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1. Introduction very small holes, with diameters¢frrmt o 500 e&m, and

quantitative relationships in the forma},ia r = @ for several

The fatiguglendurance) limit, also known as fatigue (endurancé}‘aterials’ wher@lw is the fatigue strength (indicated belaw the

strength, is associated with the phenomenon that crack nucleatigfgue limit FL) and n = 6 [3,4]

is arrested by the first grain boundary or the dominant microstructural Metal defects can be formed both during the machining of parts
barrier [1]. The fatigue lifas a number of cycles to failufé§ refeis  @nd during operation, when the properties of the metal degrade up

to the life required to nucleate and grow a small crack to the visidf the destruction of products due to static (creep) or dynamic fatigue,
length of the crack and catastrophic destructihen structural as well as the influence of aggressive media. For example, fatigue
components are subjected to cyclic loads, the greatest stress ocliJi{S are reduced by pitting corrosion up to half or less levels of
onthe surface, especially in the prase of stress concentrators, NOrrcorrosive strength levels [2]. As reported by Cammett and Prevey,
wherefatigue cracks occur and grow until the component break€0Tosion of asnachined samples of 4340 steesat fog for 10th

As stress concentrators, they maysbeface flaws that occur during 2nd 500 h reduces the fatigue limit by 26% and S8&énetimes,

the manufacturing (casting, machining, etc.); nonmetallic inclusior@/t€ superficial pitting as small as 0.025 mm has caused initiation
secondary phases, cracks well as corrosion pits. of fatigue cracking in aluminum and steel aircraft components [5]

Since the effect of defects on the fatigue limit is so complex, no S€Veral types of surface artificiws were used to evaluate the

unifying methochas been proposdor quantifying themTherefore, behavior of a fatigue crack, e.g., flaws obtained by drilling, indentation,
a quantitative assessment of the influence on fatigue resistance Gggtreerosion (EDM), or using a focused ion beam (FIB) as well as
defect can be established only by evaluating such an effect of &¥T0sion pits introduced by the preliminary corrosion procedure
equivalent crack [1,2]The characteristics of the dependency of streds-11]. First, to assess the ngmopagating limit of small fatigue
intensity factors on the shapes of variousehtienensional cracks Cracks, defects with a low stress concentration, such as driled
were proposed by Murakami, and a geometrical parameter w&4ght not be able to be used, since no-pespagating crack arises
introduced that will control the fatigue limit [3]. This parameter, adom the flaw at the fatigue lim§6]. In addition, tie creation of surface

a representative dimension (length), is the square root of the afl/s can affect the material properties. In particular, a surface defect

(V2 T )efahe defect projected in tidirection of the maximum tensile obtained py |ndentat|o.n appears to induce a relf_:ltlvely large change
. . . . of the residual stress field [10]. The effect of various types of small
stress. It is found that the maximum stress intensity factor along a, . ) i ) - :
) _ _ ) . ___ 4, , arificial defects ¢ircumferential notches, corrosion pits, drilled Sole
threedimensional crack is approximately proportlona(Ima‘r_)ea and precracked holes) on the fatigue strength ofdZ PH stainless
To demonstrate the usefulness of the proposed pararetar)e a stee| was studied by Sthbaueret al.[7]. It was shown when FL

