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The main requirements for an electric unit at the stages of its design, development, production and usage are 

described in technical specifications (TS) and standards (GOST). The electric unit should work in accordance with 
a specific purpose and have significant reliability, durability and safety. 

The reliability and durability of electric unit significantly depends on restoring strength speed value, that is 
growth of breakage voltage in arc pass for eliminating repeated arc strike. 

This article describes several methods of test identification of restoring strength, which were carried out at 
special testing laboratory units. They are described in relation to conditions of measuring the residual arc column 
of AC current after it reaches zero point and can be used in designing arc blowout units of low voltage.  
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Introduction. In development of electric and electronic machines, first of all, it is necessary to 

take into account their prescribed switching capacity, which sets certain functional and technical 
requirements. 

The main requirements are: 
– temperature limit during prolonged heating; 
– electrodynamic bracing during SC current; 
– thermoresistance of the machine during SC current; 
– switching durability matching the capacity of this machine type;  
– workability of the machine. 
Meeting all these requirements is one of the reasons of existence of different electric machine 

types. 
The reliability of electric machines is provided by design of their units. The key units of elec-

trical machines are: 
• contact system having switching device; 
• arc-control device; 
• drive (electromagnetic unit); 
• external magnetic blowout. 
The last unit present not in all machines. 
The assessment of machine reliability could be difficult sometimes due to lack of information on 

unit characteristics. In this case, we build a physical model and conduct additional tests different from 
sample testing. Additional tests increase economic expenditures that is why we need to assess the prac-
ticability and necessity of these tests.  

To reduce expenses on additional tests we create mathematical models showing and analyz-
ing the working process of the desired unit. However, mathematical modelling could be chal-
lenging because of complex physical process occurring in electric machines. We can take the 
example of processes accompanying the current zero of electric arc in switching devices. When 
the growth of electric line voltage in contact solution exceeds the restoring strength, it could 
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lead to recurrent arc strike and cause excessive wear out of contacts [1]. Besides that with heavy 
current the electric arc more closely fits to insulating wall of the machine. The uneven heating 
of insulating wall is accompanied by mechanical tension inside this wall, which leads to defor-
mation of magnetic blowout chute and its early wear. The research of such mechanic tensions is 
of concern about the deterioration of chute walls. The difficulty of this type of research lies in 
the size (which is small) and surface of impact these deformations.  

The influence of these processes on machine reliability can be decreased with the help of 
vacuum units. The abrupt reduction of gas particles concentration decreases the possibility of 
occurrence of current carriers (electrons and ions). Thus, the electric strength in vacuum in-
creases in 4-5 times in comparison to air at ambient pressure. Most current carriers are produced 
out of metallic cathode due to electron emission. When emission stops, for example, when AC 
current passes zero, there is no possibility for current flow and the circuit switches off [2, 4]. 

Two abovementioned processes happening during switching off are relevant to no-contact elec-
tric machines. In this case the electro-magnetic energy is transformed into capacitive energy instead 
of heat one. 

The induction of external and internal magnetic field creating the magnetic blowout should 
provide quick escape of the arc from the contacts, especially during the last stage of arc blowout, to 
prevent the circuit overload because it exceeds the valid load of electric machine winding. Resulting 
from this the hybrid machines were introduced, especially for currents above 25 A. 

There are no methods for direct measurement of restoring strength in experimental procedures. 
It is determined with voltage which goes through the pass between contact during the test. The need 
to apply the measuring voltage leads to distortion of conditions in gas-discharge channel because of 
the energy, which is produced in it under this voltage load. That is why any measuring method en-
ables determining restoring strength which is to any extent differs from so-called «cold crushing 
strength» applied to a pass itself without any external voltage load. The degree of distortion of the 
measured value from «cold crushing strength» depends on the measurement method. 

Let us consider some methods for measuring restoring strength which are applied for arc-
blowout units with low voltage. Usually these methods allow measuring only one point of restoring 
strength curve in one test.  

The described methods are applied to measuring the strength of residual arc column of AC and 
DC reaching zero value. 

Restoring strength of arc column of DC free arc. At t time period the arc pass from the con-
ductor turns into non-conductor and its voltage gradually grows (inductance decreases zero pause 
and promotes arcing). 

