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A B S T R A C T   

S-N data of TC17 titanium alloy with surface defects exhibits plateau region (105-109 cycles) 
feature. The effects of defects are greatly related to the defect size. When the defect size is bigger 
than the critical one, the crack initiates from the defect, and the fatigue strength σw incorporating 
the effects of defects could be expressed as σw = C(

̅̅̅̅̅̅̅̅̅
area

√
)n, in which 

̅̅̅̅̅̅̅̅̅
area

√
denotes the square 

root of the projection area of defect perpendicular to the principal stress direction, C and n are 
parameters. The model is also validated by the experimental results of metallic materials in 
literature.   

1. Introduction 

Titanium alloys have been widely used in compressor blade of aero-engines due to their excellent mechanical performance such as 
high strength, high temperature resistance, and corrosion resistance [1]. The compressor blades subject to exceeding 107 or even 1010 

fatigue loadings due to the high inertia centrifugal force and airflow, which might result in fatigue damage and fracture in service 
[2,3]. The fatigue beyond 107 loading cycles (i.e. very high cycle fatigue, VHCF) challenges the traditional fatigue limit concept 
defined at 107 loading cycles [4] and has drawn great attention in recent tens of years, such as for titanium alloys [5–8], steels [9–12], 
AlSi10Mg alloy [13] and aluminum alloy [14]. For example, Jiao et al. [5] conducted a VHCF test on a TC17 titanium alloy, and the 
results indicated that the S-N of the TC17 alloy exhibited a continuously descending shape. Liu et al. [15] investigated the effects of 
stress ratio on high cycle and VHCF behavior of a Ti-6Al-4 V alloy. It was observed that the fracture surface of specimens presented 
three types of crack initiation mode. For surface-with-facet and interior-with-facet modes, the fatigue strength decreased sharply in 
VHCF regime. Huang et al. [1,6] showed that the fracture surface of TC17 titanium alloy presented a fine granular area feature at the 
crack initiation zone in VHCF regime and the crack initiation was due to the H.C.P planar slips of the primary alpha grains. 
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The actual components, such as the compressor blades, usually inevitably contain defects during the casting and forging process 
[16] or caused by impacts of debris ingested by aero-engine in service [17,18]. The defects might greatly decrease the fatigue per-
formance of metallic materials. For instance, it has been found that the larger the defect size, the lower the fatigue life of the S38C steel 
[19], EA4T steel [20,21], martensitic stainless steel [22], Ni-based superalloy 718 [23], and selective laser melted Ti-6Al-4 V alloy 
[24,25]. Especially, Murakami [26] investigated the effect of small defects on the fatigue strength (at 107 cycles) of metallic materials, 
and proposed a 

̅̅̅̅̅̅̅̅̅
area

√
model to correlate the fatigue strength, defect size and the threshold value of the crack propagation, in which 

̅̅̅̅̅̅̅̅̅
area

√
is the square root of the projection area of the defect perpendicular to the principle stress direction. The 

̅̅̅̅̅̅̅̅̅
area

√
model or the 

concept of 
̅̅̅̅̅̅̅̅̅
area

√
is then widely used or developed to investigate the fatigue performance of metallic materials with defects 

[19–24,27,28]. 
TC17 titanium alloy is one of the most important materials used for compressor blades in aero-engines. Therefore, it is significant to 

clarify the influence of defects on the fatigue behavior of TC17 titanium alloy, which is of great help in the design of the aero-engine 
and the safety of the aircraft. In this paper, rotating bending fatigue tests are at first performed for the high cycle and VHCF behavior of 
the TC17 titanium alloy with and without surface defects. Then, the effects of defects on both the crack initiation and fatigue per-
formance of the TC17 titanium alloy are investigated. The microstructure characteristic in the crack initiation and early growth region 
is observed by using scanning electron microscope (SEM), electron backscatter diffraction (EBSD) and transmission Kikuchi diffraction 
(TKD) with the help of the focused ion beam (FIB) technique and the argon ion polishing. Finally, a model based on the concept of 
̅̅̅̅̅̅̅̅̅
area

√
is developed to correlate the defects and fatigue strength in VHCF regime. The model is also used to correlate the effects of 

defects or crack on the fatigue strength of some metallic materials in high cycle fatigue regime in literature. 

