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Calculation of Thermal Stress in Cylindrical Steel during Cooling

Synopsis:

Kazuo SAkAI

The paper presented a calculation of thrmal stress in a cylindrical steel induced during cooling by
introduction of strain-history into Hara’s calculation method.
Calculation was based on elastic-plastic theory and total strain was calculated by non-linear integral

equation through a successive integration.
stress-strain diagram.

Plastic strain was calculated by total strain theory and

A calculation was made for a cylindrical steel bar with 1 500mm in diameter quenched in mist from

850°C, and the results are as follows.

(1) Tensile stresses (o, o,) at surface of bar are the largest, when temperature difference bet-

ween surface and core was the largest.

(2) Stresses (oy, o0,) at starting point of transformation always show the maximum tensile

values.

(3) Reverse of stresses (or, a4, o) takes place after completion of transformation of core.
(4) At final stage of cooling, core has tensile stresses (or, oy, 0,) and surface layer has compre-

ssive stresses (o, o¢,) of characteristic pattern.

(Received March 16, 1974)
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Fig. 1. Temperature diagram of the solid cylin-
drical steel 1 500mm¢ section in fog quen-
ching from 850°C. The surface tempe-
rature is held at 180°C.a®
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Table 1. Amount of thermal expansion at each
step of transformation.

Step | Phase | Amout of thermal expansion ?;chzl(';jg
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Fig. 2. Variation of Young’s modulus E of
ferritic steel with temperature. 911
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Fig. 3. Variation of material constants n and b
with temperature. Chemical composition
of specimen (wt ¢;) is 0°76C-1‘03Mn-
0-4Si-1-0Ni-1-0Cr-0-4Mo.
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Table 2. Example of iuput values for computation.

J | T(C)|n(kg/ mm?) b( kg/ mm?*) E(kg/ mm?) J | T(°C) n(kg/mm?) 6(kg/ mm?) E(kg/ mm?)
: |

2 0 10 i 6-5 1-12x104 | 13 — 140 60 13 1-42 % 104
3 . —10 10 | 67 1-13x10¢ | 14 —170 79 | 17 147 % 104
4 | — 15 11 ! 6-75 1'14x 108 § 15 —200 104 22-5 156 % 104
51 — 25 15 6:80 1°15x10¢ | 16 —245 180 28-75 1-66x 10+
6 — 35 19 V 7:2 1'18x10¢ | 17 —270 270 31-75 1°70 % 104
7 — 45 20 ! 7+4 1°'19x10¢ | 18 —330 620 |, 365 1-80x 10¢
8 — 55 24 | 7-7 1°22x104 | 19 —380 1080 39-75 1-84 x 104
9 | — 70 30 | 8-25 1'24%104 | 20 —440 | 1 240 42-3 1-89x10¢
10 ' — 95 0 9-25 1:27x104 | 21 —525 1410 44-0 1-96x 104
11 —110 45 10-25 1'31x10¢ | 22 | —670 1640 45-0 206 x 10¢
12 ; —-120 | 50 110 1-385 104 a
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Fig. 5. Distribution of thermal stresses on the radius at the steps of cooilng process,
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Fig. 6. Distribution of equivalent plastic strains
on the radius at the times of calculation.
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