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ABSTRACT 
 

This work presents some basic inspection techniques that provide simple and accurate means of 
assessing the root cause of bearing failure. Visual inspection of bearing raceways, balls/rollers and 

analysis of debris in used grease of MB 911, MB Anamco, MB 1414 truck, DAF, Fiat 33, trailers, 

provide information on the state and type of wear mechanism. The study revealed that only 31.25 % of 

bearings serve their useful life span without failure, while 68.75% fail before their life span elapses.

 
SIGNIFICANCE: To characterize the wear 

debris from failed bearings of the trucks in 

order to know their mode of failure and to 

proffer solutions to remedy such problems. 
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1.  INTRODUCTION 
 

The absence of effective rail and inland 

waterways transportation in Nigeria has led to 

the total dependence of shipment of industrial 

and agricultural goods on the road transport 

sector. Heavy duty trucks run thousands of 

kilometers across the country to deliver this 

service. The heavy traffic on the roads has led 

to the prevalence of major road failures and 

this has greatly impact on the service life of 

wheel bearings of the trucks. The resultant 

effect of these failures includes serious 

accidents, delayed shipment and waste of 

perishable goods.  

Transportation of goods and services by heavy 

duty trucks is an important part of any 

country’s economic activity. In Nigeria, more 

than 70% of goods and services are 

transported from one part of the country to 

another using heavy duty trucks. Many of 

these trucks break-down along the highways. 

One of the causes of this unexpected 

breakdown is premature wheel bearing failure. 

The time at which bearing fail depends on the 

speed of rotation of the bearing, the magnitude 

of the load, the extent to which the outer race 

itself rotates, whether the bearing surface is 

damaged prior to use or during installation, 

how hot the bearing gets in service, the 

alignment of the shaft relative to the housing, 

the material used to manufacture the bearing, 

contaminant, quality of the lubricant e.t.c. 

Effectively this combination of variables 

makes it impossible to predict how many 

operation cycles must elapse before the 

bearing fails. The precise root cause of many 

premature failures can only be identified using 

sophisticated instruments, such as the 

Ferrogram to separate particles from the 

lubricant and examining the particles under a 

microscope. Clue of the root cause of 

premature failure can also be obtained by 

physical observation of the bearing raceways 

and the rollers or balls. 

To maintain reliable performance of a rolling 

element bearing in trucks, proper maintenance 

and inspection should be performed. It is 

suggested that periodic maintenance includes 

operator inspections, preventive maintenance 

and predictive maintenance.  

The aim and objective of this work is to 

determine mechanism of bearing failure in 

trucks used in Nigeria with the objective of 

proffering remedies that can reduce the 

frequency at which the trucks break down on 

the highways using an affordable and simple 

technique of analyzing grease samples. 
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2.  LITERATURE REVIEW 
 

The main purpose of bearing lubrication is to 

reduce friction and wear. The lubricant 

separates two bearing surfaces in relative 

motion due to its viscous property. Viscosity is 

thus a property of fluid by which they resist 

flow, the greater the viscosity, the higher the 

lubricant ability to withstand load. Viscosity 

of a lubricant decreases as the temperature is 

raised, and the extent of this change is 

measured by the viscosity index (Herguth, 

2002). 

There are different types of bearings but, the 

most widely used wheel bearing in trucks is 

the taper roller bearing, because of its high 

load carrying capacity. During operation, 

strain on the outer raceway eventually causes 

subsurface fatigue cracks. The cracks then 

propagate to the surface of the outer raceway. 

The balls force lubricants into the crack 

particles to shear off the surface. These 

sheared off particles can be detected by oil 

analysis. The crater left behind, changes the 

vibration characteristics of the bearing.  

As the ball or roller passes over the crater, 

they make it bigger and soon the rollers and 

balls become damaged because they are no 

longer rolling on a smooth surface. At some 

point, the bearing become audibly noisy, and 

then starts getting hotter. Deterioration 

continues at an accelerating pace until the balls 

or rollers disintegrate and the bearing seizes 

(Moubray, 2000) 

Wear is the primary mechanism by which 

rolling element bearing deteriorates. The wear 

particles are separated from the used grease 

solution using a Ferro-gram Slide Marker. The 

basic principles of inspecting wear debris in 

grease are as follows: 

1. Obtain used grease samples from 

rolling element bearings; 

2. Spread a thick layer of used grease 

sample on the back of the hand or a 

glass slide for inspection against the 

light or magnifying glass; 

3. Place a measured amount of the 

grease in a clean beaker, and then 

liquefy the sample with a suitable 

solvent; 

4. Use a Ferro-gram Marker to separate 

the solid from the grease solution; 

5. Visually analyze the debris on the 

slide at 10 or 100 magnification under 

a microscope, analyzing the particle’s 

features such as size, type, colour, 

 outline shape and thickness 

ratio. 

