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ABSTRACT: A method for metal casting in a direct-chill con 
tinuous mold having an insulated feed reservoir. The feed 
reservoir is axially aligned with the mold and has an overhang 
over the mold face of not more than one-eighth inch. The cast 
ing speed for the metal is established so that the upstream con 
duction distance which is measured from the liquid wetting 
line of the chill liquid on the ingot surface extends to within 
about 1 inch of the reservoir. The casting speed and upstream 
conduction distance are controlled to satisfy a critical rela 
tionship which gives control over the heat transfer during the 
casting operation. During the casting, the mold wall tempera 
ture should not ?uctuate more than about 125° F. per cycle 
when the temperature cycling rate is from about 0.5 to about 
10 cycles per inch of length of metal being cast. 
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CONTROL OF CONTINUOUS CASTING 

BACKGROUND OF THE INVENTION 

The instant invention relates to the continuous casting of 
metal ingots, such as light metal ingots, or more speci?cally in 
gots of aluminum and magnesium. The invention is particu 
larly applicable to horizontal and vertical, reservoir fed, con 
tinuously lubricated, direct chill casting of such ingots. 
Molds of this type are generally well known. That some 

regulation of the mold heat transfer rate is needed for success 
ful casting is also recognized. Regulation of the mold heat 
transfer rate during casting in the past has been limited to 
varying the thickness of the ?lm of lubricating oil by changing 
the lubricant ?ow rate. Such control is frequently ineffective 
or even detrimental in that a high oil flow rate, which would be 
expected to better insulate the mold'wall and hence reduce 
the tendency for cold folds to occur, causes deformation of 
the thin forming embryonic ingot shell and results in a rippled, 
folded, and/or pitted surface. Regulation of the mold heat 
transfer rate is needed, according to the prevailing opinion 
because high heat transfer rates in the mold tend to cause cold 
folds on the ingot surface. Since control of lubricant flow rate 
has been found to be ineffective to do this, a technique that 
has been employed to reduce cold folding is to raise the cast 
ing speed so that the angle of growth of the forming shell 
becomes shallower. However, frequently, the casting speed 
must be limited to avoid cracking or shrinkage porosity to a 
speed below which cold folding tends to occur. For example, 
reference is made to U.S. Pat. No. 2,983,972 to Gunther E. 
Moritz which describes procedures for determining casting 
speeds such that cracking will not occur. Liquation is another 
severe problem common to DC (direct chill) casting which is 
believed caused by insufficient mold heat transfer, and by in 
sufficient upstream cooling from the liquid wetting line of the 
chill liquid. 

SUMMARY OF THE INVENTION 

The instant invention relates to procedures for horizontal 
and vertical reservoir fed, continuously lubricated, direct chill 
casting with which it is possible to produce ingots with high in 
ternal and surface. quality. In other words, it is possible to 
produce ingots substantially free of both cold folds and liqua 
tion defects. The method, according to the instant invention, 
involves using an axially aligned insulated feed reservoir which 
has an overhang of not more than one-eighth of an inch over 
the mold face and establishing a casting speed for the metal 
being cast so that the upstream conduction distance measured 
from the liquid wetting line of the chill liquid extends to within 
about 1 inch of the reservoir. Thus, the rate of heat transfer in 
the conductive mold during casting is regulated by controlling 
the casting speed in a range such that the line of solidi?cation 
at the ingot surface, from the upstream conduction is in the 
vicinity of the junction between the conductive mold and the 
insulative reservoir. 

It has been found that this is achieved when the casting 
speed and upstream conduction distance satisfy the following 
relationship: 

where UCD = upstream conduction distance? reef," m " 

a = thermal diffusivity of alloy being cast, ft.2/hr., 
U = casting speed, ft./hr., 
C, = heat capacity of alloy being cast B.t.u./lb. “F., 
IG = quench temperature at chill zone °F., 
t, = solidi?cation temperature °F., 
t,,= temperature of liquid metal in top of reservoir °F., 
Q = latent heat of fusion, B.t.u./lb. 
Desirably, the upstream conduction distance extends to 

within about one-half inch of the reservoir. The optimum 
would be achieved when the upstream conduction distance is 
substantially equal to the mold length plus the distance 

