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This work evaluates microstructural changes and residual stresses on surface samples of AISI
201LN and 304L subjected to shot peening. The residual stresses were measured by Xray diffraction
and magnetic Barkhausen noise (MBN) in different shot-peened conditions. The results showed that
the 201LN steel presented more martensite than the 304L steel in the initial condition, but with lower
Sferrite contents. These ferromagnetic phases were present in a low amount with high tensile residual
stresses due to brush cleaning and light coldrolling in the final stage of the fabrication process. The
shot peening process promoted compressive residual stresses mainly in the dferrite. However, some
“fresh” martensite exhibited tensile residual stress represented by higher and thinner peaks, which
together with the low-intensity amplitude in the neighborhood, represented all formed martensite.
Thus, small microstructural changes provoked high residual stresses behavior, which can be detected

in ferromagnetic phases by MBN.
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1. Introduction

Austenitic stainless steels (ASS) have good mechanical
properties and corrosion resistance, and for this reason are
used in various industrial sectors, such as equipment for food,
pharmaceutical, nuclear, aerospace and petroleum industries'-.
In this family of austenitic stainless steels, the 300 series
is the most commonly used and is characterized by a high
content of chromium and nickel. However, due to nickel
price volatility in the international market, other austenite
stabilizer elements, such as nitrogen and manganese, can
replace this metal, giving rise to the 200 series. Therefore,
new stainless steels, such as 201LN steel, characterized
by low carbon content and nitrogen addition, are being
investigated to achieve lower cost production’*.

Nevertheless, in some stainless steel designations,
the austenite phase is more metastable and promotes
austenite transformation into martensite, achieving the
desired mechanical properties, mainly due to the chemical
composition. In this way, stacking fault energy (SFE) plays
a major role in martensitic transformation, but grain size,
degree of deformation and temperature also contribute to
this mechanism’.

SFE determines the main hardening mechanism
associated with plastic deformation of austenitic stainless
steel. The decrease in SFE causes slip dislocations and
allows mechanical twins or the formation of martensite by
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deformation. A stacking fault energy greater than 20 mJ/
m? inhibits paramagnetic emartensite formation and enables the
o’martensite formation reaction (y— twin— o’). In contrast,
the y—>&—a’ reaction is observed at low SFE. In this case,
in the initial deformation stage, shear bands with stacking
fault and twins are generated in the y-phase, leading to the
e-martensite formation by stacking faults overlapping and
o’-phase nucleated at the intersection of e-martensite bands
and in regions close to the bands®.

The 200 series has lower SFE than the 300 series and
is more prone to the y—&—a’ reaction. This metallurgical
transformation alters not only the residual stresses but also
the magnetic properties of the material, since the gamma iron
crystalline structure is paramagnetic, while the o’ martensite,
with a body-centered cubic structure, is ferromagnetic’*.

Mechanical treatments, such as shot peening, are used in
the manufacturing process to produce a compressive residual
stresses state on the surface material, improving the component
fatigue service life, since the nucleation and propagation of
fatigue cracks are mitigated by these compressive residual
stresses. Therefore, it is essential to analyze the shot peening
time effect on microstructural change and residual stresses
state, taking into account results obtained in ASS’s by shot
peening treatment’ and cold-rolling process'®, where both
studies highlighted a martensitic transformation with more
tensile behavior in the early phase of plastic deformation.
However, it is important to evaluate the initial influence in
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this process of delta ferrite amount, which depends on the
chromium and nickel equivalent ratio and the plate thickness'.

X-ray and neutron diffraction are standard nondestructive
methods for assessing the residual stresses generated by
the shot peening process. X-ray diffraction is more cost-
effective for the analysis of shot-peened surface'?, but
special care must be taken when performing it in the field,
such as logistics, accessibility, isolation and professionals
with extreme qualifications.

