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Executive Summary Experimental Setup

Background & Motivation

• Objective: Investigated the fatigue life and
endurance limits of LPBF Ti-6Al-4V coupons
with varying internal gap geometries (0.5 mm,
1.0 mm, and 2.0 mm).

• Methodology: Conducted uniaxial tension-
tension fatigue testing (R = 0.1) and applied
mathematically optimized asymptotic Basquin
models.

• Key Finding: Counter-intuitively, the 2.0 mm
gap exhibited the highest fatigue limit (137.7
MPa), outperforming both the 0.5 mm and 1.0
mm geometries in the high-cycle regime.

Design: Optimized flat 
fatigue specimens were 
modeled in SolidWorks.

Build Prep: EOSPRINT 
2.6 was used for part 

layout and assigning the 
triple-exposure 

parameters.

Fabrication: Samples 
were printed on an EOS 

M290 LPBF system using 
high-purity Ti-6Al-4V 

powder.

Extraction: Parts were 
precision-cut from the 
build plate using Wire 

EDM.

S-N curves: The curves clearly
demonstrate the transition into infinite
life. At elevated stress amplitudes,
fatigue life remains consistent across all
sets, driven primarily by the bulk yield
behavior of the Ti-6Al-4V matrix. As
stress decreases, the curves drastically
diverge, highlighting extreme fatigue
sensitivity to internal gap geometries in
the high-cycle regime. The 2.0 mm gap
exhibits the shallowest degradation
slope and asymptotes at the highest
stress level, demonstrating superior
mathematical resistance to crack
propagation.
Fatigue regions: All samples fail
rapidly under 26,000 cycles, showing
that massive plastic strain overrides the
influence of gap size at extreme
stresses. Minor separations begin to
emerge, with the smallest 0.5 mm gap
slightly delaying failure compared to the
larger gap geometries. Gap size
definitively dictates survival (2 mm
shows higher number of cycles in
HFC).
Fatigue limit: The mathematically
optimized Basquin fits reveal that the
1.0 mm gap yields the poorest fatigue
resistance, stabilizing at an endurance
limit of 116.8 MPa. The 0.5 mm gap
offers only a marginal improvement
(118.5 MPa) over the 1.0 mm baseline.
Counter-intuitively, the widest 2.0 mm
gap achieves a dominant endurance
limit of 137.7 MPa, outperforming the
tighter geometries by approximately
17%.

Table 1. Experimental test matrix for LPBF Ti-6Al-4V samples including fatigue test 
parameters and number of specimens

Experimental Test Plan

Experimental Results

References

Conclusions
• Gap Size Sensitivity: Fatigue life is highly sensitive to gap size, particularly in

the high-cycle regime.
• Performance Anomaly: The 2.0 mm gap demonstrates superior fatigue

resistance at lower stress amplitudes compared to 0.5 mm and 1.0 mm gaps.
• Model Accuracy: Applying an asymptotic modification to Basquin's equation

successfully models the exact endurance limits without requiring infinite physical
runouts.

• Future Work: Conduct fractography (SEM) on the failure surfaces to identify the
crack initiation sites and understand why the 2.0 mm gap outperformed the
others.
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• Fatigue study: Number of cycles have been obtained using various stress
amplitudes and were used to plot S-N curves. Fatigue limits have been
calculated using optimized asymptotic Basquin models in MATLAB.

• Mechanical Testing: Uniaxial tensile testing was conducted on a Shimadzu
EHF 100kN machine to determine number of cycles endured before fracture.

Figure 1. S-N curves
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Sacrificial border acts as thermal shield, 
mitigating convection and maintaining 
elevated temperatures. 0.5mm gap 
indices in-situ martensitic decomposition.

Rapid cooling traps material in acicular 
𝛼ᇱ phase, limiting ductility. High internal 
defects and surface roughness severely 
degrade fatigue performance.

KEY PERFORMANCE STATISTICS
(Gap 0.5 mm vs. Reference)

KEY PERFORMANCE
STATISTICS

KEY PERFORMANCE
STATISTICS

Ultimate Tensile 
Strength (UTS)

1202.53 MPa (Gap 0.5) vs. 
1046.70 MPa (Reference)

Maximum Local Strain
Significantly improved 
localized ductility (DIC 
analysis), allowing more 
deformation before fracture.

Reduction in Porosity
Porosity dropped from 
~0.013% (Reference) to 
nearly 0.003% (Gap 0.5), 
ensuring a denser final part.

• High-Fidelity Fatigue Study:
Establishing high-fidelity S-N curves to quantify how
gap size dictates transition from Low-Cycle Fatigue
(LCF) to High-Cycle Fatigue (HCF). Predictable life
cycles enable precise service life prediction for 3D-
printed aerospace components.

• Power: 285 W

• Hatch distance: 110 µm

• Scanning speed: 960 mm/s

• Layer thickness: 40 µm

• Border gap: 0.5, 1, and 2 mm

• Sample size: 28 mm (gauge
length) x 8 mm (gauge width) x
2 mm (thickness)
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Stress 

amplitude 
(MPa)

𝑭𝒎𝒂𝒙 (kN)𝑭𝒎𝒊𝒏 (kN)
Frequency 

(Hz)
Sample ID

1 (Fatigue)3005.460.54650Reference

1 (Fatigue)100 (runout)1.820.18250

G0.5
1 (Fatigue)2003.640.36450

1 (Fatigue)3005.460.54650

1 (Fatigue)4007.280.72850

1 (Fatigue)1502.730.27350

G1
1 (Fatigue)2003.640.36450

1 (Fatigue)3005.460.54650

1 (Fatigue)4007.280.72850

1 (Fatigue)1502.730.27350

G2
1 (Fatigue)2003.640.36450

1 (Fatigue)3005.460.54650

1 (Fatigue)4007.280.72850

Figure 2. Cycle comparison

Figure 3. Fatigue limit comparison


