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Fatigue damage is known as one of the major concerns in maintaining the

integrity of large-scale engineering components. The nonlinear strain/stress distribution around a
fatigue crack tip has a great impact to understand the fatigue and crack growth behavior of
engineering component. This research is devoted to develop the fatigue evaluation technique by a
combination of two neutron methods: Bragg-edge transmission imaging and diffraction.Two-dimensional
maps of inhomogeneous residual strain and microstructure for the compact tension samples, which had
been under different fatigue loading conditions, were determined by Bragg-edge spectral analysis.
The obtained Bragg-edge imaging results were quantitatively compared with those determined by
diffraction. The obtained original information of the strain and crystalline structure state inside
the bulk gives a greater understanding on crack tip elastic and plastic strain evolution mechanisms

in engineering materials.
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Fatigue damage is known as one of the major concerns in maintaining the integrity of
engineering components such as ships, bridges, pressure vessels and other large-scale
structures. It is reported that 80% of accidents are due to metal fatigue. In structures
undergoing fatigue loading, the nonlinear strain/stress distribution around a fatigue crack
tip has a great impact to understand the fatigue and crack growth behavior of engineering
component. Therefore, it is essential to understand the residual strain/stress distribution
around a fatigue crack under different conditions, which is important for improving the
fatigue lifetime and helpful for the design of engineering structures. The newly developed
time-of-flight (TOF) Bragg-edge transmission imaging method, which follows similar
principles to the neutron diffraction method, generates two-dimensional (2D) mapping of
strain over the entire detector field of view in a single measurement and can quantitatively
and non-destructively visualize the spatial distributions of the wider area of textures and the
microstructures inside a relatively thicker material than the traditional electron, X-ray
experiments.

2. WHEDOHK

We consider that it is possible to reveal local variations in strain and microstructure around
a fatigue crack tip throughout the thickness of the material by using the non-destructive
neutron Bragg-edge imaging and established neutron diffraction probes. The aim of this
study is to develop 2D strain mapping technique using the pulsed neutron Bragg-imaging
and neutron diffraction. The evolution of the internal stress fields around the crack tip during
fatigue crack growth under applied loads will be investigated. The developed technique will
be applicable for non-destructive fatigue strain inspection of different kinds of complicated
engineering products, which will provide complementary information to the conventional
methods.

3. WHEDIIA
To investigate the influence of austenitic (y) and ferritic (a) phases on the changes in the
strain and microstructure of steels during cyclic fatigue, we selected a typical single austenite
stainless steel SUS304 (100% y) and a duplex stainless steel SUS329J4L (approximately 50%
Y, 50% a). The fatigue tests on the compact-tension samples were conducted with a servo-
hydraulic fatigue testing machine. The 6 mm thick samples were subjected to constant
amplitude loading until a crack of 25 mm was developed in SUS304 after 2.9x10° cycles or in
SUS329J4L after 3.9x105 cycles. The pulsed Bragg-edge imaging experiment on the fatigued
samples was performed at BL22 RADEN, the energy-resolved neutron imaging system at the
Materials and Life Sciences Experimental Facility (MLF) of the Japan Proton Accelerator
Research Complex (J-PARC). The time-of-flight neutron diffraction strain mapping was
performed at BL19 TAKUMI, an engineering
diffractometer in MLF/J-PARC. The Bragg-edge ff ERS
spectral were analysed by RITS (Rietveld Imaging of &=
Transmission Spectra) code to obtain 2D maps of i
crystallographic information. Neutron diffraction NG
data were analysed by the Z-Rietveld software to o
obtain the residual lattice strain, texture, and phase
volume fractions. In addition, the digital image
correlation measurement was performed
complementarily during the fatigue tests to obtain the
surface strain on the on the compact-tension samples.
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Fig. 1. shows the schematic illustration of the neutron
diffraction measurement positions of a SUS304
sample, which was subjected to constant-amplitude 1
cyclic loading mode until a crack of 25 mm was Crack tip 1| I Lo
developed after 2.9x105 cycles, where TD, RD and

ND data in the mid-thickness of the 6 mm samples  Fig. 1. Schematic illustration of the neutron
were obtained with the gauge volume of 2x2x2 mms3  diffraction measurement positions.




by using radial collimators and an incident

beam slit. The residual strain was obtained by  (a)0.0006}—TD pr=t
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reveals strong compressive residual strains at e i
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the crack tip and rising to near-zero with Position (mm)
increase of distance from the crack tip in the (b) 150
TD and RD directions, while those in the ND 100 =t

direction show tension near the tip and
decreased to near zero at about 7 mm from the

crack tip. The residual stresses in all three

were calculated using the generalized Hooke's

law. Fig. 2(b) shows the calculated interphase
residual stress of the SUS304 sample. In all

TD and RD directions, the austenite phase
shows compressive residual stress near the
crack tip while the residual stress is almost 0 MPa

in the ND direction. The residual stress in TD is
from -150 MPa around crack tip to 120 MPa ~10
mm ahead of the crack tip.

The dashed box in black and the line box in red in
Fig. 3 indicate the analyzed regions zooming in Fig.
4. Fig.4 shows the 2D maps of the obtained lattice
constants obtained by neutron diffraction and
Bragg-edge imaging, respectively. The distribution
of the lattice constants obtained from the Bragg-edge
imaging data was in agreement with the results
obtained from the diffraction data.

2D maps of the nonlinear microstructure and
strain/stress around a fatigue crack tip by further
analysis can help characterize the fatigue damage
behavior in engineering materials and may be
helpful for the design of engineering components.
We will compare the different fatigue behaviours
between austenitic stainless

steel and duplex stainless
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Fig. 2. Residual strain (a) and
residual stress (b) of SUS304 samples
along L2 in Fig.1.
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Fig. 3. Schematic illustration of
the neutron diffraction and Bragg-
edge imaging analysis positions.
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steel and analyse samples
tested under different loading
conditions. We will also
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compare the obtained Bragg-

edge imaging and diffraction
results with those by digital
image correlation methods in
our future analysis.

The technique may be
applicable for non-destructive
fatigue strain and
microstructure inspection of
different kinds of complicated
products, such as welded
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large components.

Fig. 4. 2D maps of lattice constants obtained by neutron
diffraction (a) and Bragg-edge imaging for SUS304 sample.
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