2. Materials and methods 

2.1. Materials 

The material used in the paper is a TC17 titanium alloy with chemical compositions 4.97 Al, 4.19 Cr, 1.90 Zr, 4.12 Mo, 2.09 Sn, 
0.11O, <0.10 Fe, 0.0052H, 0.004C and balanced Ti in weight percent. The beta forging is at first for the material. Then, the material is 
under solid solution at 800 ◦C for 4 h and cooled by water, and finally under the aging treatment at 620 ◦C for 8 h. The specimens are 

Fig. 1. Microstructure of the present TC17 titanium alloy. (a) Secondary electron image; (b) Phase distribution, red color: alpha phase, green color: 
beta phase; (c) Grain boundary map, red lines: misorientation between 2◦ and 5◦, green lines: misorientation between 5◦ and 15◦, blue lines: 
misorientation between 15◦ and 180◦; (d) Orientation distribution map by inverse pole figure. 
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cut from the solid bar after heat treatment. Fig. 1a–d show the secondary electron image, phase map, grain boundary map and EBSD 
inverse pole figure (IPF) for the microstructure of the present TC17 titanium alloy. It is basketweave structure. The β phase is between 
the lamellar α phase, and the secondary α-phase is distributed on the β-matrix. The tensile strength is 1145 MPa and the yield strength 
is 1061 MPa, which are obtained from two cylindrical specimens with diameter of 5 mm and gauge length of 30 mm by the servo-
hydraulic test system. 

2.2. Fatigue tests 

All the fatigue tests are performed on a rotating bending machine at room temperature in air. The frequency is 50 Hz and the stress 
ratio R is –1. Five types of specimens are used. One is smooth specimen (Fig. 2a), and the other four are specimens with different 
surface defects, i.e. defect-A, defect-B, defect-C and defect-D in Fig. 2b–e. The defects are manufactured in the smallest section of the 
smooth specimen (Fig. 2a) by a small drill. The approximate shape and dimension of defects are shown in Fig. 2b–e, which refers to the 
SEM pictures of the defect on the fracture surface. The width w for defect-A is related to the depth h of the defect due to that the depth of 
defect-A is very shallow. The elastic stress concentration factor is 1.02 for the smooth specimen, which is defined as the ratio of the 
maximum principal stress at the notch root to that of the cylindrical specimen with the same minimum diameter under the identical 
loading condition. The surfaces of the hourglass part are ground and polished for both the smooth specimens and the specimens before 
the defects are drilled. 

2.3. Observation methods 

The fracture surfaces of failed specimens are observed by SEM. For typical crack initiation regions, cross-section samples parallel to 
the axial direction of the specimen are prepared by FIB technique and then observed by SEM, EBSD and TKD. The cross-section sample 
perpendicular to the axial direction of the specimen is also prepared for the defect region by grinding and argon ion polishing, and then 
observed by EBSD. During the cutting process by FIB, a thin coating layer of platinum is used to protect the fracture surface of the cross- 
section sample. 

3. Experimental results and analyses 

3.1. Fatigue performance of smooth specimens and specimens with surface defects 

Fig. 3 shows the results of S-N data for the smooth specimens and the specimens with different surface defects, in which the nominal 
stress for the specimens with surface defects is calculated by the smallest section of the specimens before the defects are drilled. The 
original experimental data are given in Tables 1–3. 

It is seen from Fig. 3 that, when the fatigue strength is in terms of the nominal stress, the surface defect has a substantial influence 
on the fatigue strength of the TC17 alloy, and the fatigue strength decreases with an increase of the defect size. For instance, the fatigue 
strength at 108 cycles of the specimens with defect-B, defect-C and defect-D is 11%, 29%, and 39% lower than that of smooth spec-
imens, respectively. Here, the fatigue strength at 108 cycles is determined by the average of the minimum fatigue strength of the 
specimens failed before 108 cycles and the maximum fatigue strength of the specimens not failed after 108 cycles. 

Fig. 3 also shows that the S-N data of the TC17 alloy has the feature of plateau region for both the smooth specimens and specimens 
with surface defects. This plateau region is between about 107-109 cycles for the smooth specimen and is between about 105-109 cycles 

Fig. 2. Shape and dimension of specimens (in mm). (a) Smooth specimen; (b)-(e) Sketch maps for the cross-section of defect-A, defect-B, defect-C 
and defect-D, respectively. 
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for the specimens with defects. This indicates that, for both the smooth specimens and specimens with surface defects, the fatigue 
strength of the TC17 alloy does not decrease with the increase of the fatigue life in VHCF regime. 

