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Quantitative Evaluation for Fatigue Limit and its
Application to Spheroidal Graphite Cast lron
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ABSTRACT

Fatigue tests were performed to examine the 4 parameter method for specimens prepared by
various heat treatment which resulted in different mechanical properties. Obtained main results are
as follows,

{1) Samples treated by austempering did not show the expected improvement of fatigue limit
“although hardness and strength increased. This is attributed to the fact that defect sensitivities of
materials increase as increasing of hardness and tensile strength, it is also shown that the
graphites acting as a stress concentration place become larger by austempering heat treatment
than by normal annealing.

(2} Tt is very reasonable to predict the fatigue Limit of ductile irons with 4 parameter method
based on ors, H,, 4K, and \%m.

(3) The half-austempering treatment appeared to be more useful than the full-austempering
method to improve the fatigue limit in the spheroidal graphite cast iron with multi defective
material.
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Fig. 1 Relation between fatigue limit and defect size
expressed by 2-parameter criterion in carbon steels
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Fig. 2 Relation between fatigue limit and defect size
using 4-parameter criterion
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Table 1 Conditions ¢t heat treatment.

Isothermal

Austenizing | ‘reating

Annealing

T(C) | Hthe) | T(C) | Hhr) | T(C) | Hthr)
Series A | 600 1 - - - -

Series B - - 850 i 2500
Series C - - 950 3 500 6

Table 2 Characteristics of spheroidal graphite on surface.

Dsg(pm) Hgg(%) ng(%) ng( 1/mrf)

Series A 23 56 27 237
Series B 27 60 21 137
Series C 43 67 28 i

Ds; - Average size of graphite
H. : Nodularity of graphite

Vi : Volume fraction of graphite
Nsg : Nodule count of graphite
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Fig. 3 Micro structures of specimens prepared
by various heat treatment.
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Hy= (HyXFy+ HypX P)/(F,+ P) (4)
H,; : Vicker's hardness of ferrite
Vs ' Volume fraction of ferrite
H,, : Vicker’s hardness of pearlite
V, : Volume fraction of pearlite

Table 3 Mechanical properties.

Oy(MPa)| G5 (MPa)| & (%) H,
Series A 301 423 24 221
Series B 658 830 11 370
Series C 765 920 10 476

y - 0.2% proof stress
H,: Average value of each phase
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Table 4. Vicker's hardness of each phase.

Ferrite Pearlite Bainite

Hv Vf HU Vp Hu Vb

Series A 206 58 | 235 | 42 - -
Series B 206 10 - - 399 90
Series C 206 2 - - 491 | 95
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Table 5 Fatigue limit of each specimen series

Fatigue limit | Fatigue limit

0, (MPa) ratio a (%)
Series A 195 0.460
Series B 230 0.277
Series C 245 0.266
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Fig. 5 Casting defect existing on the fracture surface.
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Table 6 4Ky, of each specimen series.

AK y (R=-1.0)
Series A 125
Series B 15.1
Series C 7.3
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Fig. 7 The relation between fatigue limit and maxium defect size

Table 7 Comparisions of fatigue fimit by experiment and prediction.

Gve| T8t | Tuexp | T | Ooxp
. (H) | upra] (2Ka)| Oz
Series A 195 182 1.07 607 0.32
Series B| 230 264 087 [N 032
Series C| 245 318 0.77 329 0.74
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