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Developed axisymmetric mathematical model for calculating the instantaneous current density in the electrode 

system, which is part of the electrical complex to reduce the residual stresses. Determine the instantaneous elect-
?omagnetic force acting on the non-ferromagnetic conductive disc and consequently the pressure force of the electrode 
on the non-ferromagnetic conductive plate and the current spreading in the electrode contact area with a non-
ferromagnetic conductive plate, calculated density distribution of the magnetic forces and the contact pressure zone. 
Found resulting electromagnetic field is the superposition of electromagnetic fields.The distribution of current density 
and electromagnetic forces which is a prerequisite to the explanation of the phenomenon changes of residual stresses in 
the contact area of the electrode with a non-ferromagnetic conductive plate. 

Key words: residual stresses, electrode system, mpuls current, Maxwell's equations, integral equation method, 
electrodynamic forces. 

 
INTRODUCTION. Residual stresses (RS) is the 

elastic strain and the corresponding stress which is bal-
anced within the body in the absence of external forces. 
They always appear at the end of any technological pro-
cesses, production, strengthening and restoration parts 
and components. Opportunities level control RS with 
technological methods are limited, and usually their 
level is still quite high even at the optimum manufactur-
ing technology. 

Thus, the problem of reducing residual stresses dur-
ing the technological process of production and exploi-
tation is relevant to ensure the reliability required char-
acteristics, durability, operability and safety equipment 
in various branches of agriculture. 

One  of  the  method  to  reducing  RS  is  an  additional  
action on metal by electric current with the density that 
is exceeded a certain threshold (hundreds A/mm2). 

Despite the extensive evidence in this area there is no 
information about the parameters current pulses at which 
the local relaxation of residual stresses is achieved. 

In the article is engineered electrotechnical complex 
for reducing residual stresses which consists of two in-
dependent circuits – circuit 1 and circuit 2, each of 
which consists of series-connected capacity, inductance 
and active resistance (fig. 1).  

The first one is intended for providing of given pres-
sure forces on nonferromagnetic conductive disc 1D  
which is rigidly jointed with the electrode 2D . The sec-
ond circuit enables setting the current pulse in the sam-
ple test. 

In general, the problem requires Maxwell's equations 
solving in a three-dimensional region, but if we do some 
assumptions, the problem can be reduced to the two-
dimensional problem. That is, if the coil, electrode and 
plate are massive cylindrical body having a common rota-
tion axis, which later is combined with z-axis of cylindri-

cal coordinate system , ,r z  (fig. 1), the problem is con-
sidered in axisymmetrical formulation [1–4]. 

The aim of the article is to calculate the current i(t)  
in the capacitor 2C  discharge circle, the current density 
distribution (Q,t)  in massive conductors, electromag-
netic force F(t)  that is acting on the electrode with disk 
and so on for a given system geometry, electrophysical 
characteristics of the structural elements material, elec-
trical elements connection, given capacitor voltage. 

 

 
Figure 1 – Electrotechnical complexes for reduce re-

sidual stresses 
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On the fig. 1.: 111 C,L,R  is the electrical parameters 
of first circuit; 10U  is capacitor 1C  voltage of first cir-
cuit; 222 C,L,R  is the electrical parameters of second 
circuit; 20U  is capacitor 2C  voltage of second circuit; 

1D  is nonferromagnetic conductive disc; 2D  is nonfer-
romagnetic electrodes; 3D  is nonferromagnetic conduct-
ing plate, in which we should reduce the residual stress; 

0D  is external space; wD  is inductance coil; 1K  is the 
first thyristor circuit; 2K  is second circuit thyristor.  

The original problem is formed as a combination of 
two subtasks. 

1) We assume that geometric parameters of the elec-
trode system and the electrical properties of materials, 
instant current density in the coil WD  that has only an-
gular components is given. 

2) We assume that geometric parameters of the elec-
trode system and the electrical properties of materials, 
instantaneous current density at the contact junction 

3010 S,S  of the external circuit with the electrode system 
(electrode, nonferromagnetic conductive plate). 

The first subtask allows calculating the instantane-
ous electromagnetic force that is acting on the nonfer-
romagnetic conductive disc 1D  and therefore the pres-
sure force on the electrode nonferromagnetic conductive 
plate 3D . 

The second subtask allows calculating the current 
spreading at the contact junction of electrode 2D  with 
nonferromagnetic conductive plate 3D . 

EXPERIMENTAL PART AND OBTAINED  
RESULTS. The resulting magnetic field is calculated by 
superposition of electromagnetic fields that are separate-
ly calculated in each subtask. [5, 6]. 

In the first subtask, there are the following expres-
sions for the components of the electromagnetic field 
and the eddy currents in massive conductors: 
 )t,z,r(EeE ; (1) 

 e)t,z,r()t,z,r( ; (2) 

 e)t,z,r(A)t,z,r(A ; (3) 

 zzrr e)t,z,r(e)t,z,r()t,z,r( , (4) 
in the second subtask:  

zzrr e)t,z,r(Ee)t,z,r(E)t,z,r(E ; (5) 

zzrr e)t,z,r(e)t,z,r()t,z,r( ; (6) 

zzrr e)t,z,r(Ae)t,z,r(A)t,z,r(A ; (7) 

 e)t,z,r()t,z,r( . (8) 
For the task solutions we formulate a boundary-

value problem in terms of the magnetic vector potential 
and electric scalar potential that reduces to an integro-
differential equations system (space integration varia-
bles, time differential) with using potential theory. 

These systems of integro-differential equations are 
solved using the approximation of the spatial variables 
by complete averaging method and the approximation of 
the time variable by first or second order difference 
schemes [7]. 

After the density currents in conductors will be calcu-
lated, the force which is acting on the disk, and the elec-
tromagnetic forces distribution in the contact zone of the 
electrode 1D  and nonferromagnetic conducting plate 3D  
are calculated. Analysis of the current density distribution 
and electromagnetic forces is a precondition for explana-
tion of residual stress effects in the contact zone of the elec-
trode with nonferromagnetic conductive plate. 

CONCLUSIONS. The axisymmetrical mathematical 
model for calculating the instantaneous current density 
in the electrode system that is part of the electrical com-
plex for reduce residual stresses is developed. 
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