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Abstract: This study aims to evaluate the durability of as-cast Ti-6Al-7Nb in femoral stem application using 

fatigue analysis. As-cast Ti-6Al-7Nb rod specimens were tested experimentally with load range of 120%, 100%, 

90%, 80%, 70%, 50%, 30%, and 20% relative to the yield strength. The fatigue limit was identified on a range of 

141 - 211 MPa, represented by two run-out specimens running until high fatigue cycle (HFC) of 107 without 

failure. ProFatigue contributed to expose the estimation of the expected failure cycle on fatigue limit stress of as- 

cast Ti-6Al-7Nb based on Weibull modelling. It was predicted by probability failure (Pfail) of 50%. The failure 

cycles were revealed at 2.144 x 107 and 2.823 x 109 cycles on amplitude stress of 211 and 141 MPa, respectively. 

The reliability of the designed femoral stem for Indonesian people has been analyzed under ISO 7206 configuration 

through finite element analysis by adopting the material properties of as-cast Ti-6Al-7Nb. The static linear analysis 

demonstrated the maximum stress concentration of 136 MPa occurring over the medial region of the femoral stem, 

showing lower stress levels compared to the fatigue limit of as-cast Ti-6Al-7Nb. Furthermore, the lifetime analysis 

computed that the design could withstand cyclic loading until 2.51 x 109 cycles with fatigue safety factor and 

damage factor in 1.763 and 0.398, respectively. Results concluded that the investment casting is evident to become 

an alternative manufacturing method of femoral stem made of Ti-6Al-7Nb.  
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1 Introduction 

The enormous growth of citizen in Indonesia leads to the enhancement of health services as 

well as the technology supporting the healthcare [1]. Biomaterials play an important role in 

improving the quality of human life, especially for those who are in the elderly group, as they 

often encounter some complications in their musculoskeletal as well as their bone health [2,3]. 

Total hip arthroplasty (THA), is one the most common orthopedic implants that are used as hip 

joint prostheses for patients suffering from degenerative, accidents, hip osteoarthritis, hip 

osteonecrosis, and other medical conditions [4].  

Titanium alloy is still one of the best options for biomedical implant application, thanks to 

its superior mechanical properties, high strength-to-weight ratio, and exceptional surface 

characteristic, which is responsible for its corrosion and wear resistance [5,6]. Researchers have 

been developing a titanium alloy known as Ti-6Al-4V that incorporates vanadium for use in 

medical devices like dental implants and orthopedic prostheses [7]. However, the vanadium ion 

in this particular alloy may become toxic to human tissue after long-term use. As a result, a 
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new, safer, and non-hazardous alloy called Ti-6Al-7Nb has been introduced as a replacement 

for Ti-6Al-4V [8]. A large study of mechanical properties, castability, and wear characteristics 

of Ti-6Al-7Nb casting alloy have been observed comprehensively [9-12]. Conversely, 

investigation regarding fatigue behavior of as-cast Ti-6Al-7Nb revealed limitedly. In addition, 

examining the exact number of failure cycles on fatigue limit is an ongoing challenge in 

experimental fatigue studies. It was limited by equipment capacity and needed long-time 

research to run the very high cycle fatigue (VHCF) to expose it [12,13]. 

The study aims to reveal the S-N curve of as-cast Ti-6Al-7Nb experimentally, then expose 

the estimation of the maximum failure cycle on the fatigue limit stress based on probabilistic 

modelling using the ProFatigue program. The entire material properties of as-cast Ti-6Al-7Nb 

were applied to the designed femoral stem for Indonesian people in order to evaluate the 

endurance of design through the finite element method according to ISO 7206 standards. 

2 Material and Method  

2.1 Experimental Fatigue Test 

Wrought Ti-6Al-7Nb alloy (ASTM F 1295, Daido Steel, Japan) was melted in a vacuum 

electric arc furnace and poured into the cylindrical shape ceramic-based mold. The chemical 

composition is C: 0.01, Al: 6.13, Nb: 7.4, O: 0.18, N: 0.01, Fe: 0.2, Ta: <0.01, Ti balance. The 

as-cast Ti-6Al-7Nb alloy was then machined into fatigue specimens form, according to ASTM 

E 466.  