Murakami and Endo performed fatigue tests of samples containigg specimens with artificial defects is determined by the thidsho
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condition for the propagation of a crack, the shape and dimension R135
the defects can be evaluated usimgpar pagameter. However, this C0.5 N7
method for evaluating nedetrimental defects is not necessaril
applicable to the blunt or round defects, for which the fatigu N
limit is determined by the intensity range of the threshold stress _ R
alongcrack, DK, For example, a sample with a-@rin-drilled-hole | —
(Va'r = @8nm) failed after 1. 10 cycles due to a crack emanated 15
from a much smaller nemetallic inclusion wittia r = E8nm [7]. 40
Shot peening (SP) & widely used surface treatment of alloys 70
for improving fatigue strength of components [12,13]. It consists i [
impacting the surface by a flow of shots with kinetic energy sufficient
to induce plastic deformation and to introduce compressive residigure 1. The dimensions of the fatigue specimen, mm.
stresses and hardening of the material onutface of the component
and directly below it. These effects are useful for stopping or preventiifigair). Ultimate tensile strength (UTS), tensile yield strerf@thS)
crack propagation. SP can change mechanical properties of a meaall elongatiofto-fracture were 1270 MPa, 1040 MPa and 119%,
namely thesurface profile, distribution of hardness and residualespectively. The hardness of the samples after heat treatment was
stress, grain refinement, etc-18,1315]. For example, for annealed 40.0HRCto4 2. 5 HRC (&HV405). After hece
mediumcarbon steel without and with a weegfgaped notch (radius were ground using SiC 1000 grad paper wathighness parameters
of curvature 3 mmyia r &&mm), fatigue limit increased aftBP  Raequal to 0.4m. The surface of some samples viRhvalues of
by 27% and decreased by 9% for untreated samples, respectivalyout 1.6vmwas not treated with SiC paper to compare the effects
Thus, for samples with a small wedglkaped defect subjectenl  of roughness and pieorrosion on the life of the steel when tested
shot peening, a total improvement in fatigue limit of 36% was obtaindédr HCF.
[8]. As reported i n §&wricircularslt)r a cTke shotpregingsvasmpdrfarmes usih@gS230 cast st¢el shot media
up to 0.2 mm deep in higtrength steel can be neutralized with SRvith a diameteof 0.6 mmin on a Pangborshot peening machine
(300% coverage, 0.5 mA arc height). The fatigue limit of shot peenwdth a peening intensity of 0.008to 0.012A (& OmA2 Fhe m
specimens with a slit is aimost the same as forgtibBP specimens. diameter of the peening nozzle was mm (3/8") and the distance
Meanwhile, untreated sampsl€unSP) with such a defect have between the nozzle and sample ®a5+ 25 mm The incident arig
a fatiguelimit of 56% less than for samples subjected to SP [9]. was40 to 50, and the SRoverage was 100%.
An analysis of the literature showed that the effect of artificial  Atrtificial defects (pits) were obtained using anodic dissolution of
defects caused by corrosion on the fatigue properties of shot peestl in an electrochemical cell and usingelectriedischarge machine
steels is notvell understood. This research is aimed to studying th@&DM). In addition, one sample, in the central portion of which there
effect of corrosive shallow pits, surface roughness and shot peenarg three prints obtained witfRackwell 120degreediamond indenter

|

b9

on the fatigue behavior of lowarbon highstrength 4340 steel. during hardness tests, was tested in a benfdiigue experiment.
Theelectrochemical cell for preliminary pitting corrosion of fatigue
2. Experimental and methods samples consisted of two electrodes, where the sample and the graphite

rod were used as the anode and cathode, résggcT he following

Hourglasgshaped samples (kigg 1) made of lowalloyed AISI  two solutions were used as electroly@&M NaCl and a solution
4340 steel (0.40%, 0.25%8i, 0.70%Vin, 1.80Ni, 0.80%Cr, 0.25% for electrolytic polishing, based grerchloric acid HCI@ including
Mo, 0.025%S, and 0.025%°) were obtained on a CNC latlemd  per liter: 60 nh -70% HCIQ; 800 mL -95% ethanol and 1401m
then grinded with silicon carbide paper (grades 320, 500 and 800)stilled water [16]. Theparameters for creating artificial pits were
After that, the samples were geitted to heat treatment in accordanceas follows: constant voltage 32to 20 V; current 0.5A t0 6.0 A;
to the standard SAE AMB-6875B (quenching in vacuumt 8 4 (he duration is 0.8nin to 6.0 min with a distance of about 2 mm
for 85 min with cooling 150 miar fetween the graphite etngoe and thegsurfade of 4he fatigue fsagnple

Table 1. Surface characteristics of samples of tempered 4340 steel.

Group Roughness, R(mm) State of the surface Ma r eman/max (mm)
1 1.6 Without artificial defects -

la 1.6 Pits obtained using a perchloric asiolution (PA) 40/105

2 0.4 Without artificial defects -

2a 0.4 With pits obtained in a NaCl solution 130/220

2b 0.4 With prints obtained in a hardness tests 270/275

3 0.4* Shot peening (SP),without artificial defects 65/70**

3a 0.4* SP, with pits obtained in a PA solution 18/230

3b 0.4* SP, with pits obtained using EDM 52/140

Notes : * roughness before shot peening, rft defects;/a r ealiesshowsizes of SP craters.
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Figure 2. Artificial shallow pits produced by an anodic dissolutbeamplesn solutions of perchloric acid (a) and 3.5% N#Q)L.

