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Build Prep: EOSPRINT
2.6 was used for part
layout and assigning the
triple-exposure
parameters.

Fabrication: Samples 40
were printed on an EOS 400
M290 LPBF system using
high-purity Ti-6Al-4V
powder.

Design: Optimized flat
fatigue specimens were
modeled in SolidWorks.

* Methodology: Conducted uniaxial tension-

tension fatigue testing (R = 0.1) and applied
mathematically optimized asymptotic Basquin

behavior of the Ti-6Al-4V matrix. As
stress decreases, the curves drastically
diverge, highlighting extreme fatigue
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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.

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

Extraction: Parts were
precision-cut from the 108
build plate using Wire

EDM.
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A } Cycle Comparison Across Fatigue Regions propagation.
Background & Motivation « Power: 285 W _ 10" [R5 Fatigue regions: All samples fail

|- i gap

+ Hatch distance: 110 ym

+ Scanning speed: 960 mm/s

+ Layer thickness: 40 ym
Border gap: 0.5, 1, and 2 mm

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

The solution:
Innovative border
design & thermal
confinement .

The LPBF challenge:
Rapid cooling &
Brittle
microstructure
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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.

» 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.
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