
Environmental 
Conditions 



Temperature Requirements
For Successful Bearing Operation

• Allowable temperature range varies by bearing type, 
materials & lubrication
– Material & heat treatment of rings & rolling elements
– Cage material

– Seal/shield material

– Lubricant
• Lubricant life generally cut in half for every 15� C (27� F) rise 

above 70� C (160� F)

• Maximum operating temperature for most bearings 
somewhere between 120� ~ 200� C (250� ~ 390� F).  
Special bearings to 400� C (750� F) or higher.

• Minimum Temperature Range Generally Determined by 
Lubricant Type and Oil Viscosity



Contamination
• Contaminant Types

– Hard and Soft Particle
– Moisture
– Chemicals

• Protection
– Clean Environment
– Sealing

• External
• Bearing

– Lubrication
– Bearing Material/Coating



Proper Care and 
Mounting



Proper Care Before Use

• Keep Bearings and Surrounding Area Clean 
(to prevent the entry of dust and dirt) 

– Keep them in the packaging until ready to 
mount/use.

– Put them back in the packaging if returning to 
storage.

• Handle Bearings Carefully 
(do not apply heavy shocks) 

• Use Proper Tools 
(do not use general-purpose tools) 

• Prevent Corrosion 
(prevent rusting of bearing caused by moisture and 
corrosive gasses) 

Since rolling bearings are high-precision machine 
parts, they must be handled accordingly. The main 
precautions to be observed are as follows: 



Cleaning Before Use

• Bearings should not be unpacked until 
immediately before mounting.

• When using ordinary grease lubrication, 
the grease should be packed in the 
bearings without first cleaning them. 

• Even in the case of ordinary oil lubrication, 
cleaning the bearings is not required.  

• Generally only bearings for special instruments or for high-speed 
operation must first be washed with clean filtered oil in order to 
remove the anti-corrosion agent. 

– After the bearings are cleaned with filtered oil, they should be
protected to prevent corrosion.



Proper Mounting
• The method of mounting rolling bearings greatly affects 

their accuracy, life and performance, so their mounting 
deserves careful attention. 

• The bearing operating conditions should first be thoroughly 
studied, and then the bearing should be mounted 
accordingly.

• It is recommended that the handling procedures for 
bearings be fully analyzed by design engineers and that 
standards be established with respect to the following 
items: 
– Cleaning the bearings and related parts 
– Checking the dimensions and finish of related parts 

– Mounting procedures 

– Inspection after mounting 
– Supply of lubricants 



Improper Mounting
“In the most simple terms any possible method that could 

transmit loads through the rolling elements in any way”

Shaft
Press Fit on 

Shaft



Improper Mounting
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Press Fit Mounting
• Fitting with a press is widely used for bearings. A mounting tool is placed on 

the inner ring and the bearing is slowly pressed onto the shaft with a press 
until the side of the inner ring rests against the shoulder of the shaft. The 
mounting tool must not be placed on the outer ring for press mounting, since 
the bearing may be damaged. Before mounting, applying oil to the shaft fitting 
surface is recommended for smooth insertion. 

• When both the inner and outer rings of non-separable bearings, such as deep 
groove ball bearings, require a tight fit, a mounting tool is placed on both rings, 
and they are fitted at the same time using a screw or hydraulic press. 

� Always check to make sure tooling is in good condition.
� Check to assure tooling matches parts being fit.
� Check tooling and machines for contamination 

(especially recessed area).
� “A great place to start a 5S campaign”



Press Fitting

� Press Fitting Inner Ring

� Press evenly on the Ring with the Interference Fit

ventilation



Shrink Fit Mounting
• The bearings are heated to expand them before mounting. This method requires less 

force on the bearings. 
• The precautions to follow when making shrink fits are as follows: 

– Do not heat bearings to more than 120°C. 
– Heat the bearings to a temperature 20°C to 30°C hig her than the lowest temperature 

required for mounting without interference since the inner ring will cool a little during 
mounting. 

– After mounting, the bearings will shrink in the axial direction as well as the radial direction 
while cooling. Therefore, press the bearing firmly against the shaft shoulder using locating 
methods to avoid a clearance between the bearing and shoulder. 

– If using an oil bath, put the bearings on a wire net or suspend them in the oil in order to 
prevent them from touching the tank's bottom. 

Heating with Induction Heater



Design Life vs. Service Life

• Normal Fatigue (statistically very few)
• Over-Loading
• Excessive Speed
• Poor Lubrication
• Improper Fits
• Extreme Temperatures
• Contamination
• Poor Handling
• Electrical Damage

There are a number of reasons that the actual life of a 
bearing in operation may fall short of the design life.

