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A B S T R A C T   

The present paper summarizes the results from force-controlled fatigue tests performed on Ti6Al4V specimens 
machined by wire electrical discharge machining (WEDM) single step technology. For this aim, blunt V-notched 
specimens with various notch root radii and un-notched “dog bone” specimens are considered. The fatigue 
behaviour of this alloy machined by WEDM single step technology is an extremely important issue but, despite 
this, the literature on this topic is very poor and the effect of geometrical discontinuities on the fatigue life of has 
still to be investigated. 

Fatigue data, generated by testing a total number of 62 specimen, are re-analysed by means of the Strain 
Energy Density (SED) method, investigating the possibility to use this method following a numerical approach. 
Estimation of the critical radius is performed on the basis of finite element analysis to overcome the lack of 
knowledge of the material properties often related to the machining process. 

Thanks to the SED method, it is possible to summarize in a single scatter-band all the collected fatigue data, 
independently of the specimen geometry. The proposed numerical approach is capable to reduce the scatter 
index compared to the actual procedure with modest extra effort, also solving the issue related to the geometry 
selection for the critical radius identification. The method is successfully validated by assessing the fatigue life of 
specimens with two notch geometries not considered during the critical radius identification.   

1. Introduction 

Ti6Al4V alloy is the most commonly utilized titanium alloy, with 
application in the most advanced engineering fields such as military, 
aerospace and naval application, thanks to its very good mechanical 
properties [1]. Fatigue cracks usually start from the surface of the 
components as they undergo the maximum stresses during exercises [2]. 
Machining is then a key factor to take into account when assessing fa-
tigue life, because it is directly responsible for the surface integrity [23]. 
In this study, wire electrical discharge machining (WEDM) process is 
then considered, because it is a valid alternative for the machining of 
difficult-to-machine materials, such as Ti6Al4V (with conventional 
methods). 

It is known that outdated or coarse EDM processing can reduce the 
fatigue strength of titanium alloy Ti6Al4V by as much as factors of 2–5 
[4]. A suitable example is reported in the work of Janeček et al. [5] 
which compared rotating bending fatigue endurance of electro-polished 

specimen with aggressively eroded ones, demonstrating a severely 
reduced fatigue strength due to near surface tensile residual stresses, pre 
existing micro-cracks and high surface roughness all induced by EDM. In 
the latter, EDM process parameters were intentionally modified to 
obtain very rough surfaces, resulting in a reported surface roughness of 
Ra = 11.6 µm. 

Nowadays, state-of-the-art EDM technology are able to reduce this 
detrimental effect thanks to the improvement of generator technologies 
and the use of multi-step technologies (one main cut followed by one or 
more trim cuts) [4,6]. In fact, studies from Klocke et al. [7] and Welling 
[8] demonstrate that WEDM specimens can show comparable or even 
better fatigue strength comparing to conventionally machined 
counterparts. 

Nevertheless, WEDM single step technologies are still adopted in real 
life applications when cut speed is needed and rough surfaces are ad-
missible. Despite this, up to this date quantitative data regarding fatigue 
and notch fatigue properties after WEDM main cut appear to be very 
poor or missing. 
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Real life components are characterized by geometrical discontinu-
ities, often in the form of holes and notches, which act as crack starters 
leading to reduced fatigue life. Traditionally, to predict the failure of 
weakened components, generalized stress intensity factors are used, 
which are difficult to obtain and are geometry dependent. To assess the 
fatigue life of notched components it is useful to have a parameter which 
depends only on the material, such as the strain energy density criterion, 
and also to make use of numerical methods which can provide reliable 
results in a convenient time. 

The volume-based SED criterion states that static failure occurs when 
the mean value of the strain energy density over a given, well defined, 
control volume (Fig. 1) reaches a critical value Wc [9]. Berto and Laz-
zarin [10] reported that these critical parameters,Wc and the control 
volume radius R0, are only material-dependent. The method has been 
extensively and successfully used in the assessment of the tensile and 
fatigue behaviour of welded joints and different materials weakened by 
several notch geometries [1112131415161718]. 