Although MBN is an experimental technique, it has
significant potential for industrial applications. This technique
is sensitive to many features, such as microstructural phase
change and precipitation, hardness and residual stresses.
The consolidation of this method, especially for shot-peened
materials, requires complementary analysis by hardness
test, metallography and another technique, such as X-ray
diffraction, to understand the material behavior'>!',

In this context, this work studies the residual stresses
obtained by X-ray diffraction technique, applying the sin’y
method, and MBN in ASS 201LN and 304L subjected to
shot peening up to 90 seconds. Ferritoscopy and surface
hardness measurements complement this study.

2. Materials and Methods

The ASS 201LN and 304L were manufactured according
to ASTM A240% and supplied in the form of 6 mm and 10 mm
thick plates, respectively. The chemical compositions of the
two materials are listed in Table 1.

The stacking fault energy (SFE) was calculated according
to the methodology proposed by Curtze et al.'® using a
program developed in another work of our group®.

The chromium and nickel equivalents were estimated
using Equation 1 and Equation 2, respectively'”'®.

Croq (wt.%) = Cr+2Si+1.5Mo+5V +5.541+1.75Nb+1.5Ti +0.75W (1)
Nigg (wt.%) = Ni+Co +0.5Mn +0.3Cu + 25N +30C 2)

The increase in chromium and nickel equivalent ratio
and the greater plate thickness indicate a higher susceptibility
of amounts in the microstructure of delta ferrite, with the
approximate ratio of 1.48 representing the transition in
solidification behavior from primary austenite to primary
ferrite'*2,

Analysis by light optical microscopy (LOM) was performed
on the as-received surface, revealed by electrolytic aqueous
etching with 10% of oxalic acid (C,H,0,) for 90 seconds.
The delta ferrite observed in metallography was quantified
according to ASTM E112?! for both materials.
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The X-ray diffraction analysis for phase characterization
in the as-received condition was performed on a Bruker
D8 Advance diffractometer, using CuKo radiation with
wavelength A = 1.544 A and monochromator. The tests
used a 20 scanning angle range of 1095°. The measurements
were performed at room temperature in continuous scanning
mode, with an angular step of 0.02° and a counting time of
0.2 second. The voltage and current used were 40 kV and
40 mA, respectively. The phase quantification was performed by
the Rietveld method employing X’pert HighScore software?.

Tensile tests of ASS 201LN and 304L in as-received
conditions were carried out at room temperature using a
250 kN Instron mechanical testing machine at 5 mm/min.
Three tensile specimens of each material were machined
in the longitudinal rolling direction (RD) according to the
dimensions specified in ASTM A370%.

Three samples of each material were prepared by
machining with the length parallel to the rolling direction
and dimensions of 76.20 x 19.05 mm?*. Then, the machined
specimens were subjected to manual shot peening at room
temperature using glass microspheres with a diameter of
152250 um and working pressure of 550 MPa, considering a
distance of 50 mm perpendicular to the surface. The samples
were submitted to 30, 60 and 90-second treatments to evaluate
changes in microstructural, hardness and residual stresses.
It is important to highlight that in each 15-second treatment,
the surface was completely (100%) covered by the treatment.

Twenty measurements were made for each sample condition
to quantify the ferromagnetic phases, using a ferritoscope
Helmut Fischer model FMP 30. The correction of 1.7 was
applied to evaluate the martensite content?.

Twenty measurements of surface hardness Rockwell test,
according to ASTM E18%, were made for each condition
using a 1/16” steel ball penetrator with 3 kg preload and
15 kg load (HR 15T). The Rockwell hardness test (scale T)
is a Rockwell superficial hardness test similar to Rockwell
hardness test except that smaller preliminary and total test
forces are used with a shorter depth scale and, consequently,
the volume of metal deformed by the indenter is significantly
reduced?®. Analysis of variance (ANOVA) test was used to
confirm the effect of shot peening time on the quantification
of ferromagnetic phases and surface hardness.

Residual stresses were analyzed by X-ray diffraction
technique using sin?y method and performed with Xstress
3000 analyzer with a collimator of 2 2.0 mm (30 kV and
6.7 mA). The XTronic V10 Standard software was used to
perform the stress calculation. The parameters are given
in Table 2.