Additionally, small pits of controlled size in the center of the samples N
were obtained using EDM with a nominal depth varying from of 500 4 N
20emo 82 e&m and ambi 2mM@lueiardfa 1 '9\\ S S
are52,95and140m) . The surface parafrpe 3a €-ym @\\\ 3
fatigue tests are shown in Table 1. In additiorFigure2, optial 8 7% 1 % £ R
micrographs show small pits obtained in telectrolytes. % 1y 2 AN AA' """" =
Fatigue tests were performe§ - 2a<__Q\A A@\\ O—2b cy

about 50 Hz using a rotating beam type (RL¥fatigue machine @ \ Acccqos—---

] ) . 5 \ A=
(SatecSystem, Inc., USA) with uniform bending moment. Fatlgue%_ eé s 5
limit (strength) was defined as the maximum nominal rotary bending ., | 12 <=2 @ i A &
stress, at which the specimen withstooddrmore cycles. Micro O—
structure studies were carried out using a NICON optical micrescop O
and a JEOL JSNB600 scanning electron microscope with a NORON 400 t t t

LE+04 LE+05 1E+06 LE+07 1LE+08

energy dispersive spectroscope.
Cycles to failure (N
3. Results and discussion
Figure 3. SN diagramfor untreated (1, 2) and shot peened (3) A1340
3.1Effect of load and surface defects on the fatigue life steel specimens, with the surface roughness ®(1) and 0.4 (2,3jm.
and fatigue limit of steel The designations filled in graefer tospecimens with artificial defects
groups 1a (circles), 2a (trianglesb (a rhombus)and 3a (squares).

The SN diagram (Figre3) and Table 8how the results of high ] . ) ] )
cycle fatigue tests, carried out using samples with different surface Shot pe_enmg lead to an add|t!on§| increase in the fatigue
characteristicsDue to the usual spread of data for the fatigueNife characteristics of 4340 steel. An estimation of the effect of surface
the results obtained for fractured sampleslbthree groupsvere parameters on the fatigue life, which has a common data spread,

approximated bfEquations (J-(3), respectivelyAs expected, the Can be performed for all three groups of samples usmation
roughness of the fatigue samples is a critical factor for the fatig&)"(3)- For instance, at an applied stress of 700 MPa, the average

performance of steel. For example, samples of dgtavuith a roughness fatigue lifeNr is (0'5‘.1; 2.7and 9’,1) x2@ycles to fgithre for grqups

of 1.6mm have an order of magnitude lower fatigue life compared t%f 1_’ 2ands, resp_ectlvely. Thu_s, in other words, with such a high stress,

the improvement in surface finish between group 1 and group 2, where

Rais 1.6 and 0.4mm, respectively, led to an increasé\inby 5 times.
Additionally, the hardening of the surface of samples of group 3

by the method of shot peening as compared with group 2, led to

an increase iNr by a factor of 3.4. Similar results were reported by

samples of group 2 with-Rf 0.4nm: 1P and 16 cycles, respectively
at the same applied stress of 624.8 MPaui€g).

log\y = 6.685i 2,795x 10%0,  Re=0.998 (1)

logN, = 12.236i 9.727x 10°0 , Re=0.811 (2) Wou et al.,where for smooth and SP samples of the GH4169 superalloy,
the averagé\r values increased from 0.6 3.0 x18cycles at
logNs = 13.984i 1.146x 1020, R:=0.785 (3) the stress of 900 MPa [15].
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Table 2. Surface characteristics of fatigue samples without and with artificial defects, and the results of fatigue tests.

