface of a coolin§ plate where the melt is brought into contact
therewith. One or plural air vent may be provided.

Molten metal does not penetrate but only air can pass
through the air vent, such as realized by the air vent consisting
of porous refractory material 15, as shown in Fig. 10, which
is fitted in the wall of a mold and is communicated with ambient
air. Alternatively} a pqrtEOn of a'mold or the entire mold can
be made 6f pofous refrabtory materials 16, 17, as shown in Fig.
11, such as graphite, SiC, 813N4. .

Furthermore, shallow grooves 18 as shown in Fig. 12 may
‘be formed on either or both of the top and side of a mold, which -
are bonded to form a bonding surface. Thin shims 12 may be

. sandwiched between the top and side portions of a mold to define
the air vent in the form of slits. Thickrness of the slits is
preferably less than 200 ym. The slits may be distributed over
the entire bonded portion of the mold-top and side portions
or may be locally formed on the bonded portion. Distance between
the gas vents is also empirically determined depending upoﬁ
.the kind of casting metal, the inner capacity of a mold, and
thickness of slits. )

Alternatively, minute apertures 20 as shown in FPig. 13
and havihg'a diameter éf'prefarab;y less than 200 um may be
formed by means of such mechanical working as dfilling_and
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the following process and then forged. 1) Kind of material: J

2) ‘Continuous casting: a small-dianmeter bar 700 mMmin size 3} quléumqqg |
treatnment and annealing of a billet: [err] for 16 hours and TT for-gree ki Q",:

| S 2218 aF i pFHE

hours 4) Machining of the outer surface: 62.5 mmin dianmeter 5) cutting

(disc_saw):

1

9 mmin thickness - 25 - B)200rging: the sane as in Exanple
electric forming method such as electric discharge machining.
Distance between and the number of the minute apertures 20 are
also empirically determined as described above.

An air vent can also be formed by means of sandwiching
the refraégbry-fiber cloth 21 between the mold-top and side
portions as shown in Fig. 14. Verf thick c¢loth may be sub-
jected to fiber drawing action of the melt. The refractory-fiber .
cloth 21, whose fiber is drawn into the melt, loses the
refractory property and renaérs the shape of an ingot unstable.
In order to avoid such troubles from occurring, thin refractory
fiber cloth 21 is gppropriaté, and preferable thickness is less
than 1 mm. Commercially available refractory cloths of alumina
fiber, mixed fibers of Al2 3 and'Sioz, glass fiber, carbon fiber
and the like can be used for the refractory-fiber cloth 21.

An air vent can be formed by means of roughening the surface
of a cooling plate or the bonding surface of a mold or applying
refractory coating agent on such surface. The rcughned surface
and'the refractory agent form minute passages of air.

A mold, in which the ingot according to the present
invention is formed, may be provided with an air reservoir (c.f.,
Fig. 15). In this case, an air vent should be formed in the
air reservoir. After the air is expelled form the air reservoir,

~ it is filled with melt.

Prior to filling the mold cavity with the melt, the air

-in the mold cavity can be replaced with inert gas, such as Ar,

N,, He and the like, so as not to form any oxide in the melt
being poured during its stirring and:hence to further improve
the quality of an ingot. -

In most cases, an ingot in the mold, which has been
solidification~shrunk and then thermally shrunk, falls down
under gravity. When ah ingot is separated from a mold and falls
down under gravity, it is suppéorted by a cooling plate or by
an exclusive pan for supporting an'ingot.:The ingot may then
be laterally blown out by means of an air nozzle or be brought
into contact with a vacuum—evacuating pad 23 as shown in Fig.
16 at the bottom of an ingot, so as to withdraw an ingot from
the mold. The vacuum~evacuating pad 23 allows mechanical pulling
down of an ingot and hence ensures the withdrawal of an ingot.
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The results of Exanple 1 and Conparative Exanpl'es 1 and 2 are shown in

Table 2. Tabl e 2 Wi ght Thi ckness Producti on dlsper5|0n
di spersi on yiel d of of . of ' . forging stocks[]S AUG @96
forging stocks bottom of (%9 (9 forged pro- duct

[err] kn Exanple 1, the pouring was highly accurate, and the so-produced =
forging stocks attained very small dispersion of thickness of forged
product. The production yield of forging - 21 -

An ingot may be hold in the mold even if the coollng plate is
lowered. In this case, the thermal shrinkage of an ingot is
not yet séﬁisfactory. Then, the vacuum-evacuating pad 23 is
engaged directly beneath the mold so as to suck and withdraw
an ingot. ' ' _

The vacuum-evacuating pad may be provided with a hozzle
for injecting- the cooling water to an ingot and hence to promote
cooling of an ingot. The vacuum-evacuating pad covers the bottom
of an ingot and cools the ingot by injecting water and sub-
sequently sucks the ingot so as to withdraw it from a mold.

