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If you want to learn more about best practice machinery maintenance, or world 
class mechanical equipment maintenance and installation practices, follow the link 
to our Online Store and see the Training presentations and Books there… 
http://www.lifetime-reliability.com/store/machinery-maintenance-and-
inspection/store-machinery-maintenance.html 

This document is a summary covering... 

Considerations when developing a 

Lubrication Procedure for Bearings 
Introduction 

 

The objective of lubrication is to reduce friction, wear and heating of machine parts that move relative to 

each other. 

WARNING NOTE: The following information was sourced from the range of references listed in the 

Bibliography.  We can accept no responsibility for the resulting outcomes of your use of the information. 
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No 
Task 
Step 

Owner 

Task Step 
Name 

Task Description 

Materials, 
Tools and 

their 
condition 

Test for 
Correctness 

Reliability and Quality Standards 
 

Good  Better  Best 

Reading / 
Result 

Action if 
out of 

tolerance 

Sign 
off 

1  Check oil 
conditions/req
uirements 
 

Selection of lubricant: Table 5 provides a general guideline for 
choosing between grease and oil lubrication. 
 
Other  major factors in selecting a lubricant are speed, lubricant 
base viscosity and temperature.  
 
The viscosity of the oil used for journal bearing can range between 
20 – 1500 cSt  (Lansdown, 2004). A general accepted minimum 
viscosity of the oil at operating temperature for journal bearing  
(Noria, 2005). 
 
(Alternatively, minimum viscosity viscosity can be obtained based on 
chart 2 from  Appendix) 
 
Viscosity grade is dependent upon bearing RPM, oil temperature 
and load.  (Table 1 and Table 2 provides a general guideline in 
selecting the correct ISO viscosity  grade  (Noria, 2005).  
 
(Alternatively, one can use Chart 1 to obtain ISO grade given the 
operating temperature under operating condition and desired 
viscosity.) 

  

13 cSt 22-35 cSt 95 cSt 

   

 
Check oil cleanliness: 
( http://www.triple-r-

europe.com/index.php?option=com_content&view=article&id=76&Ite

mid=122&lang=) 

Generally, the tighter the tolerance on the component’s metal-to-

metal surfaces, the tighter the cleanliness code. For instance, servo 

valves on hydraulic systems are more susceptible to contamination-

related failures than low-speed gearboxes. Therefore, the hydraulic 

reservoir fluid will require a lower ISO code (cleaner fluid) than the 

gearbox. This knowledge allows maintenance departments to focus on 

preventing failures instead of treating them, and prompts them to 

employ enhanced tactics to keep contamination out of the hydraulic 

reservoir (Leonard, 2005). 

Table 6  documents the life extension factors (Swan, 2006) 

  

OEM 
Requirements,  

otherwise  
 
 

ISO 4406 
 

16/14/12 
 

16/13 

ISO 4406 
 

14/13/11 

ISO 4406 
 

12/11/10 
 

12/10 
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Check minimum oil thickness: 
(after applying it to the journal bearing) The minimum acceptable oil 
thickness ho depends on the surface finish. Trumpler suggests the 
relationship: 
 

ho ≥ 0.005 + 0.004d (units in mm) 
d = journal diameter 
 
This equation applies only to bearings that have finely ground journal 
with surface roughness not exceeding 5 μm, that have good standards 
of geometric accuracy  circumferential out of roundness and good oil 
cleanness. (Refer to ISO 12129-2-1995) 
 
A safety factor of 2 is suggested for steady load that can be assessed 
with good accuracy. 

  

   

   

 
Check maximum oil temperature (Shigley, 2004): 
Lubricant s reacts to increasing temperature by vaporising the lighter 
components, leaving behind the heavier. The process increases the 
viscosity of the remaining lubricant, which increases heat generation 
rate and elevates lubricant temperature. 

  

Tmax ≤ 120 °C 
for light oil 

Tmax ≤ 90°C 
(lubrication 
reliability 
hand book 

 

   

 
Check for oil contaminants  
Table 7 illustrates the acceptable limit for contamination levels 

  

   

   

 
Once surface roughness (from journal bearing procedure) 
And minimum oil thickness is determined, lubrication regime can be 
found using equation found in chart 4 appendix. 
 
Ideally  Λ ≥ 5 to maintain hydrodynamic lubrication (minimize 
boundary lubrication) 

  

Λ ≥ 5 
  

   

  Grease specific 
requirements 

Generally used when cooling of bearing is not a factor, and the bearing 
is operating at a low speeds.  
 
A grease typically consists of three components; a thickener 
(sometimes called a soap), a base oil and additives. The oil in the 
grease has an ISO-VG rating. In most cases, this is the key to selecting 
the grease. At speeds in excess of 200,000mm dn, greases with 
synthetic base oils are recommended.  
 
A list of common base oil, thickeners and additives is provided in table 
12. 
 

  

NLGI 2 with 
based oil 150 – 
220 cSt at 40°C 
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Lithium soap or lithium complex thickeners are the most common 
thickeners used in greases and are excellent for most journal bearing 
applications. 
 
