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Tribology !  

What does it mean ? 

The science and technology of interacting surfaces in 

relative motion and of the practices related thereto.  

 

Lubrication is but one element of this very complex 

subject, an element frequently misunderstood, abused 

and taken for granted. 
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Structure  S = (A,P.R) 

A: Elements 

• Basic Body 

• Opposing Body 

• Intermediate Material 

• Ambient Medium 

P: Properties 

• Material Properties 

• Shape Characteristics 

R: Interactions 

• Adhesions 

• Tribo-Oxidations 

• Abrasions 

• Surface Destructions 

Collective Stress 

• Nature of motion         

(sliding, rolling. impact) 

• Course of motion 

• Normal force 

• Relative speed 

• Temperature 

• Time 

Losses 

• Wear 

• Friction 

Input quantities (x) 

Useful Quantities (y) 

Tribo-system 
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Surface changes 

(form of wear phenomenon) 

Material loss 

(measurement of wear) 

2 

1 

3 4 

Structure of Tribo-System 

Wear parameters 

Collective stress 

2 Opposing body 3 Intermediate material 4 Ambient medium 1 Basic body 
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 To control friction and wear 

 To cool interacting surfaces 

 To protect the component from the environment and 

contamination 

Why do we Need 

Lubricants? 
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 Gear Tooth of a watch  150 

X MAGNIFICATION 

Gear Tooth of a watch 350 X 

MAGNIFICATION 

What Causes Wear? 
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Engineering surfaces are extremely rough on the atomic 

scale.  As a result of this, contact is only at a few points; 

therefore the load at these points can be extremely high. 

 

For example, 2 surfaces with nominal contact area of  1 sq in 

carry a 1-ton load. The actual pressure at the points of 

contact may exceed 200 tons/sq in.  If movement is present, 

such pressure soon breaks through surface layers and oxide 

films, and as a result the pressure points weld together. If 

movement is to continue the welds must be broken which 

causes friction and wear. It is therefore essential to reduce 

as far as possible the pressure points welding together.  
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How do we Form Lubricating Films 

and                                                             

Control Friction and Wear? 

By separating the surfaces with a soft easily-sheared lubricant film 
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Where the movement of the interacting surfaces and the 

viscosity of the lubricant are used to build up a pressure 

in the lubricating film that will result in keeping the 

surfaces apart. 

HYDRODYNAMIC 

LUBRICATION 
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Bearing Lubrication 

How Do We Form 

Lubricating Films 



HYDROSTATIC   LUBRICATION 

Where the lubricant is pumped in under pressure, 

creating a lubricating film to keep surfaces apart. 

 

In each case surfaces are completely separated by a 

wedge of oil/grease, the oil/grease film transmitting the 

force, thereby reducing wear. 
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What causes pressure to build 

up in the lubricating film? 

  The oil next to the moving surfaces are dragged along 

 with it at the same speed. 

  These molecules tend to drag along with them other oil 

 molecules at a slightly slower speed, and so on through 

 the lubricating film until a stationary surface with a 

 stationary oil film is reached. 

  However this movement of lubricant does not build up 

 pressure between parallel surfaces, but if the surfaces 

 converge in the direction of movement or some other 

 restriction is imposed, the pressure builds up and then 

 averages out over the area to the load that the system 

 can carry.     
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Stribeck Curve 

The diagram illustrates the friction  

or lubrication condition between 

boundary and fluid friction; based on 

a plain bearing whose shaft and 

bearing shells are, when stationary, 

separated only by a molecular 

lubricant layer. 

As the shaft speed increases the 

lubricant film increases moving from 

static friction, boundary friction 

through to hydrodynamic friction.   
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 low rotational speeds and 

 surface finishes of between 20 and 40 micron  

 hardly permit hydrodynamic lubrication to be achieved 

Non-Bearing 

Lubrication ie.          

large open gear drives.  

Due to the high spots of the surface roughness of the tooth 

flanks, they will always touch one another and hence will be 

running in a range of so-called 

 

Boundary Lubrication, Mixed Friction  

and  

Elasto-hydrodynamic Lubrication During the Rolling Sequence   

R J Mellor & Co Ltd Specialist Lubrication Engineers 



BOUNDARY LUBRICATION is a condition of lubrication in 

which the friction and wear between two surfaces in relative 

motion are determined by:-  

  The properties of the surfaces.  