- between the end of the mold and the liquid wetting line of the 
~ chill liquid. Precise control at this point might be difficult, 
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2 
however, and, should the upstream conduction distance ex 
tend up into the reservoir, problems might occur. Hence, 
realistically, the process is controlled to keep the upstream 
conduction distance within 1 inch or, preferably, within one 
half inch of the reservoir. 
The mold wall temperature may be measured to determine 

whether the casting speed and upstream conduction distance 
satisfy the desired relationship. When the mold is liquid 
cooled aluminum the conditions are generally satis?ed if the 
mold wall temperature is maintained at least about 100° F. 
higher than the inlet coolant temperature and not more than 
about 300° F. higher than the inlet coolant temperature. The 
chill liquid may be used as the coolant liquid or separate 
sources of coolant liquid and chill liquid may be used. Not 
only may the casting speed be adjusted to keep the mold wall 
temperature within this range but it may also be adjusted to 
keep the mold wall temperature from ?uctuating more than 
about plus or minus 25° F. per cycle when the temperature 
cycle rate is from about 0.5 to about 10 cycles per inch of 
length of metal being cast. A greater temperature variation 
than 25° F. per cycle would indicate that cold shuts were form 
ing. Instead of adjusting the casting speed to control the mold 
wall temperature and hence maintain the desired relationship 
between casting speed and upstream conduction distance it is 
possible with some forms of DC casting apparatus to vary the 
position of the liquid wetting line of the chill liquid to adjust 
the upstream conduction distance to keep the mold wall tem 
perature from ?uctuating more than about plus or minus 2° F. 
per cycle when the temperature cycling rate is from about 0.5 
to about 10 cycles per inch of length of metal being cast. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a front elevation half section relationships of a 
direct chill casting apparatus according to the prior art. 

FIG. 2 is a front elevational view, in section, showing a cast 
ing apparatus embodying the principles of the instant inven 
tion. 

FIG. 3 is a graph for showing the relationships between cast 
ing speed and upstream conduction distance for typical alu 
minum alloy casting. 

FIG. 4 is a partial front elevational view in section illustrat 
ing the upstream conduction distance and the effect on ingot 
quality when the casting speed is too low. 

FIG. 5 is a partial front elevational view in section showing 
the upstream conduction distance and effect on ingot quality 
when the casting speed is minimum for best results. 

FIG. 6 is a partial front elevational view in section showing 
the upstream conduction distance and the effect on ingot 
quality when the casting speed is maximum for best results. 

FIG. 7 is a partial front elevational view in section showing 
the effect on upstream conduction distance and ingot quality 
when the casting speed is too high. 

DETAILED DESCRIPTION 

The rate of heat transfer in the conductive mold during cast 
ing is regulated by controlling the casting speed in a range 
such that the line of solidi?cation at the ingot’s surface from 
the upstream conduction is in the vicinity of the junction 
between the conductive mold and the insulative reservoir. The 
upstream conduction distance or UCD is the distance between 
the plane of wetting of the direct chill coolant and the solidi? 
cation line at the ingot surface due to direct chill cooling 
alone. Mathematical relationships to determine the UCD have 
been developed. It has been found that the mold heat transfer 
rate can be varied from near zero when the UCD extends to 
the reservoir to a maximum when the UCD is about one-half 
inch to 1 inch downstream of the reservoir/mold junction 
without signi?cantly adversely affecting ingot quality. The 
length from the solidi?cation front at the surface due to direct 
chilling through the mold along to the mold/reservoir junction 
is termed the mold along length or MAL. A temperature con 
trol element or transducer may be located in the mold wall 
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and connected to a suitable thermocouple so that the casting 
speed can be regulated to give a constant heat transfer rate 
through the mold wall and hence a uniform ingot surface. An 
alternate control mechanism is to provide a separate source of 
direct chill water from the mold cooling water which can be 
moved upstream or downstream to move the UCD solidi?ca 
tion line in the mold. It has been found that casting apparatus 
wherein the insulative reservoir has a large annular opening in 
axial alignment with the annular opening of the conductive 
mold and wherein the projection of the insulative reservoir in 
ward from the interior mold face is between zero and one 
eighth inch gives best results. This is particularly important 
with casting speeds of 6 inches per minute or less. 
As has been stated, the instant invention involves the 

