Products - Bearing Damage 

It is not an uncommon occurrence, upon inspecting an engine to find that the bearings have been damaged during service. Although the cause of the damage may not be clear the bearings are often blamed, however the most common cause of bearing damage lies in the environment in which the bearing is operating. 

Click on the images to learn more about each kind of damage. 

The purpose of these images is to direct engineers to the possible cause of bearing damage, and to assist in deteriming the correct action to be taken. This decision must be based on the nature and severity of the damage, and on the significance of the type of damage. 

Careful inspection of the bearing bores will often give important indications as to the cause of the damage. Identification and correction of corresponding blemishes in the housing may effect a cure, whereas the simple fitting of a new bearing may only result in a repeat of the damage in a short period. 

Another important factor is the frequency of the damage. If it is an isolated occurrence it is most likely associated with the condition of assembly or operations of a particular engine, incorrect tightening of bolts, contamination of the lubricating oil, etc, whereas if the problem occurs in a group of engines the common factor of the environment must be investigated. 

The images on the following links illustrate examples of the more common type of bearing damage that can occur in modern gasoline and diesel engines.  

	Fatigue Damage
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Tri-metal Bearing Overlay Fatigue 
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Tri-metal Bearing Overlay Fatigue 
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Bi-metal Bearing Lining Fatigue
Back to Damage Page 

The surface of the bearing exhibits cracking and/or loss of lining material.   

Bearing fatigue (lining or overlay) occurs when the load exceeds that which the lining material is able to carry. There are several possible causes: 

· Incorrect material choice for an application 

· Load concentrations due to irregular loading, debris contamination, poor shaft geometry or mis-assembly 

· Material strength reduced by high temperature operation or corrosion 

· Flexure and/or poor geometry of housing or shaft. 

Fatigue cracks generally propagate in an approximately perpendicular direction to the bearing surface. Before reaching the bond interface, the cracks deflect, run parallel to the bond line, and join. Lining material can become detached from the bearing, and removed by the oil flow. 

· Review the possible causes above. 

· Review the choice of bearing material and/or component design. 




	Fretting Damage 
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Bearing back showing
fretting damage 
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Bearing bores fretting damage on bearing backs 
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Fretting on steel backing 
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Typically fretting is observed on the bearing back and is manifested as highly polished regions. These areas may also exhibit pockmarks and evidence of material movement between the housing and bearing back. 

Fretting of a bearing back occurs when there is relative movement between the bearing and housing. This frequently arises as a result of insufficient radial interference, which may be caused in any number of ways: e.g. oversize housing, dirt or burrs on mating faces of the housing, insufficient bolt torque, etc. 

Another cause is the flexibility of the bearing assembly. If the main bearing cap or (more frequently) the connecting rod housing has inappropriate stiffness, they may flex enough under dynamic load to cause a relaxation of the radial interface and allow relative movement between the bearing and the housing. 

Fretting can eventually lead to overheating of the bearing material due to poor heat dissipation between the bearing back and the housing. 

Review bearing interference and back contact conditions between bearing back and housing. Assess condition of the housing under dynamic load. 




	Cavitation Erosion Damage
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Bearing showing cavitation damage towards one joint face 
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Tri-metal bearing, erosion damage to overlay and substrate 
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The surface of the bearing exhibits areas where material has been removed/eroded during operation. The depth of these features is often limited to the immediate surface of the material, however if the bearing system is allowed to operate under these conditions for prolonged periods then the damage can penetrate deep into the bearing material, in extreme cases through to the steel backing. 

Cavitation erosion results from rapid fluctuations in oil film pressure. When the pressure in an isolated area of the oil film drops below the bulk vapor pressure of the oil, a small, vapor-filled cavity is formed. This cavity then travels to an area of higher pressure where it collapses with the surrounding oil impinging on the adjacent bearing material. This action can eventually erode the bearing surface, as shown. 

The occurrence of cavitation erosion damage is prevalent in high speed engines, bearing systems operating under high clearance conditions, and poorly designed oil groove and feeding configurations. 

