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The paper is aimed at establishing knowledge of the failure mechanisms and plastic behaviour of
austenitic steel AISI 304 in the initial state under different loading conditions. Microstructural analysis
was performed on a light microscope Neophot 32. AISI 304 austenitic steel has a microstructure formed
by a large number of polyhedral austenite grains of different sizes. The steel microstructure, mechanical
and fatigue properties, and areas of the plastic zone after the bending impact test were investigated. The
sutface hardness of samples was measured on a Zwick Roell ZHVp microhardness measuring device
using the Vickers method. After the bending impact test, fractures were formed with significant
deformation with a typical pit morphology. The fatigue test, performed on a Zwick Roell resonant
pulsator, monitored the plastic deformation causing changes in mechanical properties. Finally,
fractographic evaluations of the fracture surfaces were performed on a Tescan Vega LMUII scanning
electron microscope. The result of the work will demonstrate the differences in material behaviour under
both static and cyclic loading.
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Fatigue is the most common source of failure in
mechanical structures. Fatigue begins during a large
number of cycles when damage develops at the
microplastic level and grows until a macroscopic crack
occurs. It grows with each subsequent cycle until it
reaches a critical length and the component breaks
because it cannot sustain the accumulated stress and
load. In some applications, crack propagation stops or
grows so fast that component failure occurs earlier. A
loading cycle is defined as the duration from one peak
of the observed variable to the next peak. The stress
varies between the maximum and minimum stress
during the load cycle [10-15]. The Wohler curve is the
most classic characteristic of high-cycle fatigue. It is
used to determine when a brittle fracture will occur
under a given load. It is plotted in logarithmic
coordinates, where the load amplitude and the number
of cycles to fracture are plotted. To create it, it is
necessaty to do a load experiment for different levels.
The fatigue process involves two phases, crack
initiation, and crack propagation. Some important
load-bearing  structural components may fail

prematurely in service. This is due to manufacturing
defects and imperfections such as forging defects,
inclusions caused by welding, surface scratches,
corrosion pits, and others, which lead to the formation
of surface cracks or internal defects that propagate
into sudden failure [16-18].

2 Experimental part

The AISI 304 austenitic stainless steel used as the
experimental material was supplied as 3 m square-base
bars with dimensions of 10x10 mm and specimens of
the required length of 55 mm were cut from it. The
cutting of specimens was carried out on a Proma band
saw type PPK-155. After cutting, V-grooves with an
angle of 45° and a depth of 2 mm were milled into
specimens according to STN EN 10045-1 standard on
a universal milling cutter UWEF 200. The chemical
composition of the stainless steel was determined on
a SPECTROMAXXx spark emission spectrometet. The
measured values are listed in Tab. 1, together with
values from the STN 17 240 standard.

Tab. 9 Chenmical composition of the austenitic stainless steel (in wt. %)

C Mn Si Cr Ni Mo S P Fe
AIST 304 0.03 1.44 0.31 18.87 7.8 0.24 0.04 0.02 balance
STN 17240 | =0.07 <2 <1 17.0-20.0 9.0-11.5 - 0.03 0.045 | balance

The microhardness of specimens was measured by
the Vickers method on a Zwick Roel ZHVp micro-
hardness measuring device. During the test, a dia-
mond quadrilateral pyramid with an apex angle of
136° is pressed into the specimens with a selected load
of 0.5 kp. The hardness curve was measured from one
edge to the core with loading for 10 seconds for one
press, at a temperature of 20°C.

The bending impact test was carried out on a
pendulum hammer (Charpy). The test procedure is
implemented according to the EN 10045-1 standard.

A Fatigue test was performed on a Zwick Roell-
Amsler 150 HFP 5100 resonance pulsator. Multiple
cyclic plastic deformation during fatigue loads causes
changes in the material when the mechanical
properties change and the final failure of the material
by fatigue fracture occurs.

The Tescan Vega LMUII scanning electron
microscope was used to perform fractographic
evaluations of fracture surfaces after bending impact
tests and after Fatigue tests, as well as observation of
specimen surfaces after tests in which plastic zone
propagations were observed. EDX analysis, which is
part of the scanning electron microscope, was used to
determine, verify and detect phases that are present in
the structure.

3 Results and discussion

Austenitic steel AISI 304 has a microstructure
formed by a large number of polyhedral austenitic
grains of different sizes (Fig. 1). As a result of the
processing of the material (technological processing at
the manufacturer), annealing twins and deformation
martensite were found in the structure. The
deformation martensite was formed as a result of
rolling, and the annealing twins were formed due to
the increased temperature during rolling.
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Fig. 19 Microstructure of ALS1 304 anstenitic steel, etched.
Zhycerol+hydrofluoric acid+nitric acid
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The microstructure  contains  non-metallic based on aluminum and silicon. Evidence of their
inclusions such as manganese sulphides and oxides presence is shown in Fig. 2 and Fig. 3.
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Fig. 21 Verification of Al- and Si-based oxides by EDX analysis — line-scan

The average measured microhardness value of the 0.5 and the maximum measured value was 337 HV 0.5.
experimental material AISI 304 was 294 HV 0.5. The The course of microhardness of austenitic steel AISI
minimum measured microhardness value was 251 HV 304 is shown in Fig. 4.
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Fig. 22 Counrse of microbardness of AIST 304 austenitic steel
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During the bending impact test on a Charpy
hammer, the resistance of AISI 304 austenitic steel to
puncture was observed, as well as the fracture and the
surface character of the specimen after this dynamic
test. The average value of absorbed energy after
breaking through specimens was 123.2 J.