discovery that the heat transfer rate in the mold can be con 
trolled by varying the upstream conduction distance and that 
the surface quality of the ingot is directly affected by the mold 
heat transfer rate and the upstream conduction distance. With 
reference now to the drawings wherein like numerals have 
been used for like parts and with particular reference to FIG. 1 
which is typical of the prior art, it may be seen that 11 is an 
open top insulative reservoir with a substantial projection 23 
inward from the conductive mold body 14. A lubricant supply 
12 injects lubricant into the mold ‘s interior through the slot or 
wick 24. A suitable coolant, commonly water but other ?uids 
can be used, enters the mold at 13 and discharges directly 
against the forming ingot 20 at 15. Molten metal 16 is main 
tained in the reservoir 11 by an inlet not shown. 

Various surface defects are shown in FIG. 1, such as cold 
folds 21, liquation or bleeding 22, and oil folds, ripples an pits 
25. While there is no unanimity as to how these defects occur 
among those skilled in the art, the following explanation is be 
lieved to be the majority viewpoint. At low casting speeds the 
liquid/solid interface (in the case of alloys having a range 
between the liquidus temperature and the solidus temperature 
this means the line where approximately 90 percent of the 
metal has solidi?ed) is shown in FIG. 1 as line 17. In this con 
dition a high mold heat transfer rate and a slow ingot 
withdrawal rate results in a solid shell growth angle 26 of 
about 90° which causes alternate bridging between the large 
reservoir projection 23 and the forming ingot solidi?cation 
front 17, thus causing cold fold defects 21 along the entire 
length of the ingot. 
When the casting speed is increased, the solidi?cation front. 

moves to a pseudosteady-state position 18, in which the ingot 
surface may have shallower cold folds but the possibility of 
liquation 22 has increased. In many large size ingots, cracking 
or shrinkage porosity will occur when the casting speed is 
higher than that which results in a solidi?cation front 17. At~ 
tempts to decrease cold folds by increasing the oil flow 
through 24 usually results in deeper cold folds, wrinkles and 
pits 25. If the ingot internal quality is sound, the casting speed 
can be increased to the amount where the solidi?cation front 
is advanced to 19. In this condition there is a likelihood of 
heavy liquation defects 22 because the thin embryonic shell 
27 is often at a temperature higher than the solidus tempera 
ture and is porous enough to pennit liquid to bleed through. 
Normally, mold heat transfer by itself is insufficient to form a 
thick enough and cold enough shell to prevent liquation, even 
when maximum mold heat transfer is achieved. 

FIG. 2 shows a casting apparatus operated according to the 
instant invention. 
The insulating reservoir 11 is concentric with the mold M 

and has an inner annular wall parallel with the centerline of 
the mold M. Molten metal 16 5 fed into the reservoir 11 
through a port not shown. Solid metal 20 is withdrawn from 
the mold by conventional means, not shown. The projection 
23 of the inner wall of the reservoir 11 extends inward toward 
the centerline by a distance of from zero to not more than 
about one-eighth of an inch. A lubricant slot 24 is provided for 
insertion of lubricant 12 into the meniscus that forms in the 
molten metal under the reservoir projection 23 and against the 
inner wall of mold 14. A temperature transducer 29 is pro 
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4 
vided for measuring the mold wall temperature. The upstream 
conduction distance (UCD) is shown as the distance from the 
plane of direct chill water wetting of the ingot 15 to the 
solidi?cation front at the surface if there was zero mold heat 
transfer. The solidi?cation front from upstream conduction 
should be not more than about 1 inch downstream of the insu 
lating reservoir projection 23 and preferably within one-half 
inch of the projection 23. 
The following mathematical relationship for the UCD or up 

stream conduction distance was derived using unidirectional 
heat transfer. It can be seen that for a given alloy and quench 
temperature, the UCD is a function of the casting speed and 
the pouring temperature. For different alloys a change in ther 
mal diffusivity or melting point will also change the UCD. The 
thermal diffusivity term is directly proportional to the thermal 
conductivity of the alloy and inversely proportional to the 
product of the density and the heat capacity of the alloy. Ac‘ 
cordingly, the theoretical upstream conduction distance, UC D 
is given by 

