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A Study on the Casting Variables in the Horizontal Continuous Casting of Pure Al
and Al-5wt%Si Alloy Rods

Sang-Dong Kim*, Hyung-Ho Jo** and Myung-Han Kim*

Abstract

The effect of casting variables for making pure Al and Al-5wt%Si alloy rods free from any surface
and inside defects was studied by adopting the horizontal continuous casting method with heated mold.
The rods were cast under the casting conditions such as the mold temperature of 670~690C, water
flow rate of 0.2~0.6 ¢ /min, and rod diameter of 4~8mm, when the melt temperature and mold to
cooler distance was fixed at 700°C and 20mm, respectively. The results represented that the casting
speed for good quality rod increased as the water flow rate increased, whereas, the casting speed de-
creased as the rod diameter or mold temperature increased. The statistical analysis of 2° factorial de-
sign was also applied and the results represented that the averaged optimum casting speed for pure Al
(302mm/min) was higher than that of Al-5wt%Si alloy(273mm/min) resulting from the difference of
superheat applied. The effect of rod diameter on the optimum casting speed was the highest for pure
Al as well as Al-5wt9%Si alloy. The effect of water flow rate and mold temperature on the optimum

casting speed was In decreasing order.
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1. Level control bar

2. 3. Thermocouple(K-Type) 4. Heating mold
5. Gude 6. Container for cooling water
7. Dummy bar 8. Pinch rolls

9. Castrod 10. Cooling pipe 11. Chamber
12. Heater(body) 13. Crucible
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Fig. 1. Schematic diagram of the horizontal continuous casting apparatus.
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Fig. 2. Correlation of mold temperature and casting
speed for optimum casting conditions in pure

Al(a) and Al5wt%Si(b), when the flow rate
of colling water and cast-rod diameter was
fixed to 0.2 £ /min and 8mm, respectively.
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Fig. 3. Correlation of castrod diameter and casting
speed for optimum casting conditions 1n pure
Al(a) and Albwt%Si1(b), when the flow rate
of cooling water and mold temperature was
fixed to 0.2 ¢ /min and 690 C, respectively.
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Fig. 4. Correlation of flow rate of cooling water and
casting speed for optimum casting conditions

in pure Al(a) and Al-5wt%Si(b), when the
mold temperature and cast-rod diameter
was fixed to 690C and 8mm, respectively.
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Photo 2. The surface of Al-5wt%Si alloy at 8mm rod in diameter, which shows small protrusions on it.
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Table 1. The effect of mold temperature, flow rate
of cooling water, and cast rod diameter on
the optimum casting speed at the molten
metal temperature of 700°C and mold to
cooler distance of 20mm in pure Al.

Mold Flow Rate \caqt Rod Diameter (mm)
Temperature |Cooling Water
(C) | (£ /min) 4 8
670 0.2 352 155
0.6 547 248
690 0.2 308 137
0.6 456 213

Table 2. The effect of mold temperature, flow rate
of cooling water, and cast rod diameter on
the optimum casting speed at the molten
metal temperature of 700°C and mold to
cooler distance of 20mm in Al-5wt%Si

alloy.
Mold Flow Rate \~,1 Rod Diameter(mm)1
Temperature | Cooling Water
(C) | (£ /min) 4 3
670 0.2 318 147
0.6 506 239
690 0.2 253 123
0.6 390 206

(47)
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Table 3. Level of casting variables investigated in
pure Al.

Vanable | Variable Name
Mold
Temperature
(C)
Flow Rate of
F Cooling Water

( £ /min)
Rod
Diameter 4 8

(mm)

Low(—) | High(+)

T 670 690

0.2 0.6

Table 4. Level of casting variables investigated In
Al-5wt %S alloy.

Variable |Variable Name | Low(—)
Mold
T Temperature
(C)
Flow Rate of
F Cooling Water
( £ /min)
Rod
Diameter 4 8

(mm)

High(+)

670 690

0.2 0.6
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Table 5. Yates’s algorithm for evaluating the effect of casting variables in pure Al on the optimum casting

speed.
Test Design |
.. Matrix Algorithm
Condition ,
Number Variables
AT | F D | CS (1) (2) (3) Divisor Estimate Identification

1 — — | — | 352 660 1663 2416 8 302 average
2 + — | — | 308 1003 7531 —188 4 —47 T

3 — + | — | 547 292 | —135 512 4 128 F

4 + + | — | 456 461 —53 —64 4 —16 TxF
5 — — |+ | 155 —44 234 | —910 4 —228 D

6 + — | + | 137 —91 169 82 4 21 TxD

7 — + | + | 248 —18 —47 | —174 4 —44 FxD
8 + + | + | 213 —35 —17 30 4 8 TXEXD

Table 6. Yates’s algorithm for evaluating the effect of casting

casting speed.

variables iIn Al-5wt%Si alloy on the optimum

Design
Test : .
Condition ME'ltI‘IX Algorithm
Number Variables
AT | F | D| CS (1) (2) (3) Divisor Estimate Identification

1 - - | — | 318 571 1467 2182 8 273 average

2 + — | — ] 253 896 715 | —238 4 —60 T

3 — + | — | 506 270 | —181 500 4 125 F

4 + + 11— | 390 445 —57 —60 4 -15 TxXF

5 — — | + | 147 —65 3251 —752 4 —188 D

6 + — |+ | 123 —116 175 124 4 31 TxD

7 — + | + | 239 —24 —51 | —150 4 —38 FxD

8 + + |+ 206 —33 —9 42 4 11 TXEXD
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