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The present invention ralates to a metallic ingot for 
plastic working and a method for producing the same. More 
particularly,: the present invention relates to forging stock 
of such as a1uminum 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 su~ted for·the ingot of the 
present invention are alti.il.inum, zinc and magnesium. Aluminum 
is described hereinafter as a representative metal. 

2. Descrip_tion of Related Art . 

Usua1ly~ -an extruded or continuously cast bar is cut to 
a requisite length and wi~th and is used for forging stock (c.f • 
.Japanese magazine "Alu" July, 19

1
95 published by Light Metal 

Communication Co., Ltd., July 28, 1995, pages 33 and ·34). 
More specificaily, in the case o.f an extruded bar, aluminum 
melt is continuously cast to form a ~mall-diameter bar,. which 
is then annealed and scalped. The bar is then cut to a 
predetermi~ed 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 specif~cally, aluminum melt is 
continuously cast to form rolling stock which is heated and 
then hot-rolled to form a rol1ed sheet. It is then blanked by 
a blanking machine to a predetermined diameter so as to provide 
the forging stock~ 

In addi ti:C•n, the melt is directly continuously rolled to 
·a sheet, which is then blanked to provide the forqing stock. 

The forgin~ stock provided by the above descr1bea methods 
has a cut, machined or plastically worked surface and is hence 
not an ·1n9ot itself, i.e., the cast material entirely having 
a cast surface. 
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There are also methods for obtaining an ingot, such as 

met~llic-m~ld gravity ca$tinq, die casting and low- or high­
pressure casting and the like. Aluminum melt is poured in a 
ca.sting apparatus to fOrIJ an ingot, whose sprue, riser and the 
like are cut when the ingot ~s to be forged. 

The aluminum Forging ~ommittee organized.in The Light Metal 
Association of Japan carried out research on the so-called 
''Castin(] and ;'orging Met.bod'', in which melt. is filled in all 
portions of a mold corresponding to the respective portions 
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 fro?\ the above method.s, a unidirectiona1 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 aluminum alloy (c.f., Japanese magazine 

I i 
"Foundry", Vol. 49 (1977), No. 9, paqes 539 - 5"44). A ~ketch 
of the plant is·· shown in Fig. 2. ~ mold 2 is Pl.aced 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 Pig. 
2 1 the top cover is denoted by 8. The electric furnace 9 prevents 
melt 7 from being.preferentially cooled on the ~ides. · 

The cast and then extruded ingot, and the continuous­
ly cast and then cut bar have good internal quality but are 
produced throuqh 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 yield is lowered and hence 
t~e production cost increases. However, the ~otal competitive 
advantage of the extruded material and continuously cast and 
then cut bar is overwhelminqly hiqher than the other forging 
stocks with respect to cost and quality. Extruded material 
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and continuously and then cut material account for the majority 
of the aluminum forging stock. 

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-grades, whose rolling is 
difficult. 

~he 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 direot rolling method is therefore not generaly practical. 

The ingots can be produced by a simple p4ocess 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 includ~, 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 solidification 

interfaces advance from.all walls of the mold and collide with 
one another 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 a 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 ~s d1fficult.· Since the cast 

forging stock, produced by the above described casting methods, 
has numerous defects, it is difficult to manufacture by such 
forginq stock structural part$ 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 
1essens· the yield of product. The total cost of the finished 
parts is· higher than that of _the forging stock. 

This Sheet Has Been Replaced 
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Meanwhile, defects of the un!directionally cast ingot 

are few. This ingot has not been used as the forging stock. 

The pres~nt inventors considered whether or not su~h ingot could 
be applied for forging. 

The qua"iity of a unid~rectionally cast ingot is good. 
However, since the top surface of the melt is open and freely 
solidifies, the meniscus part of the melt beinq 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 Pig. 3(b). Since the radius {R) of the 
meniscus greatly varies depending upon the melt temperature, 

the pouring method of melt into a m~ld, vibration of a mold, 
and 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 tha forging 
stock is thi·n or the product has a complicated shape, the 

influence of menisc~s cu~ye on forging is not negligible. 
Therefore, .forging stock having the meniscus must be loaded 

in a forging die· s9 that the surf~ce having the meniscus is 

predetermined with either the die bottom or situated above. 
The .. loading dir.ection of a forging stock surface must be 
predetennined in view of influence of the meniscus upon the 
~inis~in9 of for~ed 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 impract~cal. 

In addition, it is difficult to control the pouring to 

a cons~ant amount, with the result that: weight of the forging 
stocks ·disperses~ the forging machine stops due to overioad 
applied to the same; and, weight and shape of the forged product 
disperse gr~atly. Xt is therefore difficult to produce according 
to the prior art the forging stock having improved i~ternal 
quality, high dimensional accuracy and high weight accuracy. 