Reduce operating clearance; increase gallery supply oil pressure, change to a higher viscosity oil. Re-evaluate oil groove and feeding configuration of the bearing system; the practicality of blending edges or contours of grooves to promote streamline flow or change to a harder more resistant bearing material. 




	Corrosion Damage
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Bi-metal bearing, corrosion of aluminum tin bearing material 
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Tri-metal bearing, corrosion of copper lead bearing material 
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Bearing exhibits a blackened pitted appearance in the bore. In the case of a tri-metal bearing, the depth of penetration can be isolated to the overlay, or if the bearing system is allowed to operate under corrosive conditions for prolonged periods, corrosion can start to attack areas of exposed substrate. 

Corrosion occurs due to chemical attack of the bearing alloy by compounds in the lubricant. These compounds may be foreign to the lubrication system, as in the case of water or engine coolant, or may develop during operation as a result of oxidation of the oil due to increased oil change intervals or high temperature operation. The damaging action that takes place when a bearing operates in a corrosive environment may be the direct removal of one or more of the alloying elements, or the formation of a brittle oxide over the bearing surface. In the former case, the attacked metal is removed from the alloy matrix. The weakened structure can then no longer carry the loads developed, and large sections of the lining material can be removed by fatigue. A brittle oxide film is likewise a weak material. Consequently, a bearing whose surface is oxidized is more susceptible to removal of the lining through fatigue than the original bearing. 

Review recommended oil change interval. Investigate other possible causes of oil degradation (e.g. water contamination, excessive blow-by etc.).




	Wear Damage
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Tri-metal bearing showing wear due to oblique split connecting rod 
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Tri-metal bearing showing wear due to edge loading /distorted crankshaft 
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Bi-metal bearing showing wear due to edge loading 
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Wear of the bearing surface is generally characterized by a change in its color. In the case of a bi-metal bearing, the worn area will tend to be darker, as will a tri-metal bearing as the wear progresses through the overlay. If wear of the overlay continues, exposure of the bronze substrate can occur. 

All surfaces are prone to wear, due to inevitable contact between the moving surface particularly during start up and from possible debris contamination within the lubricant.  Wear can also be aggravated from operation within a corrosive environment. The surface roughness, geometry and alignment of the crankshaft can also influence the wear characteristics of the bearing system. 

Wear of the bearing surface does is not necessarily indicative of bearing damage, as the bearing needs to conform to the operating conditions within the bearing system, and hence the need for soft phase properties. 

However if the wear rate of the bearing system continues throughout operation, and does not reduce after the initial running in period, then wear may potentially affect the performance of the bearing system.

Asses condition of lubricant; surface roughness geometry and alignment of crankshaft.




	Assembled Debris

Damage
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Assembled debris generally causes fatigue damage and possibly lining loss on bearing bore resulting in reduced life. There is usually a witness mark on the back of the bearing associated with the fatigue/lining loss. 

When conditions at the engine build stage are not sufficiently clean, it is possible for debris to become trapped between the housing and bearing. The example shown illustrates the cause and affect of trapped debris.  Clearly, the housing, which is in this case a connecting rod big end, shows evidence of a particle being pressed into the ID of the housing. Similarly, there is an associated imprint on the bearing back. This will lead to a very localized area of poor back contact and subsequent support for the bearing. Two effects will result from this condition:  

· Load will concentrate on the supported area (on top of the particle). 

· Excessive flexure may be encountered around the area of poor support. 

These will combine to result in fatigue of the bearing material and possibly material loss in the local area.

Ensure cleanliness during machining/finishing of associated engine components, and at all stages of component assembly. 




	Overheating Damage 
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Bi-metal bearing showing overheating damage 
[image: image25.jpg]



Tri-metal bearing, showing overheating and wiping damage of the overlay 
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Bi-metal bearing, overheating leading to seizure of the bearing system 
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The bearing surface often appears wiped with darkening around the edges of the affected area. Overheating is often initially observed in the central region of the bearing bore, coincident to the oil drilling in the crankshaft. Extensive overheating can cause localised melting and movement of the bearing material, and extrusion out along the edges of the bearing. 

