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To extract the most value from flexible hybrid electronics (FHE), one must be able to deposit 
functional materials on a variety of substrates and shapes. To date, defining tool paths that conform 
to a non-planar surface has been cumbersome. Many demonstrations of non-planar printing have 
used 3-D CAD models that are edited to include a simple circuit on its surface. The tool path to 
deposit that simple circuit is either done in a layer-by-layer manner, or it may be defined in a 
similar manner to how a numerically controlled milling machine defines its cutting tool path. Such 
methods are cumbersome and can involve considerable user intervention. 
The main objective of this proposal is to develop an easier path from circuit design to circuit 
printing on both planar and non-planar surfaces for FHE. Techniques for dealing with simply 
curved surfaces (curved in only one direction), and doubly curved, or non-developable surfaces 
where distortions are unavoidable, will be developed. Software will be written implementing these 
techniques. Customization of the motion instructions for a particular system will be done by a post-
processing program.  
Without the ability to easily generate robust toolpaths for printing onto non-planar surfaces, FHE 
will be held back from achieving its potential. If it becomes nearly as easy to generate toolpaths to 
print a circuit on a non-planar surface as ordering a PCB is today, more applications for FHE will 
open up. 
Upon completion of this project, algorithms will have been developed to handle printing functional 
materials on variously shaped surfaces. Alpha-stage testing software will be available for testing 
with a variety of material deposition systems. Inputs to the workflow will be a PCB layout file of 
the circuit of interest as well as an STL file of the surface on which to print. Output will be a set 
of tool paths to map that circuit onto the surface. Those tool paths can be translated into the 
machine control relevant to a particular printing system by a post-processing application. Multiple 
examples of printing on non-planar surfaces will be produced. 
 


