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ABSTRACT: Processing through  complex electrical erosion is based on the existence in the workspace of 
the fundamental processes of anodic dissolution and  electric discharges in impulse. Their share in the taking   
of material and their evolution in time in the working space has not been elucidated as theoretical 
investigations of phenomena were conducted jointly, while the  experimental ones separately.  
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Complex electrical and 

electrochemical erosion (EEC) is 
represented by overlapping in time and 
space,  within the working interstice , of 
electrochemical erosion processing and 
electrical erosion.  

Processing through EEC is 
defined as the simultaneous development 
of anodic dissolution (DA) and pulsed 
electrical discharges (IED) in the space 
bounded by the transfer object OT, 
connected to the negative pole of the DC 
power source and processed object OP 
connected to the positive pole of the 

power source in the presence of the 
working environment (ML). 

Processing of materials through 
complex electrical and electrochemical 
erosion occurs in two stages:  

 
1. STAGE OF PREPARATION 
OF  CURRENT IMPULSE  

 
This stage begins from the time of 

the physical contact between the two 
microasperities (Fig. 1), one belonging to 
the object to be processed (OP) and the 
other to the   transfer object (OT).  

 
  

Fig. 1. Step of  preparation of pulse current 
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Microasperities on the OT in 
relative motion with velocity vr and by 
force achieves  at the level of 
microasperities  a  mechanical shock that 
causes breakage and removal of passive 
film and achieving of  metallic 
microswitch initially made by contact 
microdischarge, accompanied by the 
passing of  elementary current  with a low 
value in the beginning, which increases 
over time with increasing contact section.  

 Contact resistance has the value: 
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where:  
ρ is the resistance of the material the two 
half-decks  are made of ;  
ξ - Prandtl coefficient that takes into 
account the fact that the peak hardness is 
lower  than the hardness measured 
macroscopically.  
 At the current passing through the 
contact resistance R it will be emitted a 
certain amount of heat based on Joule-
Lenz effect, causing heating to the 
melting temperature of the material 
microvolumes  in contact : 

 
RtIQ e  2

 
  
2. STAGE  OF PULSED 
ELECTRICAL DISCHARGE 
THROUGH CONTACT BREAKAGE 
 

Priming and electrical impulse 
formation is the most important stage, 
being directly related to the removal of 
material. This stage begins to develop in 
conditions of high temperatures at the 
contact surfaces of the two  
microasperities ,temperatures favoring 
thermionic emission. 

Under these conditions when 
breaking the  microswitch will appear a 

microbow rapidly developing in 
conditions of strong ionization in the 
presence of metal vapor, conditions 
allowing the emergence of thermal 
plasma in the  bow column and it is 
maintained  depending on local 
conditions and according to the distance 
between the two microswitches.  

The variation of  distance between 
the two microswitches  determine the 
variation of all other parameters of 
discharge transmitting the  phenomenon 
an impulse character, discharge occurring  
by breaking the metal contact.  
Electrical discharge is done through three 
distinct stages:  

- Priming stage;  
- Stage  of electrical discharges 
themselves;  
- Stage of disruption of electrical 
discharge.  
Following the thermal phenomena 

developed in the microvolumes of  
microasperities, the melted and vaporized 
material is ejected in the  working 
environment after the explosion of 
conductive deck and evacuated from the 
zone of interaction. The resulting crater 
on the OP and wetted with the working 
environment in the presence of electric 
field, should participate in the process of 
dissolution, but at very high 
temperatures, the working environment is 
dried and deposited on the anode surface 
thus constituting the  passive film (Fig. 
2.) 

Priming and  DEI development by  
contact breakage  is performed under the 
presence of the contact surfaces of very 
high temperatures of the two 
microasperities , temperatures favoring 
thermionic emission. Initially a microbow 
appears rapidly developing in conditions 
of strong ionization in the presence of 
metal vapors ,constituting electrical 
discharge  by breaking DEIRC contact  
itself.  
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Fig. 2. Stage of pulsed electrical discharge through contact breakage 

 
The duration of maintenance  of 

DEIRC is very short,  being in accordance 
with  local conditions, the size of the 
electrical parameters (U, I, R, L, C), the 
relative velocity between the OP and OT. 
The short duration of pulse maintenance 
itself transmits the  phenomenon its  
impulse character , DEIRC keeping itself 
transient.  

DEI interruption occurs due to the 
rapid growth of the distance between the 
two microasperities, one on the OP and 
another on OT ,respectively  falling  
below a certain threshold of electric field 
strength in the bow column and 
decreasing electronic and thermal 
ionization.  

Following the explosion of 
conductive deck, the  metallic material 
vaporized and melted due to thermal 
phenomena developed is expelled from  
the working environment and ejected 
from the interaction between OT and OP. 
Following this process,in  the DEIRC 
area, the OP shows a crater that is wetted 
by the working environment.  

The layer of material from the 
crater surface has a very high temperature 
so that at  the ML contact with 
superheated material occur a number of 
physical and chemical reactions, after 
which  arises, by thermal effect, a passive 
film with  mechanical and electrical 
characteristics similar to  passivant film 

PP occurred in the initial phase by anodic 
dissolution. Anodic dissolution process 
can not be developed, but it is not 
required for further processing process as 
PP already exists. 

 
3. CONCLUSIONS  
 

Processing through complex 
erosion involves a complex process that 
includes specific elementary processes 
taking place simultaneously in elementary 
workspace. The study of these elementary 
processes, namely knowledge and mastery 
of the physical mechanism of material 
removal is an important step in the 
process of generalization of complex 
processing erosion. So it can be concluded 
that the EEC is an overlapping  of 
processing by electrical erosion and 
electrochemical erosion , with mechanical 
depassivation. Removal of substance from 
OP is done by  material displacement due 
to DEI and DA. 
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