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Abstract: The processes’ modeling is an important aspect in the industry, since it allows achieving high productivity with 
energy and material savings. The hybrid process Electrochemical Discharge Machining (ECDM) has a wide applicability in 
industries such as automotive, aerospace, electronics and others. However, the process parameters variability breeds uncertainty 
in the process, thus a suitable option to model this process is through the fuzzy logic. In this work is presented a fuzzy model 
for the prediction of Diametral Overcut (DOC) on the machining of high strength steel (HSS) workpieces by using brass tool 
electrode. The input parameters are gap voltage (Vg), peak current (Ip) and frequency (F). For the fuzzy knowledge base was 
developed a 3-factor full factorial design with 2 levels (23), two replicas and 4 central points. The presented fuzzy model was 
able to predict the experimental results with more than 90% of accuracy through mean of maxima defuzzification method.
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1. Introduction

  The Electrochemical Discharge Machining combines two processes: the Electrochemical Machining (ECM) and Elec- 
trical Discharge Machining (EDM),  with the purpose to use the advantages and reduce the disadvantages of the ECM and 
EDM, which are the processes based of ECDM. Those are the electromachining processes and have a wide applicability in 
automotive, aerospace, electronics and others industries. The Electrochemical Discharge Machining was introduced by Kurafuji 
& Suda (1968) for the microdrilling of glass. ECDM also allow machine others non-conductive material for instance: granite, 
alumina (aluminum oxide, Al2O3), reinforced plastics, quartz, ceramics, Metal Matrix Composites (MMC) and others materials 
used in the automotive, aerospace, electronics, military, sports, medical and others industries. Similar to the base processes, the 
ECDM architecture for conductive materials consist in two electrodes, the tool electrode (cathode) and the workpiece (anode), 
in case of a non-conductive workpiece is necessary an auxiliary anode. The tool electrode can be of different types like cable, 
a fixed solid mold or solid rotatory mold. The electrodes are submerged in an electrolyte solution and in the same way of ECM, 
the shape of the mold is reflected into the workpiece through different phenomena(Antil et al., 2014) and (Paul & Korah, 2016).

  One of the ECDM phenomena is the electrolysis which produces the generation of positive charge ions, also hydrogen 
bubbles around the tool electrode and oxygen bubbles around the anode. The rise of the voltage increases the current density, 
which produces the increase of the bubble’s size. When the voltage is beyond to a critic value the bubbles coalesce and it forms 
a thin hydrogen gas layer around the cathode. This gas layer acts like a dielectric and it generates sufficient resistance to create 
a high electrical potential difference between the electrodes. The gas layer uniformity and thickness depends on electrolyte 
temperature, high temperature results in high uniformity. When the breakdown voltage of the gas is exceeded the sparks take 
place, the intensity and energy of the sparks increase with the increase of the voltage between the electrodes. The material 
removal takes place when the workpiece is in the sparks zone, due to the transmission of an energy fraction of the spark toward 
the workpiece, this brings about a drastic elevation of the temperature in the zone. The removal occurs through melted, vapor- 
ization and thermal erosion. In the case of workpieces like ceramics or MMCs, another via of removal is present, it is thermal 
detachment, this is a mechanic failure of the material provoked by the thermally induced internal stress due to a quick change 
of temperature that exceeds the materials bond strength (Ranganayakulu et al., 2011), (Hocheng, 2011), (Paul & Hiremath, 
2014) and (Goud et al., 2016).

  Due to ECDM is compound by two process, it has many input and output parameters.  The parameters values and 
behavior significantly affect the quality of the process, but the parameters values depend on electrodes and electrolyte materials 
type. Some authors like Ranganayakulu et al. (2011), Rao (2011), Paul & Hiremath (2014), Rajan et al. (2014) and others have 
delimited some of the parameters. Among the input parameters, some are related with the tool electrode, for instance, the shape, 
size, material, rotatory speed and its wettability (tendency to cause liquids to spread over the surface of the material). Others 
input  parameters  are  the  peak  current,  voltage  gap,  interelectrode  gap (IEG),  tool  feed  rate,  pulse  on/off  time,  duty  factor,
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