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Effect of Carburizing and Nitriding on Fatigue Properties of 18Cr2Ni4WA Steel in Very
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The work aims to study the influence of carburizing and nitriding on fatigue properties
of 18Cr2Ni4WA high strength steel in very high cycle fatigue regime. Very high cycle
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fatigue tests were carried out on 18Cr2Ni4WA Steel after carburizing and nitriding
respectively. The micro morphology of fatigue fracture was observed by scanning
electron microscope, the failure mode and failure mechanism were discussed. The
relationship between fatigue life and defect size, FGA size, fish eye size of fracture was
analyzed. The characteristic size of defects is evaluated by Gumbel, Weibull and GEV
distribution functions, and a modified Akiniwa fatigue life prediction model considering
the relationship between FGA size and inclusion size was established. The results showed
that, nitriding and carburizing treatment improve the surface fatigue limit of the steel.
The fatigue life decreases with the increase of internal defect size and FGA size. After
carburizing and nitriding treatment, the internal fatigue strength of the specimen
decreases slightly. When the failure probability is 99%, the internal defect sizes of
nitrided specimens calculated by Weibull, Gumbel and GEV distributions are 141.5 pm,
148.4 pm and 211.7 pm respectively. The calculated internal defect sizes of carburized
specimens are 47 um, 67.8 pm and 40 um respectively. Compared with the experimental
data, the fatigue strength predicted by GEV is the most appropriate. carburizing and
nitriding treatment can improve the surface fatigue strength of 18Cr2Ni4WA steel, but
slightly reduce the internal fatigue strength. The prediction result of the new model is
conservative when the failure probability is 99%, which is suitable for engineering
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application.

1. INTRODUCTION

In the era of rapid development of high-speed railway,
automobile and other products, its key parts or components
need to withstand high speed, heavy load and other operating
conditions, therefore, high strength alloy steels is more and
more widely used in the manufacturing of these components
[1-4]. In addition, many key parts or components need to
withstand very high cycle life (>107 cycles) without failure.
Therefore, the study on very high cycle fatigue (VHCF) of
high strength alloy steels has been a focus.

Surface strengthening can significantly improve the surface
fatigue strength, but surface strengthening doesn’t
significantly improve the internal fatigue performance [5-7].
In order to improve very high cycle fatigue performance of
high strength steel, surface strengthening methods are usually
used such as carburizing, nitriding or shot peening [8-10].
After surface strengthening, compression residual stress is
generated on the surface of parts, and tensile residual stress is
generated in the internal matrix. The residual stress affects the
distribution of stress under cyclic load, thus leading to the
reduction of tensile stress. Therefore, surface strengthening
can only promote the fatigue strength of surface failure
specimens [11]. Limodin et al. [12] studied the fatigue failure
mechanism of AISI4140 steel after nitridation, and found that
if the stress amplitude is high enough to cause surface crack
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initiation, surface strengthening can increase the fatigue life of
smooth specimen, while surface strengthening has little effect
on the internal fatigue life within the long fatigue life range
where internal crack initiation occurs. Chen et al. [13] studied
the fatigue properties of carburized and nitrided 20CrMo low
carbon alloy steels and believed that, compared with
carburized steel, the wear resistance of the specimens after
nitrided steel was nearly doubled, the gear deformation was
smaller and the toughness of the workpiece was better. Mayer
et al. [7] studied the very high cycle fatigue properties of 18Ni
maraging steel sheet with surface nitrided under 107 to 10°
very high cycle fatigue cycles, and believed that the fatigue
cracks only started at the internal inclusions, the surface
hardening lost its initial effect, and had no effect on the
specimen interior-induced fatigue failure. Song et al. [14]
analyzed the fracture characteristics under very high cycle
fatigue, and based on the surface crack propagation and
dislocation theory, established a fatigue life prediction model
in which the crack source originated from the competitive
mechanism between surface and internal. Sun et al. [15]
analyzed the "fisheye" characteristics in the fracture of very
high cycle fatigue failure specimens, and considered the dual
effects of inclusion size and fine granular area (FGA) size on
crack growth, and proposed a model to predict the fatigue life
of fisheye type failure high-strength steel under very high
cycle fatigue cycle. However, due to the uncertainty of the
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fatigue life range of FGA, the prediction model has great
limitations. Xie et al. [16] added Paris formula to Tanaka and
Murakami's model and established a prediction model for very
high cycle fatigue life of metallic materials when cracks were
generated near surface inclusions. Moreover, this model has a
few material-dependent parameters and requires a large
amount of experimental data for parameter correction. These
results indicate that surface strengthening changes the surface
hardness, internal microstructure and residual stress of the
material, and promotes the surface fatigue life and fatigue limit
of the material to a certain extent. However, in the VHCF
regime, the effect of surface strengthening on the properties of
the internal failure specimens is not clear. Therefore, it is of
great significance to consider the influence of the size of
internal defects on VHCEF life of high strength steel.