If increase of arc current distance resistance, expressed as its DV udv (curve 1), advances the increase 
of restoring voltage u at distance (curve 2), then the arc will starve when going through zero (Fig.1). 

If the increase of distance resistance is slow 
(curve 3), then at the timepoint corresponding to 0 
point the arc will strike again and the arc voltage 
will change (curve 4). 

As a rule, the electric strength of arc distance 
grows faster from the start and then it increases 
in a slower mode. According to tests when arc 
current disappears the space near cathodes almost 
immediately has the electric strength of 
150-250 V. It could be explained by presence of 
cathode space charge (electrons will go to anode 
and it will not have negative space charge). A 
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Fig.1. Conditions of AC current arc blowout  
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cathode has positive space charge out of sluggish ions and its space becomes free from elec-
trons. When the arc strikes for too long the electrodes will heat and significantly decrease the 
electric strength of cathode distance, which could be only of a few tens of volt.  

For DC machines these methods are:  
• Method of critical conditions: the cut off circuit has so-called critical conditions, when there 

is no repeated arc strike. It is created by distance restoring strength speed control [4]. 
• Method of creating special arc strike conditions: 
a) a cut off circuit should have certain conditions under which the arc strike is stable during 

several half periods. The restoring strength oscillography is recorded with developing view repre-
sentation of process in time [5]; 

b) method of impulse circuits. At certain time intervals when current passes zero a synchroniz-
ing device switches off electric power supply and applies the voltage impulse sufficient for arc dis-
charge. By changing the voltage impulse value and time of application to distance we determine the 
points of restoring strength curve. The voltage impulses can be applied in pre-defined time intervals 
and determine in one test not a single but several points of restoring strength curve. 

Methods a) and b) do not allow recording changes of restoring strength into continuous 
curve during single test. In such test we can determine only one point of this curve. A curve 
build on several points can represent only relative curve of restoring strength because the proc-
ess of strength restoration in one test can differ from the same process during another test and 
strength value can have spread in values. If we want to have several points for building restor-
ing strength curve, then the test should be modified in such manner that we would be able to 
record a set of points with simultaneous arc blowout during the same number of blowouts cou-
pled in line into a main current circuit. 

When analyzing methods of restoring strength tracing in low-voltage DC units we should 
note a significant factor: when current and voltage pass zero point the arcs match. Slight deflec-
tions in time can be due to inductivity of gas charge plasma. 

Restoring strength of AC free arc column. The AC arc blowout units have different proc-
esses [2, 5]. 

The free arc appears in cut off circuit when a unit does not use any methods of arc column 
cooling intensification. This arc has natural heat exchange between warmed gas and environ-
ment – air in normal atmospheric conditions. When switching off low current values (5-128 А) 
due to significant electrodynamic forces the arc is quickly blown out from contacts and 
stretched behind them. The test results analysis [3, 5] showed that it leads to significant reduc-
tion of restoring strength. Under average (I  3000 A) and high current values (I  3000 А) the 
gap restoring strength greatly increases. 

The dependency of free arc restoring strength form time in a range from 15-20 to 200-300 ms 
can be expressed as approximation formula [5]: 

tKUu  0
r.sr.s , 

where 0
r.sU  is initial restoring strength in the abovementioned relative understanding of this value, 

V; K  is growth of strength, V/ms. 

The dependencies )( 0
0
.s IfU r   and )( 0IfK   were derived from test results (Fig.2).  

The calculated restoring strength will be minimal for examined conditions of its restoration 
process. 

Starting from current above 100 А we observe the influence of electrodynamic forces. The arc 
quickly reaches upper «ends» of lever contacts and will not be limited in its motion. The arc cooling 
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conditions will improve because it is more mobile 
and cause some arc root displacement. This im-
proves restoration conditions and leads to its 
growth. Indeed, starting from the mentioned cur-
rent values, the curve )( 0IfK   tends to in-
crease, and the curve )( 0

0
.s IfU r   decreases less 

abruptly. The validity of these statements is sup-
ported with the fact that minimum of curve 

)( 0IfK   matches maximum of common de-
pendency of free arc strike from current. The re-
storing strength should be influenced by plasma 
flows, which can carry energy from zones near 
electrodes. The conducted tests considered this 
influence as integrals. However, it would be prac-
tical to carry out special tests to research influence 
of direction, speed and intensity of plasma flows 
on restoring strength. 

