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Fig. 1 Schematic diagram of Vertical Core-Filling Continuous
Casting (VCFC) processing principle for fabricating CCA
composite materials: 1—Molten aluminum holding furnace;
2—Liquid aluminum; 3—Graphite mandrel tube; 4—Molten
copper holding furnace; 5—Liquid copper; 6—Graphite casting
mold; 7—Crystallizer; 8—Secondary cooling water; 9—CCA

composite casting rod
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Fig. 2 Geometric model of VCFC processing for fabricating
CCA composite materials: (a) External form of 3D Geometric
model; (b) Internal form of 3D Geometric model; 1—Graphite
casting mold; 2—Copper sheath; 3—Graphite Mandrel tube;

4—Copper chiller of crystallizer; S—Aluminum core
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Table 4 Values of width of air gap and heat transfer
coefficient between casting billet and internal surface of

graphite casting mould at different temperatures

Thermal Width of Heat transfer
Temperature/ o ) )
conductivity air gap/  coefficient/
of air/(W-m >K ") mm (Wm %K™
303 0.0267 0.67 39.90
323 0.0283 0.67 42.18
373 0.0321 0.67 4791
573 0.0461 0.67 68.73
773 0.0575 0.67 85.75
973 0.0671 0.67 100.13
1073 0.0717 0.50 144.79
1173 0.0763 0.32 238.25
1273 0.0808 0.15 556.28
1323 0.0830 0.06 1437.92
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Fig. 3 Schematic diagram of boundary condition (a) and
interface condition (b) of steady-state temperature field
simulation for VCFC processing of CCA composite materials:
1—Boundary condition of temperature of molten aluminum;
2—Temperature of molten copper; 3—Primary cooling water;
4 — Air cooling; 5 — Secondary cooling water; 6 —
Geometric symmetry plane; [ —Interface between aluminum
core and graphite mandrel tube; I[—Solidified copper sheath
and graphite mandrel tube; [II—Solidified copper sheath and
graphite cast mould; IV—Graphite cast mould and copper

chiller of crystallizer
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Fig. 4 Schematic diagram of physical simulation test device and points of temperature measurement of thermocouples
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Fig. 5 Temperature-time curves of measured and simulation values during solidification of metals in casting mold in physical

simulation tests: (a) Aluminum casted in condition of air cooling; (b) Copper casted in condition of water cooling
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Table 2 Processing parameters for numerical simulation and their results

Processing parameter

Values of assessment index

from simulation results

No.  Flux of primary Flux of Distance of Withdrawing ~ Length of Aluminum
cooling water/  second cooling second cooling speed/ mandrel casting Li/mm Lymm AG/C t/s
(L'hh water/(L-h™") water/mm (mm-min”") tube/mm  temperature/'C
1 1400 700 10 60 250 730 32,6 1398 5.9 28.1
2 1400 900 20 80 270 750 40.0 25.6 96.9 27.5
3 1400 1100 30 100 290 770 459 30.0 130.8 235
4 1400 1300 40 120 310 790 51.2 28.6 1433 19.0
5 1400 1500 50 140 330 810 56.4 36.2 1345 11.1
6 1600 700 20 100 310 810 59.1 -14 353 0.5
7 1600 900 30 120 330 730 41.0 -2.3 -1084 0.1
8 1600 1100 40 140 250 750 46.5 93.3  271.6 420
9 1600 1300 50 60 270 770 419 36.1 100.6  54.7
10 1600 1500 10 80 290 790 44.4 -1.1 382 2.5
11 1800 700 30 140 270 790 50.6 408 1739 214
12 1800 900 40 60 290 810 459 7.0 18.1 254
13 1800 1100 50 80 310 730 37.6 19.4 42.8 21.8
14 1800 1300 10 100 330 750 41.0 —-30.5 -—344.7 -10.6
15 1800 1500 20 120 250 770 46.5 74.6 2487 373
16 2000 700 40 80 330 770 41.0 228 -1942 63
17 2000 900 50 100 250 790 51.2 93.3 2669  60.1
18 2000 1100 10 120 270 810 55.9 414  188.1  21.8
19 2000 1300 20 140 290 730 459 30.0 1604 148
20 2000 1500 30 60 310 750 368 222 -169.8 6.1
21 2200 700 50 120 290 750 459 438 1384 277
22 2200 900 10 140 310 770 459 5.4 2.7 0.3
23 2200 1100 20 60 330 790 46.1  —40.8 3564 279
24 2200 1300 30 80 250 810 51.2 60.7  200.0 542
25 2200 1500 40 100 270 730 36.8 454 1238 355
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Fig. 6 Schematic diagram of assessment index of simulation results: (a) Position of solid-liquid interface of copper and aluminum