3.2. SEM observation of fracture surface 

Fig. 4 shows the fracture surface morphologies of several smooth specimens failed in high cycle and VHCF regimes. The crack 
initiation sites of the failed smooth specimens are shown in Table 1. SEM observations indicate that the smooth specimens fail from the 
specimen surface (Fig. 4b and 4d) or the specimen interior (Fig. 4f and 4h) for both the high cycle and VHCF of the TC17 alloy. For the 
crack initiates from the interior of the specimen, the fracture surface exhibits “fine granular area” like feature in the crack initiation 
origin, as shown in Fig. 4f. In contrast to the smooth specimens, the fatigue cracks all initiate from the defects for the specimens with 
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Fig. 3. S-N data of smooth specimens and specimens with surface defects.  

Table 1 
Nominal stress amplitude σa, fatigue life Nf and crack initiation site for smooth specimens.  

σa (MPa) Nf Crack initiation site σa (MPa) Nf Crack initiation site 

700 1.20 × 106 Surface 640 4.90 × 107 Surface 
700 3.29 × 106 Surface 640 3.09 × 108 Surface 
700 4.16 × 106 Surface 630 2.91 × 108 Interior 
700 4.64 × 106 Surface 640* 1.01 × 109  

700 4.80 × 106 Interior 630* 1.58 × 108  

700 4.85 × 106 Interior 630* 4.20 × 108  

700 5.38 × 106 Interior 620* 1.94 × 108  

670 5.07 × 106 Surface    
670 5.63 × 106 Surface    
650 2.71 × 106 Surface    
650 3.85 × 106 Interior    
650 1.37 × 107 Surface    
640 5.32 × 106 Surface     

* It denotes that the specimen is unbroken. 

Table 2 
Nominal stress amplitude σa, fatigue life Nf and defect size 

̅̅̅̅̅̅̅̅̅̅
area

√
for specimens with surface defect-A and defect-B, respectively.  

Specimens with surface defect-A Specimens with surface defect-B 

σa (MPa) Nf 
̅̅̅̅̅̅̅̅̅
area

√
(μm)  σa (MPa) Nf 

̅̅̅̅̅̅̅̅̅
area

√
(μm)  

635 4.41 × 104 84 600 9.08 × 104 145 
635 5.84 × 104 82 600 7.17 × 104 186 
630 7.66 × 104 76 575 4.99 × 104 139 
620 8.79 × 104 75 575 3.83 × 105 143 
620* 1.51 × 108 73 550* 1.39 × 108 174 
620* 1.01 × 108     

600* 1.19 × 108      

* It denotes that the specimen is unbroken, and the associated defect size is obtained from the fracture surface by a following higher stress 
amplitude. 
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surface defects. The morphologies of the fracture surface for specimens with different surface defects are shown in Fig. 5. 

4. Discussion 

4.1. SEM and EBSD observation of extracted samples in crack initiation region 

It is shown in Section 3.2 that the crack initiation region presents “fine granular area” like feature for the interior crack initiation of 
smooth specimens. Here, the cross-section sample parallel to the axial direction of the specimen is prepared by using FIB technique, 
and the microstructure characteristic beneath the “fine granular area” like region is observed by SEM and TKD. 

Fig. 6 shows the SEM and TKD results of the cross-section sample extracted at the “fine granular area” like region in Fig. 4h. It is 
seen from Fig. 6b and c that there are refined grains for the microstructure beneath the “fine granular area” like region. The grain 
refinement phenomenon is also observed for the microstructure beneath the fine granular area or rough area for Ti-6Al-4 V and VT3-1 
titanium alloys [29–31]. The Kernel average misorientation (KAM) map in Fig. 6b and d shows that the plastic deformation is more 
significant in the α grain where the grain refinement occurs. This indicates that the formation of refined grains is related to the high 
strain localization caused by microstructure inhomogeneity or deformation incompatibility [31]. 

In order to understand the microstructure around the defects, Fig. 7 shows the EBSD observations for the cross-section samples 
parallel to the axial direction of the specimen (Fig. 7a) and the one perpendicular to the axial direction of the specimen (Fig. 5f). The 
cross-section sample parallel to the axial direction of the specimen is prepared by FIB technique. The cross-section sample perpen-
dicular to the axial direction of the specimen is prepared by grinding and then argon ion polishing. The IPF and KAM image in Fig. 7 
indicate that the microstructure in the vicinity of the defects has no clear difference with the microstructure of the bulk material. 
Fig. 7b also indicates that there is no grain refinement phenomenon beneath the fracture surface in the crack initiation and early 
growth region. This result is similar to that observed for the VHCF of a structural steel failed from the surface defect [32]. 

