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FIG. 1: Laboratory setup for friction measurements 

FIG. 2: Test results for glass/copper friction vs. applied DC voltage for emulsion lubricants 

provided by Elektrisola, Inc. 

Fig. 3: Test results for glass/copper friction vs. applied DC voltage for Sy-USA emulsion lubricant 

at 10% oil concentration and as provided by Elektrisola, Inc. 
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µ=f/N 

where N is the normal force and f is the shear force. Since the normal force is constant 

(dead weight) during the test the shear force, measured by the loadcell, is linearly 

proportional to the coefficient of friction. A higher output signal from the loadcell 

corresponds to higher friction. The results are reported in the form of the signal of the 

loadcell vs. applied voltage, which provides relative values of frictional force vs. voltage. 

4. TEST RESULTS 

4.1 Preliminarv tests 

In the preliminary tests friction between tungsten carbide and rotating copper was 

measured in emulsion lubricants prepared from oils WD7F and SyUSA. Although the 

applied voltage had an effect on friction, the results were inconsistent. Examination has 

shown an apparent degradation of tungsten carbide as a cause of the inconsistency of the 

behavior. An attempt was made to use a diamond from one of the wiredrawing dies 

provided by Elektrisola, Inc, but the piece was too small to be useable in the laboratory 

setup available. Instead, a glass rod (Pyrex glass) about 3/8" in diameter was cut to a 

length of about 3/8", one flat face was polished, and the polished face of the cylinder was 

pressed against the rotating copper cylinder in the setup shown in Fig. 1. 

4.2_ Tests of friction between glass and copper 

The tests were performed at a temperature of 40°C to approximate the condition in 

wiredrawing. Applied DC voltage was varied between 0 and 35 V in 5 V increments; 

copper was the positive electrode in the cell. The output of the load cell was digitally 

recorded using a microcomputer and Labtech Notebook data acquisition software. The 

output signal data at each voltage setting were averaged for about 10 s. 
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Tests were performed using the emulsion lubricants provided by Elektrisola, Inc. In 

addition, one series of tests was performed using the Sy-USA oil emulsion at a 

concentration of 10%. 

The results of the friction tests using the Elektrisola, Inc. emulsions are shown in Fig. 2 as 

a plot of the load cell output (proportional to the friction force) vs. the applied DC 

voltage. For a fresh WD7F lubricant there was only a small drop in friction with applied 

voltage. The used lubricant, on the other hand, (a) generated higher friction than the fresh 

one; (b) the frictional force could be lowered by an application of voltage to at least the 

one shown by the fresh lubricant. The decrease in friction for the aged lubricant was 

about 35% at 5 V applied voltage and more at higher voltages. 

Tests with the Sy-USA lubricant showed somewhat lower friction than with fresh WD7F 

and there was a decrease of about 30% with the application of voltage, but little further 

friction reduction when the voltage was increased. Results of tests using a higher oil 

concentration ( 10%) are shown in the Fig. 3 in comparison with those for the emulsion 

lubricant provided by Elektrisola, Inc. At the higher concentration friction was reduced 

more substantially by using higher voltages, to 50% or even more. It must be noted, 

however, that the use of high voltages may have a detrimental effect on the surface 

quality of copper. 

S. CONCLUSIONS 

5 .1 Application of a DC voltage between copper and an auxiliary electrode reduces 

friction between rotating copper and glass in an aged WD7F emulsion lubricant and a 

fresh Sy-USA lubricant. 

5.2 The effect of the applied voltage for the Sy-USA lubricant increases at higher oil 

concentrations. 
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6. SIGNATURES 

Prepared by: 

_L_ .,,., ·-" / - - - - _......-
~ ,. -------------,.,....------------------------

Miroslav Marek, Ph.D., Professor 
Georgia Institute of Technology 
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· FIG. 1: Laboratory setup for friction measurements 
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• FIG. 2: Test results for glass/copper friction vs. applied DC voltage for emulsion 
lubricants provided by Elektrisola, Inc. 
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Fig. 3: Test results for glass/copper friction vs. applied DC voltage for Sy-USA 
emulsion lubricant at 10% oil concentration and as provided by Elektrisola, Inc. 
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