Table 1. Chemical composition (wt.%) of ASS 201LN and 304L (Fe in balance).

C Mn Si S Cr Ni Mo
0.0237 7.0178 0.3823 0.0372 0.0014 17.0586 4.0698 0.0429
201LN Al Cu Co Nb Ti w N
0.0047 0.0717 0.0616 0.0408 0.0038 0.0041 0.0147 0.1640
C Mn Si S Cr Ni Mo
304L 0.0204 1.3157 0.4536 0.0331 0.0015 18.0608 8.0119 0.1113
Al Cu Co Nb Ti W N
0.0032 0.216 0.1824 0.0509 0.0072 0.0023 0.0236 0.0501




Effect of Shot Peening Treatment on Residual Stress and Magnetic Barkhausen Noise of AISI 201LN and AISI 3
304L Stainless Steels

The residual stresses in austenite and ferrite plus martensite
were evaluated on the surface center in the longitudinal
rolling direction in each sample before and after shot peening.

The MBN measurements were carried out to evaluate
the root mean square (RMS) level over time, comparing the
signal obtained between shot-peened conditions and asreceived
samples. This test used a probe of 80 mm? cross-section
yoke of Fe-Si grainoriented core in which a 22 American
Wire Gauge (AWG) primary excitation coil was wound
with 200 turns around the center core with 1 Q electrical
impedance. The secondary coil for analyzing the MBN
comprises 44 AWG wire wound on one end of the core with
2000 turns and 330 Q electrical impedance. The test was
conducted by applying of 3.5 V with a sinusoidal excitation
frequency of 50 Hz. The signal was obtained with a sampling
frequency of 350 kHz, applying a 150 kHz as anti-aliasing
filter and band-pass filter between 12 and 60 kHz.

The depth penetration of MBN signal is damped due
to the skin effect, which is caused by the opposing eddy
currents induced by the changing magnetic field. The damping
of a noiselike signal as a Barkhausen noise, containing a
spectral distribution of frequencies between f, and f,, can
be described by a function of D(x) as described in Equation
3, where g(s) is the frequency spectrum of the captured
signal within the selected frequency range, x is the depth of
detection, 4=+/mu/ p, u is the permeability of the material
and p is the electrical resistivity of the material>’2*.

J‘fig(f)efo\/?df
D)=L 3

| ﬁg(f)df

Analysis performed near the resonance frequency of the
sensor provides greater sensitivity, because noise of greater
amplitude is generated in this frequency range®. However,
when working outside the sensor resonance frequency, a sharp
decrease in sensitivity is observed. This phenomenon was
taken into account in this work by simplifications adopted
from the spectrum density profile to analyze analytically
the behavior of the signal response. Thus, small intervals
of 5 kHz between 70 and 85 kHz were considered for the
analysis. In addition, another methodology was considered
in accordance with Zerovnik and Grum*’, where bandpass
filters were applied in the proposed interval range between
70 and 85 kHz. In this way, a constant function g( )
for each proposed interval agrees with the effects of the
nonlinear profile of this spectral range. The attenuation

Table 2. Parameters used for the X-ray residual stresses analysis.

Austenite Ferrite + Martensite

Diffraction plane (311) (211)

(hkl)
Diffraction angle 148.52 156.41

20 (%)

Radiation CrKp CrKa

Inclination angle 0,18, 27,33,45 0,18,27,33,45

v ()
Exposure time (s) 20 5

signal associated with the detection depth considers 37%
of the detected D(x) (or 1/e)*.

Finally, Figure 1 shows all tests performed in these
materials.

3. Results and Discussion

Figure 2 shows the microstructure obtained by light
optical microscopy (LOM), where austenitic grains with
twins without eventually any martensite traces are observed.
In the micrograph, the dark phase indicated by white arrows
represents the elongated delta ferrite, which was verified in
the rolling direction (RD)*'*%. Because of the greater Cr_/Ni_|
ratio and plate thickness, the ASS 304L was more susceptible
to have delta ferrite than the ASS 201LN.

