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The present study investigates the crystallographic-texture effects on the improved fatigue resistance in the
CoCrFeMnNi high-entropy alloys (HEAs) with the full-size geometry of the American Society for Testing and
Materials (ASTM) Standards E647-99. We exploited X-ray nano-diffraction (XND) mapping to characterize the
crystal-deformation levels ahead of the crack tip after stress unloading under both constant- and tensile-
overloaded-fatigue conditions. The crack-tip blunting-induced much higher deformation level was concen-
trated surrounding the crack-tip which delays the fatigue-crack growth immediately after a tensile overload. The
predominant deformation texture orientation in the Paris regime was investigated, using electron backscatter
diffraction (EBSD) and orientation distribution function (ODF) analyses. The twinning formation-driven shear
deformation gave rise to the development of the Goss-type texture within the plastic deformation regime under a
tensile-overloaded-fatigue condition, which was attributed to enhance the crack deflection and thus the tensile-
induced crack-growth-retardation period in the CoCrFeMnNi HEA. Our new findings address the quantitative
discrepancy found in our earlier work.

Fatigue-crack propagation
Tensile overload
Retardation

Texture

1. Introduction

Fatigue limit is one of the most important factors in determining the
lifetime of structural materials since they often experience various
cyclic-loading conditions. Improving the resistance to fatigue-crack
propagation (FCP) is one of the most decisive criteria for practical en-
gineering applications of materials [1-3]. From the viewpoint of grain
crystallography, the fatigue-crack path is regulated by the grain size,
grain boundary, and slip band since the crack propagates along the grain
boundaries or through the grains via an activated slip band upon cyclic
loading. There have been great efforts to clarify their mutual relation on
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the FCP resistance. Kunkler et al. proposed a two-dimensional model of
texture effects on the crack-growth behavior in the transition from fa-
tigue stages I to II [4]. Zhao et al. reported a pivotal role of Goss, P, and Q
textures in the Paris regime (stage II) and a beneficial role of a balanced
crack deflection-crack closure to great FCP resistance in aluminum al-
loys [3]. Liu et al. observed the retardation of FCP in stage II by
Goss-oriented grains in aluminum alloys [5].

One of the most effective ways to induce the crack-growth-
retardation behavior in the Paris regime is applying a much higher
single tensile overload [6-12]. Among the widely explored alloys,
high-entropy alloys (HEAs) [13] have emerged as the potential
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structural materials with superior mechanical and fatigue properties of
the well-balanced strength-ductility and good fatigue resistance,
respectively, accompanied with high thermal stability [14-24].
Comprehensive studies on fatigue-crack-growth behavior in the HEAs
have been devoted to understanding the relation among processing
parameters, structures, and fatigue performance [2,10,15,16,25-28].
Our previous study demonstrated the enhanced fatigue resistance in the
single-phase face-centered-cubic (fcc) CoCrFeMnNi HEA by immedi-
ately applying a single tensile overload [10]. Possible mechanisms were
reported in which the combined effects of the large plastic deformation
and predominant twin structures were proposed to delay the
fatigue-crack growth in the Paris regime in the CoCrFeMnNi HEA [10].

The distinct microstructure and texture components are responsible
for different deformation and fatigue behaviors. Recent attempts have
been focused on clarifying the evolution of microstructures and crys-
tallographic orientations of grains during different processing and
annealing conditions in the HEAs [29-31]. However, understanding the
deformation-texture orientation-dominated fatigue-crack growth in the
HEAs upon cyclic loading has not been acquired yet. A transition of
microstructural defects from the planar dislocation slip to twin struc-
tures was found immediately after a single tensile overload in the
CoCrFeMnNi HEA [10] with the qualitative agreement. Moreover, it is of
great interest to elucidate how the deformation texture develops and its
effects immediately after a single tensile overload, which influence the
crack-growth retardation behavior simultaneously.

