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Abstract: The quality of the surface finishes at industrial electrostatic coating processes, it depends on the interaction among 
the particles of coating material and the electric field, and the process parameters. When the application surface is irregular, 
effects of electrical fields in regions with depression or vertices hinder the required results of appearance and thickness in 
these regions. Namely, these effects are: the edges and the Faraday cage. Although such effects cannot be eliminated, they 
can be minimized through the control of process parameters. In this paper, it was carried out the simulation of the distribution 
of the electric field and the equipotential lines, with a finite element method (FEM) on irregular surfaces based on the 
electrostatic Poisson equation, it takes into account the density of the particles, compares the theoretical information with 
experimental results of the process on each of four irregular geometries, seeks to relate the thickness measurement with 
information from FEM. 
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1. Introduction 
 
As in all industrial processes, the resulting quality in the electrostatic coating process has associated a set of critical 

parameters. If these parameters and the interaction between them are controlled, then the quality of the product will be 
controlled. But for managers and analysts of processes it is not always so obvious to determine which parameters should be 
monitored, as in the case of the electric field strength. 

The distribution of the electric field lines and the intensity of the same play an important role in the quality results of 
electrostatic coating processes, especially when the electric field interacts with edge surfaces or depressed regions. Quality 
problems such as orange peel or lesser thickness in regions with vertices or depression can be explained by the theory of 
electric fields (Guskov, 1996). However, although the effects of electric fields on the quality results of electrostatic coating 
processes have been studied, the problems in the industry have not been eliminated. 

Edge effects, such as those presented in geometries with vertices and Faraday cage on irregular geometries, affect 
the trajectory of the particles of coating material when interact with electric fields in their path to the substrate, which 
produces quality and/or productivity problems. 

The orange peel effect on the surface finish of the pieces, is due to the phenomenon called “back ionization” 
(Guskov, 1996) which is produced as a side effect to the adhesion of successive layers of coating material to the substrate,  
and free ions trapped between these layers eventually are released. The depressed region at the surface acts as a Faraday cage 
(Guskov, 1996) (Le Moyne, 2010) such that the electric field lines in the concavity are canceled and the coating thickness in 
this area is lower than in the depressed regions. The lack of coating at internal vertices is caused by the lack of continuity in 
the normal component to the surface (Plonus, 1994); the electric field lines are perpendicular to the equipotential surfaces, 
which means that the no line electric field reaches the apex. 

The scientific literature related to electrostatic coating processes reports results of studies in which it comes to solve 
the quality in such processes achieving only partial solutions. Guskov (1996) describes an overview of the electrostatic 
coating processes technology and proposes two solutions of the orange peel effect and Faraday cage, the first consisting of a 
voltage controller placed on the electrode in the nozzle, and automatically adjusts the ionization voltage depending on the 
distance between the corona discharge and the substrate. The second solution is an external electrode that attracts the free 
ions instead of releasing them in the electric field together with the powder coating. It is placed at a distance behind the 
corona discharge, this distance depends on the distance between the corona and the substrate. Hyuncheol et al., (2008) 
characterized the deposition patterns of a liquid electrostatic coating device with two identical nozzles, then they set a 2.5 kV 
positive potential in the two nozzles, six experimentation levels of negative potential were applied at the substrate (1, 2, 3, 4, 
5 y 6 kV). Hyuncheol reported that the thickness thinner deposition region was located in the center due to the repulsive 
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