According to ASTM E1122, the average grain size
determined through the intercept method using ImageJ* was
18+4 pm for 201LN steel and 25+5 pm for 304L steel.

Figure 3 shows the diffractogram of 201LN and 304L
steels in the as-received state. In these conditions, there were
distinguishable o’-martensite and/or é-ferrite in (110) and
a small peak in (101) planes of e-martensite relative to the
201LN. This feature was attributed to the greater metastability
of 201LN associated with lower a SFE value than 304L
when applying the methodology proposed by Curtze et al.'c.

Table 3 shows the plate thickness, Creq/Nieq ratio and
SFE values to corroborate the amounts of delta ferrite
plus martensite measured by LOM, X-ray diffraction and
ferritoscope techniques for ASS 201LN and 304L in the
as-received condition. In this way, the amount of delta
ferrite quantified by LOM on the surface was greater in
the 304L than 201LN. In contrast, the X-ray diffraction
only distinguished delta ferrite plus martensite close to the
surface of 201LN steel.

Finally, ferritoscope measurement evaluated these
ferromagnetic phases in depths around 1 mm?*. The ferritoscope
considered the presence of martensite in superficial layers

304L

Tensile test Diffractometry

NI

MBN

Martensite p
s d) 7 ) LS
—

Surface [~ Residual Stress
hardness Q \ /
————

Figure 1. Flow chart describing the performed tests.
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Table 3. Influencing parameters and phase quantification of delta ferrite and martensite.

Influencing parameters of Ferrite + Martensite

Ferrite content . .
Ferrite + Martensite content (%)

Types (%)
Thickness (mm) Creq/Nieq SFE (mJ/m?) LOM X-ray diffraction Ferritscopy
201LN 6 1.45 21.30 1.2+0.4 3.9 1.574+0.11
304L 10 1.80 27.39 2.6+0.6 0 0.96+0.06

Figure 2. Microstructure in the as-received condition of ASS: (a) 201LN and (b) 304L.
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Figure 3. Diffractogram for 201LN and 304L steels in the as-

received condition. Lower goodnessoffit (¥ 2) values were obtained
by Rietveld method fitting in both cases.

preponderantly in 201LN steel, as a consequence of brushing
and coldrolling processes performed by the manufacturer.

The quantification of delta ferrite (8) plus martensite
(0”) measured by ferritoscopy is shown in Figure 4a and the
surface hardness Rockwell (HR 15T) is shown in Figure 4b.

The shot peening promoted a slight increase in
ferromagnetic phases, measured by ferritoscopy, as an
exclusive consequence of the transformation of austenite into
martensite, being possible to observe a continuous increase
in the evaluated range.

The standard deviation in Figure 4a after shot peening
was greater than in the initial condition. The overlap of
indentations caused by the bombardment of the spheres
on the surface promoted heterogeneity with respect to the
martensite content formed by the transformation induced
by deformation. The analysis of variance (ANOVA) test

indicated that the application time was statistically significant,
with a p-value tending towards zero for both materials and
a square mean of 44.63 for 201LN and a square mean of
33.22 for 304L.

The shot peening provided a significant hardness increase
in the first 30 seconds as a result of strain hardening of the
austenitic matrix for both materials. Thereafter, a slight
increase was observed, which is related to martensitic
precipitation on the surface, as the austenitic matrix was
already strain hardened and therefore did not promote the
same initial percentage increase. The ANOVA test also
revealed that shot peening time was statistically significant
for surface hardness, with a pvalue tending towards zero for
both materials and a square mean of 48.9 for 201LN steel
and a square mean of 30.9 for 304L steel.

A correlation between the martensite content (MC) and
the surface hardness (HR ;) is described in Equation 4 and
the coefficients of this equation are shown in Table 4.