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

provide a metallic_;~?ot for plastic wor~ing, which has such 

This Sheet Has Been Replaced 
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advantages that it: has a high casting yield; is easily poured 
into a mold; produces a forging stock with small dispersion 
in weight and a hi9h dimensional accuracy. 

In accordance with an object of the present invention, 
there is provided a metallic ingot for plastic working, s~ch 
as extrusio~, forging form~ng by rolling, and forming by 

impactor, at ~east 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 
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 c~oses the sprue 
and the top end of the sprue participates in shapinq of the 
melt, the mold includes the ordinary one and also the top surface 

I 
of a plus which closes the sprue after the pouring of the melt. 
The side or lateral ~ortion of a mold herein, indicates a porti:on 
shaping the outer peripheral portion of an ingot, and, further 
the outer peripheral portion of a core which 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 inventi~n can be pro­
duced by either the top or bottom pourinq. In t.lle top pouring. 
for example, the main mp1d. is located on the cooling plate, 
i.e., a portion of the mold, in which a mold cavity is defined,. 

melt 1s filled through a sprue of the mola without leaving a 
clearance in the mold; the sprue is closed b~,an openable plug; 
and, the cooling p·late is cooled so as to forcedly cool the 
metallic mel.t. 

In the bottom pourinq, for example, the main mold is located 
on the upper or ~ower surface of a cooling plate, i.e., a por~ion 
of the mold in which a mold cavity is defined~ melt is filled 
throu~h a sprue of the mold without leaving a clearance in the 
mold; the sprue is-·_c-iosed by an openable pluq; and, 

~~~~~~~~~. 
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the cooling plate is cooled so as to forcedly cool the metallic 

melt. The description$ hereinafter is made with regard to the 

top pouring method. 

In the abov~ method, a reservoir of ~elt may be.provided 
on the top of the mold. The melt in the reservoir is poured 
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 ~he 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 acco~ding to the present invention has 
no cut surface of riser and ~prue 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 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 alloying elements and 
hence to soften the alloy prior to the forging. In addition; 
an ~ngot 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 solidi£ ied under the ri·ser effect o£ 

the conve~tionai metallic-die casting, the weight of the forging 

stocks greatly disperses due to cutting inaccuracy 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.St in the case of, 

for example, a 60 mm diameter and 9 mm thick stock. Weight 
dispersion of the ingots or forging stock$ according to the 
present invention can be suppressed to a 1evel as low as the 
cut bar, without relying on cutting. 

Requirements for attaining such small weight dispersion 
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are, in the present invention, (a) .controlling the pouring amount 
by means of filling the mold space and hence bringing the melt 

into contact with the entire inner surface of a mold, and (b) 
effecting crystal growth in a direction almost parallel to the 
rising direction of melt is upper surf·ace .. 

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 Cb) 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 o~her than the 

above mentioned one impairs the-advantages attained by the 

feature (b), the former growth shou~d be ex~luded. However, 
the. crystal growth due to inevitable coolinq of melt by the· 
top or sides of a mold .is permissible. For .example, 20% or.less, 

preferab1y 10' or 1ess of the.wid~h of a flat ingot may consist 
of crystals. grown from each side of a mold. The crystal qrowth 
in a particular direction (b) according to .the pres~nt is only 
one orientation of growth except for the one due to ine~itable 
cool~ng of a mold. 

j 

When the melt, which is filled by the feature. (.a), soli-

difies, the solidj_fication shr.ink 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 sub~equent solidification ~roceeds on the top 
of an ingot without_bein~ cooled by a mo1d. Even if such 

solidification occurs, weight dispersion of forging stock is 
small. Moreover, such large meniscus as 1mpeding the forging 

cannot therefore be formed along the edge of an ingot. Speci­

fically, the radius of curvature of the meniscus is l mm or 

less. 
The above feature (a) is described more in detail. 

Desirable conditions ·to fulfill the feature (a) are as follows. 

The melt ~S subjected to pressure which extends the melt into 

the-entire mold cavity without leavinq a clearance in the mold. 
The air is appropriately evacuated from a mold for example 
through an air vent. ~he air should be evacuated in proportion 

iiii1i111i11r 
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to the pouring amount of melt. The melt within the mold should 
be subjected to a pressure of the melt in a reservoir. When 
these conditions are fulfilled, the shape of the resultant ingot 
foliows 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 nun or more. 

As is cl~ar from the above descriptions, an in9ot hav~ng 
the features (a) and (b) is different from the ingots which 