 The properties of the lubricant, other than the bulk 

 viscosity, such as graphite.  

Boundary Lubrication 

Rolling / sliding 

element 

Rolling / sliding 

element 

Lubricant 

Local metal-to-metal contact with mixed friction 
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Oils are basically hydrocarbons - the two 

main types are Paraffinic and 

Naphthenic.  

Paraffinic 

Hard carbon residues 

producing high to 

medium viscosity index 

oils. 

Naphthenic 

Soft carbon residues 

producing low to 

medium viscosity index 

oils. 

What Is Oil ? 
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Pre-heating furnace 

Crude 

Condenser 

Further distillation 

is carried out prior to 

the stock oil being 

finalised, when a 

variety of stock oils 

are blended together 

with various additive 

packages to provide 

the finished product 

as we know it.  

Petroleum 

Kerosene 

Diesel oil 

Paraffin wax 

Fuel oil 

Bitumen 

Lubricating oil  

Oil Refining:-  The crude is subjected to the               

distillation process. Bubble               

Cap is but one of the processes. 
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Viscosity is simply the resistance to flow of a fluid! 

 A lubricant that flows easily has a Low viscosity 

 A lubricant that does not flow easily has a High viscosity 

 Viscosity controls the load that can be carried, thickness of the 

lubricating film and the friction and heat generated in the film 

 If the viscosity is constant for a whole range of shear stresses and 

shear rates, the lubricant is said to be Newtonian 

 Most oils are Newtonian 

 Greases, multigrade motor oils and oils below their wax points are 

not 

What Is Viscosity? 
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Increase in temperature 

will cause the viscosity  

of a lubricant to fall 

Reduction in temperature 

will cause the viscosity to 

increase 

High temperatures cause the oil to oxidize more 

rapidly, producing acids, water and insoluble matter 

so that the oil must be changed to protect the 

machinery. 

100C INCREASE IN TEMPERATURE WILL REDUCE THE OIL LIFE 

BY HALF ! 

Temperature Influence on 

Viscosity 
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What Controls The                    

Life of a Lubricant 

Oils are changed either because they are oxidised or have 

become contaminated. 

The oxidation resistance of an oil depends on the crude 

from which it was made and the refining process used in its 

manufacture. 

The correct selection of additives and the avoidance of 

contamination will dramatically improve the life of the 

lubricant 



TYPE 
LUBRICATING 

ABILITY 

OXIDATION 

RESISTANCE  

CHANGE OF VISCOSITY 

WITH TEMPERATURE 

High viscosity: -Paraffinic Excellent Greatest Least 

Medium viscosity:-Paraffinic Excellent Equal to HVI Intermediate 

Medium viscosity:-Naphthenic Excellent Equal to LVI Intermediate 

Low viscosity:-Naphthenic Excellent Least Greatest 

The higher the viscosity  index, the greater the 

resistance to oxidation and temperature stability 

The greatest resistance to oxidation and least affected by 

temperature change are without doubt the HVI oils, and 

they are used to combat the most difficult situations. 

They also require the most severe refining methods and 

carry a premium price.  
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ISO 

VISCOSITY GRADE 

KINEMATIC VISCOSITY TOLERANCE RANGE  

MEASURED IN CENTISTOKES @ 40OC 
APPLICATION 

2  1.98 ~ 2.42 

SPECIAL 

APPLICATIONS 

3 2.88 ~ 3.52 

5 4.14 ~ 5.06 

7 6.12 ~ 7.48 

10   9.00 ~ 11.00 

HYDRAULIC OIL 

15 13.50 ~ 16.50 

22 19.80 ~ 24.20 

32 28.80 ~ 35.20 

46 41.40 ~ 50.60 

68 61.20 ~ 74.80 

100   90.00 ~ 110.00 

GEAR OIL 

150 135.00 ~ 165.00 

220 198.00 ~ 242.00 

320 288.00 ~ 352.00 

460 414.00 ~ 506.00 

680 612.00 ~ 748.00 

1000   900.00 ~ 1100.00 

1500 1350.00 ~ 1650.00 



The following illustrates what is available 

MOST OILS SOLD CONTAIN ONE OR MORE ADDITIVE 

PACKS. 