Looking back to the work of Lazzarin and Zambardi [9] the critical 
parameters of SED criterion can be obtained analytically directly from 
material properties including the ultimate tensile strength of un-notched 
specimen σUTS, the fracture toughness KIC, the Young’s modulus E, and 
the Poisson’s ratio υ. The following expression reported from Beltrami’s 
study [19] can be used to determine the critical strain energy density. 
Table 1. 

Wc =
σ2

UTS

2E
(1) 

In plane strain problems, the control volume is defined as a circular 
sector where the critical energy has to be evaluated, for V-Notches 

Nomenclature 

SED Strain Energy Density 
WEDM Wire Electrical Discharge Machining 
FEA Finite Element Analysis 
NSIF Notch Stress Intensity Factor 
e1 Mode I geometric shape function 
E Young’s modulus 
I1 Mode I function in SED expression for V-notches 
k Inverse slope of the linearized fatigue data 
KIC Fracture toughness 
KV

1 Mode I NSIF 
ΔK1A V-notched specimen NSIF-based fatigue strength 
Kt Notch stress concentration factor 
Kf Fatigue strength reduction factor 
KfV− Notch Fatigue notch factor 
q Notch sensitivity 
Ra Arithmetical mean roughness 
R0 Control radius 
r0 Control radius center position 
Ts Stress based fatigue scatter index 
Tw SED based fatigue scatter index 
Wc Critical SED 

W1 Mode I SED 
ΔW SED associated with the fatigue full range 
ΔWu SED related to a nominal stress unitary load 
ΔWSmooth

Exp SED associated with the experimental fatigue stress range 
(smooth specimen) 

ΔWNotched
Exp SED associated with the experimental fatigue stress range 

(notched specimen) 
Wmax SED associated with the fatigue loading maximum stress 

Greek 
2α Notch opening angle 
λ1 Mode I William’s eigenvalue 
ω̃1 Auxiliary parameter in Filippi’s stress equations 
υ Poisson’s ratio 
ρ Notch root radius 
σUTS Ultimate tensile strength of un-notched specimen 
ΔσA Un-notched specimen fatigue strength 
ΔσSmooth

Exp Experimental fatigue stress range (smooth specimen) 
ΔσNotched

Exp Experimental fatigue stress range (notched specimen) 
Δσu Nominal unitary fatigue stress range (in the reduced 

section) 
μ1 Exponent in Filippi’s stress equations  

Fig. 1. Control volume geometry for sharp and blunt V-notches [16].  

Table 1 
Geometry features of each tested specimen (specimens written in bold tested 
during validation).  

Specimen name Notch root radius ρ[mm] Notch opening angle 2α [◦] 

STR (smooth) – – 
V90-R0.2 0.2 90 
V90-R3 3 90 
V90-R1 1 90 
V90-R5 5 90  

S. Salamina et al.                                                                                                                                                                                                                               



International Journal of Fatigue 161 (2022) 106915

3

(Fig. 1) the critical radius can be expressed as follows [11]: 

R0 =
(1 + υ)(5 − 8υ)

4π

(
KIC

σUTS

)

The average strain energy density under to mode I loading can be 
computed by means of the following expression [11]: 

W1 =
e1

E

[
KV

1

R0
1− λ1

]2

(3)  

in which, e1 (Equation (6)) is a geometrical shape function that depends 
on the notch opening angle 2α, KV

1 is the mode I notch stress intensity 
factor (NSIF), and λ1 is the mode I Williams’ series eigenvalue [20]. For 
blunt V-notches the position of the control volume is a function of the 
notch geometry, according to Fig. 1 [21], resulting in a shift of the 
control volume’s center by a distance of r0 defined as follows: 

r0 = ρ π − 2α
2π − 2α (4) 

Dealing with fatigue loading, the critical SED can be expressed as [9]: 

ΔW =
e1

E

[
ΔK1A

R0
1− λ1

]2

(5) 