are produ~ed by any one of the conventional methods: continuous 
casting; metallic-die casting; low- or high-pressure casting; 
a~d unidirectional solidifying and cast~ng. It is impossible 
to produce an ingot according to the present inven~ion by means 
of the other conventional casting method~ ( c. f., Revised Fi_f th 
Edition, Metals Handbook (in Japanese) of p~ges 1035 - 1043). 

The ingot according to the present invention has al~o a 
feature (c) that the top portion of ·a melt is brought into 
contact with.the closing portion of the sprue, which is clos~d 

after pouring the melt therethrough. Since the melt is brought 
into contact with the inner surface of a mold at least directly 

I . 

after pouring of melt through a sprue according to the feature 
{c}, weight of the melt becomes equal to the ~roduc~ of the 
volume of the mold cavity and specific gravity of the mel~. 
As a result, the pouring amount becomes constant 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 openab1e plug after pouring 
of the melt and the f~ont 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 ~uttin9 decreases. 
However, since the cooling of melt.starts directly after pouring, 
the cooling of melt in contact with the openable plug (a portion 
of a mold) is greatly delayed. The sprue portion of an ingot's 
surface is as cast but may be left on the ingot surf ace in the 
form of a concave hollow 30 as shown in Fig. 4. such concave 
hollow 3~ 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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The feature (b), which is related to the metal structure 

of an ingot1 is described i·n detail. 
In the case of top pouring, since the bottom of a mold 

is forcedly 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 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. 

However, the ingot acco~ding to the present invention 
necessari1y comprises orien~ed crystals which grow from a surface 
in a direction almost parallel to the rising direction of ~elt. 
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 orie~ted 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 o~servation of a specimen 
which has been subjected ~o Barker treatment (anodic oxidation 
in a l.8t HBF4 ·(fluoroboric acid) aqueous 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 aqent, and Al-Si alloy having·a composition 
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 refining agent, such as Al-Ti 
alloy or Al-Ti-B alloy, whose orientation growth ca~ be detedted 

by the polar microscopic observation. 
rn 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 moid side) is preferably 40 pm or less. When 
the forced cooling is carried out to such an extent that the 
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above DAS value is attained, an ingot with excellent inner 
quality can be produced, that is, one or no casting defect such 
as micro-porosities, micro-shrinkages and the like 200 pm or 
raore in size is present per 102 mm2 and ten or fewer cavities 
from 50 to 200 pm in size are present per 102 mm2 • 

Under the orientation growth described above, there occurs 
a prominent tendency for the DAS to increase in a direction 
from the for~edly 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 a1 and d2 , respectively, 
the forced cooling creates a relationship that d1 < d2• 
However, when 1.1 d1 < d2 , the forced co_oling includes a con~ 
dition virtually not effective to prevent the casting defects. 
on the other hand~ when 10.0d1 > d2 , the _industrial production 
o~ an ingot becomes impractical. A preferred relationship is 

therefore d 2 =1.1d1 to 10.0d1 • The structure having DAS within 
this range is hereinafter referred to as the "forced cooling 
structure". More prefe:r:ably, d2 =1.1d1 to s.od1 .. 

Ratio of proportion of the forced cooling structure 
increases, when: the degree of forced cooling is identified; 

j . 
the side surf~ces 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 c~oling 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 si~e (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 cooled surface to the surface opposite 
to the former surface. When the former size and the 
latter size are expressed as d 1

1 and d 1

2 , respectively, the 
forced cooling creates a relationship that d' 1 < d' 2 • However, 
when 1.05 d 1

1 > a2, the forced cooling includes a condition 
virtually not effective to prevent· the casting On the other 
hand, when 7.0d' 1 < a• 2, the industrial production 
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of an ingo becomes. impract~cal. A preferred relationship is 
therefore d 1

2 =1.05d• 1 to 7.0d' 1 • The s~ructure having the grain 
size within this range is hereinafter also referred to as the 
"forced cooling structure". More preferably, d 2 ""1.05d' 1 to 
s.od' 1 • The forced cooling struct~re is preferably 70% by area 
or more beqau~e of the reasons as described above. 

BRIEF DESCR.IPT.ION 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. 

~igure 2 ~s 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) snows a forging stock obtained by 
extruding and then cutting the ingot. 

Figure 4 illus.trates that a sprue configuration remains 
on the ·surface of an ingot • 

. Figures S(a) through (e) illust~ate examples of the shape 
of ingots according to the present. i·nvention. 

Figures 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-sectional view of a cooling plate and 
illustrates another coo1ing method •. 

Figure 9 ~s-a cross-sectional view of a tapered mold. 
