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Optimizing of Dimensions of Flat-ingot Mould on the Basis of

Thermal Stress Analysis

Katsuo KINOSHITA, Yoshinae SHIMAZAKI,

Hideo UcHryaMa, and Isao ICHTHARA

Synopsis:

Thermal stresses originated in ingot moulds during solidification of ingots in contact were analyzed by
the two dimension thermo-elastic theory. The unsteady temperature distribution was estimated using
a finite difference method on the nodal points of mesh screen representing a mould cross section. The
thermal stress distribution on imaginary dividing elements of the mould was subsequently calculated by
a finite element method. A thermal stress parameter, the ratio of the thermal stress in an element to the
tensile strength of the element, was then calculated to investigate the influence of the thermal stress on
the life of the mould.

A subsequent analysis was made of the thermal stress parameter for flat shape moulds with different
ratios of cross section of the mould to that of a corresponding 23 tingot and with differeat ratios of the
wide-face thickness to the narrow—face thickness of the mould.

The above analysis has made it possible to derive an optimum mouli shape, for which thermal stress

becomes minimum, for the flat shape 23 t ingot.
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Table 1. Dimensions of ingot moulds investigated.
Mould wt. (1) Designation M/I*| L, L, L, L, B R, R, R, R, H
22 C22FR1°4 0-89 1528 | 1837 845 | 1220 | 1875 35 190 (1697-8] 4796 2800
23 Co3FR1-7 | ©0-95 | 1768 | 2133 | 767 | 1152 | 187'5 35 | 202-5(1392-0] 6936( 2800
23 C23C2:0 1:17 | 2062 | 2442 | 664 | 1097 {300 | 35 | 215 |1163-5| 10607, 2800
* the ratio of mould weight to ingot weight
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Table 2. Values of the 1lst and 2nd peaks of thermal stress parameter at the center of mould surface.
Figures in parentheses are the maximum values of the two peaks on mould surface.

T 1-0 1°1 14
\\\77
£ \\\ Wide-face | Narrow-face] Wide-face | Narrow-face| Wide-face | Narrow-face
1 st 0340 0-340 — — 0-230 0:515
peak (0-355) (0-355) — — (0-235) (0- 540)
0-8
2 nd 0-640 0-285 — — 0-465 0-600
peak (0-646) (0-285) — — (0-470) (0-600)
1 st 0-350 0-382 — — — —
peak (0-380) (0-410) — — — —
1-1
2 nd 0480 0-232 — — — —
park (0-493) (0-240) — — — —
I st 0-350 0-350 0340 0-455 0-214 0560
peak (0-380) (0-405) (0-355) (0°492) (0-230) (0-617)
1-2
2 nd 0-455 0-220 0420 0-280 0-320 0'470
peak (0-462) (0-250) (0-424) (0-280) (0°320) (0-485)
o7
T
06 [ % o — AN
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- o \
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: I
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Fig. 20. Values of the | st and 2nd peaks of the thermal stress parameter vs. time curves as
a function of the wall thickness of the moulds shown in Fig. 17.
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