            Table 1. The average mechanical properties of the as-cast Ti-6Al-7Nb. 

 
 

Parameters 
 

Value 

Elongation (%) 9.8 

Young’s modulus (GPa) 101.7 

Poisson ratio 0.36 

UTS (MPa) 888 

Yield Strength (MPa) 706 

Hardness (HV) 385 

 

Specimens were then subjected to fatigue using a dynamic testing machine (Hung Ta, 

Taiwan, HT-9711 T5) to form an S-N curve and ascertain the fatigue strength of the as-cast Ti-

6Al-7Nb in a specimen level before upscaling it to a product level. The load’s range used is 

120%, 100%, 90%, 80%, 70%, 50%, 30%, and 20%, to the yield strength shown in Table 1. 

Tensile tests were carried out on 5 specimens of the as-cast Ti-6Al-7Nb according to the ASTM 

E8; the summary of the tensile test was presented in Figure 1. 

Figure 2 shows the detailed dimension of fatigue specimens with a center diameter modified 

to 2.5 mm to obtain the desired stress adapted to the fatigue equipment's limit on the maximum 

load of 5 kN. 10 Hz was used as the test frequency and symmetrical loading with tension-

compression R= -1 with maximum cycles set at 107 per fatigue test in air. When the specimen 

breaks before reaching the maximum cycle, the dynamic loading will automatically stop and 

the failure cycles going to be logged 



Volume 74, No. 3, (2024)  107 

 

Fig 1. Summary of tensile test on 5 specimens as-cast Ti-6Al-7Nb. 

            

Fig 2. Fatigue specimens Ti-6Al-7Nb as-cast (a) detail dimension and 

 (b) installation fixture test. 

2.2 Pro-Fatigue Software 

ProFatigue program was a free-use software to facilitate the prediction of the fatigue cycles 

materials based on the probabilistic model by inputting the experimental data, proposed by 

Castillo-Canteli [14]. The program accommodates the Weibull and the Gumbel parameters to 

calculate of the fatigue data [15]. The following study, only based on the Weibull model 

distribution as given in Eq.(1) and Eq.(2), defines the S-N or ε-N fields as hyperbolic curves 

through a comparable failure probability [16]. 

𝑃𝑓(𝑁, ∆𝜎) = 1 − exp [− (
𝑉 −  λ

𝛿
)

𝛽

] (1) 

where, 

𝑉 = (𝑙𝑜𝑔𝑁 − 𝐵)(𝑙𝑜𝑔∆𝜎 − 𝐶); 𝑉 ≥  λ (2) 

The equation shows Pfail represents the probability of failure, N is the number of cycles, V 

is the normalized variable, β, λ, δ represent shape, location and scale parameters, respectively. 
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B shows the threshold for lifetime and C performs the endurance fatigue limit as the threshold 

parameter for stress level [17]. 

The corroboration of reliability and capability of the Weibull probabilistic distribution on 

ProFatigue software has been presented in a broad range of research studies as reported on 

[12,15,18]. All of the research studies have revealed potential advantages of ProFatigue 

software enforced in fatigue research, including: 

The potential to perform efficient fatigue experimental planning is by reducing the total 

amount of tests planned. The S-N analytic expression has immediate implications in that the 

calculation is able to estimate the number of cycles for a certain specific stress range and 

probability, or instead based on the regression result of experimental data statistics [15]. In most 

circumstances, 8-10 specimens would be enough to provide a reliable assessment of the S-N 

fields as long as conducting the load ranges is distributed appropriately [19]. Thus, it is not 

essential to repeat the tests under the identical load range to complete the statistical analysis.  

Conversely, to ISO Standard procedure required carrying out multiple tests for the exact same 

load range as validation to determine the S- N field [15]. 

