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On the Interior Temperature Dis‘_cribution of Ingéts during Heating Process.

(Study of thermal stress cracks in steel ingots—I)

Synopsxs

Takahiro HArRA

When high-carbon steel or high-carbon-chromium steel ingots of comparatively large size
are heated in a reheating furnace, cracks are often observed in their inside. :
Author has studied experimentally and theoretically the conditions under whlch these

ingots develop cracks under thermal stress during the heating process.

This report describes

the method of calculating the interior temperature distribution in the,ingots to calculate their

internal thermal stress.

With steels, generally thermal properties (thermal conductivity, specxﬁc heat and total
heat) will change with temperature, so it is not easy to calculate heat transmission briefly.
Thus considering these thermal properties he devised a finite-difference equation by which

we can calculate the heat transmission -with comparative ease.

And he recognized that the .

calculated value thus obtained accords perfectly with the observed value in a reheating fur-

nace.

The following facts have been dlscovered through this theoretical calculation;

(1) During the heating process of an ingot the temperature difference between surface
and core (i. e. surface-center temperature difference) reaches a maximum when the 1ngot
undergoes a transformation, because of the heat absorption for the transformation.

With low-carbon steels the surface-center temperature difference becomes greatest, 1ong

before the core of the ingot completes the transformation.

But with high-carbon steels

(especially with hypereutectoid steels) the surface-center temperature difference becomes
greatest just before the time of completion of transformation. '

(2) The maximum surface-center temperature difference at which the core of a high-
carbon chromiun steel ingot completes the transformation is determined only by the mean

surface temperature elevating rate within the transformation range.

To control this temper-

ature difference the surface temperature elevating rate has only.to be controlled in this

transformation range.
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Fig. 1. Schematic diagram of the furnace, and the results of surface and center temperature

measurements of billets and ingots in heating process, and its theoretlcally calculated

- values.
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Table 1. Chemical composition of steels tested. .
Chemical comvposition » (wt%) .
Specification | Section — ’
c Si | Mn P | s Ni Cr ‘ Mo | Cu
Billef Circular 1°02 025 042 0°009 0014 006 1°30 0°01 012
: . Squa_re 104 0°33 040 0009 0+010 0°07 142 0°01 0-12
Ingot Circular 1:05 | 0730 | 0720 | 07009 | 0-010| 006 | 1:35 | o001 | 0%12
;sg - Square 1+07 0°26 042 0°010 0°009 0°06 136 0°01 0°13
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Fig. 2. The finite-difference mesh points on the

section of circular and square body.
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