The vacuum-evacuating pad may be used as a jig for
withdrawing an ingot in an emergency case, that is, when an ]
ingot does not smoothly fall down under gravity. The non-falling
of an ingot uhdef gravity is detected as an abnormality by means
of a photo-sensor or a proximity switch or measurlng the weight
of a cooling ‘plate. _

The vacuum-evacuating pad may also be used to forcedly
withdraw an ingot. In this case, thé vacuum-evacuating pad is
energized. in a predetermined step of the casting process.

Typically, the procedure steps of the casting method as
described above are as follows. _

1) An openable plug is lifted to fill the mold space with
melt,

2) The openable plug is closed to intercept the melt.

3) A valve of coocling water is opened to communicate with
the cooling plate. The opening of a valve is linked with the
measurement of temperature of the cooling plate.

4) The wvalve is closed and kept clqsed'for a certaln time.
The closing of the valve is linked with the measurement of
temperature of the cooling plate.

5) The cooling plate is lowered.

6) Dropping of an ingot is detected by a sensor.

6-1) Non-detection (non-dropping of an ingot)
6-2) The vacuum-evacuating pad is energized to suck
. an ingot, ' '
6~-3) Lowering

= 6-4) Stoppage of sucking



stocks |n Table 2 was the wei ght of ingots obtained by Iomerhﬁb thg'cg&r
plate at [err], relative to the weight of starting material {in the S ddlof

Exanpl e 1 and the wei ght of forging stocks obtained by cuttlhdwf raIJV@"fﬁ“'

o7

the weight of starting material in the-case of Conparative Exanples.-1 and
2. The cutting accuracy by a disc saw was 42rr] 0.15 mmin the case of
Conparative Exa nd 2. .Co ar a, e ampl e 3. The a tus shown in
Fig. 2 was used t Spoﬁ PRI &5 %lﬁﬁﬁgé r FBERY o2 %%QIﬁnn t he
mol d was opeémgattdwhiehb. 15?#&¢nﬂwithﬂ;ama-ghed (75g) by a shank and poured
into a nold. Thegqt hgg eeaﬂﬁé Prareeie tlhetsansnesis Npéafeidied tol Borm

resul t ant |n%ct%°@%£8 Lgrg ﬁ? in Exanple 1. The results are shown in
The present invention is hereinafter described with
reference to the examples.

Example 1 _

Forging stocks were cast by using a casting apparatus shown
in Fig., 1. An aluminum-alloy was melted in a furnace installed
separately from the casting apparatus and was then introduced
into the reservoir 3 of the melt. The coocling plate 1 was made.
of ccpper sheet. The refractory heat~insulative material used
for constructing the main mold, reservoir 3 of the melt and
the openable plug 5, was the commercially available (tradename:
Lumiboard: the trade.name produced by Nichiasu Co., Ltd.). an
alr vent within the mold was provided by the shims as illustrated
in Fig. 12(b). .

The: castlng'conditions and procedures were as follows.

1) Xind of alloy: JIS 2218 alloy (with no addltlon of a

grain-refinzng agent)

2) Melt temperature in the reservoir: 720°C

3) Difference between the level of thé top surface of melt

in 2 mold and the level of the melt in the reservoir:
50 mm

4) Temperature of a cocling plate before pouring: 150°C

5) Rate of cooling water: 5 liters/min

6) Diameter of an inlet for pouring the melt: 12 mm ¢

7) Passage for air vent: 45 pm

B8) Temperature of ambient air within the electric

furnace 9: 750°C .
9) Temperature of the top'portion of a mold and temperature
of the top of the side portion of a mold: 680°C
10)'Shape of forging stocks (ingot): 62.5 mm in diameter
: and 9 mm in width
draft 2°




