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What is the outcome or accomplishment? 
Researchers with the Louisiana Materials Design Alliance (LAMDA) have developed an inverse 
machine learning approach using the generative adversarial network (GAN) and regression 
analysis. Using this technique, novel lightweight lattice and cellular structures with optimized 
biomimetic elements are discovered, which are used as sandwich core. Thermoset shape memory 
polymer (TSMP) is then used to 3D print these designs, which adds smartness to the sandwich 
structures.  
 
What is the impact? 
Inverse machine learning techniques have been previously used to discover new small 
molecules, polymers, and drugs. This helped in speeding up the process of discovering new 
materials with superior properties. Here, we used GAN and regression analysis to learn the 
correlation between the microstructures and mechanical properties of biomimetic rods and then 
further optimized the biomimetic rods into lattice and cellular structures as a sandwich core. 3D 
printing of the newly discovered lattice core by TSMP makes the new core with robust structural 
properties and shape memory effect. This technique can be applied to any other structural 
designs targeting specific features such as strength, bucking load, vibration damping, acoustic 
insulation, and many other mechanical, thermal, and electrical features required for a particular 
application. By further generalizing this inverse design technique, it can be incorporated into 
existing computational and simulation software as a futuristic optimization tool or as an 
individual application that can predict optimal designs.  
 
What explanation/background does the lay reader need to understand the significance of 
this outcome? 
Sandwich structures have been widely used in lightweight engineering structures, such as aircraft 
fuselages, ship hulls, car bodies, wind turbine blades, pressure vessels, pipelines, and bridge 
decks. The mechanical and functional performance of sandwich structures depends on the core. 
While many core materials have been used, such as foam and basal wood, further advancement 
depends on the design and manufacturing of new core structures. Here, we use a combination of 



GAN and regression analysis and optimize lattice and cellular cores for sandwich structure with 
biomimetic rods, which is infeasible using the classical design approach. Using 3D printing and 
TSMP ink, these lattice and cellular cores are manufactured, which is a great challenge using the 
classical reduction manufacturing approach. Therefore, the combination of inverse design using 
machine learning and 3D printing using TSMP ink opens up many opportunities for developing 
extremely lightweight, robust, and smart sandwich structures for engineering applications. 
 

 

 
 
Mr. Adithya Challapalli, a Ph.D. student in the Louisiana State University Department of 
Mechanical & Industrial Engineering, is using a digital light processing (DLP) printer to print 
the machine learning optimized lattice core using a TSMP ink. 

 
 

  



 
Step-by-step optimization by machine learning for discovering lattice core and thin-walled cellular 
core for lightweight sandwich structures.  
 


