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Abstract. The paper presents a 3D magneto-thermal numerical model which 
can be used for the modeling and optimization of high currents busbar 
contacts for AC. The model is obtained by coupling of the magnetic model 
with the thermal field model. The coupling is carried out by the source term of 
the differential equation which describes the thermal field. The model allows 
the calculation of the space distribution of the electric and magnetic quantities 
(magnetic flux density, magnetic field, electric field and the current density) 
and of the thermal quantities (the temperature, the temperature gradient, the 
Joule losses and heat flux). A heating larger than that of the busbar appears in 
the contact zone, caused by the contact resistance. The additional heating, 
caused by the contact resistance is simulated by an additional source injected 
on the surface of contact, which is calculated using a model of contact 
resistance. The 3D model has been solved by the finite elements method in 
Flux software. The model was experimentally validated. Using the model, one 
can determine the optimal geometry of dismountable contact for an imposed 
limit value of the temperature. 
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INTRODUCTION 
The optimization of the busbar contacts (Fig. 1) for high currents (1000 – 4000 

A), used in the design of electrical equipment in metal envelope, is possible by solving a 
coupled magnetic and thermal problem. The dismountable contact of a system of 
busbars has a non-uniform distribution of current density on the cross-section of the 
current leads in the contact region. 

 

Figure 1. Typical Busbar Contact 



 
 

 

NUMERICAL MODEL 
The mathematical model used for obtaining the 3D numerical model has two 

components, the magnetic model and the thermal model, coupled by the source term, 
which varies according to the temperature. 

Magnetic Model 
The magnetic model is governed by a 3D model described by the equation for 

magnetic vector potential in harmonic hypothesis: 

(1) sJAjA
rrr

=+⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
×∇×∇ σω

μ
1

. 

where μ - the permeability, σ - the electric conductivity and sJ
r

 - the source current 
density. 

Thermal Model 
The thermal model is governed by the thermal conduction equation in transient 

state: 
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where λ  - the thermal conductivity, ρ  - the mass density. 

The coupling between magnetic and thermal equation is realized trough power 
density expresed by: )(TS
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BOUNDARY CONDITIONS 
 The magneto-thermal analysis is performed by FEM using the governing 

equations (1) and (2) and the following boundary conditions: 
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where  - the convection coefficient,  - the ambient temperature. h ∞T

NUMERICAL RESULTS AND EXPERIMENTAL VALIDATION 
The 3D model was obtained using the software Flux 3D by coupling the AC 

Magnetics problem at 50 frequency of 50 Hz with the transient thermal problem [8]. 



 
 

 

Figure 2. 3D mesh (269137 elements). 
 

 

Figure 3. Electric circuit of busbar contact. 
 
The mesh was realised using first order tetrahedral elements (Fig. 2). The 

injected current in busbar was modeled by a current source connected to a solid 
conductor using the module of electric circuits of Flux 3D (Fig. 3). 

 The Fig. 4, 5 and Fig. 7-9 present some numerical results and the experimental 
results are shown in Table 1.  

 



 
 

 

 

 

 

Figure 4. Temperature distribution in the contact region (in oC ).

Figure 5. Time evolution of temperature in fixed points. 
 

Figure 6. Points of temperature measurement. 
 



 
 

 

 

Table 1. Experimental results 

Point T1 T2 T3 T4 T5 T6 T7 

T [oC] 38.2 38.7 39.7 39.9 39.6 38.6 38.2 

 

Figure 7. Transversal distribution of current density. 
 

Figure 8. The distribution of temperature along the half busbar. 
 

Figure 9. Time evolution of electromotive force on the bar system. 



 
 

 

  
The numerical temperature field in busbar system (Fig. 4) was experimentaly 

validated (Table 1) in seven points ( , Fig. 6). The relative error in point  
is . The time evaluation of calculated temperature in the points

71 TT − 4T
%92.1 41 TT −  is 

presented in Fig.5 and in Fig. 7 – 9 are presented, respectively, transversal distribution of 
current density, the distribution of temperature along the half busbar, and the time evolution of 
electromotive force on the bar system. 

CONCLUSIONS 
The presented model can be used for the optimization of the current leads of 

high currents with variable cross-section, such as the dismountable contacts of busbar. 
Numerical model created allows evaluation of the maximum temperature in the contact 
area as a function of the tightening force of the dismountable contact. 
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