4.2. Finite element analysis for the effects of defects 

The result in Fig. 3 indicates that the surface defect might lead to a substantial decrease in fatigue strength when the fatigue 
strength is in terms of the nominal stress. Here, the stress distribution around the defect is at first analyzed by finite element analysis 
and by the assumption that the material is uniform and isotropic. The elastic stress concentration factor is defined as the maximum 
principal stress at the defect to that of the column specimen with the same smallest section of the specimen before the defect is drilled. 
The shapes of defects modeled in the calculation are as those illustrated in Fig. 2b–e. The values of w and h are measured by Image-Pro 
Plus (IPP) software on SEM pictures of the fracture surface. As an example, Fig. 8 shows the finite element model and stress distribution 
of the specimen with the surface defect-C subjected to a concentrated load of 15 N along the negative direction of y axis. The load point 
is 9.44 mm away from the left end of the specimen in Fig. 8a (i.e. Fig. 2a). The tetrahedral elements (C3D10M type) are taken, and 
refinement meshes (the mesh size is 10 μm) are used for the region around the defect. 

Table 4 shows the elastic stress concentration factor calculated for the specimens with different surface defects. It is seen from 
Table 4 that, the elastic stress concentration factor is about 2.0 for the specimens with defect-A and defect-D, and is about 2.5 for the 
specimens with defect-B and defect-C. So, when the fatigue strength is in terms of the local stress instead of the nominal stress in 
Fig. 2b, the fatigue strength of specimens with surface defects is higher than that of the smooth specimens at the same fatigue life in 
VHCF regime, namely that the peak-stress method [33] cannot be effectively used to correlate the effects of surface defects on the 
fatigue strength of the present TC17 alloy. 

4.3. Model for effects of defects on fatigue strength 

It has been shown that the defect size 
̅̅̅̅̅̅̅̅̅̅
area

√
(square root of the projection area of the defect perpendicular to the principal stress 

Table 3 
Nominal stress amplitude σa, fatigue life Nf and defect size 

̅̅̅̅̅̅̅̅̅̅
area

√
for specimens with surface defect-C and defect-D, respectively.  

Specimens with surface defect-C Specimens with surface defect-D 

σa (MPa) Nf 
̅̅̅̅̅̅̅̅̅
area

√
(μm)  σa (MPa) Nf 

̅̅̅̅̅̅̅̅̅
area

√
(μm)  

500 3.88 × 104 270 410 5.06 × 105 354 
470 8.94 × 104 251 395 6.04 × 106 340 
470 1.40 × 106 287 380 2.12 × 105 317 
460 2.91 × 104 249 380 1.99 × 108 317 
460 9.10 × 104 247 400* 1.06 × 108 294 
455 4.13 × 104 248 390* 1.60 × 108 307 
455 5.04 × 104 287 380* 1.51 × 108 291 
450 7.13 × 108 233 375* 1.34 × 108 296 
445 8.45 × 104 281 370* 1.33 × 108 362 
450* 1.01 × 109 248 365* 6.50 × 108   

* It denotes that the specimen is unbroken, and the associated defect size is obtained from the fracture surface by the following higher stress 
amplitude. 

W. Chi et al.                                                                                                                                                                                                            



Engineering Fracture Mechanics 259 (2022) 108136

6

direction) is a good parameter in correlating the influence of defects on fatigue strength of steels in some cases [26]. Here, the defect 
sizes of the specimens are measured from the SEM images by IPP software, and shown in Tables 2 and 3. Combined with the defect sizes 
in Tables 2 and 3, there exists a critical defect size, when the defect size is bigger than the critical one, the larger the defect size, the 
more notable decrease the fatigue strength in Fig. 3. So, it is thought that the fatigue strength and the defect size have the following 
form in VHCF regime: 

