
 

  
Abstract—In the electric power industry, optimizing power 

flow is a primary concern, in the generation, transmission and 
distribution process. One key ingredient is providing and 
maintaining low resistance conductive joints. Field experience 
and laboratory studies have shown that this is especially true in 
the case of bus bars and bolted high current connections. 
Unplated joints are generally less reliable due to potential 
oxidation of the surfaces. If unplated joints are used special care 
must be taken to clean the two surfaces and  petroleum based 
greases should be applied to slow down the oxidation process. 
The development of Belleville washers permitted some 
significant advances in the ways busbars could be joined. This 
paper describes how plated bus bars outperform unplated bus 
bars by providing stable contact resistance and a low maximum 
operating temperature that will increase the service life of the 
bus joint.  
 

Index Terms—Aluminum bus bar, belleville washer, copper 
bus bar, contact resistance, , silver plating 
 

I. INTRODUCTION 
Earlier in the electric power industry the aluminum or 

copper bus bars were installed uncoated and left that way. 
While the performance of an uncoated bus joint may have 
been sufficient years ago, today’s increasing demands for 
power, given the limited capacity and economies of the 
marketplace, are forcing the producers to improve the 
efficiency and performance of the entire system. Engineering 
surfaces are never absolutely smooth and the surface 
irregularities become apparent when observed under a 
microscope. As a result, constriction resistance arises in 
practical electrical interfaces because contact is made only at 
few discrete spots as defined by the roughness of contacting 
surfaces and applied contact pressure 
The resistance of a joint [1] is affected mainly by two factors: 

a) Streamline effect or spreading resistance Rs, the 
diversion of the current flow through a joint. 

b) The contact resistance or interface resistance of the 
joint Ri.\ 

         The total joint resistance Rj=Rs+Ri 
 
The above equation is valid only for a d.c current. Where 

a.c. currents are flowing, the changes in resistance due to 
proximity and skin effects in the joint zone will also be taken 
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into account. 
Further the role of changes in thermal and electrical 

resistance that can occur in a clamped joint is very important 
as both can affect the contact force and current flow across 
the joints A purely metallic contact joint occurs only in 
vacuum. In free air oxide layers form on the contact surfaces.  
The hardness of the contact material also affects the 
resistance to current flow across the joint [2]. A microscopic 
view (Fig. 1) of the contact surfaces shows that they are 
rough and irregular. Current flows across constricted areas 
where these rough surfaces make contact. Our aim in this 
paper is to optimize the above mentioned factors in order to 
achieve excellent joint efficiency and zero hot spots in 
switchgears. 

 
Fig. 1. Current flows across constricted areas [3] 

 

II. PROBLEM FORMULATION 
Following bus bar combinations are considered in this 

paper for measuring contact resistance. 
a) Bare Aluminum busbar and Bare Aluminum busbar 
b) Bare Copper busbar and Bare Copper busbar 
c) Buffed Aluminum busbar and Buffed Aluminum 

busbar 
d) Buffed Copper busbar and Buffed Copper busbar 
e) Silver plated Copper busbar and Silver plated 

Copper busbar 
In each case milli-volt drop across the busbar joints at 

different loads will be measured. Lower the voltage drop 
lower will be the contact resistance for the same load. 

Different factors [4] that will determine the efficiency of 
the joint with possible remedies are as follows: 

a) Streamline effect 
b) Effect of oxides in contact resistance 
c) Condition of the contact surfaces 

A. Streamline Effect: 
The distortion of the lines of current flow at an overlapping 

joint between two conductors affects the resistance of the 
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Chart-1 
Al-Al (Without Buffing) Al-Al (With Buffing) 

Current (A) mV Current (A) mV 

100 14.1 118 9.7 

200 19.6 204 10.7 

300 25.4 307 12 

406 32.4 405 13.1 

503 39.1 526 17.8 

597 46.9 611 19.1 

 
Chart-2 

Cu-Cu (Without Buffing) Cu-Cu (With Buffing) 

Current (A) mV Current (A) mV 
103 13.5 105 9.3 
205 17.3 208 10.6 

310 21.7 300 11.8 
405 26.2 404 14 
506 31.1 510 15 

601 35.7 600 15.9 
 

Chart-3 
Cu-Cu (Silver Coated) 

Current (A) mV 

107 9.1 

199 10.3 

302 11.6 

408 13.1 

508 13.9 

606 14.2 
 

In figs 9,10,11,12 X axis of the curve is showing current 
flowing through the bus bar joints and Y axis is showing 
milli-volt drop taking place in the joints.  Lesser the milli-volt 
drop across a joint better will be the joint, as there will be 
lesser contact resistance, lower temperature rise and lesser 
power loss. 

 
Fig. 9. 

 
Fig. 10. 

 
Fig. 11. 

 

 
Fig. 12. 

 
From the results shown in chart-1 we can see that joints 

between two buffed aluminum busbars are better then joints 
between two aluminum busbars which are not buffed.  

In chart-2 we can see that joints between two buffed 
copper busbars are better then joints between two copper 
busbars which are not buffed. In chart-3 we can see that a 
buffed copper joint can be further improved by silver plating 
of the mating surfaces. This is shown in graphical form in 
fig-9.In Fig-10 we have compared the results between buffed 
aluminum joints and buffed copper joints.Fig-11 shows 
supremacy of silver plated copper joints over buffed 
aluminum joints and buffed copper joints.Fig-12 shows 
overall comparison of the all five cases considered in the 
experiment. 
 

IV. CONCLUSION 
The performance of contact joint is dependent on 

maintaining low resistance. It is evident from the 
experimental results that by just smoothening or buffing the 
surface of both copper and aluminum busbars we can get very 
low resistance across a joint. This can be further improved by 
silver plating of the mating surfaces in copper  busbars. 

Minimum resistance in conductive joints can be achieved 
by using silver plated Copper  busbars  as compared  to 
unplated bare bus bars while keeping other constraints like 
overlap between the bus bars, applied optimum  pressure, size 
and  type of washer, application of thin film of petroleum 
coating on contact surfaces unchanged. Buffing also helps to 
minimize contact resistance of the joints.  
Stable and minimum contact resistance of joints will reduce 
the need for frequent maintenance, decrease overall 
downtime of equipment and maintenance costs and greatly 
reduce the risk of catastrophic failures. 
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