 

The following are the characteristics of wear 

debris (Raadmi, 2006): 

1. Normal sliding wear: The 

appearance of wear debris is a very 

thin platelet particle with sizes 

ranging between 0.5µm to 5 µm. 

2. Excessive load: The particles are 

platelets but thicker (chunky) 

compared to normal wear particles. 

The sizes range between 15µm to 

100µm. 

3. Corrosion under wet condition: The 

debris appear as reddish brown 

platelet particles with size ranging 

between  5µm to 50µm, the reddish 

brown colour is as a result of the 

oxidation of iron to iron II oxide 

(Fe2O3). 

4. High temperature: Here the debris 

appears as black chunky pebbles with 

sizes ranging between 5µm to 50µm. 

The black colour of the debris is as a 

result of the oxidation of iron to iron 

III oxide (fe3O4), under high 

temperature. Note that partly oxidized 

ferrous particles appear dark and can 

be of various sizes. 

5. Contaminant particles of high 
hardness: The appearance of the wear 

particles is a long strip, indicating the 

presence of abrasive contaminant like 

dust or sand. 

6. Acidic corrosion: The wear particles 

appear as sediments, with diameter 

ranging from 0.1µm to 1µm 

indicating acidic attack.  

 

Visual and microscopic sample examination 

using blotter spot analysis can also be an 

important source of information about the 

condition of grease sample. Prior to blotting or 

filtering of the sample, the liquefied used 

grease sample should be visually examined. 

Water in the liquefied used grease sample may 
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be seen either as emulsified water or as a 

distinct water layer. As a single drop of 

liquefied used grease placed on a piece of 

blotter paper is absorbed, it will form a 

particular and characteristic pattern. This 

pattern is then interpreted to determine the 

condition of the used grease. The presence of 

water within the used grease is seen in the 

form of light circular areas on the paper. Water 

also sometimes oxidizes the ferrous material, 

and therefore, the presence of rust indicates 

the ingress of water (Raadmi, 2006). 

 

3.  MATERIALS AND METHODS 
  

A Ferro-gram Marker developed in the 

Mechanical Engineering Department of 

Bayero Univrsity, Kano, was used in 

conducting the experiment. 100 samples of 

different used grease from heavy duty trucks 

rolling element bearing were taken. Little 

quantity of each was liquefied with kerosene 

(used as solvent) in a clean beaker. Magnetic 

separating technique (Ferro-gram Marker) was 

used to separate the particles from the grease 

solution. The debris was then visualized on a 

slide using a microscope. Particle features 

such as size, type, colour, thickness and 

surface texture were analysed to determine the 

mode of wear. The same procedure was 

repeated for 99 other used grease samples. 

 

4.  RESULTS AND DISCUSSION 
 

Table 1 presents the data obtained from the 

wear debris analysis of 100 used grease 

samples. Figure 1 presents the pie chart of the 

data obtained from the wear debris analysis. 

Table 2 is the summary of the data showing 

the frequency of the different types of wear for 

the data obtained from the wear debris 

analysis. Results from the table shows that 12 

samples exhibit double wear mode i.e. 6 

samples exhibit symptoms of excessive load 

and corrosion, 4 samples exhibit symptoms of 

contaminants and corrosion while 2 samples 

exhibit symptoms of excessive load and 

excessive temperature. The remaining 88 

samples exhibit symptoms of single wear 

mode. Therefore the total mode of wear = 12 x 

2 + 88  =  112. Percentage of bearings that fail 

as a result of normal wear is 31. 25%. In 

general the damage state of a rolling element 

bearing is proportional to the size of the 

particles. As a general rule, normal robbing 

wear particles are less than 25µm.Wear 

particles larger than 25µm indicate a 

potentially more advanced state of wear, such 

as severe sliding, fatigue platelet and cutting 

wear. A pie chat for the respective types of 

wear is developed as in  (Irwin and John, 

1987): Normal  wear = (35 x 360° )/112 = 

112.5°; Excessive load  = (24 x 360° )/112 = 

77°; Corrosion = (9  x 360° )/112 = 28.9°; 

Abrasive wear = (32 x 360° )/112 = 102.9°; 

Acidic corrosion =  0°; Excessive temperature 

= (12 x 360° )/112 = 38.6°  

 

 

Figure 1: Frequency of each type of wear in the debris analysed. 
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The major causes of bearing failure are 

contamination, corrosion, excessive load and 

lubricant failure. The principal sources of 

contaminants are dirty tool, dirty hand and 

contaminated work areas, foreign matter in the 

lubricant or cleaning solution as well as 

excessive temperatures that degrade the 

lubricant properties. 