UCD= —(%)1n110.<10-11>+Q1/1c.(r1—r..>+Q11 
where UCD = upstream conduction distance in feet, 
A = thermal diffusivity of alloy being cast, ft.'*'/hr., 
U = casting speed, ft./hr., 
C, = heat capacity of alloy being cast B.t.u./lb. °F., 
t,,= quench temperature at chill zone °F., 
t, = solidi?cation temperature 1'F., 
to = temperature of liquid metal in top of reservoir °F., 
Q = latent heat of fusion, B.t.u./lb. 
This relationship has been plotted in FIG. 3 using properties 

of typical aluminum alloys as shown thereon. It should be 
emphasized that the mold length and upstream conduction 
distance are not identical. The upstream conduction begins 
where the direct chill water wets the ingot surface. At low 
water?ows a stream ?lm sometimes develops which prevents 
the water from wet/‘ting the ingot for an inch or more past the 
original point of impingement of the direct chill liquid. There 
fore, it is important to maintain uniform water?ow to keep a 
constant plane of solidification from upstream conduction in 
suf?cient volume and velocity to minimize steam ?lm forma 
tion. Experiments have shown that the upstream conduction 
distance is independent of ingot size. 

FIGS. 4, 5, 6 and 7 illustrate in partial sections (these 
?gures show only the inner wall of one side of the mold fully 
shown in FIG. 2) how the heat transfer rate through the mold 
wall can be regulated according to the instant invention. H6. 
4 shows the condition wherein the mold heat transfer rate is 
very low because the upstream conduction distance (UCD) 
has caused the solidi?cation front from direct chill upstream 
conduction 30 to be upstream of the reservoir projection 23. 
This condition is caused by too low a casting speed for a given 
alloy, pouring temperature, and liquid wetting line of chill 
liquid 15. This condition causes tears, ripples, and cold shuts 
21 on the ingot surface. The mold wall temperature measured 
by the temperature transducer 29 shown in H6. 2 is within 
100° F. of the inlet coolant temperature. The location of the 
solidi?cation front 30 from direct chill upstream conduction 
progressively moves downstream in FIGS. 4, 5, 6 and 7 to il 
lustrate the effect of progressively higher casting speeds. 

FIG. 5 illustrates the maximum value for upstream conduc 
tion in which good ingot surfaces are produced. The solidi?ca 
tion front 30 from direct chill upstream conduction terminates 
at the surface exactly at the junction of the mold M and the 
reservoir 11. The movement of the solidi?cation front as 
shown in these various ?gures is caused by the change in cast 
ing speed. The mold wall temperature as measured by the tem 
perature transducer 29 shown in HO. 2 is typically l00° to 
150° F. above the inlet coolant temperature. The mold alone 
length (MAL) as de?ned earlier is zero. 

FIG. 6 illustrates the minimum value of upstream conduc~ 
tion distance in which good ingot surfaces are produced. The 
solidi?cation front 30 has moved from the location shown in 
FIG. 5 by increasing the casting speed so that the mold alone 
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length (MAL) is no more than 1 inch and preferably no more 
than onelhalf inch. The mold wall temperature reaches a max 
imum value near 300° F. above the inlet coolant temperature 
as measured by transducer 29 shown in FIG. 2. Any casting 
speed which produces an upstream conduction distance equal 
to or between the positions shown in FIGS. 5 and 6 will 
produce surfaces with very shallow imperfections. Where alu 
minum is being cast, the depth of the imperfections shall be 
one-eighth of an inch maximum and typically less than one 
sixteenth of an inch. Castings according to prior art methods 
frequently produce surface defects of one-half inch and 
deeper. The mold wall temperatures increase continuously 
from the value stated for FIG. 5 to the value stated for FIG. 6 
as the casting speed is increased. Since there is a constant 
thermal resistance between the temperature transducer in the 
mold wall and the coolant in the mold, the difference between 
the transducer temperature and the mold inlet water tempera 
ture is directly proportional to the heat transfer rate through 
the mold wall at that location. 
The mold wall temperature is not only within the range 

stated but'also is steady within plus or minus 25° F. of the 
equilibrium temperature established within this range. The 
equilibrium temperature may gradually change within the 
range established at low frequency, 5 cycles per foot of ingot 
length or less, but the rapid cycling, characteristic of cold fold 
ing, 0.5 to 10 cycles per inch of ingot length must remain 
within the plus or minus 25° F. limit to keep the depths of the 
cold folds to one-eighth inch maximum and desirably less than 
one-sixteenth inch deep. 