Failure of the lubrication system, insufficient heat dissipation between bearing and housing; insufficient oil pump capacity; blocked oil drilling/galleries; extensive operation under low oil film, high temperature conditions, debris contamination; breakdown of oil film can all contribute towards overheating of the bearing material. 

In the case of machines/engines which have not been started for a long time, overheating may be due to inadequate oil supply during start up periods or failure of priming pumps. 

Overheating of a tri-metal bearing tends to cause wiping damage of the overlay rather than the overheating damage observed in a bi-metal bearing, due to the different properties of the overlay.

Depending upon the duration and severity of the overheating damage, wiping, surface melting, or seizure may occur, leading to bearing system failure.

Investigate lubrication system, assess contact between bearing and housing, evaluate level of debris contamination, determine condition of oil galleries and drillings and oil sump capacity. 




	Embedded Debris

Damage

	[image: image27.png]




	
	[image: image28.jpg]


Bi-metal bearing, fine ferrous debris 
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Bi-metal bearing, showing debris halos 
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Bi-metal bearing showing ferrous debris embedment 
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The bearing exhibits evidence of foreign particles (usually darker in color) embedded into the surface. Often a halo is witnessed around the embedded debris where displaced bearing material has subsequently been polished by the journal. 

Debris contamination is the most common cause of bearing damage. Debris generally originates from poor cleanliness at assembly and/or poor filtration of the lubrication system. The majority of debris encountered is ferrous which usually originates from oil drillings in the crankshaft or galleries within the engine block or swarf from finishing operations. Ferrous debris may also originate from damage incurred by engine components during operation. Another type of debris encountered is in the form of non-metallic particles. These may originate from the sand used in casting operations, or from sand (or bead) blasting operations. 

Debris from manufacture, machining and assembly operations becomes embedded in the bearing surface. The bearing may continue to operate satisfactory, but protruding particles can potentially cause increased wear of the journal. Excessive amounts of embedded debris will reduce the bearing performance to such an extent that premature failure may occur.

Ensure cleanliness at all stages of the manufacture and assembly processes. 




	Scuffing Damage
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Bi-metal bearing showing central area of scuffing damage 
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Bi-metal bearing showing central area of scuffing damage 
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Bearing surface appears smeared with melted and redistributed bearing material witnessed in the bore. Damage can occur anywhere on the bearing surface, although it is generally observed either on the edge of the bearing, due to an overhanging load, or in the central region of the bearing coincident to the oil drillings in the crankshaft. 

Damage results from contact between the bearing and journal surfaces, due to a reduction in the localised clearance. This causes an increase in the local operating temperature with melting and subsequent movement of the bearing material. 

Typically, insufficient clearance or inadequate oil supply can cause scuffing damage. In the case of a tri-metal bearing the overlay is often removed. A bi-metal bearing often shows evidence of a dark discoloured region on the bearing surface where the tin within the alloy has migrated to the bearing surface and been smeared across the bearing surface and subsequently oxidised. If scuffing persists then fatigue of the bearing material can occur, as well as potential seizure of the bearing system.

Evaluate lubrication system and operating clearance conditions. Determine condition of the crankshaft. 




	Scoring Damage
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Bi-metal bearing with large circumferential score 
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Tri-metal bearing with circumferential score and overlay wear 
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Bi-metal bearing, fine scoring of the lining
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The bearing surface exhibits circumferential scores, which can be either very fine and restricted to a couple of microns in depth, or deeper with subsequent movement and polishing of adjacent bearing material. There is also the possibility of debris embedded into the bearing material from the scoring process, particularly towards the bearing joint face areas 

Scoring generally originates from excessive debris contamination of the lubricant and/or poor filtration of the lubrication system. Poor cleanliness and/or failure of associated components as well as poor crankshaft surface finish can also cause scoring damage of the bearing material.

Investigate filtration system for proper function, and verify maintenance procedures are followed. Evaluate level and origin of debris contamination. Determine condition and quality of crankshaft, surface finish and geometry. 

  




