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Enabling High-Throughput Studies of Reactive Materials
Christopher Lange, Computational Material Design (HSU/UniBw H)

Johann Duffek, High Performance Computing (HSU/UniBw H)

 
 
Abstract
Reactive Materials are used in new weapon systems and pose a threat to established armor 
solutions. To understand their terminal ballistic behavior, computationally demanding 
atomic simulations are performed in a high-throughput framework. These high-throughput 
studies lead to a better understanding of fundamental reaction principles of different 
material formulations, and are known from other disciplines, e.g. catalyst development. 
This will enable the computational material design of future defense systems.

VASP (atomic simulations), LAMMPS (molecular dynamics simulations), and a smart 
framework (database, API, specific pre-/post-processing steps) for the study of material 
properties will enable a systematic material research of material combinations instead of 
single materials. 

Project Results
We investigated and provided installations of the sofware packages LAMMPS, VASP5, and 
VASP6 in different configurations  on the HSU computing cluster HSUper. Those programs 
where furthermore made accessible via individual modules with group-restricted access. 
This allows for the easy software usage by inexperienced HPC users while abiding software 
license requirements.

Figure 1: Exemplary runtime diagram for the scanned parameter space
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Templates on software usage with the cluster job scheduling system SLURM were 
provided, extensive additional guidance was given, and future possibilities for smart, 
adaptive workload management were identified together with the users.

A limited parallelization parameter scan has been conducted on two test cases to verify 
the VASP installation, and to evaluate the software behavior on HSUper. Those results 
were used to identify unfavorable parameter combinations resulting in severe runtime 
penalties. All necessary installation scripts, submission templates, test routines and 
verification results were made available and can serve as a basis for future additions to 
the high-throughput framework.

Outlook
The framework established within this hpc.bw performance engineering project is the 
necessary precursor step to the exploration of vast combinatorial spaces of material 
formulations. It is the indispensable tool to harness the exceptional computational power 
available through HSUper for computational material design. Though being initially driven 
by the defense application portrayed above, the virtual high-throughput environment is in 
principal agnostic to research topics and enables also the high-throughput research of 
novel materials for other energy systems like batteries or fuel cells.