To gain a more complete viewpoint of immediately applied single
tensile overload-induced improved FCP resistance in the CoCrFeMnNi
HEA [10], we extend our previous work towards the variance of single
tensile-overload-driven crystallographic-texture components in the
Paris regime. In this study, we perform the investigation with the
full-size geometry of the American Society for Testing and Materials
(ASTM) Standards E647-99 in terms of the crystallographic texture ef-
fects [32]. The distributions of different crystallographic planes as a
function of the distance from the crack tip after stress unloading under
both constant- and tensile-overloaded-fatigue conditions were explored
via neutron-diffraction measurements. The crystal-deformation level
around the crack tip was identified via X-ray nano-diffraction (XND)
mapping. The effects of deformation-texture components on the tensile
overload-induced crack-growth retardation period were characterized
by the electron backscatter diffraction (EBSD) and orientation distri-
bution function (ODF) analyses. Furthermore, the micromechanical
deformation  behavior of the  CoCrFeMnNi under a
tensile-overloaded-fatigue condition was understood, using crystal
plasticity finite element method (CPEEM).

2. Experimental details
2.1. Sample preparation

The as-cast CoCrFeMnNi HEAs were prepared via vacuum induction
melting (VIM) of the alloying elements with purities more than 99.9%
(in weight percent).

The compact-tension (CT) CoCrFeMnNi HEAs have a width and
thickness of 50.8 and 6.35 mm, respectively, following the ASTM
Standards E647-99 for the fatigue test [32]. Before the FCP test, the CT
specimens were pre-cracked to an initial crack length of 1.27 mm. The
as-fatigued specimen was prepared under constant-amplitude cyclic
loading (Pmax = 7400 N and Ppi, = 740 N) while the overloaded sample
was conducted with the addition of a single tensile overload (10,360 N)
at the crack length of 16 mm. More details of the geometry of CT
specimens and the two fatigue conditions of as-fatigued and overloaded
samples can be referred in our previous study [10].

2.2. Neutron-diffraction measurement

Neutron-diffraction measurements were carried out at the TAKUMI
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beamline in Materials and Life Science Experimental Facilities at the
Japan Proton Accelerator Research Complex (J-PARC), Japan. At the
TAKUM]I, two orthogonal strain components can be measured simulta-
neously from the two detector banks situated at £90° from an incident
neutron beam. Through rotating the CT samples by 90°, we determined
all of the three orthogonal strain components namely, the crack-growth
direction (or a longitudinal direction, LD), crack-opening direction (or a
transverse direction, TD), and through-thickness direction (or a normal
direction, ND) of the CT specimen. We performed neutron-strain map-
ping along the LD direction, which allowed to examine the residual-
strain distributions as a function of the distance from the crack tip. A
schematic illustration of neutron-diffraction measurements around the
crack tip of a CT specimen and the neutron-diffraction geometry for the
three-orthogonal strain mapping was presented in Fig. 1.

2.3. Microstructural characterization

The specimens used for microstructural characterization were cut in
the vicinity of the crack tip of the CT sample after stress unloading under
both constant- and tensile-overloaded-fatigue conditions. The sample
surfaces were mechanically polished, using silicon-carbide sandpapers
of 4000-grit with a non-crystallizing colloidal silica suspension, and
were finally electro-polished. The dendrite structures of as-cast CoCr-
FeMnNi HEAs were identified, using a polarized optical microscope
(POM). The EBSD analysis for grain orientation was performed,
employing scanning electron microscopy (SEM, JEOL JSM-7800F Nor-
dlysMax3) operated at 20 keV.

The deformation texture was examined via ODF analysis. The ODF
charts as a function of the distance from the crack tip were analyzed
from the corresponding EBSD orientation mapping as a function of the
distance from the crack tip. The ODF evolution was calculated, using the
Matlab open toolbox MTEX package [33].