The software application supports taking into account the assessment parameter of the 

impact of run-out specimens, it means non-failed test that usually occurs on the low load range 

of fatigue test [17]. Researchers typically specify a predetermined number of cycles, commonly 

2, 5 or 10 million, which is incorrectly considered as the material fatigue limit with an infinite 

number of cycles [20]. Therefore, it must be assumed that the fatigue test to achieve the fatigue 

limit material experimentally required a high number of cycles due to the specimens failing is 

unknown. The software features a sophisticated mathematical extrapolation technique enabling 

a considerably more stringent and accurate comparative examination to produce a more precise 

definition of the accurate fatigue limit for each run- out specimen [15].  

In this study, ProFatigue software applied the Weibull regression model to optimize the 

experimental fatigue on run-out specimens of the as-cast Ti-6Al-7Nb. Once probabilistic 

modeling is generated, it exposes an estimation limit of the failure cycle for the run-out 

specimens and correspondently be applied to the S-N curve properties for the finite element 

analysis. 

2.3 Finite Element Analysis 

Geometry Model 

The geometric design of the femoral stem was a recent study development by modifying the 

commercial product with the recommended dimensions adapted to Indonesian femur bone 

[21,22]. CAD model shown in Figure 3(a) with the dimensions of the total length, thickness 

and angle neck of the femoral stem are 145 mm, 10 mm and 135°, respectively. In addition, the 

mediolateral dimensions are width-1: 30,66 mm, width-2: 15,95 mm, and width-3: 8,29 mm. 

Then, the outer curvature diameter of the femoral head was 26 mm. The femoral neck design 

refers to a modular 12/14 taper profile with tolerance ± 0,05 mm to maintain the precision lock 

assembly with the inner tapper of the femoral head [23].  In order to evaluate the endurance 

performance of this femoral stem design, the configuration test of ISO 7206 was applied to 

simulate the fatigue test for the designed femoral stem through finite element analysis. 

Solid model parts were produced by the integration of extrude boss, extrude cut, revolve, 

and lofted techniques using Solidworks software. Those CAD models were initially created 

separately as solid components in part features. Then, all solid parts were connected utilizing 

the assembly feature to create an accurate configuration shown in Figure 3(b). The measured 

dimension from the endpoint stem to the center of the femoral head (CT) is 148 mm; according 
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to ISO 7206, the femoral stem design is classified into 120>CT>200 mm category fatigue test. 

Thus, offset distances from the top surface of bone cement into the center of the femoral head 

(D) must be 80 mm, angle of femoral stem β and α are 9°, 10° respectively [24].  

 

Fig 3.  (a) CAD part model of recent study modified design of femoral stem for Indonesia 

patients, (b) CAD Assembly model according to ISO 7206 configuration fatigue test. 

The plane and surface of components were utilized to be a tool reference for positioning a 

femoral stem appropriate with the regulation of ISO 7206. The assembly model has been 

evaluated by interference detection for ensuring there are no errors in surface interaction that 

causes issues and inaccuracy in finite element solutions. 

Pre-Processing FEA 

The durability of the design implant investigated through finite element (FE) analysis based 

on mathematical computational methods by geometric discretization of FE models into smaller 

and simpler elements [25,26]. The three-dimensional assembly femoral stem ISO 7206 was 

imported from Solidworks into the ANSYS workbench within Parasolid (x.t) format type. The 

mesh method setting is applied to all body models employing tetrahedrons with matrix-type 

elements of SOLID 187, CONTA 174 and TARGE170, which have adaptive mesh to geometric 

irregularities.  

 

Fig 4. Convergence analysis of size mesh for finite element model fatigue femoral stem. 
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Different sizing meshes are applied to the FE model to improve the efficient running time of 

the FE solution. Coarse meshing enforced to the models of load bar, container and bone cement 

with a size mesh of 5 mm. Meanwhile, fine meshing was applied to the model of femoral head 

and stem with a variety of size mesh, 0.7, 0.8, 0.9, 1, 1.1, 1.2 and 1.3 mm, which aimed to define 

the most stable mesh by comparing the result of von mises stress on each size mesh through 

convergences analysis shown in Figure 4. The maximum stresses emerge on the same location 

elements on the femoral stem model with fluctuating values depending on the characteristic of 

each size mesh. As a result, a size mesh 0.9 mm was selected due to exhibiting the lowest 

deviation result among others. The assembly FE model consists of approximately 898,000 

elements and 1,200,000 nodes. The meshed FE model is present in Figure 5(a). 