If the casting speed is increased still further, the solidi?ca 
tion front 30 moves closer to the chill liquid wetting line 15 as 
illustrated in FIG. 7. In this case, the embryonic or thin shell 
27 formed by mold chilling shrinks from the mold wall and 
travels through a slow chill zone prior to reaching the solidi? 
cation front 30. In this case, the mold alone length, MAL, is 
longer than the zone of good thermal contact of the ingot shell 
with the mold wall because of the shrinkage. The thin shell 27 
is frequently at a temperature higher than the solidus of the 
alloy being cast, and therefore is porous which leads to liqua 
tions or bleeds 22. The thin shell 27 is also easily deformed by 
lubricant accumulation and sometimes by mechanical means 
to cause oil folds or ripples 25. Mold wall temperatures as 
measured by transducer 29 shown in FIG. 2 are typically no 
higher than the 300° F. above water inlet temperature present 
in FIG. 6. In other words, the mold wall temperature reaches a 
maximum as speed is increased and levels off with further in 
creases. 

As has been stated, the position of the solidi?cation front 30 
can be controlled by adjusting the chill liquid wetting line 
either through a movable direct chill liquid manifold or by ad 
justing the outlet angle of the liquid from the manifold. When 
this is done one could keep a constant upstream conduction 
distance as determined by the casting speed (which would be 
held constant), the alloy thermal conductivity and the pouring 
temperatures. 
The following examples are illustrative of the invention 

Example I 

A 9-inch round 6063 alloy ingot was vertically cast using a 
1-inch long conductive mold having a %-IIICh wall thickness 
made of aluminum and an insulative reservoir made of 
Marinite, a registered trade name of Johns-Manville Com 
pany, which is a rigid sheet material made from asbestos fiber 
and an inorganic binder which projected inward 0.050 inch 
from the conductive mold bore. 6063 alloy has a composition 
of from 0.20 to 0.6 percent silicon, 0.35 percent iron, 0.10 
percent copper, 0.10 percent manganese, 0.45 to 0.9 percent 
magnesium, 0.10 percent chromium, 0.10 percent zinc, 0.10 
percent titanium, and other elements 005 percent maximum 
each with a total ofO. 1 5 percent, balance aluminum. 
The coolant water temperature was 54° F. and flowed at 26 

gallons per minute. The pouring temperature of the alloy was 
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6 
1,260° F. The molten metal was fed into the reservoir by a side 
inlet through the Marinite. At a casting speed of 3.5 inches per 
minute, the surface was rippled and torn. The mold wall tem 
peratures were 51° to 101° F. above the water inlet tempera 
ture. The calculated upstream conduction distance was 1.35 
inches, whereas, with a 0.25 inch distance from the mold exit 
to the water wetting line, the mold alone length would have 
been a minus 0.1 inch. Thus, the poor surface was caused by 
the lack of mold heat transfer which was the result of too great 
an upstream conduction distance. 

In the same cast, with the casting speed increased to 4 
inches per minute and all other factors held the same, the 
mold wall temperature increased to l 1 1° to 126° F. above the 
water inlet temperature. The surface was smooth with ex 
tremely ?ne exudations. The calculated upstream conduction 
distance for these conditions was 1.2 inches and with a 0.25 
inch distance between the mold exit and the water wetting 
line, the calculated position of the solidi?cation front at the 
ingot surface due to direct chill cooling alone was 0.05 inch 
below the reservoir/mold junction, meaning that the mold 
alone length was 0.05 inch. This closely represents the case of 
FIG. 5 where the upstream conduction distance is near a max 
imum acceptable value. 
The casting speed was then increased to 4.25 inches per 

minute with all other factors held the same and the mold wall 
temperature increased to 131° to 146° F. above the water inlet 
temperature. The surface was smooth with extremely ?ne exu 
dations. The calculated upstream conduction distance at this 
speed was 1.0 inch and the calculated mold alone length was 
0.25 inch. This represents a case intermediate between the 
maximum acceptable upstream conduction distance, FIG. 5. 
and the minimum acceptable upstream conduction distance, 
'FIG. 6. 