2.4. X-ray fluorescence and X-ray nanodiffraction

X-ray fluorescence (XRF) and XND maps were conducted at the
Taiwan Photon Source (TPS) 21A beamline, National Synchrotron Ra-
diation Research Center (NSRRC), Taiwan. The beam energy of 8 keV in
XRF maps was used to excite all the constituent elements with a high
spatial resolution of 90 nm and a step size of 10 pm. The XND map was
exploited with a step size of 10 pm to investigate the full width area (FW)
of Laue diffraction caused by surface defects [34]. The evolution of FW
represents the cyclic loading-induced crystal deformation level in the
vicinity of the fatigue-crack tip.

2.5. Crystal plasticity finite element method

The micromechanical behaviors of the CT CoCrFeMnNi following the
ASTM Standards E647-99 model under fatigue tests were simulated,
using the finite element code, ABAQUS [35], with a user material model
that was programmed based on the crystal plasticity theory. Deforma-
tion by dislocation slip/twinning on active slip/twinning systems and
the rotation of the crystal lattice under finite deformation have been
considered in a constitutive model [36-44]. The constitutive response at
each integration point of each element was described by the single
crystal constitutive model through an ABAQUS UMAT subroutine [45].
The rigid model requires creating a new zone into the computational
model, which cannot be realized by the conventional finite element due
to its infinite stiffness and continuum formulation. The cohesive ele-
ments were thus employed to create new cracks. The incorporation of
twinning has been proposed [46-49], and the predominant twin reor-
ientation (PTR) scheme was utilized in the present study.
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Fig. 1. (a) Schematic illustration of neutron-diffraction measurement arounds the crack tip of a CT specimen. (b) and (c) Neutron-diffraction geometry for the three-

orthogonal strain mapping.

3. Results
3.1. Inhomogeneous chemical distribution

Fig. 2(a) and (b) show the POM observation of the as-fatigued and
overloaded CoCrFeMnNi HEAs. Both the as-cast CoCrFeMnNi alloys
revealed typical dendritic microstructures of dendrite and inter-dendrite
regions. To explore the local distribution of each alloying element in
these two different contrast regions, XRF maps with high spatial reso-
lution were further employed, shown in Fig. 2(c) and (d). Both the
CoCrFeMnNi HEAs under constant- and tensile-overloaded-fatigue
conditions exhibited an inhomogeneous chemical distribution of con-
stituent alloying compositions. The elemental segregation in the
dendrite and inter-dendrite regions was visible in both alloys. The
dendrite region was Co-Cr-Fe rich while the inter-dendrite region was

(c) As-fatigued

0.0 0.2 0.4 0.6 0.8

Distance from the crack tip (mm)

Mn-Ni rich. Such a favorable distribution of Mn and Ni was ascribed to
their lowest melting points and lowest mixing enthalpy in the binary
system with respect to the other constituent elements [17,50-52].
Expectedly, immediately after a single tensile overload does not alter the
elemental distribution in the CoCrFeMnNi dendritic microstructures
under fatigue conditions.

3.2. Distribution of different crystallographic planes

To investigate the distribution of different crystallographic planes in
the as-fatigued and overloaded CoCrFeMnNi HEAs, the evolution of
neutron-diffraction intensities of various grain orientations as a function
of the distance from the crack tip in the LD and TD directions was pre-
sented in Fig. 3. The typical crystallographic planes of {111}, {311}, and
{422} orientations with less intergranular stresses in fcc materials were

(d) Overloaded

0.0 0.2 0.4 0.6 0.8

Distance from the crack tip (mm)

Fig. 2. POM micrographs of the (a) as-fatigued and (b) overloaded CoCrFeMnNi. (c) XRF maps of constituent alloying elements in the solid red square in (a); and (d)
those in (b). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.).



T.-N. Lam et al.

