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Introduction and objectives 
In many hydro-electric turbines, lubricating oil is an 
unavoidable necessity. Substantial quantities are 
required for smooth machine operation. However, it is 
prudent to minimise the volumes used and / or utilise 
fluids that are proven to be “less harmful” to the 
environment in the event of a leak into a watercourse. 
The first part of this project examined hydrodynamically 
lubricated bearings. An investigation was carried out to 
examine the effects of modifying the active surfaces of 
tilting-pad thrust bearings with a view to improving their 
efficiency. This involved a comparison of operational 
performance for three bearing facing materials: 
traditional white metal (babbitt); patterned babbitt 
(micro-pattern); and a PTFE / g.f. composite.  
The second part of this workscope has been, and 
continues to be, aimed at assessing the viability of 
employing Environmentally Adapted Lubricants (EALs) 
as an alternative to traditional mineral lubricating oils in 
boundary lubricated bearings e.g. journal bearings or 
bushings.  
In order to make an informed judgement, the affect of 
the EAL on certain “critical contacts” within the turbine 
and ancillary equipment, such as between shafts and 
bushings, must be examined. 
Previous work carried out by Jan Ukonsaari established 
a knowledge base for “fresh” oils. However, mineral oils 
have been employed continuously, in certain cases with 
only regular top-ups rather than complete oil changes, 
for periods of 50 years or more. It follows that EALs 
must be shown to offer equally good performance. 
For this study, EALs were artificially aged in the 
laboratory in order to provide fluids that simulate the 
properties expected to be seen after continuous operation 
over long time intervals. Data taken from standard 
tribological tests using material from the “critical 
contacts” is used to make comparisons between 
lubrication with mineral oil and with EALs. This allows 
conclusions to be drawn as to the likely viability of 
employing EALs in hydro-electric power stations (and 
other applications). 
Returning to hydrodynamic bearings, the relative 
performance of mineral and environmentally adapted 

lubricants has been investigated, this time for journal 
bearings (babbitt faced).  
The final part of the work involved in this series of 
projects involves the investigation of various low-
friction polymer composites. This study has the aim of 
identifying a material suitable for utilisation as a pad 
facing material in a tilting-pad journal bearing i.e. much 
like the PTFE / g.f. composite used for the thrust 
bearing. Again, a comparison between lubrication with 
mineral and Environmentally Adapted fluids is to be 
carried out. 

Achieved results from completed work 
Results show that both patterned babbitt and PTFE faced 
bearing pads have a beneficial effect in reducing 
machine power losses – by up to 8% in the latter case. 
Investigation of the influence of facing material on oil 
film thickness revealed that PTFE faced pads exhibit a 
more even film, coincidentally thicker at the outlet edge 
than for babbitt. PTFE faced pads also show lower and 
more evenly distributed temperatures within the steel 
pad body due to the insulating properties of the PTFE, 
implying reduced thermal distortion. Pad “thermal 
crowning” is a recognised feature of larger thrust 
bearings. By reducing this, PTFE faced pads can 
continue to operate under higher loadings than similar 
babbitt faced pads. Examination of pressure profiles for 
the two materials shows a more even distribution for the 
PTFE, although peak values are similar. This suggests 
that the polymer deforms under the influence of oil-film 
pressure. 
Differences in friction and wear characteristics are seen 
when comparing mineral oil lubrication with EALs. 
Such results have already been seen elsewhere 
[J.Ukonsaari]. However, the influence of physical and 
chemical ageing has not previously been examined. 
Ageing, even to extreme acid number values, appears to 
have a small but clear influence on change in friction 
and wear. For a saturated synthetic ester, friction and 
wear are seen to reduce with the aged fluid, quite likely 
due to its thicker viscosity as a result of ageing. 
Journal bearing tests have shown that a thinner EAL can 
form a suitable replacement for a VG46 mineral oil 
giving lower temperatures and comparable power losses. 
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Expected results from ongoing and future work 
Further analysis of results from journal bearing tests is 
aimed at ascertaining relative bearing eccentricities. It is 
expected to also show favourable results for the EAL. 
Ongoing examination of the contact surfaces from the 
aged lubricant tests is expected to show differences in 
material chemistry at or just beneath the surface. These 
differences can be as a result of physical distortion and / 
or an effect caused by a reaction between material and 
lubricant (including additives). 
The choice of suitable materials for the journal bearing 
application is limited given the various requirements 
such as temperature range, chemical stability and low 
friction coefficient. I would expect a PTFE composite to 
meet the requirements. However, the choice of filler 
material giving best results remains to be seen. This 
choice is, however, limited by the range of 
commercially available composites. 
The design and construction of a new journal bearing 
test rig will allow testing at higher speeds and loads (to 
6000rpm, 4MPa). This will permit comparative testing 
of bearings and lubricants for more severe operating 
conditions than those found in hydropower applications. 
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