A variety of material properties for the FE model have been selected following ISO 7206. 

The femoral stem used mechanical properties corresponding to the experimental study of as-

cast Ti-6Al-7Nb present on Tabel 1. In addition, the femoral head, load bar, container and bone 

cement are applied materials of CoCr, stainless steel and bone cement, respectively. The detail 

specifications of mechanical properties presented in Table 2.  Those material properties are 

assumed to be homogeneous linear isotropic behavior. 

                             Table 2. Material properties for femoral head, fixture (load bar &  

                                           container) and bone cement on FEM. 

Material Description 

 

Young’s 

modulus (Gpa) 

Poisson 

ratio 

CoCr [27] 220 0.33 

Bone cement [28] 2.3 0.33 

Stainless steel [29] 205 0.3 

The contact interaction applied in different types on FE models is displayed in Table 3. 

Jonathan et al. have demonstrated the result of finite element on cemented hip arthroplasty 

given more damage prediction by utilizing the non-linear contact [30].  In this study, the friction 

coefficient assumed 0.2 as an average value of friction factor [31]. In other places, linear contact 

or bonded type were implemented to illustrate the adhesion condition. 

                  Table 3. Type of contact for femoral head, fixture (load bar & container) 

                                 and bone cement component on boundary condition. 

Contact interaction 
Type of contact 

Contact body Target body 

Femoral head Load bar Nonlinear – frictional, CoF 0.2 

Femoral stem Femoral head Nonlinear – frictional, CoF 0.2 

Femoral stem Bone cement Nonlinear – frictional, CoF 0.2 

Bone cement Container Linear - bonded 

The loading conditions for the FE model have been set up to be compliant with the 

configuration described in ISO 7206, as shown in Figure 5(b). The axial force in the -y direction 

was inserted at the bottom surface of the load bar at 2300 N. In addition, a displacement setting 

was adopted around the surface of the load bar to maintain the acti component only moving in 
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the -y axis direction. The location of fixed support is defined at the bottom surface of the 

container. To create the gravitational influence on the -y direction, the standard earth 

gravitational parameter was added to the loading condition. 

In this study, finite elements were divided into two-step; First, finite element models are 

computing on the linear static which activates the large deformation setting to observe 

realistically the distribution of equivalent stress and displacement elements focused on the 

femoral stem mode [32]. The solution visualizes on failure evaluation of von mises stress, 

maximum principal stress, minimum principal stress and total deformation. Then, the linear 

static solution subsequently be inputted into the fatigue tool analysis. The program could 

estimate the femoral stem's lifetime with an extrapolation method based on log-log calculation, 

comparing the von-mises stress results to the S-N data of Ti-6Al-7Nb as-cast [33]. The loading 

condition would improve into sinusoidal constant amplitude with proportional loading R=0.1, 

with force maximum -2300 N and minimum -230 N. Fatigue empirical relations of Goodman, 

Gerber, Soderberg, and ASME elliptical were enforced to determine the lifetime cycle, fatigue 

safety factor and fatigue damage on the femoral stem design [25,34]. 

 

 

Fig 5.  (a) Meshing finite element model of femoral stem ISO 7206 configuration,                

(b) Boundary condition finite element model of femoral stem ISO 7206 configuration. 

3 Result & Discussion  

Experimental Fatigue Test 

Figure 6 shows the result of eight specimens Ti-6Al-7Nb as-cast endures the fatigue test. It 

is displayed that six specimens with the load cyclic 120% until 50% of yield strength underwent 

failure specimens at low cycles fatigue (LCF) with a fracture on the center diameter as presented 

sequentially. 