Tabl e 3 together with those..of Example 1. . 26 [err] to_obtginﬁnngaLyy

thin product, not” neeting the required thickness. Exanple 3 The same-:-=: ...

casting method as in Exanple 1 was repeated except that JIS aLygqugﬁﬂwﬁ%HBgﬁ

addition of [err] was cast. In the bottom_ohsthe resultant inhggts colunrar

crystals were grown as _shown in the macroscopic structure of Fig. 2077 The

11) Casting procedure: pouring- after 2 seconds from the

pouring the openable plug
was closed.

cooling plate-~ water cooling was
started, when the tempera-
ture reached 500°C.

cooling plate- water codling was
completed when the tempera-
ture falls down to 30°C

cooling plate- lowering of the
cooling plate when the
temperature falls down
to 200°C

12} The ingot falls down under gravity together with the

cooling plate.

As shown in Fig. 17 of the macroscopic structure, the
columnar crystals grew from the bottom of an ingot except for
the ocutermost portion. '

Polar microscopic structure of the ingbt at its bottom,
center and surface portions along the central axis of ingot
is shown in Figs. 18(a), (b) and (c¢), respectively (magnified
by 78 times). The polar crystal size (d',) shown in Fig. :18(a)
was 100 pm. The polar crystal size_(d'z) shown in Fig. 18(b)

- was 487 um. Proportion of the area of the structure having the
polar crystal size 7 times or less as i;rge as polar crystal
;ize (d'1).was 100%.

The ipgotg produced by the method as described above were
used as forging stocks and cold~forged by a 500=ton forging
machine to form cup-form parts (a drum of VTR) having an outer
diameter of 63 mm, 50 mm of height and 5 mm of thickness. Before
the forging, annealing was carried out at 390°C for 4 hours.
Lubricating oil for forging (Bondalube liquid (trade name)
produced by Nihon Parkerizing Co., Ltd.) was used to form a
'lubricating f;lm.

Example 2 - .
In order to investigate how the height of melt level in

a feed reservoir was effective in filling the melt into the



meni scus radius of the resultant ingots was 0.1 nm Pol ar n1croscop|cm oo
structure of the.ingots at its bottom center and surface portions altongh: v
the central axis of ingots was observed. The pol ar crystal SIZE [errH]@fAUG‘@gﬁ

forcedly cooled, structure was 72 [err]. The polar crystal S|ie»{err} Aepre .
the top~of an ingots was 140 [err]. Proportion of area of the & &cture
having the crystal grain size 7 times or Fe€4 as |arge as polar grain size
[err] is 100 Sol&xacpseird lwest e:ad-rméde&Zﬁiﬁe’:lldlﬁhgﬂﬁgdthQ féaaplﬁéferun%e

the i ngots cou) SPecHOF L 1rRh0P0LL BF Il oo PERYEOR .3 4 R
thick side suFPctevel Kf ithipmeds in tﬁﬂ?g”e%"ur upon completion of

pouring. The other conditions were the same as in Example 1.

As a result, a relationship was obtained between the shape of

top corner of the resultant ingots (meniscus radius R shown

in Fig. 3) and the level difference as shown in Table 1.

It was confirmed that the mold was filled with melt when the

level difference was 20 mm or morxe.’

| ' Table i

H_(mm) R _(mm)
10 5
20 ' 1
40 0

0

70

Comparative Example 1
The same forging stocks as in Example 1 were produced by
the following casting process, followed by an extrusion process,
and were forged.
1) Kind of material: JIS 2218 alloy
2) Continuous casting: billet 200 mm in diameter
3) Homogenizing treatment of a billet: 500°C for 16 hours
L 4) Extrusion: 64 mm in diameter
5) Drawing: 62,5 mm in diameter
6) Annealing: 390°C for 4 hours
7) Cutting (disc saw): 9 mm in thickness
8) Forging: the same as in Example 1
Comparative Example 2
_ The same forging stocks as in Example 1 were produced by
the following process and then forged.
1) Kind of material: JIS 2218 alloy
2) Continuous casting: a small-diameter bar 700 mm in
size
3) Homogen1z1ng ‘treatment and annealing of a billet:
500°C for 16 hours and 390°C for 4 hours
" 4) Machining of the outer surface: 62.5 mm in diameter
5) Cutting (disc saw): 9 mm in thickness



