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of the specimen is shown because the peak plastic strains reside at the mid-plane. Unlike
the free surface where isochoric motions can be accommodated through in-plane and out-of-
plane contractions, the mid-plane must contract to the extent it is elongated. We observe
smooth and resolved fields during the evolution of the neck. Although we have neglected
the residual stresses that result from the welding process, the widespread plasticity noted in
Figure 6b ensures that those initial stresses would be well redistributed. In addition, the ef-
fective stress in the notch is on the order of three times the initial yield stress. Redistribution
and hardening mitigates the e↵ects of residual stresses on the necking process.

(a)

(b)

Figure 6: Contour plots presented on a longitudinal cross-section along the mid-plane of the
coupon of (a) the pressure field and (b) the equivalent plastic strain (average of integration
points) on the deformed shape. The tensile axis is in the y-direction (approximately left-
right, across the page). Both the stresses and the deformations are smooth and well resolved.

3.2. Optimization

The optimization code DAKOTA [7] was used to iteratively select sets of the initial
yield strength y, the recovery term r, and the hardening term h to fit the response of
the finite element calculation to the measured force-displacement of the welded coupons.
Figure 7a illustrates the force-displacement curves from the experimental measurements.
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Overall	
  goals	
  
§  Further	
  develop	
  weld	
  modeling	
  capabiliPes	
  

§  Explicit	
  modeling	
  of	
  weld	
  porosity	
  
§  Further	
  developments	
  for	
  SROM-­‐based	
  surrogate	
  modeling	
  

§  Demonstrate	
  closer	
  connecPons	
  with	
  Task	
  2	
  	
  
§  ComputaPonal	
  modeling	
  efforts	
  to	
  bridge	
  length	
  scales	
  and	
  exercise	
  

BCC	
  crystal	
  plasPcity	
  
§  Direct	
  numerical	
  simulaPon	
  of	
  Ta	
  /	
  Ta10W	
  welds	
  

§  Align	
  with	
  PPM’s	
  focus	
  on	
  Ta	
  /	
  Ta10W	
  alloys	
  welds	
  through	
  
experimental	
  exploraPon	
  and	
  direct	
  numerical	
  simulaPon	
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Experimental	
  efforts	
  
§  Ta	
  /	
  Ta10W	
  weld	
  tests	
  	
  

§  Explore	
  the	
  failure	
  mode(s)	
  in	
  tension	
  
§  Explore	
  extents	
  of	
  ducPlity	
  	
  
§  Response	
  to	
  mulP-­‐axial	
  loading	
  (stretch	
  goal)	
  	
  

§  Explore	
  rate	
  effects	
  at	
  RT	
  and	
  elevated	
  temps	
  for	
  
304L	
  VAR	
  (WSEAT	
  collaboraPon	
  with	
  Helena	
  Jin,	
  a	
  
friend	
  of	
  PPM)	
  

§  MulP-­‐axial	
  loading	
  scenarios	
  &	
  complex	
  
geometries	
  for	
  304L	
  laser	
  welds	
  (leverages	
  
Sharlo^e’s	
  WSEAT	
  project	
  objecPves)	
  	
  

§  Complete	
  serial-­‐secPoning	
  and	
  3-­‐D	
  
reconstrucPon	
  of	
  Ta	
  	
  

§  Perform	
  3-­‐D	
  X-­‐ray	
  tomography	
  of	
  A304L	
  VAR	
  
laser	
  welds	
  
§  CharacterizaPon	
  of	
  porosity	
  to	
  support	
  

modeling	
  efforts	
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mixed	
  shear/tension	
  

tomographic	
  reconstrucPon	
  of	
  voids	
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  mulP-­‐axial	
  loading	
  	
  



ComputaPonal	
  efforts	
  

§  StochasPc	
  modeling	
  of	
  uncertain	
  size/spaPal	
  
distribuPons	
  of	
  weld	
  porosity	
  	
  

§  Explore	
  /	
  extend	
  SROM-­‐based	
  surrogate	
  
modeling	
  for	
  	
  
§  Complex	
  loading	
  scenarios	
  
§  SpaPal	
  variability	
  
§  PredicPng	
  field	
  quanPPes	
  	
  
§  Consider	
  higher	
  fidelity	
  physics	
  (rate/

temperature	
  effects)	
  	
