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Abstract. The authors analyzed the ability to produce asperities on the surface of discharge electrodes 
vacuum insulation systems by hitting the electrode surface small clumps of material - microparticles. 
Insulation systems with electrodes made of copper, aluminum and titanium were analyzed. The dependence 
on the distance between the electrodes and the minimum voltage value at the terminals of the insulation 
system was determined, under the influence of which accelerated spherical microparticles with different 
radii cause deformations of the electrode surface. 

1 Introduction  
State analysis, design optimization, and life prediction of 
electrical equipment are important operational issues [1-
3]. In case of high voltage insulation systems in analyzes 
often complex computational algorithms are used [4-6]. 
In investigations of the properties of vacuum insulation 
systems, the authors indicate that if the voltage exceeds a 
certain level, irreversible changes occur in the system 
[7]. Because their effect is a rapid increase in the value 
of the field emission electron emission, these changes 
consist in the formation of microedges with a high 
amplification factor of the electric field on the surface of 
the electrodes. From physical phenomena occurring in 
vacuum insulation systems, the reason for such  sudden 
creation of a microedge may be the impact on the surface 
of the electrode of the metallic microparticle causing 
creation the asperity [8]. 

This paper presents an analysis of the possibility of 
producing such asperities. It has been assumed that the 
striking microparticles have the shape of a sphere and 
are made of the same metal as the electrode in which 
they strike. The systems with electrodes made of copper, 
aluminum, [8] and titanium [9] were analyzed. 

2 Calculation method  
The speed of a spherical microparticle at the moment of 
impact on the surface of the opposite electrode depends 
on the voltage applied, the distance between the 
electrode and the material of the microparticle [10]. 

For a striking microparticle to cause plastic 
deformation of the electrode material, it must have a 
speed greater than the critical deformation rate of the 
plastic material of the electrode, defined as the smallest 

value of the speed that must be given to a part of the 
material to cause plastic deformation. Critical velocity of 
plastic strain υp expresses the formula [8] 

   (     
)
  ⁄

    (1) 
where: Re – yield stress of the electrode material, 
δe – density of the electrode material. 

Assuming that the spherical microparticle is made of 
the same material as the electrode in which it strikes, the 
minimum voltage applied to the terminals of the 
insulating system, which will cause the microparticle on 
impact will cause deformation of the electrode surface is 
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where: rm – microparticle radius, 
d – distance between electrodes, 
ε0 – vacuum permittivity. 

3 Calculation results   
From the formula (2) were determined the dependences 
of the minimum value of voltage applied to the vacuum 
insulation system, causing the spherical microparticle 
acceleration in the inter-electrode space  to the speed 
necessary to plastic deform the  surface of the electrode 
in which it hits, to the radius of the microparticle. 

Dependencies were determined for insulation 
systems with electrodes made of copper, aluminum and 
titanium, with inter-electrode spacing of 1, 5 and 10 mm. 
The following values of yield strength of electrode 
materials were used in the calculations: copper ReCu = 
35 MPa, aluminum ReAl = 60 MPa and titanium ReTi = 
170 MPa. These dependencies are shown in Fig. 1. 
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Whereas, Fig. 2 shows the dependence of the 
minimum voltage applied to the vacuum insulation 
system, determined from formula (2), causing 
acceleration the spherical microparticle to the velocity 
effects the plastic deformation of the electrode surface to 
which it strikes, from the length of the gap between 
electrodes in insulation system.  
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Fig. 1. The dependence of the minimum voltage value that 
causes the spherical microparticle to accelerate to the velocity 
causing the plastic deformation of the electrode surface in 
which it strikes from the radius of the microparticle; the inter-
electrode spacing d was 1, 5 and 20 mm, and the electrodes 
and striking microparticles were made of Cu, Al or Ti. 
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Fig. 2. Dependence of the minimum voltage value, causing in 
the insulation systems with electrodes made of Cu, Al or Ti, 
acceleration of spherical microparticles, with a radius rm equal 
to 0.001, 0.01, 0.1, 1 and 10 μm, to the velocity causing plastic 
deformation of the electrode surface in which they hit, from 
the length of the electrode gap. 
 

Different values of yield points of electrode materials 
cause that in the relations shown in Fig. 1 and Fig. 2, the 
minimum voltage causing acceleration of the 

microparticle to the velocity causing plastic deformation 
of the electrode surface is the smallest when  electrodes 
are made from copper, slightly higher in the case of 
aluminum electrodes and the largest for systems with 
titanium electrodes. 

From Fig. 1 and Fig. 2 it also follows that in the case 
of vacuum insulation systems,  with 1 mm and with a 5 
mm distance between electrodes, at voltages slightly 
lower than given above values of electrical strength, 
microparticles with radii up to several tenths of 
micrometer  can cause deformation of the surface of the 
electrodes in which they strike. It seems that the height 
of the asperity produced by the microparticle is close to 
its radius. With this assumption follows, from Fig. 1 and 
Fig. 2,  that at voltage values slightly lower than the 
electrical strength values of the systems (given above), 
the strikingly inconsistent surfaces of the microparticles 
have a radius of tenths of a micrometer. It can therefore 
be assumed that the asperities size they created were of 
the same order of magnitude. 
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