The meni scus radlus of the ingots was 0.2 mm Exanple 5 The\sanefcashvi. i
met hod as in Exanple 1 was repeated except that JI'S 6061 al llby™wi th "
addition of Al-5%of Ti- 1%B alloy was cast. The resultant |ngotsﬂéh¢¢ ________
consi sted of equi-axed 27 crystals and had 0.3 mm of nenlsc' """"""
(c.f.~Fig. 21). Polar microscopic structurg of the ingots at"Tts bottom

center and surfagg QEtJons f th%e' ?ogn Examc% pprtlons bei ng di st ant
fromthe surface ylp%%léﬂgr & Re™Fad Hiotn i
The results of Example 1 and Comparatlve Examples 1 and
2 are shown in Table 2.

Table 2 ' :
Weight | Thickness Production

dispersion dispersion ylield of

of of forging stocks

forging stocks bottom of (%)

(g) - forged pro-

duct (mm)

Example 17 75 x 0.4 S0 = 0.05 97
Comparative -
Example 1 75 £ 1.3 50 % 0.15 80
Comparative
Example 2 75 * 1.3 50 + 0.15 75

In Example 1, the pouring was highly accurate, and the
so-produced forging stocks attained very small dispersion of
thickness of forged product. The production yield of forging
stocks in Table 2 was the weight of ingots obtained by lowering
the cooling plate at 200°C, relative to the weight of starting
material in the case of Example 1 and the weight of forging
stocks obtained by cutting relative to the weight of starting

1 matexial in the case.of Comparative Examples 1 and 2. The cutting
accuracy by 2 disc saw was £ 0.15 mm in the case of Comparative
Examples 1 and 2.

Comparative Example 3 .

The apparatus shown in Fig. 2 was used to produce ingots.
The upper surface of melt within the mold was open and free.
The melt was weighed (759} by a shank and poured into a meold.
The other conditions were the same as in Example 1. The resultant
ingots were forged as in Example 1. The results are shown in
Table 3 together with those of Example 1.



Figs. 21(a), (b) and (c), respectively. In Fig. 21(a), a group Q [ne pU|d|§5rf
m croscopic grains in contact with the bottomof ingots i5 coun do as Hhe =R
first row, then, another group of t'he macroscopic grains in conmﬁ§ VWFH‘AUG 1996
the first rowis counted as the second row. Simlarly, another 8ub -----------------
counted as the third row. In the crystal graéns up to the tenth r ow, the
oriented gromh is recognlzed The pol ar crystal size (d 1) on the forcedly

cool ed surf ace—shewa 3 g erage he pol ar

crystal -size [err] on ﬁEg Bﬁc--- %ooléﬂ?@ﬁ#?aCAu Homm i ??3‘521(c) i's

88.4 pmin average—BLeRO RN C DRS—as

| arge as the pol ar ghgl PRSI ggr[_errefs 1 75- ar ea. Res f%t:?f N r ement

of average DAS obt ai(agg by - quali- (sec accu-~

of oty per - raey at
weight pro- _ bottom
(g) duct) (mm)

Exam- 1] 7520.4 no 15 Easy no 520,05

ple 1 (non . defects trouble

curve) =

Com-~

para- 20 75£10. oxides 75 Diffi- cracking +*

tive © cavi- cult of dies

Exam- ties stopping

ple 3 i of machine

Remarks: the asterlsk mark indicates that data are difficult
to obtain. Locally thln product, not meeting the requlred
thickness. : :

Example 3 :

The same cgstind method as in Exahple 1 was repeated except

that JIS alloy 2218 with addition of Al- 5%Ti- 1%B was cast.
In the botiom of the resultant ingots columnar crystals were
grown as shown in the macroscopic structure of Fig. 20. The
meniscus radips of the resultant ingots was 0.1 mm. Polar
microscopic structure of the ingots at its bottom, center and
surface portions aloqg the central axis of ingots was observed.
The polar crystal size (d'1) of forcedly cooled, structure was
'72-Fm. The polar crygtal sizZe (d'z) in the top of an ingots.
was 140 pm. Proportidn of area of the structure having the
crystal grain size 7 ‘times or less as large as polar grain size
(d‘1) is 100 %.
Example 4

Instead of JIS 2218 alloy used in Example 1, JIS 6061 alloy
was cast under the same conditions as in Example 1. Almost all
the ingots consisted of columnar macroscopic structures except
for the 5 mm thick side surface of an ingot (c.f., Fig. 21).