Check consistency (represented by NIGL classification).  These 

classifications are based on the degree of penetration achieved when 

a standard cone is allowed to sink into the grease at a temperature of 

77°F (25°C) for a period of five seconds.  

Plain bearing speeds: 

For high speeds, stiffer grease, NLGI no. 3, should be used except in 

plain bearings, where no. 2 would usually be hard enough. For lower 

speeds, softer grease such as no. 1 or no. 0 should be used. 

  

NLGI 1 or 0 NLGI 2 NLGI 3 

   

For high loads: 

Not only NLGI 3 should be used, materials such as EP additives or 

molybdenum disulfide  should be added 

  

   

   

Size: 

For large system, use a stiffer grease, no 3 or no 4. Small system 

should use softer grease no 1 or no 0. 

 

  

   

   

Check grease temperature limits as function of life: 
 
A list of different greases thermal stability limit is illustrated in table 
10 and 11. 
 
 

  

   

   

2  Check bearing 
condition 
 
 
 

To ensure thick film lubrication, bearing modulus M needs to be at 
least: 
 
Calculation of bearing modulus can be obtained from chart 3 
Appendix. 

  

M ≥75 
  

   

Check bearing temperature: lubricant supply rate should be sufficient 
to restrict the temperature rise through the bearing to less than 20°C. 
 
 

  

T rise ≤ 20°C 
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Mean bearing T = Tsupply + 20°C 
 

 
Check that the  bearing material is corrosion and temperature 
resistant: 
 
Table 9 provides a general guideline in choosing specific metals used 
for the bearings. 
 

  

Copper lead / 
aluminium tin 

Silver/lead 
bronze 

Phosphor 
bronze 

   

3  Sliding contact 
surface 
 
 
 

For best reliability, the sliding contact surfaces are recommended t o 
be phosphated and treated  with “running in” lubricant 

  

   

   

4  Greasing 
bearing 
 
 
 
 

In order to obtain the desired rating life the bearing must be greased 
at the very latest before being taken into operation (SKF bearing). 
 
 

  

   

   

5   
lubrication 
 
 

Lubrication can be made if the necessary ducts for lubrication (and re-
lubrication) are provided in the housing (see fig below, taken from SKF 
bearing brochure), 

  
 
Or the shaft pin (see figure below, taken from SKF bearing brochure) 
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Note: mineral oil and greases are most suitable lubricants for plain bearings in most applications. Synthetic oils may be required if system temperatures are very high.  

Water  and  process  fluids  can  also  be  used  as  lubricants  in  certain applications. Characteristics of the different type of lubricants are illustrated in table 3 below. 

The method of liquid lubricant supply is illustrated in table 4 below. 

 

 
so that grease can be directly supplied to the bearing. Normal plain 
bearings should have an annular groove and lubrication holes in both 
inner and outer rings. 

  Oil 
replacement 
intervals 

Oil replacement intervals depend on the operating condition and 
oil quantity. 
 
Once per year if operating T<50°C and with little dust condition. 
 
Once every three months if the oil T>100°C. 
 
If foreign matter may be mixed in the oil, then oil replacement 
intervals must be shortened. 
 
Lubrication frequency is shown in table 7 

  

Once per year 
Once every 3 

months  
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Tables 

 

Table 1 

 

Table 2 

Note: 

The ISO grade number indicated is the preferred grade for speed and temperature range. ISO 68- and 100-grade oils 

are commonly used in indoor, heated applications, with 32-grade oils being used for high-speed (10,000 RPM) units 

and some outdoor low-temperature applications. Note in the table that the higher the bearing speed, the lower the 

oil viscosity required; and that the higher the operating temperature of the unit, the higher the oil viscosity that is 

required. If vibration or minor shock loading is possible, a higher grade of oil than the one indicated in Table 1 and 2 

should be considered. 
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Table 3 (lubrication and reliability handbook) 

 

Table 4 (lubrication and reliability handbook) 
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Note: 

 Pressure oil feed – this is usually necessary when the heat dissipation of the bearing housing and its surroundings is not sufficient to restrict its temperature rise to 

20°C or less 

 Journal bearings: oils must be introduced by means of grooves in the bearing housing. 

 Cleanliness: cleanliness of the oil supply is essential for satisfactory performance and long life. 

 

Table 5 (lubrication and reliability handbook) 
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Table 6 

 

Table 7 

 

Table 8 (lubrication reliability handbook) 
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Table 9 (lubrication and reliability handbook) 
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Table 10 and 11 

 

Table 12 
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Appendix 

Chart 1  
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Chart 2 (lubrication and reliability handbook) 

A general guide to bearing performance can be obtained by calculating the bearing modulus M, which is defined as: 

 

Chart 3 

The equation to determine Λ (between shaft and bearing) is as follows: 

Λ =  
hmin

Ra + Rb
 

 Ra = rms surface roughness of surface a 

 Rb = rms surface roughness of surface b 

The range of lubrication regime is defined as: 

 Hydrodynamic lubrication: 5 ≤ Λ ≤ 100 

 Elastohydrodynamic lubrication: 3 ≤ Λ ≤ 10 

 Partial lubrication: 1 ≤ Λ ≤ 5 

 Boundary lubrication: Λ < 1 
Chart 4 
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