HRy sy =a—b-MC™¢ 4)

In Equation 4 the a coefficient represented the maximum
predict value of the surface hardness, while the » and ¢
coefficients affected the slope of the model curves. The increase
of b value decreases the forecast surface hardness, especially
for low martensite content. The increase of ¢ coefficient
increases the expected response value, which would tend
to the maximum value described by the a coefficient and
consequently reducing the effect of martensite content
variation on the surface hardness.

Figure 5 shows the graphical representation between delta
ferrite (8) plus martensite (o.”) content and surface hardness.

The model for Equation 4 had a coefficient of determination
(R?) 0f 0.99, expressing an excellent fit and a very reliable
model for future predictions in the martensite content range.
Alow delta ferrite content in the as-received condition would
result in a low hardness in Figure 5, which does not correspond
to the real mechanical properties of these materials.
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Figure 4. (a) Phase quantification by ferritoscopy and (b) surface hardness Rockwell according to the shot peening time.
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Figure 5. Correlation between delta ferrite plus martensite content
and surface hardness for 201LN and 304L steels.

Table 4. Coefficients of Equation 4 for 201LN and 304L steels.

Coefficients of Equation 4 Coefficient of

Material ; b . determination
R?)
201LN 88.76 59.62 4.60 0.99
304L 85.66 5.70 1.48 0.99

The first part of the curves was characterized by high
growth in hardness, with minimum increase of the martensite
content due to the plastic deformation caused by shot peening.
In the second part, after the high initial increase, both curves
showed lower growth and tended to a stable level, which
was explained by the martensite precipitation on the surface.

Figure 6 shows the residual stresses diffracting the austenite
(v) and delta ferrite (3) plus martensite (o’) crystallographic
planes in the 201 LN and 304L steels with different treatment

400

2004

-200

-400
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Residual stresses (MPa)

8004 20ILN:--=-y —5--8+a ~
304L: - -y —o—§+a

-1000

Figure 6. Residual stresses in 201LN and 304L steels with different
shot peening times.

times. The shot peening, although introduces beneficial
compressive residual stresses and improves mechanical
properties, such as the fatigue resistance, also causes a surface
roughness rise. Thus, as recommended by Fitzpatrick et al.**,
an electrolytic cleaning was used to assess the residual stresses
in the shot-peened samples, reducing the surface roughness
and improving the X-ray diffraction quality.

The residual stresses in the austenite phase were compressive
in the asreceived condition with a magnitude of 100 MPa
for 201LN steel and 50 MPa for 304L steel. Considering the
residual stresses in delta ferrite plus martensite phase in the
as-received state, both materials presented tensile values,
290 MPa for 201LN steel and 220 MPa for 304L steel.

The residual stresses in both phases were below the
yield strength, whose values obtained by tensile test were
518436 MPa and 287+9 MPa, respectively, for 201LN
and 304L steels. The difference between these values was
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mainly due to the higher nitrogen content of 201LN steel,
since nitrogen is a strong austenite stabilizer that causes
solid solution strengthening, resulting in improved strength
of stainless steel. Another important effect of nitrogen is
the reduction of Staking Fault Energy (SFE), as shown
in Table 3, which also contributed to an increase in the
mechanical properties®®=7.

The shot peening time increased the compressive
residual stresses intensity in both phases and also promoted
a significant inversion from tensile to compressive state for
delta ferrite plus martensite phase, therefore, a minimum shot
peening time was capable to produce a beneficial residual
stresses state.

The behavior of residual stresses in each phase was
similar for both materials. With increasing shot peening time
and consequent formation of martensite by deformation,
the microstructure also became more sensitive to the global
characterization of residual stresses, confirming the need to
study ferromagnetic phases in an austenitic matrix.

Measurements carried out in two phases are fundamental
to understand the general residual stresses state, but the
values are not comparable due to dissimilar deformation
mechanisms and different martensite content produced with
different shot peening time*. The measurements diffracting
austenite and martensite phases had errors of the order of
10 MPa, which made the error bar negligible due to the scale
adopted for the vertical axis.

