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Introduction

The following solutions have been utilized to overcome 
common scatter of tribology test data:
 Perform tests  at various well-controlled sliding-to-

rolling, speed-to-load and temperature levels.  
 Obtain Stribeck curves in a wide range of loads and 

speeds,  so  that  to  identify  test  conditions  of 
boundary, mixed and hydrodynamic lubrication.

 For evaluation of the coefficient of friction, monitor 
both its friction force and normal load components.

 For wear evaluation, monitor its dynamics and then 
separate its running-in and stable components.

 Monitor  contact  acoustic  emission  and  electrical 
resistance  to  detect  formation  and  destruction  of 
tribo-films, initiation and propagation of wear.

Experimental apparatus, samples and procedures
 
The  tests  were  performed  on  the  Universal  Macro-
Tribometer mod. UMT-3MT, which can perform most 
common tribology tests, including ball/pin on rotating 
disc,  ball/pin on fast-reciprocating plate,  disc on disc, 
block/ball on ring/seal, screw in nut, 4-balls, piston ring 
on cylinder liner,  etc. The loads (from 0.1 mN to 1.2 
kN), speeds (from 0.001 to 5,000 rpm) and temperatures 
(from -20 to +1100 ºC) are precisely servo-controlled. 
During testing,  numerous parameters  are  continuously 
monitored:  forces,  torques,  wear  depth,  temperature, 
electrical contact resistance, contact acoustic emission.

Conventional base  oil  was  tested  with  and  without 
carbon nano-particles of high lubricity [1,  2].  For  the 
nano-additives  we  used  two  common  types  of 
fullerenes,  spherical  (bucky-balls)  and  cylindrical 
(nano-tubes). The structure of fullerenes is composed of 
a sheet of linked hexagonal rings (like in graphite), but 
with additional pentagonal rings that prevent the sheet 
from being planar. Total of five lubricants were tested 
(the  base  oil  pure  and  with  each  of  the  two  nano-
additives at two concentrations, 3% and 8% by weight).

Three  different  tests  have  been  performed,  each 
repeated five times:
- friction  measurements  at  five  sliding-to-rolling 

levels,

- sliding friction measurements at five temperatures,

- sliding friction tests at five speed-to-load levels. 

An automated procedure of testing at different speeds, 
loads and temperatures, each ranging by three orders of 
magnitude, has produced all three lubrication regimes; 
the  software  calculated  average  friction  coefficient  in 
each condition and plotted the resultant graphs. 

Results and discussion

Three summary plots below show that both the bucky-
balls  and  nano-tubes  have  reduced  sliding  friction  at 
normal temperatures in boundary and mixed lubrication, 
similarly  to  earlier  observations  [2].  Both  types  of 
fullerenes did not show any substantial effect on friction 
in  rolling,  hydrodynamic  lubrication,  and  at  elevated 
temperatures. In all the tests, the effects of bucky-balls 
and nano-tubes were similar. 
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Figure 1: Friction reduction of fullerenes versus rolling-
to-sliding (a), speed-to-load (b), temperature (c)

Our plan is to test fullerenes and inorganic fullerene-like 
additives, produced and added with various methods. 
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