Fig. 4. SEM images of fracture surfaces for smooth specimens. (a) and (b): crack initiation from specimen surface, σa = 700 MPa, Nf = 4.16 × 106; 
(c) and (d): crack initiation from specimen surface, σa = 640 MPa, Nf = 4.90 × 107; (e) and (f): crack initiation from specimen interior, σa = 700 
MPa, Nf = 4.85 × 106; (g) and (h): crack initiation from specimen interior, σa = 630 MPa, Nf = 2.91 × 108; (a), (c), (e) and (g) are images of the 
whole fracture surface, (b), (d), (f) and (h) are the magnified images of the region including the crack initiation site. The short line in (h) denotes the 
location where the sample along the axial direction of the specimen is extracted for TKD observation. 
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Fig. 5. SEM images of fracture surfaces for specimens with surface defects. (a) and (b): Defect-A, σa = 620 MPa, Nf = 8.79 × 104; (c) and (d): Defect- 
B, σa = 575 MPa, Nf = 4.99 × 104; (e) and (f): Defect-C, σa = 450 MPa, Nf = 7.13 × 108; (g) and (h): Defect-D, σa = 380 MPa, Nf = 1.99 × 108. (a), 
(c), (e) and (g) are images of the whole fracture surface; (b), (d), (f) and (h) are the magnified images of the region including the crack initiation site. 
The orange rectangular in (f) denote the region for EBSD observation after polished. 
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σw =

{
C
( ̅̅̅̅̅̅̅̅̅

area
√ ) n for

̅̅̅̅̅̅̅̅̅
area

√
≥

̅̅̅̅̅̅̅̅̅̅̅area0
√

σw,0 for
̅̅̅̅̅̅̅̅̅
area

√
<

̅̅̅̅̅̅̅̅̅̅̅area0
√ (1) 

i.e. 

log10σw =

{
nlog10

̅̅̅̅̅̅̅̅̅
area

√
+ log10C for

̅̅̅̅̅̅̅̅̅
area

√
≥

̅̅̅̅̅̅̅̅̅̅̅area0
√

log10σw,0 for
̅̅̅̅̅̅̅̅̅
area

√
<

̅̅̅̅̅̅̅̅̅̅̅area0
√ (2)  

where σw denotes the fatigue strength of the specimen with defect, σw,0 denotes the fatigue strength of the smooth specimen, 
̅̅̅̅̅̅̅̅̅̅̅̅area0

√
= (σw,0/C)1/n denotes the critical size of the defect less than which the defect does not affect the fatigue strength, C and n are 

parameters of the material, which can be obtained by the least square regression for the value of log10 σw smaller than log10 σw,0 

associated with the value of log10 
̅̅̅̅̅̅̅̅̅
area

√
. 

4.3.1. Comparison with present experimental data 
Fig. 9 shows the present model for correlating the experimental data of the TC17 alloy. Here, the average defect sizes are used for 

analysis for each kind of defect in Tables 2 and 3. The fatigue strength at 108 cycles is considered, and it is defined as that in Sec. 3.1. 
The relative errors for the present model to the experimental data are shown in Table 5. It is seen that the present model is well in 
correlating the influence of defects on the fatigue strength in VHCF regime. The relative errors are within 2.0% for all the experimental 
data. 

4.3.2. Comparison with experimental data in literature 
Fig. 10 shows a validation of the present model for correlating the influence of defects on the fatigue strength of steels in literature 

[19–21]. It is seen from Fig. 10 that the present model is in well agreement with the experimental data for the effects of surface defects 
on the fatigue strength of S38C steel and EA4T steel in high cycle fatigue regime. Further, Fig. 10 indicates that the effects of defects on 
the fatigue strength are not only related to the defect size but also the introduced form of the defects. For example, the fatigue strength 
of the EA4T steel with TB defect size of 568 μm is 340 MPa in Fig. 10c. While for the same fatigue strength of the EA4T steel with IN 
defect in Fig. 10d, the defect size is 255 μm, which is smaller than the TB defect size 

It is also noted that the defect size might be smaller than a certain maximum defect size (i.e. ~ 1000 μm) for the application of the 
present model [26]. For instance, for the TB defect of S38C axle steel in literature [19], the fatigue strength decreases sharply with 
increasing the value of 

̅̅̅̅̅̅̅̅̅
area

√
when 

̅̅̅̅̅̅̅̅̅
area

√
is bigger than 1000 μm (1300 μm and 1550 μm). The data for the defect size bigger than 

1000 μm are not used in Fig. 10a. 
Cracks are special defects in some sense. So, the present model is also attempted to correlate the effects of cracks on the fatigue 

strength. For the specimen with crack, the defect size is instead by the crack length in the present model. Fig. 11 shows the present 
model for the effects of cracks on the fatigue strength of steels in literature [34–36]. It is seen that the present model gives well 
correlation for the effects of cracks on the fatigue strength of the 2.25Cr-1Mo steel, 0.22 %C steel and JIS SM41 mild (0.18 %C) steel in 

Fig. 6. SEM and TKD results of the extracted cross-section sample in Fig. 4h. (a): SEM image of the cross-section sample for TKD observation; (b): 
Phase distribution, blue color: alpha phase, yellow color: beta phase; (c): Orientation distribution map by IPF; (d): KAM map. 
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Fig. 7. SEM and EBSD results for the specimen with defect-C, σa = 450 MPa and Nf = 7.13 × 108. (a) SEM image for the mated fracture surface of 
the specimen in Fig. 5f, in which the short line denotes the location of the extracted sample for EBSD observation. (b) and (c): IPF and KAM are 
images of the extracted sample in (a), respectively. (d) and (e): IPF and KAM images of the cross-section sample in Fig. 5f, respectively. 