Figure 10 is a cross-sectional view of a mold provided 

with an air-vent passage 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 air escape 
through the porous material. 

F,igure 12(a) shows a mold which is provided with grooves 
for 1etting the air escape. 

Figure 12(b) shows a mold which is provided with line:t;"s 
for air escape. 

Figure 13 shows-· a mold provided with an air-vent in_the 
form of minute apertures. 
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Figure 14 shows a mold provided with a refractory fiber 

insert. 
Figure 1 S shows a mold provide·d with an ai·r 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 plloy (Example 1). 

Fiqure·s 18(a), (b) and. (c) are photographs of polar micro­

structure of the alloy shown in Fi9. 17. 

Figure 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 Cc) are photographs of the polar 

microscopic structure of JIS 6061 alloy (Example 5). 

Figure 22 is a photograph of metal microscope structure 

of ~IS 4032 alloy. 
Figure 23 is a similar photograph to Fig. 22. 

An ingot according to the prese~t invention preferably 

has a generally flat shape •. The upper and lower surfaces of 

an ingot accordinq to the present invention may be flat or may 

not be flat as shown in Pigs~ S(a), (b), (c) and (d). An 

irregillarly shaped ingot as shown in Fig. 'S(e) or a three 

dimensionally irregular ingot may be produced so as to make· 

the sha9e of an ingot as close as possible to that of the forqed 

product. _:en addition, an ingot may be locally ~hick so as to 

enhance the forging degree at this location an~ hence to improve 

the mechanical properties. 
The method for producing an in9ot according to the present 

invention is hereinafter described with reference to several 

drawings. 

Referring to Figure l, a main mold 2 is located on the 

cooling· plate 1. A melt reservoir 3 is positioned above the 
main moid 2 and receives the melt 7 from a meiting furnace or 

the like (not·s~own). In an embodiment shown in Fig. l, the 
bottom Jf the me1t reservoir 3 is inteqra1 with the top of the 

-----· 
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main mold 2. The melt reservoir 3 is communicated with the main 
mold via the inlet 4 which is provided with an openable plu9 

5. A vertica11y 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 ~ 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 portions 
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 therethrough. The spray nozzle 10 is mounted and fixed 

on a tubular case and supports the cooling plate 1. Reference 
numeral 11 1 denotes the dra.in 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 sprayin9 nozzle 10. 

'l'he casting method according to the present invention can 

be carried out as is ill~strated, for example as shown in Fig. 
1 but is not at all limited to this method. The fundamentals 
of the casting method according to t~e 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 Fiq. 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 inqot. In addition, an inlet may be provided on 
the lateral portion of th~ main mold. 

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

cooled by the cooling plate, while preventing the cooling by 



- 14 -
the side wall and the 1ike of the mold. The melt is thus forced1y 
cooled 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 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 qoolin9 plate, 
when pouring, is approximately as hiqh as the melt temperature, 
in the light of cooling eff~ciency and quality of the castings. 
Commonly used parting powder can be applied on the surf ace of 
a cooling plate, because the parting powder is 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 1 as shown in Fig._7, which is de~ined in the interior of 
cooling plate 1,_ or by means of conducting water through a 
coo1in9-water tank 14, as _shown in Fiq. a,·provided beneath 
the cooling plate 1. Forced coqling of ~e coo1inq plat~ is 
initiated after pouring of the melt into the main mold and then 
the cool.inq plate at a certain tempera-ture. When the cooling 
plate arrives at another certain temperature to prevent excessive 
heat-withdrawal from the mold, the forced cooling is stopped. 
If the forced cooling is further continued, the tem~erature 
of a mold is so lowered that it must be heated to a desirable 
temperature for a long pe~iQd of time before a.subsequent casting 
is started. After stopping of the forced cool.ing, the cooling 
plate is sti11 kept in cont~ct with the ing"C?t_ unti1 descending 
down to a certain temperature. The cooling plate is then lowered. 

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

Alte~natively, the cooling may be carried out by a cooling 
p1ate and then cooling water directly applied on the bottom 
of an 1:1_19ot.. That is, the former cooling is int~rrupted at an 
incomplete solid1f1cation, and, subsequently, a cooling plate 
is withdrawn from the bottom of an inqot. -The directly 

This Sheet Has Been . 
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applied cooling water promotes cooling of an ingot and increases 
the cooling speed as is described in more detail hereinafter. 

Since the solidification 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 conductipn 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 causinq 
th~ 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 directly onto the bottom 

I 
of an ingot, the heat withdrawal from an ingot drastically 