The shape function e1 is directly dependent from the notch opening 
angle [9]: 

e1 = 4.809⋅10− 6⋅(2α)2
− 2.346⋅10− 3⋅(2α) + 0.3400 (6) 

The control volume radius can be expressed as [11]: 

R0 =

( ̅̅̅̅̅̅̅
2e1

√
ΔK1A

ΔσA

) 1
1− λ1

(7) 

However, solving these analytical expressions is not an easy task. In 
fact, it requires material data that are not always available and depen-
dent from the machining process [3], such as the fatigue strength of un- 
notched specimen, ΔσA (in order to quantify the influence of defects and 
surface roughness in the material, in absence of any global stress con-
centration effect) and the NSIF-based fatigue strength of notched spec-
imens ΔK1A. 

In particular the computation of the NSIF for rounded notches [22], 
which requires the stress field ahead of the notch tip (σθ)θ=0 (some 
explicit formulae can be found in [9] to analytically obtain it). The 
auxiliary parameters (ω̃1, μ1andλ1) are all function of the the notch 

opening angle [22]. 

KV
1 =

̅̅̅̅̅
2π

√
r1− λ1

(σθ)θ=0

1 + ω̃1

(
r
r0

)μ1 − λ1
(8) 

In aid of engineers come the FE codes, that enable the capability to 
easily compute the stress field in the vicinity of the notch or directly the 
strain energy density. Then, an estimation of the critical radius can be 
obtained equating the related critical SED values of two different spec-
imen geometries [1723]. This approach was successfully adopted in the 
studies of Peron [1415] and Kusch et al. [16] for the failure assessment 
of notched specimen under mode I tensile loading, to overcome the lack 
of knowledge of the material properties such as the fracture toughness 
KIC. Similar methodology was proposed in [1723] for SED analysis of 
fatigue behavior of notched components. In this work this kind of 
approach will be applied, with some modifications, on specimens 
machined by WEDM. 

2. Methods 

In this work the problem is faced following a combined exper-
imental–numerical approach, a procedure similar to what was proposed 
by Razavi et al. [23], that will be adopted as reference. In fact, experi-
mental data are used in combination with the unitary SED, ΔWu, 
computed by FEA. In this way is possible to leave the control volume, 
therefore the critical radius R0, as a variable. Fatigue data obtained by 
force controlled tests on three different geometries (1 smooth and 2 
notched) are then transformed from S-N to SED-N data. For smooth 
specimen the transformation is simple, because SED is analytically 
calculated with Equation (9), derived from Equation (1), and not 
dependent from R0. 

ΔWSmooth
Exp =

(
ΔσSmooth

Exp

)2

2E
(9) 

SED-N data are then linearized and statistically analysed for each R0 

value (R0 resolution is set arbitrary at 0.01 mm). The optimal critical 
radius is defined as the one that shows the minimum scatter index Ts (Tw 

in terms of energy), which is the ratio between the stress amplitudes 
corresponding to 10% and 90% of survival probability, considering the 
whole dataset. Validation is performed testing two other notch geome-
tries at different stress levels and verifying if they fall inside the previ-
ously computed scatter band. 

Fig. 2. Tested specimen geometry.  
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For all the presented calculation, the fatigue load ratio R is assumed 
equal to 0. Therefore, the weighting factor cw is equal to 1 [12], meaning 
no correction. 

2.1. Test specimens 

Three different specimen geometries are considered, one smooth 
specimen and two V-notched specimen (Fig. 2), to obtain the fatigue 

Fig. 3. Location of surfaces machined with defined WEDM process parameters, in the right side specimens with reduced thickness.  

Table 2 
Ti6Al4V properties for FEA.  

Property Value Unit 

Elastic Modulus 113,800 MPa 
Poisson’s ratio 0.34 –  

Fig. 4. Quarter notched specimen model, 2D mesh CTRIA(6) and control volume detail (optimal R0, root radius 1 mm).  
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data on which to evaluate the SED critical radius R0 . 
Then, two other notched specimen geometries are proposed in sight 

to validate the before mentioned critical radius. 