 

THESE ARE SPECIALLY SELECTED CHEMICALS 

DISSOLVED IN OIL TO IMPROVE ITS PERFORMANCE 

The Components of an Additive 

Pack 
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ADDITIVE CHEMICALS 
PURPOSE OF  

ADDITIVE 
HOW ADDITIVE WORKS 

Antioxidant 

Hindered phenols 

Amines 

Organic sulphides 

Minimises the 

formation of 

resins, varnish, 

acids, sludge and 

polymers 

Reduces organic peroxides, 

terminating the oxidation chain.  

Reduces formation of acids by 

decreasing oxygen taken up in 

the oil.  Prevents catalytic 

reactions. 

Corrosion 

Inhibitor 

Zinc dithiophosphates 

Sulphurised turpenes 

Phosphosulphurised 

turpenes 

Sulphurised olafins 

Protects bearing 

and other metal 

surfaces from 

corrosion 

Acts as an anti-catalyst.  Coats 

metal surfaces and protects 

against acid and peroxide 

attack. 

Rust Inhibitor 

Amine phosphates 

Sodium and calcium 

Petroleum sulfonates 

Alkyl succinic acids 

Fatty acids 

Protects ferrous 

metal surfaces 

against rust 

Polar molecules are absorbed 

preferentially on the metal 

surface and serve as a barrier 

against water.  Neutralises 

acids. 
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ADDITIVE CHEMICALS 
PURPOSE OF  

ADDITIVE 
HOW ADDITIVE WORKS 

Detergent 

Normal or basic 

calcium and barium 

salts of 

phosphoriates, 

phenates and 

sulfonates 

Reduces or prevents 

deposits in engines 

operated at high 

temperatures 

Controls the build up of varnish 

and sludge by reacting with 

oxidation products to form oil 

soluble material which remains 

suspended in the oil. 

Dispersant 

Polymers such as 

nitrogen containing 

polymethacylates, 

alkyl succinimides and 

high molecular weight 

amines and amides 

Prevents and 

retards sludge 

formation and 

deposition under 

low temperature 

operating 

conditions 

Dispersants have a strong 

affinity for dirt particles and 

surround each with oil soluble 

molecules, which keep the sludge 

from agglomerating and 

depositing in an engine. 

Oiliness 

Fatty acids 

Fatty amines 

Fats 

To increase oil film 

strength to prevent 

oil film rupture 

High polar molecules are 

absorbed on the metal surface 

and remain in place to cushion 

and keep metal surfaces apart. 
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ADDITIVE CHEMICALS 
PURPOSE OF  

ADDITIVE 
HOW ADDITIVE WORKS 

Viscosity 

index 

improver 

Polyisobutylenes 

Polymethacrylates 

Polyacrylates 

Reduces the rate 

of change of 

viscosity with 

temperature 

Polymer molecule assumes a compact 

curled form in a poor quality solvent 

(cold oil) and an uncurled form 

covering a high surface area, in a 

better quality solvent (hot oil).  The 

uncurled form thickens the oil. 

Pour  point 

depressant 

Wax alkylate 

naphthalene 

Wax alkylates 

phenols 

Polymethacrylates 

Lowers the pour 

point of the oil 

Retards the formation of full-size wax 

crystals by coating or co-

crystalisation with the wax. 

Antifoam Silicone polymers 

Prevents the 

formation of 

stable foam 

Appears to attack the oil film 

surrounding each bubble, reducing 

interfacial tension.  The small bubbles 

liberated combine to form large ones 

which float to the surface. 
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ADDITIVE CHEMICALS 
PURPOSE OF  

ADDITIVE 
HOW ADDITIVE WORKS 

Emulsifier 

Sodium salts of 

sulfonic acids. 

Sodium salts of 

organic acids. 

Fatty amine salts. 

To enable mineral oil 

to be miscible with 

water 

Emulsifier is absorbed at the 

oil-water interfacial tension, 

resulting in an intimate 

dispersion of one liquid into 

the other. 