increases to accelerate the cooling speed. The complete 
solidi·fication in the mold is not. necessarily desirable, b~t 
the direct cooling by cooling·water should be carried out if 
necessary. This method is particularly effective for an ingot 
with th~ck sheet thickness and provides such an inqot with 
uniform structure from the bottom to top. In addition, this 
method eliminate a problem encountered in.a co~ventional 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 
is at 100°c or more by means of heating. This heating may be 
carried out by utilizing heat which the ingot, whose 
solidifisation has been comp1eted, retains. That is, when the 
cooling of a cooling plate is stopped, an inqot cast on the 
cooling plate is still placed on the cooling plate, so that 

li1iT1Di1ilf 1mr 
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the heat of the ingot enhances the temperature of cooling plate, 
while simultaneously accelerating cooling of the ingot. 

A temperature-measuring apparatus such_ as a thermo-
couple may be inserted into a cooling plate· to measure the 
temperature of the coo1ing 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 p1ate changes 
during the r~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 in~ots 
with stable qual~ty, can therefore be provided. A temperature­
measuring apparatus is provi~ed ~n at least the cooling plate, 
an~ if necessary, also in the top an.d/or side portion of a mold. 

Material used for a cooling plate is m~tallio material 
which exhibits excellent refractory property and high co­
efficient of.heat conductivity, .such as Cu and Al, and 1114y also 
be refractory material exhibiting high coefficient of heat 
conductivity, such as graphite, s1·c and ~i 3N 4 • · 

A main mold 2, which is located on the coolinq plate 1, 
is provided, as shown in Figure 9, with a draft oC 0 widening 
downward so as to improve the separation of an ingot from the 
mold, when an ingot is to be withdrawn downward. This draft 
ot 0 is preferably less tha~ 5°. When the draftc< 0 is greater 
than 5°, the top outer diameter becomes considerably greater 
than the bot~om outer diameter o~ an ingot, so that quality 
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·di.splaced down together with an i~got, 
and it is then.pushed above by the knockinq 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 -
rem.oved from the cooling plate by suction. :en these cases, the 
main mold is preferably provided with a 5° Qr less draft which 
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is widened downward, i.e., in the direction opposite to the 
one described above~ 

Parting powder can advantageously be applied on the mold's 
irlner surface so as to smoothly separate an ing~t from the mold. 

Material, of which the main mold consists, can be ordinary 
refractory materials; heat-insulative ref~actory mate~ials mainly 
composed of SiC, Si02 , Al2o3 , or MgO; such refractory materials 
as S:i.C, si3N4_, graphite, BN, 'l'io2 , Zro2 , AlN or the like alone 
or in mixture; or such metal as Fe or cu. One of th~se 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 ~he.above materials, o~ the mold may be 
subjected to external heatinq by means of ·an electric furnace 
or another heating furnace. Preferably, the top of a mold and 
upper side portion of a mold are preliminarily heated to and 
maintained at a temperature between the melting point of the 
cast metal and the temp~rature of the melt. I~ is not ne~essary 
to heat the main mold consi~ting ~f heat-insulative refractory 
material. The refractory material may however:be internaily 
or externally heated so as to assist the insulation effectiveness 
dependinq 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 advant~geously promote the unidirectional so,lidification. 

Heating of the main mold is ·desirably so controlled that 
the so1idification·interface becomes as flat as possible. On 
the ~ontrary, if the melt solidifies in the side portion ear1ier 
than in the centra1 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 PC?rtion, 
so that a somewhat convex solidification interface is formed. 

A melt reservoir may be a separate body from the ma.in mold 
and be positioned the main mold. The melt reservoir may, 

111;11111mnnr 
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reservoir 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 th~ melt reservoir may be the same as 
or different from that of the main mold. Material 'of the me1t 
reservoir is not limited p~rtiaularly. 

The inlet 4 of melt formed in the main mold 2 is provided 
with an opena~le plug 5. The melt 7 can be intermittently 
supplied from the melt reservoir 3 into the main mold 2 by means 
of ope~ing and closing the openable plug S. The pouring of me1t, 
solidification and withdrawal of an ingot can therefore be 
repeated,· thereby enabling ingots to be continuously produc.ed 
in a constant cycle •. The ~penable 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 th.e 
mold wall ·and is exposed to the mold space; the openable plug 
must neither deform nor spall. The function of the openable 
plug 5 is therefore of important significance. 

Material exhib~ting not only the refraGtory and heat­
insulative properties but also the mechanical properties is . . . . ' . 
therefore selected ~~r the openable· plug. For example, such 
refractory material as SiC~ Si3N4, or a mi~ture thereof is 
used for the openable plug. Metallic material exhibiting no 
