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CoEVP uses scale-bridging to solve a Taylor cylinder
impact test problem

* A tantalum cylinder is fired into a
stationary wall.

> Anvil

* The fine-scale details of the material
Cylinder microstructure determine the coarse-
scale deformation at the impact
surface

MD Phase Field Crystal Continuum
Defects and Meso-scale Meso-scale Macro-scale
interfaces, multi-phase material material
nucleation evolution response response
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Code: SPaSM/ Code: AMPE/ Code: VP-FFT Code: ALE3D/
ddcMD/CoMD CoGL LULESH
Moatif: Particles, Mofif: Regular Motif: Regular
explicit time Mofif: Regular grids, tensor and inregular
integration, and adaptive arithmatic, grids, explicit
neighbor and grids, implicit meshless image | and implicit time
linked lists, time integration, processing, integration.
dynamic load real-space and implicit fime
balancing, parity spectral integration, 30 Prog. Model:
. . X thods, FFTs. MPI + Thread
Source: P. J. Maudlin, J. F. Bingert, J. W. House, S. R. Chen, “On i Commles order s v Theacs
a s a a visualization parameter Prog. Model:
the modeling of the Taylor cylinder impact test for orthotropic N N WP+ Threzds
. . k - 1og. Model: 10g. Model:
textured materials: experiments and simulations”, Inter. J. MPI - Thizads MPI

Plasticity 15 (1999), pp. 139-166.
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CoEVP adds strength to LULESH which provides the
coarse-scale model

@grangian coordinates: \ K position \

x = x(t), x(0) = xo, \4 velocity
v = x(t), v(0) = vy, p=por~  density
Momentum: :
£o reference density
pv =V ot pt 1 relative volume
Energy: o Cauchy stress
po¢ =|no’ :L|— (p+q)7n o’ deviatoric Cauchy stress
where f specific body force
€ specific internal ener
o' =o+(pHtaqol, P 9y
1 p pressure
L= 3 (Vv + (Vv)'),
q bulk viscosity

1
= ——t —
\ p 3 r(o) —q / \i velocity gradient /
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Constitutive model evaluation requires the integration
of an intermediate system involving multiple fine-scale
model evaluations

s A - i Elasticity model

Stress tensor is obtained from an )
3 _ Equation of state
2G — Nonlinear solver
ey 1 /
c=—(p+qlI+J ?V Adaptive sampler

MTree databas

; ) LULESH
that depends upon an evolving strain T ——
tensor deviator V' obtained from the / #
solution of a kinematic system: = 2,
ine-scale
evaluations '
from coarse- from fine-
scale model scale model
Heterogeneous computing model and
N _Rrr p R D’ approach closely follows LLNL Coop project:
a
J = Jtr(D) N. R. Barton et al., “Embedded polycrystal
W om ow ’ plasticity and adaptive sampling”, International

Journal of Plasticity 24 (2008), pp. 242-266.

1 b L 1t 3 = 1 - pd
R [V’- (D’+ —V’) L (D’ <L —V’) -V’] ‘RT
a 2a 2a
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Current approach: Use Taylor model parameters to
vary fine-scale model evaluation workflow

Workflow:

» Spatial and temporal distribution of the
fine-scale model queries

 Cost of the fine-scale queries
» Fine-scale model evaluation

» Database look-up (interpolation)
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Sensitivity

Hardness

Scaling factor
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DB: taylor_503.sami
Cycle: 0

m=1, g=2x10"°

DB: taylor_512.sami
Cycle: 0
Prnsdasdcs

......

m=1, g=2x10""

DB: taylor_635.sami
Cycle: 0

m=1, g=2x 1072
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Integration of the kinematic system with a Taylor

fine-scale model

Constitutive model provides

g=—(p+ql+a

Stretch tensor rate equation

le _
“V =R'"-D'-R-D,
a

7]l

T ! 'f_’
:R 'D'R—DO —,
1711

where
5_! — J—li_f
a=JY?
E =In(V)
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Taylor model parameters determine the viscoplastic
transition

= m determines the transition sharpness

= (/g determines the location

= [y plays a decreasing role as m
increases

—m=1
—m=2
——m=5
m=10
—m-=20

Stretch

Tantalum cylinder test problem:

Dy=1x10"2 ys!
G =6.9 x 107! Mbar
= 102 Mbar

slope = a=J"?

1 1 1 1 1 1 1 1 1
0 0.2 04 0.6 08 1 1.2 14 1.6 1.8 2
Microseconds x10°

LULESH stable At ~ 1.5 x 107* pus
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Nonlinear solver requires increasing globalization
as the sensitivity parameter m increases

1 1 iteration
2 few iterations
>4 more iterations and loss of quadratic convergence

= Tantalum model requires m = 20
" Remedies

— Monitor the number of Newton solves and reduce the coarse scale
time step if a threshold is exceeded

— Add a globalization strategy to the Newton solve
» Backtracking
» Trust region
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CoEVP adaptive sampling efficiency plots provide some
workflow information

DB: taylor_565.sami
Cycle: 0

ocolor
s_efficiency
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The “CO0 problem”

Kriging model 1 bt
Kriging model 2

ggx}r w(e) =0
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CoEVP is ready to begin implementation of the
heterogeneous computing model

———> =derives from

class Taylor
class Plasticity

class VPFFT

libcm.a

I
| | class Constitutive
LULESH L, p, e | _| owns: CM
I | ~| class AdaptiveSampler class Gammal awGas
p, cs, ol 1 | (owns Mtree Database) .
I
I | class EOS class BulkPressure
I
: class ElastoViscoPlasticity class MieGruneisen
I
I -
L velocity gradient : B Al
{4 compression I public:
€ internal energy I void evaluate(std::vector<double>& in,
P pressure : std::vector<double>& out);
¢s  sound speed I int pointDimension();
o’ deviatoric stress : int valueDimension();
I
I
I
I
I
I
I
I
I
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