The important test result is that electric strength after current reaches zero 0
r.sU  is signifi-

cantly below values of so-called near cathode strength [7]. 
The difference of results of «initial» restoring strength is explained by different degree of 

thermoelectronic emission of heated electrodes after zero current under different conditions of 
tests. If we consider the continuous curve of restoring strength, then we can expect presence of 
three zones.  

The first zone should be right after the point when current passes zero. Its parameters obvi-
ously should be determined by arc root cooling processes up to the temperature when its ther-
moemission stops.  

The second zone should correspond to cooling stage of near cathode area and the whole arc 
column up to the temperature below 3000 K, when thermal ionization of air stops and the re-
storing strength is no longer influenced by ionized gas particles. 

In the third zone, there will be a final restoration of gas dielectric properties; the restoring 
strength will be determined by gas temperature through its density changes 
(3000 K > T > Tenvironment).  

If we agree to this distribution of restoring strength curve, then we can state that measured 
values of ur.s are mainly within the second zone and sometimes in the first, at its end. 

The described test results of researching the restoring strength are relevant for the time pe-
riods right after the point when current passes zero for the first time. The following research are 
of no interest, since rational arc blowout unit should provide arc blowout during the first point 
of current passing zero level. That is why the first pass dependencies are of key importance. 

Test results analysis. The moment of unit contacts break relative to sinusoidal current 
wave influences the strength restoration process time and its value. Based on tests statistical 
data we can conclude that at currents of several hundreds of amperes the most unfavorable mo-
ment is the contact breakage point, close to the middle of half-period, when arc blowout condi-
tions are the most difficult one, and number of repeated arc strike is the highest [8]. 

This could be explained by the fact that when contacts break at the end of current half-
period and arc and arc root current reaches zero point, contacts have small amount of energy. 
This improves restoring conditions of electric strength due to relevantly fast cooling of the cor-
responding zone of gas charge channel after the current reaches zero. When contacts break at 
the beginning of current half-period there is stable arc stretching due to electrodynamic forces 

 

0 50 100 300 500 700 1000 1400 I0, А 

200 

400 

2 

4 

K, V/ms 

2 

Fig.2. Dependency of initial restoring strength 
and strength growth speed from cut off current 

(free arc, copper contacts) 

1 – cathodes voltage; 2 – )( 0IfK  ; 3 – )( 0
0
.s IfUr   

 0
r.sU , V 

1 

3 



 

 

DOI: 10.18454/PMI.2017.2.235 
 

Stanislav M. Apollonsky, Yurii V. Kuklev 
Method of Restoring Strength Determination Test  

239 
Journal of Mining Institute. 2017. Vol. 224. P. 235-239  ● Electromechanics and Mechanical Engineering  

 

and separation of unit contacts: arc goes out of narrow zone between contacts and its roots can 
freely move along them. When conditions of electric strength restoration are favorable, after 
zero point it grows fast and number of repeated strikes reduces. 

If unit contacts are separated in the middle of half-period, then at the end of half-period the arc has 
no time to go out of narrow zone between contacts and at the same time has a lot of energy. After zero 
point, there are no favorable conditions for its fast diffusion, that is why the restoring strength is not high 
enough and number of repeated arc strike is higher than in the other two cases described above [4]. 

If we look at absolute values of restoring strength at significant cut off currents, we can note 
that they are not high, at least, not enough to outstay the restoring voltage of hundreds or even thou-
sands of volts, which are possible in low-voltage circuits. Here comes the question: what factors 
under these conditions provide arc blowout in centiseconds? 

 
 

Conclusions 
 
1. The stretched electric arc produced at unit contacts gains active resistance, which could be a 

sequence higher than resistance of cut off circuit.  
2. This fact leads to significant reduction of voltage value when current reaches zero point.  
3. As a result the restoring voltage reduces abruptly and relevantly low restoring gap strength 

will be unable to outstay it without breakage.  
4. The growing arc resistance greatly reduces circuit current at the following half-periods of arc 

strike. 
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