Tackiness 

Soaps, 

polyiosbutylene and 

polyacrylate polymers 

To provide the oil with 

greater cohesion 

Increases viscosity. The  

materials themselves are 

tacky and stringy. 

Antiseptic 

Phenols, chlorine 

compounds, organic 

mercuric compounds 

Increases emulsion life 

and prevent odour 

Prevents and reduces micro-

organism growth. 

Metal 

deactivator 

Triaryl phosphates 

Sulphur compounds 

Diamines 

Stops the catalytic 

effect of metals 

through oxidation and 

corrosion 

A protective film is absorbed 

on metal surfaces which 

prevents contact between 

corrosive agents and base 

metal. 
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ADDITIVE CHEMICALS 
PURPOSE OF  

ADDITIVE 
HOW ADDITIVE WORKS 

Antiwear 

Zinc dialkyl 

dithiophosphate 

Tricresyl phosphate 

Reduces rapid wear in 

steel on steel 

applications 

Additive reacts with the metal to 

form a lower melting alloy which 

is deformed by plastic flow to 

allow a new distribution of load. 

Extreme 

pressure 

Sulphurised fats 

Chlorinated 

hydrocarbons 

Lead salts of organic 

acids 

 

Prevents seizure and 

welding between 

metal surfaces under 

conditions of extreme 

pressure and 

temperature 

EP agent reacts with metal 

surfaces to form new compounds, 

having a lower shear strength 

than the base metal, and is 

sheared preferentially to the 

base metal. 
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Base Oil Comparisons 

CHARACTERISTIC MIN.OIL POLYALPHAOLAFIN POLYGLYCOL 

Paint compatibility good As good as mineral oil 

Always check, however 

compatible with 2-pack 

epoxy 

Operational use fixed periods 

At least twice as long as 

mineral oil depending on 

conditions, multiple 

operational periods 

As polyalphaolafin 

depending on conditions, 

lifetime lubrication 

possible 

Wear of friction 

elements 
high medium Low 

Compatibility with 

friction parts 
good good 

Good, however not 

compatible with aluminium 

alloys (does not apply to 

aluminium housings or 

containers) 
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CHARACTERISTIC MIN. OIL POLYALPHAOLAFIN POLYGLYCOL 

Frictional reaction bad medium good 

Friction coefficient high medium low 

High temperature 

reaction 
bad good 

excellent                                      

( but not with 

compressors) 

Ageing stability at high 

temperature 
poor medium good 

Low temperature 

reaction 
bad excellent good 

Viscosity temperature 

reaction 

medium to 

satisfactory 
good very good 

Compatibility with seals good 

good, slight shrinkage 

(check reaction at low 

temperature) 

check                              

(practical experience 

values are available) 
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Extreme Pressure Additive Comparison 

Fig.1.   2000 x magnification of wear scars showing severe surface damage 

 which has occurred with mineral oil without extreme pressure 

 additives. 

Fig. 2.  extreme pressure additives form  a  layer of 5-10 ųm, and has a sponge 

 like appearance.   

Fig. 3.  However The solid film lubricant  easily shears and forms a very 

 smooth  lubricating film  approximately 0.4 ųm thick. 
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Lubricant Selection 

  The temperature and temperature range 

 over which the lubricant must work. 

  The working life required from the lubricant. 

  Whether or not the requirements can be met 

 with:- 

 Straight mineral oils 

 Mineral oil + additives 

 Fully synthetics 

 Fully synthetics + additives 
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 Mineral,  

 Hydro-cracked  

 Synthetic 

 High viscosity  

 Low viscosity 

 High viscosity index 

 Low viscosity index 

 Additive package 

Usually the application will determine the direction of 

selection 

What Kind of Base 

Oil? 
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Environmental Factors 

 Operating temperature 

 Atmospheric conditions, e.g. humidity. 

 Possible contamination by water or chemical substances. 

 Sealing material. 

 Health and safety factors 
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 Re-lubrication frequency ? 

 Type of lubrication feed Manual or centralised   

  system 

 Expected life of   Lubricant in the component  

  part 

  Lubricant under favourable  

  conditions 

   Machine part itself  

 Necessity for insurance against unforeseen circumstances 

 Relevant economic performance properties  

Parameters to be considered when 

determining the Expected Life of   

the Lubricant 
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 Keep oil temperatures as low as possible and avoid 

local overheating from say electric heaters.  