‘The meniscus radius of the ingots was 0.2 mm.
Example 5- ' |

The same casting method as in Example 1 was repeated except
that JIS 6061 alloy with addition of Al-5% of Ti- 1% B alloy
was cast. The resultant ingots entirely consisted of equi-axed
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crossing nethod (five lines are drawn parallel to the forcedly cooled
surface shown in the microscopi c photograph and nunbers’intersecting U‘J‘GAUG 1996
dendrite arnms are counted, unit-pm are shown bel ow. Perlphery gp

25. 8 Periphery, center 27.8 PeriplEry, bottom

| nt er nedi at ecrggﬂals and ha@go 33 |n[H SrMedhakBus CEREELs (c.£. %%_% 69 Ater

nter
Lgh?;?ﬁdlate ot tOg%rGm{grR§90pqﬁN§tﬁﬁcturg of the imgots at its bottom,

- center and surface portions of the ingots, which portions being
distant from the surface by a half of the radius, is shown in
Figs. 21(a), (b) and (c), respectively. In Fig. 21(a), a group
of the polar mlcroscopic grains in contact with the bottom of

ingots is counted as the first row, then, another group of the
macroscoplc grains in contact with the first row is counted

as the second-row. Similarly, another group is counted as the
third row. In the crystal grains up to the tenth row, the
oriented growth is recognized. The polar crystal size (d 1)

on the forcedly cooled surface shown in Fig., 21{a) is 13.9

in average. The polar crystal-size (d'z) on the forcedly cooled
surface shown in Fig. 21(c¢c) is 88.4 jpm in average, Proportion
of the crystals from 1.05 to 7 times as large as the polar grain
size (d 1) is 100% by area. .

Results of measurement of average DAS obtained by the

crossing method (five lines are drawn parallel to the forcedly:
- cooled surface shown in the microscopic photograph and numbers
intersecting the dendrite arms are counted, unit-pm) are shown

below.
Periﬁhsry, top 25.8
Periphery, center ' 27.8
‘Periphery, bottom . S 23,7
Intermediate,'top 29.3
Intermediate, center 28,5
Intermedliate, bottom 18.4
Center, top _ 33.9
Center, center 26.6
Center, bottom 24.2

As is clear from above, the forced cooling exerts an effect
from the bottom to the top surface of an ingot, but its effect
is 1essened in the periphery of an ingot due to the cooling
.by the mold side-wall. In addition, when the average value of
three DAS values at the bottom is used as the DAS of the forced
cooled surface, then, the proportion of the structure having
from 1.1 to 7 times the DAS mentioned above was calculated to
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As is clear from above, the forced cooling exerts an effect rOﬂr{he Béttd#WT
to the top surface of an ingot, but its effect is | essened i 1.t.he D iIGe 19ud

of an ingot due to the cooling by the nold side-wall. |In addltfdn; when-the- -

average val ue of three DAS val des at the bottomis used as the DAS of the
forced cool ed surface, then, the proport+o28of the structure having from
1.1to 7 t|@g§1bbe%Dﬁ§ g@g&loned above was cal culated to - 28 - .be 100 %
by ar ea. Ex%gple

Instead of JIS 2218 alloy used in Example 1, JIS 4032 alloy
‘without the grain-refining agent was cast under the same
conditions as in Example 1. The macroscopic structure of the
resultant ingots was a columnar structure from the bottom up
to a quarter thickness of the ingots. The meniscus radius of

" the’ ingots was 0.3 mm,

The DAS (pm by the secondary arm method for measuring the
distance between the secondary arms) was measured as in Example
5, and the following results (um) were obtained.

Table 4
DAS (pm) Ratio relative to
DAS at bottom

Periphery, - top 13.2 . 3,87
Periphery, center 13.9 ' 3.56
Periphery, bottom 3.9 : 1
Intermediate, top 13.9 3.38
Intermediate, center 11.5 2.74
Intermediate, bottom 4.2 ' 1
Periphery (b), top 8.4 2,32
Periphery (b), center 12.4 2,10
Periphery {(b), bottom 5.9 1

i

The proportion of structures having DAS as large as from
1.1 to 7 times DAS the forced cooled structure was 100 % by
area, '

In Fig. 23 is shown a micro-structure of the inter-mediate
bottom, where the effect of forced cooling is the highest, and
whose DAS is 4.2 pm. In Fig. 24 is shown a micro-structure of
the central top, where the effect of forcedly cooling is the
lowest, and whose DAS is 4.2 pm. These structures shown in Figs
23 and 24 correspond to the DAS values.