Example 11 

A 12-inch by 12-inch square ingot of 7079 aluminum alloy 
was vertically cast at a speed of 2 inches per minute. 7079 
alloy has a composition of 0.30 percent silicon, 0.40 percent 
iron, 0.40-0.8 percent copper, 0.10-0.30 percent manganese, 
2.9-3.7 percent magnesium, 0.10—0.25 percent chromium, 
3.8-4.8 percent zinc, 0.10 percent titanium, other elements 
0.05 percent each total 0.15 percent balance aluminum. The 
mold length was 2 inches and the pouring temperature 1,290° 
F. The calculated upstream conduction distance was 1.7 
inches. The water wetting line was 0.25 inch below the mold 
exit so that the calculated mold alone length was 0.55 inch. 
The projection of the reservoir was one-sixteenth inch inward 
from the mold inner surface. An ingot surface was produced 
which was exceptionally smooth, free of cold folds, and had 
very slight liquations. The mold wall temperature was 304° to 
324° F. above the water inlet temperature. This illustrates the 
case of FIG. 6 where the upstream conduction distance is near 
a minimum acceptable value. 

Example 111 

An ingot was cast identically to the one described in exam 
ple 11 except that the mold length was 3.25 inches and the cal 
culated mold alone length was 1.8 inches. An ingot surface 
was produced which had heavy liquations which were unac 
ceptable for production. This illustrates the case of FIG. 7 
where the upstream conduction distance is too short and the 
mold alone length is too long. The mold wall temperature was 
312° F. to 363° F. above the water inlet temperature. 

Example IV 

A 5 and 17/32-inch diameter 7039 alloy ingot was horizon 
tally cast using a conductive mold 0.75-inch long and a con 
centric insulative reservoir of Marinite (the mold was con 
structed of the same material as the mold in the preceding ex 
amples) which projected inward from the conductive mold by 
0.050 inch. The coolant flow rate was 60 gallons per minute 
and the pouring temperature l,250° F. Table 1 below shows 
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the calculated upstream conduction distance, the calculated 
mold along length and the resulting surfaces at the top and 
bottom of the ingot for a wide range of casting speeds. 

TABLE 1 

Casting Calculated Calculated 
Speed UCD, MAL, Surface Obtained 
IPM lnchcs Inches Top Bottom 

35 1.3 —0.l SE'and Heavy tears 
Ripples 

4 1.0 $02 513 SE 
4.5 0.9 +0.3 SE SE 
5 0.8 +0.4 SE SE 
6 0.7 +0.5 SE Rippled 

8 0.5 0.7 SE Rippled 

‘SE signi?es slight exudations. 

The top surface in horizontal casting is normally easier to 
cast smooth than the bottom which was true here. At 3.5 
inches per minute the bottom surface was torn due to freezing 
in the reservoir. At 4 inches per minute to 5 inches per minute 
the surfaces top and bottom were in each instance good, with 
slight exudations. At 6 inches per minute and 8 inches per 
minute the bottom surfaces became rippled due to the thin 
ness and length of the ingot shell created by mold chilling and 
trapping of the lubricant. 1n standard practice, for this type 
alloy and size, with a longer mold and a closed-type reservoir 
with various feed holes and slots, the ingot bottom surfaces are 
heavily cold folded at casting speeds below 6 inches per 
minute. Above 6 inches per minute the cold folds are smaller, 
in conventional practice, but internal cracking is then a limit 
ing factor. 7039 aluminum alloy contains 0.30 percent silicon, 
0.40 percent iron, 0.10 percent copper, 0.10-0.40 percent 
manganese, 2.3-3.3 percent magnesium, 0.15-0.25 percent 
chromium, 3.5-4.5 percent zinc, 0.10 percent titanium, other 
elements 005 percent each, 0.15 percent total, balance alu 
minum. 
While there have been shown and described hereinabove 

possible applicants of the instant invention, it is to be un 
derstood that the invention is not limited thereto and that vari 
ous changes, alterations, and modi?cations can be made 
thereto without departing from the spirit and scope thereof as 
de?ned in the appended claims wherein. 
What is claimed is: 
1. The method of controlling heat transfer during the metal 

