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Abstract: The transition  from  boundary  lubrication to fully hydrodynamic lubrication is investigated for air-lubricated  slider  bearings 
using the  electrical resistance  method.  Intermittent  contacts  are shown to exist  even  under  conditions for which the  numerical solu- 
tion of the  Reynolds equation or white light interferometry predicts  steady  state spacings in the spacing  region from  0.125  to 0.25 pm. 
The transition is similar to the one found in the presence of liquid films, being influenced for a given surface roughness of disk  and sli- 
der by load, speed, and hydrodynamic design. 

Introduction 
The transition  from  boundary to hydrodynamic  lubrica- 
tion has been the  subject of extensive  experimental in- 
vestigations in the  past [ 11. The  interest in this area  is 
seemingly related to  the  fact  that  there  are sliding situa- 
tions in which the desired  mode of fully hydrodynamic 
lubrication is difficult to  achieve,  and boundary  lubrica- 
tion is present.  In this latter  case,  wear of the sliding sur- 
faces  occurs  and,  therefore,  an understanding of the 
transition from  boundary  to  hydrodynamic lubrication is 
essential for predicting and minimizing material contacts 
and  wear. 

The  experimental method  most  suited for studying the 
transition  from  boundary  lubrication to  hydrodynamic 
lubrication seems  to  be  the electrical resistance  method. 
Use  is made here of the  fact  that  the electrical resistance 
between  conductive sliding surfaces  changes  from a low 
value (essentially  the  contact  resistance)  to a very high 
value as boundary  lubrication changes  into hydrody- 
namic  lubrication.  Using  this method,  Courtney-Pratt  and 
Tudor  [2] studied the lubrication  between the piston 
ring  and  cylinder of a single-cylinder  engine. Unexpect- 
edly,  an appreciable amount of boundary  lubrication was 
found to  exist throughout the  entire piston  cycle, al- 
though a marked  decrease in the  frequency of material 
contacts  was  observed  as  the velocity of sliding in- 
creased. A similar intermittent  transition  from boundary 
lubrication to hydrodynamic  lubrication was  also ob- 
served by Tudor [ 31 in the lubrication of journal bearings, 
by Crook [4] in the  study of gear lubrication, and by 
Furey [5] in the investigation of contacts  between a 534 
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ball sliding on a lubricated  disk.  Because these investi- 
gations  were conducted exclusively in the  presence of 
liquid lubricant films, it may be  concluded that  the tran- 
sition  from boundary lubrication to  hydrodynamic lubri- 
cation in the  presence of liquid lubricants is indeed  inter- 
mittent. This conclusion, however, may not be extended 
a priori to a  situation in which the lubricant film is a gas, 
although similar results may be expected. 

This  paper  describes  an investigation of the transition 
from  boundary  lubrication to hydrodynamic  lubrication 
for air-lubricated  slider  bearings,  similar to the  ones used 
in magnetic  recording  disk files. The electrical resistance 
method is applied to investigate the details of this  transi- 
tion and to examine the relationship between  contact fre- 
quency,  wear,  and sliding speed  for a given surface 
roughness of disk and slider.  Although the  results ob- 
tained are  seen  to  depend  on  the specific hydrodynamic 
slider  design, it is found that  the typical  transition  from 
continuous sliding to  hydrodynamic flying is intermittent 
and, in this respect, very similar to  the transition  ob- 
served in the  presence of fluid films. 

Experiment 
The experimental setup used  throughout the  present 
investigation is shown in  Fig. 1 .  A continuously  variable 
speed  motor is used to  drive a specially prepared  con- 
ductive metallic disk that  rotates in a  test chamber of 
filtered, slightly pressurized  air.  Spring-loaded  against 
the disk is a 52100  steel slider, made up of three individ- 
ual taper-flat  air-bearing surfaces, specifically fabricated 
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