Group Sample No. Pit dia. (mm) Pit depth (mm) Vlreénm) Stress (MPa) N x 10° (cycles) Notes
1 L3 - - - 335.6 113.00 runout
Z11 - - - 425.8 130,00 runout
Z15 - - - 474.4 100,00 runout
Z13 - - - 495.2 2,10 runout
Z17 - - - 497.6 19,70 runout
L10 - - - 520.7 70,00 runout
L4 - - - 520.7 2,40 fracture
L11 - - - 520.7 1,90 fracture
Z14 - - - 520.7 1,62 fracture
Z16 - - - 635.3 0.80 fracture
Z12 - - - 777.6 0.33 fracture
L1 - - - 798.4 0.20 fracture
1d L8 221 - - 520.7 0.93 fracture
L5 172 - - 520.7 0.87 fracture
L7 157 - - 520.7 0.60 fracture
L9 77 - - 520.7 1.30 fracture
2 1 - - - 520.7 324.0 runout
2 - - - 532.3 220.0 runout
3 - - - 543.8 100.0 runout
4 - - - 555.4 270.0 runout
5 - - - 567.0 170.0 runout
6 - - - 590.1 22 fracture
7 - - - 624.8 9.91 fracture
8 - - - 624.8 6.16 fracture
9 - - - 636.4 13.60 fracture
10 - - - 659.6 4.05 fracture
11 - - - 659.6 14.60 fracture
12 - - - 729.0 1.98 fracture
13 - - - 775.3 1.55 fracture
14 - - - 775.3 0.30 fracture
2a 15 148/°595 30 18 624.8 10.08 fracture
16 352 154 20 624.8 0.86 fracture
17 195 172 18 624.8 1.19 fracture
2b 18 585 129 23 624.8 200.00 runout
3 20 - - 70 659.6 116.60 runout
23 - - 70 682.7 29.19 fracture
25 - - 70 682.7 5.96 fracture
19 - - 70 729.0 2.47 fracture
24 - - 70 729.0 3.07 fracture
21 - - 70 775.3 2.00 fracture
26 - - 67 821.5 0.66 fracture
3a 22 10 77 96 729.0 3.00 fracture
27 18 20 19 729.0 2.25 fracture
28 195 11 46 729.0 2.20 fracture
29 58 25 40 729.0 1.78 fracture
30 40 122 208 729.0 0.65 fracture
31 32 10 18 729.0 2.28 fracture
32 95 95 95 729.0 0.75 fracture
33 15 92 11 729.0 2.39 fracture
3b 34 137 20 52 729.0 5.17 fracture
35 10 54 95 729.0 3.65 fracture
36 20 82 10 729.0 2.16 fracture

Notes: * In group 1a, the depth of the pits was not measured. ** The pielipscal.

As shown in Figre 3, the fatigue limit of tempered steel 4340shot peening, FL increases from 58®ato 660 MPa (+13.8%)
with different surface properties (Table 1) is 500, 580 and 660 MRar samples with the same initial roughness of i (Figure 3).
for samples of groups 1, 2 and 3. Thus, an improvement in surfatke same trend was reportied steel with a chemical composition
finish with a decrease in the roughnBssf samples from 1.6mto  similar to steel 4340, for which the SP method led to an increase in
0.4mm led to an increase in fatigue limit by 16%. In addition, due tbL by 9%[9].
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As is known from the literature, the fatigue limit strongly depends on 100¢ ==
the surface roughness [1,2;19]. According to [1], the FL estimate 14C
shows that for steel with UTS 1270 MPa, as in our case, the surfac= oock @
finish factorCsis 0.89; 0.78 and 0.67 for a surface roughness of g et Hgeo M ——
0.4; 1.6mm and 3.2nm. For example, for verhighstrength steel _ g, 3 12¢ i H,0400) b =
(Nii Cri Mo) with a decrease iRafrom about 2.6rmto 1.4nm, the ;‘ | £+l l (1 i
FL value increased from 83@Pato 1000 MPa (+17.6%) [17]; the & 70oc |- \ /s \"\"\\lu\u‘
same tendency was found for both the 7@llGninumalloy [18] % b o
and the TiAI-4V alloy [19]. = eocl $ i
The empirical relationship between the fatigue limit and \figke é” a0 =
hardness (HV) is known (Eiation(4)) for steels with H\< 400, whee & soc - o — SAEA4063
HV is the Vickers hardness number [20,21]. Considering/ithe e . i B 2252;22
parameter for samples with defects, this equation was transforme ~ 4oc |- 60 o — SAE4140
by Murakami in his model into aBquation (5) [4,21], where HV | o — SAE4340
is the Vickers number and ti#a r g@axameter imm. We should socL © — SAE2340
only be noted the inaccuracy in the descriptioBgfations (3and (5) 20 30 40 50 60
in [4,7,17,19,21], in which the hardness HV is indicated ithgf? :  Rockwell hardness C scale
instead of the dimensionless HV, as showniguFe4 [20]. 226 29¢ 38¢ 51¢ 694
Vickers hardness (HV)
FL,igea = 1.6HV £0.1HV, MPa (4)
Figure 4. Relationship between hardness and the fatigue limit (zero mean
FL = 143(HV+120)ka T eamMPa (5)  stress)[20].
. . - . . 6.5 850
The ideal fatigue limit calculated Bguation (4) i648+ 40 MPa —_—
at HV405. Given a surface finish factor of 0.89 ftt group 2 B T, Nacl
(Ra=0.41m, UTS = 1270 MPa), we hat, iea= FL/Cs = 580/0.89 . . g I zE’PiDM 750
= 652 MPa, which is consistent with the valuebtainedfrom ' D Y =
Equation (4) The same estimate for grolifR.= 1.6 mm, Cs= 0.78) 650 =
gives an ideaFL valueof 641 MPa, which is also consistent with Z 550 g
Equation (4).As follows from Figure 5, the presence of artificial §’ P
defectsof varioussizes, which are taken into accountthgiia r e a 450 §
parameter|ed to a significant decrease tihe fatigue life of the &
samples and thiatigue limit calculated by Eeption(5). 250
For example, at the same steasf 729 MPa, the averagé
value for control samples of grougpralculated by Egation(3), is ac 250
4.4x 1P cycles. However, in the presence of pits obtainedresuit of 0.0C 0.0¢ 0.1¢ 0.1t 0.2¢ 0.2¢
preliminary corrosion in a solution of perchloric acid (group Bia), (area3'5 (mm)

