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a b s t r a c t

To find the Vickers hardness (HV) value for predicting the fatigue strength of inhomogeneous face-cen-
tered cubic (FCC) metals, HV tests were performed on SUH660 stainless steel. The results indicate that
the intrinsic hardness distribution can be obtained from the HV distribution in test zones according to
the Vickers hardness definition. The soft zone greatly affects the fatigue strength of an inhomogeneous
FCC metal. Therefore, for another inhomogeneous FCC metal in which fatigue cracks initiate and propa-
gate easily in the softest zone, the fatigue limit can be predicted using the mean HV value of the softest
zone.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

It is widely known that the fatigue limit of metal can be pre-
dicted by its hardness. For steel with a Vickers hardness of approx-
imately 400 or less, the following equation [1–4] is effective:

rw ¼ 1:6HV � 0:1HV ð1Þ

where rw (MPa) is the predicted fatigue limit and HV (kgf/mm2) is
the Vickers hardness. The fatigue limit of metal that has a defect can
be predicted by the following equation proposed by Murakami et al.
[5,6]:

rw ¼
1:43ðHV þ 120Þ
ð
ffiffiffiffiffiffiffiffiffiffi

area
p

Þ1=6 ð2Þ

where
ffiffiffiffiffiffiffiffiffiffi

area
p

(lm) is the square root of the defect area projected
onto the plane perpendicular to the first principal stress.

When predicting a fatigue limit using the above equations,
Vickers hardness is measured and used; however, the following
two questions arise. (1) What load should be used for the Vickers
hardness measurement? (2) Which of the varying measured values

should be used? In the present paper, question (2) is discussed.
About question (1), it can be thought that the intrinsic hardness
should be measured in a domain about the size of a non-propagat-
ing crack because the fatigue limit is the state at which a small
crack starts and becomes a non-propagating crack due to plastic-
ity-induced fatigue crack closure. In addition, for SUH660 stainless
steel that was tested in this study, a fatigue crack initiated or non-
propagated, and no inclusion was seen where the crack initiated
[7]. The effect on the intrinsic hardness of the grain boundary, sec-
ond phase, and inclusion is not discussed.

The intrinsic hardness of a metal should not vary if thermome-
chanical treatment is performed correctly. However, as a method
of evaluating intrinsic hardness, the Vickers hardness, an indenter
is pressed into a metal and the resulting plastic deformation is
evaluated. In the case of this evaluation, the relationship between
the direction of the indentation (or the direction of plastic defor-
mation) and the crystal orientation of a metal varies relative to
the plane of the measured specimen, the obtained Vickers hardness
varies. Because there are many slip systems in the case of body-
centered cubic (BCC) metal, this scatter is small compared to that
of face-centered cubic (FCC) metal; however, because there are
few slip systems in the case of FCC metal, the scatter in Vickers
hardness becomes greater compared to BCC metal. Furthermore,
when an inhomogeneous metal has a scatter in its intrinsic hard-
ness, Vickers hardness indicates that scatter. Therefore, the Vickers
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hardness value used to predict a fatigue limit has not been
clarified.

SUH660 (A286) is an austenitic heat-resistant precipitation-
hardening stainless steel [8–11]. In previous research by the pres-
ent authors, a very large scatter in Vickers hardness compared to
common homogeneous metals was found in SUH660 stainless
steel, and the relationship between this very large scatter in Vick-
ers hardness and a lower fatigue strength ratio compared to carbon
steel was confirmed. Therefore, SUH660 stainless steel is an inho-
mogeneous FCC metal.

In the present paper, according to the definition of Vickers hard-
ness and intrinsic hardness of an inhomogeneous FCC metal, the
intrinsic hardness distribution of the fatigue specimen is obtained
from Vickers hardness distribution in several test zones. Then, the
influence of intrinsic hardness of the softest zone on fatigue behav-
ior is discussed to find the HV value that can be used to predict the
fatigue limit by Murakami’s approach [5,6] for an inhomogeneous
FCC metal.

2. Proposed experimental principle

To determine the influence of the intrinsic hardness of the soft-
est zone on the fatigue limit of an inhomogeneous FCC metal, the
average HV value of the softest zone should be obtained. However,
the location of the softest zone in the specimen is not known, thus
the average HV value of the softest zone cannot be obtained by an
HV test. Therefore, to solve this problem, a new experimental pro-
cedure for predicting the average HV value was developed, which is
shown in Fig. 1. In this experiment, a statistical method is used to
predict the average HV value of the softest zone. Fig. 2 shows the
fundamental point of view of the intrinsic hardness distribution.
For an inhomogeneous FCC metal, the intrinsic hardness and the
Vickers hardness are homogeneous within a grain. However in a
zone, the intrinsic hardness is homogeneous but the Vickers hard-
ness is inhomogeneous because in an HV test, the crystal orienta-
tion varies according to the indented direction (or the direction
of plastic deformation). When an HV test is performed in a test
zone, the Vickers hardness distribution is obtained for the test
zone, and then the HV value of the softest grain in the test zone
would be predicted by a statistical method. After HV tests in sev-
eral test zones, the HV value of the softest grain in the specimen
surface would be predicted by statistics of extreme [12] using
the HV values of the softest grain in each of several test zones.
Meanwhile the average Vickers hardness variability would be ob-
tained from the Vickers hardness variability of the several test
zones. Therefore, according to the HV value of the softest grain
and average Vickers hardness variability of the specimen surface,
the Vickers hardness distribution in the softest zone can be ob-

tained, thus the average HV value of the softest zone can be
predicted.

3. Experimental methods

In this study, SUH660 stainless steel was used as the inhomoge-
neous FCC metal to predict the fatigue limit. Table 1 shows the
chemical composition of SUH660 stainless steel samples. The
SUH660 stainless steel samples were solution treated (ST) for 1 h
at 980 �C, air cooled, aged (A) 16 h at 720 �C, and then air cooled
again.

The HV tests were performed on the surface of the SUH660
stainless steel specimen. The indentation load was 0.49 N, and
the indentations were made at the center of the grain to avoid
any grain boundary effects. The size of the indentation was approx-
imately 15 lm. SUH660 stainless steel is an inhomogeneous FCC
metal, and although the Vickers hardness test indicated approxi-
mately the same value within a distance of several crystal grain
sizes from the first measurement position, measurement positions
located 1 mm or more from each other had significantly different
HV values. The intrinsic hardness varied on the surface of
SUH660, whereas carbon steel, which is a homogeneous FCC metal,
has a constant intrinsic hardness. To discuss the intrinsic hardness
scatter, which depends on the measurement position, a region of
600 lm � 450 lm was then defined as a zone, which is the size
of the field of view of the 200� optical microscopes used in this
study. Fig. 3 shows the microstructure of a zone on the test speci-
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Fig. 1. Experimental procedure for predicting average HV.

Fig. 2. Fundamental point of view for intrinsic hardness distribution.
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