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Numerical Simulation of Butt Curl Phenomena during Aluminum DC Casting

Al B

Nobuhito Ishikawa
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For the production of aluminum plates and sheet coils, sound ingots need to be produced in
the Direct Chill (DC) casting firstly. In the early stage of the casting, however, butt curl appears
tending to decrease productivity through fatal defects such as metal bleeding and hot cracking.
In order to investigate the mechanism of butt curl growth, a thermo-mechanical model has been
developed, in which solidification shrinkage is handled to be definitely different from thermal
strain. It is revealed that a torque moment due to tensile stresses along sump profile is important
as a driving force of butt curl. The model can also reproduce the butt curl growth in real casting
well, in which butt curl grows drastically as soon as the peripheral surface of the bottom shell is
quenched by secondary cooling, and after some withdrawal its growth rate decreases due to the
increase of flexural rigidity.
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Table 1 Casting condition and physical properties.

Density (kg/m°) 2500
Heat capacitance (J/kg/K) 1146
Liquidus line ('C) 648
Solidus line ('C) 635
Heat conductivity (W/m/K) 218
Latent heat (J/kg) 3.9x10°

Thermal expansion coef. (1/°C) 25x10°
Solidification shrinkage ratio 0.07
Slab thickness (m) 0.6
Slab width (m) 1.65
Pouring temperature (C) 700
Casting speed (mm/min) 60
Secondary coolant flow rate (I/cm/min) 3
Heat transfer coefficient in mold region
hm=1400 Wm?K™", b=0.4, c=0.5
Heat transfer coefficient of secondary cooling
Correlation from hot block quenching test
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Fig.4 Stress-strain curves of AA3004 aluminum alloy
obtained by hot tensile test.
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Fig.5 Calculated temperatures and butt curl growth (A:
long side, B: short side, C: corner, D: center at slab
bottom surface).
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Fig.6 Calculated temperature distributions at the rapid
growth and saturated stages of butt curl.
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Fig.8 Proposed mechanism of butt curl development:
torque moment due to tensile stresses distributing
along sump profile bend the solidified bottom shell
in the early stage of casting process.
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Table 2 Casting condition and butt curl measurement.
aoys Pickss i | 4S9 | POUKG | s
(mm/min)| (°C) (mm)
1xxX 600 1750 50 700 35
1xxX 600 1750 50 700 40
1xxX 600 1280 50 700 22
1XXX 600 1600 63 700 32
3xxx 600 1140 48 690 40
3XxxX 600 1140 48 690 35
3xxx 600 1340 60 700 20
3xxx 600 1650 60 700 32
5xxx 600 1920 50 700 30
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