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Abstract—This paper deals with the analysis of contacts for 
high-current equipment. The issue of electrical contacts is an 
area in which the tasks of solving material, mechanical, 
electrical and last, but not least, temperature relations 
describing the processes of electrical current transfer through 
contacts meet. Knowing the exact distribution of the 
temperature field of and around the electrical contacts allows 
manufacturers to select the right material, resize the shape, or 
adjust the conductive path so that the electrical contact does 
not overheat and perform the function of the re-switching 
element in the electrical circuit. 
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I. INTRODUCTION 

Each electrical switchgear shall have a current path so 
arranged that it can be interrupted at one point during the 
operation. The intersection point, but also the path of 
interconnection, has some different characteristics from the 
other sections. The conductive connection of the two 
separated parts of the flow path is realized by means of 
contacts. 

The interruption of the electric current path can be 
performed under various operating conditions, e.g. with 
current, without current, at different voltages, with high 
switching frequency and other. This fact places contacts 
between important parts of the devices. Nowadays, high 
demands are placed on contacts and therefore they deserve 
considerable attention. In general, the requirements for 
contacts can be characterized as follows [1]: 

• low contact resistance, 

• high resistance to mechanical attrition (mainly 
against contact friction), 

• high resistance to welding, 

• high resistance to electric arc, 

• optimum effect on the development of deionization 
processes after extinguishing of breaking arc (good 
switching ability). 

II. CHARACTERISTICS OF SELECTED SADDLE ELECTRICAL 

CONTACT 

A. High-current saddle electric contacts for 250 ÷ 3000 A 

The selected type of saddle contacts has several 
applications and therefore several advantages. 

This type of contacts if offered for decades and 
technically is up-to-date and continuously still under 
development. It is supplied either as one piece standard 

contact for a bus-bar thickness of 10/15 or 20 mm or as a 
ready-to-install contact unit complete with base, i.e., 
integrated power connection bar or angle and insulation 
plate. Contacts with base are suitable for immediate 
installation on the tank frame. In order to maximize the life-
span of the contacts and to minimize the repair and down 
times it is recommended to use protective covers. Protective 
covers used in heavy-duty applications also have an 
integrated 10 mm stainless steel mounting guide and are 
recommended especially when using heavier bus-bars. The 
mounting guide catches the bar securely making it easy to 
position properly. If someone want to use the normal 
protective cover or no cover, an alternative is to install a 
mounting guide made of red brass, afterwards. This type of 
contact saddles provide the following advantages and enable 
the least amount of current loss to the bus-bars and tank 
contents when the system is planned and utilized 
professionally. 

B. Main advantages and construction features 

• Self-tightening: Insertion of bars using their own 
weight and therefore suitable for fully automatic 
system operation. 

• Self-cleaning: Contact surfaces are rubbed clean 
while the bars are inserted. 

• Conductivity: Contact saddles and foil package are 
made of E-Cu with guaranteed conductivity. 

• Robust: Stable work rod construction made of red 
bronze as well as stainless steel protective cover. 

• Compact: Minimal installation area even for high 
current. 

• Maintenance Friendly: Simple exchange of 
individual parts. Produced according to modular 
principle. Complete replacement contact elements 
or individual foils can be simply exchanged 

 

Fig. 1. View on the standard saddle electrical contacts 
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Fig. 2. View on the standard saddle contact a) spatial view; b) front view; 
c) side view 

TABLE I.  VALUES OF MAXIMAL LOAD AND PARTICULAR 
DIMENSIONS OF CONTACTS 

  Dimensions (mm) 
Max. 
load 
(A) 

Number of 
contact fingers 

15×8 (mm) 
L L1 B B1 H H1 S S1 

250 4 160 35 75 45 150 60 10 20 
500 6 160 40 95 65 150 60 12 20 
1000 6 160 40 95 65 150 60 12 20 
1500 6 160 40 95 65 150 60 12 20 
2000 8 160 40 80  180 85 12 20 
2500 10 195 50 100  180 85 14 20 
3000 14 230 55 135  180 85 16 20 

III. TEMPERATURE FIELD DISTRIBUTION OF 500 A 

ELECTRICAL CONTACT 

 Based on the presented Table 1, an analysis of the 
suitability of using a saddle contact for 500 A application 
was performed, with the condition of not exceeding 75 °C at 
any point of contact as well as bus-bar being chosen as the 
main parameter. 

As an example of thermal field distribution calculation, a 
500 A saddle electrical contact was chosen, which is variable 
and some of its dimensional or material parameters can be 
modified according to the manufacturer. 