In this study, the axial loading experimentals of carburized
and nitrided 18Ni2Cr4WA steel were carried out, and discuss
the effects of carburizing and nitriding on their fatigue
properties. A new model for predicting the very high cycle
fatigue life of 18Ni2CrdWA steel was established. Gumbel
distribution [17], Weibull distribution [18] and GEV
distribution [19] were used to calculate the internal defect size
of 18Ni2CrdWA steel. Using the calculation formula of
internal crack growth and the S-N (stress-number of cycles)
experimental data of carburized and nitrided specimens,
combined with the Murakami model and Paris law, the
applicability of using statistical methods to estimate the
maximum defect size to predict fatigue life was further
explored. In the present study, more surface strengthening
techniques are needed for further development.

2. EXPERIMENTAL PROCEDURES
2.1 Material and specimen

The Material investigated in this study is a high strength
18Cr2Ni4WA steel, its main chemical composition (mass
percentage) is shown in Table 1.

The specimen shape is shown in Figure 1. The total number
of specimens was 50, of which 11 were treated with nitriding,
14 with carburized and 25 with basic heat treatment.

Table 1. Chemical composition of 18Cr2Ni4WA steel

(wt. %)
C Si Mn Cr Ni \)\ \4
0.16 0.19 0.33 1.55 422 0.97 0.01
- e
5 o 3
= g2
40 12.4 46.79 40
152

Figure 1. Shape and dimensions of specimen (units: mm)
2.2 Carburizing and nitriding process

Carburizing treatment: Carburizing in vacuum furnace at
950°C for 8 h; and then quenching in oil after furnace
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temperature is reduced to 860°C for half an hour, air cooling;
finally tempering at 170°C for 3 h, air cooling. These
specimens are called Carburized specimens (CS), and the
expected depth of carburizing layer is about 0.8-1.2mm.
Nitriding treatment: Nitriding furnace temperature first rises
up to 530°C, and then is held for 16 h, air cooling; quenching
in oil at 850°C for 1 h, air cooling; finally tempering at 525°C
for 2 h, air cooling. These specimens are called Nitriding
specimens (NS). Basic heat treatment: tempering at 840°C for
half an hour and tempering at 170°C after oil quenching for 3
h. These specimens are called Untreated specimens (US).
After heat treatment, 240 to 2000 abrasive paper is used to
grind the middle part of all specimens in a direction parallel to
the specimen axis to final shapes.

2.3 Microscopic observation

After etching in 4% alcohol nitric acid solution, the cross-
sectional microstructure of carburized and nitrided specimens
observed by using the scanning electron microscopy (SEM) is
shown in Figures 2 and 3. The fracture cross section of the NS
and CS was observed under low power microscope. The
fracture is divided into outer hardened layer and inner matrix.
An obvious boundary can be observed between the hardened
layer and the matrix area of CS, as shown in Figure 2(a), while
the boundary of NS is not obvious but can be roughly
distinguished, as shown in Figure 3(a). The hardened layer of
the carburized specimen contains high carbon tempered
martensite and residual austenite, as shown in Figure 2(b), and
low carbon tempered martensite can be observed in the matrix,
as shown in Figure 2(c). For nitrided specimens, it is found in
Figure 3(b) and (c) that there is obvious white nitrite in the
hardened layer, and the matrix area contains residual austenite
and bainite.

Figure 3. Microstructure of NS

2.4 Fatigue experimentaling method

Very high cycle fatigue experimentals under axial tension-
compression loading were carried out on three kinds of
specimens using QBG-100 high frequency fatigue
experimentaling machine with a frequency of 100 Hz in the
life range of 10%-10° cycles with the constant stress ratio of -1.
Fatigue experimentals are carried out in an open environment
and at room temperature. After the experiment, the fracture
was observed by SEM and the dimensions of inhomogenous
matrix area (IMA), FGA and fisheye were measured by
ImagelJ software.