The remaining two withstand specimens or “run-out” with a load range on 30% and 20% of 

yield strength (specimens C7 and C8) and reach the full set of high cycle fatigue (HCF) of 107 

cycles. It shows that decreasing the amplitude stress can increase the fatigue cycle. The 

amplitude stress that the specimens can sustain through an infinitely large number of cycles 

with a 50% probability of failure was the criterion for the fatigue limit material [35]. Therefore, 
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the fatigue limit of the Ti-6Al-7Nb as-cast was estimated in the range of 141 - 211 MPa due to 

the ability to withstand the maximum set cycle of the fatigue test, as illustrated in Figure 7. 

 

Fig 6.  Condition of 8 specimens as-cast Ti-6Al-4V after undergoing  

the dynamic fatigue test. 

         

Fig 7.  S-N fields of the Ti-6Al-7Nb as-cast with a total time of fatigue test was 580 hr. 

A comparison of experimental fatigue on Ti alloy studied from earlier reports was collected 

in Figure 8 [36,37]. Those experimental fatigues employed the dynamic loading on axial 

condition R=-1, which is similar to this study. It was proved that the as-cast Ti-6Al-7Nb 

provides a similar range of fatigue limit with most of the fatigue as-cast examined previously 

to be around 140 – 220 MPa. On the other hand, hot-rolled and annealed Ti-6Al-7Nb perform 

the highest value of fatigue limit on 450 MPa rather than as-cast Ti alloys. It is known that the 

wrought specimens had a lower residual strain compared to the as-cast specimens. According 

to the examination of a single crystal and polycrystalline sample, the critical stress for slip has 

direct effect on characteristics of super- elasticity and it will be slightly affected by the number 

of grain boundaries [38].  

The fatigue limit strength has a strong correlation with the tensile strength of the material as 

mentioned by Kasuga et al. on their previous study [39]. Thus, the fatigue ratio to the ultimate 

tensile strength (σlimit/ σuts) for those Ti alloys was calculated and compared in Figure 9, to 

exhibit the effect of tensile properties on the fatigue limit. As expected, hot-rolled and annealed 
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Ti-6Al-7Nb displayed the highest fatigue ratio and decrease in the sequence pointed out: Ti-

5Al-13Ta, CP-Ti, Ti-6Al-7Nb, and Ti-6Al-4V as-cast alloys. In order to design the femoral 

stem component, it was recommended that the ratio of fatigue limit to ultimate tensile strength 

is 24%, using as-cast Ti-6Al-7Nb.  

 

Fig 8. Comparison of S-N fields of Ti alloy for medical application from earlier reports. 

 

Fig 9. Comparison of fatigue ratio of Ti alloy for medical application from earlier reports. 

ProFatigue Analysis 

Figure 8 exposed some of the specimens stop logged fatigue cycles after achieving the 

maximum set cycles of 10 million, even without failure. As a consequence, it leads to an 

inaccurate estimation of the actual fatigue durability, which is somewhat essential for design 

and maintenance assessment [40]. Therefore, the ProFatigue program was implemented in this 

study to estimate the expected maximum failure cycles on fatigue limit with probabilistic 

modeling by Weibull distribution. S-N field data from 8 specimens of the Ti-6Al-7Nb as-cast 

was used as input the initial data for the probabilistic modeling on the ProFatigue program. The 

quantity of experimental data is sufficient to provide a reliable calculation, as mentioned in 

[19].  

Figure 10, illustrated the calculation of normalized distribution, which enables entire S-N 

data inputs assumed to be associated with a single distribution which leads to a more precise 
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estimation of the model parameters. The analytical formulation encompassing the entire S-N 

field could be known by combining the five estimated parameters [15]. The five model 

parameters generated are B = 0, C = 3.57, β = 2.42, λ = 27.49, and δ = 2.75, derived 49 numbers 

of iteration. Correspondingly, two run-out data emerged on probability failure (Pfail) of 0.5 with 

general normalized V around 30. It was indicated that the prediction of fatigue cycles was 

represented on the percentile curve of 50 %. 

 

Fig 10. Cumulative distribution with five parameter functions. 