  
§  Explore	
  uncertainty	
  due	
  to	
  fine	
  scale	
  

heterogeneity	
  through	
  direct	
  numerical	
  
simulaPon	
  (DNS)	
  	
  
§  PlasPcity	
  of	
  A304L	
  	
  
§  BCC	
  plasPcity	
  of	
  Ta	
  /	
  Ta10W	
  	
  

4	
  

finite	
  element	
  model	
  of	
  porosity	
  
in	
  laser	
  weld	
  (2e6	
  DOF)	
  

~28	
  elements	
  
through	
  	
  weld	
  
ligament	
  

it is neglected here and will be the focus of future work.
With physically meaningful marginal distributions developed for the model parameters,

stochastic reduced-order models (SROMs) were constructed to reduce the stochastic space of
the problem. An SROM is comprised of samples from the distributions and their computed
probabilities and, thus, contains significantly more information than 40 independent samples
of the same data. SROMs provide other distinct advantages for our application. We chose
to use Monte Carlo simulation (MCS) for estimating the laser weld reliability because it is a
broadly applicable uncertainty quantification method known to converge for a large class of
problems and it can be implemented in a simple manner that does not require intrusive code
rewrites. SROMs enabled the surrogate model for weld response that is fully dependent on
the probability law of the uncertain data and that can be evaluated rapidly during MCS.

The final step in the methodology constructs a surrogate model through a response surface
for the quantity of interest with a first-order Taylor approximation. The expansion points
are located within the SROMs’ partition of the range of the random variables. The surrogate
is much less computationally expensive to construct and sample then the brute force MCS.
Figure 19 illustrates the cdf from the brute force MCS and the 10-sample, SROM-based
surrogate model, plotted against the cdf constructed from the original 40 experimental test
coupons that were used for calibration in Section 3. Broadly speaking, and considering
the relatively few data points from experiment, the computed results agree well with the
measured result.
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Figure 19: The cumulative distribution of peak load ⇧
max

constructed from the brute force
MCS, the 10-sample, SROM-based surrogate with ✓⇤

k

= ✓̄
k

and the 40 experimental weld
coupons.

8. Conclusions

We presented a methodology for e�ciently and accurately capturing the variability in
component performance caused by microstructural uncertainty. Here, we illustrated the
methodology for uncertainty caused by laser welds in components, but the developments
can readily be extended to capture variability caused by various sources or multiple sources.
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AnPcipated	
  journal	
  publicaPons	
  

§  Exploring	
  uncertainty	
  due	
  to	
  fine	
  scale	
  heterogeneity	
  through	
  
direct	
  numerical	
  simulaPon	
  	
  

§  PredicPng	
  laser	
  weld	
  reliability	
  with	
  stochasPc	
  reduced-­‐order	
  
models	
  

§  Porosity	
  metrics	
  in	
  A304L	
  laser	
  welds	
  
§  Porosity	
  effects	
  on	
  mechanical	
  response	
  of	
  A304L	
  laser	
  welds	
  
§  3-­‐D	
  DIC	
  of	
  deformaPon	
  /	
  failure	
  in	
  circular	
  laser	
  welds	
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Thoughts	
  /	
  Discussion?	
  	
  

§  Do	
  you	
  see	
  obvious	
  “low	
  hanging	
  fruit”	
  for	
  Task	
  3	
  to	
  make	
  
connecPons	
  with	
  Tasks	
  1,	
  2,	
  or	
  4?	
  	
  	
  

§  What	
  important	
  aspects	
  of	
  “macroscale”	
  work	
  are	
  we	
  
missing?	
  	
  	
  

§  How	
  can	
  Task	
  3	
  help	
  PPM	
  make	
  direct	
  connecPons	
  with	
  
mission-­‐area	
  work?	
  	
  

§  Are	
  there	
  relaPonships	
  /	
  collaboraPons	
  we	
  should	
  pursue	
  
with	
  other	
  R&D	
  staff?	
  	
  (do	
  you	
  know	
  someone	
  we	
  should	
  be	
  
talking	
  with?	
  	
  no	
  such	
  thing	
  as	
  too	
  many	
  friends	
  of	
  PPM!)	
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