 

Fig. 3. Main parts of the mentioned contact (1 – base board; 2 – 
supporting holders; 3 – pressure springs; 4 – saddle contacts; 5 – bus-bar 
that fits into the saddle) 

A. Material of the parts used: 

• base-board is made of copper, 

• supporting holders are made of steel, 

• pressure springs are made of steel, 

• saddle contacts are made of polished copper, 

• bus-bar is made of copper. 

 

TABLE II.  MATERIAL PROPERTIES OF PARTICULAR PARTS FOR 
THERMAL ANALYSIS 

Parameter / material 

Baseboard; 
Saddle 

contacts; 
buss-bar; 

(Cu1) 

Supporting 
holder; 

Pressure 
spring (Fe) 

Impurity 
(inhomog.) 

ρ20°C [kg·m−3] 8960 7870 2400 
c20°C [J·kg−1·K−1] 385 450 1085 
λ20°C [W·m−1·K−1] 401 76 30 
ρel,20°C [Ω·m] 1,7⋅10–8 9,7⋅10–8 0,002 

 

Where: ρ20°C specific volume density at 20°C, 

c20°C specific heat capacity at 20°C, 

λ20°C thermal conductivity at 20°C, 

ρel,20°C electric resistivity at 20°C. 

B. Dimensional parameters of impurity for simulation 

An impurity thickness of 1 mm was used to create the 
impurity model, although in reality it can only reach a 
thickness of 10–8 m to simplify meshing. The electro-thermal 
physical parameters of this layer were adjusted accordingly. 

C. Geometrical parameters of electrical contact: 

• height of one contact: 75 mm, 

• width of one contact: 15 mm, 

• impurity thickness: 1 mm, 

• area of one contact: 1125 mm2, 

• total area of impurity: 4860 mm2. 

 

 

Fig. 4. View on the areas, that were considered as impurities 

D. Thermal surface losses 

When modeling, one must also consider the location 
where the contact is used. For the calculation, it was 
necessary to determine the boundary conditions, i.e. the wall 
surfaces from which heat transfer into the environment is 
considered. For the upper contact surfaces, the heat transfer 
coefficient α was chosen to be 4 W⋅m–2⋅K–1 and for the side 
and lower walls 3 W⋅m–2⋅K–1 (for considering the location of 
the contacts in a horizontal position). 
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Fig. 5. Place definition of boundary conditions at each point of contact 

IV. CALCULATION OF CONTACT RESISTANCE 

If one presses two metal materials on each other by force 
Fk, then the specific type of joint contact is made. If we 
observed the place of this contact under the microscope, we 
would find that even on technically flat surfaces there is no 
contact on the whole surface, but only in a certain number of 
microscopic surfaces, which is given by microscopic surface 
irregularities (Fig. 6). This number is random. The size and 
the number of microplates also depend on the mechanical 
properties of the materials and the contact force Fk. The 
formation of contact in the micro-surfaces causes both the 
deformation of the nozzles (their elongation) and the 
reduction of the cross-section through which the current 
passes. This increases the electrical resistance of the contact 
point (straits) Ru. [1] 

 

Fig. 6. Display of areas on which impurities were considered 

If it is assumed that the contact is made up of n equal 
areas and there is no mutual interaction of the current field, 
the resulting strait resistance will be given by: 

 
0

u 2r
R

ρ=  [Ω]  (1) 

The size of the contact areas depends on the properties of 
the contacts (shape and material) and also on the pressure 
force Fk. The type of material deformation that occurs at the 
point of contact is critical. According to the shape of contacts 
and mutual geometric arrangement it is possible to 
recognize: 

• point contact (junction) 

• line contact (junction) 

• surface contact (junction) 

Point contact is achieved if the spherical surfaces, or the 
spherical surface with a flat surface, or two crossed cylinders 
touch. Line contact is formed when the cylinder contacts the 
plane along the body surface. Surface contact is obtained by 
contact of two contacts with flat surfaces. 

The radius of the contact surfaces depends on the type of 
deformation. In the arrangement of a sphere and a plane of 
the same material, the elastic deformation shall be given by 
the formula: 

 3 kk
0 11,1

E

rF
r =  [m]  (2) 

In this case, there were used equations (1) and (2) as well 
as an analysis referred in [1], where for this case the radius of 
the circular surfaces is r0 = 0.037 m. By substituting the 
values, the resistance of the strait is Ru = 1,497⋅10–7 Ω/m. If 
the total contact resistance consisted only of this component, 
the thermal analysis (distribution of temperature field) of the 
contact is shown in the figure Fig. 7. 