 Avoid excessive agitation which causes foaming and also 

introduces air into the bulk of the oil. 

 Remove abrasive particles and pro-oxidation sludges by 

filtration 

 Keep water out of the system and make provision for its 

removal. 

 Almost any contamination will promote oxidation, 

foaming or emulsification. 

 Partially oxidized oil is an effective catalyst for the 

oxidation of fresh oil.  When changing oils, ensure ALL 

the old oil is removed 

 Check at least quarterly the condition of the oil.  

Simple measures can markedly 

increase the useful life of an oil 
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-40 -20 -30 -10 0 10 30 20 40 100 50 150 200 250 300 350 

30 

20 

16 

12 

40 

50 

100 

200 

400 

600 

1,000 

5,000 

10,000 

Centistokes 

Temperature 0C 

Viscosity Comparison 

 320 mm2/s @ 40oC 23.2 mm2/s @100oC 

 320 mm2/s @ 40oC 55.0 mm2/s @100oC 

Synthetic ester Mineral oil 

It can be seen that the synthetic ester has >57 % 

improved film thickness at 100oC and is circa. 50% 

thinner at 10oC. Therefore providing a much 

improved operating performance over a wide 

temperature range. The reduction in oxidation 

ensures a longer life and higher performance 

reducing oil changes.    

Comparing Mineral oil with Synthetic oils 



What are the Principal Advantages of using 

Grease as a Lubricant? 

 It tends to stay where it is put 

 It is more likely to remain in contact with friction surfaces 

than oil 

 It is less affected than oil by centrifugal action  

 It forms an effective seal round the neck of the bearing 

preventing the ingress of contaminants into the bearing area 

 The natural consequences of these significant properties 

favour both economical and effective lubrication in A total 

loss system 

Grease Lubrication 
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Base oil 65 to 95% 

Thickener 5 to 35% 

Additives up to 10% 

Finished Product 

Structure  

of a 

Grease 

What is a Grease ? 
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Base Oil 

Temporary 

Container 

Fatty Acids 

Preparing and Adding the 

Lye (Salt Solution) 

Lye 

Reaction Phase 

(Boiler) 

Grease 

Production 
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Structural Phase 

Agitator/Cooling 

Cooler 

Agitator 

Additives 

Finished Product 

Mechanical Phase 

Post processing 

Grinding 

Homogenization 

De-aeration 

Packaging 
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Greases because they are Non-Newtonian 

 (where the viscosity is not constant over a whole range of shear 

stresses and rates)                 

do not have a viscosity; they have therefore an apparent 

viscosity that is classified by a penetration index.                                                                                                                                                 

The index of the grease is determined by a Penetrometer. 

   

Finished Product 
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Determination of cone penetration of 

lubricating greases according to ISO 

2137    With A Penetrometer 

The lubricating grease being tested is placed in a standard test vessel.  

The tip of a standard cone is set so that it just touches the surface of 

the grease.  The cone retainer is released for the duration of the test, 

and the depth of penetration is determined.  Either the "un-worked" 

penetration (lubricating grease as taken from the storage vessel) or 

the "worked" penetration, determined after subjecting the grease to a 

number of strokes in a mechanical worker. 

Purpose; To measure the consistency of lubricating 

greases 
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Test temperature 25 

 
 0.50C 

Test duration 05 

 

 0.1s 

Number of double strokes   

to determine worked penetration 60 (normal 

 determination), but may 

 by agreement be100,000 

 or more. 