(a) As-fatigued along LD
0.025_! 11

Acta Materialia 245 (2023) 118585

(b) Overloaded along LD

{111} 0.09

012345678 10

Distance from the crack tip (mm)
(d) Overloaded along TD

(c) As-fatigued along TD

0.0027
0.0025
0.0022 |
0.0020

0123456

(111}

0.040 |
0.030 |
0.019 |
0.008 |

311

311

0.0063
0.0055
0.0048
0.0041

(422}

| L L
01234567

10

01234

5678 10
Distance from the crack tip (mm)

Fig. 3. Evolution of neutron-diffraction intensities of {111}, {311}, and {422} as a function of the distance from the crack tip in the (a) as-fatigued and (b)
overloaded CoCrFeMnNi along the LD. Those in the (c) as-fatigued and (d) overloaded CoCrFeMnNi HEAs along the TD.

chosen [53]. The dominant distribution of {111} orientations under
both fatigued conditions along the LD direction was identified in Fig. 3
(a) and (b). In Fig. 3(a), along the LD direction, among three distinct
grain families, the {111} orientation displayed the most prominent
increasing development ahead of the crack tip while a negligible evo-
lution of the {311} and {422} orientations was seen. Immediately after a
single tensile overload in Fig. 3(b), there was a similar decreasing evo-
lution of the {111}, {311}, and {422} orientations within the plastic
zone ahead of the crack tip.

Along the TD direction in Fig. 3(c) and (d), there was a similar
propensity of each crystallographic plane with a considerably increasing
evolution of the {311} orientation ahead of the crack tip under both
fatigued conditions. There was a noticeably opposite tendency between
{111} and {311}, {422} orientations in which a decreasing evolution of
{111} orientation and a more pronounced increasing evolution of {311}
and {422} orientations ahead of the crack tip were obtained under
tensile overloaded-fatigue condition. Generally, the effects of immedi-
ately after a single tensile overload on the distribution of different
crystallographic planes were negligible.

3.3. Crystallographic orientation under constant- and tensile-overloaded-
fatigue conditions

Fig. 4(a) and (b) describe EBSD analysis with respect to the distance
from the crack tip in the as-fatigued and overloaded CoCrFeMnNi HEAs.
The EBSD results of grain-boundary distributions ahead of the crack tip
suggested the energetically favorable transgranular crack propagation
under both constant- and tensile-overloaded-fatigue conditions. Such a
predominantly transgranular fracture was also observed in the FCP of
the ultra-fine-grained CoCrFeMnNi HEA at room temperature [2].
Among distinct grain orientations, the (101)-oriented grains showed a
more uniform structure since no evident substructures inside the
(101)-oriented grains were seen in both HEAs. Meanwhile, the enlarged
(111)-oriented grains in Fig. 4(e) indicated a more noticeable appear-
ance of deformation twins in the overloaded sample rather than in the
as-fatigued sample, which was in accordance with our previous results
[10]. The presence of deformation twins along the crack path of trans-
granular fracture was also reported [54]. It is suggested that the
(101)-oriented grains were least affected by plastic deformation ahead
of the crack tip under both constant- and tensile-overloaded-fatigue
conditions.

In Fig. 4(c), the grain surrounding the crack tip was divided into
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1@

Fig. 4. EBSD analysis in the (a) as-fatigued and (b) overloaded CoCrFeMnNi. (c) The enlarged dotted black region in (a). (d) The enlarged dotted black region in (b).
(e) The enlarged solid black region in (b). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.).

three distinct oriented regions, which was presumably ascribed to the
stress concentration at the tip of the pre-crack after stress unloading
under a constant-fatigue condition. Such a phenomenon may facilitate
the nucleation of a transgranular crack in the neighbouring grain for a
steady crack propagation in a transgranular manner, which was
discernible in the simulated stress contours, using a finite-element
model [55]. However, a different orientation behavior surrounding
the crack-tip blunting was distinguishable after stress unloading under a
tensile-overloaded-fatigue condition. As observed in Fig. 4(d), the
concentrated distribution of only the (001) orientation surrounding the
crack-tip blunting was presumed to break the steady fatigue-crack
growth and resist fatigue-crack propagation immediately after a single
tensile overload. This feature is one of the possible reasons for the
crack-growth-delay behavior in the overloaded CoCrFeMnNi HEA.