2.2. Manufacturing and conditioning 

Specimens are cut off by WEDM from annealed Ti6Al4V sheets of 5 
mm thickness. The notch surfaces (where the fatigue cracks are most 
likely to initiate) are machined with the same WEDM process parameters 
(see Fig. 3). Some specimens are also machined through the thickness (in 
those cases specimen thickness was reduced to 3 mm) direction but no 
noticeable difference in fatigue life is observed after testing. No further 
treatment is performed on the specimens. 

The Wire EDM machine used is a CUT X 350 (water based dielectric 
and 0.25 mm brass wire) from GF (GF Machining Solutions, Schaffausen, 
CH) and the process parameters are related to the standard titanium 
single step technology proposed by the machine manufacturer. The 

expected surface roughness was Ra 3 µm, measurement performed 
directly on the specimen showed an average roughness of Ra 3.4 µm. 

Specific parameters used will not be related here, because the pur-
pose of this study is not to investigate the impact of EDM processes 
parameters on the fatigue performance of the material, but rather to 
assess fatigue life by means of SED related to a standard EDM single step 
titanium technology. 

2.3. Experimental testing 

The experimental tests are performed on an MTS Landmark 100kN 
(MTS Systems Corporation, MN USA) servo-hydraulic universal testing 
device (±100 kN, ±75 mm) under load control. The load cell with ± 1% 
error at full scale has been used to measure the applied load. The 
specimen is fixed in the testing system by means of hydraulic grips. 
Suitable wedges are mounted in the grips according to the specimen 
thickness. All tests are carried out with alternating tensile stress (load 

Fig. 5. Fatigue life of smooth (STR) specimens.  

Fig. 6. Fatigue life of notched V90-R0.2 specimens.  
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ratio R = 0.05) with sine waveform (constant amplitude). Frequency of 
the test is set at 20 Hz for smooth specimen and at 30 Hz for the notched 
ones. 

2.4. FEA and optimal R0 computation 

FE models are created with NX 12.0 (Siemens PLM Software, Plano, 
USA). Linear elastic plane stress simulations are performed using NAS-
TRAN solver (MSC Software Corporation, Newport Beach, USA). The 
necessary material properties are obtained from the literature [24] and 
summarized in Table 2. 

A quarter of specimen geometries are modelled with a 2D mesh with 
CTRIA(6) triangular parabolic elements, taking advantage of the double 
symmetry, with the appropriate boundary condition, to reduce model 
size and computational time. The control volumes, defined according to 
Fig. 1, with radii varying from 0.04 to 0.8 mm are modelled to evaluate 
the average value of the strain energy density vs R0. The mesh size in the 

control volume is adapted to guarantee at least 16 elements in the 
control volume and precisely compute the SED value (a coarse mesh is in 
fact sufficient [25]), whereas the rest of the model is discretised using 
elements of size 1 mm, with a transition region to smoothly increase the 
element size (Fig. 4). The average value of the strain energy is calculated 
as the total strain energy, computed within the control radius, divided 
by the un-deformed volume, considering negligible displacement. 
Notched specimens used for the critical radius fit (V90-R0.2 and V90- 
R3) are computed applying to the model a nominal unitary load Δσu 
equivalent to a nominal stress of 1 MPa in the reduced section. Thanks to 
this, it is possible to obtain a “unitary value” of the SED (defined as ΔWu) 
vs R0 and, taking advantage of the linear elastic hypothesis, it is simple 
to compute the SED for an arbitrary nominal stress for each simulated R0 
using the Equation (10). 

Fig. 7. Fatigue life of notched V90-R3 specimens.  

Fig. 8. Fatigue life of all R0 optimization specimens.  
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ΔWNotched
Exp = ΔWu

(
ΔσNotched

Exp

)2

(Δσu)
2 (10) 

To reduce the number of simulations, when the SED value for a 
critical radius that was not computed by FEA is needed, linear interpo-
lation is used to find the related unitary SED (ΔWu). Following this 
approach is not only possible to compute the SED value for every R0 

value in the FE analysed range (0.04 to 0.8 mm) but also for every stress 
level and specimen geometry (Equation (7) and (8)). Practically 
speaking is now possible to transform the S-N data in form of SED(R0)-N 
diagrams. The evaluation of the optimal critical radius is then performed 
statistically analysing the whole transformed fatigue dataset, finding the 
R0 related to the lowest scatter index Tw. 