or slight reactivity with the molten aluminum, such as Pe or 
cast steel, ca~ also.be used for the openable plug. Parting 
powder is applied, if necessary, on the openable plug so as 
prevent reaction with the molten aluminum. 

The openable plug 5 (c.~., Fig. 1) is a grpund-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 lowe.r m.el t frolQ 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 tHe 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 replaced with 
the melt .• :.tn order to attain smooth r•placement, the gas is 
desirably expelled through the inlet of melt directly into the 
ambient ai·r. If gas ·1s difficult to expel, the gas should be 
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caused to £low through the inlet 4 into the melt of reservoir 
3 and then flow into the ambient air. Therefore, at each time 
that t~e openable pluq is opened, the melt, which is filling 
the mold cavity, and the melt, which flo~s from the melt 
reservoir; are stirred, with the result that not only cavities, 
pin ho.les and micro_-shr.inkage are. incurred. Moreover, si"nce 
oxides ar~ formed in the m~lt reserved in the reservoir and 
contaminates .the ·melt, the defects of oxide inclusions are 
incurred in an inqot. 

If air is confined in the mold, it impedes the formation 
of an ingot as the mold cavitie's contour. Evacuat~on of air 
in a mold can be realized by, for example, forming an air-vent 
between the top and side portions of a mo1d, facinq 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 cooling plate where the melt is brought into contact 
therewith. One or_p;ural 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 c~nsisting 
of porqus 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 portion of a·mo1d or the entire mold can 
be made o~ ·porous refractory mate~ials 16, 17, as shown in Fig. 
11·, such as graphite, s1c; si3N4 • 

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 ~o form a bondinq surface. Thin shims 19 may be 
sandwiche~ between the top and side portions o! a mold to·define 
the air vent in the form of slits. Thickness o~ the slits is 
preferably less than 2Ci0 pm. 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 upon 
~e kind of casting _metal, 'the inner capacity of a mold, an~ 
thickJ;J.ess of slits. 

Alternatively, minute apertures 20 a~ shown in Fig. 13 
ana having a diametez of preferably less than 200 um may be . . 
formed by means of such mechanical working as drilling and 
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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 refractory-fiber cl?th 21 between the mold-top and side 
portions as shown in Fig. 14. Very thick cloth may be sub­
jected to fiber drawing action of the melt. The refractory-fiber 
cloth 21, who~e fiber is drawn into the melt, loses the . . 

re~ractory property and renders the shape of an ingot unstable. 
In order to avoid such troubles from occurring, thin refractory 
fiber cloth 21 is ~ppropriate, and preferable thickness is less 
than 1 mm. Commercially available refractory cloths of alumina 
fiber, mixed fibers of A1 2o3 and ·s102 , glass fiber, carbon fiber 
and the li~e can be used ~or the refractory-fiber cloth 21. 

An air vent can be formed by means of roughening the surface 
of a cooling plate or the bondinq surf ace of a mold or applying 
refractory coating a9ent on such surface. The roughned surface 
a~d the refractory agent form minute passages of air. 

A mold, in which the ingot according to the present 
invention is_. formed, may be p_rov.i.ded with an air reservoir (c. f., 

. . I . 

Fig. 15). In this case, an air vent should be fo~med in the 
air reservoir. After the air :is·expelled form the ai~ 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, 
N2 , He and the like, so as not to form any oxide in the melt 
being poured durinq its stirring ~nd•hence to further improve 

.the quality of an ingot. 
Zn most cases, an ingot in the mold, which has been 

solidification-shrunk and then thermally shrunk, falls down 
under gravity. When an ingot is separated from a mold and falls 
down under gravity, it is supported by a cooling plate or by 

an exclusive pan for supporting an inqot. The ingot may then 
be laterally blown out by means of an air nozz1e 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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An ingot may be hold in the mold even if the cooling plate is 
lowered. In this case, the therma1 shrinkage of an ingot is 
not yet satisfactory. ~hen, 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 noazle 
for injectinithe 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 mo1d. 

The vacuu~-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 g~avity. The non-falling 
of an ingot under gravity is detected as an abnormality by means . . 
of a photo-sensor or a proximity switch or measuring the weight 
of a cooling·plate. 

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

Typically, the procedu~e steps of the casting method as 
described ~bove are as foll9ws. 

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 coolinq 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 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) Lowering 
6-4) Stoppage of sucking 
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7) An air-nozzle· is activated to spray water onto an 

inqot which is then withdrawn. 
8) The cooling plate is lifted and is positioned to form 

the bottom of·a mold. 
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 aluminwil-alloy was melted in a furnace installed 
