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PROJECT BACKGROUND & GOALS

Goal: Investigate differences in ductility among Ta-10W alloy specimens using macroscale and
mesoscale modeling approaches.

Specimen extraction

Room Temperature Ta-10W Tensile Data
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Approach 1: Macroscale (Homogenous) Approach 2: Mesoscale (Heterogenous)




OBJECTIVES

Experiment Analysis

Macroscale Model § Mesoscale Mode]

o Computational § Local Damage
Metal Plasticity Microstructure Variables




EXPERIMENT: DATA ANALYSIS
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Fig. 1. Experimental tensile data for each material NYRM 023900  66.47 84.36 16.31 36.27 52.58

group at room temperature, T = 298.13 K, and strain
rate ¢ = 1s~! .Each group contains n = 2 specimens.
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MACROSCALE MODELS

’
* Viscoplastic Model [2]

= Rate-dependent constitutive equation
— 12 parameters
= No material degradation

— Avoid element death for physical meaning

Limitation: Loading in one direction
\_

Rate of Deformation

Stress rate (objective) only function of elastic rate

Evolution of the rate of inelastic deformation

Flow law for inelastic strain rate

Evolution Equations
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‘- UCP Damage Model [3] A
= Viscoplastic model with Wilkens Damage o o for inelastic stran rate L f(g)[smh[a(g) (,;_de re)
— 6 additional parameters i
= Damage scaled by stress state Wilkens Damage w= [ Wy
— Based on accumulated plastic strain '
Limitation: Loading in tension only W = f dy
J

\o




MATERIAL CALIBRATION (MATCAL)

Phase 1: Viscoplastic L— Phase 2: UCP Fail

= Variable elasticity fit = Viscoplastic
= Fixed elasticity fit [4] + damage fit
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Fig. 2. Progression of material calibration for RB-R2
material group.
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EBSD DATA ANALYSIS
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EBSD DATA ANALYSIS
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MESH CONSTRUCTION -
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FEA ANALYSIS & MATCAL CALIBRATION
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Fig. 4. MATCAL Calibration results for RFB-R2

material group up to UTS for CP model.
Calibrated Parameters up to UTS:

Ko (ksi) H (ksi) K¢o (Ksi)

36.62 50.35 0.1450 0.01
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LOCAL MICROSTRUCTURE SIMULATION RESULTS & COMPARISON
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Fig. 5. Violin plot showing density distribution Fig. 6. Violin plot showing density distribution
of hydrostatic stress for top 5% absolute of triaxiality for top 5% absolute maximum at
maximum at final timestep. final timestep.
Equation: Meaning: Equation: Meaning:
« Hydrostatic stress  Indicates tensile

_1 promotes void _ Op constraint driving void
3 opening and growth. ovm growth and ductile

fracture.
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LOCAL MICROSTRUCTURE SIMULATION RESULTS & COMPARISON
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Fig. 7. Violin plot showing density distribution Fig. 8. Violin plot showing density distribution
of accumulated EQPS for top 5% absolute of lode parameter for top 5% absolute
maximum at final timestep. maximum at final timestep.
Equation: Meaning: Equation: Meaning:
* Accumulated plastic . _ . _ .+ Distinguishes stress
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and growth.
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OUTCOMES

- R3 specimens showed reduced total elongation compared with R2 and R4.

- Yield strength and UTS remained similar across specimen groups.

- Aviscoplastic-damage continuum model is needed to capture post-UTS softening and
failure.

- Investigated the roles of damage measures in failure initiation & propagation before UTS.

CONCLUSIONS/FUTURE DIRECTIONS

- EQPS as the central damage measure to compare macro- and mesoscale. T 1 T T 1 T
 Relating parameters to physical mechanism:
 Incorporate damage mechanisms into the crystal plasticity model. o
- Relate damage parameters to void nucleation, growth, and coalescence.

- Investigate additional stress states: l 1 1 l 1 1
* compression, shear, torsion, multiaxial loading.
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