NLGI 

Consistency 

number 

ASTM 

worked 

penetration 

Oil 

% 

Filler 

% 
Description 

000 445 to 475 Fluid 

00 400 to 430 Semi-Fluid 

0 355 to 385 91 9 Very Soft 

1 310 to 340 89 11 Soft 

2 265 to 295 86 14 Medium 

3 220 to 250 77 23 Medium/Stiff 

4 175 to 205 73 27 Stiff 

5 130 to 160 68 32 Very Stiff 

6 85 to 115 60 40 Hard 
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Base Oils 

Types of Base Oils:- 

Mineral 

Polyalphaolefin 

Ester 

Glycol  

Silicone  

PFPE 

Which Influence:- 

Temperature range  

Flow pressure-temperature behaviour  

Ageing stability  

Seal compatibility 
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Thickening System's 

Types of thickener:- 

Lithium  

Calcium  

Sodium 

Aluminium  

Complex soaps 

Polycarbamide 

Polyurea 

Bentonite /clay 

PTFE  

Which Influence:- 

Temperature range 

Water resistance  

Toxicity  
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Grease Compatibility Chart 

According to www.mindconnection.com 

Incompatible 

Indifferent 

Compatible 
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ADDITIVE CHEMICALS 
PURPOSE OF  

ADDITIVE 
HOW ADDITIVE WORKS 

Antioxidant 

 

Hindered phenols 

Amines 

Organic sulphides 

Minimises the 

formation of 

resins, varnish, 

acids, sludge and 

polymers 

Reduces organic peroxides, 

terminating the oxidation 

chain.  Reduces formation of 

acids by decreasing oxygen 

taken up in the oil.  Prevents 

catalytic reactions. 

Antiwear 

 

 

Zinc dialkyl                        

dithiophosphate 

Tricresyl 

phosphate 

Reduces rapid 

wear in steel on 

steel applications 

Additive reacts with the metal 

to form a lower melting alloy 

which is deformed by plastic 

flow to allow a new 

distribution of load. 

Extreme 

pressure 

Sulphurised fats 

Chlorinated 

hydrocarbons 

Lead salts of 

organic acids 

Prevents seizure 

and welding 

between metal 

surfaces under 

conditions of 

extreme pressure 

and temperature 

EP agent reacts with metal 

surfaces to form new 

compounds, having a lower 

shear strength than the base 

metal, and is sheared 

preferentially to the base 

metal. 

Corrosion 

Inhibitor 

Zinc 

dithiophosphates 

Sulphurised 

turpenes 

Phosphosulphurise

d turpenes 

Sulphurised 

olafins 

Protects bearing 

and other metal 

surfaces from 

corrosion 

Acts as an anti-catalyst.  Coats 

metal surfaces and protects 

against acid and peroxide 

attack. 



Extreme Pressure Additive Comparison 

Fig.1.   2000 x magnification of wear scars showing severe   

 surface damage which has occurred with mineral oil   

 without extreme pressure additives. 

Fig. 2.  extreme pressure additives form  a  layer of 5-10 ųm, and  

 has a sponge like appearance.   

Fig. 3.  However The solid film lubricant  easily shears and   

 forms a very smooth lubricating film  approximately 0.4  ųm thick. 

R J Mellor & Co Ltd 

Fig. 1 Fig. 2 Fig. 3 



Because they are not flat in shape, when solid film lubricant is sprinkled on a 

metal plate not all of the powder grains are orientated parallel to the metal 

surface. 

However when a steel ball slides over the powder sprinkled on the steel plate, 

the single aggregates are spread and adhere very strongly to the metal surface. 

Scanning Electron Microscope photograph with 1000 x magnification, from left, 

metal surface roughness to right, surface smoothed down by solid lubricant 

coating.  

Solid Lubricants Play a Significant 

Part in Heavy Duty Greases 

R J Mellor & Co Ltd 



Lattice Layer Structure of MoS
2 

This feature of solid lubricant is due to the 

platelet structure of the strong Covalent 

Bonds within a layer and weak Van der Waals 

bonds between the layers, the weak bonds 

allowing the platelets to easily shear as 

illustrated on the previous slide. 
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Lubricant Selection 

Choosing A Lubricant  

Requires 

Thought!! 

NEVER UNDER-SPECIFY 

ALWAYS BE SAFE !! 
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It is essential therefore that the 

following be considered:- 

 Lubricating greases must be a genuine machinery design 

factor and not an after thought. 

 Both antifriction and plain bearings can be used with 

grease, although the latter usually runs with oil. 

 Antifriction bearing when using grease normally 

should not exceed 15m/s (900,000 mm/min.) 

 Plain bearings when using grease normally should not 

exceed 2.5 m/s (150,000 mm/min.) 
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 Greases drum lids must be replaced securely at all times. 