Fig. 8. (a): Model of the specimen with defect-C; (b): Stress distribution under a concentrated load of 15 N along the negative direction of y axis; (c): 
Magnified image of the region near the defect-C in (b). 
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high cycle fatigue regime [34–36]. 
The present experimental data and the data in literature indicate that the present model is promising in correlating not only the 

effects of defect size but also the crack length on the fatigue strength of metallic materials. In other words, the present model describes 
the trends of the fatigue strength with defect size or crack length, and is applicable to predict the fatigue strength of specimens with 
defects or cracks. 

5. Conclusions 

In this paper, we investigate the effects of surface defects on high cycle and VHCF behavior of the TC17 titanium alloy used for 
compressor blades in aero-engines by rotating bending fatigue test. The main results are as follows.  

(1) S-N data of the TC17 titanium alloy exhibits the characteristic of plateau region for both the smooth specimen and the specimen 
with surface defects. For the smooth specimen, the plateau region is between 107-109 cycles, while for the specimen with surface 
defects, the plateau region is between 105-109 cycles.  

(2) The effects of defects on the fatigue behavior of TC17 titanium alloy are greatly dependent of the defect size and the introduced 
form of the defect. There exists a critical size of defect less than which the defect does not affect the fatigue strength and the 
specimen does not fail from the defect. When the defect size is bigger than the critical size, the crack initiates from the defect, 
and the fatigue strength is reduced due to the effect of defect.  

(3) A model is developed to correlate the effects of defects on the fatigue strength of TC17 titanium alloy in high cycle and VHCF 
regime, i.e. the fatigue strength σw incorporating the effects of defects could be expressed as σw =
{

C
( ̅̅̅̅̅̅̅̅̅

area
√ ) nfor

̅̅̅̅̅̅̅̅̅
area

√
≥

̅̅̅̅̅̅̅̅̅̅̅̅
area0

√

σw,0 for
̅̅̅̅̅̅̅̅̅
area

√
<

̅̅̅̅̅̅̅̅̅̅̅̅
area0

√ , in which 
̅̅̅̅̅̅̅̅̅
area

√
denotes the square root of the projection area of the defect perpendicular to 

the principle stress direction, σw,0 denotes the fatigue strength of the smooth specimen, ̅̅̅̅̅̅̅̅̅̅̅̅area0
√ denotes the critical size of defect 

less than which the defect does not affect the fatigue strength, C and n are parameters related to fatigue life, material and the 
introduced form of defect. The model also accords well the experimental data for the effects of defects or cracks on the fatigue 
strength of metallic materials in high cycle fatigue regime in literature. 

Table 4 
Elastic stress concentration factor for specimens with different surface defects.   

Defect-A Defect-B Defect-C Defect-D 

Depth of defect h (mm) 0.04 ~ 0.06 0.09 ~ 0.13 0.19 ~ 0.25 0.23 ~ 0.29 
Stress concentration factor 1.89 ~ 1.95 2.26 ~ 2.49 2.44 ~ 2.72 1.91 ~ 1.96  
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Fig. 9. Comparison of the present model with experimental data for the present TC17 alloy.  

Table 5 
Comparison of experimental fatigue strengths and the calculated ones by the present model  

̅̅̅̅̅̅̅̅̅
area

√
(μm)  Experimental fatigue strength (MPa) Calculated fatigue strength (MPa) Relative error (%) 

158 563 566  0.53 
260 448 440  1.79 
320 390 395  1.28  

W. Chi et al.                                                                                                                                                                                                            



Engineering Fracture Mechanics 259 (2022) 108136

11

The present results are helpful in understanding the fatigue behavior of the TC17 titanium alloy and predicating the fatigue 
strength of the TC17 titanium alloy with defects. The paper also provides a method for evaluating the influence of defects or cracks on 
the fatigue strength of metallic materials in high cycle and VHCF regimes. 

6. Data Availability 

The data are available upon request by contacting with the corresponding author. 
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