Recognizing the symptoms and taking appropriate 
countermeasures can reduce bearing failures and 
increase machine reliability.



Failure Modes and 
Causes



Failure Modes 

Fatigue

Wear

Corrosion

Subsurface Initiated Fatigue

Surface Initiated Fatigue

Abrasive Wear

Adhesive Wear

Moisture Corrosion

Frictional Corrosion

Fretting Corrosion

False Brinelling

*per ISO 15243:2004



Failure Modes Continued

Electrical Erosion

Plastic Deformation

Fracture & Cracking

Excessive Voltage

Current leakage

Overload

Indentation from Debris

Indentation by Handling

Forced Fracture

Fatigue Fracture

Thermal Cracking

*per ISO 15243:2004



Fatigue (Subsurface Initiated)

Over a period of extended use, 
under favorable operating 
conditions, it is normal for small 
fatigue cracks to form beneath 
the surface and grow until the 
surface is reached.

Eventually, a chunk of material 
breaks off forming a spall.

This is a normal fatigue failure 
and generally happens after the 
bearing reaches its design life.



Subsurface Initiated Fatigue

Symptom: Spall(s) in loaded 
portion of raceway or roller.  Pattern 
of spalling may indicate normal or 
abnormal load distribution.

Cause: Normal material fatigue, 
high load (short life), abnormal 
loading (if indicated by spall 
pattern).

Countermeasures (if abnormal):
Select larger or improved load 
rating bearing, reduce load, correct 
cause of abnormal loading. Spall Pattern Indicating Thrust Load



Wear/Spall Pattern Analysis

Spalling or wear typically occurs in a pattern that shows 
how the load was distributed in the bearing.  This can 
be a clue to identifying unusual load conditions.



Ball Bearing Load Patterns

• Inner ring rotation
• Radial load 

• Outer ring rotation
• Radial load 

• Inner or outer ring rotation
• Axial load in one direction

• Inner ring rotation
• Radial & axial loads

• Inner ring rotation
• Axial load & misalignment

• Inner ring rotation
• Moment load 

(misalignment)

• Inner ring rotation
• Housing not round

• Inner ring rotation
• No internal clearance



Roller Bearing Load Patterns

• Inner ring rotation
• Radial load 

• Inner ring rotation
• Moment load 

(misalignment)

• Inner ring rotation
• Radial load 

• Inner ring rotation
• Axial load 

• Inner ring rotation
• Radial & moment

loads (misalignment)



Fatigue (Surface Initiated)

Symptom: Dull or cloudy spots 
appear on rolling surfaces along 
with possible light wear.  May 
develop into fine-grained spalling.

Cause: Poor lubrication or entry 
of debris into lubricant results in 
inadequate lubrication film.  
Metal-to-metal contact leads to 
surface fatigue.

Countermeasures: Improve 
lubrication and/or sealing



Abrasive Wear

• Scoring
• Abrasive 
Contamination



Abrasive Contamination

Symptom: Excessive wear in 
loaded areas throughout 
bearing.  Grooved raceways or 
loose rollers.

Cause: Presence of 
contaminant particles.

Countermeasures: Improve 
sealing.  Incorporate lubricant 
filtration or more frequent 
lubrication intervals.



Scoring

Symptom: Excessive wear on 
sliding contact surfaces such as 
roller ends, support flanges and 
cage pockets.  A pattern of 
scratches generally indicates the 
direction of sliding.

Cause: Inadequate lubrication or 
entry of contaminants

Countermeasures: Improve 
lubrication and/or sealing  



Adhesive Wear - Smearing

Symptom: Roughened 
surfaces with a pattern in the 
direction of motion

Cause: Localized welding 
resulting from sliding.  Results 
from low load / high speed, 
sudden acceleration, 
inadequate lubrication.

Countermeasures: Adjust 
preload/clearance.  Improve 
lubrication.



Corrosion

• Moisture Corrosion
– Staining
– Pitting

• Frictional Corrosion
– Fretting
– False Brinelling



Plastic Deformation - Overload

Symptom: Deformed raceways, 
rolling element spaced 
depressions, metal displacement. 

Cause: Excessive load applied, 
bearing overheated (insufficient 
lubrication).

Countermeasures: Review 
loading while stationary and 
rotating, reduce shock loads (is 
“soft” startup, shutdown 
possible?), review lubrication.



Improper Bearing Setting

• Excessive Internal 
Clearance

• Excessive Preload