Figure 7 and Figure 8 show respectively the envelope of
the root mean square values of magnetic Barkhausen noise
in function of the time for 201LN and 304L steels for all
conditions considering the first round trip, i.e., the first peak
represents the outward time and the second peak represents
the return time of the signal.

In these figures, it was observed a time delay of 2 ms of
the maximum RMS peak attained between the asreceived
conditions in relation to the shot-peened treated samples.
Therefore, shot peening brought forward the RMS peaks
compared to the as-received state due to the simultaneous
effect of the presence of ferromagnetic phases (i.e. delta
ferrite plus martensite) and their residual stresses state.
The highest RMS peaks responses were mainly related to
the ferromagnetic phases with high residual stress values,
while the increased background RMS values of these figures
were mainly a consequence of low residual stresses values.

Thus, complex interactions were observed in the
ferromagnetic phases when a small deformation was applied
on the surface, because the martensite and delta ferrite from
the asreceived condition became compressive. In addition,
during shot peening process, a fraction of austenite was
converted to martensite, called as “fresh’ martensite, which
presented tensile residual stresses.

Another interesting fact in the comparison of the two
materials was the RMS values. ASS 201LN presented
higher RMS values because of the higher metastability of
the austenite due to the lower stacking fault energy (SFE)
and, therefore, it was more prone to the y—&—a’ reaction.
In this way, this material exhibited a higher content of
“fresh” martensite, which, as mentioned above, showed
tensile behavior, resulting in more intense peaks compared
to ASS 304L.

Envelope of RMS,;z\ (mV)
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Figure 7. Envelope of RMS . vs. time for 201LN steel.
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Figure 8. Envelope of RMS,  vs. time for 304L steel.

Figure 9 and Figure 10 show the frequency spectral density
for 201LN and 304L steels, respectively, obtained from the
RMS, . values. These figures have been plotted in the same
scale to distinguish comparatively the frequency domain
behavior for both materials, with the largest contribution
between 70 and 85 kHz, since the signal detected in this
range was more sensitive, because it was close to the
resonance frequency.

Although magnetic Barkhausen noise is affected by
grain size, this factor can be considered less relevant in
this research than the effect of microstructural and residual
stresses changes. Both materials had similar grain sizes in the
initial condition and the parameters used in the present shot
peening treatment were of low intensity, which reduced the
effect of grain refinement and, consequently, the relevance
of this variable in the analysis®.

Thus, MBN was significantly influenced by these two
factors when analyzing the signal behavior in the resonance
neighborhood, although, some simplifications have been
taken into account when evaluating the response changes
as a consequence of the presence of the ferromagnetic phase
and its residual stresses state.

Taking these facts into account, Table 5 can be established,
where a signal proportion analysis was estimated considering
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Figure 9. Frequency spectral density for 201LN steel.
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Figure 10. Frequency spectral density for 304L steel.

a small interval of 5 kHz with respect to the range between
70 and 85 kHz as a consequence of the high sensitivity of
the detected MBN.

Table 5 was based on a relative comparison between
the analyzed frequencies due to the resonance frequency
sensitivity. In the range between 70-75 kHz, there was only
a tendency for the formation of tensile “fresh” martensite
only in ASS 304L shot-peened conditions in relation to the
as-received state. However, between 75-80 kHz, a slight
increase in the signal proportion was detected in both steels,
being a product of the martensite formation with a tensile
behavior. In the 80-85 kHz range, there was a decrease in
the signal proportion with the treatment time, which was
due to the most significant compressive residual stresses
on the surface of the material.

It is worth noting that these qualitative analyzes also
take into account that small changes in the microstructure
occur intrinsically along the superficial layers as a product
of shot peening, demonstrating that MBN is a powerful tool
to analyze these phenomena®.