3. Results 

3.1. Fatigue properties 

Results obtained from the statistical elaboration of fatigue tests data 
are reported from Figs. 5–7 in form of S-N diagrams. The level of stress is 
given in absolute values, representing the maximum stress reached by 
the sinewave. The 50% survival probability curve and the scatter index 
Ts are calculated for each specimen geometry (excluding validation 
specimens). Specimens that survived the run-out threshold imposed at 2 
million cycles are marked up with a star. 

It can be noted that the Wöhler curves show similar scatter index, 
ranging from 1.176 (V90-R3) to 1.247 (STR). In Fig. 8 all fatigue tests 
results are presented in a single S-N diagram. From these results, two 
main observations can be made: 

Fig. 9. Wu. vs R0 for V90-R0.2 and V90-R3 specimen.  

Fig. 10. W vs R0 for V90-R0.2, V90-R3 and STR (smooth) specimens.  
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• Considering the notch stress concentration factor Kt (details in 
Table 5), the lower the Kt the higher is the fatigue life.  

• The notch geometry has a strong influence on the fatigue life of the 
specimens, with a fatigue life at 2 × 106 cycles which is halved, 
decreasing from 195 to 90 MPa (details in Table 5) considering the 
smooth specimen and the sharpest notch tested. 

3.2. FEA 

Fig. 9 reports FEA results regarding the unitary SED ΔWu vs R0. It is 
possible to notice that the unitary SED raises when the control radius is 
reduced. Obviously, the unitary SED is higher when the notch stress 
concentration factor is higher. 

As explained in the methods section, the next step is to compute the 
average SED, ΔW of notched specimen applying the Equation (10) in 
combination with the ΔWu and Equation (9) for the STR (smooth) 
specimen. It is interesting to do this for the fatigue strength of the 

Fig. 11. Fatigue life in terms of Wmax of all R0 optimization specimens, R0 obtained equating ΔWV90− R3
Exp to ΔWsmooth

Exp .  

Fig. 12. Fatigue life in terms of Wmax of all R0 optimization specimens, R0 obtained equating ΔWV90− R0.2
Exp to ΔWsmooth

Exp .  

Table 3 
R0 value fatigue strength and scatter index for each SED approach.  

R0 selection R0 value 
[mm] 

ΔW50%
a) [Nmm/ 

mm3] 

Scatter index 
Tw 

Actual approach 
STR –V90-R3 

intersection  
0.78  0.114  3.797 

STR –V90-R0.2 
intersection  

0.42  0.173  1.919 

Proposed approach 
Tw minimization  0.30  0.194  1.692 

a)Fatigue strength at 2x106 cycles. 
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specimens at the fatigue limit [23], in this case, the stress related to a 
survival probability of 50% of the specimen (Table 5)) at 2 × 106 cycles 
is used. Results are reported in Fig. 10 and is observed that the Wmax 
curves of the analysed specimen are very close to each other for a critical 
radius ranging from 0.2 to 0.5 mm. Optimal critical radius is therefore 
expected to fall inside this range. According to [23] one can obtain the 

critical radius by varying it until ΔWNotched
Exp is equal to ΔWsmooth

Exp . 
Considering V90-R0.2 specimens the critical radius R0 turns out to be 
equal to 0.42 mm, considering V90-R3 specimens 0.78 mm. 

SED values of validation specimen are computed by FEA considering 
directly the optimal R0. 