 Do not use spatula's to remove grease from drums. 

 Always clean grease nipples before and after grease gun 

connection. 

 Any lubricants suspected of contamination should be 

disposed of immediately. 

Failure to observe these simple rules could result in 

 Plant Failure!  

Housekeeping 

It is essential that good housekeeping 

 is practised at all times:- 
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A SELECTION OF                            

LUBRICANT  

TEST  

METHODS 
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Test Balls  Ball-bearing balls 

 12.7mm. 

Quantity of Lubricant Approximately 12 ml. 

Rotational speed of the  

running ball  1,420 rpm 

Duration of Test 60 

 

 0.5 minutes 

Test Force By Agreement 

Evaluation  Measurement and 

 average of the wear 

 scar dimensions of 

 the  stationary 

 balls; given as  wear 

 characteristics.  

4 Ball Ok Load Test  
Determination of wear properties for consistent lubricants  

(4 Ball Machine Wear Test, DIN 51 350, Part 5, ASTM 2596) 

 

The lubricant is tested in a 4 ball system consisting of a rotating ball 

(running ball), sliding on 3 balls identical to it (stationary balls) 

under a specified test load.  At the end of the test duration, the scars 

on  the three stationary balls are measured and averaged 
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4 Ball Weld Load Test 

Determination of weld load of consistent lubricants  

(4 Ball Machine, DIN 51 350, Part ) 

Test Balls  Ball-bearing balls 2.7mm. 

Quantity of Lubricant Approximately 12 ml. 

Rotational speed of the  

running ball  1,420 rpm 

Duration of Test 1 minute 

 

 1 s 

Increase in test force In the range 200 - 4,800 x 

 200 nIn the range > 5000 x 

 500 n 

Evaluation; Determination of weld load or of the OK load beneath it   

The lubricant is tested in a 4 ball system consisting of a rotating 

ball (running ball), sliding on 3 balls identical to it (stationary 

balls) under a specified test load which is raised in stages until 

welding of the 4 ball system  occur.   
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FZG Gear Rig (DIN51354) 

Two Gear Wheels are rotated in a pretension test-rig under a load 

which is increased in steps, with splash-lubrication methods in the case 

of oils and greases or manual application for adhesive lubricants. The 

two gear wheels are weighed after each loading increase, and the 

occurrence of surface damage to the teeth flanks and weight loss is 

determined   

Test Gear:-  Wheels Width 20 mm; pitch- 

  circle diameter109.8 

  mm ; module 4.5; 

  number of teeth 24 

 Pinion Width 20 mm; pitch-

  circle diameter 73.2 

  mm; module 4.5; 

  number of teeth 16 

Pinion Speed :- with oil 2,170 rpm 

 with grease 725 rpm 

with adhesive lubricants Room temperature 

Quantity of lubricant for  

application by splash 2 litres 

Purpose of test:-To determine the lubricants ability to withstand load and wear 
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Test Bearing Self-aligning ball 

bearing to DIN630-

1306K 

Quantity of lubricating  

grease 10 

 

 0.1 gm.per bearing 

Quantity of water  20 +1 ml.( 10 ml. 

applied to each side of 

the bearing) 

Test Temperature 18 to 280C 

Rotational Speed 80 rpm 

Test Cycle 08 hours running,  

 16 hours stationary 

 08 hours running,  

 16 hours stationary 

 08 hours running, 108 

 

 

2 hours stationary 

Evaluation:- Visual inspection with reference rings,or 

measurement of corrosion points. Grade 0  means no 

corrosion; 5 represents very heavy corrosion 

SKF Emcor Method To DIN 51 802 

Testing the corrosion inhibiting properties of lubricating greases the 

lubricant is tested in self-aligning ball bearings with water admitted 

to the bearing housing. The races of the outer rings of the test 

bearings are examined for corrosion after a test cycle with a specified 

running time and rotational speed, without heating or load, and with a 

designated stationary period 
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Almen Wieland Machine 

The steel bearing fitted in the machine as the testing element is either 

lubricated with the dry lubricating film being tested, or the 

surrounding trough is fitted with the lubricating oil or grease being 

tested.  The load is raised in steps until seizure with fracture of the 

shaft driving-pin occurs, or the friction force exceeds the measuring 

range. 