ranged fron0.65 x 1P cycles t03.0x 1(P cycles or reduced by about
1.5times to7 times depending dhelia r paeameter, which varied Figure 5. The effect of the (are®) parameter on the fatigue life-@) and

from 11mm to 230mm, respectivelyTable 2). According to Eetion(5),  fatigue limit (4), calculated by Eq (5) for tempered (T) and shot peened (T, SP)
the fatigue limits for samples witia r pasameters of 5, 50 and specimens with artificial defects obtained using electrochemical corrosion
500 is 574, 391 and 266 MPa, respectively. in rNe:)CI and perchloric acid solutions, as well as EDM.

Shot peening of samples with defects (groups 3a, 3b) significant?y
reduces the dependence of fatigue life omﬁuq pREMmeter compargd 3.2. Characterization of fatigue fracture surface of samples
to untreated samples of groPp. Defects obtained by electrochemical .

. . . . fWlth defects
corrosion had a much greater detrimental effect on fatigue life

compared with defects obtained using the EDM techiigire5, ) L o .
A fractographic examination is of interest for a qualitative analysis

curves 3 and 2). For example, as follows fromuFéd and Table 2, . o ’
of the effect of various surface defects as the origins of the failure

afivefold decrease in fatigue life (3.64.C° cyclesand 0.75< 1(Pcycles) . . . ) .

. . anql micre and macrostructural constituents on fatigue life. As is known

was revealed in the presence a defect resulting from electrochemlcad h in Filure6. the fract rf ¢ | ot I

corrosion compared with a defect obtained by EDM, under the sariawr(]a shown I_n Fgureb, the ra!c.t{re. surlace of Samples consis _usua y
. [ of three main zones: crack initiation zone (1), crack propagation zone

conditions ¢ = 729 MPayia r ® @095 mm).

(I1) and zone of sudden (final) fracture (ll1). In the presence of the

J. Met.Mater. Miner. 3(3). 202
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Figure 6. The fracture surface of the sample, showing the zones of initiation of cracks (I), propagation of cracks (Il) andffexclda)andas well as a
magnification ofthe area | near therigin of crack A (b)Xsample L10, group 1, 520.7 MPax7.(° cycles).

surface heterogeneities, the initiation and growth of fatigue cragk fatigue life. For example, with the same applied stress of 729 MPa,
during Stage | occurs mainly as a result of the-glgme cracking the averagé\: values for samples 19 and 24 from group 3 were
at these sitegind up to 90% of the fatigue life may be spent to initiat®.8 x 10° cycles or 4.3 10° cycles in accordance with Equation 3;
a viable fatigue crack [22]. Stage Il is the final propagation phaseeanwhile, sample No.36 with a hemispherical defect, made by the
of a fatigue crack, which, as a rule, is characterized, as a rule, by dugtilectroerosive method with afa r pasameter of 146m, showed
rupture due to microvoidoalescence. During this stage, the crack fatigue life of 2. 10° cycles (Table 2, Figre8(c), (d)). However
growth rate increases until the fatigue crack becomes unstable, @a¢hples 2728 and 31 with defects resulting from grerrosion in
the part fails by overload mechanism. a perchloric acid showed the sahtdevel (about 2.5 10° cycles)
Typically, the area of zone Ill increases with increasing appliegt 3 much lowepia pasmeter, which ranged from B to 45nm
stress, since the relative high oveddeads to an increase in the crack(-rab|e 2). Thus, as mentioned above, the defect obtained using
propagation rate and the sudden failure of the samples. For sampJgSiiminaryelectrochemical dissolution is much more harmful than

