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ABSTRACT: Cooling a continuously cast bar in a cooling 
I zone arranged after the mold, in which cooling zone the sur 
face temperature of the bar is kept substantially equal, ter 
minating the cooling procedure prior to complete solidi?ca 
tion of the bar, and leading the bar which still retains a liquid 
core into an equalization zone, where due to heat emission 
from the liquid core the surface temperature of the bar is 
brought to rise to a temperature which is higher than that 
prevailing in the marginal zone upon entrance of the bar into 
the equalizationione. ' 



PATENTEDJUNZQIEWI 3,589,429 

F / G. 5 

9 _, 

F / 6 2 M00 I2 
‘ X 950° 

°C 

T 
[5000 -_ 1500" I3 

8 0 kg‘ 1/00" 

"00° 950 " w Wm _' “NWT 

150w, /‘4 
1/50" 

2 4 ____, “a 

INVENTOR 
PUDOLF SCHUFFMANN 

My“, Mia” 
HIS ATTORNEYS 



3,589,429 
1 

METHOD FOR‘CONTINUOUS CASTING, COOLING ‘AND 
SHAPING 0F METAL BARS ' ' ' ' 

This invention relates to a method of treating cast bars in 7 
continuous casting plants outside of the mold, particularly cast 
bars which are shaped, e.g. cogged down, preceding or follow 
ing the complete solidi?cation thereof. 
When high-melting materials, such as steel, are subjected to 

continuous casting techniques the melt cast into the cooled 
mold is ?rst of all cooled to such an extent that a solidi?ed 
marginal zone is formed. Upon exit from the mold the ' 
solidi?ed marginal zone or skin layer of the bar is subjected to 
further cooling in a cooling zone provided with spray jets, dur 
ing which cooling procedure the solidi?ed marginal zone 
thickens gradually to form a completely solidi?ed bar. With 
this mode of operation the marginal zone or skin layer, being 
in direct contact with the cooling medium, is always colder 
than the inner portion of the bar, which retains a liquid core 
'until the bar has solidi?ed completely. ' 

It has been known to control the cooling process, taking 
place in the cooling zone following the mold, in a way as to 
maintain a substantially equal surface temperature, at most a 
decrease in temperature by not more than approximately 200° 
C., between the exit of the bar from the mold and the 
complete solidi?cation of the core. This delayed cooling keeps 
down the stresses usually developing because of the dif 
ferences in temperature between the marginal zone and the 
liquid core and thus minimizes the risk of crack formation, un 
less additional stresses are applied in the course of shaping or 
the like. If, however, the cast bar, which might still have a 
liquid core, is subjected to further processing, e.g. bending or 
cogging down, immediately upon leaving the continuous cast 
ing plant, the known controlling method for the cooling 
process is no longer satisfactory. It has been found that in such 
cases the temperature differences prevailing throughout the 
cross section of the bar as well as the resulting stresses lead to 
an increased liability to crack formation. ‘ 
The present invention has as its object to avoid these disad 

vantages and dif?culties and relates to a method of treating 
cast bars in continuous casting plants outside of the mold,'par 
ticularly cast bars which are shaped preceding or following the 
complete solidi?cation thereof, said bars being led from the 
cooled mold into a cooling zone where they are treated with a 
cooling medium to obtain a substantially equal surface tem 
perature, at most a decrease in temperature by approximately 
200° C., said method'comprising leading the bar still contain 
ing a liquid core from the cooling zone into a subsequent un 
cooled, possibly heated, equalization zone, where the tem 

' perature of the inner portion of the bar causes an increase in 
the surface temperature thereof, said increased surface tem 
perature being higher than the temperature prevailing upon 
entrance of the bar into the equalization zone. 
According to the invention the control operation known per 

se for the cooling procedure, during which the surface tem 
perature should not decrease by more than 200’ C., is ter 
minated prematurely, i.e. prior to complete solidi?cation of 
the bar, and thus it is possible to equalize the differences in 
temperature and stress over the cross section of the bar before 
subjecting the bar to additional mechanical treatment, such as 
bending or cogging down. Suitably the cooling procedure is 
terminated as soon as the bar has solidi?ed over approximate 
ly 85-95 percent of its cross section. ,In these cases the tem 
perature of the skin layer is approximately 950°—1,000° C., 
the temperature of the liquid core approximately l,500° C. 
This temperature of the liquid'core is sufficient to give off heat 
to the solidi?ed marginal zone while passing the equalization 
zone to an extent which enables heating said marginal zone to 
a temperature of about l,l00° C. or slightly higher. 
The method of the invention is in more detail illustrated in 

the drawing. 
FIG. 1 is a diagrammatical view of the overall setup; 

15 

20 

25 

2 
FIG. 2 a diagram of the temperature behavior in core and 

skin layer; , 3 . 