Before the bending impact test, the specimen
surfaces were metallographically prepared and
observed with a scanning electron microscope (SEM).
Fig. 5 shows the microstructure of AISI 304 austenitic
steel before the bending impact test, where we observe
the structure created during the processing of the
material (annealing twins and also the deformation
martensite). Subsequently, a dynamic test was
performed on a Charpy hammer, and after the test,
these surfaces, as well as the fractures themselves,
were observed on SEM.

SEM HV: 30.00 kV WD: 24.87 mm
View fleld: 140.2 yum  Det: SE Detector 20 pm
SEM MAG: 1.50 kx Date(m/d/y): 04/20/23

VEGAW TESCAN
I

Digital Microscopy Imaging n

Fig. 23 The surface of the AISI 304 specimen before the
bending impact test, etched. Kalling’s 11

After the bending impact test, a plastic area was
observed on the punctured specimens around the
notch (Fig. 0), respectively in the places near cracks.
Most commonly, plastic deformation was manifested
by slip dislocations. Plastically deformed annealing
twins were also clearly visible, with significantly
thicker slip bands.

Using fractography, the character of failure and
ductility can be analyzed. The test specimens failed by
ductile fracture with a typical pit morphology (Fig. 7).
Deep pits were observed on the fracture surface.
Sulfide and oxide particles were observed at the
bottom of the pits, which create the so-called textured
fracture, and due to them the rolling direction,

linearity, and deformation texture can be observed.

Fatigue tests (by three-point cyclic bending) were
performed on a frequency pulsator in the range of the
number of cycles Nf = 104 to Nf = 2x107. The loads
applied to samples are the mean stress om = -270 MPa
and the stress amplitude o, = 45 - 180 MPa. From the
results of dynamic fatigue tests, a W&hler curve (S-N
curve) was constructed, showing the dependence of
the upper-stress o, on the number of cycles to failure
Nr (Fig. 10). Samples that lasted 2x107 cycles are con-
sidered "run-outs".

SEM HV: 30.00 kvV WD: 26.06 mm
View field: 421.6 pm Det: SE Detector 100 pm
SEM MAG: 500 x Date(m/dfy): 03/28/23

VEGAW TESCAN
-

Digital Microscopy Imaging n

Fig. 24 The surface of the AISI 304 specimen before the
bending impact test — plastic deformation

VEGAW TESCAN
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SEMMAG: 100 kx  Date(midA): 03/31/23 Digital Microscopy Imaging n

Fig. 25 Fracture surface of ALSI 304 after the bending
impact test
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Fig. 26 S-N curve - AIST 304

From the SEM macroscopic evaluation of the
fracture surface of AISI 304 austenitic steel after the
fatigue test, it is possible to distinguish the location of
the notch, the fatigue area, the transition area, and the
static deformation area (Fig. 9). Fatigue cracks :
initiated in several locations, along the entire root of ' Fatigue area
the notch. However, it is not possible to determine
exactly what initiated the cracks. Intercrystalline
cleavage facets, ductile striations, sulphides, and
oxides, as well as secondary cracks, occur on fracture
surfaces in the fatigue fracture zone.

The area of static failure was manifested by a
ductile fracture with pit morphology.

Intercrystalline cleavage facets occur on the
fracture surfaces in the fatigue fracture zone (Fig. 10a).
Sulphidic and oxidic particles can be observed at the
bottom of pits (Fig. 10b).

Ayt
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Fig. 28 Areas of the fracture surface
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4 Conclusion

The whole experiment consisted of obtaining
information on the chemical
microstructure, microhardness, and dynamic tests
(bending impact test and Fatigue tests). The fracture
surfaces were also evaluated after cyclic loading by
three-point bending and after the bending impact test.

The chemical composition of AISI 304 austenitic
steel differed in nickel, phosphorus, and sulfur content
compared to the STN 17240 standard. The
microstructure of the steel was formed by polyhedral
austenite grains of different sizes. The structure also
included a large number of annealing twins and
deformation martensite. The structure also contained
a large number of non-metallic inclusions, which were
identified by EDX analysis as manganese sulfides and
oxides based on aluminum and silicon. Inclusions in
metals are usually considered to be microstructural
defects, that deteriorate mechanical properties or
corrosion resistance.

The microhardness course has higher values,
which may result in the amount of deformation
martensite found in the steel structure. The carbon
content of steel is unrelated to the amount of
deformation martensite. Deformation martensite is
formed when the austenitic grain deforms. The
amount of strain martensite is influenced by the
magnitude of the load (e.g. in rolling) and also by the
condition after heat treatment. The amount of strain
martensite affects the material properties. Higher
microhardness is expected with higher amounts. After
the bending impact test, all test specimens failed by
ductile fracture with a typical pit morphology. Deep
pits were observed on the fracture surface, which was
formed after punctured test specimens, and it
indicates a high energy of material failure. Sulfide
particles were observed at the bottom of the pits,
which form a so-called textured fracture, and due to
them, the rolling direction, the linearity, and the
observed. By
fractographic evaluation of the fracture surfaces, areas

composition,

deformation  texture can be
of crack initiation, transition area, as well as fatigue
were recognized. It was possible to determine the
initiation sites, from which the fatigue crack started,
but it was not possible to determine where it initiated.
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