


Why did DARPA execute the Digital Manufacturing Analysis, Correlation and Estimation (DMACE) Challenge?

The data provided in the DMACE Challenge is the beginning of the nascent understanding of properties of structures created by additive digital manufacturing.

The DMACE Challenge introduces the science and engineering community to a family of structures that have unique architectures and mechanical properties fabricated using digital manufacturing techniques.   In the case of the spherical structures the mechanical properties are controlled through the arrangement of titanium struts that make up a unit cell (part of a lattice), which forms the shell of the sphere.  From the viewgraphs provided it can be seen that the shell of the test spheres is comprised of a series of struts arranged in a periodic fashion. 

The shell architecture selected for the DMACE Challenge allows for the sphere to be strong and stiff, yet very lightweight when compared to a solid shell.  This design approach is very similar to approaches used in the design of bridges and skyscrapers where structural efficiency is maximized.  (Structural efficiency can be defined as the ratio of load carried to the mass of the structural.)  Structural efficiency is achieved by arranging the load bearing components (struts in this case) in an optimal configuration that allows for all of the known loading conditions to be accommodated.   However, it is important to realize that many of the load bearing structures that we observe around us (bridges, buildings, towers…) are not geometrically symmetrical and when loaded in different directions will behave differently.  This anisotropic behavior is exactly what is illustrated in the mechanical testing results on the DMACE spheres. 

The viewgraphs included on this website attempt to illustrate that the mechanical properties of the test sphere are dependent on the properties and geometric arrangement of the constituents (struts) that make up the sphere.  It is important to realize that the global mechanical properties of the sphere (properties measured through the DMACE Challenge) can be controlled at various length scales.  At the smallest scales (ranging from nanometer through micrometer) the strut properties are determined by composition, crystal structure and microstructure.  Slide # 2 illustrates the influence of grain size and dislocation density in the strength of pure titanium.  As the grain size and dislocation density is reduced (dislocation density can be reduced by heat treating) the strength of titanium increases.  Moving up in length scale (micrometer through millimeter) the unit cell properties become important and are controlled by the geometry of struts.  Slides #3 & 4 illustrate how the strut geometry and loading condition controls how the body deforms and the ultimate compressive strength.  Note that hollow struts can add to the structural efficiency but the loads need to be applied axially to get the highest strength, and that the wall thickness is an important parameter in determining the mechanical behavior.   At the larger length scale (millimeter and beyond) the mechanical behavior of the sphere is determined by the behavior of the lattice based unit cell, which in turn is controlled by the placement and joining of the struts.

The test spheres being evaluated under this challenge were fabricated using digital manufacturing equipment having a resolution on the order of 0.5mm, which determines the diameter of the strut, and control of the beam power and scan rate, for geometrical and compositional control of the struts and unit cells.  This control allows for the fabrication of hierarchal structures with specified structural efficiencies for different loading scenarios. 

Slide #5 shows the potential future of digital manufacturing.  Typically, high strength required high density (see the “Compressive Strength vs. Density of Lattice Materials” image on slide #5) – traditional metals are in the upper right corner of the graph.  By reducing the density through the use of different materials as well as micro structures, great increases in strength per unit density can be achieved, especially through the use of hollow lattice trusses.  These structures can only be created through the use of digital manufacturing.  Looking at the other graph, “Structural efficiency of hollow stainless steel trusses under compression”, you can see how pyramidal hollow lattice trusses compare to solid lattice trusses.  If and when someone can build pyramidal hollow lattice trusses out of single crystal metals, compressive strength can increase even four-fold from there.
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