Test Bearing; Steel Shaft 6.3 mm diameter, 

  42.5 mm long 

 Bearing Bush 12.8 mm long 

 Rotational Speed 200 rpm 

 Load Increase In steps of 500N 

 Load 0 to 20 KN 

 Max. Frictional Force 3,600N 

Purpose: Determine the OK and Weld load of lubricants 

 under high specific surface pressure 
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Test Bearing Thrust ball-bearing 

51203 Din711 

Quantity of lubricating grease .1 gm.per bearing 

Test Temperature Room Temperature 

Axial test-load per bearing 4,000N 

Test Frequency 670 oscillation per min 

Angular Deflection 120 

Test Duration 25.5 hours 

Purpose;  Determination of the performance of lubricants in relation to wear 

and onset of fretting corrosion 

Fafnir Test Thrust-bearing Oscillator  

Two ball-bearings are made to oscillate under a test load.   

At the end of the test period, the wear of the bearing rings is 

measured by weighing.  
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FAG FE9 Test Apparatus                                                                              

to DIN 51 821 for Antifriction Bearing Greases  

The rolling-element bearing fitted in the apparatus as the test piece is 

filled with a specified quantity of the lubricant under examination.  The 

test is conducted at a selected temperature, rotational speed and 

axial load.  The lubrication conditions in the bearing change over a 

long period.  Bearing failure is regarded as having occurred when the 

motor fails to drive the bearing under test. 

Test Bearing 529689-52 to DIN 623 

Part 1 

Quantity of lubricant 2ml 

Test Temperature Adjustable up to + 

2500C 

Rotational Speed 3,000 or 6,000 rpm 

Thrust force 1,500, 3,000,or 

4,500N 

Bearing failure with power  

consumption of driving motor 520 watt @ 6,000 rpm 

 320 watt @3,000 rpm 

Purpose:  To determine the life of Lubricating greases in 

 rolling element bearings under realistic test 

 conditions 
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Timken Test, ASTM–D-2509   

The test is to measure the EP properties of lubricating greases. The 

grease is applied to a rotating test-ring and a test block , is pressed 

against it while the load is increased   

Ring 49.15 mm diameter 

 13.0 mm wide 

Block 19.0 mm long 

 12.2 mm wide 

 12.2 mm high 

Rotational Speed 800 

 

 5 rpm 

Quantity of grease 45 

 

 9 grm 

Running – time 30 s @ 44.4 N (10lb)  

Load up to 311 N (70lb) 

Purpose;  Determination of  load capacity ( OK load 

 and weld load ) 
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LFW-1 Friction/Wear Testing Machine (ASTM-D-2714) 

In the testing machine, a block is pressed against a rotating or 

oscillating ring.  The lubricant being tested is either applied to the 

test ring as a dry film, smeared on as a paste or introduced in liquid 

form by using a dip cup. 

Test Block Steel 15.75 mm long 

 
 0.127 10.16 

mm high 

 
 0.127                  6.35 mm 

wide+0.0127–0.000mm 

Test Ring Steel 34.9 mm diameter + 0.0025-

0.127 8.15 mm wide 

 
 0.127 

Test Load 13.6 to 2,860 N in 11 stages  

Test Speed Rotational  1.37 to 21.7 m per min  

Test Speed oscillating 0 to 87.5 oscillations per min at 

angles of  0 to 90 0 

Purpose;  To determine the lubricating properties of liquid or 

 solid lubricants and the life of solid lubricant films.  
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Sodium chloride content  

of water in test solution  50 

 

 10g/litre 

pH-Value of test solution 6.5 to 7.2 @ 25 

 

 20C 

Test temperature 35  
 20C  

Quantity of spray to be such that1.5 

 

 

0.5ml/h collects on 

the 80 cm2 of floor 

of the test chamber. 

Purpose;  Evaluation of the corrosion-protection 

properties  of lubricants 

Salt 5 Spray Test, SS DIN 50 021  

Mist spray test with sodium chloride solution, the test pieces are 

tested in a climatic chamber equipped withy spraying equipment 
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