3.4. Crystal deformation under constant- and tensile-overloaded-fatigue
conditions

Different deformation modes can be identified, using the full width at
half maximum (FWHM) analysis of micro-X-ray diffraction mapping
[56,57]. In the present study, we performed high spatial resolution XND
mapping to understand the crack-tip deformation level ahead of the
crack tip after stress unloading under constant- and
tensile-overloaded-fatigue conditions. Fig. 5 presents the XND maps of
the distribution of the full width of Laue diffraction with respect to the
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Distance from the crack tip (mm)

(b) Overloaded

Crack tip

0.0 0.2 0.4 0.6 0.8
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Fig. 5. XND maps with respect to the crack tip in the (a) as-fatigued and (b)
overloaded CoCrFeMnNi HEAs.

crack tip in both HEAs. The strongest deformation level was obtained at
the crack tip due to the stress concentration at the tip of the fatigue crack
after unloading under both fatigue conditions. However, their defor-
mation behaviors were extremely different. In Fig. 5(a), the deformation
was widely distributed ahead of the crack tip under a constant-fatigue
condition. More visible paths with higher deformation levels nucleate
the preferred propagating crack along the grain boundary (the dotted
green line) or across the neighboring grains (the dotted red line) in the
as-fatigued CoCrFeMnNi.

In contrast to the as-fatigued sample, a much higher concentration of
high deformation levels was confined, surrounding the crack-tip blunt-
ing in the overloaded sample, as shown in Fig. 5(b), which inhibits
fatigue-crack growth immediately after a single tensile overload. Such a
high energy barrier can be overcome by the fracture energy under
further cyclic loading so that the transgranular crack enables to be across
the adjacent grains and continue propagation. The XND results of the
crack-tip blunting-induced high concentration of large deformation
levels were in accordance with the EBSD analysis of the crack-tip
blunting-induced concentrated distribution of grain orientations sur-
rounding the crack tip, which is presumably responsible for retarding
the crack-growth behavior in the CoCrFeMnNi HEA under a tensile-
overloaded-fatigue condition.

3.5. Crystallographic textures under constant- and tensile-overloaded-
fatigue conditions

The effects of predominated deformation texture components under
constant- and tensile-overloaded-fatigue conditions were examined via
the ODF analysis. Table 1 lists the appropriate deformation-texture
components identified in the single-phase fcc CoCrFeMnNi HEA,

Table 1
Texture components in the CoCrFeMnNi HEA.

Texture component Symbol Euler angle (°) (@1, ¢, ¢2) Miller indices

Gg 0 90, 45, 0 {110}<110>
Bs A 35, 45,0 {110}<112>
G O 0, 45,0 {110}<001>
G/B . 17,45,0 {110}<115>
Twinning ﬁ 0/60, 55, 45 {111}<011>
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including the representative symbols, the corresponding Euler angles,
and Miller indices. The deformation-texture components observed under

fatigue conditions consisted of the rotated-Goss (GR,O, {110}<110>);

Brass (Bs, M\, {110}<112>); Goss (G, &P, {110}<001>); G/B ({),
{110}<115>), orientation lying between the G and Bs; and deformation
twinning (Q,{111}<011>).