3.3. Transformed fatigue data – Actual approach 

Fatigue data can now be transformed in SED-N curves,Fig. 11 and 
Fig. 12, adopting the two radiuses found following the actual procedure 
[23]. Statistical analysis is performed (details can be found in Table 3) 

and from the graph two observation can be made:  

• Critical radius obtained equating ΔWV90− R3
Exp to ΔWsmooth

Exp (0.78 mm) 
shows a high scatter index Tw of 3.797, with a large number of V90- 
R0.2 specimens that fall outside the scatter band.  

• Critical radius obtained equating ΔWV90− R0.2
Exp to ΔWsmooth

Exp (0.42 mm) 
shows a much lower scatter index Tw of 1.919. The notch geometry 
as no more influence on fatigue properties 

3.4. Transformed fatigue data – Proposed approach 

Following the proposed approach, transformed SED-N fatigue data 
are statistical analysed and the scatter index Tw is plotted against R0 in 
Fig. 13. Following this procedure, the optimal critical radius is found out 
to be 0.3 mm, and it generates the lower possible scatter index of the 
transformed dataset, equal to 1.692. 

In Fig. 14 is represented the SED-N diagram for the proposed 

Fig. 13. Tw vs R0.  

Fig. 14. Fatigue life in terms of Wmax of all R0 optimization specimens.  
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approach R0:  

• The scatter index Tw is reduced from 1.917 to 1.692; 
• The notch geometry has no more influence on the fatigue perfor-

mance of the specimens, with a fatigue life at 2 × 106 cycles of 0.194 
[Nmm/mm3] in terms of strain energy density;  

• Three tests fall outside the uniform 10–90% survival probability 
scatter band. 

4. Discussion 

4.1. Fatigue properties 

Fatigue properties of Ti6Al4V are severely degraded by the titanium 
single step technology. Comparing the results obtained with the STR 
(smooth) specimen with relevant literature [4] the detrimental effect is 
clear (see Fig. 15). Comparing to conventionally milled specimens [4] 
(Ra from 1.1 to 1.6 µm) the fatigue strength at 2 million cycles is in fact 
reduced by a factor of 3. The factor becomes 2.5 considering “EDM shop 
3” ones [4]. This reduction can be explained by the strong differences in 
the surface finish of the two sets of specimens, “EDM shop 3” measured 
surface roughness Ra ranges from 1.8 to 2.6 µm, considerably lower to 
the average 3.4 µm roughness of this study dataset. This reduction in the 
fatigue strength of WEDM specimens can be compensated by use of 
various chemical or mechanical surface treatment techniques or, 
partially [4], with the use of a multi step technology. A wide range of 
surface treatment methods and their influence on the fatigue limit of 
titanium alloys is provided in Table 4. According to these data, a 
maximum fatigue limit of around 600 MPa can be achieved for Ti6Al4V 
using two methods of alumina polishing, and belting and glass bead 
blasting. 

4.2. Notch effect 

From Fig. 8 is easy to observe the notch effect on fatigue life. With 
Equation (11) one can compute the fatigue notch factor Kf V− Notch and 
with Equation (12) the notch sensitivity q. 

Kf V− Notch =
ΔσSmooth

A

ΔσV − Notch
A

(11)  

q =
Kf V− Notch − 1

Kt − 1
(12) 

Notch stress concentration factor Kt (evaluated on the nominal stress 
in the reduced section) of notched specimen is evaluated by FEA 
assuming linear elastic behaviour of the material (refer to Table 2 for 
FEA material properties). 

With the data collected, it is possible to evaluate the notch sensitivity 

Fig. 15. Fatigue life of un-notched specimen compared to Mower [4].  

Table 4 
Effect of surface treatment on the fatigue strength of Ti6Al4V [26], modified.  