This analysis by frequency range, considered comparatively,
allows the evaluation of continuous damping, where there
was a similar behavior in both materials, considering a
permeability of 1.02 for both materials and an electrical
resistivity of 68.5 x 10®* Q'm for 201LN steel and 72.0 x
10-* Q'm for 304L steel, as shown in Figure 11441,

This figure considered only the initial permeability and
resistivity. With the transformation of austenite into martensite,
there was an increase in permeability and resistivity, and in
this case, since this ferromagnetic phase precipitated only
on the surface with not so high significant values, these
parameters were considered very close for the analysis of
the damping effect.

Another interesting fact can be observed when considering
an austenitic matrix, where greater penetration depths were
obtained in the signal readings compared to a microstructure
with increasing martensite levels, i.e., with the formation of
martensite there was an attenuation of the signal as a result
of the variation of the physical parameters that interact in the
formation of eddy currents. Therefore, there were differences
in the evaluated depths compared to Kleber and Barroso’.

Figures 12 and 13 present the results of the MBN signal
as a function of time. The band-pass filter was used in the

1.0 -
08 - Frequency range (kHz)
70-75
—75-80
0.6 —380-85
z
=]
04 -
0.2
0 : . . . '

0 1 2 3 4 5

Thickness (mm)

Figure 11. Damping profile for 201LN and 304L steels.
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Table 5. Comparative analysis between both materials in relation to the percentage of a small frequency range in the domain near frequency

resonance (70-85 kHz).

Frequency Frequency range proportion in relation to 70-85 kHz (%)
range 201LN (treatment time) 304L (treatment time)
analysis
(kHz) 0 30 60 90 0 30 60 90
70 —175 26 27 32 27 17 28 25 26
75— 80 42 50 45 47 46 46 52 49
80— 85 32 23 23 25 37 26 22 25
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Figure 13. RMS, ,, for 304L steel. However, it can be distinguished that in more superficial layers

same frequency interval adopted in Table 5 to establish a
comparative signal analysis in the time domain for as-received
conditions and 30 seconds of shot peening treatment for the
peak located between 53 and 57.5 ms.

there was a tendency to decrease, because the ferromagnetic
phases present experienced a compressive residual stresses
process that resulted in the mentioned decrease.

In addition, for smaller frequency ranges, carrying
out the same comparative analysis, it can be observed that
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the transformation from austenite to martensite promoted
the acquisition of signals with higher RMS = signals.
Furthermore, this fact can be corroborated in the layers
corresponding to the frequency range of 70 to 75 kHz, thus a
strong sensitivity to the residual stresses state can be observed
for this characterization technique in small depth variations.
Finally, as well as the measurements of hardness and
residual stresses by X-ray diffraction, the treatment time of
30 seconds promoted the main changes in relation to the as-
received condition, since there were no significant variations
for the other conditions evaluated according to Figure 14.

4. Conclusions

In the present work, the microstructure changes as a result
of the shot peening process in 201LN and 304L austenitic
stainless steels and their effects on residual stresses behavior
were investigated by X-ray diffraction technique, using sin*y
method, and magnetic Barkhausen noise, and the following
conclusions were:

1. The shot peening process promoted austenitic

transformation into ferromagnetic martensite with
lower susceptibility in 304L steel, which also had a
higher delta ferrite content in the initial condition
compared to 201LN steel. The “fresh” martensite
formed by this process initially produced a tensile
residual stresses state, while the preliminary
martensite plus delta ferrite became compressive.

2. The major changes in hardness, ferromagnetic
phases content, residual stresses and magnetic
Barkhausen noise were detected in the first 30
seconds of shot peening time.

3. The MBN was analyzed by two methods, spectral
density frequency and band-pass filter, where the
signal response was comparatively evaluated for
the same frequency range near the resonance
frequency of the sensor. The applied methods had
similar behavior, with significant changes during
the 30 seconds of the shot peening process.

4. In both frequency analysis, changes mainly due
to the stresses state of the ferromagnetic phases in
layers of 0.1 mm were detected, showing that the
MBN technique can become a powerful tool for
characterizing residual stresses and microstructural
changes caused by shot peening in austenitic stainless
steels.
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