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COURSE AGENDA
• Bearing Basics
• Types Of Bearings Used In Gearboxes
• Bearing Tolerances/Standards
• Clearances, Precision, And Fits
• Lubrication (Oil Vs. Grease)
• Environmental Conditions 

(Temperature, Contamination, Etc.)
• Proper Care Before Use And Mounting
• Design Life vs. Service Life
• Failure Modes And Causes
• Hands-On Practice Application
• Questions/Feedback



Bearing Basics



Rolling Element Bearing

A load carrying device which facilitates 
rotational motion and reduces friction 

between two solid members and at the 
same time, restricts, within itself, motion 

in other directions. 



Functions of a Bearing

• Carries Load

• Reduces Friction

• Limits Unwanted Motion



Axial

Radial

Bearing Loads



Types of Bearings



Types of Radial Bearings

• Ball
– Deep Groove
– Angular Contact (Duplex Pair, Double Row, 4-Point)

• Roller
– Cylindrical
– Spherical (Double & Single-Row)

– Tapered
– Needle
– Toroidal



� Accommodates Radial and 
Axial Loads

� High Speeds

� Low Friction

� Also Known as “Conrad”
Bearings

� Locating Bearing

� Seals/Shields

Single Row Deep Groove
Ball Bearing



Deep Groove Ball Bearings

• Industrial
– Electric Motors/Power Tools
– Gearboxes, Transmissions
– Pumps/Compressors
– Office Automation

• Automotive
– Alternators/Starters
– Cooling Fans
– ABS Motors

Applications



Angular Contact Ball Bearings

• Accommodates Radial Loads, also
Axial Loads in One Direction 

• Greater Axial Load Capacity than 
Single Row Deep Groove Bearings

• High Rigidity with Preload
• Frequently Sold as Matched Sets
• High Speed
• Low Friction
• Locating In One Direction



Angular Contact Ball Bearings

• Pumps & Compressors
• Metal Rolling Mills
• Electric Motors & 

Generators
• Machine Tool Spindles
• Automotive Hub Bearings

Applications



Double Row Angular Contact

• Equivalent to Two Bearings mounted 
Back to Back

• Accommodates Radial Loads and 
Axial Loads in Both Directions

• One Piece Outer Ring / Inner Ring
• Reduces Width Required
Applications

– Centrifugal Pumps
– Electric Motors
– Blowers & Fans
– Transmissions/Gearboxes



Ball Bearing Characteristics
 Deep 

Groove 
Angular 
Contact 

D-R Ang. 
Contact 

Duplex Ang. 
Cont. 

Radial 
Load F G G G 

Axial 
Load F G G G 

Combined 
Load F G G G 

High Speed E E F G 
High 
Accuracy E E - E 

Low noise 
& Torque E G F G 

Angular 
Misalignment  G F P P 

E: Excellent G: Good  F: Fair P: Poor X: Impossible   

 



Cylindrical Roller Bearings
• Very High Radial Load Capacity

• Good Speed Capability
• Separable Inner or Outer Ring

• Limited Misalignment Capability
• Rings Can Move Axially During 

Operation (within limits)
Applications

– Large Electric Motors
– Gearboxes/Transmissions, 

Presses
– Machine Tool Spindles
– Steel Mills (Rolling Mills)



Cylindrical Roller Bearing 
Types

NU NJ NUP N



Interchangeability

Cylindrical Roller 
Bearings are 
Designed to have 
Interchangeable 
Removable Rings

dedi



Spherical Roller Bearings
• High Load Carrying Capacity

– Heavy Radial Loads/Impact 
Loads

– Moderate Axial Loads
– Different Series Carry Different 

Ratio of Radial and Axial 
Loads

• Fair Speed Capability

• Can Take Misalignment
– Up to  11/2 o

– No Loss in Capacity

• Typically Two-Rows



Spherical Roller Bearings

• Steel Mills

• Paper Mills
• Continuous Casting 

Machinery
• Aggregate Equipment
• Large Gearboxes

• Large Air Handling 
Equipment

Applications



Tapered Roller Bearings

• Designed for Heavy Axial/Radial Loads In 
One Direction

• Outer Ring is Separable
– Outer Ring is Commonly Called the Cup
– Inner Ring (w/ rollers & retainer) is Commonly 

Called the Cone
• Fixed Contact Angle

– Shallow - Larger Radial Load Capacity 
(Larger “K” or “Y” Factor)

– Steep - Larger Axial Load Capacity (Smaller 
“K” or “Y” Factor)

• Limited Misalignment Capability
• Locating in One Direction
• Typically Used With Another TRB



Tapered Roller Bearings

• Available in Inch (ABMA) 
or Metric (ISO) Series

• Single Row
• Double Row

– Duplexed
– Double Cup or Cone

• Rollneck - 4 Row Design



Tapered Roller Bearings

• Automotive Uses
– Differential
– Transmissions
– Heavy Duty Wheel Bearings

• Aircraft Wheel Bearings   
• Heavy Duty Industrial 

Gearboxes
• Steel Mill Guide Boxes/Work 

Rolls (Rollneck)

• Plastic/Metal Forming 
Equipment

Applications



Roller Bearing Characteristics

  
Cylindrical 

 
Spherical 

 
Taper 

 
Toroidal 

Radial Load 
G E G E 

Axial Load 
X/P F G X 

Combined Load 
X/F G G X 

High Speed E F G G 
High Accuracy G F G F 
Low Noise 
& Torque G F F - 

Angular 
Misalignment F E F E 

E: Excellent G: Good       F: Fair P: Poor X: Impos sible   

 



Bearing Characteristics Comparison

Bearing Types  
Radial load 

capacity 
      1       2       3   4    

Thrust (Axial) 
load capacity 

     1       2       3   4 

Relative permissible 
speed 

 1    4     7      10     13  

Deep Groove 
Ball Bearings 

Angular Contact 
Ball Bearings 

Cylindrical 
Roller Bearings 

Tapered Roller 
Bearings 

Spherical Roller 
Bearings 

     

 

        
 

                                                             Oil Bath lubrication 
                                                                                         With special measures to increase speed limit 



Bearing Characteristics Comparison

50 x 90 mm Basic Dynamic 
load  rating (C r) 

Basic Static load 
rating  (C 0r) 

Limiting Speed 
(Open with oil 

lub.) RPM 
Single row deep 
groove ball brg. 

6210 
35,000 N 23,200 N 8,500 RPM 

Angular contact 
ball bearing 

7210B 

Single – 37,500 N  
 

Pair – 60,500 N 

Single – 28,600 N  
 

Pair – 57,000 N 

Single – 8,000 
 

Pair – 6,300 
Cylindrical roller 

bearing 
NU210E 

69,000 N 76,500 N 7,500 RPM 

Taper roller brg.  
32210 87,500 N 109,000 N 5,300 RPM 

Spherical roller 
bearing 
22210 

99,000 N 119,000 N 6,300 RPM 

    