3. RESULTS AND DISCUSSION
3.1 Micro-hardness

Agilent-G200 nano-indentation instrument was used to
measure the microhardness of carburized and nitrided
specimens along the direction from the surface to the center of
the polished specimens. The results show that the maximum
hardness appears near the surface of the specimens after
carburization and nitridation, the value of which is 1000 HV
and 800 HV, respectively. Moreover, the hardness values of
both are distributed in a gradient, and gradually decrease from
the surface to the inside, and finally reaches a constant value
of S00HV a tthe depth exceeds the hardened layer, as shown
in Figure 4. Furthermore, 500 HV is similar with the
microhardness of the US material. Apparently, it can be
proven that the depth of the carburized layer and nitrided layer
are about 900 um and 280 um respectively.

1100
® Hardness (NS)
1000 -“ A Hardness (CS)
900
>
< 800 .
B [ J
% 700 g . ,
© [ ] | '
260 g A,
E e :AfA
A
1 1
400 |+ : 500 HV '
300 1 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200

Depth from the surface /um

Figure 4. Hardness distribution of CS and N
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Figure S. S-N curve

3.2 S-N characteristics

The S—N diagram obtained from the 18Cr2Ni4WA steel
under the life range of 10*-10° cycles is shown in Figure 5.
According to the SEM observation of fracture surface and the
preliminary observation of crack initiation sites, the fatigue
failure of the three specimens can be divided into two modes:
surface-induced failure and interior-induced failure. The
surface failure mainly occurred in the high stress zone (o, >
700MPa) with short fatigue life (<10° cycles), while the
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internal failure mainly occurred in the low stress zone (o, <
700MPa) with long fatigue life (>10° cycles). It is obvious that
internal failure is the main failure mode of the three specimens
within the long fatigue life range of N>107 cycles. The
specimens of 18Cr2Ni4Wa steel show the S-N characteristics
of decreasing continuously when the stress ratio is -1.

According to the observation of the S-N curve of the
specimens with surface failure, the nitrided and carburized
specimens S-N data exhibit the linearly descending trend
without fatigue limit around 107 cycles, and the surface failure
occurs when the stress amplitude exceeds 840MPa and
900MPa, while the US have surface failure fatigue limit about
740MPa. Compared with the US, the surface failure fatigue
strength of NS and CS is increased by 13.5% and 21.6%,
respectively. For the internal failure specimens, there is no
fatigue limit and they all show a continuous decline of S-N
characteristics. In addition, the decline rate of the CS is greater
than that of the NS. Under relatively low load conditions, the
surface crack initiation is inhibited by the existence of
hardened layer and surface residual compression stress, so that
internal failure is more likely to occur.

On the other hand, under a certain low stress amplitude
(about o, < 700MPa), the fatigue life of the NS and CS is lower
than that of the US, which is mainly attributed to the tensile
residual stress in the specimen matrix area caused by the action
of carburizing and nitriding. This phenomenon indicates that
the surface treatment technology can inhibit the fatigue life
and fatigue limit of the material internal failure under the very
high cycle fatigue life cycle. This result is similar to some
results of the deterioration of fatigue properties caused by the
tensile residual stress under the very high cycle fatigue life
cycle due to shot peening treatment [6].

3.3 Observation of fracture surfaces

Fatigue failure of nitriding and carburizing specimens can
be induced by surface or internal failure. For surface failure
specimens, the fracture morphology of nitrided and carburized
specimens can be divided into crack initiation zone,
propagation zone and transient fracture zone. In the beginning,
the initiation of fatigue crack is caused by the weak surface
finishing defect, as shown in Figure 6(a) and Figure 7(a), and
then the crack continues to expand from the surface defect
until the instability and fatigue fracture. For the internal failure
specimens, the ‘fisheye’ centered on the crack source can be
observed in the fracture center area of both carburizing and
nitriding specimens, as shown in Figure 6(d) and Figure 7(d).
There are two types of crack sources, one is non-uniform
matrix structure, the other is non-metallic inclusion, as shown
in Figure 6(b), (c) and Figure 7(b), (c). And the crack source
formation is limited to the matrix region, because the high
hardness of the hardened layer inhibits the surface crack
source initiation.