As is described hereinabove, the ingots according to the
present invention are produced at low cost, have-imprbved
internal qualities over those of conventional castings and die-

" cagt product and has improved forgeability. The ingots according
to the present invention have low dispersion of weight. Since
the ingots aécording to the present invention have excellent

- properties as described above, they can substitute for a
continuocus cast bar and its extruded bar which has begq the

)
P
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Instead of JI'S 2218 alloy used in Exanple 1, JI'S 4032 al |l oy wi houk there gizsT
grain-refining agent was cast under the sanme conditions as inﬂ ExarrplgﬁlAug 1996
The macroscopic structure of the resultant ingots was a colun@qu§xLugLuL ...........

fromthe bottomup to a quarter thickness of the ingots. The

radi us~of the ingots was 0.3 nm The DAS_([xgrr] by the secondary arm nethod

for measuri eedl st ance between_ _th econdary arns) was neasured .as in

Exanpl e 5, %#%h%g#%ﬁqgovﬁ%ﬁcif\é\gﬁl e ?léf?]t’v%er'e obtained. Tab !l e 4 DAS

[err] - Ratio relEMRR.0 thaSingobst aoreRAtnphar \the presept inventidn?

3.87 can be subjected to such plastic working as forming by an
impactor, forming by rolling, and the like.
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Peri phery, __  _center ——-—13-9 3.56 Periphery,
1 Internedlate

oo i, e e

Peri phery (b)* Eenter" 2. 10 Peri phery (b) bot{6n1
5.9 1 The proportlon of struc?@res havi ng DAS as | arge. as from
1.1 to 7 tineLADMS the forced cooled structure was 100 % by area. In Fig.

23 is shown a michQ- AtheEdLNE @‘ngu&efbst plased ARl OB YBesE 4 heurifLst
of forced COOllgﬂlcﬁ iﬂ&bé“éﬂlfﬁifze@ in a mold which is defined by the
top, side and bottom surfaces of the mold comprising a sprue
(4) closed after pouring of the melt and filling the mold (2)
with a metallic meit, which ingot consists of, in least one

surface portion thereof, crystal grains growing almost parallel
to the rising.directlon of the upper surface of the metallic
melt (7), and which has no cutting surface on the casting
surface.

2. A metallic 1ngot according to claim 1, wherein the melt
is poured through an inlet of the mold in a downward direction,
and, further, ;he crystal grains grow in almost upward direction.

3. A metallic ingot according to claim 1 or 2, having
generally flat upper and lower surfaces.

4. A metallic ingot according to any one of claims 1 through
3, wherein the metal is aluminum or aluminum alloy.

5. A metallic ingot according to claim 4, 70% by area or
more of the structure has DAS (pm) from 1.1 to 10.0 times that
of said one surface portion of the ingot.

6. A metallic'ingot according to claim 4, 70% by area or
‘more of the structure has diameter of crystal grains observed
by a polar microscope from 1.05 to 7.0 times that of said one
surface portion of the ingot.

7. A metallic ingot according any one of claims 1 through
6, wherein the mold is provided with air vent. '

8. A metallic ingot according any one of claims 1 through
7., wherein it is annealed condition.

9. A metallic ingot according any one of claims 1 through
9, wherein it is barrel polished on the surface.

10. A metallic ingot according any one of claims 1 through
9, wherein it is shot-blasted on the surface. '

11. A method for producing a metallic ingot for plastic
.working, whergiﬁ a main mold (2) is located on the cooling plate
(1), the metalliczmelt (7) is filled through an inlet (4) of
the main mold withouﬁ leaving a clearance in the mold, the sprue
is closed by an openable-ﬁlug {5), and, the éooling blate'
(1) is cooled so to forcedly cool the metallic melt (7).



whose DAS is 4.2 pm In Fig. 24 is shown a mcro-structure of ¥ “‘?ce1=rt=¥?cﬁ:-::—~
top, where the effect—offorcedly .cooling is the |owest,. and \MI} S LPORSMEST SHEET