Surface treatment Methods Fatigue limit 
(MPa)a) 

Kf
b) 

Gentle End mill – peripheral cut [27] CBd), R = -1 455  – 
Gentle surface grinding [27] CB, R = -1 427  0.94 
Chemical milling [27] CB, R = -1 352  0.77 
Abusive End mill – peripheral cut  

[27] 
CB, R = -1 220  0.48 

Abusive surface grinding [27] CB, R = -1 90  0.20 
Polished (320–600 alumina grit)[28] RBe), R = -1 596  – 
Belted and glass bead blasted [28] RB, R = -1 610  1.02 
Belted, beaded, and grit blasted [28] RB, R = -1 505  0.85 
Belted, beaded, shot-peened, and 

grit blasted [28] 
RB, R = -1 555  0.93 

Conventional milling [4] Axial, R =
0.1 

649 (at 2 × 106 

cycles)  
– 

WEDM (Shop 3) [4] Axial, R =
0.1 

532 (at 2 × 106 

cycles)  
0.82c) 

WEDM (current research) Axial, R =
0.05 

195 (at 2 × 106 

cycles)  
0.30c)  

a) At 107 cycles. 
b) Fatigue strength reduction factor defined as fatigue limit (surface treat-

ment)/fatigue limit (smooth-control) under same testing conditions. 
c) Compared to conventional milling [4]. 
d) Cantilever bending test. 
e) Rotating bending test. 

Table 5 
Fatigue behaviour of the tested specimens.  

Specimen name Δσ50%
a) [MPa] Tσ k Kt KfV− Notch q 

STR (smooth) 195  1.247  3.75  1.03  –  – 
V90-R0.2 90  1.233  4.46  6.15  2.17  0.23 
V90-R3 125  1.176  3.91  1.95  1.56  0.59 

a)Fatigue strength at 2x106 cycles. 
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from two different notch geometries, V90-R3 and V90-R0.2, obtaining a 
q ranging from 0.59 to 0.23. These values are fairly higher compared to 
SLM produced specimens with similar Kt value (Kt = 2.28, q = 0.54) 
[17]. Looking at Razavi and Berto [18], the notch sensitivity of the V90- 
R3 specimen is smaller than the wrought machined specimens (Kt =

2.279, q = 0.26), while similar values were reported for machined 
specimens fabricated via laser engineer net shaping (Kt = 2.279, q =

0.5). 

4.3. Assessment method validation 

The proposed approach is capable to summarize the fatigue data 
with lower scatter compared to the actual numerical procedure [23]. 
Scatter index is in fact reduced from 3.797 - 1.919, depending on what 
notch geometry is considered for the R0 identification, to 1.692. 
Furthermore, the proposed approach resolves the issue related to the 
geometry selection for the R0 identification, which exists when multiple 
notch geometries are tested. 

The fatigue assessment method is validated by testing two more 
notch geometries and referring to Fig. 16, one can note that all the 
validation test data fall inside the uniform scatter bands previously 
computed (10% and 90% survival probability), therefore it is safe to 
state that the SED method is applicable to sharp and blunt V-notches 
with opening angle of 90◦ for axial fatigue loading. 

Moreover, the scatter index Tw can be reconverted in terms of stress 
in order to perform a proper comparison with nominal stress data, 
Equation (13). 

Ts =
̅̅̅̅̅̅
Tw

√
=

̅̅̅̅̅̅̅̅̅̅̅
1.692

√
≅ 1.30 (13) 

Comparing it with the S-N curves scatter index of each geometry 
Table 3 it is clear that the scatter of all transformed dataset is similar, 
suggesting independence from the notch geometry. 

5. Conclusion 

The fatigue life of Ti6al4V notched and un-notched specimen, 
machined by WEDM (standard 1 step technology) was successfully 
assessed by means of SED method following a modified numerical 
approach. The following conclusion can be drawn from the present 
work:  

• WEDM single step technology has a detrimental effect on the fatigue 
behaviour of annealed Ti6Al4V, quantifiable with a Kf of 0.3 
compared to conventional milling.  

• Notch sensitivity is evident, equal to 0.23 for the sharpest notch 
geometry tested.  

• Synthesis of fatigue data was successfully performed by means of the 
SED method. Fatigue data are then summarized in a single scatter 
band irrespective of the specimen geometry.  

• The proposed numerical approach of the SED method is capable to 
reduce the scatter index compared to the actual procedure with 
modest extra effort. Furthermore, it solves the issue related to the 
geometry selection for the critical radius identification. 
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