Fig. 6 presents the @2 = 45° section of the ODF evolution with respect
to the distance from the crack tip along the crack-growth direction in the
(a) as-fatigued and (b) overloaded CoCrFeMnNi HEAs. The ODF sections
disclosed a main deformation texture of the Ggy-type at the crack tip
under a constant-fatigue condition. In accompanying with the Gg-type
texture, an appearance of G/B and Bs-type textures was visible at the
crack tip under a tensile-overloaded-fatigue condition. The deformation-
texture components under both fatigue conditions varied with the
propagating crack after stress unloading, and their texture-orientation
behaviors were different as the crack propagated. Characterization of
the ODF development indicated a gradual texture transition from the
predominantly Gg-oriented to Bs-dominated region in the as-fatigued
CoCrFeMnNi HEA. Meanwhile, there was a transition from a Gg-type
texture to deformation twinning coupled with a Goss-type texture with
the propagating crack and finally to a Goss-type texture as the crack
continued to propagate in the overloaded CoCrFeMnNi HEA. The pres-
ence of a deformation-twinning texture under a tensile-overloaded-
fatigue condition was in accordance with the single tensile-overload-
induced deformation twinning, demonstrated in the overloaded CoCr-
FeMnNi HEA [10]. The twinning formation-driven shear deformation
gave rise to the development of a Goss-type texture with the propagating
crack in the overloaded sample.

The @ = 0° section of the ODF evolution in Fig. 7 was also described
to verify the deformation texture components-dominated fatigue-crack
growth under fatigue conditions. The ODF development of the
deformation-texture orientation at the ¢y = 0° section was extremely
analogous to that at the @p = 45° section under a constant-fatigue

(a) As-fatigued ¢, = 45°

Y
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condition. Specifically, a similar transition from a Gy to Bg orientation
with the propagating crack in the as-fatigued CoCrFeMnNi HEA was
obtained at the ¢y = 0° section. Meanwhile, the dominant texture
orientation in the overloaded CoCrFeMnNi HEA was originally from the
Gp to Gp associated with G/B and Bg and finally to G coupled with G/B
and Bs with the propagating crack. Examination of the ODF sections
unveiled that the major difference in the deformation-texture orienta-
tion under constant-and tensile-overloaded-fatigue conditions was the
remarkable Goss-type texture ahead of the crack tip immediately after a
single tensile overload.

3.6. Twin-volume fraction around the crack tip simulated by CPEEM

To quantify the twin-volume fraction (TVF) distributed around the
crack tip during FCP, CPEEM was performed under constant-and tensile-
overloaded-fatigue conditions. The specimens were divided into 5810
elements with a 8-node hexahedral linear reduction integral element
(C3D8), and the cohesive element was divided into 27 elements with
eight junction three-dimensional bonding element (COH3D8). The
geometric model was illustrated in Fig. 8(a). Fig. 8(b) presents the TVF
as a function of the distance from the crack tip under both fatigue
conditions. The TVF reached the highest value at the crack tip in both
specimens. However, the overloaded CoCrFeMnNi disclosed a much
greater TVF in the overload-induced enlarged plastic zone, compared to
the as-fatigued specimen. The contour plots of TVF distributions around
the crack tip were depicted in Fig. 8(c) and (d). The deformation twin-
ning was distributed in a wider zone size with a dense concentration
surrounding the crack tip in the overloaded specimen, totally in agree-
ment with our previous results [10]. The CPEEM results strongly affirm
the salient twinning structures-driven deformation behavior under a
tensile-overloaded-fatigue condition in the CoCrFeMnNi.

%

0, = 450
‘i -y

Crack tip

Crack Propagation Direction

-

Fig. 6. @, = 45° section of the ODF evolution with respect to the fatigue-crack propagation in the (a) as-fatigued and (b) overloaded CoCrFeMnNi HEAs. Gg, Bs, G, G/

B, and deformation twinning were represented by O, ﬁ, 0, ., and [:], respectively.
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Fig. 8. (a) Geometric model of CPEEM simulation. (b) TVF distribution as a function of the distance from the crack tip in the as-fatigued and overloaded CoCr-
FeMnNi. The contour plots of TVF in the (c) as-fatigued and (d) overloaded CoCrFeMnNi HEAs.
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4. Discussion

Understanding the relation among the grain size, grain orientation,
and structural defect activities on the FCP under cyclic loading is sig-
nificant to improve the fatigue resistance of the structural materials. The
role of crack closure, such as grain size and dislocation or twinning
activities, on the tensile-overload-induced crack-growth-retardation
behavior in the coarse-grained CoCrFeMnNi was previously reported
[10]. To gain a complete understanding of the tensile-overload-induced
improved FCP resistance in the CoCrFeMnNi HEA, the influence of crack
deflection occurring at the grain boundaries between various texture
components was clarified.