 

   Fig 11. Estimation S-N curve with the new limit of failure cycles for two run-out data. 

Percentile’s curve established from hyperbolas sharing the asymptotes log N=B and log 

∆σ=C [40]. Probability failure curve with percentile of 5%, 50%, and 95% is shown in Figure 

11. ProFatigue revealed two maximum cycles on fatigue limit data through a transformation of 

the run-out measurements into the failure cycle that corresponds to the mean curve Pfail 50%. 

As a result, the maximum failure cycle of run-out specimens Ti-6Al-7Nb as-cast was estimated 

at 2.144 x 107 and 2.823 x 109 cycles for stress amplitude 211 MPa and 141 MPa, respectively. 

Those very high cycle fatigue (VHCF) estimations play a role as a new limit of failure cycles 

material which would be applied in further observation on femoral stem design through the 

lifetime analysis in ANSYS based on the finite element analysis. 
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Investigation of the stress analysis and lifetime fatigue focused on femoral stem design under 

ISO 7206 standard was carried out completely through FEA. Implemented mechanical property 

of Ti-6Al-7Nb as-cast as mentioned in Table 1. The linear static analysis was conducted to 

figure out the stress distribution and total deformation occurring on the femoral stem design. 

The simulation's outcomes were visualized on various failure analyses with respective aims, 

including; von-mises stress, maximum principal stress, minimum principal stress, and total 

deformation showing in Figure 12. 

   

Fig 12. Two sides of FEA result on the designed femoral stem under ISO 7206 configuration 

on different failure analyses include: (a) von-mises equivalent stress, (b) maximum principal 

stress, (c) total deformation, and (d) minimum principal stress. 

In Figure 12(a), von-mises stress resulted the maximum value of the resultant stress was 

136.5 MPa which is lower than the fatigue limit of Ti-6Al-7Nb as-cast at 211 MPa. The location 

of maximum stress was on the medial region of the femoral stem and it displayed a similar 

location of maximum von-mises stress as reported previously [41-43]. The nonlinear contact 

between the femoral head and load bar allows a translation with small sliding interaction. It 

produces total deformation with a maximum value of 0,359 mm located on the top neck femoral 

stem, as presented in Figure 12(b). Furthermore, the maximum and minimum principal stress 

was employed to demonstrate the elements which experience absolute tensile and compressive 

stress, respectively. The result was shown that the reaction of axial -y force suppressed the 
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femoral head causing the stress concentration on the interaction between the surface femoral 

stem and bone cement which acts as soft support, consequently the highest stress of 

compressive: -137,21 MPa and tensile: 78,56 MPa occur on the lateral anterior side and shaft 

distal of the femoral stem as illustrated on Figure 12(d, b). This phenomenon has been discussed 

in [21]. Additionally, that specific location of stress concentration has been evident as the crack 

initially in the actual experimental, as stated [44,45]. 

Therefore, the specific region observed in the lifetime analysis of femoral stem design. The 

number of cycles for material properties FE was inputted based on the S-N curve from the 

experimental fatigue test and Prod Fatigue estimation as shown in Figure 11. S-N curves 

parameters were attached to the FEA material database through determining the mean stress 

(σmean) and alternating stress (σalternating) on loading ratio R=-1, σmax represents the maximum 

amplitude stress, and σmin indicates the minimum amplitude stress, where (σmax = -σmin) is 

defined by the relation: [46] 

𝜎𝑚𝑒𝑎𝑛 =
𝜎𝑚𝑎𝑥 +  𝜎𝑚𝑖𝑛

2
 (3) 

  

𝜎𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑛𝑔 =
𝜎𝑚𝑎𝑥  −  𝜎𝑚𝑖𝑛

2
 (4) 

Investment casting would be selected as the manufacturing method of prototype femoral 

stems in future work; thus, it was essential to predict the porous possibilities that usually emerge 

in the casting process [47]. The porosity has a negative impact directly on the durability of the 

product [48]. In ANSYS, the fatigue strength factors meant a modification factor to the material 

properties that only affected the alternating stress [33]. Therefore, the fatigue strength factor 

settled at 0.7 to visualize the 30% porosity occurring on the femoral stem as studied [49]. The 

lifetime analysis has observed various failure theories utilize formulation as explained in Tabel 

4. Se represents the endurance limit, Sut indicates a value of ultimate tensile strength, Sy 

expresses yield strength and N means the fatigue safety factors [34]. 