 

Table1: Observation and inference of the used Grease Analysis 

 
S/NO PARTICLE TYPE COLOUR SIZE CAUSE OF FAILURE 

1 Chunky platelet Normal metallic 15-100µm Excessive load 

2 Platelet  Normal metallic 0.5-4µm Normal wear 

3 Platelet Normal metallic 0.5-4µm Normal wear 

4 Platelet Normal metallic 0.5-4µm Normal wear 

5 Platelet Normal metallic 0.5-4µm Normal wear 

6 Platelet Normal metallic 2-4.5µm Normal wear 

7 Platelet Dark  9-40µm Early stage of excessive wear 

8 Platelet Normal metallic 1-4µm Normal wear 

9 Platelet Normal metallic 2-4µm Normal wear 

10 Chunky Platelet Normal metallic 10-70µm Excessive load 

11 Chunky Platelet Normal metallic 15-100µm Excessive load 

12 Platelet Normal metallic 0.5-4µm Normal wear 

13 Platelet Normal metallic 1.5-4.5µm Normal wear 

14 Long strip platelet Normal metallic       - Contaminant of high hardness e.g sand 

15 Long strip Platelet Normal metallic       - Contaminant of high hardness e.g sand 

16 Chunky Platelet Normal metallic 20-90µm Excessive load 

17 Platelet Black  10-40µm Excessive temperature 

18 Platelet Normal metallic 1-4µm Normal wear 

19 Long strip Platelet Normal metallic       - Contaminant of high hardness e.g sand 

20 Long strip Platelet Normal metallic       - Contaminant of high hardness e.g sand 

21 Platelet Normal metallic 1.5-5µm Normal wear 

22 Platelet Dark  10-40µm Early stage of excessive wear 

23 Long strip Platelet Reddish brown       - Contaminant of high hardness and corrosion under 

wet condition 

24 Long strip Platelet Normal metallic       -  Contaminant of high hardness e.g sand 

25 Platelet Normal metallic 2-5µm Normal wear 

26 Long strip Platelet Reddish brown       - Contaminant of high hardness and corrosion under 

wet condition 

27 Platelet Black  5-45µm Excessive temperature 

28 Chunky Platelet Reddish brown 20-90µm Excessive load and corrosion under wet condition 

29 Long strip Platelet Normal metallic     - Contaminant of high hardness e.g sand 

30 Platelet Normal metallic 0.5-5µm Normal wear 

31 Chunky Platelet Reddish brown 30-100µm Excessive load and corrosion under wet condition 

32 Platelet Normal metallic 0.5-3µm Normal wear 

33 Platelet Normal metallic 1-4µm Normal wear 

34 Long strip Platelet Normal metallic     - Contaminant of high hardness e.g sand 

35 Chunky Platelet Black 20-80µm Excessive load and excessive temperature 

36 Platelet Normal metallic 1.5-4µm Normal wear 

37 Long strip Platelet Normal metallic      - Contaminant of high hardness e.g sand 

38 Platelet Normal metallic 1-4µm Normal wear 

39 Platelet Normal metallic 2-5µm Normal wear 

40 Chunky Platelet Normal metallic 15-90µm Excessive load 

41 Chunky Platelet Normal metallic 10-75µm Excessive load 

42 Platelet Dark  5-50µm Early stage of excessive wear 

43 Platelet Normal metallic 0.5-4µm Normal wear 

44 Chunky Platelet Black  15-65µm Excessive load and excessive temperature 

45 Long strip Platelet Normal metallic      - Contaminant of high hardness e.g sand 

46 Long strip Platelet Normal metallic      - Contaminant of high hardness e.g sand 

47 Platelet Normal metallic 1-5µm Normal wear 
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Table1: Observation and inference of the used Grease Analysis (cont.) 