casting operation in a direct-chill continuous casting mold 
having an insulated feed reservoir which comprises: 

a. using an axially aligned reservoir having an overhang of 
not more than one-eighth inch over the mold face; 

b. establishing a casting speed for the metal being cast so 

8 
that the upstream conduction distance measured from the 
liquid wetting line of the chill liquid extends within about 
1 inch of the reservoir and wherein the casting speed and 
upstream conduction distance satisfy the following rela 

whéiéuciil?géiféaih conduction distance in feet, 
A = thermal diffusivity of alloy being cast, ft.2/hr., 

10 U = casting speed, ft./hr., 
C, = heat capacity of alloy being cast B.t.u./lb. °F., 
tq= quench temperature at chill zone °F., 
t, = solidi?cation temperature "F., 
to = temperature of liquid metal in top of reservoir °F., 

15 Q = latent heat of fusion, B.t.u./lb.; and 
c. maintaining the casting speed so that the temperature of 

the mold wall does not ?uctuate more than about £5” F. 
per cycle when the temperature cycling rate is from about 
0.5 to about 10 cycles per inch of length of metal being 

20 ca t. 
2. Tlise method of controlling heat, transfer during the metal 

casting operation in a direct-chill continuous casting mold 
having an insulated feed reservoir which comprises: 

a. using an axially aligned reservoir having an overhang of 
not more than one-eighth inch over the mold face; 

b. establishing the casting speed for the metal being cast so 
that the upstream conduction distance measured from the 
liquid wetting line of the chill extends to within about 1 
inch of the reservoir and wherein the casting speed and 
upstream conduction distance satisfy the following rela 

where UCD = upstream conduction'dEtanEin feet, 
A = thermal diffusivity of alloy being cast, ft.’/hr., 
U = casting speed, ft./hr., 
C, = heat capacity of alloy being cast B.t.u./lb. °F., 
t,,= quench temperature at chill zone °F., 
t, = solidi?cation temperature °F., 
t,,= temperature of liquid metal in top of reservoir °F., 
Q = latent heat of fusion, B.t.u./lb.; and 
c. adjusting the position of the liquid wetting line of the chill 

liquid to maintain the temperature of the mold wall from 
?uctuating more than about :25“ F. per cycle when the 
temperature cycling rate is from about 0.5 to about 10 cy 
cles per inch of length of metal being cast. 

3. The method of claim 1 wherein the mold is liquid-cooled 
aluminum and the mold wall temperature is maintained at 
least about 100° F. higher than the coolant inlet temperature. 

4. The method of claim 3 wherein the mold wall tempera 
ture is maintained at not more than about 300° F. higher than 
the coolant inlet temperature. 

25 

35 

40 

45 

50 

55 

65 

70 

75 



Patent No. 

Column 2, 

Column 2 , 

Column 2 , 

Column 2, 

Column 3, 

Column 3, 

Column 5, 

Column 7 ,. 

(SEAL) 
Attest: 

Inventor(s) 

3,612,151 

UNITED STATES PATENT OFFICE 

CERTIFICATE OF CORRECTION 

Dated Oct-52kg; 12 1 92] 

Donald G. Harrington and Thomas E. Groce 

line 

line 

line 

line 
line 

line 

line 

line 

Signed and 

29 , 

35, 

73, 

74 , 

31, 

67 , 

2, 

l6 , 

It is certified that error appears in the above-identified patent 
and that said Letters Patent are hereby corrected as shown below: 

"2°F" should be —-- 25°F -—»—; 

"relationships" should be -— view ~—-; 

"along" should be -— alone --; 

"along" should be —— alone -—; 

"an" should be —— and —-; 

"s" should be -—— is —--; 

onelhalf" should be -- one half ~-—-; and 

"0.7" should be -- +.7 --. 

sealed this 9th day of May 1972. 

EDWARD M.FLEPCHER,JR. 
Attesting Officer 

ROBERT GO‘I‘I‘SCHALK 
Commissioner of Patents 

ORM PO-105O (10-69) 
USCOMM-DC G0376-FI59 

w u sv sovsmmsm Fnmnm; OFFICE: uses O—~J66-334 


