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 In this paper results of theoretical analysis of the thermal and electrodynamic 
characteristics of electrical contacts are presented. Influences of contact material on 
temperature changes are discussed. Real contact area impact on electrodynamics of 
electrical contacts is analysed 
 

1.  ELECTRICAL CONTACTS AND CONTACT MATERIALS 
 
 Electrical contacts are exposed to various hazards during their life cycle. Those 
hazardous phenomena include thermal and electro dynamical risks. In order for the 
electrical contacts to work properly for a long time it is necessary to calculate the 
influence of those phenomenons. To analytically present them many simplifying 
assumptions have to be made because of the complexity of considered issues. 
 Many different materials are used for electrical contacts. These materials 
include Ag, AgNi, AgSnO2 and AgCdO. The first two of them are discussed in this 
paper. Both of them can be used in low power electromagnetic relays, but the 
dominant material is AgNi. 
 

2.  THERMAL CHARACTERISTICS OF ELECTRICAL 

CONTACTS 
 
2.1. Thermal theoretical model 

 
 In order to analyse thermal characteristic of electrical contact in steady state a 
simple model will be used (Fig. 1). This model represents the contact spot between two 
connected conductors. In this model the presented temperatures are as follows:  
τp – steady temperature rise at x = ∞ (away from the contact spot), τz – steady 
temperature rise at x = 0, Δτ – additional temperature rise as result of higher current 
density in the contact spot. The additional temperature rise is a result of reduced cross 
section of the contact spot, which is many times smaller that the real contact size. 
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 The temperature distribution in a conductor with a contact spot is described by [1]: 
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where: I – nominal current, R – contact resistance, λ - thermal conductivity, and a 
and τp are [1]: 
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where: kod - heat transfer coefficient, S – contact spot cross-section, Sp1 – lateral 
surface of a dx element of the conductor (in the discussed case is  equal to 2πr), ρ – 

contact material electrical resistivity. 

 
 

Fig. 1. Temperature distribution in electric conductor with contact spot: τp – steady temperature rise  
at x = ∞ (away from the contact spot), τz – steady temperature rise at x = 0,  

Δτ – additional temperature rise[1] 
 

The additional temperature rise in steady state is described by [1]: 
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 The additional temperature rise should not be greater than 10 – 20 K [3]. 
 

2.2. Results of thermal characteristics calculations 
 
 The presented calculations were made for two different contact materials: Ag 
and AgNi, and two different contact resistance Rz. The parameters used: I = 10 A, 
kod = 1, r = 1,5 mm (for the S and Sp1). Contact material electrical resistivity equals: 
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ρAg = 1,65·10-8 
Ωm [4] and ρAgNi = 1,88·10-8 

Ωm [2], thermal conductivity:  
λAg = 4,18·10-2 

W/m·K, λAgNi = 3,83·10-2 W/m·K. Electric contact resistance Rz was 
taken as the minimum and maximum described in [5] (Rzmin = 2,07 mΩ,  
Rzmax = 7,88 mΩ). Results of the calculations are presented in Table 1. 
 
 

Table 1. Temperature value depending on contact material and contact resistance 
 

Contact resistance R = 2,07 mΩ 

Material τp τz Δτ τmax 

 [ºC] [ºC] [ºC] [ºC] 

Ag 24,77 44,35 6,93 51,28 

AgNi 28,22 46,97 6,57 53,54 

Contact resistance R = 7,88 mΩ 

Ag 24,77 99,40 88,89 188,29 

AgNi 28,22 99,68 84,61 184,29 

 

 

 The steady temperature rise τp is equal for both of the contact resistances as it is 

only dependent on current and electrical resistivity of the material. The AgNi has a 

slightly higher resistivity than pure Ag (around 14%) thus τp has a higher value. 
Because of different thermal conductivity λ of the two materials the temperature 

rise τz and Δτ of AgNi is slightly smaller that Ag. 

 The greatest influence on the temperature rise comes from the change in 

electrical contact resistance Rz. Higher the contact spot resistance the real contact 
area gets smaller, which leads to higher current density and greater generation of 

heat. With the rise of the resistance by a factor of 3,81 the maximum temperature 

for the Ag and AgNi rose by 3,67 and 3,44 respectively. The additional 
temperature rise factor is even greater and is equal to 12,83 and 12,88 respectively. 

 However use of AgNi as a contact material gave a slightly lower maximum 

temperature than Ag which is a better result as the contact spot shouldn’t generate 
too much heat. In both cases with the higher contact resistance the additional 

temperature rise exceeded the maximum proposed rise of 20 K mentioned earlier. 

This may be the result of a higher that required contact resistance and by the 

imperfection of the theoretical model. The maximum temperature is not the only 
criteria based on which a material is chosen, amongst those criteria are the 

resistance against welding and electric wear. 
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3.  ELECTRODYNAMIC CHARACTERISTIC  

OF ELECTRICAL CONTACT 
 
3.1. Electrodynamic simplified theoretical model 
 
 Reduction of the electrical contact cross area generates an electrodynamic force 
Fy which is repealing the contacts apart [3]: 
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where: r1 – radius of cylindrical contact, r2 – real contact area radius. 
 A simplified model representing the two radius values is presented on figure 2. 

 
 

Fig. 2. Simplified model of single point electric contact [1] 
 

 To calculate this force the radius r2 has to be known. It is almost impossible to 
determinate its value, and for single contact point only an approximation can be 
made based on the contact closing force and contact material properties and is 
described by [3]: 
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where: Fs – contact closing force, σ0 – yield strength of contact material. 
 Another way to determinate the real contact radius can be based on electric 
contact resistance and the elliptical contact surface model [4]: 
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ρ
=R            (7)  

 With known contact resistance and the resistivity of contact material the value 
of r2 can be calculated. 
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3.2. Results of electrodynamic characteristics calculations 

 
 Based on equation 5 electrodynamic force was calculated for to contact 
resistances 2 mΩ (Fig. 3) and 7 mΩ (Fig. 4). 
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Fig. 3. Repelling contact force Fy dependent on current (R = 2 mΩ), F – relay nominal contact force 
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Fig. 4. Repelling contact force Fy dependent on current (R = 7 mΩ), F – relay nominal contact force 
 

 As mentioned earlier the contact resistance determinates real contact area radius 
r2. Greater electrical contact resistance leads to smaller contact spot area. That 
strengthens the effect generated by higher current density in the contact spot, which 
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results in greater repelling force acting on the contacts. Relay nominal contact 
force was measured and it was not greater than 0,6 N. 
 The calculated repelling force for both cases in the steady state is insignificant. 
However in case of a short circuit current there exists theoretical possibility that the 
contacts could open if the current value will be greater than 120 A and 60 A 
respectively. 
 

4.  CONCLUSION 
 

 Influence of electric contact material on thermal and electrodynamic 
characteristics of electrical contact was discussed. Based on the results presented 
concerning temperature rise on contact spot a minimal influence of contact material 
can be observed. A much greater influence on thermal characteristics had electric 
contact resistance. The same relationship was found concerning the electrodynamic 
force. Higher value of contact resistance leads to lower tolerance for force 
generated by a greater current value but in relation to steady state its impact can be 
omitted. 
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