 

Fig. 7. Temperature field of the 1 pair of saddle contacts, considering only 
the strait resistivity 

For a more precise analysis, several factors that affect the 
accuracy of the contact resistance determination should be 
taken into account, so the following equation will be used in 
the next analysis: 

 
m

n

F
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R



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k

S
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Where F1 = 1 N and Fk is contact pressure force. 

The coefficient kn includes the properties of the material 
itself, the properties of the layers and the contact point 
conditions. For these reasons, it varies in size, and varies 
widely for some materials. The exponent m affects the most 
important property and it is the type of contact: 

• point contact (junction) m = 0,5, 

• line contact (junction) m = 0,5 to 0,7, 

• surface contact (junction) m = 0,6 to 1. 
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For copper and silver contacts, the contact resistance 
dependence on pressure force is shown in Fig. 8. Coefficient 
k acquires values of kCu = (15 to 400)⋅10–4 Ω, kAg = (3,8 to 
12)⋅10–4 Ω, lower value applies to clean surface and higher to 
corroded surface. 

 

Fig. 8. Contact resistance dependence on pressure contact force Fk for Cu 
and Ag [1] 

For determining the resulting contact resistance, it is also 
necessary to consider the resistance of the foreign layers. 
This is included in the coefficient kn in equation (3). If it is 
assumed that due to the pressure springs, the resulting 
contact force Fk = 200 N, and the contacts are degreased and 
polished, the resulting resistance is obtained as Rs = 0,002 
Ω/m. 

V. TEMPERATURE FIELD DISTRIBUTION SOLUTION OF 500 A 

ELECTRICAL CONTACT 

When analyzing the temperature field, it was necessary to 
find out which places were most stressed and therefore it was 
necessary to determine the minimum contact area and thus 
the number of saddles. Individual alternatives using of 1-, 2- 
and 3-saddle contacts are shown in the following figures. 

A. Analysis of 1 pair of saddle contacts 

When using only one pair of saddle contacts, the contact 
point is heated to 482.03 °C. The exact temperature 
distribution is shown in the figure Fig. 9. 

 

Fig. 9. Temperature field distribution of 1 pair of saddle contacts 

With a doubled increase in surface heat loss (by a forced 
convection), the point of contact was cooled to temperature 
of 278.65 °C (Fig. 10). 

 

Fig. 10. Temperature field distribution of 1 pair of saddle contacts after 
applying forced cooling 

In this solution of lowering the temperature, it is 
necessary to use further investments in cooling device for 
lowering the ambient temperature. A more economical 
method is to use another pair of saddle contacts as it follows. 

B. Analysis of 2 pairs of saddle contacts 

If 2 pairs of saddle contacts are used, the contact 
temperature rapidly decreases to 176.61 °C (Fig. 11). 

 

Fig. 11. Temperature field distribution of 2 pairs of saddle contacts 

When using a cooling fan that causes doubled heat 
dissipation, the temperature is reduced to 105.54 °C (Fig. 
12), but it still does not confirm the temperature condition. 

 

Fig. 12. Temperature field distribution of 2 pairs of saddle contacts after 
applying forced cooling 
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C. Analysis of 3 pairs of saddle contacts 

When using 3 pairs of saddle contacts, the contact area is 
9 000 mm2. The highest temperature that was reached was at 
the point of contact, 64.363 °C (Fig. 13), that confirm the 
main condition, and therefore it is not necessary to add 
supplementary cooling device. 

This analysis validated the recommendation of the 
producer of that type of contacts, that for the 500 A 
applications, it is necessary to use 3 pairs of saddle contacts 
instead of 2 or just 1 pair. 

 

Fig. 13. Temperature field distribution of 3 pairs of saddle contacts 

VI. CONCLUSION 

The aim of this paper was to present an analysis of the 
temperature field distribution of high-current electrical 
contacts, which was realized in the ANSYS environment. It 
is apparent from the results compared that by utilizing a 
plurality of saddle contacts and thus increasing the contact 
area, the contact resistance of the contact layer is reduced, 
thereby reducing Joule losses and hence the temperature of 
the contact itself. Thus, the total current flows through a 
larger area and less stresses some of the bottlenecks that 
would overheat. Another alternative to increasing the contact 
area is to change the material, to modify the material as well 
as to increase the contact force of the contacts, or to add 
additional cooling (active, passive). 
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