without and with shot peening, including samples with previoushhe defect created by the EDM (Table 2, &5, curves 3 and 2).
prepared pits (groups 2, 2a and 3), it was found that, despite a certain

scatter of theesults, the fraction of the area lll of the final ductile
fracture(Ad/A) of samples with different surface characteristicsu <A> 3
increases from 0.04 to about 0.20 with increasing load from 590 M ._ A i 8 """ o]
to 821 MPa (Figure 7). = BT

Let us consider the features of théial fracture of samples with % 0.1 A
surface defects, to which we conditionally refer also craters (den :" ,// A g
caused by shot peening. Here, undoubtedly, the positive effect © A > OT, sP
hardening of the surface layer by shot blasting prevails over tl 2 I,’ A & T, NaCl
detrimentaleffect of increasing surface roughness by dents, Wit; l,’
the exception of fatigue failure at very high applied stresses. F il B s

3 . y =-1E-06x* + 0.002x - 0.7403

example, in sample No. 26 at a maximum stress level of 821.5 MF R2= 06224
as clearly shown in Figure 8(a) and 8(b), crack initiation occurreu
from several points. The start of the crack propagation point was 0.01

point A, then there were other sources nearby, which are indicated by 500 550 560 650 760 750 860 850
letter B and craters C1, C2. In general, Figure 8 illustrates the @bnes
an initial crack formation at stage | frontifizial surface irregularities

such as shot peening dents (a, b); a pit made by the EDM metnﬁ&re 7.Effect of applied stress on the relative area of final (ductile) fatigue
(c, d), and, finally, from prints made during hardness tests (e, f). tajlure of samples of groups 2, 2a and 3 subjected to preliminary tempering

Compared to samples without surface defects, samples withsdefga, tempering and preorrosion in 0.6 M NaCl (T, NaCl) and tempering and
obtained by the electrerosive method show only a slight decreasshot peening (T, SP), respectively.

Applied stress (Mp:

J. Met. Mater. Miner. B(3). 2021
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Figure 8. SEM micrographs of the fracture surface of samples without (a, b) and with artificial defects, which caused the failple 26a, b), 36 (c,
d), and18 (e, f). (a, b} two craters C1 and C2 as a result of shot peening (group 3, 821.5IMRa66x 10° cycles); (c, d) the EDMmade defect (group

3b, 729 MPal\; = 2.2x 10° cycles); (e, f} three prints of hardness tests, (group 2b, 624.8 MPa2 x 10’ cycles); (b,d,ffmagni fi cati on of