The size of crack source is different under nitriding and
carburizing treatments. The size range of crack source of
nitrided specimens is14.7-76.86 um, and its average size is
43.5 pm, the fisheye size of it ranges from 481.9-1545.4 um,
with an average size of 958.2 um. For carburized specimens,
the crack source size ranges from 18.9 pm to 44.3 pm with an
average size of 27.9 um, and the fisheye size ranges from
142.5 pm to 2227.6 pm with an average size of 1427.2 um.
The size of defects in the specimens after nitridation is
obviously larger than that after carburization. Based on this, it
can be concluded that carburizing treatment is better than



nitriding treatment in inhibiting the formation of large-size
defects. The fisheye size is related to the location of the crack
source because the crack ends when it diffused into the
hardened layer, as shown in Figure 6(d) and Figure 7(d). This
means that the fisheye size formed from the crack source in
the center of the matrix is generally longer than that near the

2 ,
(c) Inclusion and FGA

600, (20 me—

hardened layer. The fisheye size of the nitrided specimen is
smaller than that of the carburized specimen, which may be
due to the higher hardness of the carburized layer, which
promotes the generation of the crack source at the center of the
matrix. However, the relationship between the fisheye size and
the fatigue life is not clear yet, and further research is needed.
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(c) Inclusion and FGA (6.=650 MPa,N=3011400); (d) Fish-eye (5.=800 MPa,N=89200)

Figure 7. Observation of NS fracture surface



4. FATIGUE LIFE PREDICTION
4.1 Evaluation of stress intensity factor

Based on the fractography, internal inclusions and
heterogeneous matrix structures are collectively referred to as
internal defects, whose shape is considered to be round, and
rdef 18 defined as the radius of internal defects. In addition, the
parameter Varea denotes the size of defect or crack,
evaluated by the square root of its area. ,/areagy.s represents
the size of the internal defect.

The size of internal defects is small, equivalent to small
cracks. Based on the model proposed by Murakami [18], the
stress intensity factor of internal defects is:

AK o = O.SAGJﬁJareadef

where, Ao is stress range. Herein, Since the stress ratio R= -1
and the tension is the main factor affecting the crack growth in
monotonic tension test, Therefore, the stress range Ao in Eq.
(1) can be replaced by o, and then the value of AKqerin Eq. (1)
can be given by:

AK o = O.S(Ieﬂlzr«/ratreadef

Considering the failure mechanism of high strength steel,
Tanaka and Akiniwa [20] and Akiniwa et al. [21] defined
inclusion size as crack size. The crack initiation and initial
propagation zone follow the Paris formula, and the growth rate
(d, /dy),, ofinternal crack can be described by the Paris law:

(1

2

int

(da/dN)int :C(AK)m 3)
where, C and m are constants related to the material.

About 90% of the fatigue life of the internal failure
specimen is used to form FGA or fisheye, so the formation life
of FGA or fisheye is equivalent to the fatigue life. By
combining Eqns. (2) and (3), the relationship between fatigue

life and stress intensity factor can be obtained through power
1/ area ¢

law integration:
(m-2)
(AKyy )" () = =2 |1 44
w0 Jarea,, . C(m-2)| | [area, @

The relationship between AKger, AKrGa and AKfisheye Of
nitrided and carburized specimens and fatigue life is shown in
Figure 8. First of all, AK4.r shows a decreasing trend with the
increase of fatigue life, as shown by the solid red and black
lines in Figure 8. The AKq.r value of the carburized specimen
is in the range of 2.4-4.4 MPa-m'?, and the AKqr value of the
nitrided specimen is in the range of 2.2-6.2 MPa-m'”?, which
is greater than that of the carburized specimen, indicating that
the effect of carburized treatment in preventing crack growth
is better than that of the nitrided treatment. On the other hand,
the value of carburizing and nitriding specimens AKrga is
between 3.5-3.9 MPa-m'?, which tends to be a constant value
of 3.71 MPa-m!? regardless of nitriding or carburizing
treatment, and does not change with the change of fatigue life.
Carburizing treatment AKrga value is greater than nitriding
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treatment. In addition, under certain fatigue life, the value of
AKFga is greater than that of AK¢.rwhen FGA can be observed
near the internal defect. Therefore, when FGA is produced, the
maximum value of AKgeris 3.71 MPa-m'?,

The AKfiheye values of carburized and nitrided specimens
are in the range of 17.2-32.9 MPa-m"? and 14.5-27.9 MPa-m'”2,
respectively, and their average values are 19 MPa-m'? and 20
MPa-m'?, respectively, with little difference between them. It
can be seen from Figure 8 that the value of AKfsheye has little
relationship with fatigue life and tends to a constant value of
18.22 MPa-m'2. Combined with previous studies [22, 23], the
formation of fisheye means the end of the early crack and the
crack begins to grow in an unstable manner. Therefore,
AKfisheye 18 the threshold to control the unstable growth of the
inner long crack. This means that after the formation of a
fisheye, even if the applied load remains constant, the fatigue
crack growth rate will suddenly accelerate.

