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Additive Manufacturing (AM) is a process which uses a 3D CAD (Computer Aided Design) model and generally 
slices it into layers, and deposit materials selectively along the layers with precision. Conventionally, 3D models 
are sliced into layers parallel to the horizontal X-Y plane and materials are deposited along a layer with a 
constant Z-value. This approach is called planar AM and is good for printing over flat surfaces or objects. But for 
printing objects on a non-planner (i.e., freeform) surface, parts may have decreased mechanical properties and 
surface finish due to the weak interconnection between layers and staircase effects. However, these problems can 
be addressed by a conformal AM process. Conformal AM is a 3D printing approach in which 3D structures are 
printed on a freeform surface with dynamically changing z-values based on the substrate’s surface topology which 
accounts for better surface finish and enhanced interconnection between layers. Zirconia is used in thermo-
mechanical, biological, and structural applications and is known for having high wear resistance, lower thermal 
conductivity, high thermal stability, excellent mechanical strength, and corrosion and oxidation resistance when 
compared to other ceramic materials. In this study, a binder-coated filament-type zirconia material was additively 
manufactured on a freeform surface with a customized extrusion-based 3D printer and conformal printing 
algorithm. The developed freeform slicing algorithm takes the substrate’s surface as the slicing surface to slice the 
3D model, and finally generates toolpath instructions including printing and extrusion parameters (filament 
diameter, extrusion rate, printing speed, etc.). As a proof of study, ceramic structures were printed on cylindrical, 
hemispherical and other freeform surfaces. A series of lines were extruded on a freeform surface in different slopes 
and their cross sections were measured for evaluating the printing quality and surface finish. Also, issues while 
printing with conformal AM concerning nozzle collision and bonding force between freeform substrate and printed 
structures were addressed in this study. Since zirconia is well suited for use in harsh conditions (i.e., high 
pressure, temperature, and wear), applications of conformally printed zirconia as ceramic inserts for these 
conditions and ceramic substrate for heating element were inspected. In addition, zirconia is considered as a 
biocompatible material, and the application of ceramic bone plate for fracture’s internal fixation was explored. 
Various 3D printed structures on a freeform surface will be introduced. 

  
  
  
  

  

 
Fig. 1 Conformal printing process for material extrusion of binder-coated zirconia 


	Main
	Return

