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Numerical Simulation of Butt Curl Phenomena during Aluminum DC Casting
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Schematic illustration of aluminum DC casting.
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s Temperatures located above meniscus
level are fixed at pouring temperature.
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Primary cooling
Air gap
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secondary coolant T
yk Secondary cooling
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Bottom cooling X
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Computational quarter domain and boundary condition.
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Casting condition and physical properties.

Density (kg/m3) 2500
Heat capacitance (Jkg—1K-1) 1146
Liquidus line (C) 648
Solidus line (C) 635
Heat conductivity (Wm~1K-1) 218
Latent heat (J/kg) 3.9 x 105
Thermal expansion coef. (1/C) 25 %1075
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 (lcm~lmin—1) 3
Heat transfer coefficient in mold region
hyn=1400 Wm—2K-1, =04, ¢=0.5
Heat transfer coefficient of secondary cooling
Correlation from hot block quenching test
Node : 1056, Element : 750
250 ‘
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Plastic strain

4 Eip REERIC X 56453004 DS O3 A A
Stress-strain curves of AA3004 aluminum alloy
obtained by hot tensile test.
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Calculated temperatures and butt curl growth
(A: long side, B: short side, C: corner, D: center at slab
bottom surface).
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E Before growing period

Torque moment is weak because
of shallow sump profile.

*withdrawal

J:I Rapid growing period
y Torque moment is strong enough
to cause butt curl motion.

\

Liquid region

J:I Saturation period

" Butt curl motion is suppressed
by hardening of bottom shell.

Torque moment

v
Butt curl

Bottom block [+

I8 HEE/NY MA—VEEA S Z XL LTI T
5 BRI D 5 IR 238 25 W] O SFBLERAR % VS 5
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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1150 mm  (inner view) 1150 mm_ (outer view) Casting condition and butt curl measurement.
K6 /N N — VERRER L SR ORESA BT . . Lowering | Pouring | Measured
Calculated temperature distributions at the rapid Alloys Thickness| Width speed temp. | butt curl
growth and saturated stages of butt curl. (mm) | (mm) (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 43 690 40
3xxx 600 1140 43 690 35
3xxx 600 1340 60 700 20
3xxx 600 1650 60 700 32
5xxx 600 1920 50 700 30
y
450 mm (outer view) 50 7
45 ‘ ‘ e
+20% o1
T 40 Tolerance Lo
E 35 PR ) —=1
53. = RN d I i
36m o 30 57 prad
‘ 2 -
10 3 25 pid i
-7 = B J T
-43 £ 20 = o
-70 = < A &
-97 L 15 “ P
. © .~ P
-123 | (¢ 10 s
-150
-176 5
-203 0 ~
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y Measured butt curl (mm)
1150 mm (inner view) 1150 mm (outer view) 9 Ny M= IVOEE L ER O
K7 Ny b — VAR ER BRI E T (B Comparison of predicted butt curls with

Calculated inner stress distributions at the rapid measurements.

growth and saturated stages of butt curl.
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Relationship between slab width and butt curl.

BT BT 2 BIHIR & AR — O D 25 5 A 1 s o
KO 2SI S5 &9 IS 720, TIoveRs S
INEWVIEETEAHBE LG > TNy b — U T B0k
e shd,

4.4 Ny M H—ILELThDREE
HEBFEHRZTICEBNYy b A — LV ELThOBFRE
R11IZRT2S, E52FKREVLOOMIEHBRERD LT
EWTE, Ny M= NVO/REVEDIZEL PNA/NENT &
BB o BRI, FREER D S ) 5L FR— 1KY
ELTRY ERBZETHRESUNDHES 2 EHRTE
FHNEBFEBED AN Z A LTI REBEREZHPL T 5, #
WERGEREOHRIL N 7 TIVIEE K% 5 S UNDEE TH 555,
ARHEE LTENY P — LA HIHITREELER 2,

25 ‘ ‘
y=0.3759x + 4.5214
20—
= R2=0.493 d
§ /.
15
8 Y
Ke)
5 %
g L
310
©
o
5
0g 5 10 15 20 25 30 35 40

Calculated butt curl (mm)

11 /Sy M=k R ok
Relationship between butt curl and bow.
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