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Efficient Algorithm for the Solidification Simulation by FDM

Jae-Kyung Lee, Ju-Mae Jeon and Ghi-Chan Jun

Abstract

Efficient algorithm for the solidification simulation by FDM is described from the practical point of
views. If a proper time step 4t is selected, the calculation is accelerated by implicit algorithm with the
temperature recovery method of latent heat method. The implicit routine in the calculation i1s processed
by SOR method(relaxation factor=1.5, truncation error=107*). The calculation 1s more accelerated by
linear-interpolated explicite algorithm with a time step larger than the minimum value of the time step.
This exphcit method, which is applicable to the practical casting simulation problems, produces almost

same results with about 40% faster calculation speed compared with the conventional explicit method.
(Received April 15, 1994)
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Fig. 1. Schematic model for calculation (a) Simple shaped model (b) Crank shaft model

Table 1. Thermal properties used in calculation

density specific heat thermal conductivity To Ts latent heat

(g/cm?) (cal/g-C) (cal/C -cm-sec) (C) ('C) (cal/g)
FCD 7.6 0.119 0.04 l 1160 1150 47
Mold 1.65 0.25 0.004 | - — —
Chill 7.5 0.16 0.08 | - — -

(37)
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Table 2. Boundary condition
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(cal/C -cm-sec)
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Table 3. Results of solidification analysis by explicit and implicit algorithm
analysis algorithm sohdification time time step ratio CPU time
(sec) (4t=0.1sec) (sec)
1. EXPLICIT(Conventional) 334.3 1 28,037
2. EXPLICIT (Linear-interpolated) 331.4 17,670
3. IMPLICIT 340.0 20 20,784
Table 4. Comparison of implicit algorithm with explicit algorithm
. . time step ratio CPU time solidification
analysis algorithm . . -
lteration a* (At=0.14sec) (sec) time(sec)
IMPLICIT | GAUSS-SEIDEL 16~20 1 10 397 105.0
iteration method 27 ~35 1 20 351 109.0
39~49 1 30 343 113.0
SOR method 11~21 1.5 10 336 100.8
16~22 1.5 20 201 103.6
21~24 1.5 30 173 105.0
EXPLICIT(CONVENTIONAL) 1 230 97.0

%« . relaxation factor
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Table 5. Results of conventional and linear-interpo-
lated explicit algorithm

the computing time during 5sec after pouring
after puring | conventional |linear-interpolated
(sec) (sec) (sec) IDpax=10
1 84.0 49.0
2 84.0 49.0
3 83.6 57.0
4 84.0 50.0
5 84.0 49.0
average 33.9 50.8
efficiency 39% 1
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Table 6. Effect of linear-interpolated explicit algo-
rithm on the calculation

the computing time by ID; value
after pouring [Doax, 4ti=1D;* At min
(sec) 5 10 20 30

1 58.0 | 49.0 | 52.0 | 51.0
2 57.0 | 49.0 | 43.0 | 45.0
3 68.0 | 57.0 | 50.0 | 52.0
4 64.0 | 50.0 | 51.0 | 46.0
5 60.0 | 49.0 | 43.0 | 46.0

average 61.4 | 50.8 | 47.0 | 474

efficiency 27% | 39% | 44% |43.6%
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