After stress unloading under a constant-fatigue condition, the fatigue
crack may propagate into neighboring grains along preferential slip
systems in a widely uniform distribution of crystal- deformation levels,
implying a steady crack propagation in the Paris regime, as demon-
strated by the EBSD and XND results. However, the addition of a single
tensile overload enabled to activate additional activities of deformation
twinning, which induced a much larger deformation level surrounding
the crack-tip blunting. When the fatigue crack approaches such a high
energy barrier, the FCP rate significantly decreases. This trend results in
the overload-induced crack-growth-retardation period in inhibiting the
FCP resistance immediately after a single tensile-overload in the CoCr-
FeMnNi HEA.

The ODF evolution with respect to the crack tip indicated by the
striking discrepancy of deformation texture components under constant-
and tensile-overloaded-fatigue conditions was the formation of Goss
orientation with the propagating crack within the plastic zone in the
overloaded CoCrFeMnNi HEA. The development of the Brass-type
texture under both fatigue conditions was mainly attributed to the
induced plastic deformation in the low stacking-fault energy of the fcc
CoCrFeMnNi HEAs [29,58-60]. Meanwhile, the formation of the
Goss-type texture in the overloaded CoCrFeMnNi was presumably
ascribed to the twinning formation-driven shear deformation. The
deformation twining-coupled shear bands facilitated the development of
a Goss texture in the heavily deformed CoCrFeMnNi under a
tensile-overloaded-fatigue condition. Such a remarkable development of
the Goss component was commonly obtained in the strongly deformed
materials under cold rolling or recrystallization annealing [58,61,62].
Among the distinct texture components, the Goss-oriented grain was
reported to own a large twist or great tilt angle boundary component
with the neighboring grains [3,5]. Although the Brass-oriented grain
also has a large tile angle with the neighboring grains, it is supposedly
less resistant to FCP than the Goss-oriented grain [3,5,63]. The fatigue
crack was prone to deflect more significantly when propagating across
the grain boundary of a Goss orientation and thus led to great resistance
to FCP [3,5,63,64]. The combined effects of the crack-tip blunting-in-
duced concentrated orientation of (001) and high concentration of large
deformation levels associated with the development of a Goss texture
ahead of the crack tip delayed the overall fatigue-crack growth under a
tensile-overloaded-fatigue condition in the Paris regime.

5. Conclusions

The effect of the grain orientation and texture on the tensile-
overload-induced crack-growth-retardation behavior in the Paris
regime within the dendritic microstructure of coarse-grained CoCr-
FeMnNi HEAs was extensively investigated. The crack-tip blunting-
driven high deformation level concentrated around the crack tip
inhibited fatigue-crack growth immediately after a single tensile over-
load. A transition from the Gg-predominant to Bg-predominant texture
was found after stress unloading under a constant-fatigue condition.
Meanwhile, an appreciable difference was the additional appearance of
the Goss orientation with the propagating crack under a tensile-
overloaded-fatigue condition. The twinning formation-driven shear
deformation promoted the development of Goss-type texture within the
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overload-induced larger plastic deformation, which was believed to
effectively resist the overall FCP performance. A complete understand-
ing of tensile-overload-driven microstructure and texture effects on the
enhanced resistance to FCP behavior is helpful in designing HEAs with
better fatigue resistance under high-cycle fatigue.
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