separately from the casting apparatus and was t~en introduced 
into.the reservoir 3 of the melt. The cooling 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 commercial.ly available (tradename: 
Lumihoard: the trade name produced by Nichiasu Co., Ltd.) •. An 

air vent within ~he mold waa provided by the shims as illustrated 
in Fig. 12(b) •. 

The· casting conditions and procedures were as follows. 
1) Kind.of alloy: JIS 2218 alloy (with no addition of a 

grain-refining ~gene'> 
2) Melt temperature in· the reservoir: 720°C 

3) Differen~e·between the level of th~ top surface of melt 
in a mold and the level of the melt in the reservoir: 
so mm 

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

5) Rate of cooling water: S liters/min 
6) D~ameter of an inlet for pouring the meit: 12 mm; 
7) Passage for air vent: 45 pm 

8) Temperature ot ambien.t 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 forqinq stocks ringot): 62.5 mm in diameter 
and 9 mm in width 
draft 2° 

ii1ii1Di1ii1nr 
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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 cooling was 

completed when the tempera­
ture falls down to 30°c 

cooling piate- lowering 9f the 

cooling plate when the 
temperature falls down 

to 200°c 

12) The ingot falls down under gravity toq~ther 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 surf ace portions along the central axi~ of in~ot 1 

is shown in Figs. 18(a), (b) and (o), respectively (magnified 
by 78. times). ~h~ po1ar crysta1 size (d' 1r shown in Fig. :18("a) 
was 100 pm. The polar cryst~l size (d' 2 > shown in Fig. 18(b) 

was 487 µm. Proportion of the area of the structure having the 
polar crystal size 7 times or less as large as polar crystal 

size (d' 1 ) was 100%. 

'l'he i~got~ produ~ed by th~ me~hod as descr~bed above were 

used as forging stocks and cold-forged by a soo-ton forging 
machine to form cup-form parts (a drum of VTR) having an outer 
diameter of 63 min, 50 mm of height and 5 mm of thickness. Before 
the forging, annealing was carried out at 390°C for 4 hours. 

Lubricatinq oil for forging (Bondalube liquid (trade name) 

produced by Nihon Parkerizing Co., Ltd.) was used to form a 
lubricating film. 

Example 2 
In order to ~nvestigate how the height of melt level in 

a feed reservoir w~s__effective in filling the melt into the 
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mold, casting was carried out while changing the level difference 
(H) between·the inner ·surface of the top portion of a mold and 
the level of the melt in the reservoir 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 inqots (meniscus radius R shown 
in Fig. 3). an~ the level difference as shown in Table 1. 
It was confirmed that the mold was fil1ed with melt when the 
level difference was 20 mm or 

T a 
H (mm) 

Comparative Example 1 

10 

20 

40 

70 

more. 
bl e 

R (mm) 
5 

1 

0 

0 

1 

The same forging stocks as in Example 1 were prod~ced by 

the following casting process, followed by an extrusion process, 
and were forged. 

1) Kind of material: Jrs 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) Annea1ing; 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 forqincj stocks as in Example 1 were produced by 

the fo1lowinq process and then forged. 
1) Kind of materia1: JIS 2218 a11oy 
2) Continuous casting: a small-diameter bar 700 mm ~n 

size 
3) ~omogeniz~n9 treatment and annealing of a billet: 

500°C for 16 hours and 390°C for 4 hoy.rs 
· 4) Machining of the outer surface: 62.S mm in diameter 

SJ cutting (disc saw): 9 mm in thickness 
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6) Forging: the same as in Example 1 
The res~lts of Example 1 and Comparative Examples 1 and 

2 are shown in Table 2. 

'l' a b 1 e 2 
Weight Thickness Production 
dispersion dispersion y:Leld of 
of of f orginq stocks 
forging stocks bottom of ,,) 
(g) forged pro-

7s 
duct Cmm2 

Example 1 :I: 0.4 so :I: o.os 97 
Comparative 
Example 1 75 :I: 1.3 50 :t o. 15 80 
Comparat.ive 
Exam21e·2 75 ± 1.3 50 :t 0.1 s 75 

rn Example 1, the pouring was highly accurate, and the 
so-produced forging stocks attained very small dispersion of 
thickness of forged product. 'l'he 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 tbe weight of forging 
stocks obtained by c~tt~ng relative to the we~g~t of starting 

1 material in the case of Comparative Examples 1 and 2. The cutting 
accuracy by a disc saw was ~ 0.15 mm in the c-se of Comparative 
Examples 1 and 2. 

Comparative· Example 3 
The apparatus shown in Fi9. 2 was used to produce ingots. 

The upper surface of melt within the mold was open and free. 
The meit was weighed (7Sq) by a shank and poured into a mold. 
The other conditions were the same as in ~xample 1. The resu1tant 
ingots were forged as in Example 1. The results are shown in 
Table 3 toqetheJ; with those of Example 1. 
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T a b l e 
Forging Stocks Product­

i. vi ty 
Menis- · Dis­ In-
cus (R) per- ner 
(nun) sion quali-

of ty 
·Weight 
( 9') 

cycl.~ 
time 
(sec 
per 
pro­
duct) 

0 
(non 
curve) 

75:t:0.4 no 
defects 

15 

20 oxides 
cavi­
ties 

75 

3 
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Auto- Forged 
mation Product 

Easy 

· ,, Forge- Dimen-
ablity sion 

acou­
ra~y at 
bottom 
(mm) 

no S:tO. 05 · 
trouble 

Dif f i- cracking * 
cult of dies 

stoppinq 
of machine 

Remarks: the asterisk mark 

