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Problem Statement 





Challenges with Printing Articulated Models 

ÅDesign issues 

ïLabour intensive 

ïRequires skilled modeller 

 

Å3D printing issues 

ïLimited resolution 

ïSupport material / structure 

ïFusing of interlocking parts 

 

 

 

 



Related Work 

ÅSculptures  

    [Xin et al. 2011]  

    [Mitra and Pauly 2009] 

 

ÅDeformable objects  

    [Bickel et al. 2010] 

 

ÅJoints that form robots  

    [Won et al. 2000]  

    [Mavroidis et al. 2001] 



Concurrent Work [Bächer et al. 2012] 

ÅJoints properties  

ïFriction 

ïRotational constraints set from 

default parameters  

 

ïLocations extracted from 

skinning 

ïUser can select between 1 or 3 

DOF 

 



Contributions 

ÅDerived a directly printable versatile joint 

template: 

ïfriction 

ïnon-assembly 

ïcontrollable rotational constraints 

 

ÅInteractive joint fitting pipeline 

ÅA set of underlying algorithms to support it 



Deriving a Generic Joint 

Template 



Generic Joint Template 

ÅDesign criteria 

ïWide range of angular positions 

ïNo locking configurations 

ïIntuitive rotational constraints control 

ïSupport for friction 

ïNon-assembly printing 

ïCompact appearance 

 



Joint Exploration 



Ball Joint 

ÅSolution builds upon the ball-

and-socket joint, as it: 

ïSpans a wide range of angles 

ïNo locking 

ïCustomizable rotational 

constraints 

 

 



Solution 

ÅCage ball and grooved socket 



Solution 

ÅCage ball and grooved socket 



Printability 

ÅSupport material in 

Selective Laser Sintering / 

Polyjet 

ïFills in gaps 

ïBlocks moving parts 

 

 

 

 



Printability 

ÅSupport material in 

Selective Laser Sintering / 

Polyjet 

ïFills in gaps 

ïBlocks moving parts 

ïExternal access to it is 

required 

ïOur joint template facilitates 

access 

 

 

 

 



Rotational Constraints Control 

ÅSocket opening is 

shaped according 

to user-specified 

constraints 

 

 

 



Friction 



Workflow  



Rigging for 3D Printing 

 



Rigging for 3D Printing 

 



Rigging for 3D Printing 

 



Rigging for 3D Printing 

 



Rigging for 3D Printing 

 



Rigging for 3D Printing 

ÅIntuitive rigging: 

ïPlace connectors at joint 

locations 

ïConnectors with >2 

connectivity are not joint 

locations 

 



Joint Scale 
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Joint Scale 
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Joint Scale 

ÅCast rays from joint centre outwards, filtering-out 

rays within 45 degrees of the bones 

ÅFitting sphere using RANSAC to resulting point 

cloud 

 

 

 

 



Joint Scale - Aesthetics  

ÅManual scaling of computed sizes allows 

for control over aesthetic preferences 
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