Figure 9 shows the relationship between AKger
N f .
and Jareaci? By using the least square method, the

relationship between the two is represented by the black line
and the red line in Figure 9. Based on the formula
transformation, the values of parameter C and m can be
determined. In addition, it needs to be pointed out that in this
paper, the logarithmic coordinates are adopted in the process
of fitting calculation, and the unit of da/dN is m-cycle™! and the
unit of AK is MPa'm'?. Later, parameters in relevant
literatures and standards are also quoted based on this set of
units.
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Figure 8. Relationship between Akqer, Akrga and fatigue life

1/2

® 09K, )=-0.177l0g[N/(area, ) *]+2.441

5
o A
€ 4
©
S ® NS
= A Cs
:{3'—NS
—CS

log(4K ,)=-0.094l0g[N/(area, )"*]+1.487

def” def’
2 8 I 9

10 10

N, -(area

10
feycelm™

11 12

l(l)lO
)—1/2

10

def"

Figure 9. Relationship between Akqer and N/(areaqer)"?



100

80 - @ Internal defect (NS)
N N
: » FGA (NS)
60 F '
\340 .
el . )
L4 \ ,
E, ‘,\’V a area"’=33 um
g20 S Vy 2%
@®© 1 \ - '
AN oo
N\ SUPEANE /W Internal defect (CS)
. . T A [FGA (CS)
10* 10° 10° 10’ 10° 10°

Failure life/cycle

Figure 10. Relationship between \/areadef ,\/areaFGA and Ny

2500
A
2000 F A
A A
1500 | L4 e A
g A
§ 1000 L
& A
(<5}
& )
° )
500 ° A fish-eye(CS)
® fish-eye(NS)
10° 10° 10° 10’ 10°

Failure life /cycle

Figure 11. Relationship between /areaﬁshfeye and Ny

4.2 Statistical evaluation of defect sizes

Internal defects such as the largest non-metallic inclusion in
the specimen are the main reasons for internal failure. The
relationship between the size of internal defects, FGA and
fatigue life is shown in Figure 10. The size of internal defects
and FGA in the carburized specimen can be divided by the
virtual straight line in the figure, and the fatigue life increases
with the increase of defect size and FGA, as shown in the black
dotted box and red straight line in Figure 10. The fatigue life
of nitriding specimens shows a downward trend with the
increase of the size of internal defects, as shown in the blue
dotted box in Figure 10. There is no significant relationship
between the fisheye size of carburizing and nitriding
specimens and the fatigue life, as shown in Figure 11. The
defect leading to internal failure is considered to be the largest
defect of the fracture surface. If it is regarded as a random
variable, they are independent and can be represented by the
same cumulative distribution function. Assume that the
maximum defect size of each fracture surface obeys the
Gumbel distribution, Weibull distribution and GEV
distribution, and its probability distribution function F(x) is
shown as follows:

Gumbel: F(X)=exp{-exp[-(x-2)/a]} (5)
Weibull: F(X) =1-exp[1-(x/ )*] (6)
GEV: F(X) =exp{-{1+n(x-1)/ a)] "} (7)

where a and S are scale parameters, A is location parameter, {
and 7 are shape parameters.

Sort the size of defects in order from small to large. Let x;
be the size of the ith defect, i=1, 2, 3, ...., n, where n is the
total number of defects. Based on the average rank formula,
the cumulative probability function corresponding to x; is
expressed as follows:

FOX) =

(®)

Based on Eq. (8), the parameter values of the three
distribution functions were obtained by combining the graph
estimation method and numerical calculation method, as
shown in Table 2. The distribution curve of defect size is
shown in Figure 12-14.

Table 2. Parameter values of probability distribution function

Distribution Gumbel Weibull GEVdistribution
type distribution _distribution

Parameter o A ¢ p A n o
NS 26.37 2727 1.44 4560 2220 -1.594 116.3
CS 9.69 23.2 3.17 3233 31.224 -1 8.931

Table 3. Maximum defect size under given probability

Distribution Gumbel Weibull GEV
type distribution  distribution distribution
Failure 95% 99%  95% 99% 95% 99%

probability  105.60 148.58 97.69 131.69 9449  95.08

Inclusion size 51.98 67.77 30.6 47.04 39.70  40.07
(NS) /um

Inclusion size
(CS) /pm
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Figure 12. Gumbel distribution of defects size
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Figure 13. Weibull distribution of defects size
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According to Figures 12-14, it can be found that the defect
size distribution curves predicted by the three distribution
functions are all consistent with the experimental data, the
maximum defect size was calculated under the failure
probability of 95% and 99% respectively, as shown in Table 3.
In the evaluation of the defect size of nitrided and carburized
specimens, the predicted value of Gumbel distribution is the
largest and the calculated defect size has a big difference with
the change of probability. The predicted value of Gumbel
distribution and Weibull distribution are small, and the
difference of the predicted value is small when comparing the
predicted results of the two.