 
S/NO PARTICLE TYPE COLOUR SIZE CAUSE OF FAILURE 

48 Platelet Normal metallic 2-4µm Normal wear 

49 Long strip Platelet Normal metallic      - Contaminant of high hardness e.g sand 

50 Chunky Platelet Normal metallic 10-75µm Excessive load 

51 Platelet Normal metallic 0.5-3µm Normal wear 

52 Long strip Platelet Normal metallic      - Contaminant of high hardness e.g sand 

53 Chunky Platelet Normal metallic 20-95µm Excessive load 

54 Platelet Normal metallic 2-5µm Normal wear 

55 Long strip Platelet Normal metallic      - Contaminant of high hardness e.g sand 

56 Chunky Platelet Normal metallic 25-90µm Excessive load 

57 Chunky Platelet Normal metallic 30-100µm Excessive load 

58 Chunky Platelet Reddish brown 25-90µm Excessive load and corrosion under wet condition 

59 Platelet Normal metallic 25-100µm Normal wear 

60 Platelet Normal metallic 0.5-3µm Normal wear 

61 Long strip Platelet Normal metallic       - Contaminant of high hardness e.g sand 

62 Chunky Platelet Reddish brown 20-85µm Excessive load and corrosion under wet condition 

63 Long strip Platelet Normal metallic       - Contaminant of high hardness e.g sand 

64 Platelet Normal metallic 2-5µm Normal wear 

65 Long strip Platelet Normal metallic       - Contaminant of high hardness e.g sand 

66 Long strip Platelet Reddish brown       - Contaminant of high hardness and corrosion under 

wet condition 

67 Platelet Normal metallic 1.5-5µm Normal wear 

68 Chunky Platelet Normal metallic 10-70µm Excessive load 

69 Platelet Black  15-60µm Excessive temperature 

70 Chunky Platelet Reddish brown 35-90µm Excessive load and corrosion under wet condition 

71 Chunky Platelet Normal metallic 20-95µm Excessive load 

72 Long strip Platelet Normal metallic      - Contaminant of high hardness e.g sand 

73 Platelet Normal metallic 1.5-4µm Normal wear 

74 Platelet Normal metallic 1-4µm Normal wear 

75 Long strip Platelet Normal metallic       - Contaminant of high hardness e.g sand 

76 Long strip Platelet Normal metallic       - Contaminant of high hardness e.g sand 

77 Platelet Dark  5-40µm Early stage of excessive wear 

78 Long strip Platelet Normal metallic       - Contaminant of high hardness e.g sand 

79 Platelet Normal metallic 1.5-4µm Normal wear 

80 Platelet Dark  10-45µm Early stage of excessive wear 

81 Long strip Platelet Normal metallic        - Contaminant of high hardness e.g sand 

82 Long strip Platelet Normal metallic        - Contaminant of high hardness e.g sand 

83 Platelet Normal metallic 2-5µm Normal wear 

84 Chunky Platelet Normal metallic 15-85µm Excessive load 

85 Chunky Platelet Reddish brown 20-80µm Excessive load and corrosion under wet condition 

86 Long strip Platelet Normal metallic       - Contaminant of high hardness e.g sand 

87 Platelet Normal metallic 1.5-5µm Normal wear 

88 Chunky Platelet Normal metallic 10-85µm Excessive load 

89 Long strip Platelet Normal metallic       - Contaminant of high hardness e.g sand 

90 Chunky Platelet Normal metallic 15-80µm Excessive load 

91 Long strip Platelet Normal metallic       - Contaminant of high hardness e.g sand 

92 Platelet Normal metallic 1-3µm Normal wear 

93 Chunky Platelet Normal metallic 10-65µm Excessive load 

94 Long strip Platelet Normal metallic        - Contaminant of high hardness e.g sand 

95 Chunky Platelet Normal metallic 10-70µm Excessive load 

96 Platelet Black  10-40µm Excessive temperature 

97 Long strip Platelet Normal metallic        - Contaminant of high hardness e.g sand 

98 Platelet Normal metallic 0.5-5µm Normal wear 

99 Long strip Platelet Normal metallic        - Contaminant of high hardness e.g sand 

100 Platelet Normal metallic 1.5-5µm Normal wear 
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5. CONCLUSION 

 
Wear debris analysis for used grease has been 

successfully carried out. Results for various 

cause of bearing failure were obtained. Data 

analysis shows that 31.25% of bearings serve 

their useful life represented by failure due to 

normal, while 68.75% fail unexpectedly before 

their life span elapses caused by failure due to 

abrasive contaminant, excessive load or 

corrosion by water, however non of the 

samples shows symptoms of acidic corrosion. 
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