4.2 pm These s n Figs 23 and 24 correspond t the DR AUG 14
values._As is dgmbﬁﬂﬁl!ﬁ WOVE the ingots according to t‘] esent- ------------ UQ
I nvention are p st, have inproved internal qualTlt" €5 OVer——r==

t hose of conventional castings and die- casit product and has inproved

forgeability. Th?z'“ﬂ%éu?&?@ffﬂ %Ja%c&hgc ﬁlﬁsgmwvi%@l&&apsakm

di spersi on of WEIg . Since the ingat tQ present .nvention -
have excel | eRPTFIBBATFRRALRS F& &L éboVBer‘F%f}t%ﬁ“%gﬂ be a
conti nuous casbvbdedanbth ts medexvidd §3) offii nélbas been the

13. A method for producing a metallic ingot for plastic
working according to any one of claims 10 through 13, wherein
gas in the mold is evacuated through an air vent (15, 16, 17,
18, 19). :

14, A method for producing a metallic ingot for plastic
working according to any one of claims 10 through 13, wherein
the melt is incompletely solidified in the mold and is then
directly cooled by cooling water which is applied on the bottom
of ingot expoese out of the mold.




29 main forging stocks up to this tinme. noreover, the ingots according to
the present invention can be subjected to such plastic working as formng

by an inpactor, formng by rolling, and the |ike. - 30 -:CLAIMB 1. A !
metallic ingot for plastic working, at |east a surface Lo .[}5 A 105
Y
12




of which ingot solidified in a nold which is defined by the top, side and
bottom surfaces of the nold conprising a sprue (4) closed after pouring of
the melt and filling the nold (2) with a netallic nelt, which ingot L
consists of, in |east one surface portion thereof, crystal grains grow ng
al nost parallel to the rising direction of the upper surface of the
metallic nelt (7), and which has no cutﬁ;ng surface on the casting surface.
2. Anetallic ingot according to claim 11¥&herein the nelt is poured
through an inlet of the nold in a downward direction, and, further, the
crystal grains grow in alnost upward direction. 3. A netallic ingot
according to claiml1l or 2, having generally flat upper and | ower surfaces.

Fig. 3 a




4. A netallic ingot according to any one of clains 1 through 3, wherein-the -
metal is alumnumor alumnumalloy. 5. A netallic ingot according to claim:
4, 70% by area or nore of the structure has DAS (pn) from1l.1 to %? Oﬂuanggo X
t hat-of said one surface portion of the ingot. 6. A metallic ingot" J A-Y g
according to claim4, 70% by area or nore of the structure has dianeter of-
crystal grains observed by a pol ar nlcroé;ppe from1l.05to 7.0 tinmes that

of said one surface portion of the ingot.”#2 A netallic ingot according any
one of clains 1 through 6, wherein the nold is provided with air vent. 8. A
metallic ingot according any one of clains 1 through 7, wherein it is

anneal ed conditi on.

—
Fig. 56 [ Ty

Fig. 5 d / —~— ‘




9.. Anetallic ingot according any one of clainms 1 through 9, wherein it—-rs--.
barrel polished on the surface. 10. A netallic ingot according any one of
claims 1 through 9, wherein it is shot-blasted on the surface. 1& et hod
for producing a netallic ingot for plastic working, wherein a ma i Jd 99)
I's located on the cooling plate (1), the netallic nmelt (7) is filled
through an inlet (4) of the main nold wi thout | eaving a clearance in the
nol d, the sprue is closed by an openabl e ug (5), and, the cooling plate
(1) is cooled so to forcedly cool the metald i ¢ nelt (7).

Fig. 6 a Fig. 6 b

!




- 31 - 12. A nethod for producing a netallic ingot for plastlc morklﬂg
according to claim1l, wherein the main nold (2) is provided w-th-a .~ :
reservoir (3) of nelt. 13. A nethod for producing a netallic |ngop 1 390 j
plastic working according to any one of clains 10 through 13, whe A J
in the nold is evacuated through an air vent (15, 16, 17, 18, 19).: 14: A

met hod for producing a netallic ingot f@, plastic mnrking according to any
one of clainms 10 through 13, wherein the/%glt is inconpletely solidified in
the mold and is then directly cooled by cooling water which is applied on

the bottom of ingot expoese out of the nold.
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