4.3 Modeling of interior damage

The Tanaka-Akiniwa model proved to have the chief
drawback is that it overestimates the inclusion size effect [24],
so in this study, based on the model of Tanaka-Akiniwa [25],
considering the influence of the relationship between FGA and
the size of internal defects on fatigue strength, and the
influence of FGA and size of internal defects was set as

(m=2)
Ja‘readef)
A/ areagga

(2), (3) and (4), the following equation can be obtained:

parameter f, that is f=1 — ( . Based on Eqns.

B

m Nf
(AKr)" (= 9)

\area

2
-~ Cc(m-2)

oO. =

1/m
T 2 —~1/m m-;
ZI{ﬂC(m—Z)} N,“Y™(Jarea,, @™ (10)

T

Combined with the research results of the relationship
between FGA size and inclusion size obtained by Chapetti et

Jareag,
\l arealnc

is smaller than the FGA size, f can be rewritten as:

al. [26]: =0.25N,*" | and since the inclusion size

"%
1 . .
(Wj ,then put into Eq. (10) to get the modified
: f

Akiniwa new model:

- (11)

1/m
o, :ZJ;{C( 2 2)} Nf(,um)(m)amam(4Nf70125)(m—2)/2m
m-—

The maximum internal defect size of the three distributions
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was calculated with 95% and 99% failure probability
respectively, and S-N curve of the internal failure specimen
was obtained by combining with Eq. (11), as shown in Figures
15 and 16. It can be found that the S-N curves predicted by the
three distributions show a continuous decreasing trend, which
is consistent with the changing trend of the experimental data.
It also proves that under a certain stress amplitude, the fatigue
life decreases with the increase of the size of internal defects.
Only with the Gumbel and Weibull distributions of nitriding
specimens under 99% failure probability, the predicted results
are safe, and the predicted results under the other cases are
more dangerous. For the carburized specimen, the results of
the three distributions are all conservative under the
probability of 99%, and the fatigue strength predicted by GEV
distribution is the largest, followed by Weibull distribution and
Gumbel distribution. However, at 95% probability, Weibull's
prediction results are the largest and risky, GEV distribution is
the second, and Gumbel distribution is the smallest.
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S-N curve (Gumbel)
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Figure 15. S-N prediction curve of NS under given
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Figure 16. S-N prediction curve of CS under given
probability

5. CONCLUSIONS

The main conclusions obtained in this study are summarized
as follows:

(1) Compared with untreated specimens, the surface failure
fatigue strength of 18Cr2Ni4WA Steel increased by 13.5%
and 21.6% respectively after nitriding and carburizing
treatment. It is concluded that Carburizing treatment is better



than nitriding treatment in improving the surface fatigue
property of 18Cr2Ni4WA Steel.

(2) Both the carburized and nitriding specimens show a
continuous decline of S-N curve. In the range of very high
cycle fatigue life, the internal failure caused by inclusion or
IMA is the main failure mode of the 18Cr2Ni4WA steel, and
the possibility of internal failure is increased. At low stress
amplitude, the fatigue life of carburized and nitrided
specimens is lower than that of untreated specimens, and the
surface strengthening has a certain inhibition effect on the very
high cycle fatigue life of the specimens.

(3) The maximum size range of internal defects of the
nitriding specimen is larger than that of the carburizing
specimen, and the effect of carburizing treatment is better than
that of nitriding treatment in inhibiting the formation of large
size defects in the specimen. The stress intensity factor of the
nitriding specimen is greater than that of the carburizing
specimen, which indicates that the effect of carburizing
treatment on preventing crack propagation is better than that
of the nitriding treatment.

(4) A new cumulative damage model associated with the
basis of Akiniwa model is proposed to predict the
18Cr2Ni4WA steel fatigue life with interior failure in the
VHCF regime, the predicted value of GEV distribution is
closer to the experimental value under the premise of safety
than that of Gumbel distribution and Weibull distribution
when the failure probability is 99%.
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