FIG. 3 shows’the temperature distribution ‘over the cross 
section of the bar. _ 

In FIG. 1 numeral 1 denotes the cooled mold from where a 
cast bar with a thin solidi?ed skin layer is delivered. Thus pri 

' mary cooling takes place in the mold area. Numeral 2 denotes 
the secondary cooling zone, where the bar is cooled from out 
side by means of spray jets. 3 is the place where the cooling 
procedure is terminated and the bar enters the equalization 
zone 4, said equalization zone ending at 5. With the equaliza 
tion zone the temperature of the skin layer rises due to heat 
emission from the core being still liquid in part. 6 and 6’ 
denote a shaping plant, particularly azcogging down plant, fol 
lowing the equalization zone. Instead of said cogging down 
plant a straightening stand may be provided. 

In FIG. 2 numeral 7 denotes the temperature behavior 
curve in the core and 8 the temperature behavior curve in the 
solidi?ed skin layer. It is evident that the core temperature is 
essentially equal in both the secondary cooling zone 2 and the 
equalization zone 4, i.e. a temperature of l,500° C. is main 
tained decreasing slightly toward the end. Within the seconda 
ry cooling zone 2 the temperature of the skin layer decreases 
from approximately l,l00° to approximately 950° C., and 
within the equalization zone rises to about 1,100“ C. due to ab 
sorption of heat yielded by the liquid core. 

FIG. 3 illustrates the temperature distribution over the cross 
' section of the bar. The drawing shows a square bar 9, the inner 
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core 10 of which is still liquid while the exterior region I] has 
already solidi?ed. Curve 12 illustrates the temperature dis 
tribution prevailing over the square bar cross section at the en 
trance into the equalization zone, i.e. in position 3 of the dia 
gram shown in FIG. 1. The temperature distribution at the end 
of the equalization zone, i.e. in position 5 of FIG. 1, is illus 
trated by the curve 13. In‘ a modi?ed embodiment of the 
method of the invention, in which additional heating of the 
equalization zone is provided, e.g. by means of burners, induc 
tion means or resistance heating, the temperature distribution 
in 5 would correspond to the curve 14. Upon comparison of 
the curves l2 and 13 on the one hand, and 12 and 14 on the 
other hand, it is seen that after passing the equalization zone 
the bar exhibits an evenly distributed temperature with the ex 
ception of a very. small area in the core. - 

The method of the invention secures an extensive equaliza 
tion of temperature stresses, reduces the liability to crack for 
mation in the course of further technological processing, such 
as bending and cogging down, following the continuous cast 
ing procedure, and improves the quality of the products. 
What I claim is: 

' l. A method of continuously casting a metal bar for sub 
sequent shaping thereof, comprising the steps of, casting mol 
ten metal in a cooled mold to form the continuous cast bar, 
subjecting said bar upon emergence from said mold to the ac 
tion of a cooling medium controlled to effect a decrease in 
surface temperature of said bar of not more than about 200° 
C. and solidi?cation through from about 85 percent to 95 per 
cent of the cross-sectional area of the bar, and while still 
retaining the said surface temperature and solidi?cation 
characteristics imparted by the action of said controlled cool 
ing medium, passing said bar through an uncooled zone to 
enable heat emission from the unsolidi?ed core of said bar to 
heat the surface of said bar to a temperature higher than that 
prevailing upon its entry into said uncooled zone, whereby the 
temperature gradient over the cross-sectional area of said bar 
is reduced and subjecting said bar to shaping operations im 

, mediately upon emergence from said uncooled zone. 
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2. The method set forth in claim I wherein additional heat is 
applied to said bar as it traverses said uncooled zone by means 
selected from burners, induction means and resistance heat 
ing. . 


