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Summary 

 Preamble: Additive Manufacturing (AM) and Delta Robot 

 Design methology based on Quality Function Deployment 

(QFD) 

 Modeling and kinematic analysis of the linear delta robot 

 Dimensional optimization of the linear delta robot 

 Results, validation prototype and demostrative video 

 Conclusions 



Additive Manufacturing (AM) 

 

 Manufacturing of physical objects  

    with complex geometries. 

 Reduced time-to-launch of new 

    products. 

 Mass customization. 

 Improvements in the supply chain. 

 Does not need expensive tools. 

 



Fused Deposition Modeling (FDM) process 



Comparison of FDM architecture 

Cartesian Structure Linear Delta Structure 



Comparasion of the new linear delta mechanism 

Delta with dual legs 
Proposed Delta with  

single legs 



Comparison of different Linear Delta 
robot Structure for FDM 



Defined user requirements (URs) or “What’s” 



Average importance ratings for the user 

requirements shown in the Pareto chart 



Selected design parameters (DPs) or “How’s” 



QFD – House of 

Quality 



QFD matrix of relationship between RUs and DPs 



Matrix of correlations between DPs 



Specifications-meta for the linear delta robot 



Kinematics model and mobility analysis 

P: prismatic joints 

R: revolute joints 

Ř: revolute joint with two DOF 



Inverse Kinematics 



Direct Kinematics 

Trilateration method 



Direct Kinematics 

Trilateration method 



Direct Kinematics 

Trilateration method 

Solutions 



Dimensional optimization with genetic algorithm 

Problem definition  

 In this approach, optimization problem 

is mono-objetive and minimization. 

 

 Rb, Lr and Le are the decision 

variables.  
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Cost function of the otimization problem 

Le: length of each leg 

Lr: length of the lienar actuators 

Rb: overall workspace radius 

R: usefull workspace radius 

H: usefull workspace height 

 

Ps: infinite penalty for singularity 

Pw: infinite penalty for neglect  

of the workspace 

 

Vc: conical bouding-box volume  

Vw: overall workspace volume 

VR: usefull workspace volume 



3D model linear Delta robot 



Volumes and Workspace 

 volume 

Conical volume

Robotic configuration

Workspace volume  L
r 

Rm
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Le
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Conditions for genetic algorithm 



The best score value and mean score 



Results of the dimensional optimization 

Results: 



Detailing of the robot structure 



Detailing of the delta mechanism with single 

legs 



Detailing of the extruder mechanism 



Prototype of the linear delta robot for AM 



Manufacturing error estimation 

Part 1 (Parallelepiped part) - CAD model and printed part 



Manufacturing error estimation 



Geometry deviation analysis 

Part 2 (Propeller) - CAD model and printed part 



Geometry deviation analysis 

Deviation between the nominal model data and scan model data produced by  

GOM inspect software for Part 2 - Propeller 



Geometry deviation analysis 

Part 3 (Smartphone) - CAD model and printed part 



Geometry deviation analysis 

Deviation between the nominal model data and scan model data produced by  

GOM inspect software for Part 3 – Smartphone Hand 



More printed parts 



Video Demonstration 

Printing with the linear delta robot - Demostration.mp4
Printing with the linear delta robot - Demostration.mp4


Conclusions 

• The conceptual design and dimensional optimization of 
the new structure of linear delta robot for AM was 
presented. 

• The use QFD methodology allowed to gradually 
systematize the decision-making in the design of the 
linear delta robot for AM. 

• Optimal dimensions of the robot were obtained by 
implementing a method based on genetic algorithms that 
yielded satisfactory results. 

• A functional prototype was built to validate the design 
concepts. 
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