J. Met.Mater. Miner. 3(3). 2021
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The indentations obtained during the Rockwell hardness tegi&gure9(b)). Similar secondary cracks can also be seen in pit A in
had blunt tipsyhich undoubtedly did not correspond to the radiug=igure 9(a).
of the sharp tip of the 12@onical diamondndenter. Sharp tips in As was shown in Figure 5 for samples of group 2a, the parameter
the indentations after the hardness test were blunt due to plagtioi ‘Pléys a decisive role in fatigue life. For example, two samples
deformation of the steel, both during the stress relaxgiioness of this group (Nos.15 and 17) with pits A obtained as a result of pre
before the fatigue test addring the latter. This #18 sample showedcorrosion in 3.5% NacCl (Table 2, Figure 10(a) andsfimwed that
no fracture during the HCF test, but after that it was tensile rupturth fatigue life decreases from 10.08 X @@les to 1.19 x F&ycles or
to demonstrate where a crack could occur. The indentations prodisgean order of magnitude with an increasgianr feoa 0.13 mmto
a strong strengthening effect, resgtin a much longer time to failure 0.18 mm. In each sample, the first cracks initiated from two adjacent
of the fatigue specimen. For example, as shown uwré&fe) and ),  pits A located at distance of less than 0.5 mm (Figure 10(a) and (b).
three indentations in the center of specimen 18 were the sites of Let us also consider the features of fatigue failure of samples of
initiation of cracks capable of rapidly moving deeper into the specimegroup 1a (Nos. L5, L7 and L9) consisted of pits, formed as a result of
however, ithad a much longer time to failurili(= 2x 107 cycles)  anodic dissolution of steel in perchloric acid (Figure 10(c)@nd
compared to the averadé value of 8x 10° cycles for samples 7 The ridges in Figre10(d) and 10g clearly indicate where cracks
and 8 without artificial defects at the same applied stress 624.8 M&ecurred. At an applied stress of 520.7 MPa, samples No. L5 and
(Table 2). Here, experiment 15 is not taken @atasideration, in which L7 with a pit diameter of 0.17 mm and 0.16 mm, respectively,
corrosion pits of small depth and relatively large diameter wergada fatigue life of 0.87 x Icycles and 0.60 x 2@ycles versus
obtained. In this case, apparently, the preliminary anodic dissolutiat8 x 16 cycles for sample No. L9 with pit A, which had a diameter
of iron in a salt solution was rather closer to electrochemical polishiag 0.08 mm (these tests were performed previously without depth
than to the creationf@n artificial defect. Therefore, this sample measurement). In the left corner of Figure 10(e), there is the image
showed a slightly longer fatigue lifél{= 10.08x 10P) compared to  showing an oval piA, in the lower part of which you can see a deep
an average value o = 8.04x 10° for samples 7 and 8 without hole as the source of the main crack, causing fatigue failure.
artificial defects (Table 2). Summarizing the above, it can be noted that the roughness is

It is of interest to consider thepography of the fatigue fracture of a critical factor for the fatigue properties of the steel. The surface
samples with defects, obtained as a result of the preliminary corrostnality improving leads to a marked increase in the fatigue life and
in solutions of perchloric acid and 3.3%aCl (Figure9 andFigure10).  fatigue limit. The fatigue life of specimens with artificial defects of
The size and shape of the pits obtained by anodic dissolution of stgglious sizes, taken into accountibyia 1 pammeter, isignificantly
in an electrochemical cell mainly depends on voltage and currepéduced. Defects obtained due to electrochemical corrosion had
as well as on the type of electrolyte. Crack initiation in samplegmuch greater detrimental effect on fatigue life compared to other
during fatigue experiments seems to be easier ipithgroduced defects. In general, shot peening improves fatigue performance of
by corrosion in perchloric acid than in the pits formedsauium  the steel. First of all, agported in [810,13,23], this is due to the
chloridesolution, due to the smoother shape of the lattetu(B2).  creation of a compressive field of residual stresses in the surface
Moreover, despite the fact that pitia Figure 9(a) seems smooth |ayer of the metal, on which a tensileompressive load can be applied
and rounded, it was a source of fatigue failure of sample L9. Thgiring bending fatigue tests, in particular, at stress ratielR Fhe
crosssection of sample 22 passitigough one of the pits near the residual compressive stress on the surface of 4320 steel after shot
fracture surface shows thatstress concentrator was located at thﬁeening, performed according to parameters similar to this study,

bottom of the pit, which led to the formation ofecondary crack is about1000 MPa and reduces to zero at a depth of@26mm [23].

SEI 250kV X600

Figure 9. Pits previously obtained in a perchloric acid solution after fatigue failure.JBM image of the fracture surface of sample L9 with the pit A
(group 1, 520.7 MPay; = 1.3x1(P); (b)- optical micrograph of a crossection of sample No. 22 near the fracture surface (group 3c, 72NvPax10).
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Figure 10.SEM images of the fatigue fracture surfaces of samples showing pits A that were previously obtained using corrosmmsionfs@luti) NaCl and
(c-h) perchloric acid, and were sources of fatigue fail@aeb): samples of group 2a, 624.8 MPax(sp.15 (\; = 1.1x1(F) and (b)- No.17 (\; = 0.12x 10°);
(c-h): samples of group 1a, 520.7 MPa, including (¢,d.L5 (Nf=0.87x 10°); (e, f)- No.L7 (Nf = 0.6 x 1C°) and (g, h} No.L9 (N; = 1.3x10).
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