to obtain. Locally tliin product, 
thickness. 

indicates that data are difficult 
not meeting the required 

Examp1e 3 

~he same c~stin~ method as in Example 1 was repeated except 
that JIS alloy 2218 ~ith addition of Al- S•Ti- 1iB was cast. 

Zn the bottom of the 'resultant ingots columnar crystais were 
grown as shown in the macroscopic structure of Fig. 20. The 
meniscus radiµs 0£ the resultant ingots was 0.1 mm. Polar 
microscopic structur~ of the ingots at its bottom, center and 
surface portions along the central axis of ingots was observed. 
The polar crystal size (d 1

1 ) of forcedly cooled, str~cture was 
72 pm. The polar cry~tal size (d 1

2 ) in the top of an ~n~ots 
was 140 pm. Proportidn of area of the structure having the 
crysta1 grain size 7 !times or less as large ·as po1ar grain size 

( d I 
1 

) iS 1 QQ % • 

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 si"e surface of an inqot (c.f.,.Fiq. 21). 
The m~niscus radius of the ingots was 0.2 mm. 
Example S 

The -same casting method as in Example 1 was repeated except 
that J:tS 6061 alloy with add:l.t:Lon of Al-s• of !L'i-· 1 i B alloy 

was cast. ~he resultant ingots entirely consisted of equi-axed 
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crystals and had 0.3 mm of meniscus radius (c.f. Fig. 21). 
Polar microscopic structure of the ingots at its bottom, 

center and surface portions of the ingots, whicn portions being 
distant ~rom 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 microscopic grains in con~act with the bottom qf 
ingots is counted as the fi-rst row, then, another group of the 
macroscopic 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 
I 

oriented growth is recognized. The polar crystal size (d 1 ) 
on the forcedly cool~d surface shown ~n Fig. 21(a) is 13.9 F1 
in average. ~he polar crystal-size Cd .2 > 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 

. I 

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 dendr;te arms are counted, unit-µm) are shown 
bel.ow. 

Periph~ry, top ·2s.~ 

Periphery, center 27.8 
Periphery, bottom 23.7 
Intermediate, top 29.3 

Inte~ediate, 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, ~t its effect 

is lessened in the periphery of an ingot du~ 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 

coo1ed s\irface, then, the proportion of the structure having 
from 1 • 1 to 7 times the DAS mentioned above was calcu1a·ted to 
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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 (~m) were obtained. 

Periphery, 
Periphery, 
Periphery, 
Intermediate, 
:Intermediate, 
Intermediate, 
Periphery (b), 
Periphery (b), 
Periphery (b), 

T a b 1 e 4 

top 
center 
bottom 
top 
center 
bottom 
top 
center 
bottom 

DAS (pm) 

13.2 
13. 9 
3.9 

13.9 
11.5 
4.2 
8.4 

12.4 
5.9 

Ratio relative to 
DAS at bottom 

3.87 
3.56 
1 
3.38 
2.74 
1 
2.32 
2.10 
1 

The proportion of structures having DAS·as large as from 
1.1 to 7 ti~es DAS the forced cooled structure was 100 t by 
area. 

In Fig. 23 is shown a micro-structure of the inter-mediate 
bottom, wher~ the effeot of forced cooling is the highest, and 
whose DAS is 4.2 pm. rn Fig. 24 is shown a micro-structure of 
the central top, where the effect of ~orcedly ~ooling is the 
iowest, and whose DAS is 4.2 pm. These structures shown in Fi·gs 
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 improved 
internal qualities over those of conventional castings and die­
cast product and has improved forgeability. The ingots aocordinq 
to the present invention have low dispersion of weight. Since 
the ing~ts accordinq to the present invention have excellent 
properties as described above, they can substitute for a 
continuous cast bar and its extruded bar which has been the 
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main forging stocks up to this time. 

moreover, the ingots a.ccordin9 to the present invention 
can be subjected to such plastic working as forming by an 
impactor, forming ~Y ro1ling, and the like. 
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CLAIMS .1 

1. A metallic ingot for plastic working, at least a surface 
of which ingot solidified 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 melt, which ingot consists'of, in least one 
surface portion thereof, crystal grains growing almost parallel 
to the ris1ng:d1rection 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 1 having 
generally flat upper and lower surfaces. 

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

5. A metallic inqot 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 ~n~t according to claim 4, 70• by area or 

·more of the structure has diameter of crystal grains observed 
by a polar mic~oscope 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 metall~c ingot according any one of claims 1 through 
1 1 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 throuqh 
9, wherein ~tis shot-blasted.on ~he surface. 

11. A method for producing a metallic ingot for plastic 
working, wherein a main mold (2) is located on the cooling 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, tbe cooling plate 
(1) is cooled so to forcedly cool the metallic melt (7) • 

. ·. ilii[ili~i 
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12. A method for producin9 a metallic ingot for plastic 
workin9 according to claim 11, wherein the main mold (2) is 
provided with a reservoir (3) of melt. 

13. A method for producin9 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. 


