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solder joints on electronic components removed from the stockpile, has been written and 
tested. The code does a good qualitative job of presenting intergranular andor transgranular 
cracking in a polycrystalline material when under thermomechanical deformation. The current 
progress is an encouraging start for our long term effort to develop multi-level simulation 
capabilities, with the technology of high performance computing, for predicting age-related 

The end of the cold war has had a significant 
impact on U. S. national security issues. Many of 
the weapons in the current arsenal will likely be 
retained in stockpile for considerably longer 
than was originally intended because of the 
reduced effort on new weapon development. 
Material aging and reliability issues therefore 
have become more critical than before since the 
various nuclear and non-nuclear components of 
the weapon systems must maintain a high level 
of dependability over the extended lifetime. To 

elasticity, the elastic continuum is represented by 
a two-dimensional triangular array of lattice 
points. The elastic behavior of Srolovitz’s model 
is controlled by the interaction between nearest- 
neighbor lattice points, and these lattice points 
are connected by spring-like bonds. The energy 
of this array of bonds is the sum of a bond- 
stretching energy (two-body interaction) and a 
bond-bending energy (three-body interaction). 
Including the bending term in the energy results 
in non-zero Young’s modulus, shear modulus 

meet its particular stockpile stewardship 
responsibilities, Sandia National Laboratories is 
developing new capabilities to assure the surety 
and performance of the aging U. S. arsenal. 

One new project initiated at Sandia is 
focused on developing a computational 
modeling capability to predict material property 
changes in a weapon during its residence time in 
the stockpile. Progress is being made, and the 
first two-dimensional version of a lattice code 
for modeling microcracking in polycrystalline 
material has been written and tested. Iri our 
current 2D lattice code, a discrete model 
developed by D. J. Srolovitz and co-workers’ is 
employed as the basic microstructural mechanics 
model. Rather than discretizing the equations of 
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and Poisson’s ratio, while many previous models 
which do not have the bending term included 
normally give either zero Poisson’s ratio or zero 
shear modulus2. 

When simulating fracturekracking in a 
polycrystalline material, a realistic 
polycrystalline microstructure needs to be 
mapped onto the two-dimensional triangular 
lattice first. Instead of using a digitized 
experimental micrograph, our 2D lattice code is 
linked with Sandia’s grain growth code3 which 
uses a Monte Carlo simulation p r o ~ e d u r e ~ , ~  and 
the n-fold way Potts model6 to produce 
simulated microstructures. The 2D simulated 
polycrystalline microstructures generated by 
Sandia’s grain growth code have shown 
excellent agreement with the grain size and grain 
topology distributions found in experiments. By 
coupling our lattice code with the grain growth 
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Progress is being made in our efforts to develop computational models for predicting 
material property changes in weapon components due to aging. The first version of a two- 
dimensional lattice code for modeling thermomechanical fatigue, such as has been observed in 
solder joints on electronic components removed from the stockpile, has been written and 
tested. The code does a good qualitative job of presenting intergranular andor transgranular 
cracking in a polycrystalline material when under thermomechanical deformation. The current 
progress is an encouraging start for our long term effort to develop multi-level simulation 
capabilities, with the technology of high performance computing, for predicting age-related 
effects on the reliability of weapons. 

The end of the cold war has had a significant 
impact on U. S. national security issues. Many of 
the weapons in the current arsenal will likely be 
retained in stockpile for considerably longer 

elasticity, the elastic continuum is represented by 
a two-dimensional triangular array of lattice 
points. The elastic behavior of Srolovitz's model 
is controlled by the interaction between nearest- 
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than was originally intended because of the 
reduced effort on new weapon development. 
Material aging and reliability issues therefore 
have become more critical than before since the 
various nuclear and non-nuclear components of 
the weapon systems must maintain a high level 
of dependability over the extended lifetime. To 
meet its particular stockpile stewardship 
responsibilities, Sandia National Laboratories is 
developing new capabilities to assure the surety 
and performance of the aging U. S. arsenal. 

