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Effect of Heat Generation on the Fatigue Strength of a Low Carbon Steel

under Combined Push-Pull and Torsional Loading

Isao Ourawa*, Hideo TAKAHASHI*, Junichiro Y ANAGISAWA™*
and Masaaki Misumri***

Fatigue tests were conducted at a frequency of 20 Hz or 5 Hz under push-pull or reversed torsion

or combination of these two loading modes. Temperature of specimen rose by heat generation during
cyclic stressing at 20 Hz but was kept at room temperature by air-cooling throughout the testing at 5
Hz. The variations of fatigue strength and strain range resulted from heat generation were studied in

each loading mode.

The heat generation became greater in the order, torsional, combined, push-pull loading, which re-
sulted in shortening of the fatigue life at higher stress amplitude. The fatigue strength under combined

loading was able to be evaluated by using S- N diagrams derived on the basis of Gough'’s ellipse quad-

rant theory except that the slope in the finite fatigue life region varied depending on temperature rise.
Mises” equivalent plastic strain range (Aey)eq increased rapidly at an early stage of fatigue life and
decreased during subsequent stress cycles. In the case of heat generation, the change of (Aey)ea Was

amplified and its average in fatigue process was lowered.

The relationship between the maximum of (Ae,)ea and fatigue life was expressed by a straight line

with a narrow scatter band on a log-log diagram, irrespective of the heat generation.

Key words : Combined loading, S-N diagram, Temperature rise, Equivalent stress, Plastic

strain range, Work hardening
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Table I. Chemical composition, heat treatment,

mechanical properties and strain-ageing poten-
tial of the material.

Chemical C Si Mn P N Al

composition %

0.120 | 0.010 | 0.350 | 0.020 | 0.015 | 0.025

920°C 1 hr FC, 710°C 4 hr FC, 550°C 4 hr FC,
Heat 400°C 8 hr FC, 300°C 8 hr FC, 200°C 12 hr FC,
treatment

100°C 24 hr FC

Yield stress in tension MPa 252

Tensile strength MPa 328

Elongation % 46
Mechanical Contraction of area % 74
properties

Yield stress in torsion MPa 118

Torsional strength MPa 492

Micro-vickers hardness H, 85
Strain ageing potential % 2.0

FC ; Furnace cooling in vacuum.
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Fig. 1. S-N diagrams based on the von Mises’
distortion energy theory.
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Fig. 2. S-N diagrams based on the Gough's
ellipse quadrant theory.
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Fig. 3. Variation of temperature during
cyclic stressing.
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Fig. 6. Variation of total and plastic strain range
during cyclic stressing in 20 Haz.
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