Table 4. Respective formulation of fatigue theories [34]. 

Fatigue theories Formulation 

Gerber (
𝑁. 𝜎𝑎

𝑆𝑒
) +  (

𝑁. 𝜎𝑚

𝑆𝑢𝑡
)

2

=  1 

Goodman (
𝜎𝑎

𝑆𝑒
) +  (

𝜎𝑚

𝑆𝑢𝑡
) =  

1

𝑁
 

Soderberg (
𝜎𝑎

𝑆𝑒
) +  (

𝜎𝑚

𝑆𝑦
) =  

1

𝑁
 

ASME Elliptical (
𝑁. 𝜎𝑎

𝑆𝑒
)

2

+  (
𝑁. 𝜎𝑚

𝑆𝑦
)

2

=  1 

According to ISO 7206 standard, the femoral stem should sustain on fatigue test with a 

minimum of 5 million cycles [24]. The capability of finite elements on fatigue prediction under 

ISO 7206 compared with the experimental study was well reported [9,50,51]. In this study, the 

fatigue theorizes of Gerber, Soderberg, Goodman, and ASME elliptic resulted in a similar 

calculation lifetime until 2.51 x 109 cycles the femoral stem could withstand the cyclic loading. 

It happened due to the stress level on principals stress and von-mises stress was maintained at 
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a below level than the fatigue limit of the as-cast Ti-6Al-7Nb. The damage factor also exposed 

that the designed femoral has a factor of 0,398 in entire fatigue theories. The damage factors 

value under 1 means the design is in safe condition without failure until the lifetime is reached 

[33]. However, on the fatigue life safety factor, Gerber theories estimated slightly lower in 

1,763 than Soderberg, Gerber and ASME elliptical was 1,791. All the fatigue theories calculate 

the safety factor value upper than 1, which indicates that the designed femoral stem could resist 

failure from cyclic loading [25]. 

CONCLUSION 

In this study, the S-N curve data of as-cast Ti-6Al-7Nb was revealed experimentally. A 

comparison of the fatigue result shows that the fatigue limit on as-cast Ti-6Al-7Nb is 50% lower 

than wrought specimens of Ti-6Al-7Nb. It explains that the manufacturing method has a 

significant influence on the strength of material properties, which needs to be taken into 

consideration. The respective manufacturing method has its advantages and disadvantage 

related to the application.  

ProFatigue software is proved to be an optimization instrument in observing exact failure 

cycles in the fatigue limit stress region based on Weibull regression modeling. According to the 

experimental fatigue data, the program has uncovered the estimation of maximum failure cycles 

on 140 MPa amplitude stress of as-cast Ti-6Al-7Nb at 2.823 x 109    cycles. Furthermore, it is 

beneficial to help the researcher in cost and time-efficiency in knowing the maximum failure 

cycles on various desired amplitude stress. 

Static and fatigue behavior of designed femoral stem for Indonesian peoples was evaluated 

through the finite element analyses. Nonlinear contact and comprehensive parameters setting 

was implemented to approach the realistic condition. The femoral stem exhibited a low-stress 

concentration at the medial and distal regions, thus, resulted in high durability until 2.51 x 109 

cycles, adequate to resist the cyclic loading without failure based on the lifetime analysis. It 

was evidenced computationally that material properties of as-cast Ti-6Al-7Nb are appropriate 

to implement in the femoral stem application due to it having fulfilled the required cycles on 

the endurance test according to ISO 7206 standard. 

In conclusion, the outcome study convinced the possibility of investment casting as an 

alternative manufacturing method for a prototype of the designed femoral stem, as it is more 

well- established method and relatively cost-effective compared to other manufacturing 

process. 
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