One new project initiated at Sandia is 
focused on developing a computational 
modeling capability to predict material property 
changes in a weapon during its residence time in 
the stockpile. Progress is being made, and the 
first two-dimensional version of a lattice code 
for modeling microcracking in polycrystalline 
material has been written and tested. In our 
current 2D lattice code, a discrete model 
developed by D. J. Srolovitz and co-workers' is 
employed as the basic microstructural mechanics 
model. Rather than discretizing the equations of 
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neighbor lattice points, and these lattice points 
are connected by spring-like bonds. The energy 
of this array of bonds is the sum of a bond- 
stretching energy (two-body interaction) and a 
bond-bending energy (three-body interaction). 
Including the bending term in the energy results 
in non-zero Young's modulus, shear modulus 
and Poisson's ratio, while many previous models 
which do not have the bending term included 
normally give either zero Poisson's ratio or zero 
shear modulus2. 

When simulating fracturekracking in a 
polycrystalline material, a realistic 
polycrystalline microstructure needs to be 
mapped onto the two-dimensional triangular 
lattice first. Instead of using a digitized 
experimental micrograph, our 2D lattice code is 
linked with Sandia's grain growth code3 which 
uses a Monte Carlo simulation p r ~ c e d u r e ~ ? ~  and 
the n-fold way Potts model6 to produce 
simulated microstructures. The 2D simulated 
polycrystalline microstructures generated by 
Sandia's grain growth code have shown 
excellent agreement with the grain size and grain 
topology distributions found in experiments. By 
coupling our lattice code with the grain growth 
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code, the material microstructural evolution 
during aging can thus be taken into account in 
the simulations. 

Recent calculations done with the code 
demonstrate the capability to simulate the 
phenomena of initiation and propagation of 
microcracking that take place in brittle, 
anisotropic polycrystalline materials subjected 
to thermomechanical deformation. By adjusting 
the ratio of grain boundary to grain interior 
toughness, the code does a good qualitative job 
of representing intergranular cracking, 
transgranular cracking and a mix of both, as 
shown in Figure 1.  The code provides a basic 
tool for studying thermomechanical fatigue, 
such as has been observed in solder joints on 
electronic components removed from the 
stockpile, and will be expanded to include new 
microstructural-based mechanics models that the 
project team is developing 

In order to predict more precisely the age- 
related effects on weapon system reliability, a 
multi-level simulation methodology is being 
developed. This methodology links a finite 
element continuum mechanics code, our grain- 
scale mechanics code, and the grain growth code 
to treat the disparate length scales that exist 

between the macroscopic response of a weapon 
component and the microstructural changes 
occurring in its constituent materials. The finite 
element code is used to predict stress and/or 
temperature distributions on the component due 
to environmental variable fluctuations. The 
grain-scale code simulates damage initiation and 
propagation in details based on the spatial 
information provided by the finite element code. 
The grain growth code catches the evolution of 
material microstructure, such as grain growth 
and recrystallization, when a component’s 
service environment changes. Data transferring 
between different codes and length scales need 
to be treated very carefully in order to maintain 
the accuracy of the calculations. Extending the 
methodology to three dimensions and applying it 
to realistic weapon reliability problems is 
expected to require teraflop computing power 
with terabytes of memory capacity. 

performed at Sandia recently. In the course of 
the exercise, a 3D finite element code was 
coupled with a 2D intergranular cracking code to 
simulate stress corrosion cracking7. The finite 
element code calculated the stress distribution on 
a loaded cantilever beam and then passed the 

Figure 2 shows an data transferring exercise 

Figure 1. Effects of grain boundary toughness on cracking: (a) G.B. has 80% strength of the bulk; 
(b) G.B. has 40% strength of the bulk. 
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Figure 2. Coupled micro-macro calculation of stress corrosion cracking. 

calculated stress filed to the intergranular 
cracking code. The intergranular cracking code 
therefore determined the crack propagation 
based on the predefined grain structure and 
corrosion sensitivity, as well as the stress 
information received from the finite element 
code. When the handshaking time for the two 
codes was reached, the intergranular cracking 
code returned the geometry of a new crack front 
back to the finite element code, and the finite 
element code proceeded to the next compute 
cvcle. 

technology in the future, this tool will enable us 
to predict the material degradation and thus 
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Although the models employed in our 2D 
lattice code and the stress corrosion cracking 
code are very simple, these codes are useful for 
us to perform parametric studies and understand 
the influence of microstructure on some material 
behaviors during aging. The current work is only 
the beginning of our long term effort. Our future 
goal is to develop a reliable and robust predictive 
tool with multi-level simulation capabilities 
coupled together. With the promise of more 
powerful high performance computing 

prevent component failures in the weapons 
stockpile. 
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