and eutectic reactions isotherm of CuAl,; (b) Steady-state temperature field of copper clad aluminum
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Table 3 Ranges of simulation results at different processing parameters shown in Table 2

Assessment Flux of primary ~ Flux of second Distance of Withdrawing Length of Aluminum
index of Range cooling water/ cooling water/  second cooling speed/ mandrel casting
results Lh™ @Lh™ water/mm (mm'min ") tube/mm  temperature/‘C
ky 45.2 45.8 44.0 40.7 45.6 38.8
Iy 46.6 44.8 47.5 42.8 45.0 42.0
Lymm ks 443 46.4 45.1 46.8 45.6 442
ky 46.2 46.2 443 48.1 46.1 48.7
ks 45.2 442 46.6 49.1 45.1 53.7
R 23 22 3.6 8.4 1.1 14.9
ky 52.0 40.0 31.0 24.0 92.3 46.5
Iy 24.9 25.8 17.6 16.4 37.9 22.0
ks 223 28.7 214 27.4 21.9 24.7
Ly/mm
ky 23.9 25.0 30.3 37.2 6.0 242
ks 22.9 26.6 45.8 41.1 -12.0 28.8
R 29.8 15.1 28.2 24.8 104.4 24.5
ky 102.3 17.7 -37.2 —80.3 198.6 449
ky 38.1 55.2 229 21.5 136.7 -1.5
AGC ks 27.8 55.4 453 28.3 81.9 57.7
ky 50.3 51.9 72.5 122.0 -3.3 37.9
ks 21.7 59.8 136.6 148.6 —173.8 101.1
R 80.6 42.1 173.9 228.9 372.5 102.6
ky 21.8 14.3 8.4 14.8 44.4 20.1
ky 20.0 22.7 10.5 19.9 322 16.1
ks 19.1 16.2 18.6 21.8 18.8 21.9
s ky 16.9 26.4 23.1 21.2 7.1 15.0
ks 18.0 16.1 35.1 17.9 —6.7 22.6
R 5.0 12.1 26.6 3.9 51.1 7.6
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Fig. 8 A simulation result under optimized processing parameters: (a) Temperature field; (b) Position of eutectic reaction isotherm

of CuAly; (c) Position of solid-liquid interface of copper and aluminum
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Numerical simulation analysis of effects of processing
parameters on forming process of vertical continuous core-filling
casting for copper clad aluminum billets with large section

LIU Xin-hua, FU Xin-tong, FU Hua-dong, XIE Jian-xin

(Key Laboratory for Advanced Materials Processing, Ministry of Education,
Institute of Advanced Materials and Technology,
University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Taking the copper clad aluminum composite billet with a large section size of 100 mmx100 mm as an object, a
numerical simulation of continuous core-filling casting was established. The boundary conditions of the numerical model
were determined, and its accuracy was verified by convenient experiment. Based on the verified boundary conditions, the
steady-state temperature field of large section copper clad aluminum during the casting was numerically simulated by
ProCast software. The effect of each processing parameter on the casting processing is obtained and the controlling
method and proper range of the processing parameters are given. The results show that the reasonable processing
parameters in preparing copper clad aluminum in 100 mm X 100 mm cross section are as follows: under the condition of
the casting temperature of copper of 1250 C, the casting temperature of aluminum is 760-790 ‘C, the flux of the first
cooling water is 1600—2000 L/h, the flux of the second cooling water is 900—1100 L/h, the distance from the second
cooling water to the exit of graphite crystallizer is 20 mm, and the withdrawing speed is 80—100 mm/min.

Key words: copper clad aluminum; vertical continuous core-filling continuous casting; temperature field; numerical

simulation
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